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(pacnnasbl, 30Nb-renieBbli CMHTE3 U Ap.). TemaTnKa CTaTell MOXeT OblTb UHOW, MPAMO U KOCBEHHO CBA3AHHOW C MEPEUNCIIEHHBIMA
HanpasieHNAMM.
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bopmaLMoHHbIe MaTepranbl.

A3bIK N3paHNA: PyCCKNN; aHIMNNCKNIA.
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TO THE AUTHORS AND READERS

Dear colleagues!

The journal “Nanotechnologies in Construction” (ISSN 2075-8545) is occupying the first
quartile (Q1) of the Scopus ranking for 2021, the link is (https://www.scimagojr.com/journal-
search.php?g=21101039444&tip=sid&clean=0) for two subject areas (categories):

« Building and Construction - Q1 (rank 44 out of 193), link — https://www.scimagojr.com/jour-
nalrank.php?category=2215.

+ Engineering (miscellaneous) - Q1 (rank 78 out of 414), link — https://www.scimagojr.com/
journalrank.php?category=22018&page=2&total size=414.

Congratulations on this significant event! This result has been achieved with the efforts
and assistance of the editorial board members, top-notch manuscripts of the authors and
their fulfillment of the editorial board requirements, a comprehensive assessment of the
articles by reviewers, a highly professional and responsible attitude to the work of the edi-
torial staff.

The motto of the journal since its foundation is “GIGAsuccess is being built from NANO”,
and it has become more and more a reality over the past 14 years.

Many thanks to everyone who is engaged in the production of the journal, as well as to
the leading Russian and foreign scientists and specialists who use the materials of the jour-
nal in their research works!

We hope for further fruitful cooperation. If you have any questions, please contact us by
e-mail: info@nanobuild.ru

Publishing House of the journal “Nanotechnologies in Construction”
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ABSTRACT: Introduction. The study of the kinetics structure formation is rarely the subject of a careful study. Although it is important
for materials used to create elements of building structures, energy elements, thermoelements and materials for other purposes.
The article proposes refinements of the methodology for determining the parameters of the kinetics structure formation of cement
composites, including modified compositions. Methods and materials. The structure formation of cement systems with plasticiz-
ers, microsized mineral additives (hydrosilicates of barium, copper and zinc) and nanosized particles of zinc hydrosilicates has been
studied. Results and discussion. It is proposed to single out two stages of initial structure formation: the stage of setting the ce-
ment paste and the stage of hardening. The selection of the setting stage is connected with the natural laws of the development of
natural systems, namely, the initial formation of a structural grid obeys an exponential law. Moment of time when a deviation from
this law is observed is the time of occurrence of spatial and/or prescription difficulties that hinder the exponential development
of the system. Conclusions. A strong negative relationship between the parameters ¢ and B of the equation H(t) = a exp(¢t*) has
been established. These parameters characterize the rate of structure formation at the setting stage (parameter ¢) and the density
of the structure (parameter § or the internal dimension D, | associated with it). The presence of such a negative relationship indicates
the inadvisability of accelerating the processes of structure formation at the stage of setting. This is supported by a strong positive

relationship between the period of initial structure formation ¢,  and the strength of the material R,,.
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INTRODUCTION

mong the properties of various materials used in the
onstruction industry, strength characteristics are im-
portant [1, 2].This applies both to composites on mineral
[3—5] and organic binders [6, 7]; to structural products
[4, 7, 8], thermal insulation materials [9], materials used
to create photovoltaic cells [ 10], materials for 3D printing
[5, 11]. In this case, the strength of the formed composite is
determined by the number and energy of the formed bonds

(the strength of an individual bond) [8, 12, 13], which is
determined by the chemical composition of the formed
substances. At the same time, systems with a certain num-
ber of already formed bonds are analysed in the scientific
literature [14, 15]. Often the analysis begins to produce
on 1 of the 28 days of hardening. The set dependencies
between the number of crystallization centres, the chemi-
cal composition of the composite, the rate of formation of
bonds between individual elements and the formed strength
of the composite are of interest for mineral systems.

" Part Il will be published in the journal Nanotechnologies in Construction. 2022.Vol. 14. No 4.
© Korolev E.V,, Grishina A.N., Inozemtcev A.S., Ayzenshtadt A.M., 2022

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0003-3600-812X
https://orcid.org/0000-0002-0137-7155
https://orcid.org/0000-0001-7807-688X
https://orcid.org/0000-0003-2904-2549
https://creativecommons.org/licenses/by/4.0/

2022; 14 (3):
176-189

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

CONSTRUCTION MATERIAL SCIENCE

The study of the kinetics of structure formation of
building materials is rarely the subject of careful study.
The kinetics of material strength development is often
investigated. For example, the results of a study of changes
in the strength of cement concrete over a long period of
time are presented in [16—22]. Also, the object of study
is the kinetics of destruction of the material during its
strength test [23-31].

Investigation of the kinetics of chemical reactions for
“Ca0—Si0,—H,0” systems was carried out according to
the kinetic dependences of changes in the concentration of
indicator ions, changes in electrical conductivity, etc. [32].

Often the choice of method for studying structure
formation depends on the type of material. For mineral
binders, hydration has a significant effect on the structure
formation of artificial stone. For such binders, several
theories of their hydration have been developed [33]. For
mineral binders, for which the process of product forma-
tion in the contact zone of interacting components is the
limiting one, the equation proposed by G. Tammn can
be applied:

an_c (1)

dar

and to determine the degree of transformation of sub-
stances the equation proposed by V. Yander:

where 4 is interaction product layer thickness; a is
the degree of conversion of the starting reagent into the
reaction product; k is chemical reaction rate constant;
D is diffusion coefficient; ¢ is empirical constant; 7 is time.

From equation (2) it follows that the diffusion coef-
ficient and the reaction rate constant are the main pa-
rameters for the process of hydration of mineral binders.

The dependence of the strength of an artificial stone
on the content of a component capable of transformation
(hydration) is proposed in [34]:

1-Ce™ —(1-C)e™

Rsp (t) = —28a -28b (3)

1-Ce™ —(1-C)e

C is calculated content of tricalcium silicate in Port-
land cement; a, b are empirical coefficients; 7 is time (“28”
is the time measured in days and taken as the standard
period for the formation of the strength of the cement
stone).

The formation of hydration products is a necessary
but not sufficient condition for the formation of a durable
artificial stone. In this regard, the general equation of
curing strength is often used:

R(H)=a+bn(t), 4)

a, b are empirical coeflicients.

A system of equations to determine the kinetics of the
process of structure formation is proposed by Rakhim-
baev Sh.M. with co-authors [34]. It makes it possible to
evaluate the influence of various factors on the structure
formation of building materials:

L (ij + kR

R R), , 5)
L (ij +k,t

R R),

k,, k, are empirical coefficients of inhibition of the
process of structure formation of a building material;
(#/R), is reverse initial rate of structure formation.

In this case, structure formation is understood as any
processes that lead to a change in the strength of the mate-
rial, which is an important characteristic of the quality of
its structure. Naturally, processes at the stage of formation
of the material structure (initial structure formation) and
destruction processes that occur most intensively during
the operational period (structure formation during the
operational period) can be attributed to the processes of
structure formation.

The initial period of structure formation is also con-
sidered as a period that includes several stages. In particu-
lar, the equation in which the curing of artificial stone is
considered as a two-stage process is given in [34]:

R(t)=R, (1 et )+ qd h{%], (6)
0

R, is initial strength; 7, is start time hardening of the
primary structure; a, b, ¢, d are empirical coefficients
depending on various factors: coefficient ¢ is coefficient
of the relative effect of temperature on the intensity of
hardening of cement stone in the late stages of hardening;
coefficient d is coefficient characterizing the intensity of
the increase in the strength of the cement stone in the late
stages of hardening; coefficient a is coefficient character-
izing the kinetics of increase in the strength of cement
stone in the initial period; coefficient b is scale factor.

The general kinetic equation (6) is very useful and, as
indicated, characterizes the presence of two stages in the
formation of the strength of the cement stone. From here,
it has an obvious structure, namely: the first term describes
the strength gain in the time period 7 < £, and the second

term describes in the subsequent period, that is, for 7 > 7.

It is important to note some features of this equation:

* in the first period of time 7 < 7, the second term of
equation (6) has negative values, which should be
compensated by a scale factor, but in this formula-
tion it has no physical meaning. In this case, from
the analysis of the first term, the coefficient b must
have a unit of change [unit of time=] (here a is the
coefficient of equation (6));
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+ the coefficient d in the second term must have a unit
of strength measurement, and not the rate of change in
strength per unit time, since this term of the equation
uses the relative time — 7;;

» when studying formula (6), it is obvious that at £~ oo
the first term will be equal to R (strength after the
completion of the first stage of structure formation),
and the second term will demonstrate a constant un-
limited increase in strength, which is naturally errone-
ous. In this regard, the maximum value of the strength
R and the period of structure formation 7z should be
set. In this case, the period of structure formation can
be calculated by the formula:

t,=t, exp(—Rmax Ry J (7)
qd

The fundamental justification of the coefficients @ and
b in formula (6) is given in the works of A.N. Bobryshev
et al. [35—39]. To describe various kinetic processes of
structure formation, these authors used only the first term
of formula (6), while imagining that kinetic processes
obey the following equation:

y(t)= y(l—e’a’" ), (3)

where y_is limiting value of the property character-
izing the process of structure formation; a, n are coef-
ficients.

In this description of the kinetic process, the coef-
ficient a characterizes the rate of the process, and the
coefficient n characterizes the geometric properties of the
emerging structure.

Formally, the coefficient # is equal to the Hurst ex-
ponent H, which varies in the range: 0 < H < 1. In this
case [40]:

* at H> 0.5, the process is persistent, that is, the process
for which the probability of maintaining the observed
trend has high values,

e at H < 0.5, the process is anti-persistent; for such
a process there is a high probability of a change in
the observed trend in the subsequent period (in the
future),

* at H= 0.5, process for which there is no pronounced
trend.

The Hurst exponent is related to the Hausdorff-
Besicovich dimension D, which is used to evaluate the
geometric characteristics of the emerging structure [35]:

D, =2n+1, )
here the index “7” indicates that this is the “internal”
dimension of the emerging structure.

The coefficient a of formula (8), as well as the coef-
ficient b of formula (6), also has a complex unit of mea-
surement, which makes it difficult to analyse the kinetics

of structure formation. In this regard, we will propose
some clarifications, namely: when forming a database on
the structure formation of various materials, it is advisable
to use the following characteristic:

a, =¥a, (10)

here the index “c” means “clean”.
The general equation of system development is an
alternative to model (8) [41]:

fcz[tﬁqjx, (11)

k is coefficient characterizing the rate of development
of the system in time #; ¢ is constant; x is quantity char-
acterizing the property of the system.

Equation (11) shows:
 the rate of change in the “size” of the system depends

on its size;

+ the coefficient k/#, which characterizes the rate of
increase in the size of the system, decreases with time.
For building materials, the size of the system in the

context of structure formation can be understood as the
number of formed bonds that determine the properties
of the material; this follows from the definition of the
structure [42—44]. It is obvious that the rate of bond for-
mation will decrease as the components providing their
formation are reduced. From this, we can conclude that
formula (11) is applicable to the analysis of the structure
formation of building materials at different stages of their
life cycle. When analysing structure formation during the
operational period x in equation (11) will characterize the
number of destroyed (destructured) bonds.

The solution of differential equation (11) has the fol-
lowing form:

In(N)= (k}th +c,, (12)
l-g

N is number of connections.

We determine the constant ¢, from the condition
N(t) = N__, that is, after the completion of the consi-
dered period of structure formation at = 7, the number
of bonds formed is maximum:

CO = ]n(Nmax)_(letl_q~ (13)

After transformation (12), taking into account for-
mula (13) and replacing ¢ = (k/(1 — g)) and =1 — g,

we obtain:
N
In =—pltf —17),
(N ] (p(o )

or (14)
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Comparison of formulas (14) and (8) indicates their
obvious difference: equation (8) describes the develop-
ment of a system whose indicator properties reach the
maximum value y and do not change in the future,
that is:

lim y(t)=y,,, (15)

11—

and according to formula (14), up to #=¢ and at 3 > 0,
@ > 0, the development of the system proceeds according
to the classical exponential law, and at 7 > 7, the develop-
ment of the system accelerates. However, this acceleration
has no physical justification. The exponential nature of
the increase in the number of bonds indicates their for-
mation without the presence of interfering factors. For
<0 and ¢ <0, the nature of the change in the number
of bonds is similar to equation (8). However, for 7 > 7, the
development of the system continues, which also has no
physical justification.

From this, we can conclude that for the analysis of
systems in which conditions that prevent the formation
of new bonds are not formed, it is advisable to apply for-
mula (14). As a rule, this is the initial period of structure
formation, the completion of which coincides with the
emergence of spatial and resource constraints that affect
structure formation. In this case, it is expedient to use
formula (8) to describe structure formation.

It is important to note that formula (8) allows to de-
scribe the entire period of structure formation. However,
the value n > 1, which is outside the natural range of varia-
tion of the Hurst exponent. It is noted in [45] that in the
case of amplitude jumps distributed according to Levy
statistics over a time determined by the jump value, the
Hurst exponent is H > 1. Obviously, this case (H > 1)
requires a separate study related to the definition of the
law of distribution of a random variable.

In [46—50] it is shown that the analysis of the struc-
ture formation of building composites should be carried
out using an intensive property, that is, depending on
the structure of the material. In addition, ¢ and 3 are
interdependent and characterize the system development
constant:

pB=k,. (16)

The coefficient k_ can also be used as an additional
characteristic of the process of structure formation of
materials with an exponential growth of bonds. The
analysis of formulas (14) and (16) shows that ¢ has
a unit of measurement similar to the coefficient k_[unit
of time~'], and the coefficient  does not have a unit of
measurement.

Naturally, the formation of a structure from a mixture
of components combined in certain proportions develops
gradually. Point zones of products of physical and chemi-

cal processes are formed initially. Developing, they form
the initial “network™ of the products of the transformation
of the components. At this stage, there are no difficul-
ties and the development of the structure is character-
ized by exponential growth. Gradually, the density of the
initial “network” increases both due to an increase in
the number of “branches” and due to an increase in the
volume of previously formed “branches”. Naturally, at
this stage, both spatial and resource (gradual reduction in
the amount of conversion products of components) con-
straints arise, which slow down the process of structure
formation. After the complete transformation of the active
components of the material into products and the com-
pletion of the formation of the “network”, its substance
can undergo transformations that provide a minimum of
Gibbs free energy (a minimum of the isobaric-isothermal
potential). This process is the final stage of the initial (pre-
operational) structure formation of the material.

The application of this approach provides the in-
volvement of the concept of Shklovsky — De Gennes
to describe the structure formation of the material. This
was applied in [35]; the coefficient » of formula (8) is
correlated with the Hurst exponent. For the initial stage
of formation, the determination of the internal dimen-
sion of the network requires the involvement of another
method for determining the Hurst exponent. To do this,
it is rational to use the classical methods proposed by
G. Hurst — R/S-analysis of time series [51—53]. In this
case, the coefficient 3 is also equal to the Hurst exponent.
Calculation of the internal dimension of the initial net-
work is carried out according to the formula:

D, =28+l 17)

As shown earlier, the formation of products of physi-
cal and/or chemical transformations of the components
(hydration for Portland cement) is not a sufficient con-
dition for the formation of the strength of an artificial
stone. An insufficient condition will also be the forma-
tion of a dense structure of the stone. All three condi-
tions must be met, namely: 1) the presence of prod-
ucts of physical and/or chemical transformations of the
components, 2) the formation of a dense structure, as
well as 3) sufficient strength of the obtained products of
transformations of the components. The parameters ¢
and Bora(e)and D (D, ), determined from the kinetic
dependences (8) and (14), characterize only two condi-
tions: the formation of transformation products (param-
eters ¢ and a (@ )) and the density of the structure (pa-
rameters D, and D, (D, )).The strength of the products
is an unknown quantity. Its definition is possible only
when solving the inverse problem. That is, according to
the known parameters of the structure and strength of
an artificial stone (material), the strength values of the
structure element are calculated.
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METHODS AND MATERIALS

For cement materials, effective technological methods

for controlling their structure formation are:
use of plasticizers;
introduction of mineral additives;
use of nanoscale additives.
The following plasticizers were used: S3 (0.25—-2.0%
by weight of Portland cement), Melflux 2651F based on
polycarboxylate esters (0.10—1.00% by weight of Portland
cement); Melment F15G based on sodium sulfomelamin
formaldehyde (0.50—1.50% by weight of Portland ce-
ment). The study of the effect of plasticizing additives
on the processes of cement stone structure formation
was carried out on Portland cement compositions with
a constant W/C = (.25.

Microsized particles of barium, copper, or zinc hy-
drosilicates were used as mineral additives. Nanosized
particles of zinc hydrosilicates were used as nanosized
additives. The influence of nanosized particles on the
structure formation of the cement material was carried
out in the presence of microsized particles of barium
hydrosilicates, the content of which was constant and
amounted to 10% by weight of Portland cement. To
create a composite binder, microsized barium hydro-
silicates were introduced into Portland cement in an
amount of 10% by weight of cement, zinc hydrosilicates
in an amount of 0.5, 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0%,
copper hydrosilicates in the amount of 0.25, 0.50, 0.75
and 1.00% or iron hydrosilicates in the amount of 1.0,
2.0, 3.0 and 5.0% by weight of cement. These modifiers
were synthesized using the technology of hydrochemi-

cal synthesis from sodium hydrosilicates and aqueous
solutions of salts (copper and barium chloride, as well as
zinc and iron sulfate). For the synthesis of metal hydro-
silicates, a solution of sodium hydrosilicates with sili-
cate modulus M, = 3.0; o = 26.5% and salt solutions
with concentrations C(ZnSO,) = 12%; C(CuCl,) = 15%;
C(BaCl,) =9.5%, C(Fe(SO,),) = 10.0% were used. The
synthesis was carried out by adding a salt solution (ZnSO,,
Fe,(S0,),, CuCl, or BaCl,) to a solution of sodium hy-
drosilicates at a ratio of MeO(Me,0,)/SiO, = 1.0. The
resulting precipitate was thoroughly washed by distilled
water, dried at a temperature of 100—105°C and grinded.
The average particle diameter of the obtained modifiers
was 5—7 um. The chemical composition of the modify-
ing additive based on barium hydrosilicates additionally
contains a small amount of barium carbonates formed
during the carbonization of a barium salt as a result of
mixing during synthesis. The modifying additive based on
zinc hydrosilicates additionally contains a small amount
of Zn,SO ,(OH),+xH,O. For the nanomodification of
the binder nanosized zinc hydrosilicates produced ac-
cording to the technology presented in [54] were used.
Modifier have sedimentation stability [55]. The value of
a, is the ratio of the concentration of sodium cations to
the concentration of chloride anions during the synthesis
of the nanomodifier. The gross formulas of the applied
nanomodifiers are given in Table 1.

The concentrations of the used nanomodifiers are
presented in Table 2.

The average particle size is presented in Table 3.

Cement, barium hydrosilicates in an amount of 10%
by weight of cement, and zinc, iron or copper hydrosili-

Table 1
Chemical brutto-formula of zinc hydrosilicates
Concentration Fe(OH),, %
i 0.3 0.5 0.7
0.5 Zn0.2.358i0,-nH,0 Zn0+3.928i0,-nH,0 Zn0+5.49Si0,-nH,0
1.0 Zn0-4.70Si0,-nH,0 Zn0.7.84Si0,-nH,0 Zn0+10.97Si0,-nH,0
L5 Zn0+7.058i0,+nH,0 Zn0-11.76Si0,+nH,0 Zn0+16.46Si0,-nH,0
Table 2
Concentration of nanoscale zinc hydrosilicates, %
Concentration Fe(OH),, %
(xs 0.3 0.5 0.7
0.5 0.0282 0.0410 0.0539
1.0 0.0474 0.0732 0.0989
L5 0.0667 0.1053 0.1438
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Table 3
Average particle diameter, nm
Concentration Fe(OH),, %
o
’ 0.3 0.5 0.7

0.5 13.3 12.9 14.7

1.0 11.3 15.8 21.0

1.5 13.1 20.8 29.7
cates were thoroughly mixed until homogeneous. Cement F, - (Fc S ) =0. (19)

paste with W/C = 0.32—0.325 was made from such a com-
plex binder and samples were moulded. After that samples
were stored in a normal curing chamber. Determination of
the chemical composition of the samples was carried out
on the 1%, 31, 7 14" and 28" days of hardening. After the
strength test, the samples were grinded, and then the hy-
dration of the binder was stopped by microwave method.

RESULTS AND DISCUSSION

In the kinetic equation (6), the initial period of struc-
ture formation (the first term) is determined arbitrarily in
accordance with the assumptions of the researcher. The
limit is set by the parameters R and 7. The first term of
formula (6) can be excluded under conditions:

R .. /R, >>1,1 [t,>>1, (18)

this will actually lead to obtaining a version of for-
mula (4). In this case, important information about the
structure formation of the material will be excluded from
the analysis: 5 and D,.’O. At the same time, the allocation
of two stages of initial structure formation (the period
of operation is a separate stage, which in essence can be
considered as the third stage of the process of material
structure formation) is natural for materials (or artificial
stones):

 the setting stage, which is characterized by the dura-
tion 7, and a mechanical property that describes the
resistance of the emerging structure to external me-
chanical action;

* hardening stage, which is characterized by duration 7.

and material strength R(7).

To describe structure formation at the setting stage, it
is advisable to use the mechanical value R , which char-
acterizes the strength of the emerging structure, which is
determined by the resistance force F,. Experimentally, R
is determined by the immersion depth / of an indenter
having a mass m and a cross-sectional area S.

In a state of equilibrium, the indenter immersed in
the material (mixture) is subject to the forces of gravity
Fg , resistance and the Archimedes force F:

It is assumed that the change in the surface level of
the mixture when the indenter is immersed in it can be
neglected, thatis, V /V. >>1 (here V, is the volume of
the mixture; V, is the volume of the indenter immersed
in the mixture).

After substituting F,=mg and F, = Shpg, and trans-
forming with respect to F, we get:

R, (1)= gp,(ﬂ - h(t)}
Sp,

0, is mixture density; g is acceleration of gravity.

It follows from formula (20) that the kinetics of struc-
ture formation at the setting stage can be estimated from
the depth of immersion of the indenter into the material
mixture A(?):

at 1(0) = mO/Spl, the strength of the structure will be
R (0) =0,

at h(z,) = 0 the strength of the structure is maximum
R (1) = gm/S.

When obtaining the parameters of equation (12), the
main difficulty is the establishment of the integration
constant ¢, which affects the values of the parameters
@ and f. To eliminate the difficulties associated with ¢,
it is expedient to obtain the parameters ¢ and /3 as fol-
lows. According to the experimental data H(f) =f(¢) (here
H(?) = H,— h(1); H,is the depth of the container in which
the mixture under study is located), the parameters of the
equation are determined:

(20)

H(t)=aexp(bt), (21)

a, b are empirical coefficients.

Also, using the indicated experimental data, the Hurst
exponent (parameter [3) is determined according to the
method presented in [51—53]. Next, the value of the coef-
ficient b is refined in the equation of the form:

H(t)= aexp(bntﬁ). (22)

It is important to note that the parameter b, in equa-
tion (22) is equal to the parameter ¢ of equation (12).
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Thus, the values of the parameters characterizing the ki-
netics ¢ and the density /5 (internal dimension Dl.’o) of the
emerging structure can be determined without setting the
value of the parameter c,.

Selection of the setting stage of the stage of initial
structure formation is important not only for assessing the
influence of various prescription or technological factors
(that is, to develop technological solutions for obtaining
material with the necessary set of operational properties),
but also for predicting the quality of the material structure
(strength), which naturally affects the rate of destructive
processes during its operation. In this case, scientifically
substantiated answers to the following questions should
be obtained:

* Does the rate of the process of structure formation,
which is estimated by the coefficient ¢, affect the den-
sity of the structure, characterized by the value D,
or 3?

Do the parameters ¢ and 3 affect the strength of the
material?

What effect do 7z, and k_have on the strength of the
material?

Nanobm
How do ¢ and  affect 7,?

Which of the parameters a (or ) and D, (or ) has
a dominant influence on the strength of the material?
Are the parameters @ and n (or D) interrelated?
Which process describes the parameter # (or 3): per-
sistent or anti-persistent?
Is it possible to predict strength by a (or @) and D,
(or B)?
In the presented formulation, any prescription and
technological factors will be described by the parameters
a (or @) and n (or ). The fulfillment of this statement
will confirm the presence of a fundamental relationship
between the parameters of the structure and the rate of its
formation, as well as the relationship between the param-
eters of the structure and its strength (structure quality).

Typical kinetic dependences of the structure forma-
tion of cement materials at the setting stage and at the
hardening stage are shown in Fig. 1.

The parameters of equations (8) and (12), obtained
from the results of processing experimental data, are pre-
sented in Table 4.
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Fig. 1. Experimental kinetic dependences of the structure formation of cement materials: (a) and (b) for setting stage;
(c) and (d) for curing stage; (a) and (c) in the presence of S3 plasticizer; (b) and (d) in the presence of microsized

particles of zinc hydrosilicates
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Table 4
The results of processing experimental data obtained at the stage of setting of cement materials
. Empirical Coefficients Equation Options®
Concentration (%) / . R,
No . i H(?) = a exp(b?) t, ,min | HO=aexp(pf) | D,, k, 2
composition of additive ’ ’ (MPa)
a | b o | B
Plasticizer variation
I | Control composition | 2.00-10| 0.065 | 185 | 032 | 0.862 | 2.72 | 0.114 | 1245
Plasticizer Melflux 2651F
2 0.10 2.00.10* 0.054 230 0.112 0.865 2.73 | 0.097 | 121.2
3 0.25 2.64.102 0.022 320 0.034 0.924 2.85 | 0.031 | 128.0
4 0.40 1.00+ 1073 0.889 17 1.433 0.835 2.67 1.196 | 110.6
5 0.50 1.00«10-° 0.815 20 1.396 0.821 2.64 | 1.146 | 118.0
6 1.00 2.33.10! 0.024 215 0.030 0.963 293 | 0.028 | 112.3
Plasticizer S3

7 0.25 54041073 0.041 225 0.069 0.902 2.80 | 0.062 | 98.6
8 0.50 6.00.10* 0.045 245 0.088 0.875 2.75 | 0.077 | 102.5
0.75 6.00.10* 0.038 295 0.075 0.873 2.75 | 0.066 | 106.9
10 1.00 4.68+ 102 0.018 340 0.026 0.936 2.87 | 0.025 | 109.9
11 2.00 3.58+10! 0.013 375 0.016 0.968 2.94 | 0.015 | 108.7

Plasticizer Melment F15G
12 0.50 1.00- 10~ 0.744 17 1.116 0.855 271 | 0.955 | 123.7
13 0.75 5.00+10°7 0.670 27 1.255 0.809 2.62 | 1.016 | 118.0
14 1.00 1.00.10-¢ 0.596 29 1.124 0.812 2.62 | 0913 | 105.5
15 1.25 8.00+10°8 0.919 22 1.730 0.795 2.59 | 1.375 | 103.2
16 1.50 1.00« 107 0.738 27 1.429 0.799 2.60 1.142 | 100.0
Variation of microsized particles of metal hydrosilicates
17 | Control composition | 2.00-10-| 0.067 167 | 0127 | 0873 | 275 | 0111 | 72.0
Microsized particles of copper hydrosilicates + 10% particles of barium hydrosilicates

18 0.25 9.00«10* 0.048 180 0.079 0.904 2.81 | 0.071 | 69.5
19 0.50 2.00.10°3 0.054 205 0.087 0.906 2.81 | 0.079 | 70.1
20 0.75 3.00.10~* 0.195 170 0.752 0.734 247 | 0.552 | 49.6
21 1.00 1.00 10~ 0.026 415 0.071 0.831 2.66 | 0.059 | 437

Microsized zinc hydrosilicate particles + 10% barium hydrosilicate particles

22 0.50 4.00+10° 0.139 100 0.281 0.843 2.69 | 0.237 | 80.5
23 1.00 3.00.10 0.139 70 0.218 0.891 2.78 | 0.195 | 76.1
24 2.00 8.00« 103 0.064 170 0.120 0.876 2.75 | 0.105 | 78.2
25 3.00 1.00« 101 0.152 165 0.501 0.764 2.53 | 0.383 | 78.0
26 4.00 8.00+10~° 0.142 150 0.413 0.786 2.57 | 0.325 | 814
27 5.00 2.00+10°3 0.169 80 0.328 0.848 2.70 | 0.278 | 44.1
28 6.00 7.00+10-3 0.016 120 0.040 0.801 2.60 | 0.032 | 449

Microsized particles of iron hydrosilicates + 10% particles of barium hydrosilicates

29 1.00 7.00+10-¢ 0.240 60 0.387 0.839 2.68 | 0.325 | 659

30 2.00 1.00+ 1073 0.190 75 0.381 0.839 2.68 | 0.320 | 52.7

http://nanobuild.ru 183 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (3):
HaHoTexHONorum B cTpouTtenbCcTBe 176-189

Nanobuild.

CONSTRUCTION MATERIAL SCIENCE

v

31 3.00 2.00+10-° 0.240 65 0.490 0.828 2.66 | 0.406 | 54.6
32 5.00 1.20.1073 0.194 50 0.296 0.892 2.78 | 0.264 | 524
Nano-sized particles of zinc hydrosilicates + 10% micro-sized particles of barium hydrosilicates
33 a=0.5 |4.0010* 0.066 135 0.108 | 0.899 | 2.80 | 0.097
34 C(Fe(OH),) =0.3% a=10 | 7.00.10™* 0.084 110 0.136 | 0.896 | 2.79 | 0.122
35 a=15 |2.00-10> 0.090 150 0.193 | 0.849 | 2.70 | 0.164
36 0=0.5 |4.00-107" 0.179 145 0.584 | 0.763 | 2.53 | 0.445
37 C(Fe(OH),) = 0.5% a=10 | 3.00.10°° 0.088 80 0.120 | 0930 | 2.86 | 0.111
38 a=L5 |2.00.10"* 0.127 85 0.215 | 0.880 | 2.76 | 0.190
39 a=0.5 | 8.00.10* 0.110 75 0.163 | 0.909 | 2.82 | 0.148
40 C(Fe(OH),) =0.7% a=10 | L0010 0.165 70 0.293 | 0.865 | 2.73 | 0.253
41 a=15 |4.00.10"* 0.163 65 0.266 | 0.882 | 2.76 | 0.234
Nano-sized particles of zinc hydrosilicates + 10% micro-sized particles of barium hydrosilicates
42 a=0.5 | 1.00.10"* 0.102 110 0.187 | 0.869 | 2.74 | 0.163
43 C(Fe(OH),) =0.3% a=10 |6.00.10°° 0.139 95 0.278 | 0.847 | 2.69 | 0.235
44 a=L15 | 70010~ 0.097 95 0.157 | 0.893 | 2.79 | 0.141
45 a=0.5 |6.00.10* 0.097 95 0.153 | 0.898 | 2.80 | 0.138
46 C(Fe(OH),) =0.5% a=1.0 |2.00-10> 0.179 70 0.330 | 0.856 | 2.71 | 0.282
47 a=L5 |6.00.10"* 0.125 75 0.198 | 0.892 | 2.78 | 0.177
48 a=0.5 |2.60.10"° 0.125 70 0.186 | 0.905 | 2.81 | 0.168
49 C(Fe(OH),) =0.7% a=10 | 10010~ 0.124 75 0.192 | 0.897 | 2.79 | 0.172
50 a=L5 |5.00+10°° 0.179 65 0.313 | 0.865 | 2.73 | 0.271

Notes: «Control» — control composition; «MF» — plasticizer Melflux 2651 F ; «S3» — plasticizer S3; «MM» — plasticizer Melment

F15G; C — concentration, % by weight of Portland cement ; ¢

cording to the formula (12); D, — internal dimension at the fir

', — completion time of the first stage of structure formation ac-
st stage of structure formation ; k_— system development constant

(formula (16)); R, — compressive strength of cement stone after 28 days of normal hardening ; * — analogue of the formula (12).

The analysis of the experimental data will done ac-
cording to the distinguished two stages of initial structure
formation. The first stage (setting stage) is considered in
this paper.

As noted earlier, the experimental data for this stage
have some features:

According to the method for determining the strength
R (1) (formula (20)) the nature of the change in the de-
pendence H(7) = f(f) has an S-shaped form. This indicates
the achievement of maximum strength at a certain point
in time. That is, it can be determined using the specified
method R (7)) = max. Therefore, for 7 > 7, the immersion
depth A(f) = min.

To establish patterns of structure formation in the initial
period (from ¢ > 0), equation (12) is applicable. At the same
time, the deviation from the exponential law indicates the
occurrence of spatial and other difficulties for the formation
of the structure. Such a deviation occurs at the time /=1, .

As a rule, several successive stages, which are de-
scribed by exponential dependencies can be distinguished
on the S-shaped dependencies H(f) = f(¢) (Figure 2).

An analysis of the obtained S-shaped dependences
shows that the intensity and duration of the stages of
structure formation naturally decrease in the process of
formation of the material structure. Naturally, this is due
to spatial and resource constraints, the influence of which
increases over time.

Analysis of the results of processing experimental data
(table 4) shows the values of the parameter S > 0.5, which
indicates the persistent nature of structure formation or
the presence of a stable development trend.

Two isolated data clusters can be identified in the
dependences 3 = f(p) shown in Figure 3. Moreover,
the power of the clusters is different: a smaller cluster is
represented mainly by data for the plasticizer Melment
F15G and separate data for Melflux 2651F (only at 0.4
and 0.5% by weight of Portland cement); the rest of the
data (for 43 compositions) make up the main cluster
(Figure 4).

Such an effect of the plasticizer is clearly displayed in
the dynamics of changes in the parameters @ and 5 (Fi-
gure 5). The periodic nature of the change in the param-
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Fig. 2. The presence of multi-stage structure formation of cement materials at the stage of setting

Parameter

1.04~-""""~~ -
0.8 1o . \
0.6+ T

0.4+

0.2+

0.0 + t t t

0.0 0.2 0.4 0.6 0.8

t t 1 t t 1

1.0 12 1.4 1.6 1.8 2.0

Parameter @

Fig. 3. Dependence 3 = f(p) (50 compositions according to table 4)

eters ¢ and 3 is observed for all plasticizers with a change
in their concentrations. A positive trend in the change in
the parameter ¢ is observed for the plasticizer Melment
F15G. That is, the rate of structure formation is increased.
But the negative trend for parameter [ indicates the for-
mation of a less dense structure for composition with the
plasticizer Melment F15G. The opposite to Melment
F15G for parameters ¢ and f3 is observed for plasticizer
S3. It is important to note that the values of ¢ for S3 are
on average the smallest. For the plasticizer Melflux 2651F,
it is difficult to identify a trend. However, the ¢ values for
the specified plasticizer are high, especially for concen-
trations of 0.4 and 0.5% by weight of Portland cement.

The interdependencies of the considered factors are
presented in the correlation Table 5.

From Table 5 it follows that, in accordance with the
Chaddock scale [56], there is no relationship (» < 0,1)
or a moderate relationship (7 < 0,5) between most of the
analyzed factors. A significant value of the correlation
coefficient is observed for the parameters ¢ and 5 of the
equation H(r) = a exp(@t?). Moreover, the correlation
of the coefficients is high (0.7 < r < 0.9) for the main
data cluster, in accordance with the Chaddock scale.
The sign of the correlation coefficient indicates that the
density of the material structure decreases (a decrease in
the coefficient ) at an increase in the rate of structure
formation (an increase in the coefficient ¢). In addition,
for the main data cluster, the relationship between the
period of initial structure formation 7, , and the strength
of the material R, is noticeable (according to Chaddock
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Fig. 5. Influence of the type and concentration of plasticizers on the parameters of structure formation: parameter ¢
(the relative values of the parameter ¢ are increased by an order of magnitude for clarity) (a); parameter 3 (b).

Table 5
Correlation table
Values of correlation coefficients r (for 50 compositions of Table 5)
plB PR, BIR, k| R, Tyt | Rog Pl Bl
—0.602 0.36 0.05 0.36 0.237 —0.562 0.316
Values of correlation coefficients r (for 43 compositions of Table 5)
—0.781 —0.40 0.30 —0.43 0.637 —0.458 0.184

(0.5<r<0.7)). Moreover, the positive sign of the correla-
tion coefficient indicates that an increase in the period 7, |

leads to an increase in the strength of R,.

Accounting for the second data cluster (Fig. 3) leads
to a decrease in the value of the correlation coefficient

between the parameters ¢ and f: from 0.781 to 0.602.
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In addition, there is a change in the direction of the re-
lationships between the parameter ¢ and R, as well as
between k and R,,. This indicates that conditions ac-
celerating the process of structure formation of cement
stone with high strength occur for Melment F15G and
Melflux 2651F plasticizers at concentrations of 0.4 and
0.5 % by weight of Portland cement. This is possible when
the structures are formed with significantly different pa-
rameters.

Thus, an increase in the rate of structure forma-
tion (parameter @) leads to the formation of a less dense
structure (parameter 3), which is characterized by a lower
strength of the cement stone. In addition, an increase in
the duration of the initial structure formation (period to’sl)
leads to an increase in the strength of R,,. The parameter
k_is not a tool for qualitative analysis of the structure
formation of cement stone.

CONCLUSIONS

Thus, the methods for determining the parameters of
equations describing the Kinetics of structure formation of
cement composites, including modified by various com-
pounds, have been refined. The essence of the refinement
is to consider the kinetics of structure formation as a time
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ABSTRACT: Introduction. To improve the performance properties of lime coatings, modifying additives are introduced into their
formulation. The development of a technology for the synthesis of an additive containing calcium hydro- and aluminosilicates,
which promote the binding of lime and increase the resistance of the lime composite, is of current interest. Materials and methods.
To prepare an additive based on a mixture of hydro silicates and calcium aluminosilicates, liquid sodium glass (GOST 13078), techni-
cal (purified) aluminum sulfate (GOST 12966), and quicklime were used. The pozzolanic activity of the materials was determined
by the absorption of lime from lime mortar. Results. It has been established that the mineralogical composition of the additive
obtained at the 1st stage of synthesis is represented by hydro silicates of the tobermorite group. The mineralogical composition of
the additive obtained at the 2" stage of synthesis is represented by hydro silicates of the tobermorite group, gypsum, and calcium
aluminosilicates. The particle size of the additive is from 10 to 40 pm. The pozzolanic activity of the additive obtained at the first stage
of synthesis was 238.6 mg/g, and that obtained at the second stage of synthesis was 3.2 times higher and amounted to 762.5 mg/g.
The introduction of an additive obtained at the 2" stage of synthesis into the composition increases the compressive strength of
lime composites by 2.87 times. Conclusion. It is proposed to use a modifying additive obtained by a two-stage synthesis technology
in heat-insulating DBM. The optimal concentration of the proposed modifying additive is selected, which is 10% by weight of lime.

KEYWORDS: modifier, calcium hydro silicates, calcium hydro aluminosilicates, lime, hardening.
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INTRODUCTION 13] it was found that the use of calcium aluminosilicates
as a modifying additive makes it possible to significantly

eat-insulating plaster compositions based on lime  accelerate the structure formation of a lime mixture.

binder for exterior wall decoration are not wide-
ly used, because. It is believed that coatings based on
them do not have the required performance properties.
In [1—4], in order to improve the moisture resistance,
crack resistance, and durability of finishing composi-
tions based on lime binder, it is proposed to introduce
various organomineral additives, calcium hydro silicates,
and synthetic zeolites into their composition. It has been
established that, using specialized modifying additives,
it is possible to significantly improve the performance
properties of lime coatings [5—7].
It was shown in [8§—10] that the introduction of cal-
cium hydro silicates into a lime mixture significantly in-
creases the strength of the resulting composites. In [11—

© Loganina V.., Frolov M.V,, 2022

The paper proposes to use a mixture of hydro sili-
cates and hydro aluminosilicates of calcium as a modify-
ing additive for the developed heat insulating DBM. As
a working hypothesis, it was assumed that when calcium
hydro silicates and calcium hydro aluminosilicates are
simultaneously introduced into the lime mixture, it is
possible to obtain a binder, which makes it possible to
obtain composites characterized by improved technical
and operational properties.

METHODS AND MATERIALS

Slaked lime (fluff) with an activity of 84%, obtained at
the Kamensk enterprise “Atmis-sugar” for technological
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purposes, with a true density of 2200 kg/m?, a bulk density
of 480 kg/m?, and a specific surface area of 1050 m?/kg,
was used as a binder.

To prepare an additive based on a mixture of hydro
silicates and calcium aluminosilicates, the following com-
ponents were used:

— liquid sodium glass (GOST 13078) ;
— technical (purified) aluminum sulfate (GOST 12966

with amendments 1.2);

— quicklime obtained at the Kamensky enterprise "At-
mis-sugar” for technological purposes;
— distilled water.

The pozzolanic activity of materials was determined by
the method of absorption of lime from lime mortar. When
determining the activity of the material, two titrated solu-
tions were used: a saturated solution of lime and 0.05 N.
hydrochloric acid solution. To prepare a solution of lime,
10 g of quicklime was placed in a 5-liter bottle and filled
with distilled water. The resulting solution was shaken
several times a day. After 3 days, the bottle was opened,
and a small amount of the solution was filtered off. Then
50 ml of the filtered solution was taken and titrated with
0.05 N. hydrochloric acid solution.

The amount contained in 50 ml of a saturated solution
Ca(OH), was determined by the formula:

Uo = VHCL T, (D

where V|, is the amount of 0.05 N hydrochloric acid
solution used for titration, ml;

T is titer of 0.05 N hydrochloric acid solution, mg/ml.

The lime solution was saturated until the content
Ca(OH), in the filtered sample of the solution with a vol-
ume of 50 ml U_ reached 53 mg. Mass concentration

Ca(OH), C, (mg/l) in a saturated solution was determined
by the formula:

Co = Uo/ Vsol’ (2)

where V__ is the volume of saturated lime solution
selected for titration, equal to 50 ml.

The saturated lime solution thus obtained had a con-
centration of 1.06 g/1.

The test material was crushed in a porcelain mor-
tar until it passed through a sieve no. A weighed portion
of the powder weighing 2 g, previously weighed on an
analytical balance, was carefully poured into a previously
washed and dried 110 ml container. Then, using a burette,
100 ml of a saturated lime solution was poured into a con-
tainer. After that, the container was closed and vigorously
shaken, making sure that no part of the test powder stuck
to the bottom of the container. During the experiment,
the container was shaken periodically.

After 2 days from the time of filling the container,
50 ml of the solution was carefully taken from it, without

Nanobm

shaking, using a pipette for titration into a 250 ml flask.
Then the contents of the flask were titrated after adding
2—3 drops of the methyl orange indicator with a solution
of 0.05 N. hydrochloric acid solution.

The amount contained in the solution (mg) Ca(OH),
U, was determined by the formula:

U=V,.,T, 3)

HCL

where V., is the amount of 0.05 N hydrochloric acid
solution used for titration, ml;

T — titer of 0.05 N hydrochloric acid solution, mg/ml.

The amount of lime absorbed by 1 g of the studied
powder for the 2" day Ai (mg) was determined by the

formula:
A=U-U. 4)

At the end of the titration, 50 ml of a saturated lime
solution was poured into the container using a burette, the
contents were shaken for 1 min. After adding 50 ml of a
saturated lime solution to the cylinder, the amount con-
tained in 50 ml of the resulting solution Ca(OH), U
(mg) was determined by the formula

Ca(OH),

Ucuom, = (U +U)/2. 5)

The experiment was repeated every 2 days, while de-
termining the amount of absorbed lime Ai(mg), formula
(4) was transformed into the formula:

Ai = UCa(OH)z_Ui’ (6)

where UCH(OH)2 is the amount Ca(OH), contained in
50 ml of the solution obtained in the container after the
previous titration, mg.

The activity of materials A (mg) was determined by
the amount of Ca(OH), absorbed by 1 g of the filler in
30 days:

Azzlsi=1Ai ™)
RESULTS AND DISCUSSIONS

The additive preparation technology was as follows.
At the first stage, quick lime was extinguished with water.
Then, a liquid glass solution containing 122.4 g/1 SiO, and
47.4 g/l Na,O was poured into this mixture. The resulting
pulp was stirred for 15 minutes. Then the precipitate was
filtered off, for which the resulting suspension was dehy-
drated by placing it on filter paper. In the course of the
precipitation experiment, the effects of heat treatment on
the synthesis of calcium hydrosilicates were investigated.
To do this, we changed the temperature conditions under
which the reactions for the synthesis of hydrosilicates took
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place. The results of the conducted studies are presented
in the table 1.

During the interaction of solutions of lime and water
glass, not subjected to heat treatment, no precipitate was
observed. Temperature treatment of only the lime mortar
leads to the formation of a small amount of sediment,
which is practically not amenable to dehydration, which
apparently indicates the retention of a significant propor-
tion of unreacted water glass in the suspension. Thermal
treatment of all the considered components involved in
the additive synthesis reaction at the first stage makes it
possible to obtain a significant amount of precipitate. The
resulting precipitate lends itself very well to dehydration,
which indicates a low content of unreacted liquid glass in
it. At the same time, due to the heating of the water that
is used to slake the lime, a large number of particles of
unreacted lime is not observed in the resulting sediment.
Therefore, the following technology for the synthesis of
additives at the first stage was subsequently adopted —
quicklime was quenched with water heated to 60°C, and
the resulting solution was brought to a boil and a liquid
glass solution heated to 60°C was poured into it.

At the second stage, the filtered precipitate was treated
with a 10% aluminum sulfate solution until the pH of the
resulting mixture dropped to 6.5. The choice of this pH
value is explained by the fact that at a given pH value, the
resulting mixture is neutral and, as a result, further reac-
tion to form calcium hydrosilicates and calcium hydroalu-

Table 1

minosilicates is impossible. The resulting mixture was
again filtered. Precipitates formed at the first and second
stages were dried at 100—105°C for 12 hours. To assess
the feasibility of the adopted two-stage technology for the
synthesis of additives, further studies were conducted in
parallel for additives formed at the first and second stages.

The additive obtained at the 1st stage of synthesis after
drying is a white powder, the true density pst is equal to
2100 kg/m?, the bulk density psat is equal to 380 kg/m?,
the specific surface area Ssp measured on the PSKh-12
device by the method of gas filtration through porous
bodies is 680 m?/kg;

The additive obtained at the 2" stage of synthesis after
drying is a white powder, the true density pst is equal to
2140 kg/m?, the bulk density psat is equal to 240 kg/m?,
the specific surface area Ssp measured on the PSKh-12
device by the method of gas filtration through porous
bodies is 1380 m?/kg;

The oxide composition of additives obtained at the
first and second stages is shown in the Fig. 1.

An analysis of the data presented in the Fig. 1 indicates
that the composition of the modifying additive obtained
at the first stage is dominated by oxides of SiO,, CaO,
Na,O. This oxide composition is characteristic of calcium
hydrosilicates. In the composition of the modifying ad-
ditive obtained at the second stage of synthesis, while
maintaining a considerable proportion of oxides SiO,,
Ca0, Na,O, oxides Al O,, and SO, additionally appeared.

273

Evaluation of the influence of the parameters of thermal treatment of components on the characteristics

of the precipitate obtained at the first stage of synthesis

The parameters of thermal treatment
Water for lime . . Liquid glass Sludge characteristics
. Lime solution .
slaking solution
Is absent Is absent Is absent No sediment
60°C Is absent Is absent No sediment
. . A small amount of sludge is observed, the sludge
60°C Up to the boil Is absent is practically not amenable to dehydration
60°C Up to the boil 40°C Sediment formatlon is observed, the sediment
is poorly dehydrated
Precipitate formation is observed, the sludge
. 5 is weakly amenable to dehydration, a significant
Is absent Up to the boil 60°C amount of unreacted Ca(OH), is observed in the
sludge
o . 5 A significant amount of sludge is observed,
60°C Up to the boil 60°C the sludge lends itself very well to dehydration
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Fig. 1. Oxide composition of additives obtained at the first and second stages

This suggests that the mineralogical composition of the
additive was supplemented with gypsum and calcium hy-
droaluminosilicates.

To assess the mineralogical composition of the ad-
ditives obtained at the first and second stages of synthe-
sis, their XPA was conducted. The X-ray pattern of the
samples of the additive obtained at the first stage is shown
in the Fig. 2. The X-ray pattern of the samples of the ad-
ditive obtained at the second stage is shown in the Fig. 3.

X-ray analysis showed that the mineralogical compo-
sition of the additive obtained at the first stage is repre-

sented by minerals of the tobermorite group, A (d = 3.037,
d=3.201, d = 1.818), portlandite, A (d = 2.631, d = 4.940,
d = 1.681), calcite, A (d = 2.109, d = 3.034, d = 1.878).
X-ray analysis of the additive obtained at the second
stage showed that in its mineralogical composition are
preserved calcium hydrosilicates, represented by miner-
als of the tobermorite group, A (d = 3.049, d = 3.203,
d = 1.826,d = 1.676) and a solid solution of CSH(B) in
in the form of a weakly crystallized gel, A (d = 2.181,d =
1.882, d = 1.741). Additionally, gypsum, A (d = 7.638,
d = 4.298) and hemihydrate gypsum, A (d = 6.063,

3.037

4200

3300 1

2400

1500

600

Fig. 2. X-ray diffraction pattern of additive samples obtained at the first stage of synthesis
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Fig. 3. X-ray pattern of additive samples obtained at the second stage of synthesis

d=2.801,d =3.490,d = 1.852, d = 1.698) were found
in the mineralogical composition of the additive. Also,
taking into account the fact that in the oxide composi-
tion of the additive obtained at the second stage of syn-
thesis, a significant content of AL,O, was found — 10.98,
but as a result of X-ray diffraction analysis no minerals
containing Al, O, were found, it can be assumed that the
additive contains an X-ray amorphous phase containing
calcium hydroaluminosilicates.

The Fig. 4 shows electron microscopic images of the
synthesized additives obtained at stages 1 and 2 of the

synthesis. Analysis of the data presented in the Fig. 4 indi-
cates that the structure of the additive consists of particles
of lamellar and acicular shapes of various sizes from 10 to
40 pm.

Considering that high pozzolanic activity in relation to
the binder is one of the main requirements for modifying
additives, the pozzolanic activity of additives obtained
at the first and second stages of synthesis was evaluated
[16—18].

It was found that 30 days after the start of the experi-
ment, the pozzolanic activity of the additive obtained at

Fig. 4. Electron microscopic picture of the additive: a — obtained at the 1% stage of synthesis;
b — obtained at the 2" stage of synthesis
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Table 2
Strength of composites, MPa
Duration, days
The composition of the lime composite
3 7 14 28
Control composition on lime binder 0.21 0.29 0.58 0.86
Composition using an additive obtained in the first stage of synthesis 0.33 0.53 1.00 1.33
Compo§1tlon using an additive obtained in the second stage of 0.73 115 1.93 )47
synthesis

the first stage of synthesis was 238.6 mg/g. The pozzolanic
activity of the additive obtained at the second stage of
synthesis is 3.2 times higher and amounts to 762.5 mg/g.

An increase in the pozzolanic activity of the additive
obtained at the second stage of synthesis can be explained
by the appearance of calcium hydroaluminosilicates in its
composition and an increase in the specific surface of the
additive [19, 20].

The experiment to determine the pozzolanic activity
for the additives obtained in the first and second stages
was continued until the amount of calcium hydroxide
absorbed by the additives ceased to increase. The additive
obtained at the first stage continued to actively absorb
Ca(OH), for 40 days from the beginning of the experi-
ment, then the absorption rate decreased and after 90 days
from the beginning of the experiment, the activity reached
285.0 mg/g. The additive obtained at the second stage
continued to actively absorb Ca(OH), much longer, up to
90 days, while its activity reached 1280.0 mg/g.

To assess the effectiveness of the use of additives ob-
tained at the first and second stages, the kinetics of the
compressive strength development of lime composites
obtained with the use of additives was studied. The con-
tent of additives obtained at the first and second stages
of synthesis was taken equal to 10% of the mass of lime.
The water-lime ratio was taken equal to W/L = 1.0. The
research results are presented in the Table 2.

When analyzing the experimental data given in the Ta-
ble 2, it was found that the introduction of the developed
additives into the lime composition increases the com-
pressive strength of the resulting lime composites. The
introduction of an additive obtained at the first stage of
synthesis into the composition increases the compressive
strength of the samples after 28 days of air-dry hardening
by 54.7% relative to the control samples. It has been es-
tablished that in lime composites the content of free lime
was 49.1%, in composites using an additive obtained at the
first stage of synthesis, the content of free lime was 40.2%,

Table 3
Technological and operational properties of the developed heat insulating DBM
The value of the indicator for the composition
Parameter — —
Composition 1 | Composition 2 | Prototype 1 | Prototype 2 | Prototype 3

Average coating density, kg/m?3 580 650 1100 550 1550
Bulk density, kg/m? 380 440 1100 550 1500
Compressive strength, MPa 3.6 4.1 34 3.0 4.0
DBM consumption when applying
a layer 10 mm thick, ke/m’ 5.9 6.6 12.0 5.5 14.0
Thermal conductivity coefficient,
W/(m+°C) 0.119 0.137 0.350 0.130 0.400
Vapor permeability coefficient, 0.157 0.150 0.100 0.110 0.100
mg/(mehePa)
Water holding capacity, % 99.0 99.1 97.0 97.0 97.8
Strength of adhesion to the base, 0.65 0.71 0.40 0.30 0.40
MPa
Frostresistance, brand F35 F35 F35 F50 F50
Applicability good good good good good
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The introduction of an additive obtained at the second
stage of synthesis into the composition increases the com-
pressive strength of the samples after 28 days of air-dry
hardening by 187.2% relative to the control samples. It was
found that in composites using the additive obtained at
the second stage of synthesis, the content of free lime
was 28.6%.

The presented data prove the feasibility of the adopted
two-stage synthesis technology.

Using the developed modifying additive, compositions
of heat insulating DBM for finishing acrated concrete
have been developed.

The table 3 shows the main operational and techno-
logical properties of heat-insulating compositions for
finishing aerated concrete based on the developed DBM
formulations.

Lightweight cement plaster “Knauf GRUNBAND”
manufactured by LLC “Knauf GIPS” was chosen as pro-
totype 1, as prototype 2 heat-insulating plaster for acrated
concrete “UMKA UF-2” manufactured by LLC “Eco-
termogroup”, as prototype 3 — plaster “Lime-cement” for
finishing aerated concrete company “Bolars”.

An analysis of the data given in the Table 3 showed
that the developed compositions of heat-insulating DBM
for finishing aerated concrete have a number of advantages
compared to analogues: high vapor permeability, high
adhesion strength to the surface of acrated concrete, high
water-holding capacity.

CONCLUSION
It is proposed to use a modifying additive obtained

by a two-stage synthesis technology in heat-insulating
DBM. The chemical and mineralogical composition of
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UccnepoBaHue n onTMn3auna TeXHONOrMm CMHTe3a
moaundunuympyowen fob6aBkn Ha OCHOBE CMecn
rmapoCcMINKaToB N anloMOCWINKATOB KanbLus
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AHHOTALINA: BeepeHue. [114 NoBbIlEeHWA SKCMTyaTaLMOHHbIX CBONCTB M3BECTKOBbIX MOKPBITWN B VX peLenTypy BBOAAT MOAN-
drumpytowwe fobaBKkn. AKTyanbHbIM ABNAETCA pa3paboTKa TEXHOMOMMIN CUHTE3a fo0aBKY, COAepKaLlel r’MApOo- 1 anioMOoCUIMKaTbI
KasibLnsA, CNoco6CTBYIOLME CBA3bIBAHMIO U3BECTUN 1 MOBbILIEHNIO CTONKOCTU N3BECTKOBOrO Komno3uta. MaTtepmnanbl u metoabl.
Ina npurotoeneHna nob6aBKN Ha OCHOBE CMeCH MMAPOCUIMKATOB M allOMOCUIMKATOB KalbLUMA NPYMEHANN XMUAKOe HaTprieBoe
ctekno (TOCT 13078), TexHunyeckuin (ouneHHbin) cynbdat antommHmna (TOCT 12966), HeraleHyto n3BecTb. MyLLonaHnyeckyto
aKTVBHOCTb MaTepunasioB onpeaenan MeTogoM NMOroLeHNA N3BeCTU U3 N3BECTKOBOro pacTBopa. PesynbraTbl. YcTaHOBNEHO,
UTO MUHEepanorMyecKnini coctas fobaBKK, MONyYEHHON Ha 1 CTaaun CrHTe3a, NpeaCTaB/eH MAPOCUINKaTaMm To6epMopPrTOBOIA
rpynnbl. MrHepanornyeckmm coctas o6aBKu, MONYyYeHHON Ha 2 CTaAnn CUHTE3a, NPeACTaBleH rmgpocuiMkataMmmy To6epMopuTOBOiA
rpynMbl, FTMNCOM, anloMoCuKaTamm Kanbuma. Pasmep vactuy fobasku coctaBnaet ot 10 go 40 Hm. MyuLonaHnyeckas akTVBHOCTb
Ao6aBKK, NONyYeHHOI Ha NepBOI CTaAMM CUHTE3a, COCTaBuna 238,6 Mr/r, a NoNy4YeHHO Ha BTOPOI CTaAumn CUHTE3a, Bblille B 3,2 pa3a
1 cocTaBnAeT 762,5 mr/r. BBegeHune B coctaB 406aBKM, MONYyYeHHON Ha 2 CTafjuM CUHTE3a, NMOBbILAET MPOYHOCTb NPY CKaTWK N3BeCT-
KOBbIX KOMNO3UTOB B 2,87 pa3a. BbiBoabl. MpeanoxeHo ncnonb3osatb B TermonsonaumoHHbix CCC moanduumpytoulyio 1o6aBky,
roJsiy4yaemyto no AByCTafVnHON TEXHONOMMM CrHTe3a. [opgobpaHa onTrManbHasA KOHLEeHTpaLuva npegsiaraemMmoin MognduympyoLlen
fo6aBku, coctaBnsowwan 10% oT Maccbl U3BECTU.

KNIOYEBBIE CNNOBA: moanduumpytowan AobaBKa, MMAapoCUnmKaThl KanbLys, TMAPOoantoMOCUIMKATHbIE KallbLys, N3BECTb, TBEPAEHNE.

ONnAa UWATUPOBAHWUA: JloranmHa B.M., ®ponos M.B. iccnegoBaHmne v onTMmn3aumnsa TEXHONOMMN CUHTE3a MoguduumpyoLwen
[06aBKM Ha OCHOBe CMeCy T’MAPOCUIMKATOB 1 aJIlOMOCUIMKATOB Kanbuus // HaHoTexHonorum B ctpoutenbctae. 2022, T. 14, N 3.
C. 190-197. https://doi.org/10.15828/2075-8545-2022-14-3-190-197. EDN: BIEVUB.

BBEJIEHUE

TenﬂonaonﬂuHOHHHe IITyKaTypHBIC COCTABBI HA OCHO-
BE M3BECTKOBOTO BSLKYIIETO TSI HAPYKHOM OTHEITKI
CTEH IIMPOKO HE UCTIOJTb3YI0oTCs. CUanMTaeTces, 9To IOKPHI-
THSI Ha NX OCHOBE He 00J1agaroT TpeOyeMbIMI SKCITIyaTa-
IIMOHHBIMU cBoOMcTBaMU. B pabotax [1—4] s yaydie-
HUS BJIATOCTOMKOCTH, TPEIIMHOCTOMKOCTHU 1 TOJITOBEY-
HOCTHU OTIEJOYHBIX COCTABOB HAa OCHOBE M3BECTKOBOTO
BSDKYIIETO B X COCTAB IIPEUIaracTCsl BBOMUTD PA3TNIHBIC
OpraHOMUHEPaTbHbIC TOOABKU, TUIPOCHUINKATEI KAJTBLIHS
¥ CUHTCTUYECKUE IICOJIUTHI. Y CTAaHOBIICHO, YTO, UCITOJIb-
3y CIICMAIN3NPOBAaHHBIC MOTU(HUITAPYIONINE T00aB-
K1, MOXXHO 3HAYNTEIHHO YIIYIIINUTh SKCIDTyaTalliOHHEIC
CBOICTBA N3BECTKOBBIX MOKPHITUIA [5—7].

© JloraHuHa B.W., ®ponos M.B., 2022

B pa6orax [8—10] moka3aHo, 4YTO MpU BBEIEHUU
B U3BECTKOBYIO CMECh THIPOCUINKATOB KaJIbILIMSI 3HA-
YUTEJIbHO YBEIMIUBACTCSI IIPOYHOCTD ITOIYIaeMBIX
KoM1o3uToB. B pabotax [11—13] ycTaHOBIEHO, YTO HC-
ITOJIb30BaHME B KAUECTBE MOAM(DUIIMPYIOIIEit T00aBKHN
ATFOMOCHJINKATOB KaJIbIUS TTO3BOJISICT 3HAYUTEIBHO
YCKOPHUTH CTPYKTYpOOOpa30BaHNE N3BECTKOBOM CMECH.

