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«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.
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eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).
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KOMMYHaNbHOTO X03ANCTBa, UMEIOLLMX aKTyalbHOe 1 NepcrneKTUBHOE NPaKTUYecKoe 3HaYeHue.
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TeNbHbIX CUCTEM; TEXHONOTUW UCCIIe[0BaHNA CBOMCTB HAHOMATEPMASIOB; TEXHONOTMMYECKME NPVHLMMbBI CO3AaHUA HAHOCTPYKTYP
(pacnnasbl, 30Nb-renieBbli CMHTE3 U Ap.). TemaTnKa CTaTell MOXeT OblTb UHOW, MPAMO U KOCBEHHO CBA3AHHOW C MEPEUNCIIEHHBIMA
HanpasieHNAMM.

KypHan npuHMmaet K ny6nukaumnm: opurviHanbHble cTaTbi, 0630pbl, ANCKYCCMOHHbIE MaTepurasbl, KOMMEHTapun, Apyrue nH-
bopmaLMoHHbIe MaTepranbl.

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

The Index Copernicus Value (ICV) of the journal
“Nanotechnologies in Construction”
for 2022 has increased

INDEX (\< COPERNICUS

I N T E R N A T I O N A L

Dear authors and readers of the journal “Nanotechnologies in Construction.”

We would like to inform you that based on the evaluation of the questionnaire data and analysis of journal issues from
the year 2022, the experts at Index Copernicus have determined the Index Copernicus Value (ICV) of the journal
“Nanotechnologies in Construction” (ISSN: 2075-8545) listed in the ICl Journals Master List Database. The ICV
for 2022 stands at 123.93, a notable increase from previous years (for reference: ICV 2021: 96.46; ICV 2020: 95.79; ICV
2019: 94.02). More details available here: https://journals.indexcopernicus.com/search/details?id=56658.

The ICl Journals Master List is a prestigious international database of academic periodicals, systematically evaluated
each year for over two decades now.

Inclusion within this list requires passing a comprehensive parametric assessment, currently based on more than 100
criteria. Periodicals that meet all formal prerequisites and indexing requirements are awarded an ICV, reflecting the
journal’s overall development and its scientific impact within its specific field.

This process allows conscientious editors prioritizing consistent indexing to track the long-term progress and
dynamics of their journal’s evolution.

Our congratulations to the authors and readers on this achievement!

“This result was achieved thanks to the active contribution and support from the editorial board members and the
effective partnership with the experts of the Association of Science Editors and Publishers (ASEP). The high-quality
materials provided by the authors, their adherence to the editorial board’s requirements, the comprehensive review
process by our reviewers, and the highly professional and responsible approach of the editorial staff have all played
significant roles in this achievement.”

The motto of the journal since its foundation is “GIGA success is being built from NANO", and it has become more and
more a reality over the past 15 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 journal in their research works!

We invite leading scientists and specialists to publish materials about their research.
We hope for further fruitful cooperation.

If you have any questions, please contact us via e-mail: info@nanobuild.ru

”

Publishing House of the journal “Nanotechnologies in Construction
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K ABTOPAM U YATATEJIAM

3HaueHune nokasarens Index Copernicus Value
XKypHana «<HaHoTexHOnOrMmn B CTpONTENbCTBE»
3a 2022 rog noBbICUNOCDH

INDEX (\< COPERNICUS

I N T E R N A T I O N A L

YBarkaeMble aBTOPbI 1 YMTATENN KypHana «HaHOTEXHOOMUN B CTPOUTENBCTBE,

coobLiaem BaM, YUTO Ha OCHOBE MPOBEPKM MHPOPMALINM N3 OLLEHOYHOW aHKeTbI 1 aHanmn3a Bbinyckos 3a 2022 rog
akcnepTbl Index Copernicus ycraHoBunu 3HaueHmne nokasartens Index Copernicus Value (ICV) »KypHa-
na «HaHnotexHonorum B ctpoutenbcrTee» (ISSN: 2075-8545)B 6ase ICl Journals Master List 3a 2022 rog;:
ICV 2022 = 123,93, yTO BbliLLe, YeM 3HaUYeHMe Noka3aTena ICV 3a npegbigyne rogbl (ana cpasHeHma: ICV 2021 =
96,46; ICV 2020 = 95.79; ICV 2019 = 94.02).

Ccbinka — https://journals.indexcopernicus.com/search/details?id=56658

ICl Journals Master List — 35To npecTnHas mexxgyHapoaHas 6a3a, B KOTOPOW KaxKabli rof OLeHNBAOTCA Nepu-
oAuyecKre N3gaHnA Ha NPoTaXKeHUK 6onee 20 net. YCnoBreM UHAEKCALMN ABNAETCA MONOXUTENIbHOE MPOXOXK-
LeHVie MHOTOMepPHOW NapamMeTpUYeCKOl OLeHKM, OCHOBAHHO B HacToslLLee Bpems Ha 6onee yem 100 Kputepu-
ax. [eproguyeckmne n3gaHnsa, KOTopble COOTBETCTBYIOT YCI0BMAM UHAEKCaUMK, nonyyatoT uHgekc ICV, kotopbii
OTpakaeT YPOBEHb Pa3BUTUA XKYpPHana 1 ero BAMAHME Ha MUP HAYKM B onpepesieHHon obnactn. bnarogapa
3TOMY pefakLmm, KOTopble 3a60TATCA O HEMPEPbIBHOCTY UHAEKCALMW, MMEIOT BO3MOXHOCTb C/Iej0BaTb MHOMO-
neTHeMy NyTu 1 AVHaAMKKe Pa3BUTUA XKypHarna.

Hosnpasnﬂem aBTOpPOB N ynTatenemn XypHana C3Tum co6biTnem!

Takoro pe3ynbraTta yaanocb Joo6utbca 6narogapa akTMBHOWM paboTe 1 MOMOLLM YNEHOB pefaKLUMOHHON Konse-
ruu, 3GbeKTMBHOMY COTPYAHMYECTBY C SKCnepTamy Accouraummy HayuHblX pelakTtopos v usgatenen (AHPW),
BbICOKOKaUYeCTBEHHbIM MaTepyrianam aBTOPOB 1 BbINOSIHEHMIO MU TpeboBaHU pefakLum, BCECTOPOHHEN OLeH-
Ke cTaTell peLeH3eHTamu, BbICOKONPOodecCMoHanbHOMY 1 OTBETCTBEHHOMY OTHOLLEHMIO K AeNly COTPYAHUKOB
pepakuuu.

Bonbloe cnacn6o Bcem, KTO y4acTBYET B BbiMycKe XKYpPHana, a TakKe BeflyLiM PpOCCUNCKIM 1 3apy-
6eXXHbIM YYeHbIM 1 cneyanicTam, KOTopble NCMONb3YyIOT MaTepuanbl XKypHana B CBoux nyonukaymnsx!

I'Iplnrnal.uaeM BeAyLwunxX y4yeHbIX n cneynanncrtoB K I'IyﬁJ'IIIIKaI.II/IVI MaTepunanoB 0 CBOUX ncciegoBaHnAXx.
Hapeemcsa Ha ganbHenwee nnogoTBOPHOE COTPYAHNYECTBO.

