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ABSTRACT: Introduction. Foam-ceramic heat-insulating building materials have the greatest stability of the demanded technologi-
cal characteristics due to their unique physical and technical properties. Increasing the large-capacity production of nanostructured
foam-ceramic products and developing educational programs for advanced training of process engineers remains an urgent task.
Methods and materials. A technological method for manufacturing nanostructured foam ceramics is the method of direct foam-
ing: ceramic foams are created by involving atmospheric air in a suspension. Further, the consolidated foams are carefully dried
and sintered for 12 hours by heat treatment (950-1100°C) to obtain sufficiently high-strength foam ceramics for building purposes.
The most important raw materials for the production of construction foam ceramics are clays, diatomites, siliceous minerals, zeolite
rocks, etc., as well as ceramic and slag waste, and the like. Results. The technology of production of foam-ceramic materials for
building purposes based on clay raw materials has been developed. As a result of physical and chemical transformations in the
production cycle, including firing, uniformly closed micropores of foam ceramics with a diameter of up to 120 microns are formed,
and the wall thickness varies from 1.8 microns to 6.3 microns. The compressive strength of the obtained nanostructured construc-
tion foam-ceramic products with an average density of 450-850 kg/m? is 3-8 MPa, thermal conductivity is 0.12-0.15 W / (m«°C),
frost resistance is at least 50 cycles. Discussion. In large-scale technological production, bubbles mass (three-phase foam) can be
obtained by mixing nanostructured foam with a highly dispersed mineral powder. By controlled sintering, a dried foam mass is
produced with the required technological characteristics due to the crystal bond of a solid-phase mullite based on cluster micropar-
ticles with dimensions of 15-200 nm, and the walls of micropores and nodal joints of nanostructured foam ceramics provide high
mechanical strength, hydrophobicity and chemical resistance. Conclusions. Nanostructured foam ceramics for building purposes is
sufficiently moisture-resistant, since it has a microstructure of closed ultramicropores; it is resistant to chemical and physical effects
and therefore is the optimal thermal insulation material.

KEY WORDS: nanostructured foam ceramics, manufacturing technology, foam-ceramic building materials, educational programs.
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INTRODUCTION are most fully met by highly porous silicate foams: foam
ceramics, cellular concretes, foam glass, foam concrete
based on porous aggregates. Due to the unique physical
and technical characteristics, foam-ceramic heat-insu-

lating building materials and products have the greatest

When construction residential buildings, industrial
modern buildings, one of the important aspects
in the selection of materials is the increased heat and

sound insulation characteristics; therefore, building ma-
terials that simultaneously combine lightness, low thermal
conductivity with sufficient structural strength should be
considered as the most promising for the energy-saving
construction industry. Currently, these requirements

stability of technological parameters: bio-and corrosion-
resistant, durable, fireproof and the like [1—4]. Foam
ceramics in granules as an innovative insulation can be
used in direct contact with cement-containing plasters,
screeds etc. The solution of the problem of increasing
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the large-capacity production of nanostructured foam-
ceramic building materials with the production of a highly
porous microstructure and the development of educa-
tional programs for advanced training of technological
engineers is an urgent task.

The purpose of this article is to consider the features
of the technology for obtaining nanoporous ceramics for
building purposes.

METHODS AND MATERIALS

Foam ceramics is a sintered solid-phase energy-
saving building material with low thermal conductivity
(0.05—0.1 15 W/(m«°C) with closed (insulated) mi-
cropores with diameters from 7 nm to 8 microns. The
necessary microstructure of foam-ceramic products is
obtained by introducing various pore-forming agents,
burn-out additives, porous fillers, etc. into the clay sus-
pension [5—7]. A practical method of manufacturing
nanostructured foam ceramics is a method of direct
foaming: ceramic foams are created by including air in
a suspension or liquid-phase medium. The porosity and
size distribution of closed cellular micropores can be
controlled by changing the viscosity of the ceramic foam
and the foaming technology. Further, in the techno-
logical production, the consolidated foams are carefully
dried and sintered by heat treatment (950—1100°C) for
10—12 hours to obtain high-strength foam ceramics for
building purposes.

The firing rate of foam ceramic products, which results
in a durable and water-resistant mullite, should be con-
trolled to avoid the appearance of defective cracks. Foam-
ing of raw ceramic suspensions includes gas dispersion in
the form of micro-bubbles: inclusion of atmospheric air
by mechanical foaming (or injection of a gas stream) or
gas release in situ [8, 9]. In the case of gas release in situ,
the foaming agents disintegrate under the action of heat or
a chemical reaction with the formation of gas micropores
inside the ceramic nanosuspension. To stabilize the gas
nanobubbles formed in the suspension, the surface ten-
sion of the gas-liquid interface must be reduced, so in
most cases, surfactants are added.

Nanostructured foam ceramics for construction pur-
poses are also made by the replica method [10—12] (du-
plication): a three-dimensional mesh precursor based on
polyurethane foam or other suitable macromolecules with
open pores is immersed in a ceramic suspension. Then
the excess suspension is removed, the organic components
are pyrolyzed, then the porous nanoceramics is sintered
to achieve the necessary mechanical strength. Porous
building ceramics are obtained at a fairly low cost on the
basis of available local clay raw materials, and for the for-
mation of pores, sawdust, peat, straw, polystyrene foam
granules, carbon waste, fuel slag, etc. are most often used
as burnout additives.

Ceramic foam is a metastable dispersion, so it is im-
portant to “fix” the macrostructure of the foam in order
to preserve the cellular nanostructure during the further
heating procedure. Low-temperature foaming [13], as
well as modified sol-gel methods are used to consolidate
ceramic foams without any other nanoadditives. The mi-
crostructure of nanostructured foam ceramics is a solid-
phase building material filled with micropores of gaseous
air. A sharp decrease in bending strength and an increase
in the water permeability of foam ceramics for building
purposes is interpreted by an increase in the number of
open micropores.

The main raw materials for the production of building
foam ceramics are mineral raw materials — clays, diato-
mites, siliceous minerals, alkaline geopolymers, zeolite
rocks and the like, as well as slag waste, river silt, ceramic
waste, shale, etc. As a result of physical and chemical
transformations in the production process, including fir-
ing, the necessary number of evenly closed micropores is
formed, rhythmically distributed throughout the entire
volume of the building material.

To date, the possibility of technological production
of innovative foam-ceramic building products based on
low-melting clays, which allow forming a stable foam
structure, intensifying the process of defect-free drying
and subsequent sintering, has been theoretically substan-
tiated and experimentally confirmed. For multi-tonnage
production and use of nanostructured foam ceramics for
construction purposes, it is necessary to take into account
the influence of the component composition of foam
ceramic masses on the physical and technical properties
of products [14], as well as the optimal parameters of the
preparation of raw materials, porization of the ceramic
mass by foaming, which is implemented at existing en-
terprises, drying and technological firing.

The technology of production of nanostructured
construction foam ceramics at a relatively low cost in-
cludes the preparation of clay raw materials, intensive
mixing with dispersing components (Fig. 1) and foam-
ing agents.

A more uniform volume distribution of micropores in
the foam-ceramic dispersion after the addition of foaming
agents (frothers) contributes to the formation of a cellular
ultramicrostructure of construction nanostructured foam
ceramics. The preferential use of cheap local raw materi-
als and artificial waste [15, 16] in the technological cycle
can significantly reduce the cost of nanopenoceramic
building materials.

When manufacturing construction foam ceramics
with an average density below 1000 kg/m? using the tra-
ditional method of burn-out additives, many problems
arise in the technological cycle. The technology of foam
ceramics is being developed by foaming a clay suspension
stabilized with sodium pyrophosphate with a high-speed
mixer of a slip mass. Enhanced mechanical activation [17]
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Water suspension Dispersing
of clays nanoadditives
Mixing
Foamers —

Ceramic foam

Drying

Burning

Fig. 1. Technological scheme of traditional production
of building nanostructured foam ceramics

of aqueous clay suspensions in the presence of diluting
nanoadditives-electrolytes allows achieving homogeneity
of ceramic foam. The use of electrolyte additives, for ex-
ample, aqueous solutions of sodium silicates, significantly
reduces the viscosity of the clay slip, thereby optimizing
the porization of the ceramic mass.

The introduction of a highly dispersed mineral pow-
der into the ceramic foam, which is wetted with the lig-
uid phase, leads to the formation of a three-phase foam
mass during mixing. Then the resulting ceramic foam is
formed, dried and subjected to heat treatment; when the
ceramic foam is dried, liquid-phase water evaporates and
a nanostructured foam ceramic is formed [18]. For hard-
ening of foam-ceramic building materials, adjustable fir-
ing is used, during which decomposition (transformation
of dispersing nanoadditives) and sintering occur. It should
be noted that in real conditions of large-capacity produc-
tion, obtaining nanoporous ceramics, which simultane-
ously combines lightness, thermal insulation properties
and high strength, is fraught with difficulties.

Along with the average density of nanostructured
foam ceramics, the determination of the compressive
strength, thermal conductivity and water absorption are
the determining parameters of highly porous ceramics for
construction purposes. In nanostructured foam ceramics,
heat transfer is determined by the thermal conductivity,
which consists of the thermal conductivity of a ceramic
building material, as well as by heat transfer in micropores
[19]. It should be noted that the thermal conductivity of
porous ceramics (acrogel) is influenced by the characteris-
tics of the air filling the pores; humidity and the diameter
of the micropores.

Among the innovative building materials, there is
an without firing aluminosilicate foam ceramic, which
has a foam-cell nanostructure (density 230—550 kg/m?),
which gives it some advantages compared to other ana-
logues in terms of water resistance and operating tem-
perature up to 1200°C. The author [20] has developed an
energy-and resource-saving non-burning technology for
manufacturing foam-ceramic materials, the advantages of
which are lightness, low thermal conductivity, sufficient
constructional strength.

Micrographs of nanostructured foam ceramics were
obtained using a JEOL JSM-6610LV scanning elec-
tron microscope [21] by scanning surface layers with a
resolution of 3—4 nm. The ITP-MG4 “100” device was
used to determine the thermal conductivity coefficient
of foam-ceramic samples. The principle of operation of
the ITP-MG#4 device is based on the creation of a station-
ary heat flow passing through a foam-ceramic sample,
measuring the thickness of the sample, the density of
the heat flow and temperature. The range of thermal
conductivity measurement by the thermal probe method
was 0.03—1 W/(m«°C), the limit of the relative error in
determining the thermal conductivity coefficient was 7.

RESULTS

Figure 2 shows the microstructure of the cut surface
of a sample of nanostructured foam ceramics for con-
struction purposes, which were obtained by foaming
low-melting clay. The micrograph clearly shows isolated
micropores of foam ceramics with a diameter of up to
120 microns, and the wall thickness varies from 1.8 mic-
rons to 6.3 microns.

Refractory foam ceramics with an operating tempera-
ture of at least 1580°C are often used as the lining of high-
temperature furnaces for firing porous building nanoc-
eramics. The production of glass-crystal nanostructured
foam ceramics for construction purposes is based on the
use of 50—88 wt.% of pyrophyllite [22] (Kul-Yurt-Tau
deposits), 11—49 wt.% of low-melting clays (Alekseevs-
koye deposit of the Republic of Bashkortostan) and gas-
forming nanoadditives — 0.5—1 wt. % titanium carbide.

The manufacture line for the production of heat-
insulating building materials from glass-crystalline foam
ceramics [23] is organized by the method of foaming dur-
ing firing of an amorphous-crystalline matrix with the
formation of a cellular microstructure of inorganic foam,
in which almost all ultramicropores are isolated from each
other. The porous structure of foam ceramics was created
using an energy-efficient technology of low-temperature
120—150°C foaming of porous ceramic masses during
gas release.

A comparative analysis of the main types of porous
heat-resistant materials was carried out in [24] on: high
temperature struggle, refractoriness, heat resistance.
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Fig. 2. Micrograph of the surface of the foam ceramic saw (a); with an increase for measuring the thickness
of solid-phase walls (b)

A comparison of various compositions with the highest
thermal stability and fire resistance made it possible to
select objects based on aluminum oxides and silicon ox-
ide that are most suitable for creating appropriate porous
heat-resistant inorganic composite materials.

The main technological characteristics of highly po-
rous foam ceramics are porosity, pore size distribution,
and specific surface area. Glass-crystal foam ceramics
for construction purposes had the following physical and
technical characteristics: compressive strength-at least
3.5 MPa; heat resistance (200°C) at least 50 cycles; use
temperature from —45 to +60°C; density 350—600 kg/m?;
low thermal conductivity (0.12—0.14 W / (m«°C). A non-
ignition technology for the production of nanopenoc-
eramic materials for construction purposes using phos-
phate binders [25] based on clay local raw materials has
been developed. The compressive strength of the obtained
nanostructured construction products with an average
density of 450—850 kg/m? is 3—8 M Pa, thermal conduc-
tivity is 0.12—0.15 W/(m«°C), frost resistance is at least
50 cycles.

In 2014-2015, the workers of the Department of
“Building Constructions” of the Architectural and Building
Institute of the Ufa State Petroleum Technical University,
together with the Bashkir State University, completed the
demanded work on the project of the Fund for Infrastruc-
ture and Educational Programs of “RUSNANO”. A pro-
fessional development program was developed in the field
of advance and production of highly porous nanostructured
foam ceramics for building purposes [26]. The creation of
educational programs for advanced training of specialists
in the field of using nanostructured foam-ceramic products
for construction purposes is designed to form the profes-
sional competencies of process engineers [27, 28].

The process of forming the competencies of technolo-
gists of production and application of nanopenoceramics

at different stages of training is correctly described within
the framework of the fractal concept of structure forma-
tion and hardening of accepted composite building mate-
rials [29]. Nodes are allocated in the hierarchical structure
of educational programs for advanced training, and the
branched fractal university system acts as a central link
of advanced training of technologists of the production
of nanostructured foam ceramics.

For the implementation of national projects of the
Russian Federation, an educational program for retrain-
ing and advanced training of engineering specialists in
the field of production of nanostructured foam-ceramic
products for building purposes has been created. The
educational program is designed to provide the regional
construction industry with in-demand technologists for
the production and use of nanopenoceramic products
that replace the import of foreign analogues.

The program of retraining and advanced training of
engineers of the production of nanostructured foam-
ceramic building products contains three professional
modules and one interdisciplinary course that is manda-
tory for all target groups. The curriculum for advanced
training and retraining of qualifications provides for the
implementation of the final certification work with testing
in production conditions. The educational program (ta-
ble 1) it is intended to provide the personnel potential of
competitive, high-tech, domestic production of products
made of highly porous nanostructured multifunctional
building foam ceramics.

DISCUSSION

Among the innovative building thermal insulation
materials, it is necessary to separately highlight the non-
fired aluminosilicate nanostructured foam ceramics. This
sintered innovative material based on available clays has a
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Table 1

Educational results of the advanced training program for technologists in the field of development and production of highly

porous nanostructured foam ceramics for building purposes

Formulation of educational outcome

Structural unit

Types of foam ceramics. Technology for the production of
nanostructured foam ceramics. Equipment. Occupational
health and safety.

Interdisciplinary course. Nanostructured foam ceramics
for building purposes. Internship.

Advance of technology for the production of materials and
products from nanostructured foam ceramics.

Methods for the advance of materials and products from
nanostructured construction foam ceramics.

Recommendations for the use of materials and products
from nanostructured building foam ceramics.

Physical and mechanical characteristics of nanostructured
foamed ceramics for building purposes.

Preparation of technical specifications for the design of
equipment, tools and devices provided by the technology.

Practice in a model situation and industrial approbation
practice at the plant.

Control over the quality of the technological process for
the production of building materials and products from
nanostructured foam ceramics.

Quality control of the production process of large-capac-
ity foam ceramics for building purposes.

foam-cellular nanostructure, which gives it some physical
and mechanical advantages over other analogues. The
ultramicrostructure of non-fired construction foam ce-
ramics consists of air microbubbles, which are surrounded
by thin shells of a glass-crystalline metastable framework
of solid-phase mullite.

Physicochemical reactions [30] of the formation of
a ceramic foam material occurs on the basis of liquid
foams and highly dispersed mineral powders: the disper-
sion medium in them is a liquid-phase nanosuspension,
and the dispersion phase is a gas in the form of micro-
bubbles, which are separated from each other by films of
an aqueous film. In large-scale technological production,
foam mass (three-phase foam) can be obtained by mix-
ing nanostructured foam with a highly dispersed mineral
powder. In the production process, solid clay micropar-
ticles are distributed in liquid-phase films, and ultrami-
crobubbles are surrounded by two-phase shells.

Then comes the next stage of creating foam ceramics
in construction — drying: the liquid phase evaporates from
the foam mass, as a result of which a solid (two-phase)
foam is formed. As a result of sintering, a dried foam
mass with the required mechanical strength is obtained,
due to the crystalline bond of solid-phase mullite, which
forms a foam-cellular framework between the amorphous
components of the foam ceramics. The silica airgel has
a stochastic fractal [31] nanostructure based on cluster
microparticles 15—200 nm in size, aggregated by strong
covalent bonds.

To make construction foam ceramics more durable,
trivial firing is used, leading to pyrolysis (decomposition)
of organic components, that is, liquid foam stabilizers.
In the course of heat treatment, nanostructured foam
ceramics are sintered while maintaining micropores.
It should be noted that the ratio between the solid and

gas phases and the size of micropores in nanostructured
foamed ceramics for building purposes can vary within
wide limits.

Phosphate compositions, which are used as non-an-
nealing binders [32] of porous ceramics, show the ability
inherent in geopolymer inorganic [33] macromolecular
nanostructures-when heated, they exhibit the property of
plastic flow. During the heat treatment, the amorphous
phase of colloidal phosphate nanocompositions moistens
the surface of the mullite filler particles, thereby deter-
mining the adhesive characteristics. The heat transfer of
nanostructured foam ceramics is caused by the thermal
conductivity of solid-phase porous ceramics of the build-
ing material and gas permeability due to the multifractal
diffusion [34] of the walls of micropores.

Therefore, it is possible to achieve the necessary tech-
nological characteristics when clay minerals are based
on the industrial technology of nanostructured foam
ceramics, by changing the ratio of phases (solid, liquid
and gaseous) in the foam mass and regulating the phase
composition. It should also be noted that the walls of mi-
cropores (Fig. 3) and the nodal joints of nanostructured
foam ceramics are solid-phase and completely dense, and
this provides high mechanical strength, hydrophobicity
and chemical resistance.

Porous nanoceramics are characterized by relatively
high compressive strength and low bending strength, good
heat and sound insulation, air and vapor permeability,
low water absorption compared to light concretes (how-
ever, waterproofing and a facing layer are recommended),
high frost resistance, incombustibility, biostability, low
nailability, environmental friendliness, average gecometry
accuracy and mechanical processing ability. For exam-
ple, the developed nanostructured foam-ceramic kerpen
[35] with a density of 300 kg/m? has a frost resistance of
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Fig. 3. Microstructure of porous nanostructured ceramics (a); with an increase in nodal joints (b)
(1 — nodal joints; 2 — walls)

more than 25 cycles, a compressive strength of 3—4 MPa,
a thermal conductivity of 0.15—0.2 W / (m «°C).

Currently, nanostructured foam ceramics for building
purposes are used as a facade finishing material, heat-
protective wall panel, etc. The thermal conductivity of
construction foam ceramics depends on its density, com-
position, type and size of pores and it increases sharply
with increasing humidity. The vapor permeability of
nanopenoceramics is not regulated by the current state
standards and technical conditions; however, in some
cases, it affects the durability of building structures: low
permeability to water vapor of heat-insulating building
materials can cause the formation of condensate.

The use of nanostructured foam ceramics in build-
ing provides the required heat and sound insulation, fire
protection of interstory floors without increasing the load
on the building's enclosing structures. One of the ways
to eliminate the emerging disadvantages of porous ce-
ramics — a decrease in strength and an increase in water
absorption under uncontrolled conditions of large-scale
production is liquid-phase sintering with the formation
of a glaze layer on the surface of products (translates most
of the open pores into closed ones). Due to the use of
nano-additives that increase the corrosion resistance of
multifunctional nanocomposite building materials [36],
a glass-crystalline (partially amorphous) high-strength
solid phase is formed during firing.

The technological flaw of a nanostructured foam-
ceramic product for building purposes — fragility can be
overcome by reinforcement. The production of wall and
heat-insulating ceramic products without firing, despite

their high thermal protection properties, has not received
proper distribution. The reason is the lack of a theoreti-
cal justification for the nano-porization of the ceramic
mass, the developed technology and appropriate equip-
ment, and competent personnel. The energy efficiency
of buildings and structures within the framework of the
concept of sustainable development becomes the main
parameter determining the consumer value of a heated
construction object. For the implementation of the tasks
of national projects of Russia, the economic efficiency
due to reducing the density of wall foam ceramics from

1600—1800 kg/m? to 90—1100 kg/m? of enclosing struc-

tures is characterized by the following figures according

to various data:

— fuel consumption in the production of nanostructured
foam ceramic products for building purposes can be
reduced by 20%, and the material consumption of the
production of highly porous foam ceramics is reduced
by 1.5 times;

— due to innovative technologies, the energy costs for the
construction of 1 m2 of an external wall are reduced
by 1.8 times;

— the heat transfer resistance of buildings and structures
increases, depending on the thickness of enclosing
structures adopted in the region, etc.

Evaluating the properties of nanostructured foam
ceramics, we can expect that its use can be especially
effective as a wall material in the construction of mono-
lithic houses. At the same time, the efficiency of using
foam-aluminum-silicate ceramic blocks in the walls of
monolithic houses will primarily be provided by saving
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Fig. 4. Foam-ceramic building blocks

building materials due to the best thermal characteristics
of nanopenoceramics, and its lower density with a suffi-
ciently high strength. Resource-saving use of cheap local
low-melting clays, industrial waste (secondary concrete,
cullet, blast furnace slags, etc.) [37, 38] can reduce the
energy consumption of large-scale production of highly
porous building foam ceramics (Fig. 4).

The wider industrial use of nanostructured foam
ceramics in the building industry provides the neces-
sary sound and thermal insulation, fire protection of
floor-to-floor ceilings without increasing the load on
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PE3IOME: BBegeHue. [eHOoKepaMuyecKme TENIOM30NALUOHHbIE CTPOMMaTeprasibl 0651afatoT Hambonbluet YyCTONYMBOCTbIO BOCTPE-
60OBaHHbIX TEXHONMOTMYECKNX XapPaKTEPUCTHIK 3a CUET YHUKAJIbHBIX GPU3UKO-TEXHUYECKUX CBOMCTB. YBENIMUEHME KPYNMHOTOHHAXKHOTO
BbIMYCKa HAHOCTPYKTYPUPOBAHHbIX MeHOKEPAMUYECKUX N3eNuii 1 pa3paboTka 06pa3oBaTebHbIX MPOrpaMM MOBbILWEHWS KBanu-
bUKaLMM NHXEHEPOB-TEXHOJIOTOB OCTAETCA aKTyanbHoW 3aayeil. MeTogbl n MaTepuarnbl. TEXHONOMMYHbIN CMOCO6 U3roTOBAEHNSA
HaHOCTPYKTYPUPOBAHHOWM NEHOKEePaMUKIN — 3TO MeTOf NPAMOro BCMEHVBaHMA: KepaMnyecKne NeHbl CO3A4akT MyTem BOBMIeYeHN A
aTMocdepHOro Bo3alyxa B CycrneHsuto. [lanee KOHCONMANPOBAHHbIE NeHbl 6EPEXHO CyllaT U B TeueHre 12 4acoB CMeKaT TepMo-
06paboTkoii (950-1100°C) c nonyyeHrem OCTaTOYHO BbICOKOMPOUHbIX MEHOKEPaMUK CTPOUTENIbHOTO Ha3HaueHUs. BaxkHenwmnm
CblpbeBbIMM MaTepranamMmm ansa NPovn3BoACTBa CTPOUTENbHOW NEHOKEPaMUKN ABNAIOTCA MVHbI, ANAaTOMUTbI, KDEMHUCTbIE MUHEpParbl,
LieoNIUTHbIE MOPO[ibl, @ TAKXKE KepaMUUeCcKue 1 LWiakoBble oTXoAbl U Ap. Pesynbratbl. PazpaboTaHa TEXHONOMMA NPOV3BOACTBA MNe-
HOKepaMmyecKx MaTepuanoB CTPOUTENIbHOTO Ha3HAUYEHUs Ha OCHOBE MIMHWCTOrO Cbipbs. B pe3ynbrate Gpr3nKo-XMUYECKMX TpaHC-
dopMauii B LUKIe NPOon3BOACTBA, B T.U. 00XI1ra popmMmpytoTcsi paBHOMEPHO 3aKPbITble MUKPOMOPbI NEHOKePaMUKI AUAMETPOM [0
120 MKM, a TONLMHA CTEHOK BapbupyeT oT 1,8 fo 6,3 MKM. [pefen NpoYHOCTY NPY CKATUM NOMYYEHHbIX HAHOCTPYKTYPUPOBaHHbIX
CTPOWTESIbHBIX MEHOKEPAMMYECKUX 13AeNNI CpeaHel NnoTHoCTbio 450-850 kr/m® coctaBnseT 3-8 Mla, Tenn1onpoBOgHOCTb —
0,12-0,15 B1/(m+°C), MOPO30CTONKOCTb — He MeHee 50 LmKnoB. O6cyKaeHune. B kpynHoMacluTabBHOM TEXHONIOTMUYHOM NMPOV3BOACTBE
neHomaccy (TpexdasHyto neHy) MOXHO NOJTyUYnTb CMELIVBAHUEM HaHOCTPYKTYPUPOBAHHON MeHbl C BbICOKOAVCNEPCHBIM MUHEPASTb-
HbIM MOPOLIKOM. KOHTPONMpyeMbIM CrieKaHeM 13roTaBIMBAETCS BbICYLLIEHHAA MEHOMACCA C BOCTPEOOBaHHbIMM TEXHOJIOTMYECKMMY
XapaKTepUCTUKamu, 06yCOBNIEHHBIMY KPUCTA/NTMUECKOW CBsI3bio TBEPAOGDA3HOIo My/iMTa Ha OCHOBE KIacTePHbIX MUKPOUYaCTIL
pa3mepamu 15-200 HM, @ CTEHKI MUKPOMOP 1 Y3/10Bble CTbIKM HAHOCTPYKTYPUPOBAHHON NEHOKepaMIK/ 06eCrneyrBaloT BbICOKYIO
MeXaHUYeCKyto MPOYHOCTb, r’MAPOGOOHOCTb 1 XUMMUYECKYIO CTOMKOCTb. 3aKnioueHne. HaHOCTPYKTYypUupoBaHHas NeHoKepamuKa
CTPOUTENIbHOIO Ha3HauYeHUA JOCTAaTOYHO BNAroCcTonKa, Tak Kak MMeeT MUKPOCTPYKTYPY 3aKpbITbIX YIIbTPaMUKPOMNOpP, YCTONYMBa
K XMIMYEeCKOMY U GU3MYECKOMY BO3LENCTBUIO 1 MOSTOMY SIBAISIETCA ONTMMAsbHbIM TEMIOU30NALVOHHBIM MaTeEPUANIOM.

KJTIOYEBbIE C/IOBA: HaHOCTPYKTYprpOBaHHasA NeHOKepaMmnKa, TEXHONOT A N3rOTOBNEHUA, NeHOKepammnyeckme CTponmartepuanb,
obpaszoBaTesibHble NPOrpaMmbl.
ANna UNTUPOBAHUA: CuHuunH O.A., Waaxmvetos Y.LL., Paxumosa O.H., Xanukos P.M., Hegoceko W.B. HaHOoCTpyKTyprpoBaHHas

neHoKepamrKa CTPOUTENIbHOIO Ha3HAYeHUA: TEXHONOMA MPOU3BOACTBA U NPUMeHeHNA // HaHOTeXHONorMm B CTPOUTENbCTBE. —
2021.-Tom 13, N2 4. - C. 213-221. - DOI: 10.15828/2075-8545-2021-13-4-213-221.

BBEJIEHUE puaJibl, OMHOBPEMEHHO COYETAIOIIUE JIETKOCTh, MAJIyIO
TEIUIOMPOBOAHOCTb C TOCTATOYHOU KOHCTPYKIIMOH-

PY CTPOMTETBCTBE KMJIBIX TOMOB, TIDOMBIIIUICHHBIX ~ HOI IMPOYHOCTHIO, CIIEAYET pacCMaTpUBaTh B Ka4eCTBE
3MaHWN OMHUM M3 BaXXKHBIX aCIICKTOB B IToA0Ope  HamboJjiee TIepCIeKTUBHBIX IUISI SHEProcoeperamieii
MaTepHaJIOB SIBIISTIOTCS TTOBBIIIICHHBIC TEIJIO- U 3BYKO-  CTPOMMHAYCTpUM. B HacTostee BpeMst Hanbosee IoJTHO
WM30JISIIIMOHHBIC XapaKTepUCTUKH, TIO3TOMY CTpOiMaTe-  3TUM TpeOOBaHUSIM OTBEUAIOT BEICOKOITOPUCTHIC CHIIH-
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HaHoTexHonornn B cTponTenbCcTBe

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTVi B CTPOUTE/IbCTBE

KaTHBIC TICHOMATEePUAaJIbl: IICHOKEPAMUKA, STICUCThIC
OCTOHBI, TICHOCTEKIIO, TICHOOSCTOHBI Ha OCHOBE TTOPH-
CTBIX 3amoJTHUTeNel. birarogapst yHUKaIbHBIM (DH3UKO-
TeXHMICCKNM XapaKTepUCTHKAM TTeHOKEepaMIIeCKIE
TETUIOU30JISILIMOHHbBIE CTpOMMaTepuabl M U3IEUsT 00-
JIATaf0T HAaMOOJIBIIICH CTAOMIIBHOCTBIO TEXHOJIOTMIECKITX
TmapaMeTpOB: OMO- I KOPPO3MOHHOCTOMKM, TOJITOBEYHEI,
HecropaeMbl 1 T.M. [1—4]. [leHoKepaMuKa B TpaHyJiax
B KaueCTBE MHHOBAIIMOHHOTO YTEILUIMTEISI MOXET HC-
TOJIb30BaThCS B HEITOCPEICTBEHHOM KOHTAKTe C IIe-
MEHTOCOIEpKAIlIMMU IITYKaTypKaMu, CTSDKKaAMU U Ap.
Pemrenue 3agaun yBeamueHNST KPYITHOTOHHAKHOTO BHI-
MycKa HAaHOCTPYKTYPUPOBAHHBIX TTCHOKEPAMUICCKIX
CTpOiiMaTepHMaJIOB C MOJIYIYCHUEM BBICOKOIIOPUCTOM
MUKPOCTPYKTYPBI U Pa3pabOTKM 00pa30oBaTeIbHBIX
TIPOTPaMM ITOBBIIICHNUS KBATU(UKAIINA THKECHEPOB-
TEXHOJIOTOB SIBJISIETCS aKTyaJIbHOM 3aadeii.

Lexs maHHOI CTaTb — pacCMOTPEHNE OCOOEHHO-
CTeit TEXHOJIOTUY TIOJTyIeHUSI HAHOTIOPUCTOM KepaMUKK
CTPOUTEIIFHOTO Ha3HAYCHMUS.

METO/JbI 1 MATEPUAJIBI

[NeHoKepaMUKa — CIICUCHHBIN TBEpAO(ha3HEI SHEP-
rocoOeperamlilunii cTpoiiMaTepurall Majoil TEIJIOIPOBO-
nHOCcThIO (0,05—0,1 BT/(M«°C) ¢ 3aKpBITBIMU (30~
JIMPOBAHHBEIMI) MUKPOIIOpAMHU JUAaMETpaMu OT 7 HM
1o 8 MKM. Heobxommmyto MUKPOCTPYKTYpY TIEHOKepa-
MWYECKUX M3ICIIIA TTOTy4JaloT ITyTeM BBEICHMS B COCTaB
TJIMHUCTOM CYCIICH3UH pa3IMIHBIX ITOPO0Opa3oBaTelIei,
BBITOPAOIINX T00ABOK, ITOPUCTHIX 3aITOTHUTEIICH 1 IIp.
[5—7]. ITpakTU4HBIA METOI U3TOTOBJICHUSI HAHOCTPYK-
TYPUPOBAHHOM MMEHOKEPAMUKH — 3TO CIIOCOO IIPSIMOTO
BCIICHUBAHUS: KepaMUUIECKUE TIEHEBI CO3Mal0T MyTeM
BKJTFOUCHUSI BO3IyXa B CYCIICH3WIO WIN XUIKO(PA3ZHYIO
cpeny. [lopuctocTs U pacnpeneneHue 3aKpbIThIX STYEH-
CTBIX MAKPOTIOP TI0 pa3MepaM MOKHO KOHTPOJIMPOBATh,
M3MEHSISI BI3KOCTh KepaMIUIeCKOM TTEHBI I TEXHOJIOTHIO
BcrieHMBaHMSL. Jlasiee B TEXHOJIOTMUECKOM ITPOU3BOICTBE
KOHCOJIMIUPOBAHHBIC TICHBI OCTOPOXXHO CYIIIAT U CITe-
KatoT TepMoobpadotkoit (950—1100°C) B Teuenue 10—
12 9acoB ¢ MoJIy9eHNEM BBICOKOTIPOYHBIX TIEHOKEPaMUK
CTPOUTEIIFHOTO Ha3HAYCHMUS.

CKOpOCTh 00XHUTA TICHOKEPAMUICCKUX U3ICIIHIA,
B pPe3yJIbTaTe KOTOPOTO 00pa3yeTcs IMIPOYHBIA 1 BOIO-
CTOMKWIT MyJUINT, TOJZKHA OBITh KOHTPOJIPYEMa, YTOOBI
n30exaTh MosBIeHUST Ae(EeKTHBIX TpellH. Bernenu-
BaHME CHIPhEBBIX KEPAMUUICCKUX CYCIICH3NI BKITIOYACT
IVCTIEPTHPOBAHMUE Ta3a B BUAEC MUKPOITY3bIPEKOB: BKITIO-
YeHNe aTMOC(hEpHOTO BO3AyXa ITyTeM MEeXaHNIECKOTO
BCIICHUBAHUS (MJIM BIIPBICKA Ta30BOTO ITOTOKA) MJIHN
raszoBbinesneHue in situ [8, 9]. B ciydae razoBbineneHus
in situ IeHOOOpPa30BaTE N PACIIagalOTCsI IO ICHCTBIEM
TeIUla WJIN XUMUICCKON peakuu ¢ GopMUpoBaHUEM
Ta30BBIX MUKPOTIOP BHYTPH KepaMIIeCKOIl HAHOCYCITCH-

3uM. {1 cTabuinsaly ra30BbiXx HAHOMY3bIPbKOB, 00-
pa3ylouInXxcsl B CYCIEH3UU, TIOBEPXHOCTHOE HATSXKEHUE
rpaHuULIbl pasaesa ra3-XKuaKocTb HEOOXOAUMO YMEHb-
IIUTh, TIOOTOMY B OOJILIIMHCTBE CllyyaeB 100aBJISIOT
MOBEPXHOCTHO-aKTUBHbBIE KOMITOHEHTHI.

HaHocTpyKTypupOoBaHHYIO TIEHOKEPAMUKY CTPO-
WUTEJIbHOTO Ha3HAYEHMUSI TaKXKe U3TOTaBIMBAIOT METO-
oM perTukd [10—12] (myOommpoBaHUs): TPEXMEPHYIO
ceTyaThlil TIpeKypcop Ha 6a3e MeHOMOJNYPETaHOBbBIX
WJIM APYTUX MOAXOISIIMX MAKPOMOJIEKYJT C OTKPBITBIMU
ITOpaMM TTOTPYKAIOT B KEPAMUICCKYIO CYCITICH3MIO. 3a-
TeM yHaJsSi0T U30BITOYHYIO CYCTIEH3UIO, TUPOJIU3YIOT
OpraHnyeckue KOMIIOHEHTHI, 1ajiee TIOPUCTYIO0 HAaHOKE-
paMUKYy CIIeKaloT JJIsI AOCTUXKEHUST HEOOXOAUMOM Mexa-
HU4YecKoi mpoyHocTu. [Topru3oBaHHYIO CTPOUTENTBHYIO
KepaMUKy 1OCTaTOYHO HEOOJIbIION ce0eCTOMMOCTbBIO
MOJIy4YaloT Ha OCHOBE IOCTYITHOTO MECTHOTO INTMHUCTOTO
ChIpbs, a 111 POPMUPOBAHUS MIOP B KAUECTBE BHITOPAIO-
KX 1006aBOK Hanbosee 4acTo MPUMEHSIIOT APEBECHbIE
OMWJIKU, TOP(P, COTOMY, I'paHyJIbl IEHOIIOJUCTUPOIIA,
YIJI€OTXOAbI, TOIJIMBHBIN LIJIaK W JIP.

Kepamuueckas neHa npeacTtaBiseT co0oil MeTa-
CTAaOUJIBHYIO TUCTIEPCUIO, TTOTOMY Ba’KHO 3aKPETIUTh
MaKpOCTPYKTYpY MEHbI, YTOObI COXpAHUTh STYEUCTYIO Ha-
HOCTPYKTYPY BO BpeMsl AaJIbHEUIIIel TpoLeaypbl Harpe-
Ba. HuskoremmnepaTtypHoe BcrieHnBaHue [13], a Takke
MOIM(UIUPOBAHHbBIE 30J1b-T€Ib METOAbI UCTIOJIb3YIOTCS
JIJIS1 KOHCOIMAALUY KepaMUUeCKUX MeH 6e3 KaKUX-110o
JIPYrux HaHOJ00aBOK. MUKpPOCTPYKTYpa HAHOCTPYK-
TYPUPOBAHHOU MEHOKEPAMUKM TPEACTABIISIET COOOM
TBepaoda3HbIil cTpoliMaTepuall, 3aII0JJHEHHBI MUKPO-
nopamMu razoo0pasHoro Bosayxa. Peskoe yMeHbIlIeHUE
MPOYHOCTHU TPU U3rMbOe U MOBbIILIEHUE BOJAOIPOHULIA-
€MOCTH MEHOKEepPaMUKU CTPOUTEIbHOTO Ha3HAYECHUS
WHTEPNPETUPYETCS YBEIMUEHUEM KOJIMYECTBA OTKPBITHIX
MUKPOIIOP.

OCHOBHBIMH CHIPBEBEIMHA MaTepHaIaMHU IS TIPOM3-
BOJICTBA CTPOUTEILHOMN MEHOKEPAMUKU SIBJISIIOTCS MM -
HepaJIbHOE ChIPbe: MIMHbI, TMATOMUTBI, KPEMHUCThIE
MUWHEpaJbl, IEJOYHbIE TEONOJUMEDPHI, LIEOJUTHBIE MO-
POl U JIpP., @ TAaKXKe IIJIaKOBbIE OTXOJIbl, PEUHON WJI,
KepaMHMUYECKIE OTXOBI, CJIaHIIBI U T.IT. B pe3ynbrare u-
3UKO-XUMUYECKUX TpaHChOpMaLIMii B ITpoLIecce Mpon3-
BOJICTBA, B T.4. 00KuTa (hOpMUPYETCSI HEOOXOAMMOE KO-
JINYECTBO PABHOMEPHO 3aKPbITHIX MUKPOIIOP, PUTMUYHO
pacripeJieIeHHBbIX 10 BCEMY 00bEMY CTpoiiMaTepuaa.

Ha ceroaHsmHuii AeHb TEOpEeTUUECKU 0O0OCHOBA-
Ha ¥ 9KCNEPUMEHTATBHO MOATBEPXKIeHA BO3MOXHOCTh
TEXHOJOTUYECKOTO TOJIYyYEeHUSI MHHOBALIMOHHBIX T1e-
HOKEpaMMUYECKUX CTPOUTENIbHBIX U3AEIUN Ha OCHOBE
JIETKOTMJIaBKUX TJIMH, MO3BOJISIOIIMUX C(POPMUPOBATH
YCTOMYMBYIO IEHOCTPYKTYPY, MHTEHCU(PULIMPOBATD MPO-
1ecc 6e31eeKTHOM CYIIKU 1 TTOC/IEAYIOIIEero CrieKaHusl.
J1J1s1 MHOTOTOHHAXKHOTO MPOM3BOJCTBA U UCTOJIb30Ba-
HUSI HAHOCTPYKTYPUPOBAHHOM MTEHOKEPAMUKKU CTPOU-
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TEJILHOTO Ha3HAUYCHUS CIICAYET 00s13aTeTbHO YINTHIBATh
BIMSTHIE KOMITIOHEHTHOTO COCTaBa ITEHOKEePaMIUIEeCKIX
Macc Ha (PU3NKO-TeXHNYEeCKIe CBOCcTBa n3aeuii [14],
a TaK:Ke ONTHMAJIbHBIC TTapaMeTPhI ITOATOTOBKHU MCXOI-
HOTO CHIPBS, TTOPU3AIINN KEPAMIICCKOI MacChI IIEHOO-
Opa3oBaHMEM, KOTOpas pear3yeTcsT Ha CYIIEeCTBYIOIINX
TIPEOIIPUSITUSIX, CYIIKA U TEXHOJIOTHIECKOTO O0KMUTA.

TexHom0THS MPON3BOICTBA HAHOCTPYKTYPHUPOBAH-
HO¥ CTPOUTEIIBHON TTEHOKePAMUKNA OTHOCUTEIIFHO He-
BBICOKOIT CTOMMOCTH BKIJTFOYAET MOATOTOBKY INIMHSHOTO
CHIPhsI, THTCHCUBHOE TIePeMEIINBaHNE C TUCTICPTUPYIO-
IIAMHA KOMITOHEeHTaMH (prc. 1) 1 IeHO0Opa30BaTeIIIMMU.

Bonee paBHOMepHOE ITO 00BEeMY pacHpeneiicHe
MUKPOIIOp B ITIEHOKEPAaMUUECKOM ITUCTIEPCUH ITOCIIE
mo0OaBIICHUST BCIICHUBATeIe (ITeHOooOpa3oBaTeieii)
CIIOCOOCTBYET (DOPMUPOBAHUIO STICHCTON yIBTPaAMMU--
KPOCTPYKTYPBI CTPOUTEILHOI HAHOCTPYKTYPHUPOBAHHOM
TeHoKepaMuKu. [IpenMyIecTBEeHHOE NCITOTb30BaHIE
JIEIIIEBOTO MECTHOTO CHIPhSI M TEXHOTEHHBIX OTXOOB [ 15,
16] B TEXHOJIOTMYECKOM LIUKJIE IIO3BOJISIET 3HAUUTEIHHO
YMEHBIIIUTH Ce0CCTOMMOCTh HAHOIIEHOKEPAMUYECKOTO
cTpoiMaTepuala.

[1py U3roTOBICHNU CTPOUTEIBHOI IMEHOKEPaMUKI
€O cpenHeit I10THOCThIO Hike 1000 Kr/M? ¢ MCIoJIb30-
BaHWEM TPATUIIMOHHOTO METO/Ia BHITOPAOIIINX JOOABOK
B TEXHOJIOTMTYECKOM IIMKJIC BO3HMKAET MHOXECTBO IIPO-
61eM. BemyTcst pa3pabOTKy TEXHOJIOTUY TTIEHOKEPaMUKHU
METOIIOM BCIICHMBAHMSI CKOPOCTHBIM CMECHUTEIIEM I -
KEpHOIT MacChl CYCIICH3UH TJIMHEI, CTA0MIN3NPOBAHHOMN
mmmpodochaTroM HaTpus. Y CHIeHHAsI MCXaHOAKTHBAIIHS

Bonnas Mucneprupyromue
CyCHeH3us INIMH HAHOJ00aBKH

IlepememmBanue

BcnenuBarenun —

Kepamuueckas nena

BoicymuBanue

O0xur

Puc. 1. TexHosornyeckasi cxeMa TPaJAMIHOHHOTO
MPOU3BOACTBA CTPOUTEIBbHOI HAHOCTPYKTYPHUPOBAHHOM
MEeHOKEePAMHMKH

[17] BODHBIX TIMHSIHBIX CYCIIEH3UM B IPUCYTCTBUU pa3-
KIDKAIOIINX HAHOT00aBOK — 3JIEKTPOJIMTOB ITO3BOJISICT
IOCTUTATh TOMOT€HHOCTH KepaMHWIeCKOM TmeHbI. Mc-
ITOJTb30BaHNE 3JCKTPOJUTHBIX T00aBOK, HAIIpUMeEp,
BOIHBIX PaCTBOPOB CUJIMKATOB HATPHSI, 3HAUNTEIBHO
TTOHITKAET BSI3KOCTh INIMHSIHOTO IUINKEpa, TeM CaMbIM
ONTUMU3UPYET MOPU3ALIUN KEPAMUUECKON MaCCHI.

BBemeHme B KepaMUIEeCKYIO TICHY BHICOKOIMCIICPC-
HOTO MUHEPAJTBHOTO MOPOIIKA, KOTOPHI CMaYMBaCTCS
KUIKOU (pa3oii, Ipu mepeMelInBaHUT IIPUBOIUT K 00-
pa3oBaHMIO Tpex(a3zHOU IEHOMACCHL. 3aTeM ITOJTyICH-
Has KepamMudecKas TTeHa (popMyeTcsl, BRICYIIMBACTCS
1 TIOBEPTacTCs TEPMOOOPAOOTKE; IIPH BBHICYIIMBAHUN
KepaMHUIeCKOI TMeHBI KNIKoda3Has BoIa MCIIapsieTCs
u popMUpyeTcsT HAHOCTPYKTYPUPOBaHHAsI TICHOKEepa-
muka [ 18]. Js ypodHeHUS IEHOKepaMUIeCKIX CTPOii-
MaTepHaiOB UCIIOJIB3YETCS PETYIUPYEMBIil OOXKUT, TIPH
KOTOPOM TIPOMCXOIUT pa3jioxXeHue (TpaHchOopMalIms
IHCTICPTUPYIOIINX HAHOMO0AaBOK) 1 crieKaHue. ClieayeT
OTMETHUTH, YTO B PCATBHBIX YCIOBUSX KPYITHOTOHHAX-
HOTO IIPOM3BOMCTBA MOJIydeHIE HAHOIIOPUCTOM Kepa-
MUKW, OTHOBPEMEHHO COYeTaloIIeii B cede JIeTKOCTb,
TETION30ISILIMOHHBIC CBOMCTBA 1 BBICOKYIO IIPOYHOCTD,
COIIPSIKEHO 3aTPYTHCHUSIMU.

Hapsimy co cpenHeit IIOTHOCTBIO HAHOCTPYKTYPHUPO-
BaHHOI TICHOKEepAMMKH OIIpee/ICHIE IIpeIesia IIPOIHO-
CTH Ha CKaTHE, TCTIOTIPOBOTHOCTH 1 BOTOIIOTJIONICHIE
SIBJISIETCS] OTIPEAEISIONIMMU MapaMeTpaMu BbICOKOTO-
PUCTOM KepaMUKH CTPOUTEIIFHOTO Ha3HaUYeHUs. B Ha-
HOCTPYKTYPHPOBAHHOM IIEHOKEepaMHKe TeIIoTepenadya
OIPEIEIIIETCS TETIONPOBOIHOCTHIO, KOTOPAs CKJIabl-
BaeTCs M3 TEIIONPOBOTHOCTH KePpaMIUIECKOTO CTPOM-
MaTepHraa, a TakKe TeIUIonepeaadeii B MUKPOIIopax
[19]. CrremyeT OTMETHTH, Ha TEILIOIIPOBOTHOCTD TTOPH-
CTOM KepaMUKM (a3poTeiisl) BIUSIOT XapaKTePUCTUKH
BO3IyXa, 3aIIOJIHSIIOIICTO TTOPHI, BIAXKHOCTb U TMAMETP
MUKPOTIOP.

Cpenn THHOBALIMOHHBIX CTPOUTEIHPHBIX MAaTePHUAIOB
BBIICIITIOT O€300KUTOBYIO ATIOMOCHIIMKATHYIO TIEHOKE-
paMHUKy, KOTOpast IMEET IICHOSYCHCTYI0 HAaHOCTPYKTYPY
(rtotHocThb 230—550 Kr/M%), UTO JAET €My HEKOTOPbLIE
IIPENMYIIIEeCTBA TI0 CPAaBHEHUIO C IPYTUMH aHAJIOTaMM
IT0 BOJOCTOMKOCTH U TeMIIEpaTypOil 3KCIUTyaTalluu
1o 1200°C. ABtopom [20] pa3zpaboTaHa dHepro- u pe-
cypcocOeperatoliiast 6e300KHUToBasi TEXHOJIOTUST U3T0-
TOBJICHUS TICHOKEPAMIUECKIX MAaTCPHAIOB, TIPEHMYIIIe-
CTBaMHM KOTOPBIX SIBJISTFOTCS JIETKOCTb, MaJiast TeTIOPO-
BOITHOCTbD, JOCTAaTOYHAS KOHCTPYKIIMOHHAS ITPOYHOCTb.

Muxkpodororpacdun HAHOCTPYKTYPUPOBAHHOM T1e-
HOKEpaMUKM TTOTYIAINA C NCITOJIh30BAHNEM PacTPOBOTO
31eKTpOHHOr0 MrKpockora «JEOL JISM-6610LV» [21]
CKaHMPOBAaHMEM TTOBEPXHOCTHBIX CJIOEB C pa3pelIeHIEM
3—4 am. JIng ornpeneneHUs KoadduimeHTa Terionpo-
BOIHOCTH MEHOKEPAMUIECKIX 00pa3II0B OBLT UCITOIH30-
BaH puoop UTIT-MTI'4 «100». [TpuHIuUIT GyHKIIMOHN-
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poBanust ycrporictBa UTII-MI'4 ocHoBaH Ha co3maHN
CTAIIMOHAPHOTO TETUIOBOTO MOTOKA, TPOXOMISIIIETO Yepe3
TMIeHOKEepaMUYeCKUil 00pasell, U3MEPEHUU TOJIIINHBI
00pa3ia, TUIOTHOCTH TEeTUIOBOTO TTOTOKA W TeMIIepaTy-
pbl. Jlnama3zoH u3MepeHus TETUIONPOBOIHOCTA METOIOM
teroBoro 3oHna coctasui 0,03—1 Br/(m«°C), npenen
OTHOCUTEJIHOI TTOTPENTHOCTH OTIpenesieHust Koadhdu-
LMeHTa TEIJIONPOBOAHOCTH 7.

PE3YJIbTATbI

Ha puc. 2 mokazaHa MUKPOCTPYKTYpa MOBEPXHO-
CTHU cTijia 00pasila HAHOCTPYKTYPUPOBAHHOM TTEHOKE-
pPaMWKU CTPOUTEITHLHOTO HAa3HAYEHUSI, KOTOpasl TTOJy-
YyeHa METOJIOM BCTIEHMBAHWST HU3KOTUIABKOW TJIMHBI.
Ha mukpodoTtorpadun yeTko HaOIIOIAIOTCS U30JIH -
pOBaHHBIE IPYT OT APYyTra MUKPOIIOPHI TIEHOKEPAMUKN
nuaMeTpoM 1o 120 MKM, a TONIIMHA CTEHOK BapbUPYET
ot 1,8 10 6,3 MKM.

B xauecTBe (DyTepOBKM BEICOKOTEMITEPATYPHBIX TIE-
Yyell 00Xura MoprucTOil CTPOUTEIPHON HAHOKEPAMUKY
YaCTO MCITONIBb3YIOT OTHEYTIOPHYIO TIEHOKEPAMUKY C TeM-
neparypotii axcruryataiuu He menee 1580°C. [TpousBon-
CTBO CTEKJIOKPUCTAIUTMYECKOI HAHOCTPYKTYPHUPOBAHHOM
TIeHOKEPaMUKHN CTPOUTEILHOTO Ha3HAYEHUSI OCHOBAHO
Ha ucroib3oBaHun 50—88 mac.% nupodwiura [22]
(mectopoxnenus Kynb-tOpt-Tay), 11—49 mac.% nerko-
TJIABKUX TJIWH (AJlekceeBCcKoe MecTopoxaeHue Pecry0-
JKu bamkoprocTtaH) U razoo6pa3yomnx HaHogoba-
BoK — 0,5—1 mac.% xapbuma TUTaHa.

ITpousBoacTBEeHHASI TUHUS IS U3TOTOBIICHUS Te-
TTOU3OJISIITMOHHBIX CTPOUTETBHBIX MATEPUAJIOB U3 CTE-
KJIOKPUCTAJUTMYECKOH TTeHOKepaMuKu [23] opraHusoBa-
Ha METOZOM BCTIEHUBAHUSI TIPU 00XKUTE aMOP(HO-KPU -
CTAJNTMYECKOU MATPUIIBI ¢ (POPMUPOBAHUEM STIEUCTOM

MUKPOCTPYKTYPBI HEOPTAHUYECKOU TIeHBI, B KOTOPOii
TPAKTUYECKU BCE YIBTPAMUKPOTIOPHI U30JIMPOBAHBI IPYT
ot apyra. [Topucrast cTpykTypa nmeHOKepaMUKHU ObLia
cosznaHa 1o 3HeprodhGEeKTUBHON TEXHOJIOTUN HU3KO-
temrnepatrypHoro 120—150°C BcrieHUBaHUS TIOPUCTHIX
KepaMU4IeCKNX Macc TP Ta30BbIIETCHUN.

CpaBHUTETbHBIN aHAJIN3 OCHOBHBIX TUIIOB TTOPU-
CTBIX TEPMOCTOMKNX MaTEpUaJIOB TIPOBEICH B paboTe
[24] 0 XapoITPOYHOCTH, OTHEYTTIOPHOCTH, TEPMOCTON -
kocTu. CorocTtaBieHrne MHOTOOOPa3HBIX KOMITO3UIINIA,
00J1a1aI01MX HAUOOJIBIIIEN TEPMOCTAOMIBHOCTBIO U OT-
HEYITOPHOCTHIO, TTIO3BOJIUJIO BHIOPATh OOBEKTHI Ha Oa3e
OKCHIOB aJTIOMUHUSI U OKCUIA KPpEeMHUsI, Hauboee
TIOIXOMSIIITNE IJISI CO3MAHUST COOTBETCTBYIOIINX TTOPU-
CTBHIX TEPMOCTOMKNX HEOPTAHUUECKUX KOMITO3UIIMOH-
HBIX MAaTePUAJIOB.

OCHOBHBIMM TEXHOJIOTUIECKUMU XapaKTePUCTUKA-
MU BBICOKOTIOPUCTOW TIEHOKEPAMUKHU BHICTYTAIOT T10-
PHUCTOCTh, pacripe/ieJieHre Top Mo pa3Mepy, yaeabHast
TMOBEpXHOCTh. CTEKIIOKPUCTAITMYECKAS TIEHOKepaMuKa
CTPOUTETLHOTO Ha3HAYEHUS UMeJIa Clieaytone (pusm-
KO-TEXHUUYECKUE XapaKTEPUCTUKU: TIPENIe]T TPOTHOCTH
npu cxatuum — He MeHee 3,5 MIla; TepMocTOifKOCTh
(200°C) — ne menee 50 IMKIIOB; TeMIIEpaTypa NCTIOIB30-
BaHMs — OT — 45 10 +60°C; rwiotHOCTh — 350—600 KI/M?;
HU3Kas TerutonpoBogHocTs — 0,12—0,14 Bt/(M«°C).
Pazpaborana 6€300XKUTOBast TEXHOJIOTHS MMPOU3BOICTBA
HAHOIIEHOKEPAaMHUUECKUX MaTepUaioB CTPOUTEIHHOTO
Ha3HAYEHWSI C UCTIOTb30BaHNEM (POChaTHBIX BSIXKYIIINX
[25] Ha ocHOBe TIMHUCTOTO MECTHOTO ChIphs. [Ipenen
TIPOYHOCTHU TIPY CKATUU TTOJTYYEHHBIX HAHOCTPYKTYPU -
POBaHHBIX CTPOUTETHHBIX U3IEIUI CPETHEN TIIIOTHO-
cThio 450—850 kr/M? cocTaBnsiet 3—8 MIa, Terutonpo-
BogHOCTh — (0,12—0,15 B1/(M«°C), MOPO30CTONKOCTD —
He MeHee 50 MKIIOB.

Puc. 2. MukpodoTorpadusi noBepxXHOCTH CIMJIA IEHOKEPAMHUKH (2); C YBeJMIEHHEM i U3MePEHUS TOJIIHBI

TBepa0(a3HbIX CTEHOK (0)

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021;13 (4):
213-221

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTVi B CTPOUTE/IbCTBE

B 2014—-2015 romax corpygHuKaMu Kadeapbl
«CTtpouTtenbHbIe KOHCTPYKIINI» APXUTEKTYPHO-CTPO-
HUTEJIFHOTO MHCTUTYTA Y OUMCKOTO TOCYIapCTBEHHOTO
HePTSIHOTO TEXHUIECKOTO YHUBEPCUTETAa COBMECTHO
¢ bamkmpcknm rocymapcTBeHHBIM YHUBEPCUTETOM 3a-
BepIlleHa BocTpeOoBaHHasI padora mo mpoekTy DoHma
MHOPaCTPYKTYPHBIX U 00pa30BaTEILHBIX IIPOTPAMM
OAO «POCHAHO». Brinma pa3paboraHa mporpaMmma
TMOBBIIICHUS KBAIM(UKAIINN B 001aCTH pa3pabOTKHU
¥ TIPOM3BOJICTBA BEICOKOIIOPHUCTON HAHOCTPYKTYPHUPO-
BaHHOW MEHOKEPAMUKHN CTPOUTEIHHOTO Ha3HAYCHUS
[26]. Co3manne oOGpa3oBaTEIBLHBIX ITPOrPAMM IS T10-
BBIIIICHUST KBATU(DUKAIINY CIICIAAINCTOB B 001aCTH
HCITOIb30BaHMUSI HAHOCTPYKTYPUPOBAHHBIX TICHOKEpa-
MUWYECKUX M3ICNINI CTPOUTEIBHOTO Ha3HAUCHMST TIPHU-
3BaHO (pOPMUPOBATH IPOPECCHOHATEHBIC KOMIICTCHITNI
WHXEeHEepOB-TeXHOJIOTOB [27, 28].

ITpotecc hopmMrpoBaHUST KOMIIETCHIINI TEXHOIO-
TOB IIPOU3BOACTBA U IPUMEHEHIS HAaHOIICHOKEPAMUKHI
Ha pa3HBIX 3TaIlax 00yYCHMST KOPPEKTHO OIMMCHIBACTCS
B paMKaXx (hpaKTaJIbHOI KOHIICTIIINY CTPYKTYPOOoOpa3o-
BaHUS ¥ TBEPACHNST BOCTPEOOBAHHBIX KOMITO3UITNOHHBIX
cTpoitMaTtepraios [29]. B mepapxudeckoii CTpyKType 00-
pa3oBaTeIbHBIX IIPOTPAMM IS IIOBHITIICHNUS KBaI(DIKa-
LI BBIIEJISTIOTCS Y3JIBI, a pa3BeTBICHHAS (DpaKTaTbHAS
YHUBEPCUTETCKasl CUCTeMa BBICTYIACT LIEHTPATbHBIM
3BCHOM TIOBHIIIICHNST KBATU(hUKAITUIHY TEXHOJIOTOB IIPO-
M3BOJCTBA HAHOCTPYKTYPHPOBAHHOI ITIEHOKEPAMUKI.