B pabore mpemraraeTcs UCIIOJIB30BaTh B KAUECTBE
Moauduuupylouein 106aBKu s pa3pabaTbiBaeMoOii
teruronsonsnuonHoit CCC cMech TUAPOCHINKATOB
U TUAPOATIOMOCHINKATOB Kanbius [14, 15]. B xaue-
cTBe paboucii TUITOTE3bl IPUHSITO TPEATIOI0XKEeHNE,
YTO IIPU BBEICHUM B U3BCCTKOBYIO CMECh OTHOBpE-
MCHHO TUAPOCHINKATOB M TUAPOATIOMOCHINKATOB
KaJIbIIMS BO3MOXHO IMOJIYIUTH BSIKYIIEE, TIO3BOJISTIO-
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mIee MOJYYUTh KOMIIO3UTHI, XapaKTCPU3YIOLIMNCCA
VIAYYIICHHBIMU TEXHUYCCKMUMMU M SKCILJIyaTallMOH-
HBIMM CBOMCTBAMM.

MATEPHAJIBI 1 METOZbI

B kauecTBe BSKYIIMX MCTIOIB30BAIM TAIIEHYIO M3-
BeCTh (IIyILIOHKY) aKTUBHOCTBIO 84%, MOJy4eHHYIO
Ha KaMeHCKOM MIpenmnpusITuu «ATMHUC-Caxap» IJIs
TEXHOJOTUUECKUX IIeJieil, ICTUHHOMW TIOTHOCTHIO
2200 Kr/m3, HACBIITHOM IIOTHOCTBIO 480 KI/M3, ¢ yaelib-
HOI1 ToBepXHOCThIO 1050 M?/KT.

7151 TIpUTOTOBIICHUS MOOABKM Ha OCHOBE CMECH T -
TIPOCUINKATOB U aJTIOMOCIIMKATOB KaJIbIINS TTPUMCHSITI
CJICIYTOIIIe KOMITOHEHTHI:

— xwunkoe HaTpueBoe cTekio (TOCT 13078);

— TEXHUYECKMI (OUMILEHHBIN) CyJbdaT aJlloOMUHUS
(F'OCT 12966 ¢ uzm. 1,2);

— HeralreHasl U3BecTb, IToJiyueHHass Ha KaMeHCKOM
MPEINPUATUN «ATMUC-caxap» IJIs1 TEXHOJOTUYUECKIX
LeJIei;

— BOJa IUCTWITMPOBAHHAS.

[y1momaHNIecKyIo aKTUBHOCTh MAaTEPUAJIOB OIIPe-
JISIISUTA METOIIOM TTOTJIOIIECHMS U3BECTH M3 M3BECTKOBOTO
pacTtBopa. [1pm ompeaeaeHUN aKTUBHOCTA MaTepHa-
JIa MCTIOJIb30BaJIM ABa TUTPOBAHHBIX PACTBOPA: HACHI-
IIeHHBIN pacTBOp n3Bectr 1 0,05 H. pacTBOpa COITHOMN
KUCIIOTHL. JIJISI IPUTOTOBJICHUS pacTBOpA U3BECTHU B OY-
TBUTh €MKOCTBIO 5 11 ToMemany 10 r HeralieHo n3Be-
CTU ¥ 3aJIMBAJIN €€ TUCTIIINPOBaHHOM Bomoii. [Tomy-
YEHHBIN pPacTBOP B30AJITHIBAIIN HECKOJIBKO pa3 B CYTKM.
UYepes 3 cyTOK OYTBUIb BCKPBIBAIU M OT(WILTPOBLIBA-
JI HEOOJIBIIIOE KOJIMIECTBO PacTBOpa. 3aTeM OTOMpaIn
50 M1 OTGMIBTPOBAHHOTO PACTBOPA W TUTPOBAJIHM €TI0
0,05 H. pacTBOpa COJITHOI KMCIIOTHI.

KommaectBo comepxamierocst B 50 MJI HACHIIIIEHHOM
pactBope Ca(OH), onpenensiu o popmyie:

HG == VHCLT’ (1)

rae V, ., — xommuectso 0,05 H pactBopa cossanoi
KHCJIOTHI, M3PAacXOI0BaHHOTO Ha TUTPOBAHME, MIT;

T — tutp 0,05 H pacTtBOpa COISTHOI KUCTOTHI, MT/MJI.

PacTBOp M3BeCTH HACKHIIIAIN IO TEX ITOP, TTOKA COIep-
xanue Ca(OH), B ordunbTpoBaHHO Mpobe pacTBopa
oobemom 50 M M| He mocturiio 53 Mr. MaccoByro KOH-
uenrpaumio Ca(OH),C  (Mr/71) B HACBIIIEHHOM PacTBOPE
OIIpeneIIsuT 1o opmyIie:

Ho

C, =7 e)
bP—pa

rae \Y — 00BeEM HaCbIIIEHHOI'O paCTBOpa U3BECTH,

p-pa
OTOOPAHHOTO IIJISI TUTPOBAHMS, paBHBIN 50 MII.

Taxkum oOpa3oM, IOJIydYEeHHBIA HACBILIEHHBIA pac-
TBOp u3BeCTU MMmen Konuenrpauuio Ca(OH),, pas-

Hy101,06 r/n. UccaeayeMmblii MaTepual U3Melb4yain
B (hapdopoBOIi CTYIIKE IO €TO IIPOXOKICHUS Yepe3 CUTO
Ne 008. 3aTrem TTOJyIEHHBIN MTOPOIIOK BHEICYIITUBAIN
JIO TIOCTOSTHHOM Macchl ipu TeMrieparype 100—105°C.
HaBecky mopoika Maccoit B 2 T, OTBEIIEHHYIO TIpe/-
BapUTEJIPHO Ha aHAJTUTUYECKHNX BecaX, OCTOPOKHO 3a-
CHITIAJIA B TIPEABAPUTEIHLHO BEIMBITYIO W BHICYIIICHHYIO
eMKOCTb 00beMoM 110 mi1. 3aTeM Ipu TTOMOIIN OIOPETKI
HaIMBaIX B eMKOCTh 100 MJI HACBILLIEHHOI'O pacTBOpa
n3BecTH. [Tocie 3Toro eMKOCTh 3aKPBIBAIN M SHEPTUY-
HO B30aJITEIBAJIN, CJICIS 3a TEM, YTOOBI KO THY eMKOCTH
He TPUCTaja 4acTb UCCIeayeMoro rnmopomka. B xomne
IIPOBEICHUS IKCIIEPUMEHTA €MKOCTh IIEPUOINICCKI
B30aJIThIBAJIU.

ITo ncredennu 2 CyTOK CO BpeMeHU HAIIOJTHECHUS
€MKOCTHU M3 Hee OCTOPOKHO, 0€3 BCTPSIXUBAHU, TIPH
ITOMOIIIM TTATICTKN OTOMpPaIn TSI TUTpoBaHUS 50 M
pacTtBopa B K00y eMKOCTbhIo 250 M. 3aTeM comepKu-
MO€ KOJIOBI TUTPOBAJIM ITOCJIe M00aBIeHNA 2—3 Kameilb
WHOUKATOpa METUIIOBOTO OpaHxkeBoro pactBopa 0,05
H. pacTBOPOM COJISTHOM KUCIOTHL. KonmaecTBo comep-
kauterocs B pactBope Ca(OH), WU, (Mr) onpenensin
o opmyiie:

H; = Vye T, (3)

rae V., — kommyectso 0,05 H pactsopa consiHoi
KHCIIOThI, M3PAaCXOI0BAHHOTO Ha TUTPOBAHUE, MIT;

T — tutp 0,05 H pacTBOpa COISTHOM KMCTOTHI, MT/MJI.

Komnuectso nornontennoit nzsectu Ca(OH), 1 T uc-
CJIEyEMOTO MOPOILKA 32 2-0€ CYTOK A, (MT) OIPEEISIIA
1o ¢opMmyiie:

‘qz' = Ho - Ha’~ (4)

[To okOHYaHWM TUTPOBAHUS B eMKOCTb HAJMBAJIN
Tpy TTOMOTITH O010peTK 50 MJT HACHIIIIEHHOTO PacTBOpa
M3BECTHU, B30AITHIBAIN COMEPKMUMOE B TeueHre | MUH.
[Mocne mpubasienust B uanHAp 50 MJT HACHIIIECHHOTO
pacTBOpa U3BECTU KOJUYECTBO conepkarierocst B 50 Mt
nonxy4yenHoro pacrsopa Ca(OH),M_ _(mr) onpenensiu

1o popMyIe

H

E€MK

. Hy+H;
EMEK 7 ®)

DKCIIEPUMEHT ITOBTOPSIIN Yepe3 KaXIple 2 CYTOK,
IIPY 3TOM TIPU OMpeIeICHNN KOJMIEeCTBA TTOTJIONICH-
HOM usBectu A, (Mr) hopmyia (4) mpeoOpa3oBbIBaiach
B hopMyILy:

Az’ = HEMH - Hi, (6)
rae U — KOJMYeCTBO comepKamerocs Ca(OH)2

B 50 MJT pacTBOpa, IMTOJYIYCHHOTO B EMKOCTH ITOCJIC TIpe-
IBITYIIETO TUTPOBAHUS, MT.
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AKTUBHOCTbH MaTepHajioB A (MT) OIIpeaeIsIIN KO-
gectBoM Ca(OH),, kotopoe norotui 1 r HarmoHUTeNsA
3a 30 cyToK:

15
A = Eg‘:lAa'- (7)
PE3YJIBTATbBI

TexHOIOTHS TPUTOTOBJICHNUS JOOABKU 3aKJTI0YAIACh
B ciemyromieM. Ha rmepBoii cragun HeTallleHyIO N3BECTh
TaCcIJI BOJOM. 3aTeM B 3Ty CMECh BJIMBAJIM PACTBOP KT~
KOTo CTeKJa, comepxawmit 122,4 r/n SiO,u 47,4 r/n
Na,O. O6pa3oBaBILyIOCs TYJIbITY EPEMELIMBAIIN B Te-
yeHue 15 MuHyT. 3aTeM OTOUILTPOBLIBATINA OCAIOK, IS
YeTo ITOTyYCHHYIO CYCTICH3MIO 00€3BOXIBAIN, TTOMETIast
Ha (UIbTPOBaAJIbLHYIO Oymary. B xoae skcnepumeHTa
MO MOJIyYEHUIO OCaKa UCCIEeN0BaIN BIUSHUE TEMIIe-
paTypHOi1 00pabOTKM Ha CTHTE3 TUAPOCUINKATOB KaJlh-
nus. 71 5Toro n3MeHSUIN TeMIlepaTypHBIC YCIOBHS,
B KOTOPBIX TTPOMCXOIMIN PEAKIINHU 110 CUHTE3y TUAPO-
CHJINKATOB. Pe3ynbTraTel MpOBENeHHBIX UCCICAOBAHNIA
npencTaBieHbl B Ta0JI. 1.

ITpu B3auMoneicTBUNU PacTBOPOB U3BECTU U XKUJI-
KOTO CTeKJIa, He TTOABEPTHYTHIX TeMIIepaTypHOl 0Opa-
00TKM, He HAOII01aI0Ch 00pa3oBaHUsI ocagka. Temme-
patypHast 00paboTKa TOJBKO M3BECTKOBOTO pacTBOpa
MIPUBOAUT K 00pa30BaHUIO HE3HAUNTEILHOTO KOJTYe-
CTBa OcagKa, KOTOPHI MPaKTHICCKH HE TTOIIaBaICsS

Taoauyal

00€3BOXXMBAHUIO, YTO, BUAUMO, CBUAETEIBCTBYET O CO-
XpaHEHUU B CYCII€H3UW 3HAUYUTEIbHOM J0JIM HE BCTY-
MUBILIETO B peakIUIo XUAKOro cTekia. TeMmepaTyp-
Hasi 00paboTKa BceX paccMaTpUBaEeMbIX KOMITOHEHTOB,
YYACTBYIOLIMX B peakLIMK CUHTE3a 100aBKW Ha MEPBOM
CTaIMu, TTO3BOJISIET MOJYYUTh 3HAUUTEbHOE KOJIUYECTBO
ocazxa. [TonyuyeHHBI OcaoK OYEHb XOPOILIO MOITAETCS
00e3BOXMBAHUIO, YTO CBUAETEIBCTBYET O HE3HAYUTEb-
HOM COJep>KaHUM B HEM HE BCTYMHUBILETO B PEaKIIUIO
xuakoro crekia. [Tpu aToM, 61aromapst HarpeBy BOJbI,
KOTOpasi UCHOJIb3YETCs /IS TallleHUsI U3BECTU, B MOy~
YEHHOM Ocajike He HabogaeTcst 60JbIIOro KOJUYeCcTBa
YacTUll He BCTYIUBILIEH B peaklio u3Bectu. [ToaTtomy
B JaJibHel11eM Obljla IPUHSTA CIeAyIoLIasl TEXHOJIOTUS
cUHTe3a 100aBKM Ha TepBOM CTaAUU — HeTallleHYIO 13-
BECTbh TaCHJIN BOIOM, HarpeToit 1o 60°C, 1 moyde HHbII
pacTBOP TOBOJWIIM 10 KUTIEHWS 1 BIIMBAJIU B HETO pac-
TBOP XKUIKOI'0O CTEKJIa, HarpeThiii 1o 60°C.

Ha BTOpOIi cTanun oTUIbTPOBAHHLINA 0CaI0K 00-
pabateiBaiu 10%-M pacTBopoM cyiibdara alloMUHUS
JIo Tex mop, noka pH 1moxkazaTesb MOJy4eHHOU cMecu
He omyckascs 10 6,5. Beroop manHoi BesmynHbl pH
00BSICHSETCS TeM, UTO MpU JaHHOM 3HayeHuM pH no-
JIydeHHasi CMeCb UMeET HEMTpaJIbHbIN XapaKTep 1, Kak
clieCTBUE, AaJibHeuIIas peakius 1Mo oopa3oBaHUIO
TUIPOCUIMKATOB U TUAPOATIOMOCUINKATOB KaTbILIUS
HeBO3MOXHA. [ToydeHHYI0 cMeCh BHOBb OT(OIIIBTPO-
BeIBa. Ocanky, 00pa3oBaBIIKeCs Ha TICPBOI 1 BTOPOMA

OneHka BIMSHUSA napaMeTpoB TeMHepaTypﬂoﬁ OﬁpaﬁOTKl/l KOMIIOHCHTOB HA XAPAKTCPUCTHKH O0CAJAKA,

noJriyyaemMoro Ha MepPBOI CTAIUM CHHTE3a

ITapameTpsl TeMIepaTypHOii 00padOTKH
Bona nna W 3BecTKOBBIIH PactBop xuakoro XapakTepuCTHKH 0CaKa
rameHus H3BEeCTH pacTBop CTeKJIa
OTcyTCcTBYyeT OTtcyTcTBYET OTcyTCTBYET OcamoK OTCYTCTBYET
60°C OTtcyTcTBYET OtcyTcTBYET OcagoK OTCYTCTBYET
Hab6mopaercs oopazoBaHue HEOOJBILIOTO
60°C Jo kuneHust OTcyTCcTBYET KOJIMUeCTBa OCajKa, 0CaJoK MPaKTUUYECKU He
MOAIAETCSI 00E3BOKMBAHUIO
Hab6monaercst oopazoBaHue ocajaka, 0cagoK cjado
60°C Jlo KuneHus 40°C P ’
nojaaaeTcsi 00e3BOXMBaHUIO
Hab6ntonaercst oopa3oBaHue ocanka, 0CagoK
cnabo mmoamaeTcsl 00e3BOXMBAHUIO, B OCAIKe
OTcyTCTBYET Jlo KkuneHus 60°C UL ’ A
HaOJII0MaeTCsT 3HAUYNTEIbHOE KOJIMIECTBO He
BcTynuBLiero B peakuuio Ca(OH),
HaGnonaercs BoinaaeHUe 3HAYUTEIbHOTO
60°C Jo xureHus 60°C KOJIMYECTBA 0CaKa, OCaJOK OYEHb XOPOIIIO
noaaaeTcss 00e3BOXMBAHUIO
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cranusix, BercymmBany mpu 100—105°C B Teuenme 12 ga-
coB. 7151 OIICHKM 11eJIeCO00Pa3HOCTH TIPUHSITON IBYX-
CTaAWITHOU TEXHOJIOTUM CUHTE3a 100aBKM JajbHENIInE
HCCIIeTOBAaHUS TIPOBOIIIIN MapaIJICIIbHO MIJIT J00aBOK,
00pa30BaBIIMXCS Ha TICPBOIT 1 BTOPOI CTAIMSIX.

JlobaBka, mosyyeHHas Ha 1 cranuu cuHTe3a, rocje
BBICYIIIMBAHUS TIPEACTABISIET COOOI IMTOPOIIOK OeJo-
TO 1IBeTa, UCTMHHAs IIOTHOCTh O, paBHa 2100 kr/m’,
HACBINHAA MIOTHOCTh O paBHa 380 Kr/M°, yaenbHas
TIOBEPXHOCTh Syﬂ, n3MepeHHas Ha ipuoope [TCX-12 me-
TOOOM (PUIIBTpAIINK Ta3a Yepe3 IMMOPUCThIC Tejla, paBHA
680 M?/Kr, yae/ibHast ITIOBEPXHOCTD Syﬂ, onpeaeacHHAs
Ha nipubdope Sorbi — M 1T0 MHOTOTOUYEUHOMY METOIY
BOT, paBua 57100 m?/kr.

Hob6aBka, moydeHHas Ha 2 CTaIuX CHHTE3a, ITOCTIe
BBICYIIIMBAHUS TIPEACTABISIET COOOI ITOPOIIOK OeJo-
To 1IBeTa, MUCTMHHAs IUIOTHOCTh O, paBHa 2140 kr/m’,
HACBINHAA IOTHOCTh O paBHa 240 Kr/M°, yaenbHas
TIOBEPXHOCTh Syﬂ, n3MepeHHas Ha ipuoope [TCX-12 me-
TOOOM (PMITBTpAIINK ra3a yepe3 IMMOPUCThIC Tejla, paBHA
1380 m?/Kr, yaelbHast TIOBEPXHOCTh Syﬂ, orpeesieHHas

Ha pudope Sorbi — M 110 MHOTOTOYECYHOMY METOIY
BOT, paBua 163 300 m?/kr.

OKCHUIHBII COCTaB M00ABOK, ITOTYYCHHBIX Ha TIEPBOIt
1 BTOPO¥ CTamusIX, TIpeACTaBIcH Ha puc. 1.

AHam3 TaHHBIX, TIPeACTaBICHHBIX Ha puc. 1, CBU-
IETEeNIbCTBYET, UTO B COCTaBE MOAU(UIINPYIOIIEH T0-
0aBKH, TIOJYYCHHOI Ha TIEpBOM CTamnu, IpeodIamaroT
okeunpl SiO,, Ca0O, Na,O. JlaHHbIA OKCUIHBINA COCTaB
XapaKTepeH IJId THIPOCUIINKATOB Kalblns. B cocTase
MoIuGUIIIPYIONIei 100aBKM, TTOJTYICHHON Ha BTOPOit
CTaany CUHTE3a, IIPU COXpaHCHUN 3HAYUTEIIBHON O
OKCHIIOB SiOz, CaO, NaZO JIOTIOJTHUTEIBHO MOSIBWIINCH
OKCH/IBI A1203 u SOS. DTO MO3BOJIIET MPEANOIOXUTD,
YTO MUHEPAJIOTHUECKUI COCTaB JOOABKU MOITOTHIIICS
TUTICOM U TUAPOATIOMOCIIIMKATAMU KaJTbITHS.

J71sT OTICHKY MIHEPAJIOTMYECKOT0 COCTaBa T00ABOK,
ITOJIYyICHHBIX Ha TIEPBOI M BTOPOU CTamMsIX CUHTE3a,
6bu1 TIpoBeaeH X PDA. PentreHorpamma o0pasioB J10-
0aBKHM, TTOJIyIeHHOM Ha TIEPBOI CTaIWM, TIPeICTaBIIcHA
Ha puc. 2. PeHTreHorpamMma o0pasiioB 100aBKH, MOJTY-
YeHHOI Ha BTOPOi1 CTamuM, IIpeICcTaBIeHa Ha puC. 3.
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Puc. 1. OKcuaHblii cocTaB 100aBOK, MOJYyY€HHbIX HA IEPBOii M BTOPOii CTATUSIX
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Puc. 2. PentreHorpaMmma o0pa3iuoB 100aBKH, MOJIyY€HHOM HA MEPBOi CTAMH CHHTE3A
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Puc. 3. PentreHorpaMmma o0pa3iuoB 100aBKH, IOJIy4€HHOi HA BTOPOii CTAMH CHHTE3a

P®A noka3zaj, 4To MUHEPAJIOTUYECKUI COCTaB 10~
0aBKU, IIOJIy4EHHOM Ha IEPBOM CTAAUU, IIPEeICTaBICH
MUHepaaMu ToGepMopuTOBOii rpymmsl, A (d = 3,037,
d=3,201,d = 1,818), mopmauaurtom, A (d =2,631,d =
4,940, d = 1,681), xanbuurtom, A (d = 2,109, d = 3,034,
d=1,878).

P®A mobaBku, TTOJIydeHHOI Ha BTOPOI CTaIuWM,
IOKa3aJjl, 4YTO B €€ MUHEPAJIOTUIECKOM COCTaBe COXpa-
HUJIKUCH TUAPOCUIMKATHI KaJbLUs, IIPEACTABICHHbBIE
MUHepaaMu ToGepMOpUTOBOiL rpymmsl, A (d = 3,049,
d=3,203,d=1,826,d = 1,676) u TBepaAbIM PacTBO-
pom CSH(B) B Buze c1ab03aKpHCTaUT30BAHHOTO Teis,
A (d=2,181,d = 1,882, d =1,741). [JonOIHUTETBHO
B MUHEPAJIOTMYECKOM COCTaBe N100aBKU ObLIM OOHa-
pyxensl rurc, A (d = 7,638, d = 4,298) u 1101yBOIHBIIT

-

SEM MV 300 kY

rurnc, A (d = 6,063, d =2,801,d = 3,490, d = 1,852, d =
1,698).Takke y4uThIBast TO, YTO B OKCUIHOM COCTaBE
I00aBKU, IIOJYICHHOM HA BTOPOU CTaIUU CUHTE3a, 00-
HapyXeHO 3HauuTeNbHOe conepxanue Al,O,— 10,98,
HO B pe3ynbTate PMA He ObI10 00HAPYKEHO MITHEPAJIOB,
conepxaumx AlO,, MOXHO MPEANOIOXUTD, YTO B 10-
0aBKe TIPUCYTCTBYET peHTreHoamopdHas ¢asa, comep-
JKarmmast THAPOATIOMOCHINKATHI KaJIbITHS.

Ha puc. 4 mpencraBieHbI 3IEKTPOHHO-MUKPOCKOITH -
YeCKNEe CHUMKU CMTHTE3NPYEMBIX T00ABOK, TIOJTYICHHBIX
Ha 1 1 2 cTaguy CUHTE3A.

AHanM3 TaHHBIX, IPEACTABICHHBIX HA pUC. 4, CBUIC-
TEJBCTBYET, UTO CTPYKTYpa TOOABKU COCTOUT M3 YACTHIT
IJIACTUHYATON 1 UTIIOBATOM (POPM pa3IMIHOTO pa3mMepa
ot 10 1o 40 um.

Puc. 4. D1eKTPOHHO-MHUKPOCKONMYECKHII CHUIMOK J00aBKM: a — ITOJIyYeHHOM Ha 1 cTamuy CUHTe3a;

0 — IMOJIyYeHHO# Ha 2 cTaauy CUHTEe3a
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YauTeIBast, YTO BEICOKAS IMYILIIOJIAHNTICCKON aKTHB-
HOCTbH TI0 OTHOIIEHUIO K BSKYIIEMY SIBJISIETCSI OMTHUM
13 OCHOBHBIX TPEOOBaHUM, MPEIBSIBISIEMBIX K MOIH-
ummpyrommm 106aBKaM, ObLIa OLIEHEHA MYIIIOJaH! -
YecKasl aKTUBHOCTh TOOABOK, TTOJIYYCHHBIX Ha TIEPBOM
¥ BTOpOM cTammsax cuaTe3a [16—18].

YcraHoBIeHO, 9TO CcITycTs 30 CYTOK ¢ Havyaja 3KC-
TIeprUMeHTa MyILIIoJaHnYecKass aKTUBHOCTh T00aBKH,
TOJIYYeHHON Ha TIepPBOI CTaIuM CMHTE3a, COCTaBUIA
238,6 mr/r. Ilyuuoiganuyeckass aKkTUBHOCTh 100aB-
KW, TIOTYYeHHOM Ha BTOPOI CTaaWM CUHTE3a, BBIIIE
B 3,2 pa3a u coctaBiser 762,5 Mr/r. YBeJIudeHUe MMyLILOo-
JIAHNYECKOM aKTMBHOCTH JT00aBKH, IIOJyIaeMOIf Ha BTO-
pOIi CTamnyM CHMHTE3a, MOXHO OOBSICHUTD MOSIBIICHUEM
B €€ COCTaBe THIPOATIOMOCIINKATOB KaJIbITUS U YBE-
JINYEHUEM YIeTbHOI TTOBEpXHOCTH n00aBKu [19, 20].

DKCIIEPUMEHT I10 ONpeaeICHUIO ITyIIoJaHnde-
CKOI aKTUBHOCTH IIJIST TOOABOK, ITOJTYICHHBIX Ha TIep-
BOI1 ¥ BTOPO#1 CTagusIX, IIPOIOJIKAIN IO TOTO MOMEHTA,
KOT/1a KOJIMIECTBO THAPOKCHIA KATBIINSI, IIOTJIOIMIECHHOTO

nobaBKaMU, He TiepecTalio yBeauduBaThbes. JlobaBka,
TTOJTyYeHHAST Ha TIEPBOI CTaIuHU, TIPOIOJIKAIA aKTUBHO
noriomars Ca(OH), B reuenue 40 cyToK ¢ Hayasa 9KC-
TIePUMEHTA, 3aTeM CKOPOCTD ITOTJIOIICHMS] YMEHBIIIIACh
u cirycTs 90 CyTOK ¢ Hadaia SKCIIepUMeHTa aKTUBHOCTh
mocturiaa 285,0 mr/T. lob6aBKa, IToIydeHHAasI Ha BTOPOI
cTaguu, IIPOAOJIKajla aKTUBHO MOIJIOIIATh Cal(OH)2
3HAYUTEJIPHO JOJIBIIE, BIUIOTH 10 90 CYyTOK, IIPH 3TOM
ee akTUBHOCTH nmocturia 1280,0 mr/T.

s oneHkn 3(pHEeKTUBHOCTH IPUMEHEHUS T0OABOK,
TTOJTyYeHHBIX Ha IIEPBOi1 I BTOPOI CTAMUSX, MCCIICIOBAIN
KMHETHKY Habopa MPOIHOCTH TIPU CKATUHU TTOTyIaeMbIX
C MCTIOIb30BaHNEM T00aBOK M3BECTKOBBIX KOMITO3M-
ToB. ComepxaHne 100aBOK, TTOJYIeHHBIX Ha TIEPBOit
U BTOPOI1 CTaAMSIX CUHTE3a, ObLIO MPUHATO paBHBIM 10%
OT MaccCHI U3BecTU. Bomon3BecTKOBOE OTHOIIIEHNE OBLITO
mpuHsITO paBHBEIM B/U = 1,0. Pe3ynbTathl nccienoBaHmit
IIpeICTaBICHBI B TA0OM. 2.

ITpu aHanm3e 3KCIepPUMEHTATbHBIX JaHHBIX, TIPH-
BEICHHBIX B Ta0JI. 2, yCTAHOBJICHO, YTO BBCICHNE B U3-

Tabauuya 2
IIpounocts KoMno3utos, MIla
Bpewms, cyr.
CocTaB N3BeCTKOBOT0 KOMITIO3UTA
3 7 14 28
KOHTpoIbHBIN COCTAaB HAa U3BECTKOBOM BSIKYILIEM 0,21 0,29 0,58 0,86
CocraB ¢ I/ICHOJIL3OBaHI/IeM J00aBKU, MOJyYeHHOM 0.33 0,53 1,00 133
Ha IepBOM CTaIny CUHTE3a
CocraB ¢ ul/lcrlonb:sOBaHHeM J00aBKU, MOJyYeHHO 0,73 115 1,93 2.47
Ha BTOpOI CTaINy CUHTE3a
Tabauuya 3
TexHoOrMYeCKHE H IKCILTYaTAIMOHHbIE CBOICTBA Pa3pad0TaHHbIX TemIou30samuoHHbIx CCC
BenunHa nokasaTeis JJ1s COCTaBa
ITapameTp
CocraB 1 | Cocras 2 | IIpororun 1 | IIpororun 2 | IIporoTun 3
CpenHsist TUIOTHOCTb ITOKPBITHS, KT/M? 580 650 1100 550 1550
HacpinmHast iotHOCTb, KI/M? 380 440 1100 550 1500
ITpounocts nipu cxkatun, MIla 3,6 4,1 3,4 3,0 4,0
Pacxon CUCC npu HaHecegII/II/I clros 5.9 6.6 12,0 5.5 14,0
TOIIMHOM B 10 MM, KT/M
KoadduimeHT TenaonpoBoaHOCTH, 0.119 0.137 0,350 0,130 0,400
Bt/(M«°C)
KoadduimeHT naponpoHULIaeMOCTH, 0,157 0,150 0,100 0,110 0,100
Mmr/(Me4eIla)
Bonoynepxxuparomast crtocoOHOCTh, % 99,0 99,1 97,0 97,0 97,8
IIpouyHoCTb cuerieHus: ¢ ocHoBaHueM, MIla 0,65 0,71 0,40 0,30 0,40
Mopo30CTOIKOCTh, MapKa F35 F35 F35 F50 F50
Y 1no6oykiiansiBaeMoCTh XOpolllasi | XopoIas | Xopolas Xopoitast Xopoliast
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BECTKOBBII COCTaB pa3pabOTaHHBIX J00ABOK ITOBHIIIA-
€T IMIPOYHOCTh TIPU CKATHU TIOJIyIaeMBbIX U3BECTKOBBIX
KOMITO3UTOB. BBemeHIe B cOCTaB MOOABKM, ITOTYICHHOM
Ha TIEPBOI CTaIUM CMHTE3a, YBEINUYMBACT IIPOYHOCTD
TIPY CXKATHU 00pa3IIoB CIYCTS 28 CYTOK BO3MYITHO-CY-
XOro TBepaeHus Ha 54,7% OTHOCUTEIbHO KOHTPOJIbHBIX
00pa3IoB. YCTaHOBJICHO, YTO B M3BECTKOBBIX KOMIIO3H-
Tax coaepKaHue CBOOOIHO U3BecTU coctaBuio 49,1%,
B KOMITO3HTaX C MCIIOIh30BAHUEM TOOABKH, TTOJTYICHHOMN
Ha TIepBOil cTanMy CUHTE3a, COAepKaHMe CBOOOTHOM
n3BecTu cocraBuio 40,2%.

BBemeHme B cocTaB 10OABKM, ITOyYeHHON Ha BTOPOIt
CTaJINU CUHTE3a, YBEJININBACT IIPOYHOCTD TIPU C3KATUK
00pa3moB crycTa 28 CyTOK BO3MYITHO-CYXOTO TBEpIe-
Hus Ha 187,2% OTHOCUTEIbHO KOHTPOJIbHBIX 00Pa310B.
YcTaHOBIEHO, YTO B KOMITO3UTAX C MCIOJIb30BaHEM
I00aBKU, TIOJYICHHOI Ha BTOPOI CTaIUM CHTE3a, CO-
JepKaHre CBOOOIHOM U3BeCTU cocTaBuiIo 28,6%.

[IpencTaBneHHbBIC TaHHBIC JOKA3BIBAIOT IIeJIeCO00pa3-
HOCTB IIPUHSITON IBYXCTAOUITHOM TEXHOIOTMH CHHTE3A.

C ucnojp30BaHNEM pa3pabOTaHHON MOTUDUIIIPY-
1o11ei 106aBKU pa3paboTaHbl COCTaBbI TEILJIOU3OJISIM -
oHHBIX CCC 114 OTIOENIKM ra300eToHa.

B 1abm. 3 mpuBeneHBl OCHOBHEIC KCILTyaTallMOH-
HBIC ¥ TEXHOJIOTUUYECKNE CBOICTBA TCILIIOM3OJISIIIN -
OHHBIX COCTaBOB UIST OTIEJIKM ra300eTOHA HAa OCHOBE
paspaboranHbix perentyp CCC.

B xauecTtBe mpotoTurma 1 BeiOpaHa Jierkasi lieMeHT-
Hag mrykatypka «Kaaydp GRUNBAND», mpousBoam-
mag kommanueir OO0 «KHAY® I'MIIC», B kauecTBe
MIPOTOTHIIA 2 — TEIJIOM3O0JISIIINOHHAS IITYKATypKa TSI
razoberoHa «UMKA UF-2», mpousBoanmMast KOMIIaHU-
eit OO0 «DKoTepMOrpyIl», B KauecTBe MPOTOTUTIA 3 —
mTykKatypka «/3BeCTKOBO-IIEMEHTHAST» UIST OTOCIIKHI
razooeroHa pupmbl «bonapcy.

AHa3 TaHHBIX, TIPUBEACHHBIX B Ta0JI. 3, TTOKas3a,
YTO pa3paboTaHHbIE COCTaBHI TETION30MIINMOHHBIX CCC
IUTSI OTAEITIKY Ta300eTOHA 00JIamaroT PSIIOM TIPEUMYIIICCTB
TI0 CPaBHEHUIO C aHAJIOTaMU: BBICOKAS ITapOITpOHUIIaC-
MOCTb, BEICOKAST IIPOYHOCTB CLICTIICHUS C TIOBEPXHOCTHIO
ra300eToHa, BEICOKAs BOMOYACPKIBAOIIAS CTIOCOOHOCTb.

CIINCOK NCTOYHUKOB

BbIBO/IbI

IIpennoxkeHO MCIIOIB30BATh B TEITJIOM30JISIIIMOH-
HbIx CCC MomnuLMpyIomylo 100aBKy, IOJydaeMylo
110 ABYCTAOIMITHON TEXHOJOTHHU cuHTe3a. OmnpenciacH
XUMUYIECKUA 1 MIUHEPaJTOTMICCKHUIT COCTaB J0OABOK,
ITOJTyYaeMBIX Ha TIEpBOIl M BTOPOI CTAINU CUHTE3a MO-
nuduLUpyrolIeil 100aBKU. YCTaHOBJICHO, UTO B OK-
CHITHOM COCTaBe J00OaBKM, IMOJYICHHON Ha 1 cTagum
cuHTe3a, npeobnanarot okeuasl: Si0,, CaO, Na,O.
MuHepaJorn4ecKuii cocTaB 100aBKHU, TTOJIYICHHOMK
Ha | cTamuy cMHTE3a, B OCHOBHOM IIPEACTaBICH TUAPO-
CHUTMKaTaMH TOOCPMOPUTOBOM TpyImbl. B okcumHOM
cocTaBe J00OaBKM, MTOJIYICHHON Ha 2 CTaIWM CUHTE3a,
IPY COXPaHEHUU 3HAYMTEIBLHOM nou okeunos SiO,,
CaO, Na,O n10onosHUTEeNbHO OOHAPYXKEHbBI OKCUIBI
ALO, n SO,. MuHepanoruyeckui cocraB 106aBKH,
IMOJIYICHHOM Ha 2 CTaIWU CHHTE3a, IPEIACTaBICH TU-
IPOCUINKATAMUA TOOCPMOPUTOBOM TPYIIIIEI, TUTICOM,
ATIOMOCHIMKATAMU KaJIbIIHs.

Joxka3zaHa 11eJ1ecoo0pa3HOCTh IIPUHITOMN ABYXCTa-
NUNHON TEXHOJIOITMU CUMHTE3a MOAU(PULINPYIOIIEH 10-
6aBku. OmpenenacHa MyHUIOJIaHUICCKON aKTUBHOCTD
I00aBOK, IMOJTYYEHHBIX MOcie 1 1 2 cTaguu, METO-
JIOM TIOTJIOIICHUST U3BECTH U3 M3BECTKOBOTO PAaCTBO-
pa. YcTaHOBIIEHO, YTO M00OaBKa, IMOJIyIeHHAs ITOCIe
1 cTamum cUHTE3a, XapaKTePU3yeTCs ITYIII0TaHNTIeCKOMN
aKTUBHOCTBIO, cocTaBstionieit 238,6 mr/r. Ilyuioa-
HUYeCcKasl aKTUBHOCTh J00aBKH, MOJIYICHHON ITOCIIe
2 cTamuy CUHTE3a, BhIIIe B 3,2 pa3a M COCTABIISIET
762,5 Mr/r. YcTaHOBIEHBI 3aKOHOMEPHOCTU TBEPIE -
HUS N3BECTKOBEIX pACTBOPOB B IIPUCYTCTBUU TO00ABOK,
TIOJTyYeHHBIX Ha | 1 2 cTamuy CMHTe3a. BeIIBICHO, 94TO
BBEICHIE B COCTaB J0OABKU, ITOJyIYeHHOU Ha 1 cTagun
CHHTE3a, MOBHIIIAET IIPOYHOCTD MPU CXKATUM U3BECT-
KOBBIX KOMIIO3UTOB B 1,55 pa3a. BBegeHue B cocTan
I00aBKM, MOJTyYeHHOM Ha 2 CTaINU CUHTE3a, TIOBBIIIIA-
€T TIPOYHOCTH TIPU CKATUU N3BECTKOBBIX KOMITO3UTOB
B 2.87 pa3a. [Togo6paHa onTuMaabHas KOHIIEHTPAINAS
IIpeajiaracMoil MOTNMUIIMPYIOIIE T00aBKM, COCTaB-
nsiomas 10 % ot Macchl U3BECTU.
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ABSTRACT: Metal nanocrystals exhibit unique properties due to their high surface-to-volume ratio and have great potential for ap-
plications in the fields of electronics, magnetics, optics and catalysis. However, their high specific surface area leads to easy coarsening
in operation, which may greatly degrade their performances, especially when they are exposed to various chemical environments
or at high temperatures. Therefore, the direct visualization of nanocrystals' structural evolution when they are coarsening is crucial
to gain insight into the mechanism and develop more effective means to improve the size stability of nanocrystals. In this work,
we investigated the structural evolution of Pt nanocrystals with sizes of ~4 nm on SiN_film in both oxidizing and reducing atmo-
spheres at a moderate temperature (300°C) in the aberration-corrected environmental transmission electron microscopy (ETEM).
The sizes of nanocrystals remain almost unchanged when annealed in the oxygen atmosphere with volatile PtO,_formation on the
surface, hindering nanocrystals sintering and leading to Pt loss. On the other hand, obvious coarsening of nanocrystals resulting
from Ostwald-ripening and nanocrystal migration and coalescence was observed in the reducing atmosphere. Our findings reveal
the dynamic structural evolution of nanocrystals in different atmospheres and provide possible ways to improve the size stability
of nanocrystals.
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INTRODUCTION

he size of metal nanocrystals is one of the key factors

determining their physical and chemical properties
and applications in the fields of electronics, magnet-
ics, optics, and catalysis.'-> Many strategies have been
proposed to prepare small nanocrystals successfully,
whereas their high specific surface area also leads to easy
coarsening in operation which may significantly degrade
their performance, especially when they are exposed to
some chemical environments or at high temperatures.®*
Therefore, the size control of nanocrystals is of great sig-
nificance not only in the synthesis process but also in the
specific operational environment.

© Qinglin Liu, Huanyu Ye, Zhihong Zhang, Rongming Wang, 2022

The prerequisite of realizing the size control is to
achieve a detailed understanding of the influence factors
and mechanisms that govern the nanocrystal coarsen-
ing. Extensive ex-situ experiments have been carried out,
which characterize the structure and size of the nanocrys-
tals before and after the treatment in certain environments
to deduce the physical process of coarsening, providing a
lot of useful information to understand the coarsening.” '
However, there are always inconsistencies between differ-
ent experimental results and deviations of experimental
results from predicted models. Therefore, ex-situ experi-
ments could not give an unambiguous physical picture
of coarsening."" ? In-situ techniques could provide an
ideal platform to perform direct observations of dynamic
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structural evolution and properties changes in various
surroundings.” Environmental transmission electron
microscopy (ETEM) is one of the most effective in-situ
techniques to study the nanocrystal shape, size and struc-
tures in various gas environments and can obtain real-time
and dynamic evolution data at the atomic scale.'*"

In this work, we in-situ investigated the evolution of
the Pt nanocrystals in both reducing and oxidizing atmo-
spheres at a 300°C by ETEM. Several works have studied
the coarsening phenomenon of Pt nanocrystals supported
by oxide substrate and carbon in different gas atmospheres.
In all these studies, the substrates can strongly interact
with Pt nanocrystals or even react with them and thus in-
fluence their coarsening behaviors.”®-2° But the effects of
substrates were always not taken into consideration when
they discussed the results and thus inconsistent conclusions
were obtained.” In this work, we selected SiN_film as the
substrate, which is chemically stable and inert, and thus it
has negligible effects on coarsening.

Our in-situ TEM observation found that in the oxidiz-
ing atmosphere, a PtO_shell may form on the surface of
nanocrystals which can greatly restrain the migration and
coarsening of the nanocrystal. Therefore, the nanocrystals
annealed in O, exhibited high size stability. By contrast,
the nanocrystals coarsened obviously when they were
annealed in the reducing atmosphere where Ostwald-
ripening, and migration and coalescence of nanocrystals
occurred. Our direct observations of the dynamic evolu-
tions of nanocrystal size and structure can give useful
information to deeply understand the coarsening phe-
nomenon of metal nanocrystals, and propose possible
strategies to improve the size stability of nanocrystals.

METHODS AND MATERIALS

The ETEM FEI Titan G2 80-300 kV equipped with
objective lens spherical aberration corrector was applied
to investigate the evolution of Pt nanocrystals in differ-
ent atmospheres. The Pt nanocrystals were prepared by
heating the chloroplatinic acid (H,PtCl,) precursor at an
elevated temperature in ETEM. In a typical experiment,
1 ¢ H,PtCl, (AR, Pt > 37.5%) was dissolved in 50 mL
ethanol and dispersed onto a heating chip with SiN_film.
After being dried for 24 hours in vacuum, the H,PtCI,
crystals precipitated out on the SiN_film and then were
loaded at a heating holder. The sample loading area of the
heating chip is 75 um in diameter with 22 holes covered
with porous SiN _ film, as shown in Fig. la—c. The tem-
perature was elevated to 300°C with a heating rate of and
then kept at 300°C for 2 hours. The 200 Pa 20% H,/Ar
and pure O, environments were applied respectively at
different heating processes. The in-situ observation was
recorded by a dynamic camera with 4096x4096 pixels un-
der adjustable integration time from 0.1 to 5.0 s. Statistical
analysis was carried out by OriginPro Learning Edition

software. The statistical results were expressed as the mean
standard deviation values and tested by t-test. The quanti-
fied average size for each set of data was confirmed to be
a normal distribution. A p-value of < 0.05 was considered
to be statistically significant.

RESULTS

The typical H,PtCI, crystals precipitated out on SiN_
film at room temperature are shown in Fig. 1d. It is found
that the H,PtCI, crystals with a size of about 100 nm are
more likely to form around the SiN_film-free area. The
zoom-in bright-filed image of the H PtClI, crystal reveals
a nonuniform mass and diffraction contrast as shown in
Fig. le. It is implied that the existence of crystal defects
and depressed surface in the crystallite.

The corresponding H,PtCl, crystal space group is
Fm3m and stands along the [001] direction with exposed
{100} facets as confirmed by the previous work.” The
energy-dispersive X-ray spectroscopy (EDS) elemental
mappings of H,PtCl, crystal were obtained by scanning
TEM (STEM) mode. As shown in Fig. 1f, g, the crystal-
lite exhibits a uniform distribution of Pt and Cl elements.

Then we heated the system with a heating rate of
1.0 °C/s and then kept the temperature at 300°C for 2 hours
in different atmospheres. In both the oxidizing and reduc-
ing gas environments, the H,PtCl, precursor started to
decompose and form Pt nanocrystals when the temperature
was up to 270°C. The detailed process of decomposition of
solid-phase H,PtCl, precursor, the nucleation and early-
stage growth of Pt nanocrystals have been studied in our
previous work."”” Here we intend to investigate the size sta-
bility of Pt nanocrystals in atmospheres, and so we focus on
the size and structure evolution of Pt nanocrystals during
the annealing process at 300°C.

The oxidizing atmosphere was applied by introducing
200 Pa O, to the ETEM. Fig. 2a displays the ETEM image
acquired when the temperature just reached 300°C, show-
ing the almost uniformly distributed Pt nanocrystals. The
inserted statistical particle size distribution (PSD) shows
a single-peak profile and most of the Pt nanocrystals are
2~5nm in size. The calculated average size is 3.5+ 1.1 nm.
Upon in-situ annealing in this oxidizing atmosphere for
60 min, the average nanocrystal size is found to remain
nearly unchanged as shown in Fig. 2b, c. Besides, we can
see the positions of the Pt nanocrystals barely change by
comparing these images. These results imply that under
this oxidizing environment (200 Pa O,, 300°C), the nano-
crystals can maintain their size and their diffusion on the
substrate is largely hindered as well.

In the case of the reducing atmosphere, we introduced
200 Pa 20% H,/Ar into the ETEM and followed the same
experimental procedure. Fig. 2d shows the Pt nanocrystals
at the beginning of annealing in the reducing gas. Most
nanocrystals were in the size of 3~6 nm and some larger
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Heating chip N

film-free

thin SiN, film

Fig. 1. Scheme of the heating holder and heating chip (a); Morphology of sample loading area and thin SiN_film
of a heating chip (b, ¢); TEM images (d, e) and EDS mappings (f, g) of the H,PtCI crystal.

273 4)5.6 7 8
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Fig. 2. In-situ TEM images of Pt nanocrystals annealed in O, environment (a—c) and in H,/Ar environment (d—f)
for different annealing times. Inset: particle size distribution.
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nanocrystals can also be observed. The counted PSD
still showed a single-peak profile, and the calculated av-
erage size of 150 counted nanocrystals was 4.1+1.0 nm.
Compared with the nanocrystals treated in O,, this larger
average nanocrystal size indicates that nanocrystal coars-
ening may already occur in the preceding heating-up pro-
cess in the reducing atmosphere. We also calculated the
nanocrystal density before the annealing process, which
was 9.1xX1073 nenm~2. After annealing for 30 min, the
average nanocrystal size and density obviously changed
(Fig. 2e). The calculated average size of nanocrystals was
4.441.0 nm with an increase of 7.3% and particle density
was 5.2x1073 nenm~2, which decreased by 42.9%. By the
PSD results, we can find the proportion of nanocrystals
with size in the range of 2~4 nm decreased from 51.2%
(Fig. 2d) to 38.3% (Fig. 2e), while the one with a size
larger than 5 nm increased from 19.2% to 23.4%. The
ETEM image and statistical results indicate that after
the 30 min annealing in the reducing atmosphere, the
nanocrystals coarsened by Ostwald-ripening, where small
nanocrystals were eaten by the larger ones. Also, we can
observe in the ETEM image that two neighboring large
nanocrystals migrated toward each other and coalesced
(Fig. 2d,e). For the further 30 min annealing, the average

i
BE() _

size of nanocrystals increased a little by 12.2% and the
nanocrystal density had hardly changed (Fig. 2f).

Above studies of the Pt nanocrystal coarsening phe-
nomenon were performed over a large region that con-
tained a large number of nanocrystals and by statistical
results. We have achieved a primary understanding of
the nanocrystal coarsening behaviors in both oxidizing
and reducing atmospheres. Next, in order to get a deeper
insight into the atomic structural evolution of the nano-
crystal coarsening process, we applied in-situ high-reso-
lution TEM (HRTEM) observation to reveal the atomic
structural evolution of the nanocrystal coarsening process
under O,and 20% H,/Ar environments.

As shown in Fig. 3a-c, we traced three nanocrystals
and recorded an in-situ HRTEM image under the 200 Pa
0, at 300°C. The clear lattice fringes on the three particles
can be identified as Pt {111} or {200} crystal planes. In
addition, we found that there were several orientations in
one nanocrystal (for example, the nanocrystal marked by
the number 2, 2# nanocrystal), implying a polycrystal-
line structure as shown in Fig. 3a. 3# nanocrystal had
a cashew-like morphology which may form by the ag-
gregation of two nanocrystals during the heating stage.
As the annealing proceeded, we found that there was an

PLAAT)
N

N

Fig. 3. In-situ HRTEM images of Pt nanocrystals annealed in O, (a-c) and in H,/Ar (d-f) for different times.
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amorphous shell structure with a weaker phase-contrast
formed on the Pt nanocrystal surface (Fig. 3b) and further
annealing led to the thickening and crystallizing of the
shell structure (Fig. 3e). Fringes in the crystallized shell
structure on 3# nanocrystal can be identified as the PtO
{111} and {200} crystal planes (ICSD PDF#47-1171). Ac-
cordingly, we can speculate that the amorphous shell is
also the Pt oxide, where the introduction of the O element
into the Pt lattice obviously weakens the phase contrast.

It is worth noting that the coalescence and aggregation
were not observed in this case, which can be ascribed to
the Pt oxide formation on the nanocrystal surface. What’s
more, as the annealing continued, the nanocrystal size
decreased a little (Fig. 3e), resulting from the volatility
of Pt oxide.

We also recorded in-situ HRTEM images of Pt nano-
crystals annealed under the 200 Pa 20% H,/Ar at 300°C
(Fig. 3d—f). The nanocrystals exhibited a specific shape
morphology, different from those in O, environments.
As we mentioned above, the Pt nanocrystals were more
vulnerable to coarsening under the H,/Ar environments.
As marked with red dash circles in Fig. 3, a complete

migration and coalescence process of nanocrystals was
recorded and this behavior can be explained by coales-
cence and aggregation growth mechanisms. These results
again confirmed the coarsening of Pt nanocrystals in the
reducing atmosphere.

We further prolonged the annealing time in both
oxidizing and reducing atmospheres and characterized
the structure of the nanocrystals. After being annealed
for 2 hours under O,, some Pt nanocrystals were com-
pletely transformed into PtO_nanocrystals, and some
larger nanocrystals kept an obvious Pt/PtO_core-shell
structure as shown in Fig. 4a. The sclected area electron
diffraction (SAED) pattern in Fig. 4b revealed the coex-
istence of a variety of PtO_crystal structures and pure Pt
nanocrystal. The PtO#1 {111} (ICSD PDF#47-1171),
PtO#2 {002} (ICSD PDF#42-0866), Pt,0, {211} (ICSD
PDF#21-1284) and Pt {200}{111} (ICSD PDF#04-0802)
can be clearly identified. The HRTEM image shows the
sub-nanometer-thick PtO_shell was formed on the Pt
nanocrystal surface, and the thinnest region only con-
tained a few atomic layers (Fig. 4c). The two nanocrystals
in the lower-left corner are attached but not merged under

Fig. 4. Atomic structures of Pt nanocrystals annealed for 2 hours in oxidizing (a-c) and reducing atmosphere (d—f).
Low-magnification TEM images (a, d) and corresponding SAED patterns (b, e¢), and HRTEM images (c, f) exhibit
the distinct size, structures, and morphologies of nanocrystals annealed in different atmospheres.
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the 2 hours of heating. This is possible that the preceding
formation of a thin layer of PtO_blocked the progress of
their coalescence.

After heating for 2 hours in a reducing gas environ-
ment, the Pt nanocrystals exhibited a specific shape mor-
phology with smooth and flat exposed crystal surfaces, as
shown in Fig. 4d. The SAED in Fig. 4e reveals a pure Pt
phase formed under the reaction condition. The HRTEM
image shows clear lattice fringes and confirms a single
crystal structure of Pt nanocrystal along the [110] crystal
direction (Fig. 4f).

DISCUSSION

The size stability of Pt nanocrystals in the reaction
condition or operational environment depends on many
factors, including the temperature, atmosphere, and also
the supported substrates. Here the SiN _film was selected
as the supporting substrate of Pt nanocrystals because of
the chemical stableness and inertness which may impose
negligible effects on the nanocrystal coarsening process.
In this case, we can figure out more reliable influences of
the atmosphere. Our results demonstrated that the size
of Pt nanocrystal is more stable under an O, environment
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WUccnepoBaHme 380nM10LMY HAHOKPUCTAIOB NNAaTUHbI
MeToAaMun NpocBeYnBaloLein SNIeKTPOHHON MUKPOCKONUN
B OKMCNINTENIbHON N BOCCTAaHOBUTENIbHOM cpepax
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ABSTRACT: HaHoKpucTannbl MeTannoB 061afatoT yHUKanbHbIMU CBOWCTBaMM H6narofaps BbICOKOMY KO3$OMLMEHTY OTHOLLEHMA
NMOBEPXHOCTU K 06bemMy 1 06nafatoT 60NbLIMM NOTEHLMANOM /1A MPUMEHEHUA B 061aCTV SNEKTPOHMKU, MarHeTM3Ma, ONTUKY
1 KaTanmsa. OfgHaKo UX BbiCOKas yAeNbHasA nioLajib MOBEPXHOCTM NPUBOAUT K ObICTPOMY YKPYMHEHNIO B MpoLiecce sKCnnyaTaumm,
YTO MOXET 3HAUNTESIbHO YXYALUUTb UX SKCMITyaTaLMOHHbIE XapaKTePUCTUKIM, OCOOEHHO KOrga OHM NoLBepraioTcA BO3AeNCTBUIO
Pa3NNYHbIX XMMNYECKUX Cpef UAN NPu BbICOKUX TemnepaTypax. [loaToMy npamasa Bu3yanusauma CTPYKTYPHOW SBONOLMMK Ha-
HOKPVCTaNIoB Npu UX YKPYMHEHUN UMEET peLuatollee 3HaueHe Ans NoHNMaHUsa MexaHn3ma u paspaboTtkim 6onee 3ddeKTNBHBIX
CPeAcTB ANA ynyylleHna CTabrunbHOCTU pa3MepoB HAHOKPUCTaIoB. B 3Tol paboTte Mbl NcCieaoBany CTPYKTYPHYHO SBOMIOLMIO
HaHOKpUCTanNoB nnatuHbl (Pt) pa3mepom ~4 HM Ha nneHKe SiNX Kak B OKUCIUTENIbHOW, Tak U B BOCCTAHOBUTESIbHOW cpefe npu
ymepeHHow Temnepatype (300°C) c nomoLbio MeTofia NPOCBeUNBaloLLEel SNEKTPOHHO MUKPOCKOMNNM OKpY»KatoLLel cpefbl € No-
npaBKoW Ha abeppauun (ETEM). Paamepbl HAHOKPUCTANIOB OCTAlOTCA NPAKTUYECKM HEU3MEHHBIMU MPU OTXKUTE B KUCTOPOZHOM
aTMocdepe c obpaszoBaHmeM neTyunx PtOX Ha NOBEPXHOCTW, YTO NMPENATCTBYET CeKaHNI0 HAHOKPUCTAOB 1 NPUBOANUT K noTepe Pt.
C ppyroii CTOPOHBI, B BOCCTaHOBUTENIbHOW aTMOChepe HabioAanoch ABHOE YKPYNHeHe HAHOKPYCTAIOB B pe3yribTaTe Co3peBaHusA
no OcTBanbay, MArpaLnn 1 CIMAHNA HAHOKPUCTa/IOB. Halum pe3ynbTaTbl PacKpbiBaOT AVHAMUYECKYIO CTPYKTYPHYIO 3BOMIOLMNIO
HaHOKPUCTaNOB B Pa3fIMUHbIX Cpefiax 1 NpeaJiaratoT BO3MOXHble CoCcobbl yyylleHnA CTabuibHOCTU pa3MepoB HAHOKPUCTAOB.

KJTIOYEBBIE CJIOBA: HaHOKpUCTasIbl, NPOCBEUYMBAlOLLAA 3NEKTPOHHAA MUKpockonusa (M3M), cTpyKTypHas 3BosoLmMs, CTabub-
HOCTb pa3mepa, cpefa.
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ABSTRACT: Introduction. In this scientific article a scheme of the no synergistic effect is observedion process is considered. It has
been shown that to slow down or suppress the main process occurring in the condensed phase and determining the formation of
gaseous fuel several methods can be used: addition of polymers with increased thermal stability; addition of nanoadditives that
reduce the amount of gaseous degradation products; introducing nanoadditives that affect the heat capacity or thermal conductivity
of the system, thus changing the thermophysical characteristics of the polymer material. At the same time reduced reaction speeds,
occurring in the gas phase and supporting the combustion process, can be achieved through reduction of the concentration of
combustible gases and inhibition of the reactions responsible for the branching of the combustion chain process. Methods and
materials. The composition and physical properties of kaolin are given. Kaolin monocrystal is a two-layer aluminosilicate containing
water of hydration and consisting of chemically bonded layers of silicon dioxide and hydrated alumina. Results and discussion.
We have studied the dependence of the attenuation time of a PVC composition on a composition containing from 3 to 10% kaolin.
The introduction of kaolin into the PVC compound has led to decrease of decay time from 4.5 to 1 seconds. The effect of the amount
of plasticizer on the oxygen index has been studied. We used dibutoxyethyl adipate (DBEA) as a plasticizer. It has good polymer
compatibility and is environmentally friendly. The possibility of reducing the content of dibutoxyethyl adipate in the basic formula-
tion of the original plasticate 140-13A by increasing the amount of calcium carbonate was studied, then the performance properties
of the resulting compositions were studied. The content of PVC and other components in the basic recipe remained unchanged.
Analysis of the data showed that for plasticization of 62% wt PVC contained in 140-13A, 20% wt DBEA is sufficient, while the filler
content can be increased at least twice. The oxygen index (Ol) value at a component ratio of 20% DBEA + 13.56% CaCO, increases
by 4 Ol units and becomes equal to 29.1%. The dependence of the oxygen index of PVC compound on the composition contain-
ing from 5 to 20% kaolin has been studied. The results showed that the oxygen index of plastic compound increases significantly
with increasing kaolin content. The Ol drops with a decrease in the amount of the introduced, and it remains unchanged with its
increase. Thus, the optimal content is 15%. Conclusion. Thus, kaolin is a promising, inexpensive and environmentally friendly filler
for PVC materials, which effectively reduces their combustibility. The same effect is achieved by increasing the content of calcium
carbonate in the original PVC compound formulation. However, no synergistic effect was observed while mixing kaolin and an
excess of calcium carbonate.
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INTRODUCTION

ays to reduce the combustibility of polymeric ma-

terials can be considered based on the analysis of
the combustion process scheme shown in Fig. 1. Diffu-
sion combustion of polymers is a multi-stage cyclic self-
sustaining process in which the interconnected transfer
of heat and mass plays a decisive role. The complexity
and multi-stage nature of the process make it difficult
to study the determining stages, but increase number of
possible ways manipulate it. It is possible to influence the

initiation of the process, the propagation of the flame,
or the stationary combustion rate to create conditions,
which can stop the process or to influence the combus-
tion process in the condensed and gas phases, as well as
on their interfaces. In any case, the purpose of the ma-
nipulation is to break the cycle of the combustion process
in some place. Depending on the place and method of
breaking the combustion cycle, in principle, many ways
can be proposed for obtaining polymeric materials with
reduced combustibility. These paths can be grouped as
follows [1-5].
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Fig. 1. Scheme of the combustion process of polymers

1. To slow down or suppress thermal degradation lead-
ing to polymer gasification, one can use: a) cross-linking
agents or ionizing radiation; b) use nanoadditives that
reduce the amount of gaseous degradation products, for
example, direct the degradation process towards the for-
mation of a non-volatile carbonized residue; ¢) change the
thermophysical characteristics of the polymer material by
introducing nanoadditives that affect the heat capacity or
thermal conductivity of the system.

2. To reduce the rates of reactions occurring in the gas
phase and supporting the combustion process, one can: a)
reduce the concentration of combustible gases, for exam-
ple, using polymers or nanoadditives that decompose with
the release of non-combustible and low-combustible prod-
ucts; b) inhibit the reactions responsible for the branching
of the combustion chain process, both by chemical action
on the active centers of the flame of decomposition prod-
ucts, flame retardant nanoadditives or fragments of polymer
chains, and by deactivation of the active centers as a result
of collision with aerosol particles formed during gasification
and combustion of polymeric materials.

3. A break in the combustion cycle is also possible at
the interface between the condensed and gas phases as
a result of changes in mass and heat transfer between these
phases. This is achieved by preliminary application of
a protective coating on the surface or by the formation of
a protective surface layer during the thermal decomposi-
tion of the polymer material. Coatings can be flame-retar-
dant or non-combustible, preventing ignition of the base
polymer material, or heat-insulating, the main purpose of
which is to reduce the effect of reverse heat flow from the
flame on the material. During thermal decomposition of
polymers with an increased tendency to coke formation,

as well as carbon-chain polymers with nanoadditives of
phosphorus- or bromine-containing compounds, a vitre-
ous layer or a layer in the form of a solid foam with closed
pores is formed on the surface. This protective layer limits
the release of combustible products of polymer thermal
degradation into the gas phase and reduces the thermal
effect on the polymer.