Mo Bcem Bonpocam npocrm obpalyatbcs no e-mail: info@nanobuild.ru

U3damenbcmeo xypHana «<HaHomexHonozuu 8 cmpoumesnscmee»
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Application of polyvinyl chloride for nanocomposites
(analysis and optimization of quality indicators)
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ABSTRACT: Introduction. The application of nanocomposites in various industries has increased in recent years due to their unique
properties and performance characteristics. Enhancing the quality performance of nanocomposites presents a formidable chal-
lenge, primarily attributable to the intricate interactions among their constituent elements. This paper presents an overview of the
methods used to analyze and calculate the quality performance of nanocomposites using PVC as the base material. Methods and
materials. To calculate technological parameters that are not directly measurable, we conducted a thorough analysis of literature
sources related to the specific process under consideration. Through this analysis, we established appropriate relationships between
empirical data in accordance with the fundamental principles of thermodynamics and mass transfer processes. In the course of the
research, the method of neural networks was applied in order to describe the process of vinyl chloride polymerization carried out
by suspension method. To solve this problem, a cascade network with forward propagation of the signal and backward propagation
of the error was applied. Network composition: in the hidden layer - ten sigmoid neurons, in the output layer - two linear neurons.
Results and Discussion. Throughout this research, it was observed that the heat flux during polymerization exhibits temporal
variation, contingent upon the concentration level of the initiator. Further the dependencies obtained can be used in controlling
the flow rate of refrigerant into the reactor cooling jacket, to ensure that the entire process is isothermal. It was found that by vary-
ing the stirrer speed, it is possible to change the particle size and hence the molecular weight distribution of polyvinyl chloride. The
developed neural network was tested. The obtained results have minimal error and are close to the real values, from which we can
conclude that the network is trained correctly and the dependence between the data is found. Conclusion. Dependencies linking
physicochemical parameters of the technological process with the design features of the apparatus have been established. To main-
tain the quality of PVC, in particular the appropriate molecular weight distribution, a neural network (a cascade network with direct
signal propagation and reverse error propagation, consisting of ten sigmoidal neurons in the hidden layer and two linear neurons
in the output layer) was developed in MATLAB environment. The network was trained on a sample and tested on test values, which
showed that the network predicts the outcome of the process with minimal tolerable error, with other parameters unchanged.

KEYWORDS: polyvinyl chloride, nanocomposite, neural network, polymerization, nanotechnology.

FOR CITATION: Kovalenko Y.F, Shulaeva E.A., Shulaev N.S. Application of polyvinyl chloride for nanocomposites (analysis and op-
timization of quality indicators). Nanotechnology in construction. 2023; 15 (6): 519-530. https://doi.org/10.15828/2075-8545-2023-
15-6-519-530. - EDN: WRQEQL.

INTRODUCTION

olyvinyl chloride (PVC) has found widespread use in

the construction industry due to its versatile properties
and relatively low cost. PVC is a type of polymer that is
composed of repeating vinyl chloride monomer links. In re-
cent years, the characteristics and properties of PVC have
been significantly improved using nanotechnology, making
it an even more sought-after material for construction.

The use of nanotechnology involves modifying the
structure of the material at the nanoscale, which ranges

© Kovalenko Y.F,, Shulaeva E.A., Shulaev N.S., 2023

in size from approximately 1 to 100 nanometers. Modi-
fication of PVC using nanotechnology allows to increase
mechanical strength, durability and resistance to ultravio-
let radiation and chemicals. This makes it a sought-after
material for construction products that must withstand
the negative effects of environmental parameters (tem-
perature difference, humidity, UV radiation).

The application of nanotechnology of PVC compos-
ites in construction is promising and relevant. Nanocom-
posites are materials that contain small nanoparticles of
other materials, such as clay or carbon nanotubes, which
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are dispersed throughout the PVC matrix. The nanopar-
ticles also help to improve the mechanical properties of
PVC, making it stronger, more elastic.

Another example is the use of PVC nano-coatings,
which can protect building materials from corrosion,
weathering and other forms of degradation. These coat-
ings also improve the appearance of PVC surfaces, making
them more aesthetically pleasing.

The grade of PVC can affect the properties of nano-
composites, such as their mechanical, thermal and elec-
trical properties. Different PVC grades can have different
molecular weights, degree of branching and chemical
composition, which can affect the compatibility of PVC
and nanofillers, as well as the dispersion and interfacial
interactions within the nanocomposites. Therefore, it is
important to obtain the appropriate grade of PVC and
select the processing conditions to optimize the perfor-
mance of nanocomposites.

The stage of vinyl chloride (VC) polymerization by
suspension method is an important industrial process of
polyvinyl chloride (PVC) production. To date, modeling
of this process has become a hot topic of research in the
field of polymer property management. Models developed
for the polymerization process that determine the polymer
properties are usually based on the use of computational
tools and methods such as molecular dynamics simula-
tions, Monte Carlo methods and finite element methods.

The current state of the problem of modeling the
process of VC polymerization by suspension method is
characterized by the lack of reliable and accurate models.

A number of studies have been devoted to the develop-
ment of computational models of the polymerization
process. However, the accuracy of these models is often
limited due to incomplete or inadequate data or assump-
tions made. In addition, the complexity of the process
and the number of variables involved make it difficult to
accurately predict the performance of the polymerization
reaction.

The most commonly utilized models for the polym-
erization process rely on Monte Carlo and finite element
methods. These models have been employed to develop
various techniques for simulating the polymerization
process. However, their predictive accuracy regarding
process parameters is constrained due to their reliance
on assumptions and incomplete data.

In addition to the existing models, a number of new
approaches to modeling the polymerization process have
been proposed. For example, some researchers suggest-
ed using artificial neural networks to model the process.
Other approaches included the use of machine learning
algorithms and data mining techniques.

In general, the current state of the problem of mod-
eling the process of VC polymerization by suspension
method is characterized by the lack of sufficiently reliable
and accurate models. This leads to the need for further
research to develop more reliable and accurate models of
the polymerization process.

Fig. 1 shows a simplified technological process for
production of suspension PVC by industrial method
without using additional steps. Polymerization of vinyl

VCin agas tank
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3 7 9 10, 11 13
Water
Vinyl chiovide
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Fig. 1. Technological scheme of polyvinyl chloride production: 1, 9 — steam mixing heaters; 2 — reactor-polymerizer;
3 — reverse condenser-cooler; 4 — crust separator; 5, 12, 15 — pumps; 6 — capacitive degasser; 7, 11 — separators;

8 — heat exchanger; 10 — degassing column; 13 — condenser; 14 — PVC suspension collector; 16 — expander;

17 — centrifuge; 18 — fluidized bed dryer; 19 — cyclone; 20 — classifier
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chloride takes place in a polymerization reactor using
batch method. The reactor has a stirrer and a jacket for
heating and cooling.

Desalinated water from the collection tank is used for
pumping. In order to prevent the PVC slurry from enter-
ing the mechanical seal, the desalinated water is dosed
using a special pump. The control system then starts
loading the reactor and subsequently runs the process
according to the recipe format. After the vinyl chloride
has been dosed in the amount specified in the recipe,
the reactor begins to heat up to the temperature specified
in the regulations. When the set temperature is reached,
the cooling time sensor is triggered. At the same time,
a valve in the pipeline supplying the pre-cooled water to
the suction pump is fully opened. Cooling water is fed into
the reactor jacket, which displaces the hot water and the
reactor is brought to the set temperature by the control
system. The polymerization process is then started. When
the set time has elapsed, the control system adjusts and
maintains the set temperature in the reactor. A control
valve, which is installed on the pipeline supplying the
direct pre-water circuit, maintains the temperature dur-
ing the entire polymerization process. If the temperature
deviation from the set temperature is £0.5°C, an alarm
is sounded at the operator’s workstation. If the set tem-
perature limit is exceeded, the control system activates the
corresponding alarm or automatically adjusts the reactor
operating parameters to maintain the set pressure at the
required level. When the specified amount is reached,
polymerization is completed. Subsequently, additional
polymerization starts, which is accompanied by a time
countdown. If there is no gradual decrease in pressure in
the reactor, it also switches to the process of additional
polymerization. The latter can be carried out either when
the reactor is heated or without heating in the presence of
a polymerization temperature, which is reached as a re-
sult of heat generation during polymerization. After the
polymerization is completed, the slurry is pumped from
the reactors to the degassers by means of pumps through
filters.

A two-stage degassing process is used to remove gas
from the PVC suspension. First, overpressure of VC is
released in vessel degassers, and then degassing takes
place in column-type apparatuses. Simultaneously with
discharge of slurry from the reactors, vinyl chloride is
blown from the degasser into the gas holder, where the gas
is separated from PVC particles by means of an abseiler.
The water from the abseiler is periodically returned to
the degasser and the discharge is monitored using a sight
glass. The slurry drain line from the abseiler is piped to the
abseiler for flushing and to prevent clogging of the slurry
drain line. VC blowdown is considered to be completed
when the pressure in the degasser reaches a value not
exceeding 0.02 MPa (0.2 kgf/cm?).