15 peanm3alni HAITMOHATBHBIX IPOeKTOB Poccuii-
ckoit Mepepaliny co3maHa odopa3zoBaTeIbHas IIPOrpaMMa
TIePEIIOATOTOBKY U TTOBHITIICHNS KBATM(DMKAITNN MHXKE-

Tabauya 1

HEePHBIX CITEIIMAINCTOB B 00JIACTH ITPOM3BOACTBA HAHO-
CTPYKTYPHUPOBAHHBIX TICHOKEPAMUIECKIX U3 CTPO-
HATeJIbHOTO Ha3HaueHUs. O0pa3oBaTesbHAs IIporpaMMa
MIpU3BaHa 00CCIICUNTh PETHOHATBHYIO CTPONMHIYCTPHIO
BOCTPeOOBAHHBIMM TEXHOJIOTAMHU TIPOM3BOICTBA U UC-
ITOJTb30BaHMSI HAHOTICHOKE PAMUIECCKIX U3ICINIA, KOTO-
pBIc 3aMeIIaloT MMITOPT 3apYOCKHEBIX aHAJIOTOB.
ITporpamMa TIepenmoATOTOBKY 1 MOBHIIIICHUS KBa-
JMGUKAITAN THXEHEPOB ITPOMU3BOICTBA HAHOCTPYK-
TYPUPOBAHHBIX TIEHOKEPAMUUECKUX CTPOUTECIBHBIX
U3ISTUI COMEePKUT TPU MPOodheCCUOHATBHBIX MOIYJIIS
1 OIVH MEKIUCIUTUTMHAPHBINA Kypc, 00sI3aTeIbHBIIN TSI
BCEX IEJICBBIX TPYMIL. YUEeOHBIM IUIAHOM ITOBBIIIICHUS
U TIEPETIOATOTOBKY KBATM(PUKALIAN TTPETYCMOTPEHO BbI-
TTOTHEHIIE UTOTOBOM aTTeCTAIIMOHHOIT pabOTHI ¢ arpoda-
LIMEH B IPOM3BOICTBEHHBIX YCIOBHSIX. O0pa3oBaTeIbHAS
mmporpaMma (TaoJ. 1) mpegHa3sHaueHa 1T 00eCIICUCHUST
KaJIpOBBIM ITOTCHIINAJIOM KOHKYPECHTOCITOCOOHOTO, BBI-
COKOTEXHOJIOTMYHOTO, OTEYCCTBEHHOTO TIPOM3BONICTBA
W3 13 BEICOKOIIOPHUCTON HAHOCTPYKTYPUPOBAHHOMN
MHOTO(DYHKIIMOHAIBHOM CTPOUTETHHOM TICHOKEPAMUKN.

OBCYXJIEHUNE

Cpenn MHHOBAIIMOHHBIX CTPOUTEIBHBIX TEIIOM30-
JISUMOHHBIX MAaTEPUAJIOB CJIEIYET OTAECIbHO BBIIEIUTD
06e300XKNTOBYIO ATIOMOCIJIMKATHYIO HAHOCTPYKTYPH -
pOBaHHYIO IIEHOKEPAMUKY. DTOT CIIEUeHHBINI MHHOBA-
LIMOHHBIN MaTeprajl Ha OCHOBE TOCTYITHBIX TJIMH MMEET
IICHOSTYCUCTYIO HAHOCTPYKTYPY, YTO JAeT €My HEKOTO-
phle (U3NKO-MeXaHNICCKUE TPEUMYIIECTBa IO CpaB-

06pa3OBaTe.]'ll)l-l]>Ie pe3yabTraThl IPOrpaMMbl NOBLINNICHHUA KBaJ’ll/l(l)PlKa[ll/ll/l TEXHOJIOTOB B 00J1aCTH pa3p360TKu
N NIPOM3BOJCTBA Bl)lCOKOl'lO])MCTOif[ HaHOCprKTpr[pOBaHHOﬁ NCHOKEPAMHUKH CTPOUTECJIbHOIO HA3HAYCHUA

DopMyIHPOBKA 00PA30BATEIHLHOTO PE3YILTATA

CrpyKTypHas equHULA

Bunpr neHokepaMuku. TexXHOJIOTHS IIPOU3BOIACTBA
HaHOCTPYKTYPUPOBaHHOI TTeHOKepaMuku. O60pymo-
Banue. OxpaHa TpyJa M TeXHUKa 0€30ITaCHOCTH.

MexaucIuIUIMHAPHBIA Kype. HanocTpykTypupo-
BaHHas TICHOKepaMIUKa CTPOUTEIEHOTO Ha3HAYCHMSI.
[TpousBomcTBeHHAS TTPaKTHKA.

PazpaboTka TeXHOJIOTMY IIPON3BOACTBA MaTePUAJIOB
¥ U3IEUI 13 HAaHOCTPYKTYPHPOBAHHOM IIeHOKepa-
MUKH.

Mertomsl pa3pabOTKI MaTepHUaIOB M U3ACINI 13 HAaHO-
CTPYKTYPHUPOBAHHOMI CTPOUTEIIFHOI TTEHOKEPAMUKHU.

PexoMeHaalmm no npuMEHEHUIO MaTEPUAJIOB U U3-
NEIUIA N3 HAHOCTPYKTYPUPOBAHHOM CTPOUTEIILHOMN
MEHOKEePAMUKHU.

DuU3NKo-MeXaHNIECKHE XapaKTePUCTUKI HAHOCTPYK-
TypHUPOBAHHON MEHOKEPAMUKY CTPOMUTEIHLHOTO Ha-
3HAYCHMUS.

ITonroroBKa TeXHMYECKUX 3aJaHUI Ha TIPOCKTUPOBA-
HUE OCHACTKH, MHCTPYMEHTOB U IIPUCITOCOOJICHUIA,
MPEayCMOTPEHHBIX TEXHOJIOTUEH.

HpaKTI/IKa B MOJIEJIbHOM cUTyalu U1 IpoOn3BOACTBCH-
Has aHpOﬁaHI/IOHHaH IIpaKTHKa Ha 3aBOAC.

Ocy1iecTBIeHre KOHTPOJIST 32 KAYECTBOM TEXHOJIO-
TMYECKOTO MPOoIlecca MPOU3BOJICTBA CTPOUTEIbHBIX
MaTepuaioB U U3MEJIUil U3 HAHOCTPYKTYPUPOBAHHOM
TeHOKEPaMUKMU.

KOHTpOJ’Ib KadyecTBa MpOMU3BOACTBCHHOIO IMTpoLecca
KPYITHOT OHHAXXHOU IICHOKCPAMUKU CTPOUTECIIBHOT'O
Ha3HaA4YCHUI.
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HEHUIO C IPYTUMU aHAJIOTaMU. YJIbTPAMUKPOCTPYKTypa
0e300KNTOBOI CTPOUTENIBHOM TTEHOKEPAMUKHU COCTOUT
13 MUKPOITY3bIPHKOB BO3/TyXa, KOTOPHIE OKPY>KEHBI TOH-
KUMM 000JIOUKAMU CTEKJIIOKPUCTATITNIECKOTO METacTa-
OWIBHOTO KapKaca TBepHao(ha3HOTO MYJUIATA.
®usuko-xumudeckue peakimu [30] hopmupoBaHus
TMIeHOKePaMUIECKOTO MaTepraa MpONUCXOIsT Ha OCHO-
BE XUJIKWUX TIEH U BBICOKOAMCIIEPCHBIX MUHEPATBHBIX
TOPOIIKOB: TUCITEPCUOHHON CPeaoil B HUX SIBIISIETCS
kunaKodazHast HAHOCYCIIeH3UsI, a AUCTIEPCUOHHOM ha-
3011 — ra3 B BUIE MUKPOTTY3bIPHKOB, KOTOPBIE OTAEICHBI
JIPYT OT IpyTa IMIeHKaM1 BOIHOM TIeHKU. B kpyrmHomac-
IITA0HOM TEXHOJOTMYHOM TTPOU3BOMICTBE TIEHOMACCY
(TpexdasHyio TleHy) MOXHO MOJTYIUTh CMEIIMBAHUEM
HAHOCTPYKTYPUPOBAHHOM MEHBI C BBICOKOIUCIIEPCHBIM
MUHEPATTbHBIM MTOPOIIIKOM. TBepIIble TITUHUCTHIE MUKPO-
YACTUIIBI B TPOU3BOACTBEHHOM TIPOIIECCE PACTIPEIEIsi-
I0TCS B XKUIKO(DA3HBIX TUIEHKAX, & YIBTPAMUKPOITY3bIPKHI
OKPY>KaIoTCs IBYX(a3HBIMU 000JI0UKAMM.

Janee uaeT CAeayIoNInii Tar co3aaHus TIeHOKepa-
MUKW B CTPOUTENTHCTBE — CYIIIKA: Y IEHOMACCHI UCTIApsI-
eTcs xuaKas (aza, B pe3yibraTe 4ero o0pasyercst TBep-
nast (nByxcaznast) ieHa. B ntore criekaHus TOTy4aeTcst
BBICYIIIEHHAsI TIEHOMacca C TpeOyeMOi MeXaHUYeCKOi
TPOYHOCTHIO, 00YCTIOBIICHHAS] KPUCTATUTUIECKON CBS3BIO
TBepio(ha3HOTO MYJITUTA, KOTOPBIN (hOpMUPYET TTEHO-
STYEUCTBIN KapKac MexXmy aMOp(pHBIMUA KOMITOHEHTAMU
eHoKepaMuKu. KpeMHUMOKCUTHBIN a3poresib UMEeT
CTOXacCTUYECKyIo (pakTranbHyto [31] HaHOCTPYKTYpY
Ha OCHOBE KJIACTePHBIX MUKPOUYACTUIL pa3zMepamu 15—

200 HM, arpernpoBaHHBIX MPOYHBIMU KOBAICHTHBIMU
CBSI3SIMU.

UTOOBI clieIaTh CTPOUTENTbHYIO TIEHOKePaMUKYy OoJiee
TIPOYHOM, UCTIONB3YIOT TPUBUAIBHBIN OOKUT, TIPUBOISI-
MW K TUPOIN3Y (Pa3IoKEHNI0) OPTaHUMIECKIUX COCTAB-
JISTIOIIUX, TO €CTh CTA0OMJIN3aTOPOB KUIKOM MeHbI. B xome
TEPMOOOPAOOTKY IMTPOUCXOIUT CIIEKAHNE HAHOCTPYKTY-
PUPOBAHHO TIEHOKEPAMUKH C COXPAHEHUEM MUKPOTIOP.
CiieryeT OTMETUTD, YTO COOTHOIIEHUE MEXKTy TBEPIOH
¥ Ta30BOM (ha3aMu U pa3Mepbl MUKPOTIOP B HAHOCTPYK-
TYPUPOBAHHOU MIEHOKePaMUKe CTPOUTETHHOTO Ha3Have-
HUS MOTYT U3MEHSITHCS B IIMPOKUX Mpeesiax.

DochaTHbie KOMITO3UIINHT, KOTOPHIE NCTIOIB3YIOT-
CsI B KQUeCTBE O€300KUTOBBIX BSKYIINX [32] MOPUCTHIX
KepaMuK, 0OHApyXKMBAIOT CITOCOOHOCTH, TIPUCYIIINE
TEOTIOJIMMEPHBIM HeopraHndeckum [33] makpomore-
KyJISIPHBIM HAaHOCTPYKTYpaM — TIPU HaTpeBaHUU TPO-
SIBJISTIOT CBOMCTBO TIIACTUYIECKOTO TeueHusl. B xome tep-
MO000paboTky amopdHast haza KOTOUIHBIX (hochaTHBIX
HAHOKOMTIO3UIIMI CMauYMBaeT MOBEPXHOCTh YACTUIL
MYJUIUTOBOTO HATIOJTHUTEIISI, TEM CaMbIM OTIPEICIISICT
aire3MOHHBIC XapaKTEePUCTUKU. Teronepenaya HaHO-
CTPYKTYPUPOBAHHOU ITEHOKEPAMUKN 00YCIIOBIUBACTCS
TETIONTPOBOTHOCTHIO TBEPIO(a3HOH TOPUCTOI Kepa-
MWKHU CTpoiiMaTepuaia v Ta30MPOHUIIAEMOCTBIO 32 CUET
MybTUdpaKTaTbHOM muddysun [34] cTeHOK MUKPOTIOP.

[Moatomy nocTYb HEOOXOIUMBIX TEXHOJIOTMUECKUX
XapaKTEepUCTUK, KOTJAa HA OCHOBE MPOMBIIIIEHHOMN
TEXHOJIOTUY HAHOCTPYKTYPUPOBAHHON TIEHOKEPAMUKY
JIeXaT TIIMHUCTBIE MUHEPAJTbl, MOKHO U3MEHEHHUEM CO-

Puc. 3. MuKpocTpyKTYpa NOPUCTOi HAHOCTPYKTYPHPOBAHHOI KepaMUKH (a);
C yBeJMYEHHEM Y3JIOBBIX CTHIKOB (0): | — y3710BbIE CTHIKH; 2 — CTEHKU
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OTHOIIECHUS (a3 (TBEpHOit, KUAKON M ra3000pa3HOA)
B IIEHOMAcCe U perympoBaHreM (a3oBoro cocrapa. Ot-
METUM TaKKe, 9TO CTEHKHM MUKPOIIOP (pHc. 3) 1 y3IOBBIE
CTBIKM HAaHOCTPYKTYPHPOBAHHON MEHOKEPAMUKH SB-
JISTIOTCS TBepHO(ha3HBIMU U LIEIMKOM TUTOTHBIMH, 1 3TO
obecreuynBaeT BHICOKYIO MEXaHUUECKYIO TIPOYHOCTD,
ruapoGOOHOCTb M XUMHIECKYIO CTOMKOCTbD.

i1t Topm30BaHHOW HaHOKEPAaMUKHN XapaKTepPHEI
CPaBHUTEIBHO BHICOKAsI IIPOYHOCTh Ha CXKaTWe W He-
BBICOKAsI IIPOYHOCTH Ha M3THO, XOPOIIINE TeIUIO- U 3BY-
KOM3OJIAIINS, BO3IYXO0- U TTAPOIIPOHUIIAEMOCTh, HU3KOE
TI0 CPAaBHEHUIO C JISTKIMHU OETOHAMU BOIOITOTJIOIICHIE
(omHAaKO PEeKOMEHIYETCS THAPON3OJISIIINS U OOIMIIOBOY -
HBII1 CJ10i1), BEICOKAsI MOPO30CTOMKOCTh, HETOPIOYECTh,
OMOCTOMKOCTD, HU3KAasI TBO3IUMOCTh, 3KOJIOTUIHOCTb,
CpemHMe TToKa3aTe I TOYHOCTH TEOMETPUH 1 CITOCOOHO-
CTU K MeXaHnuYecKoi oopaboTke. Hampumep, paspabdo-
TaHHBIN HAHOCTPYKTYPHUPOBAHHBIN IIEHOKEPaMIICCKUI
kepneH [35] motHocThio 300 Kr/M? 06/1amaeT MOPO30-
CTOMKOCTBIO OoJIee 25 IMKITOB, IIPOYHOCTHIO Ha CKATHe
3—4 MIla, TermonpoBogHocThio 0,15—0,2 Bt / (M« °C).

B Hacrosmee BpeMsT HAHOCTPYKTYpHpPOBaHHAsI TIe-
HOKepaMuKa CTPOUTEIIFHOTO Ha3HAUYCHMS MCITONIb3YETCS
B KauecTBe (hacagHOTO OTACIIOYHOTO MaTepHraa, TeIo-
3aIIUTHON CTCHOBO IMaHEeIN U T.1. TeIIonpoBOIHOCTh
CTPOUTEIFHOM TIECHOKEPAMHUKH 3aBUCUT OT €¢ TTOTHO-
CTH, COCTaBa, BUIIA M pa3Mepa Iop, M OHa Pe3KOo Bo3pac-
TaeT ¢ YBeIMICHUEM BIaxXHOCTH. [TaporpoHuiiacMocThb
HaHoITeHoKepaMuKu aeiictByrormumMu [ OCTamu u Tex-
HUYECKUMU YCIIOBUSIMM HE PeTJIAMEHTHPOBaHA, OMHAKO
B HEKOTOPBIX CIy4YasiX OHA BIWSICT HA ITOJTOBEYHOCTH
CTPOUTEIBHBIX KOHCTPYKIINIA: HA3KAasT IIPOHUIIAEMOCTh
BOISTHBIM TTapaM TEIUIOU30JISIIIMOHHBIX CTpOtMaTepura-
JIOB MOXKET BBI3BATh 00pa30oBaHNE KOHICHCATA.

Hcnonmb3oBaHne HAHOCTPYKTYPUPOBAHHOU TIEHO-
KepaMHMKH B CTPOUTEIIBCTBE 00eCTICUMBACT TPEOYEMYIO
TEIUIO- W 3BYKOM3OJISIIINIO, OTHE3AIINTY MEXKITaXKHBIX
TIEPEKPHITUI 6e3 YBeIUMUCHUST HAarpy3KU Ha OTpakia-
[oIre KOHCTPYKUMHU 30aHnusI. OMHUM U3 BapuaHTOB
yCTpaHEHUS BO3HMKAIOIINX HETOCTATKOB IOPUCTOM
KepaMUKUA — CHIKCHMS ITPOYHOCTH W YBEIMUCHUS
BOIOITOIJIONICHUST TP HEKOHTPOJIUPYEMBIX YCIIOBUSX
IIMPOKOMACIITAOHOTO TIPOM3BOJACTBA — SIBIISICTCS K-
Ko(asHoe crieKaHue ¢ (popMHUPOBaHUEM CIIOS TIa3ypu
Ha TTOBEPXHOCTU M3AEINN (IIEPEBOIUT OOIBITIMHCTBO
OTKPBITHIX TIOP B 3aKPHITHIC). 3a CUCT MCTIOIH30BaAHMS
HaHOMO0ABOK, KOTOPBIC MOBHIIIAIOT YCTONUYNBOCTD
K KOPPO3UH MHOTO(GYHKIIMOHAIHLHBIX HAHOKOMITO3H -
LIMOHHBIX CTpOiiMaTepuaos [36], mpu ooxure Gopmu-
pyeTcs CTEKIIOKPpUCTAIITYSCKAsT (4JaCTUIHO aMopdHast)
BBICOKOITPOYHAS TBepaas ¢asa.

TexHonmOrMUeCKMii M3bTH HAHOCTPYKTYPHUPOBAHHOTO
TIEHOKEPaMUIECKOTO M3ICIIHSI CTPOMTEIIEHOTO Ha3HAYe-
HUST — XPYITKOCTb — MOXKHO ITPEOI0JIeTh apMUPOBAHUEM.
[Tpon3BOACTBO CTCHOBBIX U TETIOM3OJIIIIMOHHBIX Kepa-

MMUYECKIX M3 0e3 00KnTa, HeCMOTPS Ha MX BBICO-

KUe TeIUIO3aIUTHEIC CBOMCTBA, HE TIOYIMIIO JOJKHOTO

pactipoctpaHeHusI. [IpramnHa 3aKiIr0o4acTcs B OTCYTCTBUN

TEOPETUICCKOTO 000CHOBAHMS HAHOITOPU3alINU Kepa-

MHYECKOM MacChl, pa3pabOTaHHOI TEXHOJIOTHH 1 COOT-

BETCTBYIOILIETO 000OPYAOBAHUS, KOMITETEHTHBIX KaIpPOB.

DHeprosdheKTUBHOCTD 3TaHNI U COOPYKEHUIT B paMKax

KOHIICTIIINH YCTOMIMNBOTO Pa3BUTHSI CTAHOBUTCS OCHOB-

HBbIM MapaMeTPOM, OMPENEIISIONIUM MTOTPEOUTETbCKYIO

CTOMMOCTH OTaIlJIMBAEMOTO CTPOUTEIIFHOTO OOBEKTa.

s peanm3anuy 3amad HAIMOHAIBHEIX TIPOEKTOB Poc-

cHM SKOHOMMYecKast 3(p(OEKTUBHOCTD 3a CUCT CHIKCHUS

IJIOTHOCTH CTEHOBOM TTeHoKepaMuku ¢ 1600—1800 mo 90—

1100 kr/m* orpaxnaroiux KOHCTPYKLIMIA 11O pa3IndHbIM

TAHHBIM XapaKTepU3yeTCs CICAYIOITMMU TaHHBIMM:

— pacxo[ TOIUIMBA IIpU IIPOMU3BOIACTBE HAHOCTPYKTY-
PHUPOBAHHBIX IICHOKEPAMWYCCKIX U3IACTUI CTPOU -
TEJIbHOTO HAa3HAYEHUSI MOXHO YMEHBIINTDL Ha 20%,
a MaTepPUaIOEMKOCTh TIPOM3BOICTBA BHICOKOTIOPH -
CTOI TIeHOKEepaMUKHU CHIKaeTcs B 1,5 pasa;

— 3a cYeT MHHOBAIIMOHHBIX TEXHOJIOTUI SHEepreTHYe-
CKUe 3aTpaThl Ha BO3BeAeHUE | M? HAPY>KHOI CTEHbI
CHIZKatoTes B 1,8 pa3a;

— TIOBBIIIAETCS COMPOTUBIICHUE TETUTOTICPEIATN 3MaHMIA
1 COOPYKCHUIA B 3aBUCHMOCTH OT IIPUHSITOM B PEeTH-
OHE TOJIIIIVHEI OTPaKIAIOIINX KOHCTPYKIIVI 1 T.I1.
OneHuBasI CBOMCTBAa HAHOCTPYKTYPHPOBAHHOI T1e-

HOKepaMHUKI, MOXHO PAaCCUYNUTHIBATH, UYTO €€ TIPUMEHEe-

HUE MOXET ObITh 0COOEHHO 3(P(PEKTUBHBIM B KaUeCTBE

CTCHOBOTO MaTepHaia IIpu CTPOUTEIHLCTBE MOHOJTUTHBIX

noMoB. IIpu 3ToM 3(pheKTUBHOCTD TPUMEHEHUS TIe-

HOATIOMOCUINKATHBIX KepaMUIeCKIX OJIOKOB B CTe-

HaxX MOHOJIUTHBIX JOMOB OyIeT 00eCcIeuYnBaThCs Kak

SKOHOMUEH CTpOoMMAaTepHaIOB 3a CUCT JIUIIHNX TETUIO-

pU3MIECKNX XapaKTePUCTUK HAHOIICHOKEPAMUKHM, TaK

1 MEHBIIIEH ero IJIOTHOCTBIO IIPH TOCTATOYHO BEICOKOM

mpoyHOCTU. Pecypcocbeperaroliee NCIoIb30BaHUE e~

IIEBBIX MECTHBIX JICTKOIUIABKUX TJIMH, TIPOMBIIILICHHBIX

OTXO00B (BTOPUYHBII OETOH, CTEKI000M, TOMEHHbIE

mIaky v T.01.) [37, 38] IMO3BOISIOT CHU3UTH SHEPro3a-

TpaThl KPYITHOTOHHAXKHOTO IIPOM3BOICTBA BEICOKOITO-

PUCTOM CTPOUTEITHLHOU TIEHOKePaMUKH (puc. 4).

Boiee mmpokoe mpon3BoACTBEHHOE NCIIOIb30BaHIE
HAHOCTPYKTYPUPOBAHHON ITEHOKEPAMUKHN B CTPOMMH-
IyCTPUM 00ecIieYnBaeT HEOOXOIUMYIO 3BYKO- M TETIIO-
W30JISIIIAIO, OTHE3aIINTy MEXKATaXKHBIX TIEPECKPBITUIA
0¢3 TTOBBIIICHUS HATPy3KW Ha HECYIINE KOHCTPYKIINU
1 PYHAAMEHTHI 3JaHUN U COOPYKEHUMA.

3AKJIIOYEHHME (BBIBO/IbI)

B mocnename mecaTIe TSI ITOTEHIMATEHOMY 0O0JTh-
IIIOMY MCITOJIb30BAHUIO CTPOUTEITBHON TIEHOKEPAMUKH
CITOCOOCTBYIOT pa3padoTKa MHHOBAIIMOHHBIX TEXHOJIO-
TMIEeCKIX MapIIpyTOB ITPOM3BoICTBA. BrICTpo pa3BuBa-
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Puc. 4. IlenokepamudecKue CTPOUTESIbHbIE OJIOKH

FOTCSI METO/TbI BCTICHWBAHMST HAHOCYCIIEH3U, KOTOPBIE
JAIOT KepaMUYeCcKue TIEHBI C pa3IMdHON MUKpoMOopdo-
JIOTWEH, a CJIeoBaTeIbHO, C Pa3TMYHBIMU TETIJIOU30-

JISITMOHHBIMU XapaKTePUCTUKAMU, YTO 00ecTieunBaeT
aamnTalnio CTPOUTETBHBIX KOHCTPYKIINI K KOHKPETHBIM
TpeboBaHMSIM TIOTpedbuTensi. HaHocTpyKTypupoBaHHast
TIEHOKepaMUKa CTPOUTETHbHOTO Ha3HAYSHUST JOCTATOYHO
BJIATOCTOMKA, TAK KAK UMEET MUKPOCTPYKTYPY 3aKPBITHIX
0e3KamIISIPHBIX HAHOTIOP, YCTOMYNBA K XUMUIECKOMY
¥ GU3NIECKOMY BO3IECHCTBUIO (XUMUYECKU TOCTATOYHO
WHEPTHA) U TIO3TOMY SIBJISIETCSI ONITUMAJIbHBIM TETLIO-
M30JSIITMOHHBIM MaTepuajioM. Mcronb3oBaHue TEXHOIO-
T HU3KOTEMITEPATYPHOTO BCTICHUBAHUST 00ECTICUNBACT
JIOCTUKEHWE TIPOYHOCTH HAHOCTPYKTYPHI TIEHOKEepaMU-
KU CTPOUTENIFHOTO Ha3HAUEHMST C KOPOTKUMU CPOKAMU
3arBepaeBaHus (30—60 MUH.) U BBICOKOI CKOPOCTHIO
Habopa npoyHocTu. PazpaboTaHa mporpamma MoOBbI-
IIeHUsT KBaMn(pUKau B 00J1aCTU pa3paboTKU U TIPO-
M3BOJICTBA BHICOKOMIOPUCTON HAHOCTPYKTYPUPOBAHHOM
TIEHOKEPAMUKH CTPOUTEIBHOTO HA3HAYEHUSI TI0 TTPOCK-
Ty ¢ @oHIOM MHGMPACTPYKTYPHBIX U 00pa30BaATEIbHBIX
nporpamm OAO «<POCHAHO».
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ABSTRACT: Introduction. An important performance characteristic of many building materials is one related to water. Therefore,
hydrophobization of the surface of the material is an important task, which at the current level is solved by applying special means. It
has been found that it is possible to impart water repellent properties to the surface by using polydisperse mineral materials capable
of forming a rough surface. Fine powder from polymineral sand is proposed to be used as a hydrophobisate. The revealed functional
relationship between the specific surface and the value of the average particle diameter of the powders, having a linear character, allows
assessing their morphological structure and predicting the powder's ability to form a rough layer that enhances the water repellent
properties of the surface. Methods and Materials. Four deposits of polymineral construction sands are selected as raw materials. The
samples were washed and dried. Then their size modulus and true density were determined. To obtain finely dispersed powders, the
raw material was ground by dry dispersion. Particle dimensional characteristics were determined by photon-correlation spectroscopy.
The visual characteristic of the shape and size of the particles is determined on a laser analyzer. The specific surface area of highly
dispersed rock systems was determined by gas sorption, according to BET theory. Measurement of the edge stationary wetting angle
was carried out by applying a drop of distilled water to the powder surface. Results and Discussion. The dimensional characteristics
of the obtained fractions showed that with a milling time (30 min) for the sands of all deposits, the average particle size (d) is 360+45
nm. At the same time, the sands of the Kenitsy and Nekhtskoye deposits have the highest values of specific surface area (Ssp). The
functional relationship between the 55,, of the powders tested and 1/d was determined. The resulting linear dependencies were char-
acterized by mathematical expressions of the form S_ = (a/d)+b, a where reflects the rate of change in the specific surface value as the
average particle diameter of the samples changes; b - is the regression line shift associated with the asymmetric shape of the particles
and the non-uniformity (roughness) of the surface. It has been found that as the value of b increases, the degree of inhomogeneity
of the surface formed by these particles also increases. Determination of the edge wetting angle of the surface of the powders under
study showed that as the grinding time increased, the wetting angle (surface hydrophobicity) increased. So, for the surface of the fine
powder of the Nekhtskoye deposit, the wetting edge angle reaches a value (114°) close in magnitude to superhydrophobicity (120°).
Conclusion. The experiments showed the validity of the proposed working hypothesis related to the possible assessment of surface
hydrophobicity by the experimentally determined dependence of 5,= f(1/d). This technique can be used to select mineral powders
whose fine systems are capable of hydrophobizing (if necessary hydrophilizing) the surface of the material.

KEY WORDS: polymineral sands, average particle size, specific surface, hydrophobization, edge wetting angle, surface roughness,
assessment of hydrophobicity.
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INTRODUCTION wool, etc.) is their relation to water. Hydrophilicity of the
surface of such systems leads to a number of negative con-

It is known that an important operational characteristic sequences, especially when used at alternating tempera-
of many building materials (concrete, wood, mineral  tures [1, 2]. Therefore, hydrophobization of the surface
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of the material is an important task, which at the current
level is solved by applying special means (waterproofing
mixtures, protective films, impregnations) [3—7]. How-
ever, a significant disadvantage of such hydrophobization
remains the poor resistance of coatings to environmental
temperature differences, oxidative degradation, low envi-
ronmental friendliness and high cost [8—10].

Recently, a new direction in the creation of protective
coatings for materials of various nature has been devel-
oped, associated with the use of an emulsion with the
content of nano- and microparticles [5], dry mixtures
[11], fluorocarbon coatings [12], etc. However, studies
show that it is possible to impart (or enhance) water re-
pellent properties to the surface by using polydisperse
mineral materials capable of producing a certain (nec-
essary) surface roughness [13—14]. For example, some
natural surfaces are characterized by the manifestation
of superhydrophobicity, one of the reasons for which is
its roughness (“lotus effect”) [13—15].

As hydrophobizing agents of material surface we suc-
cessfully tested fine powder from polymineral sand, ob-
tained by method of mechanical dispersion [13].

The dominant characteristics of the powder used to
impart water repellent properties to the surface are the
morphology and particle size (the polydispersity index
may not be high) and its specific surface area. At the same
time, it is necessary to take into account the fact of the
relationship of these characteristics. So, if the particles
have a shape close to spherical and exhibit the properties
of elastic bodies, the ratio [14, 15] is true:

d= 6/(‘01'201. Ssp)’ (l)

where d — is the average linear particle size, m; o, —
powder density, kg/m?; Ssp — specific surface area, m?/kg.

It follows that the larger the difference between the
calculated particle dimension parameter of expression
(1) and their experimental value, the morphological
structure of the components of the disperse systems
will be different from simple spherical symmetry, and,
therefore, the more effective, from the point of view of
roughness, they are able to form a protective surface
composition [16].

A practical solution to the problem of selecting ratio-
nal powder polymineral systems (sands) can be an experi-
mentally determined functional relationship Ssp =f(1/d),
based on equation (1), which should be linear in nature.
Based on the working hypothesis, the coefficients of
these linear equations will make it possible to evaluate
the difference in the shape of the powder particles from
the spherical one, and, therefore, predict the ability of
the powder to form a rough layer on the surface of the
material with water repellent properties.

Thus, the object of the present work was to determine
the functional dependence of the type of Ssp = f(1/d) for

powder materials obtained from polymineral sands of
various deposits, and to experimentally evaluate the hy-
drophobicity of the surface formed by these powders.

METHODS AND MATERIALS

Four deposits of polymineral construction sands were
chosen as raw materials for the study: the “Krasnoflotsky-
Zapad” and “Kenitsy” deposits (Arkhangelsk region), the
“Khromtsovskoye” deposit (the village of Khromtsovo,
Ivanovo region) and the “Nekhtskoye” deposits (the vil-
lage of Teterinskoye, Nerekhtsky district). The last two
deposits are located in the Ivanovo region.

Before starting the experiments, the sand was washed
and dried to a constant weight at 105°C. Sands size modu-
lus and their true density (by picnometric method) were
determined according to GOST 8735-88.

To obtain finely dispersed rock powders, samples, raw
material, were ground to finely dispersed state by dry dis-
persion in a “Retsch PM 100 planetary ball mill using
a carbidwolfram grinding headset. The optimal dispersion
conditions were selected by test to obtain a reproducible
particle size with a satisfactory polydispersity of the frac-
tions obtained.

Dimensional characteristic frequency determiner
Nano Series Zeta Potential and Submicron Particle Size
Analyzers (“DelsaNano”) methodical photon-correlation
spectroscopy. Visual characteristic of forms and dimen-
sional frequencies of opredelena na lazernom analizatore
razmera chastits “Lasentec D600” i S400E s system video
microscopy of “PVM V819”.

The specific surface area of highly dispersed rock sys-
tems was determined by gas sorption, according to BET
theory, on the analyzer “Autosorb-iQ-MP”.

The measurement of the edge angle of wetting the
surface with water was carried out on an Easy Drop unit
at a temperature of 25£1°C. The obtained fine powder
was applied as a thin layer on a substrate having a polymer
base with a surface adhesive based on synthetic rubber.
The layer was then uniformly compacted by applying
a slide thereon.

To determine the wetting edge angle, a drop of distilled
water was applied to the formed powder surface and the
steady wetting angle was measured.

RESULTS AND DISCUSSION

The sands of the selected deposits do not differ sig-
nificantly in modulus of size (M, ) and true density (o
(Table 1).

To obtain fine samples of rocks, the following grind-
ing times were used: 5, 10, 20 and 30 minutes. The results
of analysis of the dimensional characteristics of finely
dispersed samples after mechanical grinding showed that
good reproducibility of the results was achieved under

real )
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Table 1
Main characteristics of rocks
Sand deposit Designation Mk Fineness 0, kg/m?
Krasnoflotsky-West N 1.70 small 2710
Kenitsa S2 2.21 average 2640
Hromtsovskoye S3 2.18 average 2500
Nekhtskoye S4 2.43 average 2600

selected grinding modes. The average particle size char-
acteristics of the obtained powders are shown in Table 2.

The obtained data showed that the selected mode
parameters of grinding make it possible to obtain highly
dispersed systems of analysed samples of polymineral
sands with comparable values of dimensional character-
istics. For example, analysis of the obtained fractions with
the longest grinding time showed that for all deposits the
average particle size is 360+45 nm.

During the experiments, the specific surface area (S, p)
was determined for each obtained fine fraction (Table 3).

The data presented in Table 3 showed that the highest
Ssp values for the time regime of 30 minutes are typi-
cal of the sands of the “Kenitsa” and “Nekhtskoye”
deposits.

The difference in specific surface values, with almost
equal values of dispersion of the analyzed samples, is ex-
plained by the difference in the densities of the materials,
the structure of the crystal lattice, porosity and possible
morphology of the surface (in addition, possible differ-

Table 2
Particle sizes of finely dispersed rock samples

ences in the composition of minerals should be taken
into account).

According to the working hypothesis, the functional
relationship between the specific surface of the powders
tested and the inverse value of their average particle size
was determined (Figure 1).

The resulting linear dependencies were characterized
by mathematical expressions of the form:

S, = (a/d)+b, 2)

where a — is a straight angle reflecting the rate of
change of the specific surface value as the average diam-
eter (linear size) of the sample particles changes; b — is
the offset of the regression line.

The physical meaning of coefficient b, in our opinion,
is associated with the asymmetric shape of the particles
(deviation from the shape of the sphere). This fact makes
it possible to assume that the value of this coefficient char-

Average particle size (nm) at different grinding times
Sand deposit
5 min 10 min 20 min 30 min
S1 754+6 64319 4463 388+7
S2 672+4 55945 406=+3 329+4
S3 68715 550+3 467+1 34212
S4 604+6 S511+4 38942 314+1
Table 3
Specific surface area of highly dispersed rock samples
Specific surface area (m?/kg) at different grinding times
Sand deposit
5 min 10 min 20 min 30 min
S1 8241117 10 140+23 15302+15 22 231£20
S2 7819+13 9920£19 18 67012 28 603*+18
S3 910111 10 893+13 16 384+11 23 187x14
S4 7783%18 8870£17 20 854x15 31 543£16
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Fig. 1. Functional dependence Ssp = f(1/d) for polymineral sands powders: A) “Krasnoflotsky-West” deposit;
B) “Kenitsy” deposit; C) “Khromtsovskoye” deposit; D) “Nekhtskoye” deposit

Table 4
Values of coefficients for sands of different deposits
Coefficients of the linear equation
Sand deposit R?
a-10’ b
S1 1 6111 0.95
S2 1 13 440 0.98
S3 1 5977 0.98
S4 2 21 030 0.98

acterizes the non-uniformity (roughness) of the surface
formed by the powder particles.

For fine samples, the coefficients of these equations
are shown in Table 4 (R? — approximation validity).

From the obtained data, it follows that as the value of b
increases, the degree of roughness of the particles associ-
ated with their morphological structure and inhomogene-
ity of the surfaces formed by these particles increases. This
fact was confirmed by the synchronism of the changes in
the value of the coefficient b for the powders under study,
and the corresponding values of the specific surface.

Figure 2 shows photographs that visually characterize
the particle shapes of the studied powders of the fields
under consideration.

According to the goal, in the continuation of the
studies, an edge wetting angle (6) was determined for
each fine sand sample. Figure 3 shows as an example

photographs of a water drop located on the surface
of powders with different particle size characteristics
(“Nekhtskoye” deposit).

The obtained photographs showed that as the disper-
sion time increases, the wetting edge angle of the samples
changes. In this case, the hydrophilic surface of the pow-
der (0 < 90°) begins to acquire hydrophobic properties
(0 >90°).

Table 5 shows the experimentally determined values of
the wetting edge angle of the polyneral sands fine powders
tested and the corresponding values of the free term (b)
of the linear expression (2).

The presented results show that for the mineral powder
systems under study, the wetting angle (surface hydro-
phobicity) increases with increasing grinding time (and
therefore decreased particle size characteristics). In our
opinion, this is due to the formation of a tighter package
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Fig. 2. Particle shape of fine sand samples (grinding time 30 minutes): A) “Krasnoflotsky-West” deposit;
B) “Kenitsy” deposit; C) “Khromtsovskoye” deposit; D) “Nekhtskoye” deposit

Table 5
Change of coefficient b depending on wetting angle 6
Wetting angle (6°) for samples with grinding time
Powder Coefficient b g angle (&) P g g
5 min 10 min 20 min 30 min
S1 6111 12.6 443 59.8 90.4
S2 13 440 10.6 39.7 77.8 98.4
S3 5977 13.7 50.8 60.9 97.6
S4 21030 11.8 33.9 85.8 114.3

A

B

Fig. 3. Water drop on the surface of fine powder: A) 604 nm fraction (grinding time 5 min);

B) 314 nm fraction (milling time 30 min)

of particles on the surface of the substrate and its definite
roughness due to the angular shape of the particles while
reducing their linear size. Figure 4 shows the functional
relationship of type b = f(0) for the series of experiments
combined by powders of a certain deposit, but obtained
at different grinding times.

These results show that the surface of the fine test
powders has the ability to increase their hydrophobic-
ity. So, for these systems, a positive correlation between
parameter b and the edge wetting angle is observed (Fi-

gure 4, lines 3 and 4). For surfaces formed by powder
systems with larger particle dimensional characteristics,
there is a negative correlation (Figure 4, line 2) between
these parameters or there is no such functional connec-
tion (Figure 4, line 1).

In addition, it can be noted that for the surface of
the fine powder formed by the polymineral sand of the
“Nekhtskoye” deposit, the wetting edge angle reaches
a value (114°) close in magnitude to superhydrophobic-
ity (120°).
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Fig. 4. Dependence of variation of wetting edge angle on specific surface value of fine
sand powders: 1) grinding time 5 minutes; 2) grinding time 10 minutes; 3) grinding
time 20 minutes; 4) grinding time 30 min.

CONCLUSION are capable of hydrophobizing (if necessary hydrophiliz-

ing) the surface of the material. It should be noted that

The experiments showed the validity of the proposed
working hypothesis related to the possible assessment
of surface hydrophobicity by the experimentally deter-

hydrophobizers based on polymineral sands are char-
acterized by high environmental friendliness and their
production is not associated with the implementation

of complex technological processes and the high cost
of raw material.

mined dependence of Ssp = f(1/d). This technique can
be used to select mineral powders whose fine systems
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PE3IOME: BBepeHune. BaxHOW 3KCnnyaTaLMOHHON XapaKTepUCTUKOM MHOTUX CTPOUTENbHbBIX MaTepuasioB ABAAETCA OTHOLLIEHNe
ux K Boge. Moatomy rugpodobrsanmsa NoBepXHOCTM MaTepurana ABMASTCA BaXKHOW 3afjayeli, KoTopasd Ha COBPEMEHHOM YPOBHE
peLuaeTca 3a CHeT HaHeCeHWA cneymnanbHbiX CPeACcTB. YCTaHOBMIEHO, YTO MOXHO NpuaaTh BOAOOTASKMBaOLME CBONCTBA NOBEPX-
HOCTY 3a CYeT MPUMEHEHUA NONANCTIEPCHBIX MUHEPaNbHbIX MaTeprasioB, CMOCOGHbIX 06Pa30BbIBaTH LUEPOXOBATYO MOBEPXHOCTb.
B kauecTBe ruapodpobrzata npeanoxKeHo NCnonb3oBaTb TOHKOAUCNEPCHbIV MOPOLLIOK 13 NMONMMMHEPanbHOro necka. BoiaBneHHas
byHKUMOHaNbHasA B3aMOCBA3b MeXAy YAESIbHOV MOBEPXHOCTHIO 1 BENMYMHON CPEeHEro AMameTpa YacTyL MOPOLLKOB, MeloLLan
JIMHENHDBIN XapaKTep, NO3BONAET OLEHNTb UX MOPPONOrMyeckoe CTPOEHKE 1 CMPOrHO3MPOBaTb CMNOCOGHOCTbL MOPOLLKa 06pa3o-
BblBaTb LLIEPOXOBATbI CON, YCUIMBAKOLWNIA BOLOOTTaIKMBaOLMe CBOMCTBa NoBepxHOCTU. MeToabl n maTepuanbl. B Kauectse
CbIPbEeBbIX MaTepManoB BbIOPaHbl YETbIPE MECTOPOXKAEHNA NOMMMUHEPabHbIX NeckoB. OTo6paHHble MPO6bI MPOMbIBANV U Bbl-
cywmBanu. 3aTtem onpeaensany Mofysb KPYMHOCTA Y UCTUHHYIO MAOTHOCTb. [11A NosTlyYeHnsA BbICOKOAMNCNEPCHbIX MOPOLLKOB Cbi-
pbeBoW MaTepuran n3menbyaam METOAOM CYXOro AUCneprupoBaHns. PasmepHble XapakTepUCTUKIM YacTuL, onpeaensanv MeToaom
$OTOHHO-KOPPENALMOHHON CneKkTpocKonuu. BusyanbHaa xapaktepucTtiika GopmMbl 1 pasmMepa YacTuL, onpegeneHa Ha nasepHom
aHanu3artope. YaenbHyo NOBEPXHOCTb BbICOKOAMCNEPCHbIX CUCTEM FOPHbIX MOPOA ONpefensany MeTofom copbLuum rasa, no rTeopmu
B3T. 3mepeHune KpaeBOro CTaLMOHAPHOIO yriia CMauMBaHWA OCYLLEeCTBIANOCh NyTeM HaHECEHUA Kanau AUCTUIIVPOBaHHON BOAbI
Ha NMOBEPXHOCTb NMopoLLKa. PesynbTaTtbl n 06cyxKaeHMe. Pa3mepHble XapakTepPUCTVKU NONTyYeHHbIX GpaKLmii moKasanu, Y4to npu
NPOAOIKMUTENBHOCTU NMomMona (30 MVH) AnsA NeckoB BCEX MECTOPOXKAEHUI cpeaHuii pa3mep Yactuy (d) coctaBnseT 360+45 Hm.
Mpwr 3TOM HaUBONBLUMMUN 3HAYEHVAMN YAENbHON NOBEPXHOCTH (S,) obnagaloT neckn mectopoxgeHnii «<KeHnupbi» 1 «Hextckoe».
OnpepeneHa ¢yHKLMOHaNbHaA B3aIMOCBA3b MEXAY S,, NCMbITYEMbIX MOPOLIKOB U 1/d. TlonyyeHHble NIMHeNHbIe 3aBUCMOCTU
6bINV OXapaKTepr30BaHbl MAaTEMATUUYECKVMU BblPaXXEHUAMM BrAA S, = (a/d)+b, roe a oTpaxaeT CKOPOCTb N3MEHEHNA BENVNYMHDI
YAeNIbHOW NOBEPXHOCTUN MO Mepe M3MEHEHUA CpefjHero anameTpa yactuy, 06pasuos; b — CABUM IMHWN Perpeccun, CBA3aHHbIN
C HECMMMETPUYHOIN GOPMOI YaCTUL, 1 HEOZHOPOAHOCTBIO (LIEPOXOBATOCTbIO) MOBEPXHOCTU. YCTAaHOBIIEHO, YTO MPU BO3pacTaHun
BEJIMYUHDI b yBEIMUMBAETCA U CTENEHb HEOAHOPOAHOCTMN MOBEPXHOCTU, 06pa3oBaHHaA 3TMK YacTuLamu. OnpefeneHrie KpaeBoro
yrna cMauvBaHuNA MOBEPXHOCTY UCCIeyeMblX MOPOLLIKOB NMOKa3aso, YTo € yBeSIMYeHreM BpeMeH oMo yroJi CMaurBaHua (rmapo-
$o6HOCTL MOBEPXHOCTN) yBEeNMYMBaeTCA. Tak, ANA MOBEPXHOCTV TOHKOAMCNEPCHOO MOPOLLKA MECTOPOXAEHNA «HexTckoe» KpaeBoi
Yron cMauviBaHvA gocturaeT 3HaueHua (114°), 6nr3Koro no BenmumnHe K cyneprugpodpobHocTm (120°). 3aknioueHme. MNposefeHHble
3KCMeprIMeHTbI MOKa3anu CrpaBeAnrBOCTb NPefIoXKeHHON paboyelt rnoTesbl, CBA3aHHOW C BO3MOXHOW OLeHKOW rngpodobHOCTM
MOBEPXHOCTI MO SKCMEPUMEHTANIbHO OMPefieNleHHON 3aBUCKMOCTN S = f(1/d). [laHHbIN NpUeM MOXHO UCMONb30BaTb AnA nogoopa
MMHEpPaJIbHbIX MOPOLIKOB, TOHKOAUCMEPCHbIE CUCTEMbI KOTOPbIX CMOCOOHBI MPOBOANTDL rugpodobrsauuio (Mpy He06XoANMOCTH
rmapodunmnsaumio) NOBEPXHOCTV MaTepurana.

KJTIOYEBDIE CJIOBA: nonumurHeparsbHble Necku, CpefHU pasmep YacTul, yaenbHas NoBepXHOCTb, rmapodobursaums, Kpaeom
Yron CMau1BaHUs, LIEPOXOBATOCTb MOBEPXHOCTU, OLleHKa rmapodo6HOCTY.
BNNATOAAPHOCTMU: ViccnepoBaHue BbiNonHeHO npu drHaHcoBom nopaepxke POOU B pamkax HayuHoro npoekTa N2 19-33-60062.
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BBEJEHUE

HaBeCTHo, YTO BaXHOW SKCIUTyaTallMOHHOM Xapak-
TePUCTUKON MHOTUX CTPOUTEIIHHBIX MaTEPUAJIOB
(6etoH, mpeBecrHa, MIHEPAJIbHAS BaTa U TIp. ) SIBIISICTCS
OTHOIIICHNE X K Boe. [ mapodMIbHOCTh TOBEPXHOCTH
TaKUX CUCTEM IPUBOIMT K IIJIOMY PSITY HeTaTUBHBIX
TIOCJICICTBUIA, 0COOCHHO B YCIIOBUSX X UCITOIH30BAHUS
pY 3HaKomepeMeHHo# Temmepatype [1, 2]. [TosaTomy
ruapodoOM3aIns MOBEPXHOCTH MaTepraia SBJISICTCS
BaXXHOM 3amadcii, KoTopast Ha COBPEMEHHOM YPOBHE
pelraeTcs 3a cueT HaHECEHUS CIIeIIMaIbHBIX CPEICTB
(THIPOU3OIIAIIMOHHBIC CMECH, 3aIIUTHBIC TUICHKH, ITPO-
mutkn) [3—7]. OmHAKO CYIIeCTBEHHBIM HETOCTAaTKOM
TaKoi THapo 003N OCTaeTCs c1adast yCTOMIMBOCTD
TIOKPBITHI K TeMITepaTypHBIM TIeperiazaM OKpyKaroIeit
Cpenbl, OKUCIUTENIbHAS JeCTPYKIINS, HU3KAas SKOJIOT Y-
HOCTB 1 BbICOKAst CTOMMOCTH [8§—10].

B mocienaee BpeMs TOIyYniIo pa3BUTHE HOBOE Ha-
TIpaBJICHNE B CO3MAHNN 3aIIUTHBIX TOKPBHITHIA IJIT MaTe-
PHAJIOB pa3IMIHON IPUPOIBI, CBI3aHHOE C TIPIMEHEHIEM
SMYJIBCUM C COAEPXKAHNEM HAaHO- U MUKpOoJacTull [5], cy-
xux cMmeceii [11], pTopyrieponHbIx MOKpBITHIA [12] w1 ap.
BMmecte ¢ TeM, riccirenoBaHUsI TOKA3bIBAIOT, 9YTO MOXKHO
IpuaaTh (UIN YCIINTH) BOTOOTTATKMBAIOIINE CBOMCTBA
TIOBEPXHOCTH 3a CUET MIPUMEHEHMUS TTOIUINCIICPCHBIX
MMHEPATBHBIX MATEPHAJIOB, CITOCOOHBIX CO3IaBaTh OITpe-
IeeHHYIO (HEOOXOIUMYIO) IIIEPOXOBATOCTh ITOBEPXHO-
ctu [13—14]. Tak, HarpuMep, HEKOTOPBIM MPUPOIHBIM
TIOBEPXHOCTSIM CBOMCTBCHHO MPOSIBIICHUE CYITEPTUIPO-
(obOHOCTH, OMHA U3 IPUYWH KOTOPOI 3aKITFOUACTCS B €€
mmepoxoBatocTh («dddexT moTocar) [13—15].

B xauecTBe ruapodoO13aTopoB MOBEPXHOCTU MaTe-
prajia HaMH YCIIEITHO OIPOOOBAaH TOHKOIMCIICPCHBIMN
TIOPOIIOK 13 TTOJIMMHUHEPATBLHOTO TecKa, ITOTyIeHHBII
METOJIOM MeXaHMYeCKOTo nucrneprupoBanus [13].

JIOMUHUPYIONIMMU XapaKTepUCTUKAMU MOPOILIKa, UC-
MOJIb3YEMOTO C LIEJbIO TTPUIAHMS [TOBEPXHOCTU BOIOOTAI-
KUBAIOIIE CBOICTBA, SIBIISIFOTCS MOP(MOIOTHS 1 pa3Mephl
YaCTHUII (MpUIeM UHIECKC TTOJMANCIIEPCHOCTH MOXKET OBITh
HEBBICOKMM), W €TO yAeIbHAsI TOBEePXHOCTE. [1pu aTOM
HEOOXOIMMO TIPUHUMATh BO BHUMaHMe (DaKT B3aMOC-
BSI3U OTUX XapaKTePUCTUK. TaK, eCIM YaCTUIIBI UMCIOT
opmy, 6;M3KyYI0 K c(peprIecKoii 1 TIPOSIBIITIOT CBOMCTBA
YIIPYTUX TeJI, CIIpaBeIINBO cooTHoIeHue |14, 15]:

d=6/p,.*S,) (M

e d — CpeIHWIA TMHEHBIN pa3Mep YacTUll, M; [
IUIOTHOCTh ITOPOIIIKA, KI/M?; Ssp — yaejabHas oOBEpX-
HOCTb, M?/KT.

Orcroma ciaeayeT, 9To YeM 3HauuTeIbHee pa3HUIa
MEXAY pacueTHbIM MapaMeTPOM Pa3MEPHOCTU YaCTUI]
o BbIpaxkeHuio (1) u Ux aKCNepuMEHTAILHBIM 3Ha-
YyeHUeM, TeM MOpP(hOJOrnIeckKoe CTPOEHNE COCTaBHbBIX

YacTel TUCTICPCHBIX CUCTEM OYAET OTJIMIHBIM OT IIPO-
cToit chepmIecKoil CHMMETPHUH, a CJICIOBATeIBHO, TEM
s deKTuBHEEe, ¢ TOYKH 3PEHUS IICPOXOBATOCTH, OHHI
CIIOCOOHEI 00Pa30BBIBATD 3AIMUTHYIO ITOBEPXHOCTHYIO
KoMIIo3umuio [16].

IIpakTYecKUM pelIeHruEeM 3agaqi BEIOOpa parn-
OHAJIBHBIX TTOPOIIKOBBIX ITOJIMMUHEPATBHBIX CUCTEM
(TIECKOB) MOKET SIBIISITbCSI SKCIIEPUMEHTAIBHO OTIpe-
nmejeHHas (GYHKIIMOHAIbHAS B3aMMOCBSI3b Ssp =f(1l/d),
OCHOBaHHasI Ha ypaBHeHUU (1), KoTopasl JOJDKHA IMETh
JIMHEMHBIN xapakTep. Mcxons u3 paboueil TUIoTe3Hl,
K03 PUIIMEHTH JaHHBIX JMHEHBIX YpaBHCHUN TagyT
BO3MOKHOCTP OLICHUTH OTJIMYHE (POPMBI YACTHUII TIOPOIII-
Ka OT c(pepmUIeCcKoii, a ClIeIOBaTeIbHO, IIPOTHO3UPOBATh
CIIOCOOHOCTH ITOPOIIIKa 00Pa30BEIBATh IMIEPOXOBATHINA
CJI01t Ha TOBEPXHOCTH MaTepHaa, 00JIagalonInii BOIO-
OTTAJIKMUBAIOIINMHU CBOMCTBAMM.

Takum 06pa3oM, 1Ie/IbI0 HACTOSIIIEH PadOThI SIBUIOCH
ompeneiacHUe (QYHKIIMOHAIBHON 3aBUCUMOCTH BHIA
Ssp = f(1/d) nnst TOPOIIKOBEIX MAaTePHUAJIOB, TTOTYICHHBIX
13 MTOJIMMUHEPATBHBIX TIECKOB Pa3TMYHBIX MECTOPOXK-
IIEHWI, 1 9KCTICpUMEHTaIbHAsI OlleHKa TUAPO(GOOHOCTH
ITOBEPXHOCTH, 00Pa30BaHHOM 3TMHU ITOPOIITKAMH.

METO/AbI 1 MATEPHAJIBI

B kauecTBe ChIpbeBbIX MATEPUAJIOB [IJIsI UCCIIETOBA-
HUS BBIOpaHbI YEThIPE MECTOPOXKIEHUS TTOJTMMUHEPATIb-
HBIX CTPOUTEJIbHBIX ECKOB: MeCTOpoxXaeHUs1 «Kpac-
HodoTCcKMiA-3aman» u «KeHnirsl» (ApxaHrerbcKast 00-
JIaCTh), «XPOMIIOBCKOE» MECTOPOKICHME (C. XpPOMIIOBO)
u «Hextckoe» (c. TerepmHckoe, HepexTckuii paiioH).
JIBa mocaeaHUX MECTOPOXKIEHMS pacoioxXeHbl B MBa-
HOBCKOM 00J1acTH.

Ilepen HaualOM 3KCIIEPUMEHTOB T1€COK IMTPOMbIBAIN
Y BBICYLIMBAJIU 10 TOCTOSIHHOM MaccChl pY TeMIIepaTy-
pe 105°C. Moayib KpyITHOCTH TTECKOB U UX UCTUHHYIO
IUTOTHOCTD (MUKHOMETPUYECKUM METOIOM) ONPEEISLIN
mo FOCT 8735-88.

J171s1 TosTy4eHMsT BBICOKOIMCIIEPCHBIX MOPOIIIKOB TOP-
HBIX MOPOJ MPOOBI CHIPHLEBOTO MaTepuaja U3Meabyain
J10 BBICOKOJIMCTIEPCHOTO COCTOSIHUSI METOIOM CYyXOTO
JNUCTIEPTMPOBAHMS B TJIAHETAPHOM 111apOBOM MEJIbHU -
e «Retsch PM100» ¢ ucroib3oBaHueM pa3MOIILHOM
TapHUTYPHI U3 KapomaBoiabhpama. OTBITHEIM ITyTEM
ObLIM TTOJ00pPaHbl ONITUMAJIbHBIE PEXXUMHbIE ITapaMe-
TPbl JUCIIEPTUPOBAHUSI, TTO3BOJISIOIIME MOJIydYaTh BOC-
MPOU3BOAMMBII pa3Mep YacTUlL C yIOBIETBOPUTEIbHBIM
3HAYCHUEM TTOJIMINCIIEPCHOCTH ITOJTYICHHBIX (DpaKIIMIA.

PasmepHbIe XapaKTepUCTUKU YAaCTULL OTIPEAesIIn
Ha aHaym3aTope «Delsa Nano Series Zeta Potential and
Submicron Particle Size Analyzers» («DelsaNano») me-
TOAOM (POTOHHO-KOPPETSILIMOHHON CIEKTPOCKOMUM.
BusyanpHast XxapakTeprcTrKa (hOpMBI 1 pa3Mepa YaCcTHII
orpesiesieHa Ha JIa3epHOM aHaJIM3aTope pa3Mepa YacTUll
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«Lasentec D600» n «S400E» ¢ crctemMoil BUIEOMHUKPO-
ckormu «PVM V819».

YIenbHYT0 TTOBEPXHOCTD BEICOKOMUCIIEPCHBIX CUCTEM
TOPHBIX TIOPOM OMPEACISIIN METOIOM COpPOIINM Ta3a,
o Teopuu BOT, Ha aHanmu3aTope «Autosorb-iQ-MP».