The above list, of course, does not exhaust all possible
ways to reduce the combustibility of polymeric materials.
These are just the most common ways. The methods used
in practice to reduce flammability usually combine ele-
ments of various methods listed above [6—10].

For materials based on large-tonnage polymers, main-
ly polymerization ones — polyolefins, polyvinyl chloride,
styrene plastics and other hydrocarbon polymers, the
reduction in combustibility is achieved mainly by the in-
troduction of flame retardant fillers.

From the literature data, it is known that natural sili-
cates have been proposed as fillers to reduce the combus-
tibility of polymeric materials [11—14]. However, such
a inexpensive, environmentally friendly nanoadditive —
like kaolin has not been studied enough. Therefore, this
paper presents the results of a study of the possibility of
using kaolin as a nanoadditive for flame retardants.

METHODS AND MATERIALS

Kaolin, composition, properties

Kaolin, or white clay (ALO, < 2Si0, * 2H,0) is a min-
eral that is a hydrated aluminum silicate. In practice, two

main types of kaolin are used — natural kaolin containing
hydrated water, and calcined, dehydrated kaolin. Kaolin
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Table 1
Typical chemical composition of kaolin

Compound containing Compound content, %
Element . : : : : :
this element in hydrated kaolin in calcined kaolin
Silicon SiO, 45.4 52.1-52.9
Aluminum AlLO, 38.8 44.4—45.2
Iron Fe 0, 0.3 Traces
Titanium Ti, O, 1.5 0.8—2.0
Calcium CaO 0.1 -
Sodium Na,O 0.1 —
Potassium K,0 Traces —
Loss on ignition H,O 13.8 0.5-0.9
particles of relatively large average size consist of several Table 2
lamellar flakes interconnected. The smallest fractionsare ~ Dependence of decay time on compositions
mainly single thin lamellar flakes.

Ke.lolin cor}taining Wa'.[er of hydration is non—.abrasi.ve, Composition Decay time,
chemically resistant, and its particles have a relatively high seconds
surface area, which contributes to a sharp increase in the PVC compound (original
viscosity of the filled compositions. When introducing formulation) 4.5
kaolin into reactive systems, it is necessary to take into -
account the acidity of the medium it creates. Kaolin con- PVC compound + 3% kaolin 1.5
taining water of hydration is easily dispersed in most poly- PVC compound + 5% kaolin 1
mers and binders, especially in the presence of dispersing C d+ 10 -
agents or surfactants. When thermosetting (curing) resins PVC compoun 10% kaolin 1

reinforced with short fibers are filled with kaolin, the uni-
formity of their flow improves, which makes it possible to
obtain composite materials with more uniform properties.

Calcined (dehydrated) kaolin is noticeable for a sig-
nificantly higher hardness, and thermo- and thermoplas-
tics based on it have improved electrical characteristics.

Kaolin with a specially treated particle surface is used
to provide increased water resistance, improve electri-
cal properties and achieve maximum hardening effect
(Table 1).

RESULTS AND DISCUSSION
Kaolin and its influence on the oxygen index

The study of the flammability of PVC compound and
its modified compositions showed that when using kaolin
as a filler, the fire resistance increases (Table 2).

From the above data, it can be seen that the introduc-
tion of kaolin into the PVC compound has led to a de-
crease in the decay time from 4,5 to 1 seconds.

Two mechanisms have been proposed to reduce the
combustibility of polymers modified with silicates. In the
first case, the positive effect is due to the formation of a car-
bonized layer, which affects the mass and heat transfer
between the combustion zone and the polymer material.

Another variant takes into account the catalytic activity of
aluminosilicates in the process of thermal degradation of
the polymer, which makes it possible to shift the process
in the direction of lowering the thermal effect and thereby
reduce the maximum heat release rate [15—17].

It can be assumed that in the case under consider-
ation, some of the polyvinyl chloride macromolecules
located inside the silicate nanolayers are transformed into
a condensed coke-ceramic residue, which is much more
thermally stable than conventional carbon coke.

Thus, samples of the developed nanocomposite PVC
compounds have an increased coke-forming ability of the
“RFH” type — a reduced fire hazard.

It is important to note that in this case, carbamide-
containing montmorillonite acts as a flame retardant,
which is an environmentally friendly product that does
not lead to environmental pollution during thermal ex-
posure and under operating conditions.

At the same time, despite effective coke formation,
the maximum level of smoke generation during combus-
tion of PVC nanocomposites does not exceed the level
of conventional PVC, and its amount is almost the same
in all cases. The results obtained lead to the conclusion
about the key role of coke formation of nanocomposites
in the mechanism of slowing down their combustion.
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Table 3
Effect of DBEA and calcium carbonate on the physical and mechanical properties and fire resistance of PVC compound
Thermal stability.
o, g ., 0 ’
Compound MPa e, % bent> MPa | T, ,°C at 200°C, min Ol, %
27% .DBEA " 6’5.6% CaCo, 18.0 180 60.5 —28 60 25
(original formulation)
25% DBEA + 8,56% CaCO, 16.6 195 41.2 =23 47 28.6
23% DBEA + 10,56% CaCO, 17.7 196 49.5 =20 47 27.5
20% DBEA + 13,56% CaCO, 20.5 167 137.3 —16 65 29.1
Elemental analysis of the coke residue of PVC com- Table 4

pound and nanocomposites based on it for chlorine
content showed that the coke residue of nanocomposites
contains 2 times more chlorine compared to the original
plastic compound, which indicates a decrease in the re-
lease of hydrogen chloride during combustion.

These results were confirmed by measuring the mass
fraction of hydrogen chloride released during the combus-
tion of PVC compound and nanocomposites based on it
according to Interstate standard IEC 60754-1-2015 [18].

Quantity of plasticizers and its influence
of the oxygen index

One of the main components of cable compounds is
a plasticizer used to impart elastic properties to PVC and
increase frost resistance. We used DBEA (dibutoxyethyl
adipate) as a plasticizer. It has good polymer compatibility
and is environmentally friendly.

Plasticizers have a significant effect on the combus-
tibility of plasticized polymers. Low molecular weight
plasticizers, such as dicarboxylic acid esters, found in the
plasticized polymer, are released from the polymer film
upon contact with a flame and then ignite. The weight loss
of the PVC composition due to the decomposition of plas-
ticizers in the temperature range up to 360°C is 1.5 times
greater than that of PVC dehydrochlorination [19—23].
Evaporation of plasticizers at elevated temperatures leads
to an increase in the concentration of combustible prod-
ucts in the gas phase.

Due to the fact that the fire resistance of PVC-com-
pound directly depends on the content of the plasticizer,
it was of interest to study the possibility of reducing the
DBEA content in the basic formulation of the initial plas-
tic compound 140-13 by increasing the amount of cal-
cium carbonate, and then to investigate the performance
properties of the resulting compositions. The content of
PVC and other components in the basic recipe remained
unchanged.

The results of the study of physical and mechanical
properties and fire resistance of the obtained compositions
are given in Table 3.

The dependence of the oxygen index of PVC compound
on the composition

Compound Oxygen index, %

PVC compound (original 25
formulation)

PVC compound + 5% kaolin 27,5

PVC compound + 10% kaolin 28

PVC compound + 15% kaolin 29,5

PVC compound + 20% kaolin 29

PVC compound + 15% kaolin + 29 4

7% CaCO, ’

Analyzing the data Table 3, it can be said that for the
plasticization of 62% wt PVC contained in 140-13A, 20%
wt DBEA, while the content of the filler can be increased
at least twice. The OI value at a given ratio of compo-
nents increases by 4 OI units and becomes equal to 29,1%.
However, the brittleness temperature decreases with de-
creasing plasticizer content.

In the future, we investigated the effect of the amount
of filler (kaolin) on the fire resistance of PYC compound
(Table 4).

The results of studying the fire resistance of composite
PVC compound are given in Table 4 show that the oxygen
index of plasticate increases significantly with increas-
ing kaolin content. The OI drops with a decrease in the
amount of filler introduced, and it remains unchanged
with its increase. Thus, the optimal content is 15%.

CONCLUSION

Thus, kaolin is a promising, cheap and environmen-
tally friendly filler for PVC materials, which effectively
reduces their combustibility. The same effect is achieved
by increasing the content of calcium carbonate in the
original PVC compound formulation. With the combined
use of kaolin and an excess of calcium carbonate, no syn-
ergistic effect is observed.
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TOM/INBA, MOXHO NPUMEHSATb MOSIMMEPDI C MOBbILLEHHOWN TEPMUYECKON CTabUIbHOCTbIO; MCMOMb30BaTb HAHOLOOABKY, yMEHbLUAOLIME
KOJMYECTBO ra3000pa3HbIX MPOAYKTOB AECTPYKLMU; U3MEHSATb TEMNOPU3NYECKME XapaKTePUCTUKM NOIMMEPHOTO MaTepuana, BBOAA
HaHOZ06ABKY, BNUAOLLME HA TEMNIOEMKOCTb UM TEMNONPOBOAHOCTb CUCTEMBI. [INsi CHUKEHWA CKOPOCTEN peaKkLuid, IPOVCXOAALNX
B ra3oBoOW paze 1 NogaepKUBaIoLLMX NPOLIECC FOPEHUS, MOXKHO YMEHbLLATb KOHLIEHTPALUN ropoYmnX ra3oB; MHIMOMPOBaTh peak-
LY, OTBETCTBEHHbIE 3a PAa3BETBNIEHME LIEMHOrO npoLlecca ropeHus. Metogbl u matepuanbl. [puBefeHbl cOCTaB 1 pusmyeckme
CBOWCTBa KaonnHa. MOHOKPYCTaT KaosMHa NpefCcTaBasieT COO0M ABYXCIIOMHbIN antloMOCUNMKAT, COAePXKaLLUA rmapaTaLOHHYIO
BOAY U COCTOALMN N3 XMMUNYECKUN CBA3AHHbIX CI0EB ANOKCMAA KPEMHUA U r’MAPaTMPOBAHHOMO OKCMAA antoMuHuA. PesynbraTbl
n o6cykaeHune. Hamu nccnenoBaHa 3aBUCMMOCTb BPeMeHM 3aTyxaHus MBX-KoMno3uumy oT cocTaBa, cogepalyero ot 3 o 10%
kaonuHa. BeegeHne B [BX-nnactukaT KaonvHa NprBENO K YMEHbLUEHWIO BPeMeHU 3aTyxaHud oT 4,5 fo 1 c. iccnegosaHo BnvAHne
KonmnyecTBa nnactudrKaTopa Ha KUCJIOPOAHBIN MHAEKC. Hamu B kKauecTBe nnacTrduKaTopa NCnosib3oBaH AUOYTOKCMITUNAANMINHAT
(OB3A). OH MMeeT XOpOoLLY COBMECTMMOCTb C MONTMMEPOM U AIBAAETCA SKONOrMUeckuy 6e30nacHbIM. M3yyeHa BO3MOXKHOCTb CHUKe-
HWA coflepKaHnsa AMOYTOKCUITUNAAUMMHATA B 6@30BOI peLienType NCXOAHOro niactrkata /140-13 3a cueT NoBblLLEeHA KOIMYecTBa
KapboHaTa KanbLus, 3aTeM UCCNIef0BaHbl SKCMyaTaLUMOHHbIe CBOMCTBA MOJTyYeHHbIX cocTaBoB. CogepkaHue MBX 1 ocTanbHbix
KOMMOHEHTOB B 6a30BOI peLenType 0CTaBanoCb NPY 3TOM HEM3MEHHbIM. AHANN3 JaHHbIX NMOKa3an, uto Ans nnactndukaumm
62 macc.% MNBX, cogepxateroca B 140-13A, goctatouHo 20 macc.% [AB3A, npy 3Tom cofepKaHne HanoHUTENA MOXKHO YBenuun-
BaTb MUHUMYM B [1Ba Pa3a. 3HauUeHne KUCNopoaHoro niaekca (KM) npy cootHowweHnn komnoxeHTos 20% [AB3A + 13,56% CaCO,
NOBbILLAETCA Ha 4 e AUHNLIbI Y CTAHOBMTCA paBHbIM 29,1%. iccnegoBaHa 3aBUCMMOCTb KNCIOPOAHOro nHaekca NBX-nnactnkarta ot
COCTaBa, cogepxaLlero ot 5 4o 20% KaonuHa. Pe3ynbtaTbl NOKasanu, YTo KUCIOPOAHbIV MHAEKC NiacTKaTta 3HaYNTEeNIbHO MOBbILLIA-
€TCA NpU YBeNIMYeHNN cofeprkaHuna KaonrHa. OnTvManbHbiM cogepaHuem asnaeTca 15%, Tak Kak Mpy YMeHbLUeHUN KonnyecTBa
BBeAEeHHOI HaHo#o6aBKM K/ napaeT, a npu yBennyeHun — octaetcst 6e3 usmeHeHus. 3aknioueHue. Takim 06pa3om, KaosvH ABNseTcs
NepCcrneKkTUBHBIM, IeLIEBbIM U SKONTOrMYecKkn 6e3onacHbiM HanonHuTenem ana MNBX- matepuanos, KOTopbin 3GPEKTUBHO CHUXKAET
UX roproyecTb. Takoi xe 3ddeKT JOCTUraeTcs Npu yBeNMUYeHUy CofepKaHnsa KapboHaTa KanbLuumsa B ncxogHow peuenType MBX-
nnactukarta. [py COBMeCTHOM UCMOb30BaHM KAONIMHA 1 M30bITKa KapOoHaTa KanbLys CuHepruyeckoro adpdekTa He HabnogaeTcs.

KJTIOYEBDIE C/TOBA: HaHO06aBKM aHTUTMNPEHOB, FOPIOYECTb, OTHECTOMKOCTb, MONIVIMEPHbIE KOMMO3ULMN.

ONnA LUTUPOBAHUA: 3apunos U.U., Buxapesa .H., MasuToBa K.A., LLesenés W.H., Ma3utosa A.K. BnmaHne HaHofgo6aBoK Ha
cBoincTBa MBX-komnosnuwmm // HaHoTexHonornu B ctpoutenbcTse. 2022. T. 14, N@ 3. C. 205-210. https://doi.org/10.15828/2075-
8545-2022-14-3-205-210. - EDN: BONGRC.

BBEJIEHUE

Cnoco6m CHUXKEHUSI TOPIOYECTU TTOJUMEPHBIX Ma-
TEpUAJIOB MOXHO PACCMOTPETh HA OCHOBE aHAIU3a
CXEeMBbI TIpoliecca ropeHus1, peAcTaBIeHHOo Ha puc. 1.
Huddy3moHHoe TopeHre MMOJIUMEPOB IIPEICTaBIsSICT
c000if MHOTOCTAIMMNHBIN UKINYECKUI caMOTIOAIep-
KUBAIOIIUIACS MPOLECC, B KOTOPOM OMPENEIISIONIYIO

POJTb UTPaeT B3aMMOCBSI3aHHBIN TIEPEHOC TETI/Ia U MACCHL.
CIIOXXHOCTh I MHOTOCTAIUIMHOCTB TIPOIIeCCa 3aTPYIHSIOT
HCCIICAOBAHNE OIIPEACIISTIONINX CTaINi, OMHAKO YBEJIH -
YUBAIOT YMCJI0 BO3MOXHBIX ITyTEH TAKOTO BO3ICHCTBHSL.
JeiicTBUTEIFHO, MOXHO BIIMSITh Ha 3apOXKICHUE TIPO-
1ecca, Ha pacIipocTpaHeHNE TUIAMCHY WJIM Ha CTaIlu-
OHAPHYIO CKOPOCTb TOPEHUS IUIST CO3MAHUS YCIOBUIA,
CIIOCOOCTBYIOIINX TIpeKpaIIeHnIo mpoiiecca. Bo3meii-
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L —» pacmias

00paTHEIH TEIUIOBOM IIOTOK

notepu HOTEpH
Teria Temwia
A A
L Tra3000pa3HEIe IPOTYKTHI TOPCHHS
Heropoune
HIPOAYKTHI
TEIIO paznoxeHne roprouue ropeHue
——» TIOJIHMEDP » npoaykr + Oy — > mM
4 JIACTIEPTHPOBAHHE
TIEHHE
—» kokc + O —»—> uacTHIBI yrIepoaa (caxa)

Puc. 1. Cxema nmpomecca ropeHus noJMmMepoB

CTBOBATh Ha IIPOILIeCC TOPEHMUS BO3MOXKHO B KOHICHCH -
POBaHHOI M Ta30BBIX (pa3ax, a TAKKE Ha ITOBEPXHOCTH MX
pasmena. B 1io60M cirydae 1erb BO3IEeMCTBUSI — pa3phbiB
IMKJIa TIpoliecca TOpeHUs B KaKOM-Tin0o MmecTe. B 3a-
BUCHUMOCTH OT MECTa 1 CIT0co0a pa3phiBa IIMKJIA TOPCHUS
MOXHO, B IIPUHIUIIE, IPEMJIOKUTh MHOXECTBO IIyTeil
TIOJTyYeHUS TTOJMMEPHBIX MaTepHaIOB ¢ TTOHIKEHHOMN
TOPIOYECTHI0. DTHU IyTH MOXHO CTPYIIIIMPOBATh CIICIYIO-
M obpazom [1-5].

1. dns 3aMenjieHHsT YUTA TTOMaBJICHMUS OCHOBHOTO
mpoliecca, TePMUISCKON OeCTPYKIINU, TIPUBOISIIIC-
ro K ra3uuKany IoJIuMepa MOXHO: a) TIPUMCHSTh
TOJIMMEPHI ¢ TTOBHITIICHHON TePMUYECKON CTAOMIHLHO-
CTBIO, HAIIpUMeEp, TTOJIUMEPHI C ApOMATHICCKIUMM WITH
TeTePOIUKINUYCCKIMHA 3BEHbSIMHU B OCHOBHOM IIEIH,
3JIEMEHTOOPTAaHWYECKHE 1 TaJIOMACOIEPKAIINIE TTOJIH-
MepBI TN00 MOOM(PUILIMPOBAHHBIC TTOJIMMEPHI, CO3IaBast
CLIUTBIE CTPYKTYPBI C IOMOLLBIO CIIMBAIOLIMX ATEHTOB
YUTA MOHU3HUPYIOIIETO U3IyJdeHMST; 0) UCIIOIb30BaTh Ha-
HOI00aBKM, YMEHBIIAIOIINE KOJTMIECTBO Ta3000pa3HbIX
TIPOIYKTOB MECTPYKIINU, HATIPUMEP, HAIIPABIISIONINE
TIpolIecC ASCTPYKIINH IT0 IyTH 00pa30BaHUS HEJICTyICTO
KapOOHM30BAaHHOTO OCTAaTKa; B) U3MECHSITh TEILUIODU-
3UYECKHE XapaKTePUCTUKH TTOJTMMEPHOTO MaTepraia,
BBOIII HAHOMO0ABKY, BIMSIOIINE Ha TCTTIOEMKOCTh WIJIN
TETLIOIIPOBOTHOCTb CUCTEMEL.

2. JInst CHISKEHUSI CKOPOCTEH peaKIIniA, IPOMCXO-
ISIIAX B Ta30BOM (ha3e M MOMAePXKUBAIOIINX IIPOIIECC
TOpEHUS, MOXHO: a) YMEHBIIIAaTh KOHIICHTPAIINN TOPIO-
YHX Ta30B, HAIIPUMED, UCIIOIb3YS MOJIMMEPHI W Ha-
HOI00aBKH, pa3jaraioliiecs ¢ BeIICICHIEM HETOPIOUNX
¥ MaJIOTOPIOYUX MPOAYKTOB; 0) MUHTMOMPOBATh peaKIInu,
OTBETCTBEHHBIC 3a Pa3BETBIICHHE IICITHOTO Ipoliecca

TOPEHMST KaK XUMUIECKIM BO3ICHCTBIEM Ha aKTUBHBIC
LIEHTPBI TITAMEHU TIPOAYKTOB Pa3IOXKCHUS, 3aMeIIISIIO-
IIX TOpEeHNE HaHOT00aBOK WX (hparMEeHTOB ITOJIMMEP-
HBIX IIETIeH, TaK U Ae3aKTUBAILINCH aKTUBHBIX IIEHTPOB
B pe3yJIbTaTe CTOJIKHOBEHMS C a3PO30JIbHBIMU YaCTH-
IaMu, 00pa3yIoIIUMUCS PHU Ta3u(GUKAIIUNA U TOPSHUN
ITOJTMMEPHBIX MaTepPHUAJIOB.

3. Pa3ppIB IMKIIa TopeHUs] BO3MOXEH TaKKe Ha 10-
BEPXHOCTH paszesia MeXIy KOHICHCUPOBAaHHOU U Ta-
30BOH (hazaMU B pe3yinbTaTe U3MEHEHUS Macco- U Te-
IUT0OOOMEHA MEXIY 3TUMH (ha3aMu. DTO TOCTUTACTCS
IIpeIBapUTeIIbHBIM HaHECEHNEM Ha IMOBEPXHOCThH 3a-
IIUTHOTO TTOKPBITUS WA 00pa3oBaHUEM 3aIUTHOTO
ITOBEPXHOCTHOTO CJIOST B XOI¢ TEPMUIECKOTO pa3jIoxkKe-
HUS TIOJIMMEPHOTO MaTtepraia. [IoOKpBITHS MOTYT OBITh
TPYIHOBOCITIAMEHSIEMBIMU VI HETOPIOUMMU, TIPEHOT-
BpaIlIaloIINMU BOCIUTAMEHEHNE OCHOBHOTO ITOJIMMEp-
HOTO MaTepHaia MiIN TeIUION30JIUPYIOIINMU, OCHOBHOE
Ha3HaYCHME KOTOPHIX — OCJIA0ISTh BO3ICHCTBIEC HA Ma-
TepHrax 00paTHOTO TEIIOBOTO ITOTOKA OT ITaMeHU. [1pu
TEPMHUICCKOM PA3JIOKCHUU TTOJTMMEPOB, 00JIaTafoIInX
IMOBBIIIICHHOM CKIIOHHOCTBIO K KOKCOOOpPa30BaHMUIO,
a TaKXKe KapOOIIEITHBIX ITOJIUMEPOB ¢ HAaHOTOOABKaAMU
dochop- nnm 6poMcoaepKallux COEAMHEHUI Ha MO-
BEPXHOCTH 00pa3yeTcs CTCKJIOBUIHBIN CIIOI WIIM CIIOM
B BHUJIC TBePIOI TIEHBI C 3aKPHITBIMU ITOpaMU. DTOT 3a-
IIUTHBIN CJIO OrpaHUYMBACT BBIXOI B Ta30BYIO a3y
TOpPIOYNX MIPOAYKTOB TEPMOMCCTPYKIIMH ITOJIMMEpa
1 YMEHBIIIaeT TeTUIOBOE BO3IEIICTBHE Ha ITOJIIMED.

[IpuBeneHHEI IepedyeHb, KOHEYHO, HE MCUCPITBIBACT
BCEX BO3MOXHBIX ITyTeil CHIDKEHUST TOPIOYECTH TTOJIH-
MEpPHBIX MaTePUAIOB. DTO JIUIITh HAanboJIee pacIpocTpa-
HEHHBIC CITOCOOBI. IIprMeHsIeMBle Ha TIPAKTUKE METO-
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Il CHIDKCHUSI TOPIOYECTH OOBIYHO COUETAIOT SJIEMEHTHI
Pa3IMYHBIX CITOCOOOB, TIEPEYNCIIEHHBIX Bhime [6—10].
151 MaTeprajioB Ha OCHOBE KPYITHOTOHHAXKHBIX T10-
JIMMEPOB, TJIABHBIM 00pa30M, TTOJIMMEPU3aLIMOHHBIX —
noano0ae(UHOB, TMOJUBUHUIXJIOPHAIA, CTUPOJIHHBIX
TUTACTUKOB M APYTUX YIJICBOOOPOMTHBIX ITOJTUMEPOB —
CHIDKEHUE TOPIOUECTU MOCTUTACTCSI, TIIABHBIM 00pa3oM,
BBEICHUEM 3aMEUISTIOIINX TOPEHIE HAITOTHUTEIICH.
W3 nmurepaTypHBIX JaHHBIX M3BECTHO, YTO TIPUPOI-
HBIC CUJTMKATHI IIPEUIOKEHBI B KAUeCTBE HATIOJTHUTEICH
IJIST CHUSKEHUS TOPIOYCCTU TTOJTMMEPHBIX MaTepHaIoB
[11—14]. OgHako Takag neimieBast SKOJOTUYECKU 0e3-
oITacHasl HaHOJ00aBKa, KaK KAOJIMH, U3yYeHa HEI0-
crtaTouHo. [ToaToMy B JaHHOI pabOTe IIpUBEICHBI pe-
3yJIBTAThI UCCIICTOBAHMST BOBMOKHOCTH MCITOJIb30BAHUS
KaoJIMHA B Ka4eCTBe HAHOMO00ABKI aHTUITHPEHOB.

METOAbI 1 MATEPUAJIBI
Kaouaun, cocras, cBoiicTBa

Kaonun, nnu 6enas rmuna (AlO, < 2Si0, * 2H,0), —
MUHepa, IPeacTaBIsIONINI COO0 TMaApaTUPOBAaHHBIN
CUJIMKAT antoMuHMs1. Ha mpakTrke NCroyb3yloT KaoJIUH
JIByX OCHOBHBIX TUITOB: MPUPOAHBIN KaOJUH, CoaepKa-
L1 TUAPATHYIO BOAY, M TIPOKAJICHHBIN 00€3BOKEHHBIN
KaoauH. YacTulibl KaoJrMHa OTHOCUTEIbHO OOJIBILINX
CPEeIHUX Pa3MEPOB COCTOSIT U3 HECKOJIbKUX MJIaCTUH-
YaThIX YellyeK, COeAMHEHHBIX MeX Iy coboil. Hanboiee
MesiKue (pakuuu MpeacTaBIsIiOT COOO0, TJIaBHBIM 00-
pa3oM, eIMHUYHbIE TOHKHWE TJIACTUHYATBIE YEIIYHKH.

Kaonun, cogepxalyii ruapataliuioHHYIO BOAY, SIBJISI-
eTcsl Heabpa3uBHBIM, XMMUYECKH CTOMKUM, a €r0 4YacTU-
11bl UMEIOT OTHOCUTEIHHO BBICOKYIO TLIOIIAIb TTOBEPXHO-
CTH, YTO CITIOCOOCTBYET PE3KOMY HapaCTAaHUIO BI3KOCTHU
HamoJIHeHHbIX KoMmmo3uuuii. [1pu BBeaeHUM KaoauHa
B PEAKIIMOHHOCIIOCOOHBIE CUCTEMbI HEOOXOIUMO YUU-

Tabauya 1
TvnuYHblil XUMHYECKHIT COCTAB KA0JMHA

ThIBaTh KMCJIOTHOCTh CO37IaBaeMoii UM cpeabl. KaonuH,
coJepKaluii THAPATALIMOHHYIO BOIY, JIETKO IUCTIEPTU-
pyeTcsi B OOJIBITUHCTBE TIOJIMMEPOB U CBSI3YIOIIUX, OCO-
OEHHO B MPUCYTCTBUU AUCIIEPTUPYIOIIMX aTeHTOB WIN
MOBEPXHOCTHO-aKTUBHBIX BelllecTB. [1pu HanmoaHeHUN
KAOJIMHOM TePMOPEAKTUBHEIX (OTBEPKIAIOIIIXCSI) CMOJT,
apMUPOBAHHBIX KOPOTKMMU BOJIOKHAMU, YJIy4IIaeTCs
PaBHOMEPHOCTb UX TEUEHUSI, YTO MO3BOJISIET MOIYYaTh
KOMITO3MIIMOHHbIE MaTEepUaJIbl ¢ Oojiee OMHOPOIHBIMU
CBOICTBaMHU.

st mpokaneHHOTO (00€3BOXEHHOIO) KaoJaWHa
XapaKTepHa 3HAYUTEJILHO 00jiee BHICOKASI TBEPAOCTD,
a TepMO- U PeaKTOILJIACThI HA €r0 OCHOBE 00J1aJatoT IT0-
BBILIEHHBIMU 3JEKTPUUYECKUMU XapaKTEPUCTUKAMU.

Jlns obecrieyeHUsI TTOBBIILIEHHON BOOJOCTOMKOCTH,
YAYYILIEHUS JIEKTPUUYECKUX CBOMCTB U TOCTUKEHUS
MaKCHMAaJIbHOTO YIIPOUYHSIONIEro 3@ eKTa NCITOIb3YIOT
KAOJIMH CO CeuaaIbHO 00pabOTaHHOI IMTOBEPXHOCTHIO
yactuil (Tabm. 1).

PE3YJBbTATBI 1 OBCYKIEHUE

Binsinue KoiMyecTBa KaoJnMHA
HA KMCJIOPOJHBIA UHIEKC

W3yuenue roprouectu [1BX-1mmactukara u ero mo-
IUPUIIMPOBAHHBIX KOMITO3UIINI ITOKAa3aJI0, 9YTO TIPHA
HCIIOJIb30BAaHNUM B KaUeCTBE HATIOJTHHUTEIISI KAOJIMHA OT-
HECTOMKOCTH MOBBIIIAcTCS (Ta0I. 2).

W3 mipuBeneHHBIX TaHHBIX BUAHO, YTO BBEICHME
B [I1BX-1uiactukaTt KaoJiMHa MPUBEIO K YMEHBIIEHUIO
BpeMeHU 3aTyxaHus oT 4,5 no 1 c.

B mmrepatype mipensioskeHO 1Ba MeXaHM3Ma CHIDKCHMST
TOPIOYECTH TTOIMMEPOB, MOTU(UIINPOBAHHBIX CHIIMKA-
TamMu. B miepBOM citydae moJIOKUTETbHBIN 2hdeKT 00y-
CJIOBIICH (hOpMUPOBaHUEM KapOOHM3MPOBAHHOTO CJIOS,
BJIMSTIOIIETO Ha MAcCO- 1 TEIUIOMEPEHOC MEXKITYy 30HOM

CoeauHeHne, B COCTAB Cozepxanue coemunenns, %
DeMeHT KOTOPOTO BXOJUT JAHHBIM B IHAPATHPOBAHHOM
e KAOIMHE B MPOKAJIEHHOM KA0JIMHE

Kpemuuit SiO, 45,4 52,1-52,9
AmoMuHUI AlLO, 38,8 44,4—-45,2
Keneso Fe,0, 0,3 Crenpl
Tutan Ti,0, 1,5 0,8—2,0
Kanbumii CaO 0,1 -
Hatpuii Na,O 0,1 —
Kanuit K,0 Crnenpbl —
IMoTtepu nmpu nmpokaauBaHUU H,O 13,8 0,5-0,9
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Tabauuya 2
3aBUCHUMOCTb BpeMEHH 3aTyXaHHsI OT COCTaBa
KOMINO3HUIIUIA

CocraB el
3aTyXxaHus, ¢
TIIBX-nnactukar (ucxomHast 45
peuentypa) ’
IBX-riactukar + 3% kaonuHa 1,5
[BX-rutactukar + 5% kaonauHa 1
IBX-mactukar + 10% xaoianHa 1

TOpeHUs U MOJUMEPHBIM MaTepuaioM. Ipyroit BapuaHT
YUUTBHIBAET KATATUTUUECKYIO aKTUBHOCTD aJIIOMOCUIIM -
KaToB B MPOLIECCEe TEPMUIYECKOMN AECTPYKIIMU TTOIMMEpa,
KOTOpasl TO3BOJISIET CMEIIATh MPOLIECC B CTOPOHY MO-
HIDKEHUS TeTUTOBOTO 3(pdeKTa 1 TeM caMbIM YMEHBIIIACT
MaKCUMAaJIbHYIO CKOPOCTb TeIUIOBbIAeneHus [15—17].

MoXHO Mpeanoa0XuTh, YTO B pacCMaTpUBAEMOM
cJlyyae 4yacTb MaKpOMOJIEKYJT TTOJIMBUHUIXJIOpUAA, pac-
MOJIOXKEHHBIX BHYTPU CUJIMKATHBIX HAHOCJIOEB, TPAHC-
(bopMUPYIOTCS B KOHICHCUPOBAHHBII KOKCOKEpaMMIUe-
CKMIi OCTaTOK, ropasao 0osiee TEpMOCTAOUIIbHBIN, YeM
OOBIYHBII YTIJIEPOTHbBIN KOKC.

Taxkum ob6pazom, 00pa3ibl pa3pabOTaHHBIX HAHO-
KoMno3uTHbIX [TBX- miactTukaroB 061a1a10T MOBBILLIEH-
HOM KOKcoobOpa3symwlleii criocooHocTbio Tuma «I1I1» —
MOHUXXEHHOU MOXapoOoIMacHOCTH.

BaxxHo oTMETUTB, YTO B JAHHOM CJIy4yae B KauecTBe
aHTUIHPEHA BBICTYIIAeT KapOaMuacoaepXKaluit MOHT-
MOPWJJIOHUT, KOTOPBIH SIBJSIETCS 9KOJOTUUECKU Oe3-
OITaCHBIM TMPOAYKTOM, HE TIPUBOSIIIAM K 3arpsI3BHEHUIO
OKpY>Xalolllei cpeabl Ipy TEIJIOBOM BO3ACHCTBUU U B
YCJIOBMSIX 9KCILTyaTalluu.

ITpu aTOM, HECMOTpsI Ha 3 (PEKTUBHOE KOKCOOOpa-
30BaHME, MAKCUMAJIbHBII YPOBEHb 00pa30BaHMSI IbIMa
npu ropeHun HaHoKoMITo3uToB [1BX He mpesrniliaeT
ypoBeHb 00b1yHOrO0 I1BX, a ero koamuecTBo BO BCex CIIy-
Yyasix MpakTU4ecku onrHakoBo. [ToydyeHHbIe pe3yibTa-

TBI IPUBOJIAT K BBIBOJLY O KIJTFOUEBOI POJIM KOKCOOOpa-
30BaHMS HAHOKOMITO3UTOB B MEXaHU3ME 3aMeIJICHUS
X TOPEHUS.

DJeMeHTHBIN aHaan3 KoKcoBoro octatka ITBX-
IUTACTUKATa 1 HAaHOKOMITO3UTOB Ha €ro OCHOBE Ha CO-
IepXKaHWe XJIopa MoKa3ajl, YTO KOKCOBBI OCTaTOK
HAHOKOMITO3UTOB COAEPXKUT B 2 pa3a OOJIbIIe XJIopa
10 CPaBHEHUIO C MCXOAHBIM TJIACTUKATOM, UTO CBUJIE-
TEJIbCTBYET O CHIDKEHUU BBIIEJIEHNS XJIOPUCTOTO BOJIO-
pona IIpu TOPeHNN.

JlaHHBIe pe3yJIbTaThl TOATBEPKICHBI ITPY U3MEPEHUN
MAacCOBOM IOJIU XJIOPUCTOTO BOAOPOAA, BBIIEISIIOILIETO-
cs1 ipu ropeHuu [1BX-1utactukara 1 HAHOKOMIIO3UTOB
Ha ero ocHose 1o TOCT P MOK 60754-1-2015 [18].

BiusHue KoJaudecTBa miacTuguKaTopoB
HA KMCJIOPOJHBIA UHIEKC

OmIHUM 13 OCHOBHBIX KOMITOHEHTOB KaOeTbHBIX TIJIa-
CTUKATOB SIBJISICTCS TIACTU(DUKATOP, IIPUMEHSIEMBII IS
npuganus [1BX anacTUYHBIX CBOWCTB U MOBBIILIEHUS
Mopo3ocToitkocT. HamMu B KadecTBe mracTuguKaro-
pa ucmoab3oBaH JIBDA (InOyTOKCHATHIIAUTINHAT).
OH BMeeT XOPOIITyI0 COBMECTUMOCTD C MOJINMEPOM
1 SBJISIETCS 9KOJIOTMUECKH O0€30TIaCHBIM.

ITmacTrdrKaTOpHl OKa3hIBAIOT CYIIECTBEHHOE BIISI-
HHE Ha TOPIOYECTh TUIACTU(DUIINPOBAHHBIX TTOJIMTMEPOB.
HwuzkomoneKysspHbIe TIACTUMUKATOPHI THUTIA CIIOXKHBIX
5(GUPOB TMKAPOOHOBBIX KUCIIOT, HAXOMSIIINECS B TLIa-
CcTU(DUIMPOBAHHOM IIOJIUMEpE, TIPY KOHTAKTe C TIIa-
MEHEM BBIICIISTIOTCST M3 TTIOJIMMEPHOM TIICHKH, a 3aTeM
BocrutameHsitores. [Totepu maccel [1BX-koMmnozuiuu
BCJICIICTBUE PA3JIOXKCHUS TIAaCTH(MUKATOPOB B TEMIIC-
parypHoM nHTepBaie 10 360°C B 1,5 pasa 0oJblie, 4eM
MOKET JaTh peaknus aernapoxiopupoannst [IBX [19—
23]. Ucnapenue mracTuuKaTOPOB IIPU MTOBBIIIIEHHBIX
TeMITepaTypax IIPUBOIUT K BO3PACTAHUIO KOHIICHTPALINHI
TOPIOUNX MTPOAYKTOB B Ta30BOI hase.

B cBs13u ¢ Tem, uto orHecTorikocTh [1BX-1mimactukara
HAIIPSIMYIO 3aBUCHUT OT COIEPKaHMS IUIacTU(dUKATOPa,
MIPEACTABIISIIO MHTEePEC U3YIUTh BO3MOXHOCTD CHITKE-

Tabauuya 3
Biusanue JIBDA u kapoonaTa Kajibius Ha (PU3NKO-MeXaHMYECKHE CBOiCTBA M orHecTolKocTh IIBX-miacTukara
TepmocTaOuIb-
Cocras 0, MIla e, % o, Mla | T, °C HOCTb, IPH KU, %
200°C, mun
27% NB3A + 6,56% CaCO, 18,0 180 60,5 —28 60 25
(ucxomHas peuenTypa)
25% JIBDA + 8,56% CaCO, 16,6 195 41,2 =23 47 28,6
23% ABDA +10,56% CaCO, 17,7 196 49,5 -20 47 27,5
20% OBDA + 13,56% CaCO, 20,5 167 137,3 —16 65 29,1
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Hus comepxanus JIBDA B 0a30Boi1 pelienType UCXOTHO-
ro Turactukara M40-13 3a cueT OBBIIIeHNS KOJIMYECTBa
KapOOHaTa KaJIbIIUsI, a 3aTeM MCCIIeA0BaTh SKCIUTyaTalli-
OHHBIC CBOIMCTBA MOJIYUCHHBIX cocTaBoB. ComepXKaHue
I1BX 1 ocTajibHBIX KOMIIOHEHTOB B 0a30BOI peLIeTNIType
OCTaBaJIOCh IIPU 3TOM HEM3MEHHBIM.

PesynbraThl vccieqoBaHusS (PU3UKO-MEXaHIIECKIX
CBOICTB 1 OTHECTOMKOCTHU TTOTYICHHBIX KOMITO3UIINIA
TIpUBEACHHI B Ta0. 3.

AHaMM3upysI TaHHbIEe Ta0J. 3, MOXHO CKa3aTh, YTO
s totactudukannm 62 mace. % IBX, comepxarie-
rocst B M140-13A, nocrarouno 20 macc. % IBDA, nipu
3TOM COJepKaHWE HAIIOIHUTEIS MOXKHO YBEININBATh
MHWHHUMYM B I1Ba pa3a. 3HaueHre KW mpu maHHOM Cco-
OTHOIIICHUY KOMITOHCHTOB IOBBIIIACTCS Ha 4 ¢IITHUIIBI
M CTAaHOBUTCS paBHBIM 29,1%. OgHako TemIiiepaTrypa
XPYIIKOCTH C YMEHBIIICHUEM COICPXKAHMS TIaCTU(U-
KaTopa yMEHBIIIaeTCS.

B manpHelIIIeM HaMU UCCICAOBAHO BIUSIHUAE KO-
JIMYeCcTBA HATIOJHUTENS (KaoJIMHa) Ha OTHECTOMKOCTh
I[BX-1mactukara (ta6ir. 4).

Pe3ynbTaThl N3y4eHUST OTHECTOMKOCTU KOMITO3H1-
muonHoro [TBX-1mracTukara, nmpuBeneHHbIE B Ta0II. 4,
TOKa3BbIBAIOT, UTO KMUCIOPOMHBIN MHACKC IIacTUKaTa
3HAYNUTEJBHO MTOBBINIACTCS TIPU YBETMUCHUN COmepKa-
HUS KaonnHa. ONTUMAaIBHBIM CONEpPKaHNEM SIBJISIETCS
15%, TaK KaK Ipy yMEHbILICHUU KOJIMYECTBA BBEICHHOTO
HarmronHuTtens KW mamaer, a IIpn yBeJIMYEHUN — OCTa-
eTcs 6e3 U3MCHCHHSI.

CIINCOK NCTOYHUKOB

Tabauuya 4
3asucumoctb KucjaopoaHoro unaekca I1BX-niaacrukara
OT COCTaBa

Cocras Kucnoponubrii
uHaeKce, %

IIBX-nnactukat (ucxomHas 25
perenrypa)

TIBX-ruractukar + 5 % KaonuHa 27,5
IBX-mnactukar + 10 % kaonuHa 28
IBX-mactukar + 15 % kaonuna 29,5
TIBX-mmmactukar + 20 % kaoiauHa 29
IMBX-mnactukar + 15 % xaonuHa + 29 4
7% CaCO, ’

3AKJIIOYEHUE

Takum 06pa3oM, KaoJIMH SIBIISIETCSI TICPCIIEKTUBHBIM,
TIEIICBBIM U 9KOJIOTUICCKY Oe30ITaCHBIM HAITOTHUTEIEM
st [IBX-martepualioB, KOTopbiit 3((MEKTUBHO CHIXKA-
€T UX TopIovecThb. Takoii ke 3(h(heKT JoCTUTraeTCs IMpu
YBEJIMUCHUH COACpKaHMSI KapOOHATa KaIbIIUs B ICXOI-
Hoit peuenrtype [1BX-mnactukara. [1pu coBMecTHOM HC-
TTOJTb30BAaHNY KAOJIMHA 1 M30BITKA KapOOHATa KaJIbITUS
crHepruaeckoro 3¢ dekTa He HabIromaeTcs.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (hereafter referred

to as WUT) is a national key university under the
direct administration of the Ministry of Education. It is
one of the first batch of universities which have entered
the national “211 Project” and the national “Double-
Top” Plan for Promoting the Development of World-class
Universities and Disciplines. WUT is jointly constructed
by the Ministry of Education and the Ministry of Trans-
port. It is also the largest university inside the Ministry
of Education in talents cultivation for building materi-
als, transportation and automobile, WUT has become an
important base for the cultivation of high-level scientific
talents and technological innovation for the three major
industrial sectors.

The University has three main campuses, name-
ly, the Mafangshan Campus, the Yujiatou Campus
and the South Lake Campus, with a total occupying
land area of 267 hectares. Currently, WUT has over
5,400 staff and faculty members, over 36,000 under-
graduates, over 18,000 postgraduates and Ph.D. stu-
dents and about 1,700 international students. It owns
25 academic schools, 4 National Technology Innova-
tion Bases and 4 modern libraries with a collection of
3.2953 million books. Since 2000, WUT has been award-
ed 23 National Science and Technology prizes, ranking
in the forefront of all Chinese colleges and universities.
In 2019, WUT was listed in Times Higher Education
World University Rankings, QS Asia University Rank-
ings, U.S.News Best Global Universities Rankings and
ShanghaiRanking&rsquo;s Academic Ranking of World
Universities.

Since the funding of New China, WUT has cultivated
more than 600,000 senior professionals. Over the past
decade, the first-time employment rate of graduates has
remained above 95%, and about 55% of total employed
graduates join the world’s Top 500 enterprises and emerg-
ing industries.

Over the years, WUT has made rapid development
by following the spirit of “Sound in Morality, Broad in
Learning and Pursuing Excellence”; and the principle of
“Take the students’ cultivation as our essence, and take
academic development as our priority”;. The university
focuses on the lofty ideal of building an excellent univer-
sity to win worldwide recognition and admiration and

exercises the educational concept of “implementing ex-
cellent education, nurturing excellent talents and creating
an excellent life”. Guided by the WUT Charter approved
by the Ministry of Education, WUT is committed to the
modernization of the governance system and capability,
aiming to rank among the world-class universities with
distinctive features.

Introduction to MSE Discipline
of Wuhan University of Technology

1. Briefs of WUT’s MSE

Founded in 1958, the Materials Science & Engi-
neering (MSE) discipline of Wuhan University of
Technology (WUT) was supported in priority through
the “State 211 Project for Higher Education Universi-
ties” from 1995 to 2015, and has been supported via the
“World-Class University & World-Class Discipline”
development plan of China since 2016. WUT’s MSE
ranks A+ among 172 leading universities in China (No.1
alongside MSEs of Tsinghua University and Beihang
University) in the 4th round national discipline evalu-
ation organized by the Ministry of Education in 2017,
and is world top 1% in Clarivate Analytics’ Essential
Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineer-
ing, 3 members of Academia Europaea, 1 member of
the Royal Academy of Belgium, 1 member of the World
Academy of Ceramics, 1 fellow of the Australian Academy
of Technology and Engineering, 10 fellows of the Royal
Society of Chemistry, American Physics Society and
American Ceramic Society. It also owns 23 national high-
level talents including recipients of the National Natural
Science Foundation of China for Distinguished Young
Scholars (equal of NSF Career Awards), and 22 national
high-level young talents.

WUT’s MSE has established 2 state key laboratories,
the State Key Laboratory of Advanced Technology for
Materials Synthesis and Processing and the State Key
Laboratory of Silicate Materials for Architectures. The
State Key Laboratory of Advanced Technology for Ma-
terials Synthesis and Processingwas evaluated “Excel-
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lence” among 21 state key laboratories in MSE in 2018.
It also has built 2 state international joint-research labo-
ratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

2. Representative Achievements and Academics

Targeting the frontiers of global science and technol-
ogy, and striving to fulfill the significant needs of the
country, WUT’s MSE has invested 1.25 billion RMB
(190 million USD) in the past 5 years in 6 primary re-
search areas, including green manufacturing of envi-
ronmentally friendly building materials, key materials
serving in extreme environments, high-performance
energy conversion and storage materials, and frontiers
of interdisciplinary materials science. The representa-
tive achievements and academics during 2016—2020 are
briefed as follows:

(1) WUT’s MSE has been granted over 330 na-
tional key projects, with a total fund of 1.2 billion RMB
(185 million USD).

(2) WUT’s MSE has won 5 national science and tech-
nology awards, and has published over 4000 papers, in-
cluding 3 in Nature, 1 in Science, 46 in the sister journals
of Nature, Science and Cell, 69 in Advanced Materials.
Among these publications, 229 are highly cited or hot
papers.

(3) Prof. Qingjie Zhang was elected as member of Chi-
nese Academy of Sciences in 2017. Prof. Lianmeng Zhang
was elected as member of Chinese Academy of Engineering
in 2017. Prof. Zhengyi Fu was elected as member of Chi-
nese Academy of Engineering in 2021. Profs.Ligiang Mai,
Pei Cheng and Shaowen Cao were listed as Highly Cited
Researchers by Clarivate Analytics in 2020.

3. Talents Cultivation and Representative Graduates

WUT’s MSE aims at cultivating top-notch creative
talents with exceptional pursuit and ability, international
vision to lead the future development of materials science
and materials industry. Currently, there are 5418 students
in WUT’s MSE, among which 673 are PhD students and
2289 are master students.

Prof. Ce-Wen Nan, PhD graduate in 1992, was elected
as member of Chinese Academy of Sciences in 2011, is
now director of Research Institute of MSE in Tsinghua
University. Dr. ShouPeng, graduate in 1982, was elected
as member of Chinese Academy of Engineering in 2019,
is now chairman of the Advisory Committee of Inter-
national Commission on Glass. Prof. Yi-Bing Cheng,
graduate in 1983, was elected as fellow of the Australian
Academy of Technology and Engineering in 2007. Prof.
James ZhijianShen, graduate in 1978 and professor of
Department of Materials and Environmental Chemistry
at Stockholm University, was elected as member of the
World Academy of Ceramics in 2017. Dr. Yuxian Zhou,
graduate in 2003, is the president of China National
Building Materials Group Corporation, a leading com-
pany in materials industry that ranks No. 187 in Fortune
Global 500 in 2020. Dr. Yeqing Li, graduate in 1984, is
the president of Huaxin Cement Co., Ltd., cradle of the
Chinese cement industry.

4. Domestic and International Impacts

Prof. Qingjie Zhang, a member of Chinese Academy
of Sciences, has been selected as member of the 1st Na-
tional Basic Research Strategy Advisory Committee of
the Ministry of Science and Technology since 2020, and
panel chair of Major Research Plan of Materials Science
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of the National Natural Science Foundation of China
since 2019.

Prof. Qingjie Zhang received the 2017 Frontiers of
Science and Technology — Rustum Roy Lecture Award
from the American Ceramic Society, in recognition of
his contribution to global energy challenges and develop-
ments of thermoelectric materials and systems in China.
Prof. Zhengyi Fu, member of Chinese Academy of Engi-
neering, received the Samuel Geijsbeek PACRIM Inter-
national Award in 2019, for his contribution in the field
of ceramics technology that has resulted in significant
industrial and academic impact, international advocacy,
and visibility of the field.Prof. Ligiang Mai received the
Research Excellence Award in the International Confer-
ence on Electrochemical Energy Science and Technology
in 2018, for his contribution in advanced in-situ charac-
terization of single-nanowire devices for energy storage
and conversion. Asso. Prof. Wei Ji, received the 2019 Ross
Coffin Purdy Award from the American Ceramic Society
in recognition of his contribution to ceramic technical
literature in 2017.

16 world-recognized scholars, including 3 Nobel
Laureates, have been appointed Lecturing Professors by
WUT’s MSE since 2016. Faculty members in WUT’’s
MSE have collaborated with these scholars and obtained
19 key international cooperation research projects, as well
as published 256 joint research papers in top-level journals
including Nature and Science.

WUT’s MSE has organized 13 high-level international
conferences. Together with MSE of Tsinghua University,
WUT’s MSE hosted the 1st World University Forum on
Materials Science and Engineering Leadership in 2019,
and announced <Wuhan Declaration for the 21% Cen-
tury Materials Science and Engineering Sustainable De-
velopment>. The representatives of this forum include
heads of MSE of Northwestern University, UC Berkeley,
UC Los Angeles, UC Irvine, Pennsylvania State Uni-
versity, Georgia Institute of Technology, University of
Washington, University of Texas at Austin, University of
Central Florida,University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU, etc. from 15 countries
(USA, UK, France, Australia, Japan, Korea, Singapore,
Israel, India, etc.), deans of top 50 MSE schools in Chi-
na, and presidents of 5 world material research societies
(American Ceramic Society, European Ceramic Society,
Ceramic Society of Japan, Korean Ceramic Society, and
Colombian Materials & Minerals Society).

Overview of International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Ma-
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terials Science and Engineering (hereafter referred to
as ISMSE), WUT is aimed to building the top-notch
innovative talent training base and knowledge innova-
tion centre of Materials Science and Engineering. In
April 2014, ISMSE was founded and approved by the
Hubei Provincial Department of Education. In June
2015, ISMSE was selected into the list of the “Network
of International Centers for Education” supported by the
MinistryofEducation of P. R. China and the Ministry of
Science and Technology (former State Administration
of Foreign Experts Affairs).

ISMSE is devoted toeducate a unique class of profes-
sional leaders in materials science and engineering who
can push the boundaries of knowledge and technology
to serve the needs of the nation and the world by provid-
ing students with a comprehensive curriculum, which
is academically rigorous and provides students with
vital skills of critical thinking, communication, team
work and continuous learning, and also by exposing
all students to meaningful international experiences,
including lectures by distinguished visiting professors
from different countries, short term visits to high level
international universities and continuous engagement
activities with international students. ISMSE has es-
tablishedthefirst Material Advantage Chapter in China
in 2016.The chapter has won the Chapter of Excellence
Award four times from 2018 to 2021, among 102 chapters
all over the world.

ISMSE builds the platforms for academic exchang-
es and interdisciplinary promotions.The World Uni-
versity Forum on Materials Science and Engineering
Leadership was held in October 2019 in Wuhan. More
than 50 chairs of MSE department around the world
attended the forum. It was the first global MSE forum
and to discuss relevant issues and devise a strategy that
provided the global MSE community with a blueprint
for the future, which was announced as <Wuhan Dec-
laration>.
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State Key Laboratory of Advanced Technologyfor
Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Material Synthesis and Processing was approved by
the State Development Planning Commission in 1987.
After state inspection, it was opened for the public in
March 1990. The laboratory is under the direct admin-
istration of the Ministry of Science and Technology.
Currently, Professor GuBinglin, an academician of the
Chinese Academy of Sciences, is the Chairof the labora-
tory’s academic committee, and Professor Fu ZhengYi,
an academician of the Chinese Academy of Engineer-
ing, is the Director of the laboratory. The laboratory is
located in the Wuhan University of Technology, and it
is a state key laboratory that specializes in the field of
new materials. The Department of Materials Science
and Engineering at the Wuhan University of Technology
has been classified as a first-class State Key Discipline,
included in the national “985” project of “Build a world-
class discipline program,” and is ranked as A+ in the
fourth round of national discipline evaluation. Aiming
at the global frontier research of materials science and
addressing the primary national needs, this laboratory
provides a world-class platform for materials compound-
ing and preparation technology, for developing advanced
composite materials for national major projects and pil-
lar industries, and for providing support at the national
strategic level. Original and systematic research results,
with international impact in transformative technolo-
gies, frontier new materials, and interdisciplinary fields,
have been reported in this laboratory, and therefore, it
leads the international development in several strategic
frontier new materials. The laboratory fosters the de-
velopment of global first-class research talent through
advanced scientific research in the field of materials sci-
ence and technology. In addition, the laboratory has
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created a culture of international collaborative innova-
tion and has carried out “Win-Win” international co-
operative research, thereby enhancing the international
influence, attractiveness, and cohesion of the laboratory.
The laboratory has achieved a historic breakthrough in
the evaluation of the State Key laboratories in the field
of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and develop-
ment of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising mate-
rial gradient composite technology, in-situ composite
technology, nanocomposite technology, and their in-
tegrated innovations. Currently, research on five key
materials, including advanced composite materials for
national major projects and pillar industries, efficient
energy conversion and storage materials for new energy
technologies, nanocomposite biomaterials for life sci-
ences, information functional materials for information
technology, and frontier new materials for transforma-
tive technologies, is being carried out in this laboratory.
Therefore, the laboratory has established the following
five distinctive research directions: gradient composite
technology and new materials, in-situ composite tech-
nology and new materials, nanocomposite technology
and new materials, transformative technology and fron-
tier new materials, and material composite principles
and material design.

The laboratory has an active and innovative research
team that mainly comprise young and middle-aged re-
searchers. There are hundred permanent staff members,
including one academician of the Chinese Academy of
Sciences, two academicians of the Chinese Academy of
Engineering, one academician of the Royal Academies
for Science and the Arts of Belgium, two academicians
of the European Academy of Sciences and Arts, one aca-
demician of the Australian Academy of Technology and
Engineering, one academician of the World Academy of
Ceramics, twelve national level researchers, one chief
scientist of the National “973” program, five recipients
of the national “Outstanding Youth Science Fund,” and
thirtyrecipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstand-
ing scholars to visit and conduct collaborative research
worldwide in world-class universities and research insti-
tutions. In recent years, the laboratory has sent several
outstanding young scholars to world-class international
universities for more than one year to conduct visits and
collaborative research.

The laboratory emphasizes global academic exchange
and collaboration. In the last five years, we have hired
twenty-five international scholars as honorary and visit-
ing professors in the main research areas, with an aim to
create cordial working conditions for world-renowned

scientists to conduct collaborative research in the labo-
ratory.

The laboratory has carried out substantial “Win-
Win” collaborations with the University of Michigan;
Japan Aecrospace Exploration Agency (JAXA); the Insti-
tute for Materials Research, Tohoku University (Japan);
the Materials Research Center, University of Oxford
(UK); Composites Research Center, the University
of California (US); and the National Institute of Fuel
Cells (Canada), among other internationally renowned
research institutions. The Ministry of Science and Tech-
nology has established the “International Joint Labora-
tory of Advanced Technology for Materials Synthesis
and Processing,” which is one of the first thirty-three
international joint laboratories in China. Additionally,
the State Administration of Foreign Experts Affairs and
the Ministry of Education have jointly formed three
discipline bases supported by the Program of Innovation
and Talent Introduction, namely “New Material Com-
posite Technology and Advanced Functional Materials,”
“Advanced Preparation Technology and Application
Engineering of New Functional Thin Film Materials,”
and “Innovation and Talent Introduction Base of Life
Composites.” Relying on these important international
collaboration platforms, the laboratory has undertaken
several state key projects with international collabora-
tions and achieved fruitful results in international col-
laboration and exchanges.

Currently, the laboratory has a floor area of
25,350 square meters, with several advanced materials
synthesis and processing instruments, as well as state-
of-the-art instruments specializing in materials structure
analysis, characterization, and performance testing. The
total estimated value of the instrumentation asset is ap-
proximately 350.66 million RMB.

Introduction to Interdisciplinary Materials

The new scientific journal Interdisciplinary Materi-
als (ISSN: 2767-441X) has been launched by Wuhan
University of Technology and John Wiley & Sons, Inc
in Dec, 2021. The first issue will be published in Jan,
2022 and the journal is free for publication in the first
3 years.

Interdisciplinary Materials is an open-access, peer-
reviewed, and rapid-publication journal focusing on the
interdisciplinary researches between materials science
and other disciplines, such as physics, chemistry, math-
ematics, mechanics, biology, energy, environment, infor-
mation, engineering, etc. The journal aims at reporting
cutting-edge developments across science and technology
around the world.

Interdisciplinary Materials is expected to take an in-
terdisciplinary, frontier, and integrated approach to all
areas of materials research while cultivating the exchange
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of ideas between scientists involved in the different dis- Interdisciplinary Materials invites you to submit high-
ciplines. Readership will include physicists, chemists, quality, innovative full-length research articles, rapid
mathematicians, mechanics, biologists, and energy, en- communications, reviews, perspectives, comments, and
vironment, materials scientists, engineers from academia  other editorial content of general interest to the field of
and industry as well as policymakers. interdisciplinary materials.

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

Postal Code: 430070

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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YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

VTVY) — HallMoHaJNIbHBIN CTpaTeTruyecKuit YHU-
BEPCUTET IO IIPSIMBIM yIIpaBlieHHeM MWHHUCTEPCTBA
o6pa3oBaHU. SBIsSeTCS OMHUM M3 IEPBBIX YHUBEP-
CHUTETOB, BOIICAIINX B TOCYIaPCTBEHHBIC ITPOTPaAMMBI
«211 Project» m »Double Top» mist comeiicTBus pa3Bh-
THSI YHUBEPCUTETOB U TUCUUTUINH MUPOBOTO YPOBHSI.
YTY 6511 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHHCTEPCTBOM TpaHCIIOPTa. Takke SIBIIS-
eTCS KPYITHEHIITM YHUBEPCUTETOM ITpr MUHUCTEPCTBE
00pa30BaHUS 10 TTOATOTOBKE CIICIIMAIICTOB B 00JIACTH
CTPOUTEILHBIX MaTePUAJIOB, TPAHCIIOPTA W MAIITHO-
ctpoeHus. YTV cranm BaxXXHBIM IIEHTPOM TI0 BBIpAIIIN-
BaHMIO HAYYHO-TEXHUUCCKUX KaJIpOB MHHOBAITMOHHBIX
Ppa3pabOTOK WIS TpeX KPYIMHENIINX cdep.

B yHMBepcuTeTe pacIiojiokeHbI 3 KamIiryca — Ma-
danrman, IOg3utay n CaydJleiik, B 00O1Ieil CI0KHO-
CTY 3aHMMAIOIIKX IUIOIaah 267 rektapoB. B HacTosiiee
BpeMs B YTV paboraet 6oiee 5400 yeoBeK rmepcoHaia
1 (aKyJIBTETCKUX COTPYIHUKOB, 0oJee 36 000 cTymeH-
TOB, cBhINIE 18 000 acTTpaHTOB U BHIITYCKHUKOB 1 OKOJIO
1700 MexXayHapOOHBIX CTYICHTOB. YHUBEPCUTETY TIPH-
HaAIJIEKUT 25 akameMUIeCKUX KO, 4 HaIlMOHAIBHBIX
TEXHOJIOTMIECKIX MHHOBAIIMOHHBIX IICHTPa U 4 COBpe-
MEHHBIX 01OaMoTeKn ¢ GOHIOM B 32 953 MUJUTMOHOB
kaur. C 2000 roma YTV ynocTtouics 23 rocymapcTBeH-
HBIX HAYIHBIX ¥ TEXHUICCKUX ITPEMUIA, 3aHIMast TIepBHIC
TO3WIINM B PEUTUHTE BCEX KUTAICKNX YHUBEPCUTCTOB
n Kojuremkeid. B 2019 rony YTV Obl1 BHECEH B peATUHTI
Times Higher Education World University Rankings,
QSA sia University Rankings, U.S. News Best Global
Universities Rankings m Shanghai Ranking & rsquos;
Academic Ranking of World Universities.