From the degasser, the PVC slurry passes through a fil-
ter and is continuously pumped to the degassing column.
The amount is kept constant by control valves, depending
on how many reactors are operating.

Steam, which is fed from the top of the degassing col-
umn to the bottom, passes through the holes in the plates,
enriching with vinyl chloride. A mixture of gaseous vinyl
chloride, which is a hot slurry coming out of the cube
portion of the column, passes through the heat exchanger.
Both the mixture and the water vapor, which comes from
the head end of the column, are fed to the abseiler, where
polyvinyl chloride particles that have been carried away
by the gas are separated.

When the PVC is separated and dried, the separat-
ed slurry is continuously transported from the cube sec-
tion of the column by a pump. At the same time, the
slurry is cooled to the set temperature in a spiral heat
exchanger. The slurry is then fed to the column or to an-
other heat exchanger, which is cooled with recycled water.

The PVC slurry, which does not exceed a temperature
of 85°C, after degassing, is fed through a pipeline to a heat
exchanger to separate the crust from the slurry. Using
a centrifugal pump, through a strainer installed in the
discharge line and through an expander, the PVC suspen-
sion is fed to the centrifuge. The pump runs continuously.
After the centrifuge, the PVC with a certain moisture
content enters the disintegrator. The mother liquor com-
ing out of the centrifuge is checked for PVC content and
is directed by gravity through a pipeline to one of its col-
lectors. If necessary, a centrifugal pump directs the matte
either to the polymerization stage or to the flushing of
equipment and pipelines.

In “fluidized bed” dryers, the wet PVC undergoes
drying.

After the centrifugation process, the wet PVC products
with a certain moisture content are sent to the disintegra-
tor to break up the lumps formed. The products are then
directed to the feed area of the dryer. It is located in the
first section of the drying equipment, between the hori-
zontal pipes, which are built-in heat exchangers. From
below, through the distribution grid, hot air is supplied, as
a result of which PVC products form a boiling layer. The
heat supply for drying is not only by means of hot air, but
also through the surface of the built-in heat exchangers,
which are heated by hot water. The air enters the lower
part of the dryer at a temperature of 90°C through the air
distribution grille. In order to maintain a constant and suf-
ficiently turbulent fluidized bed of products in the dryer,
the air supply is controlled within predetermined values.
The air flow rate is kept stable. The product in the dryer
is dried until the required moisture content is reached.
The dry PVC is then discharged from the dryer using
vibrating screens. If necessary, the finished PVC product
is analyzed for moisture and vinyl chloride content at the
outlet of the dryer.
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The air accompanying the PVC powder is fed into the
cyclone hopper through a tangential inlet. In the cyclone,
the PVC dust particles are separated from the air and then
conveyed to the vibrating screen through a disk gate and
sluice feeder. The sieved product fraction is directed to the
pneumatic pump for further transfer to the silo.

When the PVC screening hopper is full, coarse par-
ticles from the process strings are transferred to the silos
through a sluice feeder using a pneumatic pump and air
pneumatic conveying.

In the process of vinyl chloride polymerization in the
reactor, isothermal mode is used. This means that the
temperature remains constant during the reaction and is
controlled within specified limits (50 to 72°C), depending
on the desired degree of polymerization. This approach is
particularly important if the concentration of the polym-
erization initiator is changed, as it can affect the thermal
characteristics of the reaction.

To provide the necessary conditions under which
the time-varying heat must be dissipated, heat exchange
devices such as a jacket and a return condenser are used.
The polymerization reaction generates heat that must be
efficiently dissipated to maintain a stable temperature.
The jacket surrounds the reactor and is cooled by the
chilled water, which takes up some of the heat. A special
reverse condenser is used to cool and condense the va-
porizing vinyl chloride in the reactor, which effectively
removes excess heat during the time of maximum heat
release.

The presence of such heat exchangers allows to effec-
tively regulate the temperature in the reactor and provide
the necessary conditions for the polymerization process
when changing the initiator concentration or other pro-
cess parameters.

One of the main characteristics of the quality of the
resulting PVC is the molecular weight distribution of PVC
particles, which in turn depends on temperature. As the
temperature increases, the average molecular weight of
the particles decreases, resulting in a broader molecular
weight distribution. This can be explained by the fact
that higher temperatures cause more chain breaks in the
polymer molecules, resulting in a larger number of smaller
particles. In addition, higher temperatures can cause chain
breaks, which can also lead to a wider molecular weight
distribution. Thus, higher temperatures tend to reduce the
average molecular weight of the polyvinyl chloride parti-
cles and result in a broader molecular weight distribution.

Neural networks can be used to study the process of
vinyl chloride suspension polymerization. Neural net-
works are powerful computational tools that can be used
to analyze complex nonlinear relationships between
various input and output data. Using a neural network,
specific parameters affecting the polymerization pro-
cess such as temperature, acid concentration, monomer
concentration, and stirring rate can be determined. The

neural network can also be used to develop a model that
accurately predicts properties of the resulting polymer,
such as molecular weight distribution. Such a model can
be used to optimize the polymerization process and obtain
the desired properties of the final product.

There are various programs for creating neural net-
works, some popular ones include TensorFlow, Keras,
PyTorch, Caffe and Theano, Matlab.

Matlab is a powerful tool in the education of engineer-
ing students. This programming language, developed by
MATLAB, provides a high-level programming environ-
ment for performing technical computations, visualiza-
tion, and data analysis. Its wide applications in engineer-
ing, physics, and mathematics make MATLAB a popular
choice among students studying these fields (Figure 2).

There are the following types of neural networks:

1. Competing network: a type of unsupervised network
in which neurons compete with each other for activation
based on input signals. It is used for clustering and pat-
tern recognition.

2. The forward and backward propagation cascade
network is a supervised neural network used for model
training. It consists of several hidden layers and is used
in image and speech recognition tasks.

Forward propagation is from the input layer to the
output layer, where each neuron in a layer passes its out-
put to the next layer. Back propagation of the error is used
to correct weights and optimize the model. The errors
are compared to the expected results and the feedback
signal propagates back through the network to update the
weights of the neurons.

This neural network architecture allows the model to
be trained on a large amount of labeled data and signifi-
cantly improves its recognition and classification ability.

3. Back propagation Elman network: a type of recur-
rent neural network that can store and process sequential
data. It is used for speech recognition and time series
prediction.

4. Network with forward signal propagation and
backward error propagation: a supervised forward-linked
network that uses backward error propagation to train a
model. It is used for classification and regression tasks.

5. Delayed back propagation network: a type of recur-
rent neural network that can process input signals with
time delays. It is used for speech recognition and pattern
recognition.

6. Generalized regression network. A type of neural
network used for regression analysis. It uses one hidden
layer and can handle multiple input and output variables.

7. Hopfield network: a type of associative memory
network that can store and recall patterns. It is used to
recognize images and patterns.

8. Linear layer (creation): a type of neural network
used for linear regression problems. It uses one hidden
layer and can handle multiple input and output variables.
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Fig. 2. Definition of neural network view in Matlab

METHODS AND MATERIALS

For mathematical calculation of technological pa-
rameters that cannot be directly measured, we analyzed
literature sources on the process under consideration and
established appropriate relationships between empirical
data in accordance with the basic laws of thermodynamics
and mass transfer processes [1—6].

The study applied neural network method to describe
the process of vinyl chloride polymerization by suspen-
sion method. To solve this problem, a cascade network
with forward propagation of the signal and backward
propagation of the error was used. There are ten sigmoid
neurons in the hidden layer of the network and two linear
neurons in the output layer.