M3MepeHre KpaeBoOro yriia cMadnMBaHUS TTOBEPX-
HOCTH BOIOU IIPOBOAMIN Ha ycTaHOBKe «Easy Drop»
npu temmneparype 25+ 1°C. ITomydeHHBI BRICOKOIM-
CIICPCHBIN MOPOIIOK HAHOCIUIN B BIAEC TOHKOTO CIIOS
Ha MOIJIOXKY, MMCIOIIYIO TTOJINMEPHYIO OCHOBY C IT0-
BEPXHOCTHBIM aITe3MBOM Ha OCHOBE CMHTECTHYECKOTO
KayJyKa. 3aTeM 3TOT CJIOW paBHOMEPHO YIUIOTHSLIN
MyTeM HaJOXEHHUS Ha HEero IMPeaMETHOTO CTEKIIA.

st ompenelieHUsT KpaeBOTro yria CMauyMBaHUS
Ha c(hOpMUPOBAHHYIO TIOBEPXHOCTH ITOPOIITKA HAHOCHIIN
KaILUTIO JUCTUUTMPOBAHHOM BOIBI M M3MEPSIIN CTAIlAO-
HapHBIN YTOJI CMAaYMBaHUS.

PE3YJIbTATBI 1 OBCYKJIEHUE
[ecku BbIOpaHHBIX MECTOPOXKIECHUI HE3HAYUTETBHO

OTJIMYAIOTCS 1O MOIYJIIO KpynHOCTH (MK) 1 MICTUHHO
rioTHocTH (P, ) (Tabm. 1).

J7s morydeHusT TOHKOAUCTIEPCHBIX 00pa3IioB rop-
HBIX ITOPOJ OBUIM MCITOJIb30BAaHBI CICAYIONINE ITPOIOII-
KuTeapHOCTH TTomoia: 5, 10, 20 u 30 muH. Pesynbra-
THI aHAJIM3a Pa3MEPHBIX XapaKTepPUCTUK BHICOKOIM-
CIIEPCHBIX 00Pa3IIOB ITOCIC MEXaHMICCKOTO pa3Moia
ITOKa3ajM, YTO MPU BEIOPAHHBIX PEKUMaX U3MEIh-
YEeHUS JOCTUTAETCS XOPOIIasi BOCIIPONU3BOINMOCTD
pe3yIbTAaTOB. YCpeTHEHHBIC pa3MepHBIC XapaKTepu-
CTUKU YACTHUII ITOJTYYCHHBIX ITOPOIIKOB ITPUBEICHBI
B TaOJI. 2.

[NonxyyeHHBIC TaHHBIC TTOKA3aJId, YTO BEIOpAaHHBIC
PEXMMHBIC TTApaMETPHI TTOMOJIA TTO3BOJISIOT TTOJTYYaTh
BBICOKOIMCITEPCHBIE CUCTEMBI MCCIIEAYEMBIX 00pa3IlioB
TTOJTMMUHEPATTBHBIX TIECKOB CO CPaBHUMBIMM 3HAYCHUS-
MM pa3MepHBIX XapaKTepUCTHUK. TaK, HalpuMep, aHaIn3
ITOJTYICHHBIX (PPaKIINii ¢ HAMOOIBIIICH TTPOIOKUTEITb-
HOCTBIO TIOMOJIa TTOKA3aJI, 9TO JJIST BCEX MECTOPOXKICHUIMA
cpemHuii pazmep JacTull coctasiseT 360145 um.

B mpomomkeHMe 3KCIIepUMEHTOB IIJIST KasKIOM TTOTy-
YEHHOU BBICOKOIUCITEPCHOM (DpaKIIny OBLIa OIIpe/e-
JieHa BeJIMYMHA Y/IeJIbHOU MOBEPXHOCTU (Ssp) (Tadm. 3).

JanHble, TIpeICcTaBICHHEIC B TAa0JI. 3, TTOKa3ajId, 9TO
HarOOJIbIINE 3HAYCHNUSI S, 1T BPEMEHHOTO PEeXMMa

Tabauya 1
OcHOBHbIE XaPAKTEPUCTHKHU TOPHBIX MOPOJ
MecTopoxaenue O0o3nayenue M, KpynHoctb 0,.s KI/M
KpacHodnorckuii-3amnan I11 1,70 MENKUA 2710
Kennpr 112 2,21 CpemHUIA 2640
XpoMI1IOBCKOE 113 2,18 cpenHun 2500
Hexrckoe 114 2,43 CpenHuit 2600
Tabauya 2
Pa3mepbl yacTuil BbICOKOAUCTIEPCHBIX 00PA31I0B FOPHBIX MOPO.
Mecropoxie- Cpennue pa3mepsl YacTuil (HM) IIPH PA3HOM BPEMEHH U3MeJTbYeHHUs
I Ee 5 muH. 10 muH. 20 muH. 30 muH.
Il 754+6 64319 4463 388+7
12 672+4 55945 406=+3 329+4
13 68715 550+3 467+1 34212
114 604+6 5114 38912 3141
Tabauya 3
VienbHAasi HOBEPXHOCTb BLICOKOIMCIIEPCHBIX 00PA3II0B TOPHbIX MOPOJL
Mecropoxie- VYaenbHasi HOBEPXHOCTH (M2/KT) PH PA3JIMYHO MPOJO/IKUTETLHOCTH IOMOJIA
I Ee 5 muH. 10 muH. 20 muH. 30 muH.
I 8241x17 10 14023 15302+15 22231120
12 7819£13 9920+19 18 670+12 28 603%+18
13 9101£11 10 893£13 16 384+ 11 23 187+14
114 7783%18 887017 20 854+15 31 543£16
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Puc. 1. ®yHKuuoHabHAS 3aBUCUMOCTD Ssp =f(1/d) nns nopouIKoOB NOJMMUHEPATHHBIX ECKOB:
a) mectopoxkneHne «KpacHodmoTckuii-3amnany; 6) MmecTopoxkneHne « KeHUIIB»; B) MECTOPOXKICHIE
«XpOMIIOBCKOE»; T) MecTopoxkneHue «HexTckoe»
momMosna, paBHoro 30 MUH, XapaKTepHBI TTIeCKaM MECTO- T1ie @ — YToJl HaKJIOHA TIPSIMOT, OTpakalolnii CKO-
poxnenuii «Kenuipl» n «Hextckoe». POCTb U3MEHEHUS BEIMUYUHBI YACTbHOU MTOBEPXHOCTH
Paznuiia B BemnumHax yaesbHOM MMOBEPXHOCTU TIPU 10 MEepe U3MEHEHUST CPEHEro quaMeTpa (JIMHEHHOTO
MPAaKTUIECKN PaBHBIX 3HAYCHUSIX TUCIIEPCHOCTU aHA-  pa3Mepa) YacTHUIl 00pas3ioB; b — CABUT JJUHUU perpec-
JIU3UPYEMBIX 00pa3II0B OOBSICHSIETCS OTIUYUEM TIOT-  CHUU.
HOCTEI MaTepuajaoB, CTPOEHUEM KPUCTAIMYECKOU ®uzmyeckuit cMbica KoadduinenTa b, Mo Halemy

peIIeTKH, TTOPUCTOCTHIO M BO3MOXKHOM MOp(doiorieii  MHEHUIO, CBSI3aH ¢ HECUMMETPUIHOM (DOPMOIA JaCTHIL
TMOBEPXHOCTHU (KpOMe TOTO, HallO YIECTh BO3MOXHEIE  (OTKIOHEHHEM OT (hopMbI chephl). JlaHHBIN (haKT maeT

OTJINYMS I B COCTaBE MUHEPAJIOB). BO3MOXKHOCTb ITPEATIOIOKUTD, UYTO BETMIMHA 3TOTO KO-
CormacHo paboueii TurroTe3e, ObIa olpeneiacHa  3(duIMmeHTa XxapakKTepru3yeT HECOMHOPOTHOCTD (IIIepo-
(byHKIIMOHATbHAS B3aMMOCBSI3b MEXKIY YACIBHOM II0-  XOBAaTOCTH) ITOBEPXHOCTH, 00Opa30BaHHON YacTUIIAMU
BEPXHOCTBIO MCTIIBITYEMBIX TIOPOIIKOB M OOpaTHOM Be-  MOPOIIKA.
JIMYMHON cpeaHero pa3mMepa ux yactuil (puc. 1). JL1s1 TOHKOAMCHEPCHBIX 00pa31ioB KO PUIIUEHTHI
[lony4yeHHbIe TMHERHbIE 3aBUCUMOCTU ObLIM OXapakK-  3TUX YpaBHEHMII mpeacTaBieHbl B Ta0i. 4 (R? — gocro-
TepU30BaHBI MATEMATUICCKIMU BBIPAKCHUSIMHU BHUIIA: BEPHOCTb alIIPOKCUMAIINH).
W3 mostyueHHBIX TaHHBIX CJIEAYET, YTO TIPU BO3pac-
Ssp = (a/d)+b, (2)  TaHWU BEIWYUHEI b YBEIMIMBACTCS CTCIICHD IIIEPOX0-
Tabauya 4
3uavyenust K03 (PUIMEHTOB /ISl TECKOB PA3HBIX MECTOPOKICHUIT
KoadduimenTs! TMHEHHOTO YpaBHEHUS
MecTopoxKIeHue necka R?
a-10’ b
1 1 6111 0.95
112 1 13 440 0.98
113 1 5977 0.98
114 2 21030 0.98
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Puc. 2. ®opma yacTuil BBICOKOAUCTIEPCHBIX 00Pa3L0B mecka (Bpems moMoJa 30 MUHYT):
a) mectopoxnenue «KpacHodnorckuii-3amnan»; 6) MmecropoxneHue « KeHULbI»; B) MECTOPOXICHIE

«XpOMIIOBCKOE»; T) MecTopoxaeHue «Hexrckoe»

BaTOCTH YACTHII, CBSI3aHHAS ¢ MX MOP(OIOTHICCKAM
CTPOEHUEM 1 HEOJHOPOIHOCThIO 00pa30BaHHBIMU ATU-
MU YaCTULIAMU MOBEPXHOCTIMMU. JlaHHBIN (hakT Hallen
CBOE MOATBEPXKAEHUE B CHHXPOHHOCTU U3MEHEHUI Be-
JIMIUHBI KO3 hUIIMeHTa b 1151 MCCIeIyeMbIX TTOPOIITKOB
M COOTBETCTBYIOIIMX 3HAUEHU yAeIbHON MOBEPXHOCTH.

Ha puc. 2 npencrasieHbl ¢poTorpadun, BU3yaIbHO
XapakTepusylolie (GopMbl YaCTULL UCCIIETYEMBIX MO-
POIIKOB paccMaTpUBAEMbIX MECTOPOXIECHUIA.

CoracHo NoCTaB/IEHHOM LIEJU B IPOIOJIKEHUE UC-
cllenoBaHUl ObLT OMpenesaeH KpaeBoil yroj cMayuBa-
HUA (0) T KaXI0i BBICOKOTUCIICPCHOI IPOOBI TTecKa.
Ha pwuc. 3 B xauecTBe TIprMepa IpeacTaBIeHBI (OTO-
rpaduu Kariv BoAbl, pacroyIOKEHHOM Ha TIOBEPXHOCTU
MOPOLIKOB C Pa3HbIMU pa3MEPHBIMU XapaKTePUCTUKAMU
yacTull (MmectopoxaeHue «Hexrckoe»).

ITonyuennsie pororpaduu moxKasaiu, 4To Ipu yBe-
JIMYEHUU BPEMEHU NUCTIEPTUPOBAHUS KpaeBOU yrosa
cMauyMBaHUs 00pa3loB uaMeHsiercs. [1pu aToM ruapo-
¢upHas moBepXHOCTH Mopoinka (6 < 90°) HaunmHaeT
nprodpeTaTh cBOlicTBa TuapododHoit (6 > 90°).

B 1ab1. 5 npeacraBieHbl SKCIEPUMEHTAIBLHO OIpeie-
JICHHBIC BeJIMIMHBI KPACBOTO YIJIa CMAYMBAHUS MCCIICIY-
€MBIX BEICOKOIHCIICPCHBIX ITOPOIIKOB ITOJTUMUHEPAITh-
HBIX TICCKOB M COOTBETCTBYIOIINE 3HAYCHUSI CBOOOTHOTO
yjeHa (b) TMHEHOTO BRIpaXKeHUS (2).

[IpencraBieHHBIC Pe3yIbTATHI ITOKA3BIBAIOT, YTO
IIJIST IICCIIEAYEMBIX MUHE PATPHBIX IIOPOIITKOBBIX CUCTEM
C YBeJIMYECHUEM BPEMEHH ITOMOJIa (a CIeI0BaTEIIHHO,
1 C YMEHBIIICHEM Pa3MepPHBIX XapaKTEPUCTUK YACTHUII)
yToJI cMauuBaHUS (TUAPO(POOHOCTH ITOBEPXHOCTH) YBe-
mmuuBaetcs. [1o HamreMy MHEHHIO, 3TO CBSI3aHO ¢ 00pa-
30BaHMEM 00JIee TUIOTHOM YITaKOBKH YaCTHUII HA TIOBEPX-
HOCTH MOIJIOKKH ¥ €€ OTIPeIeIeHHOM IIepOX0BATOCTHIO
3a CYET KpaeyroJbHOU (DOPMBI YACTHUIL IIPX YMEHBIIIE-
HUU UX TUHEWHOTO pa3dMepa. Ha puc. 4 mpencraBieHa
(pyHKIIMOHATBHAS 3aBUCUMOCTD Buma b = f(0) mwis cepumii
9KCIMEPUMEHTA, O0bEAMHEHHBIX 110 TIOPOIIIKAM OTIpe/ie-
JICHHOTO MECTOPOXKICHMSI, HO TIOJYICHHBIX IIPH PA3HOM
BpEMEHH ITOMOJIA.

JaHHBIC pe3yIbTaThl ITOKA3BIBAIOT, YTO IIOBEPXHOCTH
TOHKOIMCIIEPCHBIX MCCIIEAYEMBIX TIOPOIIKOB 00IamaeT

A

b

Puc. 3. Kamis Boapl Ha OBEPXHOCTH BBICOKOIMCIIEPCHOTO MOPOMIKA: a) (hpakius 604 HM (BpeMsT U3BMeETbUCHUS

5 muH); 6) ¢pakuus 314 aM (BpeMs n3menbueHUs 30 MUH)
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Tabauya 5
N3menenne KoadumuenTa b B 3aBUCUMOCTH OT yIIa cMavYnuBaHus 6
Yron cMaunBanus (6°) 11st 00pa3noB ¢ BpeMEHEM MOMOJIa
ITopomok Koaddumuent b
5 MuH. 10 Mun. 20 MuH. 30 muH.
1 6111 12,6 443 59,8 90,4
112 13440 10,6 39,7 77,8 98,4
113 5977 13,7 50,8 60,9 97,6
I14 21030 11,8 33,9 85,8 114,3
120 o °
100 gl
80 . 3
60

20

[ )
40\*\2_‘

1 r--Y
— - b
0 >
5500 7500 9500 11500 13500 15500 17500 19500 21500 23500

Puc. 4. 3aBuCMMOCTD H3MEHEHHUS KPAEBOT0 YIJIA CMAYABAHNS OT BeJIMYMHDI YI€IbHOI IIOBEPXHOCTH
BBICOKOIMCIIEPCHBIX MOPOIIKOB MeCKa: 1) BpeMsI M3MEIbUCHUS 5 MUH.; 2) BpeMs u3MeabucHusT 10 MuH.;
3) BpeMms maMmenbueHUA 20 MUH.; 4) BpeMs n3MenbueHus 30 MUH.

CIIOCOOHOCTBIO YBEJIUYUBATH CBOIO TUAPOGOOHOCTb.
Taxk, m1st 3TUX cCHCTeM HaOJI0mMaeTCsT ITOJIOKUTETbHAS
KOPPEISIIUOHHAS 3aBUCUMOCTb MEXIY ITapaMeTpOM b
¥ KpaeBbIM YIJIOM cMadyuBaHUs (puc. 4, TuHuu 3 U 4).
151 moBepXHOCTEi, 00pa30BaHHBIX IIOPOITKOBBIMU CH-
cTeMaMu ¢ 6oJiee KPYITHBIMU pa3MePHBIMU XapaKTepH-
CTUKAMU YaCTHUII, OTMEUACTCST OTPHUIIATEIBHAS KOPPEJIsI-
mus (puc. 4, TMHUS 2) MEXIY STUMU ITapaMeTpaMiy WIn
Ke Takasl QYHKIIMOHAJIbHAS CBSI3h OTCYTCTBYET (pHC. 4,
JuHud 1).

KpoMe Toro, MOKHO OTMETHUTB, UTO TSI TIOBEPXHOCTH
TOHKOIUCIIEPCHOTO ITOPOIIKA, 00pa30BaHHON ITOJIN-
MUHEPaTbHBIM ITIECKOM MeCTOpoXIeHus «HexTrckoe»,
KpaeBOU YToJI CMauMBaHMSI TOCTUTAaeT 3HaUeHUS (114°),
OJIM3KOTO MO BeJIMIMHE K cynepruapododrocTH (120°).

CIIUCOK JINTEPATYPbI

3AK/IIOYEHUE

IIpoBemeHHBIC SKCIIEPUMEHTHI TTOKA3aJIN CIIPaBed-
JIMBOCTB TIPEIJIOKEHHOM pabodeil TUIIOTE3Hl, CBI3aHHOM
C BO3MOKHOM OIIEHKOM THAPO(OOHOCTH TTOBEPXHOCTH
10 3KCIIEPUMEHTAILHO OIIpee/ICHHO 3aBUCUMOCTH
S )= f(1/d). JarHbIi TIprieM MOXHO MCITOJIB30BaTh IJI
rmondopa MUHEPATbHBIX TTOPOIIKOB, TOHKOINCIICPCHBIC
CHCTEMBI KOTOPBIX CITOCOOHBI IIPOBOINTH THAPOhOOM3a-
o (TIpY HEOOXOMMMOCTH THAPOMIIIN3AIINIO) TIOBEPX-
HOCTM Matepuaja. Heo0XxonnumMo oTMETUTD, YTO TUIPOdO-
OM3aTOpHI HA OCHOBE ITOJIMMUHEPATBHBIX TTECKOB XapaK-
TEPU3YIOTCS BEICOKOM 3KOJIOTMYHOCTHIO, Y VX ITOJTydeHUE
HE CBSI3aHO C pean3allieil CIIOXKHBIX TEXHOTOTMUECKIX
IIPOIIECCOB M JOPOTOBU3HOI CHIPHEBOTO MaTepHaIa.
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ABSTRACT: Introduction. The recycling of thermoplastic waste into building materials with a long-life cycle is a promising and
technologically feasible disposal direction. It is advisable to develop the processing of mixed polymer waste. Thermoplastics are
thermodynamically incompatible, and technological compatibility can be controlled at the melt stage by the introduction of
compatibilizers and nanofillers, the formation of free radicals in the melt, and reaction compatibilization. Materials and methods.
The work aimed to study the effect of a compatibilizer — an ethylene-vinyl acetate copolymer with grafted acrylate and epoxy
groups on the properties of composites obtained from mixtures of polyethylene terephthalate and polypropylene waste. The poly-
mer mixture was melted, filled with limestone flour (50-85 wt.%), the samples were pressed, and their physical and mechanical
properties were investigated. Results and discussion, conclusions. Differential thermal analysis established the melt preparation
temperature of 240°C, which is below the onset of thermal oxidative destruction of the compatibilizer. It was established that the
optimal ratio of polyethylene terephthalate: polypropylene: compatibilizer as 70:25:5 wt.% provided the greatest improvement
in the bending strength without compromising the compressive strength of filled composites; the optimal degree of filling was
found to be 60-70%. The volume fractions of polymers in the mixture are comparable. Therefore, one can expect the formation of
both the matrix structure of the composite and the interpenetrating networks type structures. In both cases, the compatibilizer is
distributed along the interphase boundaries. Its effect on properties can be attributed to its plastic deformation in the interfacial
layer and morphological changes in the structure of the polymer mixture. There is evidence of increased structure-sensitive prop-
erties, tensile and tensile strength, of polymer mixtures containing this compatibilizer. This fact indicates an increase in adhesion
between polymer phases, which is difficult to explain only for physical reasons. Possible reactions between the functional groups
of the compatibilizer and polyethylene terephthalate in the melt with epoxy ring opening were analyzed. An increased effect of
compatibility was revealed; however, the actual effectiveness of the compatibilizer is difficult to assess. Additional mechanical tests
are required as well as optimization of the melt temperature. It is also necessary to find a balance between activating the reaction
compatibilization and minimizing destructive processes in polymers.

KEY WORDS: polymer waste, recycling, nanofillers, polyethylene terephthalate, polypropylene, compatibilization
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1. INTRODUCTION and technologically feasible direction, given the variability
of the composition of polymer waste, their pollution, and
as a result the labor intensity of more high-tech process-

In recent decades, the disposal of polymer waste has be-
ing [6—10].

come a serious environmental problem throughout the

world [1—4]. Following the basic principles of the circular
economy [5], recycling has become the most desirable
strategy for the disposal of polymer waste. Recycling of
thermoplastic waste into building materials through re-
melting, filling (optional), and molding (by extrusion or
pressing) of products with a long-life cycle is a promising

© Fomina N.N., Khozin V.G., 2021

At present, the secondary recycling of polymer waste
is underdeveloped both in Russia [4, 9—11] and abroad [1,
5—8, 12]. The main constraints are the relatively low cost
of virgin polymers, contamination of waste and the need
for their careful sorting, partial structural degradation of
waste and the presence of low-molecular fraction. More-
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over, even sorted polymer waste most often is a mixture
of polymers. In fact, the main polymer product of waste
sorting factories is plastic beverage bottles consisting of
polyethylene terephthalate (PET), but the label on them,
as a rule, is made of polypropylene (PP), the cap is made
of high-density polyethylene (HDPE). Therefore, with
the development of recycling technologies, it is advisable
to focus on the processing of mixed polymer waste.

The theory of compatibility of polymer mixtures was
developed by Flory [13] and Huggins [14] in the first half
of the 20" century. In Russia, the science dealing with
polymer mixtures was developed in the fundamental
works of Lipatov, Kuzeznev, Tager, and Berlin. The results
of foreign researchers are summarized in monographs
by Paul [15] and Bucknall [16]. It is known from these
works and many others, including modern studies [12,
17—24], that due to the low entropy of mixing and weak
adhesion at the interphase boundaries, the compatibility
and miscibility of thermoplastic polymers are rather an
exception and not the rule. A mixture of thermoplastics
can be characterized as a composite material with a de-
veloped phase boundary. In addition, if thermodynami-
cally thermoplastics are incompatible, it is possible to
control the technological compatibility of their mixtures
in the melt. Currently, there are several directions for the
development of research.

The traditional direction is the introduction into the
mixture of an additional combining agent — compatibil-
izer, mainly of a polymer type (as a rule, these are block
or graft copolymers, less often statistical). Compatibilizers
reduce the surface energy of incompatible polymers, re-
duce the size of phase-separated structures, stabilize their
morphology [25], and thus improve the physicomechani-
cal properties of composites.

Another direction is the formation of free radicals in
the mixture during the melting process, which is achieved,
for example, by introducing peroxides into the mixture
[17, 26—28] or by physical treatment of the mixture
(gamma radiation, etc.). The formation of free radicals
leads to chain breaks, the formation of peroxide, hydroxyl,
carbonyl groups, and crosslinking with the formation of
spatial structures, improving the compatibility of mix-
tures. Mechanochemical processes can also contribute to
the formation of free radicals. The combination of shear,
stretching, friction results in the rupture of linear macro-
molecules, making possible interchain reactions.

The most advanced approach suggests introducing
nanofillers, acting as compatibilizers, into a mixture of
thermoplastics. However, the main difficulty is to concen-
trate nanoparticles at the interphase boundaries because
only in this case is the goal of improving compatibility
achieved [18,19].

Another direction is reaction compatibilization, i.e.
improvement of compatibility via physicochemical reac-
tions occurring directly in the melt. In this case, an ad-

ditional component is introduced into the thermoplastic
melt, usually a polymer with functional groups (epoxy,
acrylate, carboxyl, isocyanate, etc.) that are active with re-
spect to the functional groups of the mixture components.
This leads to the formation of complex block copolymers
or graft copolymers at the interface, resulting in the for-
mation of spatial structures. It should be noted [12] that
reactive compatibilization with the participation of epoxy
groups is expedient for mixtures of polymer wastes, in
which terminal hydroxyl and carboxyl groups are formed
as a result of destructive processes.

The combination of several methods for controlling
the compatibility of polymers in a melt seems to be the
most promising. Such experiments were described, for
example, in [29], where the compatibility of secondary
PET and primary low-density polyethylene (LDPE) was
affected in two ways: introduction of a compatibilizer
(copolymer of ethylene and vinyl acetate) and gamma
radiation after-treatment. As a result, the mechanical and
thermal properties of the mixture were improved.

The polymer composites industry is actively develop-
ing, and the market offers a range of compatible additives,
including compatibilizers with grafted functional groups.
Thus, modified ethylene and vinyl acetate copolymers
(for example, Etatilene from New Polymer Technologies
(http://npt.Itd), Sevilen from Khimplex (https://himplex.
ru), etc.) are positioned as additives in the processing of
polymer waste. Such copolymers can act both as conven-
tional and reactive compatibilizers. The main purpose of
the presented work is to investigate the effect of copoly-
mer compatibilizer with grafted functional groups on the
properties of composites obtained from mixtures of mass
waste and successfully amenable to sampling and sorting
of thermoplastics — PET and PP.

2. MATERIALS AND METHODS

In our study, we used household waste, namely a mix-
ture of rPET transparent and coloured bottles) and rPP
food containers, which were crushed into particles up to
50 mm in size and dried before melting.

An Etatilen EVA-g-GMA (EVA-g-GMA) modified
ethylene-vinyl acetate copolymer with grafted chemically
active polar acrylate and epoxy groups (New Polymer
Technologies, Unecha, Bryansk region, Russia) was used
as a copolymer compatibilizer. The content of vinyl ac-
etate groups in the copolymer is 22%. The grafting rate
of 2,3-epoxypropyl methacrylate (Glycidyl Methacrylate,
GMA) was 3%. According to the manufacturer, this brand
of compatibilizer is effective for polymer blends based on
polyesters, especially when processing recycled PE, PET,
and their mixtures.

The polymer mixture (rPET, rPP, EVA-g-GMA) was
melted. Then, a mineral filler, limestone flour with the spe-
cific surface area of 1000 cm?/g determined by the gas per-
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meability method, was introduced into the resulting melt.
The degree of filling of the compositions varied from 50 to
85 wt.%. The prepared mixture was loaded into a mold.
The samples were pressed at a specific pressure of 25 MPa
for 2 min and cooled under ambient conditions for 3 hours.

Infrared (IR) spectroscopy was used to study the com-
position and the presence of functional groups in poly-
mers; the spectra were recorded on an InfralumFT-801
device. Differential thermal analysis (DTA) was carried
out on a DerivatographQ-1500D device to track tempera-
ture transitions and thermal effects.

Physical and mechanical properties were determined
as follows. First, the ultimate compressive strength (R)
was determined using the samples with dimensions of
80x40x40 mm made and tested using a method described
in GOST 310.4 s. Second, the samples with dimensions

of 80x40x10 mm were made for determining the ultimate
tensile strength in bending (R ) and tested using a method
described in GOST 27180.

3. RESULTS AND DISCUSSION
3.1 Melting temperature selection

According to the manufacturer's recommendations,
EVA-g-GMA can be processed at the same temperatures
as the polymers of base grades for which it is used. As
follows from the DTA curves for EVA-g-GMA copoly-
mer (see Fig. 1), the endothermic effect of melting was
observed in the temperature range from 40 to 110°C with
a maximum at 75°C. The processes of thermal-oxidative
destruction started at 240°C, and they were accompanied

o o o ;- o —

\

/
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Fig. 1. Derivatogram and thermogram of EVA-g-GMA
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by the exothermic effects and the onset of active mass loss.
Based on these facts, we have chosen the temperature for
preparing the melt of polymer components of the com-
position: 24015°C. It would not be possible to obtain the
rPET melt at lower temperatures because it was previously
shown [9] that the endothermic effects of melting for it
occurred within the range of 235—265°C with a maximum
at 255°C. Therefore, the indicated temperatures are suf-
ficient to obtain the rPP melt [9].

3.2 Selection of the ratio between polymer components
in the melt

The rPET:rPP ratio of 70:30 wt.% was chosen based
on previously obtained data [9, 10].

The amount of EVA-g-GMA, from 1.5 to 5%, was
initially selected based on the manufacturer's recommen-
dations and the results of previous studies [30—32]. The
two-phase morphology of the rPET+rPP mixture, with
low adhesion between the phases, adversely affected the
mechanical properties of the products prepared from the
mixture. We conducted a preliminary series of experi-
ments to study the impact of the EVA-g-GMA content
in the rPET+rPP mixture (EVA-g-GMA was added
to the mixture to replace part of rPP) on the strength
properties of filled polymer composites. It was found
that the compatibilizer introduced in the composition
in an amount ranged from 1.5 to 10% of the total weight

of the rPET and rPP polymer components reduced the
compressive strength and increased the flexural strength
of the resulting filled samples. The greatest increase in
flexural strength was observed when the EVA-g-GMA
content was 5 wt.%. When the compatibilizer was intro-
duced in smaller amounts, the effect of enhancing the
flexural strength decreased. The introduction of a larger
amount of compatibilizer left the flexural strength of the
specimens at the same level and reduced the compres-
sive strength. As a result, the ratio between the polymer
components of the composition was chosen as follows:

rPET:rPP:EVA-g-GMA = 70:25:5 wt.%.

3.3 Study of the effect of compatibilizer on the strength
properties of composites with various filling ratios

The experimental data on the strength of the samples
represented as a function of the filling ratio for composi-
tions with and without the EVA-g-GMA compatibilizer
(see Fig. 2 and 3) indicate the following patterns. First,
the dependencies are extreme, and the highest values of
strength indicators were found when the filling ratio was
within the range of 60—70% by weight of the composi-
tion. Second, the presence of the compatibilizer led to
a decrease in the compressive strength of the composite
samples, and the flexural strength was higher over the
entire range of filling ratio.
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Fig. 2. Dependence of ultimate strength in compression
on the filling ratio of the composition

The composition includes:

Fig. 3. Dependence of ultimate strength in bending
on the filling ratio of the composition

1 — rPET, rPP in a ratio of 70:30 wt.%; 2 — rPET, rPP, EVA-g-GMA in a ratio of 70:25:5 wt.%
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3.4 Background of compatibilization in terms of physi-
cal processes

The effect of the compatibilizer on the properties of the
samples can be explained by morphological changes in the
structure of the polymer mixture. If the volume fraction of
another polymer in the main polymer is small, a dispersed
phase of the second polymer is formed. The morphology
of this phase depends on the degree of mixing, volume
fractions, and interactions between the polymers. For
example, according to [30], the dispersed rPP phase was
identified in the rPET+rPP mixture (the rPET:rPP ratio
was 80—95:20—5 by weight), and the average size of rPP
particles increased with an increase in its volume fraction in
the mixture. The introduction of a compatibilizer into the
mixture leads to a more uniform distribution and a decrease
in the average particle size of the rPP phase. In work [23],
on the contrary, the volume fraction of PP significantly
exceeded that of PET (85:15 by weight, respectively), and
the dispersed phase of PET was identified using scanning
electron microscopy. Moreover, in the binary PET+PP
mixtures, the PET phase was poorly dispersed, and the av-
erage particle size of the dispersed PET phase was reduced
in the presence of a compatibilizer, and the particles were
distributed quite uniformly.

In our case, the volume fraction of rPP in the poly-
mer mixture was less but comparable with that of rPET.
Therefore, one could expect both the formation of an
rPET matrix structure with a dispersed rPP phase and
an interpenetrating network (IPN) structure. However,
in both cases, the compatibilizer is distributed along the
interphase boundaries [30]. Therefore, an increase in
bending strength and a simultaneous decrease in com-
pressive strength can be partly explained by physical
processes, including the morphological changes in the
structure and plastic deformation of the interfacial layer
of the compatibilizer.

The tensile and tear strength is known to be a more
structure-sensitive property when analyzing polymer
compatibility. According to [30], the introduction of rPP
into rPET leads to a decrease in tensile strength, and the
introduction of a compatibilizer into a polymer mixture
leads to a significant increase in this indicator. The elastic
modulus of the rPET+rPP mixture is lower than that of
each of the polymers [30], and the introduction of the
compatibilizer into their mixture leads to an even greater
decrease. This fact can be attributed to the deformability
of the layer of the EVA copolymer-based compatibilizer,
the elastic modulus of which is significantly lower than
that of PP. However, with a large proportion of rPP in
the polymer mixture, the compatibilizer insignificantly
reduces the elastic modulus of the mixture. In [31], an
increase in bending and tensile strength was also marked
when recycled polyethylene and rPET compatibilizer were

added to the mixture. All these facts indicate an increased
adhesion between the two polymer phases, which is dif-
ficult to explain only by physical reasons.

In addition, the authors of [23] showed that the aver-
age particle size of the dispersed PP phase in the PP+PET
mixture increased with the increasing melt temperature.
This property is known for incompatible mixtures since
the enthalpy of mixing (which negatively affects misci-
bility) will increase with increasing temperature [33].
Nevertheless, on the contrary, in the presence of a com-
patibilizer, the average particle size of the dispersed PET
phase decreases with an increase in temperature [23].
This fact indicates a more complex mechanism of com-
patibilization, which is caused not only by changes in
the morphology of the phases. Note that in the studies
discussed here, GMA-modified copolymers were also
used as compatibilizers.

3.5 Justification of compatibilization by physicochemi-
cal processes

The EVA-g-GMA compatibilizer grafted with the
bifunctional monomer 2,3-epoxypropyl methacrylate
contains an unsaturated group for polymerization or
free-radical grafting and an epoxy group that can react
with terminal functional groups such as hydroxyls and
carboxyls.

The presence of functional groups in the EVA-g-GMA
compatibilizer was investigated using IR spectroscopy
(Fig. 4).

A strong absorption band of the epoxy group and ether
bond is observed at 1240—1250 cm~!, a weak absorption
band of the epoxy group is seen at 870 cm~'. In [34], pos-
sible chemical reactions between the compatibilizer and
polybutylene terephthalate were investigated through
changes in the characteristic epoxy groups in GMA-
modified copolymers of ethylene bands at 846, 909, and
995 cm™'. In our case, these bands are either not expressed
or shifted. The functional groups are difficult to identify,
probably due to the low degree of GMA grafting to the

Fig 4. IR spectrum of EVA-g-GMA
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EVA copolymer, which was 3% in our case versus 8% in
[23, 30, 34]).

It is known that at temperatures of the order of 150—
180°C, epoxy cycles are capable of opening and partici-
pating in chain elongation reactions. Both epoxy and
acrylate functional groups are active in the formation
of intramolecular and intermolecular hydrogen bonds
leading to the formation of polyassociates. An intensive
broad absorption band at 3420—3590 cm~! in the IR
spectra of a mixture of polymers can indirectly indicate
this type of reaction (Fig. 5), but it is difficult to identify
chemical reactions from the spectra since the same band
also indicates the presence of terminal hydroxyl groups
in secondary polymers.

Fig. 5. IR spectrum of a mixture of rPET, rPP,
EVA-g-GMA in a ratio of 70:25:5 wt.%

Figure 6 schematically represented possible reactions
between functional groups of the EVA-g-GMA compati-
bilizer and the rPET phase in the melt. The reactions are
reversible. As noted in many studies [12, 23, 31, 35], the
increased reactivity of the functional groups of GMA-
modified copolymers with respect to the PET phase may
be a result of the reaction of thermal activation with an
equilibrium shift to the right and an increase in the num-
ber of reactive PET groups generated by destructive pro-
cesses. In general, there is an increase in the compatibility
effect of PP and PET due to GMA-modified compati-
bilizers with increasing melt temperature. Therefore, in
these studies, the melt temperatures were chosen in the
range of 270—300°C. As shown above, in our case, the
temperature should not exceed 245°C due to the onset of
thermal destruction of EVA-g-GMA.

4. CONCLUSIONS

1. When processing mixed thermoplastic polymer
waste into construction products, technological compat-
ibility can be improved directly in the melt by introducing
compatibilizers into the mixture. The modified compati-
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Fig. 6. Schemes of possible chemical reactions between
the epoxy group of GMA and the end groups of rPET:
hydroxyl (a); carbonyl (b)

bilizers with grafted epoxy groups are effective for waste
containing polyethylene terephthalate, since they react in
the melt with the terminal hydroxyl and carboxyl groups
of polyethylene terephthalate.

2. Introduction of the modified EVA-g-GMA com-
patibilizer into a mixture of polyethylene terephthalate
and polypropylene waste in an amount of 5% of the total
weight of the polymer components of the composition
leads to an increase in flexural strength and a decrease in
the compressive strength of filled samples. This fact is ex-
plained by morphological changes in the structure of the
polymer mixture and plastic deformation of the interfacial
layer of the compatibilizer under loading. In addition,
chemical reactions in the melt with the opening of epoxy
rings are also probable.

3. It is rather difficult to assess the actual efficiency of
the compatibilizer and its grafted functional groups in the
studied mixtures of polymer waste since its effect on the
flexural and compressive strength of the filled samples is
not significant. Therefore, additional mechanical tests for
tensile strength and impact strength are needed, which
will make it possible to formulate practical recommenda-
tions for managing the properties of products for more
efficient processing of this waste.

4. It is necessary to optimize the melt temperature
and find a balance between the activation of the reaction
compatibilization and the minimization of destructive
processes in polymers.

In conclusion, it should be added that the processing
of polymer waste into building materials saves primary
raw materials and energy and ensures the recycling of
plastics, which is crucial in light of current trends of in-
creased attention to environmental issues and tightening
of legislation on waste disposal.
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PE3IOME: BBegeHue. [lepepaboTka OTXOAO0B TEPMOMNIACTOB B CTPOUTENIbHbIE MaTepMasbl C ASIUTENbHBIM XU3HEHHBIM LIKIOM —
NepcrneKkTUBHOE 1 TEXHONOTMYECKN peani3yeMoe HanpaseHre yTunansauun. LlenecoobpasHo pa3BrBaTtb nepepaboTKy CMeLlaH-
HbIX MOIMMEPHbIX OTXOAOB. TepmMonaacTbl TePMOAMHAMUYECKN HECOBMECTVMbI, HO TEXHONOTMYECKON COBMECTUMOCTbIO MOXHO
YNpaBiATb Ha CTaAUM pacniaBa: BBEAEHMEM KOMMATUOUNN3ATOPOB; HAHOHAMNOHUTENEN; 06pPa3oBaHNEM B pacniaBe CBOOOHbIX
paZriKano.; peakUMoHHO KomnaTnbunusayuein. Matepuanbl u metoabl. PaboTa HalenBanacb Ha UCCNeJoBaHUE BAVNAHWSA KOM-
natubunusaTtopa — CONonMmepa 3TUIEHa U BUHWMALeTaTa C MPUBUTBIMU aKPUNATHBIMUA 1 SMOKCUMAHBIMU FPYMNamy Ha CBOMCTBa
KOMMO3UTOB, MOJIYYEHHBIX 13 CMeCell OTXO4O0B NoNMaTUIeHTepedTanarta u nonunponuieHa. CMecb NOIMMEPOB PacriaBnAnm,
HaMoJHANN U3BECTHAKOBOI MyKoii (50-85% no macce), npeccoBanu obpasLbl, uccnefoBany nx GU3NKo-MexaHUYecKne CBOMCTBaA.
Pe3synbraTbl, 06CyXeHmne, BbiBoAbl. [lndpdepeHLmanbHbIM TEPMUUYECKM aHaNTM30M YCTaHOBJIEHA TeMnepaTypa NPUroToBeHNs
pacnnasa — 240°C fo Havyana TepPMOOKUCIIUTENIbHOMN AeCTPYKLMM KOMMATUOMUIN3aTopa. YCTaHOBMIEHO ONTUMANIbHOE COOTHOLLEHME
MeXay NonuaTuieHTepedTanaTtom, NoAUNPONUIEHOM 1 KoMMNaTnbunusatopom 70:25:5% no macce, obecrneumpaiolee HanbobLLNIA
NPVIPOCT MPOYHOCTY NPU N3rnbe 6e3 CHNXKEHUS MPOYHOCTY MPU CXKATUM HAaMOJTHEHHbBIX KOMMO3MTOB; ONTVMabHas CTerneHb HamMoJ-
HeHusA — 60-70%. O6beMHble 4O NOMMEPOB B CMECU COV3MEPVIMbI, MO3TOMY MOXKHO OXIMAATb Kak GOPMUPOBaHNA MaTPUYHO
CTPYKTYpPbl KOMMO3MTA, Tak 1 CTPYKTYP TrMa B3aMMOMPOHMKAIOLNX CETOK. B 06oux criyuasx komnatnbmunmnsaTop pacnpenensercs
no mexdasHbIM rpaHuLuam. Ero Bo3gencTerie Ha CBOMCTBA MOXeET ObiTb 06bACHEHO COBCTBEHHBIM MlacTUYecKnum aebopmmnpo-
BaHVEM B MeXda3HOM cnoe 1 Mopdonornieckumm n3MeHeHAMI CTPYKTYPbl CMeCU NoimmepoB. ECTb AaHHble 0 MOBbIWEeHUN
CTPYKTYPHO-UYYBCTBUTENIbHbIX CBONCTB — MPOYHOCTY NP PaCTAXKEHMN 1 pa3pbiBe A1A CMecei NoNMMepoB, COAepKaLumx JaHHbIN
KOMMaTnomnmM3aTop. ITO YKa3blBAET Ha YBENIMUEHUNE afre3nn MeXay NoNMmMepHbIMU pazamMu, KOTOPOE CIIOXKHO OOBACHUTb TOJIbKO
dusmyeckumn npuunHamu. NpoaHanmsrpoBaHbl BO3MOXHbIE peakLmmn Mmexay GyHKLMOHANbHbIMU FpynnamMy KoMmnaTmbunisatopa
1 NonvaTUNeHTepedTanaTom B pacriaBe C PacKpbITUEM SMOKCUAHbIX LUMKI0B. OTMevaeTcs ycuneHme apdekta COBMeCTUMOCTY,
oHaKO GaKTUUYeCKyo 3GPeKTUBHOCTb KOMMATUOMN3ATOPA OLEHUTb CNIOXKHO. HeobxoarMbl AONONHUTENbHbIE MeXaHUYEeCK e
UCMbITaHVA, ONTUMM3aLNsA TeMrepaTypbl pacniaBa U Nouck 6anaHca Mexay akTMBr3auuein peakyMoHHOM KoMnaTnbunmsauum
1N MYHMMM3aumnen AeCcTPyKTUBHbIX NPOLECCOB B NOMMepax.
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1. BBEJEHUE

VTunuzauusi noJIMMepPHbIX OTXOA0B B MOCEAHUE JIe-
CATUJICTHS CTajla CEPhEe3HOI SKOIOTUIECKOI ITPOOIeMON
Bo BceM mupe [1—4 u 1p.]. B cOOTBETCTBNYM C OCHOBHBI-
MU IPUHIIUTIAMHA SKOHOMUKHU 3aMKHYTOTO ITNKJIA VTA
B MEXIYHAPOITHOW TEPMUHOJIOTUU — IUPKYJISIIAOH-

© Q®omuHa H.H., Xo3uH B.I, 2021

HOIT 5KOHOMUKH (circular economy) [5] mepepaboTKa
cTaja HamboJree XXeJIaTeIbHOI CTpaTerueil yTUIn3allum
ITOJIMMEPHBIX 0TX010B. [lepepaboTKa OTXOZOB TEPMO-
IUIACTOB B CTPOUTEIIBHBIC MaTepUAaJIbl Yepe3 TTIOBTOPHOE
IUIaBJIeHKE, HAMoOJHEHUe (Heo0s13aTeIbHO) U (hDOpMOBa-
HHe (3KCTPYOMPOBAHUEM YUIH IIPECCOBAHMEM ) M3IEITHIA
C IUTUTEIFHBIM XXMU3HEHHBIM LIMKIIOM — TIEPCITIEKTUBHOE
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¥ TEXHOJIOTUIECCKH pean3yeMoe HallpaBICHUE, YIUThI-
BasT HETIOCTOSTHCTBO COCTaBa ITOJIMMEPHBIX OTXOIOB, MX
3arpsI3HEHHOCTH M, KaK CJICICTBUE, TPYIOSMKOCTh OoJee
BBICOKOTEXHOJIOTMYHOM niepepadboTku [6—10].

Ha ceromHgmrHuii 1eHb BTOpUYHAS TIepepaboT-
Ka MOJIMMEPHBIX OTXOI0B pa3BUTa HEAOCTATOUHO KakK
B Poccum [4, 9—11], Tak u B opyrux crpaHax [1, 5—8,
12]. OcHOBHBIE caepXKUBalomme (GPaKToOpbl — 3TO OTHO-
CHUTEJTbHO HM3Kasi CTOMMOCTD TICPBUYHBIX TTOJIMMEPOB,
3arpsI3HEHHOCTD OTXOIOB M HEOOXOTMMOCTD MX TIIA-
TEJIBHOM COPTHPOBKH, YaCTHUHAS TeCTPYKTUPOBAHHOCTD
OTXOIOB U MIPUCYTCTBHE B HUX HU3KOMOJICKYISIPHBIX
dpaxkiumii. [TprueM maxke OTCOPTUPOBAHHBIC TTOJTUMEP-
HBIE OTXOIBI YaIlle BCETO — 3TO CMECH ITOJIMMepoB. Taxk,
OCHOBHOM TTOJTMMEPHBIN MMPOAYKT MyCOPOCOPTHUPOBOY-
HBIX IPEATPUSITHI — ITIACTUKOBBIC OYTHUTKI M3-TI0 Ha-
MUTKOB — COCTOAT U3 nosuatuieHtepedranara (PET),
HO 3THUKETKA Ha HUX, KaK IIPaBWIO, U3 MOJUTIPOITIICHA
(PP), xpbIlKa — 13 MOIMATHIICHA BEICOKO TNIOTHOCTH
(HDPE). ITosToMy pa3BUTHE TEXHOJOTHI BTOPUIHOM
nepepadoTKH 11eJIecoO00pa3HO COCPENTOTOUMTD Ha Mepe-
paboOTKe CMEITAHHBIX TTOJTMMEPHBIX OTXOIOB.

Teopernyeckne MOTOKECHHS IO COBMECTUMOCTH
TIOJIMMEPHBIX CMecelt pa3paboTaHbI ellle B IIepBoil T10-
soBuHe XX Beka @opu [13] u XarruacoM [14]. Oreue-
CTBCHHBIC MCCJICIOBAHNS TIOJTMMEPHBIX CMECEl pa3BUTEI
B yHIaMeHTaJIbHBIX padoTax JIumaTosa 10.C., Ky3e3s-
HeBa B.H., Tarep A.A., bepauna A.A.; 3apyOexXHEbIe
ucciaegoBanus 06001IeHs B MoHorpadgusax Paul D.R.
u Bucknall [15—16]. 3 3Tux u Apyrux, B TOM 4uCIIE,
COBpPeMEHHBIX padoT [12, 17—23] u3BeCTHO, YTO COBME-
CTUMOCTDb M CMEIIIMBAEMOCTD IIJISI TEPMOILIACTUIHBIX
TIOJIMMEPOB — CKOpee NCKITIOUCHNUE, YeM TIPaBUJIO, U3-
3a MaJIOfl SHTPOITMU MUX CMEIICHMS 1 CIaboil aare3nu
110 MexXba3HbIM rparnaM. CMech TepMOILIACTOB MOX-
HO XapaKTepn30BaTh KaK KOMITO3UIIMOHHEII MaTepra
C pa3BHUTOI IpaHUICeH pa3nena da3. U eciom tepMonu-
HaMHWYECKN TEPMOIUTIACTH HECOBMECTUMEI, TO YIIpaB-
JISITh TEXHOJOTUIECKOIT COBMECTUMOCTBIO UX cMeceil
B pacIliaBe BO3MOXHO. 31eCh COBpeMEHHBIC pa3pabOTKI
pa3BUBAIOTCS B HECKOJBKUX HAIIPaBJICHUSIX.

CraBuiee TpagWIIMOHHBIM HaIlpaBIICHUE — 3TO
BBEICHNE B CMECh TOTTOJTHUTEIBHOTO COBMEIIAIOIIIE-
TO areHTa — KOMITAaTUOMIN3aTopa, IIPEUMYIIECTBCHHO
TOJIMMEPHOTO THTA (KaK MPaBUJIO, OJI0K- WX IIPUBH-
ThIE COTIOJIMMEPHI, pexKe cTaTucTuIeckue). Kommarnon-
JIN3aTOPHI CTIOCOOCTBYIOT CHIKEHUIO TTOBEPXHOCTHOM
SHEPTUM HECOBMECTUMBIX TTOJIMMEPOB, YMEHBIICHUIO
pa3MepoB (ha3opasaeIeHHBIX CTPYKTYP U CTAOIN3aIIAN
nx Mopdonornu [24] u TakuM 06pa3oM yIydIiaoT Gpu-
3MKO-MEXaHNYECKIE CBOMCTBA KOMIIO3UTOB.

Hpyroe HaIIpaBIeHNE — 00pa30BaHUE B CMECH B ITPO-
mecce IIaBICHUS CBOOOIHBIX paINKaaoB. DTO JOCTUTA-
eTcsl, HallpuMep, BBEIEHUEM B CMeCh MepoKcuaoB [17,
25—27] wimu ¢pu3nIecKoit 00paboTKoit cMecH (raMMa-u3-

JydeHueM U ap.). O6pa3oBaHre CBOOOIHBIX PaIrKaloB
IIPUBOINT K pa3phIBaM 1IeTH, 00pa30BaHMIO TICPOKCHI-
HBIX, TUIPOKCUJIBHBIX, KAPOOHMIIBHBIX TPYIII, CIINBa-
HUIO ¢ 00pa30BaHUEM IIPOCTPAHCTBEHHBIX CTPYKTYP, UTO
MOXKET CITOCOOCTBOBATH YIYUIICHUIO COBMECTUMOCTH
cMeceil. MexaHOXMMHIYECKIEe TIPOIIECChI TAKKE MOTYT
CITOCOOCTBOBATH 00PA30BAHMIO CBOOOIHBIX PATUKAJIOB.
KoMOuHaLMS caBUTa, PaCTSKCHUSI, TPSHUS TIPUBOIUT
K pa3pbIBaM JIMHEIHBIX MAKPOMOJICKYJI, CTAHOBSITCSI BO3-
MOKHBIMHU MEXKIICTIOUHBIC PEaKIINH.

HaubGonee coBpeMeHHOE HamlpaBiIeHUE — BBE-
IeHEe B CMECh TEPMOIUIACTOB HAHOHAIIOJHUTEICH,
BBICTYHAIOIINX B POJIM KOMITATUOMIN3aTOPOB. 31eCh
OCHOBHAas CJIOKHOCTb — CKOHIIEHTPHPOBAaTh HAHOYA-
CTHIIBI Ha MeX(da3HBIX TPAHUIIAX, T.K. TOJBKO B 3TOM
cTy4Jae TOCTUTACTCS IeIb YIYUIICHUST COBMECTUMOCTH
[18—19].

Eme ogHo HaIIpaBlieHIE — peaKIIMOHHAS KOMITaTH -
OMIM3alns, T.¢. YIYUIIICHINE COBMECTUMOCTH B PE3yJIb-
TaTe MPOUCXOMSIIINX HEITOCPEACTBEHHO B pacIriaBe (hu-
3UKO-XUMHUYECKNX peakuuii. [Ipm aToM B paciiaB Tep-
MOTIJIACTOB BBOIUTCS JOIIOJHUTEIBHBIN KOMITOHEHT:
KaK MPaBUIO, TOJIUMED C (PYHKIIMOHAIBHBIMU TPyMIa-
MM (3TIOKCUIHBIMU, aKPYJIATHBIMU, KapOOKCUITLHBIMH,
M30LMAaHATHBIMU U Ap.), aKTUBHBIMH 10 OTHOIIICHUIO
K (OYHKIIMOHAIBLHBIM TPYIIIaM KOMIIOHCHTOB CMECH.
DTO MPUBOIUT K 00pa30BaHUIO Ha TpaHMIIC pa3aeiia
CIIOXXHBIX 0JIOK-COIIOJIMMEPOB WIIM IIPUBUTHIX COITOJIH -
MEpOB, B pe3yJIbTaTe Yero 00pa3yIoTCsI ITPOCTPAHCTBEH-
HBIE CTPYKTYpBI. OTMeuaeTcst [12], 9To peaKIIMOHHAS
KOMITATUOMIN3AIINS ¢ YYaCTUEeM SITOKCUIHBIX TPYIII
mejaecoobpa3Ha IJisl CMecell MOJTUMEPHBIX OTXOMIOB,
B KOTOPBIX B pe3yJbTaTe IeCTPYKTUBHBIX IIPOIIECCOB
00pa3yIoTCsT KOHIIEBBIC THIPOKCIUILHBIC U KapOOKCHITh-
HBIC TPYIIITHL.

CoueTaHNe HECKOJIBKUX CTIOCOOOB YITPABICHUS CO-
BMECTHMOCTEIO TTOJIMMEPOB B PacIlIaBe MPEICTaBIISICTCS
HamboJiee TTepCIeKTUBHBIM. Takue pa3paboTKU ITOKa-
3aHbI, HapuMep, B [28], rme Bo3aelicTBOBaIM Ha CO-
BMecTUMOCTb BropuuHoro PET u nepBuuHOro noauas-
TiiieHa Hu3Koi iotHocty (LDPE) mBymst crmocodamu:
BBEICHMEM KOMITAaTUOMIM3aTopa (COmoIMMepa STIICHa
W BUHUJIAlIeTaTa) U JOTOJHUTEIbHOM 00paboTKOM ram-
Ma-u3JIydeHreM. B pesyibTare yIydmmiich MeXaHude-
CKHE U TEPMUYCCKIE CBOMCTBA CMECH.

HHaycTpus oIMMepHBIX KOMITO3UTOB aKTUBHO pa3-
BUBAETCS, M Ha PBIHKE IIPEICTABICH CIIEKTP T00aBOK-
COBMECTUTEJICH, B TOM YHCJIC, KOMIIAaTUOMIN3aTOPOB
C MPUBUTHIMU (YHKIIMOHAJIBHBIMA TpyImaMu. Taxk,
MOIU(MUIIMPOBAHHBIC COMOIMMEPHI ATUJICHA M BUHU-
nanerara (Harmpumep, DTaTujieH oT KoMmnaHuu «HoBbie
nojaumepHeie TexHojaorum» (http://npt.ltd), CoBuien
oT KomImaHum «Xumrnieke» (https://himplex.ru) u mp.)
MMO3UIIMOHUPYIOTCS KaK T00aBKHU TIPU TiepepadoTKe T10-
JIMMEPHBIX OTXOMOB. Takue cOmomMepbl MOTYT BBITION-
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HSATb POJb KaK TPaAMLIMOHHOTO, TaK U PeaKIIMOHHOTO
kommarnonnusaropa. [IpencrasieHHas padora uMena
LeJIb UCCIICI0BAHNE BIUSHUS COITOJIMMEPHOTO KOMIIa-
TUOMIN3aTOpa C IPUBUTHIMU (PYHKIIMOHAIEHBIMH TPYII-
TTaM# Ha CBOICTBAa KOMITO3UTOB, TIOJTYICHHBIX 3 CMecei
OTXOI0B MaCCOBBIX 1 YCIICIITHO ITOIIAIOIINXCST BEHIOOPKE
u coptupoBke TepmoriactoB — PET u PP.

2. MATEPUAJIBI 1 METO/IbI

1 vicciemoBaHMIA MCTIONTb30BAINCh KOMMYHAJIBHBIC
otxoxasl nonuatuneHtepedranara (rPET) (cmech mpo-
3pavHbBIX M [IBETHBIX OYTHIJIOK) U MoJuIIporicHa (rPP)
(TTMIIeBbIe KOHTEHEPHI), KOTOPBIC TIepe TIaBJICHIEM
M3MENTbYaINCh Ha YaCTUIIBI pa3MepaMu 10 50 MM U BBI-
CYIINBAJIUCh.

B kagecTBe COMOIMMEPHOTO KOMITaTHOMIIN3ATO-
pa MCITOJIb30BaJICS MOIU(PUIINPOBAHHBIN COIOJIMMED
STUJIeHa W BUHMIaneTaTa «dtatieH EVA-g-GMA»
(EVA-g-GMA) ¢ IpUBATBIMA XUMUIECKI aKTUBHBIMU
TIOJITIPHBIMU aKPUJIATHBIMU 1 STIOKCUIHBIMU TPYIIIIAMHI
npousBoactBa OO0 «HoBbIe TOMMMepHBIC TEXHOJIOTHI»
(Bbpstackast 0071., T. YHeua). Comep:kaHre BUHIIAIICTAT-
HbBIX rpymi B cononumepe — 22%. CrerieHb IPUBUBKK
2,3-smokcunpormMmeTakpuiaTa (GlycidylMethacrylate
(GMA)) — 3%. Ilo naHHBIM TIPOU3BOIUTEINSI, TAaHHAS
MapKa KoMIaTHOnIM3aTopa 3(hheKTUBHA TS TTOIIMMEp-
HBIX CMECEi, M3TOTOBJICHHBIX Ha OCHOBE TTOJIMA(HPOB,
0COOEHHO TpU nepepadoTke peunkKiauHropeix PE, PET
U UX CMECEN.

Cwumech monumepoB (rPET, rPP, EVA-g-GMA)
TOIBEpraiv IJIaBJIeHUIO. B TToIydeHHEIN pacIiiaB BBO-
IJICST MUHEPAIBHBIN HATIOTHATEIb — M3BECTHIKOBAS
MyKa (yaesnbHast moBepxHocTb 1000 cm?/T o [TCX-12).
CreneHb HAIIOJTHEHUS KOMIIO3UIINI BapbHpoOBaIach
ot 50 mo 85 % mno macce. ['oToBast cMech 3arpyxajach
B TIpecc-(opMy. OOpasIsl IpeccoBaIMCh MPH YICTIHHOM
nmasiaeHuu 25 MIla B TedeHune 2 MUH, ¢ OXJIaXKIECHUEM
€CTCCTBEHHOMU BBIICPKKOM B TCUCHNUE 3 YacoB.

s mcciiemoBaHUSI COCTaBa M HAIMYIUS (DYHKIIH-
OHAJIPHBIX TPYIII B MOJIUMEpax MPUMEHSIICS METOL
nHppakpacHoi (MK) criekTpocKommu, CIeKTphl pe-
rucTpupoBaiuch Ha ripuoope «InfralumFT-801». [Insa
OTCIICKMBAHUS TEMITEPATYPHBIX TTEPEXOI0B M TETIOBBIX
adexToB poBoauicda nuddepeHIInaIbHBII TePMU-
yeckuii aHanm3 (JITA) Ha mpubope «DerivatographQ-
1500D».