C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rorosut 6osee 600 000 BeICOKOMPO(heCcCHOHAIBHBIX CIIe-
LIUATUCTOB. B TeueHre mocieIHUX AECSATU JIET TPOLIEHT
BIIEPBBIC TPYIOYCTPOCHHBIX BBIITYCKHUKOB OCTACTCS
cBhilie 95% u cocTaBiIsieT 0KOJIO 55% OT BCex TPyIoy-
CTPOCHHBIX BEITTYCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBLIX OTpaciieii».

Ha npotsokenuu mHorux et YTV mpoiiien orpoMHoOe
pasBUTHE, CIEIYs IEBU3Y «ObITh HPABCTBEHHO HETIOKO-
JIEOMMBIM, PAa3HOCTOPOHHUM B YICHHUH, CTPEMSIIIIAMCS
K COBEPIIICHCTBY», a TAKXKe TIPUHITUITY «CIEJIaTh BOCIIN-

TaHHUE CTYICHTOB HAIIICH CYIITHOCTHIO, a aKaIeMIIeCcKoe
pa3BUTHE — MPUOPUTETOM». YHUBEPCUTET (DOKYCUPY-
eTCsI Ha BEICOKOM MIee pa3BUTHUsS HEIIPEeB30MICHHOTO
VHUBEPCUTETA IIJIST 3aBOCBaHMS BCEMUPHOTO TIPU3HAHUS
1 BOCXUIIEHUS 1 BOIIOIIACT 00Pa30BaTEeIEHYIO KOHIICTI-
LIMIO «BHEAPEHNE OTJMIHOTO 00OPa30BaHMsI, BOCITUTAHKE
TIePBOKJIACCHBIX KaIpOB M CO3TaHNE ITPEKPACHOMN KM3-
HU». PykoBoacTBysick Xaptueil YTV, yrBepaeHHOM
MunucrepcTBoM oO6pa3zoBaHusi, Y TY BoBieueH B Mozep-
HUM3aLMIO TTPAaBUTEIBCTBEHHOM CUCTEMBI C TICJIBIO 3aHSTh
CBOE MECTO CPeIr YHHUBEPCUTETOB MUPOBOTO YPOBHS
C OTJIMYUTEIbHBIMU TTPU3HAKAMMI.

3HaKOMCTBO € Hay4HbIM HanpaBJieHnem
MaTepuanoBegeHNA N NHXXeHepHoro gena
B YXaHbCKOM TeXHOJIOrn4eCcKom YHUBepcuTeTe

Kpatkoe onncanue

OcHoBanHoe B 1958 romy B YTY HaydHOe HaIIpaBiic-
HHe «MarepuanoBencHIe 1 HHxXeHepHoe ae1o» (M)
IIPUOPUTETHO TTOAIEPXKUBATIOCH TOCYIapCTBEHHO IIPO-
rpaMMoii «211 IPOEKTOB IJIT YHUBEPCUTETOB» B IIEPUOL
¢ 1995 o 2015 rompl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putus KHP «YHusep-
CUTEThl M HayYHble AUCUMUILUIMHBI MUPOBOTO YPOBHSI».
PeliTUHT 3TOrO HampaBICHUS cocTaBisieT A+ cpenu
172 Benymmx ynuBepcutetoB B Kurtae (Nel HapaBHe
¢ HampaBJIcHHEM B yHUBepcuTeTax TiumHxyan beiixan)
B 4-0M payHe, OpraHN30BaHHOM MUHUCTEPCTBOM 00-
pasoBanus B 2017 Tomy, a TakKske BXOIUT B TOITOBBI MEX-
nyHaponHbiii 1% B cucteme Clarivate Analytics’ Essential
Science Indicators.

B MU BoBneuensl: 1 unen Kuraiickoit akagemMun
Hayk, 3 wieHa Kuraiickoii MHXXKeHEpHOI aKaJleMuH,
3 ynena EBponeiickoii akagemuu, 1 uneH benbruiickoit
KOpPOJIEBCKOI AKanemuu, 1 wieH MexnyHapoaHoii aka-
IeMUM KepaMUKH, | 4jeH ABCTpaTUiiCKOM aKageMUun
TEeXHOJIOTUA 1 nHxKeHepun, 10 wienHoB KopoeBckoro
XUMMYECKOT0 00I1IeCcTBa, AMEPUKAHCKOTo 00111ecTBa (hU-
3UKM 1 AMEPUKAHCKOIO 00IIecTBa KepaMuKu. JlaHHoe
HampaBJIeHIEe TaKKe BKITIOYaeT 23 KUTAWCKIX BEICOKO-
mpodeCcCUOHANBHBIX COTPYIHUKA, HEKOTOPHIE M3 KOTO-
PBIX SIBIISTFOTCSI CTUTICHIMATaMI HaIlMOHAJILHOTO (DOHIA
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National Natural Science Foundation of Chinafor Dis-
tinguished Young Scholars (aranormueH rmpemun NSF
Career Awards), 11 22 KUTaliCKX MOJIOIBIX CTICITUANIICTA.

st comeiCTBUSI TUCHUIUINHE OBIIM OCHOBAHEI
2 TocymapCcTBeHHBIX JJabopatopuu: ['ocymapcTBeHHAs
cTpaTermyeckast 1adopaTopust TepeIOBBIX TEXHOJIO-
TU# IJ1sI CMHTE3WPOBaHUSA M 00pabOTKM MaTepraioB
n [ocymapcTBeHHas cTparerudeckasi abopaTopus
CHUTMKATHBIX MaTepUaJIOB IUIST apXuTeKTyphl. [lepBas
J1abopaTopus MOJy4YrsIa OLEHKY «IIPEBOCXOIHO» Cpe-
o1 21 rocymapCcTBeHHBIX CTPATeTUICCKUX JTa00paTOpuii
o MUJI B 2018 romy. IToMrMo 3TOTO OBIIN TTOCTPOCHEI
2 TOCYIapCTBEHHBIX MEXKIYHAPOIHBIX TA00PATOPUM IS
COBMECTHBIX MCCIICIOBaHUI 1 4 Oa3bl BHEAPCHMUS 3apy-
OCKHBIX KOMIICTCHITNI KaK MTHHOBAITMOHHOTO COCTABJIS -
FOIIIEeTO HAYIHO 00J1acTH (M3BECTHRI KaK «111 Project»).

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

CraBd 1IeJIbI0 TTOKOPUTH MEXKIYHAPOTHYIO HAyKy
W TEXHOJOTHWH, a TaKXKe Xejlas YIOBJICTBOPUTH Mac-
ITaOHBIC TTOTPEOHOCTH CTPAHEI, 3a ITOCICTHUE 5 JIeT
unBectuuuun YTV B pamkax Hanpasinenust MUJI co-
cTaBwd 1,25 MmmmmapaoB oaHeit (190 MUUTMOHOB TOJT-
JIapOB) B 6 OCHOBHBIX 00JIACTSIX MCCIIEAOBAHUI, TAKUX
KaK 3eJICHOE TPOM3BOICTBO SKOJIOTMYHBIX MATCPUAJIOB,
KJTFOUEBEIC MaTePHUAJIBI, IIOABEPKEHHBIC S9KCTPEMaTbHBIM
YCJIOBUSIM, BBICOKOIIPOM3BOINTEIBbHEIC SHEPIOIIPEO-
Opasyrolle U aKKyMYJIUPYIOIINEe MAaTEPUAJIbI, a TAaKXKe
B MEKIUCHUILTMHAPHBIX 00JIACTIX MaTepUAIOBEICHUS.

PenpesenTaTuBHbIE TOCTHKEHHUS U NPOdeCCOPCKo-
npenoaaBaTeIbcKuii cocras 3a 2016—2020

Hanpasnenune MWL nosyuyuso rpaHThl B OoJiee
330 HAIIMOHAJIBPHBIX KITIOUEBBIX ITPOEKTAX, CYMMapHOe

¢uHAHCUpPOBaHKME COCTABWIO 1,2 MUJUTMApHOB 0aHe
(185 MIJITMOHOB JOJIJIAPOB).

Hanpasnenne MU/ Beiurpano 5 HauMOHaJIbHBIX
HAYIHBIX ¥ TeXHOJOTHMUCCKMX IIPEeMUIi, OBLIO OITyOJIH-
koBaHO cBbIIe 4000 HaydHBIX padoT, 3 U3 KOTOPBIX
B XypHaie Nature, 1 B Science, 46 B 1o4epHUX XypHa-
nax Nature, Science u Cell, 69 — B Advanced Materials.
Cpenm TaHHBIX MyO KAl 229 — BEICOKO LIMTUPYEMBIC
paboTHI.

IMpod. Hyunsum dxxan Obl1 n30paH B uieHb Kurtaii-
ckoii akagemun Hayk B 2017. IIpod. JImarmen JIxkaH
ObLT 130paH B wieHbl KuTtaiickoii MHXEHEepHOI akaae-
muu B 2017. [Ipod. dxxenru Py ObLT M30paH B WICHBI
Kwuraiickoit nakeHepHoit akagemuu B 2021. IMpod. JIn-
uuaH Maii, 1511 Uxanru [llaoseH L[xao ObLIv pr3HAHBL
CaMbIMH LIMTUPYEMBIMH HUCCJICIOBATCISIMU B CCTEME
Clarivate Analytics B 2020.

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

CrrenmmansHocTh MU /I HatrpaBiieHa Ha ITOATOTOBKY
CIICIIMAJIICTOB BBICIIIETO KJIacca ¢ NCKITIOUUTCIHHBIMI
KOMIIETCHIIMSIMHU ¥ MEXIYHAPOTHBIM BUACHUEM OY-
IYIIETO Pa3BUTHUS MaTepUaIOBEICHUS U WHIYCTPUU
MaTepuanoB. B HacToSIIMiT MOMEHT Ha JaHHOM CcIie-
nraabHOCTH 00yJaroTcs 5418 ctynentoB WUT’s MSE,
cpenu KOTOphIX 673 — acriupaHThbl U 2289 — CTyIeHTbI
MarucTpaTyphbl.

ITpod. lixe-Ben HaH, moayuyuBLnii cTereHb KaH-
mumata HayK B 1992, 661 m30paH wieHoM Kuraiickoi
akamemMuu HayK B 2011, B HACTOAIIMIT MOMEHT SIBJISI-
eTcsa mupekropoM KcciemoBaTerbCcKOro MHCTUTYTA
MW B YHusepcutere Tumnxya. JI-p oy IIxaHr,
BRIMYCKHUK 1982 roma, OB m30paH B wieHbl Kuraii-
CKOI1 mHXeHepHo akagemuu B 2019, ceifgac apiseTcs
nmpencenateaeM KoHcyabraTuBHOro KoMureTa Mexk-
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nyHapogHoli Komuccuu 1o crekiay. [Ipod. M-bunr
UxaHT, BRITYCKHUK 1983roma, ObLI M30paH WICHOM
ABCTpanuiicKoi akageM1u TEXHOJIOTU U MHXEHEPUU
B 2007 romy. ITpod. Ixeitmc JIxunsuen LlleH, BBITyCK-
HUK 1978 Toma un mpodeccop denmapramMeHTa MaTepua-
JIOB I XMMHU OKpYyKaroIieil cpeasl B CTOKTOJIBEMCKOM
YHUBEpPCUTETE, ObI M30paH B WieHb MeXayHapoIHOMI
akagemun Kepamuku B 2017 roxy. I-p FOcuen [Ixoy,
BeITycKHMK 2003 Tona, saBisercsd npe3uaeHToM Kuraii-
CKOTO HaIlMOHAJILHOTO O0BEIMHEHUS CTPOUTEIIHHBIX
MaTepHralioB, BeAyIeil KOMITAHNY B MHAYCTPUM MaTe-
puanoB, 3aHsgBlIeit 187 mo3numio B periTuHre Fortune
Global 500 B 2020 rony. JI-p Memmnr JIu, BBITYCKHUK
1984 roma, nipe3unenT komnanun Huaxin Cement Co
Ltd., aBasonieiics, Mo CyTH, KOJbIOEIbI0 KUTAICKOMI
IEMEHTHOM WHIYCTPUM.

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

IMpod. Huunsn dxan, wien Kuraiickoii akageMnmn
HayK, SBJIsgeTcs yieHoM [lepBoro HalmoHaIBHOTO Oa-
30BOTO MCCIICAOBATEIBLCKOTO CTPATETNIECKOTO KOHCYITh-
TaTUBHOTO KOMUTETa MUHUCTEPCTBA HAYKH TEXHOJIOT U
¢ 2020 roga u mipeacegaTeaeM KomureTa [J1aBHOTO MC-
CJIeIOBATEIbCKOTO TIAaHA MaTePUAIOBEICHMST HAIO-
HaJIbHOTO (POHIA eCTeCTBEHHBIX HayK Kuras ¢ 2019 rona.

IMpod. Hunansu Jxan monxyunn B 2017 romy mpe-
muto Frontiers of Science and Technology — Rustum Roy
Lecture Award oT AMepruKaHCKOTo 00IlIeCTBa KEpaMUKU
B 3HAK IIPU3HAHMS €T0 BKJIaZa B pelIeHUe TTT00aTbHBIX
BBI30BOB IT0 SHEPTETUKE M pa3pabOTOK TEPMOIJICKTPH -
yeckux MaTepuanoB u cucreM B Kurae. [1pod. JIxxeHru
Dy, yren Kuraiickoii MH:XXeHEepHOM aKaJeMUu, TIOJTy-
g1 MexkayHapoaHblii pu3 Samuel Geijsbeek PACRIM
B 2019 romy 3a cBOIf BKJag B 00JIaCTh KEPAMUYECKUX
TEXHOJIOTHII, KOTOPBIC OKA3bIBAIOT 3HAUMTEIIHHOE BIIH-
STHUE Ha IPOMBIIIJICHHOCTD ¥ HAyYIHYIO cepy, a TaKKe
MeXIyHapoaHyto nomysgpusanuuio. [Tpod. Jiuuman Maii
noyania Harpany the Research Excellence Ha Mexy-
HapOIHOU KOH(EPEHIINH IT0 3JICKTPOXUMIICCKOU SHEP-
reTuKe u TexHojaorusaM B 2018 3a cBOIf BKI1a/ B IepCreK-
TUBHOE JIOKAJTbHOE MCCIICAOBAaHNE OMHOHAHOIIPOBOTHEIX
YCTPOMCTB IJIST XpaHEHUS 1 TIPeoOpa30BaHMsI SHEPIUMN.
Houent Beit I3u monyunn B 2019 rogy Harpamy Ross
Coffin Purdy Award ot AMeprKaHCKOTO 00IIIeCTBa Kepa-
MUKU 32 BKJIAI B TEXHMYECKYIO JTUTEPATyPy O KepaMUKe
B2017T.

16 yuyeHBIX ¢ MUPOBBIMM MMeHAMHU, BKJIIo4ast 3 Ho-
OeJIeBCKUX JlaypeaTa, CTaju IpodeccopaMu CIieiiaib-
Hoctu MUJL B YTV ¢ 2016 1. Corpyaunku dhaxkyibrera
coTpygHuyanu 1o nporpamme MU ¢ ykazaHHbBIMU
YYICHBIMHA 1 TIOTYYMIN 19 KITFOUeBBIX MEXKIYHAPOITHBIX
COBMECTHBIX IIPOEKTOB, a TAKXKE OIMy0IMKOBaIu 256 co-
BMECTHBIX HAYIHBIX paboT B 3KypHajaX BBICOKOTO YPOB-
HsI, cpeau KOTophIx Nature 1 Science.

B pamkax nporpammbl MWL Obu1u OpraHn30BaHbI
13 MexxIyHapOTHBIX KOH(MEPEHIINI BEICOKOTO YPOBHSI.
CoBmecTHO ¢ YHUBepcuTeToM LI1HXYa 110 HAIIpaBICcHUIO
MW YTY nposen 1-v1ii MexxayHapoIHbII YHUBEPCU-
TEeTCKUiIT POpyM TIO YIIpaBICHUIO MaTepPHUAIOBEICHUEM
1 MHXXEHEPHBIM AejioM B 2019 1 aHHOHCHPOBa «YXaHb-
CKYI0 IeKyaparnuio 21 BeKa o pa3BUTHIO MaTepHaioBe-
IIEHUS U YCTONIMBOTO CTPOUTEIBCTBA». YUaCTHUKAMU
TaHHOTO (popyMa OBUIM PYKOBOIUTEIIN HAIIPABIICHMUS
MMU]I B ynuBepcurerax: Northwestern University, UC
Berkeley, UC Los Angeles, UC Irvine, Pennsylvania State
University, Georgia Institute of Technology, University
of Washington, University of Texas at Austin, University
of Central Florida, University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU wu ap. u3 15 crpan
(CILA, Bemukobpuranusi, ®panmnus, ABcTpaius,
SAnonus, Kopest, Cunramyp, M3panis, Uagusa u ap.),
nekanbl 50 Bemynx HaydHbIX Ko no MUJI n3 Kuras
U TIPE3UACHTHI 5 MEeKIyHAPOTHBIX MAaTePUAIOBEIICCKITX
Hay4YHBIX 0011IecTB (AMEepHKaHCKOE 0OIIeCTBO Kepa-
Mmuku, EBporeiickoe o011ecTBO KepaMuku, SmoHcKoe
ob1IecTBo Kepamuku, Kopeiickoe 00IIecTBO KepaMUKHI
n KonymOuiickoe o0I1IecTBO 110 MaTepuajiaM U MUHE-
pajiam).

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

Jlns peanu3aluy HEOOXOAMMOM pedopMbl HAIIU-
OHAJILHOW CHCTEMBI BBICIIICTO 00pa30BaHUs B aIIpelie
2014 roma B YTV Oblia ocHOBaHa M yTBep:KaeHa Jlemap-
TaMEHTOM 00pa3oBaHus TPOBUHLNMU Xy02ii MexnyHa-
pOIHAs IITKOJIa MaTePUAIOBEICHIS M MHKCHEPHOTO JeITa
(MIIMM/), KoTopast HoJDKHA CTaTh 0a30#1 IIOATOTOBKU
BBICOKOKBATN(PUIIMPOBAHHBIX CITEIINAINCTOB U IICHTPa
¢opMupoBaHUS MHHOBaLIMIT 110 HanpaBiaeHuo MU/,
B mione 2015 roga M1 MU/ 6bi1a n3dpaHa Jij1st BHeCe-
HUS B CITACOK «CeTh MeXKIyHApOTHBIX 00pa30BaTeIbHBIX
LIEHTPOB», MOIIep>kUBacMasi MUHUCTEPCTBOM 00pa3o-
BaHusi KHP u MuHucTepcTBOM HayKM 1 TEXHOJIOTUIA.

MIL MW npegHa3zHavyeHa 111 00y4eHUs] YHUKaJIb-
HBIX TPO(PECCUOHATIOB-TNACPOB IT0 MAaTEPUATIOBEICHIIO
1 WHXXEHEPHBIM HayKaM, KOTOPbIe MOTYT U3MEHUTh
TPAHUIIBI 3HAHWI W TEXHOJIOTUIA TS peaanu3aliu I10-
TpeOHOCTEe CTpaHbl U MUpPa, 00y4asi CTyIEHTOB 110 00-
IMUPHOMY ¥ MHTCHCHUBHOMY YUYeOHOMY IUTaHY, TIPEIy-
CMAaTPUBAIOIIEMY Pa3BUTHE TAKMX KOMIICTCHIIN, KaK
KPUTUIECKOE MBIIIUICHIE, KOMMYHIUKATUBHBIC CITOCO0-
HOCTH, HaBBIK KOMaHIHOI paOOTHI M HETIPEPHIBHO-
ro 0Oy4YeHUs, a TaKKe ITyTeM BOBJICUCHUS CTYICHTOB
B CEpPbE3HBII MEXIYHAPOOHBIN OMBIT, BKIIOYAIOIIWNA
JICKITUHY TIPUTIIAIIICHHBIX TIPOECCOPOB M3 PAa3HBIX CTPaH,
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KPaTKOCPOUHBIE TTOCCIIICHNST YHUBEPCUTETOB MUPOBOTO
YPOBHSI ¥ TIOCTOSTHHOE B3aMMOJICHCTBHE C MEXKIyHAPOI-
HBIMU CTYICHTaMH.

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
JKEHEepPHOTO Jeja OTKPBIJIA IIepBOe OTAEICHUE TI0 T0-
CTIKEHUSIM B 00J1acTH MaTepuanoBeneHus B Kurae
B 2016 roay. C 2018 mo 2021 rox oTaeIeHME YETHIPE pas3a
TIOJTy4aJIO TJIaBHYIO HArpay 3a BHIIAIOIINECS TOCTIKE-
Hus cpenu 102 oTmereHUIA 110 BCeMy MUPY.

MIII MU ctpont tutatopMbI JUTS aKaIeMUIECKOTO
00MeHa 1 MEXKIUCITUTUIMHAPHBIX MEPOITPUSITHIAL. MexX-
IMYHApOIHBIA YHUBEPCUTETCKUI (DOPYM IO YIIPABICHUIO
MaTepHaJOBeICHNEM W WHXEHEPHBIM IeJIOM IIPOBO-
nnics B okTsiope 2019 roma B Yxane. bonee 50 kadenp
no MUJI co Bcero mupa noceTsi popyM. OH cTan
HepBBIM I100a1bHBIM (popymom 1o MU I, Ha KoTopoM
00CYXIATNCh aKTyaJIbHBIC BOIIPOCHI U CTPATETUH, KOTO-
pBIE TTO3BOJISIT IJTIOOAIBHOMY COOOIIICCTBY OHSITH OYIy-
L1 TIJ1aH pa3BUTUSI, aHHOHCUPOBAHHBIN B YXaHbCKOM
IeKIapalnm.

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

ANA CUHTE31POBaHNA 1 06paboTKN MaTepuanos
(YxaHbCKUI1 yHUBEPCUTET TEXHONOr i)

l'ocymapcTBeHHas cTpaTerudeckast rabopaTtopus
TIePEeIOBBIX TEXHOJOTHI IJIsI CHHTE3MPOBAHMS M 00pa-
OOTKM MaTepHraIoB OblIa yTBepkacHa ['ocymapcTBeHHBIM
KOMUTETOM TIJIaHUpOBaHUS pa3BuTUI B 1987. [Tocie
TIPOBEICHHOM MHCITEKIINY OHA OTKPBLIACKH JIJIST 00IIIecTBa
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B Mapte 1990 roma. JlabopaTtopust HaXOTUTCS IO, YIIpaB-
JleHneM MUHUCTEepCTBA HAYKU M TeXHOJIOTHIA. B HacTo-
Sl MOMeHT npogeccop I'y BuHbIMHB, akageMuK
Kwuraiickoit akageMun HayK, SIBIIICTCS IIpeAceaaTesieM
KoMHccUM tabopatopun, a rmpodeccop Dy JIxxenrn,
akagemMuk Kuraiickoil nHXXeHEepHOU akKageMUu — I1-
pexTop akagemuu. Jlabopatopust pacnonoxeHa B YTY
U SIBJISIETCSI CTpaTeTHMICCKOM TabopaTopueii, Criemu-
aJM3upymolIeiics Ha HOBBIX MaTepuaiax. JlermapraMeHT
MaTepuaaoBedeHUs U MHXKeHepHoro aeya B YTY ObL
oIpenelieH KaK IepBOKJIACCHBIN B pelituaTe State Key
Discipline, Bomeaimmit B rocygapCcTBEHHBIN «985» mpo-
eKT «Pa3paboTka mporpaMMbl HAYIHBIX TUCIIATIMH
MHPOBOTO YPOBHSI» W MOJXYYWI peUTUHT A+ B 4 Type
TOCyIapCTBCHHOM OlLIeHKM HarpaBicHMil. CTaBsl LIeTBI0
IOCTHYIh MUPOBOU YPOBEHDb MCCICIOBAHUI B 00IaCTH
MaTepUAaIOBEACHMS U TIOAePXKaTh TOCyIapCTBCHHBIC
WHTEPECH, TaHHAas JJabopaTopus 00ecIIeYnBaeT IUIAT-
dopmy mg pa3pabOTKM HOBEUIIIMX MAaTEPHUAIOB U TEX-
HOJIOTHIA, IIJT Pa3BUTHS TIEPEIOBBIX KOMITO3UTHBIX Ma-
TEePHAJIOB, HEOOXOMMMBIX B KPYITHEUIIIX HAITMOHAIBHBIX
IIPOEKTaX M BeIYIINX OTPACIISIX, a TAKKE IJIST BEITIOTHE-
HUS HAIIMOHAJIBHBIX CTpaTeTUUECKMX 3aad. B mabopa-
TOPHM TTOJTYICHBI Pe3yIbTaThl YHUKAIBHBIX U CUCTEMHBIX
KCCIeN0BaHUM, KOTOPbIE MOBIUSIN Ha OOILIEMUPOBbIE
IIpeoOpa3ymIne TeXHOJOTUM, HOBBIC MaTepPHAJIbI
1 MEXKIVCUUIIMHAPHBIC 00IaCTH, W, TAKMM 00pa3oM,
5TO IIPUBEIIO0 MIPOBOE COOOIIIECTBO K OTKPHITHIO HOBBIX
cdep a1 u3ydyeHust MmatepuaiioB. JlJabopaTopust akTUBHO
TOTOBHT HCCIIEAOBATEIHLCKIE KaIPhI ITyTeM BKITIOUCHUS
B HayuHyo pabory. bonee Toro, maboparopust oopa-
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30Bajia KyJIbTYypy MEXIYHApOJIHOT0 MHHOBALIMOHHOIO
COTPYJAHUYECTBA U MPOBeJia B3aUMOBBITOJHOE UCCIIE-
JIOBaHMeE, CITOCOOCTBYS1, TAKMM 00pa3oM, MUPOBOIi 3HA-
YMMOCTH, IPUBJIEKATEIbHOCTUA U CIIOUEHHOM pabdoTte
naboparopuu. JlabopaTopust JOCTUTIA UCTOPUUECKOTO
MpopbIBa B OLIEHKE TOCYIAPCTBEHHBIX CTPATETNUECKUX
JlabopaTopuii Mo MaTepUaJIOBEICHUIO.

OCHOBBIBaSICh Ha OOIIE KOHIETIINY 1 HesIX, Jia-
6opatopusa (OKyCHpPYyeTCs Ha CO3IMaHUU U Pa3BUTUH
MHOTOKOMIIOHEHTHBIX, KPYITHOMACILITAOHBIX 1 MHOTOY-
POBHEBBIX KOMITO3UTHBIX IIPUHILIMIIAX U TEOPETUYECKUX
000CHOBaHMSIX pa3pabOTKU MaTEepPUaJIOB, ITOCTPOECH-
HBIX Ha BaXKHEUIIINX UCCIIeA0BATEILCKUX IIaT(hOopMax,
BKJTIOYAIOIIMX TEXHOJOTUM TPAIUEHTHBIX KOMIIO3UTOB,
KOMIIO3UTHBIE TEXHOJIOTUM Ha MeCTaxX IPOU3BOACTBA
paboT, HAHOKOMIIO3UTHI 1 X coueTaHusl. B HacTosmii
MOMEHT B J1a0OpaTOPUU IIPOBOASITCS MCCIEI0OBAHUS
o 5 KJII0UYeBBIM HAIlpaBJIEHUSIM: HOBEHUIIINE KOMIIO-
3UTHBIE MaTEPUAJIbI AJIS TOCYAAPCTBEHHBIX KPYITHBIX
TMPOEKTOB M oTpaciieii, 3(pheKTUBHBIE IHEPTOIIPEO-
Opasymolle U 9HepProHaKOMNUTEIbHbIE MaTepUuasbl
U TEXHOJOTUM, HAHOKOMIIO3UTHBIE OMOMaTepUaibl
IIJIST €CTeCTBEHHBIX HayK, (DYHKIIMOHATBHBIC MaTepra-
JIBI 1711 UTH(POPMALIMOHHBIX TEXHOJIOTUI U TIEpEIOBbIE
MaTepuanbl IJIs1 IIpeo0pa3oBaTeIbHBIX TEXHOJIOTHUIA.
B cBs131 ¢ 3TMM TabopaTopust onpeaenuia 5 pa3IndHbIX
HaIlpaBJICHUI: TEXHOJIOTUU TPAgUEeHTHBIX KOMIIO3M-
TOB M HOBBIX MaTepUaJIOB, KOMIIO3UTHBIC TEXHOJIOTUM
Ha MecTax NPOU3BOJCTBA pabOT, HAHOKOMIIO3UTHEIC
TEXHOJIOTUU U MaTepUaJibl, IIPe0oOpa3yoIIe TeXHOIO-
TUM, a TAKXKe TIPUHLUIIBI IIPOeKTUPOBAHUS U CO3TaHUS
martepuajioB. B mabopaTtopuu paboTaeT MHHOBALIMOH-
Has ¥ aKTMBHAas KOMaHJa McciienoBaresieii, peumy-
IIECTBEHHO COCTOSILAs U3 CIIELUATUCTOB MOJIOAOTO
U cpeaHero Bo3pacTta. [ToCTOSTHHBIN 1ITaT COTPYIHUKOB
BKJIFOUaeT ogHoro yjaeHa Kuraiickoit akageMun Hayk,
IBYX ujleHoB Kuraiickoii MHXeHEepHOU akageMuw,
OIHOTO aKajJeMukKa benbruiickoii KOpojaeBCKOM aKa-
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IeMHUU HayK U UCKYCCTB, IBYX aKaJIeMUKOB ABCTpa-
JIMUCKOM aKaIeMU TEXHOJIOTUI U MHXEHEPHOTO JeNa,
OHOTO WieHa MeXXIyHapOoTHOM aKaIeMU KepaMUKH,
IBEHAIIIATh HAYYHBIX COTPYIHUKOB HAIIMOHAIBLHOTO
YPOBHSI, OTHOTO BEAYIIETO HAYIHOTO COTPYIHUKA IIPO-
rpaMMHI «973», IATh CTUIICHINATOB HAIIMOHAJIBHOTO
donma «Outstanding Youth Science Fund» u Tpuniats
CTUTIEHIMATOB HalloHaIbHOTO (hoHma «National Talent
Support Plan» u np. JlabopaTopus aKTUBHO MOAAEP-
JKMBACT BBITAIOIINXCS YICHBIX B TTOCECIICHUN U TIPO-
BEICHUN COBMECTHBIX HAYUHBIX pa0OT B BEAYIINX YHU-
BepCUTETaX M MHCTUTYTAX II0 BCeMy MHDY. B TeueHme
ITOCJICIHUX HECKOJBKUX JICT JJa00OpaTOpHsI HaIIpaBIIa
HECKOJIBKO TAJTAHTIMBBIX YUYCHBIX B Pa3IMYHbIC BEIy-
e YHUBEPCHUTETHI [JIST BEITIOJTHEHUSI COBMECTHBIX MC-
clIeqoBaHMIT CPOKOM OoJiee yeM Ha 1 Tof.

Jlaboparopus yaensieT ocodoe BHUMaHUE MEXIyHa-
POIHOMY aKaIleMIUIeCKOMY OOMEHY U COTPYIHUIECTBY.
3a rmocneaHue 5 JIeT OBIIO HAHSTO 25 YUSHBIX C MUPOBBIM
MMeHEM M CO3IaHbI KOM(OPTHBIC pabovre YCTOBUS IS
IIPOBEICHUS UCCIICIOBAHNIA.

Taxske n1abopaTtopusi B3AaMMOBBITOTHO COTPYIHM-
yaja co cieayomuMn opranu3auusamu: University of
Michigan; Japan Aerospace Exploration Agency (JAXA);
the Institute for Materials Research, Tohoku University
(SImonus); the Materials Research Center, University
of Oxford (Bemukooputanus); Composites Research
Center, the University of California (CLLIA); the National
Institute of Fuel Cells (Kanama) u apyrumMu 3HaMEHUTHI-
MM MCCIIeTOBATCIbCKUMU IIEHTPAMU M MTHCTUTYTaMMU.

MUHHUCTEPCTBO HAYKU U TEXHOJIOTUIT OCHOBAJIO
«MeXImyHapOoIHYI0 COBMECTHYIO JTJab0OpaTOPHUIO TIepe-
JTIOBBIX TEXHOJIOTUIA IJTI CUHTE3a M 00pabOTKM MaTepHa-
JIOB», KOTOPAst BXOIUT B TIEPBbIC TPUALIATH TPY MEXKIyHA-
POIHBIX COBMECTHBIX JTabopatopuii Kurast. bosiee Toro,
T'ocymapcTBeHHOE yIIpaBIeHNUE IO IejIaM MHOCTPAHHBIX
SKCIEPTOB 1 MUHUCTEPCTBO 00pa30BaHMUS BMECTE OC-
HOBaJIM TPU HAIIpaBJICHUs, TTomaepXaHHbIX [Tporpam-
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MOl pa3BUTHS MHHOBAIIMI M KaApOBOTO MOTCHIINAJA!
«HoBbIe TeXHOIOTMY KOMITO3UTHBIX MaTepHUAIOB 1 HO-
BelIIMX (PyHKIIMOHAIbHBIX MaTepuanioB», «Hoseliime
TIOATOTOBUTEILHBIC TEXHOJIOTHH 1 IIPUKIIATHOE TIPOCK-
THPOBaHME HOBBIX (DYHKIIMOHATBHBIX TUIEHOYHBIX MaTe-
puanoB» 1 «MTHHOBAIIMOHHOE 1 KaIpoBOe 00CCIICUCHIE
of Life xomIto3utoB». Onmpasich Ha 3TU BaXKHEHUIINe
TIaTOPMEI, TabOpaTOPHS TTOIyYMIIa TOCYIapCTBEHHBIC
KJTIOUEBBIC TIPOCKTHI C MEXKIYHAPOIHBIM YIaCTHEM U J0-
CTUIJIA CYIIIECTBEHHBIX PE3yIbTaTOB B MEXKIYHAPOIHOM
COTPYIHUYECTBE M OOMEHE.

B Hacrosiuit MomeHT 1abopatopus o0JiamaeT IJ10-
manbio 25350 KBagpaTHBIX METPOB, C TIEPETOBLIM 000-
pyIOBaHUEM UISI CHHTE3a M 00pabOTKM MaTepHrajoB,
a TaKXKe COBPEMEHHBIMU MHCTPYMEHTATBHBIMM CpPe/I-
CTBaMM JIJTS aHAJIN3a CTPYKTYPhI MATEPUAJIOB, U3YICHUS
MX XapaKTEPUCTUK 1 TECTUPOBAHUS SKCILUTyaTalIMOHHBIX
KadyecTB. OOIIast CTOMMOCTb 00OPYIOBAHMS COCTABIISICT
npuMepHO 350,66 MAIIJIMOHOB I0aHEi.

3HaKOMCTBO C XXypHasiom
«MexpucunnanHapHblie maTepuanbi»

HoBerit HayuHbIM XypHAT « MeXIUCIUTIINHAPHEIE
martepuanbl» (Interdisciplinary Materials) (ISSN: 2767-
441X) obut ocHOBaH YTV m3nareascTBoM «John Wiley &
Sons, Inc» B mexadbpe 2021. ITepBoIif BEITYCK OBLI B STH-

-} nterdisciplinary
I\ aterialsy— ==

seae |

Bape 2022, 1 B TIepBbIe TP ToAa MyOJMKAIIUN B HEM
OynyT O6ecIIaTHBI.

«MexXauCcIUIITMHAPHBIC MAaTePUAJTBI» SIBIISICTCS OT-
KPBITBIM, PELeH3UPYEMBIM U OLICTPONYOIMKYEMbBIM
XKypHaJIOM, OPUEHTUPOBAHHBIM Ha MEXINCIIUTIIN -
HapHBIE UCCIeA0BaHNS Ha CTBIKE MaTepHaOBeIeHUS
1 IPYTUX HAyIHBIX 00JIaCTei, TaKMX KaK (hH3MKa, XUMUSI,
MareMaThKa, MeXaHuKa, OMOJIOTHSI, SHEPTHsI, S9KOJIOTHS,
nH(bOPMAaTHKa, MHXKEHEePHOE UCKYCCTBO 1 Ap. Llemb xKyp-
HaJla — ITyOJIUKAaIIAsl HOBEMIITNX TOCTIKCHNUI B HayKe
1 TEXHHUKE BO BCEM MUpE.

Oxupaercs, 9To «MeXTUCIUTUIMHAPHBIE MaTepU-
aJIbl» BOTIJIOTUT MEXIUCIMUIIMHAPHBINA M CUCTEMHBIN
ITOIXOIBI B M3YUYCHUM MATEePHUAJIOB ST 00ECIICUCHUS
00MeHa HayYHBIMU JOCTIKCHUSIMU MEXKAY CITeIIAaI-
CTaMU M3 pa3INYHbIX o0nacTeil. YuraTeabcKas ayauTo-
pust OyIeT BKIIIOUaTh (DM3MKOB, XAMUKOB, MATEMATHUKOB,
CTIEIIAIMCTOB MO MeXaHWKe, OMOJIOTUY, DHEPTETUKE,
SKOJIOTUM, MaTepUaJIOBeIeHNIO, MHXXEHEPOB M3 aKaze-
MMUYECKHUX 1 OTPACIEBEIX CTPYKTYP, a TAKKe TIPEICTaBU-
TeJIEW TOCYTapCTBEHHOM BJIACTH.

«MexaucunIimHapHble MaTepyalibl» TIPUTIIAIIaeT
Bac mmomaBaTh KauecTBEeHHBIE, COMEPKAIINEC HAYIHYIO
1 TIPaKTUYECKYIO0 HOBU3HY CTaThbU, a TAKXKe PELIeH3UMU,
0030pbl, OTKJIMKU U IPYTO# coaepKaTeIbHbII KOHTEHT,
MPEICTaBIISIOIINI MHTepeC B chepe MEKIUCIIUTIIMHAP-
HBIX MaTepHAaIoB.

Interdisciplinary Materials

ZERXRFHEMBHEHAGTI =

#AdL-E3R 202141285 18H ¢

KoHTakTHas
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On the use of «nature-like nanotechnologies» in the buildings
engineering systems of urban and rural schools
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ABSTRACT: Introduction. Recently, much attention in the publications of scientists has been paid to “nature-like technologies”
in the use of RES - renewable energy sources (sun, wind, heat). At the same time, foreign business, despite the fact that these
sources are low concentrated and seasonal, is actively investing in their development. In Russia, these processes have been devel-
oping slowly, and therefore, on the basis of a system analysis, it seems relevant to justify the correct vector of application of RES.
The article provides evidence of the insolvency of opinions about the insufficiency of the assimilation potential of the biosphere
to compensate for the economic activity of mankind. In this connection, the scientific, technical and socio-economic tasks arise
for the “reengineering of the technosphere” in the structure of the life support systems of society, including educational facilities.
Methods and models. To solve these scientific, technical and socio-economic issues, by analogy with individual residential build-
ings, it is proposed to use “nature-like nanotechnologies” in the engineering systems of schools, and for evaluation - the method of
retro-forecasting the results of introduction of domestic innovations, which has proved its adequacy when solving the problems
of fire and environmental safety of the technosphere in the regions of the South of Russia. Results and discussion. The results of
the synthesis and “virtual implementation” of autonomous engineering systems for school buildings are presented, which allow for
the decentralization of electricity, water and heat supply by generating resources (water, heat and electricity) using the “Shukhov
wind-electric installations” combined with a vortex system extraction of moisture of air, with their duplication by hydro panels
and solar batteries. The calculations have demonstrated that the putting into production of such domestic innovations and the
«reengineering» with their help of the engineering systems of 40 thousand Russian schools will allow autonomization and proper
electricity, water and heat supply, which will ensure their safe functioning in compliance with GOST 12.1.004. Moreover, after the
introduction of an autonomous engineering system in the school, due to the annual savings in budget subsidies for “pedagogical
services’, it becomes possible to increase the monthly salary of each school teacher by 30-40 thousand rubles. Conclusion. The
conducted studies confirm the results obtained in the synthesis of autonomous engineering systems for individual residential
buildings, unequivocally determining the place of RES in the structure of resource supply systems for cities and rural settlements.

KEY WORDS: nature-like nanotechnologies, decentralization of school resource supply, safety, autonomous engineering system,
reliability, fire and energy damage, quality of resources, renewable energy sources (RES).
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INTRODUCTION

I domestic publications, the term “nature-like
ntechnologies” has been used for the last 15 years
[1-8], and in 2016 Corresponding Member. RAS Kov-
alchuk M.V. gave them the following “decoding” [9]:

“nature-like technologies” — to refer to fundamentally
new methods and means of generating and consuming energy
on the model of wildlife,

© Belozerov V.V., Belozerov VI. V., 2022

“nature-like technosphere” — to describe its new look,
which consists in the restoration of a natural self-consistent
resource turnover, which should be created by convergent
nano-, bio-, information, cognitive and socio-humanitarian
technologies (NBICS technologies)”.

In September 2018, during forum in Sochi, the Presi-
dent of the Russian Academy of Sciences Academician
Sergeyev S.M. proposed to replace the term “nature-like
technologies” with the concept of “reengineering of na-
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ture”, which, according to the authors, also does not cor-
respond to the essence of adaptive nature management in
the framework of the co-evolution of the technosphere
with the biosphere [10,11].

Unlike the Kyoto Protocol and other “non-scientific
documents”, the authors agree with Professor Kokin A.V.,
who proved that “..the contribution of human economic
activity remains insignificant in relation to the energy po-
tential of the biosphere that has accumulated it over billions
of years of evolution”, and “the ability these perturbations
in from of human economic activity in terms of mass and
energy, the time of its formation and development, exceeds
them millions of times” [12, 13].

Therefore, we should not talk about «reengineering
of nature», which “mankind is beyond the power of”,
but about the reengineering of the technosphere (state
district power station, boiler houses and thermal power
plants, transport, industrial facilities, engineering systems
of buildings and structures, etc.), whose technologies
“burn oxygen” from the atmosphere and emit toxic gases,
dust, liquid and solid wastes, etc. into the environment,
generating the fire-energy harm |[5, 6].

As noted earlier, in modern economic theories and
models, as a rule, the concept of a goods (public, col-
lective and private) is used without taking into account
the dialectical unity with their opposite — harm (public,
collective and private), which does not correspond to
nature current developments, and, therefore, makes any
technical and economic assessments of “technosphere
reengineering” inadequate, incl. with the help of innova-
tions and nanotechnologies [6, 11, 14].

The only acceptable way to solve such problems, in our
opinion, is the method of retroforecasting sacure life-ac-
tivity [15], which has proven itself in the socio-economic
assessment of the “virtual implementation” of decen-
tralized autonomous engineering systems in individual
residential buildings, and its fundamental difference lies
in the forecast vector, which rushes from the “current” to
the “past”, and its phase space is built not on “imaginary
data”, the dispersion of which is large, but on “histori-
cal”, i.e. on statistically reliable events in the past, which
are established by experts and documented, i.e. on data
with practically “zero variance” [11, 15].

METHODS, MODELS AND TOOLS

Currently, as follows from the statistical analysis
performed by the National Research University Higher
School of Economics, the number of school-age chil-
dren (from 7 to 18 years old) studying in 16.8 thousand
urban and 22.6 rural schools (Table 1) is about 16.9 mil-
lion people. (Fig. 1). At the same time, about 1.1 million
teachers are involved in the learning process (Fig. 2) [16].

A system analysis of the functioning of educational
facilities, in particular the engineering systems of school
buildings and auxiliary facilities (sports grounds, etc.),
made it possible to identify the processes of “turning con-
sumed resources” (of electricity, water, gas, heat, etc.)
“into a collective harm” (fire-energy, environmental, etc.)
with the help of electrical, gas and other devices used in
the educational process. It is essential that the quality of
the resources centrally consumed by educational facilities

HIGHER

EDUCATION

1.0 thousand people

assistants,
Internship

55.8 thousand people
Ordinateurs

87.8 thousand people
Postgraduate studies

4049.3 thousand people
bachelors,

specialists,

Undergraduates

GENERAL
EDUCATION

7.4 million people
preschool education

16.9 million people
primary and secondary
education

SECONDARY
VOCATIONAL
EDUCATION

2.8 million people
mid-level specialists

0.6 million people
skilled workers

and employees

Fig. 1. The number of students and students by type of education
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Table 1
Number of objects of education
Objects of education 2001 2006 2011 2018 2019 2020 2021
Total 68804 63174 50793 41958 41349 40823 40346
State, including: 68169 62448 50128 41103 40498 39966 39462
in cities and towns 22694 4321 19505 17111 17004 16907 16812
in the countryside 45475 40705 30623 23992 23494 23059 22650
Primary, basic and secondary general education r— Total - 4324.0 billion rubles ——
Teachers \X~
& Quantity, thousand Education, % B age, % &
A people Higher - 87.0 up to 35 years - 23.1

people

2.8 Higher - 50.4

1087,3 over55-26.0 Per student, thousand rubles
Secondary vocational education .
preschool secondary vocational
Teachers . education @ education
& ‘_:'. =¥ Quantity, thousand R Education, % =] Age, % i 135 ‘L 135
people Up to 35 years - 222
142.2 Higher- 95.9 Over 60 years - 21.6 general education higher education
Industrial Training Masters @ i -
& Quantity, thousand [T Education, % B Age, % 109 393

Up to 35 years - 20.7
Over 60 years - 20.8

Fig. 2. Number of teachers and costs per student, by type of education

(of water, electricity, heat, gas), especially in rural areas,
does not meet state standards, and in comparison, with
autonomous systems, it is ten times worse [17].

American scientists have come to the conclusion that
the installation of solar batteries on the roofs of schools
can provide up to 75% of the required electricity, which
will reduce emissions from educational facilities by 28%,
because in this case, schools can be disconnected from the
centralized electricity and heat supply by thermal power
plants, which running on coal and natural gas, emissions
from which pollute the atmosphere [18].

Thus, according to the US Department of Energy,
schools with 12 years of education spend more than 6 bil-
lion dollars a year on electricity, and this is the second
largest expense item after wages [19].

In our country, averaging the “regional unevenness” of
teachers’ remuneration, which is included in current costs,
the “cost of teaching services per student” in a secondary
school per year (Fig. 2) is 109.0 thousand rubles [16].

At the same time, the average percentage of expenses
for the maintenance of a school for 445 students, which,
according to our calculations taking into account differ-
ent regions, is optimal (Table 2), is 55.1% of state subsi-
dies, and each student accounts for 54.2% of the “cost of
a pedagogical service” [20—22].

On April 12, 2022, United Russia deputies submitted
a draft law to the State Duma that would exclude the

term “educational service” from the legislation, because
the wording “service in the field of education” discredits
the mission of a teacher. “I believe that the very concept of
education as a service is erroneous and does not correspond
to our national traditions. The teacher does not provide
a service. He participates in the personality formation of
students, in fluences their worldview, system of values, views.

These views of yesterday’s schoolboy or a student then carry
through their whole lives,” — had wrote Andrei Turchak,

Secretary of the General Council of United Russia [23].

It took almost 30 years to understand the harm of
«foreign market theories of education» and return to the
pedagogical heritage of Russian scientists Lesgaft P.D.
and Makarenko A.S. which is based on the doctrine of the
unity of the physical and spiritual growth of an individual.
They considered physical exercises as a means of not only
physical, but also intellectual, moral and aesthetic de-
velopment of the schoolchildren, while emphasizing the
importance of a reasonable combination, mutual influ-
ence of mental and physical education [24, 25].

“It is necessary,” Lesgaft P.D. wrote, “that mental and
physical education go in parallel, otherwise we will disrupt
the correct course of development in those organs that will be
left without exercise.” Just like Sechenov I.M., Lesgaft P.D.
argued that movements and physical exercises are a means
of developing the cognitive abilities of schoolchildren, and
therefore, “systematic exercises are needed in the simple and
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Table 2

The amount of standard costs for maintenance of educational facilities

The size School maintenance costs, (thousand rubles)
. < Salary,
Ne, Object of subsidies, thousand . . .
p.p education thousand o Exp‘lmta- Curre‘nt on in % on in % of the
roubles roubles tion repair 1 student 1 student subsidy
St. Petersburg:
1 | school for (8829592f0%) 53087.0 33040.9 3797.1 33.05 (3338'53/?09) 40.9%
825 students ’
St. Petersburg:
2 | school for (22123.9(1)009) 7052.7 13036.9 2800.4 75.42 (7562'22/?09) 69.2%
210 students ’
Novosibirsk:
3 | school for (507(??(1)009) 53362.0 30350.1 3487.9 42.87 (3393'/31789) 38.8%
800 students ’

Fig. 3. Swimming pool (a) and tennis court (b) from ASS

complex games, swimming, skating and skiing, in wrestling
matches, in hiking and excursions”, and Makarenko A.S.
has proved that labor lessons are also must be included
in this list. In other words, a cyclic change of natural and
humanitarian subjects with sports disciplines (such as
volleyball, basketball, tennis, wrestling, etc.) and labor
lessons is necessary [24, 25].

Given that such a harmonious development of school-
children requires additional engineering structures and
significant material costs, in particular, for the construc-
tion of a swimming pool and a tennis court (Fig. 3), for
example, using air support structures (ASS). We include
into a final assessment for the effectiveness of reengineer-
ing of schools the costs for construction in the amount of
3.0 million rubles. for one school, i.e., 118.4 billion rubles
for 39,462 public schools [26].

By analogy with individual houses [17], we calculate
an autonomous duplicated system of electricity, heat,
water supply for a school for 450 students, which is smaller
than a typical “Soviet school” (Fig. 4) and accordance
with the project (Fig. 5) has the following parameters [27]:

heating season — 168 days,

energy consumption for heating — 325090 W (kcal/h),

LRCATT
NEng

Fig. 4. School building according to the standard
project 65-426/1 for 960 students

energy consumption for ventilation — 217710 W
(kcal/h),

energy consumption for hot water supply — 71640 W
(kcal/h),

estimated electricity consumption — 112 kW,

cold water supply — 9.04 cubic meters. m per day
(1.4 liters per second).

If we use “Shukhov wind turbines” of maximum pow-
er (7 kW) instead of a rotor in “Samara Vortex Springs”

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (3):
217-226

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

CURRENT ISSUES OF NANOMATERIALS AND NANOTECHNOLOGIES USE IN CONSTRUCTION

)]

c [ ." — — i - . ’

=
- !

~ pd
~— |~ e
I —
o = al= '
i ;

-*—: | - to
A

T t.m--.- B R

| — : i

i ~— hd

N - 7
-
- 1

Fig. 5. Layout of the roof of the school for 450 places with wind turbines (i), hydropanels (~w)

and solar batteries (mmmmm)

[28, 29], which are placed along the perimeter on the
roof of the school (Fig. 5b) in the amount of 12 installa-
tions, costing 1 each, 0 million rubles each, we will get
the required volume of water supply with high-quality
cold water (9.6 cubic meters per day) and high-quality
electricity in the amount of 84 kW.

The necessary “addition” of 33 kKW to the consumed
electricity and duplication of electricity and water sup-
ply (similar to individual residential buildings) should be
carried out using domestic solar batteries (for example,
SilaSolar 330W PERC 5BB in the amount of 100 pieces,

with a total cost of 1.5 million. rub.) and hydropanels
(for example, UNISORB in the amount of 40 units, with
a total cost of 1.3 million rubles), which are located on
the roof of the school, and atmospheric water generators
are installed in the dining room, in the corridors and in
the halls of the floors (for example, T-88 “Soyuz” in the
amount of 10 units, with a total cost of 1.2 million rubles)
[28].

Thus, the one-time cost of equipment for one school
of such a duplicated system will amount to 16 million
rubles. And it remains to evaluate the volumes and terms
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of financing the proposed autonomization and its contri-
bution to the existing generation and delivery of electric-
ity, water and heat to educational facilities, as well as the
method for implementing the proposed decentralization
of school resource supply.

If we consider only urban educational facilities, of
which there are 16812 today, then the installation of such
autonomous engineering systems for providing school
resources (AESS) in them will require 268.9 billion rubles.
In this case, we get the following volumes of resources
produced with the help of nanotechnologies in schools
during the year:

drinking water supply — 56 billion liters or 55.5 million
cubic meters. m.;

hot water supply — 703 million liters or 0.7 million
cubic meters; m.;

power supply — 687.3 million kW/h;

heat supply — 289.9 thousand Gecal (for the heating
season of 6 months — 0.0342« 6+ 50 = 10.26).

To equip the remaining 22650 rural schools, which,
as a rule, have an order of magnitude smaller number of
students, occupied space, and consumption of resources,
another 22.35 billion rubles will be required and the total
amount of resources produced by AESS per year will be:

drinking water supply — 5.6 billion liters or 5.6 million
cubic meters. m;

hot water supply — 70.3 million liters or 0.1 million
cubic meters. m.;

power supply — 68.7 million kW/h;

heat supply — 29.0 thousand Gecal.

Savings in budget costs for the maintenance of build-
ings and structures of schools can be estimated at 54.2%
of the average “cost of a pedagogical service per student”:

109000 rubless16893700 accounts«0.542 =
998.046 billion rubles per year

We list the advantages of this approach for schoolchil-
dren and our state, built taking into account the processes
of self-organization:

firstly, schoolchildren and teachers are provided with-
out interruption with high-quality electricity, heating,
cold and hot water, and schools save on paying for it;

secondly, schoolchildren and teachers really par-
ticipate in solving the problem of “reengineering of the
technosphere” with the help of “nature-like nanotech-
nologies”, saving budgetary funds on payment for elec-
tricity, water and heat, which should be directed to the
depreciation of equipment and its current maintenance,
including AESS (50%), and the rest (50%) — to increase
the salaries of teachers;

thirdly, the state ensures the growth of the share of
alternative energy in the overall balance, stimulates the
production of solar batteries and hydropanels, wind tur-
bines, drinking water generation devices and other devices
included in the AESS, which increases the gross domestic
product (GDP) and the number of high-tech jobs.

What hinders the implementation of such an ap-
proach?

Firstly, the lack of a systematic approach to alternative
energy, as evidenced by our data on the erroneous vector
of its development, “laid in 2009” by the Government of
the Russian Federation [30].

Secondly, the lack of systemic support in the produc-
tion of domestic innovations in wind energy, and in the
generation of drinking water, and in the production of
“budget” hydropanels, and in the production of solar
batteries.

Thirdly, and this is the main reason — in the absence
of political will and an appropriate regulatory framework,
to “direct business in the right way”, to ensure the well-
being and safe life of the people, and not to increase the
fire and explosion hazard from “thoughtless gasification of
the village” and poor-quality electricity, water, heat sup-
ply of the residential sector and households, with “super
profits” of resource-extracting and resource-supplying
companies [17, 31].

For retroforecasting of the introduction of AESS in
Russian schools, we had presented a selection of the nec-
essary parameters from statistical studies of the Higher
School of Economics [32] and calculate the necessary
parameters for the reengineering of Russian schools from
2009 to the present (Table 3) i.e., since the adoption of
the erroneous decision of the Government of the Russian
Federation [15, 30].

To determine the “speed” of the deployment of the
proposed autonomization of schools, incl. determining
financing for the production and installation of AESS in
the regions, we use the “model of organizing 85 regional
public-private partnership enterprises” (PPP) for the
production of AESS equipment and its transfer to city
and district branches/sites of the PPP enterprise for the
assembly and installation of “specified AESS”, consist-
ing [11, 17, 33]:

— from “Shukhov wind-electric generators” with vortex
generators - sources of atmospheric water;

— from UNISORB hydropanels;

— from solar batteries;

— from inverters-meters-detectors;

— from battery charge controllers-detectors;

— from devices for generating cold and hot water from
air (GHGW);

— from domestic multi-split systems-detectors;

Branches/sites of the same 85 PPP enterprises located
in cities and regional centers of the regions provide the
projects of specified of AESS for “binding” already to
the school (SAESS — with a specific number of hydro-
panels and HGW devices, with Shukhov wind-electric
generators, combined with vortex generators — sources
of atmospheric water, and with a specific number of solar
batteries with inverter-detectors and controller-detectors
of battery charge, as well as with domestic multi-split
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Table 3
Statistics and calculation of the parameters of objects and subjects of education in the Russian Federation
Subsidy for | Number Num- Savings Savings Supole-ment
Years/ | 1school- | ofschool- | Number ber of Number | Num-ber | ASS costs | AESS costs with Alé;SS in scho-ol toI;epacher’s
Op- children children of city cit of rural | of rural (million (million (million with AESS salary at
tions | (thousand | (thousand | schools y schools AESS rubles) rubles) (million y
AESS rubles) AESS (rub.)
rubles) people) rubles)
2010 112.0 13374.2 19904 1659 31728 2644 12908.0 35662.1 67655.5 15.724 31120
2011 108.0 13655.7 19505 3284 30623 5196 25440.0 70493.7 135224.2 15.946 30641
2012 104.0 14570.8 19106 4876 29518 7656 37596.0 104495.0 | 211599.0 16.885 31470
2013 99.9 15485.9 18707 6435 28413 10023 49376.0 137665.8 | 292930.1 17.798 32146
2014 100.8 15626.7 18308 7961 27308 12299 60779.9 170006.3 | 379277.7 18.721 32734
2015 101.7 15767.5 17909 9453 26203 14483 71807.9 201516.5 | 471758.6 19.709 33326
2016 99.9 16260.2 17510 10912 | 25098 16574 82459.8 232196.2 | 567776.1 20.657 33737
2017 98.0 16752.9 17111 12338 | 23992 18574 92735.6 262045.4 | 669217.8 21.649 34109
2018 99.5 16682.5 17058 13760 | 23743 20552 102935.7 | 291758.4 | 756595.2 22.051 34486
2019 101.0 16612.1 17004 | 15177 | 23494 22510 113060.2 | 3213352 | 846254.8 22.455 34858
2020 105.0 16752.9 16908 | 16586 | 23072 22650 117707.2 | 345406.0 | 935660.1 23.847 36546
2021 109.0 16893.7 16812 | 16812 | 22650 22650 118385.4 | 349200.7 | 998040.7 25.291 38257

systems-detectors, depending on the number of places

in the school).

In this case, we will obtain the following additional
production plans for each of the 85 PPP enterprises in the
regions [11, 17] from 2009 (from the moment of putting
into production and production of complexes) to 2021:

1. For 12 years, 16812 SAESS complexes (from 1659
to 1409 per year) must be produced and installed for ur-
ban schools, and 22650 SAESS complexes (from 2644
to 140 per year) for rural schools, i.e. 464 complexes at
each of the 85 PPP enterprises in the regions (from 51 to
18 per year), which, with 247 working days a year, will be
from 1 complex per week to 1 complex per two weeks.
Therefore, we will clarify the cost of the corresponding
“average specifications” for urban and rural schools.

For a city school, the average cost will be 16.79 million
rubles. with the following specification:

— 12 “Shukhov” vortex wind-electric generators with
vortex generators — sources of atmospheric water —
12.0 million rubles;

— 40 sets of 4 UNISORB hydropanels — 1.3 million
rubles;

— 100 solar batteries — 1.5 million rubles;

— 20 inverter detectors — 0.57 million rubles;

— 20 charge detector controllers with rechargeable bat-
teries — 0.27 million rubles;

— 10 HCHG devices — 1.15 million rubles;

— 10 domestic multi-split systems-detectors — 0.9 mil-
lion rubles.

For a rural school, the average cost will be 2.955 mil-
lion rubles. with the following specification:

1 “Shukhov” vortex wind-clectric generator with

a vortex generator — sources of atmospheric water —

1.0 million rubles;

— 4 sets of 2 UNISORB hydropanels — 0.48 million
rubles;

— 10 solar batteries — 0.2 million rubles;

— Sinverter detectors — (.25 million rubles;

— 5 charge detector controllers with rechargeable bat-
teries — 0.1 million rubles;

— 5 HCHG devices — 0.575 million rubles;

— 5 domestic multi-split systems-detectors — 0.45 mil-
lion rubles.

2. The total annual volume for each regional PPP
enterprise will be from 51 to 18 SAESS worth from 35.6
to 23.4 billion rubles. per year (Table 3), and the total
production of SAESS complexes for 39,462 schools over
12 years will amount to 349.2 billion rubles.

3. The specification, installation, commissioning and
ongoing maintenance of AESS in 39,462 schools over
12 years in 85 subjects will require 69.84 billion rubles,
and the average annual volume of branches / sites of one
PPP enterprise will be 68.47 million rubles. Consequently,
the additional staffing for one head PPP enterprise in
the region, similarly assuming that SAESS is considered
a high-tech product in accordance with the Decree of
the Government of the Russian Federation [34], will be
71 specialists (342.4 million rubles / 4.8 million rubles).
rub.). At the same time, the additional number of its
branches / sites, whose design and installation activities
are also considered high-tech, will average 15 specialists
(69.84 million rubles / 4.8 million rubles), i.e. 1 staff unit,
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on average, per one branch / site in the constituent entity
of the Russian Federation.

