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ABSTRACT: The paper reviews the theoretical framework of nanomodification principles of building composites and the conceptual
model of the nanomodification from the point of view of the evolutionary model of the solid phase formation depending on the
kinetics of heterogeneous processes. According to the route, the main factors of the cement system nanomodifcation were identified
for all stages of the technological life cycle. These are associated with the nano-sized particles playing the role of a) structure-forming
nuclei, b) substrates for crystallization, c) centers of new formation zoning in the matrix substance of the material, d) nano-reinforcing
matrix element. The concepts of the nanomodification and technological tools of the nanomodification of building composites are
substantiated. Their hydration kinetics, phase composition, microstructure, rheology and strength characteristics are investigated
in order to evaluate the efficiency of the nanomodification principles. It is shown that the use of the nanomodifiers enhances the
ductility of cement paste, accelerates cement hydration processes by 9-28 times, and increases strength by 1.5-2 times. This will
reduce the cost of flow, casting and hardening processes in the technological life cycle of cement-based composites.
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1. INTRODUCTION

A: advanced level of cement-based composite’s prop-
rties such as High Performance Concrete (HPC),
Ultra High Performance Concrete (UHPC), 3D-print-
able concrete are largely determined by a structural modi-
fication of the cementitious matrix through using micro/
nanoparticles and fibers. Nanoparticles (NPs) as additives
to cement-based composites have been the focus of recent
researches, as it is envisioned that their uniquely high
surface area and reactivity can beneficially modify the
mechanical and durability properties of cement-based
materials [1—4].

In our previous experimental studies, we considered
the possibility and efficiency of using 12 additives at-
tributable [6] to three groups based on the size: 1) the
group of nano-sized ones — specially synthesized particles
SiO,xnH,0, sols of aluminum hydroxide particles and
iron hydroxide, montmorillonite, NaX type zeolite, chrys-
otile nanotubes, fulleroid type carbon nanotubes; 2) the
group of ultrafine ones — silica fume (waste of ferroalloy

© Chernishov E.M., Artamonova O.V., Slavcheva G.S., 2020

production), carbon pipes of the type “Astralen-C”, a de-
parture from the combustion of high-energy fuel; 3) to the
group of micro-disperse ones — natural montmorillonite,
tripoli, shungite. These additives were monitored by the
effect of their type, dosage, and methods of introduc-
tion into the cement-water suspension on the structure
formation processes [6, 7]. When varying the dosage of
nano-additives from 1 to 0.0001% of the cement mass,
it was shown that its optimal value corresponds to hun-
dredths of a percent. Based on the monitoring, a different
measure of the effect of the studied additives was revealed
and it was found that the most effective of them can be
considered as additive of SiO, nanoparticles, chrysotile
or carbon nanotubes.

The analysis of the literature and our previous results
(see, for example, References [6—9]) indicated that the
most effective additives for modifying hardening cement
paste are those containing inorganic nanoparticles similar
in crystal-chemical structure (for example, SiO,) and
SPs. However, a nano-particulate silica-based modifier
is technologically difficult to use, because it should be
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uniformly distributed throughout the material. This issue
can be resolved if an additive is prepared in an aqueous
medium, which is then used as the water of hydration.
Note that an SP introduced into a combined additive
during synthesis should have two functions: on the one
hand, it should stabilize the growth of colloidal silica ag-
gregates, and on the other, it should subsequently help
resolve the technical problem of uniformly distributing
the combined additive over the cement system during the
cement preparation process. We have developed a process
for the sol—gel synthesis of a SiO,-based combined ad-
ditive (CND) in the presence of superplasticizers and
investigated the hydration kinetics, phase composition,
microstructure, and strength characteristics of modified
cementitious materials [10]. The results demonstrated
that the combined nano-additives (CND) accelerated
hydration processes due to the rapid accumulation of the
cementitious substance during the hardening system for-
mation process. The results of a detailed study of modified
cement systems were used to optimize the composition of
the combined additive.

However, in previous studies, there is no generalized
approach to the nanomodifiction of the cement-based
composite’s structure, based on nano-effects and nano-
phenomena in the formation of a hardening system within
the framework of the technological life cycle of cement-
based composites.

In our work, an attempt is made to identify the essence
of the mechanisms of nano phenomena to determine the
conditions for the effective control of the structure for-
mation of the cementitious matrix as a hardening system.
The structure formation of the cementitious matrix is
considered during the technological life cycle of cement
based composites, including stages of mixing, flow, cast-
ing and hardening (Fig. 1).

It is supposed that the rheological behaviour of vis-
cous-plastic cement-based during mixing, flow and cast-
ing depends on coagulative contacts in the cementitious
matrix, and advanced peculiar properties are determined
by converting coagulative contacts to crystal contacts dur-
ing hydration and hardening.

The first part of the article gives our scientific ideas
about evolutionary route of solid substance formation
regarding the processes of hydration and hardening of
cement systems. According to the evolutionary route,
the main factors and criteria of the nano-modifcation of
cement-based composites have been identified for all the
stages of the technological life cycle. In the second part
of the paper, the examples of experimental verification
of theoretical approaches to the nano-modification of
cement systems are presented.

2. THEORETICAL FRAMEWORK

The fixed assets of the «nano tool», implemented in
construction materials technologies, include the influ-
ence and effect of «top-down» and «bottom-up» nano-
technological approaches [6]. The «nano top-down» ap-
proach is based on the use of the phenomenon of changes
in the energy state of the structure and, accordingly, the
physical and/or physicochemical activity of surface and
internal volumes of particles of a solid as they are crushed
by mechanical or physical methods.

The effectiveness of the principle is determined not
only by the nano-, micro-size of the particles, but also
by the measure of the amorphization of their surface vol-
umes. Amorphization is expressed in the «saturation» of
volumes with structural defects of the nano-size range.
The principle is the basis of the mechanochemical activa-
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Fig. 1. The technological life cycle of the cement-based composites
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tion of the components of raw mixtures in the technolo-
gies of building materials.

The «nano bottom-up» principle is based on the con-
trol of condensation phenomena in the evolutionary route
of the formation of a solid-phase state of a substance in
hydration, hydrothermal-synthesis, thermal synthesis
hardening systems. The effectiveness of the principle is
determined by the possibilities of effecting the develop-
ment of stages, transitions, selections in the evolution-
ary route, and, in general, the kinetics of heterogencous
processes of hydration, colloidation, crystallization in
the systems (mixtures) of basic and acidic oxides when
developing building materials.

In disclosing and analyzing a general evolutionary
model of the formation of a solid, one can follow the
interpretations of 1.V. Melikhova [11].

In accordance with modern concepts applicable to
systems of any composition, the following main stages
in the evolution of a substance can be distinguished in
the formation of a solid: the nucleation of a solid phase,
particle growth, agglomeration, spontaneous transforma-
tion in time (Fig. 2). In this case, it is necessary to talk of
three evolutionary transitions between the stages and, ac-
cordingly, the phenomena of molecular, topological and
morphological selections. It is important to emphasize
that each stage corresponds to a certain range of sizes of
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Fig. 2. The evolutionary route of solid substances formation and «dimensional scale» of its structural components
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solid particles based on them. The size scale is shown in
Fig. 2. It illustrates dimensional and geometric boundaries
and limits. It is clear that we can use the «arsenal of nano»
most significantly at the stages of nucleation of the phase
and growth of particles.

At other stages, other physicochemical methods of
technological impact, affecting the micro and macroscale
of the evolutionary process, become priorities. This
should be taken into account when developing methods
of influence on each of the considered stages and transi-
tions of the evolutionary route. Based on this, a detailed
discussion of the determining stages of the evolutionary
route and transitions between them should be carried out,
bearing in mind the rationale and formation of nanore-
sources, but not only «nano» in the technology of building
materials, if we take into account the problem of modify-
ing the structure on all its scale levels.

Summarizing the analysis of the evolutionary route
of the solid state and the related analysis of engineer-
ing and technological methods and means of structure
nano-modifying, it is possibly reasonable to present

Table 1

a systematics of the main phenomena and driving forces
of the structural transitions between the stages of the
route, factors controlling these transitions, their mecha-
nisms effects on the hardening system (Table 1). The
effects of structure formation control could be observed
when the method of introducing nanoscale particles is

applied.

These are associated with the nano-sized particles
playing the role of a) structure-forming nuclei, b) sub-
strates for crystallization, ¢) centers of new formation
zoning in the matrix substance of the material, d) nano-
reinforcing matrix element. In all these cases, the essential
point is the lowering of the energy threshold for activat-
ing the processes of synthesizing hardening systems and
accelerating hardening. Another important point is the
spatial geometric modification of the structure, which, as
was noted, is its zoning and the corresponding effect on
the characteristics of homogeneity-inhomogeneity and,
as a result, on the mechanical properties of the material
[12]. Finally, one should also keep in mind the effects of
disperse reinforcement.

Systematics of structural modification mechanisms at the main transitions of the evolutionary route
of solid substance formation
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3. EXPERIMENTAL STUDY

This part of the article presents research results illus-
trating the implementation of the nano-principle «bot-
tom-up» in the structure formation process and properties
of cement systems. The results demonstrate the influence
of combined nano-additives on the plasticity, kinetics of
hydration and hardening of cement paste, structure and
strength of hardened cement paste.

3.1 Materials and methods

Three types of cement pastes as matrix of cement —
based composites were studied:

C+W — reference cement system without additives;
C+W+CND — cement system with the complex additive
of SiO, nanoparticles in combination with a plasticizer
(additive CND), synthesized according to the original
author’s method; C+W+CNT — cement system with
addition of carbon nanotubes of the fulle-roid type of the
brand «Nanocyl-7000», treated with ultrasound (additive
CNT). Portland cement CEM 1 42.5 (EN 1971:2011)
plasticizer of Sika trademark based on polycarboxylic
ethers, manufacturing water and these nano-additives
with a different dosage were used in the experiments for
the production of cement paste with a W/C = 0.33. Hy-
dration kinetics, phase composition, morphology of the
structure, plastisity and strength kinetics have been in-
vestigated for the three types of cement pastes (Table 2).

Studies of the parameters of the kinetics of the cement
hydration process were carried out under thermostatic
conditions at temperatures of 0; 20; 40; 60°C (respectively,
273; 293; 313; 333 K), with the duration of the process of
1,3,7, 12 hours; 1, 3, 7, 14, 28 days.

The morphology of the structure of the hardened ce-
ment paste was examined on a JEOL JSM-7001F scan-

Table 2
Test matrix

Nanobm

ning electron microscope. The phase composition of the
reference and nano-modified cement paste was monitored
by the X-ray method (CuKa radiation, A = 1.541788 A,
ARL X’TRA diffractometer). The processing of diffrac-
tometric data was carried out automatically using the
PDWin 4.0 computer program. The hydration degree D,
(C,S) was calculated [6] by the formula

D, (C,8) = (1-1_/1)*100%, (1)

I — the diffraction intensity of 3CaO « SiO, (C,S)
d= 2 75 A) phase for hardening cement paste samples
I, — the diffraction intensity of 3CaO « SiO, (C,S) (d =
2 75 A) for cement.

To evaluate the plasticity of the cement pastes during
flow and casting the squeezing test with the constant
plate speed (v = 5 mm/sec) was used in accordance with
the methodology developed in the works of N. Rous-
sel [13]. The test was used as the estimation criterion
of the behavior of the system in the flow and casting
process. Cylindrical samples of fresh cement paste with
radius R equal to their height h0 = 25 mm were used for
the implementation of the experiment. For the squeez-
ing test, a sample was put between two smooth plates,
diameter of which corresponded to the size of the sample
and was loaded into a universal floor hydraulic testing
system «INSTRON Sates 1500 HDS». The curves «com-
pression force N — displacement A» obtained during
the experiments were interpreted as influence curves of
reduced compression load F* from the relative change
of the height of the sample.

F'=Ph /7R’ )

where, h, = (h; — A), h0 is the initial height of the
sample, A is the transfer in the i point of time, value R was

Specimen ID

Variables
C+W

C+W+CND C+W+CNT

Dosage of nano-additives,
mass/mass cement (%)

o

0.01 1 0.01 1

Plasticizer, mass/mass cement (%)

0.2 0.2
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taken as constant and equal to the radius of the sample at
the beginning of the experiment.

According to the results of the analysis of the received
experimental curves for the studied systems’ values K,
called plastic yield value by N. Roussel [13], were calcu-
lated at the first inflection point of the rheological curve

F =/(h/R):
K(h /R)=V3F /2. 3)

The compressive strength of the hardened cement
paste was determined after 1, 3, 7, 14, 28 days under
normal temperature and humidity conditions (t = 20°C,
RH = 95+5%); tests of samples - cubes with a size of
5%5%x5 c¢cm were conducted on an INSTRON Sates
1500HDS test system; to ensure the statistical reliability
of the results of physical and mechanical tests, the number
of samples in the series ranged from 9 to 12. It was deter-
mined that the intra-serial coefficient of variability of the
results of the strength assessment did not exceed 3—5%.

3.2. Results and discussions

3.2.1. Processes of hydration and structure formation
of cement systems

The energy efficiency of the nano-modification is
characterized by our results on changes in speed, tem-
perature coefficient of speed, effective activation energy
of the process of cement hydration under the influence of
factors of the introduction of nano-additives and changes
in temperature conditions, presented in [6]. The gener-
alization of the experimental data shows that in systems
with the nano-modifying additives, the cement hydration
process is substantially accelerated: by the daily duration
of hardening at 20°C (293 K), the degree of hydration
reaches at least 70—75%. Such a result for the control
«additive-free» system is recorded only by 28th day. Thus,
in this example, the hydration is accelerated by criterion —
by almost 30 times.

The effect of the accelerating action of additives is
valid for all variants of the composition and temperature
conditions of hydration, differing, however, in the mag-
nitude and timing of the achieving the limiting values of
the hydration degree. For the variants of low temperatures
(0°C; 273 K), the hydration degree of 70—75% is reached
by 7™ day, if the additive of pressure coefficient is used,
and by 14" day, if the additive of CNT is used. At the
same time, in the «additive-free» system, such a hydra-
tion degree is not achieved at all. By the 28" day, it makes
only 50% of the possible maximum value. For higher
temperatures (40—60°C; 303—333 K), in systems with the
considered nano-additives CND, the degree of hydration
already reaches 80—85% by 1* hour of the hardening; by

7" hour it is 90%, and by the 1st day up to 95%. Based on
this data, it can be concluded that, firstly, in the presence
of nano-additives, the main part of the evolutionary route
of cement hydration takes place almost within the first
hour, and secondly, that the hydration of cement can be
completed within the first day.

The effects of such acceleration of hydration are ex-
plained by the achieved decrease in the effective activa-
tion energy of the process under the conditions of the
nano-modification. The effective activation energy re-
quired for the process «start» decreases 2.3—2.8 times as
compared with the control «additive-free» system. It is
worth emphasizing that the experimentally obtained the
lowest EEA value (61.7 kJ/mol) corresponds to the use of
a complex modifying additive based on nano-sized SiO,
particles in combination with a superplasticizer [6]. This
is explained by the fact that, unlike carbon nanotubes,
SiO, nanoparticles are related to the mineral phases of
hydration products with a crystal chemical structure that
facilitates the formation of molecular clusters and nuclei
on SiO, nanoparticles as active crystallization centers.
We draw attention here to the fact that the accelerating
role of the additive takes place, despite the fact that the
surfactant present in the complex additive slows down the
hydration processes. The introduction of CND and CNT
nano-additives has a significant effect on the chemical,
mineralogical composition and morphology of the hydra-
tion products.

According to the X-ray analysis data (Fig. 3—4) for
the C+W reference system, it was found that the hydrat-
ed compounds of this system are predominantly highly
basic calcium hydrosilicates (2CaO ¢ SiO,+0.5H,0,
2Ca0-Si0, * H,0), portlandite (Ca(OH),), the quontity
of which increases with time. In contrast to the C+W sys-
tem, in the nanomodified C+W+CND system, the phas-
es of tobermorite (present throughout the entire curing
time), the low-basic calcium hydrosilicates of the compo-
sition (CaO - SiO, « H,0) are predominantly registered al-
ready on the first day, the number of the phases increases
with increasing curing time. On the first day (Fig. 3), the
dominant phases in the C+W+CNT system are highly
basic calcium hydrosilicates 3(2CaO * SiO,) « 2H,0 and
2Ca0-Si0, * H,0. By the 28th day of curing (Fig. 3) in
the C+W+CND system, the dominant phase is low-basic
calcium hydrosilicate (CaO)x « SiO2 » nH, O, which is also
confirmed by scanning electron microscopy (Fig. 4).
Obviously, this is due to the introduction of nano-sized
particles of SiO, into the system, which are capable of a
chemical interaction with clinker minerals of cement and
a decrease in the basicity of the resulting hydrosilicate
phases.

In the C+W+CNT system, there is a decrease in the
number of highly basic calcium hydrosilicates and an
increase in low-basic calcium hydrosilicates. In this case,
the ettringite phase (C,A « 3CaSO, * 32H,0) is registered.
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20, deg.

Fig. 3. X-ray diffraction patterns for a nano-modified cement system of one-day curing:

a) without addictives; b) modified by CND; ¢) modified by CNT.

3Ca0 - Si0, (d = 3.02; 2.75; 2.61; 2.18; 1.76; 1.48); 2Ca0 « SiO, (d = 3.80; 3.01; 2.74; 1.80; 1.63);

Ca(OH), (d =4.93; 3.11; 2.63; 1.93; 1.79; 1.69); 2CaO * SiO, * H,0 (d = 4.77; 3.01; 2.92; 2.37; 2.25; 1,96);
xCa0 - Si0,*zH,0 (d = 3.06; 2.97; 2.80; 1.83; 1.67); 2CaO + SiO, * 0.5 H,0 (d = 2.99; 2.77; 2.67; 2.58; 1.80)

Fig. 4. X-ray diffraction patterns for a nanomodified cement system of 28-day curing:

a) without addictives; b) modified by CND; ¢) modified by CNT.

3Ca0 - Si0, (d = 3.02; 2.75; 2.61; 2.18; 1.76; 1.48); 2Ca0 « SiO, (d = 3.80; 3.01; 2.74; 1.80; 1.63);

Ca(OH), (d =4.93; 3.11; 2.63; 1.93; 1.79; 1.69); 2CaO + SiO, * H,0 (d = 4.77; 3.01; 2.92; 2.37; 2.25; 1,96);
xCaO +SiO, * zH,0 (d = 3.06; 2.97; 2.80; 1.83; 1.67); 2Ca0 + SiO, * 0.5H,0 (d = 2.99; 2.77; 2.67; 2.58; 1.80)

According to the scanning electron microscopy In this case, the particle size of the hydration products
(SEM), the microstructure of the cementitious matrixis  and the pores of the particles of unmodified and modified
represented by a typical amorphous C—S—H-gel, mainly =~ hardened cement pastes differ significantly. The struc-
representing poorly crystallized grains of irregular round  ture of the hardened cement paste without nanomodifiers
shape (Fig. 5). (Fig. 5 a) is heterogeneous, characterized by the presence
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Fig. 5. Hardened cement paste micrographs (hardening time 28 days, SEM): a — without addictives;

b — modified by CND; ¢ — modified by CNT

of larger pores and aggregates of particles, residual grains
of a non-hydrated cement clinker. For the nano-modified
hardened cement paste, the size of the crystallites formed,
the pores of the C—S—H-gel, is significantly smaller than
in the reference unmodified system (Fig. 5 b, ¢). In these
systems, very small aggregates of crystallites of calcium
hydrosilicates predominate; practically no residual grains
of the cement clinker are observed. In the modified CNT
structure of the hardened cement paste (Fig. 5 c¢), the
presence of fibrous and plate crystalline aggregates is also
noted.

As a result, the structure of the cement stone with
CND and CNT is more dense and homogeneous, with
a large number of contacts between the particles of the hy-
dration products. We found out that introducing nanopar-
ticles into cement systems accelerates cement hydration
processes for the C+W+CND system by 28 times, and for
the C+W+CNT system by 9 times. In the modification
of CND cement systems, this is due to their catalytic role
and the possibility of direct participation in the hetero-
geneous processes of phase formation of the hydrated
compounds. For CNT, this is associated with an addi-
tional structuring of mixing water. On the other hand,
CNT are nano-reinforcing elements, and as a result, they
can significantly zonize the space of the crystallization
structure of the hydration products.

Our experimental data confirm the effective develop-
ment of the cement hydration process provided that the
nano-modification determines the optimal combination
of the kinetic and diffuses the component of the structure
formation process [21]. The kinetic component controls
the evolutionary route of the solid formation during the
hydration of cement as far as it is possible to realize all
the phenomena (stages, transitions, etc.) of the nucleation
of particles of the new phase and their development. The
diffusion component is acting as an opposed to the ki-
netic that controls the dynamics of the evolutionary route

phenomena. With the optimal combination of these types
of the control, it is possible to ensure the minimization
of the energy intensity and the duration of the hardening
process, which is essential for reducing energy costs and
the duration of hardening processes in the technological
life cycle of cement-based composites.

3.2.2. Properties of cement systems

We found out from (Fig. 6) that with the introduction
of CND, the load value and, correspondingly, the plastic
yield value K. decreased by 2 times, which are necessary
for the transition of systems with the same concentration
of the dispersed phase (W/C = const) from the state of
stability («placing phase» according to N. Roussel [13])
to the state of viscoplastic yeld («perfect plastic response
phase» [29]). For cement paste C+W plastic yield value
K, = 1.65 kPa, for C+W+CND-K, = 0.84 kPa.

The effect of CND is associated with the synergistic
effect of the plasticizer and SiO, nanoparticles. The duc-
tility of the cement paste is determined by the quantity
and strength of coagulation contacts. The introduction
of a plasticizer into a «cement+water» dispersed system
affects the surface phenomena at the phase boundary and
molecular interactions between cement particles.

When a cement paste structure is formed in the pres-
ence of a plasticizer, a monomolecular plasticizer layer is
formed on the surface of the cement particles. As a result,
the level of the free interfacial energy at the phase bound-
ary decreases the particles decreases. SiO, nanoparticles
contribute to the intensification of the processes of dis-
solution and hydrolysis of clinker minerals, the increase
the ionic strength of the solution, which contributes to the
destruction and reduction of the viscosity of the disper-
sion medium. Thus, with the introduction of CND, the
ductility of the cement paste increases and its yield during
mechanical stresses is facilitated, which is essential for
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Fig. 6. Tested cement pastes rheological curves F'(h,/R)

the processes of flow and casting in the technological life
cycle of cement-based composites.

In the course of the experiments, when assessing the
effect of the nano-modification of the structure on the
strength, the above two additives in dosages of 0.01% and
1% by mass of the cement were studied [6]. In the case
of the use of the complex additive of nanoparticles SiO,
in combination with a superplasticizer (CND), close to
the limiting strength values are achieved for compositions
with different dosages by the 3™ day of hardening.

The use of CND allows us to provide 70% of the
strength of the values achieved for 28 days, for 1 day. For
the option of dosing an additive of 0.01%, an increase
in the limiting values of strength up to 90 MPa against
50 MPa in the control «additive-free» system is noted.
Such a difference is explained by the modifying effect of
the additive on the dispersed and morphological compo-
sition of the hydration products, which acquire a nano-
dispersed and cryptocrystalline state. This is precisely in
accordance with the well-known theory of «fine grain»
of Rebinder P.A. and the pattern of Hall—Petch and de-
termines the higher resistance to the destruction of the
modified structure.

A similar situation occurs with the addition of carbon
nanotubes at a dosage of 0.01%. However, the kinetics of
strength in this variant of a nano-modification is notice-
ably different in that in the early stages of hardening, the
curing is slower: achieving 70% of strength of its values
at the age of 28 days is provided in this variant for 7 days,
and for 1 day cement paste gains only 20%. Another dif-
ference concerns the ultimate strength value, which is
80 MPa. Based on this data, it can be observed that the
introduction of an additive into carbon nanotubes is less

effective in comparison with the addition of nanoscale
particles of SiO,, and above all in terms of the kinetic
parameters of hardening strength.

Based on the results of the experiments, we should
specifically dwell on the question of the strength kinet-
ics for the variants with the dosage of additives of 1% by
weight of the cement. With this dosage, an accelerated
increase in strength in the initial (1—3 days) hardening
periods is also noted. However, no increase in strength
is noted in the subsequent periods and it remains at 35—
40 MPa, which is lower than the values for the control
«additive-free» composition. It can be assumed that, at an
elevated dosage, the so-called «poisoning» of the system
occurs when excessively accelerated hydration of cement
and crystallization of new hydration products leads to the
development of self-destructive crystallization pressure.

Thus, it was shown that the effect of a nano-modi-
fication of cement paste in relation to strength is that it
hardens faster in the early stages of the structure forma-
tion and becomes more durable when the curing process
is completed. This is the basis for a reduction in overall
terms of hardening and refusal of heat treatment of ce-
ment based composites in the technological life cycle.

4. CONCLUSIONS

We experimentally confirmed the nano-modification
effects associated with the catalytic role of nanopar-
ticles in cement hydration processes, with a change in
the morphology of hydration products, with zoning and
clustering of the hardened cement paste microstructure.
As a result, the introduction of various types of nanoad-
ditives into cement systems contributes to the acceleration
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of cement hydration processes by 9—28 times, and the  chanical stresses is facilitated. All the established effects
increase in strength by 1.5—2 times. At the same time, of the nano-modification are essential for facilitating the
with the introduction of complex nano-modifiers based  processes of flow and casting, reducing energy costs and
on SiO, nanoparticles and superplasticizer, the ductility ~ the duration of hardening processes in the technological
of the cement paste increases and its flow during me-  life-cycle of cement based composites.
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E.M. YepHbiwos (), 0.B. ApramoHoBa* (), I.C. CnaBueBa
BopoHeXcKum rocyaapcTBeHHbIN TEXHUYECKNA YHBepcuTeT, BopoHex, Poccua

* KoHTaKTbl: e-mail: ol_artam@rambler.ru

PE3IOME: B cTaTbe paccMaTprBalOTCA TEOPETUYECKME OCHOBbBI MPUHLMMNOB HAHOMOANOULIMPOBaAHWSA CTPOUTESTbHBIX KOMMO3NTOB
1 KOHLIeNTyanbHble MOAENN HAHOMOANMVLIMPOBaHNKSA C TOUKM 3PeHVs SBOIIOLMOHHOTO MapLupyTa 06pa3oBaHus TBepaoit ¢asbl B 3a-
BUCMMOCTU OT KUHETVKU FreTePOreHHbIX NpoLeccoB. B paboTte onpeaeneHbl OCHOBHbIE GaKTOPbl HAHOMOAUDULIMPOBAHUS LIEMEHTHBIX
CUCTEM TBEPAEHUS HA BCEX 3TaraxX TEXHONOMMYECKOW CTaAny KU3HEHHOTO LKA B COOTBETCTBUN C SBOJTIOLVIOHHBIM MApLLPYTOM.
BnusHne HaHopa3mepHbIx yacTuy (HPY) kak ogHOro 13 rnaBHbIX GakTOPOB 3aK/OUAETCA B CNIEAYIOLNX MEXaHU3MaX X [eNCTBUS:
a) HemocpeCTBEHHOe XuMmyeckoe ydyactrie HPY B reTeporeHHbIx npoteccax pazoobpazoBaHusa ruapaTHbIX COefuHeHui, 6) KaTa-
nuTUYeckas posnb HPY Kak LLeHTPOB KprcTannmsauuy, B) MOBbILEHWE MAIOTHOCTY YNAKOBKIN CUCTEMbI CIIOKEHWA ANCMIEPCHBIX YacTuL,
r) 30HMPOBAHUE CTPYKTYpPbl TBepheHUA. O60CHOBaHbI KOHLIENLMY U apCceHan CPpefCcTB HAHOMOAUGULIMPOBAHUSA B TEXHOMNOTUAX CTPO-
UTENbHbIX KOMMNO3KTOB. C LieNbto OLEeHKM 3G HEKTUBHOCTU MPUHLMMOB HaHOMOANDULIMPOBAHNSA NCCNefoBaHbl KUHETMKA rapaTauuy,
$azoBbI COCTaB, MUKPOCTPYKTYPa, PEOSIONA 1 MPOYHOCTHBIE XapaKTEPUCTVKUN LIEMEHTHBIX CUCTEM TBEPAEHNS.

MokasaHo, UTo NCMONb30BaHNE HAHOMOAVGNKATOPOB MOBbILIAET MNACTUYHOCTb LIEMEHTHOIO TECTa, YCKOPSAET NpoLecchl ruapaTtauum
LieMeHTa B 9-28 pa3 1 NOBbILWAET NPOYHOCTb LIEMEHTHOTO KaMHs B 1,5-2 pa3a. Bce 310 No3BonsAeT CHY3WTb NPOV3BOACTBEHHbIE 3aTPaTbl
Ha BCEX CTansAX TEXHONOMMYECKOTO LIMKIIA NOyYeHNs LLEMEHTHBIX KOMMO3UTOB.

KJTIOYEBbBIE CJIOBA: HaHOMOAMbUPOBaHME, HAHOYACTHLIbI, SBOJTIIOLNOHHbBIA MAaPLIPYT, TEXHONIOrMYECKUIN XKU3HEHHbI LK,
CBOWCTBA LIEMEHTHbIX KOMMO3MTOB.
ANnAa UUTUPOBAHUA: YepHbiwos E.M., AptamoHoBa O.B., Cnasuea I.C. HaHomoanounLmpoBaHne LeMEHTHbIX KOMMO3UTOB Ha

TEXHONOTMYECKOWN CTagun XU3HEHHOTO LuKkna // HaHoTexHonornm B ctpoutenbcTee. — 2020. — Tom 12, N2 3. - C. 130-139. - DOI:
10.15828/2075-8545-2020-12-3-130-139.
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ABSTRACT: The article provides an abstract review of patents. The results of creative activity of scientists, engineers and specialists,
including inventions in the field of nanotechnology and nanomaterials, being implemented, allow achieving a significant
effect in construction, housing and community services, and related sectors of the economy. For example, the invention «Raw
mixture for production of fine-grained polymer concrete modified by microsilica» refers to construction and can be used in
manufacture of nanomodified concretes based on potentially chemically reactive coarse and/or fine filler for transport, industrial
and civil construction. Modification of cement stone structures by means of microsilica made of silica production wastes and
acrylic dispersion will make it possible to intensify hydration of binder, to reduce cement consumption and to increase strength
characteristics of final product compared to traditional concrete mixtures. The invention can be used to produce concrete articles
and structures, flagstones, decorative borders, to arrange top layers of road beds and to repair them when it is required, as well
as to fill cracks and as a filler in sealing joints.

The specialists can also be interested in the following inventions in the area of nanotechnologies: nanomodified high-strength
light concrete, combined heat-insulating system, composite layered self-healing material, a method to produce metal/carbon
nanocomposites, an electrochemical method to produce nanosized powder of metal silicide, a method to produce metal-polymer
nanocomposite materials with metal nanoparticles et al.

KEYWORDS: nanotechnologies in construction, fine-grained polymer concrete, nanomodified high-strength light concrete, metal/
carbon nanocomposites, nanosized powder.
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INTRODUCTION

A 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.

MAINPART

Raw mixture for production of fine-grained polymer
concrete modified by microsilica (RU 2711169 C1)

The invention refers to construction and can be used
in manufacture of nanomodified concretes based on

© lvanov LA, Demenev A.V,, Pisarenko Zh.V., Wang Q., 2020

potentially chemically reactive coarse and/or fine filler
for transport, industrial and civil construction [1]. The
technical result is increased strength, frost resistance and
quality of concrete and reduced energy consumption in
manufacturing process at the same time. The technical
result is achieved due to the fact that raw mixture used in
production of fine-grained polymer concrete, modified
by microsilica, contains Portland cement M500, nanodis-
persed additive, sand, polymer (latex), water, according
to invention, contains microsilica MK-95 as a nanodis-
persed additive, acrylic dispersion BACM-KHN-01-01
(latex) as polymer, a mixture of high-silica sand fractions
as a filler. Ratio of raw mixture components is given in
the table 1.

Modification of cement stone structures by means
of microsilica made of silica production wastes and acrylic
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dispersion will make it possible to intensify hydration
of binder, to reduce cement consumption and to increase
strength characteristics of final product compared to tra-
ditional concrete mixtures. The invention can be used
to produce concrete articles and structures, flagstones,
decorative borders, to arrange top layers of road beds and
to repair them when it is required, as well as to fill cracks
and as a filler in sealing joints.

Table 1

Raw mixture components | mass. %

Portland cement M500 from 20,8 to 21.0

Microsilica MK-95 from 2,1 to 3,1

Sand, fraction 2,5 - 3 mm | from 62,8 to 63,3

Acrylic dispersion

BIACM-KI-01-01 (latex) | o™ 0-1010 0,13

Water from 12,7 to 13,0

Nanomodified high-strength light concrete
(RU 2718443 C1)

The invention refers to the industry of construction
materials and can be used in manufacture of articles in
civil and industrial construction, cast-in-situ construc-
tion, erection of special buildings [2]. The technical result
is obtaining high-strength light concrete with high module
of elasticity and at the same time saved (increased) weight
strength. Nanomodified high-strength concrete possesses
average density 1300...1510 kg/m?; compressive strength
50,5...65,8 MPa; weight strength 38.8...43,6 MPa; crack
resistance coefficient 0,084...0,085; module of elasticity
6,10...8,22 GPa, Poisson’s ratio 0,093...0,136.

The technical result is obtaining high-strength light
concrete with high module of elasticity and at the same
time saved (increased) weight strength. The techni-
cal result is achieved due to the following technology:
high-strength light concrete contains Portland cement,
filler, plasticizer and water, as well as mineral part that
consists of microsilica which average size of particles
is 0,01...1 um; rock dust (it is an outcome of grinding
silica sand or other rock with silica content) with specific
surface area 750 m2/kg and silica sand fraction 0,16—
0,63 mm; hyperplasticizers on the basis of polycarboxyl-
ate are used as plasticizers; fillers are hollow aluminum
silicate microspheres; additionally there is a nanosized
modifier on the surface of the hollow microspheres. This
nanosized modifier is a colloidal solution of silica sol and
ferrum (III) hydroxide sol with particle size less than
30 nm, in which concentration of silicic acid in the form
H,SiO, is 3,02%.

To prepare concrete Portland cement, for example,
brand CEM 1 42,5 N according to GOST 31108-2003

is used. Mineral part that contains graded silica sand
(fr. 0,16—0,63 mm) according to GOST 8739-93, rock
dust with specific surface 750 m?/kg and microsilica pro-
vide filling of intergranular openings of filler, forming
dense structure.

Aluminum silica full microspheres are used as a filler
as their characteristics decreases average density. These
microspheres are carriers of nanomodifier, that makes it
possible, on the one side, to distribute it in the volume
of composite, on another side — to use chemical activity
of its components locally, in phase boundary «cement
stone — microsphere».

A method to produce silicone dioxide capsules on
the surface of inorganic nanoparticles (RU 2715531 C2)

The invention refers to the area of composite nano-
materials. A method to produce material that contains
silicone dioxide capsules on the surface of inorganic
nanoparticles has been developed [3]. The method in-
volves chemical precipitation of silicone dioxide from
sodium metasilicate solution that contains inorganic
nanoparticles. Nanoparticles are dispersed in water un-
der ultrasound impact, sodium metasilicate with con-
centration 0,001—0,1 mol/liter is introduced into sus-
pension of aqueous solution, when mixing hydrochloric
acid solution is added if concentration and volume of hy-
drochloric acid solution is equal to concentration and
volume of sodium metasilicate solution. Then all that
is cured under 8 hours mixing, centrifugated, washed
out and dried.

The obtained technical result is the possibility to pro-
duce silicone dioxide capsules on the surface of inor-
ganic nanoparticles in aqueous suspension using method
of chemical precipitation from the solution. Sodium
metasilicate dissolved in aqueous phase of suspension
of nanoparticles involved in precipitation is used as a pre-
cursor for obtaining silicone dioxide capsules. Thickness
of'silicone dioxide layer can vary in dependence of process
parameters, from several units to hundreds of nanometers.
Nanoparticles of inorganic compounds of metals of dif-
ferent shape can be used as cores.

Combined heat-insulating system (RU 2717456 C1)

The invention refers to combined heat-insulating sys-
tems and to the methods to install them [4]. Combined
heat-insulating system possesses insulation layer, not nec-
essary reinforcing one, applied on insulation layer, and an
external layer applied on insulation layer or on reinforcing
layer if it is available. The system differs in a way that an
external layer contains composite particles that possess at
least one organic polymer as organic polymer phase and
at least one inorganic hard substance which particles are
distributed in organic polymer phase. At this mass frac-
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tion of inorganic hard substance is from 15 to 40 mass.%
calculated as total mass of organic polymer and inor-
ganic hard substance in composite particle, and the size
of composite particles is from 5 to 5000 nm. The method
of thermal insulation of outer facades provides for install-
ing mentioned above heat-insulating system on the outer
facade. Application of composite particles as composite
covering dispersion which size is 5—5000 nm and contain
at least one organic polymer as organic polymer phase
and at least one inorganic solid substance which particles
are distributed in organic polymer phase, when build-
ing mentioned above combined heat-insulation systems.
Technical result is increased mechanical loading — shock
resistance, formation of stable barrier and saved shock
resistance.

Composite layered self-healing material (options)
(RU 2710623 C1)

The invention refers to layered composites (options)
that are able to restore independently its integrity after
caused mechanical damages (self-healing ability). The
layered composites are used to manufacture structures
that are needed to be protected from defects, in particu-
larly, to manufacture structures with inner atmosphere,
for example, for hermetic objects [5]. In the first op-
tion a composite layered self-healing material contains
two external flexible layers and a composite layer. The
composite layer consists of organosiloxane matrix and
a filler. There is a layer of boron-siloxane oligomer and
polymer between composite layer and external flexible
layer. At the same time external flexible layers comprise
material similar to organosiloxanes. In another op-
tion composite material contains two composite layers
and two flexible external layers. The first composite
layer connects to the first external flexible layer, and
the second composite layer connects to the second
external flexible layer. External flexible layers involve
material similar to organosiloxanes. In another option
composite material contains two composite layers and
two flexible external layers. There are two layers on
the basis of boron-siloxane oligomer or polymer sepa-
rated by bound layer between two composite layers.
External flexible layers also comprise material similar
to organosiloxanes.