DusnKo-MeXxaHUIECKHIE CBOMCTBA OIIPEICIISIIINCH
cieayromM oopazoM. JIJist ompeaesicHUs TIpeaesia mpod-
HoOCTH TIpu cXaTtnd (R) M3roraBImMBaiInch 00pasIlbl pas-
Mmepamu 80x40x40 MM M MCHBITBIBAINCH IO aHAJIOTUN
¢ metonukoit TOCT 310.4. J1ig ornpeneneHud TIpeaea
NPOYHOCTH Ha pacTskeHue npu usrube (R, ) nsrorasiu-
Baych 00pas3isl pazmepamu 80x40x10 MM 1 UCTTBITBIBA-
ek o aHasiornu ¢ merogukoin FOCT 27180.

3. PE3VJBTATHBI U OBCYX/IEHUE
3.1 BeiOop TemmepaTypsl paciiasa

ITo pexomenmammssm npon3Boautenss EVA-g-GMA,
OH MOXKET TiepepadaThIBaThCs IIPU TEX JKe TeMIIepaTypax,
YTO M 0a30BBIC MapKU ITOJUMEPOB, UIST KOMIIATHOM-
JIM3alU KOTOPBIX OH uctojb3yercs. JATA comonume-
pa EVA-g-GMA moka3zan (puc. 1), uto 3HT03(PdPeKT
TUIaBJIeHUd perucTpupyercd B nHTepBaie 40—110°C
¢ MakcumymoM nipu 75°C, a ipu Temriepatype 240°C
HAYMHAIOTCS IIPOIIECCHI TEPMOOKHUCIUTEIBHOMN TeCTPYK-
IINH, 9TO COIIPOBOXIACTCS 9K303((PEKTOM 1 HaYaJIOM
aKTUBHOI moTepu B Macce. Mcxonst m3 3TOro MbI BHI-
Opaiu TeMIIepaTypy IPUTOTOBJICHUS pacIuiaBa IoJI-
MEPHBIX KOMIIOHEHTOB KoMmo3numn — 240+5°C. Tpu
OoJtee HU3KHUX TeMIIepaTypax He yIACTCS TOIyIUTh pac-
wiaB rPET, T.K. paHee moka3aHo [9], 9To s3HIO3(heK-
THI TIJIABJICHMST TSI HETO PETUCTPUPYIOTCS B MHTEPBaJIe
235-265°C ¢ makcuMyMmoM 1ipu 255°C. 1751 rmomydeHust
pacruiaBa rPP yka3zaHHBIX TeMITepaTyp JOCTaTOYHO [9].

3.2 BbI0Op COOTHOIIEHUS MEK/TY TTOJIMMEPHbBIMH KOM-
MOHEHTAMM B pPaciliaBe

CootHomeHue Mexay rmonumepamu rPET u rPP
B KOMITO3UIIHSIX TIPUHSITO MCXOOST M3 paHee TIPOBEACH-
HbIX uccnenoBanuii — 70:30% o macce [9—10].

HosupoBka EVA-g-GMA n3HavyabHO BHIOMpAIACh,
OCHOBBIBAsICh HA PEKOMEHIAIINSIX TIPON3BOIUTEIIS 10-
6asku (ot 1,5 10 5%), a TakKe OPUEHTUPYSICh Ha UCCIIe-
nmoBanaust [29—31]. AByxdaszuast Mmopdomorus cmec rPET
u rPP ¢ Hu3Kol agre3ueit Mmexny (pazaMu OTpUILIATEIHHO
CKa3bIBaeTCSI Ha MEXaHMIECKUX CBOMCTBAX ITOIyIacMbIX
U3 cMeceit m3mennii. MBI IpoBeIN IIPeaBAPUTEIIBHYIO
CepHIO SKCTIEPUMEHTOB, UCCIICIYs BIUSIHUE TO3UPOBKH
EVA-g-GMA B cmecu rPET u rPP (EVA-g-GMA BBO-
IIJICS B CMech B3aMeH yacTy rPP) Ha TpoYHOCTHBIE CBOIA-
CTBa 00PA3IOB HATIOJTHECHHBIX TTOJIMMEPHBIX KOMITO3UTOB.
YCTaHOBJICHO, UTO TIPU BBEACHUH B COCTaB 3TOTO KOMITA-
THOMIM3aropa B Konmndectse ot 1,5 1o 10% ot cymmapHoit
Macchl moJimMepHbIx KoMoHeHToB rPET u rPP na6mo-
TAeTCsI CHIDKCHNE TIPOYHOCTH IIPY CKATHH 1 YBEJIMICHIE
IIPOYHOCTH TIPY M3TMOE TTOJTyJaeMbIX HAIIOJTHEHHBIX 00-
pasuos. IIpu conepxkanun EVA-g-GMA B KomuecTBe
5% Hab0aaeTCS HAMOOJIBLINI IPUPOCT IIPOYHOCTH IIPU
u3rube. [1pu BBeneHUM KOMITATUOUIN3AaTOPA B MEHBIITNX
KomuecTBax 3((hEKT YCHICHUST IIPOYHOCTHU TIPH M3TH-
0c yMEHBIIIAeTCS; TIPY BBEACHUM OOJIBIIIETO KOJTMICCTBA
KOMITaTHOMI3aTOpa IIPOYHOCTh 00pa3IIoB IIPH M3THUOE
OCTaeTCs Ha TOM K¢ YPOBHE, a TIPOYHOCTD TIPU C3KATUU
CHIDKaeTCsI. B pesyibTaTe COOTHOIICHME MEXIY TTOJIH-
MEpPHBIMHA KOMITOHEHTaMH KOMITO3UIINY BEIOPAHO:

rPET:rPP:EVA-g-GMA = 70:25:5% 110 Macce.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021; 13 (4):
229-236

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

TEXHOJIOMMU MPOU3BOACTBA CTPOUTE/IbHbIX MATEPUAJIOB Y U3JENTNN

(ke el ks \

. )
\\ %

TN

Puc.1. lepuBaTorpamMma u Tepmorpamva EVA-g-GMA

3.3 HccaenoBanne BJIMSAHHSA KOMIATHOMIN3ATOPA
HA MPOYHOCTHBIE CBOICTBA 00PA3L0B KOMIO3UTOB C Pa3-
JIMYHOM CTENEHbIO HATIOJTHEHUS

IMonyueHHbIe SKCTIEpUMEHTAIbHBIE 3HAUEHUS TTPOY-
HOCTU 00pa3IlOB B 3aBUCUMOCTH OT CTETICH! HAITOTHE-
HUs (puc. 2—3) A COCTAaBOB C KOMIMATUOUIN3ATOPOM
EVA-g-GMA u 6e3 Hero yKa3bIBatoT Ha CIIEAYIOIINE 3a-
KOHOMEPHOCTHU. 3aBUCUMOCTU KCTPEMAaTbHBI, HANOOb-
1€ 3HaYeHUs TIPOYHOCTHBIX TTOKa3aTesIel peTucTpu-
PYIOTCSI B MHTepBaJie cTerneHei HarmoHeHust 60—70%
Mo Macce KoMrno3uiuu. Hanmaue kommatTudnimsaropa
B KOMTIO3UIIUSIX IPUBOIUT K CHIKEHUIO TIPOYHOCTH TIPU
cXaTtuy 00pa3IoB, MOBBIIIEHUIO IPOYHOCTHY TIPY 3TN0
BO BCEM MHTEpBAJIC CTEIIEHE HATIOJTHEHUSI.

3.4 ObocHoBaHNe KoMnaTuOWM3amu usmaecKumMn
nponeccamn

Takoe BO3AE#ICTBME KOMTIATUOMIN3AaTOPA HA CBOT -
cTBa 00PA3IOB MOXKET OBITH 00BICHEHO MOP(OIOTIYE-
CKMMU U3MEHEHUSIMU CTPYKTYPBI CMECH TTOJTMMEPOB.
Ecnu o6beMHast 1oJisi B OCHOBHOM TTOJTUMEPE JIPYTOTO

mojmMepa HeBeslika, (hopMupyeTcs: fucrepcHas dasza
BTOPOTO TIOJIMMepa, MOpdoJiorust KOTopoii Oyner 3a-
BUCEThb OT CTETIEHU CMENIWBAHUS, OOBEMHBIX J0JIEi
¥ B3aMMOJEUCTBUS TTOTMMEpOB. Tak, HampuMep, To-
kazaHo [29], uro B cmecu rPET u rPP (B cooTHOMmIEHMSsIX
80—95:20—5 mo macce) naeHTUGUITMPYETCS AUCTIEPCHAsT
(baza rPP, u cpennuii pazmep yactui rPP yBenmunBaercs
pu yBeIWYeHUN 0OBbEMHOI 0K eTo B cMecH. Brene-
HUE KOMNAaTUOUIN3aTopa B CMECh TPUBOIUT K Oojiee
OITHOPOITHOMY PACIIPEIeSICHUIO U YMEHBIIIEHUIO CPETHE-
ro pa3mepa vactuil ¢assl rPP. B [22] oowemnast nosnst PP,
HATpPOTUB, CylecTBeHHO Oombiie, yeM PET (cootBet-
cTBeHHO 85:15 110 Macce), ¥ TIpU MOMOIIY CKAHUPYIO-
e BJIEKTPOHHOW MUKPOCKOTINY UNEHTU(DUITUPYETCS
nucnepcHas daza PET. [1puueM B OMHApHBIX CMECSX
PET u PP ¢aza PET mioxo nucrieprupoBaHa, a B Ipu-
CYTCTBUM KOMITATUOWIN3aTOpa CPETHUI pa3Mep YacTHIl
nucrnepcHoit ¢a3bl PET ymeHbIaeTcs, 1 OHU pacripe-
JleJIeHbI 60J1e€ paBHOMEPHO.

B namewm ciyyae o6beMHas nojs rPP MeHblie,
HO cousmepuma ¢ oobemHoi noneit rPET B cmecu no-
numepoB. [ToaToMy MOXHO OXUAaTh Kak (hopMUpOBa-
HUs MaTpuaHOU cTpyKTyphl rPET ¢ mucniepcHoit hazoit
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Puc. 2. 3aBucumocTs nmpe/esia IPOYHOCTH MPHU CIKATUH
OT CTeTeHH HATIOJTHEHUSI KOMIO3UIIUHI

B cocrtaB KoMIT03UIIMI1 BXOOAT:

Puc. 3. 3aBucuMoCTS Tpeesia MPOYHOCTH IPH U3THOe
OT CTeNeHH HATIOJTHEHUST KOMITO3UIIUA

1 — rPET, rPP B cootHomenuu 70:30 % mno macce; 2 — rPET, rPP, EVA-g-GMA B cootHommenuu 70:25:5 % mo Macce.

rPP, Tak 1 cTpyKTYpHI THTIA B3aNMOIIPOHUKAIOIINX CETOK
(BIIC). Ho 1 B TOM, 1 B IpYTOM CJIydae, KOMIIATUOMIIH -
3aTOp pacmpenessieTcs 1mo Mexkda3HbIM rpaHumam [29].
[TosToMy yBeTMYeHME IPOYHOCTH TIPU U3TUOE W OTHO-
BPEMEHHOE CHIDKCHUE TIPOYHOCTH IIPU CXKATUM OTYACTH
MOXHO OOBSICHUTHh (DM3MICCKUMU TIpolleccaMm — KakK
MOpP(}OTOTHIESCKUMU U3MEHEHUSIMUA CTPYKTYPBI, TaK
¥ TIACTHYECKUM IeDOPMUPOBAHIEM MeXK(Da3HOTO CIIO0SI
KOMIIaTUOMIN3aTOPA.

M3BecTHO, YTO IPOYHOCTH IIPH PACTSIKCHUH U pa3-
PBIBE SIBJISIETCS 00Jiee CTPYKTYPHO-IYBCTBUTEIBHBIM
CBOMCTBOM TIPY aHAJIN3¢ COBMECTUMOCTH TTOJTUMEPOB.
ITo narabIM [29], BBemenue rPP B rPET mpuBomut
K CHIKCHMIO TIPOYHOCTU Ha pa3phiB, a BBEICHUE KOM-
MaTUOMIN3aTOPa B CMECh ITOJIMMEPOB IIPUBOINUT K 3HA-
YUTEIFPHOMY YBEJTMUCHUIO 3TOTO TToKa3aTesst. Momyib
yrpyroctu cmecu TPET u rPP, o nanasim [29], Huxke,
YeM KaxXIOoro U3 ITOJMMEPOB, a BBEICHUE B X CMECh
KOMITAaTUOMIIN3aTOpa MPUBOJIUT K ellle OOJIbIIIEMY €T0
CHIDKEHMIO, UYTO OOBSICHSICTCS 1e(POPMATUBHOCTBIO CITOST
KoMmIaTuOuIn3aTopa Ha ocHoBe conommepa EVA, mo-
IIyJTb YIIPYTOCTH KOTOPOTO 3HAUNTEIHHO HIKE, YeM y PP.
Tem He meHee, mpu OoJbinoit noe rPP B cmecu monu-
MepOB KOMIIATUOMIN3aTOP CHIDKAET MOIYJIb YIIPYTOCTH
cMecH oueHb He3HaunTenbHOo. B [30] Takke oTMedaeTcs
POCT IPOYHOCTHU TIPU M3THOE U TIPU PACTSKEHUM TIPHU
BBEIEHUU B CMECh BTOPUYHOTO ToyuaTuiaeHa u rPET
KoMmaTuomam3aTopa. Bece 3To IBHO yKa3bIBaeT Ha yBe-

JIMYEHUE alre3un MeXAy ABYMS MOJMMEPHBIMU (pa3a-
MM, KOTOPOE CIIOKHO OOBSICHUTD TOIHKO (DM3MICCKIMM
MIPUYMHAMMA.

Kpowme Toro, aBTOpHI [22] TTOKa3aiu, 9YTO CpeTHUIA
pa3Mmep 4dacTtuil gucrepcHoit ¢paser PP B cmecn (PP
B PET) yBenmmumBaeTcst ¢ yBeIMUCHUEM TeMIICPaTyPhI
paciaBa. JIjIst HECOBMECTUMBIX CMECEH 3TO SIBIICHUE
W3BECTHO, ITOCKOJIBKY SHTAJIBITHNS CMEIICHUS (KOTopast
OTPUILIATEILHO BIIMSICT Ha CMEIIMBAEMOCTh) OyIEeT yBe-
JIMYUBATHCS C TIOBBIIICHEM TeMIiepatypsl [32]. B 1o ke
BpeMs B [22] moKa3aHO, YTO B IIPUCYTCTBUU KOMITATH-
OmIM3aTOpa, HAIIPOTUB, C IIOBBIIICHUEM TeMITePATyPhI
cpenHuii pa3mep yactull aucriepcHoii pasel PET ymeHb-
maeTcs. DTo yKas3bIBaeT Ha 00Jee CIIOKHBIM MeXaHN3M
KOMITATUOMIN3AIIAY, KOTOPBIN 00YCIOBJICH HE TOJIBKO
U3MEHEHUSIMHA B Mopdojiorun (a3 (B 00CyKmaeMbIX
3IIeCh UCCIIEIOBAHMAX B KAUYSCTBE KOMITATUOMIN3aTopa
TakKe ncrnojb3oBamich GMA-MoaudUIIMpoBaHHEBIE
COTOJIMMEDBI).

3.5 ObocHOBaHNE KOMIATHOWIN3AIMN (PUIUKO-XIMHK -
YeCKUMH MPOLeCcCcaMu

Kommaruommzarop EVA-g-GMA ¢ TpuBHBKOI O11-
(PYHKIIMOHATTEHOTO MOHOMEpPA — 2,3-3ITOKCUTTPOITIIIME-
TaKpujIaTa COMEPKUT HEHACKHIIIICHHYIO TPYIIITY IS T10-
JIMMEepU3aliuy WK CBOOOIHO-PaIuKaIbHON MPUBUBKU
1 3MOKCUIHYIO TPYIITYy, KOTOpask MOXET pearupoBaTh
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Puc. 4. UK-cnektp EVA-g-GMA

C KOHIIEBBIMU (DYHKIIMOHAJTBHBIMU TPYITIIAMH, TAKIMK
KaK TUIPOKCHUIIBI U KAPOOKCHITEL.

Hammane pyHKIMOHAIBHBIX TPYIII B COCTaBE KOM-
natudmmm3aropa EVA-g-GMA wncciaenoBaioch ¢ mo-
mombio MK-criekrpockornmu (puc. 4).

CuipHasl I10J0ca TOTJOIMICHUS 3MMOKCUTPYIIIHI
¥ 2(UPHOIL CBSA3M peructpupyetcsd npu 1240—1250 ecm!,
ciabas 1moJjioca IOTJIOMICHUS 3TTOKCUTPYIITEI — TP
870 cm~'. B [33] BO3MOXHBIE XUMUYECKNAE PEAKIIAN
MEXIy KOMIIAaTUOMIIN3aTOPOM U TTOTMOYTIIICHTeped-
TaJaToOM MCCIICMIOBAHbI Yepe3 M3MEHEHUS B XapaKTEPHBIX
IUIST BTTOKCUAHBIX TpyI B GMA-MonnbUIIMpoBaHHBIX
COITOJIMMEPOB 3THJIEHA TToJtoc TIpr 846, 909 11 995 cm~'.
B Hamrem ciydae maHHBIC TTOJIOCH JIMOO HE BRIPAXKCHEI,
00 cMmelleHbl. Takxke BepOoSITHO, UTO ACHTU(UKALIMS
(byHKIIMOHAIBHBIX TPYIII OCIOKHEHA 13-3a HEBBICOKOM
cternienu npuBuBKu GMA (3% B Halllem ciyyae, IpOTHB
8% B[22, 29, 33]) k cononumepy EVA.

M3BecTHO, YTO SMMOKCUIHBIC UKLl TIPH TEMIIC-
patype niopsinka 150—180°C crmocoOHBI pacKphIBaTh-
Csl ¥ yY4aCcTBOBATh B PEAKIUIX YINIMHEHMS 1ienn. Kak
SITOKCUIHEBIC, TaK U aKpWJIaTHBIC (DYHKIIMOHAIHHBIC
TPYIIIIBEI aKTUBHBI B PEAKIIASIX 00pa30BaHMsS BHYTPH-
MOJIEKYISIPHBIX M MEXMOJICKYISIPHBIX BOIOPOTHBIX

Puc. 5. UK-cnekrp cmecu rPET, rPP, EVA-g-GMA
B cootHomenun 70:25:5 % no macce

CBsI3eli ¢ 0Opa3oBaHMEM TormacconaroB. Ha takoro
poma peakIiny KOCBEHHO MOXET YKa3bIBaTh IMOSIBJICHIE
Ha MK-criekTpax cMecu mojaumepoB (puc. 5S) CUIbHOM
IIWPOKOM TTOJIOCHI TTortomeHus npu 3420—3590 cm!,
HO MIACHTUDUIINPOBATH XUMUUYCCKIE PEAKIIUM T10 CTICK-
TpaM CIIOXHO, T.K. 3Ta e I10JIOCa CBUIETEIbCTBYET
1 0 HAJTMYUY KOHIIEBBIX TUAPOKCUIBLHBIX TPYIIIT BO BTO-
PUYHBIX TTIOJIIMEpPaX.

Bo3MoxkHBIE peaKIny MexXAy (yHKIIMOHATBHBIMUI
rpymamMu Kommatuouiansaropa EVA-g-GMA u ¢da-
30ii rPET B pacniaBe MOXHO IPeACTaBUTh CXeMaTHU4-
HO (puc. 6). Peakunuu oGpaTUMBI, 1, KaK OTMEYaeTCsI

a)
o [o]
[

-~ —C—0—(CHL—0H | cff,_ CH—CHj— R  —

—_—

OH

(o)
. (Q{)fﬁ,—o —(CH)r—0—CH, CE—CH—R

SN
+ CH;—CH—CH;— R —=

o O‘H
[
A (CH)h—O—C —0—CHy CH—CHy—R

Puc. 6. CxeMbl BO3MOKHBIX XMMHYECKHMX PEAKIMi
MeKIy dNMOKCUIHO# rpynmnoii GMA 1 KoHIeBbIMH
rpynnamvu rPET: (a) runpokcunbHoOi;

(6) KapOOHMIIBHO

BO MHOTUX HcciegoBanmsx [12, 22, 30, 34], moBbIIIeH-
Hasl peaKIIMOHHAasI CIIOCOOHOCTh (DYHKIIMOHATBHBIX
rpyrn GMA-MomnUIIMPOBAHHBIX COITOIMMEPOB TI0 OT-
HoureHuio K ¢aze PET MoxeT ObITh pe3yJIbTaTOM Tep-
MMUYECKOM aKTUBAIIUN PEAKIIUH CO CIBUTOM PaBHOBECHSI
BIIPaBO U YBEJIWYCHNEM KOJMUECTBA PeaKIIMOHHOCIIO-
cobHbIX rpynil rPET n3-3a necTpyKIMOHHBIX ITPOLIECCOB.
B memom, orMeuaeTcst yemieHne 3¢ deKTa COBMECTUMO-
ctu PP u PET ¢ momomibio GMA-MomudUImpoBaHHBIX
KOMITATUOMIN3aTOPOB MPU TTOBBIIICHUH TeMITePATyPhI
pacriaBa. M mostoMy TemIiepaTyphsI paciniaBa B yKa3aH-
HBIX MCCIICIOBAHUSIX IPUHUMAJINCh B MHTepBaye 270—
300°C. B nHamrem ciyyae TeMriepaTtypa He TIpeBbIIajia
245°C u3-3a Havaya TepMonecTpykuu EVA-g-GMA,
YTO ITOKA3aHO BHIIIIE.

4. BBIBOJbI

1. IIpu mepepaboOTKe CMEIIaHHBIX TEPMOILJIACTUY -
HBIX TTOJIMMEPHBIX OTXOI0B B CTPOUTEIIbHBIC U3ICITIS
TEXHOJIOTHYECKass COBMECTUMOCTD MOXKET OBITh yIyd-
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IIIeHa HEITOCPEICTBEHHO B pacIljlaBe BBEICHNEM B CMECh
KOMIIATUOMIN3aTOPOB. 15T OTXOMOB, COMCPKAIINX T10-
JmaTUIeHTepedTanar, 3pGeKTUBHBI MOAU(MUIITPOBAH-
HBIC KOMITATUOMIN3aTOPHI C IIPUBUTBIMU SITOKCUITHBIMUI
TpymIaMu, KOTOPBIE B pacIuIaBe PearupyroT ¢ KOHIIEBBI-
MU TUIPOKCHIIBHBIMU W KapOOKCUJIBHBIMY TPYIIIIaMH
TMOJMATUICHTepedTaIaTa.

2. BBenenne MoaguuUIIMpOBaHHOTO KOMITATUOWIIH -
3aTtopa EVA-g-GMA B cMech OTXOIOB ITOJIMATUJICHTE-
pedranaTa 1 MOJIMIPOIMIEHA B KondecTtse 5% OT CyM-
MapHOI MacChI MOJTMMEPHBIX KOMITOHEHTOB KOMITO3M-
WU IPUBOIUT K MOBBIIICHUIO TIPOYHOCTH TP M3THU0E
¥ CHIDKCHUIO TIPOYHOCTH TIPY C3KaTHU HATTOJTHEHHBIX
00pa31oB. ITO 0OBICHSIETCS MOP(HOJTOTMUYECKUMUI U3~
MCHEHUSIMU CTPYKTYPBI TTOJTMMEPHOM CMECH, a TaKXKe
TUTACTUIECKUM Ie(opMUpOBaHIEM MeK(a3HOTO CIIOS
KOMITAaTHOMIN3aTOpa MpU HarpykeHun. Takke Bepo-
SITHBI XUMUYIECKUE PEaKIIUK B paCIUIaBe C PACKPHITHEM
3MOKCUAHBIX IIUKJIOB.

3. JIOBOJILHO CJIOXKHO OIICHUTH (PAKTHMIECCKYIO 3D~
(beKTUBHOCTHh KOMITATUOMIN3aTOPA W €TO TIPUBUTHIX

CIIUCOK JINTEPATYPbI

(GYHKIMOHAJBHBIX TPYMI B UCCIEAOBAaHHBIX CMECSIX
ITOJIMMEPHBIX OTXOAO0B, TaK KaK BIMSTHHAE €TI0 Ha IIPOY-
HOCTbB TIPH M3THOE W CXKATUM HAIIOJTHEHHBIX 00pa3IloB
HE CTOJIb CYIIeCTBeHHO. HeoOXommMBbl JOTTOTHUTEb-
HBbIC MEXaHNIEeCKUE UCITBITAHNS — Ha pa3phIB U yaap-
HYIO BSI3KOCTb, YTO MTO3BOJIUT C(DOPMYIUPOBATH IIpaK-
TUYECKNE PEKOMEHIAIINN YIIPABJICHUS CBOMCTBAMU
n3aeNnii g 6onee >PHEKTUBHOIM TTepepadbOTKU dTUX
OTXOJIOB.

4. HeoOxommMa ONITUMM3AIIMs TeMIIepaTyphl pac-
IIaBa 1 TTIOMCK OajlaHca MEXKIy aKTUBH3aIMe peakilv-
OHHOI KOMIaTUOWJIM3ALIMU U MUHUMU3ALMER TeCTPYK-
TUBHBIX TIPOIIECCOB B ITOJIUMEpPaX.

B 3aximoueHnM HEOOXOAUMMO 100aBUTh, UTO Tepe-
paboTKa MOJIMMEPHBIX OTXOIOB B CTPOUTEILHBIC MaTe-
pHaIbl He TOJBKO TTO3BOJISIET SKOHOMUTH IIEPBUYHOE
CBIPbE M SHEPTUIO, HO TAKXKE 00ECIICUYNTh YTHIN3AIIAIO
IUTACTUKOB B CBETE COBPEMEHHBIX TCHICHIINNA TTOBHI-
IIEHHOTO BHUMAHUS K 3KOJIOTUUECKUM IIPOOIeMaM
1 YXKEeCTOUCHMST 3aKOHOIATEIBCTB 10 YTYIN3AIINU OT-
XOIIOB.
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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 7Times 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-
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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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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpocdeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00IaCTH
MaTepUaIOBEACHUS] W WHXEHEPHOTO Iejla, MAaIlMHO-
CTpoeHMsI, MHPOOPMAIIMOHHBIX TEXHOJOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 Hux 28 BxomaT B IIporpaMmy peKpyTHWHTA
MEXIYHAPOIHBIX SKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSTH TBICSY CIICIIManncToB, 14 — B IIporpammy
yuyeHbIX Yenr Konr, 7 sBusitoTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA TSI MOJIOIBIX BBITAIOIITIX-
¢S YUICHBIX, 3 BXOOAT B HalmmoHanpHYIO IporpaMmy 3a-
CITy>KeHHBIX Tpenojaasarteieii u 11 — B HaumoHanbHbIH
TIPOEKT COTHH, THICSYU U JCCSITU THICSY CIICIIUAICTOB
HOBOTO BeKa.

YHUBEpCUTET BKIIOYAET 24 HaydHBIE IITKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC J1abopaTopuu, 8§ rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJIbHBIX TIPOTPAMM aCIUPAHTYPBI U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroiimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajaaBpua-
Tta, 17 224 cTymeHTOB MarucTpaTypbl U acITMpaHTOB,
a takxke 1 310 MHOCTpaHHBIX CTYyIeHTOB. boiee TorO,
MyOJIMKAIIUM TI0 MaTepUAIOBEICHUIO, WHKCHEPHOMY
JeJly M XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETpU-
yeckoit 6aze MHcTuTyTa HayuHoi nHdopmatmu CIITA
(Essential Science Indicators) MeXXIyHapOITHOTO peii-
TUHra obJyiacTeit 3HaHUM.

YVT pacrnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEIBCKIMU LIEHTPAMK MEXXIYHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KITIOUEBEIC JIAOOPATOPHH,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1abopaTopHIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPWHTOBBIA MCCIICIOBA-
TEIBCKMIT IICHTP, a TaKKe JTAOOpaTOPUM BEIOMCTBCH-
HOTO WM OO0JAaCTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepUaIOB M CTPOUTEIIBHBIX MaTepHaJIOB, TPaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTUI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMIA 3aIIUTHI OKPYXKAroIeit
Cpenbl, a TakKKe YIpaBIICHMST OOIIeCTBEHHOI Oe3ormac-
HOCTBIO 1 UPe3BBIYAHBIMU CUTYalIusIMI. BMmecTe ¢ TeM,
YHUBEPCUTET OCHOBaJI OKoOJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHMIIWITAJGHBIMHA BIIACTSIMU
1 MecTHBIMM TipennpusatuaMu. Haumnasg ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PEUTUHTE
KHATAaWCKMX BBICIINX YICOHBIX 3aBEICHUIA.

VVT yctaHOBUJ CBSI3U 151 CTYIEHUYECKOro ooMeHa
¥ HayYHBIX UCCIIeqoBaHMii ¢ 0ojee, ueM 190 mHoCcTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIYHBIMM WHCTUTYTAMU
n3 CIIA, Bemmkoopurtanum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m Ap., a Takxke
npuntacun 6onee 300 BceMUMPHO M3BECTHBIX HCCIIE-
IoBaTejicii B Ka4eCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
IIAIIEHHBIX U MOYeTHBIX TIpodeccopon. C 2007 roma
YVYT moxydmt 1ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX HEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPOo(eCCHOHATLHBIX HAIIPaBICHU B Clle-
IYIOIIUX O0JIACTSIX: MEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00padOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBHBIX KOpa-
0J1eit, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTPOM3BOICTBA
(GYHKIIMOHANIBHBIX TJICHOYHBIX MAaTEPUAJIOB U €T0 UC-
IIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHHEM allb-
TEPHATUBHBIX BUIOB SHEPTUU M 3KOJOTMIHBIX CTPO-
WUTEITBHBIX MaTepuaaoB. KpoMe Toro, yHUBEepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopusl TIePCIIEKTUBHBIX TEXHOJIOTUI UIST CHHTE3a
1 00paboTKM MaTepuanoB, baza MexxayHapomIHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJACTH KO-
JIOTUIHBIX CTPOMTEIBHBIX MaTepuayioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHYECTBA
B 00JJaCTM WHTEIDICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnman
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmnkooputanum, Utanun nu Hunepnan-
OB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIC M KOHBEpPCHUU (COBMeECT-
HO ¢ MWYWTAaHCKMM YHHMBEpCUTEeTOM). B 3TOoM ImIa-
HE C HUM aKTHBHO coTpymHmYaan CayTTeMOTOHCKUMA
VHUBEPCUTET, LIEHTP TEXHOJIOTU BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0Ba-
TEJIbCKUI LIEHTP MHTEIUICKTYaIbHOTO KOpabjecTpoe-
HUS U OBIDKeHUS (BMecTe ¢ JdeadTcKM TeXHUTIeCKIM
yHuBepcuteToM). B 2016 romy B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JI3Bun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXKIYHAPOIHBIN
UWTSD VYxaubcknii Jlurour Kosnemx.

B 2017 YuwmBepcuTeT BolIe B TaKWe 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 U MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNSI 1 WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeIylUX KUTAUCKUX YHUBEPCUTE-
TOB TION ympaBiieHneM MUHUCTepCTBA 00pa3oBaHUS
¥ OIMH U3 YHUBEPCUTETOB, NMPUOPUTETHO MTOCTPOCH-
HOTO B paMKax TOCyZapCTBEHHOTO TIpoeKTa «State 211
Project» 1151 KUTallCKMX BBICIIIMX YYEOHBIX 3aBEACHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJapoB TIyTeM TIPOBENCHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXTYHApOIHBIE TIPO-
TPaMMBI, TIPOTPAMMBbI MAaTUCTPATYPHI U ACTTUPAHTYPHI.
MIIMuW/I 66uta ocHoBaHa B amipesnie 2014 roga u yr-
BepxkreHa JlemapTaMeHTOM 0Opa3oBaHUST MTPOBUHIIAN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B niepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETbHBIX
IIEHTPOB», TOIEPXKUBAaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHusl KHP 1 MuHMCTEpCTBOM MeEXAyHApOAHOIO
cotpynHuyectBa. HearenbHocts MIIIMuM/l mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCT MaTepuajoBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONTUMU3AINY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBaTEIbCKOTO
COCTaBa, a TaKXKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTICIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUU MaTepUaIoB KaK TEXHOJOTUIYECKON 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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YecKM ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1m0 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBeeHUEe U WHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKcU3Ma U TMPUKIIAJIHAS SKOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yTbTaThI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TpU
IIKOJTBI B paMKaXx peajii3aiii rocy1apCTBEHHBIX KPYII-
HOMACIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 UHHoBanmonHas riatdhopma
JUTSL BBICIIMX CITEIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MartepuajioBeieHue U UHXKEHEPHOE NEJI0»
B paMKax (hakysibTeTa, HayYHBIX MU3BICKAHWIA, MOATO-
TOBKM WHHOBAallMOHHBIX KaIpoB M MEXIyHAPOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHIE
HECKOJIbKO JIET BAXKHOCTD CITEIINATbHOCTH U €€ YPOBEHb
OBUIM pacIIMpeHbl, TIOTHSB ee ¢ 22 MecTa B peHTUHTE
B 2002 romy mo 5 mecta B 2012 1 mo 3 MecTa B TeKyIIeM
romay. 3a 70 JieT 0GyJeHHUsI 110 3TO CIIeUaTbHOCTH ST
CTpaHbl OBUIM TOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC KaIphl JUIST CTPOUTEILCTBA U WHIYCTPUU TIPO-
M3BOJCTBA CTPOUTENIHBIX MaTephalioB U TOJTyYSHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTSI 3aHSITUSI BEAYIIETO TIOJIOKESHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIIBHBIX 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 TIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATUCTOB M0 MaTepUATOBEAYECKUM CIEeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly ¢ HAyYHBIMU U3bICKAHUSI-
mu. I'KJI pa3zBuBaeT MexXnyHapoOaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHWYECTBA, MPOBOJIS COBMECTHbIE
MEXTOCYIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHUS
OTEYECTBEHHOI KYJbTYPbl M €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha 00ImMX Herax u 3agadax, ' KJI co3-
JaeT U pa3pabaTbIBA€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclITabHyI0 U MHOTOYPOBHEBYIO TEOPUIO MPOEKTUPO-
BaHUs MaTepraioB. OHa CTaHET BasKHBIM PYKOBOICTBOM
JJ1s1 pa3paboOTKX TEXHOJOTMU TPAAMEHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajoB, TEXHOJOTMM HAHOKOMIIO3UTOB U WHTE-
TPUPOBAHHOI MHHOBAIIMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaKKe ITO3BOJIAT M3yJaTh IIep-
CMEKTUBHBIE KOMITO3UTHbBIE MAaTEPUAIbI 1JIs1 YIYJILIEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MaTepUaJibl, CIIO-
COOCTBYIOIIME PAlMOHATILHOMY MCITOJb30BAaHUIO SHEP-
TETUYECKUX PECYPCOB 711 HOBBIX 9HEProa((HeKTUBHBIX
TEXHOJIOTMIA, HAHOKOMITO3UTHbIE OMOMaTepuasbl st
MEIUKO-OMOIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepHUabl I MTHOOPMAITMOHHBIX TEXHOJIOTUIT U TpaHC-
(bopManmmoHHO-OpMEHTUPOBAaHHBIX TexHOMormit. ['KJI
Oorpeneawy 5 HaydyHbIX HaMpaBlIeHUN HCCIeOOBAHMIA:
rpaileHTHbIE KOMMO3UIIMOHHBIE TEXHOJOTUM U HOBbBIE
MaTepuasibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
T€pUaJoB, HAHOKOMIIO3UTHbIE TEXHOJOTUM W HOBbIE
MaTepuaibl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTtepuayibl, MPOEKTUPOBAHWE MATEpUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAYYHBIX COTPYITHN -
Ka, |1 akamemmk Kwuraiickoif akameMnu Hayk, 2 aKazie-
muka Kuraiickoit ”HXeHEepHOU akaneMuu, 1 akageMuk
benbruiickoit KopoaeBckoil akagemun HaykK u EBpo-
neicKol akanemMuu Hayk, 1 akanemMuk MexmyHapom-
HO aKameMn1 KepaMUKH, 12 TTOYeTHBIX MHOCTPAHHBIX
9KCIepTOoB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTPaMM,
5 cruneannaToB MoHma IOATOTOBKU TaIAHTIMBOM
MoJofexu, 4 Beaynux crenranicrta n3 Hammonans-
HOH TIpOTpaMMBI IECSITU THICSY CITEIIUAINCTOB, 7 TI0-
oenuteneil mpemuu Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil Ilpoekra nomaep>KKU BbICOKOKIACCHBIX

KoHTaKkTHasa

nudopmauus Postal Code: 430070

CHEeLMaJTrCTOB HOBOTO BekKa MuHMCTEpcTBa 00pas3o-
BaHMS. DTO KOMAaHIa, BIOXHOBIICHHAs WHHOBAIIMSI-
MU 1 co3uaaresbHbiM npoueccoMm. I'KJI MoTuBupyert
MOJIOJBIX YYEHBIX MOCEIIaTh 3HAMEHMThIE MeXXAyHa-
pOIHbIE YHUBEPCUTETbI WM MUCCIEI0BATEIbCKHE WH-
CTUTYTBl B 1LI€JISIX YCTAHOBJIEHUSI COTPYIHMYECTBA.
3a mociemHee BpeMs JabopaTopus OTIIpaBMiIa Oojee
20 MOJIOIBIX CIICHIMAIMCTOB IUTS YIACTHSI B COBMECTHBIX
KUCCIEA0BAHUSIX 3a TPAHULLY.

I'KJI ycTaHOBWJIO B3aMMOBBITOIHOE COTPYIHUYE-
CTBO CO BCEMHUPHO M3BECTHBIMM HAYYHBIMU WHCTU-
TyTaMu: MMUWUUTAaHCKUM YHUBEpPCUTETOM, SATMOHCKUM
areHTCTBOM aBUAKOCMUYECKUX TexHosioruii, MHCTUTY-
TOM MeTaJijioB yHUBepcutTeTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHNsT OKChOPICKOTO YHHBEPCUTETA
B BenmkoOputanuu, HaydHbIM LIEHTPOM KOMITO3UTHBIX
matepuanioB KanmugopHuiickoro yauBepcurera u Ha-
LIMOHAJIbHBIM WHCTUTYTOM MCCJIETOBAHUS TOILIMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MunucrepcTBo
HayKM W TEXHOJIOTMII OCHOBaJ MeXXIyHapOmTHYIO Jia-
0OpaTOpHIO HOBBIX MATEPUATIOB M KOMIUIEKCHBIX TeX-
HOJIOTUIA, KOTOpasl cTaja OJHUM W3 TEepBbIX (huiIMa-
JI0B 13 33 MEXXIyHapOTHBIX COBMECTHBIX JJadOpaTopuii
B Kurae. PykoBomctBo MuHUCTEpPCTBA MEXKAYHAPOII-
HOTO COTpyaHUYecTBAa U MUHHCTEpCTBA O0Opa3oBaHMS
yupenuan basy nHHOBalLMiA U 3HAHUWIA JISI HOBBIX TEX-
HOJIOTUIA CO3AaHMST KOMITO3UTHBIX MAaTEPUAIOB U yJIyd-
IIEHHBbIX (DYHKIIMOHAJIbHBIX MAaTepUaJIOB, a TaKXKe IS
YCOBEPIIEHCTBOBAHHOW  TEXHOJIOTMU  TTPOM3BONCTBA
U pa3pabOTKU MHXKEHEPHBIX PEIIeHUN HOBBIX (DyHK-
LIMOHAJIbHBIX TOHKUX TUIEHOYHBbIX Marepuaion. ['KJI
OCHOBaJI COBMECTHYIO HaHoJlabopaTopuio mexnay YYT
u ['apBapacKuMM YHUBEPCUTETOM, COBMECTHYIO Jlabopa-
TOPHIO HOBBIX YHEPTOHOCUTENIEH U TEXHOJOTUI MEXIy
VVT u MuyuraHcKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
J1abopaToOpUIO pa3HOMACIITAOHBIX TEXHOJIOTUI KOMIIO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIydIIeHHOW KOMIO3UTHOM Kepamuku Oxcdopra.
Ommpasich Ha yKa3aHHBIC MEXXIyHapOITHbIC MCCIIeI0BA-
tenabckue Tomanku, IKJI npuHsiio yyactue B 1iey10i
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.

Ha mmmomagm 25 350 k.M. I'KJI pacmonoxeHo He-
obxoaumoe 00opynoBaHUE IJII CUHTE3a U 00pabOTKU
VJIYUIIEHHBIX MaTepUaJoB U i1 MPOBEACHUS CTPYK-
TYpPHOIO aHaJiu3a MaTepuajoB, UCHBITAHUNM UX 2KC-
TUIyaTallMOHHBIX XapaKTEPUCTUK OOIIEN CTOMMOCTBIO
OKoJIO 22 538 MJTH 10aHEH.

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
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ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materials,
methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological
inventions designed by scientists, engineers and specialists from different countries. Main part. The paper briefly reviews inventions
made by scientists, engineers and specialists from different countries: Russia, USA, China, Belarus, Great Britain, Vietnam, Denmark, the
Kyrgyz Republic. The application of the results of scientists, engineers’and specialists’investigations, including inventions in the area
of nanotechnology and nanomaterials allow achieving significant efficiency in construction, house and communal service, related
sectors of economy. For example, the invention “A method to modify concrete with complex additive which includes hydrothermal
nanoparticles SiO, and multi-layer carbon nanotubes” refers to methods of modifying concrete by introducing combination of
nanoparticles with high specific surface into concrete mixture and can be used in production of precast and monolithic parts and
structures of buildings and facilities of different purpose. This method of nanomodifying concrete makes it possible to achieve
increased mechanical characteristics of concrete: compressive strength (25-77% at the age of 28 days) and bending strength,
resistance to damage, Young’s mod of elasticity and shearing modulus, density (up to 10%), accelerated hardening at the early age
and rate of strength development, decreased water absorbtion ability and improved indicators of porous structure (pore size and
pore differential size uniformity), decreased total capillary porosity, increased frost resistance. The specialists can also be interested in
the following nanotechnological inventions: a method to obtain polycrystalline diamond films; phase change materials for building
construction: an overview of nano-/microencapsulation, solar collector of transpiration type; a method to obtain composition for
antimicrobic coating on the basis of silver sulphide associates with molecules of methylene blue; broadband electromagnetic
absorbing coating; a method to produce dry building mixtures; self-organizing nanostructures and separation membrane including
aquaporin water channels and the methods to produce and use them; a method to obtain nanocrystalline titanium dioxide with
anatase structure, etc. Conclusion. One of the most challenging tasks the economy of every country face is to increase industrial
competitiveness 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.
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INTRODUCTION

Q dvanced technologies impress people’s imagination

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

MAIN PART

A method to modify concrete with complex additive
which includes hydrothermal nanoparticles SiO, and multi-
layer carbon nanotubes (RU 2750497 C1)

The invention refers to methods of modifying concrete
by introducing combination of nanoparticles with high
specific surface into concrete mixture and can be used in
production of precast and monolithic parts and structures
of buildings and facilities of different purpose [1].

Raw mixture for production of precast and monolithic
parts and structures contains Portland cement, sand, bro-
ken natural stone, complex additive and water. Complex
additive is polycarboxylate super plasticizer, multi-layer
carbon nanotubes (MLCN) and hydrothermal nanosi-
lica in the following component ratio, mas.%: Portland
cement 14—16; sand 38—40; broken natural stone 41—43;
complex additive (respect to cement) 0.8; super plasticizer
0.32—0.4; MLCN 0.00004—0.05; hydrothermal nanopar-
ticles SiO, 0.000003—0.01; water (W/C = 0.15—0.5) the
rest.

The aim of the invention is to improve characteristics
of Portland cement concretes and structure of hydrated
calcium silicate gel by using complex additive which
contains hydrothermal nanoparticles SiO, and carbon
nanoparticles. This method of nanomodifying concrete
makes it possible to achieve increased mechanical char-
acteristics of concrete: compressive strength (25—77% at
the age of 28 days) and bending strength, resistance to
damage, Young’s mod of elasticity and shearing modulus,
density (up to 10%), accelerated hardening at the early age
and rate of strength development, decreased water absorb-
tion ability and improved indicators of porous structure
(pore size and pore differential size uniformity), decreased
total capillary porosity, increased frost resistance.

This method allows improving structure of hydrated
calcium silicate gel CSH in cement composite materials
due to high specific area of surface and specific surface
energy of nanoparticles SiO, and carbon nanoparticles.
The surface of nanoparticles acts as additional centers
of crystallization of hydrated calcium silicate particles
and polycondensation of silicon-oxygen tetrahedron, that
favours increased rate of alite hydration and formation
of CSH gel, reduced average sizes and increased volume
density of particle packing and mechanical characteristics

in phases CSH gel, increased structural order in phases of
CSH gel and in hydrated calcium silicate particles.

A method to obtain polycrystalline diamond films
(RU 2750234 C1)

The invention refers to the area of obtaining polycrys-
talline diamond films which are used in manufacture of
thermal conduction module, ionizing-radiation detectors,
infrared windows, strengthened and wear-resistant coat-
ings on the details and cutting tools.

Polycristalline diamond films consist of diamond crys-
tallites, which sizes, ratio of crystalline and amorphous
phases strongly affect physical properties of such films.
It was determined that reduced crystallite sizes and ra-
tio of diamond and amorphous phases in polycrystalline
diamond films makes it possible to significantly rough-
ness of growth surface, that leads to changes in electric,
optical and emission characteristics of films. As a rule, the
start of growth of polycrystalline diamond films (diamond
coatings) is followed by the period, during which dia-
mond seeds are formed on the base. These seeds act as the
nucleation centers of diamond phase of the film. Nano-
diamond powders are used as diamond seeds. Higher and
more even density of the diamond seeds with minimum
dimensional dispersion on the base surface allows reduc-
ing sizes of diamond film crystallites and obtaining solid
ultrathin diamond films with smooth surfaces [2].

The method is performed in the following way. To
apply nanodiamond powder on silica base, one needs, at
first, to prepare suspension from nanodiamond powder
and liquid and then to impact on suspension with ultra-
sonic vibrations which power is 500—1000 Wt. After that
power of ultrasonic vibrations is reduced to 250—350 Wt
and silica base is put into the suspension, the base is pro-
cessed for the time during which nanodiamond particles
are precipitated, introducing into base surface. “Seeded”
base is taken from suspension, it is washed in deionized
water and dried. Base surface is examined with electronic
microscope to determine quality of seeding. Then a gra-
phene layer which contains 3—10 monolayers of graphene
is precipitated on the base nanodiamond powder. Then
the base is placed into reactor to precipitate polycrystal-
line diamond layer. Material of the base does not depend
on the method used to apply polycrystalline diamond
films, the base can be made of silica, molibdenous and
other materials but it is silica that is preferable material
of the base.

Liquid phase is a suspension of nanodiamond powders
in liquid. Acetone, isopropyl alcohol, ethanol, water can
be used as liquid. Concentration of diamond powders in
suspension must provide necessary quantity of diamond
phase to obtain “seeding” of the base with proper density
and to provide efficient disaggregation of nanodiamond
powders in suspension. It is preferably to use nanodia-
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mond powders with size 4—10 nm for “seeding” the base,
as they are optimal for obtaining high density of “seeding”
and film with smooth surface.

Phase change materials for building construction: An
overview of nano-/microencapsulation

Buildings contribute to 40% of total global energy con-
sumption, responsible for 38% of greenhouse gas emis-
sions. In the last decade, advances in thermal energy stor-
age (TES) techniques using phase change material (PCM)
have gained much attention among researchers, mainly
to reduce energy consumption and promote renewable
energy sources such as solar energy.

Phase change materials (PCMs) are a group of
functional materials that support the same purpose as
a function of temperature with the intrinsic capability of
absorbing, storing, and releasing thermal energy in the
form of latent heat known as enthalpy of fusion during
phase transition cycles at their operating temperatures
under isothermal conditions. PCM technology is one
of the most promising technologies available for devel-
oping high-performance and energy-efficient buildings
and, therefore, considered one of the most effective and
ongoing fields of research. The main limitation of PCM
is its leakage problem which limits its potential use in
building construction and other applications such as TES
and textiles, which can be overcome by employing nano-/
micro-encapsulation technologies [3].

This paper comprehensively overviews the nano-/
micro-encapsulation technologies, which are mainly
classified into three categories, including physical, phys-
iochemical, and chemical methods, and the properties of
microcapsules prepared. Among all encapsulation tech-
nologies available, the chemical method is commonly
used since it offers the best technological approach in
terms of encapsulation efficiency and better structural
integrity of core material. There is a need to develop
a method for synthesizing nano-encapsulated PCMs to
achieve enhanced structural stability and better fracture
resistance, and, thus, longer service life. The accumulated
database of properties/performance of PCMs and syn-
thesized nano-/micro-capsules from various techniques
presented in the paper should serve as the most useful
information for the production of nano-/micro-capsules
with desirable characteristics for building construction
application and further innovation of PCM technology.

It will be beneficial to develop and apply nanoencap-
sulation techniques to synthesize nanocapsules, as they
have several desirable characteristics, including better
loading capacity and encapsulation efficiency, improved
structural stability, and fracture resistance when com-
pared with microcapsules resulting from microencapsula-
tion. To promote the sustainability of the encapsulation
technology, it is necessary to utilize biopolymers such as

cellulose/nanocellulose as shell materials because such
polymers are environmentally friendly and are available
abundantly.

Solar collector of transpiration type (RU 2749242 C2)

Building structures are being improved, that often
means better air tightness. Therefore it is of great impor-
tance to design such air-ventilation systems that could
provide constant supply of fresh air into the building.
If supplying fresh air is colder than bleeding warm air, the
temperature inside the building can decrease. That may
require building heating. Solar collectors of transpiration
type can be used for pre-heating of the air supplied into
the building, that will allow reducing necessity in heating
by means of standard heating systems and providing cost
reduction. Moreover, if the external energy is obtained
from fossil energy source or nuclear sources, that provides
considerable ecological benefits and decrease usage of
scare sources.

The invention refers to solar collector of transpiration
type that contains absorbing panel which base is made
of stainless steel, surface layer made from chrome oxide
is on the front surface of the base and a great number of
through holes formed in the base and surface layer, and
the thickness of surface layer is at least 70 nanometers and
acts as external surface of solar collector of transpiration
type [4]. The application also describes a building which
comprises this collector installed on the roof or wall in
such a way that the surface layer forms external surface
of the building and a method to produce solar collector
according to which the plate is made of stainless steel
containing initial layer of chrome oxide on the front sur-
face and then chemical and electrochemical growing of
initial layer of chrome oxide on the front surface to form
overgrown layer of chrome oxide, after that many through
holes are made in the plate and the plate in the form of
absorbing panel of solar collector of transpiration type is
formed. Overgrown layer of chrome oxide becomes ex-
ternal surface of solar collector of transpiration type. One
should note, the stage of chemical and electrochemical
growing of initial layer of chrome oxide is performed prior
or after the stage of forming a number of through holes.
The invention could decrease radiant heating losses in
the atmosphere, provide protection from ultraviolet light
to prevent discolourment and damages in the coating,
prolong service lifetime.

Fig. shows an example of solar collector of transpira-
tion type 100. Solar collector 100 of transpiration type
is located on the external side 102 of the building and
contains absorbing panel 108 (a panel with absorbing
collector), installed on the wall 106 of the building by
means of holderbats (not shown). The absorbing pan-
el 108 contains a number of through holes 110 (punch
holes). The absorbing panel 108 is at the distance from
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Fig. An example of solar collector of transpiration type

the wall 106, there is air space 112 between the absorbing
panel 108 and the wall 106. The air space 112 is connected
to fresh air duct 114 of the ventilation system. The fresh
air duct 114 is used to supply fresh air into inner space
104 of the building. When operating, absorbing panel 108
absorbs solar radiance, that heats material of the absorb-
ing panel 108. Bound layer which is adjacent to external
(front) surface 122 of the absorbing panel 108, is heated by
the absorbing plate 108 and is drawn through holes 110 in
the air space 112 and then is drawn from space 112 into air
outlet 114 by air fan 116. The arrows show air flow through
the absorbing panel 108 and ventilation system on the Fig.

A method to obtain composition for antimicrobic
coating on the basis of silver sulphide associates with
molecules of methylene blue (RU 2750232 C1)

The invention refers to the area of antimicrobic com-
positions, specifically to the area of obtaining composi-
tions with silver sulphide nanocrystals. Such compositions
are added to lacquer materials and are used to disinfect
different surfaces.

It is well-known that silver ions and some other met-
al ions have an ability to inactivate viruses of some flu
strains, entero- and adenoviruses. They possess consid-
erable therapeutic effect in medical treatment of some
virus human and animal deceases, especially when col-

loid silver is used, respect to standard therapy. Therefore,
the promising approach to creation of new generation
of antimicrobic compositions is the use of colloid metal
nanoparticles and semiconductive nanocrystals as well as
hybrid associates on the basis of them.

The scope of the invention is to develop a method to
produce composition for antimicrobic coating on the basis
of silver sulphide associates with molecules of methylene
blue. Hydrophylic property of the composition obtained
as a result of this method makes it possible to use it to
treat room surfaces and also to provide compatibility with
emulsion paints to achieve antimicrobic effect. Created
compositions are not volatile, do not possess odor, are
not toxic and keep effect for a long time [5].

The technical result of the invention is achieved due
to the following stages of the method used to obtain com-
position for antimicrobic coating on the basis of silver
sulphide associates with molecules of methylene blue:
synthesis of nanocrystals Ag2S by consolidating thiogly-
colic acid and silver nitrate under temperature 30°C and
constant mixing with further drop titration with aqueous
solution NaOH, and then addition of sodium sulphide
solution with further mixing, adding acetone into solution
in ratio 1:1; centrifugalization with further decanting of
water, addition of solvent and solution of methylene blue
in 96% ethanol to sediments. According to the invention,
the synthesis is performed by adding 0.0135—0.0154 M of
silver nitrate aqueous solution to 0.027—0.03 M of thio-
glycolic acid aqueous solution under constant mixing with
the rate 300—600 rpm and molar ratio 2:1 respectively.
Drop titration is performed with 0.1 M of aqueous solu-
tion NaOH up to pH =9, and them adding 0.02—0.023 M
of aqueous solution of sodium sulfide (temperature is
from 15 to 25°C) under volume ratio thioglycolic acid
aqueous solution : silver nitrate aqueous solution : sodium
sulphide solution — 2:2:1 respectively. All that is mixed
for at least 20 minutes, precipitated and is separated from
water soluble resultants by centrifuging at rate 5000 rpm
for 30 minutes. Then 50% aqueous ethanolic solution
taken in the volume which is equal to the sum of volumes
of mixed silver nitrate solution, thioglycolic acid solution
and sodium sulphide solution is added to the obtained
sediment; solution of methylene blue in 96% ethanol is
added.

Broadband electromagnetic absorbing coating
(RU 2750215 C1)

The invention refers to electromagnetic absorbing
coatings used to absorb clectromagnetic radiation in
ground, aviation, space and marine technical devices to
reduce their radar visibility as well as to absorb electro-
magnetic radiation in shadowing devices, in absorbing
clothings and frameworks, in anechoic measurement
chambers and protective facilities for citizens from non-
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ionizing radiation [6]. Known electromagnetic absorbing
coatings are based on ability to absorb incoming radiation
by fine elements: clusters of ferromagnetic particles, fer-
rites and hydrogenated carbon.

The task of applied invention is to broaden absorp-
tion frequency range of the coating, specifically to raise
maximum absorption frequency up to =700 GHz and to
decrease minimum absorption frequency to =10 MHz.

The imposed task is solved by applying nanoparti-
cles of copper-nickel alloy which composition includes
25—50 mas. % Cu and the rest is Ni in absorbing film.
At this, raised maximum frequency of absorption band
up to =700 GHz is due to the nanoparticle size which
is equal or less than thickness of skin-layer at maximum
absorbed frequency (=400 nm at frequency 700 GHz).
That provides broad band of electromagnetic radiation
absorption frequency because radiation of all frequencies,
equal of less than maximum one, penetrates into volume
of nanoparticle and is absorbed in it interacting with all
Fermi electrons of nanoparticle. This is a result of the
fact that the thickness of skin-layer at the frequencies,
less than maximum one, is more than a thickness of skin-
layer at maximum frequency. Reduction of minimum
frequency of absorption band to =10 MHz is provided by
applying technology of absorbing of electromagnetic field
quantum with participation of dominating dilatational
quantum, i.e. quantum from the area of full width at the
mid of maximum (FWMM area) frequency distribution
of dilatational quantum, in nanoparticles. In this techno-
logy Fermi electron is excited when it absorbs simulta-
neously radiation quantum and dominating dilatational
quantum. And it relaxes, when excites secondary dilata-
tional quantum from FWMM area. Due to participation
of dominating quantums in absorption, the intensity of
electromagnetic radiation absorption is raised. At this, it
is wavelength of dilatational quantum from FWMM area
(~0.5 nm) which is much less than the size of nanopar-
ticle (<400 nm) that provides participation of dilatational
quantums.

Self-organizing nanostructures and separation
membrane including aquaporin water channels and the
methods to produce and use them (RU 2749848 C2)

The invention refers to self-organizing nanostructures
formed by transmembrane proteins, such as aquaporin
water channel (AQP) and polyalkyleneimines (PAI) and
to filtration membranes which comprise these nanostruc-
tures [7]. This invention additionally refers to the methods
used to obtain nanostructures and separation membranes,
such as hollow fibers and hollow fiber module, to their
application.

In general, this invention refers to application of poly-
alkyleneimines (PAI), such as polyethyeneimine (PEI), in
formation of self-organizing nanostructures with trans-

membrane proteins or specified types of integral mem-
brane proteins (proteins that form pores), such as aqua-
porin water channels. Nanostructures of PAI-protein can
be used later in obtaining separation membranes in which
transmembrane proteins are immobilized and active, for
example, to provide transfer of water molecules through
membrane. For example, to obtain separation membranes
with transmembrane proteins self-organizing nanostruc-
tures can be suspended in aqueous liquid composition that
may be involved in reaction of interphase polymerization
on semipermeable base with formation of thin film com-
posite active layer of membrane or self-organizing nano-
structures can be included in filtration membrane formed
by layer-by-layer method or other types of filtration mem-
brane with active selective layer. Without regard to any
certain theory, self-organizing nanostructures are con-
sidered to emerge due to electrostatic interaction between
positive nitrogen atoms which are in polyalkyleneimine
molecules and amino acid residues in transmembrane
protein which are negative charged under conditions (pH,
pK, etc.), used for formation of nanostructures and/or
membrane containing these nanostructures.