Thus, the total number of high-tech jobs in 85 con-
stituent entities of the Russian Federation will increase
by 7310 units and, taking into account the production
of complexes for 10.0 million individual houses in the
regions of Russia, will amount to 118574 [11].

Taking into account that the «speed of production
and implementation» of AESS is from 4333 to 1409 com-
plexes per year, and the average savings in budget funds
for “pedagogical services per student” will be 54.2%, the
calculation of the “economic efficiency” of the autono-
mization of engineering systems was carried out Russian
schools (Table 3).

Adding to the annual costs, the cost of building
a swimming pool and two tennis courts in each school,
with the use of air support structures and automatic
control of their functioning in the amount of 3.0 million
rubles, we get the total amount of such modernization in
the amount of 467.59 billion rubles.

Thus, if, as a result of a systematic approach to alterna-
tive energy, the Government of the Russian Federation
would adopt a Decree on the deployment of autonomous
engineering systems in schools, as well as on support for
the production of domestic innovations in wind energy, in
the generation of drinking water from the atmosphere, the
production of “budget” hydropanels and solar batteries
in 2009, then by 2021 almost all Russian schools would
have been transferred to a decentralized resource sup-
ply of electricity, heat and water, by saving budget funds
for education, and from 2022, fully paying back almost
500 billion rubles costs, get annual budget savings in the
same amount! At the same time, every year in schools,
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sible and effective with the help of nanotechnologies in
engineering systems not only in individual residential
buildings, but also in school buildings.

1. Belozerov V.V., Boguslavsky E.I., Pashchinskaya V.V., Prus Yu.V. Adaptive systems of entropy suppression in the
technosphere. Successes of modern natural science. 2006. 11: 59-62.

2. Kovalchuk M. V. Nanotechnologies - the foundation of a new science-intensive economy of the XXI century.
Bulletin of the Institute of Economics of the Russian Academy of Sciences. 2008. 1: 143—158.

3. Kovalchuk M. V. Convergence of sciences and technologies — a breakthrough into the future. Russian Nano-

technologies. 2011. 6(1-2): 13—23.

4. Kovalchuk M. V., Naraykin O. S., Yatsishina E. B. Convergence of sciences and technologies and the formation
of a new noosphere. Russian nanotechnologies. 2011. 6(9-10): 10—13.

5. Belozerov V.V., Pashchinskaya V.V. Bioarchitecture of transport and energy infrastructures. In: Modern trends in
regional development: balance of economics and ecology: coll. materials of the All-Russian Scientific and Practical Confer-

ence. Makhachkala: ISEI DSC RAS; 2014. p. 138—146.

6. Belozerov V.V. On the probabilistic-physical and entropy approaches to combustion processes and the definition
of fire danger. Safety of technogenic and natural systems. 2021. 4: 36—51. Available from: https://doi.org/10.23947/2541-

9129-2021-4-36-51.

7. Kovalchuk M. V., Naraykin O. S., Yatsishina E. B. Convergence of sciences and technologies - a new stage of
scientific and technical development. Questions of Philosophy. 2013. 3: 3—11.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.23947/2541-9129-2021-4-36-51
https://doi.org/10.23947/2541-9129-2021-4-36-51

Nanotechnologies in construction 2022; 14 (3): U/
HaHoTexHonorum B cTponTenbcTBe 217-226 NanObL" |

CURRENT ISSUES OF NANOMATERIALS AND NANOTECHNOLOGIES USE IN CONSTRUCTION

8. Belozerov V.V., Kirlyukova N.A., Pashchinskaya V.V. About nature-like technologies for road safety management.
In: Improving the international competitiveness of Russian innovative products and technologies of enterprises of the Rostov
region: collection of scientific papers. I International Scientific and Practical Conference, within the framework of the Open
International Scientific and Practical Forum «Innovations and Engineering in Forming the Investment Attractiveness of the
Region». Rostov on /Don: DSTU; 2016. P. 40—44.

9. Kovalchuk M.V., Naraykin O.S. Nature-Like Technologies — New Opportunities and New Threats. Security
Index. 2016; 22(3-4): 103-108.

10. Sergeev A.M. Scientific support for the implementation of the priorities of scientific and technological develop-
ment of the Russian Federation. Introductory speech by the President of the Russian Academy of Sciences, Academician
of the Russian Academy of Sciences A.M. Sergeeva. Bulletin of the Russian Academy of Sciences. 2019; 89(4): 309-310.
Available from: https://doi.org/10.31857/S0869-5873894309-310

11. Belozerov V.V., Nikulin M.A., Belozerov VL.V. On the socio-economic assessment of the reengineering of the
technosphere with the help of «nature-like technologies». Nanotechnologies in construction. 2022; 14(2): 119—136.
Available from: https://doi.org/10.15828/2075-8545-2022-14-2-119-136 .

12. Kokin A.V., Kokin A.A. Nature-like technologies and balanced environmental management in the conditions
of modern economy. State and municipal management. Scientific notes. 2020; 1: 131-136. Available from: https://doi.
org/10.22394/2079-1690-2020-1-1-131-136.

13. Kokin A.V. Assimilation potential of the biosphere. Rostov-on-Don: North Caucasian Academy of Civil Service;
2005.

14. Oleinikov S.N. To the justification of the fire taxation system for the prevention of fires and compensation for
losses from them. Modern technologies for civil defense and emergency response. 2012; 1(3): 87-89.

15. Belozerov V.V., Oleinikov S.N. Retroforecast of fires and their consequences as a method for evaluating the
effectiveness of innovations in the field of fire safety. Security Issues. 2017; 5: 55-70. Available from: https://doi.
org/10.25136/2409-7543.2017.5.20698.

16. Education in numbers: 2021: a brief statistical collection /L. M. Gokhberg, O. K. Ozerova, E. V. Sautina and
others. Moscow: NRU HSE; 2021.

17. Belozerov V.V., Voroshilov 1.V., Oleinikov S.N., Belozerov V1.V. Synthesis of life support nanotechnologies into
a replicable autonomous engineering system of an individual residential building. Nanotechnologies in construction.
2022; 14(1): 33-42. Available from: https://doi.org/10.15828/2075-8545-2022-14-1-33-42.

18. Nichole L Hanus, Gabrielle Wong-Parodi, Parth T Vaishnav, Naim R Darghouth, Inés L Azevedo. Solar PV
as a mitigation strategy for the US education sector. Environmental Research Letters, 2019; 14(4): 044004. Available
from: https://doi.org/10.1088/1748-9326/aafbcf.

19. US EIA Commercial Building Energy Consumption Survey — Washington, DC: US Energy Information Ad-
ministration, 2012 - Available from: https://eia.gov/consumption/commercial/data/2012/.

20. Law of the Primorsky Territory of 05.12.2018 N 409-KZ “On subventions to ensure state guarantees for the
implementation of the rights to receive public and free preschool, primary general, basic general, secondary general,
additional education for children in municipal educational organizations of Primorsky Krai (as amended) December
24,2021) [Electronic resource]. Available from: https://docs.cntd.ru/document/550274837 [Accessed 6th March 2022].

21. Decree of the Government of St. Petersburg dated July 29, 2014 No. 668 “On measures to implement the Agree-
ment on the creation and operation on the basis of public-private partnership of buildings intended to accommodate
educational institutions on the territory of quarters II, ITI, I'V and VI residential «Slavyanka» district of the Pushkinsky
district of St. Petersburg [ Electronic resource]. Available from: https://docs.cntd.ru/document/822403752#7DA0K6
[Accessed 6! March 2022].

22. Decree of the Government of the Novosibirsk Region dated June 26, 2018 N 272-p “On the establishment of
a wage system for employees, the conditions for remuneration of managers, their deputies, chief accountants and the
size of the maximum level of the ratio of the average monthly salary of managers, their deputies, chief accountants and
the average monthly wage salaries of employees of state institutions of the Novosibirsk region (as amended on August
17, 2021) [ Electronic resource]. Available from: https://docs.cntd.ru/document /465723122 [Accessed 6" March 2022]

23. The concept of “educational service” will be canceled at the legislative level [Electronic resource]. Availabe
from: https://mel.fm/zhizn/povestka/4982503-ponyatiye-obrazovatelaya-usluga-otmenyat-na-zakonodatelnom-
urovne-a-chto-s-nim-voobshche-bylo-ne-tak [Accessed 6" March 2022].

24. Air support structures [ Electronic resource]. Availabe from: https://duol.eu/ru/innovacionnye-konstruktivnye-
resenija/vozdukhoopronyye-sooruzheniya?yclid=16775673142742876159 [Accessed 6" March 2022].

25. Taimazov V. A., Kuramshin Yu. F., Maryanovich A. T., Petr Frantsevich Lesgaft. History of life and activity.
St. Petersburg: Printing yard. Gorky; 2006.

http://nanobuild.ru 225 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.31857/S0869-5873894309-310
https://doi.org/10.15828/2075-8545-2022-14-2-119-136
https://doi.org/10.22394/2079-1690-2020-1-1-131-136
https://doi.org/10.22394/2079-1690-2020-1-1-131-136
https://doi.org/10.25136/2409-7543.2017.5.20698
https://doi.org/10.25136/2409-7543.2017.5.20698
https://doi.org/10.15828/2075-8545-2022-14-1-33-42
https://doi.org/10.1088/1748-9326/aafbcf
https://eia.gov/consumption/commercial/data/2012/
https://docs.cntd.ru/document/550274837
https://docs.cntd.ru/document/822403752#7DA0K6
https://docs.cntd.ru/document/465723122
https://mel.fm/zhizn/povestka/4982503-ponyatiye-obrazovatelaya-usluga-otmenyat-na-zakonodatelnom-urovne-a-chto-s-nim-voobshche-bylo-ne-tak
https://mel.fm/zhizn/povestka/4982503-ponyatiye-obrazovatelaya-usluga-otmenyat-na-zakonodatelnom-urovne-a-chto-s-nim-voobshche-bylo-ne-tak
https://duol.eu/ru/innovacionnye-konstruktivnye-resenija/vozdukhoopronyye-sooruzheniya?yclid=16775673142742876159
https://duol.eu/ru/innovacionnye-konstruktivnye-resenija/vozdukhoopronyye-sooruzheniya?yclid=16775673142742876159

Nanotechnologies in construction 2022; 14 (3): U/
HaHoTexHonorum B cTponTenbcTBe 217-226 NanObL" ]

CURRENT ISSUES OF NANOMATERIALS AND NANOTECHNOLOGIES USE IN CONSTRUCTION

26. Korableva T. F. Philosophical and ethical aspects of the theory of the collective A.S. Makarenko: dis. ... cand.
philosophy Sciences: 09.00.05. Moscow; 2000.

27. Construction of a new building of the municipal state educational institution «Secondary School No. 9» with
sports and dining halls in the city of Blagodarny on the street. Lenina, 251. Available from: https://www.minstroyrf.
ru/upload/repeat_projects/189-shkola-v-g-blagodarnyy.zip [Accessed 6™ March 2022].

28. Samara scientists have learned how to turn hot wind into cold water Available from: https://63.ru/text/sci-
ence/2018/10/31/65569101/ [Accessed 6™ March 2022].

29. Biryuk V.V., Sheludko L.P., Gorshkalev A.A., Shimanov A.A., Belousov A.V., Gallyamov R.E. Device for
obtaining water from atmospheric air and generating electricity. Patent RF 2620830 dated 2016-09-03.

30. Decree of the Government of the Russian Federation of 08.01.2009 No. 1-r “The main directions of state
policy in the field of increasing the energy efficiency of the electric power industry based on the use of renewable
energy sources for the period up to 2020” [Electronic resource]. Available from: http://government.ru/docs/20503/
[Accessed 6! March 2022].

31. Dolakov T.B., Oleinikov S.N. Model of an automated microsystem for accounting for energy resources and
fire and explosion protection of the residential sector. Electronics and Electrical Engineering. 2018; 2: 48-72. Available
from https://doi.org/10.7256/2453-8884.2018.2.26131.

32. Indicators of education: 2020 - statistical collection / N.V. Bondarenko, D.R. Borodina, L.M. Gokhberg and
others. — Moscow: NRU HSE, 2020.

33. Belozerov V.V. «Intellectual» system of ventilation and air conditioning in apartments of multi-storey buildings
and in individual residential buildings with nanotechnologies for protection against fires and explosions. Nanotechno-
logies in construction. 2019; 11(6): 650—666. Available from: https://doi.org/10.15828/2075-8545-2019-11-6-650-666.

34. Decree of the Government of the Russian Federation of January 17, 2020 No. 20-r “On the Strategy for the
Development of the Electronic Industry of the Russian Federation for the period up to 2030. Available from: http://
static.government.ru/media/files/1 QkfNDghANiBUNBbXaFBM69Jxd48ePeY.pdf (date of access 25.12 .2021).

35. GOST 12.1.004-91 Fire safety. General requirements. Moscow: Ed. Standards, 1992.

INFORMATION ABOUT THE AUTHORS

Valery V. Belozerov - Dr. Sci. (Eng.), Associate Professor, Professor of the Department of Automation of Production Processes, Don
State Technical University, Rostov-on-Don, Russia, safeting@mail.ru, https://orcid.org/0000-0001-6999-7804

Vladimir V. Belozerov - Cand. Sci. (Eng.), Associate Professor, Department of Automated Control Systems, Don State Technical
University, Rostov-on-Don, Russia, isagraf@mail.ru, https://orcid.org/0000-0003-4758-1036

CONTRIBUTION OF THE AUTHORS

Belozerov V.V. - general scientific guidance; analytical review of «nature-like approaches», including the results of own research;
adaptation of the retroforecast method to RES; findings.

Belozerov VL.V. - participation in the simulation of SAESS; development of the structure and design, installation and commissioning
functions of the branches of PPP enterprises; calculations using the retro forecast method and the design of sections.

The authors declare no conflicts of interests.

The article was received by the editors 19.04.2022; approved after review 17.05.2022; accepted for publication 26.05.2022.

http://nanobuild.ru 226 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://www.minstroyrf.ru/upload/repeat_projects/189-shkola-v-g-blagodarnyy.zip
https://www.minstroyrf.ru/upload/repeat_projects/189-shkola-v-g-blagodarnyy.zip
https://63.ru/text/science/2018/10/31/65569101/
https://63.ru/text/science/2018/10/31/65569101/
http://government.ru/docs/20503/
https://doi.org/10.7256/2453-8884.2018.2.26131
https://doi.org/10.15828/2075-8545-2019-11-6-650-666
http://static.government.ru/media/files/1QkfNDghANiBUNBbXaFBM69Jxd48ePeY.pdf
http://static.government.ru/media/files/1QkfNDghANiBUNBbXaFBM69Jxd48ePeY.pdf

Nanotechnologies in construction 2022; 14 (3):
HaHoTexHONorum B cTpouTtenbCcTBe 217-226

MPOBJIEMbI MPUMEHEHUA HAHOMATEPUAJIOB U HAHOTEXHOJ1IOMW B CTPOUTE/IbCTBE

HayuHan cTaTba
YK 697.97+614.844:614.838
https://doi.org/10.15828/2075-8545-2022-14-3-217-226

CCBY 4.0

O npyumeHeHUN «NPUPOAONOJAO06HBIX HAHOTEXHONOTNIAY
B HXXE@HEPHbIX CCTeMaX 3AaHNIN rOPOACKUNX N CeNIbCKUX LLUKON

Banepui BnagumupoBuy benosepos* (°), Bnagumup BanepbeBuu benosepos
[loHcKoM rocyfapCTBEHHbIV TeXHUYeCcKnii yHnsepcuteT, Poctos-Ha-[loHy, Poccua

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: safeting@mail.ru

AHHOTALUA: BBegeHue. B nocneHee Bpems 60/bluoe BHUMaHWE B NyONMKaLUMAX YUEHbIX U CMELManCTOB YAENAETCA «Mpupo-
J0MoA06HBIM TEXHOOTMSAIMY» B BOMPOCAX MCMOJIb30BaHNA Tak Ha3biBaeMbix B3 — BO306HOBNSIEMbIX MICTOUHUKOB SHEPTUN (CONHLA,
BETpPa, Tenna). Mpun 3Tom 3apy6exkHbIi GU3HEC, HECMOTPSA Ha TO, UTO YKa3aHHbIE MCTOUYHMKU ABNAIOTCA HA3KO KOHLIEHTPUPOBAHHbBIMM
1 CE30HHbIMM, aKTVBHO BKNaAbiBaeT MHBECTULMN B UX pa3Butre. B Poccnn 3tn npoueccol pa3BmBaloTca MeasieHHO, B CBA3M C Yem
Ha OCHOBE CUCTEMHOTO aHanun3a NpPefCTaB/seTCs akTyalbHbiIM 060CHOBATb NPaBWUIIbHbIV BEKTOP NprMeHeHus BU3. B ctatbe
NPUYBOAATCA AOKa3aTeNlbCTBa HECOCTOATENBHOCTA MHEHUIA O HEJOCTAaTOYHOCTM aCCUMUIISILMOHHOTO NoTeHuUmana bruocdepbl ans
KOMMeHcaLmn X03ANCTBEHHON AeATeNIbHOCTM YenoBeyecTsa. B cBA3M ¢ yem 1 BO3HMKAIOT HayYHO-TEXHUYECKME 1 COLMANbHO-IKOHO-
MUYecKre Npobembl B «PEUHXMHUPUHTE TeXHOCdEepbI» U B CTPYKTYpPE CUCTEM K3HeobecneueHus obLLecTBa, B TOM Yncsie Ha 06b-
eKTax obpa3oBaHus. MeTogbl, Mogenu n cpeacTBa. 111 pelleHuns yKka3aHHbIX HayYHO-TEXHUYECKUX 1 COLIMaJIbHO-IKOHOMMYECKUX
3aflay, Mo aHaNor1u ¢ HAMBYAYaNbHBIMY XXUbIMU JOMaMW, NPeANoXeHO NCMOJb30BaTh «NPUPoA0Nof006Hble HAHOTEXHOMOM
B WHXKEHEePHbIX CMCTeMaXx LUKOJ, a AN1A OLLEeHKM — METOA, PeTPONpPOrHo3a pe3ybTaToB BHeAPEHUA OTeYeCTBEHHbIX NHHOBaLUN, AnA
PEVNHXNHUPUHIA 0OBEKTOB 06Pa30BaHUs, KOTOPbIN fOKa3an CBOK afeKBAaTHOCTb NPy peLleHny NpobsieM NoXKapHOM 1 SKONoru-
yeckoi 6e30MacHOCTY B «TeXHOChepax pernoHoB» KOra Poccru. Pe3ynbratbl n 06¢cyxaeHue. [peactaBneHbl pesynbTaTbl CMHTE3a
N <BUPTYaNbHOIO BHEAPEHMA» aBTOHOMHbIX VIHXEHEPHbIX CUCTEM 3AaHUN KOS, MO3BONALWMX OCYLLEeCTBUTb AeLeHTpann3ayunio
3NEKTPO-, BOJO- U TEMIOCHAOXKEHNSA, MyTeM reHepaLuy pecypcoB (BOZbl, TEMJA 1 3NEKTPO3HEPrun) ¢ NomMoLbo «LLlyXoBCKUX BETpO-
3/1eKTPO-YCTaHOBOK», COBMELLIEHHbIX C BUXPEBOW CUCTEMOW 13BJIeUEHMS Bllark U3 BO3yXa, C X Ay6nMpoBaHUEM riaponaHensimm
1 CONHeYHbIMY GaTapesmu. PacueTbl MoKasanu, 4To NOCTaHOBKA Ha NMPOV3BOACTBO YKa3aHHbIX OTEUECTBEHHbIX MIHHOBALIUIA 1 «PeuH-
MKUHUPVIHM» C UX MOMOLLbIO MHMXEHEPHbIX cUcTem B NouTn 40 ThicAYaX POCCUNCKIMX LWKON NO3BOINT OCYLLECTBUTb aBTOHOMM3aL IO
1 KaueCTBEHHOE 3/1eKTPO-, BOAO- 1 TenjocHabxeHre, KoTopble obecneyat nx 6e3onacHoe GpyHKLMOHMPOBaHNE B COOTBETCTBUN
¢ FOCT. bonee Toro, nocne BHeApeHNs aBTOHOMHOW VHXXEHEPHOW CUCTEMbI B LUKOJIE, 3 CUET eXKErofHou 3KOHOMUY GIOIXKETHbIX
cybcuaunii Ha «neparornyeckme yCryriy, NosiBAAETCA BO3MOXKHOCTb YBEMUNTb EXXEMECAUHYIO 3apaboTHYIO NiaTy KaxaoMy neparory
LIKOMbI NoYTK Ha 30-35 TbicAY pybneil. 3aknouyeHue. [TpoBefeHHble NCCNEN0BAHUS NOATBEPXKAAIOT BbICOKYIO 3G HEKTUBHOCTD
ABTOHOMHbIX UHXXEHEPHbIX CUCTEM AJISA LLIKOJI, KOTOPbIE Y>Ke OblN NMoyUYeHbl HAMU NPY CUHTE3e aBTOHOMHbIX MHXEHEePHbIX CUCTEM
VHAVBUIYaNbHBIX XKUJTbIX JOMOB, TEM CaMbIM OIHO3HAYHO onpeaenss mecto BV u B CTpyKType crcTeM pecypcocHabKeHus ropo-
[IOB, Y OCOOEHHO B CENIbCKMX HAaCENIEHHbIX MYHKTaX.

KJTIOMEBDIE CJIOBA: npupoaonofo6Hble HAHOTEXHOMOMMY, AeLieHTPaNnm3aumsa pecypcocHabXeHuns WKos, 6e30MnacHoOCTb, aBTo-
HOMHas VHXXeHepHas CUCTEMA, HAleXKHOCTb, MOXKaPHO-3HEPreTUYEeCKNli Bped, KauecTBO PecypCcoB, BO30OHOBNAEMbIe MCTOUHNKN
3Heprun (BM13).

ANnAa UMUTUPOBAHWA: benosepos B.B., benosepos Bn.B. O nprmeHeHNN «<Npupogonofo6HbIX HAHOTEXHOMOMUIA» B UHXKEHEPHbIX
cucTeMax 34aHuIN FOPOACKUX U CeNbCKUX WKon // HaHoTexHonorum B ctpouTenbcTee. 2022. T. 14, N2 3. C. 217-226. https://doi.
org/10.15828/2075-8545-2022-14-3-217-226. - EDN: CFVFYA

BBEJIEHUE «npupodonododuvie mexnoaouw» — 045 0003HaAUeHUs
NPUHYUNUANBHO HOBbIX MemM0008 U CPpedCcme 2eHepayuu

BOTC‘IGCTBCHHHX IMyOJIMKAITASIX TEPMUH «IIPUPOIO- U nompebaenus IHepeuu no 0opasuy jicueoll npupoosls
MMOA00HBIE TEXHOJIOIMU» Hadalu IPUMEHSTh I10- «npupodonododnas mexnocghepa» — 015 ONUCAHUS ee
cnequne 15 et [1-8], a B 2016 rony wir.-xkopp. PAH Ko- H08020 00AUKA, COCMOAUE20 8 80CCMAHOBACHUI ecme-
Babuyk M. B. nan um cremyotiyio «pactmmbpoBKy» [9]: CMBEHHO020 CAMOCO2AACOBAHH020 pecypcoobopoma, Komo-
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pblil 0oadiceH Obimb CO30aH KOHBEP2eHMHbIMU HAHO-, OUO-,
UHMOPMAUUOHHBIMU, KOCHUMUBHBIMU U COUUOYMAHUMAP -
Hotmu mexuonoeusmu (HBUKC-mexnonoeusmu)».

B cenTsa6pe 2018 roga Ha hopyme B Count mpe3umaeHT
PAH akanemuxk CepreeB C.M. TIpeJIOXUT 3aMEHUTD
TEPMUH «IIPUPOIOIIOTOOHBIC TEXHOJIOTUN» Ha TIOHSITHE
«PEUHXUHUPUHT [IPUPOLIBI», 4TO, [10 MHEHHUIO aBTOPOB,
TaKKe HEe COOTBETCTBYET CYIITHOCTH agallTUBHOTO TIPH-
POIIOITOIB30BaHNS B paMKaX KO3BOJIIOIINY TeXHOCHEPHI
¢ 6uocdepoii [10, 11].

Bormpekn KnotckoMy IIpoOTOKOJTY, a TaKKe APYTUM
«HEHAayYHBIM JOKYMEHTaM» 10 3KOJIOTUYECKOI 6e30-
TMACHOCTH ¥ IIPUPOIOITOTH30BAHNIO, aBTOPHI COTJIACHEI
¢ koHuenuuei npodeccopa Koknna A.B., kotopslit
IOKA3aJl, 9TO «...8KAa0 X035UCMBEHHOU desimeabHoCmu
4en08eKa 0cmaemcs HeCyu,eCmeeHHbIM N0 OMHOUEHUIO
K SHepeemu4ecKkomy nomeHyuany ouocghepot, Hakonuguieli
€20 3a MUAAUAPObL e I80NHUUL», A «CHOCOOHOCb CO-
NPOMUBASAMBCS BO3MYUICHUSIM CO CIMOPOHbL XO3AUCHECHHOU
dessmenvHOCMU Yen08eKa no macce u SHepeul, 8pemMeHu
€60€20 CIMAHOBACHUS U PA3BUMUSL NPesbliidem Ux é Mua-
auonst paz» [12, 13].

[ToaToMy pedb TOKHA UATH HE O «PEUHXXIMHUPUHTE
TIPUPOOBI», UTO «UEJIOBEUCCTBY HE IO CHITY», 4 O PeHH-
xuHupuHTe TexHocdepsl (ITPOC, kotempHbIx 1 TOLI,
TpaHCIIOPTa, OOBEKTOB IMPOMBIIIICHHOCTH, MHKCHEP-
HBIX CHCTEM 3IaHUI M COOPYXKEHUI U T.1I.), YbU TEXHO-
JIOTHH «BBIKUTAIOT KUCIOPOI» U3 aTMOCGHEDPHI U CO3IAI0T
TOKCUYIHEIC BBIOPOCHI (Ta30B, TTBUTH, XKIUIKUX 1 TBEPIBIX
OTXOIIOB M T.II.) B OKPY:KAIOIIYIO Cpedy, IIOpoXKmast I1o-
JKapHO-3HEPTreTUYECKUii Bpex [5, 6].

Kak yXe oTMedanoch paHee, B COBPEMEHHBIX KO-
HOMMYECKUX TCOPUIX W MOICISIX MCITONB3YIOTCS, KaK

MIPABUIIO, TIOHSTHS «OJar» (ITyOJIMYHbIC, KOJUICKTUBHBIC
1 9acCTHBIE) 0e3 yJueTa TUajeKTHIeCKOro eAMHCTBA C X
IIPOTUBOIIOJIOKHOCTBIO — BpeaoM (IIyOJIMIHBIM, KOJI-
JICKTUBHBIM 1 YaCTHBIM), UTO HE COOTBETCTBYET IIPO-
HACXOISAIINM B TIPUPOJIE MPOoIeccaM M, CIeIOBaTeIbHO,
JleJlaeT HealleKBaTHBIMU JII0Oble TEXHUKO-9KOHOMUYE-
CKME OIICHKH «peUHXWHUPHUHTA TeXHOC(HEPhI», B T.4.
C TIOMOIIILI0 MHHOBALIMIA 1 HaHOTeXHoJoTHiA [6, 11, 14].

EnnHCTBEHHO IIpHeMIIEMBIM CTIOCOOOM PEIICHUS Ta-
KUX 3a7a49, Ha HaIll B3IJISI, SIBJISICTCST METOM PETPOIIPOT-
Ho3a 0e30ITacHOM XU3HeAeITeIbHOCTU [15], KoTophlit
ce0sT 3apeKOMEHIOBAJI TIPY COLIMATEHO-9KOHOMMYECKOM
OLIEHKE «BUPTYaJIbHOTO BHEIPEHUSI» IELIEHTPATN30BaH-
HBIX aBTOHOMHBIX MHXXECHEPHBIX CUCTEM B MHIUBUIYAIb-
HBIX JXWJIBIX IOMaX, ¥ eT0 MPUHIINITHAIBHOS OTIUINE
3aKITI0YACTCS B BEKTOPE MPOTHO3a, KOTOPHII YCTpeMIIS-
eTCS U3 «TEKYIIEeTO» B «IIPOIILIOe», M eTo (pa30Boe Ipo-
CTPAHCTBO CTPOMTCS HE Ha «BOOOPaKAEMBIX TaHHBIX»,
JNUCIIEPCUSI KOTOPBIX BEJIMKA, a HA «MCTOPUUYECKUX»,
T.€. Ha CTAaTUCTUYECKU TOCTOBEPHBIX COOBITUSIX B TIPO-
IIIJIOM, KOTOPBIE YCTAaHOBJICHBI 9KCTIEpTaMM 1 3a(pUKCH-
POBaHBI JOKYMEHTAJIBHO, T.€. Ha JAHHBIX C IIPAKTHICCKU
«HyJeBou nucniepcueii» [11, 15].

METO/JIbI, MOJEJW Y CPEJICTBA

B Hacrosmiee Bpems1, Kak 3TO CIIEAYeT U3 CTaTUCTH-
YeCcKOro aHaam3a, BeimoHeHHoro HMY BIID, uncnen-
HOCTB JIeTe IIKOJIBHOTO Bo3pacTta (ot 7-mu 10 18 1eT),
obOyuaromuxcs B 16,8 Tbic. Topoackux u B 22,6 cejib-
cKuX 11KoJax (tab.1), coctaBisieT 0Kojio 16,9 MiIH ues.
(puc. 1). I[pu aTOM B MIpoLIeccax ux OOYICHUST 3aHSITHI
0K0J10 1,2 MiH yuurtenei (puc. 2) [16].

OB5PA30BAHUE

1.0 1eic. yen.
Accucrentypa-
CTaXMPOBKA

55.8 ThiC. yen.
Opgunatypa

87.8 thic. ven.
Acnupautypa

4049.3 tuic. yen.
bakanaepwmar,
cneyuanurer,

mMarucTpatypa

31.9

MIJIH Yen.

OBLLEE
OBPA30BAHME

7442.2 tuic. uen.
JlowkonsHoe
obpazosanue’

16893.7 teic. ven.
HauanbHoe, ocHoBHOE
u cpeguee obuee
obpazosauue

CPEOHEE
MMPO®ECCAOHAJTEHOE
OBPA30BAHME

2759,8 ThIC. Wen.
MNMopgroToeka
Ccrneunan1cTos
CPeaHero 3seHa

576,5 ThiC. 4en.
Moarotoeka
KBanudUUUPOBaHHBIX
paboTymx 1 cnyxauwmx

Puc. 1. YncaeHHOCTD yYAIIMXCS ¥ CTYAEHTOB IO BHIAM 00yJeHHs
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Tabauya 1
KosinuecTBo 00eKTOB 00pa3oBaHus
O0beKTbI 00pa30BAHKS 2001 2006 2011 2018 2019 2020 2021
Bcero 68 804 63174 50793 41958 41 349 40 823 40 346
I'ocynapcTBeHHbIE, B T.49.: 68 169 62 448 50128 41103 40 498 39 966 39 462
B ropogax u I[1I'T 22 694 4321 19 505 17 111 17 004 16 907 16 812
B CEJIbCKOI MECTHOCTHU 45 475 40 705 30 623 23992 23494 23059 22 650
HAYAJILHOE, OCHOBHOE W CPEJIHEE OBLLEE OGPA30BAHUE — Bcero- 43 2400 mapa WG- -1
VYyurens N
@ 8 YuCAEHHOCTB, THIC. YeN. m 0OGpazosauue, % E Bozpacr, % & \
1087.3 Buicwee - 87.0 Do 35 ner - 23.1

CPEJIHEE NIPO®ECCHOHANILHOE OBPA30BAHNE
Npenopasarenu

55 net u crapwe - 26.0

B pacuete Ha 1 obyuaiouieroca, Teic. py6.

JOWKOMLHOE
05PA30BAHHE

B2 Boapacr, %
No 35 ner— 22.2

8 Yucnennocrs, Twc. wen. L] O6pazosanue, %
142.2 Buicwee — 95.9

MacTepa npoH3BOACTBEHHOT0 06GYYeHus

60 net u crapwe — 21.6

o) 135

E Boapacr, %
fo 35 ner - 20.7

8 YuCNeHHOCTD, THC. Yen. m O6pazosanue, %
22.8 Bucwee — 50.4

60 ner u crapwe - 20.8

‘ﬁ""nmu

109

Puc. 2. YncaeHHOCTD NIEJaroroB u 3aTpaT Ha y4yalieroca no sujaam Oﬁy‘leHl’lﬂ

CucreMHbIl aHaN3 (DYHKIITMOHUPOBAHUS 00BEK-
TOB 00pa30BaHUs, B YaCTHOCTH, MHKEHEPHBIX CHCTEM
3MaHUH IIKOJI ¥ BCIIOMOTaTeIbHBIX COOPYKEHUIT (CTIop-
TUBHBIX IUTOMIAN0K, IIKOJIBHBIX CTAIUOHOB U T.II.), TI0-
3BOJIUJI BBISIBUTB TTPOLIECCHI «ITPEBPAIEHUS TTOTPEOIIs-
€MbIX OJ1ar» (2JIEKTPOIHEPTHHM, BOJIbI, Ta3a, TeIjia U T.J1.)
«B KOJIJICKTUBHBIN Bpem» (ITOKapHO-3HEPTeTHICCKUIA,
9KOJIOTUICCKHI 1 T.1I.) C TIOMOIIBIO DJIEKTPUICCKUX,
Ta30BBIX U APYTUX IPUOOPOB, UCITOIb3YEMBbIX IIPU 00e-
crieueHUN 00ydeHUsI. CyIIeCTBEHHBIM TP 3TOM SIBJISI-
eTCs TOT (paKT, UTO KAYeCTBO IEHTPAIN30BAHHO MOTPEO-
JIIeMBIX 00pa30BaTeIbHBIMI 00BEKTAMH PECYPCOB (BOIEI,
3JIEKTPO3HEPTHUH, TeIlIa, Ta3a), 0COOCHHO B CEILCKOM
MECTHOCTH, He COOTBETCTBYIOT roCyJapCTBEHHbIM CTAH-
JapTaM, a B CPABHEHUM ¢ ABTOHOMHbIMH CUCTEMaMM —
Ha nopaaKku xyxe [17].

AMEpHUKaHCKIE YICHBIC IIPUIILTHA K BHIBOAY, YTO yCTa-
HOBKAa Ha KpBIIIaX IIIKOJI COTHEUHBIX OaTapeil MOKeT
obecreynTsb 10 75% HeoOX0IUMOI 9JIEKTPOIHEPIUU, YEM
MOKHO COKPATUTBb BEIOPOCHI OT 00BEKTOB 00pa30BaHMS
Ha 28%, T.K. B 9TOM CJIydae LIKOJIbl MOXHO OTKJIIOYUTh
OT IICHTPAJIM30BaHHOTO 3JIEKTPOCHAOXKEHMS TETITIOBBIMI
3JIEKTPOCTAHLISIMHU, PAOOTAFOIIMU Ha YIJIC Y TIPUPOTHOM
rase, BEIOPOCHI OT KOTOPBIX 3arpsa3HsIoT atMochepy| 18].

Tak, mo manHeIM MuHsHepro CIIA, mMKo0JbI
¢ 12-1eTHHM 00y4eHrEM TPATAT 0oJiee 6 MIp/I. TOJLI. B IO
HAa 3JIEKTPOIHEPIHI0, U 5TO — BTOPAsI MO BEJIUUMHE CTaThs
pacxomoB mocJe 3apaboTHOM TIaTs [19].

B Hareii ctpane, ycpeaHssl «perMOHaIbHYIO HEpaB-
HOMEPHOCTB» OILJIAThI TPYya IpeToaaBartesicii, KoTopas
BXOIMT B TEKYIIHE 3aTPaThl, «CTOMMOCTbH TT€Jarornye-
CKOM yCITYTH Ha OTHOTO yYaIllerocs» B CPEIHEH IIKOJIE
B rox (puc. 2) cocrasistier 109,0 TrIC. pyo. [16].

[Tpu 3TOM CpeTHMIA TIPOLICHT 3aTPaT IT0 COMCPKAHMIO
IIKOJIBI Ha 445 MeCT, UTO MO HAIIM pacueTaM SIBJISIETCS
ONTUMAJIbHBIM (Tab. 2), coctaBiseT 55,1% ot rocymap-
CTBCHHBIX CYOCHINIA, M Ha KaXXIOTO yJalllerocs Ipu-
xonutcst 54,2% «CTOMMOCTH IEeAarOrnYeCcKoi yCayr»
[20—-22].

12 ampens 2022 roga nenyrtathl «EnnHoit Poccnm»
BHecIM B ['ocomyMy 3aKOHOTIPOEKT, KOTOPBII MCKITIOIUT
TepMUH «00pa3oBaTeIbHAs YCIyTa» M3 3aKOHOMATEIb-
CTBa, T.K. GOPMYJIMPOBKA «yCiyra B cepe 00pa3oBaHUsI»
JMCKPETUTUPYET MUCCHIO Tiefarora. «Cuumaio, umo cama
KOHUenyust 00pazo8anusi KaK ycayeu oumudo4Ha u He coom-
eemcmeyem HauuUM HayUOHANbHbIM MPaouyusm. Yaumens
He ycayey okasvieaem. OH yuacmeyem 6 popmMuposanuu
AUMHOCIMU YYEHUKO08, 8AUsem HA UX MUPOBO33peHUe, CU-
cmemy yeHHocmell, 8324151008. Dmu 832150bl GYePaAuIHULL
WKONbHUK UAU CMYOeHm NPOHOCSM 3ameM Hepe3 8CH C80H
JICU3Hb», — HATTCAJ CeKpeTaphb reHcoBeTa « Emuroit Poc-
cun» Aunpeii Typuak [23].

IMoTpeb6oBanock moutu 30 neT, YTOOBI MOHSITH
BpeI «3apYOCKHBIX PHIHOYHBIX TCOPUiT 00pa30BaHMSI»
1 BEPHYTHCS K TIeIarOrnIecKOMY HACICINIO OTede-
CTBeHHBIX yueHbIX Jlecradra I1.71. 1 Makapenko A.C.,
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Tabauuya 2
Pa3mep HOPpMATHBHBIX 3aTPAT HA CojiepKaHne 00bEKTOB 00pa30BaHUs
3arpaTsl HA COlepKAHHE IIKOJIBI, (ThIC. pYO.
Ne, O0bekT c Pﬁ?M?M 3/nnara, L P ( PYo.)
nn. | obpasopamms | O oMM | . py6. | DKemaya- Tex. i B % Ha B %
ThIC. PyO. TAMs peMoHT | 1 yuyenmka | 1 ydyeHumka | K cyocuaum
C-IletepOypr:
89 925,0 30,3%
1 | mxoma (825+109) 53087,0 | 33040,9 3797,1 33,05 (33.05/109) 40,9%
Ha 825 mecT
C-IletepOypr:
22 890,0 69,2%
2 | mKomna (210+109) 7052,7 13036,9 2800,4 75,42 (75.42/109) 69,2%
Ha 210 mecT
HoBocubupck:
87 200,0 39,3%
3 | mxoma (800 109) 53362,0 | 30350,1 3487,9 42,87 (39.3/109) 38,8%
Ha 800 mecT

Puc. 3. IlnaBarebHblii 0acceiid (a) u TeHHUCHbIH KopT (0) 13 BOC

B OCHOBE KOTOPOTO JICXKUT YIeHUE O eINHCTBE (hU3H-
YeCKOTO M IYXOBHOTO pa3BUTHUS JIUIHOCTHA. OHU pac-
cMaTpUBaIu (U3NUIECKUE YIIPasKHEHNUS KaK CPEICTBO
HE TOJIbKO (DM3UIECKOTO, HO M MHTEJUICKTYaIbHOTO,
HPaBCTBEHHOTO U 3CTETUYCCKOTO Pa3BUTHS UeTIOBEKa,
MOTYePKUBAsT IIPU 3TOM BaXKHOCTh Pa3yMHOTO COYC-
TaHUS, B3AaHMOBJIHSAHHS YMCTBEHHOTO H (pM3MIECKOTO
BocnuTaHud [24, 25].

«Heobxo0umo, — ucan Jlecradt I1.1., — umo6ot ym-
cmeeHHoe U usureckoe 0CRUMAHUE WAL NAPAAIEAbHO,
UHa4e Mbl HapYUUM NPABUAbHBLI X00 Pa38umus 8 mex op-
2anax, Komopwle ocmaunymes 6e3 ynpaxcHenus». Tak xe,
kak 1 CeuenoB .M., Jlecracdt I1.[1 yTBepsKImai, 4To JBH-
2KeHus M (pu3nYecKue ynpaxKHeHUs SBJSIOTCS CPeCTBOM
Pa3BUTHUSA NO3HABATEIbHBIX BO3MOXKHOCTEH MKOJIbHUKOB,
B CBSI3U C YeM HEOOXOMUMBI «CUCHMEMAMU4ecKue ynpaic-
HeHuUsl 8 npoyecce NPOCMbIX U CAONCHBIX Uep, NAABAHUSL,
beea Ha KOHbKAX U HA AbIXCAX, 8 NOX00AX, HA IKCKYPCUSAX
u 6 edunobopcmeax», a Maxkapeako A.C. cunTai, 9To
¥ YPOKU TPpyIa TAKKE BXOIST B 3TOT ITepedcHb. MHBIMI
CJIOBaMM, He00XO0IMMa MUKJINIECKAask CMEHA eCTeCTBEHHBIX
1 TYMAHUTAPHBIX NPEIMETOB CO CIIOPTUBHBIMH JUCIAILIH-
HaMH (C BOJIeII00JI10M, 0acKeTO0I0M, TCHHIUCOM, OOPHOOIt
U T.1.) M ypoKamu Tpyaa [24, 25].

Puc. 4. 3nanune mKoJIbI IO THIIOBOMY MPOEKTY 65-426/1
Ha 960 yyammxcs

YuuThIBasI, YTO TAKOE TAPMOHUYECKOE PA3BUTHUE YIa-
LIMXCSI TPEOYET TOMOIHUTEIBHBIX MHKEHEPHBIX COOPYXKe-
HMIA ¥ 3HAYUTEIbHBIX MATePUAIbHBIX 3aTpaT, HAIIPUMED,
Ha YCTPOICTBO IUIaBaTeJIbHOTO 0acceiiHa U TEHHUCHOTO
KopTa (puc. 3), KaK BapHaHT, C IOMOIIBIO BO3IyX0OIIOp-
HbIX coopyxkeHul (BOC) BKIIOYNM B UTOTOBYIO OLICHKY
95¢hGEKTUBHOCTU PEUMHKUHUPUHTA OOBEKTOB CPEIHE-
ro o0pa3oBaHUs CTOMMOCTh X BO3BEACHMS B pa3Mepe
3,0 MutH py0. WIS OMHOM IIKOJIEI, T.¢. 118,4 Mipm pyO.
Ha 39 462 rocynapcTBeHHbIE ILKOJIbI [26].
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ITo anasorum ¢ UHAUBUAYAIbHBIMU ToMaMu [17]
paccunTaeM aBTOHOMHYIO IYOJIMPOBAHHYIO CUCTEMY
3JICKTPO-, TEIIIO-, BOMOCHAOXKEeHMS IIKOJIBI Ha 450 MecT,
KOTOpasi MEHbIIIE TUIIOBBIX «COBETCKUX LIKOJI» (puc. 4)
M TI0 TIPOEKTY (pucC. 5) MMeeT CIeAYIoIIre TapaMeTphl
[27]:

OTONUTEILHBIN ce30H — 168 nHei,

SHepro3aTpaTel Ha otorueHue — 325 090 Br
(xxan/gac),

SHepro3aTpaThl Ha BeHTUAgnuio — 217 710 Br
(xxan/gac),

SHEPro3aTpaTel Ha Topsiuce BOTOCHAOXKEHHUE —
71 640 BT (kxaj/yac),

pacyeTHOe TTOTpedIeHne 3IIeKTposHeprur — 112 kBT,

XOJIOMHOE BomocHaOX)eHue — 9.04 Ky6. M B cyTKU
(1,4 muTpa B ceK.).

Ecnu nmpumenuts «lllyxoBckue BeTporeHepaToOphl»
MaKcuMajbpHO# MomHocT! (7 KBT) BMecTo portopa
B «CaMapCKIX BUXPEBBIX pOXHUKaAX» |28, 29], KOTOpbIe
Pa3MeCTHTh 1O TIEPUMETPY Ha KPOBIIE IITKOJIHI (pHC. 5B)
B KomuecTBe 12 yCTaHOBOK, CTOMMOCTHIO 110 1,0 MJTH pyo.
Kaxnasi, TO TOoJIy4YuM TpeOyeMblii 00beM BOTOCHAOKEHMS
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Puc. 5. IlnanupoBKa KpoBim KOs Ha 450 mect ¢ BBY (), ruaponanessivu (~wmw)

¥ COJTHEYHBbIMH OaTapessMy (mmmm )
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Ka4yeCTBEHHO X0JIOAHOM Boaoii (9,6 Ky0. M. B CYTKH)
¥ Ka4eCTBEHHOI! 3JIeKTpO3Heprueil B pasmepe 84 KBT.

Heobxomnmyio «1o6aBKy» B 33 KBT K moTpebisiemoit
3JICKTPO3HEPTUH U IyOJIMPOBAaHME 3JICKTPO- 1 BOMOCHA0-
JKeHWMSI (IT0 aHAJIOTUY ¢ MHANBUIYATbHBIMU SKVJIBIMA 10~
MaMU) CJIeAyeT OCYIIECTBUTH C TTOMOIIBI0 OTEYECTBEH-
HBIX COTHEYHBIX Oatapeil (Hampumep, SilaSolar 330Bt
PERC 5BB B xomuectse 100 1mT., 0011I€iI CTOMMOCTBIO
1,5 mutH py0.) 1 Tuaporadeneit (Harpumep, YHUCOPB
B KosmmaecTse 40 1mIT., 00111ei CTomMOoCThIO 1,3 MITH pyo.),
KOTOPBIC PACIIOIOKMUTH Ha KPHIIIIE IIIKOJIBI, a B CTOJIOBOIA,
B KOPHUIOPAX M B XOJUTAaX dTaXKe yCTaHOBUTH aTMOC(hep-
HBIC TeHepaToOpsI Bombl (Hampumep, T-88 «Coro3» B KO-
mraectse 10 1mIT., 061IIel cTOoMMOCTEIO 1,2 MITH pyo.) [28].

Takum oOpa3zoM, TIpeIBapuUTeIbHAS OLICHKA CIITHOB-
pPEMEHHBIX 3aTpaT Ha 000pyIOBaHME TSI OMHOM IITKOJTBI
TAKOI IyOJIMPOBAHHONI CUCTEMBI COCTAaBUT — 16,0 MIIH
py6. M ocTaeTcst OoLIeHUTh 00BEMBI U CPOKU (PIMHAHCH -
pOBaHUSA TIpeyIaracMOli aBTOHOMM3AIIUY 1 €€ BKJIaga
B CYIIECTBYIOIIYIO TCHEPAITNIO U TOCTABKY 2JICKTPOIHEP-
THUM, BOIOBI M TeIIa 00BEKTaM 00pa30BaHUs, a TAKXKE
CITOCO0 peanm3aliuy IIpeayiaracMon ITeleHTPaIN3aIlin
pecypcocHa0KeHUS IIKOJI.

Ecnu paccMaTpuBaTh TOJIBKO TOPOICKHNE OOBEKTHI
00pa3oBaHMs, KOTOPBIX Ha CETOMHSAIIHUI 1eHb — 16 812,
TO JJISl YCTAHOBKH B HUX TaKNX AaBTOHOMHBIX HHIKEHep-
HBIX CHCTeM oOecrieueHMs pecypcamu mkoua (AW CII)
norpedyercs 268,9 mupa pyo. B sTom ciayduae momyaum
cJIemyToIIre 00BEMBI PECYPCOB, TIPOM3BEACHHBIX C T10-
MOIIIbIO HAHOTEXHOJIOTUH B IITKOJIAX B TCUCHHUE TOA:

BOJIOCHAOKEHHE MUTHEBOI BOIOM — 56 MIIpI JIUTPOB
i 55,5 MuH Ky0. M;

BOJOCHAOKeHHe Topsuei Bomoit — 703 MITH TUTPOB
wm 0,7 MIH Ky0. M;

3JIeKTpocHAOKeHne — 687,3 MIIH KBT/4;

TemwnocHadxkenne — 289,9 toic. Ikan (3a oTonurens-
HbIIA ce30H B 6 MecsiteB — 0,0342¢ 6+ 50 = 10,26).

JIns ocHaImeHHs ocTANIBHBIX 22 650 ceabCKuX MKOJI,
KOTOpEIe, KaK IPaBUJIO, UMEIOT Ha TTOPSIIOK MEHBIIIE
¥ YMCIICHHOCTD YUYAIINXCS, M 3aHUMaeMbIe TTIOMIAIN,
¥ IOTpeOJICHUE PECYypPCOB, MOTPedyeTes IIPUMEPHO elle
22,35 mapna pyo., 1 CyMMapHBI 00beM ITPON3BEICHHBIX
AWCIII pecypcoB B roji COCTaBHT:

BOJIOCHAOKEHHE MUThEeBO BOIOM —5,6 MIIpAI IUTPOB
WIN 5,6 MJIH Ky0. M;

BOIOCHAOKeHHe Topsdeii Bomoii — 70,3 MITH TUTPOB
wm 0,1 MaH Ky0. M;

3JIeKTPOCHAOKeHne — 68,7 MIIH KBT/4;

TemiocHa0xkenne — 29,0 Teic. ['Kau.

DKOHOMMUIO OIOKETHBIX 3aTpaT Ha COICPIKaHME 31a-
HUIA U COOPYXKEHUI POCCUNCKUX KO MOXHO OLIEHUTh
B pa3mepe 54,2% cpeaHeil «CTOMMOCTH IeJaroru4ecKoi
YCIIyTH Ha KaXKIOTO YIaIIeTOCs»:

109 000 py6.+ 16 893 700 yu.« 0,542 = 998,046 mapa
pyo. B rom.

IMepeuncamM TOCTOMHCTBA TAKOTO TIOIXO0IA TS yda-
IIMXCS ITKOJI W HAIleTO TOCyIapcTBa, IMTOCTPOCHHOTO
C YIETOM IIPOLIECCOB CAaMOOPTaHN3AIINN:

BO-TICPBBIX, YYalIuecs M MeIaroru 00ecreInBaroTCsT
0e3 repedoeB KaueCTBEHHOI 3J1eKTPO3Heprueii, oTomie-
HHMEM, XOJIOHOW W ropsdeil BOJOi, a MKOJbI IKOHOMSAT
HA OILIATE 32 Hee;

BO-BTODBIX, YYAIIHECS U MeJATOrH PeabHO yIaCTBYIOT
B pellleHnH Mpo0JIeMbl «PeHIKHHAPHHTA TeXHOChepsl» C TT0-
MOIIIBIO «ITPUPOIOTIONOOHBIX HAHOTEXHOIOTHIT» , 3KOHOMSI
OIOKETHBIE CPENCTBA HA OILIATE 32 IJIEKTPOIHEPTHIO, BOLY
H TeII0, KOTOPHIC CIIeAyeT HAIIPAaBUTh Ha aMOPTHU3ALINIO
000pYIOBaHMS 1 €TO TeKyIIee OOCITy:KBaHIE, BKITFOUAsT
ANCII (50%), a octanbhblie (50%) — Ha yBe/MYeHue 3a-
PaGOTHOI IIATHI MPENOIABATEISIM,

B-TPEThHX, TOCYAAPCTBO 00eCeYMBAET POCT T0JIH AJTb-
TEePHATHBHOI SHEPreTHKH B 00IIeM 0ajiance, CTUMYITIPYET
IIPOM3BOICTBO COJTHCUHBIX OaTapeit M ruapomaHeicit,
BETPOTEHEPATOPOB, AIlIapaToB IeHEPAIIUH MUTHEBOM
BOIBI W IPYTUX IIpuoopoB, Bxomamux B AMCII, gyem
yBeJIMUMBaeT BHyTPeHHHUIt BaioBblii npoaykT (BBII) u ko-
JINYECTBO BHICOKOTEXHOJIOTHYHBIX PAOOYHX MECT.

YTo Xe MeIIaeT peaan3allii TAKOTo IToaxoaa’?

Bo-T1epBBIX, OTCYTCTBHE CUCTEMHOTO TIOIXOA K aJTh-
TePHATUBHOI SHEPreTUKE, O YeM CBUICTEIBCTBYIOT IIPH-
BelICHHBIC HAMU JaHHBIC 00 OIMMOOYHOM BEKTOpPE €¢
pa3BuTHsI, «mposoxeHHoM B 2009 romy» IIpaBuTesb-
ctBoM P® [30].

Bo-BTOpEIX, OTCYTCTBHE TOCYIAPCTBEHHOM ITOMICPK-
KU B IIOCTAHOBKE Ha IIPOU3BOACTBO OTEYECTBCHHBIX MH-
HOBALIMIA ¥ B BETPOHEPIeTUKE, 1 B TCHEPALINY ITUTHEBOM
BOJIBI, I B TPOM3BOICTBE «OIOIKETHBIX» THAPOTIaHeNel,
1 B BBIITYCKE COJTHEUHBIX OaTapeii.

B-TpeThux, 1 3TO ITaBHOE, — B OTCYTCTBHUY ITOJIATHYUC-
CKOI1 BOJI ¥ COOTBETCTBYIOIICH HOPMATUBHO-TIPABOBOM
0a3bl MO «HAMpPaBJICHUIO OM3HECa B HYXKHOE PYCI0» IS
obecnieyeHus1 6J1aroCOCTOSIHUS 1 0€30MaCHOM XKU3HEAes -
TEILHOCTU HAPOIIa, a He Ha ITOBBIIICHIE TI0KapOB3PHIBOO-
TTACHOCTH OT «0e3MyMHOI1 Ta3u(UKAIIIN ceIa» M HU3KOTO
KauyecTBa 3JIEKTPO-, BOIO-, TETIOCHAOKEHUST SKIJIOTO CEK-
TOpa, JOMOXO3SICTB 1 0OBEKTOB 00pa30BaHMUsI, 0COOCHHO
B CEJILCKOM MECTHOCTH, TIPU «CBEPXITPUOBLISAX» PECYPCO-
JTOOBIBAIOIIVX M PeCypCcOCHaOKaIOIMX KoMITanwmii [17, 31].

g perponiporrosa BHeapenus AV CII B poccuii-
CKUX ITKOJIaX TIPEACTaBUM BHIOOPKY HEOOXOMMMEBIX TTapa-
METPOB U3 CTATUCTUUYECKNX nccaenoBanuii HNY BIIID
[32] 1 paccunTaeM HeOOXOTUMEBIE TTapaMETPHI PEHHKI -
HUpPHUHTA poccriickux ko ¢ 2009 roza 1mo Hacrosiiee
BpeMms (Ta0. 3), T.e. ¢ MOMEHTA TIPUHSTHS OIITMOOYHOTO
pemenus [pasutennctBa PO [15, 30].

711 omipeneNieHUsI «CKOPOCTH» pa3BepThIBAHUS TIPE/I-
JlaraeMOi aBTOHOMU3AIMHU IIKOJI, B T.4. OIIPEIACICHMUS
¢uHaHCUpOBaHMS TTpPon3BoacTBa 1 MoHTaxka AV CIII
B PeTMOHAX, UCIIOJIb3yeM «MOJIEIIb OpTaHU3aIun 85 pe-
TMOHAIBHBIX TIPEIIIPUITHN TOCYTapCTBEHHO-YaCTHO-
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Tabauuya 3
CTaTHCTHKA M pacyeT NapaMeTpoB 00bEKTOB H Cy0bEeKTOB 00pa3oBanus B Poccuiickoii @enepamyuu
BKo-
LT Yucnen- | Koa-so | Kou-Bo 3arpatbl HOMMS Hiig
Tonwi/ JMsl HA Kon-Bo | Koxa-Bo 3arpatbl | DKOHOMHS K 3/m1are
HOCTh ropo- ropoa- na BOC B 1 mKoJie
ITapa- |1 yyennka CeJIbCKHX | CeJIbCKHX Ha AUCIII | ¢ AUCIIT yuuTens
yyammxcst CKHX CKHMX (MaH ¢ AUCIII
MeETpbI (TBIC. HIKOJT ANCII (MuH py0.) | (MuH pyo.) ¢ AUCIII
(ThIC. yeN.) | WKOJ AUCIIT pyo.) (MH
pyo) 6 (py6.)
pyo0.)
2010 112,0 13374,2 19 904 1659 31728 2644 12 908,0 35662,1 67 655,5 15,724 31120
2011 108,0 13 655,7 19 505 3284 30 623 5196 25440,0 70493,7 135224,2 15,946 30 641
2012 104,0 14 570,8 19 106 4876 29 518 7656 37 596,0 104 495,0 | 211599,0 16,885 31470
2013 99,9 15485,9 18 707 6435 28 413 10023 49 376,0 137 665,8 | 292 930,1 17,798 32 146
2014 100,8 15626,7 18 308 7961 27 308 12299 60779,9 170 006,3 | 379277,7 18,721 32734
2015 101,7 15767,5 17 909 9453 26203 14 483 71807,9 201 516,5 | 471758,6 19,709 33326
2016 99,9 16 260,2 17 510 10912 25098 16 574 82459.8 232196,2 | 567 776,1 20,657 33737
2017 98,0 16 752,9 17 111 12 338 23992 18 574 92735,6 262045,4 | 669217,8 | 21,649 34 109
2018 99,5 16 682,5 17 058 13760 23743 20 552 102935,7 | 291758,4 | 756595,2 | 22,051 34 486
2019 101,0 16612,1 17 004 15177 23494 22510 113060,2 | 321335,2 | 846254,8 | 22,455 34 858
2020 105,0 16 752,9 16 908 16 586 23072 22 650 117 707,2 | 345406,0 | 935660,1 23,847 36 546
2021 109,0 16 893,7 16 812 16 812 22 650 22 650 118 385,4 | 349200,7 | 998 040,7 | 25,291 38257

ro naptHepcTBa» ('YI1) mo BEITyCKy 000pyIOBaHUS

AWNCIII, ¢ nepenayeit ero B TOPOACKNE N palflOHHBIE

dmwmaner/yaactku nipennpustast Y1 oo coopku

1 MOHTaxa «crenuduumpoBanubix AUCII», cocTo-

amux [11, 17, 33]:

—  m3 «IIlyX0oBCKMX BeTPO-3JIEKTPO-TEHEPATOPOB» C BUX-
PEBBIMM TeHEpaTOpaMM — UCTOYHUKAMU aTMochep-
HOIi BOIBI;

— wm3 tugponaneneit <YHUCOPDB»;

— W3 COJTHEYHBIX OaTapeif;

— W3 UHBEPTOPOB-CUCTINKOB-N3BEIIATEIICH;

— W3 KOHTPOJUICPOB 3apsiga-n3BeniaTeieii ¢ aKKyMy-
JISTOPHBIMU OaTapesiMu;

— W3 anmapaToB TeHepalliy XOJIOMHOM 1 TOpSTIeii BOIBI
n3 Bo3myxa (I'XI'B);

— W3 OTEYCCTBEHHBIX MYJIBTH-CIUIUT-CUCTEM-M3BEIIa-
TEJICH.

Dumanber/ygacTtku Tex ke 85 npenmpusatuii [UI1,
pacIroylaralolIuxcs B Topomax M pailOHHBIX IIEHTpax
PETMOHOB, 00ECTICIMBAIOT Pa3pabOTKYy IIPOCKTOB «ITPH-
BSI3KM» YK€ CITeHM(UITNPOBAHHBIX K KOHKPETHOM IITKO-
e AMCI (CAUCII — ¢ KOHKPEeTHBIM KOJTUIECTBOM
ruaporaneseit u anmapatoB 'XI'B, ¢ «lllyxoBckumu»
BETPO-3JICKTPO-TeHEePaTOPAMM, COBMEIIICHHBIMU C BUX-
PEBBIMH TeHEepaTOpPaMU — UCTOTYHUKAMU aTMOC(hepHOit
BOIBI, M C KOHKPETHBIMH KOJTUYECTBAMM COJTHEUHBIX
TaHeJleil ¢ MHBEpTOpaMM-M3BEIIATeISIMI 1 KOHTPOJI-
JIepaMU-U3BeIIaTeIIMU 3apsiga ¢ aKKyMYJISITOpaMU,
a TaKKe ¢ 0TeYeCTBEHHBIMU MYJIBTH-CIUINT-CUCTEMaMU -
W3BEIIATEIISIMU, B 3aBUCIMOCTH OT YHCJIa MECT B IITKOJIE).