The technical result of the invention is the ability
of composite layered materials to self-heal for the short
time, within the order of several seconds, with long-
lasting healing effect. The proposed structures of lay-
ered self-healing composite material could provide both
self-healing properties and required phisicomechanical
characteristics that allow using these structures un-
der extreme conditions, for example, when protection
from damages is needed or urgent repair is impossible
or delayed.

A method to produce metal/carbon nanocomposites
(RU 2715655 C2)

The invention refers to the industry, construction, ag-
riculture, medicine and can be used in production of cata-
lysts, active additives and agents [6]. 3d metal oxide used
as a metal-containing substance and polyvinyl alcohol
with molecular mass no more than 80 000 are mechano-
chemically mixed in triturating machine spending energy
no less than 220 kJ/mole until oxidation-reduction pro-
cess starts. Then obtained xerogel is stage heated until
formation of nanogranular that involves metal-containing
clusters with the size up to 50 nm, associated with carbon
coating on which delocalized electrons are determined.
Ratio of components is 2—4 moles of polyvinyl alcohol to
1 mole of copper oxide, or 3—6 moles of polyvinyl alcohol
to 1 ferrum oxide, or 4—6 moles of polyvinyl alcohol to
1 mole of nickel oxide.

The technical effect of the invention is a method to
produce metal/carbon nanocomposites with specified
atomic magnetic moment of 3d metal in nanocomposite
that exceeds atomic magnetic moment of the 3d metal
crystal and possesses high chemical activity.

A method of electrochemical obtaining nanosized
powder of metal silicide (RU 2718022 C1)

The invention refers to obtaining nanosized powder
of metal silicide. An electrolyte consisting of alkali metal
halide and metallic salt and consumed micron sized com-
ponents in the form of metal and silica powders are placed
into hermetic crucible and are heated to the temperature
of metal silicide synthesis above electrolyte melting point
with obtaining ion melt in argon or carbon dioxide [7].
To transfer metal to silica in ion melt with formation
of nanosized powder of metal silicide, it is necessary to
provide anionic and cationic composition of ion melt
with electrochemical potential of metal, which is more
negative than silica potential, by value >0,5 V. Hardened
electrolyte with formed powder is extracted from the cru-
cible, grinded and exposed to hydrometallurgical treat-
ment with obtaining nanosized powder of metal silicide.
That provides electrochemical obtaining of nanosized
powder of metal silicide.

It is also possible to use powders of metal and silica
of micron size as consumed components with further
heating up to process temperature above electrolyte
melting point in hermetic crucible in argon or carbon
dioxide atmosphere. That allows obtaining ion melt
in which electrochemical transport reaction by means
of target spontaneous transfer of metals as well as silica
by their ions through ion melt without electrolysis makes
it possible to perform synthesis of metal silicide powder
with specified size. Running of electrochemical transport
reactions in ion melt leads to transition of metal and sil-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (3):
140-146

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

ica into the melt and controlled maintenance of anionic
and cationic composition of ion melt in dependence
of electrochemical potentials ratio of metal and silica
leads to transfer of metal to silica, that allows obtaining
powders of metal silicide of specified size. When silica
is transferred to metal the mechanism of synthesis is
the same one used in industrial technologies, that al-
lows performing synthesis of powders of metal silicide
of micron sizes.

A method to obtain ultrapure hydrogen by steam
reforming of ethanol (RU 2717819 C1)

The invention refers to the area of catalyst and reac-
tors development for chemical and petrochemical in-
dustry, in particular to processes of dehydration and
steam reforming of lower aliphatic alcohols to obtain
ultrapure hydrogen, suitable for use in fuel cells [8].
A method involves introduction of mixture of ethanol
and water steam into membrane-catalytic reactor, steam
reforming of ethanol under increased temperature on
metal-containing catalyst with simultaneous removal
of formed ultrapure hydrogen through water selective
membrane of palladium-containing alloy such as perme-
ate, blowing-off of ultrapure hydrogen with gas-carrier
and retentate removal. At this alloy of 93,5 mass.% Pd,
0,5 mass.% Ru, 6,0 mass.% In is used as Palladium-
containing alloy, and an alloy selected from Pd—Ru and
Pt—Ru if the content of the second element is 10 mass. %
and applied on powders of detonative nanodiamonds is
used as a catalyst. Steam reforming of ethanol is per-
formed under temperature 380—650°C and pressure
1-3 atm with removal of retentate as additional prod-
uct — hydrogen-containing gas. The technical result is
increased output of hydrogen suitable for application on
fuel cells and simultaneous softening of reaction condi-
tions as well as increased membrane operating life.

Bubble electrospinning device (CN208309015U)

The utility model discloses a bubble electrospinning
device, including gear motor, receive roller, high voltage
power supply, solution tank, still include pump, pressure
dissolved air vessel, air compressor, distributor and feed
tank, the distributor is installed in the solution tank bot-
tom, installs the release head on the distributor, receives
the roller setting and directly over solution tank,receives
the axle of roller and gear motor’s hub connection,
the receipt roller passes through wire ground connection,
the anodal of high voltage power supply is connected bot-
tom the distributor, thepressure dissolved air vessel top is
connected bottom feed tank through the import pipeline,
is equipped with the pump on the import pipeline, and
the pressure dissolved air vessel bottom is connectedwith
the distributor through the export pipeline, and the outlet

pipe is equipped with manometer, valve and flowmeter on
the road, and pressure dissolved air vessel passes through
in the lower rightcorner gas -supply pipe and is connected
with air compressor. The utility model discloses an adopt
pressure gas dissolving’s mode to dissolve the mode gas-
sing that stepped down and release in the backin the feed
liquid with the air, the bubble volume of production is
small, has effectively reduced the nanofiber’s of produc-
tion diameter. [9].

Filtering material based on a layer of polymer nanofibers
and spinning solution to produce it (RU 2718786 C)

The technical result of the family of inventions is
the achieved efficiency of filtering from dust micropar-
ticles with size 0,3—0,4 um and aerosols within the range
85—95% under high air permeability 180...250 mm/sec,
under 200 Pa and durability of filter material as well as re-
liable joint between polymer nanofiber (nanomembrane)
and prefilter dust accumulator that allows goffering of fil-
ter material without break of large fabric and doesn’t al-
lows membrane flaking from prefilter.

The set technical problem and technical result are
achieved due to the following mechanism. According
to the first invention, to produce polymer nanofiber in
spinning solution that contains a mixture of two polymer
materials at least in organic solutions by means of cap-
illar-free electroforming, one of the polymer materials,
which is a binder, should have softening temperature
lower than that of the rest polymer materials. Addition-
ally, the mixture contains surface active agent, foam
suppressant and viscosity stabilizer, and surface active
agent can be polyethyleneglycol mono (tetramethylbuta-
nol) phenyl ether or poluoxiethylensorbitan monooleate
or a mixture of mono- and diethers of phosphoric acid
and ethoxylated alcohols, ratio of components is given
in the table 2:

Table 2
Mixture components ratio

mass. %
from 8 to 15
from 0,15 to0 0,25

Components

Polymer materials

Polyethyleneglycol mono (tetra-
methylbutanol) phenyl or poly-
oxyethylene sorbitan monolayrate
or mixture of mono- and diester
of phosphoric acid and ethoxylate
alcohols

from 0,1 to 0,15
from 0,05 to 0,10
the rest

Foam suppressor

Viscosity stabilizer

Organic solvent
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Preparation method of cathode material LiVPO4F for
nanofibrous lithium ion battery (CN108821256A)

The invention relates to a preparation method of cath-
ode material LiVPOA4F for a nanofibrouslithium ion bat-
tery, and belongs to the technical field of lithium-ion bat-
teries. The specific preparation method of the LiVPO4F
material is as follows: adding a lithium source, a vanadium
source, a fluorine source, a phosphorus source, a reducing
agent and a coated carbon source into an organic solvent
according to proportions to form mixed liquid; then heat-
ing and stirring the mixed liquid to enable V<5+> to be
quickly and completely reduced into V<3+> and forming
a green solution; setting the operating voltage and feeding
speed of electrostatic spinning equipment and then car-
rying out electrostatic spinning to obtain a nanofibrous
LiVPO4F precursor; finally, putting the nanofibrous
LiVPO4F precursor in an non-oxidizing atmosphere
for carrying out high temperature sintering and naturally
cooling to room temperature, thus obtaining the nano-
fibrous LiVPO4F cathode material. The preparation
method disclosed by the invention has the advantages
of simplicity, short process flow, easiness in control and
facilitation of industrialization; the obtained material has
special morphology of an intersected three-dimensional
nanofibrous shape, so that the electrochemical property
of the material is significantly improved [11].

A plant to produce nanostructured composite
multifunctional coatings made of detail surface shape
memory material (RU 2718785 C1)

The invention refers to the plant to produce nanostruc-
tured composite multifunctional coatings made of detail
surface shape memory material [12]. The technical result
of the invention is prolonged service life of the plant. Pro-
longed service life of the plant is achieved due to additional
powder dose mechanical activator fixed on the frame and
jointed to vacuum camera box of diffusion pump. The
powder dose mechanical activator is rigidly fixed in cool-
ing hood. The powder dose mechanical activator contains
metal mixer connected to electric motor installed in the up-
per part of the mechanical activator. The lower part of the
mechanical activator which is connected to flame burner by
means of transport line of the shape-memory effect powder
contains metal grading screen in which hole size is 5 um.
One side of the middle part of the body of powder dose
mechanical activator is fixed on the side surface of control
unit by means of two fasteners and adapter sleeve used to
supply inert gas is connected to gas bottle containing inert
gas. The opposite side of powder dose mechanical activa-
tor contains another adapter sleeve connected to vacuum
pump with vacuum tube.

The installation of the powder dose mechanical activa-
tor to grind sprayed shape-memory effect powder makes

it possible to eliminate oxidation process for sprayed
material due to mechanical activation, grinding and sift-
ing (with grading screen) with instant and simultane-
ous supply of it into gas-flame burner for spraying. All
that decreases probability of formation of conglomer-
ate of multicomponent powders which often clog flame
burner and as a result that leads to impossibility to spray
(rubber burning-out in flame burner) and to shortened
service life of it.

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

* A method to produce metal-polymer nanocomposite
materials with metal nanoparticles [13].

* A method to obtain nanostructured composite mate-
rial on the basis of aluminium [14].

* A method to obtain film copper-containing nanocom-
posite materials for protection of metal products from
corrosion [15].

* A method to produce fireproof wood-polymer com-
posites on the basis of secondary polyolefine [16].

* A method to evaluate aggregation of nanoparticles in
colloidal solutions [17].

*  Symmetric four-pair cable with film-nanotube and
micro-tube perforated cable-core insulation [18].

» Construction structural element [19].

+ A coating with low reflectivity, a method and a system
for covering base plate [20].

* Bright monomeric near-infrared (NIR) fluorescent
proteins (FPs) as protein tags for multicolor micros-
copy and in vivo imaging [21].

+ Discovery of new properties of well-known magnetic
materials. This is particularly noticeable in the case
of heavy rare earth metals, where a high degree of pu-
rity and absence of impurities can lead to the appear-
ance of new magnetic phases and phase transitions
[22].

+ Elastic conductive film on the basis of silver nanopar-
ticles [23].

» Electrostatic spun nanofibrous membrane of con-
trolled-release growth factors and esophageal mem-
brane-coated memory stent [24].

CONCLUSION

One of the most challenging tasks the economy of ev-
ery 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 pro-
cess are the people and enterprises dealing with introduc-
tion of inventions and new technologies.

Therefore, we hope that the information published
in this section will be in demand and useful for spe-
cialists.
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N306peTeHns, ocHOBaHHbIe Ha NCMO/Ib30BaHUN
HaHOTEeXHONOrMN, NO3BOAAIOT NOJIYYNTb NPUHLMNNAJIbHO
HOBble TeXxHn4Yeckue pesynbratbl. Yactb Il

JI.LA. UBaHOB™

' Poccuiickaa uHxeHepHasa akapemus, r. Mocksa, Poccua

2 POCCUINCKIMI TOCYAapCTBEHHBIN YHUBEPCUTET TYpr3Ma 1 CEPBIUCA, Noc. Yepkrn3oBo, MockoBcKas obnacTb, Poccus
3 CaHkT-TeTepbyprckuin rocyapcTBeHHbIN yHUuBepcuTeT, r. CaHKT-MeTepbypr, Poccus

4 Kntanckun HeptaHom yHuepcuTeT, I. Linnpao, Kntai

, A.B. lemenes? (2}, XK.B. Mucapexko? (°}, Ll. Banr?

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

PE3IOME: B ctaTbe npoBoautcs B pedepatriBHON dopme 0630p 1306peTeHuin. Pe3ynbTaTbl TBOPUECKON AEATENBHOCTU YUEHbIX,
VHXXEHEPOB 1 CNeLranucToB, B T.U. U U306peTeHs B 06/1aCTV HAHOTEXHOMOMMIA U HAHOMATEPUASIOB NMO3BOJIAIOT NPY X BHEAPEHNN
[00UTbCA 3HAUUTENBHOTO 3dPeKTa B CTPOUTENBCTBE, XKUMMLLHO-KOMMYHANIbHOM X03AACTBE, CMEXHbIX OTPACNAX SKOHOMUKM. Hanpu-
mep, n3obpeTeHmne «CbipbeBasi CMECh A1l U3roTOB/IEHVA MEJIKO3€PHUCTOro NoNMmMepOeToHa, MOANGULIMPOBAHHOTO MUKPOKPEMHE-
3eMOM» OTHOCUTCA K CTPOUTENbHO OTPAC/IV Y MOXKET HaTU NPYIMEHEHME NPV N3TOTOBIEHNM HAHOMOANGULIMPOBAHHbBIX 6ETOHOB
Ha OCHOBE NMOTeHLMaNbHO PEAKLMOHHOCMOCOOHBIX KPYMHOTO U/Wv MENKOTo 3anoSIHUTENSA /151 TPAHCMOPTHOIO, MPOMbILLIEHHOTO
1 rpa’kAaHCKOro CcTpouTenbcTBa. MogmouurpoBaHne CTPYKTypbl LLEMEHTHOTO KaMHA MOCPEeACTBOM MUKPOCUIIMKN 13 OTXOL0B
KPEeMHVEBOTO NPOV3BOACTBA U ANCNEPCHM aKPUTOBO MO3BONNT MHTEHCUGULMPOBATb rMapaTaLuio BSXKYLLEro, COKPATUTb Pacxos
LieMeHTa U1 MOBbICUTb MPOYHOCTHbIE XapPaKTEPUCTUKN KOHEYHOTO NPOAYKTA, MO CPABHEHUIO C TPAAULMOHHBIMU GETOHHBIMY CMECSIMU.
MN306peTeHre MOXeT ObITb MCMONIb30BaHO AJ1A U3rOTOB/IEHNSA GETOHHBIX U3 U KOHCTPYKLWIA, TPOTYapHOW NANTKY, 60paiopos,
LNA YCTPONCTBA BEPXHMX CJIOEB JOPOXKHOIO MOSIOTHA U MX NOCedyOLWEM PEMOHTE, a TakKe ANA PeMOHTa TPELUVH 1 B KayecTse
3anoIHUTENA COeAVHUTENbHbIX LIBOB.

Take NpefCTaBNAIT MHTEpeC AN CNeLuanmcToB cefyolire n3obpeteHns B 06/1aCT HAHOTEXHONOTMIA: HAHOMOANGULIMPOBAH-
HbI1 BbICOKOMPOUYHbI IErKUA 6ETOH, KOMOVHVPOBAHHAA TEMTON3OMALNOHHAA CUCTEMA, KOMMO3ULMIOHHBIN CIOUCTbIN Camo3a-
JleurBaloLLMNCA MaTepuran, cnocob nonyyeHus MeTansi-yrnepoaHbIX HAHOKOMIMO3UTOB, CMOCO6 3NEKTPOXMMUYECKOTO MOyYEHUs
HaHOPa3MepPHOro NMopoLIKa CUANUMAA MeTaa, Cnocob NoslyyeHusi MeTanInoaMMepPHbIX HAHOKOMMO3ULMOHHBIX MaTePHanos
C HaHOYaCTULAMW MeTaNoB 1 Ap.

KNIOYEBDIE CJTOBA: HAaHOTEXHONOMW B CTPOUTENBCTBE, MEJIKO3EPHUCTBIN NOIMMEPOETOH, HAHOMOANDULNPOBAHHbIA BbICOKO-
MPOYHbIV Nerkunii 6eToH, MeTann-yrnepofHblie HAHOKOMMO3WTbl, HAHOPA3MepPHbI MOPOLLIOK.

ANA UUTUPOBAHUA: NeaHos J1.A., lemeHeB A.B., NMucapeHko X.B., BaHr L. M306peTeHuns, oCHOBaHHble Ha MCMNONb30BaHNM Ha-
HOTEXHONOMNIA, MO3BOAAIOT NONYYUTb NMPUHLMNNANIBHO HOBbIE TEXHUYeCKre pe3ynbTaTbl. YacTb Il // HaHoTexHONOrMn B cTponTens-
ctBe. — 2020. - Tom 12, N2 3. - C. 140-146. - DOI: 10.15828/2075-8545-2020-12-3-140-146.
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M3 Pa3HBIX CTPaH B 00JIACTH HAHOTEXHOJIOTHIA.
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OCHOBHAA YACTb

ChIpbeBast cMeCh I H3TOTOBJIECHHS MEJKO3€PHICTOrO
noJimMepoeTona, MoauGUIIMPOBAHHOTO MUKPOKpPEMHe3e-
moMm (RU 2711169 C1)

M300peTeHrne OTHOCUTCS K CTPOUTEILHOM OTpaciIn
1 MOXET HAaTH TIPUMEHEHME TIPY M3TOTOBJICHNN HAaHO-
MOIM(PUIIMPOBAaHHBIX OETOHOB HAa OCHOBE ITOTCHIINATb-

http://nanobuild.ru

140

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-9513-8712
https://orcid.org/0000-0002-1573-6665
https://orcid.org/0000-0002-9082-2897
https://orcid.org/0000-0002-8751-8093

2020; 12 (3):
140-146

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

HO PEeaKIIMOHHOCIIOCOOHBIX KPYITHOTO H/HIM MEJIKOTO
3aMOTHUTEIIS TSI TPAHCTIOPTHOTO, TIPOMBIIIIIICHHOTO
U TpaxagaHCKoro ctpouteibeTBa [1]. TexHuueckuii
pe3yIbTaT 3aKII0YACTCS B ITOBBIIICHUM IIPOYHOCTH,
MOPO30CTOMKOCTH W KadecTBa OETOHA TIPU CHIDKCHUN
SHEPrOeMKOCTH ITPOM3BOACTBA. TeXHUICCKUIA pe3yIb-
TaT TOCTUTACTCS TEM, YTO CBHIphEeBasi CMECh IIJISI M3TO-
TOBJICHUST MEJIKO3EPHUCTOTO TTOJTUMEpPOETOHA, MOIH -
(pUIIMpoBaHHOTO MUKPOKPEMHE3eMOM, BKITIOUAOIIIAs
nopTraHameMeHT M500, HaHOOKUCIIEPCHYIO TO00aBKY,
TecoK, momMep (JraTrekc), BOIy, COIIacHO M3o0peTe-
HUIO, COIEPKUT B KAYeCTBE HAHOMMCITPECHOM TO0ABKI —
MUKpokpemHe3eM MK-95, B kauecTBe TTOJTMMEpPOB —
nuctiepcuio akpmiosyio BICM-KHM-01-01 (1aTekc),
B Ka4eCTBE 3aITOTHUTES - CMECh (hpaKIIMit KBapIeBOTO
necka. COOTHOIIIEHNEe KOMITOHEHTOB CHIPhEBOM CMeCH
npuBeneHo B TabuI. 1.

Tabauya 1
CooTHOIEeHHe KOMIIOHEHTOB ChIPbEBOi CMeCH

KommnoneHTsI chIpbeBOii cMecH mac. %
IMoptnanauement M500 ot 20,8 10 21.0
MuxkpoxkpeMHezeM MK-95 ot 2,1 no 3,1

Ilecok, ¢p. 2,5-3 mMm ot 62,8 10 63,3

Jucniepcust akpujioBast

BJICM-KHM-01-01 (1atekc) 010,10 100,13

Bona ot 12,7 no 13,0

MomuduimpoBaHue CTPYKTYPHI IIEMEHTHOTO KaMHSI
MOCPEICTBOM MUKPOCUIMKHI U3 OTXOA0B KPEMHUEBOTO
MPOU3BOJCTBA U TUCTIEPCUU aKPUJIOBOH MO3BOJIMT UH-
TeHCU(PUIIUPOBATH TUAPATALINIO BSLKYILIETO, COKPAaTUTh
pacxoj1 LIeMEHTa 1 TIOBLICUTh TPOYHOCTHbBIE XapaKTepU-
CTUKU KOHEUHOTO TIPOAYKTa, IT0 CPABHEHUIO C TPAgUIIA-
OHHBIMU O€TOHHBIMU cMecsIMU. MI300peTeHre MOXET
OBITh MCITOJIb30BAHO MJISI U3TOTOBJICHUSI OETOHHBIX U3~
JIeJINI 1 KOHCTPYKLUI, TPOTyapHOM TIJIUTKU, OOPIIOPOB,
JIJISI yCTPOMCTBA BEPXHUX CJIOEB JOPOXHOTO TIOJIOTHA
M WX TTOCJIEYIOIIEM PEMOHTE, a TaKXKe JIJIs1 pEeMOHTA Tpe-
IIIMH U B KQYECTBE 3aII0JIHUTEJISI COSAUHUTEIIbHBIX IIIBOB.

HanomoauduuypoBaHHblii BbICOKONMPOYHbINA JerKuii
oeron (RU 2718443 C1)

M300peTeHre OTHOCUTCS K IIPOMBIIUIEHHOCTH CTPO-
UTEILHBIX MaTePUAJIOB X MOXKET OBITH MCIIOJIb30BAaHO
IUTSI U3TOTOBJICHUS U3IEITAIA B TPAXKIAHCKOM U TIPOMBIIII-
JICHHOM CTPOUTEIBCTBE, MOHOJUTHOM CTPOMTEIIBCTBE,
TIpY BO3BEICHUH COOPYKEHUI CIICIIMAIBHOTO Ha3HaUe-
Hud [2]. TexHMYecKM pe3yabTaTOM U300peTEeHUS SIBIISI -
eTCsI TTOJTyYeHIE BBICOKOIIPOYHOTO JIETKOTO OETOHA C BBI-
COKHMM MOJIYJIEM YIIPYTOCTU IIPU COXPaHECHUN (ITOBHI-

ILIEHWM) yaeabHOM npoyHocTh. HaHoMonuduimpoBaH-
HBII BBICOKOIIPOYHBII JIETK1I1 OETOH 00J1agaeT CpeaHeit
m1oTHOCThIO 1300...1510 Kr/M3; npeneoM MpoYHOCTH
npu cxxatum 50,5...65,8 MIla; yaeasHO ITpOYHOCTHIO
38.,8...43,6 MIla; koo PUIIMEHTOM TPEIINHOCTONKO-
cru 0,084...0,085; momynem ynpyroctu 6,10...8,22 I'Tla,
koaddummenrom ITyaccona 0,093...0,136.

TexHnmuecKnM pe3yIbTaTOM U300PETCHIS SIBIISICTCS
ITOJTyYCHME BEICOKOIIPOYHOTO JIETKOTO OCTOHA C BBICO-
KAM MOIYJIEM YIIPYTOCTH IIPY COXPAaHCHUN (TTOBBIIIIC-
HUM) yOETBbHON MTPOYHOCTH. TeXHUUSCKUU pe3yIbTaT
IOCTUTACTCST TEM, UYTO BBICOKOITPOYHEIN JIETKUI OETOH
coIepKalluii TOPTAaHAIIEMEHT, HATIOJTHUTEb, TIJ1a-
cTU(hUKATOP M BOIY, a TAaKXKe MUHEPAJIbHYIO 4acTh, CO-
CTOSIIIIYIO M3 MUKPOKPEMHE3eMa, UMCIOIIETO CPeIHUMA
pa3mep vactur 0,01...1 MKM, KaMeHHO# MyKH (IIpoO-
IYKT U3MEJIBYCHMST KBAPIIEBOTO TTeCKa MJIN IPYTOii TOp-
HOI TOPOIHI, cComepKalleii KpeMHe3eM) C TIOMIAIbIo
yIEJIbHOM ITOBEPXHOCTH 750 M?/KT 1 KBapLIeBOro IecKa
dpakunu 0,16—0,63 MM, B KauecTBe TutacTUdUKaTOpa
HCITOJIB3YIOTCSI TUIIePILUIACTU(MUKATOPHI HA TTOJIMKAp-
OOKCHJIATHOM OCHOBE, HATIOJTHUTEJIEM BBICTYIIAIOT I10-
JIBIC ATIOMOCUIMKATHBIE MUKPOC(hEPHI, TOITOTHUTEIIFHO
Ha MMOBEPXHOCTHU TTOJIBIX MUKpOCHEp COmePKUTCS Ha-
HOpa3MepHBIN MOOU(GUKATOP, TIPEACTABIISIONINNA CO-
001t KOJIJTOMIHBIN PAacTBOP 30751 KPEMHEBOM KUCITOTHI
u 3074 ruapokcuaa xeneza (111) ¢ paamepom yacTtuil
MeHee 30 HM, Te KOHIICHTpAIs KPeMHEBOM KUCIIOTHI
B popme H,SiO, cocrasnser 3,02%,

Jass mpuUTOTOBIEHUS OETOHA WMCITOJIB3YIOTCS
nmopTiaHaIeMeHT, HarpuMmep, Mmapku CEM 1 42,5 N
nmo 'OCT 31108-2003. MuHepalbHasI 4acTh, B CO-
CcTaB KOTOPOM BXOIMWT KBapIEeBHINA MTeCOK (ppaKIIno-
HupoBaHHBIA (Pp. 0,16—0,63 MM), COOTBETCTBYIOLIIA
TI'OCT 8739-93, kameHHasT MyKa C YIeJIbHOI ITOBEPXHO-
cTbI0 750 M?/KT 1 MUKPOKpEMHE3eM, 00ECIIeUMBAIOT 3a-
TTOTHEHUE MEXK3ePHOBBIX ITyCTOT HATIOJIHUTEIST, 00pa3ys
IUTOTHYIO CTPYKTYPY.

B xauecTBe HATOTHUTEST UCITOIB3YIOTCS aJIFOMO-
CUJIMKATHBIC TOJHBIE MUKpPOChEpHl, XapaKTepHBIE
CBOICTBA KOTOPHIX 00ECIICUYMBAIOT CHIDKCHUE CpeaHeH
IUIOTHOCTHU. YKa3aHHBIC MUKPOCHEPHI SIBISICTCS HO-
chuTesieM HaHOMOOM(PUKATOPa, YTO TTO3BOJISICT C OTHOMN
CTOPOHBI PACIIPEICITUTE €TO IO 00beMy KOMITO3UTA, a C
IPYTOil — MCTIOJIb30BaTh XMMUUCCKYIO aKTUBHOCTD €0
COCTABJISTIOIINX JIOKAJIM30BaHO, Ha TpaHUIIe pa3aena a3
«IIEMEHTHBI KaMeHb -MUKpochepar.

Cnoco06 moayyenusi 000J09eK THOKCHIA KpeM-
HHUA HA NMOBEPXHOCTH HEOPraHUYECKHX HAHOYACTHIL
(RU 2715531 C2)

M300peTeHne 0OTHOCUTCS K 00JIaCTU CO3JaHUSI KOM-
MO3UIIMOHHBIX HAaHOMaTepuaJioB. [1penioxkeH crocod
MOJIyYeHHUSI MaTepuraia, COAepKallero 000JI0YKY JUOK-
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CHJIa KpeMHMS Ha TIOBEPXHOCTH HEOPTaHMYECKUX HAHO-
gacTull [3]. Criocob BKITI0YAET XUMIUUYECKOE OCaXKIeHNE
JTMOKCHIa KPeMHHUS M3 pacTBOpa MeTacvInKaTa HaTpus,
colepKalllero HeopraHmdeckue HaHoyacTuipl. HaHo-
YaCTHIIBI AUCIIEPTUPYIOT B BOMIE BO3ACUCTBUEM YIbTpa-
3ByKa, BBOISIT B CYCIICH3MIO BOMHOTO PacTBOpPa METacH-
JIMKaTa HaTpus ¢ KoHueHTpauwmeit 0,001—0, 1 Moias/muTp,
JTIOOABIISTIOT TIPY TIEpEeMEIIMBAHNHT PACTBOP COJISTHOM KHC-
JIOTHI TP KOHIICHTPAIIN! ¥ 00hEME pacTBOPa COJITHOM
KHMCIIOTHI, 5KBUBAJICHTHBIX KOHIIEHTPAIIUU U 00beMy
pacTBOpa MeTacuJIMKaTa HaTpus. BeIaep:KuBaioT mmpu
rniepeMelInBaHU B TeUeHHE 8 4acoB, LIEHTPU(PYTUPYIOT,
TPOMBIBAIOT U CYIIIAaT.

TexHmyecKUM pe3yIbTaTOM, JOCTUTAEMbIM TIPH HC-
TIOJIb30BAHUN HACTOSIIIETO N300pETEHMS, SIBISIETCS BO3-
MOXHOCTbH MOJYYEeHHST 000JI0UEK TUOKCUIA KPEMHUS
Ha TTOBEPXHOCTH HEOPraHMYECKMX HAHOYACTUI] B BOTHOM
CYCITEH31M METOIOM XUMUUECKOTO OCAKICHUS U3 pac-
TBOpA, B KA4eCTBE MPEeKypcopa s TTOTydeHHST 000JT0UeK
JUOKCHAA KPEMHUS UCTIONB3YeTC METOCUINKAT HATPUS,
pacTBOPEHHEBIN B BOXHOI (Da3e CycreH3M HAaHOYACTHII,
Ha KOTOPBIX MMPOUCXOIUT ocaxkaeHue. TommHa mosryJa-
€MOTO CJI0ST TMOKCHUIA KPEMHUS MOXKET PeTyIUpPOBaThC
B 3aBUCMMOCTH OT ITapaMeTpOB MPOBEAEHUS TIporiecca
OT HECKOJIbKMX €IWHUIL IO COTeH HAaHOMETPOB. B Ka-
YeCTBE siIep MOTYT OBITh MCITOJIb30BaHbI HAHOYACTHUIIBI
HEOPTaHWYECKUX COSAMHEHUI METAJIJIOB Pa3IMYHON

(GopMBI.

KoMOnHnpoBaHHAS TEIIOM30JSANMOHHAS CHCTEMA
(RU 2717456 C1)

M3obpeTreHne OTHOCUTCS K KOMOMHUPOBAHHBIM Te-
TUTOU3OJISILIUOHHBIM CUCTEMaM U CIOCOOY UX COOpYXKe-
Hug [4]. KoMOuHMpoBaHHAs TETTION3OJISIIIMOHHAS CH-
cTeMa, UMeIolast U30JISILIMOHHBIN CJIoi, He00sI3aTeIbHO
apMUPYIOIINIA CI0M, HAHECEHHBIN Ha M30JISILAOHHBII
CJIOM, M HAPYXXHBIN CJI0M, HAHECEHHBIN Ha M30JISIIN-
OHHBIN CJIOM WJIM HAa apMUPYIOIINUIA CIOU IIpU €TO Ha-
JIMYUM, OTJIMYAIONIAsICS TEM, UTO HAPYKHBIM CJIOM CO-
JEPXKUT KOMIO3ULIMOHHBIE YaCTULIbI, KOTOPbIE COAEPKAT
10 MEHbIIENW Mepe OAWH OpraHMYECKUIi TTIOJIUMEp B Ka-
YeCcTBE OpPraHUYECKOI MOJUMEpHON (a3bl U TTO0 MEHb-
1Ieii Mepe OJJHO HeOpTraHUYECKOe TBEPA0E BEIIECTBO,
YacTULIbl KOTOPOTO pacrpeiesieHbl B OpraHU4YeCKOM Mo-
JIMMepHOU (ha3e, P 3TOM MaccoBast J0JIT HeopraHude-
CKOI'0 TBEPIOro BelllecTBa cocranister ot 15 1o 40 mac.%
B IiepecyeTe Ha OOlIyI0 MacCcy OpraHMYecKoro nojnumepa
¥ HEOPTaHUYECKOTO TBEPIOrO BEIIECTBA B KOMITO3UIIM -
OHHOIf YacTulie, a pa3Mep KOMMO3UILIMOHHbBIX YaCTHUIL
cocrtasiageT oT 5 1o 5000 am. Crioco0 TEeTUION30AINN
HapyXHBIX (hacamoB 3MaHUM, 3aKITIOYAIOIINIICS B Kpe-
TUIEHUU YKa3aHHOW Bblllle KOMOMHHWPOBAHHOU TETIO0-
M30JISIIMOHHOM CUCTEMBI K Hapy>KHOMY bacary 30aHusl.
IIpyuMeHeHre KOMIMO3UILIMOHHBIX YACTUI] B KaUueCTBE

KOMITO3ULIMOHHOM MOKPBIBAIOILIEH IUCIIEPCUU, KOTO-
pble obmagaloT pa3mepoM ot 5 1o 5000 HM 1 comepxKaT
10 MEHbIIIE Mepe ONMH OPraHUYECKUIi ITOJIMMED B Ka-
YECTBE OPraHUYECKON MOJIMMEPHOI (ha3bl U IO MEHb-
LIeil Mepe OIHO HeOpraHUYeCKOe TBEPHOE BEILIECTBO,
YACTUILIbI KOTOPOIO pacIpeeicHbl B OpraHU4YeCKOM IMo-
JIUMEPHOM (a3e, IpU COOPYKEHUM YKA3aHHBIX BhILIE
KOMOUMHMPOBAHHBIX TEIJIOU30JSLUOHHBIX CUCTEM.
TexHuuecKuil pe3yabTaT — IOBBIIEHNE MEXaHNYECKO
HArpy>KeHHOCTH — YIAPOIIPOYHOCTH, 0Opa30BaHUeE CTa-
OMIILHOTO Gapbepa MpH COXPAHEHUH YIapOIIPOYHOCTH.

KoMno3unuoHHBIi CJIOUCTBIH CAM03a/IeYUBAIOIIUICS
matepuan (Bapuantbl) (RU 2710623 C1)

M300peTeHre OTHOCUTCS K CJIOUCTBIM KOMITO3UTAM
(BapMaHThl), 00J1aJal0IIUM CITOCOOHOCTBIO CAMOCTO-
SITEJIbHO BOCCTAHABIIMBATh CBOIO LIEJIOCTHOCTh ITOCJTIE
MPUUYMHEHHBIX UM MEXaHUYECKUX MOBPEXIECHUI (ca-
MO3aJICIMBATHCST), TIPUMEHSIIOTCS IJIST U3TOTOBIICHUS
KOHCTPYKIIMI, KOTOPBIM HeoOXoauMa 3alluTa OT BO3-
HUKHOBEHHUS Ie(PEKTOB, B YACTHOCTHU JIJIsI U3TOTOBJICHUS
KOHCTPYKILIUI ¢ BHyTpeHHEN atMocdepoii, HarmpuMmep,
IIJISI TepMETUYHBIX 00beKTOB [5]. B omHOM BapuaHTe uC-
MOJTHEHUSI KOMIO3UILIMOHHBIN CJIOUCTHIN caMO3ayieur-
BAIOIIMIACS MaTepuall COASPKUT ABAa BHELIHUX TUOKMX
CJIOSI U KOMIIO3UTHBIN cioit. KOMIMO3UTHBINM ClI0i co-
CTOUT U3 OPraHOCWINKCAHOBOM MaTPHUIIbl U HATIOJIHU-
Telist. Mexay KOMITO3UTHBIM CJIOEM U BHEIITHUM THOKUM
CJIOEM COAEPKUTCS CJIOM U3 OOPCUIIOKCAHOBOIO OJIM-
romepa wiu noaumepa. I[Ipu aTom BHelIHUEe TUOKUE
CJIOU BKJIIOYAIOT MaTtepuajl, 001agaronii CpoacTBOM
K opraHocujiokcaHaMm. B npyrom BapmaHTe KOMIIO3H1-
LIMOHHBIA MaTepuaJl COAEPKUT IBAa KOMIIO3UTHBIX CJIOS
U IBa BHELIHUX TMOKUX cjios. [lepBblii KOMIO3UTHBIN
CJION CBSI3aH C IEPBBIM BHEIITHUM T'MOKMM CJIOEM, a BTO-
pOI1 CO BTOPBIM BHEIITHUM I'MOKUM cJioeM. Mexxy 1Bymst
KOMIIO3UTHBIMHU CJIOSIMU COAEPXKUTCS CIOU U3 6opCcu-
JIOKCAaHOBOTO OJIMTOMepa U nojimmMepa. BHernrHue rudkue
CJIOU BKJIIOYAIOT MaTepuajl, 001agaronii CpoacTBOM
K opraHocujiokcaHaM. Elie B omHOM BapuaHTe KOM-
MO3UIIMOHHBIN MaTepUajl COOEPKUT IBA KOMITO3UTHBIX
U IBa BHEILIHUX TMOKUX cj1os. Mexny IByMsI KOMITO-
3UTHBIMU CJIOSIMU COJIEpPXKATCS IBa CJI0SI Ha OCHOBE
OOpPCUIIOKCAHOBOTO OJIMTOMEpA WJIM TMOoJUMepa, pa3-
neJieHHbIe OapbepHBIM cioeM. BHemrHue rudkue ciou
TaK:Ke BKJIFOYAIOT MaTepura, o0Jianaloliuii CpoaCTBOM
K OpraHOCHJIOKCAHaM.