Thus, the described invention offers separation mem-
branes, such as filtration membranes or TFC membranes,
possessing AQP, involved in active layer to enhance water
transport. In active layer AQP are immobilized in self-
organizing PAI nanostructures, such as self-organizing
PEI nanostructures. The invention also offers liquid com-
positions containing nanostructures on the basis of PAI-
protein which can be imployed in active layer of different
separation membranes (including filtration membranes),
such as nanofiltration membranes, forward osmosis mem-
branes and reversed osmosis membranes.

A method to obtain alumina ceramic material, modified
with silver nanoparticles (RU 2749340 C1)

The invention refers to the technology for obtaining
ceramics containing silver nanoparticles which can be
used as filters to decontaminate water from harmful bacte-
ria [8]. It is known that different materials, modified with
silver, for example, composites, ceramics, steel, porcelain,
faience ware, possess antimicrobic characteristics. In par-
ticularly, composites on the basis of ultrahigh-molecule
weight polyethylene (UHMWPE) modified with silver are
known to possess antibacterial properties. In recent years,
it is nanostructured silver that has been of great interest.

To create economic and industrial process of produc-
ing efficient ceramics which could be used as filters to
decontaminate water from harmful bacteria, a method
to obtain alumina ceramic material, modified with silver
nanoparticles is proposed. There are two stages in this
method: preliminary treatment of initial alumina ceramic
material with 20% porosity and further impregnation of it.
Preliminary treatment of initial alumina ceramic material
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consists of: exposure of initial alumina ceramic material
to ultrasound, preferable value is 30kHz, for 15—30 min;
washing it with distilled water and dipping it into con-
centrated nitric acid for 2—4 hours, then rewashing with
distilled water and drying under temperature 140—160°C.
Impregnation stage of ceramic material treated with
nanosilver is conducted by dipping the treated ceram-
ic material in solution containing 0.004 mole of silver
methane sulfonate or silver trifluoroacetate in 100 ml of
ethylene glycol. Then it is kept being shaked and mixed
till even distribution of solution on the surface of the ma-
terial and after that a solution, containing 0.002 mole
of ascorbic acid in 100ml of ethylene glycol, is added to
it. Than impregnated material is kept being shaked and
mixed under room temperature for 1—2 hours, obtained
ceramic material is washed with distilled water and is dried
under 70—90°C.

A method of synthesis of nanocomposite Mn—O—C
(RU 2749814 C1)

The method refers to nanotechnology: plasma arc
technology of synthesizing nanocomposite particles of
manganese oxide with carbon coating [9]. The invention
can be also used as a material for electrodes of supercon-
densers (SC). Supercondensers are the most promising
energy sources as they possess high output and high power
capacity at the same time, that differs from traditional
accumulator batteries and condensers. High power capac-
ity of supercondensers is due to materials of electrodes.
Materials of electrodes in SC are those that combine high
specific capacity and long service life, for example, carbon
nanomaterials, transition metals and conductive polymers
Max-phase and MAXene.

The most promising oxide of transition metal SC elec-
trodes is considered to be manganese oxide (MnOx) due
to its high specific capacity (1370 F/g), low cost, wide
availability and ecological safety. However, MnOx pos-
sess low stability in long cycles, that is caused by charge
accumulation mechanism and electrolyte ion doping.
When manganese transits from one oxidation state in
another, the system becomes incompensated, that results
in doping/deposition of additional ions from electrolyte
solution. During this process interlayer space enlarges/
reduces, that finally results in fast destroying of crystal
structure and material damage. Thus, MnOx oxides are
stable only in the course of 1000 — 3000 cycles. The ef-
ficient method to increase stability of MnOx is to create
composites with amorphous carbon or carbon nanostruc-
tures. In such composites carbon acts as a matrix which
retain and stabilize particles of MnOx during electrolyte
ion doping and metals or their compounds — as active ele-
ments. Moreover, carbon is needed to increase electrical
conductivity of material, to decrease losses at the interface
between active material and collector.

The task of the invention is to create easy-to-use and
economic method of synthesizing nanocomposite Mn—
O—C with controlled composition of MnOx nanoparticles
and degree of carbon matrix graphitization, with high
cycle stability and high electrochemical capacity to be
used as a material of electrodes in SC. The imposed task
is solved by combining traditional methods, in particular,
plasma arc synthesis of composite metal-carbon material
and annealing of synthesized material in oxygen-con-
taining medium under atmosphere pressure. As a result,
obtained material possesses improved characteristics, high
cycle stability and high electrochemical capacity, and it
can be used as a material of electrodes in SC.

A method to obtain nanocrystalline titanium dioxide
with anatase structure (RU 2749736 C1)

The invention refers to Material Science and nano-
technologies, in particular, to obtaining titanium dioxide
which can be used in hydrogen power industry and water
treatment. The technical result of the invention is creation
of the method to obtain nanocrystalline titanium dioxide
with anatase structure, in composition of the product with
low content of impurity phase [10].

The method to obtain nanocrystalline titanium diox-
ide with anatase structure is performed in the following
way: generating of titanium electrical discharge plasma
in the chamber, preliminary vacuumized and filled with
oxygen-containing gas mixture under normal atmosphere
pressure and room temperature by means of coaxial mag-
netoplasma accelerator with titanium core and with cen-
tral electrode consisting of titanium tip and steel shank,
with electrically fusible link placed between titanium tip
and steel shank, and condenser capacity is 14.4 mF.

According to the invention, titanium electrical dis-
charge plasma is generated with coaxial magnetoplasma
accelerator with electrically fusible geoline link which
mass is from 0.10 to 0.25 g., spraying plasma in the first
chamber filled with gas mixture of argon and oxygen in
ratio of partial pressure Ar:O, 1:4 and charge voltage
of capacitors battery is 2.8 kV, nanocrystalline part of
the synthesized product is moved to the second pre-
vaccumized chamber, opening overflow valve between
chambers in 10 seconds after generation of electrical
discharge plasma. After that titanium dioxide with ana-
tase structure is collected from the internal walls of the
second chamber.

When capacity energy accumulator between titanium
tip of central electrode and titanium core of the accelera-
tor is discharged, arc discharge initiation takes place, as a
result of that electrically fusible geoline link gets plasma
state. Electronic erosion development of titanium-con-
taining precursor from inner surface of cylindrical elec-
tricity conductive titanium core takes place in the process
of burning of arc charge. Plasma flow is accelerated up
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to hypersonic speed and eroded titanium participates in
plasmachemical reaction with oxygen of the first cham-
ber, that provides formation of nanocrystaline titanium
dioxide with anatase structure. Separation of synthesized
nanocrystalline anatase from coarse rutile is provided by
opening overflow valve and collecting product from the
second chamber. The advantage of this method is the use
of hydrogen-containing electrically fusible link since geo-
line, apart of mineral oil, contains hard saturated hydro-
carbons. Geoline link is heated, is melted and hydrogen
from it is relieved, favouring speeded flow of plasma. This
invention allowed obtaining products in which content of
nanocrystalline anatase is from 83.2 to 85.7 mas. % and
average size of particles is up to 100 nm.

Epoxy composition of cold hardening (RU 2749379 C2)

The invention refers to creation of epoxy compositions
of cold hardening used as a base for glues, joint sealers
and compounds for encapsulation and repairing items
of various materials. Epoxy compositions possess high
strength and deformation characteristics during opera-
tion process under wide range of temperature, including
the conditions in Arctic and Extreme North. The task to
gain improved deformation-strength properties is of great
importance today.

The essence of the invention is explained by the ex-
ample [11]. Epoxyurethane oligomer CKY-1400-3A is
synthesized in two stages: at the first stage a reaction be-
tween oligotetramethyleneoxidediol with molecule mass
1400 (trade mark polyfurite 1400) and 2.4-toluene diiso-
cyanate, taken twice more respect to stoichiometry, runs.
The reaction that runs under 80°C in hermetically sealed
reactor equipped with mechanical mixer and heating
jacket for 5—6 hours with mixing results in oligoesteru-
rethanediisocyanate (urethane forpolymer with functional
isocyanate groups) with content of free isocyanate groups
4—4.7—4.8%. At the second stage obtained product inter-
acts, while mixing, with glycidol taken twice more respect
to stoichiometry in the mentioned reactor under 80°C for
5—6 hours. The final product oligomer CKY-1400-3A is
a dense viscous transparent liquid and its content of free
epoxy groups is 4.2—4.85%.

At the first stage, achievement of constant content of
isocyanate groups in synthesis is controlled by reversed
titration method according to the regulations TU-113-
03413-89 (TY-113-03413-89), and at the second stage
content of free epoxy groups is determined by reversed
titration method according to GOST 12497-78 (I'OCT
12497-78).

Preparation of epoxy composition is conducted in the
mentioned reactor gradually loading and continual mixing
of components: 100 pts.wt. of epoxy diane resin D/1-20
(GOST 10587-90), 4 pts.wt. of plasticizer, oligomer CKY-
1400-3A. In the mixture of components, loaded into re-

actor, 0.6 pts.wt. of nanomaterial is added, after that the
mixture is dispersed by ultrasonic impact with the plant
Bandelin Sonopuls HD-3200 (ISO 9001/12.2000) for
2 min under frequency 22 kHz.

A method to obtain composite sorbent to educe heavy
metal ions from aquaeius solutions (RU 2750034 C1)

The invention refers to chemical industry, in particu-
lar, to the methods of obtaining composite sorbents, con-
taining chitosan, used to educe heavy metal ions by sorp-
tion from various solutions formed as a result of different
technological processes and can be applied in improving
membrane and sorption technologies, in water treatment,
in development of technologies aimed at utilization of
heavy metal ions from aqueous solutions and waste water
of different nature [12].

The technical result of the invention is reduced time of
chitosan expanding in 1% solution of acetic acid and in-
creased sorption capacity of sorbent respect to heavy met-
al ions. The result is achieved due to the following stages:
mixing of chitosan solution in 1% acetic acid with disperse
of reinforcing material in distilled water, intensive mixing
and gradual adding epichlorhydrin as a crosslinking agent.
Crosslinking agent is mixed until its total inclusion into
reaction mixture. Then prepared mixture is drop-by-drop
introduced into aqueous solution of sodium tripolyphos-
phate with concentration 0.05 M under mixing. Emerged
microspheres are cured under microwave radiation which
power is 300 Wt and frequency is 2.45 GHz, temperature
25—40°C for 15—25 min and then they are separated from
dispersed medium and thoroughly washed in distilled
water from unconverted sodium tripolyphosphate. Carbon
nanotubes “Taunit-M” are used as reinforcing dispersed
material, and gelatin water is additionally introduced into
chitosan solution, mass ratio “gelatin : chitosan” is 1:5 —
1:3 and mass ratio between reinforcing dispersed material
and mixture of chitosan and gelatin is 1:10 — 1:2. Mixing
of chitosan solution in 1% acetic acid is carried out for
20—MmmM30 min with further ultrasonic treatment which
lasts for 10—20 min and expansion in rest without mixing
runs for 30—40 min.

The specialists can also be interested in the following
inventions related to nanotechnologies:

o Wear-resistant and yellowing-resistant decorative ma-
terial and preparation method thereof [13].

« The composition of paint or coating, which allows to
suppress microbial corrosion in metal surfaces [14].

« Graphene modified with nitrogen atoms and a method
to produce it [15].

« A method to grow wire-type silica crystals [16].

o Raw mixture to obtain coarse semi-finished product
of superhard composite material [17].
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A method to obtain multilayer wear-resistant diamond
like coatings [18].

A technical solution for water purification based on
the use of a contact filter containing bioactive carbon
particles. Allows more careful removal of pollutants,
can efficiently process contaminated surface water,
suitable for use in all industries in Vietnam [19].

A method to form nanostructured composite materials
[20].

A method to obtain sintered products of unaxially
pressed electroerosion nanodispersed powders of lead
bronze [21].

Electrochemical method to obtain nanowhiskers of
copper oxide [22].

A method to produce dry construction mixtures
[28].

A method to obtain composite metal-dispersed coat-
ing [29].

The utility model. A new eco-friendly wallboard is
made of bamboo wood flour, characterized in that
the body of the wall shield is made on the basis of
polymer nanotechnology. It has the property of fire
resistance, water resistance, protection against moths
and corrosion, have a thermal insulation effect, im-
prove the performance and comfort level of buildings
[30].

A method to obtain nanostructured material for an-
odes of metal-ion batteries [31].

« Heat-insulating material based on air gel with the
possibility of introducing nanomaterials into the final
product [23].

« The stage of chemical modification of graphene —
functionalization, and its use — is described [24].

« A transparent glass-ceramics protecting from near-

CONCLUSION

One of the most challenging tasks the economy of
every country face is to increase industrial competitive-
ness through technological upgrade. From the side of

infrared radiation [25]. the state and companies the principal object to control in
« A method to obtain nanoparticles of copper oxide (II)  this process are the people and enterprises dealing with

[26]. introduction of inventions and new technologies.

» Metal pigments with anticorrosion coatings on the Therefore, we hope that the information published in
basis of aluminum and/or its alloys [27]. this section will be in demand and useful for specialists.
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Tun ctatby: O630pHan cTaTbA

N306peTeHnsA yueHbIX, MTHXXEHEePOB 1 CNeLVanncToB
13 pa3HbIX CTPaH B 06n1acTn HaHoTexHonorum. Yacrb IV

JI.A. UBanoB™ (12}, J1.1. Cioi? (2}, XK.B. Mucapenko® (=), K.T. Hryen* (°), C.P. MymnHoBa®

! Poccuniickan nHxeHepHas akagemus, r. Mocksa, Poccua

2 YHuBepcuteT Ong JJomnHuoH, r. Hopdonk, BupgxuHus, CLUA

3 CaHkT-TleTepbyprckuii rocyfapcTBeHHbIN yHUBepcuTeT, I. CaHKT-TeTepbypr, Poccua

* MHctutyT EBpONeiickmnx nccnefosaHmin BoeTHaMcKo akagemmm obLecTBeHHbIX HaykK, I. XaHol, BbeTHam
5 LleHTp HoBbix TexHonoruin «HaHoCTponTenbcTBOY, I. Kopones, MockoBckas obnactb, Poccus

*KoHTakTbl: e-mail: L.a.ivanov@mail.ru

PE3IOME: BBefieHme. BbicoKme TexXHOOrM NopaxatoT BoobpakeHve Nofen, EMOHCTPYPYA BCE HOBbIE N HOBbIE JOCTVIKEHNA
(maTepuanbl, cnocobbl, CUCTEMbI, TEXHOJIOMY, YCTPOWCTBA U Ap.), KAPAUHANIBHO MEHALLVE OKPYXKaoLWMIA MUP. ITO, MPEXAe BCETO,
MOXXHO OTHECTU K U306peTEHNAM YUEHbIX, UHXXEHEPOB 1 CNeLMaMcToB 13 Pa3HbIX CTpaH B 0611acTy HaHoTexHosori. OCHOBHasA
yacTtb. B cTatbe npoBoautca B pedepatrBHon popme 0630p M306peTEHMI YUEHDIX, HXEHEPOB 1 CMELMANCTOB 13 Pa3HbIX CTPaH:
Poccun, CLWA, Kutas, Benopyccun, Benukobputanuu, BbetHama, [laHnu, Kbiprbidckon Pecny6nukin. PesynbtaTbl TBOpUYeCKon fes-
TENbHOCTY YUYEHbIX, HXEHEPOB 1 CNeLManucToB, B T.U. U N306peTeHnA B 0651aCTVi HAHOTEXHONOIMI 1 HAHOMATEPUANOB NO3BONAIT
npw X BHepeHNN JOOUTLCA 3HAUUTENbHOTO 3GdeKTa B CTPOUTENBCTBE, XKUJTULLHO-KOMMYHaJIbHOM XO3ANCTBE, CMEXHbBIX OTPaCAX
sKoHoMuKK. Hanprmep, n3obpeterme «Cnocob moandrLmposaHua 6eToHa KOMMIEKCHON A06aBKO, BKITIOYAIOLEN rMapoTepManb-
Hble HaHoUaCTMLbl SIO, 1 MHOTOCIOVHbIE YTIEPOAHbIE HAHOTPYOKM» OTHOCUTCA K CNocobam MOANGULIMPOBaHMA GETOHA BEOAOM
KOMOMHALMW HAHOYACTUL, C BbICOKOI YAENbHOMN MOBEPXHOCTbIO B OETOHHYIO CMECH 11 MOXKET HalTU MPUMEHEHME NP N3rOTOBAEHUN
COOPHBIX U MOHOMIUTHBIX M3AENNIA 1 KOHCTPYKLMIA 30aHNIA N COOPYXKEHWI Pa3NYHOro HasHaveHns. HaHomoamduumposaHme 6eToHa
3aABJIEHHbIM CNOCOOOM MO3BONAET [OCTMYb MOBbILEHNA MEXaHNYECKMX XapPaKTEPUCTNK GETOHA: MPOYHOCTM NpU CKaTm (25-77%
B BO3pacTe 28 CyT) M MPOYHOCTU NP U3rnbe, NPOYHOCTY NPV OCEBOM pacTaxeHun, mogynen FOHra u cagura, nnotHocTu (o 10%),
YCKOPEHUA TBePAEHUA B paHHEM BO3pacTe 1 CKOPOCTY HAbopa MPOYHOCTU, CHIKEHWA BOAOMOIIOLLEHMA 1 YIyYLLEHUA NOKasaTenen
MOpPOBOW CTPYKTYpPbl — MOKa3aTena pa3MepoB NMop 1 NokasaTtens OfHOPOAHOCTU AnddepeHLnanbHOro pasmepa nop, CHKeHNA
o6bLwen KanunIApHON NOPUCTOCTY, MOBbILLEHNA MOPO30CTOMKOCTU. TakKe NPefCcTaBaAIoT HTepeC ANA CNeLuanncToB cneayolmue
n3obpeTeHna B 0611aCT HAHOTEXHONOMMIA: CMOCO6 NOYyUYEHWA NONNKPUCTA/UTMYECKIMX alIMa3sHbIX MIEHOK; MaTepuasbl € Ga3oBbiM
NepexoAoMm AJif CTPOUTENbCTBA; 0630P HAHO- Y MUKPOKArCYIMPOBAaHWA, COJTHEYHDIN KOSIEKTOP TPaHCNMPaLMOHHOTO TUMa; Cnocob
Mosy4YeHuA CocTaBa AJ1f aHTUMMKPOOHOTO MOKPBITVA HAa OCHOBE aCcCoLMAaTOB HAHOKPUCTAMIOB Cynbduraa cepebpa ¢ monekynamum
METUIEHOBOTO rofly6oro; WPOKOMONIOCHOE 3NeKTPOMarH1THOe MorfoLaloLLee NoKpbITHE; CNocob NPOM3BOACTBA CYXMX CTPOU-
TeNbHbIX CMeCel; CamoopPraHMU3yoLWMEeCs HAHOCTPYKTYPbI 1 pasfaenvTenbHble MeMOpaHbl, BKITIOYatoLMe akBanoprHOBbIE BOAHbIE
KaHarbl, 1 Crocobbl UX MONYYEHUA 1 MPUMEHEHNSA; CMOCO6 MONTyYeHNA HAHOKPUCTANNIMYECKOrO AUOKCHAA TUTaHa Co CTPYKTYpON
aHata3 u ap. 3aknioueHue. OfHa 13 akTyarnbHbIX 3aja4 SKOHOMUKM NI0O60I CTPaHbl — MOBbILLEHNE KOHKYPEHTOCNOCOOHOCTH NPo-
MbILLIEHHOCTU 32 CYET ee TEXHOJIOMMYECKOTo NepeocHalleHrs. /I B 5TOM HanpaBieHUy rMaBHbIM 06bEKTOM BHUMaHWA CO CTOPOHbI
rocyfapcTBa 1 KOMMaHWi CTaHOBATCA NoAW UAN NPeNpUATAA, YbA OCHOBHaA paboTa CBA3aHa C M306peTeHneMm 1 BHepeHnem
HOBbIX TEXHONIOTUN.

KJTIOYEBDIE CJIOBA: HaHOTEXHONOMN B CTPOUTENbCTBE, HAHOMOAMGULMPOBaHME 6ETOHA, HaHOAIMa3Hble MOPOLLKM, Camoopra-
HU3YIOLMEeCs HAHOCTPYKTYPbl, HAHOYACTULbI cepebpa, HAHOKOMMO3MWT.

BNIAFOAAPHOCTW: [laHHas paboTa BbinonHeHa B pamkax npoekta PO®U 21-510-92001 «PacwmpeHune goctyna Poccun v Boet-
Hama Ha MVPOBbIE PbIHKM B KOHTEKCTE BAVAHMWA PUCKOB IKOCUCTEMHbIX GIHAHCOBBIX KOHINTOMEPATOB U Nepexofa HaLMOoHaNbHbIX
3KOHOMUK K NIHpycTpurm 4.0»

ANnAa UWATUPOBAHUA: VsaHos J1.A., Cioin J1.[1., NMucapeHko X.B., HryeH K.T., MymnHoBa C.P. 306peTeHns yueHbIX, NHXXeHepOoB
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Ne 4. - C.242-251.- DOI: 10.15828/2075-8545-2021-13-4-242-251.

© NeaHoBs J1.A., Cioin J1.4., NMucapenko »K.B., HryeH K.T., MymuHosa C.P, 2021

http://nanobuild.ru 242 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-9513-8712
https://orcid.org/0000-0002-3263-5217
https://orcid.org/0000-0002-9082-2897
https://orcid.org/0000-0001-8709-2283
https://orcid.org/0000-0001-5236-607X

2021;13 (4):
242-251

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

BBEAEHUE

BBICOKI/IC TEXHOJIOTHH ITOPAKa0T BOOOPaKEHME JIF0-
e, IeMOHCTPHUPYS BCe HOBBIC M HOBBIC TOCTU-
JKeHUs (MaTepuabl, CIIOCOOBI, CUCTEMbI, TEXHOJIOTUH,
YCTPOICTBA U 1Ip.), KapAWHATILHO MEHSIOIINE OKPYXKafo-
U M. DTO, TIPEKIE BCETO, MOSKHO OTHECTH K M300pe-
TEHUSIM YICHBIX, MHXXEHEPOB U CIICLIMAINCTOB U3 Pa3HBIX
CTpaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Cnoco6 moaudunupoBanus 0eTOHA KOMILIEKCHOI
I00aBKOii, BKJIIOYAIOMElH r'MapoTepMajbHble HAHOYA-
cruubl SiO, W MHOrOCII0iiHbIE YIJI€POAHbIE HAHOTPYOKH
(RU 2750497 C1)

M306peTeHe OTHOCUTCS K CToco0aM MOIUMUIIN-
poBaHUs 0eTOHA BBOJOM KOMOWHAIIMM HAaHOYACTUIL
C BBICOKO#1 yIECIBEHOM ITOBEPXHOCTHIO B OETOHHYIO CMECh
¥ MOXET HaliT! TIpUMEHEHUE TP U3TOTOBICHUN COOp-
HBIX 1 MOHOJIUTHBIX M3ICIUI U KOHCTPYKIINI 3MaHWit
¥ COOPYKCHUI pa3IndyHOro Ha3HaueHus [1].

ChIpbeBast CMeCh IIJIST U3TOTOBIICHUS COOPHBIX U MO-
HOJIMTHBIX U3ICINN U KOHCTPYKIIUM COMEPXKUT TTOPT-
JIAHAIIEMEHT, TECOK, IMe0eHb, KOMIICKCHYIO T0OaBKy
¥ BOMY, IIpMYeM B Ka4eCTBE KOMIUIEKCHOM T0OAaBKM CO-
TIEPXKUT TTOTMKAPOOKCUIIATHBINA CYITepIIacTU(PUKATOD,
MHOTOCJIOWHBIC yTiepomHblie HaHOTpYOKH (MYHT)
¥ TUAPOTEpMAabHBIN HAHOKPEMHE3eM IIPH CIICIYIOIIeM
COOTHOLLIEHUU KOMIIOHEHTOB, Mac. %: MOPTIaAHALEMEHT
14—16; mecok 38—40; medens 41—43; KOMIuIeKcHasl 10-
6aBKa (oTHOCUTENBHO IIeMeHTa) 0,8; cynmepruiacTudu-
karop 0,32—0,4; MYHT 0,00004—0,05; rungporepmatb-
Hple HaHovacTuibl Si0, 0,000003—0,01; Bona (B/LL =
0,15—0,5) — ocrambHOE.

3agada n300peTeHUS — YIYUIICHNE XapaKTePUCTUK
TOPTIAHAIIEMEHTHBIX OCTOHOB M CTPYKTYPHI TeJIsI THIPO-
CHJINKATOB KaJIbIIUSI TIPUMEHEHUEM KOMITJICKCHOM I10-
0aBKHU, comepKalleil THIPOTePMAaTbHbIC HAHOUACTUIIHI
SiO, n HaHowacTHLBI yriepona. HanoMmonmduimposanue
0eTOHa 3asIBICHHBIM CITOCOOOM ITO3BOJISICT JOCTUYH IIOBHI-
IICHUS MEXaHIMIECKIX XapaKTePUCTUK OeTOHA: TTPOYHOCTHI
npu cxatuu (25—77% B Bo3pacte 28 CyT) U IPOYHOCTH
TIpX U3TU0OEe, TIPOYHOCTH TIPU OCEBOM PACTSDKEHUH, MO-
nyneit FOura u casura, rwiotHoctu (no 10%), yckopeHust
TBEPICHUS B pAaHHEM BO3pacTe U CKOPOCTH Habopa Ipod-
HOCTH, CHIKCHHSI BOIOIIOTJIOIICHUS 1 YIYYIICHUS T10-
KazareJieil ITOPOBOM CTPYKTYPHI — IOKA3aTelIsI pa3MepoB
TIOp ¥ TOKa3aTelIsi OMHOPOTHOCTH I hepeHIINATEHOTO
pa3Mepa 1mop, CHIDKEHUS 00IIei KamIIsIpHOM TTOPHCTO-
CTH, TIOBBIIIICHUS] MOPO30CTOMKOCTHU. [1pemIokeHHBIN
CITOCOO TIO3BOJISIET YAYYIINTH CTPYKTYPY Telis TUIPOCH-
JKaToB Kajblsg CSH B 1leMEHTHBIX KOMITO3ULIMOHHBIX
MaTepHajax 3a cdeT BHICOKOH YaeTbHOM IUIOIAIN TTOBEPX-

HOCTH 1 YIETbHOM ITOBEPXHOCTHOI SHEPTUH HAHOYACTHIT
SiO, n Hanoyactu yriepona. [ToBepxHOCTh HaHOYACTHILL
BBITIOJTHSIET POJTb JOTIOTHUTETBHBIX IIEHTPOB KPUCTAJUIN-
3aI11 YaCTHUII TUIPOCUIMKATOB KaJTbIINS 1 TIOJTMKOHICH-
calMy KPeMHEKHCIOPOIHBIX TETPA3IPOB, CIIOCOOCTBYS
VBEIMUYCHUIO CKOPOCTY THAPATALINN aJTUTA U 00Pa30BaHMS
CSH renst, yMEHBIIICHHUIO CPETHUX PA3MEPOB U TTOBBIIIIC-
HHIO 00bEMHOI INTOTHOCTH YITAKOBKH YaCTUII M MEXaHH-
YECKMX XapaKTeprnCTUK B (pazax CSH reist, TOBBIIIICHIIO
CTPYKTYpHOI1 yriopsimodeHHOCTH B (hazax CSH renst v B ya-
CTHUIIAX TUAPOCYINKATOB KaJIBIIMSL.

Crnoco6 morydeHus NOJMKPUCTAIMIECKIX aJIMA3HbBIX
mrenok (RU 2750234 C1)

M3obpereHre OTHOCUTCS K 00JIaCTH MOJIy4YeHUS 0~
JMIMKPUCTAJUTMICCKUX aJIMA3HBIX IIJICHOK, KOTOPKIC HC-
TTOJTB3YIOTCS TSI U3TOTOBJICHUS TEIIOOTBOIOB, ICTEKTO-
POB MOHU3UPYIOIIETO U3TydeHMsI, MHMpaKpaCHBIX OKOH,
VIIPOYHSTIOIINX M N3HOCOCTOMKUX TTOKPBITHIA Ha JCTAJISIX
1 PEXYIINX MHCTPYMEHTAX.

INomukprcTaUIMIeCKIe aIMa3HbIe TITICHKHA COCTOSIT
M3 aJIMa3HBIX KPUCTAJUIMTOB, pa3Mephl KOTOPHIX, COOT-
HOIIIEHNE 00bEMOB KPHUCTAJUTMIECKOI 1 aMOpdHOIt (a3
CYIIIECTBEHHO BIUSIIOT Ha (PU3MICCKIE CBOMCTBA TAKMX
IUICHOK. YCTAHOBJICHO, YTO YMEHBIIICHIE pa3MePOB KpH-
CTAJTUTOB ¥ COOTHOIIICHUST aJIMa3HOU 1 aMop(dHOIi a3
B ITOJIMKPHUCTAITMICCKIX aJTIMA3HBIX TJICHKAX ITO3BOJISICT
CYIIECTBEHHO CHM3UTH IIEPOXOBATOCTb POCTOBOM IT0-
BEPXHOCTH, YTO IIPUBOANT K U3MEHEHHIO 3JIEKTPUICCKUX,
ONTUYCCKNX Y SMUCCHOHHBIX CBOMCTB TUIEeHOK. Kaxk 1pa-
BWJIO, HAYaJIy pOCTa MMOJUKPUCTAUIMICCKIX alIMa3HBIX
IJICHOK (aJIMa3HBIX TTOKPBITHIA ) TIPEAIIeCTBYET ITIEPUOI,
B TeUCHME KOTOPOTO Ha TTOBEPXHOCTH TTOMIOXKKH (pop-
MUPYIOT aJIMa3HbIe 3aTPABKHU («3aCEB» ), BBIIOIHSIIOIINE
POJIBb LIEHTPOB 3aPOIBIIICO0Pa30BaHMS aIMa3HOM (pa3bl
IUTeHKU. B KayecTBe aliMa3HBIX 3aTPaBOK MCITOIL3YIOT
IIPEeUMYIIIeCTBEHHO HaHOaJIMa3HbIe ITOPOIIKH. boiee
BBICOKAsT M1 paBHOMEpHasI TUIOTHOCTD «3aceBa» ITOBEPX-
HOCTH MOUTOXKH aJIMa3HBIMU 3aTPaBKaMU, MMCIOIITUMU
MHMHUMAaJIBHBII pa30poc pa3MepoB, TTO3BOJISICT CHU3UTh
pa3Mepbl KPUCTAJUTMTOB aJIMa3HBIX TICHOK, TTOJYIUTh
CITIONTHBIC YBTPATOHKIE alIMa3HbBIC TTICHKHU C TIIAIKAMU
MMOBEPXHOCTIMM [2].

Crrocob ocyliecTBIsIeTcsd cleayommnM oopaszoM. s
HaHECCHMS Ha KPEMHMEBYIO TTOIJIOXKY HAHOAIMAa3HOTO
ITOPOIITKA TIPEABAPUTEIIEHO TOTOBST CYCIICH3UIO M3 HAHO-
aJIMa3HOTO TIOPOIIKA 1 KUIKOCTU 1 BO3ICHCTBYIOT Ha CY-
CIICH3UIO YIBTPa3BYKOBEIMU KOJICOAHMSIMHA MOIITHOCTEIO
500—1000 BT. ITocie 3TOro MOIIHOCTD YIbTPa3BYKOBBIX
Konebanuii cHmkatot 10 250—350 Br, B cycnieH3mIo 110-
MEIIAI0T KPEMHUEBYIO TTOMIOKKY M 00padaThIBaIOT e
B TEUCHNE BPEMEHHU, IIPU KOTOPOM IIPOUCXOIUT OCaAXK-
JIeHNe HaHOAJIMa3HBIX YaCTUII, COTIPOBOKIAIOIICECST UX
BHEIPCHUEM B ITOBEPXHOCTD ITOMIOKKU. «3aCeTHHYIO»
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MOIJIOXKY U3BJIEKAIOT U3 CYCIIEH3UU, MOIOT B JEMOHU-
3UPOBAHHOI BOJe U BhICYIIMBAIOT. [I0BepXHOCTH 1O/ -
JIOXKKM HaOJII0AAIOT B 3JIEKTPOHHOM MMKPOCKOIIE IS
oIpee/ieHusI KauecTBa «3aceBa». 3aTeM Ha MOIIOXKKY
C HAHOAJIMA3HBIMU MMOPOLIKAMU OCAXAAIOT rpacheHOBIIA
cioii, cogepxkamuii 3—10 MoHocnoeB rpadena. ITocie
9TOTO MOMJIOXKY C HAHOAJIMAa3HBIMY ITOPOIIKAMU ITOME -
LIAIOT B PEAKTOP ISl OCAXKACHUSI TOJIMKPUCTAIIMIECKOTO
ajiMa3Horo cjiost. Criocod HaHeCeHUsI MOTUKPUCTAILII -
YECKUX aJIMa3HbIX IUIEHOK He OrpaHMYMBAET MaTepHal
MOJIOXKHM, 3TO MOTYT OBbITh IMOMIOXKK U3 KPEMHUS,
MOJMOAEHA U Op. MaTepUAIOB, HO IIPEAIIOYTUTEILHO
B KaueCcTBe MaTepuaJia IOMI0XKKHU OepyT KPEMHUIA.

Kunkas cpema npeacTapisieT co00M CyCIIEH3MIO Ha-
HOAJIMAa3HbIX IOPOILKOB B XKUAKOCTH. B KauecTBe XKu-
KOCTU MOKHO MCITOJIb30BaTh alleTOH, N30TIPOTIVIIOBBII
CIIUPT, STWJIOBBIN ciupt, Bomy. KoHLieHTpalus aamas-
HbIX IIOPOLIKOB B CYCIIEH3UU JOJDKHA 00eCIIeYnBaTh He -
00XOAMMOE KOJIMYECTBO aIMA3HOM (ha3bl IUIs IIOTyYeHUS
«3aceBa» MOMJIOXKHU ¢ HEOOXOIUMOM IJIOTHOCTBIO U 00e-
creynTh 3(GEKTUBHYIO Ae3arperaluio HaHOaIMAa3HbIX
IIOPOLIKOB B CyCIIeH3UU. J1J1s1 «3aceBa» MOUIOXKKU IIPE-
MMOYTUTEIBLHO MCIIOIb30BaTh HAHOAIMA3HbIE MOPOILKU
paszmepoMm 4-10 HM, KOTOpPBIE SIBJISTIOTCSI ONITUMAIbHBIMU
JUTS TIOJTy9€HUST BBICOKOU TJIOTHOCTH «3aC€Ba» TOITOXKHI
U TIOJIyYeHUSI TJIEHKY C TIaAKOM ITOBEPXHOCThIO.

Marepuansl ¢ ¢Ga30BbIM NepexonoM JJisi CTPOUTEJb-
CTBa: 0030p HAHO- M MUKPOKATICYJIUPOBAHUS

Ha mosmo 3ganuii mpuxoautcs 10 40% sHepruu, mo-
Tpebasiemoit B Mupe, u 38% BBIOPOCOB MTAPHUKOBBIX
ra3oB. 3a ITOcJIenHee TeCITUICTHE IIPOTPECC B TEXHOIO-
THUSIX, CBSI3aHHBIX C aKKYMYJIMPOBAaHMEM TETUTOBOI SHep-
run (ATD), 1 UCIIONB3yIONINe MaTepUaIbI C (Pa30BBIM
nepexogoM (M®II) mpuBiaekan 60IbIIOC BHUMAaHME
CO CTOPOHEBI MCCJIeIOBaTelNeil, IIIaBHBIM 00pa3oM OJia-
rojapsi CBoeMy NOTeHIIMaly COKPaTUTh SHEPronoTpedJie-
HIE 1 CTIOCOOCTBOBATH TPUMEHEHUIO BO30OHOBIISICMBIX
3HEPTOPECYPCOB, TAKMX KaK COTHCTHAS SHEPTHUS.

Marepuainsl ¢ ¢ha3oBeiM niepexonoM (MPII) — sto
rpyria GyHKIMOHABHBIX MAaTepHUaioB, HA3HAYeHHUE KO-
TOPBIX IIPOSIBIISICTCST B CBOMCTBAX TOTJIOIICHMS, XpPAHCHIST
¥ UCITYyCKAaHUS TEIUIOBOM SHEPTUU B BUIE CKPBITOU Te-
TUTOTHI, M3BECTHOM KaK SHTAJIBITHS TIABJICHUS BO BpEeMsI
IIMKJIOB (Da30BBIX IIEPEXOI0B ITPU pabOIMX TeMIIepaTypax
B M30TepMUYHEBIX ycaoBusax. TexHomorus M®DII - ogHa
3 HanoOoJIee TIePCIIEKTUBHBIX TEXHOJIOTH, JOCTYITHBIX
IJI pa3pabOTKM BHICOKOKAYECTBEHHBIX M 9HEPTO3 (-
(beKTUBHBIX 3MaHUI, BCICACTBUE YETO OHA CUUTACTCS
OIHOM M3 caMBIX 3(P(HEKTUBHBIX M pa3BUBAIOIINXCS Ha-
yaHBIX obacteii. [maBHoe orpannyenre M®DIT — yreu-
K1, KOTOPBIC CYKaIOT MX IMOTCHIINATbHOE IIPUMEHEHIE
B CTPOUTEILCTBE 3MaHUU M APYTUX chepax, TAKUX Kak,
HaIpUMep, TeKCTIIbHAS IPOMBIIIJICHHOCTD. JJaHHbBII

HEI0CTAaTOK BO3MOXHO YCTPAaHUTb 3a CUET BHEAPEHUS
TEXHOJIOTHUI HAaHO- ¥ MUKPOKATICYIMPOBaHUS [3].

B nannoii paboTe nmpencTaBiaeH KMPOKUA 0030p TeX-
HOJIOTUI HAaHO- YU MMKPOKAIICYJIUPOBAHUS, KOTOPbIE
pasnesieHbl Ha TpU IPYIIbI, BKIOYatole hpusndeckue,
(pr3moxnMIIecKIe M XMMIUYECKIE METOIBI, 4 TAKIKE CBOMA-
CTBa TTOJTYICHHBIX MUKpOKaricyi1. Cpean BceX JOCTYITHBIX
TEXHOJIOTUI KarlCyJMpOBaHUsI XUMUYECKUI METO/ TIPU-
MEHSIETCS Yalle BCEro, T.K. OH MPEeNoCTaBIseT JyUIlnit
TEXHOJOTUYECKUI TTOAXO/ C TOUKM 3peHUsT 2P PEeKTUB-
HOCTM KarcCyJupOBaHUS U YIYUIIEHHYIO KOHCTPYKTHB-
HYIO IIPOYHOCTB 3aITOJTHSIOIINX MaTepranoB. CyIIecTByeT
HEO0XOIMMOCTb pa3padaTbiBaTh METOJ CUHTE3MPOBAHMS
HaHOKarcyaupoBaHHBIX M®I1 m1s moCTKeHUS TTOBBI-
IIEHHOM YCTOMYMBOCTU KOHCTPYKILIAI 1 JIYYIIEeH U3JI0-
MOCTOMKOCTHU, a 3HAYUT U OoJiee JOJITOTO CpoKa CIyXK-
ob1. Comepxxamiasicss B pabote coOpaHHas 0a3a JaHHBIX
0 cBolicTBaxX/pabounx xapakrepuctukax M®II u cuaTe-
3UPOBAHHBIX PA3IMYHBIMU TTyTSIMUA HAaHO- U MUKpOKar-
CyJI IOJKHA CIIY>KUTh B KQUECTBE 1M0J1e3HOI MH(pOpMaLun
JIJIS1 TIPOM3BOJICTBA HAHO- M MUKPOKATICYJI € XKeJJaeMbIMU
XapakKTepUCTUKAMMU ISl MPUMEHEHUS B CTPOUTEIbCTBE
1 JaJTbHEHIIIeTo coBepIieHCTBOBaHMS TexHoornu MIT.

PazBuTre 1 mprMeHeHUe TEXHOJIOTUii HaHOKAIICY-
JIMPOBAHUS CTAHET BBITOJHBIM [IJISI CUHTE3UPOBAHUS
HaHOKAICyJl, T.K. OHM 00J1a1a10T 3aJaHHBIMU XapaKTe-
PUCTUKAMU, BKJIIOYas yay4dllIeHHbIE HECYIIYIO CITIOCO0-
HOCTP 1 3 (GEKTUBHOCTH KAIICYIMPOBAHNSI, TTOBHITIICH-
Hble KOHCTPYKTUBHYIO TPOYHOCTb U U3JIOMOCTOMKOCTh
10 CPaBHEHMIO C MUKPOKAIICYJIaMu, TTOJyYEHHBIMU B pe-
3yJibTaTe MUKpOKAICyaupoBaHus. st TpoaBuKeHUs
YCTOMUYMBOCTU TEXHOJIOTMH KaTCYJIMPOBAHUS HEOOXOIM -
MO TIPUMEHSITh OMOITOIMMEPHI, TaK1Ee KaK IeJITI0N03y/
HaAHOLIEJUTIONIO3Y B KaYeCTBE 00JMIIOBOYHOTO MaTepuaa,
T.K. MOAO0OHbBIE MOJIMMEPBI DKOJIOTUYECKU O€30T1acHbBI
U JOCTYITHBI B OOJIBIINX KOJUYECTBAX.

CoaHevyHbll KOJUIEKTOP TPAHCIUPANMOHHOTO THNA
(RU 2749242 C2)

C yCcOBepIICeHCTBOBAHIEM CTPOUTEIIBEHBIX KOHCTPYK-
11, KOTOPOE CBOAUTCS K YJIYUILIEHUIO BO3AYXOHEIPO-
HUIIaeMOCTH 3[aHUI, CTAHOBUTCS Bce Oosiee Ba’KHBIM
MPeAYCMOTPETb CUCTEMbI BEHTWISILIUM JJISI [TOCTOSTHHOTO
MOCTYILJIEHUSI CBEXEro Bo3ayxa B 3naHue. Eciu mocty-
MaIINAN CBEXUIN BO3MYX XOJIOJHEE, YEM BBIITYCKAEMBbIN
TeIUIbIM BO3yX, TeMIlIepaTypa BHYTPU 3MaHUSI MOXET
CHU3UTHCS. DTO 03HAYAET, YTO MOXKET ITOTPEOOBATHCS
otoruteHue 3maHust. CoTHEUYHBIe KOJIJIEKTOPHI TPaHC-
MUPALMOHHOTO THIA MOTYT OBITh UCITOJb30BaHbI LIS
MpeABapUTEILHOIO HarpeBa BO3ayxa, MOCTYNallIero
B 3MaHME, YTO TTO3BOJISIET YMEHBIIUTh MTOTPEOHOCTDH B HA-
rpeBe ¢ MOMOIIbIO CTAHAAPTHBIX CUCTEM OTOILICHUS
1 00ecrevyuTh cokpalleHue 3atpat. Kpome Toro, eciu
BHELIHIOIO SHEPTUIO MOJYYaloT U3 UCKOIIaeMbIX SHEPTO-
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HOCUTEIICH MJIN ¢ TIOMOIIBIO SIACPHBIX HICTOYHUKOB, 3TO
obOecrieunBaeT 3HAUNTEIHHBIC SKOJIOTUYECKIE BEITOIBI
¥ CHIDKAET MCIIOJIb30BaHNE MCTOIIAEMBIX PECYPCOB.
M300peTeHe OTHOCUTCSI K COTHEIHOMY KOJIICK-
TOPY TPaHCIUPAITMOHHOTO THUIIa, KOTOPHINA COMEPXKUT
TTOTJIOIIAOIIYIO TTaHe b, UMEIOIITYIO0 OCHOBY, BHITIOJTHEH-
HYIO 13 HEpXaBEIOIIE CTalld, MOBEPXHOCTHBIMA CIOM
13 OKCHIAa XpoMa Ha IepeIHeil TOBepXHOCTH OCHOBEI
¥ MHOXECTBO CKBO3HBIX OTBEPCTHIA, 00pa30BaHHBIX B OC-
HOBE M IIOBEPXHOCTHOM CJIO€, TIPUIEM ITOBEPXHOCTHBII
CJIOI MMeeT TONIINHY, TT0 MeHbIeit Mepe, 70 HaHOMe-
TPOB U 00pa3yeT HAPYKHYIO ITOBEPXHOCTh COJTHEUHOTO
KOJIJIEKTOpA TpaHCIIMpallMOHHOTO Tuma [4]. A Takxke
3asgBIICHO 3IaHMe, comepIKallee YKa3aHHBINM KOJIJIeK-
TOp, YCTAHOBIICHHBIN Ha CTEHE MJIM KPBIIIC 3IaHUS
TaKUM 00pa30M, U4TO TTOBEPXHOCTHBIN CIIOM 00pasyeT
HapyXHYIO ITOBEPXHOCTD 3MaHUS, U CIIOCOO M3TOTOB-
JICHUST COJTHEYHOTO KOJIJIEKTOPa, COTIACHO KOTOPOMY
BBIOMPAIOT TIACTUHY M3 HepsKaBeIoIIeH cTanu, comep-
JKaIIyio Ha TIepeIHEe TTOBEPXHOCTH TIepBOHAYATBHBIN
CJIOIt OKCHIIa XpOMa, OCYIICCTBIISTIOT XUMUUIECKOE HWIIN
3JIEKTPOXMMUYECKOE HApALIMBaHUE NTIEPBOHAYAIBLHOTO
CJIOST OKCHIIa XpOMa Ha TIepeIHe TTOBEpXHOCTH C 00pa30-
BaHUEM HapaIIeHHOTO CJIOS OKCHIA XpoMa, (PopMHUPYIOT
MHOKECTBO CKBO3HBIX OTBEPCTUH B TUTACTHHE U TITACTUHY
B BUIIE TTOTJIONIAOIICH ITAHEIM COTHEUHOTO KOJUIEKTOpa
TPaHCTIIMPALIMOHHOTO THTIA, a HAPAIIICHHBIIA CIIOI OKCHIa
XpoMa 00pa3yeT HapyKHYIO ITOBEPXHOCTh COJTHETHOTO
KOJUIEKTOpa TPAaHCIIUPAIIMOHHOTO THUIIA, IIPHMIEM STarl
XUMHIYECKOTO MJIU SJIEKTPOXUMUIECKOTO HapalliBaHUS
TIepBOHAYAIBHOTO OKCHIA XPOMa OCYIIECTBIISIOT 10 MU
mmocie 3Tarna (GopMUPOBAHMS MHOKECTBA CKBO3HBIX OT-
BepcTuii. M300peTeHre TOKHO CHU3UTH ITOTEPH TeIlia
Ha U3Iy9eHne B aTMOocdepy, 00eCIIeYnTh 3aIINUTY OT YiTb-
TpaMOoIETOBOTO CBETa IS NCKITIOUCHUS BHIIIBETAHUS
¥ pa3pyIICHUS TTOKPBITHS, YBEIMICHUS CPOKa CITYKOBI.
Ha puc. mokaszaH nmpuMep COJTHEYHOTO KOJUIEKTOpa
tpancnupaurmonHoro Tuna 100. CoTHeYHBIN KOJIEK-
Top 100 TpaHCTIMPAIIMOHHOTO TUITA PACITOIOXKEH Ha Ha-
pykHOi#1 cTopoHe 102 3maHms ¥ COMEPKUT MOTIIOMIAIOIIYIO
naHe b 108 (maHelb ¢ TOTJIOIIAIOIINM KOJJIEKTOPOM),
YCTaHOBJIEHHYIO Ha cTeHe 106 30aHusI ¢ TOMOIIbIO CKOO
(1e mokasansl). B mormomatomeit manenu 108 cchopmm-
POBaHO MHOXECTBO CKBO3HBIX oTBepcTHit 110 (rrepdopa-
IUOHHBIX O0TBepcTHif). [Tormommaromnias maxenxs 108 Ha-
XOIMTCSI HA pacCTOSIHMM OT CTeHbI 106 ¢ oOpazoBaHuEM
nosiocTy 112 Mexxay noriomatonieit maneasio 108 u cre-
Hoit 106. ITonocts 112 coearrena ¢ BosmyxoBoaoM 114 cu-
CTEMBbI BEHTWISILIVY,, BBITOJTHEHHBIM C BO3MOXXHOCTEIO TT0-
JA9X CBEXKETO BO3IyXa BO BHyTpEeHHEe ITpocTpaHcTBO 104
3maHus. [1py 9KCIuTyaTaliiy IorjIonaonmas masenb 108
TIOTJIOIIAET COJTHEUHOE M3TydeHHE, YTO 00eCIIeunBacT Ha-
TpeB MaTepuaa rororaroniei madenu 108. ['paHmaHbII
CJIOM, TIPMJICTAIONINIA K HApY:KHOM (TIepemHeli) moBepX-
HocTH 122 mormoniaromeii maHenn 108, HarpeBaeTcs 1o-

IJIoIatomeit racTruHou 108 1 BTITMBaeTcs yepe3 CKBO3-
Hble otBepcTrs 110 B moytocTh 112 1 3aTeM BTITUBACTCS
13 110JT0CTH 112 B BBIITYCKHO BO3AyX0BO, 114 C TTOMOIIBIO
BO3IyIIHOTO BeHTIIIATOpa 116. Iporekanme Bo3ayxa de-
pe3 TIoryIomarInyo maHe b 108 1 crucTeMy BEHTUISIIINT
ITOKa3aHO CTPeJIKaMU Ha PHC.
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Puc. IIpumep colHEYHOro KOJLIEKTOPA
TPAHCIUPALUOHHOIO THIIA

Cnoco0 nosydenusi COCTaBa /it AHTUMUAKPOOHOTO MO~
KPBITHS HA OCHOBE aCCONMATOB HAHOKPHUCTAILIOB CYJIb-
(una cepedpa ¢ MoJeKyJIaMi METHIEHOBOTO roJry0o0ro
(RU 2750232 C1)

M3o0peTeHre 0THOCUTCS K 00J1aCTH MOJIyYeHUST aHTU-
MHKPOOHBIX COCTABOB, TOUHEE K O0JIACTH ITOTyUCHUS CO-
CTaBOB, COAEPKAIIIX HAHOKPHUCTAUTEI CY/Ib(hrIa cepedpa,
IUTSI TOOABOK B JIAKOKPACOYHBIC MaTEPUAITBI M X ICTIONb-
30BaHMSI TIPU e3MH(MEKIIMU Pa3TUYHbBIX TOBEPXHOCTE.

O01Ien3BeCTHO, YTO MOHBI cepedpa W HEKOTOPHIX
IPYTUX METAJIOB 00JIANA0T BEIPAXKEHHOM CIIOCOOHOCTBRIO
MHAKTUBUPOBATH BUPYCH HEKOTOPHIX IITAMMOB TPHIIIIA,
SHTEPO- M allcHOBUPYCOB, OKA3BIBAIOT 3HATNTCITLHBIN
TepaneBTHICCKUU 3P (KT IMpu JCUCHNH psiga BUPYC-
HBIX 3a00JI¢BaHMUI YeJI0BEKA 1 XUBOTHBIX, OCOOCHHO
TIpH JICYUCHUU KOJUIOMIHBIM cepeOpoM, IO CPaBHEHUIO
CO CTaHIAPTHOM Teparnmeit. [ToaToMy mepCcIeKTUBHBIM
ITOIXOIOM K CO3IaHMIO HOBOTO ITOKOJICHHSI aHTUMUKPOO-
HBIX COCTAaBOB SIBJISIETCS] MCITOTb30BAaHNE KOJUTOMIHBIX
HaHOYACTHII METAJUTOB U ITOIYIIPOBOTHUKOBBIX HAHOKPH-
CTaJIJIOB, a TAaKXKe TMOPMIHBIX aCCOIIMATOB HAa X OCHOBE.

3amaueii n300peTeHUs IBIETCS pa3paboTKa crrocoda
TIOJTYYEeHUSI COCTaBa IJISI aHTUMHKPOOHOTO TTOKPBHITHUS
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Ha OCHOBE acCOIIMAaTOB HAHOKPUCTAIIIOB CYIb(duma ce-
pebpa ¢ MoJieKyJaM1 METUJIEHOBOro rojiyooro. I'mupo-
(pMITBHOCTH TTOJIyYaeMoTO 10 IIpeaIaraeMoMy CIIOCO0y
COCTaBa IT03BOJISICT UCIIOIb30BaTh €ro IS 00pabOTKM
TTOBEPXHOCTEH ITOMEIIEHNUH, a TAKXKE 00eCIIeIMBaET CO-
BMECTUMOCTH C BOTOAMCIIEPCHOHHBIMU KpAacKaMU UIST
TTOTyYeHUS aHTUMUKPOOHOTO eiicTBUS. Pa3paboTaHHBIC
COCTaBHI HE SIBJISTIOTCSI JICTYYMMM, HE 00JIaIafoT 3aI1aXxoM,
He SIBJISTIOTCSI TOKCMYHBIMU M OCTAIOTCS ITUTEILHOE Bpe-
M 3 dekTuBHBIMU [5].

TexamIecKnii pe3ynbTaT N300pETCHHUS JOCTUTACTCST
TEM, UTO B CITOCOOE TIOTyUCHMS COCTaBa UIT aHTUMUKPOO-
HOTO TTOKPBITHASI HA OCHOBE aCCOIIMATOB HAHOKPHUCTAII-
JIOB cynbduma cepedpa ¢ MOJEKyJIaMH METUIICHOBOTO
TOJIy0O0ro, BKITFOUAIOIIEM CUHTE3 HAHOKPUCTAIIIOB Ag2S
TIOCPEICTBOM CIIMBAHUS PAacTBOPa THOTJIMKOJICBOM KIHC-
JIOTHI M HUTpaTa cepebpa 1pu Temriieparype 30°C u npu
TMOCTOSTHHOM TIepeMEIINBAHUU, C TTOCICAYIOIINM IT10-
KaIleJIbHBIM TUTPOBaHUEM BOIHBIM pacTBopoM NaOH,
a 3aTeM H00aBJICHUEM BOTHOTO pacTBoOpa CyIb(praa Ha-
TpUSI, C ISTBHEHIINM TIepeMeIINBaHIeM, T00aBICHIEM
K pacTBOpPY B 00bEMHOM COOTHOIIICHMH 1:1 alleToHa, 1IeH-
TpuYrupoBaHUEM, ITOCICAYIONINM IeKaHTUPOBAHUEM
KUIKOCTH, TOOABICHNEM K OCAIKy PACTBOPUTE]IST, a TAKIKE
pacTBOpa METUJIEHOBOTO royiyooro B 96%-HoM 3TaHOIE,
COTJIaCHO M300pETeHUIO, CUHTE3 BEAyT IyTeM Io0aBIie-
Hus K 0,027—0,03 M BogHOMY pacTBOPY THOTJIMKOJIEBOI
xucinotel 0,0135—0,0154 M BogHOTO pacTBOpa HUTpaTa
cepeOpa MY TIOCTOSTHHOM TIePEMEIIIMBAHIN CO CKOPOCTBIO
300—600 06/MuH ITpK 0OECIIEYEHUN MOJISIPHOTO COOTHO-
mreHusT 2:1 COOTBETCTBEHHO, TTOKAITEJIbHOS TUTPOBAHIE
BeayT 0,1 M BomHbIM pactBopoM NaOH no pH =9, a 3a-
teM pob6asisaior 0,02—0,023 M BomHOTO pacTBOpa CyiIb-
¢uma HaTpud ¢ Temrieparypoii ot 15 no 25°C npu 006b-
€MHOM COOTHOIIICHIUY PAaCTBOP THOTIMKOJICBOIT KMCITOTHI:
pacTBOp HUTpaTa cepedpa: pacTBOp CyIbduIa HATPHUS —
2:2:1 COOTBETCTBEHHO, C ACTBLHEHIIINM TTepeMeTNBaHIEM
10 MEHBIIIeH Mepe B TeueHue 20 MITHYT, OCaXIAIoT, a TaK-
K€ OTIEJISIIOT OT BOIOPACTBOPMMBIX ITPOAYKTOB peaKIIuT
ImyTeM HeHTpUdyTrpoBaHus co ckopocThio 5000 06/MUH
B TeueHre 30 MUHYT, K TIOJYIMBIIEMYCSI OCAIKy J00aB-
Js110T 50% BOIHO-3TAaHOJBHBII PACTBOP, B3STHIA B 00b-
eMe, paBHOM CyMMe 00BEMOB CMEIIIMBAEMBIX PACTBOPOB
HHUTpaTa cepedpa, THOTIIMKOJICBOI KICIOTHI U CyIbduaa
HATpHSI, MCTIOIB30BAHHBIX [IJIST CMHTE3a, TIPUJIMBAIOT pac-
TBOP METUJIEHOBOI'O roj1y00oro B 96%-HoM 3TaHoOJIE.

IITupokonoocHOe 3JeKTPOMATHUTHOE MOTJIOIIAOIIee
nokpoite (RU 2750215 C1)

M306peTeHre OTHOCUTCS K 2JIEKTPOMArHMTHBIM T10-
IJIOLIAIOIIMM MOKPBITUSIM, MpeAHA3HAYEHHBIM 15T TI0-
IJIOLLEHUS 2JIEKTPOMATHUTHOTO U3TYyYeHMST B 00bEKTaX
HAa3¢MHOM, aBUALIMOHHOM, KOCMUYECKON M MOPCKOM TeX-
HUKMU JIJ151 CHYDKEHMS MX PaI0JIOKAIIMOHHOM 3aMETHOCTH,

a TaKoKe JJIST TIOTJIOIICHUS 3JIEKTPOMArHUTHOTO M3JTyde-
HHS B 9KPaHUPYIOIINX YCTPOMCTBAX, B TTOTJIOIIAOIIIX
OOJIMIIOBKAX M KOPITyCaX, B 0€33XOBBIX M3MEPUTEITHHBIX
KaMepax 1 B CPeICTBAX 3alIUThI HACEICHNSI OT HEMOHU3H-
PYIOIINX U3TydeHuit [6]. Mi3BeCTHBIE 3/IeKTPOMArHUTHbBIE
TTOTJTIOIIAIOIIINE TIOKPHITHSI OCHOBAHBI Ha CITOCOOHOCTH TT0-
TJIOIICHUST TTAIAFOIIETO U3ITYICHUS MEIKOINCIICPCHBIMI
COCTABIISTIOIINMU: KJTacTepaMy (peppOMarHUTHBIX YaCTHII,
(beppuTOB U TUAPOTCHU3NPOBAHHOTO YIJICPOAA.