It is a type of learning algorithm with a teacher used to
train artificial neural networks. The cascaded back propa-
gation algorithm is used to improve the performance of
the standard forward-linked back propagation algorithm
by using a multi-stage architecture. The multi-stage archi-
tecture is such that the output of one stage of the neural
network is used as input to the next stage.

The cascade back propagation algorithm involves di-
viding the network into a number of subnets, with each

subnet trained separately. The output of each subnetwork
is then fed as input to the next subnetwork. This process
culminates in the final output of the neural network.

During training, the algorithm first performs a for-
ward pass through the network to generate the predicted
output. The difference between the predicted output and
the expected output is then calculated and error gradients
are computed with respect to each weight in the network.
These gradients are then used to update the weights in
each subnetwork.

A cascade network having forward signal propagation
and backward error propagation, whose composition has
ten sigmoid neurons in the hidden layer and two linear
neurons in the output layer, can be described as follows:

The input layer accepts input data, which are attributes
or characteristics of the task.

The hidden layer consists of ten sigmoid neurons.
Each neuron accepts input signals and applies the sigmoid
activation function to generate an output value.

The output layer consists of two linear neurons. Each
neuron accepts outputs from the hidden layer and com-
putes a linear combination with weights and bias without
applying an activation function.

Direct signal propagation:
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The input data is transmitted through the network
from the input layer to the hidden layer and then to the
output layer.

Each neuron in the hidden layer applies a sigmoid
activation function to the input signals and generates an
output value.

The output values from the hidden layer are passed
to the neurons of the output layer without applying an
activation function.

Reverse propagation of error:

* The error is calculated by comparing the output values
of the network with the expected values based on the
selected error function.

» The error propagates back through the network start-
ing from the output layer using the error back propaga-
tion algorithm.

* The weights and offsets of the network are updated
according to gradient descent and weight update rule
to minimize the error.

Training and Optimization:

* The network is trained on the training dataset by re-
peating the forward and backward error propagation
process.

» Hyperparameters such as learning rate and number of
epochs can be customized for optimal results.

« After training, the network can be tested on a valida-
tion dataset and further on a test dataset to evaluate
its performance.

* The cascaded forward back propagation algorithm has
been shown to be effective in improving the accuracy

of neural networks, especially when the input data is
noisy or when the input data is highly variable. In ad-
dition, the use of separate sub-networks can improve
the computational fficiency of the algorithm because
each sub-network can be trained independently of the
others.

RESULTS

The process for producing the polyvinyl chloride dis-
cussed herein is carried out at a constant temperature,
which requires control of heat dissipation, which may
vary over time depending on what the process composi-
tion, including the concentration of the polymerization
initiator, will be.

As a result of these studies, the relationships between
the change in heat flux that occurs during the polymer-
ization reaction and the change in initiator concentration
with time were found (Fig. 3).

Bm 6 i
O —F|=24:i1, (1
M i=0
where t is time, h; A, are the coefficients of the equa-
tion determined by the ratios A, = —0,5962+6,4758Z;
A, = 1,7535-11,42227Z; A, = —0,5806+8,7025Z; A, =
8,64*1072-3,4579Z; A, = —4,6¥107°+0,748Z; A, =
—8,23*107Z; A, = 3,6*107°Z.
Z=C-C/C-C,C =0,1%wt. of BX, C,=0,065%
wt. of BX.

Heat flow Q*107{-4) W/mA(2)

t, h

Fig. 3. Dependence of heat flux on polymerization time at concentrations of initiator (triganox): 0.065% wt. of VC,

0.077% wt. of VC and 0.10% wt. of VC
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These dependencies are used to control the refrigerant
flow rate in the reactor cooling system to ensure a constant
temperature during the process..

Gy () |2 | = GroK(ZEo 4it?). @

where K =0,9¢10~* m2/W.

In the polymerization process, the temperature of
vinyl chloride polymer-monomer particles, denoted as
T(r), differs from the temperature of the reaction medium,
denoted as Tc. From the solution of the steady-state heat
conduction equation for spherical polymer-monomer
particles with radius R and heat transfer coefficient A, it
follows that the temperature is determined by the follow-
ing relation:

2

QR r
T(r)=T,+—|1-— [[0<r<R, 3
=T+ 1= 3)

It can be seen that the temperature reaches the maxi-
mum value in the center of the particle at r— 0. The devia-
tion of the temperature inside the droplet from the tem-
perature of the reaction mixture can reach 10°C, which
affects the molecular weight distribution of the polymer.

Based on the dependence of the polymer-monomer
particle sizes on the mixing intensity and properties of the
emulsion stabilizer [1] and analysis of empirical data, a
formula was developed that establishes the relationship
between chemical-technological parameters and the de-
sign features of the polymerization reactor (Fig. 5).

1+2¢

1.2 70.8°
ntedy

o\ 0.6
d=0064(%) " - )
P

where We = pn’d /¢ — is the Weber number, @ is
the volume fraction of the dispersed phase in the emul-
sion, p — is the density, n, d — are the rotational speed
and diameter of the stirrer, respectively, ¢ is the surface
tension coefficient.

Generalizing the obtained dependences, we can con-
clude that by changing the stirrer rotation frequency, it is
possible to change the particle size and, consequently,
the molecular-mass distribution of polyvinyl chloride.

Models at conceptual, topological and structural levels
have been developed to improve the quality of the output
product in the vinyl chloride polymerization process.

The model at the conceptual level is built with division
of the selected parameters into input and output param-
eters. It contains initial information for further calcula-
tion, which is presented in Table 1.

This will help to optimize the polymerization process
and obtain a polymer with a homogeneous molecular
weight, which, in turn, will improve the quality of the
product.

A Cascade-forward backprop neural network consist-
ing of ten sigmoidal neurons in a hidden layer was chosen
to solve this task (Fig. 7).

Fig. 4. Spherical polymer-monomer particle of radius R

Fig. 5. Polymerization reactor
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Table 1
Input and output parameters of the polymerization reactor ' ™
: . |
Technological parameters Variable P1
- S
Consumption of mortar B72 F1 5
N —l
Solution pressure B72 Pl £2
N —_—
Solution temperature B72 T5 P2
Methocel solution flow rate F2 T4 [—""
e
Methocel solution pressure P2 i
. —|
Methocel solution temperature T4 P4
. . . . . —’
Initiation agent consumption — Triganox F4 -
WD-100
o FS | ——p
Initiator pressure P4
— - P7 |————»
Initiator temperature — Triganox WD-100 T7
: - T [—»
Desalinated water consumption F5
P f desalinated water P7 L
ressgre 0 o5
Desalinated water temperature T2 >
- - 3 | —»
Vinyl chloride temperature T3
- - F6 | ——»
Vinyl chloride pressure P8 -
Vinyl chloride consumption F3 o —_—
Agidol solution consumption F6 —" /
Soda consumption F7
Temperature of sodium bicorbonate T6
Polyvinyl chloride suspension pressure P6 Fig. 6. Conceptual model for neural network
PVC suspension temperature Tl development

Fig. 7. Conceptual model of a neural network for regulating technological parameters with ten sigmoidal hidden layer
neurons
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To design an artificial neural network, we used the
nntool tool in Matlab program, which allows creating and
customizing neural networks in the graphical environ-

ment Neural Network Toolbox. In the graphical interface
the type of neural network Cascade-forward backprop is
selected (Fig. 8). Number of neurons in input, hidden
and output layers. Activation function for each layer is

e - % selected. The network is trained.
Network Data
Name DISCUSSION
network20
' Verification data can be used to evaluate the results
T and verify the output values of neural networks. The
Helakives Sete oy bosclyost - “Simulate” tab in the neural network setup window allows
ok e = = you to feed input values and analyze the corresponding
Target data: T output values.
MCRGIEEE jES D Table 2, containing test data, is used by the tool to
:::::::i':;:ﬁ::‘m" "EA::: e = evaluate the performance of the neural network. By feed-
Nusberof tayess B ing input values from Table 2 into the simulation win-
R—— dow, the obtained output values are compared with the
E— expected results, which makes it possible to evaluate the
e 10 accuracy and reliability of the neural network in recogniz-
Transfer Function: LOGSIG v . . .
ing and classifying data.
The obtained results have minimal error and are close
to the real values, which indicates that the network is
80 View | | W Restore Defouks trained correctly and the dependence between the data
() Help Tt Create @ Close is found.
Thus, the developed neural network can be used to
redict the molecular weight distribution of PVC par-
Fig. 8. Creation of an artificial neural network ﬁ cles g P
n Neural Network Training Performance (plotperform), Epoch 1000, Maxi... - 3 X
File Edit View Inset Tools Desktop Window Help k]
Best Validation Performance is 0.68262 at epoch 1000
10"} : :
Train !
Validation :
Test :
= | Best
: |
IE p
2 10°
©
=]
U .
7] <
= ¢
g E
104 C I 1 1 L 1 L 1 L L i
0 100 200 300 400 500 600 700 800 900 1000
1000 Epochs
Fig. 9. Mean square error
http://nanobuild.ru 527 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6):
HaHoTexHonornn B cTtponTtenbcTee 519-530 N ano b