Texnuueckuii pe3yabTaT U300peTEeHUS 3aKIJIF0YACTCS
B TOM, YTO KOMITO3ULIMOHHBIE CIOUCTHIE MaTepurabl
00JI1afaloT CIOCOOHOCTHIO OBICTPO CaMO3aJeUYUBAThHCS
3a HEOOJIBIION MPOMEKYTOK BpeMEHU, MOpsIAKa He-
CKOJIbKUX CEKYH/I, C JOJTOBPEMEHHBIM COXpaHEHUEM
a¢dexra 3aneunBanus. [Ipeamaraembie CTPYKTYpPHI
CJIOMCTOTO CAMOBOCCTAaHABJIMBAIOIIETOCS KOMITO3UIIM -
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OHHOTO MaTepHaia CIToCOOHBI 00CCIIEUNTh ITOTyIeHHE,
KaK CBOWCTB caMO3aJICUMBAHMSI, TAK M HEOOXOIUMBIX
(pm3MKO-MeXaHMUECKIX XapaKTePUCTUK, TTO3BOJISIOIINX
HCITOJIH30BaTh JAHHBIC KOHCTPYKIINH B 3KECTKIX BHEIII -
HUX YCIIOBUSIX, HAIIpUMep, KOTIa HeoOXoanuMa 3aliuTa
OT TTOBPEXKICHMIA, a OTIePaTUBHBIN PEMOHT 3aTPyTHUTE-
JICH WJIM HEBO3MOXCH.

Crnioco0 nosrydeHnsi METAJLI-YTJIEPOIHBIX HAHOKOMITO-
3uroB (RU 2715655 C2)

M306peTeHre OTHOCUTCS K IIPOMBILIIJIEHHOCTH, CTPO-
WUTEILCTBY, CEIbCKOMY XO3SIMCTBY, MEIUIIMHE M MOXET
OBLITH MCIOJIE30BAHO MPY N3TOTOBJIEHUH KAaTaInu3aTOpPOB,
aKTUBHBIX J00ABOK M TIpUcanoK [6]. MeTayuiconepxariee
BEIIIECTBO, B KAUeCTBE KOTOPOTO UCITOIL3YIOT OKCUIA
3d MeTaa, ¥ MOJIMBUHWJIOBBIN CITUPT C MOJIEKYIISIPHO
Maccoii He 6osee 80000 MexaHOXUMWYECKN CMEITNBAIOT
B MEXaHWYECKOM CTYITKE TIPU 3aTpaTe SHEPTUU HEe MeHee
220 xIx/MOJIb 1O Hadyajla OKUCJINTEIbHO-BOCCTAHO-
BUTEJIBHOTO TIpoliecca. 3aTeM ITPOBOIIT CTYITeHYATHI
Harpes IMOJIYIeHHOTO KCeporesist 10 00pa30BaHUSI HAHO-
TpaHyJIBl, BKITIOUAIOIIEH MeTaJlJIcofepKaline KiiacTephbl
pa3zMepoM 110 50 HM, acCOLMMPOBAHHBIE C YIVIEPOIHOM
000JIOYKOIT, Ha KOTOPOI OTIpeAesIEeHbl NeJIOKAIN30-
BaHHBIE 2JIEKTPOHBI. COOTHOIIIEHNE KOMITOHEHTOB CO-
CTaBIIIEeT 2—4 MOJIS TTOJIMBUHWIOBOTO CITpTa Ha 1 MOJIb
OKCHIIa MEIW, WIIN 3—6 MOJIEH TTOJMBUHUIIOBOTO CITUPTA
Ha 1 MoJIb OKcHa Xesesa, Win 4—6 MoJieil MoJnBUHU-
JIOBOTO CITMPTa Ha | MOJIb OKCUAA HUKES.

Texandecknii 2 HEeKT N300peTeHUS 3aKITI0UaETCS
B CO3JaHUM CITOCcO0a TOJIydeHUS METAJII-YIJIEPOIHBIX
HAHOKOMITO3UTOB C 3aJJaHHBIM aTOMHBIM MarHUTHBIM
MoMeHTOM 3d MeTaiia B HAHOKOMIIO3UTE, IMPEBBI-
IIAIOIIMM aTOMHBIM MarHUTHBIM MOMEHT KpUCTajjia
3d MeTaia, 061agaOIINX BEICOKOM XMMUYECKOM aK-
TUBHOCTEBIO.

Crioco0 31eKTPOXMMIUYeCKOro MoJIydeHns HAHOPA3-
MepHOro nopomka cumnuaa metauia (RU 2718022 C1)

M300peTeHre OTHOCUTCS K TTOJTYICHIIO HaHOpa3Mep-
HOTO TTOPOIITKA CYJIMIIMIA METaJUIa. 3arpyskaloT B TepMe-
TUYHBIN TUTEITb SJIEKTPOJINT, COCTOSIIIINI 13 TaJIOTCHUIA
IIEJIOTHOTO MeTallJla M COJIM MeTajula, M PacXomyeMble
KOMITIOHEHTHI MUKPOHHBIX Pa3MepPOB B BUIE IIOPOIITKOB
MeTaJlla ¥ KpeMHMSI, IIPOM3BOMSIT HArpeB 10 paboumx
TEeMIIepaTyp CMHTE3a CUJIMIMAA METallJla BBIIIE TOIKHI
TUTABJICHUS 3JICKTPOJIUTA C TIOJyIeHIEM NOHHOTO pac-
mjaaBa B aTMoc(epe aproHa Win yriaeKUcaoro rasa [7].
1 IepeHoca B MOHHOM pacIiIaBe MeTajlIa Ha KpeMHMI
¢ obpa3oBaHEM HAaHOPA3MEPHOTO TTOPOIITKA CUIAIIIIA
MeTallla 00eCIIeunBalOT aHMOHHO-KAaTHOHHBIN COCTaB
MOHHOTO pacIjiaBa ¢ 3JIeKTPOXUMUICCKIM ITOTCHITNA -
JIOM MeTajjia, 6oJiee OTPUIIATeIbHBIM, YeM ITOTCHIIAAIT

KpeMHUs, Ha BeamuuHy >0,5 B. 3acTeIBIINMIT 571eKTPOIUT
¢ 00pa30BaBIIMMCS ITOPOIIKOM MU3BJIEKAIOT M3 TUTJIS,
M3METbYAIOT M MOABEPTaioT TUAPOMETAITYPIUICCKOMN
00paboTKe ¢ TOTYyYCHNEM HAaHOPAa3MEPHOTO TTOPOIITKa
crmyna Metaia. OdecreanBaeTCs SICKTPOXIMMIYC-
CKO€ TTOJTyYeHIEe HaHOPAa3MEPHOTO TTOPOIITKA CHIUIIIIA
MeTaiia.

Hcmonp3oBaHne B KA9eCTBE PACXOMYEMBIX KOMIIO-
HCHTOB ITOPOIIKOB METaJljIa M KPEMHUST MUKPOHHBIX
pa3MepoB C IMOCIEAYIOIINM HaIrPeBOM J0 PAOOYNX TEM-
TepaTyp BEIIIE TOYKHU TJIaBJICHUS SJICKTPOJINTA B Tep-
METUYHOM THIJIE B aTMOC(]epe aproHa WiIN YIJIEKHUCIIOTO
ra3a Mo3BOJISICT MOJYINTh MOHHEIN pacIliaB, B KOTOPOM
C MICTIOJTb30BaHMEM 3JICKTPOXUMIICCKIX TPAHCTIOPTHBIX
peaKIuii IyTeM HaIIpaBJICHHOTO CaMOIIPOU3BOJIBHOTO
IepeHoca Kak MeTaJUIOB, TaK M KPEMHUS NX NOHAMU
yepe3 MOHHBIN pacIiuiaB 0e3 3JIEKTPOJIM3a BO3MOKHO
IIpOBeIcHNE CUHTE3a MOPOIIKa CHIMIIAIA MeTajula 3a-
IaHHOTO pa3Mepa. IIpoTekaHme 3IeKTPOXUMUUICCKIX
TPAHCIIOPTHBIX peaKIINii B MOHHOM PacIuIaBe IPUBOIUT
K TIepexoay MeTajlla M KpeMHMSI B pacIjiaB, a KOHTPO-
JIIpyeMoe TToaaepkaHie aHMOHHO-KaTHOHHOTO COCTaBa
MOHHOTO pacIllaBa B 3aBUCUMOCTH OT COOTHOIICHMS
5JICKTPOXUMMYECKIX TTOTCHIINAIOB MeTaJlJIa M KPEeMHUSI
MIPUBOINT JIN0O K TIEpeHOCY MeTaylJla Ha KpeMHUI, YTO
ITO3BOJISICT TTOJIYINTD ITOPOIIKY CHIMIINIA MeTajljla 3a-
IaHHOM KpynmHOCTH. [1pn repeHoce KpeMHMSI Ha MeTaJlT
MEXaHU3M CHHTE3a TOT K€, YTO W B IIPOMBIIIIIICHHBIX
TEXHOJIOTHSIX, YTO MO3BOJISIET CHHTE3UPOBATh ITOPOIIIKH
CHJIMITAIOB METAJLIOB MUKPOHHEIX pa3MepOB.

Croco0 nosryueHusi CBepX4ncToro BOJ0POAa NapoBbIM
pucopmunrom stanoaa (RU 2717819 C1)

M3obpereHre OTHOCUTCS K 00JIaCTU CO3IaHMSI KaTa-
JIN3ATOPOB U PEaKTOPOB IS XUMUUECKON U HePTeXu -
MHMYECKOM IIPOMBINIICHHOCTH, 2 UMEHHO K IIpolleccaM
IEeTUAPUPOBAHUSI U ITAPOBOTO PU(MOPMHUHTA HUSIINX
anmndaTUIEeCKUX CITMPTOB C IEIbIO TTOJYYCHUS BBICO-
KOYHCTOTO BOIOpOAA, IIPUTOIHOTO IS UCITOJIh30Ba-
HUS B TOIUTMBHBIX 2JieMeHTax [8]. Crmoco6 BKiIoUaeT
BBOI B MEMOpaHHO-KATAINTUUECCKUI peakTop CMECH
5TaHOJIA Y BOOSHOTO T1apa, IMapoBoil pruhOPMHHT 3Ta-
HOJIa TIPX MOBBIIICHHON TeMIIepaType Ha MeTaJlICo-
IepKaIeM KaTajIn3aTope ¢ OMTHOBPEMEHHBIM BBIBOIIOM
00pa3yIoIIerocsT CBEPXINCTOrO BOIOpOAa 4epes3 BOIO-
POICEICKTUBHYIO MeMOpPaHy M3 HaJIafNiiCOIe PKAIIEro
CIUTaBa KakK IepmeaTa, CIyBKY CBEpXUMCTOrO Bogopoaa
ra3oM-HOCHUTEJIEM U BBIBOA peTeHTaTa. [Ipmaem B Kade-
CTBe MaJUTaguiicomepKallero CIuiaBa NCIIOIb3YIOT CIIaB
93,5mac.% Pd, 0,5 mac.% Ru, 6,0 mac.% In, a B kauecTBe
KaTtajau3aTtopa — CIuiaB, BeIOpaHHbIN 13 Pd—Ru u Pt—Ru
IIpU COomepKaHUU BTOporo kommoHeHra 10 mac.%, Ha-
HECEHHBII Ha ITOPOIIIOK e TOHAITMOHHBIX HAHOAIMA30B.
[Taposoii pruopMUHT 3TaHOJIA ITPOBOISIT IIPH TEMIIC-
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parypax 380—650°C u maBieHuun 1—3 aT™M ¢ BBIBOIOM
peTeHTaTa KaK JOTIOJTHUTEILHOTO MIPOMIYKTa — BOTOPOI-
comep:KaIIero ra3a. TeXHMIeCKUIA pe3yIbTaT 3aKITova-
€TCSI B TIOBBIIIICHUH BBIX0a BOIOPOAA, IIPUTOTHOTO IIJIsT
TIPUMEHEHMS B TOIUIMBHEIX 3JIEMEHTaX, TP OTHOBpE-
MEHHOM CMSITYCHUM YCIOBHI pEeaKIIMU W YBEINICHUHN
CpoKa CIy>KObl MEMOpPaHHI.

YcTaHOBKA 3/1eKTPOCIMHHMHTIA /LISl TOTy4eHHs] HAHOBO-
Jokon (CN208309015U)

ITone3Hast MoaiesIb PACKPBIBAET YCTPOMCTBO 3JIEKTPO-
CMWHHUHTIA ISl TOJYYEeHUs] HAHOBOJOKOH, BKJIIOUYAIO-
111ee: 3y0uaThblii ABUTaTesb, MPUEMHBIN POJIMK, BHICOKO-
BOJIbTHBIM UCTOYHUK MUTAHUSI, pe3epBYyap sl pacTBO-
pa, HACOC, HAIOPHBIM BO3AYIIHLINA COCYI, BO3AYIIHBII
KOMIIPECCOP, pacipeneanTeb U HAITOJTHUTEIbHbI O0aK.
Pacnipenenutelib ycTaHOBJIEH B HUDKHEN YaCTU pe3epBya-
pa, 3aTeM YCTaHaBJIMBAETCS BbIIYCKHAS TOJIOBKA HA pac-
npeneauTese, pojauK HEMOCPEACTBEHHO Hall pe3epBya-
pOM IIJISI pacTBOpa, OCb COEAMHEHUS CTYITUIIbI POJIMKA
M 3yOYaToro ABUraTesisl, IPUEMHBIN POJIUK MTPOXOIUT
yepe3 CoeIMHEeHUE 3a3eMJIEHUSI MPOBOJIA, aHO, BbICOKO-
BOJILTHOTO MCTOYHUKA MUTAHUS COENUHEH C HUXXHUM
pacrpenenauTesaeM, BEpXHsIsl YaCcTh cocynia pacnpeaee-
HUSI AaBJIEHUS COeMHEHA C HUXKHUM MUTAIOIIMM 6aKOM
yepes3 BHEIIHUI TpyOONpPOBOA, OCHAIIIEHHBI HACOCOM
Ha BXOJSIIEM TpyOOIIpoBoOIe, a COCy sl pacipee-
JIEHUSI TaBJICHUSI COEAMHEH C paclpeaeuTesieM yepes
BBIXOJSIIMI TPYOOIIPOBO/I, BBIITYCKHAS TPyOa OocHallle-
Ha MAHOMETPOM, KJIarlaHOM M pacXoJdO0MepPOM, COCY]
pacnipefiesieHns 1aBAeHUS COEAUHSIETCS MOCPEICTBOM
HUXXHEU TpaBoii TpyObl MTOJa4YM ra3a U COeAMHSIETCS
C BO3MYILIHBIM KoMIipeccopoM. [lone3Hast Mmonenb naet
BO3MOXHOCTb MCMOJIb30BaTh PEXXMUM PACTBOPEHUS ra3a
B XXUJIKOCTH IO/ IaBJIEHUEM C 00pa30BaHUEM MY3bIPbKOB
MaJjoro oowbeMa, 9To 3POEKTUBHO 11 YMEHBIICHUS
IraMeTpa HAaHOBOJIOKOH [9].

OuabTPYIONIMIi MATEPUA HA OCHOBE CJIOS MOJTMMEPHBIX
HAHOBOJIOKOH M NPSIIMIbHBINA PACTBOP LIS €TI0 OJy4eHHs
(RU 2718786 C)

TexHmyecKnM pe3yabTaTOM TPYIIIE U300PETCHUIA
SBIIsIeTCSA obecriedeHre 3(GEKTUBHOCTH (PUITBTPALINT
OT TBIJICBBIX MUKPOYACTHUIL M a3p030Jieii pazMepaMu
0,3—0,4 Mmxm B ripenenax 85—95% 1npu BbICOKOI BO3MY -
xomporHuiraemoctu 180...250 mm/c ipu 200 I1a u Ipou-
HOCTH (QUITBTPYIONIETO MaTepyaia, a TAaKKe HaIeKHOTO
COCTMHEHUS CJIOS TTIOJIMMEPHOTO HAHOBOJIOKHA (HAaHO-
MeMOpaHbl) ¢ npeaduabTPOM-HAKOMUTEEM 3arpsi3-
HCHMI, TTO3BOJISIONIETO OCYIIECTBIISITh TODPUPOBAHIE
¢dmrpTpylomero Marepuana 6¢3 pa3pbIBOB KPYITHBIX
TIOJIOTCH M He JTOIMYCKaTh OTCIauBaHWS HAHOMEOpaHBI
OT TipeaduiIbTpa.

[TocTaBneHHasT TeXHUYECKAs MPOoOIeMa U TEXHIUIE-
CKWI1 pe3yNbTaT JOCTUTAIOTCS TeM, UYTO B IPSAUILHOM
pacTBoOpe IS TTOAYICHUS TTOJMMEPHOTO HAHOBOJIOKHA
OeCKaIMULISIPHBIM 3JIeKTPO(OpMOBaHIEM, COICpKAIIEM
CMeCh, MO KpaliHel Mepe, IBYX MOJUMEPHBIX MaTepua-
JIOB B OPTaHUIECKUX PACTBOPUTEJISX, COTJIACHO TIEPBOMY
M300peTeHNIO, TI0 KpalfHe Mepe OIWH 13 TTOJIUMEPHBIX
MaTepHUajIoB, SIBIISTIONIAICS CBSI3YIOIIUM, UMEET TeMIIe-
paTtypy Hadayia pa3MsITdeHHs HIDKE, 9eM TeMIIepaTyphl
IUIABJICHUST BCEX OCTAITBHBIX ITOJTMMEPHBIX MaTCPHUAJIOB,
CMeCh JOTIOTHUTENIEHO CONEPKUT ITOBEPXHOCTHO-aKTHB-
HOE BEIIECTBO, TICHOTACUTEIh M CTAOMIN3aTOP BI3KOCTH,
IIpUIEeM B Ka4eCTBE IIOBEPXHOCTHO-aKTUBHOTO BEIIIECTBA
BBIOpaH MOJIMATIICHTIINKOIbL MOHO (TeTpaMeTIIOyTa-
HOJ) (PeHUIIOBBINA 3(pUpP MM TOTNOKCUATIICHCOPONTaH
MOHOOJIeaT WX CMECh MOHO- 1 T3(UpoB pocdopHOit
KUCJIOTHI ¥ STOKCHIIMPOBAHHBIX CITUPTOB, COOTHOIIICHHE
KOMITOHCHTOB TIPUBEICHO B Ta0JI. 2.

Tabauya 2
CooTHomeHne KOMIIOHEHTOB CMECH

KommnoneHTbI mac. %

ITonumepHbIe MaTepUabI ot 8 no 15

ITonuaTUACHTINKOIbL MOHO (Te-
TpaMeTUI0yTaHO) (DeHUIOBBIN
3dup WIK MOJIMOKCUITUIIEHCOPOU-
TaH MOHOOJIeaT U CMECh MOHO-
u 1uaGUpoB PocHopHO KUCTOTHI
M 3TOKCWJIMPOBAHHBIX CITUPTOB

or 0,15 10 0,25

IleHoracurenb or 0,1 100,15
Crabuimnsarop BSI3KOCTH ot 0,05 10 0,10
OpranuyecKnii paCTBOPUTEIb ocTajibHOE

Crnoco6 noryuennsi karonHoro marepuaia LiVPO4F
JJI1 HAHOBOJIOKHUCTOIO JIUTHI -UOHHOTO AKKYyMYJadaTopa
(CN108821256A)

M300peTeHne 0OTHOCUTCSI K CITOCOOY TTOJIydeHUS Ka-
togHoro Matepuaina LiVPO4F nis HaHOBOJOKHUCTOTO
JINTHI-NOHHOTO aKKyMyJsiTopa. CriermnuaecKuii CIio-
co0 usroropnenus Matepuana LiVPO4F 3akmouaercs
B CJIeOyIOIIeM: ToOaBJICHIE JINTHSI, BaHAIUS, (GTOpa,
docdopa, BOCCTaHOBHUTEISI M TIOKPHITOTO YIJICPOITHO-
IO MCTOYHNKA B OPTraHNYECKUI pacTBOPUTEIIh B COOT-
BETCTBHUU C IIPOITOPILMUSIMH; HATPEB U MepPEeMEIITNBAHNE
pacTBOpa IJist OBICTPOTO U TTOJTHOTO BOCCTAHOBJICHUS
V<5+> B V<3+> u dhopMupoBaHUs 3€JEHOTO pacTBO-
pa; yCTaHOBKA paboyero HaIPsKeHUSI U CKOPOCTH T10-
TaYM; TIPOBEICHIE 3JCKTPOCTATUUECCKOTO CITMHHUHTA
JIJIST TIOJTyYeHMST HAHOBOJIOKHICTOTO TIPEIIIIeCTBEHHUKA
LiVPO4F. Cnenytommmii aTar - ycTaHOBKA TTPeIIIeCTBEH-
Huka LiVPO4F B HeoKMcIUTEbHOM aTMOchepe I
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TIPOBEICHNUS BEICOKOTEMITEPaTyPHOTO CTIICKAHUS 1 €CTe-
CTBEHHOTO OXJIAXKACHUS 10 KOMHATHOM TeMIIepaTyphI
C TIOJIyYeHIEM TaKMM 00pa30M HAaHOBOJIOKHMCTOTO Ka-
togHoro Matepuana LiVPO4F. HoBrlii crioco0 mmosyye-
HUS 00J1aJaeT ITPOCTOTOM, KOPOTKIM TEXHOJIOTUICCKIM
TIPOILIECCOM, JISTKOCTBIO B YITPaBICHUH 1 TIPOIIecce TIPOo-
W3BOJICTBA; ITOJIYYCHHBIN MaTepHra IMEeT 0COOYIO MOp-
(osroruto mepecekarIIeiicss TpeXMepHO HAaHOBOJIOK-
HUCTOI (POPMBI, OJTaromapst 4eMy SJICKTPOXUMHIICCKIE
CBOIICTBA MaTepuaja 3HAUMTEJILHO yiayuiiatoTcs [11].

YcraHoBKa AJiA MOJTy4eHHsI HAHOCTPYKTYPHPOBAHHBIX
KOMIO3UTHBIX MHOTO(YHKIMOHAIbHBIX MOKPLITHIi U3 Ma-
Tepuana ¢ 3pdekrom namaT GopmMbl HA TOBEPXHOCTH
neramm (RU 2718785 C1)

M3006peTeHne OTHOCUTCS K YCTAHOBKE IUIS TTOJTyIe-
HUSI HAHOCTPYKTYPUPOBAHHBIX KOMITO3UTHBIX MHOTO-
(pYHKIIMOHATBHBIX TIOKPBITUI 13 MaTepuana ¢ dpdex-
ToM naMITH GopMul [12]. TexHndecKuM pe3yIbTaToM
M300peTeHUS SIBIISICTCST YBEIMUCHNE CpOKa SKCILIya-
TallM YCTAHOBKU. YBEJIMUCHNE CPOKA IKCILTyaTalllni
YCTAaHOBKM ITOCTUTAETCS 3a CUET IOIIOJTHUTCIBHOM
YCTaHOBKM, IIPUKPEILICHHOTO K paMe M COCIMHEHHOTO
¢ KOPITyCOM BaKyyMHOM Kamephl T (GYy3MOHHOTO Ha-
coca, a TaKKe JKECTKO 3aKPETUICHHOTO B KOXYXE ST OX-
JIAXKIEHMST TIOPOIITKOBOTO 03aTOpa-MeXaHOaKTHBATOPa,
BHYTPHU KOTOPOTO pa3MelleHa MeTaJTMIecKasl MeIlIajiKka,
COOOIIEHHAS C JICKTPOABHUTATENIEM, YCTAHOBICHHBIM
B BEpXHEI YacTH KOpITyca J03aTopa-MeXaHOaKTHBAaToOpa,
B HIDKHEH 9acTH KOpITyca J03aTopa-MeXaHOaKTHBaTopa,
KOTOpasI CBsI3aHa ITOCPEACTBOM JIMHUMN TPAHCIIOPTH-
poBku 1topoinka ¢ DI1®D ¢ razomiaMeHHOIT TOPEIKOMT,
YCTaHOBJICHO METAJUIMICCKOE CUTO C pa3MEpOM OTBEP-
CTUU 5 MKM, IIPHA 3TOM C OJHOI CTOPOHBI CPEIHSIS YaCTh
KOpITyca Jo3aTopa-MeXaHOaKTUBAaTOpa 3aKpeIUIcHa
Ha OOKOBOI TTOBEPXHOCTH OJI0Ka YIIpaBJICHUS TTOCPEI-
CTBOM JIBYyX KPETICKHBIX 3JICMCHTOB, 1 Uepe3 INTYLep IS
ToJaYM MHEPTHOTO Ta3a CBsI3aHa ¢ Ta30BBIM 0AJUIOHOM
C MHEPTHBIM Ta30M, a C APYTOil IIPOTUBOITOJIOKHOMN CTO-
POHBI T03aTOpa-MeXaHOAKTUBATOPa Pa3MeIleH IITYIIED,
KOTOPBIN Yepe3 BaKyyMHBI IIJIar COOOIIIEH ¢ BaKyyM-
HBIM HACOCOM.

YcraHOBKa M03aTOpa-MeXaHOAKTUBATOpPA IJIsl W3-
MeJTbYeHUS HAITBIISIEMOTO IIOPOIITKa ¢ 3P deKToM mamsi-
TH (POPMBI TTO3BOJISICT UCKITIOYUTD IIPOIICCC OKMCICHUS
HAaITBIISIEMOTO MaTepHaia, 3a CICT OCYIIECTBICHUS eTO
MEXaHMYEeCKOM aKTUBAIIUM, U3MEITbUCHUS W IIPOCeBa
(TIpM TOMOIIM CUTA) C MOMEHTAJIBHOM 1 OMTHOBPEMEH-
HOIT eTo MmomaJeil B Ta30IUIAMEHHYIO TOPEJIKY TS Ha-
OBUICHUSI, YTO TTO3BOJISICT CHU3UTH BEPOSITHOCTh 00-
pa3oBaHMUSA KOHIJIOMEPATOB ITOPOIITKOB M3 MHOTOKOM-
TOHEHTHBIX CIIJIABOB, CITOCOOCTBYIOIINX 3a0MBaHUIO

ra3oIIaMeHHOM TOPENIKI M KaK CIICICTBIEC HEBO3ZMOXKHO-
CTHU HAITBUICHUS (IIPOTOPAHUIO PE3MHOBBIX YIIOTHECHMIA
B TOpEJIKE) W COKPAICHUIO CPOKA €€ SKCILTyaTalliH.

Taxxce npedcmaeasiiom unmepec 045 CREUUAAUCTIOB
caedyrouue u300pemenus 6 004acmu HaHOMEXHOA02UlL:

+  Crroco0 ToIyIeHUS] MEeTaJUIIIOIMMEPHBIX HAHOKOM-
IMO3UITMOHHBIX MAaTePHUAIOB ¢ HAHOYACTUIIAMU Me-
Taymos [13].

* Cmoco0 moxy4eHnsT HAHOCTPYKTYPHOTO KOMITO3H -
IIMOHHOTO MaTepuaia Ha OCHOBE aTioMUHU [ 14].

*  Croco0 moydyeHHs TJICHOYHBIX MEIbCOMEPIKAIITIX
HAHOKOMITO3UIIMOHHBIX MaTCPUAIOB IUIST 3aIIATHI
METAJJIONPOAYKIIUY OT Koppo3uu [15].

*  Croco0 IOyYeHNST OTHECTOMKHX JIPEBECHO-TIONH -
MEPHBIX KOMITO3UTOB Ha OCHOBE BTOPWYHBIX TTOJIH -
onepuHos[16].

+  Crroco0 OLIeHKM arperaiui HAHOYACTHII B KOJUTOWI -
HBIX pacTBopax [17].

*  CHUMMETPUYHBIN YeThIPEXITapHBIN KaOeIb C TUICHKO-
HAHOTPYOUYATOM M MUKPOTPYOUaToii mepdoprupoBaH-
HO¥ n3onsueit xun [18].

*  CTpouTenbHBII KOHCTPYKIIMOHHEBIN 251eMeHT [19].

+ TloxprITHE C HU3KOM OTpaXKaTeIFHOI CITIOCOOHOCTHIO,
Ccroco0 1 crcTeMa JUTS TTOKPBITUS TTOII0XKH [20].

+ TlonygeHune IpKMX MOHOMEPHBIX (DIIyOpECIIEHTHBIX
6enkoB OmkHeTo mH(ppakpacHoro auamnazoHa (NIR)
IS OCTKOBBIX METOK IIPU MHOTOLIBETHON MUKPO-
CKOITMU 1 BU3yaJau3alnu in vivo [21].

* HccnenoBaHne HOBBIX CBOMCTB M3BECTHBIX MAaTHUT-
HBIX MaTEepHUAIOB (TSZKETBIX PEIKO3eMETbHBIX ME-
TaJTOB, T BBICOKASI CTEIICHb YUCTOTHI I OTCYTCTBHE
IIpUMeceil MOXET IIPUBECTU K TOSIBJICHUIO HOBBIX
MAarHUTHEIX (da3 1 (ha30BEIX TTepexomoB) [22].

* DjacTW4Has IMPOBOIAINAs IMJICHKA Ha OCHOBE Ha-
HouacTuIl cepebpa [23].

*  DyeKTpocTaTHiecKass HAHOBOJIOKHHCTAsI MeMOpaHa
KOHTPOJIMPYEMOTO BEICBOOOXKICHUS (PaKTOPOB pOCTa
U CTEHT ITaMSTH C MEMOpaHHBIM TTOKPBITHEM [24].

3AK/IIOYEHUE

OnHa M3 aKTyaJIbHBIX 3ada4 9KOHOMUKU JII000it
CTpaHBI — MTOBBIIICHE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIIJICHHOCTH 32 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHnsI. M1 B TOM HalpaBJIeHUH TJIaBHBIM OOBEKTOM
BHUMAaHMS CO CTOPOHBI TOCYIAapCTBa U KOMITAaHUIA CTa-
HOBSITCSI JIIOIW WJIU TIPEATIPUSITHS, Ibsl OCHOBHASI paboTa
CBsI3aHa C M300peTEeHNEM U BHEAPEHNEM HOBBIX TEXHO-
soruii. [ToaToMy HameeMcsI, YTO MyOIMKyeMast B JaHHOM
pyOpuke nHbopmanus 0yaeT BOCTpeOOBAaHHOM U TTO-
JIE3HOM TSI CTICLIMAIMCTOB.
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ABSTRACT: This study presents an investigation of the effects of high temperature on the thermal and microstructural properties
of cement mortars modified with nanosilica. In the first stage of the research, the effects of nanosilica (NS) and silica fume (SF) on
the hydration and compressive strength of cementitious composites were compared. In the second stage, four different types of
cement mortars, containing an optimal dosage of NS, were produced. Two of them contained a normal weight aggregate (quartz
or limestone), whilst two contained a heavy weight aggregate (barite or magnetite). Specimens without NS were produced for
control purposes. The specimens were exposed to 300, 450, 600 and 800°C, with their post-heating properties — including thermal
conductivity, specific heat, solvent absorption and cracking behavior — analyzed. The results show that NS exhibits significantly
higher reactivity with cement than SF. NS accelerates the cement hydration process and contributes more significantly to the 28 and
365 day compressive strength of mortar, as compared to SF. The incorporation of NS in a composite substantially decreases the
amount of CH in the mixture and leads to the production of additional C-S-H gel phase, which improves microstructure. The study
also shows that NS contributes to a decrement in the thermal conductivity and density of mortar, both prior to and after heating.
The incorporation of NS has a beneficial effect on decreasing the deterioration rate of mortars after heating, by decreasing absorp-
tion rate and the amount of cracks in in them.
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RESULTS AND DISCUSSION

3.4. Thermal conductivity and the specific heat of mor-
tars after heating

Fig. 6 presents the results of thermal conductivity (TC)
tests, before and after the exposure of specimens to elevat-
ed temperature. Since the water to paste ratio volume was
fixed for all specimens, the thermal properties of the mor-

© P. Sikora, 2020

tars were mainly related to the type of aggregate used. Di-
rectly after heating, the highest thermal conductivity was
reported for mortars containing quartz aggregates, which
can be attributed to the high crystallinity of quartz aggre-
gate; the next highest thermal conductivity was found to
have occurred for the magnetite aggregate. The thermal
conductivities of Q0, LSO, M0 and B0 mortars were 2.16,
1.54, 1.82 and 1.05 W/mK, respectively. Despite its high
density, the barite aggregate possessed a low TC, meaning
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that mortar B0 exhibited a thermal conductivity of 1.05
W/mK; more than twice as low as that of Q0. Incorpo-
ration of NS in the mixes resulted in the production of
specimens with lower thermal conductivities, with speci-
mens R3, LS3, M3 and B3 exhibiting values of 2.04, 1.46,
1.69 and 0.9 W/mK, respectively. This phenomenon — of
the presence of NS decreasing the thermal conductivity of
composites — has already been reported by a few research-
ers, with some authors also arguing that this is one of the
factors responsible for improving the thermal resistance of
NS-modified specimens [24]. While the exposure of the
specimens to elevated temperatures resulted in a gradual
decrement in their thermal conductivities, a slightly differ-
ent trend was observed in the case of magnetite aggregate
mortars. Above 300 °C, a loss in thermal conductivity of
between 4% to 15% was observed, with the lowest loss
occurring for specimen B3 and the highest for R0. After
exposure to 450 °C, further losses in thermal conductiv-
ity were observed for mortars Q, LS and B, with speci-
mens containing the magnetite aggregate exhibiting only
limited losses in TC. This can be attributed to the high
thermal stability of magnetite, which is composed mainly
of Fe,0,. After exposure to 600 °C, a significant drop in
TC was reported in specimens containing the quartz ag-
gregate. This phenomenon can be linked to the crystalline
character of this aggregate and its phase transformation
[25, 26]. While a difference between the NS and pristine
specimen was still visible at up to 600 °C, after exposure to
800 °C the ratio between the specimens vanished almost
completely. The residual thermal conductivity values of
the specimens are presented in Fig. 7. According to these
results, the mortars containing the normal-weight ag-

gregates exhibited the highest thermal conductivity losses
with increments in temperature. Furthermore, specimens
lost more than 50% of their initial TC after exposure to
800 °C. A significantly lower loss was found to have oc-
curred for specimens containing heavy-weight aggregates.

The results of specific heat tests are presented in Fig. 8.
Specific heat is highly susceptible to changes resulting
from the physical and chemical processes occurring in
aggregates or cement pastes, such as vaporization of free
water at about 100 °C or the dissociation of CH at between
400 °C and 500 °C [25]. In general, mortars containing
quartz, limestone or barite aggregates exhibited relatively
comparable initial specific heats, ranging between 1.62
and 1.82 MJ/m’K, while magnetite aggregate mortars ex-
hibited substantially higher values. Exposure to 300 °C did
not result in significant changes in the specific heat values
of specimens Q, LS or B, but an increment was observed
for the M specimens, up to a temperature of 600 °C. This
phenomenon is attributable to the phase transition of
magnetite to hematite [27], which occurs during the heat-
ing process. In the cases of the other specimens, expo-
sure to 450 °C resulted in a noticeable increment in the
specific heats of the LS specimens, while a noticeable
reduction occurred for the B specimens. Only a slight
increment was observed in the case of the Q specimens.
According to the literature, carbonate aggregates such as
limestone or dolomite have higher specific heats at higher
temperature ranges, because of an endothermic reaction
which results from the decomposition of the aggregate.
Accordingly, spalling is minimized and the fire resistance
of structural components is enhanced [28]. The specific
heat increment is highly dependent on the exact chemical
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Fig. 6. Thermal conductivity of cement mortars as a function of temperature
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Fig. 8. Specific heat of cement mortars as a function of temperature

composition of the carbonate aggregates and it can occur
from 400 to 800 °C, depending on the aggregate [2, 25].
This study has confirmed that LS specimens exhibit higher
specific heat values between 450 to 600 °C. In the case of
the quartz aggregate, only a slight, indistinct increment in
specific heat was seen, which is in line with other studies
[25]. After exposure to 800 °C, the specimens exhibited
a noticeable drop in specific heat, with specimens Q, LS
and B exhibiting comparable values. Based on the results,
it is difficult to draw any meaningful conclusions regarding
the relationship between the effects of NS and the specific
heat of mortars

3.5. Density after heating

The results of density evolution tests, as a function of
heating temperature, are depicted in Fig. 9. The initial
oven-dry density of mortars Q0 and LSO were 2.11 g/cm?
and 2.18 g/cm?, respectively. NS-modified specimens
Q3 and LS3 exhibited oven-dry densities of 2.07 g/cm?
and 2.12 g/cm?, respectively. As expected, the density
of the mortars containing heavyweight aggregates was
significantly higher than those of the mortars containing
norma-lweight aggregates, as a result of the high den-
sity of the aggregates themselves; they were 3.03 g/cm?,
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Fig. 9. Density of mortars as a function of temperature

2.96 g/cm?, 3.36 g/cm?® and 3.28 g/cm? for specimens
B0, B3, M0, M3, respectively. NS clearly contributed
to a slight decrement in the density of specimens, when
added to the mixture. This effect can be attributed to
the lower specific gravity of NS, as compared to ce-
ment. A similar effect can be observed when SF is in-
corporated in cementitious-composites, but it is more
pronounced as higher dosages of SF are usually used
[29]. Exposure to temperature resulted in a gradual
decrement in the densities of specimens, as a result of
the evaporation of water and the decomposition of the
components of the cement matrix. Moreover, density
decreased as result of the increase in cracks in the speci-
mens. At up to 800 °C, the density of specimens in mor-
tars containing quartz, barite or magnetite aggregates
decreased by up to 5% of the starting density. In distinc-
tion to this, a significant density decrement of over 10%
was observed in the mortars containing limestone, as
a result of the decomposition of this aggregate at such
a temperature.

In general, the literature reports that the mass loss in
both carbonate and siliceous aggregates, at up to about
600 °C, is minimal. Furthermore, the dissociation of
ordinary limestone can start at temperatures as low as
about 400 °C [1]. However, beyond 600 °C aggregate
decomposition occurs at a rate loss of 44 wt %, corre-
sponding to the stoichiometric CO, amount in CaCO,,
thus making significant mass loss a possibility [1, 25,
30]. In the case of heavy-weight aggregates, a gradual
decrement in the density of the specimens was found. It
was very low in the case of magnetite, due to the superior
thermal stability of this aggregates at elevated tempera-
tures. However, the barite specimens exhibited severe

aggregate spalling on their surfaces, thus indicating an
increase in mass loss.