3amaueii 3asIBIIEMOTO M300PETCHMUSI SIBJISICTCS PACIIIH-
PEHHME TTOJIOCH YaCTOT MTOTJIOIIECHMS TTIOKPBITHS, 2 UMCH-
HO TIOBBIIIICHNE MAaKCUMAaIBHOM YaCTOTHI MOTJIOIICHUS
o =700 I'To 1 cHMXEeHEe MUHAUMAIBHON Y4acTOTHI T10-
mowedusa 0o ~10 MI'o.

IMocTaBneHHasT 3amaya periaeTcs 3a CYET TOTO, UYTO
B TIOIJIOIIAIONICH TICHKE MPUMEHSIOT HAHOYACTUIIHI
MeIHO-HUKEIEBOro cruiaBa cocrasa 25—50 mac. % Cu,
ocraigbHOoe — Ni. [Ipy 3TOM noBbILIIEHNE MAaKCUMAJIbHOM
4acTOTHI IT0JI0CH TTomtoneHnd 1o ~700 ' obecnieunBa-
€TCsT BEIOOPOM pa3Mepa HaHOYACTHII, PABHBIM WIIA MCHBIIIE
TOJIIIMHBI CKUH-CJI0S Ha MAKCUMAJIbHOI TTOTJIOIIAaeMOit
gacrtore (=400 aM Ha gyactote 700 I'T1x), uTo oOecrieunBaeT
IIMPOKYIO TTOJIOCY YACTOT TOTJIOMICHUST 3JICKTPOMArHUT-
HOTO M3JIy4eHUS ITOTOMY, UYTO M3JIyIeHUE BCEX YACTOT,
PaBHBIX ¥ MEHBIIINX MAaKCUMAJILHOM, IPOHNKAET B 00beM
HAHOYACTHIIEI 1 TIOTJIOINIAETCS B HEll, B3aUMOACICTBYS
co BceMHt (hepMUEBCKUMU 3JICKTPOHAMY HAHOYACTHUIIHL.
DTO CIIEACTBIE TOTO, YTO TOJIIIMHA CKITH-CJIOST HA 9aCTOTaX,
MEHBIINX MAKCUMATBHOM, OOJIBIIE TOIITNHBI CKITH-CJIOSI
Ha MaKCHMMAaJIbHOU 9acToTe. A CHIDKCHNE MUHUMAIBHOMN
YaCTOTHI IMOJIOCHI rTorstoreHnd 10 ~ 10 MI 11 o6ecrnieunsa-
eTcs Oaromapst peaIn3aliy B HAHOYACTUIIAX CXEMBI T10-
IJIOIICHUS (DOTOHA IIEKTPOMATHUTHOTO M3ITYICHNS C yJa-
CTHEM JTOMUHHPYIOIIETO IIPOIOJIEHOTO (POHOHA, TO €CTh
(oHOHA M3 00IACTH TTOTHOM IMMPUHBI Ha TIOJIOBIHE MaK-
cumyma (ITIITIM) pacripemeneHIS TPOIOIBHBIX (DOHOHOB
110 yactote. B 370l cxeMe hepMUeBCKUit 3JIEKTPOH BO3-
Oy:XmaeTcsl, ITOTJIOoNIast OMHOBPEMEHHO (DOTOH M3TyUCHUS
1 TOMUHUPYIOIINH IPOIOIBHEIN (POHOH, a pellaKCUpYeT,
BO30Yxk/1ast BTOPUYHBIN TIPONOJIBLHBIN (POHOH 13 00J1acTH
[1IIITM. Braromapst ToMy, 4TO B CXeMe MOIIOLLIEHUSI yua-
CTBYIOT JOMUHHUPYIOIMKE (DOHOHBI, MHTCHCUBHOCTB T10-
TJIOIICHUS 3JIEKTPOMATrHUTHOTO U3JIy4CHHUS TTOBEIIICHA.
I1pu 3TOM yyacTre JOMMHUPYIOLINUX (POHOHOB 00ECTIEUEHO
Oyaromapst TOMY, UTO IJTHA BOJTHBI IIPOIOIBHEIX (DOHOHOB
n3 obmactu [TLITIM (~0,5 HM) HaMHOTO MEHBIIIE pa3Mepa
HaHouacTulbl (<400 HM).

Camooprann3yoimuecsi HAHOCTPYKTYPbI U pa3esiu-
TeJIbHble MeMOPaHbI, BKJIIOYAIOIIME AKBATIOPHHOBBIE BO-
JIHbIe KAHAJIbI, W CMOCOOBI UX MOJyYeHHsI U PUMEHEHUSI
(RU 2749848 C2)

HacTtosiiee n300peTeHUE OTHOCUTCS K CaMOOP-
TaHU3YIOIMINUMCSI HAaHOCTPYKTypaM, 00pa30BaHHBIM
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TpaHCMEeMOpaHHBIMU OeJIKaMU, TAKUMU KaK aKBaIlo-
pUHOBBIC BomHBIC KaHaBl (AQP — ot aHrI. aquaporin
water channel) n momuankuiaeHuMuHBL (PAI — ot anHTII.
polyalkyleneimine), 1 K (pMJIBTpalIMOHHBEIM MeMOpaHaM,
BKJIIOYAIOIINM JTaHHBIE HAHOCTPYKTYpHI |7]. Hacrosiiee
M300peTeHUE TOMOJIHUTEILHO OTHOCUTCS K Coco0aM
MOJTy4EHUSI HAHOCTPYKTYP U pa3aeauTeIbHbIX MEMOpPaH,
TaKMX KakK IOJIble BOJJOKHA U MOJIOBOJIOKOHHbBIE MOIYJIH,
U K UX IPUMEHEHUSIM.

B umenom, Hacrtoslilee M300peTeHUEe OTHOCUTCS
K TIpUMEHEHUIO TTonainkmwicHUMuHOB (PAI), Takux
kak nonuatuiaeHnMuH (PEI), mia obpazoBanms ca-
MOOPTraHU3YIOIIUXCSI HAHOCTPYKTYP C TpaHCMEMOpaH-
HbIMHU O€JIKaMU UKW ONpeaeIeHHbIMU TUIIAMU UHTE-
TPaIbHBIX MEMOpPaHHBIX OCTKOB (0eIKM, 00pa3yIoIme
TIOPBI), TAKMMHU KaK aKBaIIOPMHOBEIC BOMHBIC KaHAJIEI.
Hanoctpykrypsl PAI-0e0K 3aTeM MOXXHO UCIIOJIb30-
BaTh B MOJYYEHUU Pa3aeIMTEeIbHbBIX MEMOpPaH, B KO-
TOPBIX TPAaHCMEMOpaHHbIe 0€JIKU UMMOOUIN30BAHBI
W aKTUBHBI, HATIPUMED, IJIsI 00ecTIeYeHMSsT TTPOXOXKIe-
HUST MOJIEKYJ BoAbl yepe3 MeMOpaHy. Hanpumep, mis
MOJy4YeHUs pa3aeauTeIbHbIX MeMOpaH, BKIIOYAIOIIUX
TpaHCcMeMOpaHHbIe 6€JIKM, CAaMOOPTraHU3YIOIIeCs Ha-
HOCTPYKTYPbI MOTYT ObITh CYCHIEHAMPOBAHbBI B BOTHOM
JKUIKOU KOMIIO3ULIMK, KOTOPasi MOXKET ObITh BKIIOYEHA
B peakuMio MexX(ha3HOU NoJIMMepuU3alMu Ha TTOJyIpo-
HULIAeMOU MO 10XKKe ¢ 00pa30BaHUEM TOHKOTIJIEHOY-
HOT'0 KOMITO3UTHOTO aKTUBHOTO CJIOSI MEMOpaHbl, WU
CaMOOPraHu3yI0IIMeCcss HAHOCTPYKTYPbl MOTYT ObITh
BKJTIOUCHEI B (QWIBTPAIIMOHHYIO MEMOpaHy, 00pa30oBaH-
HYIO TTOCPEACTBOM MOCIOMHON METOAMKHU, WU B APYTHE
TUITBI PUIIBTPALIMOHHBIX MEMOpPaAH, UMEIOIINX aKTUB-
HBbII celleKTUBHBIN ciioii. He xenast ObITh CBSI3aHHBI-
MU KaKoli-JIn0o ompeneaeHHON TeOpUeii, cumTaeTcs,
4TO CaMOOPraHMU3yIolIecs] HAaHOCTPYKTYpPbl 00pa3y-
IOTCS 32 CYET BJEKTPOCTATUYECKOTO B3aUMOIEHCTBUS
MEXAY TTOJIOXKUTEIbHO 3aps’KEHHbIMU aTOMaMU a30Ta,
HaxXOoISIMMUCS B MoJieKyJlaxX MOoJIMaJKUJIeHUMUHA,
¥ aMUHOKHWCIIOTHBIMU OCTaTKaMu B TpaHCMEMOpPaHHOM
0eJike, KOTOPbIE OTPULIATEbHO 3aPSIKEHBI B YCJIOBUSIX
(pH, pK 1 T.11.), mCcob3yeMBIX TSI 00pa30BaHMSI Ha-
HOCTPYKTYp W/ MeMOpaH, coaepKallnxX JaHHBIC
HaHOCTPYKTYPHI.

Takum ob6pa3oM, COTIIACHO HACTOSIILIEMY U300peTe-
HUIO MPEIIOXEHbI pa3AeauTeIbHble MEMOpPaHbI, TaKKe
Kak (pmibTparimoHHble MeMOpaHbl i TFC MmeMOpaHBI,
nmetone AQP, BKiTIoueHHbIE B aKTUBHBIH CJI0M, 15T 00-
JIETYCHMS TpaHCTIOPTa Boabl, rae AQP MMMOOMIM30BaHED
B camoopraHusytoniuecst PAI HaHOCTpYKTyphbI, Takue Kak
camoopranm3syomuecst PEI HanocTpykTypsl. CormtacHO
HaCTOSILIEMY U300pETEHUIO JOTIOJTHUTEIBbHO MPEIIOXKe-
HbI XUIKWE KOMITO3ULIMU, COAEPKAIIMEe HAHOCTPYKTYPhI
Ha ocHoBe PAI-06enka, KOTOpbie MOTYT OBITH BKIIOUEHBI
B aKTUBHBbIN CJIOW Pa3IMYHBIX pa3deUTEIbHbIX MEMOpaH
(BKITIOUAsT QUIIBTPAIIMOHHBIC MEMOPAHBI), TAKMX KaK Ha-

HOMWIBTPALIMOHHBIE MEMOpaHbI, MEMOPaHBI TIPSIMOTO
ocMoca M MeMOpaHBI 00paTHOTO OCMOca.

Crnoco0 mory4eHns: aJIOMOOKCHIHOTO K€PAMIUIECKOT0
Marepuaia, MOIU(HUIMPOBAHHOIO HAHOYACTULIAMY cepedpa
(RU 2749340 C1)

M300peTeHNe OTHOCUTCST K TEXHOJIOTUN TTOTYICHUS
KepaMUKH, ComepXKalleli HaHOYaCTUIIBI cepedpa, Ko-
TOpast MOXKeT TIPUMEHSIThCS B KaueCTBe (DUIBTPOB TSI
00e3BpeXUBaHMS BOIBI OT 00JIE3HETBOPHBIX OAKTEPHUIA
[8]. U3BecTHO, OaKTepUIIUIHBIMU CBOMCTBAMM 00JIa-
IaIOT pas3INIHbIC MaTepUaIbl, MOTU(PUIIMPOBAHHBIC
cepebpoM, HaIIpuMep, KOMITO3UTHI, KepaMHKa, CTalb,
dapdop, dasgHc. B yacTHOCTH, U3BECTHO, YTO OAKTEPU-
LIMIHBIMU CBOMCTBAMU 00JIaIal0T KOMITO3UTEI HA OCHOBE
CBEPXBEICOKOMOJIEKYIISIpHOTO TToynaTiieHa (CBMIID),
MomnbUIMpoBaHHBIE cepedpoM. Ocoboe MpearoYTeHIE
B ITOCJICTHIE TOIBI YACISCTCS UCTIONb30BaHUIO MMEHHO
HaHOCTPYKTYPHUPOBAHHOTO cepedpa.

st co3maHms 3KOHOMUYIHOTO M IIPOMBIIIJICHHO
OCYIIIECTBUMOTO TIpoliecca MoJIydeHUST 3(pPeKTUBHOMN
KepaMMKH, KOTOpast MOXKET OBITh IIPMMEHEHA B KAUECTBE
GUIBTPOB 15T 00e3BPEKUBAHUS BOILI OT OOJIC3HETBOP-
HBIX OaKTepHil, TIpeIIaraeTcs Crocod IMOTydIeHNS ajTio-
MOOKCHUIHOTO KepaMUUECKOTO MaTeprajia, MOTU(HIIN-
POBAaHHOTO HAHOYACTUIIAMU cepedpa, OCYIIECTBISICMBII
B JIBa 3Talla: IIepBOHAYAIBHOU TIpeaBapPUTEIBHOMN 00-
PpabOTKOIT ICXOTHOTO ATIOMUHUMOKCHUITHOTO KepaMmIe-
cKoro Marepuaa, uMeroiero 20—40%-Hyo nopucToCTb,
1 TIOCJICAYIONIeH cTanyeil ero MMIIPEeTHUPOBAHUS, TIPU
5TOM CTamrs 00pabOTKM UCXOMHOTO KepaMIIeCKOTo Ma-
TepHraJia BKJIIOUaeT CICAYIONINE TIOCIeIOBaTeIbHBIC CTa-
I — 00pabOTKY MCXOTHOTO KepaMITIeCKOTO MaTepraia
VIBTPa3BYKOM, TIPEATIOUTATEIbHO BemanHoi 30 kI,
B TeueHHe 15—30 MUH, IPOMBIBKY €TI0 TUCTIIINPOBAH-
HOI BOIIOI M TTOTPYKEeHNE B KOHIICHTPUPOBAHHYIO a30T-
HYIO KICJIOTY Ha 2—4 Jaca, 3aTeM ITOBTOPHYIO ITPOMBIBKY
ITUCTWITAPOBAHHOM BOMOM M CYIIKY IIPU TeMIIepaType
140—160°C, a cranus UMITperHUPOBaHUs 00paboTaH-
HOTO KepaMMYEeCKOTO MaTepuaia HaHOcepeOpOM IIpo-
BOIUTCS IyTeM ITOTPYXKEHUSI 00pab0TaHHOTO KepaMu-
YeCcKOTo MaTepHuaja B pacTBop, copepkanmii 0,004 moss
MeTaHcyJIb(poHaTa cepedpa uiau TpudTopalerara cepe-
6pa B 100 MJI 3TUICHTIIUKOJS, BBIICPXKUBAHMS €TO TP
BCTPSIXMBAHWU YJIN TIEPEMEIITBAHNHN 10 PABHOMEPHOTO
pacIipefie]IeHIsT pacTBOpa 10 TTOBEPXHOCTU MaTepHaia,
C TIOCJICAYIONTNM T00aBICHIEM K HEMY pacTBopa, Comep-
xkamniero 0,002 Mot acKopOMHOBOM KUCIOTH B 100 M
STUJICHTIIUKOJIS W C TIOCIICIYIOIINM BBIACPKUBAHUCM
AMITPETHIPOBAHHOTO MaTepHajia TPy BCTPSXUBAHIH TN
TepeMeIIMBaHNY IIPY KOMHATHOH TeMIIepaType B Teue-
HHe 1—2 9acoB, IPOMBIBKOI M3BJICUCHHOTO KepaMMIye-
CKOI0 MaTepHaja JUCTWIIAPOBAHHONM BOOOU W CyILIKOM
ero mipu 70—90°C.
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Cnoco0 cuHTe3a HaHokoMmMmo3uta Mn—O-C
(RU 2749814 C1)

M3obpeTteHre OTHOCUTCS K 00J1aCTU HAHOTEXHOJIO0-
Tt — K TUIA3MEHHO-IyTOBOM TEXHOJIOTMH CUHTE3a HAHO-
KOMITO3UTHBIX YACTHUII OKCHIA MapTaHIia ¢ YIIIEPOTHBIM
mokpeITHEM [9]. M300peTeHre MOXKeT OBITh UCITOIB30Ba-
HO B Ka4eCTBE MaTepraa IUIsl 3JIeKTPOIOB CYIICPKOHICH-
catopoB (CK). CynepKoHIeHCATOPHI SIBIITIOTCS OMHUM
13 HanuOoJjiee TIepCIeKTUBHBIX UCTOYHUKOB SHEPIHUH,
T.K. CYIIEPKOHICHCATOPHI OTHOBPEMEHHO UMEIOT BHI-
COKYIO MOIITHOCTB 1 BEICOKYIO SHEPTrOEMKOCTb, YeM OT-
JIMYAIOTCST OT TPATULIMOHHBIX aKKYMYJISITOPHBIX OaTtapeit
¥ KOHIEHCATOPOB. BrIcOKast 3HEProeMKOCTh CYIIePKOH-
JIEHCATOPOB MOCTUTACTCS 3a CUET MaTepHrasia 3JICKTPOIOB.
B xauecTBe amekTpoaHbIX MaTepranoB CK mcIonmb3yoT
MaTepuabl, KOTOPBIE COYETAIOT B ce0Oe BRICOKYIO YICIIb-
HYIO EeMKOCTb U JUTNTETBHBIIN CPOK CITYKOBI, YTJIEPOTHEIC
HaHOMAaTEePHAaJIbl, OKCUIIBI IIEPEXOTHBIX METAJUIOB U TIPO-
Boasive noiaumepsl, Max-phase 1 MAXene.

HawnGoiee mepcreKTUBHBIM OKCHIOM TIEPEXOTHOTO
MeTaJlIa ISl SJIEKTPOIOB CYIIEPKOHICHCATOPOB CUNTACTCSI
okcmn Mapranma (MnOx) 13-3a ero BEICOKOU YICTBHOM
emkoctH (1370 ®d/r), HU3KOM CTOMMOCTH, PaCIIPOCTpa-
HEHHOCTH 1 SKOJIOTHYEeCKOI 6e3omacHoCTH. OITHAKO OK-
cumbl Mapraniia MnOX MMeroT HI3KYIO CTAOMIIBHOCTD TP
IUTATEITBHBIX IIMKJIaX, YTO CBSI3aHO, TIPEXKIE BCETO, C MeXa-
HM3MOM HaKOIUIeHUS 3apsina MnOX 1 JIeTipoBaHIS MOHA-
MM 371ekTponnTa. Korma MapraHelr mepexoauT 13 OMHOTO
COCTOAHMS OKUCIIEHUA B IPYroe, CUCTeéMa CTAHOBUTCA
HEKOMITCHCHPOBAHHOM, YTO TIPUBOINT K JICTUPOBAHUIO/
IETIOHNPOBAHUIO JOTIOJHUTEILHBIMI NOHAMM U3 pac-
TBOpA 3JIEKTpoJiTa. B X0ome aToro mporecca mponcxXomuT
YBeIMUYCHIE,/YMEHBIIICHIE MEKCIIOMHOTO PACCTOSTHISI, UTO
B KOHEYHOM WTOTe TIPUBOINT K OBICTPOMY Pa3pyIICHIIO
KPUCTAJUIMUECKOM CTPYKTYPHI ¥ Pa3pyIICHUIO MaTepHa-
na. Taknm o6pazom, okcrabl MnOX cTabMIIBHBI TOJTHKO
B TedeHre 1000—3000 mmkitoB. XOpoIINM CITIOCOOOM TT0-
BBITIICHNS cTaOMThHOCTH MnOX SBIISIETCS CO3MaHNEe KOM-
TIO3UTOB ¢ aMOPGHBIM YIJICPOIOM WJIN YIJIepOTHBIMI Ha-
HOCTPYKTypaMM. B TaKiX KOMITO3WTaX yIaepom IeHCTBYeT
KaK MaTpHIIa, KOTopasl yIepXKUBaeT U CTaOMIN3UPYyeT Ja-
ctuiibl MnOX BO BpeMsI JIETUPOBAHUST MOHAMH 3JICKTPO-
JITA, a METAJLTBI WJIM X COCIMHEHMST — KaK aKTHUBHBIC
KOMITOHEHTHI. KpoMe Toro, yriepom npeaHa3HadYeH IS
YBEJIMUCHUS 3JICKTPOIIPOBOTHOCTH MaTepuaja, YTOOBI
YMEHBIIUTH TIOTEPH Ha TpaHUIIC pa3neiia aKTUBHBIA Ma-
TepHal / TOKOChEMHUK.

3agaueil HaCTOSIIIETO M300PETEHUS SIBIISICTCS CO3-
IaHWe TMPOCTOTO U 3KOHOMUYHOTO CITOCO0a CUHTEe3a
HaHoKoMITo3uTa Mn—0O—C ¢ KOHTPOJIUPYEMBIM CO-
ctaBoM HaHOYacTUIl MnOX 1 cTeneHbIo TpadpuTH3aIin
YIJIEPOTHOI MAaTPULIBI, C BBICOKOU IMKINYECKOMN YCTOM -
YUBOCTBIO M BEICOKO 3JIEKTPOXUMHUUECKOU eMKOCTBIO
IUTST ICTTOJTh30BaHMS B KAUECTBE MaTepHasia 3JIeKTPOIOB

cynepKoHmeHcaTopoB. [locTaBieHHas 3amada pelraeT-
¢Sl IyTeM COYeTaHUsI U3BECTHBIX CITIOCOO0B, a UMEHHO
IJIa3MEHHO-AYTOBOTO CHHTE3a KOMITO3UTHOTO METaJlI-
VTJICPOMHOIO MaTepraia U OTXKUTa CHHTE3NPOBAaHHO-
ro MaTepuraja B KUCIOPOICOAepXKaIleil cpeae pu at-
MocdepHoM maBieHnu. [Ipr 3TOM TTOTyJaroT MaTepra
C YJIYYIICHHBIMH XapaKTEePUCTUKAMU, UMCIOIINIA BBI-
COKYIO IIMKJIMYECKYIO YCTOMIMBOCTEIO IIPU JOCTATOTHO
BBICOKO 2JIEKTPOXUMMUICCKON eMKOCTH, TIPUTOIHBII
IIJIST ICITOT30BaHMUS B KQUeCTBE MaTepHaia 3JIeKTPOIOB
CYMIepKOHICHCATOPOB.

Crnoco0 moJryJeHdst HAHOKPHCTALUTMYECKOTO THOKCHIA
THTaHA co cTpyKTypoii anara3 (RU 2749736 C1)

M300peTeHre OTHOCUTCS K 00J1aCTU MaTepuaio-
BEIEHMSI 1 HAHOTEXHOJOT Ui, @ UMEHHO K TOJyYEHUIO
JNMOKCHUIA TUTaHA, KOTOPbIA MOXET ObITh UCITOJb30BaH
B BOJIOPOJHON 3HEPTETUKE U TEXHOJOTUSIX OUYUCTKU
BObl. TeXHUYECKUM pe3yabTaTOM IPEATOKEHHOTO U30-
OpeTeHUs SIBJISIETCS CO3AaHue crioco0da MojydyeHus Ha-
HOKPUCTAJUIMYECKOTO TMOKCHIA TUTAHA CO CTPYKTYPOIi
aHaras, B COCTaBe IMPOJYKTa C HU3KUM CollepXXaHUeM
npuMecHBbIX (a3 [10].

ITpenyioxkeHHbII CITOCOO MoJyYeHUsI HAHOKPUCTA -
JIMYECKOTO IMOKCHUIA TUTaHa CO CTPYKTYpOH aHaTas
BKJIIOYAET FeHEpUPOBAHUE TUTAHOBOU 2JIEKTPOpa3psII-
HOI TIJIa3Mbl B KamMepy, MpeaBapuTeIbHO BAKYYMUPO-
BaHHYIO M HAITOJHEHHYIO KMCIOPOACOAEpXKAIIEl CMe-
CblO Ta30B IPU HOPMAJIbHOM aTMOC(HEPHOM JaBJIEHUU
1 KOMHATHOI TeMIIEpaType, C ITOMOIIBIO0 KOAaKCHATTEHOTO
MAarHUTOIIa3MEHHOTO YCKOPUTEJISI C TUTAHOBBIM CTBO-
JIOM Y C COCTaBHBbIM LIEHTPAJbHBIM 2JIEKTPOAOM M3 Ha-
KOHEYHMKA U3 TUTaHa U XBOCTOBUKA U3 CTAJIU, C DJIEK-
TPUYECKHU IJIABKOU MEPEMBIUKOM, pa3MEIICHHON MEXITY
TUTAHOBBIM CTBOJIOM M HAKOHEYHUKOM, TIPU EMKOCTU
KOHJIeHcaTopHoii 6batapen 14,4 Mm®D.

CormracHo M300peTECHHIO, TCHEPUPYIOT SIIEKTPOPa3-
PSIHYIO TUTAHOBYIO TUIA3MY C TTOMOIIILIO KOAaKCHUAJTBHO-
IO MarHUTOIJIAa3MEHHOTO YCKOPUTENS C 2JIEKTPUUECKHU
IUIaBKO# MepeMBIUKON M3 BaseamHa maccoii ot 0,10
1o 0,25 T, Ipon3BOas pacIiblIecHUE TIa3Mbl B TIEPBYIO
Kamepy, 3aIl0JHEHHYIO Ta30BOI CMEChIO aproHa 1 KMC-
JIopo/ia B COOTHOLIEHUH TapLMalIbHbIX JaBieHui Ar:O,
1:4 ipu 3apsggHOM HartpskeHun 2,8 KB KoHzmeHcaTop-
HOI 6aTapeu, nepemMelaloT HAaHOKPUCTALTMYECKYIO CO-
CTaBJISIONIYIO CUHTE3UPOBAHHOTO MTPOIYKTa BO BTOPYIO,
MpeaBapuTeIbHO BAKKYMUPOBAHHYIO KaMEDPY, OTKPbIBAsI
TIepPeIyCKHOM KITallaH MexXIy Kamepamu uepe3 10 cekyHn
MocJjie reHepalu 3JeKTPOopa3psAHON MIa3Mbl, TOCe
Yero co0MparoT ¢ BHYTPEHHUX CTEHOK BTOPOU KaMephl
MOJIyYeHHBbIU TUOKCUJI TUTaHA CO CTPYKTYpPOM aHaTa3.

I1pu paspsinke eMKOCTHOTO HAKOIUTEJSI SHEPTUU
MEXIY TUTAHOBBIM HAKOHEUHUKOM LIEHTPAJIbHOTO 3JIEK-
TpoAa ¥ TUTAHOBBIM CTBOJIOM YCKOPUTEJISI IPOUCXOAUT
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WHHUIIMMPOBAaHUE IYTOBOTO pa3psiaa, BCICACTBUE YETO
2JICKTPUYECKY TUIABKAs IEPeMbIYKa U3 Base/IMHA Iepe-
XOIUT B IUIa3MEHHOE COCTOsIHUE. B mpoiecce ropeHust
JYTOBOT'O pa3psiia IPOUCXOMNT 3JIEKTPOIPO3UOHHASI Ha-
paboTKa TUTAHCOAEPKALLETO MPEKypcopa ¢ BHYTPEHHEH
TIOBEPXHOCTU MWIMHAPUICCKOTO JICKTPOITPOBOISIIETO
TUTAHOBOTrO cTBOJIA. [11a3MeHHBIA IOTOK YCKOPSIETCS
JI0 TUIIEP3BYKOBBIX CKOPOCTEI, U DPOAUPOBAHHBIIA TH-
TaH YY4acCTBYET B IUIA3MOXMMUYECKOM PEeaKIU C KUCIIO-
POIIOM IIEPBOI KaMEPHI, 4TO 00eCIeYrBaeT 00pa3oBaHKe
HAaHOKPMCTA/UTMYECKOTO AUOKCUIA TUTAHA CO CTPYKTYPOii
aHara3. OTHe/leHre CUHTE3MPOBAHHOTO HAHOKPUCTAJI-
JINYECKOro aHaTa3a OT KPYIHOAKUCIIEPCHOIO PyTUja 00e-
CIIEYMBAETCS ITyTEM OTKPBITHS IIEPEIYCKHOTO KJlalaHa
1 cO0pOM MPOAYKTa U3 BTOPOil Kamepbl. [IpermyiiecTBoM
TAKOI'0 CII0CO0A SIBJISIETCSI KCITOJIb30BaHKe BOOOPOACOIEP-
JKaIIel 3JIeKTPUISCKU TUTABKOM TIepEMBIYKH, TTOCKOIBKY
Ba3eJIMH, IOMUMO MUHEPAILHOTO Macjia, COOEPXKUT TBEP-
Jble apacuHOBBIE yriaeBogoponbl. [lepeMbiuka u3 Base-
JIMHA pa30rPeBaeTCsl, IUIABUTCS, Y CONEPXKAIIMIICS B €€ CO-
CTaBe BOIOPOJ BbIAEISIETCS U CITOCOOCTBYET YBEJIUUECHUIO
CKOPOCTH TeYEeHUS I1a3MeHHO# cTpyu. [IpenioxKeHHbIA
CI10cO0 MO3BOJIMII MOIYYUTh IPOAYKTHI C COAEPXKAHUEM
HaHOKPHCTAJIZIMYECKOTo aHarasa ot 83,2 no 85,7 mac. %
CO CpeIHMM pa3MepoM YacTuil 10 100 Hm.

OnoKcuaHask KOMIO3MIMS X0J0IHOTO OTBEPXKICHUS
(RU 2749379 C2)

M306peTeHre OTHOCUTCS K 001aCTH CO3IaHMS STTOK-
CHIHBIX KOMITO3UIINI XOJIOIHOTO OTBEPXKICHUS B Ka-
YeCTBE OCHOBHI KJIEEB, TEPMETUKOB M KOMITAYHIOB IIJIST
TepMeTU3AINY M PEMOHTA U3ICIINI U3 Pa3TUIHBIX MaTe-
pHAJIOB M 00IaJAIOIINX ITOBBITIICHHBIMU IIPOYHOCTHBIMU
¥ 1ehOpMAMOHHBIMY CBOMCTBAMH TIPU SKCILTyaTallI
B IIMPOKOM MHTEPBAJIe TEMITEPATyp SKCITIyaTallii, B TOM
qyrcie B ycaoBusx Apktuku n Kpaitnero CeBepa. Yiryu-
meHune a1eOopMaImOHHO-TIPOYHOCTHBIX CBOMCTB BITOK-
CHUIHBIX KOMITO3MIINIA, OTBEPKIAEMBIX TP KOMHATHOMN
TeMIIepaType, IBIIeTCS aKTyaTbHOU 3amadcii.

CyIIHOCTb U300peTeHMs TTOSICHSAETCST IpruMepoM [11].
AnokcnypetaHoBblii ouroMmep CKY-1400-3A cuHTe31-
PYETCST IBYXCTaIWITHBIM CITOCOOOM: Ha TICPBOI CTaTuN
TIPOBOIUTCS PEAKIINS OJIUTOTETPaAMETUIICHOKCHUIINOIIA
¢ MoJIeKyIsipHO#t Maccoii 1400 (ToproBast MapKa IOJIU-
dypur 1400) u 2,4-ToMyMICHAUN3O0IMMNAHATA, B3SITOTO
B IBOITHOM M30BITKE IO OTHOIICHUIO K CTEXNOMCTPHN.
B pesynbrare peakimu, mpoxosieii mpu 8§0°C B yCIIOBHO
TePMETUIHOM PeakTope, CHaOXKeHHOM MEXaHMUECKOM Me-
LIAJIKOM M pyOaIIKoi 1151 000TpeBa, B TeYeHHE 5—6 4acoB
TIpY TIepeMEIITMBAHUN TIOJTyIaeTCs OIMTO(PUPYpETaHIN-
n30IMaHaT (YpeTaHOBEIH (opIronmmep ¢ QYHKIINOHAIb-
HBIMM M30IIMAHATHBIMU TPYIIIIAMI) C COIEPsKaHUEM CBO-
OOIHBIX M30LMaHaTHBIX TpyIiT 4—4,7—4,8%. Ha Bropoii
CTaIWM TTOIyYCHHBIN TTPOIYKT B3aMMOICHCTBYET B YKa-

3aHHOM BHIIIE peakTope Tpu 80°C B TeueHne 5—6 gac
IIPY IIepEMELIMBAHUY C TIIALIAI0IOM, B3SIThIM B IBOMHOM
M30BITKE 10 OTHOLIEHUIO K cTexruoMeTpun. KoHeuHbIi
npoaykt onuromep CKY-1400-3A npencraBiser co0oii
IYCTYIO BSI3KYIO ITPO3PAYHYIO KUAKOCTb U UMEET COHEP-
JKaHWe CBOOOIHBIX SITOKCUIHBIX rpyri 4,2—4,85%.

[Ipu cuHTE3e KOHTPOJIb JOCTHKEHHUS ITOCTOSIHHOIO
colmepxKaHusI U30LMAHATHBIX TPYIII HA IEePBO CTaauu
IIPOBOIUTCS METOAOM OOPATHOIO TUTPOBAHUS B COOT-
BetcTBnM ¢ TY-113-03413-89, a comep:kaHue CBOOOIHBIX
SITOKCUIHBIX TPYIIIT Ha BTOPOIi CTaAUM OIPEACIISICTCS Me-
TOIOM OOparHoro ThutpoBanus cormacuo 'OCT 12497-78.

[IpurorosieHre SMOKCUAHON KOMIIO3ULIUK IIPOBO-
JUATCS B YKA3aHHOM BBILIE PEaKTOpPe IPU OC/Iea10Ba-
TEJIbHOM 3arpyK€HMU Y IIOCTOSIHHOM IepeMeINBAHUI
KOMITOHEeHTOB: 100 Mac.4. SIIOKCUIHOM JUAHOBOI CMOJIBI
B1-20 (F'OCT 10587-90), 4 mac.4. mactuduKaTopa,
omuromepa CKY-1400-3A. B cMech BBeIEHHBIX B peak-
TOp KOMIIOHEHTOB BebimnaloT 0,6 Mac.u. HAaHOMaTepuaa,
I1OCJI€ YEro CMEeCh AUCIIEPTUPYIOT IIYTEM YIbTPa3BYKO-
BOT'0 BO3JI€WICTBUS C MOMOIIbLIO YcTaHOBKM Bandelin
Sonopuls HD-3200 (ISO 9001/12.2000) B TeueHue 2 MuH
rmpu yactote 22 K11,

Crnoco06 nosryueHHsi KOMIO3UIIMOHHOTO COPOEHTA /LISt
H3BJICYCHHUSA MOHOB TAXKEJBIX METAJIJIOB M3 BOJIHBIX pac-
tBopoB (RU 2750034 C1)

M3006peTeHre OTHOCUTCST K XUMHUECKOM TTPOMBIIII-
JICHHOCTH, 2 UMEHHO K CIT0CO0aM ITOIyIeHUST KOMIIO-
3UIIMOHHBIX COPOCHTOB, COICPKAIINX XUTO3aH, TIPeIHA-
3HAYCHHBIX TS U3BJICUCHUSI MOHOB TSKEITBIX METAJIIIOB
copOmueli M3 pacTBOPOB Pa3IMIHOTO COCTaBa, 00pa3y-
IOIINXCS B pe3yJIbTaTe IIPOBEICHUS Pa3HOOOPA3HBIX TEX-
HOJIOTMYECKUX TTPOLIECCOB, X MOXKET OBITh MCTIOJIb30BAHO
TSI COBEPIIIEHCTBOBAHMST MEMOPAHHBIX Y COPOITMOHHBIX
TEXHOJIOTHIA, B BOIOIIOATOTOBKE, TIPH pa3pabOTKe TEXHO-
JIOTUH YTHIM3AIIAN NOHOB TSDKEITBIX METAJIOB M3 BOTHBIX
PacTBOPOB M CTOYHBIX BOJI Pa3IMUHOM TTpUpoasI [12].

TexHMuecKUM pe3yaIbTaTOM M300PETCHUS SIBIISICTCST
COKpalleHue BpeMeH! HabyxaHMs XxuTo3aHa B 1% pac-
TBOPE YKCYCHOM KMCJIOTHI 1 TTOBBIIIICHUE COPOLIMOHHOMN
€MKOCTH COpOEHTA IT0 OTHOIICHUIO K MOHAM TSDKEJTbIX
METaJIJIOB. YKa3aHHBIN pe3yJbTaT JOCTUTACTCS TEM, UTO
B CITOCOOE TTOTYYCHUSI KOMITO3UITMOHHOTO COPOSHTA TS
M3BJICYCHNS MOHOB TSDKEITBIX METAIOB 13 BOIHBIX PAaCTBO-
POB, 3aKITIOYAIOIIEMCST B CMEIIICHNH pacTBOpa XMUTO3aHa
B 1% yKCyCHOI1 KUCJIOTE C AMCIIEPCHE apMUPYIOIIETO
MaTepuaia B IUCTUUIMPOBAHHOU BOIE, MHTCHCHBHOM
IIepeMeIINBAaHNN U TIOCTETICHHOM JO0aBICHUHN SITHX-
JIOPTUIPUHA B KAYECTBE CIMMBAIOIIECTO areHTa 1 ITepeMe-
IIUBAaHUU 0 €TO TTOJIHOTO BKITIOUCHUS B PEaKIIMOHHYIO
CMeCh, TTOCICAYIONIEM KalleIbHOM BBEICHUH ITPUTOTOB-
JICHHOM CMeCH B BOIHBII pacTBOp Tpurtonmdocdara Ha-
Tpus ¢ KoHneHTpamueir 0,05 M 1ipu mepeMeIBaHNH,
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BBIIEPKMBAHUU B HEM 00pa30BaBIINXCSI MUKpocdep,
TIPY MUKPOBOJTHOBOM 00JIydeHNM MOIIHOCTBIO 300 BT
¢ yacrotoit 2,45 I'Ty u remneparype 25—40°C B TeueHUE
15—25 MMH ¢ TTOCTIENYIONIM UX OTIEIEHUEM OT TUCIIEP-
CHOHHOM Cpelbl U TIIATeTLHON ITPOMBIBKOM TUCTUILIN-
POBaHHOIT BOIOI OT HENIPOPEarnpoOBaBIIETO TPUIIOJIH-
(docara HATPHUA, COTTTACHO M300PETEHUIO, B KAUECTBE
apMUPYIOIIETO TUCIIEPCHOTO MaTepHaia NCITOIb3YIOT
yIJIEpOIHbIE HAHOTPYOKM «TayHUT-M», a B pacTBOpP X1-
TO3aHa TOIOJIHUTEIHHO BBOISIT PACTBOP KeJIaTHHA TIPH
MAacCOBOM OTHOIIIEHUH KeJIATHH : XuTo3aH 1:5 — 1:3, nmpn
3TOM MAacCOBOE OTHOIICHNE apMUPYIOIIETO TUCTICPCHOTO
MaTepHraya i CMECH XMUTO3aHa C JKeJIaTHHOM COCTABIISICT
1:10 — 1:2, a mepeMemnMBanne pacTBopa xurto3aHa B 1%
YKCYCHOM KUCJIOTE TIPOon3BOAAT B TeueHre 20—30 MuH
C TIOCTIeMyToIIeit 00pabOTKOM YIBTPAa3BYKOM B TCUCHHUE
10—20 MuH 1 HabyXaHHEM B ITOKOE Oe3 ITepeMeIlIMBaHusT
B TeueHne 30—40 MuH.

Takxce npedcmaeasitom unmepec 045 CREUUAAUCTOB
caedyrougue u300pemenuss 8 004acmu HAHOMEXHOAOUIL:

o HM3HOCOCTOWKUI 1 CTOMKMIA OTASTOYHBIN MaTepual
¥ c1ioco6 ero moryuyeHud [13].

» Pa3paboTaH cocTaB KpacKy WIH ITOKPHITHSI, KOTOPBIA
TIO3BOJISICT TIOIABIISITh MUKPOOHYIO KOPPO3HIO B ME-
TAJUTMIECKNX TTOBEPXHOCTSX [14].

o I'paden, MmommpuIIMpoOBaHHBIIT aTOMaMM a30Ta,
U CII0CO0 ero TpurotosiaeHus [15].

o Croco0 BHIpalIMBaHWUSI HUTCBUIHBIX KPHUCTAIOB
Kpemuwus [16].

o ChIpbeBasi CMeCh IIJIST M3TOTOBJICHUS KPYITHOPa3Mep-
HOI 3aTOTOBKHU CBEPXTBEPAOTO KOMIIO3UTHOTO MaTe-
puana [17].

o Crroco0 mory9eHrs MHOTOCTIOMHBIX U3HOCOCTOMKIX
aJIMa30ITOJO0HBIX TTOKPHITHIA [18].

o TexHMIecKOe pelIecHIEe IT0 OYMCTKE BOIBI HA OCHOBE
MIPUMEHEHMS KOHTAKTHOTO (PUIIETPA, COMEPKAIIIETO
YacTUIIbl OMOAaKTUBHOTO yriepoaa. [To3BossieT 6oiee
TIIATEIBHO YIAISATH 3aTPSI3HSIONINE BEIIeCTBA, MOXET
3¢ (eKTIBHO 00padaThIBATh 3arPsI3HCHHBIC TTOBEPX-
HOCTHBIC BOIBI, IJIT IPUMEHEHHUS BO BCEX OTPACIISIX
TIPOMBIIIIEHHOCTH BO BeeTHaMme [19].

« Crroco6 hopMUpoBaHMST HAHOCTPYKTYPUPOBAHHBIX
KOMITO3UTHBIX MaTepuainos [20].

CIINCOK JINTEPATYPBI

o Cr1oco0 ToayIeHNs CTICYCHHBIX U3NEINIA 13 OTHO-
OCHO CITPECCOBAaHHBIX 3JICKTPO3PO3NOHHBIX HAHO-
JINCIIEPCHBIX ITOPOIITKOB CBUHIIOBOM OpOH3HI [21].

o DIEKTPOXUMUICCKUN CITOCOO MOTyUYeHNS HaHOBH-
CKepoB okcuaa menu [22].

o Terron3onsIIIMOHHBIN MaTepral Ha OCHOBE a3pOTe]isT
C BO3MOXKHOCTBIO BBEICHUS B COCTAB KOHEYHOTO TIPO-
JIyKTa HaHOMaTepurajios [23].

o OrmmcaHa cTagus XUMIYECKOTO MOTU(UITNPOBAHMS
rpacdeHa — QYHKIIMOHAIU3AINS — U €TO IIPUMCHEHME
[24].

 3ammImaroast OT M3TydeHUs OJIKHETo MH(ppaKpac-
HOTO IMaria3oHa Mmpo3pavyHas cTeKJIOKepaMuKa [25].

o Croco6 nosyyenust HaHoyactuu okcuaa meau (11) [26].

o MertammmyecKkre TUTMEHTHI ¢ aHTUKOPPO3UIHBIMU
ITOKPBITUSIMHA Ha OCHOBE aJTIOMUHMS M/WJIN €0 CITIa-
BOB [27].

o Croco0 mpon3BOICTBA CYXUX CTPOUTEIIBHBIX CMECEH
[28].

o Crocob mory9eHusT KOMITO3UIIMOHHOTO METAJLI-IUC-
IEPCHOTO TTOKPBITHS [29].

o Tlonesnas momenb. HoBas sKojormaHasi cTeHOBasI
IIocKa 13 6aMOYKOBOI IpeBeCHOI MyKH, OTINJAIO-
IIAsICSI TEM, YTO KOPITYC CTEHOBOTO IIIMTA M3TOTOBIICH
Ha OCHOBE TTOJINMEPHOI HaHOTexHoorun. O0Iamaet
CBOICTBOM OTHECTOMKOCTH, BOMOHEIIPOHUIIAEMOCTH,
3aIIATHI OT MOJIM ¥ KOPPO3WH, 00JIamaeT TeTUION30Is -
LIMOHHBIM 3(D(HEKTOM, YIYIIIACT SKCIUTyaTalIMOHHBIC
XapaKTepPUCTUKU 1 YpOBeHb KoMmdbopTa 3manuii [30].

« Cnoco0 moydeHnsI HAaHOCTPYKTYPHUPOBAHHOTO MaTe-

puajia a1 aHodoOB METAJJI-MOHHBIX aKKYMYJIATOPOB
[31].

3AK/IIIOYEHUE

OnHa 13 aKTyaJIbHBIX 3a1a9 9KOHOMUKH JII000M CTpa-
HBI — TIOBBIIIICHE KOHKYPEHTOCTIOCOOHOCTH TTPOMBIIII -
JICHHOCTH 32 CUET €€ TeXHOJIOTHIECKOTO TIepeoCcHaIIe-
Hus. M B 95TOM HaIlpaBJICHNH TJIaBHBIM O0OBEKTOM BHU-
MaHHMSI CO CTOPOHBI TOCYIAPCTBA Y KOMITAHUI CTAHOBSITCS
IOV VUTH TIPEITIPUSITHS, IbsT OCHOBHAST paboTa CBSI3aHA
¢ M300peTeHeM 1 BHeAPEHEeM HOBBIX TexHojIormit. [1o-
5TOMY HaleeMcsl, 4TO ITyOIMKyeMasi B JaHHOU pyopuKe
nHdopMauus OyaeT BOCTpeOOBAHHON U MOJIE3HOM ISt
CITeIINAJICTOB.
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ABSTRACT: Introduction. In the modern socio-economic and geopolitical development of Russia, the development of industry
comes to the fore. Among the many industries, ammonia stations play the most important role. The main regularities of the process
of pumping and preparing water. The process consists of six stages, this article discusses the automation of stages 1 and 2: for
water treatment and pumping it out with pumps H1 and H2 from the tank P2. Products in the form of purified water are the most
important criteria for subsequent production at an ammonia plant, therefore, increased requirements are imposed on the quality of
finished products, including the quality of purification of the water used with the help of nanofilters. The required quality cannot be
achieved without control the process in an automated mode. Development of a neural network. To control the converters frequency
values during the preparation and pumping of water, an artificial neural network must be used. Its development was carried out in
the Matlab environment in the Neural Network Toolbox package, input and output data were defined for this, data processing and
preparation were performed, as well as the choice of the type and architecture of the neural network. The architecture of the Layer
Recurrent neural network, the process of its construction and training in Matlab is described. Testing of neural networks. During
testing of the Layer Recurrent network for the degree of their training, the smallest error was obtained for 30 neurons in the hidden
layer. The proximity to the set values indicates the applicability of the network for controlling the parameters of frequency convert-
ers. Development of the neural network controller model in the Simulink package. The simulation of the control system in the
Simulink package using a neural network controller with the Layer Recurrent architecture is performed. Checking the frequencies of
the frequency converters H1 and H2 in Simulink for the level parameters in the tanks and in the tank LT, _, LT, LT, =showed that
the object model works correctly, thus, the simulation of the neural network showed that the training was successful. Conclusion.
As a result of the conducted research, an artificial neural network was developed to control the process of preparing and pumping
water in the Matlab environment and a simulation of a neural network in the Simulink package.
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INTRODUCTION

or the process of water preparation and pumping to

feed it to the cooling circuit of the ammonia station,
it is necessary that the frequency converters of the H1 and
H2 pumps work without interruption. The operation of
frequency converters is determined by the liquid level in
the reservoir P2, in sections 1 and 2, and the level of the
liquid in the backwater basin B1.

© Muravyova E.A ., Kochenkov A.V., 2021

If the levels in sections 1 and 2 are high, and the level
in tank B1 is low, then it is necessary that the values of
the frequencies of the converters are high. If the levels
in sections 1 and 2 are low, and the level in tank B1 is
high, then it is necessary that the values of the frequency
converters are low.

This article investigates a method for controlling the
processes of water preparation and pumping occurring at
stages 1 and 2, precise control of which is necessary for
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a smooth supply of water for purification to nanofilters, it
is the use of a neural network to create a supply controllers
that protects nanofilters from failure, thereby providing
of their safety system.

The aim of the study is to develop an artificial neural
network to control the process of preparing and water
transfer in the Matlab R2017b environment and to simu-
late the neural network in Simulink.

To maintain the stability of the technological process
for the preparation and water transfer, it is necessary to
control directly the parameters of the frequency con-
verters of the pumps. Based on the research carried out,
a neural network was developed, which is used to regulate
the parameters of pumps by using frequency converters
F1 and F2 [8].

When using a control system based on PID control-
lers, there is a problem of the lack of compensation for
disturbances and taking into account the mutual influence
of technological parameters, which leads to instability in
the control of the object. [5].

1. Main regularities of the process water pumping and
treatment

The technology of water pumping and treatment is
based on the collection of stormwater runoff into the tank
P1, followed by pumping by pumps to filter columns. The
process of water pumping and treatment includes the
main stages [7]:

1) water treatment (collection of storm drains, sludge
and coarse filtration) from tank P1 to tank P2;

2) pumping water with pumps H1 and H2 from the
tank P2;

3) water purification on nanofilters FO1 and F02 from
small mechanical impurities;

4) water purification by ion exchange method in the
filter column F03;

5) water purification on the filter column of de-ironing
F04;

6) purification from ammonia by filtration on an am-
monia filter FO5, which helps to improve the pH concen-
tration of purified water.

As the final products of the production process of wa-
ter pumping and treatment, purified water is obtained to
feed the cooling circuit of the ammonia station.

During flushing, the contaminated water is drained
into the sewer.

The process of water pumping and treatment is de-
signed to purify water and feed it into the cooling circuit of
an ammonia station. This article discusses the automation
of the Ist and 2nd stages of the process.

The process of preparation and water transfer includes
[4]:
— tanks (P1, P2) — designed for collection, fine filtration
and subsequent pumping to filter columns;
pumps (H1, H2) — transfer water from the P2 reservoir
to the filter columns;
skimmers (H3, H4) — collect oil slick from reservoir P2;
filter columns (FO1—F05) (5 pieces) — carry out com-
plete water purification.

2. Development of a neural network

To control the values of the converter frequencies dur-
ing the preparation and water transfer, it is necessary to
introduce an artificial neural network.

The development of ANN (artificial neural network)
is carried out in the Matlab R2017b environment in the
Matlab Neural Network Toolbox [7].

The process of preparing and water transfer for build-
ing a neural network model can be conditionally divided
into 5 main stages.

At the first stage, the analysis and selection of input
data was carried out, which significantly affect the con-
trolled process.

At the second stage, the definition and collection of
input data is carried out and the methods of obtaining the
output values are selected.

F

lout

2out

Reservoir P2

Backwater B1

Fig. 1. Functional diagram of the automation of the process of preparation and water transfer
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The third stage is the choice of the ANN architecture.

At the fourth stage, the network is trained.

At the fifth stage, the effectiveness of the created neu-
ral network is checked. [2-5].

2.1. Definition of inputs and outputs

To solve the problem using a neural network, it is nec-
essary to collect data for training. Output parameters - the
values of frequencies of frequency converters F,_ , F,
vary depending on the input parameters LT1, , LT2_,
LT3, according to the dependencies below. The output

was calculated using the formulas:
l:lout - (LTlm/(LT3m/ LTlm)).2’ (l)
F, . — (LT2, /(LT3 /LT2,))-2, )

where LT1, — water level in section 1 of reservoir P2;
LT2, — water level in section 2 of reservoir P2;

LT3, — water level in the circulating water tank B1;
F, — first pump power;

lout

F,,.. — second pump power.

If the levels in sections 1 and 2 are high and the level
in tank B1 is low, then it is necessary that the values of
the frequency converters are high. In the event that the
levels in sections 1 and 2 are low, and the level in tank B1
is high, then it is necessary that the values of the frequen-
cies of the frequency converters are low [10].

Next, let’s prepare the data for training the neural
network.

3 values will be fed to the input of the neural network:

1. Water level in section 1 LT1__of tank P2 (0-+100) %;

2. Water level in section 2 LT, | of tank P2(0+100) %;

3. Water level in backwater basin LT, , B1(0+100) %;

At the output, the neural network must calculate:

1. The number of revolutions of the pump motor
F1(0--2000) r/s;

2. The number of revolutions of the pump motor
F2(0+2000) 06/ r/s.

2.2. Data processing and preparation

Using formulas (1—-2), let’s create a table with the
training set. It consists of 1044 examples.

2.3. Choosing the type and architecture of a neural net-
work

During the analysis, it was decided to select Layer
Recurrent neural networks (recurrent neural networks).
The selection criteria were as follows: high accuracy of the
output values due to feedbacks of the selected architec-
ture, nonlinear structure of the selected neural network
architecture, a large number of sources for it.

Table 1
The training set
Inputs Outputs
Ne F .| F ,
LT1 ,% |LT2 ,% | LT3 ,% | lo Zout
n n in r/s r/s
1 1 1 5 0 0
2 1 1 10 0 0
3 1 1 15 0 0
4 1 1 20 0 0
5 1 1 25 0 0
6 1 1 30 0 0

1039 100 100 75 266 266

1040 100 100 80 250 250
1041 100 100 85 235 235
1042 100 100 90 222 222
1043 100 100 95 210 210
1044 100 100 100 200 200

There is no unambiguous methodology for choosing
the number of hidden layers and neurons in them, and
the question of how successful this or that choice is, is
often decided on the basis of the experimental results of
learning and testing ANN [9].

It is necessary to select the number of neurons in the
hidden layer. Choosing the right amount is a very impor-
tant step [2]. Too few and the network will not be able
to learn. Too much will lead to an increase in the train-
ing time of the network to a virtually unrealistic value.
There is no easy way to determine the required number
of elements in a hidden network layer. In this case, the
required number of neurons in the hidden layer for the
smallest error of the Layer Recurrent neural network was
experimentally established — 30 [14].

The network will be trained using a modified error
backpropagation algorithm: trainFcn = “trainbr’.

We set the maximum number of training epochs,
which determines the number of epochs (time interval)
after which training will be terminated: epochs = 1000.

Let’s choose the number of epochs between impres-
sions equal to twenty five: show = 25

We set the criterion for the end of training — the devia-
tion value at which the training will be considered com-
plete: goal = 0.

2.4 Layer Recurrent neural network architecture de-
scription

Layer Recurrent neural networks are networks where
connections between elements form a directional se-
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quence. This makes it possible to process data in time
or sequential spatial data chains. The training of recur-
rent neural networks is carried out by the method of back
propagation of the error, which makes it possible to train
the weight coefficients with repeated training of the net-

work, which in turn increases the efficiency of training
the ANN [13].

2.5 Building and training a neural network in Matlab

We will implement and train a neural network of the
Layer Recurrent architecture in Matlab. For this we use
the nntool instrument. Let’s call the input data of the
neural network input, and the output data — output.
Let’s select the Layer Recurrent neural network. The
uploaded data will be displayed in the working window
“Workspace”.

The entrance to the “Neural network training” tab is
carried out using the nntool command [7]. A signal x is
received at the input of the neural network, which consists
of the following parameters: the water level in the reservoir
P2 of section 1 LT, , the level in the reservoir P2 of sec-
tion 2 LT, , the level in the backwater basin BI LT, . An
adder “+” multiplies each input b, by the weight w, and
adds the weighted inputs. Then the value passes through
the activation function of the corresponding layer and
the outputs are calculated: the powers of the frequency
converters F,_ , F, .

Using the NNTool command, the entrance to the
“Neural network training” tab will be implemented.
In the Input Data work window, the input values “Input”
are entered. In the work window Target Data (target data)
enter the output values “Output”.

2.6 Layer Recurrent architecture neural network

Let’s analyze the following Layer Recurrent neural net-
work. 30 neurons were selected in the hidden layer.

At the end of the NN learning process, a window for
the completion of the learning process appears, which
displays the number of iterations performed — 1000, the
time spent on training — 00:01:07 h, the value of the root
mean square error — 0.18887, the value of the gradi-
ent — 0.27445, the value of regularization — 0.01 and the

Neural Network

Fig. 2. Training a neural network

o Best Validation Performance is 0.18887 at epoch 1000
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Fig. 3. Mean square error

frequency of deviations of the obtained values from the
specified error is 0.

The change in the real value from the true we can be
observe on the training graph of the Layer Recurrent neu-
ral network in the training completion window (Figure 3).
From the training graph of the Layer Recurrent neural
network, we can see that the mean square error value of
0.18887 was achieved in 1000 epochs, which is less than
the specified one — 0.315.

Further, you can see how the gradient and the learn-
ing coefficient changed during the training of the neural
network (Figure 4). The gradient of the functional of the
learning error by the weights of the Layer Recurrent neu-
ral network is shown in the gradient graph (Figure 4). The
weights of the neural network are considered as arguments
of the Layer Recurrent neural network, where a gradual
movement takes place to lower and lower points in the
plane of the graph in order to find the minimum. On the

Gradient = 0.27445, at epoch 1000

M
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10°
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1070

g 10°L\—\_‘

Validation Checks = 0, at epoch 1000

Mu = 0.01, at epoch 1000

val fail
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Fig. 4. Graphs of network training
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gradient graph when training the Layer Recurrent neural
network, you can observe abrupt transitions to find the
best value for adjusting the values of the training sample.
The gradient value (Figure 4) for the Layer Recurrent
neural network equal to 0.27445 shows the sum of all
adjustments for the variables that were maximally higher
than the error rate.

The change in the regularization variable when train-
ing the Layer Recurrent neural network can be observed
on the Mu graph (Figure 4). The regularization parameter
is changed using the method we have chosen — Leven-
berg-Markart. To adjust the values of the training sample
of the Layer Recurrent neural network and retrain the
neural network, a range of numerical values is used — this
is called regularization. In Figure 4, you can see that this
number takes on a value of 10-3, and we can conclude
that the rate of the value is small, so it can be neglected.

The frequency of deviations of the obtained values
from the prescribed error is shown by Validation checks
(Figure 4). Figure 4 shows that:

— in the range from 0 to 1000 learning epochs, the
frequency of deviations does not change and equals 0.

After analyzing the Validation checks graph, we can
conclude that in the process of training the Layer Re-
current neural network for the smallest error, it is better
to stop training the Layer Recurrent neural network at
1000 epochs. Since deviations no longer occur after 1000
epochs, it is advisable to stop training the neural network.

The final value of 0, which we observe on the Valida-
tion checks graph, shows that the frequency of deviations
of the Layer Recurrent neural network reaches the mini-
mum value when the 1000 epoch is reached.

3. Neural network testing

To test neural networks for the degree of their train-
ing, we supply 3 values to the input in the main Matlab
window [15—16].

3.1 Testing the neural network of the Layer Recurrent
architecture

We introduce a new variable xx = [100; 100; 100]
LT1, =100, LT2, = 100, LT3, = 100. We introduced
a new variable xx to check the output values (frequency
converters) [6].

Next, let’s simulate and print the output values.

1. For 30 neurons in the hidden layer

To test the neural network, take the test data (Table 2).

Test results: received output values of frequencies of
frequency converters F,_ , F, .

F,.— 199.75;

F, ..—199.74.

During testing of the Layer Recurrent network, the
smallest error was obtained for 30 neurons in the hidden

Table 2
Verification data for output values (for 30 neurons)
Input Output
LTL ,% | LT2,,% | LT3, ,% | F,1/s F,, 1/s
100 100 100 200 200

layer [4]. Initial data (200; 200). The proximity to the
specified values (199.75; 199.74) indicates the applicability
of the network. In the future, it can be used to control the
parameters of frequency converters.