CONSTRUCTION MATERIALS SCIENCE

. Neural Network Training Training State (plottrainstate), Epoch 1000, Max.. — [ X

File Edit View Inset Tools Desktop Window Help k

Fig. 10. Network training graphs

. Neural Network Training R« ion (plc ion), Epoch 1000, Maxi epoch reached. - [m] X

File Edit View Inset Tools Desktop Window Help

Fig. 11. Linear regression graph
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Table 2 CONCLUSION
Neural network verification

The following results were obtained through the re-

Input values search.
Groupl Group 2 The dependence of heat flux on initiator concentration
F2. ke/h 23011 23205 was established and a mathematical formula was devel-
’ - - oped that allows to regulate the refrigerant flow rate in the
P2, Pa 872796.85 872797.11 reactor cooling system to maintain a constant temperature
T4, C 24.68 24.72 and ensure isothermal process. This formula is a tool for
F4, kg/h 7473 75.91 optimal control of the reactor thermal regime and ensur-
’ ; ; ing its stable operation.
P4, Pa 254973.62 254974.09 It was found that an increase in temperature leads to
T7,C —22.30 —22.34 a broadening of the molecular weight distribution spec-
trum towards lower molecular weights.
P>, ke/h 29005.33 29000.10 The formula determining the relationship between
P7, Pa 200000.61 200000.95 chemical-technological parameters and design features of
T2, C 95.63 95.18 the polymerizer reactor is obtained. It is established that
T3.C 3815 33.86 by changing the stirrer rotation frequency, it is possible to
’ ; : change the particle size and, consequently, the molecular-
P8, Pa 591000.05 524078.65 mass distribution of polyvinyl chloride.
F3, kg/h 26018.05 26004.93 The development of a neural network to describe and
F6. Ma 49032.10 49032.24 predict the process of vinyl chloride polymerization by
’ - - suspension method is reasonable. A neural network using
F7,kg/h 5.50 5.47 a cascaded forward and backward propagation architec-
T6, C 49.00 50.41 ture, ten sigmoidal neurons in the hidden layer and two
S i linear neurons in the output layer was developed to en-
sure the quality of PVC including appropriate molecular
Check values weight distribution. The development was carried out in
P6, Pa 588399.02 588397.64 MATLAB environment.
Training on a sample and verification on test values
T1,C 66.98 65.81 were carried out, which showed that the network predicts
The values obtained the outcome of the process with the minimum tolerable
P6, Pa 588400 588400 error with other unchanged parameters. This, in turn, will
allow to control and optimize the technological process
T1,C 66.74 65.23 and obtain products of a given quality.
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NMpumeHeHne NOANBUHUAXAOPMAA ANA HAHOKOMMNO3UTOB
(aHanun3 n onTuMmmnsalna noKkasartenem KauecTsea)

Onua GannnbeBHa KoBaneHko* (°), EkaTtepuHa AHaTtonbeBHa Lllynaesa (), Hukonain Cepreesuu lynaes

NHCTUTYT XUMNYECKUX TEXHONOTUIA Y UHXUHUPUHIA YPUMCKOTo rocygapCTBEHHOrO HePTAHOIO TEXHMYECKOrO YHUBEPCUTETa
B I. Ctepnutamake, Pecnybnuvka bawkopTtocTaH, Poccus

* ABTOp, OTBETCTBEHHbIN 3a nepenucky: e-mail: julia_str_ak@mail.ru

AHHOTALNA: BeBepeHue. [lpumeHeHVIe HAHOKOMMO3WTOB B Pa3/IMYHbIX OTPACNAX MPOMbILWAEHHOCTW B MOC/IEAHNE rOfbl YBENN-
ynnocb 6narofaps UX YHMKanbHbIM CBOMCTBAM 1 SKCMTyaTalMOHHbBIM XapakTepucTikam. OfHaKko OnTYMU3aLMA KaueCTBEHHbIX
rokasaTeneil HAHOKOMMO3MTOB OCTAeTCA CJIOKHON 3afiaueil U3-3a C/IOKHOTO B3aUMOLENCTBUA MeXAY KOMMOHeHTamu. B paboTe
npepcTaBneH 0630p MeTOAO0B, UCMOb3yeMbIX AJ1A aHaNM3a 1 pacyeTta nokasaTtesiel KauecTsa HAHOKOMIMO3MTOB C MCMOJb30BaHNEM
MBX B KauecTBe ocHOBHOro matepurana. Meroabl n maTepuarnbl. [119 MaTeMaTMUeCKOro pacyeta TEXHOOrMYeCcKux napameTpos,
He NoAJAILMXCA MPAMOMY M3MePeHWIo, bl NPOBEAEHbI aHaNI3 NNTEPATYPHbIX MCTOYHMKOB MO paccmMaTpMBaeMoOMy NpoLieccy
1 yCTaHOBJIEHNE COOTBETCTBYIOLMX 3aBUCUMOCTEN MEXAY SMMUPUYECKUMN AaHHbIMW B COOTBETCTBUM C OCHOBHbIMY 3aKOHOMEP-
HOCTAMYM TEPMOAVNHAMUKI 1 MPOLIECCOB MaccoobMmeHa. B xofe uccnepoBaHma npriMeHeH MeTOA HENPOHHbBIX CeTel ANA TOro, YTo6bI
onmcaTb NPOLECC NONMMEPU3aLN BUHWUIXIIOPYA], OCYLLECTBIEHHOTO CYCMeH31OHHbIM MeTOLOM. [lnA pelueHrs AaHHOW npobnembl
6blna NPUMEHeHa KackaHas CeTb, MMetoLLasn NpsAamMoe pacnpocTpaHeHre curHana v obpaTtHoe pacnpocTpaHeHue ownbkn. Coctas
CeTU: B CKPbITOM CJI0€ — 1eCATb CUTMOUAHbIX HEMIPOHOB, B BbIXOAHOM CJI0€ — [1Ba JIHEHbIX HelipoHa. Pe3ynbTaTbl n 06cyKaeHns.
B xope npoBepeHns nccnefoBaHni 6bi10 YCTaHOBNEHO, YTO NMPW NOAMMEPU3aLMM TEMIOBO MOTOK N3MEHAETCA C TeUeHreM Bpe-
MEHV B 3aBUCUMOCTU OT YPOBHA KOHLIEHTpaLumn nHnumaTtopa. B ganbHenwem nosyyeHHble 3aBMCUMOCT MOTYT UCMO/b30BaTbCA
npv perynnpoBaHum pacxofa XylafareHTa B oxyiaxkaatoLLyto pyballKy peakTopa, Ana obecneyeHns N30TepmMmmyeckoro BbiNMoHeH A
BCero npouecca. bbino yctaHOBAEHO, YTO, U3MEHAA YaCTOTY BPaLLeHNA MeLLanky, MOXKHO N3MEHATb pasmep 4acTul U, CnefoBa-
TeNbHO, MOJNIEKYNIAPHO-MacCcoBOe pacnpefeneHie NoMBUHUIXIoprAa. PaspaboTaHHas HEMPOHHaA ceTb Obina NPOTeCTMPOBaHa.
MonyyeHHble pe3ynbTaTthl IMEIT MUHUMAbHYIO MOrPELLUHOCTb U 61M3KM K peanbHbIM 3HaYeHVAM, U3 Yero MOXHO CAeNaTh BbiBOJ,
4TO CeTb 0byyeHa NPaBWIIbHO 1 3aBUCMMOCTb MeXAy AaHHbIMK HalneHa. 3aKntoueHune. B xofe nccnefgoBaHnii yctaHoBEHb 3a-
BMCMMOCTHU, CBA3bIBaOLWME PU3NKO-XMMUYECKME NapameTpbl TEXHONOMMYECKOro NpoLiecca ¢ KOHCTPYKTUBHBIMU OCOOEHHOCTAMU
annapatypbl. na nogaepxaHua kayecTsa MBX, B YacTHOCTY, COOTBETCTBYIOLLErO MOSIEKYIAPHO-MacCOBOro pacnpeaeneHuns, bbina
pa3paboTaHa HelpoHHasA ceTb (KackapgHasA ceTb, MMeloLas NPAMoe pacnpocTpaHeHe CrHana 1 obpaTHoe pacnpocTpaHeHune
OLWMOKM, COCTOALLAA U3 [ECATU CUTMOVAHBIX HEMPOHOB B CKPbLITOM C/I0€ U ABYX IMHENHbIX HENPOHOB B BbIXOAHOM CJI0€) B Cpefe
MATLAB. MNMpoBefeHbl 06yuyeHrie Nno BbIGOPKe 1 MPOBEepPKa Ha TECTOBLIX 3HAYEHUAX, KOTOpas Nokasasa, YTo CeTb C MUHVMabHON
[OnycKaeMOoW NorpeLHOCTbIo NpeAcKasbiBaeT UCXO[ NpoLecca Npu NPOYNX HEM3MEHHbIX NapameTpax.