B aTOM cilydae MoJyduM CIIEOyIOLIMe JOIMOJIHU-
TeJIbHbIE IIPOU3BOACTBEHHbIE IIAHBI IS KAaXKIO0ro U3
85 npennpusatnii Y1 B permonax [11, 17] ¢ 2009 rona
(c MOMEHTA ITOCTAHOBKM Ha IPOMU3BOICTBO U BBIITYCKa
KoMILTeKcoB) 110 2021 rom:

1. 3a 12 j1eT M1t TOPOICKMX IIKOJI HEOOXOIUMO TTPO-
MU3BeCcTU U ycTaHoBuUTh 16 812 kommiekcos CAVCII
(ot 1659 o 1409 B rom), a ISt CEAbCKUX LIKOJI —
22 650 xkomuiekcoB CAMCIL (ot 2644 no 140 B roxn),
T.e. 110 464 KoMIUIEKCa Ha KaXIOM U3 85 mpeanpusaTrii
I'4I1 B permonax (ot 51 mo 18 B rom), uro mpu 247 pa-
0OYMX IHIX B FOAY COCTaBUT OT | KOMILIEKCA B HEAEITIO
10 1 komrutekca B ABe Henenu. [109ToMy YyTOYHUM CTO-
MMOCTb COOTBETCTBYIOIINX «yCPEIHEHHBIX CIIeLIM(UKa-
LIMi» [JI1 FOPOACKUX U CETbCKMX IIKOJI.

15t TOPOACKOM LIKOJBI CPEAHSS CTOUMOCTD CO-
ctaBuT 16,79 MiH. py6. nipu ciaeayooliein cueuudu-
Kaluu:

— 12 «lllyXOBCKUX» BUXPEBBIX BETPO-3JIEKTPO-TeHEepa-
TOPOB C BUXPEBLIMY I'eHEpATOPaMU — UCTOUHMKAMM
atMocdepHoii Boasl — 12,0 MitH pyo0.;

— 40 KOMIIJIEKTOB U3 4-X TuapomnaHenel
«YHUCOPB» — 1,3 MitH pyo0.;

— 100 comHeuHBIX OaTapeit — 1,5 MITH pyo.;

— 20 uaBepTopoB-m3Bemareneii — 0,57 MirH pyo.;

— 20 KOHTpPOJUIEPOB-U3BELIATEICH 3apsiaa ¢ aKKyMy-
JISTOpHBIMU OaTtapesmu — 0,27 MITH pyoO.;

— 10 armapatoB I'XI'B — 1,15 mutH pyo0.;

— 10 oTeyeCTBEHHBIX MYJIbTH-CILIMT-CUCTEM-U3BEIA-
teqeit — 0,9 MiH pyo.
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15T ceTbCKOIA IIIKOJIBI CPETHSISI CTOMMOCTD COCTaBUT
2,955 MutH py0. TIpU cIemyroIeii criennpUKaIm;

— 1 «lllyxoBcKuii» BUXpEBO BETPO-3JIEKTPO-TeHE-
paTop ¢ BUXPEBBIM TeHEPaTOPOM — MCTOUYHUKAMHU
atMocdepHoit Boasl — 1,0 MJTH pyoO.;

— 4 xomrmiekTa U3 2-x rugponaneneit «YHUCOPB» —
0,48 MiH pyoO.;

— 10 comHeyHbIX OaTapeit — 0,2 MITH pyo.;

— S wunBepTtopoB-u3Bemareneit — 0,25 MiH pyo.;

— 5 KOHTpOJUTepOB-U3BEIIATEICH 3apsIna ¢ aKKyMYJIsi-
TOpHBIMHU Oatapesmu — 0,1 MiTH pyo.;

— SanmaparoB 'XI'B — 0,575 miH pyo0.;

— 5 OTe4eCTBEHHBIX MYJIbTH-CIUINT-CUCTEM-M3BEIIa-
teneit — 0,45 MaH pyo.

2. ITOTOBBII TOOOBO# 00BEM I KaXKIOTO PEeTH-
oHanbHoro npeanpustust 'YIl cocraBut ot 51 mo
18 CAUCII cromMocThio oT 35,6 10 23,4 mapx pyo.
B roj (tad. 3), a 001Ut 00BEM ITPOM3BOICTBA KOM-
mwiekcoB CAMCI msg 39 462 ko 3a 12 j1ieT coCTaBUT
349,2 mapna pyo.

3. Ha cnenudukanmio, MOHTaX, HAJTAAKy W TEKy-
mee oocanyxuBanne AUCII B 39 462 mkosax 3a 12 et
B 85 cyobekTax rmotpedyetcst 69,84 mupa pyo., v cpexHmii
roioBOii 00beM (GIIHAIOB/YIACTKOB OTHOTO IIPEATIPH-
atust [YI1 coctaBut 68,47 M py6. Takum o6paszom,
TOTIOJTHUTEIbHAS IITaTHASI YMCIICHHOCTD IIepCOHAIA IS
onHoro royioHoro npeanpusitug A1 B pernone, anano-
ryHo nosarast, 4to CAVCIII cuntaeTcst BEICOKOTEXHO-
JIOTUIHOI TIPOAYKIIE B COOTBETCTBUH ¢ Pacrmopsike-
aueM I[1paButensctBa PO [34], cocrasut 71 cnenuaamcT
(342,4 mutH py0./4,8 MiTH py0.). [Ipr 3TOM AOMOJIHHTETb-
Hasl YMCJIEHHOCTDh ero (UINaIoB/y4acTKOB, IIPOCKTHO-
MOHTAaXXHas IeSITeIbHOCTh KOTOPBIX TAKXKE CUMTACTCS
BBICOKOTEXHOJIOTUIHOI, COCTABHT, B cpenHeM, 15 cnemu-
ammncroB (69,84 miiH py6./4,8 MiH py6.), T.e. 1o 1 1Tar-
HOI eIWHUIIC, B CPEIHEM, Ha ONWH (PUIHa/yIacToK
B cyonekTe Poccuiickoit Mepepanmn.

Taxum 06pa3oM, 00IIee KOJIMIeCTBO BEICOKOTEXHO-
JIOTUYHBIX padounx mMecT B 85 cyobekTax Poccuiickoit
Denepanmn yBeauunted Ha 7310 eqUHALL M, ¢ yIETOM
BBITTYyCKa KOMILUTEKCOB It 10,0 MITH MHAWBUAYaTBHBIX
IoMOB B perroHax Poccum, cocrasur 118 574 [11].

[IpuHMMas BO BHUMAHUE, YTO «CKOPOCTh MPOU3-
BoncTea u BHenpenusi» AUCIII cocrasasier ot 4333 o
1409 KoMIJIEKCOB B rOJI, a CPEIHSIS SKOHOMUS OIOIKET-
HBIX CPEIICTB Ha «ITeAarorundecKue yCIyT Ha KakIoro
y4dauierocs» coctaBut 54,2%, ObLI BBINOJHEH pacyeT
«OKOHOMMYECKOMN 3(D(DEKTUBHOCTI» aBTOHOMM3AIINH
WHXECHEPHBIX CUCTEM POCCUICKNX IIKOJ (TaoI. 3).

H00aBIsis B eXXeTOMHBIC 3aTPaThl CTOMMOCTD BO3BeIe-
HUS B KaXXIO¥ IIKOJIe TIIaBaTeIbHOTO OacceifHa 1 IBYX
TEHHUCHBIX KOPTOB C TIPUMEHEHNEM BO3TYXOOIIOPHBIX
COOPYKEHUI ¥ aBTOMATUKH YIIpaBIeHUS X PYHKIIAO-
HUpOBaHUEM B pa3Mepe 3,0 MIIH pyoO., MOJIyIHM OOIIYI0
CYMMY TaKoii MoJepHH3aImuH B pa3mepe 467,59 mupa pyo.

Takum 0Opa3om, eci 0bI B pe3yIbTaTe CUCTEMHOTO
ITOIX0a K aJbTepHATUBHOU sHepreTuke IIpaBuTenb-
cTB0 P® npunsiio 661 [locTaHoBIeHNE O pa3BePTHIBAHUN
ABTOHOMHBIM MH)KEHEPHBIX CHCTEM B IIKOJIAX, a TaKXKe
0 IMOAJEPXKKE B IOCTAHOBKE Ha IIPOMU3BOACTBO OTEYE-
CTBEHHBIX MHHOBALIMII B BETPOIHEPIETUKE, B reHepa-
LMY MUThEBOM BOIBI U3 aTMOCHEPHI, IIPOU3BOACTBE
«OIOJIKETHBIX» TUAPONAaHEsIeil U COJTHEUHBIX OaTapeit
B 2009 roxy, To K 2021 romay IIpakKTUIECKU BCe POCCHIICKHE
IIKOJIbI ObLTH OBI MepeBeIeHbl HA JIEIeHTPATN30BAHHOE
pecypcocHa0KeHne 3JeKTPOIHEPrHeii, TeNIoM U BOJO
3a CYET YKOHOMUM OIOMKETHBIX CPEACTB Ha 0Opa30oBa-
Hue, a ¢ 2022 rona, MoJHOCTbIO OKynHB oyt 500 Mupx
pyo0. 3aTpaT, MOIIH OBI MOJYYHTD €KErOTHYI0 SKOHOMHIO
0I0/KETHBIX CPENICTB B TAKOM ke pa3mepe! [1pu saTom
KaX1plii Tox B mKoJax nociie Baeapenns CAMCIII kax-
JIOMY YYHTEJNI0 MOXHO OBLIO Obl YBEJUYHTDh 3apPIIATY
Ha 31 Tbic. py0. B Mecs, a ¢ 2021 roga Takasi Hag0aBKa
nJocturia ob1 38,0 TeIc. py0Jieii B MecsIl 3a CYeT COKOHOM-
JIEHHBIX OI0/KETHBIX cpeAcTB (Ta0. 3).

3AK/IIOYEHUE

AHam3 HaIIpaBJICHUA 1 TEMIIOB Pa3BUTHS B MUPE,
«TaK Ha3bIBAEMBIX BO3OOHOBISIEMBIX HICTOYHUKOB SHEP-
TUW», TT0Ka3aJjl, YTO YKa3aHHBIC YCTAHOBKU, SIBIISISICH
HEeCTaOWIHLHBIMH, HI3KO KOHIICHTPUPOBAaHHBIMU U TTe-
PUOOMYIECKUMU UCTOYHNKAMU, MOTYT MCIIOJIh30BAaThCS
B MHIVBUIYATbHBIX KIJIBIX TOMaX 1 IIIKOJIaX B KAYECTBE
aBTOHOMHBIX MHXKeHepHBIX cucteM (AMC) 31eKTpo-,
BOIO- M TeIIocHAOXeHUs. [Toka3aHO, YTO OTEUECTBEH-
HbIC MHHOBAIIUM ¥ HAHOTEXHOJIOTUM B MHXKCHEPHBIX
cHCcTeMax 3TaHU 00BEKTOB 00pa30BaHMsI, B YACTHOCTH,
nHTerpanug «IIyXoBcKoil» 1 BUXPEBOI BETPOYCTAHO-
BOK, TUApOTNaHeIel M COTHEUHBIX OaTapeil ITO3BOJISTIOT
co3math 1 TupaxkupoBatb AVC 11T KO 3a CYEeT KO-
HOMMU OIOIKETHBIX aCCUTHOBAHUI Ha 0Opa3oBaHUE,
TIOIHSIB TIPY 3TOM 3apabOTHYIO TIJIaTy KaxkKIOoTo Iiearora
MOYTH Ha 38 ThICSY pyOJIeit B MeCsIIl.

CylIiecTBeHHBIM TIPU 3TOM SIBIIETCS TOT (DaKT, 4TO
3a cuet myosmpoBaHus AMC mMoryT o0ecneunTs 3JIeK-
TPO3Hepruei, BOIO U TeIIOM BCe TOPOJACKHE U CeJIbCKhe
rocyaapcTBeHHbIE IMKOJIbI C TTapaMeTpaM1 KadyecTBa,
HaIIeKHOCTH M 0€30ITaCHOCTH, KOTOPBIe HAa HECKOJIBKO
TTOPSIIKOB TIPEBBIIIAIOT CYIIECTBYIONINE IIEHTPAT30BaH-
HBIE CUCTEMBI PECYPCOCHAOKCHMSI TOPOIOB 1 HACEJICH-
HBIX ITyHKTOB, 0JaroAapsi 4eMy MOTYT CO3/1aTh MOXKapo-
B3PbIBO-0€30NaCHBIE YCJIOBUS B MIKOJAX IS YIAMIHXCS
H meaaroroB He xyxe, 4eM 0,999999, kak 310 TpedyeT
roCyJapCcTBeHHbIi cTannapr [35].

Takum o6pa3zoM, MaccoBas ajJlbTepHATUBHAS SHepre-
THKa B Poccun neiicTBUTEIbHO BO3MOKHA M BBICOKOI(-
(heKTMBHA C MOMOIIBIO OTE€YECTBEHHBIX HAHOTEXHOJIOTHI
B MHXKEHEPHbIX CHCTEMaX He TOJbKO HHINMBUAYAJbHBIX
JKIJIBIX IOMOB, HO U B IKOJIAX.
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ABSTRACT: Introduction. Shotcrete lining is the most economical and quite fully mechanized in production among all the known
varieties of concrete linings. The construction practice of hydraulic structures has accumulated numerous examples of the use of
a wide variety of building materials in lining — from stone to modern films made of synthetic resins. Despite the very active efforts to
find more suitable materials, concrete lining will remain the main one for a long time. Accordingly, concrete lining requires further
improvements, increasing durability and reducing cost. Methods and materials. The studies were carried out by the comparison
method of laboratory tests of shotcrete with nanostructured surfactants additives. In the form of nanostructured additives, SCL
(sulfite-cellulose liquor), NAR (neutralized air-retaining resin), cotton soap and bitumen were used in various consistency. The tests
were conducted on strength properties, shrinkage, tension deformation, adhesion strength and water permeability. Structural
changes in the properties were studied by electron-microscopic analysis. Results and discussion. It is established that the optimal
proportion of SCL additive to the shotcrete gauged water, under the spraying condition, is 0.5% by the cement weight. NAR addi-
tive is not observed. When cotton soap additive with gauged water are added into the shotcrete, the water content in the placed
shotcrete increases as the amount of the additive added increases, the optimal cement content in the shotcrete is observed when
0.3% cotton soap additive by the cement weight is added. The “rebound” decreases when the additive proportion grows. The 0.3% SCL
additive by cement weight added in 1:4 dry mixture shotcrete increases its compression strength by 16%, bending strength by 1%
and tension strength by 20%. Conclusion. All nanostructured surfactant additives increase the shotcrete shrinkage. The shotcrete
with SCL additive shows the smallest increase in the shrinkage, and the largest — with bitumen emulsion. The additives used in
shotcrete significantly increase its tension deformability, and in a wide range reduce the values of the shotcrete instantaneous
elasticity modulus, i.e. enhance its plastic properties. The surfactants and bitumen emulsion reduce the adhesion strength between
shotcrete and reinforcement, however, it remains at a higher level than that of conventional concretes.

KEYWORDS: nanostructured additives, shotcrete, surfactants, bitumen, neutralized air-retaining resin, sulfite-cellulose liquor.
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INTRODUCTION

Most irrigation systems in Kazakhstan do not have
anti-filtration lining on the channels. This is one
of the main reasons for the very low efficiency of systems,
as well as resalinization and waterlogging of suspended
land [1].

Further development of agriculture in the Kazakh-
stan requires radical change in the prevailing views on
the irrigation channels lining. The dwindling land re-
serve for new irrigation and the ever-increasing need

for capital costs of reclaiming old irrigation land will
sooner or later require a transition to fully lined sys-
tems. Therefore, there is already a very serious need for
extensive scientific and industrial research of all kinds
of materials and structures, methods of work and design
of machines to install linings [2].

The construction practice of hydraulic structures in
various countries has already accumulated numerous ex-
amples of the use of a wide variety of building materials in
the lining- from stone to modern films made of synthetic
resins. However, despite the very active efforts to find
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more suitable materials, concrete lining will remain the
main one for a long time. Accordingly, concrete lining
requires further improvement, increasing durability and
reducing cost [1-5].

Shotcrete lining is the most economical and quite fully
mechanized in production among all the known varieties
of concrete linings [6].

In Kazakhstan and Central Asia, there are almost no
shotcrete linings, there are only small areas, although
in some foreign countries, for example, in the USA and
China, they have been used for a long time and are being
re-built [7, 8].

Due to the simplicity, construction mechanization and
great economy compared to monolithic and prefabricated
linings made of ordinary concrete, shotcrete linings will
take a proper place in irrigation construction.

METHODS AND MATERIALS

Research [9—12] determined the optimal parameters
for the shotcrete work production. In experiments, the
angle between material flow direction and the land to be
treated was 90 degrees with the distance from the nozzle
to the panel 90—110 cm. In the experiments, we used sand
taken from the Syrdarya riverbed, with the volume weight
of 1.44 kg/1, a specific gravity of 2.7 kg/I and voidness of
46.5%, Portland cement grade 400 of Zhambyl Cement
Plant and water from State utility enterprise on the right
of economic management “Taraz Su”.

By applying shotcrete to special panels at an angle of
90 degrees to their surface, shotcrete plates were made,
which were cut into figures of certain sizes at the hori-
zontal position of the panel. This facilitated the samples
production and improved their quality.

We took cubes sized 3%X3%3 cm to test shotcrete com-
pression strength, and prisms 3X3%24 cm in size were
used to test the bending properties. We prepared prisms
3Xx3X8 cm in size, which were placed in normal-type
briquettes and the “rounding-off shoulders” were filled
with cement-water paste made of fine-ground cement.
During the tension test, there were cases of “rounding-
off shoulders” shearing, so we designed special dies from
roofing iron with wooden plungers and the workshops
machined them.

The proportions of sand and cement to prepare dry
mixture were taken by weight. The composition of the
shotcrete was determined by the specific method [10,
11]. Experimental samples were tested after storing them
in wet sand for 7, 28, 60, 90, 180, 360, 720 days. At least
three twin samples were tested at each stage. The strength
properties of shotcrete (kg/cm?) without additives at
28-days are given in Table 1.

At 18-months, shotcrete had the following strength
(% of 28-days): by 1:2 composition of the dry mixture —
116, by 1:3 and 1:4 — approximately 100, by 1:5 — 106 (in
compression), by 1:4 — 184 and 1:5 — 164 (in bending).
In later stages, the strength increases significantly during
bending and slightly during compression. At 24-months,
the compressed shotcrete has the following strength (% of
28-days): by 1:3 composition of the dry mixture — ap-
proximately 100 and by 1:5 — 174 accordingly.

The ratios of bending strengths to compressive
strengths, average for various periods of storage, increase
with a decrease in the fat content of the dry mixture from
0.32 for a composition of 1:2 to 0.42 for a composition
of 1:6. Average ratios of tensile strength to compressive
strength increase from 0.13 for 1:2 dry mixture to 0.29 for
1:6 dry mixture.

In addition to sufficient compressive, bending and ten-
sile strength, water permeability is of great importance for
the lining material. Shotcrete with an undamaged struc-
ture has a high water permeability [15]. When lining was
installed at channels K-18, K-20 in the Maktaral district
of the Turkestan region, shotcrete with 1:5 dry mixture
composition mixed with cement grade 400 and Zhetysay
sand (lining thickness 5—7 cm) at 28-days stage withstood
a pressure of 6—8 atm (Fig. 1).

Shrinkage was determined on prism shaped samples
sized 5%X5x%50 cm using a designed and manufactured
saddle-type indicator tensometer. The relative shrinkage
values (ex107°) for shotcrete at 14 and 28-days are as fol-
lows (Table 2).

To determine the effect of water evaporation from
the sample on its shrinkage, some samples were coated
with paraffin. Dry mixture composition 1:4. Shrinkage
was measured on a 5X5%50 cm sample. The paraffined
sample shrank for 2 days gradually, due to contraction:
then the shrinkage stopped, amounting to 9.4 u. During

Table 1
The strength properties of shotcrete (kg/cm?)
Dry mix composition
Type of test il P
1:2 1:3 1:4 1:5 1:6
Compression 281 230 179 150 100
Bending 105 73 72 62 40
Tensile 38 32 27 32 19
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Fig. 1. Pilot sites of irrigation channel lining installation using shotcrete in the south of Kazakhstan

Table 2
Relative shrinkage values of shotcrete
Shotcr‘e.te 14-days 28-days
composition
1:3 36.0 57.0
1:4 35.0 53.5

this time, the non-paraffined sample shrank to 49.6 u,
i.e. 5.3 times more, and it continued, reaching 467.2 u
by 90 days stage, of which 383.2 or 82%, were in the first
30 days. It is clear from the experiments how important
it is to avoid water evaporation from the shotcrete during
the setting process in order to reduce shrinkage. To create
a vapor-proof film on a shotcrete surface, heavy highly
polymerized Kyzylorda and Aktyubinsk oils can be used
in this process.

The disadvantages of cement material, from the point
of view of its use for channel lining, are 1) excessive stiff-
ness and brittleness, which increase over time, and 2) suf-
ficiently large temperature-shrinkage deformation. The
first disadvantage does not allow to built thin concrete lin-
ing (5—7 cm), as it would be highly susceptible to destruc-
tion even with minor base deformations (subsidence and
suffosion process). Therefore, monolithic concrete lining
is usually 10—15 cm thick and are often reinforced with
iron. The second disadvantage leads to the need to disturb
the coating by cutting temperature-shrinkage seams, and
this worsens coating operational performance and com-
plicates construction work. In this regard, it is desirable to
increase the deformative properties and creep of cement
material, in particular shotcrete [11—14].

The influence of nanostructured surfactants on the
shotcrete creep was revealed when we add SCL (sulfite-
cellulose liquor), NAR (neutralized air-retaining resin)
and cotton soap into gauged water. Bitumen substance
has high plastic properties under certain conditions. It can
transmit these properties to the input materials. Bitumen
substance was added into the shotcrete as bitumen solu-
tion in kerosene and bitumen emulsion.

The effect of appending organic surfactants should
affect the wetting ability of the gauged water and the me-

chanical properties of the shotcrete [16]. The influence
of organic surfactants on the wetting ability of gauged
water with the additive was determined by measuring the
capillary suction of solutions. To determine the capil-
lary suction of distilled water with and without additives,
a simple device is made consisting of four tubes with a di-
ameter of 3.2, 1.2, 0.5 and 0.3 mm, fixed on a measuring
scale with the ends of the tubes extending beyond the
scale by 20 mm. The tubes were immersed in the liquid.
To measure the capillary suction, the average of three
experiments was taken.

RESULTS

SCL was added in the amount of 0.5, 1 and 1.5%,
NAR — 0.05, 0.1 and 0.15, cotton soap — 0.1, 0.3 and
0.5%. As a result, it was found that SCL increases the
wetting ability of water, and the more additives the higher
wetting ability is. NAR causes a slight increase, and cotton
soap significantly reduces it.

To find out the effect of additives on the shotcrete
spraying process, a set of experiments was carried out, the
results obtained are given below. In experiments, a 1:4 dry
mix shotcrete with various amounts of SCL, NAR and
cotton soap was used. To make the research, the group
of scientists took 10 kg of dry mixture and defined the
composition of the shotcrete applied to the panel and its
weight. According to the spraying conditions, the optimal
amount of SCL additive is 0.5% by the cement weight.
With such an amount of additive, shotcrete contains
a minimum amount of water, a maximum amount of
cement and has the smallest “rebound”.

The optimum addition of NAR is not observed. As
it increases from 0.05 to 0.1% of the cement weight, the
water content in the cast-in-place shotcrete increases from
12.4 to 13.1%, cement content increases from 29.5 to 30.9,
and the shotcrete weight changes from 4.3 to 5.3 kg, i.c.
the “rebound” decreases.

When cotton soap mixed with gauged water is added to
the shotcrete and as its amount increases, the water con-
tent in the shotcrete inhances. It is noted that the optimal
amount of cement in shotcrete is by the addition of 0.3%
cotton soap by cement weight, or 0.57% by water weight.
The weight of the cast-in-place shotcrete increases from
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4.38 kg with 0.1% cotton soap from the cement weight to
5.88 kg with 0.5% addition, i.e.the “rebound” decreases.

In order to determine the effect of surfactant additives
on strength properties, 5X5X%5 c¢cm cubes, 5X5%31 cm
prisms, and normal-type briquettes were made. Beams
sized 5x5%50 cm were tested for shrinkage. Also beams
of the same dimentions with the released reinforcement
ends d = 10 mm were tested for deformation ability under
the condition of a slowly increasing static tensile load. The
shotcrete creep was examined under the constant static
load. The rings with a diameter of 20 cm and a thickness
of 5 cm were tested for water permeability (Fig. 2).

The ideal proportion of additives in concrete and ordi-
nary mortar was established during laboratory and indus-
trial experiments: SCL is about 0.25%, NAR is 0.03 %,
and cotton soap is 0.1% by the cement weight.

To try shotcrete strength out, three twin samples
were used. The tests were carried out at 28, 90, 180 and
270 days of samples storage in wet sand. 1:4 dry mixture
composition. The results are shown in the Table 3.

The SCL in the amount of 0.3% by the cement weight
increases the compressive strength on the average of 16%,
bending strength by 1%, and tensile strength by 20%.
Shotcrete compressive strength increased on the average

of 16%, the bending and tensile strengths decreased in
comparison with the shotcrete corresponding strengths
without additives when SCL 0.5% by cement weight was
added. The average compressive and tensile strengths
remained approximately at the same level as the shotcrete
corresponding strengths without additives, and the bend-
ing strength increased by 20% when SCL 1% by weight
of cement was added.

Based on the experiment results, it can be concluded
that SCL increases the shotcrete strength properties al-
most at the same limits as in ordinary cement mortars
and concretes, so SCL in the amount of 0.3% by the ce-
ment weight can be recommended to use to increase the
shotcrete strength in structures.

NAR and cotton soap reduced the shotcrete strength
properties, and the more they are added the greater the
strength decreases. The proportion of additives used in
experiments showed that cotton soap reduces the com-
pressive and tensile strength to a greater extent than NAR.
And only shotcrete bending strength was higher with cot-
ton soap added than with added NAR. This is explained
by the fact that surface-active additives of hydrophobic
type, adsorbed on the surface of concrete components,
form films of water-solublecalcium soaps and therefore

Fig. 2. Shotcrete samples

Table 3
Results of the shotcrete strength test
Quantity Water/ Strength limits of samples in kg/cm? at the 24-hour period
Type of shotcrete of additive, Cement compression bending tensile
% by cement in
weight shotcrete 28 90 180 | 270 28 90 180 | 270 28 90 180 | 270
Without additive — 0.52 259 | 218 | 259 — 94 85 142 - 34 33 37.9 -
0.3 0.43 317 | 270 | 301 — 108 — 125 - 38 38 50.8 —
With additives 0.5 0.28 293 | 328 | 247 | 377 83 83 [ 132.5| 136 23 31 35.6 | 47.9
SCL 1.0 0.47 255 190 | 301 | 471 103 128 | 139 128 31 32 | 41.3 -
NAR 0.03 0.37 183 | 260 | 165 | 293 74 83 78 131 26 24 36.8 | 38.5
0.06 0.58 147 | 265 | 273 - 65 85 69 - 22 25 324 —
0.12 0.74 131 142 | 195 — 55 62 — - 12 27 25.2 -
Cotton Soap 0.1 0.71 166 | 156 | 138 | 182 65 76 97 55 20 19 31.8 —
0.2 0.93 176 | 243 | 181.5|192.5| 92 65 125 45 12 14.7 | 16.8 | 18.1
0.6 0.61 134 | 163 | 231 | 278 75 60 88.5 65 18 14 | 27.0 —
Bitumen emulsion* 0.25 0.6 137 174 180 | 263 77 60 87 96 20 — 27.6 -
0.5 - 91 - 154 — 27 - 57 - 10 - 14.2 -

* The bitumen content is given as a percentage by the shotcrete weight
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reduce the rate of hydration and hydrolysis of clinker min-
erals and, consequently, the increase in the strength over
time. The plasticizing effect is based on air entrainment,
which occurs in the concrete mixing process, but it does
not occur during pneumatic spraying process, so there is
no plasticizing effect [17].

The deformability of shotcrete containing various ad-
ditives of different proportions was determined under the
influence of permanent step load.

The experiment shows that the speed of load applica-
tion is approximately constant, so the task to define the
comparative deformability indicators of shotcrete with
additives can be considered fully completed.

The prism shaped samples at the 28-days sized
5x5x%50 cm were tested during the experiment. Deforma-
tion was measured by indicator tensometer. Deformation
reports were taken at stress intervals of 2 kg/cm?. Three
twin samples were tested, and the number of loading
and unloading cycles ranged from 4 to 15. Two samples
were destroyed and one was left to be tested again at the
3-months. Aside the deformation reliance on the stress,
there were also determined the number of plastic defor-
mations at certain stress levels (sometimes close to Rp),
maximum extensibility, and tensile strength limits.

The figures show the deformation reliance graph
Al= f(op), based on the experiment results, where almost
all traffic curves of the second loading cycle are taken for
the samples that showed most logical change (out of three
twin samples) in deformation reliance. Shotcrete creep
was determined based on measurements of 28.5 cm.

Fig. 3 shows deformation reliance on the stress for
shotcrete with different proportions of SCL and NAR ad-
ditives, as well as control curves for shotcrete without ad-
ditives. All kinds of samples were made from cement dry
mixtures and sand in a ratio of 1:4. The graphs show that
SCL additive greatly increase the shotcrete deformation
ability under certain load; the more additive added, the
more sharply the deformability increases, and this fact is
observed in an overall increase of the shotcrete with SCL
additive strength properties. SCL increased the specific
deformability, and consequently reduced the value of the
instantaneous and long-term deformation modulus and
thereby enhanced the plastic deformations as well. This
is also indicated by a significant length reduction of the
initial straight-line portion on the graphs.

The influence of additives on the maximum tensile
strength of 28.5 cm of the prism section is characterized
by the following data (1:4 dry mix composition, Table 4).

Graphs of shotcrete deformability with NAR additive
show that NAR even more sharply than SCL increased
the deformation ability of the shotcrete, however, this is
already observed at a time when strength properties de-
creased substantially. NAR slightly changes the nature of
the deformation curves: they approach the straight lines
and the curve 8 changes the curvature sign.

Cotton soap increases the deformability of the shot-
crete more significantly than SCL and NAR, but it is par-
ticularly marked under a higher ultimate tensile strength
decrease compared to the shotcrete with the NAR addi-
tion (Fig. 4a).

Tensile stress kg/em?

8 10 12 14 16

18

Length increment, m

% 18

14

0

Fig. 3. Graph of shotcrete deformation reliance on load and additive A/ = f(apD): 1 and 5 without additive, A/ = 0.3—
0.86;2—0,% SCL, Al=0.4—0.62; 3 —0.5% SCL, Al=0.5—-1.2; 4 — 1.0% SCL, A/=0.6—1.5; 6 — 0.03% NAR;

7—0.06% NAR; 8 — 0.12% NAR (for NAR A/ = 1.0)
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Table 4
Effect of additives on the ultimate tensile strength value
Quantity of the | Ultimate tensile Maximum
additive, % strength, kg/cm? | elongation, p
Without additive 28 22
SCL
0.3 34.6 21
0.5 27.9 2627
1.0 20 33
NAR
0.03 20 42
0.06 19 46—47
0.12 14 20
Cotton Soap
0.1 20.4 35
0.2 16.1 32
0.6 11 22
Bitumen
0.25 16 8
0.5 11 18

Bitumen was added into the shotcrete with gauged
water as an emulsion in 0.25 and 0.5% proportions (Fig.
4b). Curve 2 corresponds to the deformation of the sam-
ples added 0.25% additive; with a few additives, the dif-
ference in elongation indicators compared to shotcrete
without additive is not significant. The 0.5% additive
increased significantly the shotcrete deformability, as
is the case with NAR additive. Curve 3 has already a

clearer inverse curvature, which logically should indicate
the decrease in the plastic component of deformation
as the stress increases. Bitumen additive dramatically
reduced the tensile strength and even the ultimate tensile
strength, although the specific tensile strength remained
approximately the same.

For a more prominent comparison of the tensile
strength (at 28-days), depending on its composition
and additives, the values of the total increment of the
samples length u are given below based on the accepted
measurement when the samples reach the tension of 5 and
10 kg/cm? (with additives, the dry mixture composition
is 1:4, Table 5).

SCL increases the deformability under static load by
2-2.5 times, NAR — by 2,5—4 times, cotton soap — by
3—5 times, bitumen — by about 2 times.

The shotcrete deformability was determined from 4 to
15 cycles of alternate loading and unloading.

Fig. 5 show the deformation reliance graph of the test
of 1:4 dry mix shotcrete without additives at 5 loading
cycles. The curves of different cycles are almost parallel
(parallelism of tangentsat points of equal loads), although,
with an increase in the number of cycles, they would have
to straighten out due to a process similar to “hardening”.
When the load is reset for the next loading cycle, the in-
dicator arrow does not return to its initial position, but
always shows a longer length, a sample by a value a’, a”
and etc. As the number of loading cycles increases, the
values of a, being as a residual deformation, decrease and
are practically reduced to zero. The absolute values of a
depend, apparently, on the material of the samples, the
stage, and the present tension.

Tensile stress kg/cm?

1 1 1 1 1

0 2 4 6 8 10 12

14 16 18 20 2 0 2 4 6 8 10 12

Length increment, m

Fig. 4 (a, b). Graph of shotcrete deformation reliance on load and additive A/ = f(apD): a — cotton soap additive, %;
1 — without additive, A/=0.3—0.86;2 — 0.1, A/=1.5;3—0.2, A/=1.7;4 — 0.6, Al = 2.15; b — bitumen additive, %;
1 — without additive, A/ =0.3—0.85;2 — 0.25, A/=10.3—0.86; 3 — 0.5, A/=10.74
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Table 5
Comparison of shotcrete tensile strength
Dry mix
composition and 5 kg/cm? 10 kg/cm?
additive percentage
Without additive

1:2 0.2 0.4
1:3 0.7 2.0
1:4 1.8 5.0

SCL
0.3 2.1 5.0
0.5 2.7 6.7
1.0 5.0 11.5

NAR

0.03 5.0 10.0
0.06 5.2 10.2
0.12 8.0 13.4

Cotton Soap
0.1 8.8 16.2
0.2 10.0 18.6
0.6 10.6 21.0
Bitumen

0.25 2.0 5.3

0.5 5.6 9.5

Thus, the reliance curve Al = f(ap) sums up the elastic
and plastic deformation components during the forward
course (tension increase), and the second branch of the
curve corresponding to the tension relief, on the contrary,

differentiates them. In experiments, the rate of increase
and decrease of the load is quite high; we can assume
that the plastic component of deformationis restored. As
the number of loading and unloading cycles increases,
the angle of the graph inclination (lines 1, 2 and 3) to
the abscissa axis decreases, and the value of the elastic
modulus decreases along with the integrity violation of
the shotcrete structural constructions.

This phenomenon is observed in all the tests we have
performed with a large number of loading and unload-
ing cycles. During 1:4 dry mixture sample test with the
0.06% NAR additive, the instantaneous elastic modulus
found according to the graph of the second cycle was
285 000 kg/cm?, and according to the graph of the 15" cy-
cle — 259 000 kg/cm?.

During the experiments to identify the shotcrete
shrinkage, we were interested, firstly, in its shrinkage
deformations, since shotcrete differ significantly from
ordinary concretes and mortars in the placing method and
water consumption, and, secondly, in the effect of surfac-
tants additives and bitumen on the shotcrete shrinkage.

Shrinkage was determined on prism shaped samples
sized 5x5x%31 cm and 5%X5%50 cm using special devices.
A set of control measurements showed that the relative
shrinkage obtained on samples of different lengths dif-
fer very little. Shrinkage of the samples was observed
for 2—3 months. According to the shrinkage graphs of
shotcrete samples without additives and with the initial
1:3 and 1:4 dry mixtures compositions as well as with
0.3 and 0.5% SCL additives (by the cement weight), it
can be concluded that the first three compositions have

e NN N W
(o] [== T o N

—
N

Tensile stress kg/cm

Length increment, m

16 20 24 28

Fig. 5. Curves of shotcrete deformation reliance on load Al = f(ap) at 5 load cycles
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Fig. 6. Graphs of shotcrete shrinkage reliance on time g = f(t): a — SCL additive, %; 1 and 2 — without additive
(mixture 1:4); 3 — 0.3, mixture 1:4; 4 — 0.5, mixtures 1:4; b — NAR additive (mixture 1:4), %; 1 — without additive;
2—0.03;3—-0.06; 4 — 0.12; ¢ — cotton soap additive (1 — 0.1%, 2 — 0.2, 3 — 0.6) and bitumen (4 — 0.25%, 5 — 0.5);

mixture 1:4

approximately the same shrinkage rate, and the fourth
composition has a slightly higher one (Fig. 6a). This is due
to the high cement content in the fourth composition, as
well as the acceleration of cement hydration as a result of
the SCL peptizing effect and the accelerating processes
of diffuse water absorption by cement.

Shotcrete with NAR additive (1:4 dry mixture com-
position) has higher shrinkage than shotcrete without
additive. According to the curves position (Fig. 6b), it can
be seen that the cement content has a greater influence on
the shrinkage rate than water, so the compositions with
higher cement content correspond to curves of greater
shrinkage rate.

Shotcrete with soapstock soap additive and bitumen
has a slightly lower shrinkage rate in the first 15 days of
testing, and in the subsequent days it has a higher one.
(Fig. 6¢) By the end of the month, the shotcrete with
bitumen has the greatest shrinkage. To compare, the rela-
tive shrinkage values for all shotcrete compositions are
given below (for shotcrete with 1:4 additives) at 14 and
28-days. The additives used in the first month increase
the shotcrete shrinkage, the highest indicators were found
in shotcrete with bitumen (Table 6).

Table 6
Relative shrinkage rates
Dry mixture Relative s
o . t x10
composition and shrinkage at 28-davs
additive percentage 14 days Y
Without additive

1:4 35.0 53.5
1:3 36.0 57.0

SCL
0.3 39.0 55.0
0.5 48.0 63.7

NAR
0.03 49.0 59.5
0.06 44.0 58.5
0.12 36.0 55.0

Cotton Soap
0.1 44.0 62.5
0.2 234 55.0
0.6 35.0 60.3
Bitumen

0.25 40.0 68.0
0.5 37.0 66.0
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The adhesion strength between concrete and rein-
forcement is the most important factor that ensures their
joint and reliable operation in constructions. It is caused
by three main causes: friction and shear resistance. Nu-
merical value of adhesion strength is determined empiri-
cally, and its shear resistance (R, and 7, ) is expressed
by the adhesion strength (kg/cm?) assigned to the total
outside surface of the reinforcement Experiments have
shown that 7, for concrete ranges from 25 to 40 kg/cm?,
and for shotcrete it is slightly higher — 38—62 kg/cm?[18].

DISCUSSION

In our experiments, we tried to trace the effect of
additives on the shotcrete adhesion strength. Adhe-
sion strength was determined by pulling out 10—12 mm
long reinforcing rods from prism shaped samples with
the cross- section of 50x50 mm and the length of 15—
17 cm. The length of restraint of the reinforcement end
was 10—12 cm. The adhesion strength between shotcrete
and reinforcement has the same cohesion as the strength
properties. SCL additive increased significantly the ad-
hesion strenth (almost in twice), and all other additives
lowered it (Table 7).

However, by the 3-months, the SCL additive did not
increase the shotcrete adhesion strength, while in shot-
crete without additives and with hydrophobic additives,
adhesion strength increase is observed. In some cases,
the adhesion strength between concrete and reinforce-

ment reaches 200% of the 28-days adhesive strength. By
the 3-months, all shotcrete compositions got the adhe-
sion strength 7_,, close to one 7, for ordinary concretes
or even higher. Thus, it can be noted that the adhesion
strength 7 between shotcrete with additives (SCL, NAR,
cotton soap, bitumen in proportions close to ours) and
reinforcement is at a very satisfactory level, and therefore
the minimum embedment length of the reinforcement
can be calculated according to the principles that apply
in ordinary concrete, i.e.

RExd

> ,
4Tad

where / — is the minimum required embedment length
of the reinforcement; R " — is the standard resistance of
the reinforcement.

To compensate for shrinkage deformations, the creep
of the shotcrete under static load is of great importance
[19—27]. Sample shrinkage deformations at 1-month,
taken for testing from wet sand, were larger than the creep
in a certain period of time: this became clear after testing
9 sets of samples (shotcrete without additives, as well as
with SCL and NAR).

Starting from the 10" set, where the samples made
from dry mixture of cement and sand 1:4 with 0.6% cot-
ton soap additive (by the cement weight) were used, the
deformations shown by the sample under the influence
of the tension load were divided into shrinkage and creep
by subtracting from them the shrinkage values obtained

Table 7
Adhesion strength between shotcrete and reinforcement indicators
Additive Dry mixture Shear strength (kg/cm?) at the particular time
proportions, % composition 1 month 3 months 6 months
1:2 34 53 52
Without additive 1:3 29 48 41
1:4 26 41 47
SCL
0.3 1:3 46 43 41
0.3 1:4 44 — —
0.5 — 40 37 36
1.0 — 25 — 40
NAR
0.03 — 23 46 46
0.06 — 21 34 52
0.12 — 17 22 31
Cotton Soap
0.1 — 12 24 —
0.2 — 15 31 23
0.6 — 10 20 26
Bitumen
0.25 — 19 25 18
0.5 — 16 — —
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Table &
Shotcrete creep indicators

on an undisturbed twin sample. It has been established
that the intensity and measure of shotcrete creep depend
on the level of the sample tension state: the closer the
acting load is to the ultimate strength, the more intense
the creep is.

Due to the shrinkage effect, the shotcrete creep is
not observed by direct measurements at low loads —
0.2+ 0.3Rp. As the load increased over O.SRp, almost all
tested shotcrete compositions showed creep deformation,
which was recorded directly by tensometer. However,
this process was fading; after 4—6 hours, the shrinkage
again exceeded the creep and tensometer began to show
shortening of the samples.

A sample made from dry mixture 1:4 with 0.5% SCL
additive was tested for creep effect. Regardless of the ten-
sion acting on it, the total deformations (creep, shrinkage)
were permanently negative, i.e. the sample was shortened,
and the shortening of 11 cm base fluctuated within the
following limits (Table 8).

An increase of the tensile load on the shotcrete reduces
its shrinkage deformations: this occurs due to the rise

in the creep intensity and as a result of the creep efforts
increase resisting shrinkage deformations. Table 9 shows
the nature of the elastic deformation increment of the

0, kg/cm’ Shortening, p shotcrete during a stepping, highly dispersed in time load
16 12-9.5 increment. . .

The experiment, the results of which are summa-

23 7.8-7.3 rized in the Table 9, was carried out as follows. When

25 3.3-3.0 the sample was being effected by a continuous load, up

to 6.4 kg/cm?, we took the tensometer readings, then af-

28 2.0-1.4 ter 21 hours the load was completely removed, the ten-

32 1.9-1.2 someter arrow was set to zero point, and after that, the

sample was affected by the load again, up to 9 kg/cm?. The

33 1.8-0.8 sample elongation was 15.2 and 14.5 u, respectively. After
37 1.7-0.6 48 hours, we repeated the same process again.

40 0—0 Data from tables and graphs (given only for one set of

shotcrete samples) showed that in the general case, the

relience Al = f(ap) is curvilinear, and the curvature of the
graphs is of the same direction (sign) as in the tests of
shotcrete under continuous static loading.

Water permeability tests were performed on disk sam-
ples with a diameter of 200 mm and a height of 50 mm
(three samples per point at the 28-days). The pressure
increased by 1 atm. after 4 hours. Samples were cut from
50 mm thick shotcrete slabs using a die and plunger. The
test results are given below (Table 10).

The effect of appending of nanostructured surfactants
does not reduce the shotcrete water permeability, even
the samples with 1% SCL additive by cement weight can
withstand the 6 atm pressure. If SCL additives increase
the shotcrete compression capacity and keep it at the level
of its compressive capacity without additives, they also
cannot reduce the water permeability.

Electron-microscopic analysis of shotcrete with
nanostructured additives of surfactants has shown that
the strength properties, shrinkage, tensile deformability
and water permeability have significantly improved in-
dicators compared to ordinary concrete and confirm the
results of the experimental work. The microstructure of

Table 9
Increment nature of shotcrete elastic deformations
S . Number of hours Sample elongation at the base of 110 mm, p
L B before the load is
2
strength, kg/cm applied Right tensometer Left tensometer Average
6.4 14.3 13.2 13.75
9.0 21 15.2 14.5 14.85
10.0 48 16.0 15.4 15.70
11.2 48 17.0 16.0 16.50
12.4 48 17.6 16.9 17.25
13.6 240 18.9 17.7 18.30
15.2 120 19.1 18.9 19.00
16.0 144 20.7 20.1 20.40
17.0 24 21.0 22.1 21.55
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Table 10
Test results of shotcrete water permeability
Additive Dry mix Pressure
proportion, % composition sustained by
’ samples, atm
Without additive 1:4 6
1:2 6
SCL
0.3 1:3 6
0.3 1:4 6
1.0 6
NAR
0.03 * 6
0.06 * 6
Cotton Soap
0.2 * 6

* Samples burst when the pressure increased

the samples was examined on the JEOL JSM7500 scan-
ning electron microscope with an X-ray spectral analysis
attachment (Fig. 7).

CONCLUSION

Based on the results of the study, the following conclu-
sions can be drawn:

1. Nanostructured additives of surfactants have differ-
ent effects on the water wetting ability and the shotcrete
strength: SCL and NAR additives increase them, while
NAR does it slightly. Cotton soap additive significantly
reduces the water wetting ability and, probably, therefore
reduces the shotcrete strength in case if gauged water is
mixed with it.

2. The optimal proportion of SCL additive to the shot-
crete gauged water, under the spraying condition, is 0.5%
by the cement weight. The optimum of NAR additive
is not observed When cotton soap additive with gauged
water are added into the shotcrete, the water content in
the placed shotcrete increases as the amount of the addi-
tive added increases, the optimal cement content in the
shotcrete is observed when 0.3% cotton soap additive by
the cement weight is added. The “rebound” decreases
when the additive proportion grows.

3. The 0.3% SCL additive by cement weight added
in 1:4 dry mixture shotcrete increases its compression
strength by 16%, bending strength by 1% and tension
strength by 20% (compared to the corresponding shot-
crete strengths without additives).

Fig. 7. Microstructure of shotcrete samples: a — with SCL additive; b — with NAR additive; ¢ — with cotton soap

additive; d — with bitumen additive
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4.The 0.5% and 1% SCL, 0.06 NAR, and 0.12%, cot-
ton soap additives taken by 0.1, 0.2 and 0.6% by cement
weight, bitumen in the form of an emulsion 0.25 and 0.5%
by shotcrete weight (from 1:4 dry mixture) reduce the shot-
crete compression, bending and tension strengths com-
pared to the corresponding strengths of it without additives.

5. All nanostructured surfactant additives increase
the shotcrete shrinkage. The shotcrete with SCL addi-
tive shows the smallest increase in the shrinkage, and the
largest — with bitumen emulsion.

6. The nanostructured surfactant additives used in
the shotcrete (by the 28-days) significantly increase its
tension deformability.

7. The nanostructured surfactant additives in a wide
range reduce the values of the shotcrete instantaneous
elasticity modulus, i.e. enhance its plastic properties.

8. The surfactants and bitumen emulsion reduce the
tension strength between shotcrete and reinforcement
(except for SCL), however, it remains at a higher level
than that of ordinary concrete.
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TopKkpeT-6eTOH c go6aBKamMmu anAa o6nNNLOBKN
OpoCUTEeNbHbIX KaHaNOB

Kanrasbl Hypxanosnu Mongamyparos* (2}, Antaiibl AMaHkynosuy rnukos (), Muxann Hukonaesny CeHHMKoOB (2,

Snbmupa berannesHa Mapanuesa (), Manpa TypanuesHa TypanuHa
HAO «Tapa3ckuin pervoHanbHbiln yH1BepcuTeT umeHn M.X. lynaTtu», Tapas, KasaxctaH

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: zhanga_m_n@mail.ru

AHHOTALUA: BBepeHue. /13 Bcex 13BECTHBIX Pa3HOBUAHOCTEN GETOHHbBIX 06MLOBOK Hambonee SKOHOMUYHOW 1 JOCTAaTOUHO MOJTHO
MeXaHV3VPOBaHHOW B U3rOTOBNIEHUN ABMSIETCA TOPKPETHas 06nmLoBKa. CTpouTenbHas NpakTuKa rMapoTEXHUYECKUX COOPYXKEHUI
HaKoMwWia MHOrOUMCIIEHHbIE MPUMEPDI MCMOJIb30BaHUS B OG/IMLIOBKAX CaMble Pa3JiIMuHble CTPOUTENbHbIE MaTepUarbl — OT KaMHs 4O
COBPEMEHHbIX MIIEHOK U3 CUHTETUYECKIMX CMOJT. HeCMOTpPS Ha OUYeHb aKTUBHbIE MOUCKM 6oMee NOAXOAALMX MaTepUanoB, 6ETOHHbIE
06/MLOBKY elle HaJoNrO OCTaHYTCA OCHOBHbBIMU. DTO TpebyeT faNibHEeNLMX YCOBEPLUEHCTBOBAHUIA X, MOBbILIEHWS AONTOBEYHOCTH
1 CHUKeHWA cToumocTu. MeTogbl n maTtepuanbl. ViccneioBoBaHWs NPOBOANINCE METOLOM CPaBHEHNA abopaToPHbIX UCMbITAHUIA
TOPKpPeT-6€TOHa C HAHOCTPYKTYPUPOBaHHbIMU A06aBKaMM NMOBEPXHOCTHO-aKTUBHbIX BELLEeCTB. B B1ue HaHOCTPYKTYPUPOBAHHbIX
nJobaBok ucnonb3osanucb CCb (cynbpuTHO-CnupToBas 6apaa), CHB (cmona HeliTpanv3oBaHHasA BO3yXOBOBJIEKaloLLast), XJIONKOBOe
MbUIO U GUTYM B PasIMUHbIX KOHCUCTEHUUAX. CNbITaHUA NPOBOAUINCH HA NMPOYHOCTHbIE CBOWMCTBA, YCaAKY, edOpMUPYEMOCTb
NPV PacTAXeHWK, CUITY CLEeneHna C apMaTypor 1 BOAOHENPOHMLAeMOoCTb. CTPYKTYPHble N3MEeHEHNA CBONCTB 13y4YannCb METOLOM
3NEKTPOHHO-MVKPOCKOMMUYECKOro aHanm3a. PesynbTatbl u 06cyKgeHue. YCTaHOBNEHO, UTO onTManbHol fobaskoi CCB B TopkpeT
C BOZOW 3aTBOPEHNSA NMPU YCJIOBUU Habpbi3rmBaHus senseTcsa 0,5% ot Beca LiemeHTa. OnTumyma fobasky CHB He Habnopaetcs. Mpw BBe-
[EeHV B TOPKPET XJIONKOBOMO Mblifla C BOLOW 3aTBOPEHUA COAepKaHe BOAbl B YIOXKEHHOM TOPKPETE Mo Mepe yBeNMYeHNA KONMYecTsa
BBOZMMOW J06ABKM yBEIMUMBAETCA, ONTUMANIbHOE COZIePKaHe LieMeHTa B TOpKpeTe Habntoaaetcs npu BeegeHun 0,3% XJIOMKOBOrO
MblJla OT BECa LIEMEHTA, «OTCKOK» YMEHbLLAETCSA NP YBeNIMUYEHN KonuyecTBa BBoarmon fobasku. Mpuv BeegeHun 0,3% CCB ot Beca
LieMeHTa B TOPKPET-COCTaB CyXol cMecu 1:4 NMOBbILLAETCA MPOYHOCTb ero Npu okatnv Ha 16%, npu n3rnbe Ha 1% 1 Npv paspbiBe Ha
20%. 3aKntoueHue 1 BbIBOAbI. Bce HAHOCTPYKTYprPOBaHHbIe O06ABKY MOBEPXHOCTHO-AKTUBHbIX BELLECTB MOBbILLAIOT YCaAKy TOPKpPeTa.
HavmeHbLiee noBbiweHe ee faeT TopkpeT ¢ CCB, a HanbosbLiee — ¢ BUTYMHOW dMynbcriei. [l06aBK/ B TOPKPET 3HAUMTENIbHO NOBbI-
LIAIOT ero AehopMUPYEMOCTb NPV PACTAXKEHUN, A TaKXKe B LUMPOKIMX Mpeaenax NOHUMXAT 3HaYeHWsi MoflyNell MTHOBEHHOW YrpyrocTu
TOPKPETa, T.€. MOBbILIAIOT Ero NyiacTuyeckre CBOMCTBA. [OBEPXHOCTHO-AKTUBHbIE BELLECTBA U GUTYMHbIE SMYSbCUU MOHUXKAIOT CUITY
CLenneHnst apMaTypbl C TOPKPETOM, OAHAKO OHa OCTaeTcs Ha Goree BbICOKOM YPOBHE, YeM Y OObIYHbIX GETOHOB.

KJTIOYEBbBIE CJIOBA: HaHOCTPYKTYprpPOBaHHble 106aBKW, TOPKPET-6€TOH, MOBEPXHOCTHO-aKTVBHbIE BELLeCTBa, OMTYM, cMona
HelTpanv3oBaHHasA BO34yXOBOBJIeKaloLas, CynbGUTHO-CNupToBas 6apaa.

BNATOAAPHOCTW: VccnenoBaHwme BbiNONHEHO Npu GprHaHCcoBOW nogaep ke Komnteta Haykn MuHCTepCTBa 06pa3oBaHuA 1 Ha-
yku Pecny6nmkm KazaxctaH B pamkax HayuyHoro npoekta N° AP13268964.

ANA LUTUPOBAHUA: MongamypaTtos X.H., Urnukos A.A., CeHHukos M.H., Mapanuesa 3.5., TypanuHa M.T. TopkpeT-6eToH ¢ fo-
6aBkamu 4n1a 061MLOBKN OPOCUTENbHbIX KaHanoB // HaHoTexHonorun B ctpoutenbctae. 2022. T. 14, Ne 3. C. 227-240. https://doi.
org/10.15828/2075-8545-2022-14-3-227-240. - EDN: BIEVUB.

BBEJIEHUWE

BOJIBH.[I/IHCTBO OpPOCHUTEIBbHBIX crcTeM Kazaxcrana
HEe UMeeT aHTUDWIBTPAIIMOHHBIX OHCXKI Ha KaHa-
JTaX. DTO OJHA U3 OCHOBHBIX IPUUYNH OYCHb HU3KUX
KIIJI cucrem, a Takke BTOPUUYHOTO 3aCOJICHUS U 3a00-
JIAaUMBaHMS MOJIBEIIEHHBIX K HUM 3eMeb [1].

38.,[[&‘11/1 NAJTBbHEUIIETO TTOabeMa CEJIbCKOIO XO351CTBA
B KazaxcraHe 06YCJ'IaBI[I/IBaIOT KOPEHHOC M3MCHCHUEC
CJIOKMBIIMXCSA B3TJISAA0B Ha O6J'II/ILIOBKy OPOCHUTEIIbHBIX
KaHaJIOB. COKpaH.IaIOH_II/ISCH PE3CPBLI 3EMEJIb IJIs1 HOBOI'O
OpOIICHMA 1 BCC BO3pAaCTAOIIME HY>XKIbI B KAITUTAJIbHBIX
3aTpaTtax Ha MEJINOpalnio 3€M€CJIb CTAapOro OpoIcHMA
PaHO MJIX MMO3OHO HOTpe6YIOT Iepexoaga K IOJIHOCTbIO
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o0nuoBaHHbIM cucteMaM. [loaTomy yxke ceituac Ha-
3pesia caMasi cepbe3Hast HCOOXOIMMOCTD B IITMPOKOI MO-
CTaHOBKE HAYYHBIX 1 IIPOM3BOACTBEHHBIX MCCIICTOBAHIIA
BCEBO3MOXHBIX MAaTEePHAJIOB M KOHCTPYKIIMI, METOIOB
TIPOM3BOACTBA PA0OT U MIPOCKTUPOBAHUS MAIIINH TSI
co3IaHus 00IUIIOBOK [2].

CrpoutenbHas MPAKTUKA TUAPOTEXHUICCKUX CO-
OPYXEHMI pa3IMYHBIX CTPaH yK¢ HAKOIMJIa MHOTO-
YHCJICHHBIC TIPUMEPHI UCITOJIh30BAaHUS B OOJIMIIOBKAX
CaMBIX Pa3IMYHBIX CTPOUTEIHLHBIX MATEPHUAJIOB - OT KaM-
HST 10 COBPEMEHHBIX ITUICHOK M3 CUHTETUIECKIX CMOJT.
OnHako, HECMOTPSI Ha OYeHb aKTUBHEIC TTIOMCKH OoJIee
MOAXOISIINX MaTepUaAIOB, OETOHHBIE OOJIMIIOBKHU €11
HAIIOJITO OCTAHYTCSI OCHOBHBIMU. DTO TpeOYyeT maabHel-
IIMX YCOBEPIICHCTBOBAHWI NX, TIOBBIIIICHUSI JOJTOBEY -
HOCTHU U CHUKEHUSI cTOUMOCTH [1—5].

M3 Bcex u3BECTHBIX pa3HOBUIHOCTEN OETOHHBIX 00-
JIMIIOBOK HaM0oJIee S KOHOMUYHON M JOCTATOYHO TIOJTHO
MEXaHN3UPOBAHHOI B M3TOTOBJICHUH SIBIISIETCS TOPKPET-
Hast 00JM1I0BKa [6].

B Kazaxcrane u llenTpanbHO#t A3un 00JIUIIOBOK
13 TOpPKpeTa MPaKTUISCKHN HET, €CTh TOJIBKO HEOOIb-
e YIACTKH, XOTS B HEKOTOPBIX 3apy0esKHBIX CTpaHax,
HanpuMep, B CIIIA n Kurae, oHM yke TaBHO 9KCITTya-
TUPYIOTCSI U BHOBB BO3BOIATCH [7, 8].

B cBsI31 ¢ TIPOCTOTOM, MEXaHM3UPOBAHHOCTBIO BO3-
BeICHUS W OOJIbIIICHt SKOHOMUIHOCTBIO TT0 CPAaBHEHUTO
C MOHOJIMTHBIMH U COOPHBIMU OOJITUIIOBKAMHU 13 OOBIU-
HOTO 0€TOHA TOPKPETHbIE OOJUIIOBKY HAWAYT 3aKOHHOE
MECTO B UPPUTAIIMOHHOM CTPOUTEIIHCTBE.

METO/bI 1 MATEPUAJIBI

HccnemoBarusivu [9—12] ompenesicHbI OITUMATbHBIC
TTapaMeTpHI IIPOM3BOICTBA TOPKPETHBIX padoT. B ombiTax
YTOJI MEXXITy HalpaBJICHHEM MaTepUATbHOTO ITOTOKA M 00-
pabaTbIBaeMoil TOBEPXHOCTHIO paBHsICS 90 Tpamycam
¢ paccTogHreM oT coria 1o muTa 90—110 cm. B ombITax
HCTIONTB30BAJIN TIECOK, B3SITHIN Ha peke ChIpmaphsi, 00b-
€MHBIM BecoM 1,44 KT/, yIeTbHBIM BECOM 2,7 KT/7 U ITy-
CTOTHOCTHIO 46,5%, noptiaanaieMeHT Mapku 400 XKam-
OBIJICKOTO IIEMEHTHOTO 3aBofa 1 Bomy u3 «Tapa3-Cy».

HanecenuneM TopkpeTa Ha CIIeIIaTbHBIC IITATHI IO
yraoMm 90 rpamycoB K MX ITOBEPXHOCTH M3TOTaBINBAIN

TOPKPETHBIC TUIMTHI, KOTOPBIE Pa3pe3aliyd IIPU TOPU30H-
TaJIbHOM ITOJIOXKECHUH IIUTa Ha (PUTYPHI OTIPEIeICHHBIX
pa3MepoB. DTUM 00JIETYaIOCh M3TOTOBIICHIE 00pa3IoB
1 TIOBBIIIAJIOCH UX KA4eCTBO.

J71T TpOYHOCTHBIX UCITBITAHMI TOPKpEeTa Ha CKaThe
Opanu KyOuKM ¢ TpaHsaIMu 3X3X3 cMm, Ha U3rnd — Oa-
JIOUKH pa3mepoM 3xX3%X24 cm. 'oToBuaM 0aJl0uKM pas-
Mepamu 3X3X8 cM, KOTOpBIE YKIIAABIBAIU B POPMBI TS
BOCbMEPOK HOPMAJILHOTO TUIIA U «3aIIEYNKI» 3aJIMBAJIN
LIEMEHTHBIM TECTOM Ha TOHKOITOMOJIEHOM IieMeHTe. [1pu
HUCIIBITAHNY Ha pa3pbIB OBIBAJIM CIyJYal cpe3a «3arnie-
YUKOB», [IO3TOMY MBI 3aIIPOSKTUPOBAJIN, a MACTEPCKIE
M3TOTOBWJIN CIIEIIMATbHBIC IITAMITHI U3 KPOBEIBHOTO
KeJiesa ¢ IepeBSIHHBIMY TUTYHKEPaMU.