3.6. Solvent absorption after heating

Fig. 10 presents the results of acetone absorption by
the mortar specimens, after heating. It was found that
while acetone has slightly different effects on pore filling
than water, the method can nevertheless be successfully
applied to provide indirect information on the pore struc-
ture deterioration rate, after heating. After exposure to
300 °C, pristine and NS-modified specimens exhibited
relatively comparable absorption values, though slightly
higher absorption rates were seen for specimens LS3, M3
and B3. This might have been caused by the higher vol-
ume of C—S—H gel decomposition in the NS-specimens
(Section 4.2). A further rise in temperature resulted in
a gradual increment in the porosity of specimens. After
exposure to 450 °C, the specimens containing quartz,
limestone or barite aggregate exhibited noticeable poros-
ity increments, while mortars containing the magnetite
aggregate exhibited only a slight increment. In all cases,
the NS-modified specimens exhibited lower acetone ab-
sorption than their corresponding pristine specimens.
A substantial increment in acetone absorption occurred
after exposure to 600 °C. This temperature is known to
be detrimental to OPC composites, due to the ongoing
decomposition of hydration products, as well as because
of the development of thermal incompatibility between
the cement paste and the aggregates. A drastic increment
in absorption was reported for mortars containing quartz
aggregate, followed by those with the limestone aggregate.
However, as discussed above, the change in the mass of
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Fig. 10. Acetone absorption of mortars after heating

the aggregates themselves was relatively limited, as the
effects of high temperature on quartz aggregate mortars
are completely different from those on carbonate aggre-
gate mortars. At a temperature of 600 °C the strain value
of quartz aggregate can be up to twice as high as that of
carbonate aggregates [1, 26, 28, 30]. This results in micro-
cracking, which in turn increases matrix porosity, thereby
confirming that carbonaceous aggregates are more resis-
tant to temperature in the medium heating range and that
highly crystalline quartz aggregate suffers from serious
cracking as a result of its expansion. Surprisingly, after
exposure to 800 °C and despite significant mass loss (as
reported above) mortars containing quartz aggregate still
exhibited higher absorption rates. This might be explained
by the fact that quartz specimens underwent much higher
micro-cracking than LS-mortars, as a result of thermal
expansion. In the case of mortars containing heavy-weight
aggregates, a gradual increment in acetone absorption was
observed, with the barite aggregate specimens exhibiting
higher absorption than the magnetite specimens, with
increasing temperature. In addition, when the B3 mortar
was exposed to 800 °C, a higher acetone absorption was
seen. This phenomenon has been previously reported in
study [31], showing that barite aggregates exhibit high
water absorption, thus leaving less water available for the
cement paste. In the presence of NS, the cement mortar
matrix becomes more compacted; together with the high
susceptibility of barite aggregates to cracking, this resulted
in increased micro-cracking in the specimen. In general,
it can concluded that NS-modified specimens exhibited
lower absorption rates than the corresponding pristine
mortars, which confirms the MIP findings regarding dec-
rements in composite porosity.

3.7. Visual inspection after 14 days

14 days after exposure to elevated temperature, speci-
mens were inspected visually to assess their deterioration
rates. After heating, they were placed in ambient con-
ditions so as to facilitate free contact with atmospheric
moisture. As has been reported by many researchers,
specimens undergo deterioration when exposed to mois-
ture as a result of rehydration, which leads to cracking
and thus a decrease in their mechanical performance
with time [3, 32, 33]. No alteration was observed on the
surface of mortar specimens at up to 300 °C, which is
why no data regarding those instances has been included
here. However, narrow and short cracks were found in
specimens containing quartz aggregate, after exposure
to 450 °C (Fig. 11). The surfaces of mortars containing
the barite aggregate were damaged as a result of its ther-
mally induced spalling. This type of aggregate exhibits
anisotropic properties, with its thermal expansion vary-
ing in different directions; it thus has a tendency to crack
with increments in temperature [31]. It is therefore not
an appropriate aggregate for use in composites exposed
to elevated temperatures.

The surfaces of specimens exposed to temperatures
of 600 °C and 800 °C are presented in Figures 12 and 13,
respectively. Noticeable cracking of specimens contain-
ing quartz, barite and magnetite aggregates is visible after
exposure to 600 °C. No deterioration on the surface of the
LS mortars is visible, which can be attributed to their low
thermal expansion and the satisfactory resistance of the
aggregate to temperatures up to 600 °C [25]. Surprisingly,
despite the good thermal stability of magnetite, a crack
also occurred on the surface of the magnetite mortar, M0,
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Fig. 13. Visual inspection of the specimens after exposure to 800 °C

http://nanobuild.ru 152 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (3):
147-154

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

INTERNATIONAL EXPERIENCE

after 14 days of exposure. The addition of NS resulted
in less surface cracking, with none observed for M3 and
only limited cracking in R3 and B3, as compared to R0
and B0. After exposure to 800 °C, damage or the falling
of the edges of the Q0 mortars was visible, as well as
severe disintegration of the mortars produced with the
limestone aggregate. This is attributable to decomposi-
tion of the limestone aggregate, followed by rehydration
of the CaO formed, which is accompanied by significant
expansion. Furthermore, at this heating temperature,
specimens containing NS exhibited lower deterioration
rates than pristine mortars. Surprisingly, after 14 days,
specimens exposed to 600 °C exhibited higher cracking
rates than specimens exposed to 800 °C. This can be at-
tributed to the fact that, at a temperature of 600 °C, not
all of the hydration products undergo total decompo-
sition, so that specimens’ rehydration processes occur
more actively during their contact with moisture (i.c. re-
hydration of CH results in significant cracking). A similar
phenomenon, whereby higher surface cracking occurs at
lower temperature, has been reported in another study
[28]. Overall, it was observed that specimens containing
NS decreased the cracking rate, or even protected speci-
mens from cracking, after 14 days of exposure to atmo-
spheric moisture. It has been widely reported that CH has
a significant effect on the cracking potential of mortars
and therefore that specimens with lower CH contents are
more resistant to cracking. The TGA study performed on
28 day old specimens confirmed this phenomenon (see
Section 4.2, above). In addition, nanosilica refines mi-
crostructure, producing higher amounts of the C—S—H
phase and increasing the bonding between cement paste
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PE3KOME: B naHHo paboTe NpeacTaBneHo nccnefoBaHve BUAHVSA BbICOKOW TemMnepaTypbl Ha TEPMUYECKIE Y MUKPOCTPYKTYPHbIE
CBOWCTBA LIeMEHTHbIX PacTBOPOB, MOAMGULMPOBAHHbBIX HAHOKPeMHe3eMoM. Ha nepBom 3Tane nccnenoBaHus 6bio NpoBeeHo
CpaBHeHVe BNuAHMA HaHokpeMHe3sema (HC) n guokcmaa kpemHua (CO) Ha rugpaTtaumio U NPOYHOCTb Ha CKaThe LIeMEHTHbIX KOMMO-
3uToB. Ha BTOpoMm 3Tane 6b11v nonyyeHbl YeTbipe PasNNUHbIX BAa LLleMEHTHbIX PaCTBOPOB, COLEPKALLMX ONTUMANbHYIO JO3VPOBKY
HC. [IBa 13 H1X coepkanu oOblUHbI BECOBON arperar (KBapL, U 3BECTHSIK), B TO BPEMS KaK iBA COLlEPKall TSXKEbliA BECOBOW
arperat (6aput unu marHeTut). O6pasupbl 6e3 NS 6binv npon3BeaeHbl Ans Lenen KoHTponsA. O6pasubl noaBepranvcb BO3AENCTBIUIO
Temnepatyp 300, 450, 600 1 800°C, a Mx NOCTHarpeBaTesibHble CBONCTBA — BK/OYasA TENONPOBOAHOCTb, YAEbHYIO TEMIOEMKOCTb,
nornoLeHne pacTBoOpuTeNa U NoBefeHne Npy pacTPeCcKUBaHNN — aHaNU3NPOBaNuch. NonyyeHHble pe3ynbTaTbl MOKa3blBalOT, YTO
NS nposBnaeT 3HaUUTENBbHO 6oNee BbICOKYID PeaKLMOHHYI0 CMOCOBHOCTD € LieMeHTOM, YeM SF. NS yckopsieT npouecc ruapatauum
LieMeHTa ¥ BHOCUT 6osiee 3HauuTeNbHbI BKNaA B 28- 1 365-AHEBHYI0 MPOYHOCTb PacTBOpa Ha CKaTue Mo cpaBHeHMio ¢ SF. BknoueHre
NS B KOMMO3UT CyLLECTBEHHO YMeHbLIAeT KonryectBo CH B cmecy 1 NprBOAUT K 06pa3oBaHUio JOMOMHUTENbHON reneBoii ¢pasbl
C-S-H, uto ynyuwaet MUKpoCTpyKTypy. iccnepoBaHme Takke nokasbiBaeT, UtTo HC cnoco6CTByeT CHUMKEHMIO TEMIONPOBOLHOCTU
1 NNOTHOCTY PAcTBOpPaA Kak A0, Tak 1 noce Harpesa. BknioueHne HC oka3biBaeT 6/1aronprAaTHOE BAIMSIHUE Ha CHVIXKEHME CKOPOCTH
M3HaLLMBaHWA PacTBOPOB MOC/IE HAarpeBa, CHXKaa CKOPOCTb NMOMOLEHMA 1 KOIMYECTBO TPELLMH B HUX.
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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 [IporpaMmy 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 CIeUaTbHOCTH JJIST
CTpaHbl OBUIM TMOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC KaIphl JUIST CTPOUTEILCTBA U WHIYCTPUU TTPO-
M3BOJCTBA CTPOUTENIbHBIX MaTepUalioB U TOTyYCHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpOoiMaTepuasioB, obecrieuynBasl ee
CTAOWJTBHBIN POCT JUTSI 3aHSITUSI BEAYIIETO TIOJIOKCHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIBHBIX 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

nHdopmauus 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 JJadOpaToOpuii
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.
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Supporting Institution: Wuhan University of Technology
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Nanomodification is an effective way of forming
a fine-grained structure of a weld metal. Part I.
Factors determining the stability of the weld seam
against embrittlement
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"Voronezh State Technical University, Voronezh, Russia
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ABSTRACT: Steel constructions are the most important objects of the construction industry. The main method of connecting
individual elements and assemblies of such structures is fusion welding (electric arc, plasma, electron beam). One of the main
problems of metal structures is their tendency to brittle fractures that occur suddenly, without noticeable previous deformations,
often at below zero temperatures and loads. In this case, 70-80% of such damage is associated with welding. The nature of the
destruction depends not only on temperature, but also on the type of crystal lattice. Metals with a body-centered cubic (bcc) lattice
(tungsten, molybdenum, a-iron) are plastic at a relatively high temperature, but become brittle when negative. And metals with
a face-centered cubic (fcc) lattice (aluminum, nickel, copper and y-iron) are plastic even at temperatures close to absolute zero. With
decreasing temperature, the mobility of dislocations and vacancies decreases, the yield strength o_ increases, that is, the ductility of
the metal decreases. Using the A.F. loffe model showed that the critical temperature of the transition from viscous to brittle fracture
with decreasing temperature depends on the rate of increase of 0. In austenitic steels (fcc lattice with a period a = 0.3645 nm), the
impurity mobility (paired with a vacancy) through the internode of the lattice is higher, and the growth rate os is lower than that of
low-carbon low alloy steels (bcc lattice with a shorter period a = 0, 2861 nm). Therefore, the low carbon steels from which structures
are made are more sensitive to lower temperatures.

In addition, resistance to brittle fracture depends on the number and size of metal continuity defects (pores, inclusions, low-plastic
phases in the structure, etc.), which are stress concentrators. Welds are the main suppliers of such dangerous defects and sources
of crack initiation. During crystallization of the weld pool, a coarse, columnar dendritic structure with reduced ductility is formed.
The formation of a fine-grained structure of the weld during crystallization helps to increase its ductility. The grain size in the cast
metal (in the weld) depends on the crystal growth rate and the rate of their nucleation. When welding, the most effective way to
grind the grain in the seam is to increase the rate of nucleation. The introduction of refractory particles of nanoscale order into the
weld pool (nanomodification) allows obtaining a fine-grained weld structure.

KEYWORDS: brittle fracture of welded structures, crystallization of the weld pool, obtaining a fine-grained structure of the weld.
FOR CITATION: Boldyrev A.M,, Sizintsev S.V., Sannikov V.G., Pershin V.F. Nanomodification — an effective way to form a fine-grained

structure of the weld metal. Part I. Factors determining the stability of the weld seam against embrittlement // Nanotechnology in
construction. — 2020. - Volume 12, N° 3. - pp. 160-165. — DOI: 10.15828/2075-8545-2020-12-3-160-165.

INTRODUCTION welding. The transition from riveted to welded construc-
tions ensured an increase in labor productivity, a reduc-

Steel constructions are the most important objects of  tion in labor and material costs. This led to an increase
the construction industry. The main way to connect  in the range and production of metal structures. Almost
the individual elements and nodes of such structures is ~ 70% of the global consumption of metal structures is the
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production of welded products, structures and facilities.
The volume of production of welded structures worldwide
is hundreds of millions of tons [1].

One of the main problems of welded metal structures
is their tendency to brittle fractures that occur suddenly
without noticeable previous deformations, often at low
temperatures and loads below design.

According to statistics, 70—80% of all recorded failures
of metal structures are associated with welding [2, 3].
For the first time, numerous cases of such failures were
recorded in the United States, when mass production of
welded ships and oil tankers was established [4]. Unfor-
tunately, cases of such destruction both here and abroad
continue to take place [5]. More often, such damage oc-
curs at a negative ambient temperature.

In connection with the intensification of development
of the northern and eastern territories of Russia, the prob-
lem of increasing the resistance of welded metal structures
to brittle fractures at low temperatures is of particular
relevance [6]. This article discusses the main causes of
embrittlement of weld metal, as one of the main sources
of nucleation and development of cracks in a welded joint.

METHODS AND MATERIALS
Mechanics of brittle fracture of metals

A.F. loffe, based on the concepts of two types of frac-
ture: shear (plastic fracture) and chip (brittle), proposed
a scheme for the transition of a solid from viscous to
brittle fracture (Fig. 1) [7].

According to this scheme, the tensile strength of in-
teratomic bonds in the crystal lattice o, (brittle strength)
is determined by the nature of the substance — the struc-
ture of atoms and the type of crystal lattice. Therefore,
o, depends little on temperature. And shear resistance o
(plastic strength) characterizes the ability of a material
to deform without breaking atomic bonds. In polycrys-
talline bodies, deformation during loading occurs along
slip planes — along grain and twin boundaries due to ac-
cumulation and dislocation movement in these zones.
With decreasing temperature, the number and mobility
of dislocations decrease, and the deformation resistance
(vield strength o) increases. At temperatures lower than
T, strains os exceeding the strength of interatomic bonds
(0,>0,) are necessary for deformation of the material;
therefore, brittle fracture occurs in this case. Thus, ductility
is the main factor determining the resistance of the metal
to embrittlement. The nature of the destruction of metals
depending on temperature is closely related to the type of
crystal lattice. Metals with a body-centered cubic lattice (W,
Mo, a-Fe) and tightly packed hexagonal (Zn, Be) plastic
at a relatively high temperature, become brittle at negative.
And metals with a face-centered cubic lattice (Al, Ni, Cu,
and y-Fe in high-alloy austenitic steels) are ductile even

at temperatures close to absolute zero. In them, the yield
stress increases with decreasing temperature less inten-
sively than in metals with a bcc lattice (curve 2 in Fig. 1).
Building metal structures are made mainly of relatively
cheap low-carbon low-alloy steels containing more than
90% a-iron with a body-centered cubic lattice. Therefore,
with decreasing ambient temperature, the risk of brittle
fracture of such structures increases. This danger is caused
not only by the high sensitivity of low alloy steels to nega-
tive temperatures, but also by the formation of defects in
the weld during crystallization of the weld pool in the form
of pores, microcracks, and nonmetallic inclusions. Such
foreign inclusions are stress concentrators and centers of
crack initiation. The magnitude of the increase in stress in
the defect zone depends on its size and shape. Near the
ellipsoidal inclusion, the stresses 0" in comparison with
the average o increase by 20 Na/r [8]:

6*20(1+2\/%):O'+k, (1)

where a and r — defect length and rounding radius of
the sharpest part; k = 20 \Va/r — stress intensity factor.
That is, the larger the size of the defect and the smaller the
radius of its sharpest part, the greater the stress intensity
factor, the more dangerous this defect.

If the coeflicient k exceeds a critical value, then the
defect becomes the crack nucleus, which, as a result of
merging with other microdefects, develops into a main
crack.

Stresses

—= Temperature

Fig. 1. The scheme of transition of viscous fracture (I)
to brittle (IT) with decreasing tem-perature [7].

1 — metals with a body-centered cubic lattice;

2 — metals with a face-centered cubic lattice
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It follows that to increase the resistance of weld metal
against embrittlement, it is necessary to exclude the ap-
pearance or minimize the number and size of such de-
fects. It should also be borne in mind that the sphere
is the most favorable form of a defect with a minimum
stress concentration. This must be taken into account
when additional crystallization centers (modifiers) are
introduced into the weld pool. The practice of examin-
ing the state of exploited and destroyed welded metal
structures showed that welds, whose mass fraction in
the structure does not exceed 1%, are the main suppliers
of dangerous defects and sources of crack nucleation.
Therefore, the reliability and durability of welded metal
structures largely depends on the quality of the weld
metal. Under alternating or pulsating loads, the fatigue
crack nucleates in the weld, in the defect zone or at the
point of transition from the weld to the base metal. Its
further development completes the destruction of the
welded joint or the entire structure.

Specificity of crystallization of the weld pool

The formation of a welded joint is carried out in a weld
pool, which is formed as a result of melting the edges of
the connected elements, electrode wire, flux or electrode
coating. All these components in the molten state interact
with each other and with the gas phase. As the arc moves
along the seam in the tail of the weld pool, a crystalliza-
tion process is carried out, fixing an integral connection
of structural elements.

For the first time, the type of structure formed during
crystallization of a metal melt under foundry conditions
was described by Russian metallurgist D.K. Chernov
(1839—1921) [9]. The crystallization conditions of the
metal in the weld pool are significantly different from
the crystallization conditions of castings. During cast-
ing, crystallization of the melt after pouring into the
mold proceeds under conditions of continuous cooling,
without supply of heat. The latent heat of fusion released
during this slows down the growth of crystals, and con-
tinuous heat removal leads to supercooling of the melt,
which contributes to the endogenous nucleation of new
crystals in the central part of the casting. The overheat-
ing of the melt in the weld pool is much higher than
during casting. In the weld pool, the volume of which is
significantly smaller than the casting, the thermal energy
of the electric arc is continuously introduced. The tem-
perature of the arc column is more than 6000 K, and in
active spots (anode, cathode) the metal heats up to the
boiling point. The boundary of the bath is an isother-
mal surface with a temperature equal to Tm of partially
melted grains. This surface is an active initiator of the
growth of a new phase. As a result of this temperature
difference and the presence of active centers of growth
of the solid phase, which prevent the nucleation of new

crystals in the melt, the crystals in the bath grow from
its boundary to the center (Fig. 2).

Therefore, large columnar dendrites are formed in
the weld metal. Such a coarse structure, combined with
defects formed during crystallization (pores, non-metallic
inclusions, microcracks, etc.), causes a low ductility of the
weld metal. At the same time, alloying the weld metal to
increase its ductility, as a rule, leads to a decrease in the
tensile strength o,. The only way to increase the ductility
of a metal without a significant decrease in strength is the
formation of a fine-grained structure [10]. In this case,
while maintaining intragranular strength, by increasing
the number of slip planes and the area of grain boundar-
ies, the possibility of deformation of the metal without its
destruction increases.

Crystallization kinetics parameters determining grain
sizes

Grain in metal science means a crystal grown during
the crystallization of a melt from one nucleus.

A mathematical analysis of the process of crystalli-
zation of the melt in a limited volume showed that the
diameter of the spherical grain d is proportional to the
volumetric growth rate of crystalline nuclei R and in-
versely proportional to the rate of their occurrence in the
melt n [11].

where R [m?*s!]; n[m?*s']; k — coefficient depend-
ing on the shape of the growing crystal.

It follows from (2) that for the formation of a fine-
grained structure, it is necessary to reduce the crystal
growth rate and increase the rate of nucleation. When
the melt is cooled without heat influx from the outside
(as during casting), the crystal growth rate decreases over
time and, if there are no refractory impurities, crystalli-
zation occurs at a temperature TlD below the equilibrium
T :AT=T_ - Tp (AT — supercooling). Upon reaching
supercooling of a certain critical value AT  in the melt in
the supercooling zone, spontaneous homogeneous nucle-
ation of new crystals occurs and a fine-grained structure
is formed.

During welding, when thermal energy is continu-
ously introduced into the bath, such subcooling cannot
be obtained. Therefore, the main direction in solving the
problem of obtaining a fine-grained structure of the weld
metal under conditions of fusion welding is to find ways
to increase the rate of nucleation of crystals in the weld
pool (n).

The rate of formation of stable solid phase nuclei
in the melt depends on the amount of energy spent on
overcoming the potential barrier during the transition
of an atom from the liquid phase to the solid, i.e. on the
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elecirode + V
weld pool I w

seam

metal being
welded

A-A

fusion line

weld metal

e

by T

boundary

bath head

welded

bath tail

Fig. 2. The scheme of formation of the weld arc welding (a), the formation of the structure of the weld
when welding austenitic steel with large (b) and (c) fine grain. 1, 1,1  — length of the head, tail and total
length of the weld pool; V_ — direction of movement of the welding arc; MNM — and MOM — melting
and crystallization front; arrows indicating melt flows in the bath

formation of an interface between the liquid and solid
phases. With a decrease in the height of this barrier, the
probability of such a transition, and hence the rate of
nucleation, increases [12]. The presence of impurities
reduces the height of the potential barrier; therefore, the
nucleation of crystals in a melt untreated from impurities
occurs with very little supercooling, almost at an equilib-
rium crystallization temperature.

It was established that not all impurities contribute
to the nucleation of crystals in the liquid phase, but only
those whose type and parameters of the crystal lattice are
most consistent with the parameters of the crystallizing
substance (P. A. Dankov rule on structural and dimen-
sional correspondence [13]).

The influence of refractory impurities is explained by
a decrease in the work of formation of the liquid — crystal

interface. The magnitude of this energy gain also depends
on the degree of wettability of the impurity particle by the
melt. Non-wettable particles do not affect the formation
energy, in addition, due to the weak forces of interaction of
such particles by the matrix, they are the centers of crack
nucleation. When the particles are completely wetted, en-
ergy is not required to overcome the potential barrier during
the transition of atoms from the liquid phase to the solid.
Such particles become active centers of crystallization and
are not stress concentrators in the weld metal.

A large number of works have been devoted to ways of
influencing the crystallization of the weld pool in order to
obtain a fine-grained structure of the weld. These are: ac-
tivation of refractory particles existing or introduced into
the melt, crushing of growing crystals using low-frequency
and ultrasonic vibrations, changes in the conditions of
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melt overcooling before the crystallization front due to
periodic temperature fluctuations in the crystallization
zone, etc. [14, 15].

Currently, it is generally recognized that the most ef-
fective way to increase the rate of nucleation of the solid
phase in the weld pool is to introduce nanosized particles
into the melt of refractory particles (nanomodification),
which can be used in combination with other methods of
acting on the weld pool.

CONCLUSIONS FOR PART 1
1. Cold brittleness and resistance of the weld metal

against brittle fracture is determined by its ductility and
type of crystal lattice.
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HaHnomoaundvumnposaHmne - 3pPeKTNBHbIN CNOCO6
dopMunpoBaHNA MeNKO3epHNCTON CTPYKTYpPbl MeTasnna LBa.
YacTb |. PakTopbl, onpegensawowme CTONKOCTb
CBapHOro WBa NPOTUB OXpPyNn4YnBaHNA

A.M. bongpipes' (»), C.B. CuauHuyes™ (=), B.I. CaHHukoB' (2}, B.®. Mepwnn?

! BOpOHEXCKMI rocyAapCTBEHHbIV TEXHUYECKNI YHUBepcuTeT, . BopoHex, Poccna
2 Tamb6OBCKUI roCyAapCTBEHHbIV TEXHUYECKMI YHBEepCUTeT, . Tam60oB, Poccusa

* KoHTaKTbl: e-mail: sizincev.1991@mail.ru

PE3IOME: MeTannuyeckre KOHCTPYKLMM ABMIAIOTCA BaXKHENLIMMM OO bEeKTaM CTPOUTENbHOM oTpaciv. OCHOBHbIM CMOCO60OM coeau-
HeHVA OTAENIbHbIX S/IEMEHTOB 1 Y3/10B TaKMX KOHCTPYKLIMI ABNIAETCA CBapKa NiaBfieHneM (3N1eKTpoAyroBas, ninasmMeHHas, 311eKTPOH-
Ho-nyyeBas). OQHOW 13 rMaBHbIX NPO6IEM METaNNOKOHCTPYKLMIA ABNAETCA MX CKIIOHHOCTb K XPYMKUM Pa3pyLUeHUAM, BO3HMKAIOLWMM
BHe3arnHo, 6e3 3amMeTHbIX NpeLecTByLWMX JedopmaLyi, YacTo NP OTpULLaTeSIbHbIX TeMNepaTypax 1 Harpy3kax HUXE PacUeTHbIX.
Mpwn 3Tom 70-80% Takmx paspyLUeHnin CBA3aHO CO CBapPKOW. XapaKTep pa3pyLUeHWA 3aBUCKT He TOJIbKO OT TemriepaTypbl, HO 1 OT TUMa
KpurcTannmyeckoi pewweTku. MeTtansbl ¢ 06bemMHo-LeHTprpoBaHHO Kybuueckon (OLIK) pelueTkoit (Bonbppam, MonmbaeH, a-xeneso)
NAaCTUYHbI NPY OTHOCUTENbHO BbICOKOW TeMMepaType, HO CTaHOBATCA XPYNKUMUM NPK OTprLaTeNbHON. A MeTaslibl C rpaHeLeHTpupo-
BaHHO Kybuueckoi (TLK) pelueTkoin (anioMyHWiA, HAKENb, Meflb U Y-KeJie30) MNAaCcTUUHbI AaXe Npu TemnepaTypax, 61m3kmx K abco-
JIOTHOMY Hy1t0. C MOHMXKEHMEM TeMMepaTypbl yMEHbLIAETCA MOABKHOCTL AVCIOKALMIA 1 BaKaHCUI, BO3PACTAeT Npefjes TeKyuecTn o,
TO eCTb CHMPKaeTCA NNacTMYHOCTb MeTanna. C nomolypbio mogenu A.O. Mlodde nokasaHo, 4To KpUTryecKas TemnepaTtypa nepexopa ot
BA3KOTO Pa3pyLUEHVIA K XPYMKOMY MNPy MOHKEHUM TeMMEePaTypbl 3aBUCUT OT TEMNA HAPACTAHKA O_. Y ayCTEHUTHbIX CTajel (peLleTka
MUK c neprogom a = 0,3645 HM) NOABMKHOCTb MpUMeCcH (B Mape C BakaHCUel) Yepes MeX0oy3NnaA PeLLeTKU BbiLLe, @ TeMM HapacTaHnA
OS HIXKe, YeM Y HU3KOYTIePOAMNCTbIX HU3KONErMpoBaHHbIX cTanei (pewetka OLK ¢ MmeHbluimnm nepuogom a = 0,2861 Hm). [osTomy HU3-
KOYyrnepoamncTble CTanu, U3 KOTOPbIX M3roTaB/MBAIOT CTPOUTENbHbIE KOHCTPYKLMY, Gonee UyBCTBUTENbHBI K MOHVIKEHUIO TEMMepaTypb.
Kpome Toro, CTOMKOCTb NPOTUB XPYMNKOro pa3pyLUeHrsa 3aBUCUT OT KOIMYECTBa U pa3mepoB AedpeKToB CrIOWHOCTU MeTanna (nop,
BKJIOUEHUIA, MANOMIACTUYHbIX a3 B CTPYKTYpe U T.M.), ABNALWMXCA KOHLEHTPaTOpaMmn HanpsxeHuin. CBapHble LIBbI ABNAIOTCA
rMaBHbIMY NOCTaBLLYMKaMM TaKMNX OMaCHbIX AeGEKTOB 1 NCTOYHMKaMV 3apoXKAeHNA TPELUH. Mpy KpucTannmnsaumm CBapoyHO BaH-
Hbl dopmupyeTca rpybas, ctonbuyatans AeHAPVTHAA CTPYKTYPa C NMOHMMXEHHON NNacTMYHOCTbI0. DopM1poBaHVie MENKO3epPHUCTON
CTPYKTYPpbI LWBa B NpoLecce KpUCTanmnsaumm cnocobCcTByeT NOBbILEHUIO ero NNacTUYHOCTU. Pa3mepbl 3epHa B IMTOM MeTanie
(B WBE) 3aBUCAT OT CKOPOCTU POCTa KPMCTANIOB 1 CKOPOCTY MX 3apoxaeHus. Mpu ceapke Hanbonee 3¢pdeKTVBHbLIM CNOCOO0OM
M3MenbyeHVA 3epHa B LLBE ABMAETCA yBe/IMYEHVE CKOPOCTY 3apoAbllieobpa3oBaHyis. BBeaeHne B CBapOUHYI0 BaHHY TYronnaBKmx
4acTUL, HaHOPa3MepHOro NnopAaKa (HaHoMoAMPMLMPOBaHME) NO3BOAET NOAYUNTb MENKO3EPHUCTYIO CTPYKTYPY LUBA.
KNIOYEBDBIE CJIOBA: xpynkoe pa3pyLueHmne CBapHbIX KOHCTPYKLMI, KPUCTaNIM3aumna CBapoYyHON BaHHbI, NOJlyYeHne MenKkosep-
HUCTOW CTPYKTYpPbl CBAPHOTO LUBA.

ONA LWMTUPOBAHWA: bonpgbipes A.M., CnsnHues C.B., CaHHukos B.I, MepumH B.O. HaHomoamdurumpoBaHue — 3dpdeKTUBHbBIN cnocob

bopMUpoBaHNA MENKO3ePHUCTON CTPYKTYpPbl MeTassa Wea. YacTb |. akTopsbl, onpegensioLe CTONKOCTb CBAPHOTO LUBa NPOTUB OX-
pynunBaHusa // HaHoTexHonorum B ctpoutenbctae. — 2020. - Tom 12, N2 3. - C. 160-165. - DOI: 10.15828/2075-8545-2020-12-3-160-165.

BBEJIEHUE M y3JI0B TAaKWX KOHCTPYKIIMM siByisieTcsl cBapka. Ilepe-
XOII OT KJICTIAHBIX KOHCTPYKITNI K CBAPHBIM 00CCIICUILT

eTaJUIMIeCKNEe KOHCTPYKIINU SIBJISIIOTCS BaXKHE-  TOBBIIICHUE TTPOM3BOINTEIILHOCTU TPyIa, CHIDKCHIE
MIMMU 00BEKTaMU CTPOUTENBHOM oTpacian. Oc-  TPYHZOBBIX U MaTEPUAIBHBIX 3aTpaT. DTO IPUBEJIO K YBe-

HOBHBIM CITOCOOOM COEIMHEHUSI OTIEJIbHBIX 2JIEMEHTOB JIMYEHHNIO HOMCHKIIATYPhI 1 00BEMOB IIPpOMU3BOICTBA ME-
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TaJJIM4eCKUX KOHCTpyKuumii. [Tourn 70% MupoBoro 1o-
TPeOICHNST METAITTIOKOHCTPYKIINI TIPUXOAUTCS Ha IIPO-
HM3BOJCTBO CBAPHBIX M3IEIN, KOHCTPYKIINIA U COOPY-
keHuii. O0beMBI TPON3BOACTBA CBAPHBIX KOHCTPYKITUIA
BO BCEM MUPE COCTABJISIOT COTHU MUJIJIMOHOB TOHH [1].

OmHOI 13 TIIaBHBIX TTPO0JIEM CBApHBIX METAJTOKOH-
CTPYKIIMIA SIBIISICTCS X CKIIOHHOCTD K XPYIIKAM pa3py-
IICHUSIM, KOTOPHIC BO3HUKAIOT BHE3aITHO 0€3 3aMETHBIX
MpenmecTBYIOMNX aeopMalinii, 9acTo IMpyu OTPUIIA-
TeJIbHBIX TeMIIepaTypax 1 Harpy3Kax HIDKe pacyeTHHIX.

CornacHo cratuctuke, 70—80% Bcex GUKCUPYEMBIX
OTKa30B METAJNIOKOHCTPYKIIMII CBSI3aHO CO CBapPKOU
[2, 3]. BriepBbie MHOTOYMCIIEHHBIE CITy4an TaKUX OT-
Ka30B 3acdukcuposanbl B CIIIA, korna ObI10 HaJgaxkeHO
MaccoBO€e ITPOM3BOICTBO CBApHBIX KOpabieit n HedTeHa-
JIMBHBIX TaHKePOB [4]. K coxanenuro, cirydan moJoOHbIX
paspyIIeHHUIT 1 'y Hac, U 3a pyOeskoM NMEIOT MECTO OBITh
[5]. Yaiie Takue pa3pylieHUsI IIPOUCXOAST IIPU OTPpULIa-
TeJILHOU TeMIIepaType OKPYKaoIeit CpeIbl.

B cBs131 ¢ MHTEHCHDUKALIMCH OCBOCHUST CEBEPHBIX
W BOCTOYHBIX TeppuTopuit Poccuu mmpodiiema IoBHI-
IIEHUST CTOMKOCTH CBAapHBIX METAJJIOKOHCTPYKIINiA
TIPOTUB XPYIIKUX Pa3pymICHUI IIPU OTPUILIATECIBHBIX
TeMIIepaTypax mpruoodpeTaeT 0co0YyI0 aKTyaaIbHOCTh [6].
B Hacrosieii ctaTbe pacCMOTPEHbBI OCHOBHBIE MPUYMHBI
OXPYITYMBAHMS METaJIa IIIBa KaK OJHOTO U3 OCHOBHBIX
WCTOYHHUKOB 3apOKICHUS 1 pa3BUTHS TPEIIH B CBap-
HOM COCIUHCHUM.

METOAbI 1 MATEPUAJIBI
MexaHnuka Xpynkoro pa3pyuieHusi METaLIOB

A.®. Uodde, ncxonst u3 mpeacTaBiIeHUA O IBYX
THUITaX pa3pymIeHUs — cpe3oM (IJIacTHIECKOe pa3py-
IIIEHWE) ¥ CKOJIOM (XPYITKOE) — TIPEIJIOKII CXeMY TIepe-
XOZIa TBEPIOTO TEJIa OT BA3KOTO pa3pyHICHUS K XPYITKOMY
(puc. 1) [7].

CorracHO 3TOi cxeMe, COIIPOTUBJICHNUE Pa3phIBY
MEXaTOMHBIX CBSA3€H B KPUCTAJUIMYECKOM PELIETKE O,
(XpymKast TPOYHOCTB) OTIPEEIsIeTCs] TIPUPOIOi Bete-
CTBa — CTPOCHUEM aTOMOB M TUIIOM KPHUCTAJUIMICCKOMN
pemeTky. [103TOMY OB Majio 3aBUCHUT OT TEMITEPATyPHI.
A CONpOTHBIIEHNE CPE3Y O (MIACTUYECKAs TPOYHOCTh)
XapaKTepHU3yeT CITOCOOHOCTh MaTepHaia K aehopMalin-
M 0e3 pa3phIBa aTOMHBIX CBsI3¢eii. B mommukpucTammm-
YeCKHUX TeJIax nechopMalinst TPy Harpy>KeHUHU TIPOMCXO0-
IINT TIO TITIOCKOCTSIM CKOJIEXKCHMS — TI0 TPaHUIIaM 3epeH
¥ TBOMTHUKOB 3a CUCT CKOIIJICHUS 1 TIepeMEIeHUS T1C-
JJoKaumit B 3TuX 30HaX. C MOHIKEHUEM TeMIIepaTyphl
KOJIMYECTBO ¥ TTOABMKHOCTD JUCIOKAIINI YMEHBIIAIOT-
¢4, a CONPOTHUBIIEHUE NedopMaluu (TIpeaest TeKy4eCTh
0,) Bospacraer. [1pu TemMneparype HuxXe TKp nist neop-
Malli¥M MaTepuraja HeoOXOIMMBbI HATIPSDKEHUS OS, TIpe-
BBIILIAIOIIME MPOYHOCTh MEXATOMHBIX CBA3EH (0,>0),

MO3TOMY B 3TOM CJIy4yae HacTyIaeT XPyMNKOe pa3pyliie-
Hue. Takum 06pa3oM, TJIACTUIHOCTD SIBJISIETCS TJIAaBHBIM
daxTopoMm, OIpeaessioliM CTORKOCTh MeTajlia Mpo-
TUB OXpyM4rBaHUs. XapakTep pa3pylieHUsT METAJLJIOB
B 3aBUCUMOCTHU OT TeMITIepaTypbl TECHO CBSI3aH C TUTIOM
KPUCTAJUTMYECKON peleTk. MeTasibl ¢ 00beMHO-11eH-
TpUpoOBaHHOU Kyouueckoii pemerkoit (W, Mo, a-Fe)
1 C TeKCaroHaJbHOU IIJIOTHOYNAKOBaHHOMU (Zn, Be)
IUIACTUYHBI TIPU OTHOCUTEIBLHO BBICOKOM TeMIepaType,
CTaAHOBSITCS XPYIKUMM MPU OTPULIATETLHOMU. A MeTalIbl
C TpaHEILEHTPUPOBAHHON KyOMIecKol pemreTkoi (Al,
Ni, Cu u y-Fe B BBICOKOJICTUPOBAHHBIX ayCTCHUTHBIX
CTaJISIX) TUIACTUYHBI Jaxe MpUu TeMrepaTypax, OJIM3KUX
K a0COJIIOTHOMY HYJIIO0. Y HUX HapacTaHUe Tpefesia TeKy-
YeCTU C TOHUXKEHUEM TeMITepaTypbl TPOUCXOAUT MEHEE
WHTECHCUBHO, 9YeM y MeTasutoB ¢ OLIK -pemeTkoit (Kpu-
Bas 2 Ha puc. 1). CTpouTebHbIC METAJUIOKOHCTPYKIINHI
M3TrOTaBJIMBAIOTCS B OCHOBHOM M3 CPAaBHUTEJBHO JAeIIe-
BbIX HU3KOYTJIEPOAUCTHIX HU3KOJIETUPOBAHHBIX CTaNEH,
conepxauux 6ojee 90% a-xene3a ¢ 00bEMHO-LIEHTPU -
poBaHHOI KyOouueckoii pemeTkoit. [lToaTromy ¢ moHmxe-
HUEM TeMIIepaTypbl OKpYXXalollleil cpeabl BO3pacTaeT
OIMACHOCTb XPYIKMUX pa3pylIeHU TaAKUX KOHCTPYKIIWIA.
DTa 0ImacHOCTb 00YCIIOBIICHA HE TOJBKO BEICOKOI IyB-
CTBUTEJbHOCTbIO HU3KOJIETUPOBAHHBIX CTAJIE K OTpU-
LaTeJIbHBIM TeMIepaTypaM, HO U 00pa30BaHUEM B I1IBE
B Mpolecce KpUCTaaan3allii CBApOYHO BaHHBI Jie-

Q

Hanpsixexus

U T " T

kD D ' = Temnepamypa

Puc. 1. Cxema nepexona Bsa3koro paspymenus (1)

K xpynkomy (II) mpu nonmxkenun Temneparypsi [7]:

1 — MeTa/LIBI ¢ 00bEMHO-TIEHTPUPOBAHHOI KyOUUECKOi
PeIeTKOii; 2 — MeTaJlIbI C TPaHeIleHTPHPOBAHHOI
KyOm4eckoii penmeTKoii
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(bexTOB B BHIE ITOP, MUKPOTPEIIMH 1 HEMETAJUTIICCKIX
BKJIOUeHUH. Takne MHOPOIHBIE BKIIIOUEHMS SIBIISTIOTCS
KOHIICHTPAaTOpaMU HAIPSDKEHII T 09araMy 3apOsKICHIST
TpemrH. BeamanHa Bo3pacTaHUs HAIIPSDKEHUM B 30HE
nmedekTa 3aBUCUT OT eTo pa3zMepa U (popMbl. Bommsu
SJITUTICOBUIHOTO BKIIFOUCHMS HAIIPSDKEHUS 0 TTO cpaB-
HEHMIO CO CPEIHNM O YBEIMIMBAIOTCS Ha 20 Va/r [8]:

0'*:0(1+2\/%)=0+k, (1)

Ime a v r — UIMHa nedekKTa U paguyc 3aKpyTICHUS
HanboJiee OCTPOIi ero yacTu; k = 20 \/ai/r — K03 puLm-
€HT MHTCHCUBHOCTH HaIIpsLKeHUiA. To ecThb, YeM OOJIbIIne
pa3mep medeKTa M MeHBIIIC pagnyc Hauboiee OCTPOi
€r0 YacTH, TeM 00JIbIIe KOA(POUIIMEHT MHTCHCUBHOCTH
HATIPSDKEHUIA, TeM oImacHee 3TOT AeeKT.