KNIOYEBDBIE CJTIOBA: nonvBuHunxnopua, HAHOKOMMO3UT, HePOHHas CeTb, NONMMepPU3aL A, HAHOTEXHONOTUA.

Ana UUTUPOBAHUA: Kosanetrko 0.0, Lynaesa E.A., LLiynaes H.C. NpumeHeHne nonnmBrHUNxXnopuaa ans HaHOKOMMNO3NTOB
(aHanu3 1 onTMMM3aumA NokasaTenei kKayectsa) // HaHoTtexHonorum B ctpoutenbctae. 2023. T. 15, N2 6. C. 519-530. https://doi.
org/10.15828/2075-8545-2023-15-6-519-530. - EDN: WRQEQL.

BBEJIEHUE

HOJ'[I/IBI/IHI/I)‘IXJ‘[O[)I/IL[ (IMBX) Harten LupoKoe npume-
HEHUE B CTPOMTEIIBHOM OTpaciy 6j1aromnapsi CBOUM
YHHUBEpPCAIBHBIM CBOMCTBAM W OTHOCHUTEIIFHO HU3KOU
croumoctu. I1BX mpencrasisieT coboii TUIT OIUMeEpa,
KOTOPBIN COCTOUT U3 TTOBTOPSIOIINXCSI 3BEHbEB MOHO-

© KosaneHko 10.0., Llynaesa E.A., LLynaes H.C,, 2023

MEpOB BUHWJIXJIOpHAA. B mocieame Tombl ¢ NCTIONb30-
BaHMEM HAHOTEXHOJIOTHI OBIIM 3HAUUTEIIBHO YIYUIIICHB
XapakTepuCTUKU U cBoiicTBa [1BX, uTo caenano ero eie
0oJ1ee BOCTpeOOBAaHHBIM MaTECPHUAJIOM TSI CTPOUTEITBCTBA.

Hcronp3oBaHre HAHOTEXHOJIOTHIA BKITIOUACT B CEOST
M3MEHEeHNE CTPYKTYPhI MaTeprajla Ha HAaHOYpOBHE, pa3-
Mep KOTOPOTO COCTaBIIsIeT mpuMepHO oT 1 mo 100 Ha-
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HoMeTpoB. Moauduxkauus [1BX ¢ ncronbzoBanuem
HAHOTEXHOJIOTU I ITO3BOJISIET MOBBICUTH MEXaHUYECKYIO
MPOYHOCTD, TOJTOBEYHOCTb U YCTOMUYMBOCTD K YJIbTpa-
(brozeTOBOMY M3ITyICHUIO M XUMUICCKIM BEIIICCTBAM.
DTO IeaeT ero BOCTpeOOBaHHBIM MaTePUAIOM IS CTPO-
UTEJbHBIX U3, KOTOPbIE TOJKHbBI BBIACPXKUBATH
HEraTUBHbIC BIUSHUS TapaMeTPOB OKPYXKalollei cpeibl
(Treperan TemMIiepaTyp, BIaXKHOCTD, Y D nanydeHme).

IlepcnieKTUBHBIM 1 aKTyaJIbHBIM SIBJISIETCSI TPUMEHE-
HUe HaHOTexHooTuli KoMmmo3uToB [1BX B cTrpouTesnb-
crBe. HaHOKOMMO3UTBI — 3TO MaTepuayibl, KOTOPbIE
coJiepKaT HEOOIbIlIMEe HAHOYACTULIbI IPYTUX MaTEepU-
aJioB, TaKMX KakK TJIMHA WX YIJIEpOAHble HAHOTPYOKMU,
KOTOpBIe AUCIIEpTUpOBaHbI 1o Bceil maTpuie [1BX.
Takxke HaHOYACTUILIBI CLIOCOOCTBYIOT YJIYUILIEHUIO Me-
xaHnueckux cBoiicts [1BX, nenast ero 6ojiee MpoOYHBIM,
3JIACTUYHBIM.

Jpyrum npuMepoM SIBJISIETCSI UCMOJIb30BaHNUE Ha-
HonokpbeiTuil [1BX, KOTOphIE MOTYT 3aIIUTUTH CTPOU-
TeJIbHbIE MaTepUasbl OT KOPPO3UHU, aTMOCHEPHBIX BO3-
IEUCTBUN 1 ApyTUX (hOPM Ierpamamiid. DTU MTOKPBITHS
TaK:Ke YIy4IlIaloT BHEIIHUH B moBepxHocTeit n3 [1BX,
CMOCOOCTBYIOT UX 00Jiee 3CTETUUHOMY BOCIIPUSITUIO.

Mapxa noJMBUHUIXIOPUIA MOXKET BIMSITh HA CBOM-
CTBa HAHOKOMITO3UTOB, TaKM€ KaK MX MEXaHUYECKUE,
TepMUYECKUE U BJIEKTpUUECKre cBoicTBa. PaziuyHbie
mapku [1BX MoryT umeTh pa3Hyo MOJIEKYJISIPHYIO Mac-
Cy, CTEINeHb Pa3BETBAEHHOCTU U XUMMUYECKUII COCTAB,
4TO MOXKET BIUATH Ha coBMecTuMocTh [1BX 1 HaHO-
HaIoJIHUTEJIEH, a TAaKXKe Ha TUCIIePCUIo U MeXda3Hbie
B3aMMOJICHICTBUSI BHYTPU HAHOKOMMO3UTOB. [ToaToMy
BaxKHO MOJYYUTh COOTBETCTBYIOIIYIO MapKy [1BX 1 BbI-
OpaTh ycinoBUS 00pabOTKM, UTOOBI ONITUMU3UPOBATH
XapaKTepUCTUKM HAHOKOMIIO3UTOB.