4. Development of a neural network controller model in
the Simulink package

Figure 5 shows a general view of the Layer Recur-
rent neural network, where the Custom Neural Network
block denotes the artificial neural network itself. Into the
Constant block we enter the input values LT, | , LT

2_in’

LT, . ,and the block y1 displays the output values of F,
and F

2out”

t

Custom Neural Network

Fig. 5. General view of a neural network in Simulink

Figure 6 shows the general architecture of Layer Re-
current. From the Input block, the signals LT, , LT, ,
LT, , are sent for analysis to the Process Input 1 block,
then the input signal goes to the hidden layer Layer 1.
Layer 2 accepts the Layer 1 output and calculates the

outputs F,_ and F

2out”

Input  Process Input 1 a1}

a{1} Process Output 1 Output

Fig. 6. General architecture of Layer Recurrent

Figure 7 shows the hidden layer of the neural network
Layer 1, where the adder “+” multiplies each input b, by
the weight w, and sums the weighted inputs.
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Delays 1 Iw{1,1}
a{1}
——|

Delays 2 LW{1,1} a{1}

b{1}

Fig. 7. Hidden layer of the neural network Layer 1

Figure 8 shows the output layer of the neural network
Layer 2, the value from Layer 1 passes through the activa-
tion function of the corresponding output layer of Layer 2
and the outputs F|_  and F, are calculated.

ait} \._

Delays 1 LW{2,1}

a(2)

b{2}

Fig. 8. The output layer of the neural network

Let’s check the frequency converters F,_ and F,_ |
in Simulink for LT, , , LT, ,, LT, [100; 100; 100] then

1_in? 2_in? |
change the input values to [4; 4; 100] (Figure 9). Fig-
ure 9 displays the F, | and F,_ values for the input values
LT ,LT ,LT

1_in? 2_in? 3 in"

CONCLUSION

The article substantiates the feasibility of develop-
ing an intelligent control system for the parameters of
frequency converters of pumps, implemented using a
neural network Layer Recurrent. A model for control-
ling the parameters of frequency converters is presented,
taking into account the multiple relationships between
the parameters of the technological process and control
signals.

As a result of training, a neural network was obtained
that generates output signals with a minimum error. The
initial data of the frequency converters were chosen equal
to 200 r/s. The proximity of the test result to the speci-
fied values (199.75; 199.74) indicates the applicability of
the network for controlling the parameters of frequency
converters.

The simulation of the control system in the Simulink
package using a neural network controller using the Layer
Recurrent architecture has been performed. Checking
the frequencies of frequency converters F| | and F,_ in
Simulink for the level parameters in reservoirs and in the
tank LT, , LT, , LT, [100; 100; 100] showed that the
object model is working correctly, that is, the developed
neural network for the neurocontroller is trained correctly.
Then we changed the input values to [4; 4; 100], which
are new for the neural network. The model with them also
showed correct process control.

Thus, an artificial neural network has been developed,
trained and tested, which effectively controls the process
of preparation and water tranfer.

AF F

lout” = 2out

E lout

2out,

\/

Fig. 9. The output layer of the neural network F, and F

2out
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Pa3pa6oTKka nHTennekryasbHON CUCTeMbl ynpaB/ieHNA
npoLeccomMm NOAroTOBKU N NepeKavykn BoAbl B KOHType
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PE3IOME: BBepeHue. B coBpeMeHHOM COLManbHO-3KOHOMMYECKOM 1 reOnoNIMTUYECKOM Pa3BuTUM Poccrmn Ha nepBbIii MaH Bbl-
XOAUT pa3BUTVE NPOMbILLIEHHOCTU. CPeAn MHOXeCTBa OTpaciel MPOMbILLIIIEHHOCTU BaXKHENLWasA POsb NPUHAAIEXUT aMMa4yHbIM
CTaHUUAM. OCHOBHbIe 3aKOHOMEPHOCTU NpoLiecca nepeKkavkn 1 NOAroToBKMN BoAbl. [1poLiecc COCTOWT 13 LWeCTy CTaaunii, B aH-
HOI CTaTbe paccMaTprBaEeTCA aBToMaTM3auma 1 1 2 cTaguii: No NOAroToBKe BOAbI U OTKauke eé Hacocamu H1 1 H2 13 pesepByapa
P2. MpopayKumsa B BULE OYULLEHHON BOAbI ABNAETCA BaXKHEWLLUM KpUTepreM AN1A NoCiefyioLero NpoM3BoACTBa Ha aMMaYHO
CTaHLMM, MO3TOMY K KauecTBy roTOBOW NMPOAYKLMU NPeSbABNAITCA NOBbILIEHHble TPe6OBaHUA, B TOM UMC/IE K KaUeCTBY OUMCTKU
MCMOJb3yeMON BOAbI C MOMOLLbIO HAaHOPMNBTPOB. TpebyeMoro KauecTBa HEBO3MOXKHO AOCTMYb 6€3 ynpaBieHna NPoLeccom B aBTo-
MaTV31pOBaHHOM pexuMe. Paspa6oTka HelipoHHO ceTu. [1nA ynpaBneHua 3HauYeHAMM YacToT npeobpasoBaTterneli B npoLecce
MOArOTOBKU 1 MepeKayKkn BOAbl NCMOb30BaHa NCKYCCTBEHHasA HelpoHHan ceTb. Ee paspaboTka npovissepeHa B cpefe Matlab
B nakete Neural Network Toolbox, Ansa asToro onpegeneHbl BXOAHbIE 1 BbIXOAHbIE AaHHbIe, pou3BeAeHa 06paboTka 1 MoAroToBKa
[aHHBIX, a TaKXKe BbIOOP TMMa 1 apXUTEKTYPbI HepoceTn. OnvcaHa apxuTeKTypa HelipoceTu Layer Recurrent, npouecc eé noctpo-
eHuA 1 obyuyeHna B Matlab. TectTupoBaHme HellpoOHHbBIX ceTel. B xofie TecTvpoBaHma cetu Layer Recurrent Ha npegmeT cteneHu
00y4YeHHOCTU HaMMeHbLUAA NMOrpeLHOCTb Obina nonyyeHa AnAa 30 HEMPOHOB B CKPLITOM c/loe. Bn3ocTb K 3aAaHHbIM 3HaYeHVAM
CBUAETENbCTBYET O NPVMEHNMOCTY CETU ANIA YNpaBneHna napamMmeTpaMm YacToTHbIX Npeobpa3oBaTteneil. PaspaboTka mogenu
HelipoceTeBoro perynaropa B nakere Simulink. BoinonHeHo mofenupoBaHve cucTeMbl ynipaBneHus B nakete Simulink ¢ nc-
Mosib30BaHVEM HEPOCETEBOrO PEryAaTopa C apxutekTypoi Layer Recurrent. MpoBepKa 4acToT YacTOTHbIX MpeobpasoBaTeneil
Y .4, BSimulink ans napameTpoB ypoBHA B pesepByapax v B 6ake LT, LT, ., LT, , nokasana, 4to mogenb obbekTa paboTtaet
KOPPEKTHO, TaKM 06pa3om CUMYNALMA HEMPOCETMN NoKasara, YTo obyyeHre NPOoLLO yCreLHo. 3aknioueHne. B pesynstate npo-
BEAEHHOrO NcCnefoBaHnA pa3paboTaHa NCKYCCTBEHHAsA HEPOHHAA CeTb 1A YpaBieHUA NPOLECCOM MOLArOTOBKM 1 NepeKkayku
BoAbl B cpefie Matlab 1 cumynauma HelipoceTu B nakete Simulink.

KJTIOYEBDIE CJTOBA: npouecc, aMMravHas CTaHLuWsA, HAHOPUIBTPbI, pa3paboTKa, HeMPOHHas CeTb.

AnA UWUTUPOBAHUA: MypasbeBa E.A., KoueHkoB A.B. Pa3paboTka MHTeNneKTyanbHOW CUCTeMbl YpaBneHUs npoLeccom nog-
rOTOBKM M NepeKayky BOAbl B KOHTYpe OXNaXKAeHMA aMMUaYyHom ctaHumn // HaHoTexHonorum B ctpontenbeTe. — 2021, — Tom 13,
Ne 4. - C. 252-258. - DOI: 10.15828/2075-8545-2021-13-4-252-258.

BBEJEHUNE

JIST TIPOIIECCa TIOATOTOBKYU U TIEPEKAYKH BOIBI JIJISt

MOAIUTKU €10 KOHTYpa OXJaXIeHUs aMMUaYHOM
CTAHLIMKU HEOOXOAMMO, YTOOBI HA CTAIMSIX TTOATOTOBKU
¥ TIepeKavKy BOIbI YACTOTHBIC TIpeodpa3oBaTesid Haco-
coB H1 n H2 pabotanu 6e3 riepedoeB. PaboTa 4acTOTHBIX
npeoOpa3oBaTesIcii OpenesaeTCs YPOBHEM KUIKOCTH
B pe3epByape P2, B cekmuax 1 u 2, 1 ypOBHEM KUIKOCTH
B Oake obopoTHoi Boabl b1.

© MypaBbeBa E.A., KoueHkos A.B., 2021

Ecau ypoBHUM B cekumsax 1 1 2 OyayT BHICOKUMU,
U ypoBeHb B 0ake b1 OygeT HU3KUM, TO HEOOXOAMMO,
YTOOBI 3HAUCHMS YaCcTOT IIpeobpa3oBaTesicii OBLIN BbI-
cokuMM. B cirydae, ecay ypoBHHU B ceKIMSIX 1 1 2 OyayT
HU3KUMU, U YPOBeHb B 0ake b1 OymeT BEICOKUM, TO He-
00X0IMMO, YTOOBI 3HAUYCHUS YaCTOT YaCTOTHBIX ITPE00-
paszoBaTeieit OBLTN HU3KUMMU.

B maHHOI cTaThe TPOM3BOINTCS UCCICIOBAHIE ME-
TOIa TSl YIIPABIICHUS TIPOIecCaMi IIOATOTOBKHM U TIepe-
KaYK{ BOABI, IPOUCXOISIIINMHY Ha |1 1 2 cTagusx, Ka-
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YEeCTBEHHOE YIpaBJieHUE KOTOPbIMU HEOOXOAUMO ISt
TUTAaBHOM MOAAYM BOJbI 1JISI OUYMCTKU HA HAHO(MDUIIBTPHI,
MMEHHO MCMOJIb30BaHUE HEUPOHHOI CETU 1JI1 CO3MaHMS
peryJisiTopa Mnojayu 3aiiuinaeT HaHO(MUIBTPbI OT BbI-
Xoja u3 CTposi, obecrneuynBasi TEM CaMbIM CUCTEMY UX
MPOTUBOABAPUNHOM 3ALUTHI.

Llenblo uccnenoBaHus sIBsIETCS pa3paboTKa UCKYC-
CTBEHHOI HEMPOHHOM CETHU IS YIIPABJIEHUSI IPOLIECCOM
TIOITOTOBKY M TIepeKauyKy BoAbl B cpeae Matlab R2017b
¥ cUMynsIus Heiipocetn B Simulink.

st monaep:kaHusi CTaOUJIbHOCTUA TEXHOJIOTMYECKOTO
npoliecca MoAroTOBKY 1 MepeKauyku BOJbl HEOOXOAUMO
YIIPaBJISITh HEMMOCPEICTBEHHO MapaMeTpaMy YaCTOTHBIX
npeobpazosaresieii HacocoB. Ha ocHoBaHUU MpOBEIEH-
HBIX UCClIeOBaHUH ObUIa pa3paboTaHa HEMPOHHAsI CETh,
KOTOpast IPUMEHSIETCS 151 peTyJIMpPOBaHUs IMapaMeTPOB
HaCcOCOB ITyTeM MCITOJIb30BaHMST YACTOTHBIX TPeodpaszo-
Bateneit U1 u Y2 [8].

ITpu ncnonb30BaHUM CUCTEMBI YIIPABJIEHUS HA OC-
HoBe 11 I-peryasTopoB CcyllecTBYeT IpodJieMa OTCYT-
CTBMSI KOMIIEHCALIMK BO3MYIIEHUS 1 yueTa B3aUMHOTO
BJIMSTHUE TEXHOJIOTUYECKUX IMapaMeTPOB, UYTO TPUBOIUT
K HeCTaOMJILHOCTU MPU YIIpaBJIEHUU 00BbEKTOM [5].

1. OcHoBHbBIE 32KOHOMEPHOCTH MPOIECCA MePEeKAYKH
U NOATrOTOBKHU BObI

TexHomorus nepekKavyky v IOATOTOBKH BOIBI OCHO-
BaHa Ha cOOpe IMBHEBBIX CTOKOB B pe3epByap Pl ¢ 1mo-
CIICIyTOIeH TIepeKauKol HacocaMy Ha (PUIbTPYIOIINe
KOJIOHHHI. [Ipoliecc mepeKayku 1 TTOATOTOBKHM BOIEI
BKJIIOYaeT OCHOBHBIE cTaguu [7]:

1) moaroToBKa BOIkI (COOp TMBHEBBIX CTOKOB, OTCTOM
u Tpybast pmipTpamms) u3 pesepsyapa Pl B pesepByap P2;

2) oTKauka Bomsl Hacocamu H1 m H2 u3 pe3epByapa
P2;

3) ouncTKa Boabl Ha HaHOMMIETpax 1mo3. P01 u ®O2
OT MEJIKUX MEXaHNMUECKMX IIPUMECEii;

4) ourcTKa BOILI METOJOM MOHHOTO 0OMeHa B (hUJTb-
Tpylomei KojaoHHe 1mo3. P03;

5) ouncTKa BOIBI Ha (PUIIBTPYIOIICH KOJIOHHE 00€3-
XKene3nuBaHus 1mo3. ®04;

6) ouKCTKA OT aMMHUaKa IyTeM (UIbTPALIMY HA aM-
MuadyHoM ¢wmibTpe 1mo3. D05, 4To cmocoOCTBYET Yayd-
IICHUIO KOHIIEHTpaunu pH ounIeHHO BOIEI.

B kayecTBe KOHEUHBIX TPOIYKTOB IMPOU3BOACTBEH-
HOTO TIpoliecca TTepeKayKy ¥ ITOATOTOBKU BOIBI TOJTY-
YaIOT OYMIIICHHYIO BOMY VTS IIOAITATKI KOHTYpa OXJIaxXK-
IIeHUs] aMMUaYHOM CTaHIINU.

Bo BpeMsI IpOMBIBKH 3arpsi3HCHHAST BOJIA CIMBACTCS
B KaHAJIM3AIIIIO.

IIpo1recc mepeKayKy M IMTOATOTOBKY BOIKI TIpEIHA-
3HAYCH TSI OYMCTKY BOIBI 1 TIOMITUTKHA €10 KOHTYpa OX-
JIAXICHUST aMMHUAYHOM cTaHIIMU. B maHHOI cTaThe pac-
CMaTpHUBaeTCsI aBTOMAaTH3aums 1 1 2 cTamuii Tiporiecca.

IIpomecc mepekayku 1 MOATOTOBKY BOIBI BKITFOUACT
B cebs [4]:

— pe3epByapsl (P1, P2) — nmpenrasHavyeHsI mj1s1 cOO-
pa, MeJIKOU (PUIBTPAIINK 1 TTOCTICIYIOIEH OTKAYKH

Ha (UIBTPYIOIINE KOJIOHHBI,

— mHacocsl (H1, H2) — ocyImecTBasIOT mepeKavKy BOIBI
n3 pe3epByapa P2 B GmiIbTpyromme KOJOHHBI,
— ckumMepsl (H3, H4) — ocymecTBisioT coop HeTsI-

HOW TUNIEHKU U3 pe3epByapa P2;

— ¢uiprpyromue KooHHB (P01 — DOS5) (5 mTyK) —

OCYIIECTBIISIIOT TIOJTHYIO OYMCTKY BOIEI.

2. Pa3paGoTka HeiipoHHO¥ ceTn

st yripaBieHUs 3HAYCHUSIMA 9acTOT Ipeodpa3oBa-
TeJIeH B TIpoIlecce MOATOTOBKY U TepEeKaYKU BOIBI He-
00XOIMMO BHEAPUTH NCKYCCTBEHHYIO HEIPOHHYIO CETh.

Paspaborka MHC (cKyccTBeHHOIT HEHMpOHHOM
ceTH) TmpousBomuTCs B cpene Matlab R2017b B makeTe
Matlab Neural Network Toolbox [7].

IIpo1recc TTOATOTOBKY M MEPeKAYKU BOMBI IIJIsT TTO-
CTPOEHUS HEWPOCETEBOI MOAEIU MOXHO YCIIOBHO pa3-
IIEJINTH Ha 5 OCHOBHBIX 3TATIOB.

Ha niepBoMm 3Tare npoBeneH aHAIU3 U OTOOP BXOA-
HBIX JAaHHBIX, KOTOPHIC CYIIIECTBEHHBIM 00Pa30M BIIHASIIOT
Ha yIIpaBIsIeMbIii IIpoI1iecc.

Ha BTOpOM 3Tare ocyIecTBIsICTCS OIIpeneIcHIe
1 cOOp BXOIHBIX TaHHBIX, 1 BEIOMPAFOTCS CITOCOOHI T10-
JTIy4eHUS BBIXOTHBIX 3HAUCHUIA.

Y 4

IBBIX 2BBIX

Pesepsyap P2

| bak o6opoTHoiIi
Boabl b1

Puc. 1. @yHKIHOHAIBHAS CX€MA ABTOMATH3AIMH MPOIECCA MOATOTOBKH M NIEPEKAYKH BOIbI
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Tpetnit aTan 3aKio4aeTcs B BEIOOPE apXUTCKTYPBI
MHC.

Ha yeTBepTOM 3Tare mpon3BOOUTCS OOYUCHHE CETH.

Ha nisirom sTane npoBepsieTcst 3¢ (heKTUBHOCTD CO3-
JTaHHOI HelpoHHOI ceTH [2—5].

2.1. Onpedeaenue 6x00HbIX U 8bIXOOHBIX OAHHBIX

JI1 pelieHnsI 3a1a9y ¢ TIOMOIIBIO HEUPOHHOM CeTH
HeoOXxoauMo coOpaTh TaHHBIE IJIs1 00yyeHus . Beixom-
HBIE TTapaMeTphl — 3HAaUYE€HUs YacTOT Mpeodpa3oBaTe-
neiivactorel Y, Y, — M3MEHSAIOTCS B 3aBUCHMOCTH
ot BXxonHbIX napamerpos LTI , LT2 , LT3 1o npu-
BeJEHHBIM HIDKE 3aBUCUMOCTSIM. BBIXOOHBIE TaHHbIE

paccumnTanu 1o popmyaam:
qleIX - (LTIBX/(LT3BX/ LTlBX)) . 2, (l)
qZBbIX - (Lngx/(LT3BX/ LTZBX)) o2, ()

rae LT1 — ypoBeHb BOMIbI B ceKInK | pesepByapa
P2;

LT2_— ypoBeHb BOAbI B CeKLIMK 2 pe3epByapa P2;

LT3 — ypoBeHb Bozbl B 6ake 000poTHOM Boabl B1;

Y,  — MOIIHOCTB IIEPBOTO HACOCA;

I1BBIX

Y,,... — MOIIHOCTb BTOPOTO Hacoca.

B citygae, ecaiu ypoBHM B ceKLIMIX 1 M 2 OYAYT BBI-
COKMMHU, U ypoBeHb B 0ake b1 OynetT HU3KUM, TO He-
00X0OMMO, YTOOBI 3HAYCHUS YaCTOT YACTOTHBIX IIpe-
oOpa3zoBartesieil ObLIM BEICOKUMU. B ToM cityuae, eciin
YPOBHHU B CeKIMSX 1 1 2 OyOyT HU3KUMU, U YPOBCHD
B 0ake b1 OymeT BBICOKMM, TO HEOOXOAUMO, YTOOBI
3HAYCHUS YaCTOT YaCTOTHBIX IIpeoOpa3oBarelieii ObUTn
Huskumu [10].

Hanee moaroToBUM JaHHBIC TSI OOyJIeHUSI HEIHPOH-
HOW CeTH.

Ha Bxom HefipoHHOI ceTn OyayT IOmaBaThCs 3 3HA-
YeHUS:

1. Yposensb Bozbl B cexuuu 1 LT1  pesepsyapa P2
(0--100) %.

2. YposeHb Boubl B cekuum 2 LT, pesepsyapa
P2(0--100) %.

3. YpoBeHb BOIBI B 06aKe 00OPOTHOM BOJBI LT3 N
Bb1(0+100) %.

Ha BbIxone HelipoHHas CeThb J0JIKHA PACCUUTATD:

1. KonuyecTBO 00OpPOTOB ABMUraTtesiss Hacoca
Y1(0-+2000) 06/cex.

2. KoamuecTBO 000pOTOB mBUTATEJsI Hacoca
Y2(0--2000) 06/cex.

2.2. O6pabomka u no020moexa 0aHHbIX
Hcmrons3yst dopmynsr (1—2), co3mamum TadIm-

1y ¢ o0y4JaroluM HabopoM AaHHbIX. OHAa COCTOUT U3
1044 ipuMepoB.

Tabauya 1
O0yuaronmmii HA00p JAHHBIX
Bxonpr Brixonpl
N\, % | ur2,, % |13, 9% T | Lo
ex? B =’ "7 | 0p/ceK | 00/cek
1 1 1 5 0 0
2 1 1 10 0 0
3 1 1 15 0 0
4 1 1 20 0 0
5 1 1 25 0 0
6 1 1 30 0 0
1039 100 100 75 266 266
1040 100 100 80 250 250
1041 100 100 85 235 235
1042 100 100 90 222 222
1043 100 100 95 210 210
1044 100 100 100 200 200

2.3. Boibop muna u apxumexmypbol Heiipocemu

B xone ananuza peiieHo 0bL10 BEIOpaTh Layer Recur-
rent neural networks (peKyppeHTHBIC HeIIPOHHEIC CETH).
Kpurepnu mist BbIOOpa OBIIN CIIEIYIOIINMU: BBICOKAST
TOYHOCTB BEIXOIHBIX 3HAUCHU 3a CUET OOpATHBIX CBSI-
3¢l BBIOpAaHHOU apXUTCKTYPhI, HETMHEWHOE CTPOCHIUE
BBIOpAHHOI apXUTEKTYPHl HEUPOCETH, OOIBIITOE KO-
YeCTBO MCTOYHUKOB TT0 HEH.

OmIHO3HAYHOI METOINKHM BEIOOPA KOJTMIECTBA CKPhI-
THIX CJIOEB 1 HEMPOHOB B HUX HET, U BOIIPOC O TOM, Ha-
CKOJIBKO YCTICHITHBIM SIBJISIETCST TOT WJIM WHOM BBIOOD,
3a49acTyIo pelaeTcs Ha OCHOBAaHUY SKCITEPUMEHTATBHBIX
pe3yabTaToB ooyueHus u tectuposanust MHC [9].

HeoOxonuMo BbIOpaTh KOJMYECTBO HEWPOHOB
B CKPBITOM cJIoe. BEIOOD ITpaBUILHOTO KOJIMIECTBA SIB-
JISIeTCST OUYeHDb BaXXHBIM 3TaroM [2]. CIMIIKOM Maioe
KOJIMYECTBO — 1 CETh HE CMOXET O0YINTHCS. CIMIITKOM
0OJIBIIIOE TIOBJIEYET 3a CO00I yBEeTMUeHUE BPEMEHU 00Y-
YEeHUS CEeTH A0 (PAKTMICCKHM HepeaJThbHOTO 3HAYCHMUSI.
He cymectByeT mpocToro criocoda Ijisi orpenesIeHUs
HEOOXOIMMOTO YHCIIa 3JIEMEHTOB B CKPBITOM CJIOE CCTH.
B marHOM ciydae SKCIIEpUMEHTAJIbHO YCTAHOBIICHO
HEoOXOAMMOE YKCI0 HEMPOHOB B CKPBITOM CJIOC IS
HaMMEHBIIICH TTorpenrHocT Heiipocetu Layer Recur-
rent — 30 [14].

OOyueHMe ceTH OYIEeT MPOU3BOINTLCS IO MOTU(U-
LIMPOBAHHOMY aJITOPUTMY O0OPaTHOTO PaCIIPOCTPAHECHUS
ommoku: trainFen = ‘trainbr’.

3amaeM MaKCMMallbHOE KOJIMYeCTBO 310X (epochs)
00yUJeHMS, KOTOPOE OIpeIeIIeT YHCIIO STT0X (MHTEPBaI
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BpEMEHH), IO MPOLIECTBUM KOTOPBIX OOy4YeHMEe OyaeT
npekpaireHo: epochs = 1000.

BbibepeM KOIMYECTBO 310X MEXKIIY ITOKA3aMU, PaB-
HOE IBaaLaTy IaTh: show = 25.

3amaeM KpUTepuil OKOHYaHKS OOyYEeHMS — 3HAYEHME
OTKJIOHEHUSI, IIPY KOTOPOM 00ydyeHre OyIeT CUUTATLCS
3aKOHYCHHBIM: goal = (.

2.4. Onucanue apxumexmypot netipocemu Layer Re-
current

Heiiponnsie cetu Layer Recurrent — 310 Buj ceTeid,
TIIe CBSI3U MEXIY dJIEMEHTaMU 00pa3yloT HallpaBlIeH-
HYIO ITOCJIeIOBAaTeIbHOCTD. biraromapst 3ToMy ImosIBIIsI-
€TCS BO3MOXKHOCTb 00pabaThIBaTh JaHHEIC BO BpEMEHU
WUIM TIOCJICIOBATEIbHBIC IIPOCTPAHCTBCHHBIC IIETIOUKHI
naHHbIX. OOyUYeHNE peKyPPEHTHBIX HEMPOHHBIX CeTei
OCYIIIECTBIISICTCS METOAOM O0PaTHOTO pacIpoCTpaHe-
HUS OIIMOKHU, YTO JAcT BO3MOXHOCTh OOYICHHUS BECO-
BBIX KOA(GULIMEHTOB IIPU MHOTOKPATHOM OOy4eHUU
CEeTH, U4TO B CBOIO OUYepenb MOBHIIACT 3(PHeKTUBHOCTH
obyuenusg MHC [13].

2.5. Ilocmpoerue u o6yuenue netiponroti cemu ¢ Matlab

Peamusyem 1 o0yunMm B Matlab HelipoHHYIO CeTh
apxuTekTypsl Layer Recurrent. JIjist 3TOro mcmonab3y-
eM MHCTPYMEHT nntool. BXogHble maHHBIC HEMPOHHOMK
CeTH Ha30BeM input, a BeIXoAHbIe — output. Beidoepem
HeiipoceTh Layer Recurrent. 3arpyskeHHBIC JaHHBIC OTO-
Opaszsitcs B paboueM okHe «Workspace».

Bxon Bo Bkitanky «O0ydeHre HEMPOHHOM CETH» OCY-
IIECTBIISIETCS ¢ TTOMOIIBIO KoMaHawl nntool [7]. Ha Bxon
HEMpPOHHOM CeTH TTOCTYITAeT CUTHAIT X, KOTOPBII COCTOUT
W3 CIICAYIOINX ITApaMEeTPOB: YPOBEHB BOIBI B Pe3epByape
P2 cexuun 1 LT, , yposeHb B pesepByape P2 cexuun 2
LT, , ypoBenb B 6ake o6oporHoi Boabl B1 LT, . Cym-
MaTop «t» YMHOXAET KaXIIblii BXOM b, Ha BEC W, U CyM-
MUpYeT B3BEIICHHBIC BXOIbI. 3aTeM 3HAYCHME TTPOXOIUT
yepe3 GYHKIMIO aKTUBAIIMN COOTBETCTBYIOIIETO CIOS
¥ PACCUNTHIBAIOTCS BBIXOIBI: MOIITHOCTH YaCTOTHBIX TIpe-
obpaszosateneit 1, Y, .

C nomomnio koMaHasl NNTool Oyner peann3oBaH
BXOJ, BO BKJIanKy «O0OydeHne HEIpOHHOI ceTn». B pa-
6oueMm okHe Input Data (BxomHble TaHHBIE) BBOISITCS
BXomHBIC 3HaUeHUS «Input». B padouem oxkue Target
Data (11e71eBbIc JaHHBIC) BBOISTCS BRIXOIHBIC 3HAUCHMS
«Output».

2.6. Heiiponnas cemo apxumexmypuot Layer Recurrent

IIpoananmsupyem cienyiounryio HeiipoceTb Layer Re-
current. beito BeIopaHo 30 HEIHPOHOB B CKPBITOM CJIO€.
ITo oxonuanum npouecca ooydenuss HC nogBsercs
OKHO 3aBepIIeHUS Tpoliecca 00yIeHUsI, Ha KOTOPOM

Neural Network

Puc. 2. O0y4yenue HeiipoHHOIi ceTH

0TOOpaKACTCST KOJTMICCTBO TIPOBEACHHBIX UTEPAIIil —
1000, 3aTpauenHOe BpeMs Ha obydeHne — 00:01:07 4,
BeJIMUMHA CpeIHelt KBaapaTnaHoit ommoxy — 0,18887,
BenmmunHa rpagueHTa — 0,27445, BenuunHa perynsipu-
3armm — 0,01 1 9acToTa OTKIIOHCHUI TTOTyIeHHBIX 3Ha-
YeHUI OT 3aaHHON onoky — 0.

HM3MeHeHME pealbHOTO 3HAYCHUSI OT UCTUHHOTO
MOXEM HaOJfomaTh Ha Tpaduke oOydeHUST HEUPOCETH
Layer Recurrent B okHe 3aBepIiieHUs 00yueHUs (puc. 3).
W3 rpacdpuka odbyueHust Heiipocetu Layer Recurrent
MOXEM YBUOCTh, UTO 3HAUCHNE CPETHEKBAIPATUIHOMN
omm6ku 0,18887 6b110 JocTurHyTO 3a 1000 310X, KO-
TOpast IBJIsIeTCs MeHbIIe 3amanHoi — 0,315,

ot Best Validation Performance is 0.18887 at epoch 1000

*Test
104 X

Mean Squared Error (mse)

»

Best /‘:rain 3

10-2 " L L " L " i

0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

Puc. 3. Cpennsst KBaapaTuaHas ommoKa

Jlanee BUAHO, KaK U3MEHSUICS TpagueHT U Ko3hPu-
LIMEHT OOYYEHMS B TIpoliecce 00yIeHUST HEHPOHHOM CeTH
(puc. 4). 3smeHeHne rpamreHTa (hyHKIIMOHAIA OIIMOKI
o0OyueHus Mo BecaM HelipoHHOI cetu Layer Recurrent
mokasbiBaeT rpaduk gradient (puc. 4). Beca Helipoce-
TH pacCMaTPUBAIOTCS KaK apTyMEHTBI HEUPOHHOM CETH
Layer Recurrent, e TpoMCXOIUT MOCTEIIEHHOE ABIIKE -
HHE BO BCce 0oJiee HU3KME TOYKH B IIJIOCKOCTH TpadrKa
¢ 1IesIbIo TTorcka MuHIMyMa. Ha rpacduke gradient mpm
obOyueHuu HelipoHHO# cetn Layer Recurrent MoxHO
HabJIomaTh pe3Kne MepeXOombl IS MOMCKA JTYyJIIero
3HAYCHUS [IJI1 KOPPEKTUPOBKH 3HAYCHHIT 00yJaromei
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Gradient = 0.27445, at epoch 1000

e e

10

gradient
3
o

val fail

0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs

Puc. 4. I'paduku o0ydenus cetu

BBIOOPKM. 3HAUCHME TpaareHTa (puc. 4) I HepoceTn
Layer Recurrent, paBHoe 0,27445, moKa3bsIBaeT CyMMY
BCEX KOPPEKTUPOBOK UISI TIEPEMEHHBIX, KOTOPBIC MaK-
CHMAaJIbHO TIPEBHITIAIN HOPMY OIITNOKMN.

M3MmeHeHre TepeMeHHOM PeTYIIIpU3aiy IIpA 00y~
yeHuur HelpoHHOM cetn Layer Recurrent MoxxHO Ha0110-
IaTh Ha Tpaduke Mu (puc. 4). I3MeHeHMe TTapaMeTpa
PETyIISIpU3aIlny IIPONCXOIUT C TIOMOIIIBIO BEIOPAHHOTO
Hamu MeTona — JleBeHOepra-MapkapTa. [Jist Koppek-
TUPOBKM 3HAUCHUIT oOyyarolieil BbLIOOPKU HEHPOHHOMI
cetu Layer Recurrent 1 nepeoOy4eHus1 HEMPOHHOI CETU
HCTIONIb3YeTCsI AUAIIa30H YMCIOBBIX 3HAYCHUIA — 3TO Ha-
3BIBacTCs peryisapusanus. Ha puc. 4 MOXHO BUICTb,
YTO JAHHOE YKMCIIO IPUHUMAET 3HadyeHue 1073, 1 MOXHO
cenaTh BRIBOJ, UYTO BeIMUMHA 3HAYCHUS HEBEIINKA, T10-
3TOMY M MOXHO TIpeHeOpeUb.

YacToTy OTKIIOHEHUI TTOTyICHHBIX 3HAYCHUI OT 3a-
TaHHOM ommMOKY moka3biBaeT Validation checks (puc. 4).
Ha puc. 4 BumHo, uto B muamasone ¢ 0 mo 1000 amoxy o0y-
YEHMS YaCTOTa OTKJIOHECHUI He MeHsIeTCs U paBHSIeTCs ().

ITposensg anamu3 rpacduka Validation checks, MOXXHO
cHennaTh BBIBOI, UTO B IIpoliecce O0YICHUST HEMPOHHOMK
cetu Layer Recurrent 111 HauMeHblIlIe OLLIMOKY JTydlle
OCTaHOBUTbL 00y4YeHUe HelipoHHoM ceTu Layer Recur-
rent Ha 1000 smroxe. Tak kaxk mmocie 1000 amoxu 6obIne
HE BO3HUKAIOT OTKJIOHEHMSI, TO 1IeJIeCOO0pa3HO OCTa-
HOBUTH OOyUCHUE HEHPOCETH.

HTtorosoe 3HaucHme 0, KOTOpoe HabI0gaeM Ha Tpa-
¢uxke Validation checks, mokaspIBaeT, 4To 4acToTa OT-
KJIOHeHMIT HeiipoceTn Layer Recurrent mpu mocTKeHIN
1000 s1mmoxu mocTHTaeT MUHUMAJIBHOTO 3HAUYCHUS.

3. TecTupoBaHue HelPOHHBIX ceTel
It TeCTUPOBaHMSI HEMPOHHBIX CETEW Ha MPeaMeT

CTETICHHN UX O0YYCHHOCTH TTOMAaaNM Ha BXOJ 3 3HAUCHUS
B IJIaBHOM okHe Matlab [15—16].

3.1 Tecmuposanue HeilpoHHOU cemu apxumexmypol
Layer Recurrent

Beenem HOByI0 TIepeMmeHHyI0 XX = [100;100;100]
LT1_ =100, LT2 =100, LT3 = 100. Beenu HoBYyIO
TIePEMEHHYIO XX JUIST TIPOBEPKU BBHIXOTHBIX 3HAYCHUMA
(4acToT 4aCTOTHBIX ITpeobpasoBateieit) [6].

Hanee mpoBeIeM CUMYJISILIMIO ¥ BEIBOIUM BBEIXOTHBIC
3HAYCHMUSI.

1. g 30 HEMpOHOB B CKPBITOM CJIOE.

7151 IpoBepKM HEMPOHHOI CETH BO3BMEM ITPOBEPOY-
HBIC TaHHBIC (TA0II. 2).

Tabauya 2
IIpoBepounble JaHHbIE 1151 BLIXOIHBIX 3HAYEHHUI
(a1 30 HeiipoHOB)

Bxon Boixon
LT1 ,%|LT2 ,%|LT3 ,%|4,,06/cex |Y,, 06/cex
100 100 100 200 200

Pe3ybTaThl MpoBepKY: TTOTYYUIN BEIBOTHBIC 3HAUC-
HHS 9aCTOT YaCTOTHBIX IMpeobpasoBaTeneilt U

94, .—199,75;

4, .. —199,74.

B xone tectupoBanus cetu Layer Recurrent Hau-
MEHBIIIAs IIOTPEITHOCTD ObLTa TToTydeHa st 30 Heiipo-
HOB B cKpbITOM ciioe [4]. Mcxomubie manHbie — 200;200.
Bbimsocts K 3agaHHbIM 3HaueHusM (199,75;199,74) cBu-
IIETEIBCTBYET O IPUMEHUMOCTH CeTH. B manpHeiimeM ee
MOXHO HCITOIB30BaTh IS YIIPABICHUS TTapaMeTpaMu
YaCTOTHBIX ITpeoOpa3oBaTeIIeii.

IBBIX®  2BBIX"

4. Pa3paboTKa Moae/ I HEipoCeTEeBOro peryasaropa
B makere Simulink

Ha puc. 5 nokazaH obmumii Bun Heipocetu Layer
Recurrent, rme 6;10k Custom Neural Network (1Troimb30Ba-
TeJIbCKast HEPOHHAS CeTh) 0003HAYAET HETIOCPEICTBCH-
HO MCKYCCTBCHHYIO HeipOHHYIO ceTh. B 010k Constant
BBOIMM BXozHble 3Hauenus LT, LT, LT, ,a06iok
y1 oToOpaxaeT BbixoaHble 3HaUeHus1 4, u Y

1BBIX 2BbIX

[

y1

Custom Neural Network

Puc. 5. O6mmii Bun HeiipoceTn B Simulink

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021;13 (4):
252-258

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

CUCTEMHDIE PELLIEHWUA TEXHOJIOTMYECKUX MPOBJIEM

Ha puc. 6 nokazaHa o01uas apxurekrypa Layer Re-
current. C 6;10ka Input (Bson) curnansr LT, , LT, ,
LT3 ., TOCTYIAIOT JUIST aHan3a B o010k Process Input 1
(BBom mpotrecca), maiee BXOTHOM CUTHA UAET Ha CKPHI-
THIM citoii Layer 1. Cioit Layer 2 mprHIMAaET BBIXOTHOM
curHan Layer 1u paccuutbiBaeT Bbixoasl U, u Y

I1BBIX

Input  Process Input 1

2BBIX"

a{l}

a{1}

Process Output 1 Output
Puc. 6. Oomas apxurekrypa Layer Recurrent
Ha puc. 7 mokaszaH CKpbIThIl cioii HelipoceTu Lay-

er 1, re cyMMaTop «+» yMHOXaeT Kax/Iblii BXxon b, Ha Bec
W, ¥ CYMMUPYET B3BEILICHHBIE BXOJIBI.

Delays 1 1wW{1,1}
|i

Delays 2 LW{1,1}

b{1}

a{1}

a(1}

Puc. 7. CkpwiThIii clioii HeiipoceTn Layer 1

Ha puc. 8 moka3aH BBIXOIHOI c10it Helipocetn Lay-
er 2, 3HaYeHMe n3 caost Layer 1 mpoxomut yepe3 yHK-
1IAI0 aKTUBALIMU COOTBETCTBYIOLIETO BHIXOJHOTO CJIOS
Layer 2, n paccunTbiBatoTcs BRIXogbl U, w4

1BBIX 2BbIX

v

a{1}

-H

Delays 1 LW{2,1}

a2}

b{2}

Puc. 8. BeIxoaHoii ¢J10ii HelipoceTH

[IpoBeneM MPOBEPKY YACTOT YACTOTHBIX IIpeobpa-
sopateneit U, w4, B Simulink ua LT, , LT, ,
LT, [100;100,100], 3atem n3MeHsAEM BXOIHBIE 3HAYE-
Hus Ha [4;4;100] (puc. 9). Puc. 9 oTodpaxkaeT 3HaUCHUS
Y, .14, g sxonHsix sHadenwid LT, LT, LT

1BBIX 2BBIX 2 BX 3 Bx'

3AK/IIOYEHUE

B cTaThe 000CcHOBaHA 11€71eCO00Pa3HOCT pa3padOTKU
MHTEJUICKTYaIbHOM CUCTEMBI YIIPABIICHMS ITapaMeTpaMu
YaCTOTHBIX IIpeoOpa3oBaTeicii HacOCOB, pealn3yeMoit
¢ WCITOJIb30BaHMEeM HelipoHHOI cetn Layer Recurrent.
[IpencraBieHa MOIEIb IUIST YIIPABICHUS TapaMeTpaMu
YaCTOTHBIX IIpeoOpa3oBaTeyIcii ¢ y4eTOM MHOXECTBCH-
HBIX B3aMOCBSI3ei MEXKIIy TTapaMeTpaMiy TEXHOJIOTHYe-
CKOTO TIpoliecca 1 YIIPABIISIIOIINMU CUTHAJIAMM.

B pe3ynbpTaTte 00yueHMS TTOTyIeHA HEMPOHHAS CETh,
KoTOpas (popMHUPYET BEIXOMHBIC CUTHAJIBI ¢ MUHUMAJTb-
HOH TTOTpeIrHOCThI0. McXOmHbIe TaHHBIC YaCcTOT Ya-
CTOTHEBIX TIpe0Opa3oBaTesicii ObLIN BEIOpAHBI pABHBIMU
mo 200 06/cek. bam3ocTh pe3yabpTaTa TECTUPOBAHUS
K 3aJaHHBIM 3HaueHusM (199,75;199,74) cBuneTenscTBy-
€T 0 IPUMEHUMOCTH CETH IJIS YIIPABJICHUS TTapaMeTpaMU
YaCTOTHBIX ITpeoOpa3oBaTeIIeii.

BrITIOTHEHO MOIETMPOBAHNE CUCTEMBI YITPaBJICHMS
B nakete Simulink ¢ ncmonb3oBaHMeM HEHPOCETEBOTO

IBBIX?  ~ 2BBIX

= IBBIX

2BbIX

\

Puc. 9. Beixoanoii cioii Heiipocetn 4

1BBIX

n4y

2BBIX
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peryyIsiTopa ¢ UCIIOJIb30BaHUEM apXUTEKTYphl Layer
Recurrent. [IpoBepka 4acTOT 4aCTOTHBIX IIpeodOpa-
sosareneit 4, w4, B Simulink g mapamerpos
YPOBHs B pesepByapax u B 6ake LT, , LT, , LT,
[100;100;100] moka3aia, 4TO MOZIEIbL OOBEKTA paboTaeT
MIPaBUJILHO, TO €CTh CUMYJISIIINS HEIPOCETH ITOKAa3bIBa-

€T, 9TO 0OyYeHMeE TIPOIILIO YCIEITHO. 3aTeM N3MEHUIIN

CIIUCOK JINTEPATYPbI

BXOJHBIEe 3HaYeHUs Ha [4;4;100], aTo nemaeTcs IIsI Ipo-
BEPKU HEMPOCETU Ha MPaBUJIBHBIN IEPEXOI C OTHUX
3HAUYCHUI Ha Ipyrue.

Paspaborana, oOyuyeHa 1 IIpOTECTUPOBAHA UCKYC-
CTBEHHAsI HEMPOHHAs CETh IS YIIPABIICHUS TIPOIICCCOM
TepeKavYKy 1 ITOATOTOBKHY BOIBI, YINTHIBAIOIIAS B3aM-
HOE BIIUSTHUC TTapaMeTPOB.
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ABSTRACT: Introduction. Human safety during sport activities depends mostly on the technical states of sport facilities. Ac-
cording to current legislation, every school and higher education institution with sport facilities must meet nationwide standards
for safety requirements. Sports facilities with existing codes and GOSTR are inspected by a special committee, which is required
for accreditation, and which has been applied for several decades. This study offers more accurate and up-to-date methods for
inspection of these sport facilities, specifically three-dimensional laser scanning. The technology of three-dimensional laser
scanning is used mainly to obtain high precision and detailed measurements of any object. The authors analyzed the methods of
application of three-dimensional laser scanning to assure human safety during sport activities at schools and higher educational
institutions. Materials and methods. The objects analyzed were running tracks at the stadium at Kuban State Technological
University. The main research method is an empirical one, namely field measurements. Scanning of racetracks was performed
with the Leica ScanStation C10 from six stations. After field measurements were taken, point cloud was imported into special
software to process the results of the laser scanning by the Leica Cyclone. After measurements were taken, all the critical points
of the racetracks were classified by the height. According to existing standards for racetracks at athletic stadiums, the allow-
able value of roughness is 10 mm. Results and discussion. Classification of points revealed that the limit value for roughness
of University’s racetrack was 9 mm (which meets existing safety requirements for racetracks). Thus, racetracks of Kuban State
Technological University underwent the accreditation process performed by the research group from the Department of Ca-
daster and Geo-Engineering. Conclusion. The conclusion of the paper detertmined that, in fact, laser scanning can be applied
to control safety of race tracks.

KEY WORDS: safety of buildings and facilities, sport facility, monitoring and safety support for infrastructural facilities, three-
dimensional scanning, SDGs.
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INTRODUCTION

hysical fitness is an activity aimed at strengthening
human health and development of their physical abili-
ties. It has been already proven that physical exercise har-
monically develop body and allow improving health for
many years to come. Physical fitness comprises a wide

range of exercises and activities, starting from games and
sports (football, basketball, volleyball, tennis) and ending
with weightlifting. It is obvious that most physical exercises
can cause injuries activities, and to participate successfully,
physical well-being is needed. One should also note that an
important role in the process of physical activity belongs to
sport facilities at which a person does participate.
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A sports facility is a special open or closed structure
in which it is possible to hold training and competition
of different sports etc. The quality and the state of such
structures strongly affect the safety of a person when
training as the negative condition may considerably rise
the risk of being injured in a certain degree. Therefore, to
monitor the state of such structures is of great importance.

One should mark, the course “Physical Fitness” is an
obligatory discipline at schools and higher educational
institutions in many countries, including Russia. Today
there are about forty thousand schools and seven hun-
dred forty-two universities in our country. According
to the Construction Code 278.1325800.2016 “Build-
ings of higher educational organization. Design codes”
and Construction Code 251.1325800.2016 “Buildings of
regular educational organizations. Design codes” every
higher educational institution and every school must be
equipped with sport structures which are safe for physi-
cal training. Unfortunately, some of educational institu-
tions, especially schools, take responsibility lightly with
respect to these requirements, a fact is proven by the
following statistics: in 2020 about 20% of all Russian
schools and their facilities need to be renovated. At this,
1.5% of schools in Russia need major repairs, including
their sport facilities [3].

As for higher educational institutions, according to
Federal State Statistic Service’s data, the condition of
almost all sport facilities at universities is sub-standard.
Safety of these facilities must be considered as the stu-
dents’ exercises, when doing sport, are more complex
than those of school pupils.

At present, a special committee performs inspection of
sport facilities in Russia. Such inspection is periodic and
takes place once every several years. For several decades,
this approach has been obligatory and a constant method
for accreditation of sport objects. This study proposes
another, more accurate method to control safety of sport
facilities: three-dimensional laser scanning.

Three-dimensional laser scanning is a fieldwork sys-
tem which measures with high accuracy distances, vertical
and horizontal angles. The result of three-dimensional
laser scanning is a point cloud, using which different ob-
jects are rendered [7]. Three-dimensional laser scanning
by the type of applied equipment is classified into three
classes: air, which is performed mainly with drone aircraft,
ground and mobile [1-2, 6]. Three-dimensional laser
scanning is employed in many fields of human activities
and quite often is used in:

— Monitoring of deformations in buildings and struc-
tures;

— Geotechnical surveys;

— Survey tracking of drill and explosive works;

— Recording of car accidents, crime sites, etc. [9—11].

Laser scanners are also used in construction of sport
facilities and structures, but the present work studies the

perspective on the potential of applying laser scanners to
monitor the state of racetracks at the athletic stadiums
[4-8].

The scope of the study is to analyze the perspective on
the potential of applying three-dimensional laser scan-
ning in monitoring to check the state of race tracks at the
athletic stadiums.

The tasks of the study:

1. Based on statistic data to analyze the safety level
of sport facilities situated at the territory of educational
organizations.

2. To investigate existing method of accreditation of
sport facilities.

3. To apply laser scanning to a certain sport facility to
reveal compliance or incompliance of the given facility
characteristics with existing safety codes valid for sport
facilities.

4. To make conclusions on the potential of applying
three-dimensional laser scanning to provide safety for
sport facilities.

METHODS AND MATERIALS

To inspect safety of racetracks, the athletic stadium of
Kuban State Technological University (KubSTU), which
location is Krasnodar, Moskovskaya str., bld. 2, has been
chosen. The photography of it is in Fig. 1.

Fig. 1. The athletic stadium of Kuban State
Technological University

Scanning was performed with the laser scanner Leica
ScanStation C10. The photography of the scanner is in
Fig. 2.

The research group set following parameters when
scanning athletic stadium of Kuban State Technological
University: discretion 10x10 cm, exposure time 64 sec,
resolution 1920x1920 pixels, scanning coverage was
360x270°, scanning process ran from 6 stations. After
scanning, point cloud was imported into special software
Leica Cyclone to render objects.
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Fig. 3. Point cloud
Processed in software
Leica Cyclone

Fig. 4. Rendered
cloud, which points
were classified by the
height in software
Leica Cyclone

RESULTS AND DISCUSSION

Rendered stadium in software Leica Cyclone is in
Fig. 3.

Having rendered the stadium, the points of racetrack
were classified by height. Each height value was assigned
color. An array of points with colors corresponding to
their height is presented in Fig. 4.

One should note that colors correspond to the follow-
ing height values:

— green — 0—2 mm;
— blue — 2—3 mm;

— yellow — 3—5 mm;
— orange — 5—7 mm;
— red — 7—-8 mm;

— black — 8—9 mm.

According to GOST R 55529-2013 «Sport facilities.
Requirements to safety during sport and training activities.
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Table 1
Comparison of scanning results and requirements of GOST R 55529-2013
. If the requirements
Point colour Value of roughness, mm of GOST R 55 5‘;9_201 3 were met
Green 0-2 YES
Blue 2-3 YES
Yellow 3-5 YES
Orange 5-7 YES
Red 7-8 YES
Black 8-9 YES

Testing methods», the value of roughness on racetracks
must not exceed 10 mm. Comparison of the scanning re-
sults and mentioned above code is presented in the table 1.
On the basis of information obtained in analysis of
scanning results and requirements of the mentioned above
code (table 1), one can conclude that the values of rough-
ness found at the KubSTU’s stadium meet requirements
of GOST R 55529-2013, and thus, this sport facility is
considered to be safe for doing physical exercises.

CONCLUSION

This study found that the method used to analyze the
state of sport facilities by means of three-dimensional
scanning is rather promising and efficient. Scanning
makes it possible to perform area survey for different
objects with significant rate and to perform huge mea-
surements with high accuracy and descriptiveness within
a short time.

This paper considered application of ground laser
scanning system as one of the methods to monitor de-
formations and to control the state of sport facilities;
the process to perform field survey at KubSTU’s athletic
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TexHONOrNA TPEeXMepPHOro la3epHOro CKAaHNPOBaHUA
KaK CpeacTBO ob6ecnevyeHnna 6e3onacHOCTN 06bEKTOB
CNOPTUBHOWM MHPPACTPYKTYPbI

O.A.Typa'? (o), O.A. BecnaTtuyk' (), C.B. Camapun' (1), H.M. Kuplonukosa' (2}, 3.[. JlecoBas’

' Ky6aHCKUii rocyAapCTBEHHDBIN TEXHONOTMYECKM yHuBepcuTeT, . KpacHopap, Poccua
2 KybaHCKMI1 rocyfapCcTBeHHbIV arpapHblil yH1BepcuTeT, I. KpacHogap, Poccua

*KoHTakTbl: e-mail: sierghiei222@mail.ru

PE3IOME: BBepeHume. be3onacHOCTb YenoBeKa BO BPeMA 3aHATUI GU3NYECKOW KyNbTypO, B MEPBYI0 ouepefb, 3aBUCUT OT Tex-
HYECKOrO COCTOAHMA CMOPTMBHbIX 06beKToB. COrnacHo AeNCTBYIOWEMY 3aKOHOAATENbCTBY, KaXKAan LWKOJa U Kaxgoe Bbicluee
yyebHoe 3aBefieHVe 0653aHbl 06/1afaTb CMIOPTUBHBIMI COOPYXKEHNAMU, KOTOPbIE JOMKHbI OTBEYaTb HOpMaT1BaM 6e30MacHoCTH,
[eCTBYIOLMM Ha TEpPUTOPUM CTPaHbI. B HacToALLee BpemsA MPOBEPKY CMOPTUBHBIX COOPYXKEHUI Ha COOTBETCTBME Ae/CTBYIOLLNM
HopmaTrBam 1 FOCTam ocyLecTBAET CreLmann3npoBaHHas KOMUCCUA, YTO ABNAETCA 06A3aTesIbHbIM U HEU3MEHHbIM B TeYeHre
HECKONbKUX JECATUNETUI METOAOM aKKPeAUTaLMmU COPTVBHbIX O6bEeKTOB. B ;JaHHOM UccnefoBaHUY NpeanaraeTca NnpuMeHeHve
Apyroro 1 6onee TOYHOrO 1 COBPEMeHHOro crnocoba NPoBepKM 6e30MacHOCTM CNOPTUBHbBIX COOPYKEHUI — TPEXMePHOe flazepHoe
CKaHMpoBaHue. TeXHONOrA TPEXMEPHOro NIa3ePHOro CKaHNPOBaHVA B OCHOBHOM MPUMEHAETCA ANA NONyYeHUA BbICOKOTOUHbIX
1 NOAPOGHbLIX M3MepeHnin Noboro oobekTa. B faHHOM UCCIeA0BaHNY aHaNV3MPYTCA NepCnekTUBbI NPYMEHEHWA TPEXMEPHOTO
Na3epHOro cKkaHMpoBaHusA A obecneyeHrs 6e30MacHOCTY NIIOAEN NPY UX 3aHATUU GU3NYECKON KyNbTYPOI Ha CMOPTUBHbIX CO-
OpPYXeHNMAX LIKOM 1 BbICWIMX yuyebHbIX 3aBefieHni. MaTepuanbl 1 MeToAbl. B KauecTBe Takoro aHanvsa 06beKTOM BbICTYNUIN
6eroBble JOPOXKKMN NerkoaTneTnyeckoro ctaguoHa KybaHCKoro rocyjapcTBEHHOMO TEXHONMOMMYeCcKoro yHeepcuteta. OCHOBHOW
MEeTOA NCCNeoBaHMA — SMIMPUYECKIIA, @ UMEHHO MPOBefeHne NoneBbixX n3mepeHnin. CKaHMpoBaHye 6eroBbiX AOPOXKEK NMPOBO-
nunocb npubopom «Leica ScanStation C10» ¢ 6 cTaHUWIA, U NOCAe NPOBEAEHWA NONEBbIX PAbOT 06/1aKO TOUEK ObINO 3arpyKeHO
B CreLMann3npoBaHHOe NporpamMmmHoe obecrneueHrvie Ana o6paboTku pesynbTaToB lazepHOro ckaHuposaHua «Leica Cyclone».
Mocne oTPVCOBKM HEOOXOAVMMbIX O6EKTOB BCE TOUKM BEroBbIX AOPOXKEK Knaccmprumposanu no Bbicote. CornacHo fencTByOLWMM
HopMaTVBaM Af1A 6eroBbiX JOPOXKEK Ha JIErKOaTeTMYECKOM CTaAroHe, OMyCTUMas BeMYMHa HEPOBHOCTe cocTaBaaeT 10 Mm.
Pe3ynbratbl n 06¢cyxpaeHue. B pesynbrate knaccrdukaymm Touek BbiABNEHO, YTO MaKCMMarbHasA BeNMYMHA HepPOBHOCTEN bero-
BOW [JOPOXKM By3a COCTaBMIa 9 MM, 4TO OTBEYaET LeNCTBYOLWMM HOpMaTiBaM 6e30MacHOCTU AnA 6eroBbiX OPOXKEK. Tem caMmbim
6eroBble [LOPOXKKY Kyb6aHCKOro rocyjapcTBEHHOrO TEXHONOMMYECKOro YHBEPCHTETa NPOLUY akKpeauTaLmio, KoTopas nposefeHa
Hayy4HO-MCCefoBaTeNIbCKON rPynnoi Kadeapbl KagacTpa 1 reoMHxeHeprn. 3aKkntoueHue. B 3aknoueHrie ctatb 060CHOBaHO, UTO
nasepHoe CKaHNPOBaHVe [eNCTBUTENBHO MOXET ObITb MPVMMEHMMO ANA NPOBEPKM 6e30MacHOCTY 6EroBbIX AOPOXKEK.

KJTKOYEBbIE CJIOBA: 6e30MacHOCTb 3aHNUI U COOPYXKEHUIA, CMOPTUBHOE COOPYXKEHNE, MOHUTOPUHT 1 0becneyeHre 6e30nacHoCTr
NHOPACTPYKTYPHbIX 06bEKTOB, TPEXMEPHOE Na3epHoe CkaHupoBaHue, SDGs.

BNNATOAAPHOCTM: ViccneposaHue BbinonHeHO Npy priHaHcoBOW nopaepx ke Poccuiickoro doHaa dyHAameHTabHbIX MCCnefoBaHUIA
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ob6opynosaHus LIKIM «MccnepgoBatenbcKunin LeHTP NULLEBbIX Y XUMUYeCKUX TexHonoruii» Kyor TY (CKP_3111).

Ana UMTUPOBAHWA: l'ypa [.A., becnatuyk [.A., CamapuH C.B., KuptoHnkosa H.M., Jlecosaa 3.[]. TexHonorua TpexmepHoro na-
3epHOro CKaHMPOBaHMWA Kak cpeAcTBo obecneyeHra 6€30MacHOCT OO6BLEKTOB CMOPTUBHOW MHGPACTPYKTYpbl // HaHOTexHONOrMm
B cTpoutenbcTee. — 2021. - Tom 13, N2 4. - C. 259-263. - DOI: 10.15828/2075-8545-2021-13-4-259-263.