Ecmu xoaddutinmeHT k& IPEeBBICUT KPUTUIECKYIO BE-
JIMYUHY, TO Ie(PEKT CTAHOBUTCS 3apONBIIIECM TPEIIIHEI,
KOTOpasi B pe3y/IbTaTe CIUSHUSA C IPYTUMH MUKpomedeK-
TaMM pa3BUBACTCS B MATUCTPATIBHYIO TPEIINHY.

OTcroma cienyeT, 9YTO IS TIOBBIIIEHUS] CTOMKOCTH
MeTaJlJla CBapHBIX IIIBOB IIPOTUB OXPYITIMBAHMS HEOOXO-
MO UCKITIOUNTH TTOSIBJICHHUE WJIM CBECTH K MUHUMYMY
KOJIMYECTBO M Pa3Mephl TaKuX AePeKToB. ClreayeT Takke
MMETh B BUIY, YTO HauboJjiee 01arornpusTHOU (opMoit
nedekTa ¢ MUHAUMAJIBHOM KOHLIEHTPALMe HaPsSKEHUS
saBisgeTcs cdepa. DTo HEOOXOTMMO YINUTHIBATh IIPH BBE-
IEHUU B CBAPOUYHYIO BaHHY IOITOJTHUTEIBHBIX IICHTPOB
KpucTtaymsauu (Mmoaudukatopos). [1pakTrka oocie-
TOBAHUSI COCTOSTHUS SKCIUTYaTUPYEMBbIX 1 pa3pyIICHHBIX
CBapHBIX METAJUTOKOHCTPYKIIMIA TT0Ka3ajia, YTO CBapHBIC
IIBBI, MACCOBASI TOJIST KOTOPBIX B KOHCTPYKIIUM HE TIpe-
BbIIaeT 1%, SIBJISIOTCS TIABHBIMY IIOCTABILIMKAMM OITAC-
HBIX 1e(DEeKTOB U UCTOUYHUKAMU 3apOKICHUS TPCIINH.
CrremoBaTelIbHO, HAIEXKHOCTD U IOJITOBEYHOCTH CBAPHBIX
METAJZIOKOHCTPYKIINI B 3HAUUTEIIBHOI CTCIICHU 3aBU-
CHT OT KauecTBa MeTalia IrBa. [1py 3HaKomepeMeHHBIX
UM TTYJTLCUPYIOIINX Harpy3KaxX YCTaJIOCTHAST TPEIIMHA
3apoxXaaeTcs B IIBe, B 30HE MeeKTa WM IT0 MECTY Tiepe-
XOoJIla OT IIBa K OCHOBHOMY MeTauly. JlajmbpHeifee ee
pa3BUTHE 3aBepPIIacT Pa3pylIcHIE CBAPHOTO COCTMHECHUST
WUIN BCelt KOHCTPYKITUM.

Crnemduka KpUCTA/UIM3ANNAN CBAPOYHOI BAHHDI

DdopmMupoBaHUEe CBAPHOTO COCAMHEHUS OCYIIECT-
BIISICTCS B CBApOYHOIT BaHHE, KOTOpast 00pa3yeTcs B pe-
3yJIbTATE TIABJICHUSI KPOMOK COCIMHSIEMBIX 3JIEMEHTOB,
3JIEKTPOIHON IIPOBOJIOKH, (hITFOCA WIIH SJIEKTPOTHOTO
TIOKPBITHS. Bece 3TM KOMITOHEHTHI B pacIUIaBJICHHOM CO-
CTOSTHUM B3aMMOJICHCTBYIOT IPYT C IPYTOM U C Ta30BOM
(azoit. [To Mepe NBUKEHMST IyTH BAOJH 1IIBA B XBOCTO-
BOI YaCTW CBapOYHOM BaHHBI OCYIIECTBIISICTCS IIPO-
ecc KpUCTAUIM3alni, (DUKCUPYIOIINI Hepa3beMHOE
COCIMHEHNE JICMEHTOB KOHCTPYKIIU.

BriepBBic TUIT CTPYKTYPHI, (POPMUPYIOMICHCS TIPU
KPUCTAJIA3aIINN METAJZIMIECKOTO paciuiaBa B yCIIO-
BUSIX JIUTEHOTO TIPOM3BOACTBA, OIMCAH PYCCKUM yUe-
HeiM-MeTayproM J.K. YepHosbim (1839—1921 1.)
[9]. YcnoBus kpucTayumm3anny MeTajuia B CBapOYHOM
BaHHE 3HAYNTEIHLHO OTINYAIOTCS OT YCIIOBUIA KPUCTAI-
JM3alny OTIWBOK. [1pu MUThe KpUCTAUIU3AIUS pac-
IUTaBa ITOCJIe 3aJIMBKU B (DOPMY IIPOTEKACT B YCIIOBUSIX
HETIPEePBIBHOTO OXJIaXKICeHMS, 0¢3 IToaBoaa TeIuia. BoI-
TEJISIONIAsiCS TIPA 3TOM CKpPBITast TCIUIOTA TIIaBJICHUS
3aMeIUISICT POCT KPHUCTAJJIOB, a HEIIPEPBIBHBIN Te-
IUIOOTBOJI IIPUBOAUT K IIEPCOXIIAKICHUIO pacIijiaBa,
CIIOCOOCTBYIOIIEE SHAOTCHHOMY 3apOXKICHUIO HOBBIX
KPHUCTAJUIOB B LICHTPAIBHOM YaCTH OTJIMBKH. [leperpeB
pacIuiaBa B CBapOYHOI BaHHE 3HAYMTEIIHHO BBIIIE, YeM
IIpYW JTUThe. B cBapouHyI0 BaHHY, 00hEM KOTOPOU CY-
IIECTBEHHO MEHBIIIE OTJIMBKH, HEIIPEPHIBHO BBOIUTCS
TeIUTOBas SHEPTHS IJICKTPUUIeCKoi myru. TeMmeparty-
pa cronba ayru 6onee 6000 K, a B akTMBHBIX ITATHAX
(aHOH, KaTOd) METaJJI HarpeBaeTCs OO0 TeMIIepaTyphI
KumieHus . ['paHunIIa BAaHHBI TIPEACTaBISICT CO00I M30-
TepMUYECKYIO IIOBEPXHOCTD C TeMIIepaTypoii, paBHOI
Trma, n3 9aCTUYHO OIIABJICHHBIX 3¢peH. DTa IMOBEPX-
HOCTb SIBIIICTCSI aKTUBHBIM MHUIIMATOPOM POCTAa HOBOM
da3zel. B pe3yiabpTaTe TaKOTO TEMIICPaTypPHOTO TIeperana
1 HAJIMYUS aKTUBHBIX IIEHTPOB pOCTa TBEpIO (pasHl,
MIPETISATCTBYIOMMNX 3apOXICHUIO HOBBIX KPUCTAJIJIOB
B pacIlIaBe, KpUCTAJIIBI B BAHHE PACTYT OT €¢ TPAHUIIBI
K LIeHTpY (puc. 2).

IToaToMy B MeTasie 1mBa (OPMUPYIOTCS KPYITHBIC
croouaTeie IeHIPUTHL. Takas rpydast CTpyKTypa B CO-
yeTaHUM ¢ nedeKTaMu, 00pa3yIoIINMHUCS B TIpoliecce
KPUCTATA3aINH (ITOPHI, HEMETATNICCKIE BKITIOUCHNSI,
MUKPOTPEIINHBI U Ip.), O0YCIOBINBACT HU3KYIO TIjIa-
CTUYHOCTh MeTajula IBa. BMecte ¢ TeM, lerupoBaHue
MeTaJula IIBa IIJIsT TIOBBIIICHUS €T0 THIACTUIHOCTH, KaK
IIPaBUJIO, IPUBOIUT K YMEHBIIICHUIO TIpeesa IMPOIHO-
¢t 0B. ENMHCTBEHHBIM CPEICTBOM MOBHIIICHUSI TIIA-
CTUYHOCTH MeTajUTa 0e3 CyIIeCTBEHHOTO YMEHBIICHUS
IIPOYHOCTH SIBJISICTCST (DOPMHUPOBAHME MEITKO3EPHUCTOMN
cTpykTypsl [10]. B aTOM ciyyae, mpu coxpaHeHUU BHY-
TPU3EPEHHON IIPOYHOCTH, 33 CUCT YBETMICHUS KOTIYIC-
CTBa TUIOCKOCTEH CKOJIbKEHUS M TUTOMIAIN MEXK3epeH-
HBIX TPAHUII BO3PACTaeT BO3MOXKHOCTD Ie(opMUpOBa-
HHS MeTajia 6e3 ero pa3pymeHus.

ITapamMeTpbl KHHETHKH KPUCTALTM3ALMH, OIPeIeIsio-
mipe pa3Mepbl 3epHa

ITox 3epHOM B METaJUIOBEACHUU TIOIPa3yMeBaiOT
KPUCTAJLJT, BEIPOCIIMI B MPOLECCe KPUCTATIIU3ALUNA
pacIuiaBa M3 OIHOTO 3apOIBIIIA.

MaremMaTU4YeCKUil aHAJIM3 TIpoliecca KPUCTaUIn3a-
IINU pacIjlaBa B OTpaHUYCHHOM 00BEeMe ITOKa3ajl, YTo
IraMeTp cpeprIecKoro 3epHa d IPOIIOPIIMOHANICH 00h-
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mMemann
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Puc. 2. Cxema 00pa3oBaHus mBa IyroBoii cBapKHu (a), hopMHPOBaHHE CTPYKTYPHI IMBA MPH CBAPKE ayCcTe-
HUTHOW CTa/M ¢ KPYnHbIM (0) U (B) MenkuM 3epHom: 1, 1, 1 — 1MHa ro/10BHOM 9acTH, XBOCTOBOM M 00mas
JUINHA CBAPOYHOIi BaHHBI; V_ — HampasJienue ABuKenus cBapouHoii xyru; MNM — u MOM — ¢ponT mias-

CB

JICHUA U KPUCTANIN3AIUH; CTPEIKAMHA 0003HAYEHBI IIOTOKH pacmjiaBa B BAHHE

€MHOI CKOPOCTH POCTa KPUCTAJUTMICCKIX 3aPOIBIIIEii R
1 00paTHO MPOMOPIIMOHAJICH CKOPOCTH X BO3HUKHO-
BeHUsI B pacruiaBe # [11].

R

d=k-§—,
n

()

rae R [M3ec']; n[M3c']; k — koadpuument, 3a-
BUCSILLINI OT (POPMBI paCTyILIETr0 KPUCTAJLIA.

N3 (2) cienyer, 94To Wit (hOPMUPOBAHUS MEIIKO3EP-
HUCTOM CTPYKTYpPbl HEOOXOIUMO YMEHbBIIIATh CKOPOCTh
pOCTa KpUCTAJUIOB U YBEJIMYMBATh CKOPOCTh 0Opa30oBa-
Hus 3apobiieii. Korma pacruiaB oxjaxaaeTcs 6e3 mpu-
TOKa TeIlla U3BHe (KakK IIPU JIUThE), C TeYeHUEM BpeMe-
HH CKOPOCTb POCTa KPUCTA/UIOB YMEHBILIAETCS, U, €CIIN
OTCYTCTBYIOT TYTOIUIABKME IIPUMECH, KPUCTAIIN3ALINS

TNPOUCXOANT Npu Temmneparype T Hiuske paBHOBECHOM
TKp: AT = TKp — Tp (AT — mepeoxnaxknenue). [1pu mo-
CTUKEHUHU MePEOXJIaXKICHUSI HEKOTOPOIl KpUTUIECKOM
BeanunHbl AT B pacruiaBe B 30HE I1epeOX/IaxICHUs
IIPOUCXOIUT CIIOHTAHHOE FOMOIE€HHOE 3apOXIcHUE
HOBBIX KPUCTAJLIOB, ¥ (hOPMUPYETCI MEIKO3EPHUCTAS
CTPYyKTYypa.

[Ipu cBapke, Korga B BAHHY HEIIPEPbIBHO BBOAUTCS
TEIJIOBasl SHEPIUsI, TAKOE MePEOXIakKaAeHNE MOJYyINTh
HEBO3MOXHO. [109TOMY OCHOBHBIM HaIlpaBJIeHUEM
B pPelIeHUHU IIPOOJIEMBI ITOJYyUYEHUS MEIKO3EPHUCTOM
CTPYKTYPbI METAJUIA 11IBA B YCIIOBUSIX CBAPKU IUIABICHU -
€M SIBJISIETCS U3bICKAHME CIIOCOOO0B YBEIMYEHUS CKOPO-
CTH 3apOblIc00pa30BaHuUsI KPUCTAUIOB B CBAPOYHOM
BaHHE (7).
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CKOpOCTh 00pa30BaHUST YCTOMIMBBIX 3apOIbITIICiT
TBepIoit (ha3kl B pacIiaBe 3aBUCUT OT KOJTMIECTBA SHEP-
TUU, 3aTpaurBacMoll Ha IIpeoI0IeHIE TIOTCHITNATHLHOTO
Oapbepa IIpH IIepexoae aToMa 13 KUIKOI a3kl B TBEp-
Iy1o, T.€. Ha 00pa30BaHMe ITOBEPXHOCTH paseiia MeXKIy
KUIKOU 1 TBepaoit pazamu. C yMEHBIIEHUEM BBICOTHI
3TOrO 0apbepa BEepOSITHOCTh TAKOTO TIepexXoa M, CJICIO-
BaTeJIbHO, CKOPOCTh 00pa30BaHUS 3apOIbIIICii BO3pac-
taet [12]. Hanmuune mpuMeceii CHUKaeT BBICOTY ITOTEH-
UATBHOTO Oapbepa, II03TOMY 3apOXKICHIE KPUCTAIIIIOB
B HEOUYUIIIEHHOM OT TIpUMECEei pacrijiaBe MpOUCXOIUT
TP OYCHBb MAJIOM TIePEOXTAXKICHIH, TIPAKTHICCKU TIPU
PaBHOBECHOI TeMIIepaType KpUCTaUTN3aIliHN.

YCTaHOBIIEHO, YTO HE BCE TIPUMECH CITOCOOCTBYIOT
3apOXKIECHUIO KPUCTAJLJIOB B XXUAKOM (ha3e, a TOIbKO Te,
TUTI ¥ TTapaMeTPhl KPUCTAITNIECKOM PEIIeTKI KOTOPBIX
B HaAMOOJIBIIICI CTCIICHN COOTBETCTBYIOT ITapaMeTpam
KpHUCcTaJIM3ylomerocs Bemectna (tipaBmio I1.A. JTaH-
KOBa 0 CTPYKTYPHOM 1 pa3MEepPHOM COOTBEeTCTBHUU [13]).

BiusHME TyromnaBKUX IIpuMeceit oObsICcHSIEeTCS
YMEHBIIIEHEM PaObOTHI 00pa30BaHMs IPaHUIIBI pa3ieiia
KHUIKOCTh — KPUCTaJUI. BenmunHa 3TOTO SHEpreTmie-
CKOTO BBIMTPHIIIA 3aBUCHUT TaKXKe U OT CTCIICH! CMavH-
BacMOCTH IIPUMECHOI YaCcTUIIHI paciiaBoM. Hecmaun-
BaeMbIC YACTHUIIBI HE BIIUSIOT Ha SHEPTHUIO 00pa30BaHUs,
KpoMe TOTO, M3-3a CJIA0BIX CHJI B3aMMOICHCTBUS TAKMX
YACTUII MATPULICH OHU SIBJISIIOTCST OY4araMu 3apOXKICHUS
TpemuH. [Ipy TOTHOM cMaYMBaHWU YaCTUI] SHEPTUN
Ha MpeoojieHre TTIOTeHIMaIbHOTO 0apbepa Mpu repe-
XOJIe aTOMOB M3 XXMIKOM (ha3bl B TBEpAYIO HE TPeOyeT-
cs. Takre 9aCTUIIBI CTAHOBSATCS aKTUBHBIMY IICHTPaMU
KPUCTAIUIN3ALINK U He SIBJISIOTCS KOHIIEHTpaTOpaMu
HAaTIIpsSDKeHW B MeTaJuIe IIBa.

Crrocob6aM BO3IECTBUS Ha MPOLIECC KPUCTATIIN-
3allM1 CBAPOYHOM BaHHBI C ICJIBIO TTOJTYICHMST MEJIKO-
3ePHUCTOM CTPYKTYPHI IIIBA TTOCBSIIIEHO OOIBIITOE KO-
JIMYECTBO PabOT. DTO aKTUBALIMS CYIIECTBYIOIINX MU
BBOIMMEIX B pacCIlIaB TYTOILIABKUX YACTHII, TPOOJICHIE

CIINCOK JIUNTEPATYPBI

pACTYIINX KPUCTAJLIOB C TTIOMOIIBIO HU3KOYACTOTHBIX
1 YIBTPa3BYKOBBIX KOJICOAHWI, N3MEHEHNE YCIOBUMA
BO3HUKHOBCHMS TEPCOXTAXKICHUS pacIjiaBa Iepen
(GPOHTOM KPUCTAIU3ALIMYU 32 CUET MEPUOINIECKUX
TeMIIepaTyPHBIX KOJIcOaHUI B 30HE KPUCTAJIN3AIINN
n ap. [14, 15].

B Hacrosiee Bpems o01enpru3HaHo, 4To Hauboiee
3(GEeKTUBHBIM CIIOCOOOM YBEJIMUYEHUSI CKOPOCTU 3a-
PpOIBIIIc00pa30BaHMs TBEpHOil (pa3kl B CBApOTHOI BaH-
He SIBJIICTCS BBEICHUE B PACIIIaB TYTOTUIABKUX YACTHUIL
HaHOpa3MEePHOTO ITopsiaKa (HaHOMOIU(UIINPOBAHNE),
KOTOPOE MOXHO TIPUMEHSITh B COYCTAHUM C IPYTUMH
CIocobaMu BO3ICHCTBYSI Ha CBAPOYHYIO BAaHHY.

BbBIBO/JbI ITO YACTH 1

1. X/1aIHOJIOMKOCTD ¥ CTOMKOCTH METaJIJIa IIIBa ITPO-
THB XPYITKOT'O pa3pyIIeHNS OTIPEIEIISIETCS €ro TIacThY -
HOCTBIO ¥ TUTTOM KPUCTANIMYECKOM PEIIETKH.

2. Bayrpennue nedekThl B BUIE CKOTUIEHUS IMCITIO-
Kalliii, MUKPOTPEILMH, NHOPOIHBIX BKIIIOYEHUI, TTOP
1 JIp. SIBJISIOTCS KOHLIEHTPATOpaMy HAIIPSIKEHWIA.

3. OCHOBHBIM ITOCTABIINKOM OITACHBIX ITe(PEKTOB
1 UCTOYHUKOM 3apOXKIACHUS TPEIIMH B CBAPHOM CO-
eIMHEHNN SIBJISIETCST METAJLT 11IBA.

4. Cneumndurka KpUCTaUIM3aliy CBApOYHON BaH-
HBI 00YCIIOBIMBAET (POPMUPOBAHUE KPYITHO3EPHUCTOMN
CTOJIOYATOM CTPYKTYPHI METAJIJIA IIBA C 00JIee HU3KOM,
YeM y OCHOBHOTO MeTaJUla, TIaCTUYHOCThIO. [ToaTomy
mpo0GJeMa IMoJIydeHsT MeTaJlJIa 1IBa C YJIbTPAMETKIM
3epHOM, 00JIaJAOIIETO BEICOKOI CTOMKOCTBIO TIPOTHUB
XPYIKOTO pa3pyLIeHUs TP OTPULIATEIBHBIX TEMIIEPa-
Typax, sIBJISIETCS BECbMa aKTyaJIbHOM.

5. Moandukamnyst KpUcTauIM3yIoIIerocss MeTaiia
IyTEM BBEIECHUS B CBAPOYHYIO BAHHY TYTOIJIABKMX Ya-
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ABSTRACT: The wettability of a surface of channels filtering liquids and gases under natural conditions of oil and gas reservoirs is
one of the parameters that largely determines the filtration. A nature of the filtration channel surface wettability determines a phase
permeability, capillary forces and intensity of adsorption at the interface. An ability of the filtration channel surface to be wet by the
polar or nonpolar phases of formation fluid and process liquids affects the filtration-capacitive parameters of oil and gas saturated
rocks. In this regard, in the development of oil and gas fields, much attention is paid to the study of physicochemical phenomena and
processes occurring at the interfaces. An article presents the results of a set of laboratory experiments to study the surface activity
of the colloidal system in the form of an emulsion with supercharged nanoparticles. A set of filtration experiments was carried out
using the United States Bureau of Mines (USBM) method in order to assess an effect of the emulsion system with nanoparticles on
wettability of the surface of oil and gas reservoir rock filtration channels. The research was conducted on rock cores of two oil and
gas fields in the Ural-Volga region of the Russian Federation. According to the applied experimental procedure, rock cores were
preliminarily maintained under reservoir conditions to give a surface of pore channels the properties close to the natural conditions.
After that, the wettability of rocks was assessed by measuring the USBM wettability index before and after filtering the emulsion
system with nanoparticles. Analysis of the research results showed that filtration of the emulsion system with high surface activ-
ity led to a change in the wettability of rocks from completely hydrophilic (USBM index - 0.60) to completely hydrophobic (USBM
index — minus 0.32). The research results allowed to conclude that there is a high potential for application of emulsion systems
with supercharged nanoparticles to control the filtration of formation fluids and process liquids in natural oil and gas reservoirs.
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INTRODUCTION

quality of hydrocarbon reserves development, as well

s an effectiveness of methods of technogenic impact

on natural reservoirs of oil and gas are largely defined by
correctness and relevance of information about a wet-
tability of surface of filtration channels. Determination
of the wettability of surfaces in a natural reservoir system
is a non-trivial task. In solving this task, it is recommend-

ed to take into account in complex a natural geological,
physicochemical phenomena and processes occurring at
macro and micro levels of the filtration channels, as well
as a geological transformation and change in thermobaric
conditions of reservoirs initiated by an anthropogenic im-
pact [1—8]. At a stage of geological development of oil and
gas reservoir, the wettability of rock surface is defined by
the properties of minerals composing a rock, and surface
changes in dynamics depending on geological transforma-
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tions and properties of multicomponent reservoir fluids,
which saturated the reservoir. As a result of an adsorp-
tion of reservoir fluid molecules on a surface of the pore
channels, a film of positively or negatively charged fluid is
created, which defines the wettability of the pore channel
surface. In the process of development of oil and gas res-
ervoir, the wettability will change along with a change in
the properties of reservoir fluids due to a violation of ther-
mobaric equilibrium of the reservoir system, as well as
filtration of technological agents in the reservoir. A large
number of experimental methods for studying the wet-
tability of rock surfaces were developed in the second
half of the 20" century [9—17]. One of these methods is
the United States Bureau of Mines (USBM) method,
according to which a wettability of rocks is assessed by
a hysteresis loop of capillary pressure curves [5, 9]. This
technique was used by the authors of this article for ex-
perimental research and assessment of colloidal systems
with nanoparticles influence on the wettability of rock
surfaces of two oil and gas fields in the Volga-Ural oil
and gas province.

METHODS AND MATERIALS

As a part of preparatory work for the experiments,
the rock cores of geological objects Bashkir (SBASh) and
Turney (S,,,) of two oil and gas fields of the Volga-Ural
oil and gas province were selected and studied. Prepara-
tion of core material for the research was carried out in
accordance with the requirements of industry and state
standards [18—20].

In order to conduct experiments in conditions closest
to natural, laboratory experiments simulated the natural

reservoir conditions of the studied geological objects. As
models of reservoir fluids, oil samples were used, taken
from wells drilled in geological objects under study S,
and S, . A brief geological and physical characteristics
of the geological objects is given in table 1.

Oil samples were placed in a metal container made
of stainless steel and heated to a temperature exceeding
the reservoir on 20°C. At this temperature, the oil was
kept for 3 hours with periodic stirring. Next, it was cooled
to reservoir temperature and filtered through a porous
medium. The sample of oil was considered suitable for
experiments if the filtration did not attenuate while pass-
ing through a cylindrical core sample. Then, the density
and viscosity of the obtained oil sample were determined
at reservoir temperature. In order to simulate the residual
water saturation of rock core samples, a reservoir water
model prepared using calcium chloride was used.

To conduct research, six cylindrical core samples were
taken from the wells of S, and S geological objects.
A brief filtration-capacitive characteristic of the core
samples is presented in table 2.

At the stage of preparation of process liquids for ex-
periments, laboratory samples of the emulsion system
with silicon dioxide nanoparticles (ESN) were prepared.
The colloidal system ESN is industrially used as a water-
limiting or oil-displacing agent in technologies for inten-
sifying oil production or enhancing oil recovery [21—30].
The nanoparticles used in the experiments are ultra-hy-
drophobic. The concentration of solid and aqueous phases
of the ESN sample was 0.5 and 81.5% vol. respectively.

The assessment of a wettability of rock surface was car-
ried out according to the U.S. Bureau of Mines (USBM)
method developed by Donaldson et al. [5, 9]. This tech-

Table 1
A brief geological and physical characteristics of the geological objects S, and S,
Name Object S, ., Object S,
The average depth of the roof, m 1100 1450
Rock limestones with }nterlayers dolomitic limestones
of dolomites
Type of porosity cavernous-fissure mixed
Porosity coefficient, frac. 0.13 0.10
Oil saturation coefficient, frac. 0.80 0.68
Permeability, 10-3 um? 47.0 21.0
Initial reservoir temperature, °C 22.0 27.0
Viscosity of oil in reservoir conditions, mPa s 12.4 10.2
Density of oil at reservoir temperature, kg/m? 880 860
Viscosity of water at reservoir temperature, mPa s 1.29 1.38
Density of water at surface conditions, kg/m?3 1108 1125
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Table 2

A brief filtration-capacitive characteristic of the rock core samples from the wells of S

and S

BASh Tur geological objects

Geological objects Rock core number Porosity (gas), frac. Permeability (gas), 10—3 um?
1 0.20 13.4
Siash 2 0.17 59.7
3 0.14 6.9
4 0.12 12.2
N 5 0.10 8.0
6 0.13 11.6

nique is based on the assessment of wettability by a hyster-
esis loop of capillary pressure curves [5, 9—12]. Capillary
pressure curves were obtained by alternately displacing
water and oil from core samples using a centrifuge. The
method for determining a preferential wettability of rocks
is based on a comparison of the amount of work necessary
for one liquid to displace another. The areas limited by
the capillary pressure curve and the abscissa axis between
the two fluids saturation limit values are a measure of the
work that needs to be expended to displace the corre-
sponding fluid from the sample. Less energy is required to
displace the non-wetting phase by the wetting phase, than
to displace the wetting phase by the non-wetting phase.
Therefore, the ratio of areas bounded by capillary pressure
curves is a direct indicator of the degree of wettability.
The decimal logarithm of the ratio of area corresponding
to the case of water displacement by oil (A)) to the area
corresponding to the case of oil displacement by water
(A,) is used as an indicator of wettability and is called an
index of preferential wettability I, ... [5, 9].

The preferential wettability index USBM is calculated
as the logarithm of the area ratio according to the capillary
pressure curves:

IUSBM = 1Oglo ‘ [Al]/[AZ]’

where A, A, — capillary pressure curve areas.

An increase in positive values to +oo indicates an in-
creasing preferential wetting of a surface with water to
infinite hydrophilicity. Zero value characterizes equal
wetting of a surface with both fluids (neutral wettabil-
ity). An increase in negative values to —oo indicates an
increasing preferential wetting of a surface by oil to infinite
hydrophobicity [5, 9].

An order of the experiment is as following:

1) Place the samples saturated by water (with residual
oil saturation) in centrifuge glasses and filled them with
oil so that it covered the core.

2) Launch the centrifuge, stepwise increasing the ro-
tor speed. At each subsequent increment of the rotation
speed, the amount of water displaced from the sample was

measured. Samples were rotated at each stage for 12 hours

to achieve hydrostatic equilibrium.

3) After the rotor is stopped, the samples were weighed
and extracted in a Sachs apparatus.

Two main stages could be distinguished in the carried
out experimental research, which were a determination
of wettability of the rock surface before and after filtra-
tion of ESN.

At the first stage of the research, experiments were
conducted to determine a wettability of rock samples and
to calculate the wettability indices, which were taken as
the initial ones for further comparative analysis and evalu-
ation. The wettability indices of rock core samples were
determined according to the procedure consisted of two
sequential cycles:

— From the water-saturated samples, a water was dis-
placed by oil using a centrifuge. At each centrifugation
stage, the amount of displaced water was recorded to
calculate the coefficient of residual water saturation.
Next, from samples saturated predominantly with oil,
the oil was displaced by water using a centrifuge. At each
centrifugation stage, the amount of the displaced oil was
recorded to calculate the coefficient of residual water
saturation. As a result, the dependences of the water
saturation coefficient of rock samples on capillary pres-
sure were obtained (“capillary imbibition” curve).

— From the predominantly water-saturated samples,
a water was displaced by oil using a centrifuge. At each
centrifugation stage, the amount of displaced water
was recorded to calculate the coefficient of residual
water saturation. As a result, the dependences of the
water saturation coefficient on capillary pressure were
obtained (curve of “secondary drainage”).

At the second stage of the research, a similar set of ex-
periments and calculations was performed, but after filter-
ing the ESN in rock core samples.

RESULTS

In accordance with the methodology presented above,
the filtration experiments were carried out to determine
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Fig. 1. Capillary pressure curves for the rock core sample No. 2

of the geological object S ., .. before

BASh

an intensity of the ESN influence on the wettability of the
filtration channels of carbonate rock core samples from
geological objects SBASh and STur. The content of sili-
con dioxide nanoparticles in the ESN sample was 0.5%
vol. when the content of the aqueous phase is 81.5% vol.
The results of the experiments with obtained capillary
pressure curves and the wettability indices for the core
samples No. 2 and 5 are presented in Fig. 1—4.

The results of experiments graphically presented in
Fig. 1 illustrate a significant decrease in capillary pressure
for the displacement of oil by water after filtration of a col-
loidal system with nanoparticles ESN in a rock core

and after filtration of ESN

No. 2. At the same time, there was no significant change
in the capillary pressure curve for the process of water
displacement by oil, which is an ambiguous result. Based
on the obtained capillary pressure curves, the wettability
indices USBM were calculated (Fig. 2).

The results of calculations of wettability indices by
the USBM method, graphically presented in Fig. 2
showed that colloidal systems with nanoparticles ESN
significantly impacted on the wettability of carbonate
rocks and made it possible to change the wettability in-
dex USBM from 0.67 (hydrophilic surface) to minus 0.12
(hydrophobic surface).

Before ESN filtration
Hydrophobic Neutral Hydrophilic
1
T T T T @ ,
-1 -0.5 0 0.5 1
After ESN filtration
Hydrophobic Neutral Hydrophilic
T T @ — T !
-1 -0.5 0 0.5 1

Fig. 2. Wettability indices USBM for the rock core sample No. 2 of the geological

object S

BASh

before and after filtration of ESN
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Fig. 3. Capillary pressure curves for

the rock core sample No. 5

of the geological object S, _before and after filtration of ESN

The results of experiments graphically presented in
Fig. 3 showed that filtration of the colloidal system with
nanoparticles ESN in a rock core No. 5 drastically im-
pacted on the capillary pressure curves for both water dis-
placement by oil and oil displacement by water. In these
experiments the filtration of the ESN decreased capillary
pressure for displacement water by oil and oil by water,
which is not correlated with theoretical understanding
of the dependence between preferential wettability of rock
surface and efficiency of the displacement process. Based
on the obtained capillary pressure curves, the wettability
indices USBM were calculated (Fig. 4).

The results of calculations of wettability indices by
the USBM method, graphically presented in Fig. 4
showed that colloidal system with nanoparticles ESN
significantly impacted on the wettability of the rock sur-
face, providing the possibility to change the wettability
index USBM from 0.60 (hydrophilic surface) to minus
0.32 (hydrophobic surface).

A comparative assessment of the ESN influence on
the wettability index of carbonate rocks is given in Table 3
and in Fig. 5.

According to the results of filtration experiments, it
was found that the filtration of the colloidal system ESN

Before ESN filtration
Hydrophobic Neutral Hydrophilic
f T T —@ \
-1 -0.5 0 0.5 1
After ESN Filtration
Hydrophobic Neutral Hydrophilic
T T L T T 1
-1 -0.5 0 0.5 1

Fig. 4. Wettability indices USBM for the rock core sample No. 5 of the geological
object S, _before and after filtration of ESN
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Table 3
Wettability of the rock surface of geological objects S, and S, before and after filtration of ESN
Wettability index I .,
Geological object Rock core number
Before filtration of ESN After filtration of ESN
1 0.76 0.19
Seash 2 0.67 —0.12
3 0.74 0.19
4 0.21 —0.02
S 5 0.60 —0.32
6 0.11 —0.17
W After ESN filtration 1 Before ESN filtration
Hydrophobic Neutral Hydrophilic
3
Ne6
£ Nes s
2
B Ned
p
‘8' Ne3
E Ne2
Nel
-OA'BO -0.'60 —0.'40 -D.l20 O.E!O U.IZO 0.:10 0.l60 O.ISO
Wettability index USBM

Fig. 5. The wettability index of the rock surface before and after filtration of ESN

in cores of carbonate rocks with a predominant hydrophi-
licity of the surface of the pore channels led to a decrease
in the degree of hydrophilicity or an absolute change in
the wettability of the surface of filtration channels (Fig. 5).
For core samples No. 1 and 3, a decrease in the levels
of hydrophilicity were recorded from 0.76 and 0.74 to
0.19 for both samples (an average decrease of USBM in-
dex for two samples was 0.56). More significant changes
were observed in the experiments with core samples
No. 2, 4, 5, and 6, where all initially hydrophilic samples
become hydrophobic. The highest decrease of USBM
index from 0.60 (completely hydrophilic surface) to a mi-
nus 0.32 (completely hydrophobic surface) was recorded
for the sample No. 5. An average value of USBM index
for six core samples under study before filtration of ESN
was 0.52 (completely hydrophilic), after filtration of ESN
minus 0.04 (neutral).

CONCLUSION

The results of a series of laboratory experiments to
study the effect of colloidal systems with nanoparticles
influence on the wettability of rock filtration channels
showed a high technological functionality of ESN to
control the wettability of the surfaces of fluid-saturated
fractured-porous rocks. An analysis of the research re-
sults showed that the filtration of ESN in rock cores
of oil and gas fields of the Volga-Ural oil and gas prov-
ince in four of six experiments led to an absolute change
of rock surface wettability from completely hydrophilic
to completely hydrophobic. The highest level of sur-
face wettability change assessed through USBM index
was recorded for sample No. 5, where USBM index
decreased from 0.60 to minus 0.32. For petroleum en-
gineers, the ability to control a wettability of rocks is
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a highly effective mechanism to control the develop-
ment of the oil and gas reservoir, because an alteration
of rock surface wettability for filtrating oil-gas-water
mixtures allows to alter a direction of filtration flows in
the bottom hole zone. Alteration of wettability of rock
filtration channels is an efficient lever for influencing
phenomena such as interfacial tension, capillary pres-
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sure and capillary imbibition, which in turn determine
the rate and completeness of oil and gas recovery. The
results of conducted experiments indicated a great
promise of use colloidal systems with supercharged
silicon dioxide nanoparticles to control the filtration
of liquids through oil and gas saturated porous-fractured
media.
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OueHKa BNNAHNA KOJUTOUAHDbIX CUCTEM C HAHOYacTULaMun
Ha CMAauYMBaeMOCTb MOBEPXHOCTN KapOOHaTHbIX
ropHbIX Nopoa

B.B. CepreeB1* (2}, K. Tannmoto?, M. A63? P.P. LLlapanos?, 10.B. 3eiirman*

1000 «OUIMANH», ®oHp «CkonkoBo», I. Mocksa, Poccus;

2Nissan Chemical Corporation, Tokno, finoHus;

3 000 «PH-BawHUMUHedTb, I. Yda, Pecnybnuka bawkopTocTtaH, Poccus;

4 ®Orb0Y BO «YdumcKmit rocyfapCTBEHHbIN HEPTAHON TEXHUUECKNI YHUBEPCUTETY,
r. Yba, Pecnybnuka bawkoptocTaH, Poccus.