J0o31poBKY MecKa 1 IeMeHTa IJIsT IIPUTOTOBICHUS
cyxoii cMecu Opanu 1o Becy. CocTaB TOPKpeTa oIpee-
s o Metonuke [10, 11]. McibITaHUS ONBITHBIX 00-
pAa31I0B IIPOM3BOAIIN TOCIIE XPAaHEHUS UX BO BIAXKHOM
recke Ha npotspkenunu 7, 28, 60, 90, 180, 360, 720 nHeii.
B xaxxmom Bo3pacTe UCITBITBIBAIN HE MEHEe TpeX 00-
pasioB-01m3HeoB. [IpoYHOCTHBIEC CBOMCTBA TOPKPETa
(xr/cm?) 6e3 mo0aBOK B Bo3pacte 28 mHeil MPUBOASTCS
B Tab. 1.

B Bo3pacTe 18 MecsIieB TOPKpeT UMeEIT CICAYIONIYIO
MPOYHOCTh (% OT 28-IHEBHOI): COCTaB CyX0Oil cMecH
1:2 — 116, 1:3 u 1:4 — npumepno 100, 1:5 — 106 (ripu
cxxatun), 1:4 — 184 u 1:5 — 164 (ipu usruée). C Bo3-
pacToM IMPOYHOCTH 3HAUNUTEIBHO YBEINIUBACTCS TIPU
n3rube M He3HAUMTEIbHO — TIPH CcKaThi. B Bo3pacte
24 MecsIIa IpU CKaTUM Y TOPKpeTa OTMeUeHa TaKas
MPOYHOCTD (% OT 28-IHEBHOI): [JIsI COCTaBa CyXOil CMe-
cu 1:3 — mpumepHo 100 m 1:5 — 174,

CpenHue I pa3INIHBIX CPOKOB XpaHEHUST OTHO-
IIeHMS ITPOIHOCTEH TIPU M3TUOE K TPOTHOCTSIM TP
CXXKaTUM BO3PACTaIOT MPHU CHIKCHUN XUPHOCTH CYXOU
cmecu ot 0,32 (st cocraBa 1:2) mo 0,42 (mst coctaBa
1:6). CpenHuie OTHOILIEHUsI IIPOYHOCTE IIPU pa3phiBe
K IIPOYHOCTSIM TIpH cxKaThu Bo3pacTatoT oT 0,13 (misa
coctaBa cyxoit cmecu 1:2) no 0,29 (myst coctasa 1:6).

s 00IMIIOBOYHOTO MaTeprajia, KpoMe TOCTaTOU-
HOM IMMPOYHOCTH TP CKATUM, M3TUOE U pa3phiBe, O0JTb-
[I0¢ 3HAYCHIE MMEET BOTOHEIIPOHNIIAeMOCTh. TOpKpeT
C HEHapyLIeHHON CTPYKTYypoOii 00J1aJaeT BICOKOI BO-
JIIOHETIpoHMLIaeMOCThIO [15]. I1pu 00aMIIOBKE KaHAJIOB

Tabauya 1
IIpouHocTHbIE CBOiiCTBA TOPKpeTa (Kr/cM?)
Cocras cyxoii cmecu
Bua ucnpirannsa

1:2 1:3 1:4 1:5 1:6
Cxatme 281 230 179 150 100
W3ru6 105 73 72 62 40
PasprniB 38 32 27 32 19
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Puc. 1. OnbITHBIE YYaCTKH TOPKPETHOI 00 TMIIOBKH OPOCHTEJIBHBIX KaHAIOB Ha 1ore Kazaxcrana

K-18, K-20 B MakrapanbckoM paiioHe TypKecTaHCKOM
00J1aCTU TOPKPET-cOocTaBa cyxoi cMecu 1:5 Ha LieMeHTe
Mapk# 400 1 sKeThICAaliCKOM TIecKe (TOJIIIINHA OOJTUIIOBKI
5—7 ¢cM) B 28-CyTOYHOM BO3pacTe BBIACPXKAII TaBICHUE
6—8 at™. (puc. 1).

Ycanky omnpenesiid Ha odpasliax B BUAC IIPU3M
pa3MepaMu 5X5%X50 ¢cM ¢ TOMOIIBIO CITPOEKTUPOBAH-
HOTO U U3TOTOBJIEHHOTO MHAUKATOPHOTO TEH30METpa
cemenbHOTO THTA. OTHOCHUTETBHBIC TTOKA3aTeIN YCAIKHA
(ex107°) s Topkpeta B Bo3pacte 14 u 28 nHeil ceayio-
mwe (Tabim. 2).

Tabauuya 2
OTHocuTeNbHbIE TOKA3aTeJH YCaJAKH TOPKpPeTa
CocraB Topkpera 14 cyrok 28 cyTok
1:3 36,0 57,0
1:4 35,0 53,5

st BBISICHEHUS BIUSHUS UCITApEHUS BOIBI U3 00-
pasiia Ha ero ycajaky 4yacTb oOpa3loB MOKpbIBAIU Ia-
padurOM. CocTaB cyxoif cmecH 1:4. Ycanky 3aMepsuin
Ha obpasie pasmepaMu 5x5%50 cm. [TapapuHupoBaH-
HBII 00pa3ell ycaxkmBaJIcs B TCUCHHE 2 CYTOK, OUYCBUIHO,
BCJICCTBHE KOHTPAKIINH, 3aTEM ycalKa IIpeKpaTuiiach,
cocraBuB 9,4 u. HemmapacdmHrnpoBaHHBIM 00pa3er mat
3a 9TO BpeMs ycaaky 49,6 u, 1.e. B 5,3 pa3sa OoJblie,
¥ OHAa MPOAOJEKaIach, TOCTUTHYB K 90-THEBHOMY BO3-
pacty 467,2 u, npuyem 383,2 u3 Hux win 82% mpuxoau-
mmch Ha iepBbie 30 mHeit. M3 ombITOB SICHO, KaK BaxKHO
IUIST YMEHBIICHHS YCAIKK UCKITIOUNTh MCTIapeHUE BOMIBI
M3 TOPKpETa B IIporiecce TBepacHMS. 111 co3maHms T1a-
POBOIOHETIPOHUIIAEMOI! INIEHKN Ha TOPKPETHOM 00T -
IIOBKE MOXKHO HUCTIOJIb30BaTh TSIKEIJIBIC BHICOKOITOTME-
pUBYIOIIeCs KbI3bUTOPIMHCKIE 1 aKTIOOMHCKIE HE(DTH.

K HemocTraTKaM IIeMEHTHBIX MaTepHaJIOB C TOUKHU
3peHUsS IPUMEHEHUS UX IIJIST OOJIMIIOBOK KaHAJIOB OTHO-
CSTCSI MIX Upe3MepHast JKeCTKOCTh M XPYIIKOCTh, PACTYIIHE
CO BpeMEHEM, M IOCTATOYHO OOJIBIINE TeMITepaTypHO-
ycamouHble gecpopManui. [1epBeIif M3 3TUX HEAOCTATKOB
He JIOITycKaeT BO3BeAeHUS TOHKUX (5—7 cM) 0OJUIIOBOK
13 0eToHA, TaK KaK OHHU JTaKe TIPY He3HAUNTETbHBIX JIe-

dopmanmsax ocHoBaHMIA (TIpocamok n cy(G(PO3MOHHBIX
IIPOIIECCOB) OKA3aJINCh ObI B CHJTLHOI CTETICHU TTOIBEP-
JKEHHBIMH pa3pyIeHn0. [103ToMy OOIUIIOBKI 3 MOHO-
JIMTHOTO 0€TOHA MMEIOT OOBIYHO TOMmMHUHY 10—15 cM
1 9acTO apMHUPYIOTCS Kelle30M. Bropoif HegocTaToK
MIPUBOINT K HEOOXOAUMOCTH HAPYIIATh CIUIONIHOCTh
ITOKPBITUI pa3pe3oM TeMIIepaTypHO-yCaIOUHBIMU IIIBa-
MM, a 3TO YXYIIIAET NX 3KCIUTyaTallMOHHBIC TTOKA3aTe TN
1 YCIIOXKHSIET CTPOUTENBbHBIC paboThl. B ¢BSI3M ¢ 3TUM
JKeJIaTeIFHO OBLIO OBl YBEIMUUTH Ae(POPMATUBHEIC CBOI-
CTBa 1 TI0JI3y4eCTh IIEMEHTHBIX MaTepHUAIOB, B YaCTHO-
ctH, TopkpeTa [11—14].

BimsaME HAHOCTPYKTYPHUPOBAHHBIX ITOBEPXHOCTHO-
AKTUBHBIX T00ABOK Ha TOJI3yYeCTh TOPKPETa BBISICHSI-
JIoch BBeAeHMeM B Bomy 3aTBopeHust CCB (cynmbphutHO-
crmupToBoit 6apabl), CHB (cMoibl HeiiTpaIm30BaHHOM
BO3IYXOBOBJIEKAIOIIEH ) 1 XJIOITKOBOTO MbLJIa. BEICOKMMI
IIACTHYCCKUMU CBOMCTBAMU B OTIPEICICHHBIX YCIIOBUSIX
00J1amaroT OUTYMHEBIE BemecTBa. OHM MOTYT IepeaaBaTh
5TU CBOICTBA MaTeprajaM, IoJiyJdacMbIM ITIPH X BBEIC-
HHUU. B TOpKpeT OMTyMHEIC BellleCTBa BBOAMINCH B BUIC
pacTBopa OMTyMa B KEpOCHHE 1 OMTYMHOM SMYIbCHM.

BBenmeHme opraHMIeCKIX IMTOBEPXHOCTHO-aKTUBHBIX
BEIIIECTB JOJIKHO KaK-TO OTPaKaThCs Ha CMAaYMBaOIIIei
CITOCOOHOCTH BOIBI 3aTBOPCHMUS U BIIUSITh HA MEXaHIIe-
CKHMe cBoiicTBa TOpkpeTa [16]. Biusinue opranndeckmnx
ITOBEPXHOCTHO-AKTUBHBIX BEIIESCTB HA CMAaYMBAIOLIYIO
CITOCOOHOCTH BOIHI C TOOABKOI OIIPEeIsIIIOCh U3Mepe-
HUEeM KalWIISIPHOTO IToacoca pacTBOpoB. s ompe-
IeJIeHUs KaIMJLISIPHOTO TT0ACoca JUCTIIINPOBAaHHOMN
BOIBI O3 T00ABOK U ¢ Pa3HBIM KOJIMYCCTBOM T00aBOK
M3TOTOBJICH IIPOCTOM IIPUOOP, COCTOSIIINIA M3 YEThIPEX
Tpydouek muamerpom 3,2; 1,2; 0,5 u 0,3 MM, 3aKpericH-
HBIX Ha MEPHOU IITKaJIe ¢ BEIXOAOM KOHIIOB TPYOOUEeK
3a mKanxy Ha 20 MMm. TpyOouKHy TOrpyKaanuch B KU -
KocTb. [1pu orpenereHny KanDIIPHOTO TTI0ACOca Opaim
CcpemHee TpeX OIBITOB.

PE3YJIbTATBI

CCB BBoaunu B kommyectse 0,5, 1 u 1,5%, CHB —
0,05, 0,1 m 0,15, xmonkosoe Mbi1o — 0,1, 0,3 1 0,5%.
B pesynbrate BeIsIBIICHO, 94TO0 CCH yBemmumBaeT cMadm-
BAIOILLYIO CITOCOOHOCTh BOJbI, M TEM OOJIbIIIE, YeEM 0O0JIb-
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mre no6aBka, CHB BBI3BEIBaeT HEOOIBIIIOE YBEINICHHE,
a XJIOITKOBOE MBIJIO 3HAYNUTEILHO CHIDKACT €e.

s BBISICHEHUSI BJIUSTHUS JOOABOK Ha MPOIecC Ha-
OpBI3TMBAaHUS TOPKPETA OCYIIECTBIICHA CEPHS OITBITOB,
pe3yJIbTaThl KOTOPHIX TIPUBEICHBI HIDKE. B ombITax mc-
TOJIb30BaJIM TOPKPET-COCTaB Cyxoif cMecHu 1:4 ¢ pas-
JIMUHOM 10o3upoBKoit nobaBok CCh, CHB u xjonkoBoro
MbIa. 1 mccaemoBaHuii Opanu mmo 10 KT cyxoii cMecrn
¥ OIIPEACIISIIN COCTaB HAHECEHHOTO Ha IIUT TOPKpeTa
" ero Bec. M3 ycaoBuit HAOpBI3TUBAHUS ONITUMAIbHAS
nob6aska CCBh — 0,5% or Beca nemenra. [1pn Takoii no-
0aBKe TOPKPET COACPKUT MUHUMAIHLHOE KOJTMIECTBO
BOIBI, MAKCUMAJIBHOE — IIEMEHTA I IMECT HAaUMEHBIITNI
«OTCKOK».

Onrumyma nooasku CHB He Habmomaetcs. [1o mepe
yBenanueHus ee ot 0,05 mo 0,1% ot Beca LieMeHTa CO-
IepKaHNe BOIBI B YIIOKEHHOM TOPKPETE TTOBBIIIACTCS
ot 12,4 no 13,1%, uemenra — ot 29,5 no 30,9 u Bec Top-
Kpeta — ¢ 4,3 10 5,3 KT, T.¢. «OTCKOK» YMEHBIIIACTCS.

[1pu BBemeHNM B TOPKPET TO0OABKU XJIOITKOBOTO MbLITA
C BOJIOI 3aTBOPEHMS TI0 Mepe YBEIIMUCHNS e€ KOIMISCTBa
colepKaHNe BOIBI B TOPKpeTe yBeanmumnBaeTcs. OnTu-
MaJIbHOE KOJIMIECTBO IIEMEHTa B HEM OTMEYAeTCs TP
no6aBke 0,3% XJI0IKOBOIO MbljIa OT Beca LIEMEHTAa, W1
0,57% ot Beca Bonbl. Comep:kaHue YIOXKEHHOIO TOPKPE-

Puc. 2. O6pa3npl TOpKpeT-6eTOHA

Ta Bo3pacraer ¢ 4,38 kr rpu gobaske 0,1% XI0ITKOBOTO
MbIJIa OT Beca 1emMeHTa 10 5,88 xr rnmpu mobaske 0,5%,
T.€. «OTCKOK» YMEHbIIIAEeTCSI.

C 1IenbIo OIpeAe/ICHUS BIMSTHUAST J00aBOK TTOBEPX-
HOCTHO-aKTHBHBIX BEIIECCTB HAa IIPOYHOCTHEIC CBOMCTBA
M3TOTaBIMBAIN KyOUKM 5X5X5 cM, 6amouku 5X5%31 cm,
BOCBMEPKM HOpMabHOTO ThIa. bamouku 5X5x50 cm
HUCTIBITBIBAIM Ha yCanaKy, 0aJIOUKM TaKUX Xe pa3MepoB
C BBITYIIEHHBIMHU KOHIIaMu apMatypbl d = 10 MM —
Ha 1eOpMHUPYEMOCTh MO ACHCTBUEM MEIJICHHO BO3-
pacTarIeil cTaTUIeCKO pacTITUBAIOIICH Harpy3Ku
1 TIOJI3y9eCTh TOPKPETa IIPH PACTSIKECHUM IO TTOCTOSTH-
HOI CTaTUIEeCKOI HaTrpy3Koii, KoJbla muaMeTpoM 20 cM,
TOJIIIMHOM 5 CM — Ha BOIOIIPOHUIIAEMOCTb (pHC. 2).

OnrtuMmaiabHble TO3MPOBKU T00aBOK B OCTOHEI
1 OOBIYHBIC PACTBOPHI YCTAHOBJICHHI B JJaOOPAaTOPHBIX
1 TIPOM3BOICTBEHHBIX ombITax: Wit CCh — mpumepHO
0,25, CHB — 0,03 u jurss mbizta — 0,1% ot Beca 1iemeHTa.

ITpu ncrpITaHWiT TOPKpeTa Ha TIPOYHOCTD MCTIONh-
30BaJIu 110 TpU 00pa3na-omm3Hela. McrblTaHus mpoBo-
i B 28, 90, 180 u 270-cyTouHOM BO3pacTe XpaHECHUS
00pa31I0B BO BIaKHOM Itecke. CocTaB cyxoii cMecH 1:4.
Pe3ynbraThl mpuBeAcHH! B Ta0. 3.

Jo6aska CCB B xommuectse 0,3% oT Beca 1ieMeHTa
MOBBIILIAET IPOYHOCTD IIPU CKATUU B CpefHeM Ha 16,

Liaed BY. .

Tabauya 3
Pe3y.]'leaTbl HCHBITAHUA TOPKPETA HA MPOYHOCTDH
Ko1-8o Tpenenst mPoYHOCTH 0GPA3IOB B KI/CM? B BO3PACTE CYTOK
Buz Topkpera BV B/I cKartue u3rud paspsiB
% oT Beca | B TOPKpeTe
LeMEeHTa 28 90 180 | 270 28 90 180 | 270 28 90 180 | 270
be3 no6asku - 0,52 259 | 218 | 259 - 94 85 142 - 34 33 37,9 -
C no6aBkamu 0,3 0,43 317 | 270 | 301 - 108 - 125 - 38 38 50,8 -
CChb 0,5 0,28 293 | 328 | 247 | 377 83 83 [ 132,5] 136 23 31 35,6 | 47,9
1,0 0,47 255 190 | 301 471 103 128 139 128 31 32 41,3 -
CHB 0,03 0,37 183 | 260 165 | 293 74 83 78 131 26 24 36,8 | 38,5
0,06 0,58 147 | 265 | 273 | — | 65 | 85 | 69 | — | 22 | 25 | 324 | —
0,12 0,74 131 142 195 - 55 62 - - 12 27 25,2 -
XJTOTIKOBOTO MbIJIa 0,1 0,71 166 | 156 138 182 65 76 97 55 20 19 31,8 —
0,2 0,93 176 | 243 | 181.5]192,5| 92 65 125 45 12 14,7 | 16,8 | 18,1
0,6 0,61 134 163 | 231 278 75 60 88,5 65 18 14 27,0 -
BurymHoii 0,25 0,6 137 | 174 | 180 | 263 | 77 | 60 | 87 | 96 | 20 | — |276 | —
IMYIbCUN* 0,5 - 91 - 154 - 27 - 57 - 10 - 14,2 -
* ComepXaHue GUTYMa IaHo B TIPOLIEHTAX OT BeCa TOPKpeTa
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npu n3rude — Ha 1 u ipu paspeise — Ha 20%. I1pu BBe-
nenun B Topkpet 0,5% CCB ot Beca eMeHTa mpoy-
HOCTb IIPY CKATUM YBeJIMYMIACh B cpeaHeM Ha 16%,
TIpY U3rUoe U pa3pbiBe CHU3UIIACH ITO CPaBHEHMIO C CO-
OTBETCTBYIOIIMMM ITPOYHOCTSIMU TOPKpeTa 0e3 T00aBKH.
ITpu BBegennu 1% CCB ot Beca 1ieMeHTa CpeIHIE T10-
Ka3aTeJIM MPOYHOCTH TIPH CKATUH U Pa3phIBe OCTAINCH
TIPUMEPHO Ha YPOBHE COOTBETCTBYIOIINX ITPOYHOCTEH
TopKpeTa 0e3 1o0aBKU, a IIpU U3TUOE ITPOYHOCTH T10-
BeIcHITach Ha 20%.

ITo pe3ymbraTam OITBITOB MOXHO CIENIATH BBIBOM, UYTO
CCB moBHIIIIaeT IPOYHOCTHBIC CBOMCTBA TOPKpETa IIPH-
MEpHO B TeX Xe MpeesiaX, YTO M B OOBIYHBIX IIEMEHTHBIX
pacTBOpax M O€TOHAX, IIO3TOMY JOOABKH €ro B KOJIMYE-
ctBe 0,3% oT Beca LieMeHTa MOTYT ObITh PEKOMEHI0Ba -
HBI K IPUMEHEHUIO C IIEIbI0 TTOBBIIICHUS IIPOYHOCTHU
TOPKpeTa B KOHCTPYKIIHSIX.

Jo6aBku CHB 1 XJIOITKOBOTO MbIIa CHUZKAIW ITPOY-
HOCTHBIC CBOVICTBA TOPKPETA, IIPUIEM C YBEIMICHUEM
MIpOILIeHTa T00ABKMU 3aKOHOMEPHO CHMKAJach IIPOY-
HOCTb. [IpUHSATEIE B OMBITaX NTO3UPOBKU TOOABOK TO-
Ka3aj, 9YTO MBUIO TIOHIKAET IIPOTHOCTD P CKATHH
W pacTssKeHUU B 0onbleit crerienn, yemM CHB, 1 Tonb-
KO TIpY MCITBITAHUY HA M3THO Y TOPKpETa ¢ T00aBKOI
MbIIa TIPOYHOCTH ObLJIa BhINIE, yeM y TopkpeTa ¢ CHB.
DTO OOBSICHICTCA TEM, YTO TIOBEPXHOCTHO-aKTUBHBIC
IT00aBKU TUAPO(POOU3YIONIETO TUTIA, aACOPOUpPYSICh
Ha TTOBEPXHOCTSIX COCTABIISIONINX OETOHA, 00pa3yioT
TUICHKU BOIOHEPACTBOPMMBIX KAJTbLIMEBBIX MBLI 1 TI0-
TOMY MOHMKAIOT CKOPOCTh TUAPATAIIUN W TUAPOIM3a
KJIMHKEPHBIX MIHEPAJIOB U, CJIEA0BATEeIEHO, TIPHUpAIIIe-
HIE TIPOYHOCTH BO BpeMeHU. OCHOBA MX TIACTU(DUITN-
PYIOILIETO AEHCTBUSI COCTOUT B BO3IyXOBOBJIEKAHUM, T10-
SIBJISTIOITIICMCS TIPU TIepeMEITMBaHNN OETOHHBIX CMECei,
HO TIpY ITHEBMAaTIECKOM HaOPBI3TUBAHIH 3TOT ITPOIIECC
HE TIPOMCXOINT, TTIO3TOMY HET U TIACTU(DUIINPYIOIIETO
apdexra [17].

HedopMupyeMoCTh TOpKpeTa ¢ pa3IMIHBIMU J0OAB-
KaMU TIpA pa3HBIX X TO3UPOBKAX OIPEIeIISIIach IO
JIEICTBAEM HEIIPEPBIBHOM U CTYIIEHYATOM CTATUYECKOU
Harpy3oK.

B mpoBeneHHBIX OITBITaX CKOPOCTH IIPIITOXKEHUS Ha-
TPy3KH IIPUMEPHO TTOCTOSTHHA, TTO3TOMY 3a7ada OIIpesie-
JICHWSI CPaBHUTEIBHBIX TTOKa3aTesIeit 1ehopMIpyeMOCTH
TOPKpeTa ¢ T00aBKaAaMM MOXKET CUMTATHCS TIOJTHOCTHIO
BBITIOJTHEHHOM.

W cripITaHns TPOBOIMIIMCEH Ha TIpU3Max 5X5X50 cm
B Bo3pacTe 28 cyTok. JlechopMariiio 3aMepsiIi MHIUKA-
TOPHBIMHU TeH30MeTpaMu. OTueThl neopmalunii opaau
yepe3 MHTEPBajlbl HAIIPSDKEHUI B 2 KT/cM?. M CITIbIThIBAIN
1o Tpu obpasua-0au3Hela, MpUuieM KOJMYECTBO LIMKIIOB
3arpy3Ku M pas3rpy3Ku Kojiebasoch ot 4 1o 15. /IBa 06-
pasiia JOBOIWJIM IO pa3pyIIeHUs, a OOUH OCTaBIISIIIN
IJIST TIOBTOPHBIX MCITBITAHUI B TPEXMECSIIHOM BO3pac-
te. Kpome 3aBucumMocTy medpopmalinii OT HalIpsoKeHU

OIIpeIesIsUT ¥ HaKOIUICHUE TIIACTUICCKUX Acdopma-
LIV IIpY OTIpeAe/ICHHBIX YPOBHSIX HAIPSDKeHUI (MHOTIA
OIM3KHX K Rp), MIPEICTHHYIO PACTSKMMOCTD U IIPEICIThI
IIPOYHOCTH TIPU PACTSKCHUM.

Ha pucynkax mpuBoasTcs rpaduuecKie 3aBUCHMO-
ctu Al = ﬂop), MOCTPOEHHEBIE M0 Pe3yIbTaTaM OIBITOB,
TIpUYEM TTOUYTH BO BCeX TparKax B3SITH KPUBBIC BTOPOTO
LIMKJIA 3aTPY>KEeHUSI, 71T 00pa31IoB, TTOKa3aBIINX HAaN0o-
JIee 3aKOHOMepHOE (M3 Tpex 00pa3IioB-0JIM3HEIIOB) 13-
MEHEHUe 3TOi 3aBUCUMOCTH. OTIpeneIeHIe IMOI3yIeCTH
MIPOU3BOAMIIN Ha 6a3e 3aMepoB 28,5 cMm.

Ha pwuc. 3 mpuBogsITcs 3aBUCUMOCTH Ae(POPMUPY-
€MOCTH OT HAIIPSTLKeHUH IIJISI TOPKPETa ¢ pa3sImIHBIM
conepxannem nobaskn CCh 1 CHB, a Takke rmomentie-
HBI KOHTPOJIbHBIC KPUBBIC IUIST TOPKpeTa 0e3 100aBOK.
Bce cepun 06pa3iioB IPUTOTOBICHBI M3 CYXUX CMECEH
IIEeMEHTA 1 Tlecka B cooTHomneHun 1:4. I'pacduku mmoka-
36IBalOT, 4TO 100aBK1 CCDH B 60OJIBIIOI CTETIEHN TOBHI-
aioT Ae(hOPMUPYEMOCTb TOPKPETa IO Harpy3KOIi; 9eM
OoutbIre MOOABKM, TEM pe3de TTOBBIIIACTCS NehOpPMUPY-
€MOCTb, 1 3TOT (paKT HAOIIOHACTCS P OOIIEM TTOBBI-
IIEHUX TTPOYHOCTHBIX CBOMCTB TOPKpETa ¢ J00aBKaMM
CCB. CCB moBpIcuIia yaeabHyI0 1e(OpMUPYEMOCTD
1, CJIeIOBaTeIbHO, CHU3WIA 3HAUCHIE MOIYJICH MTHO-
BEHHOU U IJIUTEIbHOM aedopMaluii, T.e. MOBBICUIA
1 Twtactdeckue nedopmarnm. O6 3TOM CBUIETEIBCTBY-
€T TaKKe 3HAYNTEIbHOE YMEHBIIICHNE ITMHBI HAaYaTbHbBIX
MIPSIMOTMHETHBIX YIACTKOB Ha TpaduKax.

Bnusane mo6aBoOK Ha 3HAUCHUE TpeAeabHOM pac-
TSDKAMOCTH 28,5 CM yJacTKa MPU3MBI XapaKTepu3yeT
cJIemyroIe TaHHbIe (CocTaB CyXoit cmecH 1:4, Taor. 4).

I'pacdmkm mecopMIpyeMOCTH TOPKpeTa C JoOaBKaMu
CHB nokassiBaiot, utro CHB eme pesue, yuem CCB no-
BBICUJIO IIe(hOPMATUBHEIC CITOCOOHOCTH TOPKpETa, OIHA-
KO 3TO HabIromaeTcs ye Ha (hoHe TOBOJIBHO 3aMETHOTO
IMOHIDKEHUS TIPOYHOCTHHIX cBoiicTB. CHB Heckompko
MEHSET XapaKTep KPUBBIX IeopMallnii: OHU TIpHUOJII-
JKaloTCS K TIPSIMBIM, ¥ KpUBast 8§ MEHSICT 3HaK KPUBU3HBL.

Mpziio 6ostee 3HaunTeNbHO, yeM CCh 1 CHB, 1toBBI-
maeT 1e(opMUPYEeMOCTh TOPKPETA, HO 3TO MPOSIBIIIETCS
IIpu 00JIee BBICOKOM CHIKCHUH IMIPOYHOCTH U TIpEeIeiTh-
HOI pacTSKUMOCTH TI0 CPaBHEHMIO C TOPKPETOM TIpH
nmobaske CHB (puc. 4a).

BuTtym BBOIMIICS B TOPKPET C BOOOI 3aTBOPCHUS
B BuJe aMysibcun B Kommuectse 0,25 u 0,5 % (puc. 40).
KpuBasg 2 cooTBeTcTBYeT nedopmannu odopas3mnoB
¢ 0,25% no6aBKoii; Ipu Maioi 100aBKe pa3HKIIA B I10-
KazaTelsIX YIJIMHEHMS TT0 CPaBHEHUIO C TOPKPETOM 0e3
1ob6aBoK Masio cymectBeHHa. Jobaska 0,5% 3Hauyn-
TEJIFHO TTOBBICHIIA Ae(POPMUPYEMOCTh TOPKpeTa (Kak
u B ciydae nobaBku CHB), kpuBas 3 mMeet yxe 0oiee
YETKYI0 0OpaTHYIO KpUBU3HY, UTO JIOTUYECKU TOJKHO
CBHIIETEIIECTBOBATh O CHIDKCHUH TUTACTUIECKOM COCTaB-
JISTIOIIE TehopMaIIii IO Mepe TTOBHITIICHMST HaIIpsIKe-
Huii. JlobaBku OUTYyMa pe3KO CHU3MJIM IIPOYHOCTD ITPU
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Puc. 3. Ipaduk 3aBucumocTn nedopmanuii TOpKpeTa oT HArpy3Kku u 106aBku Al = f{(c

: 1 1 56e3 nobaBku, Al =

0,3-0,86;2 —0, % CCB, A/=0,4-0,62; 3 —0,5% CCb, A/l=0,5-1,2;4—1,0% CCb, Al=0,6—1,5; 6 — 0,03%
CHB; 7—-0,06% CHB; 8 — 0,12% CHB (u1a CHB A/ = 1,0)

Tabauya 4
BimstHne 100aBOK Ha 3HAYEHHE MpeIeIbHOI
PACTSKAMOCTH
KoanyecTBo IIpenen npouno- IIpenensHoe
n00aBku, % CTH, Kr/cM? yAIMHEHUE, [L
bes nobaBku 28 22
CCh
0,3 34,6 21
0,5 27,9 2627
1,0 20 33
CHB
0,03 20 42
0,06 19 46—47
0,12 14 20
Mpbuio
0,1 20,4 35
0,2 16,1 32
0,6 11 22
butym
0,25 16 8
0,5 11 18

PaCTSKEHUH U IaKe TIPEIeTbHYIO PACTSDKUMOCTb, XOTST
yIeNbHAasl PacTSKMMOCTD OCTajlach MMPUMEPHO Ha TOM
XK€ YPOBHE.

Jyist Goee pebeHOTO CpaBHEHUSI PACTSIKMUMOCTH
TopKpeTa (B 28-CYyTOYHOM BO3pacTe) B 3aBUCHUMOCTH
OT €ro COCTaBa 1 100aBOK HVKE MPUBOIATCS 3HAYCHUST
CYMMapHBIX TTpUpANIeHUI JJIMHBI 00pa3IoB U Ha TIPU-

HATOI 6a3e 3aMepOB IPH TOCTIKCHUH 00pa3IiaMy Ha-
npspkeHuii B 5 u 10 kr/cm? (rpu o6aBKaxX COCTaB CyXOi
cmecu 1:4, Ta6m. 5).

CCBb yBenmumBaeT 1eOpMUPYEMOCTh IIPA CTATH-
YeCKOM NIPUJIOXKEHUM Harpy3ku B 2—2,5 pa3a, CHB —
B 2,5—4, XJIOITKOBOE MBUIO — B 3—5, OUTYM — IIPUMEPHO
B 2 pasa.

Omnpenenerne neopMUPYEMOCTH TOPKPETA OCY-
IIECTBIISIOCH OT 4 10 15 IIMKIIOB TTOTIIEPEMEHHOTO 3a-
TPY>KCHUS W CHSITUST HATPY3KH.

Ha puc. 5 marorcs rpadpuiaeckre 3aBUCIMOCTH MCITHI-
TaHMSI TOPKPETa M3 CYXOI cMecH cocTapa 1:4 6e3 1o6aBoK
IIpH 5 MUKJIax 3arpykeHus. KpuBbie pa3HBIX ITUKIOB
ITOYTH TapaJyIeJIbHBI (TTapauIeIbHOCTh KacaTeIbHBIX
B TOUKAX PaBHBIX HATPYKCHUIA), XOTSI IPUHIINITHATD-
HO C YBSJIMUCHUEM YKCJIa IUKJIOB OHU JOJIKHBI OBLIH
OBI BHITIPSIMITSITECST BCIICACTBUE TIPOTEKAHMS TIPOIICC-
ca, aHAJIOTMYHOIO «HakKjeny». [1pu cOpoce Harpy3ku
0YePEIHOTO IIMKJIA 3aTPY:KeHUS CTpejika MHINKaTopa
HE BO3BpalllacTCs B HAYAJbHYIO TTO3UIINIO, a TIOKA3bI-
BaeT Bceraa OOJBIIYIO ITMHY 00pa3iia Ha BeJIWIUHY a
a”n 1.10. 1o Mepe yBeITMUICHMST KOJIMYECTBA IIUKJIOB 3a-
TPYKEeHUS 3HAUCHUS d, SIBJISTIOIICTOCS OCTAaTOYHOM e-
dopmarnmeii, yMeHBIIAIOTCS M IIPAKTUICCKU CBOMSITCS
K HYJTI0. AOCOIIOTHBIC 3HAUYCHUS @ 3aBUCST, BUINMO,
OT MaTepHajaoB 00pa3IloB, BO3pacTa 1 MeiCTBYIOIINX
HATIIPSKEHUA.

Taxkum o6pa3oM, KprBast 3aBUCUMOCTH Al = j(op) pu
IIPSIMOM Xoz1e (BO3pacTaHWM HATIPSKCHMI) CYMMUPYET
VIIPYTVIO U ITTACTHYCCKYIO COCTaBIISIIONINE Ae(hOpMAIINH,
a BTOpast BETBb KPUBOIf, COOTBETCTBYIOIIIAsI COPOCY Ha-
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Puc. 4. I'paduk 3aBucumoctn nedopmanuii TOpKpeTa oT HArpy3Ku u 100aBku Al = f{(c

: a — 100aBKa MbLIO, %;

1 — 6e3 go6asku, Al=0,3-0,86;2—0,1,A/=1,5;3-0,2,Al=1,7;4—0,6, A/=2,15; 6 — nobaBka butyma, %;
1 — 6e3 mob6aBku, Al =0,3—-0,85; 2 — 0,25, A/=0,3-0,86;3 — 0,5, Al=10,74

Tabauya 5
CpaBHeHHE paCTSZKMMOCTH TOPKpeTa

Cocras cyxoii cMecn 5 kr/cm? 10 kr/cm?
H TPOLIEHT 100aBKH
bes nobasku

1:2 0,2 0.4

1:3 0,7 2,0

1:4 1,8 550
CCBb

0.3 2,1 5,0

0.5 2,7 6,7

1.0 5,0 11,5
CHB

0,03 5,0 10,0

0,06 5,2 10,2

0’12 8’0 13,4
Mpsuio

0,1 8,8 16,2

0.2 10,0 18,6

0.6 10,6 21,0
butym

0,25 2,0 5,3

0.5 5,6 9,5

MPsDKeHUH, Ha0060poT, nuddepeHIpyeT ux. B ombiTax
CKOPOCTH BO3paCTaHUs U cOpoca HArpy3KH TOCTATOYHO
BEJIMKU, MOXHO CUMTATh, YTO TJIACTUYECKAS] COCTAB-
nstotnas aedopmannu BocctaHaBiuBaetcs. [1o mepe
YBEJTMUEHUST KOJIMIECTBA IIUKIIOB 3arPy3KH U pasrpy3Ku
yTOJI HaKJIoHA Tpaduka (iuauA 1, 2 1 3) K ocu abcimce

YMEHBIIIAETCS, a 3HAUCHNE MOAYJIS YIIPYTOCTH TafgacT
BMECTE ¢ HapyIICHUEM IIEJIOCTHOCTH CTPYKTYPHBIX T10-
CTPOCHMUIT TOPKpETA.

DTO SIBIICHUE HAOIIOZACTCS TIPU BCEX MCITBITAHU-
SIX, TIPOACTAHHBIX HAMM TIPU OOJIBIIIOM KOJIWYECTBE
IIMKJIOB 3arpy3KU U pa3rpy3ku. McmplTanne obpasia
u3 cyxoit cMmecu 1:4 ipu mo6aske 0,06% CHB momyb
MTHOBEHHOU YIIpyrocTu, HailIeHHbIH 110 TpauKy BTO-
poro nukia, pasHsuics 285 000 kr/cm?, a 1o rpaduky
15-ro — 259 000.

[Ipu TOCTaHOBKE OIBITOB II0 BBISIBJICHUIO YCAIKHU
TOpPKpeTa Hac MHTEPECOBAJIN, BO-TICPBBIX, €TO yCamoU-
HBIe neopMaIIny, TaK KaK TOPKPET CHIIBHO OTJINJIACTCS
OT OOBIYHBIX OETOHOB U PACTBOPOB ITO0 METOMY YKJIAIKK
M pacxomaM BOIBI, U, BO-BTOPHIX, BIUSHUE HA YCAOKY
TOPKpeTa T00aBOK MOBEPXHOCTHO-aKTUBHBIX BEIIECTB
u OuTyma.

Ycanky onpenesiin Ha odopasiiax B BUOC IIPU3M
pa3MmepaMu 5X5X%X31 cM 1 5X5X50 ¢cM ¢ TOMOIIBIO CIie-
UATBHEBIX TTprciocooneHuit. Ceprust KOHTPOJIBHBIX
3aMepOB TT0Ka3ajia, YTO OTHOCUTEIbHBIC YCAIKH, T10-
JIygaeMble Ha 00pa3max pa3HOU IIMHBI, TIPAKTHICCKI
MaJio pa3InJarTcs. 3a ycaaKoil 00pa3ioB HaOIIOmaIn
B TeueHne 2—3 mecsueB. [1o rpadpukam ycagku o6pasiion
13 TOpKpeTa 6e3 100aBOK IPH COCTaBE MCXOMHBIX CYXUX
cmeceii 1:3 m 1:4, a takke ¢ no6aBkamu CCB B xonmmye-
ctBe 0,3 1 0,5% (0T Beca 1ieMeHTa) MOXKHO CY/IMTb, YTO
TIepBEIC TP COCTaBa 00JIaMAl0T IIPUMEPHO OMMHAKOBOMA,
a YCTBEPTHIII — HECKOJIBKO 00JIce BRICOKON MHTCHCHUB-
HOCTBIO ycaaKu (puc. 6a). DTO 0OBSICHSIETCS GOJIbLINM
comep:kaHNUEM IIeMEHTa B YETBEPTOM COCTaBe, a TaKXKe
YCKOpPEHHUEM THIpaTallii IIeMEHTA B pe3yJIbTaTe TeITH-
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Puc. 5. KpuBbie 3aBucumocTH AedopMamnui TOPKPeTa OT HArpy3Ku Al = f(op) NP 5 MUKJIAX HATPY3KH

supytomero aeiicteuss CCh n ycKopsrommxcst mpoiiec-
coB MM HY3HOTO MOTIOMICHUS BOIBI IIEMEHTOM.

Topkpert ¢ nod6askamu CHB (cocTaB cyxoit cMmecn
1:4) obnamaeT GoNbIIEH ycagKoil, 94eM TOPKpPET Oe3 Io-
6aBku. [1o pacrnoioxeHnIo KpUBbIX (pUC. 60) MOXHO
CYIMTH O TOM, YTO Ha MHTEHCUBHOCTh yCAIKU KOJIM-
YeCTBO IIeMCHTA OKAa3bIBaeT OOJbINCe BIUSIHUEC, YeM
BOJIa, IIO3TOMY COCTaBaM C OOJIBIITMMHM COICPKAHUSIMU
IeMEHTa COOTBETCTBYIOT KPUBBIC OOJIBIICIT MHTCHCHUB-
HOCTH YCaIKH.

TopxkpeT ¢ mo6aBKaMM COAINICTOYHOTO MbLJIa U OUTY-
Ma B TIepBEIe 15 CYTOK UCITBITAHUI 00J1aIaeT HECKOIBKO
MEHBIIIeH THTEHCUBHOCTBIO YCANIKH, a B TTOCIICIYIOLITIE —
Oosblieii (puc. 68). K KoHIy Mecsilia TOPKPET ¢ OUTYMOM
MMeeT HanOOJIBIIIYIO ycanky. s cpaBHeHUS HITKE TTpHU-
BOISATCSI OTHOCHUTEJIbHBIC TTOKA3aTeIN YCAIKU TSI BCEX
COCTaBOB TOPKpeTa (VI TOpKpeTa ¢ Jod0aBKamu 1:4) B BO3-
pacte 14 u 28 nHeit. Bce mpuMeHeHHBIE T0OABKU B TIEp-
BBII MeCSIII YBEIMIMBAIOT YCAIKy TOPKPeTa, HAaMOOIIBIIIIE
I0KAa3aTeJIN BISIBUIUCH Y TOPKPeTa ¢ OUTyMOoM (Tabi1. 6).

Cuta crieTieHUs apMaTyphI ¢ OETOHOM - BasKHEHTITIIA
(bakTop, OOECITCUMBATOIIIIT X COBMECTHYIO 1 HATIECKHYIO
paboTy B KOHCTpYKIUsAX. OHa 00yCIIOBIMBACTCS TPEMsI
OCHOBHBIMM MIPUIMHAMHU: TPECHUEM, COTIPOTUBICHUEM
cpe3y U cKajabiBaHMeM. YncaeHHas BeTMUMHA ee OIIpe-
NIEJIICTCS OIBITHBIM ITyTEM, a COIIPOTUBJICHUE CIBUTY
(R, M T, ) BHIDAXAETCA Yepe3 CUITY CLETIeHuUsI (Kr/em?),
OTHECEHHYIO K CyMMapHOI Hapy>KHOI IIOBEpXHOCTH ap-
Matypsl. OTBITAMU YCTAHOBJICHO, YTO 7, U OOBIKHO-
BEHHBIX OETOHOB KoJiebercst ot 25 1o 40 kr/cMm?, a st
TOPKpeTa OHA HECKOJIbKO Bhille — 38—62 kr/cm?[18].

OBCYXJIEHUNE

B onbITax MbI TipeciienoBaiu 1eb MPOCIeIUTh BIM-
sTHHEe M00aBOK, BBOIMMBIX B TOPKPET, HA €TO CIICTIIe-
HUe ¢ apMarypoii. CleIieHre OpenessuIii BhIIepri-
BaHUeM 10— 12 MIJITIMETPOBBIX apMAaTYPHBIX CTEPsKHEH
n3 npusM cedeHmeM 50X50 MM n gauHOM 15—17 cM.
JnHa 3ameMIIeHIs] apMaTypHOTO KOHIIA COCTaBIIsIa
10—12 cm. CuerieHre TOpKpeTa ¢ apMaTypoit HaXOIUTCst
B TOI XK€ CBSI3M, YTO M MIPOIHOCTHHIC cBoiicTBa. CCh
CIJIBHO TIOBEICHJIA CIIETUICHNE (TIOYTH B IBa pasa), a BCe
OCTaJIbHBIC TOOABKY TTOHU3WIN eTo (Tab. 7).

OnHako K 3-Mecssanomy cpoky CCBh He pana mipu-
pallleHNS CUJIBI CIIETUICHUSI, B TO BpeMs KaK y TOpKpeTa
0e3 100aBoOK U ¢ Jo0aBKaMu THIPOGOOHBIX BEILIECTB Ha-
OromaeTcs mpupaleHne ee. B oTmeIbHbIX cTydasix crya
CLIETUICHUSI TOpKpeTa ¢ apMatypoit gocturaeT 200% cuibl
CIeTIeHUs B Bo3pacte 28 cyTok. K 3-MecssTuHOMY BO3-
pacty Bce COCTaBBI TOPKPETA TTOMyYMIIN 7, , OJIU3KOC K 7,
IIJIsT OOBIYHBIX 0€TOHOB, WK OoJiee BbIcOKOoe. Takum 00-
PasoM, MOXHO OTMETHTb, YTO 7, apPMATYPhl C TOPKPETOM
¢ nobaBkamu (CCh, CHB, MbI1a, 6MTYyMa B TIPOTTOPLINSIX,
OJIM3KUMX K HAIIIMM ) HAXOIUTCS Ha BIIOJTHE YIOBIICTBOPH-
TEJIBHOM YPOBHE, a TTO3TOMY MIHMMAJTbHAST [UTIHA 3a1eT-
K1 apMaTyPHBIX KOHIIOB MOXET IIPUHUMATHCS COTITACHO
MIPUHIIATIAM, IeHCTBYIOINM B OOBITHOM OCTOHE, T.C.

R%-d
l Ea—,
4rcu

rae / — HauMeHBIIIask HeoOXommmMasl JUTMHA 3aIeIKH;
R — HOpMaTHBHOE CONMPOTUBJIEHNE aPMATyPBI.
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Puc. 6. Tpadmku 3aBMCUMOCTH YCaT0YHBIX Jie)OPMAIHIA TOPKPETA OT BpeMeH! g = f(t): a— no6aska CCB, %,;
1 u 2 — 6e3 nobasku (cmecu 1:4); 3 — 0,3, cmech 1:4; 4 — 0,5, cmecsh 1:4; 6 — nobaBka CHB (cmech 1:4), %;
1 — 6e3 mobdasku; 2 — 0,03; 3 — 0,06; 4 — 0,12; B — mo6aska mbuia (1 —0,1%, 2 — 0,2, 3 — 0,6) u buryma

(4—-0,25%,5—0,5); cmech 1:4.

Tabauya 6
OTHOCHTE/IbHbIE IOKA3aTeIH YCAAKH
C . OTHOCHTEJIb- t X103
0CTaB CyXOii CMeCH y
e Has ycagka B BO3pacre
14 cyrok 28 cyTok
bes3 nobaBku
1:4 35,0 53,5
1:3 36,0 57,0
CChb
0,3 39,0 55,0
0,5 48,0 63,7
CHB
0,03 49.0 59,5
0,06 44,0 58,5
0,12 36,0 55,0
Mpruio
0,1 44,0 62,5
0.2 23.4 55,0
0,6 35,0 60,3
butym
0,25 40,0 68,0
0,5 37,0 66,0

s KoMIIeHCcaIluy yCagouHbBIX aedopmMalinii 60J1b-
IIoe 3HAYCHNE MMEET IT0JI3y9eCTh TOPKpeTa IO Ieii-
CTBHEM CTaTUUECKOM Harpy3ku [19—27]. YcamouHsie
nmedopMal 00pa3IoB B MECSTTHOM BO3PacCTe, B3ATHIX
IIJIST ICITBITAHWI M3 BIIAXKHOTO TIeCKa, 3a OIpeIeIcH-
HBIIA TIPOMEXKYTOK BPEeMEHU 0Ka3aJIMCh OOJIBIINMU, IeM
IIOJI3yYeCTh: 3TO CTAJIO ICHBIM ITOCJIe UCTIBITAaHUS 9 ce-
puit 06pa3oB (TOpKpeT 6e3 mobaBoK, a Takke ¢ CCh
u CHB).

Hauwnnas ¢ 10-i1 cepun, T.e. ¢ 00pa3ioB, U3TOTOB-
JICHHBIX U3 CYXOM CMECH IIeMEHTa C IeCcKoM 1:4 mpu
npob6aBke 0,6% XJIOIKOBOTO MbLjIa (OT Beca LIEMEHTa),
nedopMalin, ToKa3bIBaeéMble 00pa3IIoM MO IeHCTBUEM
pacTsTUBaOIIeit HATPy3KU, pa3ae/IsUINCh Ha yCaTOUHbBIC
1 TI0JI3yYeCTh BEIYMTAHNEM M3 HUX ITOKa3aHUI YCalKH,
ITOJIy9acMbIX Ha HeHapYyIIeHHOM 00pa3iie-0an3HelIe.
YcTaHOBIIEHO, YTO MHTCHCUBHOCTD U MEpa MOJI3YyIeCTH
TOPKPETA 3aBUCST OT YPOBHS HATIPSTKEHHOTO COCTOSTHIS
o0pa31ia: yeM OJIrKe IeHCTBYOIIAst Harpy3Ka K IIpeneity
IMPOYHOCTH, TeM UHTCHCUBHEE TT0JI3YIECTh.

I1pu HeBBICOKMX HAaTrpy3Kax — O,2+0,3Rp —BCIe-
CTBUE TIPOSIBJICHUS YCAIKHU ITOJI3y4eCTh TOPKPETa He-
ITOCPEICTBEHHBIMU 3aMepaMu He oTMedaeTcst. C yBeu-
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Tabauya 7
IToka3aTeu cuen/ieHns TOPKpPeTa ¢ apMaTypoi
KomuecTBo 106aBKu . Conporupiienne caury (kr/cm’?) B Bo3pacte
% ’| Cocras cyxoii cMecH
@ 1 mecs 3 mecsma 6 Mecsuen

1:2 34 53 52
bes nobaBku 1:3 29 48 41
1:4 26 41 47

CChb
0,3 1:3 46 43 41
0,3 1:4 44 - -
0,5 - 40 37 36
1,0 — 25 — 40

CHB
0,03 — 23 46 46
0,06 — 21 34 52
0,12 - 17 22 31

Mpbiio
0,1 - 12 24 -
0,2 — 15 31 23
0,6 - 10 20 26

butym

0,25 - 19 25 18
0,5 — 16 — —

YyeHMeM Harpy3Ku 3a O,SRp IIOYTH y BCEX UCIBITAHHBIX  YUIMHEHWE 00pa3lla paBHSIIOCh COOTBETCTBEHHO 15,2

COCTaBOB TOPKpeTa Habonazach necopmamusd mom3y- — u 14,5 u. Yepes 48 yacoB Bce TOBTOPSITIOCE.

gecTH, (PUKCHUpyeMast HeITOCPEACTBEHHO TEH30METPaMM. JanAabie TabaUIl U TpadMKOB (IIPUBEICHBI TOJIBKO

OmHaKO 3TOT MPOIECC HOCWIT 3aTyXaloIIii XapakTep;  IJISI OMHOI cepry TOPKpeTa) IMoKa3al, 9TO B OOIIEeM

yepe3 4—6 4acoB ycanKa BHOBb IIPEBBIILANA MOJI3y4eCTb,  CIIydae 3aBUCUMOCTb Al = j(op) KPUBOJIMHEITHA, TIPUYEM

¥ TEH30METPhl HAUMHAJIN ITOKa3bIBaTh YKOPOUCHNE 00-  KPUBHM3HA TpaMKOB TOTO K¢ HAIIpaBICHUS (3HaKa), 9YTO

pasIoB. 1 B VCTILITAHUSIX TOPKPETA TIPU HETIPEPHIBHOM CTaTUYE-
O06pa3zelr, TPUTOTOBJICHHBIN M3 CYX0il CMECH COCTaBa  CKOM 3arpy:KeHUH.

1:4 ¢ 0,5% no6askoiit CCh, ucrblTaH Ha I10J13y4eCTh. HcrpITanns BOZOIIPOHUIIAEMOCTH IIPOBOIVIIA Ha 00-

He3zaBucumo oT HanpsoKeHWH, IEMCTBYIOIINX B HEM,  pasmax-auckax guamerpoM 200 MM, BeicoToit 50 MM (110

cyMMapHbIe nedopManuu (TTOI3y4ecTh, ycaaka) ObUTM  TpU 0Opasiia Ha TOUKY B Bo3pacte 28 mHeir). JlaBmeHne

TMOCTOSTHHO OTPUIIATeIbHBIMU, T.€. 00pa3ell yKopaul-  TOBBIIIAIOCh Ha 1 aTM. uepe3 4 yaca. OOpasiibl Hape3a-

BaJics, IpUYeM ykopodyeHue Ha 6aze 11 cMm Kojebanoch

B CJIeAyIOIIMX Tipeaenax (Taoam. §8). Tabauya 8

IloBeienue paCTHTI/IBaIO]lICfI Harpyskum Ha TOPKpET IToka3aTean MOJI3y4€CTH TOPKpETa
CHIMZKACT €Tro yCaaO4YHBbIC ,I[e(bOpMaHI/II/IZ 9TO MPOUCXOIUT

BCJIEACTBUE TTOBBILIEHUS UHTEHCUBHOCTU TTOJI3Y4ECTHA 0, Kr/cm* Ykopouenue, p
U B pE3yJIbTaTe BO3PACTAHUSI YCUIIMIA, COITPOTUBIISIO- 16 12-9.5
muxcs redpopManmsaM ycanku. B Tabi. 9 mokasaH xapak-

Tep NPUPALIEHUS YIIPYTUX AedopMalnii TOpKpeTa mpu 23 7,8=7,3
CTYIIEHYaTOM CUJIBHO PacCpPefOTOYEHHOM BO BPEMEHU 25 3,3-3,0
MPUPALLEHUN HATPY30K.

OmnBIT, pe3yibTaThl KOTOPOTO CBENEHBI B Ta0M. 9, 28 2,0—1,4
TPOBOAMIICS ciienytomumM odpazoM. OOpa3zelr moryJant 32 1,9-1,2
HEPBHYIO CTYIEHb HAarpy3Ku, M0 6,4 KT/CM?, TIpU 3TOM
Opau OTCUeT 1Mo TeH30MeTpaM, 3aTeM uepes 21 yac Ha- 33 1,8-0,8
rpy3Kka CHUMaJIaChb MOJHOCTBIO, CTPEJIKY TEH30METpa 37 1,7-0,6
TMEepPeBOAUIN Ha HYJEBOE NEJIEHUE, U TTOCe ITOTO 00- 40 0—0
pasell ToJiyJajl HOBYIO CTYIIEHb 3arpy3Ku, 10 9 Kr/cM2.
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Tabauuya 9

XapakTep npupameHus ynpyrux aegopmanuii Topkpera

Paccrarusaiomee KomuecTBo yacos VimHeHune oopasna Ha 6aze 110 mm, p
HanpspKeHne JI0 NPUJIOKEHUS
B oGpasue, Kr/cm? HATPY3KH IIpaBslii TeH30MeETP JleBblii TEH30METP Cpennee
6,4 14,3 13,2 13,75
9,0 21 15,2 14,5 14,85
10,0 48 16,0 15,4 15,70
11,2 48 17,0 16,0 16,50
12,4 48 17,6 16,9 17,25
13,6 240 18,9 17,7 18,30
15,2 120 19,1 18,9 19,00
16,0 144 20,7 20,1 20,40
17,0 24 21,0 22,1 21,55
JIV U3 TUIUT TOPKpeTa TOIMMWHON 50 MM mpu TTOMOIIN Tabauya 10
IITaMIIa U TUIyHXXepa. Hike matoTcst pe3yabTaTel c-  Pe3yibTaThl HCIIBITAHKS TOPKPETA
mbITaHuii (Tabm. 10). HA BOJONMPOHUIIAEMOCTh
BBeneHMe HAHOCTPYKTYPHPOBAHHBIX IIOBEPXHOCTHO-
aKTUBHBIX J100ABOK HE CHIKAET BOJOHEIIPOHUILIAEMOCTH KoIm4ecTno CocTas cyxoii Jasnenue,
TOpKpeTa, naxe o0pasiibl ¢ tobaBkoii 1% CCB or Beca n00aBKu, % CMecH BBLIEP2KAHHOE
LIeMEHTa BBIIEPKUBAIOT faBiaeHue 6 atMm. Ecim nobaBku o0pasuamu, aT™
CCBb moBHIIIAIOT IMIPOYHOCTH TOPKPETa Ha CXKaThe WA Be3 106aBKu 1:4 6
COXPaHSIOT e¢ Ha YPOBHE IIPOYHOCTH Ha CKaTHE eTo 0e3 12 6
M00aBOK, CHU3UTh BOTOHEIIPOHNUIIAEMOCTb OHI TaKKe
HE MOTYT. CChb
DIeKTPOHHO-MUKPOCKOTTNIECKUI aHaN3 TOp- 0,3 1:3 6
KpeT-0eTOHA ¢ HAHOCTPYKTYPUPOBAHHBIMU 100aBKAa- 0,3 1:4 6
MU TTOBEPXHOCTHO-AKTUBHBIX BEIIECTB ITOKA3aJl, YTO 1,0 6
TIIPOYHOCTHBIC CBOIMCTBA, ycanka, 1eopMUpPyeMOCThb CHB
TIpUA PaCcTSKCHUM W BOTOHCIIPOHUIIAEMOCTh MMEIOT 0.03 " 6
3HAYUTEIBHO YIIyUIICHHBIC TI0KA3aTe TN 0 CPAaBHEHUIO 0’ 06 . 6
C OOBIYHBIM OCTOHOM ¥ MIOATBEPIKIAIOT Pe3yJIbTaThl 9KC- ’
TepUMEHTAIBHBIX paboT. McciaemoBaHsSI MUKPOCTPYK- MBbLUIO
TypBI 00pa3IOB OBLUIM MPOBEICHBI HA CKAHUPYIOIIEM 0,1 * 1*
aJIeKTpoHHOM MUKpockorre JEOL JSM7500 ¢ mpucraB- 0,2 * 6

KO PeHTIeHOCIIEKTPaIbHOTO aHanm3a (puc. 7).
3AKJIIOYEHUE

ITo pesynpTaTaM BBIITOJHEHHOTO MCCIEIOBAHUS
MOXXHO CHENIaTh CJICIYIOIINE BEIBOIBI:

1. HanocTpyKTypupoBaHHbIE 1OOABKM ITOBEPXHOCT-
HO-aKTUBHBIX BEIIIECTB ITO-pa3HOMY BIMSIOT Ha CMavH-
BAIOIIYIO CITIOCOOHOCTh BOIBI M IIPOYHOCTH TOPKpETa:
CCb n CHB yBemmuuBatot ux, npnuem CHB — He3Ha-
YUTEJTBHO, XJIOITKOBOE MBIJIO 3HAUNTEIIFHO YMEHBIIIACT
CMAaYMBAIOIIYIO CITOCOOHOCTH BOIEI U, BEPOSITHO, TTO3TO-
MY CHIDKAeT IIPOYHOCTh TOPKPETa IIPH BBEICHUH B HETO
C BOIIOI 3aTBOPEHUSI.

2. OntumanbHo 1o6aBkoii CCB B TOpKpeT ¢ Bojoii
3aTBOPCHUS TIPU YCIIOBUM HAOPBI3TUBAHUS SIBISICTCS
0,5% ot Beca uemenTa. Onrumyma go6asku CHB He Ha-

* [1py MOBBILLICHUY AaBJICHUS JIOMTHYIM 00Pa3LIbl

6mogaetcst. [1py BBeIEeHUH B TOPKPET XJIOMTKOBOTO MBITA
C BOIOI 3aTBOPEHMS COAEPKAHUE BOIBI B YIIOXKEHHOM
TOPKPETE 10 MEPE YBEIMIEHUST KOJTUIECTBA BBOIUMOIA
I00aBKM YBEIMINBAETCS, ONTUMAIBHOE COIEPKAHNE
LIeMeHTa B TOpKpeTe Habmonaetcs ipu BBeaeHun 0,3%
XJIOITKOBOTO MBLTA OT Beca LIEMEHTA, «OTCKOK» YMEHBIIIa-
eTCsI TIPY YBETMIEHNH KOJTMUECTBA BBOIUMOM JOOABK.

3. ITpu BBenenuu 0,3% CCB ot Beca LieMeHTa B TOp-
KPET-COCTaB CYXOi cMecH 1:4 MOoBBIIIaeTCsI IIPOYHOCTD
ero npu cxartuu Ha 16%, npu u3rude Ha 1% u npu pas-
peiBe Ha 20% (110 CpPaBHEHUIO C COOTBETCTBYIOIITUMU
MIPOYHOCTSMY TOPKpETa 6e3 T00aBKM).

4. Jo6asku CCB B kommmuectse 0,51 1%, CHB 0,06
1 0,12%, xsonkosoro mbiia 0,1, 0,2 1 0,6% ot Beca Lie-
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Puc. 7. MukpocTpyKkTypa 00pa3ioB TopkpeT-0eTona: a — ¢ 1o6aBkoit CCh; 6 — ¢ no6aBkoit CHB; B — ¢ no6aBKkoii

XJIOTIKOTO MbLJIa; T — ¢ 100aBKOI OUTyMa

MeHTa, butyMa B Buae amyibcuu 0,25 u 0,5% ot Beca
TOpKpeTa (U3 cyxoil cMecH 1:4) CHIDKAIOT IIPOYHOCTh
TIPY C3KaTUM, M3TUOE W pa3phIBe IO CPABHEHUIO C COOT-
BETCTBYIOIIIMMU IIPOYHOCTSIMU €T0 0e3 M00aBOK.

5. Bce HaHOCTPYKTYpUpOBaHHbIE TOOABKM MOBEPX-
HOCTHO-aKTUBHBIX BEIIECTB IMOBBIIIAIOT YCAIKy TOPKpPE-
Ta. HammeHpIee moseimeHne ee gaet Topkpet ¢ CCB,
a HauOoJblIee — ¢ OUTYMHOM 9MYJIbCUEHA.

6. HaHocTpyKTypupOBaHHbIE ITOBEPXHOCTHO-aK-
TUBHBIC TOOABKH B TOPKPeET (K 28-THEBHOMY BO3pacTy)

CIINCOK NCTOYHUKOB

3HAUYMTEILHO TTOBBIIIAIOT €T0 Ae(POPMUPYEMOCTh TIPH
PACTSKCHUM.