©lypa [.A. becnatuyk [.A., CamapuH C.B., KuptoHnkosa H.M., Jlecosas 3.1., 2021

http://nanobuild.ru 259 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-2748-9622
https://orcid.org/0000-0001-6711-385X
https://orcid.org/0000-0001-5431-7351
https://orcid.org/0000-0002-8020-768X
https://orcid.org/0000-0002-4383-4828

2021;13 (4):
259-263

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

BE30IMACHOCTb 3[JAHUM Y COOPYXXEHUN

BBEJEHUE

®H3I/I‘ICCK8.H KYJIBTYpa IPEICTaBIISIeT COOO0I AesITeTh-
HOCTB, HAIIPaBJICHHYIO Ha YKPEIUICHUE 3I0POBbS
JIIOAEH U pa3BUTHUE UX (PU3NIECKUX CITOCOOHOCTEN. YKe
IABHO TIOKA3aHO, YTO (DM3MYECKUE YITPAKHEHMS TapMO-
HUYHO Pa3BUBAIOT OPTaHU3M U MO3BOJISTIOT YKPEIIUTh
3II0POBBE UeIOBeKa Ha MHOTHE roabl. Dusnmueckast Kyiib-
Typa BKIIIOYAeT B CceOS IMUPOKUI CITEKTpP YIIpakKHEHWI
¥ 3aHSITUN, HAUMHAsS OT UTPOBBIX BUIOB cItopTa ((pyT-
6011, 6acKeTOOII, BOJIC00JI, TCHHUC M T.1.) 1 3aKaHIM-
BasI TSDKEJION aT/IeTUKOM. O4eBUIHO, YTO (PU3NUCCKUE
YIpaXKHEHUS B OOJBITMHCTBE CBOEM SIBIISIIOTCS TPaBMO-
OITACHBIMU 3aHITUSIMHA, U IIJIST BBIIOJHEHUS UX Y YEJI0-
BeKa JTOJDKHA OBITh JOCTATOYHO XOpolas (pru3mdecKast
noarotoBka. Ho Takxke He0OX0IMMO MOIYEPKHYTh, YTO
HEMaJIOBaXKHYIO POJIb TIPU BHITIOJTHEHUH YITPaXKHEHUI
WUTPAIOT CIIOPTUBHBIC COOPYKECHMSI, HA KOTOPBIX UYEIOBEK
HETIOCPEICTBEHHO 3aHMMAETCS (PM3NIECKOM KYIbTYPOIA.

CITIOpTUBHOE COOPYKEHHE TIPEICTABISICT COOOI CIIe-
IWATBHBIA 00BEKT KPBITOTO MJIM OTKPBHITOTO TUTIA, KOTO-
poe obecrieurBaeT IMPOBeICHIE YICOHO-TPEHUPOBOYHBIX
3aHSITUM, COPEBHOBAHMI IO pa3IMYHBIM BIIAM CIIOpTa
u T.1. KauecTBO 1 COCTOSTHIE TAKUX COOPYKEHUI CHITEHO
BIMSICT Ha 0€30MMaCHOCTD YEJIOBEKA MPU BHIITOTHEHUHN
(pusnIecKrx yrpaxxHeHU, BeIb HETaTUBHOE COCTOSI -
HUE 3TUX ITapaMeTPOB MOXKET CYIIIECTBCHHO YBCININTD
BEPOSITHOCTB ITOJTyYCHHMSI TPABM Pa3TMIHOI CTETICHM TSI~
xkecth. [ToaToMy OYeHB BasKHO CJICIUTH 32 COCTOSTHUEM
TaKHUX COOPYKCHUIA.

CremyeT OTMETUTD, 4TO mucIuTUIMHA «Du3maeckast
KYyJBTypa» SIBIISICTCST 00SI3aTEIFHOM B IIKOJIaX W B BBIC-
X YIeOHBIX 3aBEICHUSIX MHOTHUX CTpaH MHUpPa, B TOM
gncie u B Poccuu. B HacTosImee BpemMs Ha TepPUTO-
pum cTpaHbl PYHKIMOHUPYIOT 0K0J10 40000 TBIC. IIKOJT
n 742 By3a. Cormacao CIT 278.1325800.2016 «3manus
00pa3oBaTeIbHBIX OpraHMU3aIi BRICIIIETO 00pa30BaHMUS.
ITpaBuna npoexktupoBanus» u CIT 251.1325800.2016
«3maHus obIIeodpa3oBaTeIbHLIX oprann3anuii. [1pa-
BIJIa TIPOCKTHUPOBAHUS» KaXIIoe BEICIIEe 0Opa3oBa-
TeJbHOE YUpeXKIeHUE W Kaxmasl IITKOJIa TOKHEI OBITh
o0ecTie4eHBI CIOPTUBHBIMU 00BEKTaMM, KOTOPBIE 005~
3aHBI TO3BOJISITh OE30ITaCHO TIPOBOIUTH CITOPTUBHEIC
3aHaTHs. Ho, K coXalleHro, HEKOTOpHIe yueOHbIe 3a-
BEICHUSI, 0COOCHHO IITKOJIBI, OTHOCSTCSI JOCTATOYHO
XaJIaTHO K TAKUM TPeOOBaHUSIM, YeMY CBUICTCILCTBYCT
oumagbHas cTaTUCTUKa PoccTrara: 1Mo coCTOSTHHIO
Ha 2020 rox okoio 20% ot 06IIEro KOJIMYecTBa IIKOJI
Poccun tpedyoT KOCMETUYECKNIT PpEMOHT OOBbEKTOB,
PacCITOIOXKEHHBIX Ha TEPPUTOPUH IIKOJIBI, B TOM YHCIIC
CIIOPTUBHBIX COOpYyKeHuii. B cBoo ouepensp, 1,5% mikon
B Poccum TpeOyIoT KanmuTabHOTO peMOHTA, B TOM UHCTIC
CITOPTUBHBIX COOPYKEHUI TaKUX KO [ 3].

YTo KacaeTcst BBICIIMX YICOHBIX COOPYKCHUI, TO,
1o maHHBIM PoccTtaTa, TIpaKTH4IecKy BO BCeX By3ax CIIOp-

TUBHbIE OOBEKTHI B HAJJIEXKAIIEM COCTOSIHUM, HO MIPU
5TOM HEOOXOAMMO AaJIblle aHATM3UPOBATh O€3011aCHOCTh
CIOPTCOOPYKEHUI Ha TEPPUTOPUU BY30B, ITOCKOJIBKY CTY-
JICHTBI TP 3aHATUHN (PU3MICCKOM KyIBTYPOIT BEITTOTHSIIOT
0oJiee CI0XKHBIE YITPAXKHEHUSI, YeM yJallllecs IIKOJI.

B Hacrosiee BpeMsi IpoBepKa COCTOSTHUS CTTOPTHB-
HBIX YUpexIeHuil B Poccun ocyiecTBisieTcs: criem-
aM3MpoOBaHHON KoMuccueii. Takas nmpoBepka siBJIsSIeTCS
MepUOINYECKON 1 TTPOXOIUT pa3 B HECKOJILKO JieT. JlaH-
HBI METOM SBJSIETCS 00513aTEAbHBIM U HEU3MEHHBIM
B T€YEHME HECKOJIbKUX NECITUIIETUI CITOCOOOM aKKpe-
JNUTALMU CIOPTUBHBIX 00beKTOB. B mTaHHOM HcciienoBa-
HUM TIpeyiaraeTcsi IpruMeHeHue Apyroro 6oJjee coBpe-
MEHHOTO CTIoco0a MPOBEPKHU OE30MACHOCTU CITOPTUBHBIX
COOPYXEHUI — TPEXMEPHOE JIa3epHOE CKAHUPOBAaHUE.

TpexMepHoe J1a3epHOE CKAHUPOBAHUE — 3TO ChEMOY -
Hasl cucTeMa, KOoTopasi UBMepsieT C BbICOKOI CKOPOCThIO
pacCTOSTHUSI, BEPTUKAJIbHBIE U TOPU3OHTATbHbBIE YIJIbI.
Pe3ynbraToM TpeXMepHOTO JIa3epHOTr0 CKaHUPOBAHUS
SIBJISIETCST 00J1aKO TOYEK, 10 KOTOPOMY B HajibHEUIIEM
OTPUCOBBIBAIOTCSI pa3MuHble 00beKTHI [7]. JlazepHOoe
CKaHMPOBAHUE T10 TUITY IPUMEHSIEMOT0 000pY10BaHMUS
noapasaeisieTcsl Ha BO3AYILIHOE, KOTOPOE B OCHOBHOM
BBITIOJIHSIETCS TPU TOMOIIY O€CTTUIOTHBIX JIETATEbHbBIX
armapaToB, HazeMHoe 1 MoOwiIbHOE [1,2,6]. JlasepHOE
CKaHMPOBAHUE HAIILJIO CBOE MECTO BO MHOTMX OTPACIISIX
JIeITeIbHOCTU YeJIOBEKA, U Yallle BCero JaHHasi TEXHOJI0-
TUsI TIPUMEHSIETCS B CIICAYIOMMX cepax IesITeTbHOCTH:
— MonuTopuHr aedopMannii 31aHNI U COOPYKEHUIA;
— HWHxXeHepHO-Teoae31UeCcKre N3bICKAHUS;

— Mapkuieiirepckoe CONpoOBOXKIAECHUE OYpPOBBIX

U B3PbIBHBIX padoOT;

—  ukcamug ATTI, mecT npectyrenuii 1 T.10. [9—11].

JlazepHble cKaHepbl TAKXKe PUMEHSIIOTCS TIPU CTPO-
WUTEJIbCTBE CIOPTKOMILIEKCOB M COOPYXKEHMIA, HO B IaH-
HOI Hay4yHOI paboTe OyayT uccaeaoBaThCs MEPCIEKTU-
BbI IIPYMEHEHUS JIa3ePHBIX CKAHEPOB JISI MOHUTOPUHTA
COCTOSIHUS OETOBBIX TOPOXKEK HA CIIOPTUBHBIX CTAIMO-
Hax [4— 8].

Iean uccaenoBanusi — MpoaHAIM3UPOBATD MEPCIEK-
TUBBI IPUMEHEHUST TPEXMEPHOTO JIA3€PHOI0 CKAaHUPOBa-
HUSI TIPY MOHUTOPUHTE O€30ITaCHOCTU OETOBBIX TOPOXKEK
Ha CITOPTUBHBIX JIETKOATAETUYECKUX CTaAUOHAX.

3anaun ucciieoBaHus:

1. IlpoaHanu3MpoBaTh HA OCHOBE CTATUCTUYECKUX
JIAaHHBIX YPOBEHb 6€30MMACHOCTU CLIOPTUBHBIX COOPYKe-
HU, HAXOMSIIMXCS HA TEPPUTOPUM 00pa3oBaTEIbHBIX
YUpEXKIECHUI;

2. MccaemoBarh CyIIeCTBYIONINE METOIBI aKKPEIH-
Talliu CIIOPTUBHBIX COOPYXKEHUIA;

3. I[IpuMeHUTD JTa3epHOE CKAHMPOBAHME Ha KOHKPET-
HOM CITOPTUBHOM COOPYXKEHUU JJIS1 BBISIBICHUST COOT-
BETCTBUSI WJIM HECOOTBETCTBUS XapaKTEPUCTUK JAHHOTO
COOPYXKEHHMS CYyHIECTBYIOIIMNM HOpMaTUBaM Oe3omac-
HOCTH JIJIS1 CTIOPTUBHBIX OObEKTOB;

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021;13 (4):
259-263

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

BE30IMACHOCTb 3[JAHUM Y COOPYXXEHUN

Puc. 1. JIerkoatiernueckmii cragnon Kybanckoro
roCyIapCTBEHHOr0 TEXHOJOTHYECKOr0 YHUBEPCUTETA

4. CJIeJ'IaTL BBIBOJbI O MEPCIIEKTUBaX IIPMMCEHCHUA
JIa3€PHOTO0 CKaHNPOBAHUA IJIA obecrieueHus O6e3orac-
HOCTHU CIIOPTUBHBIX COODY)KCHI/IfL

METO/bI 1 MATEPUAJIBI

st mpoBepKu 6€30MacCHOCTU OETOBBIX TOPOXKEK
ObUT BbIOpaAH JierkoaTieTndeckuii ctanuoH KybaHcko-
TO TOCYIapCTBEHHOTO TEXHOJIOTMIECKOTO YHUBEPCHUTETA
(KyoI'TY), naxomgmmuiics 1mo agpecy: r. KpacHomap,
yi1. MockoBckad, n. 2. @ororpadus cranmoHa IIpes-
cTaBJiecHa Ha puc. 1.

CKaHMpOBaHME TIPOBOIIIIOCH JJa3epHBIM CKaHEPOM
«Leica ScanStation C10». ®oTorpadust NCITOIb3yeMOTO
CKaHepa IIpeAcTaBIcHa Ha puc. 2.

IIpu ckanupoBanuu craguoHa KybaHckoro rocy-
IapCTBEHHOTO TEXHOJIOTMYECKOTO YHUBEPCUTETA Ha-
YIHO-HMCCIIeI0BaTEILCKOM TPYIITON ObLTa 3agaHa qucC-
kpetHocThb 10x10 cM, BeImepkKa — 64 c., paspeleHne

Puc. 2. JIazepnblii ckanep «Leica ScanStation C10»

1920x1920 nmukceneii, 00IacTb 0XBaTa CKAHUPOBAHUS
cocrasisuia 360x270°, ckaHMpoBaHUE TTPOU3BOIMIOCH
¢ 6 cranuuii. [Tocie mpoBeAeHNST CKAHUPOBAHUS 00-
JIaKO TOYEK OBLIO 3arpy>KeHO B IIpOrpaMMHOE 00eCIIe-
yenue «Leica Cyclone» mg majnbHelIeir OTpUCOBKA
00BEKTOB.

PE3YJBbTATBI 1 OBCYXKIEHUE

OtpucoBannblil ctannoH B I1O «Leica Cyclone»
MpeACcTaBIeH Ha puc. 3.

ITociie OTPUCOBKM CTagnMoHa OblIa TIPOU3BEACHA
KJaccuduKanus ToueK 0eroBoil TOPOXKHM CTaIruOHa
110 BeicoTe. Kaxk1oMy 3Ha4eHIIO BBICOThI IIPUCBANBAIAC
oITpe/iesIeHHas [IBETOBas raMmMa. MaccuB TOUYEK C IIBETa-
MU, OTPAXKAIOIIMMU UX BBICOTY, IIPEICTABJIEH Ha puc. 4.

»# - AEREN L)

Tegd hoae

Bma o
Y

2240

’ dUOdOS N YN OASYT N S

Robhh Cauah wU T EE

L

= i Ek G

tEnmruw

P Ak EXerrree

Puc. 3. O6padorannoe 061ako Touek B I1O Leica Cyclone
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Puc. 4. OrpucoBaHHOe 00J1aK0, TOYKH KOTOPOT0 ObLTH KIACCH(HUIIMPOBAHBI 10 BHICOTE

B I1O «Leica Cyclone»

CremyeT OTMETUTBD, YTO IIBETa OTPAKAIOT CICAYIOIIIE
3HAYCHUS BBICOTHI:
3eJieHbI — 0—2 MM;
cuHUi — 2—3 MMm;
XKEATBIA — 3—5 MM;
OpaHXKeBbI — 5—7 MM;
KpacHBI — 7—8 MM;
YepHbIt — 8—9 MMm.
CornacHo I'OCT P 55529-2013 «O0beKThI CriopTa.
TpeboBaHMsT 6€30ITACHOCTH TIPY TIPOBEACHU CITOPTUBHBIX
¥ QU3KYIBTYPHBIX MEPOIIPUATHI. MeTOIBI MCITHITAHII»
3HaUYCHNE HEPOBHOCTEH Ha OETOBBIX JOPOKKAX JIETKO-
aTJIETUYECKOro CTaAMOHAa JOJKHO ObITh He 60j1ee 10 MM.
CpaBHEHHE pe3yJIbTaTOB CKAHNPOBAHUS C BBIIIICYKa3aH-
HBIM HOPMATHBHBIM JOKYMEHTOM IIPEICTABICHO B TaOI. 1.
Hcxons n3 nHbDOpMAIIAN, TTIOJTYICHHOI TTOCTIe aHa-
JIN3a Pe3yJIbTaTOB CKAHNPOBAHMSI U TPCOOBaHMIT paHee
YKa3aHHOTO HOPMaTUBHOTO JOKyMeHTa (Tabu. 1), ciemny-
eT CIlesIaTh BBIBOJ, UTO 3HAUYCHMST HEPOBHOCTE, HallmeH-
HBIX Ha JierkoaTiaeTuyeckoM ctaguoHe KyoI'TY, coot-
BeTcTBYIOT [OCT P 55529-2013, 1 TeM caMbIM TaHHBI

Tabauya 1

CITOPTUBHBIN OOBEKT MO3BOJISICT 0€30IaCHO 3aHUMAThCS
pU3TIeCKUMU YIIpasKHEHUSIMUA.

3AK/IIOYEHUE

BrImorHeHHOE MccllemoBaHMe TTO3BOJISIET CAeIaTh
BBIBOJI, YTO METOI aHAJIM3a COCTOSTHUSI OOBEKTOB CITOP-
TUBHOI MH(MPACTPYKTYPHI C TIOMOIIBIO TPEXMEPHOTO JIa-
3epHOTO HA3¢MHOTO CKAHNPOBAHUS SIBJISIETCS JOCTATOYHO
MIePCIIEKTUBHBIM 1 3 PeKTBHBIM. CKaHNpPOBaHUE JIe-
JIaeT BO3MOXKHOI CITIONIHYIO CheMKY Pa3IMUHBIX 00BEK-
TOB CO 3HAYNUTEIHFHOI CKOPOCTHIO M ITO3BOJISICT 332 MAJIOE
BpeMsI OCYIIIECTBIISITh 3HAYUTEIIBHBIN 00beM M3MEPEHUIA
C BBICOKOI TOYHOCTBIO I TH(OPMATHUBHOCTHIO.

B maHHOI cTaThe pacCCMOTPEHBI UCTIOIB30BAHNE CH-
CTeMBbI HA3¢MHOTO JIa3¢pHOTO CKAHMPOBAHMS KaK OTHOTO
13 METOIOB HAOIOMeHNS 3a AeOpMAaIINsIMU C 1IeJTBIO
KOHTPOJISI COCTOSTHUSI 00BEKTOB CITOPTUBHOM MHbpa-
CTPYKTYPHI, TIPOIICCC TIPOBEACHUS ITOJIEBOI CheMKH
Ha TIprMepe JIETKOATIETHIecKoro ctanroHa KybaHckoro
TOCYIAapCTBEHHOTO TEXHOJOTMYECKOTO YHUBEPCUTETA

CpaBHeHue pe3yJbTaTOB cKaHupoBaHus ¢ Tpedosannsvu TOCT P 55529-2013

IIBeT TOYEK Beanmunna HepoBHOCTEI, MM Coo.monenni i Tpedoanusa TOCT P 55529-2013
3eseHbI 0-2 na
CuHnii 2-3 na
XKenrorii 3-5 na
OpaH:xeBblIii 5-7 na
KpacHbrit 7-8 na
YepHblit 89 na
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B 1. KpacHomape u BbINTOJIHEHNE 00paObOTKU JaHHBIX
TPEXMEPHOTO JIa3epHOI0 CKAHMPOBAHUS B CIICIINATI-
3MPOBAHHOM IIPOTPAMMHOM 00€CIICUCHUM.

B 3aximroueHre MOKHO OTMETUTh HECKOJIBKO TTPENMY-
IIECTB CUCTEMBI HA3¢MHOTO JIa3¢PHOTO CKAHUPOBAHUS:

1. MrHOBEeHHasI TpeXMepHask BU3yaIn3allnsl.

2. TexHoOTHS TIpOIIECCa BRITIOJIHEHMS paOOT MHTY-
WTUBHO TIOHSITHA.

3. Beicokast TOUHOCTb.

4. BeICTpBIiT cOOp JAaHHBIX.

5. BeisgBnenue neopMaiinii Ha paHHUX CTAAUSIX 9KC-
TUTyaTalli OOBEKTA.

6. UndopmarusHOCTH [9].

MartepuaibHBIe 3aTpaThl IO COOpPY JAaHHBIX U MO-
IEeTUPOBAHUIO 00BEKTOB MH(PPACTPYKTYPHI METOIAMU
Ha3eMHOTO JIa3¢pHOTO CKAaHMPOBAHUS HA HEOOIBIITNX
YJaCTKaX ¥ 00BbEKTaX 3HAUNTETHHO ITPEBBIIIAIOT KIIACCH-
YeCKIe METOIBI CheMKH. Ha ceromHAIHmii 1eHb Ipenmy-
IIECTBA JIA3¢PHOTO CKAHMPOBAHMS TTO3BOJISTIOT M30€KaTh
JTOTIOJTHUTETLHBIX PACXOI0B Ha 3TAIax IIPOCKTUPOBAHNS
1 DKCITTyaTalny 00beKTOB MHMpacTpykTyphl [10, 11].
Boiee Toro, BBUIY ITOCTOSTHHOTO pa3BUTHSI HAYIHO-TEX-
HUYECKOTO ITPOrpecca OXKMIACTCS CHIDKEHIE CTOUMOCTH
000pyIOBaHMS IS CKAHUPOBAHUSI, YTO B OJIIKaKIIIIe
TOJIbI CHIEJIAaeT ero 0oJiee MPUMEHUMBIM Jaxe JIJIsi MeHee
3HAYMMBIX HHPPACTPYKTYPHBIX OOBEKTOB.
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

Compliance requirements of publication ethics in the preparation and publication of the journal Science Editor
and Publisher apply to all members of the publishing process, i.e., authors, editors, reviewers, and the publisher of
the journal. The editorial board monitors compliance with the ethics requirements based on the manuals prepared
by international specialized organizations, associations and publishers, as well as the Association of Science Editors
and Publishers. The main standards relied on by the journal «<Nanotechnologies in construction» are those developed
by the Committee on Publication Ethics (Committee on Publication Ethics) in the United Kingdom, by the publisher
Elsevier (Netherlands), and other non-Russian editorial associations and information systems, as well as the declara-
tion of «Ethical Principles of Scientific Publications», adopted by the Association of Science Editors and Publishers
(Russia).

The responsibility of the authors of material for the journal «<Nanotechnologies in construction»

1. The author submits materials for review, which have not been previously published. If the article is based on
previously published material which are not academic articles or based on materials presented on the Internet, the
author should notify the editorial staff of the journal.

2.The author does not submit the same article to different journals for review.

3. All co-authors consent to the submission of their articles to the journal.

4.The author should inform the editorial staff about a potential conflict of interest. In the case of the absence of
any competing interests the author should claim that by writing «Author declare the absence of any competing in-
terests» in the paper.

5.The author takes the necessary steps to ensure the correctness of citations in the submitted article.

6. The list of authors included only individuals who have made significant contributions to the research.

7.The author correctly cites his or her previous work as to avoid self-plagerism in the manuscript and the artificial
increase of volume of publications (salami-slicing).

8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

2.The editors of the journal can check the materials with anti-plagiarism system «Antiplagiat» detecting borrowed
fragments to provide copyright protection.

3. The editors make fair and objective decisions, regardless of any commercial considerations and provide a fair
and efficient process for the independent review.

4. The editors evaluate manuscripts’ intellectual content without regard to race, gender, sexual orientation, reli-
gion, origin, nationality, and/or the political preferences of the authors.

5.The editors do not work with articles for which they have a conflict of interest.

6. The editors resolve conflict situations arising during the editorial process, as well as use all available means to
resolve these situations.

7.The editors of the journal publish information concerning corrections, rebuttals, and review articles in case the
need arises.

8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

1. The reviewer evaluates his or her own availability before the examination of the manuscript and accepts materi-
als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

2. The reviewer must use the form created by the editors and delivered with paper. The reviewer may give ex-
tended review.

3. The reviewer notifies the editorial staff of any conflict of interest (if one exists) before the start of the review of
the paper.

In the case of the absence of any competing interests the reviewer should claim that by writing «The reviewer
declares the absence of any competing interests» in the review.

4.The reviewer does not send information about the article and or any of the data contained within the article to
any third party.

5. The reviewer does not use the information obtained from the article for any personal and or commercial pur-
poses.

6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

7. The reviewer uses only proper and appropriate language and explanations in respect to the articles, avoiding
any personal remarks.

The responsibility of the publisher of the journal <Nanotechnologies in construction»

1. The publisher not only supports scientific communication and invests in the process, but is also responsible for
complying with all current guidelines and standards for publishing scientific work.

2.The publisher does not affect the editorial policy of the journal.

3. The publisher provides legal support to the journal if necessary.

4.The publisher provides for the timely release of futures issues of the journal.

5.The publisher publishes changes, explanations, and recalls articles that have been identified to contain scientific
misconduct and or critical errors.

The responsibility of the editor-in-chief of the journal <Nanotechnologies in construction»

1. The editor-in-chief is responsible for making a decision which of submitted papers are to be published in the
journal. This decision always must be based on the examination of paper reliability and its importance for scientists
and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial board of
the journal. He also may take into account legal requirements, such as exclusion of libel, infringement of copyright
and plagiarism. When making decision on the publication, the editor-in-chief may consult with the members of edito-
rial board, reviewers.

2. The editor-in-chief evaluates submitted papers by the intellectual content, regardless of the race, sex, sexual
preference, religion, ethnic origins, citizenship and political views of the author.

3. The editor-in-chief, editorial staff, members of the editorial board must not disclose information on the submit-
ted manuscript to the third person except for the author, reviewers, potential reviewers, and the publisher.

4.The information contained in the submitted paper cannot be used in the paper of the editor-in-chief, members
of the editorial board without author’s written permission. Confidential information or ideas obtained during review
must be kept in secret and must not be used for self-profit.

5. The editor-in-chief should not review the paper if there is a conflict of the interests evolving from competition, co-
operation or other relations with someone from the authors, companies and organizations which are related to the paper.

6. The editor-in-chief should ask all authors to present information on the certain competitive interests and pub-
lish corrections if the conflict of the interests has been revealed after the publication. If necessary another appropriate
action such as publication of disproof or expression of a concern can be performed.

7. The editor-in-chief should take reasoned and prompt measures if he gets complaints of ethnic character in re-
spect to the submitted manuscript or issued paper, contacting with the editors and publisher.

Complaints and appeals handling

In the case of incoming complaints and appeals a commission is formed. The commission can consist of the pub-
lisher, the editor-in-chief, deputy editor-in-chief, members of editorial council, authors and specialists which are com-
petent in the considering subjects.

An investigation is held and the results of it are reported to all interested parties. According to laws, if it is neces-
sary, the materials are delivered to competent state bodies.
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Policy of disclosure and conflicts of interest /competing interests

Unpublished data from manuscripts submitted for consideration can not be used for personal research without
the expressed written consent of the author.

Information or ideas obtained through peer review and related actives, which potentially can be beneficial to any
party other than the author, must be kept confidential and not be used for personal gain.

The editors and reviewers should not participate in the examination of manuscripts in the event of a conflict of
interest that is a result of any competitive, cooperative, and or other interactions and relationships with any of the
authors, companies, and or other organizations involved in the creation or presentation of the works.

The politics of the journal concerning data exchange and reproductibility

The journal papers (metadata of papers) are available for free access at the journal’s website and at the websites of
different citation systems (data bases).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution». This kind of license allows other people to distribute, edit, correct and base on the
work of the authors, even with commercial purpose, while the authors mention them as co-authors. The license is
recommended to distribute widely and use licensed materials.

The politics of the journal concerning data exchange and reproducibility are aimed at providing «transparent» sci-
ence and transparency is a guarantee of high-quality research and innovations.

Ethical oversight of the published materials

The publisher and the editor-in-chief should deal with protection of reputation of the published materials by
studying and evaluating claimed or potential delinquency (research, publications, reviews and editorial activities)
jointly with scientific community.

That means interaction with the author of the manuscript and detailed consideration of the complaints or declared
reclamations. To detect such delinquencies as plagiarism, the editor must use proper license software or systems.

If the editor-in-chief obtains proved evidence of delinquency, he must inform the publisher and the members of
editorial council about this, as well as immediately notify the author about necessity to correct the paper or paper
retraction (in dependence on the situation).

Derivation and plagiarism

During the consideration of an article, the editorial staff of the journal «<Nanotechnologies in construction» may
conduct a verification of the submitted materials with the help the Anti-plagiarism system. In the case of the discov-
ery of multiple incidents of content matching, the editorial staff acts in accordance with the rules of COPE.

Intellectual property
The editors should carefully deal with the issues concerning intellectual property and interact with the publisher
when settling the cases of probable delinquencies and agreements on intellectual property protection.
The editors aside from using plagiarism detecting tools can also:
- support the authors whose copyright was infringed or those who suffered from plagiarism;
- cooperate with the publisher to protect copyright and to pursue infringer (for example, by applying for paper
retraction or removing materials from websites).

Discussion of the papers published in the journal. Corrections made after publication

The editors must be open for the researches that oppose the papers published earlier in the journal; to encourage
and to be ready to consider valid criticism of the papers published in the journal.

The authors of the criticized works should have an opportunity to respond the criticism. The papers describing
only negative results can also be published.

Preprint and postprint policy

During the submission process, the author must confirm that the article has not been published and or accepted
for publication in any other journal. When citing articles published in the journal «Nanotechnologies in construction»,
the publisher requests the authors to provide a link (the full URL of the material) to the official website of the journal.

Articles, which have been previously posted by the author on personal and or public websites that have no rela-
tionship to any other publishers, are allowed to be submitted to the journal.
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On the procedure in case of abusive practice (infringement)

Publisher, editor-in-chief, each member of editorial staff member of editorial board, author, reviewer or reader
must comply journal’s Publication Ethics and are obliged to report any known facts concerning committed or poten-
tial infringement.

The journal’s editors immediately launch investigation on all messages that state abusive practice (infringements).
If the information is confirmed, the measures to eliminate claimed abusive practice (infringements) will be taken. Ac-
cording to legislation, all materials, if it is necessary, are referred to proper state bodies.

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.

http://nanobuild.ru 267 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2021; 13 (4):

HaHoTexHonorum B cTponTenbcTee 264-267 NanObL" ]

3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

TpeboBaHuA cobnofeHna Ny6NMKaLMOHHON 3TUKU MpY MOAFOTOBKE U M3OaHWUM XypHana «HaHoTexHomnorum
B CTPOMTENbCTBE» KACAIOTCA BCEX YYACTHUKOB PeAaKLMOHHO-/3[aTeIbCKOro NpoLecca — aBTOPOB, PELAKTOPOB, pe-
LIeH3eHTOB U M3[aTesis, CO3AaloLMX 3TOT XKypHain. Pefakumsa x)XypHana cienT 3a BbiMONIHEHVEM TPeboBaHNU STUKN,
ONMPasCb Ha PYKOBOACTBA, NMOArOTOBJIEHHbIE 3apybeXKHbIMI NMPOGUIIbHBIMY OPraHM3aLMUAMK, acCCOLMALMAMUN U 13-
[aTenbCTBaMy, a Takxke Accoupralmelnt HayYHbIX PefakTopoB U nsgatenein. OCHOBHbIMW JOKYMEHTaMK, Ha KOTOopble
onupaeTcsa pefakuma XypHana «<HaHOTEXHONOrMM B CTPOUTENbCTBEY, ABNATCA pa3paboTku KomuteTa no nybnvka-
umnoHHonm 3tmke (Committee on Publication Ethics), Bennko6putanus, nsgatenscrsa Elsevier (Hugepnaxgbi) u gpyrux
3apybeXKHbIX PelakTOPCKNX accoLmalunin n nHGOPMAaLMOHHbBIX CUCTEM, a Takxe [Jeknapauus «3Tnyeckme nprHLUmnb
Hay4HbIX Ny6arKaumniy, NPUHATaa Accoumalmeli HayYHbIX pefakTopoB u usgateneii (Poccus).

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

1. ABTOp OTMNpaBnsAeT Ha PacCMOTPEHUE CTaTblo, MaTepuranbl KOTOPOW paHee He 6binn onybnnkoBaHbl. Ecniv ctaTtba
OCHOBaHa Ha paHee onybNMKOBaHHbIX MaTepuranax He CTaTeHOro XxapakTepa WUin Mmatepurasbl NpeacTaBneHbl B MH-
TepHeTe, ciefyeT yBefoMUTb 00 3TOM peflakLmIo XKypHara.

2. ABTOp He OTNpaBnAeT Ha PaCCMOTPEHME OfHY CTaTblO B Pa3Hble XYpPHarsbl.

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

4. ABTOp yBEAOMNAET PeAaKLMIo O MOTeHLNaIbHOM KOHGNKTe nHTepecoB. O6 OTCYTCTBUM KOHGNMIKTa MHTEPECOB
aBTOP YKa3blBaeT B CTaTbe — «ABTOP 3aABNAeT 00 OTCYTCTBMM KOHOIMKTa UHTEPECOBY.

5. ABTOp NpeanpuHMMaeT Heobxofmble Mepbl, YTOObl y6eANTLCA B KOPPEKTHOCTN NPeACcTaBIeHHbIX B CTaTbe L-
TUPOBaHUN.

6. B cnncok aBTOpOB BK/TIOYAKOTCA TONbKO NMLA, BHECLUWE 3HAUNTENbHbIN BKa B MPOBEAEHMEe UCCIeOBaHUA.

7. ABTOp KOPPEKTHO LMTMPYeT CBOW NpeablayLue paboTbl 1 M36eraeT camonarmara B PyKOnucy U NCKycCTBeHHO-
ro ysenuyeHus obbema nybnmkaumia (salami-slicing).

8. KOHTaKTHbI aBTOp yBEAOMIAET CBOMX COAaBTOPOB 000 BCEX U3MEHEHUAX U NPEeASIOKEHNAX CO CTOPOHbI pe-
[aKUMKW XKypHana v He NPUHMMAET PeLeHnn OTHOCUTESNIbHO CTaTbW €AUHONNYHO, 6€3 MMCbMEHHOMO Cornacusa Bcex
COaBTOpPOB.

9. ABTOp KOPPEKTHO BeAeT NePEenmncKy C peLeH3eHTOM Yepes pefakTopa 1 0OTBeYaeT Ha KOMMeHTaprm 1 3ameva-
HWA, eCIY OHW BO3HUKAIOT.

10. Mpun He0BXOAUMOCTIN aBTOPbI KOPPEKTUPYIOT MPEACTaBNIEHHbIe B CTaTbe JaHHbIE U ONPOBEPTaloT UX.

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

1. PepakTopbl »KypHasia CaMOSIMYHO 1 HE3ABUCMMO HEeCyT OTBETCTBEHHOCTb 3a COAEP»KaHMe NMy6/IMKyeMbIX MaTe-
puVanoB 1 NPU3HAIOT 3Ty OTBETCTBEHHOCTb. [JOCTOBEPHOCTb paccMaTprBaeMon PaboTbl 1 ee Hay4yHas 3HAUYMMOCTb
BCerga JOMKHbI JieXKaTb B OCHOBE peLleHus o ny6nvkaumu.

2. PepakTopbl KypHana MOryT NpoBepuTb NOJTyYeHHble MaTepurasbl B CcTeMe AHTUMIAraT no obHapy»KeHuto 3a-
MMCTBOBAHWI, CMOCOOCTBYA 3alyUTe aBTOPCKOro Mpaga.

3. PepakTopbl MPVHUMAIOT YeCTHble 11 OOBEKTMBHbIE PELUEHMA HE3aBUCMMO OT KOMMEPUECKMX COObparkeHUi
1 06ecneyrBaloT YeCTHbIN 1 3P PEKTUBHDBIV NPOLIECC HE3aBUCUMOTO PELIEH3NPOBAHNA.

4. PefjakTopbl OLIEHVBAIOT UHTEN/EKTYaNIbHOE COePKaHMEe PYKOMMCE BHE 3aBUCUMOCTY OT pachl, Mona, CeKCyasb-
HOW OpUEHTALNN, PENUTMO3HBIX B3MAA0B, MPOVCXOXAEHUA, FPAXXAAHCTBA U MNONIUTUYECKUX NPeANoUTeHN ABTOPOB.

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYUMN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuyei XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIEH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ilenaeT BbIBOAOB O KAaUeCTBe CTaTbll HA OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefakumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApPYLUeHNA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM peLueHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COLepKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHMYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [NaBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOoro xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyuMBLINIA YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KEHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3patenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX Y>Ke COBEPLUEHHOIO W NMOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

Pepakuuei )XypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COOHOLLEHUAM O 3/10yNoTpebieHnAX
(HapyLweHusx) n, ecnv MHGOPMaLMA NOATBEPKAAETCA, MPUHVMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHnii (Ha-
pyweHuin). Ecnun 310 TpebyeTcsi B COOTBETCTBMM C 3aKOHOAATENIbCTBOM, MaTepuasbl NepefatTcs B COOTBETCTBYOLIME
rocyfapCTBEHHbIE OpraHbl.

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.
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AUTHOR GUIDELINES

Admission of articles

The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons CC-BY «Attribution»; agree to publish full texts (parts or metadata) of the paper in free access in Internet at
the official website of the edition (www.nanobuild.ru), citation systems (data bases). All that authors indicate in the
cover letter. More details about the license Creative Commons CC-BY are available here http://creativecommons.ru/.

When submitting articles to the journal, it is presumed that:
« the work has not been previously published in any other journal;
« the article is not under consideration in any other journal;
- all co-authors consent to the publication of the article;
« thereis implicit or explicit consent of the organization in which the study was conducted.

Information about the conflict of interest
The article should include any actual or potential conflict of interest. If there is no conflict of interest, you should
write that «the author declares no conflict of interest.»

When submitting a manuscript to the journal, authors should ensure that the content of the paper corre-
sponds the topic of the journal; the structure and the format of the paper meet the editorial requirements; all citations
are properly formatted and the source of tables and figures are shown (unless otherwise indicated, it is assumed that
the tables and figures created by the author).

Basic the sections of the journal:
. construction material science;
+ the study of the properties of nanomaterials;
- theresults of the specialists’and scientists’ researches;
- manufacturing technology for building materials and products;
- international scientific and technical cooperation;
« overview of inventions in the field of nanotechnology;
- development of new materials;
- rational use of natural sources;
- efficient use of recycled resources;
+ the application of nanotechnology and nanomaterials;
« system solutions for technological problems;
- inrelated sectors;
- forums, exhibitions, conferences and events in the area of construction and nanoindustry.

These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
tals of nanotechnologies; 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.
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The structure of the paper

Article type (In English)

Title (In English)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In English) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

ABSTRACT: the source of information, which is independent on the paper and which allows

Russian and foreign specialists to make conclusion about the quality of the content of the paper (extended ab-
stracts must be informative, original, novelty, contain main results of research, structured according to IMRAD (Intro-
duction, Methods and Materials, Results and Discussion), compact - 200-250 words) (In English)

KEYWORDS: (In English)

ACKNOWLEDGMENTS: (if available) (In English)

FOR CITATION: (In English)

Text of the paper: (In English, number of words 3000-6000)
o INTRODUCTION
e METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In English)

INFORMATION ABOUT THE AUTHOR(S) (In English)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.

Article type (In Russian)

Title (In Russian)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In Russian) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

ABSTRACT: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In Russian)

KEYWORDS: (In Russian)

ACKNOWLEDGMENTS: (if available) (In Russian)

FOR CITATION: (In Russian)

Text of the paper: (In Russian, number of words 3000-6000)
o INTRODUCTION
« METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In Russian)

INFORMATION ABOUT THE AUTHOR(S) (In Russian)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.
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Manuscript text

File format
The editors accept texts saved using Microsoft Word in .rtf format.

Text layout

Use the font Times New Roman, font size — 14 pt., and 1.5 line spacing;

Do not use an underscore in the text (for subtitles — use bold, to highlight text — use italics);

Non-Russian languages titles (journals, organizations, etc.) should be left in the original, enclosed in quotes.

Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials.

References to non-Russian language articles:

Surname Intials, Surname Intials Article title. Name of journal. Year, Volume (Number): 00-00. DOI: 10.13655/
1.6.1234567.

Example: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020: 4(142): 49-51. DOI: 10.5604/01.3001.0014.0933

References to non-Russian language monographs:

With 1-3 authors:

Surname initials, Surname initials. Book title. Number of reprinting. City: Publisher; The year of publishing.

Indication to the editor or compiler:

Surname initials. Surname initials. Surname initials, editors. Title. Number of reprinting. City: Publisher; Year of
publishing.

Example: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

Journal title and the title of monographs and collections are written in italics. After the initials a period (.) is used.
Between the author’s name and initials no comma is used.
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Reference to Russian language sources:
Example: Lindorf L.S., Mamikoniants L.G. Operation of turbine-generator with direct cooling. Moscow: Energia;
1972. (In Russ.)

References to internet sources:

The name of the material on the site [site]. Name of the site; year [updated: date of update; date of citation]. Avail-
able: link to the site.

Note: preferably indicate a link to the material from the site, which is mentioned in the article. A link to your
homepage is not informative and does not allow for verification of the information.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement
Specified when registering the names and addresses will be used solely for technical purposes of a contact with

the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

ABTOpbI NpeaCTaBnAIOT B pefakuuio:
«  PYKOMUCK B 31eKTPOHHOM BuAe no e-mail: info@nanobuild.ru;
+  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbITAeT aBTopam 0bpaseL no nx npeiBapuUtesibHOMY 3anpocy).
ABTOpPbI NYGNVKYeMbIX B XypHasie MaTepuasnioB AOMYyCKaloT UCMOb30BaHNE KOHTEHTA B COOTBETCTBMM C JINLIEH-
3uen Creative Commons CC-BY «Attribution» («ATpubyLna»); cornacHbl ¢ pasmelleHnem B OTKPbITOM JOCTYre nos-
HbIX TEKCTOB CTaTel (MX COCTABHbIX YacTel UK MeTafaHHbIX) B VIHTepHeTe Ha canTe n3gaHua (www.nanobuild.ru),
B CYCTeMax LUMTUPOBaHMA (6a3ax faHHbIx). O6 3TOM aBTOpPbI YKa3blBAKOT B COMPOBOAUTENIbHOM nicbme. MoapobHo o
nuueH3nmn Creative Commons CC-BY cmoTpute 3gech http://creativecommons.ru/.

MpeacTaBneHne cTaTby B XKYypHan nogpasymeBaert, yTo:
+ pabota He Obina onybMKoBaHa paHee B APYrOM XXypHase;
+  He HaxoAWTCA HA PAaCcCMOTPEHUN B APYFOM XKypHane;
+  BCe COABTOpPbI COrnacHbl ¢ NybavKaumen cTaTby;
+  MOJMy4YeHO cornacue — HEABHOE N AIBHOE — OpraHr3aunm, B KOTOPOW ncciefoBaHvie 610 MpoBeaeHo.

NHdopmauna o KOHGNNKTE MHTepPecoB
B cTaTbe cniepyet ykasaTb Ha peanbHblii UK NOTEHLMANbHBIA KOHGANKT NHTepecoB. Ecnn KoHbMKTa nHTepecos
HeT, TO ClleflyeT HanucaTb, YTO «aBTOP 3asBAAET 06 OTCYTCTBUN KOHPNIMKTA MHTEPECOBY.

Mpw npeacTaBneHNN PpyKoNucy B XKypHas aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAep>KaHMe CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 0pOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM A5t TabnuL, 1 pYCYHKOB (eC/IM He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).

OcHOBHbIe paspenbl XXypHana:
«  CTpoOWTeNbHOE MaTepuasioBeeHUe;
«  1CCNIeioBaHVe CBOWCTB HAHOMATEPAOB;
«  pe3ynbTaTbl UCCNIELOBAHMI YUYEHbIX 1 CNELNANCTOB;
+  TeXHOMNOry NPOV3BOACTBA CTPOUTESIbHBIX MAaTePUasioB U U3LENUIA;
+  MEXZYHAapOAHOEe HayYHO-TEXHNYECKOE COTPYAHMNYECTBO;
«  0630p 13006peTeHUN B 061aCTU HAHOVHAYCTPUN
+ pa3paboTka HOBbIX MaTepUasos;
+  pauVOHaNibHOe UCMOJb30BaHMe NPUPOLHbIX PECYPCOB;
«  3dpPeKTUBHOE UCMOTb30BaHNE BTOPUYHOTO ChIpbS;
«  MPUMEHEHME HAHOTEXHOJIOTMIA 1 HAHOMaTEPUATOB;
+  CUCTEMHblE peLleHUsi TEXHOMOTMYeCKmX npobnem;
+ B CME@XHbIX OTpacnax;
«  ¢dopyMmbl, BbICTaBKM, KOHbEPEHUMY, MEPONPUATUS CTPOUTENIbHON OTPACN U HAHOUHAYCTPUN.

B »XypHane ny6nukyioTca pa6oTbl No cneaywowWmnmMm TeMmam: Co3faHne HOBbIX QYHKLMOHANbHBIX MaTepuasnos;
pa3paboTka Teopun GOPMUPOBAHUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPUPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUS HAHOMATEPVANOB Y HAHOTEXHOJIOT I B CTPOUTENBCTBE M CTPOUTESIbHBIX MaTepuasax; LLeMeHTHbIE U
Lpyrve BaXyLyue ¢ MMHepPanbHbIMU 1 OPraHNYeCcKUMU fobaBKaMu; AMArHOCTKA HAHOCTPYKTYP U HAaHOMaTepranos
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIeOBaHNA CBOWCTB HAaHOMAaTepPManoB; MoANdULMPOBaHNE CTPOUTENbHbIX
MaTepranoB HAaHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3MLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMUMPOBAHME Ha-
HOCTPYKTYPHbBIX MOKPbITUN Sla3ePHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJOI -
yeckre NPUHLMIbI CO34aHNA HAHOCTPYKTYP (pacnnaBbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C NepPEeUYNCTIEHHBIMU HanpPaBaeHUAMU.
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KypHan npuHumMaet K ny6nnkaumm: opurrHasbHble CTaTbl; 0630pbl; AUCKYCCMOHHbIE MaTepuasbl, KOMMEHTa-
puu, apyrue nHbOPMaLMOHHbIE MaTepuarbl.

CTpyKTypa cTtatbm

Tun cTatby (Ha aHMMINCKOM A3blKe)

3arnasue (Ha aHMMUNCKOM A3bIKe)

ABTOPp(bI) (Ha AaHMIMICKOM A3bIKe): 06A3aTeNIbHOE YKa3aHve MecTa paboTbl KaXKAoro aBTopa, ropog, CTpaHa (He-
06xoanmo ykasbieaTb ORCID aBTOPOB — 3en1eHbI 3HAUOK PAAOM C baMuvelt C yKazaHHOW Mo HAM rMnepccbiikon Ha
cTpanuyy ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALMK, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTaMm caenatb BbIBOA4 O KAauyecTBe U COAepaHuy CTaTby (pestome [OKHbI OblTb MHPOPMALMOHHbBIMY,
OpPUrMHaNbHbIMK, cofepaTb HOBU3HY, OCHOBHble pe3ynbTaTbl MCCIe[OBAHUN, CTPYKTypupoBaHHbiMU no IMRAD
(Introduction, Methods and Materials, Results and Discussion), KoMnakTHbIMY — yKnagbiBatbcst B 200-250 coB) (Ha
AHINNNCKOM fA3blKe)

KJTIOYEBDIE CJIOBA: (Ha aHIMIMICKOM fA3blKe)

BJIATOOAPHOCTMU: (npy Hanuumnm) (Ha aHINNCKOM A3bIKe)

ANnAa UUTUPOBAHUA: (Ha aHMMNINCKOM A3bIKe)

CraTbA (Ha aHMNINCKOM A3blKke, 06bemM — 3—6 TbIC. C/TIOB):
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
o PE3YJIbTATDI
o OBCYXOEHUE
o 3AKJIIOMEHUE (BbIBOAbI)

CMUNCOK JINTEPATYPbI: (Ha aHrMunNCKOM si3blKe)

MHOOPMALIUA Ob ABTOPE(AX): (Ha aHrNMINCKOM A3bIKe)

Nms, otuectBo (Mpy Hanuumm), bamunus, yueHasa CTeNeHb, yYeHOE 3BaHUe, JOMKHOCTb, MecTo paboTbl, ropos,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa UHTEpPeCoB.

YOK

Tvn cTaTby (Ha PyCcCKOM A3biKe)

3arnaBue (Ha pycCKOM fA3bIKe)

ABTOPp(bI) (Ha PyCcCKOM fA3bIKe): 00A3aTeNIbHOE YKa3aHMe MecTa paboTbl KaXJoro aBTopa, ropof, CTpaHa (Ha pyc-
CKOM fA3biKe) (Heobxoaumo ykasbiBaTb ORCID aBTOPOB — 3e1eHblll 3HAUYOK PsAAOM € GaMunven ¢ yKasaHHOW Mo HUM
rmnepccbinkon Ha cTpanuly ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALIMK, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTam ciefiaTb BbIBOJ O KAaUeCTBE U coflepKaHUm CTaTby (pe3tome JOSKHbI 6bITb MHGOPMALMOHHBIMM, OpU-
rMHanbHbIMK, COAePKaTb HOBU3HY, OCHOBHbIE pe3yNbTaTbl NCCNeA0BaHNN, CTPYKTYpupoBaHHbiMK o IMRAD (BBe-
LEHVE, MeTolbl Y MaTepuarsbl, pe3ynbTaTbl, 06CyAeHre, 3aKoueHre (BbIBOAbl)), KOMMNAKTHbIMY — YKaAblBaTbCA B
200-250 cnoB) (Ha pycCcKoM A3bIKe)

KJTIOYEBDBIE CJIOBA: (Ha pycckom A3bIKe)

BJIATOOAPHOCTU: (npu Hanuumm) (Ha PyCCKOM A3bIKe)

ONA UUTUPOBAHUA: (Ha pycckom A3biKe)

CraTbs (Ha pycckom si3blKe, 06beM — 3-6 TbIC. CJIOB)
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
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« PE3YJIbTATbI
o OBCYXAEHUE
« 3AKJITIOMEHUE (BbIBOAbI)

CNUCOK JIUTEPATYPbI: (Ha pycckom A3blke)

MHOOPMALUA Ob ABTOPE(AX): (Ha pycckom A3blke)

®amunus, Ms, OTYECTBO (NPU HaNMUUK), yY4eHasa CTeneHb, yYeHoe 3BaHue, AO/MKHOCTb, MecTo paboTsl, ropog,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa MHTEpPECOoB.

OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuuma npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMOonb3ynTe NogyepKrBaHMe BHYTPU TEKCTa (419 MOA3arosoBKOB MCMOJb3yNTe MONY>KMPHOE HavepTaHue,
LNA BblAENEeHNA B TEKCTE — KYPCUB);

+  MHOCTPaHHbIe Ha3BaHMA (KypHasoB, OpraHn3auui 1 T.4.) cnefyeTt OCTaBAATb B OPUTMHANeE, 3aKioyaTb B KaBblUKU.

A66peBuatypbli
Bce ab6peBmaTypbl 4OMKHbI ObITb paclundpoBaHbl NPy NepBoM ynotpebneHnun. Ecnn abbpesnatyp MHOFO, MOXKHO
caenatb C1CcoK ¢ pacdpOoBKOI KaxK4on U3 HUX Nepes TeKCTOM CTaTby.

Tabnuubl v pUCYHKN

Bce Tabnuubl v PUCYHKM BOMKHbI ObITb MPOHYMEPOBAHbI U HAa3BaHbI, HA HYX JO/MKHA ObITb OTCbIIKA B TEKCTE CTa-
Tbu. B Tabnuuax He JOMXKHO GbITb NYCTbIX rpad. PUCYHKM AOMKHBI GbITb XOPOLLIEro KauecTsa, MPUroAHble 4fs nevaTtu.
MpurKnaabiBatoTCs K CTaTbe OTAeNbHbIMYK dannamu.

YT106bI NPOBEPUTH KAUECTBO 1300paXKeHNs, MOXKHO YBENNUUTb ero. XopoLuee n306paxKeHre He pa3mbIBaeTCA Npu
yBenmyeHuu.

CHoCKIn
Mpu HeO6XOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW HymepaLuel (apabckre Lndpbl) No BCEMY JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThbl 3 PAbOT, KOTOPbIE YNTOMUHAKOTCA B TEKCTE, LOMONMHUTENIbHAsA MHbOpMaLus.

OdopmneHune uuTaT U CNNCKa NUTEpPaTypbl
B >KypHane npuHAT BaHKyBepCKMiA CTUIb LIUTUPOBaHKA (OTCbINIKA B TEKCTE B KBaAPATHbIX CKOOKax, mosHoe 6rbnu-
orpaduueckoe onricaHne NCTOUYHKKA B CMIMCKe IUTEPATYPbI B MOPALKE YNIOMVHAHWUSA B TEKCTE CTaTbM).

Cnucok nutepartypbl

B cnucok nuTepaTypbl BKIKOUYATCA UCTOYHUKM, UCMOJIb3yeMble B TeKCTe CTaTbh. CCbIIKM Ha MPUHATbIE K My-
65Kauuu, HO elle He onybMKOBAHHbIE CTaTbl, AOMKHbI ObITb MOMEYEHbI C/IOBAaMM «B MevaThy; aBTOPbl JOJIKHbI
MoJlyYnTb MMCbMEHHOE pa3peLleHne ANiA CCbIIKM Ha Takne JOKYMEHTbI I MOATBEPXKAEHWE TOTO, UTO OHW NMPUHSATHI
K nevyatn. IHpopmauus 13 Heony6nMKOBAHHbIX ICTOYHUKOB JOJIKHA ObITb OTMEUYEHa C/I0BaMu «Heony6nMKOBaH-
Hble JaHHble/QOKYMEHTbI», aBTOPbI TAKXKe JOKHbI MOYYNTb MUCbMEHHOE NMOATBEPXKAEHVE HA UCMONIb30BaHMe Ta-
KX MaTeprasnos.

CcbINKM Ha CTaTbll U3 UHOCTPAHHbIX ICTOYHUKOB:

'®amunus N.0., 2Oamunua N.0. HassaHue ctatbun. Ha3saHue xypHana. lfog; Tom (Homep): 00-00. DOI: 10.13655/
1.6.1234567.

Mpumep: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020:4(142): 49-51. DOI: 10.5604/01.3001.0014.0933
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CcbIIKM Ha MOHOTrpadUM Ha MIHOCTPAHHOM Ai3blKe:
C 1-3 aBTOpamMu:
'®amunus N.0., 2Oamnnma N.0. HazsaHue KHuru. Homep nepensganus. lopona: Mi3gatenbctso; o nsgaHus.

YKasaHue Ha pefaKTopa Unv coctTaBuUTens:

'®amunus WN.0., 2Oamunus WN.0., *Oamunusa WN.0., pegakTtopbl. HazsaHue. Homep nepenspanusa. lopoa: N3patens-
cTBO; [oa n3gaHus.

Mpumep: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

MaBa ns moHorpadum nnm c6opHmnKa:

'®amunus M.0. 'HassaHue. B: Qamunusa UN.0., pegaktop. 2HazsaHure. Homep nepeusganus. lopopa: Mi3patenscTso;
[on n3pgaHus.

Ha3BaHue >kypHana 1 Ha3BaHVe MOHOrpaduin 1 COOPHUKOB BbIAENAETCA KYPCUMBOM, NMOC/E MHULMANOB CTaBATCA
Touku. Mexxgy bamunven aBTopa 1 MHMLManamy 3anaTas He CTaBUTCA.

CcbInKM Ha CTaTbll Ha PYCCKOM fi3biKe

'®amunus N.0., 2Qamunus N.0. HaszeaHwne ctatbu // HazsaHue xypHana. - log. — Tom (Homep):00-00. ['Familia 1.0.,
2Familia I.0. NepeBog Ha3BaHWA cTaTbU. TPaHCUT Ha3BaHUsA XypHana/OdurumnanbHoe Ha3BaHUE Ha aHTIMIACKOM A3bl-
ke. fop; Tom (Homep):00-00. (In Russ.)]]

Mpumep: NiBaHos J1.A., MymuHoBa C.P. HaHoTexHOnornm n HaHomaTtepurasbl: 0630p HOBbIX M306peTeHnin. YacTb 1//
HaHoTtexHonorum B ctpoutenbctee. — 2017. -9 (1): 88-106. — DOI: 10.15828/2075-8545-2017-9-1-88-106.

[lvanov L.A., Muminova S.R. Nanotechnologies and nanomaterials: review of inventions. Part 1. Nanotechnologies
in Construction. 2017; 9 (1): 88-106. DOI: 10.15828/2075-8545-2017-9-1-88-106. (In Russian)]

CcbInKuy Ha MOHorpadm Ha PyCCKOM A3bIKe:

'®amunus N.0. HassaHue moHorpadun. — fopog: M3patenbcTso, rog. — 000 c. ['Familia 1.0. MepeBop Ha3BaHWsA
MoHoorpaduu. Gorod: Izdatelstvo; god. (In Russ.)]

Mpumep: NMnHpopd J1.C., MamukoHwmaHTc J1.I. SkcnnyaTauus TypboreHepaTopoB C HEMNOCPEACTBEHHbBIM OXTaXAeHN-
em. — M.: DHeprusa, 1972. - 352c.

CCbINKM Ha MIHTepPHET-pecypcbl:

Ha3BaHue caiita [DnekTpoHHbIn pecypc] — URL. — (gaTta obpalleHns).

Mpumeyarue: NPeaNoOYTUTENBHO YKa3biBaTb CCbIIKY Ha MaTepua C canTa, KOTopbli yroMuHaeTca B cTaTbe. Ccbin-
Ka Ha rMaBHY0 CTPaHWLY He MHGOPMATMBHA 1 HE AAaeT BO3MOXXHOCTb MPOBEPUTb UHGOPMaLUiO.

ABTOpCKMe npaBa

ABTOpbI, NYOGNMKYIOLME B XKYpPHase, COrMaLLaloTCA CO Cefy oL nMm:

1. ABTOpPbI COXpaHsAIOT 3a cOOO aBTOPCKME NpaBa Ha paboTy 1 MPefOCTaBAAIOT XKypHany NpaBo nepBoi nybnvka-
umnmn paboTol.

2. ABTOpPbI COXPaHAIOT NPaBO 3aK/oYaTb OTAENbHbIE KOHTPAKTHbIE AOFOBOPEHHOCTM, KacatoLMeCs HEIKCKITIO3MB-
HOro pacnpocTpaHeHusa Bepcun paboTbl B onybnnkoBaHHOM 3fechb BuUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6nmKaLmnio B KHUTE), CO CCbISIKOM Ha ee OpUTMHanbHyo Ny6nmKaLmio B 3STOM XXypHare.

3. ABTOpbI MMEIOT MpaBo pa3meLLaTb Ux paboTy B ceTu IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWUANLLE UAN HA
nepcoHaibHOM caliTe) O 1 BO BpPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXeT NPUBECTM
K NPOAYKTMBHOMY 06CYXAEHMIO N 6OMbLIEMY KONIMYECTBY CCbISIOK Ha AaHHYI0 paboTy.

MpuBaTHOCTb

MmeHa n agpeca 3J'IeKTpOHHOVI NMoYTbl, BBEJEHHbIE Ha CalTe 3TOro KypHana, 6yp,yT MNCNob30BaHbl NCKNKOYNTENb-
HO AnA uenen, 0603HaY€eHHbIX 3TVM XKYpPHaJioM,  HE 6y,El,)/T MCcnosib30BaHbl AnA Kakux-nn6o Bpyrmnx uenem nnu npeno-
CTaBneHbl Apyrum nnuam 1 opraHn3saunAam.
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