Cramus monmMmepusanny BuHmwixiopuna (BX) cy-
CTMIEH3UOHHBIM METOMIOM SIBJISIETCS Ba>KHBIM MTPOMBbIIII-
JICHHBIM TTPOLIECCOM TTPOM3BOICTBA MOJMBUHWIXJIOpUAA
(ITBX). Ha cerogHsmHMit 1eHb MOACIMPOBAHKIE 3TOTO
mpolecca CTajo aKTyaJlbHOM TeMOil UcCieA0BaHUi B 00-
JIaCTU yIpaBJIeHUs] CBOMCTBAMU MOJIMMeEpPOB. Mojenu,
pazpaboTaHHbIE [JIs Mpoliecca MoJMMepU3aluu, Onpe-
JIeJISTIONIME CBOMCTBA MOJUMEpPA, OOBIYHO OCHOBAHbBI
Ha UCII0JIb30BAHUU BBIYMCIUTEIbHBIX WHCTPYMEHTOB
1 METO/IOB, TAKUX KaK MOJICJIMPOBAHKE MOJIEKYJISIPHO
TUHAMMKU, MeToabl MoHTe-Kapsio n MeToabl KOHEUHBIX
3JIEMEHTOB.

CoBpeMEHHOE COCTOSTHHE TIPOOJIEMBI MOICIMPOBA-
HUS Tpolecca noaumepusannu BX cycnieH3MOHHBIM
METOJOM XapaKTepu3yeTcsl OTCYTCTBUEM HaJeXXKHbIX
M TOYHBIX Mojneseil. Psan uccienoBaHuit ObLT TOCBSI-
11IeH pa3paboTKe BbIYMCIUTENBHBIX MOJIENIEH TIpoliecca
nomuMepu3anny. OmHAKO TOYHOCTh 3TUX MOEIIei Ja-
CTO OrpaHUYEHa M3-3a HEMOJHbIX WIN HeaJleKBaTHBIX
MAHHBIX WKW cleJaHHbIX gonyueHuit. Kpome Toro,
CJIOXHOCTb Mpoliecca U KOJINYECTBO 3aeCTBOBAHHBIX

IIepEeMEeHHBIX 3aTPYIHSIOT TOYHOE TIPOTHO3UPOBAHNE
IIPOBEICHUS PEaKIINH TTOJIMMEPU3ALINI.

Hawnbosree mmpoko UCIToNb3yeMble MOIEIN TIpoliecca
TTOTMMEpU3alIi OCHOBAaHBI Ha MCITOJIb30BAHNH METOIOB
MounTte-Kapitio 1 KOHEYHBIX 3JIEMEHTOB. DTH MOICIN
HCTIOIB30BAINCH TSI CO3MAHUS PAa3IMIHBIX METOIOB MO-
IeJTMPOBAaHUS TIporiecca monuMepu3anui. OqHaKo 3TH
MOJIEJIN OTPAaHUYEHBI B CBOEH CITOCOOHOCTU JOCTATOYHO
TOYHO TIPeICcKa3bIBaTh ITapaMeTphI IIpoliecca M3-3a NX
3aBUCHMOCTH OT IIPEATIONOXEHII 1 HEITOTHBIX JTaHHBIX.

B momonHeHNE K CYIIECTBYIOIIAM MOIEIISIM TIPEI-
JIOXKEH PSII HOBBIX MOAXOA0B K MOJAEIUPOBAHUIO TIPO-
mecca rmonmMepusain. Hamprumep, HeKOTophIe nccle-
IOBATEIN MPEIJIOXKIIIN UCIIOIh30BaTh NCKYCCTBEHHBIC
HEWPOHHBIE CETU 11 MOIEUPOBaHUs Tipoliecca. Jpy-
TUe TIOAXOIBI BKITIOYAIN MCIIOJIb30BaHNE aJITOPUTMOB
MAIIIMHHOTO OOYyYEHUSI U METOI0OB UHTEJUIEKTYaTbHOTO
aHa/IM3a JaHHBIX.

B memom, coBpeMeHHOE COCTOSTHHE TTPOOJIEMBI MO-
IeTUPOBAHUS TIpollecca TmoamMepu3anun BX cycrneH-
3MOHHBIM METOIOM XapaKTePU3yeTCs OTCYTCTBUEM JIO-
CTaTOYHO HAICXKHBIX M TOYHBIX MOJIENICH. DTO IIPUBOIUT
K HEOOXOIMMOCTH TIPOBEICHNS TaThHEHIIINX NCCIen0Ba-
HMUI1 10 pa3paboTKe 0oJjice HAIeKHBIX M TOUHBIX MOIEICH
IIpoliecca MOJIMMEPU3aIIAH.

Ha puc. 1 mokasaH yrpoIeHHBIN TeXHOJIOTUIEeCKII
npoliecc nojiyueHus cycrneHsnonHoro I1BX mpomsiii-
JICHHBIM CITOCOOOM 0€3 MCITOJIb30BaHMST JOTIOJTHUTETh-
HBIX 3TarnoB. [lormMepn3amnst BUHIIXJIOPHUIA TIPOWC-
XOIWT B peakTope TSI TTOTUMEPHU3ALINI TIPX TTOMOIIHN
IIePUOINIECKOTO criocoba. PeakTop mMMeeT MelIanky
1 pyOaIIKy ISl TIOIOTPeBa M OXJIAXKICHUS.

1t mpoKauynBaHMS UCITOJIB3yeTCS 00eCcCoIeHHAs
BoIa U3 cOopHMUKA. UTOOBI IPEIOTBPATUTH MOTATAHNE
B TOPILIEBOE YIDIOTHEHHE CYCIICH3UHU TTOJIMBUHUIXJIOPH -
Ia, TTogadya 00eCcCOICHHOM BOOBI OCYIIECTBIISICTCS J0-
3UPOBAHO TIPU TIOMOIIH CIICIIMAILHOTO HAacoca. 3aTeM
yIIpaBIISIoIIas CUCTEMa HaUMHACT 3arpy3Ky peaKkTopa
1 B JAJbHEHUIIIEM BeleT MPOIIeCC COrNIACHO PeleITyp-
HoMmy dopmarty. Ilocne Toro, Kak BUHUIXJIOPU, ObLIT
JI0O3UPOBAH B OINpPEAETEHHOM B pelieNTe KOJIUYECTBE,
peaxTop HauMHAET pa3orpeBaThCs IO TOM TeMIlepaTy-
pHBI, KOTOpas yKa3zaHa B periaMeHTe. Korma mocturaercst
YCTaHOBJICHHAS TeMIIepaTypa, IIPONCXOINT 3aITyCK JaT-
YUKa BpeMeHM oxjaxneHus. [1apanieasHo Ha TpyOo-
IIPOBOIE, TTOMAOIIEM 3aX0JIOXKEHHYIO BOAY Ha BCachIBa-
IOIIMIT HACOC, TIPOMCXOIUT ITOJTHOE OTKPHITHE KJIallaHa.
B py6amky peakTopa ImomaeTcsl oxJIaxmarlas Bojia,
KOTOpasi BEITECHSIET CO00i1 TOPSUYIO BOAY, BCICICTBHC
YeTo PeakTOp BBIBOAMTCS YIIPABIISTIONICH CHCTeMOI
Ha 3aJaHHyIO TeMIiepaTypy. Janee 3amyckaeTcs IIpo-
ecc noaumepusauuu. Korma yctaHoBJIeHHOE BpeMs
HUCTEKJIO, YIIPABJISIONICH CUCTEMOM OCYIIEeCTBIISICTCS
peryImpoBKa 1 MoaAep:KaHue 3aTaHHON TeMIIepaTyphl
B peakTope. Perynupyrommii KiamaH, KOTOPHI ycTa-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
519-530