* KoHTaKTbI: e-mail: sergeev@oilmind.ru

PE3IOME: CmaunBaemMoCTb MOBEPXHOCTY KaHanoB GuibTpaLmm XULKOCTEN 1 ra30B B eCTECTBEHHDBIX YCIIOBUAX KOMNEKTOPOB HedTn
1 ra3a ABNAETCA OAHUM U3 NMapameTPOB, BO MHOrOM onpeaenaiowyx unbTpauuto. XapakTep CMaunBaeMoCTyi MOBEPXHOCTY KaHana
dunbTpaumm onpepensaeT $asoBy0 MPOHMLIAEMOCTb, KanvAPHbIE CUAbI Y MIHTEHCMBHOCTb aacopbLmmn Ha rpaHuLe pasgena ¢as.
Cnoco6HOCTb NOBEPXHOCTM KaHana GpubTpaLmuy K CMaurBaeMoCTU MOAAPHOM UM HENONAPHOI da3amu ninacToBoro daounga v tex-
HOJTOMMYECKINX XKNLKOCTE OKa3blBaeT BAVAHVE Ha GUNBTPALMOHHO-eMKOCTHbIE NapameTpbl HedTerazoHacbILWeHHbIX NOpog. B cBA3n
C 3TVM Mpu pa3paboTKe HeDTAHDBIX 1 ra30BbIX MECTOPOXKAEHWI 6ONblIOE BHUMAaHNE YAENAETCA U3yYeHUo GU3NKO-XNMUYECKIX
ABNEHWI 1 NPOLLECCOB, MPONCXOAALLUX Ha rpaHnLax pa3aenos ¢as. B ctaTbe npefctaBneHbl pe3ynbTaTbl KOMMIEKCa 1abopaTopHbIX
3KCMePUMEHTOB MO UCCNIeA0BaHMIO MOBEPXHOCTHOW aKTUBHOCTY KOJUTOUAHOWN CUCTEMbI B BUAE SMYJIbCUN CO CBEPX3apPAXKEHHbIMA
HaHouacTuamu. C Liesiblo OLLeHKM BNAHNA SMYJIbCMOHHOW CUCTEMbI C HAHOYACTMLLAMM HAa CMauyMBaeMOCTb NMOBEPXHOCTUN KaHasloB
brNbTPaLIN FOPHbIX MOPOA-KONNEKTOPOB HEGTM 1 rasa Obin NPoBeAeH KOMMIEKC GUIBTPALIMOHHbIX SKCNEPVIMEHTOB C MPMMEHEHUEM
meTonuku lopHoro 6topo CLLUA (USBM). iccnepoBaHus 6binm NpoBeeHbl Ha KePHaxX FOPHbIX MOPOA ABYX HepTerazoBbIX MECTOPOX-
AeHui Ypano-TloBomkckoro pernoHa Poccuiickon Oepepaumn. Mo meToanke sKCnepumeHTa KepHbl FOPHbIX MOPOA NpeABapuTeIbHO
BbILEPXKMBANIUCh NPV NAACTOBbIX YCIOBUAX ANA NPULAAHVA NMOBEPXHOCTU MOPOBbIX KaHANIOB CBOWCTB, MaKCMMalbHO MPUOIMKEHHbIX
K nnactoBbIM. [locne 3Toro Npor3BoAnnach oLeHka CMayuriBaeMOCTU FOPHbIX MOPOA C M3MepeHreM NHAeKCa cMadmBaemoct USBM
[0 1 nocne GubTpaLmm SMyNIbCUOHHON CUCTEMBI C HAHOYACTULAMU. AHanN3 pe3ynbTaToB MCCIEROBaHMI MOKa3ar, 4To GunbTpaums
SMYNbCUOHHOW CUCTEMbI C BbICOKOW MOBEPXHOCTHOM aKTUBHOCTbIO MPUBOAMNT K M3MEHEHMIO CMauBaeMOCTV FOPHbIX MOPOA C M-
apodwunbHoi (MHaekc USBM - 0.60) Ha rupapodobHyto (nHaekc USBM — muHyc 0.32). Pe3ynbTaTbl ncciefoBaHuUii NO3BONWAN CAeNaTb
BbIBOJ; O BbICOKOM MOTeHLMase MpUMeHeHVA SMyNTbCUOHHbIX CUCTEM CO CBEPX3apaKeHHbIMIU HAHOYaCTULLAMM ANA PErynpoBaHnA
dunbTpaumy NIacToBbiX GAIOMLOB 1 TEXHONOTMYECKNX XUAKOCTEN B MPUPOAHBIX KOoneKTopax HedbTu v rasa.

KJTKOYEBbIE CJTOBA: HaHOUYaCT1Lbl, ABYOKMCb KPEMHUS, SMYNbCUOHHAsA CMCTEMA, CMauMBaeMoCTb, KapboHaTbl, uHgekc USBM.

BJIATOOAPHOCTMW: aBTOpbI BbipaatoT 6narogapHoctb Maty Mauymype, rnaBHoMy MeHefxepy v Takawwm CoHope, cTapluemy
MeHepKepy [lenapTameHTa HeopraHuyeckux matepuanos, Nissan Chemical Corporation (Tokro), KoTopble caenany BO3MOXHbIM
npoBefeHVie JaHHOrO NCCNeOBaHMA 1 MOALEPKMBAIOT HayYHbI MOAXOA K MHHOBALIMAM.

ANA ULUTUPOBAHUA: Ceprees B.B., Tanumoto K., A63 M., LLlapanos PP, 3eiirmaH t0.B. OueHKa BANAHNA KONMOUIHbBIX CUCTEM C Ha-
HOYaCTMLAMM Ha CMAYMBAaEMOCTb MOBEPXHOCTU KapOOHATHbIX FOPHbIX nopof // HaHoTexHonorum B ctpoutenibctae. — 2020. — Tom 12,
Ne 3.-C.166-173.-DOI: 10.15828/2075-8545-2020-12-3-166-173.

BBEJIEHUE B 3HAUUTEJILHON CTEIIEHU OMPENESIISIIOTCSI KOPPEKTHO-
CTBIO U aKTYaJIbHOCTBIO MH(MOPMAIIMKU O XapaKTepe

Kitx:IeCTBo BBIPAOOTKH 3aI1aCOB YIJIEBOAOPONOB, a TAK-  CMAaYMBAeMOCTH ITOBEPXHOCTU KaHAIOB (OWIbTPAIN
¢ 3(pheKTMBHOCTH CITOCOOOB TEXHOTEHHOTO BO3-  TOPHBIX Mopo. OmpeneieHrne CMaunBaeMOCTH TTOBEPX-

IEUCTBUS HaA IIPpUPOAHBIC KOJIJIEKTOPHI HerTI/I M rasa HOCTEH MJIACTOBBIX CUCTEM SIBJISIETCS HeTpHBHaﬂbHOﬁ
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3amayveit. [Ipu pelreHUM IaHHOM 3amaun PEKOMEHIYETCSI
B KOMIUIEKCE YUUTHIBATh €CTECTBEHHBIC T€OJIOTUICCKIIE,
(bm3HKO-XMIYECKIE SIBJICHUS U TIPOIICCCHI, TIPOUCXOIS -
e Ha MaKpO- ¥ MUKPOYPOBHSIX KaHAJIOB (DHJTBTPALINH,
a TakKe TeOJIOTMIECKYIO TpaHC(OPMALIMIO ¥ M3MEHEHHE
TepMOOAPUIECKUX YCIIOBHIA TITACTOB B PE3YJIBTATE TEXHO-
reHHoro Bo3neiicTeus [1—8]. Ha aTamne reonornueckoro
(opmumpoBaHUS 3aJIeK1 CMAaYMBAaeMOCTh TTIOBEPXHOCTH
TOPHBIX TTIOPOI OTIPEIEIIICTCS CBOMCTBAMM CJIaTAOIINX
TIOpOIY MIUHEPAJIOB 1 B TMHAMMWKE M3MEHSICTCS B 3aBU-
CHMOCTH OT T€OJIOTMICCKIX TpaHC(HOPMAIIVIT U CBOMCTB,
HACBIIIAONINX IUTACT MHOTOKOMIIOHEHTHBIX IVIACTOBBIX
(monmoB. B pe3ynbrare ancopOLIy MOJIEKYJT IITACTOBBIX
(oM OB Ha TTOBEPXHOCTH TTOPOBHIX KAHAJIOB CO3IACTCST
TUTCHKA TIOJIOKUTEILHO W OTPUIIATEIFHO 3apSsKEHHO-
r0 (hIIoMAA, 9TO OIPEIeISICT CMAUMBAEMOCTb IIOBEPXHO-
CTH TIOPOBOTO KaHasa. B mpomecce pa3paboTKu 3a1eKu
CMaYBacMOCTh OYZIET MEHSTHCS BMECTE C MU3MCHECHUEM
CBOICTB IUTACTOBBIX (DIFOMIOB BBUIY HApPYIIICHHS TEPMO-
0apMIECKOTO PAaBHOBECHS TIJIACTOBOI CUCTEMEI, a TaK-
Ke OUIbTpallU B IUIACTE TEXHOJIOTUUECKUX areHTOB.
BosbIroe KommaecTBO METOIMK 3KCIICPUMEHTAITLHOTO
HCCJICIOBAaHNS CMAaYMBacMOCTH TTOBEPXHOCTH TOPHBIX
TIopoI OBLIO pa3paboTaHO BO BTOPOI IosioBrHe 20 BeKa
[9—17]. OnHOIT M3 3TUX METOOUK SIBIISIETCSI METOIMKA
T'opnoro 61opo CIIIA (USBM), B COOTBETCTBUHM C KOTO-
poO¥i CMauMBAaEMOCTb TOPHBIX TTOPOJT OLIEHUBAIOT T10 TeT-
JIe TUCTepe3rca KPUBBIX KaWJIIIPHOTO TaBICHUSA |35,
9]. JarHas MeTOIMKA ObIJIa IPUMEHEHA aBTOPAaMHM CTa-
TBU TSI SKCIIEPUMEHTAIBHOTO UCCICIOBAHMS M OIICH-
KW BJIMSTHUS KOJJIOUTHBIX CUCTEM C HAHOYACTHIIAMU
Ha CMauyMBaeMOCTh ITOBEPXHOCTU KaHAJIOB (DIIHTpALIT

TOPHBIX MOPOM ABYX He(TEra30BBIX MECTOPOKICHUIA
Bonro-Ypanbckoit He(pTera30HOCHOM ITPOBUHITNMN.

METO/AbI 1 MATEPHAJIBI

B pamMKax moaroTOBUTEBHBIX PA0OT K IIPOBEIACHHIO
SKCIIEPUMEHTOB IIPOBOIMIN OTOOP 1 MCCIICIOBAaHIE Kep-
HOB TOPHBIX IIOPOI 00BEKTOB pa3padboTku barkmupckoro
(Cyun) 1 TypHeiickoro (CTyp) SIPYCOB 10 IBYM HedTera-
30BBIM MeCTOpOXIeHUSIM Bosro- Y panbckoii Hedreraszo-
HOCHOI1 mpoBUHIIMH. [10ATOTOBKY KEpHOBOTO MaTepraja
K UCCIIEAOBAaHUSM TIPOBOIIIIN COTJIACHO TPEOOBAHMSIM
OTpACIIEBBIX ¥ TOCYIapCTBEHHBIX cTaHIapToB [18—20].

C 1e1bI0 TIPOBEACHMS SKCTICPUMEHTOB B YCIIOBUSIX,
MaKCUMaJTbHO MPUOJMKEHHBIX K TIJIACTOBBIM, J1a0b0-
PaTOPHBIMU CITOCOOAMM MOICITMPOBAINCH HadaIbHBIC
IUIACTOBEIC YCIIOBHS M3yJ4aeMbIX 00 BEKTOB Pa3pabOTKM.
B xauecTBe Momeeil IIacTOBBIX (DITIOMIOB UCIIOIH30-
BaJINCh TIOBEPXHOCTHBIC ITPOOBI HEDTH, OTOOPAHHBIC
CO CKBaXXMH, BCKPBIBUIMX 00beKThI Cp, |\ 1 CTyp. Kpartkas
reoJioro-¢u3nJeckas XapaKTepruCcTUKa 0OOBEKTOB pa3-
paboTku mpuBeneHa B Tao. 1.

ITpoOrI HeTH TTOMEIAIN B METAJINICCKIIA KOHTE-
Hep M3 HepKaBeIOIei cTaar M HarpeBaJlk 10 TeMIIepa-
Typbl, peBbimatonieil Ha 20°C mractoBylo. I[Tpu aToit
TeMmIiepaType HedTh BBIACPKUBAIU B TCUCHHUE 3 JaCOB
IIpY MIEPUOINICCKOM TIepeMelTnBaHuM. Jlajee ee 0X-
JIaXOaIN 10 TIIaCTOBOM TeMIlepaTyphl M (bPHIIBTPOBAIIN
yepe3 mopucTyio cpeny. HedTh cunranacek mpuromHoit
IUIST ICTIBITAHU, €CITU TIPY TIPOXOKICHUHT Yepe3 IVUTMH-
IpUIecKUii 0Opa3el] KepHa UIbTpalisa He 3aTyxaja.
3areM ONpeaeIIsIN INIOTHOCTD U BI3KOCTh MOJTYICHHOMN
Mpo0OBI He(hTH TIPU TUTACTOBOI TeMrepaType. C 1IeJbio

Tabauya 1
Kpatkas reonoro-¢usuaeckas xapakrepucTuka odbekTos paspadorku C,  u CTle
HawnmeHnoBanue Obmbekr C, O0beKT CTyp
CpenHsis nyOrHa 3ajieraHusl KPOBJIU, M 1100 1450
TopHbBIE TOPOALI MU3BECTHSIKU C TIPOCIIOSIMU M3BECTHIKU
JIOJIOMUTOB JIOJIOMUTHU3UPOBAHHbBIE

Tun xoyiekTopa KaBEepPHO-TPEITUHHBIN CMeEIIaHHBII
Koadduiment nopucroctu, en. 0,13 0,10
KoaddpuimeHT HedTeHACHIILIEHHOCTH, €. 0,80 0,68
ITponnuaemoctsb, 10~ MKM? 47,0 21,0
HauanbHag nactoBast Temriepatypa, °C 22,0 27,0
Bsi3kocTh He(TH B IJ1aCTOBBIX YCA0BUSIX, MITa * ¢ 12,4 10,2
[lroTHOCTH HeTHU IPU IJIACTOBOI TeMIlepaType, Kr/m? 880 860
BsizkocTh Bonbl IpH IJ1aCTOBOM TeMmnepaType, mIla e c 1,29 1,38
[110THOCTH BOZIBI B IOBEPXHOCTHBIX YCIOBUSIX, KI'/M? 1108 1125

http://nanobuild.ru

167

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (3):
166-173

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PE3YJIbTATbI UCCJIELJOBAHUW YYEHbIX U CITEYUAJINCTOB

Tabauuya 2
KpaTKaSI (l)l/lJ'[])TpaIII/IOHHO-eMKOCTHaH XApPAKTEePUCTHUKA 06pa3uos KEPHOB IrropHbIX IOPOJX
O0bexT pa3padoTKu Homep oopa3sua kepua | ITopucrocts no rasy, ea. | [Iponunaemocts no rasy, 103 Mmm?
1 0,20 13,4
Coam 2 0,17 59,7
3 0,14 6.9
4 0,12 12,2
Coyp 5 0,10 8,0
6 0,13 11,6

MOIETMPOBAHUS OCTATOYHOI BOTOHACKHIIIICHHOCTH 00-
pPa3Lo0B KEPHOB TOPHBIX MOPOJ UCTIOJIb30BAIIU MOJETb
TUTACTOBOI BOIBI, TIPUTOTOBJICHHON ¢ IIPUMEHECHUEM
XJIOPHCTOTO KaJIBITHSI.

Jns ipoBeneHUs UCCIeIOBAaHUN OBLJIO OTOOPaHO
IIeCTh MUIMHIPUICCKIX 00pa31I0oB KEPHOB CO CKBaXKUH
00bekTOB pazpabotku C,, | 1 CTyp. Kpartkas ¢uibTpa-
IIMOHHO-EMKOCTHAS XapaKTepHUCTHUKA 00Opa3IoB KEPHOB
TpeacTaBicHa B TaOII. 2.

Ha sTarme moaroTroBKu TeXHOJOTUUIECKIX KUTKOCTEH
K TIPOBEICHUIO 3KCIICPUMEHTOB OBLIN ITIPUTOTOBIICHEI
JTabopaTopHBIE 00pa3Ibl SMYILCHMOHHOI CHCTEMBI C Ha-
HouacTuiaMu nByokucu KpeMHaust (OCH). Kommonnnast
cuctema DCH TIpOMBIIIUICHHO TIPUMEHSICTCS B Kave-
CTBE BOIOOTPAaHNYMBAOIIETO WA He(hTEBBITCCHSIOIIE-
TO aTeHTOB B TEXHOJIOTWSIX MHTCHCU(DPUKAIINN TOOBITN
Hed TN 1M TToBBIIIeHUS HeTeoTaauu rractoB [21—30].
[IpuMeHsIeMBbIe B 9KCTIEpPUMEHTAaX HAHOYACTHIIHI SIBIISI-
[0TCS yabTpa-TuapodoOHBIMI. KOHIIEHTpaIs TBEpIoit
u BonHoM (a3 oopasma DCH cocrasmm 0,5 1 81,5 % 00.
COOTBETCTBEHHO.

O1eHKy moKa3aTessi CMauYMBaeMOCTH TTOBEPXHOCTH
TOPHBIX TIOPOJI TIPOBOIMIIN T10 MeToaMKe I'opHOTO OI0pO
CIIA (manexc USBM), pazpaboranHoii JJoHAIICOHOM
u ap. [5, 9]. JanHas MeTogMKa OCHOBaHA Ha OIICHKE
CMaYyMBaeMOCTH ITIO TEeTJIe TUCTepe3rca KPUBBIX Ka-
OWUIsIpHOTO maBieHus [5, 9—12]. KpuBsie kammi-
JIIPHOTO AABJICHUS TTOJIYJaId IyTeM ITOTICPEMEHHOTO
BBITCCHEHUS BOABI M He(TH U3 00pa3IloB KepHa IIpu
noMoInu eHTpudyru. B ocHOBe MeToma oIpeacIeHUS
TIPEUMYIIECTBEHHON CMaunMBaeMOCTH TOPHBIX TTOPOL
JICKWUT CpaBHCHWE BEIMIMHBI pabOTHI, HCOOXOTMMOI
IIJIST TOTO, YTOOBI OAHA XXUAKOCTb BHITECHIIA APYTYIO.
[Lromaam, orpaHUYMBaeMEbIC Ha TT0JI¢ TpachKa KPUBOM
KaIMWIISIPHOTO JABJICHUS M OCBIO a0CIIICC MEXKIY TBYMS
penebHBIMY 3HAYCHUSIMU (DITFOMIOHACKHIIICHHOCTH,
SIBIISIIOTCSI MEPOI pabOTHI, KOTOPYIO HYKHO 3aTPaTUTh
IUTSI BBITECHEHMST COOTBETCTBYIOIIETO (hiTIoMIa U3 00pas-
ma. JIis BeITeCHeHUST HecMavrBaloleii (ha3bl cMauynBa-
fo1reit pazoii TpedyeTCs MEHBIIIE SHEPTUN, YeM JUTSI BBI-

TEeCHEHMS CMauYMBaroIIeil (ha3pl HecMadynBaroIeii (hasoit.
CrremoBaTeIbHO, OTHOIIICHHE TUTOIIACH, OTrpaHUTICHHBIX
KPUBBIMM KaNWJUISIPHOTO JABJICHUS, SIBISIETCS TIPSIMbIM
WHIXKATOPOM CTEeTIEHNW CMauMBaeMOCTHU. JleCITUUHBIN
JjioraprM OTHOIIEHMS TUIOLIAIU, COOTBETCTBYIOLIEH
CJly4aro BBITECHEHMS BOIbI HEDTHIO (A,), K MIOLIALM,
COOTBETCTBYIOIIEH Cy4al0 BBITECHEHUSI HE(PTU BOIOI
(A,), MCTTOTB3YETCS B KAUECTBE MMOKA3aTesIsl CMaynBa-
€MOCTHU 1 Ha3bIBAETCS MHIAEKCOM MPEUMYILECTBEHHOM
cmayuBaemoctu I, 5, 9].

Wnnexc cmaunBaemoctt USBM paccuuThiBaeTcs
Kak Jjorapu(m OTHOLIECHUS TUIOIIAEH 110 KPUBBIM Ka-
MUJUISIPHOTO JABJICHUS:

IUSBM = lOglO ) [Al]/[AZ]’

rae A M A, — IIOIIAaY KPUBBIX KAIJUIAPHOTO 1aB-
JICHUSI.

YBennueHue MOJOXKUTENbHBIX 3HAYECHUN 10 + 00
yKa3bIBaeT Ha BO3pacTalollee MPeaIIouTUTEIbHOE CMa-
YUBaHME TTOBEPXHOCTH BOIOU OO O€CKOHEUHOM THIPO-
dunbHOCTH. HyleBoe 3HaUEHME XapaKTepU3yeT PaBHOE
CMauMBaHKE ITOBEPXHOCTU 0bouMHM dionnamu (Heii-
TpajibHasi CMAaYMBAEMOCTh). YBeJIUYeHEe OTPULIATEb-
HBIX 3HAYEHUI 10 —Oo° yKa3bIBAaeT Ha BO3pacTalollee
MPEANOYTUTEILHOE CMAaUYMBAHUE IOBEPXHOCTU HE(PTHIO
JI0 6ecKOHeUHOM ruapododHOoCcTH [5, 9].

ITocnemoBaTeIbHOCTD ITPOBEACHMS SKCIIEPUMEHTA:

1) momelanu o6pasLbl, HACBIILIEHHbIE BOAOM (IIpU
OCTATOYHOM He(MTEeHACHIIIEHHOCT!) B CTaKAHbI LIEH-
TpUMYIrU U 3aM0IHUIA UX HEPTHIO TaK, YTOOBI OHA I10-
KpbIBaJia KEPH.

2) 3amycKaiu UeHTpUGYry, CTYIIEHYAaTO YBEINYNBAast
CKOPOCTb BpalleHus potopa. [1pu KaxaoM ouepeHOM
MIpUpPAIICHIN CKOPOCTH BpaIlleHUS M3MEPSITN KOJTUe-
CTBO BBITECHEHHOI1 BOIbI U3 00pa3ua. OOpasiibl Bpalla-
JIM Ha KaXIOM CTyMmeHU mo 12 4acoB it JOCTUKEHUS
TUIPOCTATUYECKOIO PABHOBECHSI.

3) mocje OCTaHOBKM pOTOpa 00pa3iibl B3BEILMBAIN
M DKCTParupoBajiy B ammapare 3akca.

http://nanobuild.ru

168 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (3):
166-173

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

PE3YJIbTATbI UCCJIELJOBAHUW YYEHbIX U CITEYUAJINCTOB

B mocTaBieHHBIX B paMKaX MCCICAOBAaHUI SKCITe-
PHUMEHTAaX 110 OTIPeACICHIUI0 CMAaYNBAEMOCTH TOPHBIX
TIOPOI MOXXHO BBIIEUTH IBa OCHOBHBIX 3Talla, 3a1adaMiu
KOTOPBIX SBJISICTCS OMpeae/icHNe CMauYBacMOCTH T10-
BEPXHOCTU KEPHOB TOPHBIX ITOPOM A0 U TTociie (Duib-
Tpanmu DCH.

Ha mrepBoM 3Tarte nccienoBaHuii IIPOBOIMIIN KCTIC-
PUMEHTHI [IJIST OTIpeIe/ICHIS CMa9lBaeMOCTH 00pa3IioB
TOPHBIX TTOPOJI U pacuyeTOB MHIAEKCOB CMAaYMBAEMOCTH,
KOTOPBIC OBIIN ITPUHSITHI 32 UCXOTHBIC IJIST JATHEHEUIIIETO
CPaBHUTEJIPHOTO aHaN3a M olleHKH. CMaunBaeMOCTh
00pas3110B KePHOB TOPHBIX TTOPO]I OTIPEAEIISLIN IT0 METO-
IWKe, TIpUBeAcHHON HIKe. MHIEeKCH cMaunBaeMOCTH
00pa3110B KEPHOB TOPHBIX ITOPOJI OTIPEAEIISLIN IT0 METO-
IAKE, IPUBEACHHON HITXE.

MeTonnKa COCTOUT U3 IBYX ITOCICIOBATEIbHBIX IIH-
KJIOB 00pabOTKM KaxXa0ro oopasiia KepHa:

— W3 BOJOHACHIIIEHHBIX 00Pa3II0OB BEITECCHSUIACH BOIA
HeThIO ¢ moMoIbIo LieHTpudyru. Ha kaxmoii cry-
TIeHN LIEeHTPUMYTUPOBaHUS (DUKCHUPOBATIOCH KOJIM-
YeCTBO BRITECHECHHOM BOMBI TSI OITpeIeIeHIS KO-
(bumeHTa 0CTaTOYHOM BOAOHACKHIIIICHHOCTH. 3aTeM
13 00pa31IoB, HACHIILIEHHBIX TTPEUMYILIECTBEHHO Hed-
TBIO, BBITECHSJIACH HE(DTH BOMOM ¢ TTOMOIIIBIO TICH-
tpudyru. Ha kaxmoii cryneHu ueHTpruyrupoBaHUs
(pUKCHPOBaATOCH KOIMIECTBO BBITCCHCHHON He(PTH
IUIST oTIpeneacHusT KoahUIIMeHTa OCTaTOYHOM BO-
MOHACHIIIEHHOCTU. B pe3ynbrare ObUIH TTOTydeHEI
3aBUCUMOCTH KO3 (GUIIMEHTAa OCTaTOTHON BOHO-

HACBHIIIIEHHOCTH 00pa3oB MOPO OT KAIMJUISIPHOTO
IaBIICHUS (KpUBas «KaIMILIIPHOM ITPOITUTKI» ).

— 13 00pa3lioB, HACKIIIEHHbIX MPEUMYILIECTBEHHO BO-
ITOIi, Boda BBITECHSITIACh HE(PTHIO C TIOMOIIBIO IIeH-
Tpudyru. Ha Kaxxmoii cryneHr meHTpuGyTupOBaHUS
GUKCHPOBAIIOCH KOJMIECTBO BHITECHEHHOM BOIBI
IJIST oTIpeneIcHUsT Koa(hbHUIIMeHTa OCTaTOYHON BO-
MOHACHIIIEHHOCTU. B pe3ynbrare OBLIN ITOTydeHBI
3aBHUCUMOCTH KO3(pDUILIMEHTa 0CTaTOYHOM BOTOHA-
CHIIIIEHHOCTH OT KaIMJIIIPHOTO JaBICHUS (KpUBasT
«BTOPUYHOTO APEHUPOBAHMUSI» ).

Ha BropoM 3Tare mcciaemoBaHUit IIPOBOIVIIN aHAIO-

TUIHBIN KOMILIEKC SKCIICPUMEHTOB U PacuyeTOB ITOCIIE

unbrpanium DCH B 06pa3iiax KepHOB TOPHBIX TTOPOI.

PE3YJIbTATBI

s onpenenenus ”HTeHCUBHOCTH BiaustHUsS DCH
Ha CMauyMBaeMOCTh KaHAJI0B (OUIbTpalliy KapOOHAT-
HBIX TOPHBIX MIOPOJ OBUTH MPOBeACHBI (DMIBTPAIIOH-
HBIEC SKCIIEPUMEHTHI 10 OIIPEACICHUIO CMAaYMBaeMOCTH
00pas1oB KEPHOB 00bEKTOB paszpabotku C,, = 1 CTyp
B COOTBETCTBUM C METOIUKOM, IIPEICTaBICHHOM BEIIIIC.
ConeprkaHne HAHOYACTHUII IBYOKHUCH KPEMHUSI B 00pasIie
DCH cocransiia 0,5% 006. 1ipu coaepXaHUKM BOTHOM
daszbl — 81,5% 00. Pe3ynbrarhbl (puabTpallMOHHBIX DKC-
IIEPUMEHTOB 110 CHATHIO KPUBBIX KAITMJUISIPHOTO JaB-
JICHUS W OIIPeIeICHNI0O CMaurMBaeMOCTH 110 00pa3iiaM
KepHOB Ne 2 1 5 mpencTaBiieHBI Ha puc. 1—4.

e BuiTecHeHue HedTH BogoR “flo”

1100

— = BumecHeHue Hedn Bogon “Mocne"

—— BuiTecHeHue Boab HedTbio “flo”

— = BumecHeHue soan HedTbio “Mocne”

900
700
500

300

10 N

KanunnapHoe paenenue, kMa

Koadd

T BOAOHAC

ocTH, ea.

Puc. 1. KpuBble Kann/UIIPHOTO JaBJIeHUS IO 00pa3ily KepHA TOPHBIX
nopoa Ne 2 oobexTa paspadorku C,, 10 u nocie ¢puabrpamuu CH
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Ao ¢unbTpaumumn 3CH
apodobHbIn HelTpanbHblii 'apodunbHbIi
T T T T L d
-1 -0,5 0 0,5 1
Nocne ¢punbTpaumum 3CH
TapodobHbIl HelTpanbHblii TMapodunbHbIi
r T @ — T d
-1 0,5 0 0,5 1

Puc. 2. npekc cmaunBaemoctn USBM no o0pa3my KepHa ropabix mopox Ne 2 00beKTa
paspadorku C,,, 110 u nocie ¢punbrpamuu CH

Pe3ynbTaThel 3KCIIepUMEHTOB, TpaMUeCKY TIPEaCTaB-
JICHHBIC Ha pUC. |, WIITIOCTPUPYIOT 3HAYNUTEILHOE CHI-
JKeHIE KaIMUIIPHOTO JaBJICHUSI IJIST BRITECHEHUS HE(DTH
BOJIOI TocIIe (DIIBTPAIU KOJIJIOMIHOM CUCTEMEI ¢ Ha-
HouactriiaMu DCH B keprHe Ne 2. I1pu 3TOM He OBLIO
3a(pUKCHUPOBAHO CYIIECTBEHHOTO M3MEHEHMST KPUBO
KaIUISIPHOTO JABJICHUS IS TIpoliecca BHITCCHEHUS
BOIBI HE(PTHIO, YTO SABJISIETCS HEOMHO3HATHBIM Pe3yIb-
TaToM. Ha ocHOBaHMM CHSITBIX KPUBBIX KAITMJLISIPHOTO
TABJICHUST OB paCCYNTAHBI MHICKCH CMAaYMBACMOCTH
USBM (puc. 2).

Pe3ynbraThl pacyeToB MHICKCOB CMAaYMBAeMOCTH
no metony USBM, rpadgudyeckn mpenctaBieHHEBIE

Ha pHUC. 2, T0KA3aJI1, YTO KOJUIOMIHBIE CUCTEMBI C Ha-
Houactuamu DCH 0Ka3bIBalOT 3HAYMTEIHLHOE BIUSIHIE
Ha CMa4MBaeMOCTb OBEPXHOCTU KapOOHATHBIX TOP-
HBIX IIOPOJ, 00ecIieunBasi BO3MOXHOCTb U3MEHEHUS
nnaekca cMaunBaemoctd USBM ¢ 0,67 (ruapoduiibHast
TMOBEPXHOCTH) M0 3HaueHUs MuHyc 0,12 (ruapododHast
TTOBEPXHOCTB).

PesyabraTel (OUABTPALIMOHHBIX 3KCIIEPUMEHTOB,
rpacdU4YeCcKu IIpeACTaBIeHHbBIE Ha PUC. 3, OKA3aJI1, YTO
(unbTpaLMs KOJUIOMIHON CUCTEMBI C HAHOYACTULIAMM
DCH B obpasIiie KepHa ropHoli Toponbl N 5 okazaja cy-
LIECTBEHHOE BIMSIHKME HA KPUBbIE KAIMLISPHOIO AaB-
JIEHUST KaK ISl BRITECHEHUST BOJAbI He(PThIO, TaK U IS

1500

1250

-

1000

750

- - -

500

250

BbmecHenue HedTH Bogoit "do"

— « BbrecHenue HedTn Bogo# "Mocne”

—— BurecHenHe soabl HedTsio "Lo"

= = BumecHenue sogs HedTbio “Mocae”

KanuanspHoe aasnexue, kMNa

<750

-1000

-1250

-1500

KoaddruneHT B0 g0HACHILIEHHOCTH, ed,.

Puc. 3. KpuBble KanmUISIPHOTO JABJIeHHS 0 00pa3ily KepHA FOPHbIX
nopoxa Ne 5 00bekTa pa3padoTKu CTyp 10 u nocie pmmrpamun DCH
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Ao ¢punbTpauymm 3CH
TAapodo6HbIA HeliTpanbHbIn TnapodunbHbIv
r T T ‘ 1
-1 -0,5 0,5 1
Nocne ¢punbrpaymm 3CH
M'vapodobHbIN HenTpanbHbi mapodunbHbIN
r T . T 1
-1 -0,5 0,5 1

Puc. 4. Unnekc cmaunBaemoct USBM mo o0pa3iy KepHa ropHbix mopox Ne 5 o0bekTa
paspadorku C 10 n mocie puibrpammn SCH

BBITeCHEHMSI He(DTH BOmOi. B maHHBIX 3KCITeprMeHTaxX
dunpTpanmsa DCH npuBeta K CHIKEHUIO KAITIISIPHOTO
TMAaBJICHUS KaK U BEITECHEHUS BOIBI HE(PTHIO, TaK M IS
BBITCCHEHUSI HE(DTU BOMOI, UTO HE KOPPETMUPYETCSI C Te-
OPEeTHYECKNM ITOHMMAaHUEM 3aBUCHUMOCTHU MEXIY TIpe-
MMYIIECTBEHHON CMAaYMBAEMOCTBIO TIOBEPXHOCTH TOPHBIX
nopon 1 3(ppeKTUBHOCTBIO TTpoliecca BrITecHeHMs. Ha oc-
HOBaHMH CHSITBIX KPUBBIX KAITMIIISIPHOTO TaBJICHUS OBLIN
paccunTaHbl MHAEKCH cMaunBacMocT USBM (prc. 4).

Pe3ynbraThl pacyeToB MHICKCOB CMAaYMBAeMOCTH
no metony USBM, rpadgudyeckn mpenctaBieHHEBIE
Ha puc. 4, MoKa3aJlv, YTO KOJUTOMIHAS CHCTeMa ¢ Ha-
Houactumamu DCH okaspIBaeT 3HAUNTEILHOE BIMSTHIC
Ha CMauMBaeMOCTh ITOBEPXHOCTH TOPHBIX ITOPOI, 0be-
CIIeunBast BO3MOXHOCTh N3MEHEHUST MHIEKCA CMavK-
Baemoctu USBM c 0.60 (ruapoduiibHasi [IOBEPXHOCTb)
mo 3HaueHns MuHYC 0.32 (TuapodoOHasT TTOBEpXHOCTD).

CpaBHuUTeIbHAS olleHKa BaussHust DCH Ha mHIekc
CMaYMBAaEMOCTH TTOBEPXHOCTH KapOOHATHBIX TOPHBIX
Topox IIpuBeaeHa B Ta0J. 3 1 Ha puc. 5.

ITo pe3ynbraTaM (UIBTPAINOHHBIX 9KCIIEPUMEH-
TOB OBLIIO YCTAHOBJICHO, YTO (PUITBTPAIINS KOJIJIOMITHOM

cucteMbl DCH B KepHaX KapOOHATHBIX TOPHBIX ITOPOL
C IMIPEUMYIIECTBEHHOU THAPOMDUIBEHOCTHIO TTOBEPXHO-
CTH IIPUBOIUT K CHIUKCHUIO CTEIICHU TUAPODUIBHO-
CTH WX aOCOJIOTHOMY M3MEHEHUIO CMAaYMBAEMOCTH
ITOBEPXHOCTU KaHAJOB (ODMJIBTPAIINU TOPHBIX ITOPOI
(puc. 5). ITo o6pasmam keprHoB Ne 1 1 3 6bLIO 3ahUK-
CHPOBAHO CHUXEHME CTEIeHU r'uApOGMIbBHOCTU I10-
BepxHocTH ¢ 0,76 1 0,74 1o 0,19 njs o6oux 0Opa3LoB
(B cpemHeM IUIST ABYX 00pa3IloB CHIKCHHNE MHIOECKCA
USBM cocrasuiio 0,56). Bojiee cyliecTBeHHbIE 13-
MEHEHMs CMAaYMBaeMOCTH ITOBEPXHOCTH HAOTIOOAICh
10 pe3yIbTaTaM 3KCIIEPMMEHTOB Ha 00pa3max KepHOB
Ne 2,4, 5u 6, 1OBEepXHOCTh KOTOPBIX CTaia TUAPO(0O-
Hoit mocie dunbrpanun DCH. Hausbicmmit ypoBeHBb
abCOTIOTHOTO U3MEHEHHUSI CMAaYMBAEMOCTH ITOBEPXHO-
CTU TOPHOM ITOPOIbI ¢ MAKCUMaIbHOTO 3HaueHus1 0,60
(rumpodrbHasI TOBEPXHOCTD) 10 MUTHUMAJILHOTO 3Ha-
yeHUs MuHYC 0,32 (ruapodoOHast ITOBEPXHOCTD) OBLT
3aukcrpoBaH 1o 06pa3iry Ne 5. B cpegHeMm 1o mectn
o6pa3siiam kepHoB nHIekc USBM cHusmcs ¢ 0,52 (tu-
IpoduabHas ToBepxXHOCTh) 1o MuHYC 0,04 (HelTpaib-
Hast CMa4MBaeMOCTh).