7. HaHOoCTpyKTypupOBaHHbBIE 1OOABKU MOBEPXHOCT-
HO-aKTUBHBIX BEIIIECTB B IMMPOKUX IIpeIeIax MTOHKAIOT
3HAYCHUS MOMYJICHf MTHOBEHHOM YIIPYTOCTH TOPKpPETa,
T.¢. TIOBBIIIAIOT €TO IJIaCTUICCKIE CBOMCTBA.

8. [ToBepXHOCTHO-aKTUBHBIC BEIICCTBA 1 OMTYMHBIC
SMYJIbCUN TTIOHIZKAIOT CHJTY CLICTICHHS apMaTypHI C TOP-
kpeToM (3a uckmoueHrneM CCB), omHaKo oHa ocTaeTcs
Ha 6oJiee BEICOKOM YPOBHE, YeM Y OOBIIHBIX OCTOHOB.
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ABSTRACT: Introduction. Polyvinyl chloride (PVC) is the world's leading synthetic polymer in industrial use. Products based on
PVC have firmly taken on the world market, and currently there is no highly developed country that is able to avoid its production
and consumption. The high demand for thermoplastics is primarily due to its unique properties such as durability, resistance to
climatic conditions, low flammability, good barrier properties, economy, environmental friendliness and versatility. The complex
of technological and service properties of soft PVC, in addition to other additives, is mainly provided by plasticizers, the content of
which can reach 50% or more. It is the efficiency of the plasticizing that has a decisive impact on the characteristics in the resulting
materials and products. One of the most widely used classes of compounds in the plasticization of PVC are phthalic acid esters, in
particular, dibutyl phthalate (DBP), di-(2-ethylhexyl)-phthalate (dioctyl phthalate, DOP), diisononyl phthalate (DINP) and diisodecyl
phthalate (DIDP). Phthalates have found the greatest use as plasticizers due to their properties: good compatibility with PVC, low
migration from plastic compound, minimal interaction with the polymer at room temperature, good frost resistance, high electrical
insulating properties, availability, manufacturability and low cost. Methods and materials. The paper presents methods for the
obtaining of novel symmetrical and asymmetric phthalate plasticizers: dibenzoxyethyl phthalates, benzylbenzoxyethyl phthalates,
phenoxyethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl phthalates — by catalytic esterification of phthalic anhydride with
oxyethylated phenylcarbinols, phenols and 2-ethylhexanols. The conditions for the synthesis of target products with the maximum
yield were selected. The physicochemical properties of the obtained compounds were studied. The obtained experimental data were
used to identify promising novel plasticizers of the phthalate type by cluster analysis. Cluster analysis for decision making is the most
effective, as it is designed to combine some samples into classes (clusters) in such a way that the most similar in properties get into
one cluster, but at the same time, samples of different clusters differ from each other as much as possible. Clustering carried out in
the program Statistica 10. Results and discussion. According to the data obtained, it is found that benzylbenzoxyethyl phthalates
and ethoxyoctylbenzoxyethyl phthalates have the best characteristics in terms of plasticizing ability. We study the influence of the
selected plasticizers on the physical and mechanical characteristics of PVC compositions The effectiveness of compounds in the
PVC composition is evaluated in terms of “elongation stress” and “breaking stress” The test results of the samples are compared with
the indicators of PVC compounds containing DBP. Conclusion. The use of the developed additives contributes to the production
of PVC compounds with improved physical and mechanical characteristics.

KEYWORDS: cluster analysis, full bond method, elongation stress, ethoxylated alcohols, phthalic acid, PVC compound, polyvinyl
chloride plasticizer, breaking stress, degree of oxyethylation, ethoxylated alcohol phthalates, esterification.
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polyvinyl chloride compositions. Nanotechnologies in Construction. 2022; 14(3): 241-249. https://doi.org/10.15828/2075-8545-2022-
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INTRODUCTION its basis, both rigidly filled and plasticized materials and

products are obtained, which are widely used in various

Polyvinyl chloride (PVC) is of great economic and
strategic importance and occupies one of the leading
positions in terms of production and consumption among
synthetic polymers produced by the world industry. On

branches of agriculture, in the cable, construction, light
and food industries, in mechanical engineering, automo-
tive, medicine and in everyday life. The prevalence and
general use of this particular polymer is explained by its
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reasonable cost, good physical, mechanical, technological
and service properties, and wide processing possibilities.
Due to the unprecedented ability of PVC to modify, there
is a wide range of possibilities for introducing additives of
various functional purposes into the polymer: plasticizers,
stabilizers, fillers, etc., with the help of which the proper-
ties and characteristics of the resulting PVC products are
regulated according to the requirements of manufactur-
ers. The choice of the type and dosage of chemical addi-
tives is determined by the conditions for processing the
polymer composition and the necessary set of properties
of polymeric materials, depending on their area of ap-
plication [1-9].

Among a wide range of products that convert PVC
compositions, plasticizers are dominant. Esters of phthal-
ic, sebacic, adipic, maleic and other organic acids are
mainly used as PVC plasticizers. Phthalates (orthoph-
thalic acid esters) are the largest chemical group of PVC
plasticizers, most of which are general purpose. The use
of phthalic acid esters as PVC plasticizers in the produc-
tion of materials for wire and cable insulation, sticky tape,
artificial leather, upholstery, linoleum, injection molded
shoes, wallpaper, toys, general purpose films, etc. due to
their availability, manufacturability, high compatibility
with PVC, low migration from plastic compound and
low cost. In addition, they have good electrical insulat-
ing properties, frost, heat and light resistance [10—14].
However, the ever-increasing competition in the market
of polymeric materials and the expanding fields of appli-
cation of PVC composites, the growing requirements for
the quality of PVC products and the stringent conditions
for their certification are the reason for the search for new
highly effective plasticizers, including those that impart
specific properties to PVC products. Thus, expanding the
range of plasticizers is an urgent task.

In connection with the foregoing, we have carried out
the synthesis and studied the properties of new symmetri-
cal and asymmetric phthalate plasticizers: dibenzoxyethyl
phthalates, benzylbenzoxyethyl phthalates, phenoxy-
ethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl
phthalates — carried out a cluster analysis of the obtained

experimental data in order to identify samples with high
physical and chemical parameters, and also investigated
the effect of plasticizers on physical and mechanical prop-
erties of PVC compounds.

METHODS AND MATERIALS

Synthesis and study of the properties of ethoxylated
alcohols

In order to study the possibility of using compounds
of phenols, phenylcarbinols and 2-ethylhexanols to ob-
tain new plasticizers of the ester type, we synthesized
ethoxylated alcohols (Fig. 1). The reaction of hydroxy-
ethylation of alcohols is well studied and carried out on
an industrial scale [15—17]. The oxyethylation of alco-
hols was carried out according to well-known methods
by their reaction with ethylene oxide at a temperature
of (110—180)°C, passing gaseous ethylene oxide through
the reaction mass. The reaction of alcohols with ethylene
oxide begins almost immediately and is accompanied
by the release of heat. The ethylene oxide feed rate was
controlled so that the unreacted oxide condensed in
the reflux condenser and flowed back into the reactor
without flooding. After the addition of ethylene oxide,
the reaction mixture was heated for another (1—1.5) h
and then cooled to room temperature. Sodium hydroxide
was used as a catalyst [18].

The characteristics of the obtained products are given
in Table 1.

In appearance, ethoxylated alcohols are colorless oily
liquids soluble in water. The composition of the products
obtained in the process of oxyethylation depends on the
molar ratio of alcohol and ethylene oxide taken for the
reaction: with an increase in the content of ethylene oxide
in the reaction mass, the density, refractive index and
molecular weight of ethoxylated alcohols increase.

The synthesized ethoxylated alcohols were subse-
quently used to obtain new phthalates of ethoxylated
alcohols proposed as ester plasticizers for polyvinyl
chloride.

» CsH{(OCH,CH))nOH,
(1)

+ C6H5 OH
+CgHCH,0H
nCH,CH, ¢HsCHy
N/
O +CgH;0H

» C4HCH,(OCH,CH)nOH ,
2

> CgH;{OCH,CH,)nOH .
€D

Fig. 1. Scheme for the synthesis of ethoxylated alcohols
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Table 1
Physico-chemical properties of ethoxylated alcohols
n | | ko | o | caleulted | Ve %
Ethoxylated phenols (1)
1.0 1.1007 1.5314 789 142 138 89.0
1.5 1.1071 1.5387 683 164 160 86.6
1.9 1.1111 1.5434 619 181 178 90.1
2.4 1.1158 1.5501 552 203 200 87.4
3.2 1.1251 1.5599 469 239 235 88.9
FEthoxylated phenylcarbinols (2)
1.0 1.0717 1.5195 727 154 152 89.2
1.5 1.0739 1.5235 633 177 174 89.5
1.9 1.0755 1.5264 577 194 192 88.9
2.3 1.0771 1.5290 528 212 210 90.2
3.0 1.0797 1.5329 459 244 240 89.3
Ethoxylated 2-ethylhexanols (3)
1.5 0.9141 1.4325 568 197 196 93.2
2.0 0.9240 1.4490 510 220 218 92.8
2.2 0.9278 1.4538 488 230 227 91.3
2.4 0.9309 1.4580 471 238 236 93.4
3.0 0.9382 1.4696 422 265 262 91.4

Synthesis and study of the properties of symmetrical
and asymmetric phthalate plasticizers

Ester plasticizers are obtained by the reaction of
esterification of carboxylic acids or their anhydrides
with alcohols in the presence of catalysts at an elevated
temperature with simultaneous distillation of reaction
water in the form of an azeotrope to shift the reaction
equilibrium towards the formation of an ester. It should
be noted that sulfuric acid, benzene- and p-toluene-
sulfonic acids serve as traditional industrial catalysts
for the esterification reaction, but they have a number
of significant drawbacks inherent in acid catalysts: low
selectivity due to the acceleration of side reactions; the
need to neutralize the catalyst; the need to wash the
ether — raw; the need to treat a significant amount of
wastewater [19—24]. These shortcomings are devoid
of more environmentally friendly amphoteric catalysts
based on organic compounds of elements of variable va-
lency. These include compounds of aluminum, titanium
and tin [16, 17, 24—26].

Therefore, the process of obtaining new symmetrical
and asymmetric phthalate plasticizers: dibenzoxyethyl
phthalates, benzylbenzoxyethyl phthalates, phenoxy-
ethylbenzoxyethyl phthalates, ethoxyoctylbenzoxyethyl

phthalates — was carried out by esterification of phthalic
anhydride using the obtained ethoxylated alcohols using
tetrabutoxytitanium as a catalyst, since it makes it pos-
sible to exclude the stages of catalyst neutralization and
ester washing (Fig. 2). The reaction was carried out until
complete isolation of the reaction water. At the end of the
reaction, tetrabutoxytitanium was hydrolyzed with water,
and the esterified product was filtered off to remove the
resulting titanium dioxide.

The synthesized esters, which are transparent or
slightly colored oily liquids soluble in organic solvents,
were obtained with a yield of over 80%. The main proper-
ties of the products are given in Table 2.

The physicochemical parameters of the proposed
plasticizers (Table 2) were analyzed according to GOST
8728-88 “Plasticizers. Specifications™.

RESULTS AND DISCUSSION

The data obtained (Table 2) confirmed the compli-
ance of the main indicators of ester plasticizers with the
requirements of the current State standards, as well as the
good quality of the synthesized products. An analysis of
the experimental data showed that for all the plasticizers
presented, the same trend is observed — with an increase
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OO(CH,CH,O)InCH,CgHs
o + 2 CgHCHy(OCH,CHynOH_ Z | ,
7 -H,0
c 2 [
\ COO(CH)CH,0)nCHyCgHs
P @
COO(CH,CH,0ICHCgH;
\\0 + CHsCHy(OCH;CHnOH _ =~
S +
COOH
OO(CH,CH,0)nCH,CgHs
+ CHsCH,0H < |
- H;0 -
: AN
COOCH,C¢Hs
)
OO(CH,CH,0)nCH,CgHs
+ C4H(OCH)CH)nOH (# |
- H,0 - 2
2 S
COO(CH,CH,OnCgHj
(6)
OO(CH,CH,0)nCH,CgHs
+ CgH(OCH,CH,)nOH &
- H,0 .
: AN
COO(CH,CH,On CsH 7
@)

Fig. 2. The process of obtaining ester plasticizers

in the degree of hydroxyethylation, the density of esters
increases, and the refractive index decreases.

At the next stage, it was decided to pay special at-
tention to the issues of clustering ester plasticizers and
identifying those that have optimal characteristics that
are not inferior to industrial plasticizers.

The first step towards the implementation of the clus-
ter analysis algorithm is the formalization of the values
of Table. 2. As a formalization tool, the mathematical
expectation was used as the main numerical characteristic
of statistical data, the calculated indicators are presented
in Table 3.

At the second step of processing the experimental
data, the full coupling method was used to directly dis-
tribute the samples into clusters. The full connection
method consists in using the concept of “metrics” or
the distance between the formalized comparative char-
acteristics of plasticizers in n-dimensional space, which
makes it possible to assess the distance of objects relative
to each other and at the same time determine which of

them form groups that are similar in their properties
[27-29].

The software package Statistica 10 was used as the
software for performing the calculations of the second
stage of the analysis. A graphic image of the union ob-
tained using the cluster union tree — dendrogram, is
shown in Fig. 3.

As can be seen, two clusters of plasticizers are formed
from the dendrogram: sample No. 5 and No. 7 belongs to
the cluster with high properties, and samples No. 6 and
No. 4 belong to the cluster with average properties. Thus,
cluster analysis made it possible to form a breakdown into
homogeneous groups (clusters) from n objects character-
ized by k features. The analysis of the obtained results
showed the following ranking of the proposed plasticizers
according to their quality characteristics: ether contain-
ing aromatic radical and ether containing alkylated and
aromatic radicals > ethoxylated esters containing two
aromatic radicals. Thus, the most pronounced effects on
the above indicators are manifested when using benzyl-
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Table 2
Comparative characteristics of the proposed and industrial plasticizers
n ax, n?) m?nfliir, nflflf:r, WABEIIRS M(:rllzcsl;lar (l)\flljslsag;czﬁ)n- lTlaSh Yield, %
mgKOH/g | mgKOH /g mass found calculated stances (100°C, | point, °C
6 hours), %
Dibenzoxyethyl phthalates (4)
1.0 1.1423 1.5152 0.20 256 437 434 0.115 202 84.1
1.5 1.1447 1.5128 0.15 233 480 478 0.130 204 85.1
1.9 1.1454 1.5123 0.20 217 516 514 0.151 207 85.6
2.3 1.1474 1.5108 0.15 203 553 550 0.150 210 85.3
3.0 1.1489 1.5093 0.10 183 612 610 0.200 210 84.7
Benzylbenzoxyethyl phthalates (5)
1.0 1.1330 1.5195 0.10 286 392 390 0.112 195 83.8
1.5 1.1339 1.5169 0.10 270 415 412 0.114 197 84.7
1.9 1.1361 1.5161 0.10 259 432 430 0.122 196 85.3
2.3 1.1382 1.5156 0.11 249 450 447 0.120 197 85.0
3.0 1.1396 1.5136 0.12 233 480 478 0.130 199 84.9
Phenoxyethylbenzoxyethyl phthalates* (6)
1.0 1.1279 1.5157 0.10 265 422 420 0.112 199 87.0
1.5 1.1304 1.5153 0.10 252 445 442 0.120 200 85.6
1.9 1.1339 1.5138 0.20 242 463 460 0.115 203 86.4
2.3 1.1346 1.5127 0.20 234 479 477 0.120 202 89.1
3.0 1.1372 1.5120 0.10 219 511 508 0.170 203 87.1
Ethoxyoctylbenzoxyethyl phthalates** (7)
1.0 1.1291 1.5102 0.10 233 481 478 0.130 202 87.7
1.5 1.1320 1.5093 0.10 223 503 500 0.150 202 86.3
1.9 1.1349 1.5088 0.18 215 520 518 0.142 204 87.1
2.3 1.1358 1.5081 0.20 208 538 535 0.135 209 89.8
3.0 1.1384 1.5065 0.20 197 569 566 0.160 208 87.9
Dibutyl phthalate
00 | L0 | L | 0.07 401 279 278 0300 163 | -
Dioctyl phthalate
0.0 00938220_ 114588;)0_ 0.07 287 397 390 0.100 205 —

Note: * degree of oxyethylation of phenol = 1.0; ** degree of hydroxyethylation of 2-ethylhexanol = 1.5

benzoxyethyl phthalates and ethoxyoctylbenzoxyethyl
phthalates.

In order to study the effect of the selected plasticizers
(I1, III) on the properties of the polymer composition,
PVC compounds were obtained at the next stage. An in-
dustrial composition was used as a control sample (I). The
composition of PVC samples is given in Table 4.

Comparison of indicators of physical and mechanical
properties of the obtained composites based on PVC with
the addition of plasticizers are shown in Fig. 4.

The study of the physical and mechanical characteris-
tics of plasticized PVC compositions showed an improve-
ment in the following indicators: elongation stress and
breaking stress.
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Table 3
Formalized comparative characteristics of the proposed plasticizers
Name of indicator Plasticizer
“) &) (6)* ()=

d», 1.14566 1.13616 1.13280 1.13404
n* 1.51208 1.15634 1.51390 1.50858
Acid number, mgKOH/g 0.160 0.106 0.140 0.156
Ester number, mgKOH/g 218.4 259.4 242.4 215.2
Molecular weight, found 519.6 433.8 464.0 522.2
Molecular weight, calculated 517.2 431.4 461.4 519.4
Mass fraction of volatile substances (100°C, 6 hours), % 0.1492 0.1196 0.1274 0.1380
Flash point, °C 206.6 196.8 201.4 205.0
Yield, % 84.96 84.74 87.04 87.76

Note: * degree of oxyethylation of phenol = 1.0; ** degree of hydroxyethylation of 2-ethylhexanol = 1.5

5 —ﬁ

o -

b1

g 4

= 7 Fig. 3. Results of cluster analysis of the compara-

= tive characteristics of the proposed plasticizers:

: ] 4 — dibenzoxyethyl phthalates, 5 — benzylben-

ﬁ i zoxyethyl phthalates, 6 — phenoxyethylbenzoxy-

g 6 ethyl phthalates, 7 — ethoxyoctylbenzoxyethyl

s phthalates

o
0 20 40 60 80 100 120 14
Comb. distance
Table 4
Data on the composition of PVC compositions
Structure of composition, mass parts
Component
I 11 I

PVC 100 100 100
Dibutyl phthalate 50 - —
Benzylbenzoxyethyl phthalates — 50 —
Ethoxyoctylbenzoxyethyl phthalates — — 50
Barium stearate 1.5 1.5 1.5
Calcium stearate 1.5 1.5 1.5
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Fig. 4. The effect of plasticizers on the stress during elongation (a) and breaking stress (b) of PVC-based compositions:
1-PVC+1;2—-—PVC+1I;3—-PVC+I1II

CONCLUSION

As a result of the conducted research, the following

conclusions can be drawn:

zeev. SPb.: Scientific foundations and technologies, 2009: 608.

ew additives proposed as plasticizers for polyvinyl chlo-
ride were obtained and their properties were studied;
based on the analysis of physical and chemical char-
acteristics, a comparative evaluation of the properties
of the proposed new plasticizers by cluster analysis
methods was carried out and it was found that sample
No. 5 and No.7 has high characteristics comparable
to those of an industrial plasticizer;

physical and mechanical properties of PVC composi-
tions (elongation stress and breaking stress) depend on
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MonyuyeHune HOBbIX ,06aBOK
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* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: asunasf@mail.ru

AHHOTALA: BeepeHue. MonvsuHunxnopug (MBX) nuaupyeTt B MMPOBOM NOTPEONEHUN CPEAN CUHTETUYECKMX MONIMIMEPOB,
BbIMyCKaeMbIX MPOMbILLIIEHHOCTbIO. M3enna Ha ero 0OCHOBe MPOYHO 3aBOeBaIvi MUPOBOW PbIHOK, M CErOfiHA HN OfjHa BbICOKOPa3-
BUTaA CTpaHa He MOXeET No3BONTb cebe 0TKa3aTbCA OT ero MPOM3BOACTBA 1 MOTpebneHus. Bbicokaa BocTpe6boBaHHOCTb TEPMO-
nnacTa, npexzje Bcero, 06bACHAETCA €ro YHUKanbHbIMU CBOMCTBAMU, TaKMMI KakK: [JOSITOBEYHOCTb, CTOMKOCTb K KIMMATUYeCKUM
YCIIOBUAM, HM3Kaa BOCMIaMeHAEMOCTb, Xopolune 6apbepHble CBONCTBA, SKOHOMUYHOCTb, SKONIOTMYHOCTb U YHUBEPCASIbHOCTb.
Komnnekc TeXHONOrMyecKrx n SKCrlyaTauMoHHbIX CBONCTB MArkomy MBX, nomymo npounx 4o6aBok, B OCHOBHOM obecneynBaloT
nnacTMPrKaTopbl, COAEPKaHre KOTOPbIX MOXKET AocTuratb 50% u BbiLe. IMeHHO 3$pdeKTMBHOCTb NNacTMGMLMPYIOLLEro AecTBNA
OKa3blBaeT peLuatllee BAVAHME Ha XapaKTEPUCTMKM NOyYaeMblX MaTepranos 1 nsgenunin. OguH n3 Hanbonee WMPOKO Npu-
MeHsAeMbIX KNaccoB coefuHeHunid npu nnactudurkaumm MBX — cnoxHble 3¢prpbl GTaneBomn KNCNOTbl, B YaCTHOCTU, ANbyTUNdTanat
(OBD), an-(2-sTunrekcun)-dranat (guoktundtanat, JOD), aunsoHoHundTanat (QUHO) n gumnsopeuundTanat (AUOD). Otanatel
HaLwn Hanbornbluee NPYIMEHeHMe B KauecTBe MiacTMdrkaTtopos bnarogapa CBOVM CBOMCTBaM: Xopoluei coBmecTmocTu ¢ MBX,
HU3KOW MUrpaLMmn 13 MiacTrKaTta, MUHUManbHOMY B3aMOAECTBUIO C MONMMEPOM NPU KOMHATHOW TemrnepaType, XopoLuen Mo-
PO30CTONKOCTU, BBICOKUM SN1€KTPOM30IMPYIOWMM CBONCTBAM, AOCTYMHOCTH, TEXHONOTMYHOCTU U HU3KOW cToumocTu. MeTtopbl
n maTepumanbl. B paboTe nprBeaeHbl METOLbI MOMYYEHVA HOBbIX CUMMETPUYHBIX Y HECUMMETPUYHbIX GpTanaTHbiX nnactndukarto-
pOB: ANGEH30KCMITUNPTaNaToB, 6eH3MN6EH30KCMITUNPTaNaToB, GEHOKCMITUNOEH3OKCUITUNDTANATOB, STOKCUOKTNOEH30KCH-
3TUNPTaNaToB — KaTaNMTUYECKoN 3TeprdrKaLmel $pTaneBoro aHrMapuaa OKCMITUANPOBaHHbIMU GpeHunKapbuHonamu, GeHonamu
U 2-3TUnrekcaHonamm. NMogo6paHbl YCIIOBUA CYHTE3a LieNIeBbIX NMPOAYKTOB C MakKCMMalibHbIM BbIXOAOM. VI3yueHbl dU3nKo-xummnyeckre
CBOWCTBA NOJTyYeHHbIX COeAMHEeHWIA. [1onyyeHHble SKCneprMeHTanbHble AaHHbIE NCMONb30BaHbl 418 BbIABNEHUA NEPCNeKTUBHbBIX
HOBbIX MNACTUPMKATOPOB HTaNaTHOrO THMa METOLOM KacTePHOro aHanmsa. KnacTepHblii aHanu3 gna peleHna AaHHoW 3agaun
Hanbonee 3pdeKTMBEH, T.K. NpefHa3HaYeH AnA 06 beAnHEeHNA HeKOTOPbIX 06Pa3LI0B B KNacchl (KnacTepbl) Takum 06pa3om, 4Tobbl B
OfVH KnacTtep nonanv MakCMmasbHO CXOXIe MO CBONCTBaM, HO MPU 3TOM 06pa3Lbl pa3HbIX KacTePOB MaKCMabHO OT/IMYANNCh
Apyr oT gpyra. Knactepusauunsa npoBegeHa B nporpamme Statistica 10. Pesynbratbl u 06cyaeHue. 1o nonyyeHHbIM JaHHbIM YCTa-
HOBJIEHO, YTO GEH3MNBEH30KCUITUNGTaNATbI U STOKCMOKTUNGEH30KCUITUNGTanaThl 061aAaoT HaUyYLLVIMI XapaKTePUCTKaMM Mo
nnacTmeuumpyoLLein cocobHocTr. M3yyeHo BnuaHMe BbiIOpaHHbIX MNacTUGUKATOPOB Ha GU3NKO-MeXaHNYecKmne XxapakTepucTmkm
MBX-komno3nymnin. 3bPeKTMBHOCTL coeanHeHni B MBX-KOMMNO3nLUM OLLEHEHa MO MoKa3aTenAM «HamnpaXeHne nNpu yaIuHEHUN»
U «pa3pyluaiolee HanpsxeHne». PesynbtaTbl UCNbITaHW 06pa3LoB cpaBHeHbI C Nokasatenamu MNBX-nnacTtnkaTtos, cogepalymnx
JBO. 3akntoueHune. Vicnonb3oBaHue pa3paboTaHHbIX J06aBOK CMOCOOCTBYET nosiyyeHuto MBX-KomnayHAOB C ynyyllueHHbIMI
bU3NKO-MeXaHNYECKNMU XapaKTePUCTUKaMK.
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BBEJEHUE

HOJ‘[I/IBI/IHI/U[XJ‘IO]:)I/I,I[ (ITBX) mMeeT BaskHOE HAPOITHO-
XO3SMCTBEHHOE U CTPAaTerMyecKoe 3HaUeHue 1 3a-
HUMAaET OAHO U3 JIUIAUPYIOIIMX MECT MO 0ObeMaM Mpo-
W3BOJACTBA U MOTPEOJICHUSI CPeIU CUHTETUYECKUX MO~
JINMEPOB, BBIMTYCKAEMbIX MUPOBOI TPOMBIILIEHHOCTHIO.
Ha ero ocHoBe mosyyaloT Kak XeCTKO HaloJHEHHBbIE,
TaK M IIaCTUGUIIMPOBAHHBIC MAaTepHATbl U U3ICIIHSI,
MMeEIOIINE IIIMPOKOE MPUMEHEHUE B Pa3IMUHBIX OTpaC-
JISIX CEeJIbCKOTO XO3S1CTBA, B KAOEIbHOM, CTPOUTEILHOM,
JIETKOM 1 TTUI1I€BO MPOMBIIILIEHHOCTH, B MAIIMHOCTPO-
€HUU, aBTOMOOWJIECTPOCHUM, MEIULIMHE U B ObITY. Pac-
MPOCTPAHEHHOCTb U BCeoOl1iee NCTO0JIb30BaHNE UMEHHO
3TOT0 MOJMMepa OOBSICHSIETCS €ro MPUEMIIEMOI CTOMMO-
CTBIO, XOPOIINMHU (PU3NKO-MEXaHTICCKUMU, TEXHOJIO-
TMYECKMMU U DKCIUTyaTallMOHHBIMU XapaKTepUCTUKAMU
W LIMPOKMMU BO3MOXKHOCTSIMU TlepepaboTku. B cBa3u
¢ O6ecniperieneHTHBIMU criocooHocTsiMu [1BX kK Mmonudu-
LIMPOBAHMIO UMEETCS LIMPOKUIA CIIEKTP BO3MOXHOCTEN
JIJISI BHEAPEHUS B OJIMMEP 100AaBOK Pa3IUYHOTO (hyHK-
LIMOHAJILHOTO Ha3HAYEHUS: TIacTU(PUKATOPOB, CTAOU-
JIN3aTOPOB, HAMIOJIHUTEJIEH U AP., C TOMOIIBIO KOTOPBIX
OCYLIECTBJISIETCS] PETYJIUPOBAHUE CBOMCTB U XapakTe-
puctuk mnonydaeMbix [1BX-u3nenuii mo tpeboBaHUSIM
npousBoauTeneii. BoIOOp BUaa U 103MPOBKU XMMUKA-
TOB-I100aBOK OTIpENE/ISIETCSl YCIOBUSIMU TTepepadOTKU
MOJMMEPHOI KOMIO3ULIMKA U HEOOXOIUMbBIM KOMILIEK-
COM CBOWCTB MOJUMEPHBIX MATEPUAJIOB B 3aBUCUMOCTH
OT 00J1acT ux rpuMeHeHud [1-9].

Cpenn IIIPOKOTO aCCOPTUMEHTA IIPOMYKTOB, TIpe-
obpasyomux I1BX-koMmo3nimm, miacTu@uKaTophl
SIBJISIIOTCSl JOMUHUPYIOIIUMU. B KauecTBe miactTugu-
kaTopoB IIBX B 0OCHOBHOM HCIOJB3YIOTCS CIOXKHBIE
3bupHl (pTaNeBOI, CeOAITMTHOBON, aMUITMHOBOM, MaJICH -
HOBOM 1 IPyTUX OpraHmIecKuX KNcioT. dranarel (a3¢pu-
pbl OpTO(TATIEBOM KHUCIOTHI) SABJISIIOTCSI CAMOU KPYITHOM
XUMUYECKOU rpyInoi miacTudukaTopoB MOJUBUHUIX-
JIopua, OOJIBITMHCTBO U3 KOTOPHIX O0IIETO Ha3HAYEHUS.
I[IpumeHeHMe CIOXHBIX 3(UPOB (PTaNEeBON KUCIOTHI
B KauecTBe 1iactudukaropon [1BX nmpu monyuyeHun

MaTepUAaIOB IUTS U30JISIIIMY IIPOBOIOB M Kabeseit, ICHTHI
JINTIKOI, MCKYCCTBEHHOM KOXM, OOMBOYHBIX MaTepHa-
JIOB, JIMHOJIEyMa, JIMTOU MO/ JaBIeHueM 00yBU, 000€B,
WTPYIIEK, IUIEHOK OOIIero Ha3HAYCHUS M T.JI. OOBSICHSI-
eTCS X JOCTYITHOCTBIO, TEXHOJOTMIHOCTBIO, BHICOKOM
coBMmectuMocTblo ¢ [1BX, HU3KO# Murpauuein u3 mia-
CTUKAaTa M HU3KOi cTonMocThIo. K ToMy ke oHI 00J1ama-
0T XOPOIIIMMH 3JIEKTPOM3OJISIIIMOHHBIMU CBOMCTBAMU,
MOPO30-, TETUIO- ¥ CBETOCTOMKOCTHIO [10—14]. OgHako
Bce 0oJiee YBeJIMUMBAIOLIASICS KOHKYPEHILIMS PbIHKA IO~
JIMMEPHBIX MaTePUAJIOB U PaCIIMPSIONINECs 00J1acTr
npuMeHeHus: [1BX-komMmo3uToB, pactyiiue TpeboBa-
HuUs K KauecTBy [1BX-u3nenuii 1 xXecTkue yCaoBUSI UX
cepTu(UKALINK SIBIISIOTCS IIPUIMHON IMOMCKa HOBBIX
BBICOKO2(h(hEeKTUBHBIX IJIaCTU(UKATOPOB, B TOM JHC-
e u npuparommx usgeausm n3 [NBX creuunduyeckue
cBoiicTBa. TakmM 00pa3oM, pacIIMpeHne aCCOPTUMEHTA
IUTACTU(UKATOPOB SIBJISICTCS aKTyaJTbHOM 3a1adueii.

B cBs131 ¢ BEITIIEU3I0KEHHBIM, HAMU OCYIIIECTBICH
CUHTE3 M M3YYCHBI CBOMCTBA HOBBIX CHMMETPHIHBIX
1 HECUMMETPUYHBIX (PTaJaTHBIX IUIACTH(PUKATOPOB:
JINOEH30KCUATII(PTAIATOB, OEH3MIOEH30KCUATUII(hTA-
J1aTOB, (PEHOKCHATUIOCH30KCUATII(PTATIATOB, 3TOKCH-
OKTHJIOCH30KCUATIWI(TATIATOB —IIPOBEICH KIIACTCPHBIN
aHaJIN3 TOJTYICHHBIX 9KCIIEpUMEHTATBHBIX TAaHHBIX C IIe-
JIBIO BRISIBJICHUSI 00pa3II0B ¢ BEICOKUMHU (DU3MKO-XUMH-
YECKMMU TTOKA3aTeIIIMH, a TAKXKE MCCIICIOBAHO BIVSHIE
IIACTU(MUKATOPOB Ha (DM3NKO-MEXaHNIEeCKIE CBOICTBA
I[1BX-komMnayHI0B.

METO/AbI 1 MATEPHAJIBI

CuHTe3 1 HCCIe0BaHNe CBOCTB
OKCHMITHJIMPOBAHHBIX CIIUPTOB

C 1eapio MccIeqoBaHUS BO3MOXKHOCTH HMCIOIb-
30BaHUS COCOUHEHUN (heHOJIOB, (PeHMIKApOMHOIIOB
1 2-3TUITEKCAHOJIOB IUIST TTOJTYYCHUS] HOBBIX TIJIACTH -
pUKaTOPOB CI0XKHOA(PUPHOTO TUIIA HAMHU CUHTE3UPO-
BaHbl OKCUATWIMPOBAHHbIE cIUPTHI (puc. 1). Peakuus
OKCHUATUJINPOBAHUS CITUPTOB XOPOIIIO M3y4eHAa U OCY-

» CsH{(OCH,CH))nOH,
(1)

+ C6H5 OH
+CgHCH,0H
nCH,CH, ¢HsCHy
N/
O +CgH;0H

» C4HCH,(OCH,CH)nOH ,
2

> CgH;{OCH,CH,)nOH .
€D

Puc. 1. Cxema cHTe3a OKCHITHIMPOBAHHBIX CITUPTOB
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IIeCTBJIeHA B IMPOMBINIUIEHHOM MaciuTaoe [15—17]. Ok- CHHTEe3UpOBaHHBIE OKCUATMIIMPOBAHHBIE CITUPTHI
CUATUJIMPOBAHUE CITMPTOB MPOBOIWIIM 1O OOIIEU3BECT- B JAaJibHEHIIIEM ObLIM MCIOJb30BaHbI IS TTIOJTYYEHUS
HBIM METOIMKAM PeaKIINei MX ¢ OKCHIOM STWJICHA IIPM  HOBBIX (PTAATOB OKCUATUIMPOBAHHBIX CITMPTOB, IIPE-
temrepatype (110—180)°C, mpormyckast ra3000pa3HbIii  JIOKCHHBIX B KAUECTBE CI0XKHOA(DUPHBIX TIaCTU(IKA-
OKCHUII 3TUJICHA Yepe3 peakKIIMOHHYIO Maccy. Peakiimss  TOPOB MOJMBUHUIXIOPHIA.

CITMPTOB C OKMCHIO ATHJICHA HAYMHACTCS IIPAKTUUECKH

cpasy ¥ COIPOBOKIaeTcs BhimeaeHeM Teria. CKOpoCTh Cunre3 1 HCCIeI0BAHNHE CBOMCTB CHMMETPHIHBIX
TIoaYy OKCHIA 3TUJICHA PETYIMPOBAIN TAKIM 00pa3oM, H HeCHMMETPHYHBIX (DTAATHBIX ILIACTH(UKATOPOB
YTOOBI HE BCTYMUBIINI B PEaKIINIO OKCHI KOHICHCHUPO-

BaJICSI B 0OpaTHOM XOJIOMMJIBHUKE U CTEKAI O0OpaTHO B pe- Ci1oxxHO3(UPHBIE TIACTU(PUKATOPHI TOJTYIAIOT Pe-

akTop 0e3 3axyeobBaHMs. [1ocime mogaun OKMCH 3TWIeHa  aKIueil 3TeprndUKany KapOOHOBBIX KHUCIOT MJIHN UX
PEaKIIMOHHYIO CMeCh HarpeBaim eie (1—1,5) 4 m 3ateM  aHTHIPUIOB CITMPTAMU B IPUCYTCTBUH KaTaIM3aTOPOB

OXJTAXKIAJT IO KOMHATHOI TeMIiepaTyphl. B KauecTBe Ka-  IIpW MOBBIIMIEHHOM TeMIIEpaType ¢ OMHOBPEMEHHOM
TaJM3aTopa MPUMEHSITA TUAPOKCHUI HaTpus [ 18]. OTTOHKOU peaKIIMOHHOU BOABI B BUIIE a3¢0TpOMa IS
XapaKTeprCTHUKA ITOTyYeHHBIX ITPOAYKTOB IIPUBEACHA  CMEIIEHMS PaBHOBECHS peaKIIMd B CTOPOHY 00pa3o-
B TabOM. 1. BaHUs cJIoXKHOTO dupa. HeobxonuMo OTMETUTD, UYTO
[To BHeIIHEMY BUAY OKCHATWINPOBAHHEIC CITUP-  TPAOULIMOHHBIMU IIPOMBIIIUICHHBIMU KaTaJInu3aTOpaMu

ThI NMIPECOCTABIAIOT co0o11 OeclBETHBIC MACJISTHUCThIC pe€akimnmn STCpI/I(I)I/IKaL[I/II/I CJIy2KaT CEpHasda KMNCJIO0Ta, OeH-
KNAKOCTHU, paCTBOPUMBIC B BOJE. CocraB IOJIYy4CHHbIX 30JI- 1 }’l—TOJ'IYOJ'ICYJ'[b(.JpOKI/ICJ'[OTBI, HO OHM MMCIOT PO
B MMPOLECCC OKCUITUIIMPOBAHUA MTPOAYKTOB 3aBUCUT CYIICCTBEHHbIX HEAOCTATKOB, MPUCYHINX KNUCIOTHBIM
OT MOJIbHOT'O COOTHOIIECHMA B3ATHIX IJIA peaKIIK CITupTa KaTajin3aTopaM: HEBBICOKYIO CCJICKTUBHOCTD, O6YCJ'[OB—

M OKCHJIa STWJICHA: C YBEJIMUYCHUEM COIEPKaHUS B peak-  JICHHYIO YCKOpPeHUEM TTOOOUHBIX PeakInii; HeoOX0ar-
LIMOHHOM Macce OKCUIa STUJICHA TUTIOTHOCTD, TToKa3ateJlb ~ MOCTb HEHTpaM3aluy KaTain3aTopa; HeoOXoMMMOCTh
MPEJIOMJICHUS U MOJICKYJISIpDHAsI Macca OKCUATWIMPO-  OTMBIBKHM 3Upa — ChIpIla; HEOOXOAMMOCTh OUUCTKU
BaHHBIX CITUPTOB BO3PACTAIOT. 3HAYMTEJILHOTO KOJIMYECTBA CTOUHBIX BOI [ 19—24]. DTHx
Tabauya 1
Du3KUKO-XMMIYECKHEe CBOMCTBA OKCHITHJIMPOBAHHBIX CIMPTOB

n a>, n?, 9. 4., mr KOH/r | M. M., HaiiieHo | M. M., BBIYHCJIEHO Beixoa, %

OxcusmunupogarHtsvie geronnt (1)

1,0 1,1007 1,5314 789 142 138 89,0

1,5 1,1071 1,5387 683 164 160 86,6

1,9 I,1111 1,5434 619 181 178 90,1

2,4 1,1158 1,5501 552 203 200 87,4

3,2 1,1251 1,5599 469 239 235 88,9

OxcusmuauposarHwle QeHUIKapouHosl (2)

1,0 1,0717 1,5195 727 154 152 89,2

1,5 1,0739 1,5235 633 177 174 89,5

1,9 1,0755 1,5264 577 194 192 88,9

2,3 1,0771 1,5290 528 212 210 90,2

3,0 1,0797 1,5329 459 244 240 89,3

Okcusmunupogartsle 2-3muneekcanonst (3)

1,5 0,9141 1,4325 568 197 196 93,2

2,0 0,9240 1,4490 510 220 218 92,8

2,2 0,9278 1,4538 488 230 227 91,3

2,4 0,9309 1,4580 471 238 236 93,4

3,0 0,9382 1,4696 422 265 262 91,4
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OO(CH,CH,OInCH,CgHs
o + 2 CgHCH)(OCH,CHynOH_ = | ’
7 - H0
c 2 N
\ COO(CH)CH,0)nCHyCgHs
/0 - @
COO(CH,CH,0ICHCgH;
\\0 + CHSCHy(OCH,CHnOH _ =~
S +
COOH
00(C HzCHzO)IICHZ CeHs
+ CsHsCHyOH |
- H;0 - g
: AN
COOCH,C¢H;
)
OO(CH,CH,0)nCHyCgH;
+ CyHo(OCH),CH)nOH (& |
- H,0 - :
2 S
COO(CH,CHOnCgHj
(6)
OO(CH,CH,0)InCHyCgHjg
+ CH(OCH,CH,)nOH &
- H,0 .
: AN
COO(CH,CH,0)nCsHy;
@)

Puc. 2. IIponecc noxydeHus cioKHO3(GUPHBIX IIACTH(HUKATOPOB

HEI0CTaTKOB JIMIIICHBI 00JIce SKOJIOTMYHBIC aM(DOTepHBIC
KaTaJn3aTophl Ha OCHOBE OPTAaHMICCKUX COCTMHECHUI
3JIEMEHTOB TIEpEeMEHHOM BaJIeHTHOCTH. K HUM OTHO-
CATCS COeAMHEHMS aTIOMUHMS, TUTaHAa 1 oJoBa [16, 17,
24-26].

[TosToMy mIporecc MOMyIeHST HOBBIX CUMMETPUI-
HBIX M HECUMMETPUYHBIX (DTATaTHBIX IIaCTA(PUKATOPOB:
IMOEH30KCUATUII(PTANATOB, OEH3MJIOCH30KCUATUI(PTA-
JIaTOB, (PEHOKCHATUIOCH30KCUATUII(PTAIATOB, 3TOKCH-
OKTHJIOCH30KCUATUI(DTATIATOB — OCYIICCTBIISIIIN 3TePHU-
(uxamnueit ¢prageBoro aHTUAPUAA C UCIIOIH30BaHNUEM
TIOJTYYCHHBIX OKCUATWIMPOBAHHBIX CITMPTOB C IIpUME-
HEHMEM B KaueCTBE KaTaJn3aTopa TeTPaOyTOKCUTUTAHA,
TIOCKOJIBKY OH TT03BOJISICT MCKITIOYUTD CTaauN HEUTpa-
JIN3alNU KaTaJanu3aTopa M OTMBIBKU 3(HUPOB (puC. 2).
Peakiimio Besi 10 MOJTHOTO BEIIEIICHUS PeaKIIMOHHOM
Bombl. [1o OKOHYAHNM peaKIIny TeTPaOyTOKCUTUTAH TH-
IPOJIM30BAJIA BOIOI 1 3Tepr(PUKAT OTPUIBTPOBBIBAIN
IUIST yIaJIeHUsI 00pa30BaBIIerocsl TMOKCHUIA TUTaHA.

CuHTe3npOBaHHBIC 3(PUPHI, IPEACTABIISIONINE COOOM
TIPO3pavyHbIC WM CJIeTKa OKPAIIeHHBIC MACISTHUCTBIC
KUIKOCTH, pACTBOPMUMBIC B OPTAHMICCKUX PACTBOPH-

TeJISIX, TOJIydeHbI ¢ BbixomoM Bhile 80%. OcHOBHBIE
CBOICTBA IIPOMYKTOB IIPUBEICHEI B TA0I. 2.

DPU3NKO-XUMHIECKIE TTOKa3aTeId TIPEITOKECHHBIX
IUTacTU(UKATOPOB (Tabia. 2) aHATU3NUPOBAIIM COTJIaC-
Ho 'OCT 8728-88 «Ilnactudukatopsl. TexHnyeckue
VCIIOBUST».

PE3YJBbTATBI 1 OBCYKIEHUE

IMoxyyeHHBIC TaHHBIC (TA0J. 2) TOATBEPIIN CO-
OTBETCTBME OCHOBHBIX ITOKa3aTeael CI0XKHOI(PUPHBIX
IacCTU(UKATOPOB TpeOOBAHUSIM AEHMCTBYIOIINX TOCY-
JIapCTBEHHBIX CTAHIAPTOB, a TAKXKE XOpolllee KaueCTBO
CUHTE3MPOBAHHBIX TTPOAYKTOB. AHAJINU3 DKCIIEPUMEH -
TaJIbHBIX JAHHBIX ITOKA3aJI, YTO JIJTSI BCEX MpeacTaBIeH-
HBIX IUTACTU(PUKATOPOB HAOTI0JAETCI OMMHAKOBAs TEH-
JIEHIIVS: C BO3pacTaHUEM CTEIIEHN OKCUSTUIINPOBAHUS
IUIOTHOCTD CJIOXHBIX 3(PUPOB YBEITMUUBAETCH, a TTOKAa-
3aTesIb ITPEJTIOMIICHUST CHIKAETCS.

Ha cnenylomieM sTare penieHo yAeJIUTh 0coboe
BHUMaHMeE BOIIpOcaM KJIaCTEPpU3aLNU CIOXKHOIDUP-
HBIX TUIACTU(UKATOPOB U BBISBIICHUIO M3 HUX TEX, YTO
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Tabauuya 2
CpaBHHUTeIbHbIE XapaKTePUCTHKH NPe/I0KEHHBIX U MPOMBIILIEHHbIX IIACTH(PUKATOPOB
|| | kol | KO/ | mineno | surwmcremo | 100°C, omey, ¢ | et "C | B8 %
Jubenzoxcusmungpmanamot (4)
1,0 1,1423 1,5152 0,20 256 437 434 0,115 202 84,1
1,5 1,1447 | 1,5128 0,15 233 480 478 0,130 204 85,1
1,9 1,1454 | 1,5123 0,20 217 516 514 0,151 207 85,6
2,3 1,1474 | 1,5108 0,15 203 553 550 0,150 210 85,3
3,0 1,1489 | 1,5093 0,10 183 612 610 0,200 210 84,7
bensunbenzoxcusmunrgpmanamot (5)
1,0 1,1330 | 1,5195 0,10 286 392 390 0,112 195 83,8
1,5 1,1339 | 1,5169 0,10 270 415 412 0,114 197 84,7
1,9 1,1361 1,5161 0,10 259 432 430 0,122 196 85,3
2,3 1,1382 | 1,5156 0,11 249 450 447 0,120 197 85,0
3,0 1,1396 | 1,5136 0,12 233 480 478 0,130 199 84,9
Denokcusmunbenzoxcusmuipmanamor® (6)
1,0 1,1279 | 1,5157 0,10 265 422 420 0,112 199 87,0
1,5 1,1304 | 1,5153 0,10 252 445 442 0,120 200 85,6
1,9 1,1339 | 1,5138 0,20 242 463 460 0,115 203 86,4
2,3 1,1346 | 1,5127 0,20 234 479 477 0,120 202 89,1
3,0 1,1372 | 1,5120 0,10 219 508 0,170 203 87,1
Imokcuoxmunbenszoxcusmurpmanamot** (7)
1,0 1,1291 1,5102 0,10 233 478 0,130 202 87,7
1,5 1,1320 | 1,5093 0,10 223 503 500 0,150 202 86,3
1,9 1,1349 | 1,5088 0,18 215 520 518 0,142 204 87,1
2,3 1,1358 1,5081 0,20 208 538 535 0,135 209 89,8
3,0 1,1384 | 1,5065 0,20 197 569 566 0,160 208 87,9
Jubymunpmanam
00 | om0 | iamo | 007 | 401 279 278 0,300 163 | -
Juokmungpmanam
0,0 0(’)’998520_ li‘,‘fg;)()_ 0,07 287 397 390 0,100 205 —

TMpumeuaHue: * cTerneHb OKCUATUIMPOBaHUs heHona = 1,0; ** creneHb OKCUBTUIMPOBAHUS 2-3TUreKcaHota = 1,5

HMMEIOT ONITUMAJTbHBIE XapaKTEPUCTUKU, HE YCTYTAIOIIUe
MTPOMBITIJIEHHBIM IJIaCTH(GUKATOpaM.

[lepBbIM AaromM K peajn3alluy ajJropuTMa Kia-
CTepHOTO aHaJIM3a SBIIAETCST (hopMaTu3alrst 3HAUSHU I
(Tabm. 2). B xauecTBe MHCTpYMEeHTa (popMaTn3aIini
MPUMEHWIN MaTeMaTHIeCcKoe OKUIaHNe KaK OCHOBHYIO
YUCJIOBYIO XapaKTePUCTUKY CTATUCTUUECKUX TAHHBIX,
paccuyuTaHHBIEe TTOKA3aTeJIN TIPEICTaBICHBI B Ta0I. 3.

Ha BTopowMm 1mare o6pab0oTKu 3KCIIEpUMEHTAIbHBIX
JMAHHBIX TTPMMEHIUTA METOJ TIOJTHOM CBSI3M TS HETIOCPEI-
CTBEHHOTO pacIIpenesIeHIs 00pa3lioB Ha KitacTepsl. Merton
TIOJTHOM CBSI3M 3aKITIOYACTCS B MCIIOJIb30BAHNH TTOHSITHS
«METPHKI» WM PACCTOSTHYS MEXIY (hOpMaTM30BaHHBIMI
CPaBHUTEIILHBIMY XapaKTePUCTUKAMU IIACTA(PHIKATOPOB
B N-MEPHOM IIPOCTPAHCTBE, UYTO TAeT BOBMOXKHOCTH OIIe-
HUTh YHAJIECHHOCTb OOBEKTOB IPYT OTHOCUTEIHHO ApyTa
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Tabauuya 3
®opmaM30BaHHbIE CPABHUTEJIbHBIE XAPAKTEPUCTHKH MPEIJIOKEHHBIX MIACTUHUKATOPOB
HanmveHnoBanue noxkasareJst Db ey
4) 5 (6)* (N

dx, 1,14566 1,13616 1,13280 1,13404
n* 1,51208 1,15634 1,51390 1,50858
K. 4., mr KOH/r 0,160 0,106 0,140 0,156
9. 4., mr KOH/r 218,4 259,4 242.4 215,2
M. M., HalieHO 519,6 433,8 464,0 522,2
M. M., BBIYUCJIEHO 517,2 431,4 461,4 519,4
M. 1. neT-x B-B (100°C, 6 yac), % 0,1492 0,1196 0,1274 0,1380
T,.C 206,6 196,8 201,4 205,0
Brixon, % 84,96 84,74 87,04 87,76

[Mpumeuanue: * crenieHb OKCUITUIIMPOBaHUS peHoma = 1,0; ** cTeneHb OKCUATIIIMPOBAHUS 2-3TWIITeKcanona = 1,5

¥ B TO K¢ BpeMsI yCTAaHOBUTH, KaKMe M3 HUX 00pa3yioT
IPYIIIbI, CXOXKKE II0 CBOUM CBolicTBaM [27—29].

B xagecTBe TIpOrpaMMHOTO 00ECITCUCHUS I BBI-
TIOJITHEHUS pacuyeToOB BTOPOTO 3Talla aHa/IM3a UCITOJIb-
30BaH IporpaMMHBI TTakeT Statistica 10. I'padpuueckoe
n300pakeHe 00beAMHEHHUS, TIOJYICHHOE C TIOMOIIBIO

1

EBKIHI0BO PacCcTOAHHE
(=)
|
ﬂ

T T T T T T 1

0 20 40 60 80 100 120 140
PaccTosiHHe 00B €.

Puc. 3. Pe3yabpTaThl KJIACTEPHOT0 aHAIM3A CPABHUTEIh-
HBIX XaPaKTEPUCTHK MpeI0KEeHHbIX IIACTH(PUKATOPOB:
4 — nOeH30KCUITUIDTANIATHI, 5 — OCH3UTIOCH30KCH -
srwidTranaaTel, 6 — GeHOKCUITHIOEH30KCUITUADTAIA-
Thl, 7 — OTOKCUOKTUJIOCH30KCUATUII(DTATIATHI

JnepeBa 00beAMHEHUs] KJIacTepOB — JIEHAPOTrpaMMBbl,
MIpeACTaBICHO Ha puc. 3.

Kak BumHO, U3 neHApoTrpaMMbl 00pa3oBaHbl 1Ba
KJIacTepa ITacTU(UKATOPOB: K KJIACTEPY C BHICOKU-
MU TTOKa3aTeJIIMHU CBOMCTB OTHOCSTCS 00pa3mel N 5
n Ne 7, a K KJIaCTepy CO CPEIHUMU ITOKa3aTeIISIMU
cBOMCTB — o6pa3ubl Ne 6 u Ne 4. Takum obOpasom,
KJIaCTEPHBI aHaJIUM3 TTO3BOJIMJI M3 N 0OBEKTOB, XapaK-
TepU3yeMBIX k TIpU3HaKaM#, chOpMUPOBATh Pa3OUBKY
Ha OMHOPOIHBIC TPYIIIIHI (KJIacTephl). AHAIN3 TTOTyYeH-
HBIX Pe3yJIbTaTOB MOKa3aJj Cleaylollee paHXXUPOBaHUE
npeajiaraeMbix IJIacTU(PUKATOPOB MO KaueCTBEHHBIM
XapaKTePUCTUKAM: OKCHUATUINPOBAHHBIN 3(up, co-
Jnepxkaliuii apoMaTUuecKuii paavkan, U OKCUDTUIIU -
POBaHHBIN >(UpP, comepKaIIN aTKUINPOBAHHBINA
1 apOMATUICCKUI pagrKajbl, > OKCUATIIMPOBAHHBIC
ahupsbl, coaepxKaliie 1Ba apoMaTUIYeCKUX paauKana.
Takum obOpa3zom, HanbOoIee BhIpaKEHHbBIC ACHCTBUS
MO BbIlIEYKa3aHHBIM ITOKa3aTeJsIM MPOSBIISIOTCS
MpY UCMOJIb30BaHUN OEH3UIOEH30KCUATUI(TATIATOB
1 9TOKCUOKTUIOEH30KCUATUI(PTAIATOB.

C 1enpio N3yYeHUS BIMSTHUASI BHIOPAHHBIX TIJIACTH-
duxatopos (II, I1I) Ha cBolicTBA MOJUMEPHOI KOMIO-
3ULIMU Ha cJIeaylolleM aTane obuin noaydyeHsl [1BX-
IUTacTUKATHL. B KauecTBe KOHTpOIbHOTO o6pasia (I)
HCITOTb30BaHa TIPOMBIIIITICHHAsT KoMmo3uiinst. CocTaB
ob6pasuos [1BX-mracTukaToB nmpuBeneH B Ta01. 4.

CpaBHeHMe MoKa3aTtelieil (hM3NKO-MeXaHNIeCKIX
CBOICTB IOJIyY€HHBIX KOMITO3UTOB Ha ocHoBe [1BX ¢ no-
OaBJIeHUEM IIACTU(MUKATOPOB IIPEACTABICHO Ha puC. 4.

HccnenoBaHne (pU3MKO-MEXaHUUYECKUX XapaKTepu-
cTuK mnactTuduuupoBaHHbIX [1BX-Kommno3uimii moka-
3aJ10 yJIydllleHUe CeIyIoIIuX MoKa3areseil: HanmpskeHue
Mpy YUIMHEHUH U pa3pyliialoliee HalpsKeHue.
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Tabauuya 4
Jlannbie mo coctaBy I1BX-kKomMno3ummii
CocTaB KOMNO3MIMH, MAC. Y.
Komnonent
| 11 111
IIBX 100 100 100
JAunbyTungranar 50 — —
bensunbeH3zokcua TG TATATHL - 50 -
DTOKCUOKTUIOEH30KCUATUI(DTAIAThI — — 50
Creapar 6apust 1,5 1,5 1,5
Creapat KajabLus 1,5 1,5 1,5
a 140 - b 350 -
N—
5 120 A a 300 -
= o z
£ % 100 - S =250 -
v g
= o 80 2 <200
T o g =
€ g =
XS 60 - 2. & 150 -
& 5 &
40 - S g s
= o
= 20 =50 -
=8
0 0 T T
1 2 3 1 2 3

Puc. 4. Biusnane miacTuuKaTopoB HA HANPsDKEeHNe NpH YIUIMHEHN! (a) H pa3pymianinee HanpsekeHne (0) KOMIO3Hu-
mmii Ha ochose IIBX: 1 — TIBX + I; 2 — IBX + 1I; 3 — TIBX + 111

SAKTIOYEHHUE (BBIBO/IbI)

B pesynbpTaTe IpoBeIeHHBIX UCCICIOBAHWIT MOKHO

CHeNaTh CICTYIOIINE BEIBOIBI:

— TIOJTyYeHBI HOBBIC MOOABKU, TIPEIIOKCHHBIC B Kaue-
CTBE IUTACTU(OUKATOPOB TTOJIMBUHWIXJIOPUAA, U U3Y-
YeHBI X CBOIMCTBA;

— Ha OCHOBAaHWM aHaIn3a (UNKO-XUMUUIECKUX Xa-
paKTepUCTUK TIPOBeJIcHA CpaBHUTEIbHAST OlleHKa
CBOMCTB MPeIIOKEHHBIX HOBBIX TIACTU(UKATOPOB
MeTOJaMM KJIACTEpHOTO aHaJin3a U YCTAaHOBJIEHO,
yTo 00pa3usl Ne 5 u Ne 7 o61a1ai0T BEICOKMMHU Xa-
PAKTEPUCTUKAMU, COTTOCTABMMBIMU C TTOKA3aTEIIMU
TIPOMBIIIIJIEHHOTO TIIacTU(UKATOPA;

— (dusnko-mexanmueckue coiictsa I1BX-kommosummii
(HampspKeHMe TIpY YIJTMHSHUH U pa3pyIarolnee Ha-

MIPSTKEHIIE) 3aBUCST OT IIPUPOMIBI (DTAIATHBIX TIACTH-
GUKaTOPOB: TIPU UCITOIBb30BAHNHU TTPEITOKCHHBIX
1acTu(uKaTopoB HUcciaenyemble mokaszareaun [TBX-
KOMITO3UIINH TIPEBOCXOIAT 6a30BYI0 KOMITO3UIINIO;
IIpUpoIa CITMPTOBOI YaCTH paguKaia B IUIACTUDN-
KaTope 1 (PU3UKO-MeXaHNIECKIE CBOMCTBA TIJIACTH -
KAaTOB CBSI3aHbI (DYHKIIMOHATBLHO B3aMMOCBSI3bIO,
YTO MO3BOJISICT CIIPOrHO3UPOBaTh cBolicTBa [1BX-
KOMIIO3WIII B 3aBUCUMOCTHU OT CTPOCHUS TIpHMe-
HSIEMBIX (PTaIaTOB.

Takum 06pa3om, o pe3yabTaTaM UCITBITAHMIA ITOJTY-

YeHHBIC COCTMHEHMS 00JIaTaloT TOCTATOYHO BBICOKOM
5 GEKTUBHOCTHIO KaK THIACTU(PUKATOPHI ITOJTUBUHIIIX-
JIopraa M peKOMEHIYIOTCS I ITUPOKUX UCITBITAHUA.
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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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IN ENGLISH

NAME OF THE SECTION (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In English)

Authors’ first name and last name (In English)

place of employment of each author, city, country (In English)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
*Corresponding author: e-mail: XXXXXXXXXX

ORCID author:
first name and last name — https://orcid.org/xxxx-XXxx-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In English):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In English)

Acknowledgments: (if available) (In English)

For citation: (In English)

Example.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko I.V. Nanostructured
foam ceramics for building purposes: production technology and applications. Nanotechnologies in Construc-
tion. 2021; 13(4): 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Text of the paper: (In English, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

« RESULTS

- DISCUSSION

- CONCLUSIONS

References (In English) (Vancouver Style)

Information about the author (authors) (In English)

— first name, last name (full);

- academic degree;

—-name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

- authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.
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Example.

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia,

z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In English):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

Example.

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.

IN RUSSIAN
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Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
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* Corresponding author: e-mail: xxxxxxxxxx

ORCID author:
first name and last name (In Russian) - https://orcid.org/xxxx-XxxX-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows

Russian and foreign specialists to make conclusion about the quality of the content of the paper (extended ab-
stracts must be informative, original, novelty, contain main results of research, structured according to IMRAD (Intro-
duction, Methods and Materials, Results and Discussion), compact — 200-250 words) (In Russian):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In Russian)

Acknowledgments: (if available) (In Russian)

For citation: (In Russian)
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Ona yntuposaHua: CunnuuH A.A., Laaxmvetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HAYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHusa // Ha-
HoTexHonoruu B ctpoutenbctae. 2021. T. 13, N2 4, C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-
213-221.

© authors, 2021
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Text of the paper: (In Russian, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)

Information about the author (authors) (In Russian)

— first name, last name (full);

- academic degree;

—name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

— authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
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Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMIXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMauma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNWSA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcur paboTbl B OnybnnKOBaHHOM 34eCb BUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1O 1 BO BpPeMs NpoLiecca pacCMOTPEHNUA ee AaHHbIM KYPHANOM, TakK KaK 3TO MOXeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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