Tabauua 3
Cmaqnusaemocn TIOBEPXHOCTH FOPHBIX NOPOZ 00beKTOB paspaborku C, 1 CTyp 1o u nociae puasTpanun DCH
Hnunexc cmaunsaemocru I
O0beKT pa3padoOTKu Howmep o0pa3sua kepHa
o ¢punsrpamun DCH IMocae ¢punsrpamm DCH
1 0,76 0,19
Coam 2 0,67 —0,12
3 0,74 0,19
4 0,21 —0,02
Crp 5 0,60 —0,32
6 0,11 —0,17
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HMocne ¢punsTpaumrn ICH 1o dunsTpaumm 3CH
mapodobHbI HeittpanbHbiit TmapodunbHbIA
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MHAaeke cmaymsaemoct USBM

Puc. 5. IHaekc cMaynBaeMOCTH MOBEPXHOCTH FOPHbIX MOPOJI,

110 1 nocJie pmiprpamuu DCH

3AKTIOYEHUE

PesynbTaThl KOMITIEKCa Ta00PaTOPHBIX SKCIICPUMEH-
TOB T10 MCCJICIOBAHMIO BIUSHUS KOJJIOUIHBIX CHUCTEM
¢ HaHogactriiamMu DCH Ha cMaunBaeMOCTB ITOBEPXHOCTH
KaHaJIOB (DWIBTPAIIMU TOPHBIX TTOPOJT ITOKA3aI1 BBICO-
KYIO TEXHOJIOTMYECKYIO (DYHKLIMOHATBHOCTb TPUMEHEHNS
OCH gt peryInpoBaHUsT CMAaYMBaeMOCTH TIOBEPXHO-
cTeit (PIIOMIOHACHIIICHHBIX TPEIIMHHO-TIOPHCTHIX CPE.
AHaIM3 pe3yIbTaToOB UCCICIOBAHIIA TIOKA3aJ, YTO (DUTh-
tpamusg DCH B KepHaX rOpHBIX TOPOI He(PTETa30BBIX
MectopoxaeHuii Bonro-Ypanbckoit HeTera3oHOCHOM
TIPOBUHIINM B YE€THIPEX U3 MICCTU SKCIICPUMEHTOB TIPH-
BeJla K aOCOIFOTHOMY M3MEHEHUIO CMAaYMBaeMOCTH TI0-
BEPXHOCTH KaHAJIOB (PYITHTpaIu ¢ TUAPODUITLHON Ha TH -
npodobHyro. Hanboiree BEICOKMIT ypOBEeHb U3MEHEHUS
CMaYMBacMOCTH TTIOBEPXHOCTH TOPHBIX IIOPOIT OLICHEHHBIA
yepe3 nHpekec USBM 6bu1 3ahmkcupoBaH 1Mo oopasiny
Ne 5, B koTopoM mHIekc cmaunBaecMoct USBM Ob1

CIIUCOK JIMTEPATYPbI

cHrked ¢ 0,60 1o munyc 0,32. J1st nHKeHepOB-HEMTIHA-
KOB BO3MOXXHOCTB PETYIMPOBAHMS CMAUMBACMOCTH TOP-
HBIX TTOPOJ IIPEACTABIISIET CO00iT BEICOKOA(D(EKTUBHBIM
MEXaHM3M PeTyINPOBaHUS Pa3pabOTKM HE(TSIHOTO 1 ra-
30BOTO ITIACTa, T.K. K3MEHEHNE CMauBaeMOCTH KaHAJIOB
umpTpanyy He(TETa30KMIKOCTHBIX CMeCei TT03BOJISI-
€T U3MCHSITh HAIIPaBJICHNS (QUIBTPALIMOHHBIX TIOTOKOB
B IpU3a00MHOI 30He He(PTEera3oHOCHOTO I1acTa. 13-
MEHEHHME CMAaYMBAacMOCTH KaHAJIOB (DMIBTPAIII TOPHBIX
TTopox, ABIIsIeTCs 3 (MEKTUBHBIM PHIYaroM BO3ICCTBUS
Ha TaKue SIBJICHNS KaK MexXda3Hoe HATSDKEHME, KalTvI-
JISIpHOE IaBJICHUE U KAIMWLIAPHAST IIPOIMTKA, KOTOPBIC
B CBOIO OUEpEIb OIIPEICIITIOT TEMIT ¥ KAYeCTBO BEIPAOOT-
KU 3aI1acoB He(TU U Tasa. Pe3yabTaThl SKCIIEpUMEHTOB
CBUOCTEIBCTBYIOT O BEICOKOM MEPCIIEKTUBHOCTHU TIPH-
MEHCHMS KOJUTOMIHBIX CHCTEM CO CBEPX3apsKeHHBIMU
HaHOYACTUIIAMHU IBYOKVCH KPEMHUS VTSI PETyITNPOBAHMS
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ABSTRACT: Introduction. The aim of the study was to optimize the quality control of fire retardant coatings (FRC) during their
production and use. The results of a comparative analysis of the consequences of fires and their causes with the parameter of fire
resistance of objects indicate that the number of fires and damage from them in buildings of the first degree of fire resistance is
almost an order of magnitude smaller than in buildings of the second degree of fire resistance. Consequently, increasing the fire
resistance of building materials and structures is the way to radically reduce fires and losses from them. Methods and materials.
Based on a system analysis of existing fire protection technologies for building materials made of wood, metals, rubber and polymers,
nanotechnologies were developed to determine the stability of samples with an FRC on the baro-electro-thermo-acoustic (BETA)
analyzer and create their «<images» for further diagnosis of their aging at the constructions and operation facility. The novelty of the
study is protected by patents of the Russian Federation. Results and discussion. The obtained results consist in the refinement of
computational algorithms for the FRC in the BETA analyzer, as well as in the development of a portable automated complex, which
allows to determine the stage of «aging» of the FRC on these materials, and, consequently, their durability and update time. This
conclusion is based, firstly, on the results of the development of a thermo-electro-dilatometer crucible for controlling liquid and
viscous materials by the authors of the «float design», which will make it possible to control the FRC characteristics during their
production, and secondly, to carry out express control after filling them in containers (polymer, metal, glass) without opening it and
thirdly, due to the recognition of these «images» using thermo-electro-measurements of the FRC using special probes connected
to a portable automated system. Conclusion. The results obtained make it possible to «<arm» with portable automated systems not
only construction and fire control authorities, but also manufacturers of emergency protection products. This will allow, according
to the authors, to fundamentally solve the problems of quality and durability of FRC, but the main thing is to guarantee the stability
of the protected materials and structures from them.

KEYWORDS: fire retardant coatings, degree of fire resistance, materials and structures, quality of fire retardant coatings, durabi-
lity of fire retardant coatings, thermo-electro-acoustic method, heat conductivity, thermal diffusivity, heat capacity, aging of fire
retardant coatings.
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of materials, constructions and elements of engineering systems of buildings from them with fire retardant coatings. Part 1. Nano-
technologies in Construction. 2020, Vol. 12, no. 3, pp. 174-184. DOI: 10.15828/2075-8545-2020-12-3-174-184.

INTRODUCTION

Over the past 15 years, every year in Russia [1], an  as a result of which about 13 thousand people die and
average of 200 thousand fires have been recorded,  almost as many are injured (Table 1).
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Table 1
Statistics of fires and their consequences in Russia
. Years Average
Indicators
2003 | 2005 | 2007 | 2009 | 2011 | 2013 | 2015 | 2017 | 2019 value

Fires (thousand) 239.2 | 229.8 | 212.6 | 187.5 | 168.5 | 153.5 | 145.6 | 132.4 | 471.1 215.6
Killed (people) 19303 | 18412 | 16066 | 13946 | 12019 | 10601 | 9377 | 7782 | 8507 12890
Injured (people) 14032 | 13362 | 13688 | 13269 | 12516 | 11132 | 10920 | 9305 | 9474 11966
Damage from fires 42 | 67 | 87 | 122 | 182 | 149 | 188 | 141 | 13.6 | 12.9
(billion rubles)

The average value of the dead and injured is almost
25.000 Russians, which for the country’s 145 million
people more than 170 times (!) exceeds the requirements
of a standard requiring a population safety of at least
0.999999 [2].

Moreover, the average annual percentage indicators of
the causes of fires and the facilities at which they occurred
are as follows [1]:

— residential buildings — 69.7% of fires, including 40.1%
due to malfunction and violation of the rules for op-
erating electrical appliances, gas and stove heating,
due to careless handling of fire — 33%, arson — 10%,
others — 13.6%;

— vehicles — 14%,

— public buildings — 4.2%,

— production facilities — 2.1%,

— warehouses — 0.9%,

— agricultural facilities — 0.4%.

Leaving the analysis beyond the scope of this article,
the «reduction» in the number of fires and those affected
by them, due to changes in accounting methods, and
based on the «growth» of direct material losses, we agree
with the following reasons for the deterioration of fire
safety [3]:

Firstly, due to the «aging» of fixed assets and viola-
tion of technical regulations requiring periodic monitor-
ing and restoration of safety parameters of facilities and
equipment,

Secondly, due to the emergence of new fire hazardous
technologies, machinery and equipment, requiring the
use of adequate methods and means of diagnosis and
suppression of their fire and explosion hazard,

Thirdly, the widespread use of flammable and com-
bustible substances and materials in the home and at
work, which increases the risk of accidents, explosions
and fires.

Due to the fact that both in production and in every-
day life, it is not always possible to do without the use of
combustible materials, manufactures and products, meth-
ods for processing them with special means — paints and
coatings, including nanostructured and polymerizable

compositions that ensure their protection against opera-
tional impacts (moisture, temperature fluctuations, etc.)
and in emergency situations (emergencies) — lightning,
fires, explosions.

This article discusses fire retardant coatings (FRC),
which are designed to protect building materials, con-
structions and products from them for engineering
systems of buildings from the dangerous factors of fire
(DFF).

The fact is that the existing methods and tools for
diagnosing and monitoring the properties of FRC are
differentiated (for steel constructions — fire safety stan-
dards 236-97; for wood — fire safety standards 251-98; for
cables — fire safety standards 238-97, etc.), and do not
use characteristics of protected materials and products,
for an objective assessment of changes in their properties
under the influence of emergency conditions, which gives
rise to a mismatch between the actual fire hazard of the
facilities and their calculations in declarations of their
fire safety [4, 5].

This situation was formed because the tools for mon-
itoring the operational stability of facilities, incl. using
FRC, almost none. In connection with this, a scientific
and technical problem arose — the development of meth-
ods and means of objective control, firstly, the quality
of the FRC in their production, i.e. in the liquid phase,
and secondly, and this is the main thing — diagnostics
of the durability and fire resistance of products and
constructions with FRC during their operation at vari-
ous facilities (residential, administrative, commercial,
etc.) [5, 6].

Various construction materials, structural elements
and engineering systems, buildings in general, behave
differently in emergency situations, and therefore, a need
has arisen for a special indicator with which to compare
the ability of objects to resist the effects of fire. As such
an indicator, the concept of the degree of fire resistance
of objects (from first to fifth) was introduced, which are
international fire-technical characteristics that differ in
times during which materials, constructions and buildings
can resist DFF [7].
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However, such a latent form of the fire resistance pa-
rameter does not allow their use in the equations of Se-
menov, Zeldovich and Frank-Kamenetsky, on which the
theory of combustion and explosion is based, and there-
fore, it became necessary to develop new methods and

means of diagnostics and control the stability of building
materials and constructions from them, including with
FRC, which would allow for the objective control of their
design and operational stability, including in emergency
situations [6, 8].

2000
1800 | y =-0,1668x3 +7,0892x? - 69,888x + 1804,1
wol I 0 T — - — o — . 1. —-—=q—"
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Fig. 1. Histograms of the number of fires in buildings I-V degrees of fire resistance

40000,0

35000,0 +
30000,0 +
25000,0 +
20000,0 +

15000,0 +

—
-

10000,0 v =51,483x + 117,63 | ~ -
—

y=0,021x+ 1653,2

- y =-43,619x + 1085,8
-
5000,0 4 | :iIL
oo CET B I T ah o all-
1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2012
m1 | 1751|1008 | 1613 | 261,5 | 180,7 | 107,7 | 252,3 | 274,0 | 609,3 |1014,3| 603,2 | 886,1 | 609,3 | 252,3 | 603,2 | 609,3 | 252,3 | 274,0
m D |1263,9|2285,7|1751,6 | 2486,3|1800,9 | 2467,8 | 1819,9 |3485,7 | 5045,4 [5111,1|9068,6 | 8687,6 | 5045,4 | 1819,9 | 9068,6 |5045,4 | 1819,9 |3485,7
m 3 |2877,3(8583,8|6579,9(6180,8|6673,8 |7193,2 |10820,817968,021072,026353,627152,336150,1121072,010820,827152,321072,010820,817968,0
m4 | 5485 |15251(1478,91283,0/1003,0 | 1675,0 |3718,0 | 5548,3 | 5948,6 | 5288,8 11156,2|15248,9 5948,6 | 3718,0 |11156,3 5948,6 | 3718,0 | 5548,3
5 | 4173 [1259,7| 537,7 | 495,9 |1149,4 | 736,1 |4981,3 |5565,1 |7712,3 |6279,3|8853,4 |9603,8 | 7712,3 |4981,3 | 8853 ,4 | 7712,3|4981,3 | 5565,1

Fig. 2. Histograms of losses from fires in buildings of I—V degree of fire resistance (thousand rubles)
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The results of a comparative analysis of the conse-
quences of fires (death, injuries, material losses, destroyed
and damaged areas) and their causes with the fire resis-
tance parameter of objects show (Figs. 1 and 2) that the
number of fires and damage from them in buildings of
the 1st degree of fire resistance is practically an order of
magnitude less than in buildings of the II degree of fire
resistance. Consequently, increasing the fire resistance of
building materials and constructions is the way to radically
reduce fires and losses from them [4, §].

METHODS AND MATERIALS

As our research and development has shown, the most
acceptable method for testing any building materials is the
method and complex of baro-electro-thermo-acoustom-
etry (BETA), which implements a combined influence on
a sample of material (Figs. 3 and 4) [6, 8].

The BETA analyzer allows you to get all the necessary
characteristics, as well as to determine the existing and
additional indicators of their fire hazard, because regis-
ters and calculates the 38™ parametric vector function of
the «life cycle» (VFLC) of the material under operating

X ¥,

conditions — F [P, T, mi, [, p, 4, a, Cp, Cv, B, v, E,h,
H, Fo, B, E, K, G, v, pg*I/E, 0, 17|, C(R), g0,
e, 1y ui*l2/ot, L/Rt, e ~a/t, C/ot, Na, U, G, n)[9,10].

The BETA analyzer was created as part of the START
program project No. 5823 [10] and, in contrast to the
well-known synchronous thermal analysis devices (STA),
which use linear modes of temperature and pressure
changes, uses the adaptive thermo-baro-cycle method
(ATBC), working stepwise (Fig. 5) [11].

This makes it possible to obtain «quasistationary» sec-
tions (temperature and pressure) in the vicinity of «sin-
gular points» (phase transitions, etc.), and, therefore,
correctly calculate the thermodynamic characteristics
of the material, which ensures the reliability of the re-
sults obtained, and also made it possible to set solve the
problem of «accelerated aging of materials» in operating
conditions [10, 11].

To implement the ATBC method, a thermo-cryo-
stat-electric furnace was developed (Fig. 6), in which the
heating and cooling processes were combined by using a
nichrome electric heater, and as an SF6 cooler (R-510)
in each of 8 sections, controlled by a controller (TREI-
5B-05), which made it possible to ensure «quasistationary

2]
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Fig. 3. Block diagram of a BETA analyzer
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Fig. 4. Appearance of the BETA analyzer

1 — file server (FS); 2 — Gravioacoustic-clectrometric module (GAEM); 3 — subject table (PS); 4 — meter

of immitance E7-20; 5 — modified thermocryostat-electric furnace (TKSEF); 6 — meter of immitance E7-20;
7 — control modules TKSEF, compressor and foreline pump (ISM); 8 — FT-801 IR Fourier spectrometer;

9 — 1 FS monitor; 10-color printer; 11 — master module M902E MFC «TREI-5V-05»; 12 — monitor
workstation (PC); 13 — 2" FS monitor; 14 — workstation (PC); 15 — reverse heat/cold circuit (RCT);

16 — forevacuum pump; 17 — compressor; 18 — operator workstation with keyboard and mouse

temperature sections» with high accuracy. In a similar
way (a compressor and a fore-vacuum pump with elec-
tromagnetic valves), «quasistationary pressure sections»
were ensured [10, 11].

In addition to accelerated aging of the material sample
during testing, this approach made it possible to modify and
synchronize ten different methods of thermal analysis and
one metrological method, namely:

+ thermobarogravimetry (TBG), implemented by
WZA-224CW magnetometric scales (Sartorius compa-
ny) with a built-in 200 g calibration weight controlled
by a computer, which allows them to be calibrated with
restoring the tare mass (crucible of a thermo-electro-
dilatometer on a thermo acoustic rod-waveguide — TED
TARW) at any time (which is especially important with
thermo-baro-cycles), with a resolution of measuring the

mass of a sample (up to 50 g) — m at 10 micrograms, and
in double-precision mode — differential thermo-baro-
gravimetry (DTBG) with a resolution of dm/dT — up to
1 micrograms /grad [9,10];

+ thermobarodilatometry (TBD) and differential ther-
mobarodilatometry DTBD), which is implemented by
a crucible (Fig. 7 «a») with a thermoelectro-dilatometer
(TED) and two immitance meters (E7-20) controlled by
a computer that calculates the linear size of the sample —
[/ and its changes — d//dT and d//dP, regardless of the type
of material (dielectric, conductor, semiconductor), due
to the design of the TED and the presence of its exact pa-
rameters (diameter, height from the bottom to the cover,
thickness of the movable cover), according to a unified
equivalent circuit and general mathematical model (1)

[9, 10].
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where [ is the linear size of the sample in the TED;
D is the diameter of the movable plate TED; ¢ is the
dielectric constant of vacuum; C is the capacity between
the movable lining and the bottom of the TED; /, is the
distance from the mobile plate to the TED cover; C, is
the capacity between the movable cover and the TED
cover; ¢, is the dielectric constant of the air between the
movable plate and the TED cover; R is the resistance of
the sample; 4., — TED height (from the bottom to the
cover); hmp is the thickness of the movable plate.

* thermo-baro-densimetry (TBD), which is a new
method of thermal analysis, because calculates the density
of the sample — p and its changes — do/dT and do/dP
(according to changes in the mass and volume of the
sample), due to the synchronization of thermogravim-
etry and thermodilatometry (TG, DTG, TD and DTD),
which have not been matched to date in any devices of
thermal analysis [10];

+ differential scanning calorimetry (DSC) and the cali-
brated heat flux method (practically according to GOST
25380-2014), implemented in the same TED using the
«reference section with air medium» (Fig. 8), which, in
addition to thermal conductivity, A, thermal diffusivity,
a and the specific heat of the sample — C (at constant tem-
perature and at constant pressure), determine all caloric
and thermal coefficients: § = dQ,/dV, h =dQ,/dP, x =
dQ,/dV,y =dQ,/dP, f = — (dV/dP)/V, y = (0P/dT)/P,
thanks to the adaptive thermo-baro cycles (Fig. 5) and the
design of the TED creating calibrated heat fluxes into the
sample (Q and ¢g), because heat dissipation by zirconia ce-
ramics of TED walls (1.3 W/m ¢ K) is two orders of mag-
nitude lower (1%) than molybdenum (118—138 W/m * K)
in the operating temperature range (heat dissipation and
error can be reduced to 0.1% if the TED is made of nano-
structured or wollastonite ceramic [12] having a thermal
conductivity of 0.035—0.5 W/m * K);

+ differential-barothermic analysis (DBTA) — imple-
mented in the same TED as a «reference section of the
air» (vacuum or air as a reference), as a result of which
the enthalpy from the heat balance equation is correctly
determined: AmdH/dt + A (To—Tm ) = mC AT [5];

* electrometry, incl. dielectric analysis (DEA) and
electromagnetic analysis (EMA), implemented by TED
and emittance meters (E7-20), controlled by a comput-
er that calculates the functions of the diclectric (¢) and
magnetic permeability of the sample (), measuring ca-
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T, T, — surface temperature of the cover TED
A (environment in TCSEF),
T, — temperature in the «section with the air> TED,
Ts M\, — thermal conductivity of the air in the section,

T, — temperature of the TED mobile lining,
T, — surface temperature of the sample,

A, — thermal conductivity of the sample,

T, — bottom temperature TED,

h. — thickness of the molybdenum cap TED,
— thickness movable plate of the TED,
M, — thermal conductivity of molybdenum.

Fig. 8. Scheme for measuring heat flux and thermal conductivity of a sample in a TED

pacitance, complex resistance and finding the extremes
of the tangent loss angle in the range 25—10° Hz, after
which, solving the impedance equations, presents them in
a «3-dimensional combination» of coordinates (T, P, w),
calculating the criteria of homo-chronic at the extremes
points (Ho, = ep/t, Ho, = ul*/pt and Ho, = C/Gt) [13];

+ dynamic and thermal mechanical analysis (DMA
and TMA) - implemented using data from the LDP and
DBTA and the connection 3 with the bulk modulus (K =
1/B), which are used to calculate the remaining moduli
of elasticity E = P+1/Al, G = 3E/(9—p+E), v = (E—
2G)/2G, yu=G, M= (1-2p-u) /33, as well as the sec-
ond similarity criterion for elastic strains, equal to pgl/E,
and the tangent of the angle of mechanical losses [6, 10];

* acoustic emission analysis (AE), implemented by
2 AE-sensors mounted on 2 thermo-acoustic rod-wave-
guides located in the ceramic «leg» of the TED, the seg-
ments of which form the «bottom» in the TED in contact
with the sample, which they are connected to the ALine-32
PCI8 module («Interunis» company), which determines,
through two independent channels, the flow intensity
(quantity per unit time) of AE acts — dNa/dt, their to-
tal number — Na, amplitudes — U, and also the spectral
composition of radiation — G (f), which allows us to study
the kinetics of changes in the sample and the diagnosis
the earliest stages of the processes, as well as to calibrate
measuring circuits AE, switching one of the sensors in a
radiation mode from a reference oscillator [5, 14];

* IR Fourier spectrometry of the products of destruc-
tion and combustion in the working volume of the TCSEF
through a quartz window in it (Figs. 3 and 7) using the
FT-801 IRF-spectrometer [15], allowed real-time de-

termination of the smoke formation coefficient of these
products and their toxicity according to the formulas
V.N. Pavlova [16, 17];

* metrological certification of the measuring channels
of the BETA analyzer using thermodynamic acoustic
emission etalons (TDAE «droplets» of mercury and water
sealed in the TED bottom), which have without hysteretic
characteristics of phase transitions of the first kind, that
allow you to calibrate measuring channels during testing,
which was protected by a patent of the RF [18].

The exact values of the sample parameters obtained in
this way allow us to determine its similarity criteria (Fou-
rier number — Fo = a't/I> and Biot number — Bi = a.*1/A)
and construct curves of their changes in temperature and
time for registration and identification nano-, micro- and
microstructural changes in the sample, including with its
«aging» [8, 9].

RESULTS AND DISCUSSION

The developed technique for any FRC differs from the
BETA-analysis of solid samples [10], both by the prepara-
tory stage [8] and by new algorithms for calculating the
FRC parameters.

At the preparatory stage, two identical cylindrical
samples are made of steel, wood, rubber and polymer,
after which their dimensions and weight are fixed, and one
of the cylinder bases is covered with FRC in accordance
with the technical specifications on them [8].

After drying (polymerization), samples with FRC are
weighed to determine the mass of FRC at each, and the
next stage begins — «express analysis of the sample».
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where | is the linear size of the protected sample (1); h_, . — thickness of the FRC; T, is the surface temperature in
the TKSE (of the TED cover); T, is the temperature in the «section with the air medium» TED, ), is the thermal con-
ductivity of the air in the section, T, is the temperature of the movable plate of the TED, T, is the surface temperature
of the FRC, A, . is the thermal conductivity of the FRC, T; is the surface temperature of the sample, T, is the bottom
temperature of the TED, h,. is the thickness of the molybdenum cover of the TED, hmp is the thickness of the movable
plate of the TED, A, is the thermal conductivity of molybdenum, and A, is the thermal conductivity of the sample.

Fig. 9. Scheme of measuring a sample with FRC in TED

Express analysis consists of placing of the sample in
a TED and «running» the first samples with linear cool-
ing / heating from minus 60°C to plus 200°C in TCSEF in
vacuum (0.01 atm), with the determination of the VFLC
of the sample protected by the FRC (Fig. 9), as well as
the solution of the system of Fourier (2) equations for
determining the thermal conductivity — A_, . and thick-
ness — h_, . of the FRC:

Further, the pressure in the TCSEF rises to atmo-
spheric and at a temperature of plus 200°C, exposure is
carried out for 5 minutes (to determine the change in the
combustibility group of the sample with FRC by weight
loss), after which heating continues to a temperature
of plus 835°C. In this case, not only the actual times of
fire resistance of the samples are recorded [19], due to
the «swelling» of the FRC (change in its thickness and
thermal conductivity coefficient), but also are moni-
tored the vector-functions of life-cycle of the samples
themselves under the protection of the FRC, the critical
values of which make a conclusion about the effective-
ness of the FRC for each sample of steel, wood, rubber
and polymer [8].

The final stage — «aging of samples» — according to
test plans for «second samples» (formed according to the
results of «express analysis» of the first samples) with FRC

applied to them, according to adaptive thermo-baro-cy-
cles, with the provision of quasi-isothermal and quasi- of
isobaric regimes in the vicinity of the obtained singular
points, for refinements the «VFLC aging of FRC» on the
samples, before damage to the FRC [8, 19].

CONCLUSION

The proposed approach not only most fully reflects
the characteristics and behavior of the FRC during the
production and operation at the facilities, but also com-
plements the well-known methods for determining fire-
retardant efficiency, which are reflected in the relevant
regulatory documents [22—24], creating an «FRC image»
for subsequent identification of the stages its «aging», and
therefore the determination of the time of its updating at
any objects of supervision [8, 25].

Moreover, the development of a «float design» of
a thermo-clectro-dilatometer crucible for monitoring
liquid and viscous materials will make it possible to con-
trol characteristics of the FRC during their production,
including express control after packaging them in contain-
ers (polymer, glass, metals) without opening it, which
guarantees their quality when used at objects of protection
[26, 27].
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a TaKkxe B pa3paboTKe MOPTATUBHOIO aBTOMATV3NPOBAaHHOIO KOMIIEKCA, MO3BOJIAOLLEro ONpeaenmnTb 3Tan «ctapeHus» O3 Ha 3Trx
MaTepuanax, a ciejoBaTeslbHO, UX JOJITOBEYHOCTb U CPOK O6HOBEHNA. Tako BbIBOZ OCHOBAH, BO-MEPBbIX, HA pe3ysibTaTax pa3pa-
6OTKM aBTOPaMU «MOTMIaBKOBON KOHCTPYKLUU» TUTIIA TEPMO-3N1EKTPO-AUNAaTOMETPA AN KOHTPOJISA XUAKUX U BA3KMX MaTEPUAoB,
YTO NO3BOJIUT OCYLLECTBUTb KOHTPOb XapakTepucTrk O3[1 npu nx Npon3BoACTBE, BO-BTOPbIX, OCYLLECTBUTb SKCMPECC-KOHTPOSb
nocne pachacoBKy 1x B Tapy (MOAMMEpPHYI0, METANNTUYECKYIO, CTEKIISIHHY10) 6€3 ee BCKPbITUSA 1, B-TPETbMX, 611arogaps pacno3Hasa-
HIIO YKa3aHHbIX «00Pa30B» C MOMOLLbIO TePMO-3M1EKTPO-n3mepeHnit 03I ¢ MCnonb30BaHUEM CreLralbHbIX 30HA0B, MOAKTOUEHHbIX
K MOPTaTVBHOMY aBTOMATU3MPOBaHHOMY KOMMEKCY. 3aKkntoueHme. [onyyeHHble pe3ynbTaTbl MO3BONAT KBOOPYXUTb» MOPTATUB-
HbIMV aBTOMAT/3UPOBaHHbIMM KOMMJIEKCaMK He TOJIbKO OpraHbl CTPOUTENbHOIO 1 NMOXapHOro Hafi30pa, HO 1 npoussogutenein O3M1.
3TO NO3BOJINT, MO MHEHUIO aBTOPOB, B KOPHE PELLIUTb NpobnieMbl KayecTBa 1 gonroseyHoct O3, HO rMaBHOe — rapaHTMPOBaTb
YCTOMUYMBOCTD 3alULLaeMbIX MAaTEPUaNoB U KOHCTPYKLNIA U3 HUX.

KNIOYEBDBIE CJIOBA: orHe3alwuTHble MOKPbITUA, CTEMEHb OrHECTOMKOCTU, MaTepuasbl M KOHCTPYKLUN, Ka4eCTBO OrHe3aLMTHbIX
NMOKPbITUIA, AONTOBEYHOCTb OFHE3ALLUTHBIX MOKPbITUIA, TEPMO-311EKTPO-aKyCTUUYECKUI METOf, TEMOMNPOBOLHOCTb, TEMNepaTypo-
NPOBOAHOCTb, TEMNIOEMKOCTb, CTaPEHE OrHE3aLUTHbIX MOKPbLITUIA.

ANA UUTUPOBAHWUA: benosepos B.B., Tony6os A.U., KanbueHko W.E., HryaH T.A., Tononbckuii H.I. HaHoTexHONOrMm ncnbitaHuin
1 ANArHOCTUKN MaTepUanos, KOHCTPYKLUMI 1 21IEMEHTOB MHXXEHEPHbIX CUCTEM 3[AaHNI C OTHEe3aLWUTHBbIMU NOKPbITUAMK. YacTb 1 //
HaHoTtexHonorum B ctpontenbctse. — 2020. - Tom 12, N2 3. — C. 174-184. - DOI: 10.15828/2075-8545-2020-12-3-174-184.

BBEJIEHUE
I I ociemHue 15 et Kaxkmplii Tox B Poccuu peructpu-  3y/bTaTe KOTOPHIX ITOTHOAET OKOJIO 13 THIC. YeIOBEK
pyetcs [1], B cpenreM, 200 ThICSY ITOXKapoOB, B pe- 1 TIOYTH CTOJIBKO XK€ TpaBMUpyeTcs (Tadm. 1).
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Tabauya 1
CraTHCTHKA N0KAPOB M NMOCJENCTBUII 0T HUX B Poccun

Tonwr
Tokasaremn 2003 | 2005 | 2007 | 2009 | 2011 | 2013 | 2015 | 2017 | 2019 | Peree
TIoXaphi, THIC. 2392 | 229.8 | 212,6 | 1875 | 168,5 | 153.5 | 145.6 | 132,4 | 4711 | 215,6
Tloru6mu, Jer. 19303 | 18412 | 16066 | 13946 | 12019 | 10601 | 9377 | 7782 | 8507 | 12890
Tpaswuposansy, uen. | 14032 | 13362 | 13688 | 13269 | 12516 | 11132 | 10920 | 9305 | 9474 | 11966
Z;”;fgy%f HOXKaAPOB, 1y | 6,7 | 87 | 122 | 182 | 149 | 188 | 141 | 13,6 | 12,9

CpenHee 3HaYeHUE MOTUOIIMX U TPABMUPOBAHHBIX
coctaBisteT moutu 25000 poccustH, uto msd 145 mu-
JIMOHHOTI'O HaceJIeHUsI cTpaHbl 0ostee yeM B 170 pa3 mpe-
BbIILIAET TPeOOBAaHUS CTaHAAPTa, TpeOyoILero 6e3omnac-
HoCTU HaceseHud He Hike 0,999999 [2].

[1pu 5TOM CpeaHEeroaoBbIe MPOLEHTHBIE IOKA3ATEIN
MPUYKH MTOXAPOB U 00BEKTOB, Ha KOTOPBIX OHU IIPO-
M30ILLJIU, TAKOBHI [1]:
¢ XKWJIble 3MaHusT — 69,7% MoXapoB, B T. 4. U3-3a He-

KMCIPaBHOCTY ¥ HAPYLIECHUS IIPaBUJI 9KCILTyaTaLluK

3JIEKTPOIIPUOOPOB, Fa30BOT0 U MEYHOTO OTOILIE-

Hus — 40,1%, 13-3a HEOCTOPOKHOTO OOpalEeHUSI

¢ orHeM — 33%, momxoru — 10%, poune — 13,6%;
* TpaHCIOpPTHbIE cpeacTBa — 14%,

* obuiecTBeHHbIe 30anns — 4,2%,

* IIPOM3BOACTBEHHbIEC OOBEKTHI — 2,1%,

» cxuanel — 0,9%,

*  CeIbCKOXO3siCTBeHHbIE 00beKThI — 0,4%.
OcraBiisgs 3a paMKaMM HacCTOSIIEN CTaTbu aHa-

JIN3, «COKPALIEHMS» YUCIa TI0XAPOB U MOCTPAIaBILINX

OT HUX, U3-3a U3MCHEHMS METOINK yIeTa M OCHOBBIBA-

SICh Ha JAHHBIX «POCTa» IPSIMbIX MATepUAIbHbBIX ITOTEPD,

COIIACUMCSI CO CAEIYIOIIMMU MIPUIMHAMU YXYALIEHUS

oXapHoii 6e3omacHoOCTH [3]:

* BO-IIEPBBIX, U3-3a «CTAPEHUsI» OCHOBHBIX (POHIOB
¥ HApYyLIECHUS TEXHUYECKKX PErJIaMEHTOB, TPeOyIO-
LIKMX [IEPUOAUYECKOr0 KOHTPOJISI U paboT 10 BOC-
CTaHOBJIEHUIO ITApaMETPOB 6E30I1aCHOCTU 0OBEKTOB
1 000pyIOBaHUS,

*  BO-BTOPbIX, 13-3a ITOSIBJIEHUSI HOBBIX I10XapOoorac-
HbBIX TEXHOJIOTUIA, TEXHUKHU U 0O0OPYIOBaHMS, TPEDY-
FOLIMX IPUMEHEHUS aIeKBAaTHBIX METOIOB U CPEACTB
JUATHOCTUKY U ITOJABJICHUS MX II0KapOB3PHIBOOIIAC-
HOCTH,

*  B-TPETHUX, LIMPOKUM MCIIOJIb30BAHUEM JIETKOBOC-
TUTAMEHSIIOIITNXCS ¥ TOPIOYHMX BEIIECTB Y MAaTePUAJIOB
B OBITY 1 HAa IIPOM3BOJICTBE, YTO MOBHIIIAET PUCK BO3-
HUKHOBEHMS aBapUii, B3pbIBOB U IT0XKAPOB.

B cBs13u ¢ TeM, YTO U B IIPOU3BOIACTBE, U B OBITY
He Bceraa MOXHO 000MTUCH 63 UCITOIb30BAHMUS FOPIO-
YUX MAaT€PUAJIOB, U3IEIUI U MIPOAYKIIUU U3 HUX, ITOJIY-

YUJIU IIPUMEHEHUE METOIBI X 00pa0OTKY CTICITNATbHBI-
MM CPeICTBAMM — KpacKaMU 1 TTOKPBITUSIMU, BKITIOYAs
HAHOKOMITO3UIIMOHHBIC U TTOJMMEPHU3YIOIIIECs COCTa-
BBI, KOTOPBIC 00€CTICYMBAIOT MX 3aIIUTY OT SKCILTyaTa-
LIMOHHBIX BO3AEHCTBUI (BJ1aru, KojedaHuii TemIieparyp
7 T.0.) ¥ B YCIOBUSX Upe3BbrYaifHbIX cutyaruit (HC)
— MOJTHUH, TIOXapOB, B3PHIBOB.

B maHHOI1 cTaThe pacCMaTPUBAIOTCS OTHE3AIIUTHEIC
mmokpbITus (O3I1), KoTopble MpU3BaHBI 0OCCIICUYNTH 3a-
IIATY CTPOUTEITHLHBIX MaTEPUAIOB, KOHCTPYKIIUIA 1 M3-
TSN 13 HUX UTSI MHKEHEPHBIX CHCTEM 3IaHMIA OT OITac-
HBIX (pakTOopoB moxkapa (ODIT).

[0 B TOM, 9TO CYIIECTBYIOIIME METOIEI U CPEACTBA
JIMATHOCTUKY 1 KOHTpoJIsT cBoiicTB O3IT mudpdepenim-
pOBaHbI (/IS CTAIbHBIX KOHCTpYyKLmii- HI1b 236-97; mis
npeBecrHbl — HITB 251-98; mnsa ka6eneir — HITB 238-97
1 T.7.) ¥ He UCITOIb3YIOT XapaKTePUCTUKI 3aITUIITACMbIX
MaTepHalioB M U3IEIUi i1 OObEKTUBHOI OLICHKU M3-
MEHEHUI UX CBOMCTB IpHM BO3aeUcTBUM yciouil UC,
YTO ITOPOKIAET HECOOTBETCTBHE (PaKTUICCKOI TToXKap-
HOM OTIaCHOCTH OOBEKTOB 1 MX PACUCTOB B ACKIIApAIINsIX
00 uX ToxXapHoi 6e3omacHocTH [4, 5].

Taxkoe nooxeHne 06pa30BaIOCh IIOTOMY, YTO UH-
CTPYMEHTAJIBHBIX CPEACTB KOHTPOJIS KCILTyaTallOH-
HOM YCTOMYMBOCTH OOBEKTOB, B T.4. MCITOJIb3YIOIINX
O3Il, mpakTnyecKu HeT. B cBI3M ¢ 3TMM BO3HHKJA
HAYYHO-TeXHHYECKAas 3a7a9a — pa3paboTKa METOIOB
1 CPEICTB OOBEKTUBHOTO KOHTPOJISA, BO-TIEPBHIX, Ka-
yectBa O3I1 mpu UX MPOM3BOICTBE, T.€. B KUIAKOM
¢ase, a BO-BTOPHIX, 1 3TO TJIaBHOE — TUATHOCTUKU
IOJTOBEYHOCTHU M MOXAPHON YCTOMIMBOCTU M3ICIINIA
n KoHCTpyKumii ¢ O3I1 rmpu nx 3KCIUTyaTalliy Ha pas3-
JIMIHBIX 00bEeKTaX (KIJIBIX, AIMUHUCTPATUBHBIX, TOP-
rOBBIX U T.1.) |3, 6].

PasnmuanbIe CTpOUTETbHBIC MaTepHUATBI, JIEMCHTHI
KOHCTPYKIIMIT M MHXKEHEPHBIX CUCTEM, 3MAHUS B IICJIOM
To-pa3HoMy BeAyT cebsl B yemoBusax YC, B ¢BSI3U ¢ UeM
BO3HUKJIA HCOOXOIMMOCTD B CIICIIMAIbHOM ITOKa3aTe-
JIe, C TIOMOIIIBIO0 KOTOPOTO MOXHO OBLITO OBl CpaBHUBATh
CITOCOOHOCTh OOBEKTOB COIPOTUBIISITHECS BO3ICICTBUIO
orasa. B xadecTBe Takoro mokasaTelisl M ObLIO BBEIEHO
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TIOHATHE O CTENEHSX OTHECTOHKOCTH 00BeKTOB (OT I 10 V),
KOTOpBIE SIBJISIIOTCS MEKIYHAPOAHBIMU MMOKAPHO-TEX-
HUYECKUMU XapaKTePUCTUKAMU, OTIMYAIOLIMMUCS Bpe-
MEHaMHU, B TeUeHHE KOTOPhIX MaTepHUalibl, KOHCTPYKLIAK
¥ 3MaHUS MOTYT conpoTuBiIsAThess OPIT [7].

2000

Pe3ynbTaThl CpaBHUTEILHOTO aHAJIN3a ITOCIICICTBUI
ToXapoB (TMOEIH, TPaBM, MaTepHATbHBIX ITOTePh, YHII-
TOXXCHHBIX ¥ TTIOBPEKICHHBIX TIOIIANCH) 1 MX TIPUUNH
¢ TTapaMeTPOM OTHECTOMKOCTU OOBEKTOB CBUACTEIIb-
cTBYIOT (puc. 1 1 2) 0 TOM, 9TO KOJUUECTBO ITOKApOB

1800 4
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y =-0,1668x° +7,0892x? - 69,888x + 1804,1
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2005
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2007 2009 | 2010 | 2011 | 2012 | 2013
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480
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440

1056
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1712
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Puc. 1. IncrorpamMmsl 4ncjia nokapos B 31aHuaX I—V cTenenu oraecToikocTi

40000,0
35000,0 |
30000,0 |
y=0,021x + 1653,2
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20000,0 |
B
15000,0 + - -
- -_— -
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10000,0 1y =51,483x+ 117,53 s -
- - y =-43,619x + 1085,8
5000,0 | J .
_— (I
0,0 | ._J]L - - 5 -
1995 | 1996 | 1997 1998 | 1999 | 2000 | 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008
m1-a| 1751 | 100,8 | 161,3 | 261,5 | 180,7 | 107,7 | 252,3 | 274,0 | 609,3 |1014,3| 603,2 | 886,1 | 609,3 | 252,3 | 603,2 | 609,3 | 252,3 | 274,0
m2-5 | 1263,9|2285,7 |1751,6 | 2486,3| 1800,9 | 2467,8 | 1819,9 | 3485,7 | 5045,4 |5111,1|9068,6 | 8687,6 | 5045,4 | 1819,9 | 9068,6 | 5045,4 | 1819,9 | 3485,7
m 3-5 |2877,3|8583,8|6579,9 |6180,8|6673,8 | 7193,2 |10820,817968,0[21072,0126353,627152,3|36150,1|21072,0/10820,827152,3121072,310820,817968,0
m4-s | 548,5 | 15251 |1478,9 | 1283,0/1003,0 | 1675,0 | 3718,0 | 5548,3 | 5948,6 | 5288,8 |11156,3/15248,9 5048,6 | 3718,0 |11156,3 5948,6| 3718,0 | 5548,3
5-q | 417,3 |1259,7 | 537,7 | 495,9 |1149,4 | 736,1 [4981,3 |5565,1|7712,3 |6279,3|8853,4 (9603,8 | 7712,34981,3 |8853,4 |7712,3|4981,3 |5565,1

Puc. 2. Tucrorpammei ymep6a ot mozkapos B 31anusx [—V cTeneHu oraecToiKoCTH
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U yiiep0a OT HUX B 34aHUSX | CTereHn OTHECTOMKO-
CTU MPAKTUYECKU HA MOPSIIOK MEHbIIIE, YeM B 3IaHU-
sx 11 crenenu ornecroiikoctu. Ciie1oBaTebHO, 10-
BBILLIEHME OTHECTOMKOCTH CTPOUTEIbHBIX MaTEPUAIOB
U KOHCTPYKIWI — MyTh KApAWHAIBHOTO COKPAIIEHUS
TOXapoB M TToTeph OT HUX [4, §].

OpmHako Takas JaTeHTHas (hopMa mapameTpa OTrHe-
CTOMKOCTH HE IO03BOJISIET UCII0JIb30BaTh UX B ypaBHE-
Hugx CemeHoBa, 3enpaoBnya n Mpank-Kamenenkoro,
Ha KOTOPBIX ITOCTPOEHA TEOPHUSI TOPEHUSI U B3PbIBA,
B CBSI3U C YeM U BO3HMKJIA HEOOXOAMMOCTh Pa3pabOTKU
HOBBIX METOIOB U CPEACTB IMATHOCTUKU U KOHTPOJISI
YCTOMYUBOCTHU CTPOUTEIbHBIX MATEPUAIOB U KOHCTPYK-
it u3 Hux, B T.4. ¢ O3I1, KoTopble MO3BOIUIN Obl
OCYILIECTBUTh OOBEKTUBHBII KOHTPOJIb UX IPOEKTHOM
M KCILIyaTallMOHHOM YCTOMYMBOCTH, B T.4.B YCJIOBUSIX
qc e, 8].

METO/bI 1 MATEPUAJIBI

Kak mokasanm Hamm uccienoBaHus U pa3padoTKy,
Hanbosee IMpreMIEeMbIM IS UICTIBITAHUI JTIOOBIX CTPO-
WUTEJIbHBIX MAaTEPUAJIOB SIBIISICTCS] METOI 1 KOMILIEKC 0a-
po-3eKkTpo-TepMo-akyctomeTpun (BOTA), KoTopbrii

peann3yeT KOMOMHHPOBAHHOE BO3eiicTBHE HA o0pa3en
matepuana (puc. 3, 4) 6, 8].

BOTA-ananmm3aTop MMO3BOJISET MTOJIYINUTh BCEe HEOO-
XOIVMBIC XapaKTePUCTUKH, a TAKKE OTIPEICTUTD CYIIe-
CTBYIOIINE W OOTIOJIHUTEIbHBIC ITOKA3aTeIN UX IOXKap-
HOW OTITACHOCTH, T.K. PETUCTPUPYET U BEIUMCIISICT 38-MM
mapaMeTpUIECKYyI0 BeKTOP-DYHKIINIO «KU3HECHHOTO
mukia» (BOXKII) marepunaia B yCIOBUSIX 9KCILTyaTa-
wun — F [P, T, mi, [, 0, A, a, Cp, Cv, B, v, E,h, x, ¥,
Hi’ F 0y B[’ EH KH Gi’ Vo 08 l/ E[’ 0, IZI|’ Ci(Ri) ) tgal_, &
u;uisl’/ot, L/Rt, e *0/t, C/at, Na, U, G,n)[9, 10].

BOTA-ananmmu3atop OB CO3JaH B paMKax MpOeK-
Ta Ne 5823 mporpammel «CTAPT» [10] u, B oTinuue
OT M3BECTHBIX YCTAHOBOK CTHXPOHHOTO TEPMUIECKOTO
anamm3a (CTA), KoTopble MPUMEHSIOT JTUHEWHEIC pe-
KMMBI I3MEHEHUSI TeMIICPaTyphl U TaBJICHUSI, UCTIONb-
3yeT METOI afalTUBHOTO TepMo-0apo-1nkia (ATBLI),
paboraromuii ctyreHyaTo (puc. 5) [11].

DTO HaeT BO3MOXKHOCTD MOJIYINUTh «KBa3UCTAIIAO-
HapHBIC» YIACTKU (TeMITepaTyphl U TABJICHUSI) B OKPECT-
HOCTSIX «OCOOBIX TOUeK» ((ha30BbIX MEPEXOIOB U T.1.),
U, CJICIOBATEIbHO, KOPPEKTHO BBIYMCINTD TEPMOIMHA-
MHWYECKHE XapaKTePUCTUKNA MaTepraja, 9YTo 00eCITeun-
BacT TOCTOBEPHOCTh MX PACUYECTOB, a TAKKE ITO3BOJIMIIO
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Puc. 3. Brok-cxema BOTA-anamm3aropa
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Puc. 4. Buemnnii Bung BOTA-anamm3aTtopa:

1 — daitn-cepsep (PC); 2 — rpaBUAKyCTHKO-3JIeKTpoMeTpraecKuit Momysb (CADM); 3 — mpeaMeTHBIN CTO
(ITC); 4 — m3mepureab mmmuTanca E7-20; 5 — MmomuduiimpoBaHHBIN TepMOKpHocTaT-35ekTporneds (MTKCD);
6 — usmepuresab ummutanca E7-20; 7 — monyiu ynpasinenuss MTKCD, kommpeccopoM 1 (popBaKyyMHBIM
HacocoM (MKYVYB); 8 — UK dypbe criektpomeTp «PT-801»; 9 — 1-it Morutop @C; 10 — IBETHOM MPUHTEP;

11 — macrep-momyabp M902E M®K «TREI-5B-05»; 12 — morUTOp padoueii cranmun (PC); 13 — 2-it MoHUTOP
dC; 14 — pabouas cranius (PC); 15 — peBepcuBHbLr KOHTYp Teria/xonona (PKTX); 16 — ¢opBakyyMHbIit
Hacoc; 17 — xommpeccop; 18 — pabouee MecTo olepaTopa ¢ KIaBUaTypOi K MBITITBIO

IIOCTaBUTh U PELIUTD 3a1a4y «yCKOPEHHOIO CTapEHMUSI
MaTepHayioB» B YCIOBUSIX KcImTyatamuu [ 10, 11].

Hnsa peanuzanuu metoga ATBLL 6611 pazpaboran
TEPMO-KPHOCTAT-3JIEKTPOIIeyb (pucC.6), B KOTOPOM IIPO-
IECCHl HarpeBaHUS M OXJIAXKICHMS ObLIM COBMEIICHEI
yTeM IIPUMCEHEHNSI HUXPOMOBOTO 3JIeKTpOHAaTpeBa-
Tellsl B KauecTBe oxyaguTelisg-aiera3a (R-510) B kax-
IO M3 8-MU CEKILMA, yIIPaBIICMbIX KOHTPOJUICPOM
(TREI-5B-05), 94T0 TT03BOJIIIO C BBICOKOI TOYHOCTHIO
00CCIIeYNTh «KBa3MCTAIIMOHAPHOCTD TEMIICPATYPHBIX
Y9aCTKOB». AHAJJOTUIHBIM 00pa3oM (KOMIIPECCOpOM
1 HopBaKyyMHBIM HACOCOM C 3JIEKTPOMATHUTHBIMU
KJIaltaHaMU) OblJIa 00ecTieueHa «KBa3UCTAlIMOHAPHOCTD
yJacTKoB maBieHus» [10, 11].

IToMmMO YCKOPEHHOTO CTapeHMsT 00pa3iia MaTepraa
TIPY UCTIBITAHUSIX TAKO# MOIX 0/ TO3BOJII MOAUDUIINAPO-
BaTh M CHHXPOHM3HPOBATH JIECATh PA3HBIX METOJIOB TEPMHU-
YeCKOro aHAJM3a M OJIUH — METPOJIOrHIeCKHUil, 2 MMEHHO:

» tepmobaporpasumerpuio (THI'), peanuzyemyio
MarHATOMeTpuuecKuMu Becamu WZA-224CW (dup-
MBI Sartorius) co BCTpoeHHOIT moBepouyHoit rupeit 200 T,
VIIPaBISIEMBIMA KOMITBIOTEPOM, TTO3BOJISIIOIIM IIPOBE-
CTH X ITOBEPKY C BOCCTAHOBJICHUEM MACChI TaphI (THUIJIS
TEPMO-3JIEKTPO-IMJIATOMETPa Ha TePMO-aKyCTUICCKOM
mTok-BoTHOBoOe — THO/1 TAILLIB) B mo60it MOMEHT Bpe-
MEHH (ITO 0COOEHHO BaxKHO TIPU TEPMO-0apo-ITMKIIax)
C paspemIamileil CITOCOOHOCTHIO M3MEPEHUSI MacChl
ob6pasua (mo 50 ) — m B 10 mukpoepamm, a B pexKumMe
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Puc. 6. CoopouHblii yepTex TepMo-KpuocTara-siektponeun (TKCD)
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{@;ﬂ

ob6pasel,

S

= rasETEIFE,

0)

Puc. 7. Tureas Tepmo-3iekrpo-guiaatomerp (TD/I) u ero IKBUBaIEHTHBIE CXEMBI:

8A '80'721)2
b, =
4C,
0= hpgp _hmp —l s
40.C ; 1
E=—7
gy D
R-7D*
r=——
4/

rae [ — nuHelHbIi pasmep obpasua B TO/l; D — nuameTp nepensrxkHoi ooknanku TO/; e, — nusnexTpuye-
CKasl MPOHMUAEMOCTh BakyyMa; C — eMKOCTb MEXIY MePEABUXKHON 0OKIankoii u nnom TOI; [, — paccrosinue
OT TIePEeIBIKHOM 00KIanKy 10 Kpbuku TO/1; CB- eMKOCTh MEXIy TTepeABIKHOM OOKIAIKOM M KphITkoit TO/;
€, — IMBJICKTPUYECKAsl TPOHUIIAEMOCTh BO3IYIIHOM CPeIbl MEXIY MEPEABYKHOM 00KIanKoi 1 Kpbikon TO/I;

R — conpoTuBieHue odpa3ia; hm1

IBOWHOM TOYHOCTU — AUdPepeHInaIbHYI0 TePMO-
6aporpaBumetputo (ITBI') ¢ paspemennem dm/dT —
10 1 muxpoepamm/epaod 19,10];

» tepmodapomunaromerpuio (TH/1) n muddepennu-
anpHy0 Tepmodapogmnaromerpuio (JITH/1), xoropas
peanusyercst TurieM (puc. 7 a) TepMO-3JIeKTPO-auia-
ToMmeTrpoM (TDO]1) u mByMsa U3MEPUTEIIMI IMMHUTAHCA
(E7-20), ympaBisieMbIMI KOMITBIOTEPOM, KOTOPHEIiT BBI-
YUCIISICT TUHEHHBIN pa3Mep obpasna — / 1 ero u3MeHe-
aus — dl/dT n dl/dP He3aBUCHUMO OT TUTIAa MaTepuaja
(IM31eKTPUK, TPOBOJHMK, MOJYIIPOBOIHUK), Oaroaapst
KoHCTpyKImy TOJI 1 HATMINY €T0 TOYHBIX ITapaMeTPOB

— BoIcota TO/I (0T AHA 1O KPHIIITKN); hno — TOJIIIHA TTIepeIBUKHOI OOKITAIKU.

(mrameTp, BbICOTA OT JHA IO KPBIIIKW, TOJIINHA TIepe-
JIBIDKHOW OOKJIAIKM), TT0 YHU(DUITMPOBAHHOW 9KBUBA-
JIEHTHOU cxeMe 1 0011elt MatemaTnaeckoir Mmomenu (1)
[9, 10];

* Tepmo-0apo-aencumerpuio (THJ1), koTopas siBisieT-
Csl HOBBIM METOJJOM TEPMUYECKOTO AaHAJIN3A, T.K. BBIYUC-
JISIET TDIOTHOCTH 00pa3iia — p U eTo n3MeHeHUsT — do/dT
u do/dP (110 mTaHHBIM U3MEHEHUS MacChl 1 00beMa 00-
pasua) 01aronaps CMHXPOHU3ALUU TEPMOTPAaBUMETPUN
u repmommnaromerpuu (TT, AT, TO u AT/), Hecorpsi-
raeMble O HACTOSIIETO BPEMEHU HU B OTHOU YCTAaHOBKE
TepMuueckoro aHammsa [10];
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I

* muddepeHnuaIbHO-CKAHUPYIOILYI0 KAJ0OPUMETPHIO
(ACK) u meToa KaiuOpPOBAaHHOTO TEILIOBOTO MOTOKA
(pakTyecku mo FOCT 25380-2014), peanusyembie
B ToM Xe TDJI ¢ TOMOIIBIO «3TAJIOHHOM CEKIINU C BO3-
OYITHOU cpemoit» (puc. §), TMO3BOJSIONINE TOMUMO
TEIUTONIPOBOIHOCTHA — A, TEMIICPATyPOIIPOBOITHOCTH —
a M TerIoeMKocTh obpasna — C (TIpr TOCTOSTHHOM TeM-
mepaType U IIpU ITOCTOSSHHOM IaBJICHUH) OIIPEICINTh
BCE KaJJOPUUECKNE W TePMUIECCKIEC KOI(PPUIINCHTHI:
§ =dQ,/dV, h=dQ,/dP, x = dQ,/dV, ¥ = dQ,/dP,
= —(V/0P)/V, y = (0P/dT)/P, 6maromapst amanTuB-
HBIM TepMO-0apo-LuKJIaM (puc. 5) M KOHCTPYKIIUHN
TH, co3marommnM KaIMOPOBAaHHBIE TETIJIOBBIE TTOTOKU
B o0Opa3zelr (Q 1 q), T.K. pacCessHHE TeIlIa HUPKOHUEBOI
kepammkoii cteHok TOII (1,3 Br/m « K) Ha nBa mmopsi-
ka Huxe (1%), yuem monu6aeHa (118—138 Br/(m ¢ K)
B pabodeM MHTepBaje TeMIepaTryp (MOXHO CHU3UTH
paccesiHue Teruia 1 morpeirHocts 10 0,1%, ecan TO]]
HM3TOTOBUTH M3 HAHOCTPYKTYPHUPOBAHHO MJIN BOJIACTO-
HUTOBOI KepaMUKH [12], UMEIONINX TETUIOTPOBOTHOCTD
0,035—0,5 Bt/™m * K);

* muddepeHnuaIbHO-0aPOTEPMUIECKUI aHATN3
(IBTA) — peammsyeMslit B ToM Xe TOJl «3TamoHHOMI
CeKLIMeM BO3OYIIHOM Cpelbl» (B KAYECTBE TajJ0Ha —
BaKyyM WJIU BO3MIyX), B pe3yJIbTaTe KOTOPOTO KOPPEKTHO
OIIpenesIsIeTCs SHTAIBINS U3 YPaBHEHMS TETIOBOTO 0a-
nanca: AmdH/dt + MT —T, ) = mC,AT[5];

* JIGKTPOMETPHUIO, B T.4U. AUIJIEKTPUIECKUIT aHAIN3
(IDA) u 3neKTpoMarHuTHEIN aHamm3 (DMA), peanm-
3yembie TOJl n u3MmepurensmMu nummutanca (E7-20),
YIIpaBISIEMBIMI KOMITBIOTEPOM, KOTOPBIN BEIYUCIISICT
(byHKIIMM TU3IeKTPUIECKOU (¢) 1 MATHUTHOI ITPOHU-
IaeMoCTH o0OpasIa (L), M3Mepsist eMKOCTh, KOMIUIEKCHOE
COITPOTHUBIICHNE W HAXOISI SKCTPEeMYMBI TaHTEHCA yTJIa
norepb B auamnasone 25—10° ', mocie dero, pernas

T4

I Kpbiluka T[] IhK
e

e Puc. 8. CxemMa H3MepeHHsl TETIOBOTO MOTOKA
Ts H TemIonpoBoaHocTH o0pasua B TO/I:

T, — TeMniepatypa MOBEPXHOCTH KPBIIKU TOJT

InepeanMHaﬂ obknagka lnno (Clpe):[bl B TKCD):

T4 T, — Temneparypa B «CEKIMU C BO3AYIIHOM cpenoit» TOIL;
A, — TETJIONPOBOAHOCTb BO3IYIIHOM CPEbl B CEKLIMH;
T, — remneparypa nepeaBrxHoi ooknanku TO/;
T, — Temnieparypa noBepxHOCTH 00pa3ua;
A, — TEIIONPOBOAHOCTH 00pasua;
Ts T, — remneparypa nna TO/;
HKHSS 0DKNaaka h, — TonmmHa MoM6aeHOBOM KpbiliKK THIL;

h,, — Tommuuna nepensrxHoi ooknanku TO/L;
\,, — TETJIONPOBOXHOCTb MOJIMOIEHA

ypaBHEHUS UMITeIaHCa, TIPEACTABIISCT UX B «3-X MEPHOM
KoMOMHaIM» KoopauHart (7, P, ), BBIMUCIISIS B TOUKaX
9KCTPEMYMOB Kputepuu romoxponHoctu (Ho, = gp/t,
Ho, = u/’/pt u Ho, = C/Gt) [13];

* THHAMHYECKMIii H TepMUYeCKHii MeXaHNJIeCKHii aHA-
m3 (IMA u TMA) — peanu3yeMble ¢ UCIIOJb30BaHUEM
maHHbIX TB u IBTA u cBs3u 3 ¢ MomyneM o0beM-
Hoi1 yripyroctu (K = 1/[3), 110 KOTOPBIM BBIYUCIISIIOTCS
OoCTaJlbHBIC MOIYJIH yIpyrocti £ = P+I/Al, G = 3E/
(O—B* E), v=(E-26)/2G, pu= G, M. = (1-2B * w)/3p,
a TaKXe OIIpeIesIeTCsT BTOPOM KPUTEPUIl TTOI00MS
yIpyrux aedopmannii, paBHbIN ogl/E, © TAaHTEHC yTiia
MeXaHNYeCKMX nmorepsb [6, 10];

* aKyCTHKO-3MHCCHOHHBI aHamm3 (AD), peanu-
3yeMBIil 2-MsI maTdyukaMu AD, yCTaHOBJICHHBIMU
Ha 2-X TepMO-aKyCTHUECKHUX ITOK-BOJIHOBOIAX, pac-
ITOJIOKEHHBIX B KEpaMHUIeCKOM «HOXKe» T/, cer-
MEHTHI KOTOPBIX 00pa3yioT «1HO» B TOJI, KOHTaKTH-
pyroIiee ¢ 00pa3oM, KOTOPhIC IIOIKITIOYCHBI B MOIYJIb
ALine-32 PCI8 (dbupmbr «MHTEepIOHKCY ), OTIPEHCIISIIO-
MM TI0 ABYM HE3aBUCHMMBIM KaHaJIaM MHTEHCHUBHOCTh
ITOTOKA (KOJMYECTBA B CIMHUITY BpEMEHM) aKTOB AD —
dNa/dt, nx obiiee KommaecTBo — Na, aMrmuTynsl — U,
a TaKKe CTIIEKTPaIbHBIN cocTaB U3aydeHusI — G(f), 9To
ITO3BOJISIET MCCIENOBAaTh KUHETUKY M3MEHEHUI B 00-
pasiie U TMarHOCTUPOBATh CaMble paHHUE CTaIUM IIPO-
HUCXOISIINX IPOIECCOB, a TaKXKe OCYIIECTBIISITH Ka-
JIMOPOBKY M3MEPUTEIBHBIX TPAKTOB AD, TIepeKITIovast
OIIVH M3 JaTINKOB B PEKUM U3IYICHUS OT STAJIOHHOTO
reHeparopa [5, 14];

* UK Dypbe-crieKTpOMETPUIO MPOIYKTOB JAECTPYK-
A 1 TopeHns B pabodem oobeMe TKCD gepes kBap-
1meBoe OKHO B HeM (puc.3 u 7) ¢ momombio MK®-
cniektpoMeTpa ®T-801 [15] mo3BoMMIIO peam30BaTh
B peaJIbHOM MacInTabe BpeMeHM OIIpenesieHre Kodd-
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Puc. 9. Cxema m3mepenus oopasua ¢ O311 8 TO/:
l, — nMMHENHBINA pa3Mep 3amuiaeMoro obpasua (1); A

0311

— tommumHa O3I1; T, — remneparypa B TKCH

(mosepxHoctu Kpbitku TO/1); T, — Temnieparypa B «CEKIMU C BO3AYLIHON CPeNOi»; A, — TEMIONPOBOAHOCTD
BO3YLIHOM cpenbl B cekumu (1); T, — Temnepatypa nepeasrxHoit ookinanku TOJI; T, — temneparypa

nosepxHoct O31I1; A,

— remonpoBoaHocts O3I1; T, — TeMniepatypa MoBepXHOCTH 00pasia;

T, — remnieparypa nHa TO/1; h, — TommmHa Monu6aeHOBOM Kpbiiku TOJI; A, ) — TOMMHA NEPEIBUXHOIM
obkmanku TO/I; A, — TEMIONPOBOAHOCTL MOJIMOAEH; A, — KO3(DOULIMEHT TEMIONPOBOAHOCTH 0OOpas3La

(pummeHTa TBIMOOOpPa30BaHUS YKa3aHHBIX IIPOIYKTOB
1 MX TOKCnYHOCTH 110 (popmyitam B.H. T1asnosa [16, 17];
* METPOJIOTHYECKYI0 ATTECTAIMI0O U3MEPUTETbHBIX
KanayoB bBOTA-ananmn3aTopa ¢ TTOMOIIBIO BCTPOSHHBIX
B TO/I TepMOAMHAMUYECKNX aKyCTUKO-3MHUCCUOHHBIX
atanoHoB (TJAD-3amassaHbIe B 1HO TO] «KameIbKu»
PTYTH 1 BOOBI), KOTOPBIC, MMes Oe3rMCTepe3rCHBIC Xa-
pakTepuCTUKU (ha30BBIX IIepexomoB I poma, Mo3BoISIOT
KaanOpoBaTh N3MEPUTEIbHBIC KaHAJBI B XOJI¢ MCIThITA-
HUI1, 4TO OBIJIO 3aIIuIIeHo mateHToM PD [18].
[MoxyuyeHHBIC TAKUM 00pPa30M TOYHBIC 3HAUCHUS
apaMeTpoB 00pa3Iia ITO3BOJISTIOT OIPEICINTh €T0 KPH-
tepuu nogobus (uucio @ypse — Fo = a«t/F u uucio
Bbro — Bi = a ¢ [/\) 1 MOCTPOUTH KPUBBIC UX U3MCHEHMS
OT TeMITepaTyphl M BpeMEHU Ha MPEIMET PETUCTPAIIAN
¥ NIEHTU(DUKALIMT HAaHO-, MUKPO- 1 MAKPOCTPYKTYPHBIX
M3MEHEeHUI B 00paslie, B T.4. TIPU eT0 «cTapeHun» |8, 9].

PE3YJIbTATBI 1 OBCYKJIEHUE

Paspabortannas Mmetoguka st moobsix O3IT ommmya-
eTcd oT Metonuk BOTA-aHanm3a o6pa3ioB TBEPAOTO
tena [10] Kak MOATrOTOBUTEIHLHBIM 3TAIloM [8], TaK 1 HO-
BBIMHU aJITOPUTMaMHU pacdeTa napameTpos O3I1.

Ha moaroTtoBuTeTbHOM 3Talle M3TOTABIMBAIOTCS
110 ABa OMMHAKOBBIX UIMJIMHIPUIECKIX 00pa3lia U3 cTa-
JIV, IepeBa, pe3uHbI U ITOJIUMepa, Mociie 4ero Gpuk-

CHPYIOTCS MX pa3Mephbl U BeC, M OJHO M3 OCHOBAHUA
muuHapoB nokpeiBaeTcst O3I1 B coorBercTBUM ¢ TY
Ha HUX [8].

ITocre BeIChIXaHYS (TTIOTMMEPHU3ALINT ) TTPOU3BOIUTCS
B3BemmBaHue 00pa3noB ¢ O3I1 1 orpeneIeHusT MacChl
O3I1 Ha KaxXmoM, M HAUMHAETCST CIACAYIOIINIA STaIr —
«IKCIIpecc-aHaIn3 00pasia», KOTOPBIN MPeACTaBIsIeT
co0o0ii pasmetieHre ux B TOI n «I1poroH» rmepBhIX 00-
pas3moB IpU JIMHEHHOM OXJIAXKICHUHN/HAaTpeBe OT MU-
Hyc 60°C no mwioc 200°C B TKCD B Bakyyme (0,01 aT™)
¢ onpenenieneM BOXKII obpasma, 3ammmienHoro O311
(puc. 9), a pemmreHreM cucTeMbl ypaBHeHIIT Dypoe (2)
C YYETOM pPEe3yJabTaToOB TepMoauiaaToMeTpuu (1) ompe-
JENA0TCA (PYHKIMU TEIUIONPOBOAHOCTU — Ay, U TOJI-
IUHBL — A, O3IL.

Hanee naBnenne B TKCD nomHnMaeTcst 10 aTMOC-
depHoro, n npu Temmeparype 1aoc 200°C ocymiecT-
BIISICTCS BEIICPXKKA B TeUCHUE 5 MUHYT (IUIST oTipene-
JICHUSI MI3MEHEHUsI TPYIIITBI ToprodecTr oopasira ¢ O3I1
IT0 YOBIIM MACCHI), TTOCJIC YeTO HAarpeBaHUe TIPOIOJIKACT-
¢ 10 Temmnepartypsl mnoc 835°C. I1pu aToM perucTpupy-
I0TCSI 1 OLICHUBAIOTCS HE TOJIBKO (paKTHUeCKre BpeMeHa
OTHECTOMKOCTHU 00pa31oB [19] 3a cueT «BCITydnMBaHUSI»
O3I1 (u3MeHeHMe ero TOMIUHBI 1 KoddduineHTa te-
IUTOIIPOBOTHOCTH), HO 1 KOHTposmpytoTcss BADXKII ca-
Mux 00pasnoB 1ox 3amuTor O3], Mo KpUTUIEeCKUM
3HAYCHUSIM KOTOPBIX JeIaeTcs BHIBOI 00 3(pdpeKkTnB-
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Hoctr O3I1 mist Kaxkmoro obpasiia U3 CTalu, IepeBa,
pEe3VHBI U TToMepa [8].

3aKJIIOUUTENBHBINA 3Tall — «CTapeHre 00pa3LoB» —
IO MJIaHaM MCIBbITAHUN OJISI «BTOPBIX 00pa3LoB»
(copMUpPOBaHHBIX II0 PE3yIbTaTaM «3KCIIpecc-aHa-
JI3a» TIEPBBIX 00pa31oB) ¢ HaHeceHHBIMU Ha Hux O3,
TI0 aIAIITUBHEIM TePMO-0apo-IIUKJIaM, ¢ 00eCIIeUeHIEM
KBa3M-U30TCPMUICCKUX U KBa3U-N300apUICCKUX Pe-
JKMMOB B OKPECTHOCTSIX ITOJIYICHHBIX OCOOBIX TOUCK,
1 yrouneHust «BOXKII ctapenns O3I1» Ha o6pa3uiax,
1o kputndeckoro rospexaenns O3I1 [8, 19].

3AK/IIOYEHUE
ITpemraraeMblit TOAXO HE TOJILKO HauboJIee IOTHO

oTpaxaeT XapakTepucTuku u moBeneHre O3I1 B iporrec-
ce TIPOM3BOICTBA 1 KCIUIyaTalli Ha 00BEKTax, HO 1 I0-

CIIMCOK JINTEPATYPbI

ITOJTHSICT IIMPOKO M3BECTHHIC METOMBI OIIpEIeICHUS
OTHE3aIIUTHON 3(PHEKTUBHOCTH, KOTOPHIC OTPAKCHBI
B COOTBETCTBYIOIINX HOPMATUBHBIX JOKyMeHTax |20,
21] 1 uccaenoBaHUIX, B T.9. METOTAMHU TEPMUICCKOTO
[22, 23] 1 TepMO-371eKTPOAKYCTUUECKOTO aHam3a [24],
cosnaBas «oopas O3I1» musg mocnenyiomeir UAeHTUGU-
KAl CTaIUi €TO «CTapeHUsI», a CIICI0BAaTeIbHO, 1 IS
orpenescHNs (haKTUICCKOTO BpeMEHH eT0 OOHOBIICHUS
Ha JIIoOBbIX 00beKTax Hagzopa [8].

Boutee Toro, paspaboTKa «ITOIJIaBKOBOI KOHCTPYK-
LIH» TATJIS TEPMO-3JICKTPO-IIIaTOMETPA TSI KOHTPOJIS
KUIKUX W BI3KHUX MaTepHUAIOB ITO3BOJIUT OCYIIICCTBUTH
KOHTpoJIh XapakTepucTuk O3I1 mpu MX Ipon3BOICTBE
[24], BKiTIOUast 5KCIpecc-KOHTPOJIb TTociie pachacoBKN
1X B Tapy (MOJIMMEPHYIO, METAUTTICCKYIO, CTCKIISTHHYIO)
0e3 ee BCKPBITHUS, UTO TaApaHTHPYET UX Ka4eCTBO TP
MPUMEHEHNY Ha 00BEKTAaX 3alIUTHI [25].
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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.
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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 MPY HANIMYUM JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuueit )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 ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: 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 pefaKkumio 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, HApYLUEHUA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM pPeLleHmns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
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 MHTEPEeCOoB, MPOUCTEKAOLMIA U3 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 NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
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 3TUYECKOro 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 [MTABHOrO PefakTopa, YieHbl pefaKLUNOHHON KOMMeruun, aBtTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpy 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
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU 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
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE 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 JaHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CNoCcoOCTBYET 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 YOeauTenbHOe CBUAETENbCTBO HaPYLUEHUs, 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 «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY 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 U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KeHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT 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 OoTpuMUaTeSIbHbIX pe3yfibTaTax, 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 NOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

Pepakuuen )XypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COOHOLLEHUAM O 3/10ynoTpebieHnaAxX
(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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Manuscript text

File format
The editors accept texts saved using Microsoft Word in either the .doc or .docx format. If you are using Word 2007,
save the file only in the .doc 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; 0630pPbl; 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 UHPOPMALIMY, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTaMm caenatb BbIBOA4 O KAauyecTBe U COAepaHuy CTaTby (pestome [OKHbI OblTb MHPOPMALMOHHbBIMY,
OpPUrMHaNbHbIMK, cofepXaTb HOBU3HY, OCHOBHble pe3ynbTaTbl MCCIe[OBAHUN, CTPYKTypupoBaHHbIMKU 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 npuHUMaeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B ¢opmate .doc unu .docx. Ecnv Bbl
pabotaete ¢ Word 2007, coxpaHanTe dain Tonbko B dpopmaTe .doc.

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, OpraHnu3auui 1 T.4.) cnefyeTt OCTaBAATb B OPUTMHANeE, 3aK/ioyaTb 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 4f1s 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 LUTaThl 13 PAbOT, KOTOPbIE YNOMUHAKOTCA B TEKCTE, LOMONHUTENIbHAsA MHbOPMaLus.

OdopmneHune uuTaT U CNNCKa NUTEpPaTypbl
B >KypHane npuHAT BaHKyBepCKMiA CTUIb LIUTUPOBaHKA (OTCbINIKA B TEKCTE B KBaAPATHbIX CKOOKaXx, mosHoe 6rbnu-
orpaduueckoe onricaHne NCTOUYHKKA B CMIMCKe IUTEPATYPbI B MOPALKE YNIOMVHAHWUSA B TEKCTE CTaTbM).

Cnucok nutepartypbl

B cnvicok nuTepaTtypbl BKNIOYAOTCA UCTOYHUKN, UCMOMb3yemMble B TeKCTe cTaTbi. CCbIIKM Ha MPUHATbIE K NybnuKa-
LW, HO eLle He ony6NIMKOBaHHbIE CTAaTbU, AOMKHbI ObITb MOMeUEeHbl CJIOBAMU «B MeYaTuy; aBTOPbl JOJIXKHbI MOYYnTb
NMMCbMEHHOE pa3pelleHmne As CCbISIKU Ha Takue JOKYMEHTbI U MOATBEPXKAEHME TOro, YTO OHUW MPUHATbI K NevaTu.
NHdpopmaLma 13 Heony6/IMKOBaHHbIX UCTOYHUKOB JOJIXKHA OblTb OTMEUYEHA C/IOBAMUW KHEOMYOJIMKOBAHHbIE AaHHble/
LOKYMEHTbI», aBTOPbI TaKXKe OJIKHbI MOJyYnTb MMCbMEHHOE NOATBEPXKAEHVE Ha UCMOJIb30BaHME TakUX MaTEPUANOB.

CcbINKM Ha CTaTbl 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. HazBaHue KHuru. Homep nepensganus. lopon: Mizgatenbctso; 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. 2HazsaHre. 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. HazeaHwne ctatbu // HazsaHue xypHana. - log. — Tom (Homep):00-00. ['Familia 1.0.,
2Familia I.0. MNepeBog 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: NMnHpgopd J1.C., MamukoHwmaHTc J1.I. SkcnnyaTauus TypboreHepaTopoB C HEMNOCPEACTBEHHbBIM OXTaXAeHN-
em. — M.: DHeprusa, 1972. - 352c.

CCbINKM Ha MHTepPHET-pecypcbl:

Ha3BaHue caiita [DnekTpoHHbIn pecypc] — URL. — (gaTta obpalieHns).

lMpumeyarue: NPeaNoOYTUTENBHO YKa3biBaTb CCbIIKY Ha MaTepua C canTa, KOTopbIi yroMuHaeTcAa B cTaTbe. Ccbin-
Ka Ha rMaBHYI CTPaHWLY He MHGOPMATMBHA 1 He AAaeT BO3MOXHOCTb 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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