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

CTPOUTEJIbHOE MATEPUAJIOBEJEHUE

BX g cascoandep

Bunuaxaopud
Huuyuamop

Booa

9 1oy 11 13
Booa
Kondencam na ovucmey
18

Boonas ¢aza i
IHap
Boda, |
_[ ~L- fap
L
£
L 2 4" 5 6 8 12

Bo3soyx na ouucniky

19 20

Kpynuaa
ghparyua IIBX

QV"HHI Ma OMUCHIKY,

Topsuuil 60301x| Tosapuuii ITBX

Hna craaod

15

Puc. 1. Texnosornueckas cxeMa MpoM3BOACTBA MOJMBHHIIXJIOPUAA: 1, 9 — HarpeBaTe M CMECUTEJIbHBIC TTapOBHIE;
2 — peakTop-noJMMepu3aTop; 3 — oOpaTHHIN KOHJIEHCATOP-XOJOAUIBHUK;, 4 — KOPKOOTIEIUTeNb; 5, 12, 15 —
Hacochl; 6 — era3aTop eMKOCTHBIN; 7, 11 — cemaparopsl; 8 — TermnoooMeHHUK; 10 — KooHHa aerazaunu; 13 —
KoHaeHcaTop; 14 — coopuuk cycriensuu I[1BX; 16 — pacimmpurens; 17 — nenrpudyra; 18 — cymiaka KUIISIIIEro

ciost; 19 — nukioH; 20 — kinaccuduxkaTtop

HOBJICH Ha TPyOOIIPOBOIE, IIOAAOIIEM B KOHTYP MPSIMOit
3aXO0JIOKCHHOU BOJBI, TTOMIEPKUBACT TEMITCPATYPHBIMN
PEeXUM Bce BpeMsI TIOJIUMepu3ain. Ecim oTKiIoHeHE
TEMITepaTypHl OT YCTAaHOBJICHHOM cocTaBisteT £0,5°C,
Ha paboueM MecTe oIeparopa pazmaercs curHail. [1pm
TIPEBHIIICHNT YCTAaHOBJIICHHOM TeMIIepaTypHOU TPaHHUIIBI
CHCTEMa YIIpaBJICHUS aKTUBUPYET COOTBETCTBYIOIINIA
CHTHAJI TPEBOTY WJIM aBTOMATUICCKI KOPPEKTUPYET T1a-
paMeTpBI pabOTHI peakTopa IS ITOIIePKaH!S 3aJaHHO-
To JaBJICHMST Ha HeoOoxomumoMm ypoBHe. [1pu moctimke-
HUHN YKa3aHHOTO KOJIMYECTBA IIPOUCXOIUT 3aBepIICHIE
noauMepu3alunu. Jlanpiine HaYMHAeTCS JOTIOIMMEpH3a-
HsI, KOTOPast COIMPOBOXKAACTCS BPEMEHHBIM OTCUCTOM.
B ciygae ecii He pOMCXOIUT TTOCTEIIEHHOTO CHIDKCHUST
IABJICHMS B peaKTope, OH TaKKe TIEPEXOIUT Ha IIpOoliece
JonomMepr3aid. [TocaemHITin MOXKET OCYIIECTBIISTHCS
KaK B cJIyJyac pa3orpeBa peakTopa, TaK M 0e3 pa3orpe-
Ba MPU HAJIMYUU TTOJTMMEPU3ALMOHHON TeMIIEpaTyphl,
KOTOpas JOCTUTACTCS B pe3yJbTaTe BBIACICHMS TeIla
pu TTomMepu3anun. [Tocse Toro Kak ImoamMepr3aIiist
3aBepIIaeTcsl, CYCIICH3MSI C ITIOMOIIBIO HACOCOB Yepe3
(bUIBTPHI TTIOHACTCS M3 PEAKTOPOB B IeTa3aTOPHI.

Hns ynanenus raza u3 cycrnensuu [1BX ucrnonbsy-
eTCsI IBYXCTYIIEHYATHIN Iporecc aerazanun. CHavama
TIPOUCXOIUT OCBOOOKICHNE N30BITOYHOTO JABICHUS
BX B eMKOCTHBIX JIeTa3aTopax, a 3aTeM IIPOUCXOINUT J¢-
raszamys B armapaTax KOJOHHOTO Tuira. OmHOBpEeMeH-
HO C BBITPY3KO CYCIIEH3WHU U3 PeaKTOPOB HAUMHAETCS
cOyBKa BUHWJIXJIOPUIA U3 Iera3aTopa B Ta3rojbaep, Toe

MPOUCXOIUT OTaeneHue rasza ot yactuu [1BX ¢ momo-
b0 abmaiiaepa. Boga 3 abumiaiinmepa nepuognyecku
BO3BpalllaeTCsI B Iera3aTop, M KOHTPOJIb 3a CJIMBOM OCY-
IIECTBISIETCS ¢ TIOMONIBIO CMOTPOBOTO hoHaps. s
MMPOMBIBKHU U TIPEAOTBpAIlleHUs 3a0MBKY TPyOOIIPOBOIA
CIIBa CYCITEH3UH 13 ab1aiinepa B HETO TTOJBEIEeH TPY-
6ompoBon MatouHrka. Cayska BX cunTaercs 3aBepiieH-
HOI1, KoTa AaBJieHUE B AeTa3aTope JOCTUTAET 3HAYCHUST
He 6oiee 0,02 MITa (0,2 krc/cm?).

W3 nerazaTopa MOMUBUHMIXJIOPUIHAS CYCIIEH3UST
MPOXOINT Yepe3 (PUIBTP M HACOCOM ITOCTOSTHHO TIo/a-
eTcd Ha KOJIOHHY nerasanuu. Ee KoJm4ecTBo Toaaep-
KMBAETCSI HEM3MEHHBIM PEryIUPYIOIINMU KJIaraHAMU
B 3aBUCHMMOCTH OT TOTO, CKOJIbKO PEaKTOPOB PadOTaET.

ITap, KOTOpEIf TOgaeTCs U3 BepXHEeit 4acTU KOJIOH-
HBI IeTa3allii B HIDKHIOIO, TIPOXOIUT Yepe3 OTBEPCTUS
B TapesKax, oboramnasch BUHIWIXIopuaoM. Yepes Terio-
OOMEHHUK ITPOXOIUT CMECh Ta3000pa3HOr0 BUHUIIXIIO-
puaa, MpeacTaBisgionias cCo0oi ropssuyto CycneH3ulo,
BBIXOJISIIIYIO U3 KyOOBOM YacTW KOJIOHHBI. M cMech,
1 BOASHOM Map, KOTOPbIe ITOCTYITalOT U3 TOJIOBHOM Ya-
CTH KOJIOHHBI, TIOJAIOTCS B abIaiiep, rue MpoOuCXOauT
OTJIeJIEHUE YaCTUIL TTOJTMBUHWIXJIOPUIA, KOTOPHBIE OBITN
YHECEHBI Ta30M.

Korna mpoucxoauT BeIIeIEHNE U CYIIIKA TOTUBU-
HUWIXJIOpUAA, U3 KyOOBOI YacTU KOJTOHHBI, HACOCOM
IMOCTOSTHHO TIepeMelIaeTcs OTaera3upoBaHHast CyCIieH-
3ug. OMHOBpPEMEHHO B CITMPAJIbHOM TETIJIOOOMEHHUKE
OCYILECTBIIIETCS €€ OXJIaXKIeHUE 10 YCTAaHOBJIEHHOM
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TeMIIepaTyphbl. 3aTeM CYCITCH3MSI TTOIaeTCs Ha KOJIOHHY
WM B APYTOI TETUIOOOMEHHMK, KOTOPBIN OXJIaXKIaeTCsI
000OpPOTHOM BOOOM.

CycrieH3us MOJMBUHWIXJIOPUAA, HE TIPEBhIIIAIOIIAsT
TemIrepatypy 85°C, mocie mera3aniy IIOJAeTCs dyepe3
TPYOOITPOBOJ B TETUIOOOMEHHUK, YTOOBI OTICIIUTH KOPKY
oT cycrneH3un. C ITOMOIIBIO IIEHTPOOEKHOTO Hacoca
yepes ceTyaThlii (UIbTP, YCTAHOBJICHHBIN Ha TUHUUT
HarHeTaHUs, U yepe3 paciuupureib cycrieH3us [1BX
nonaetcs Ha LieHTpudyry. Hacoc paboTaet HerpepbIBHO.
[Toce ieHTpUdYTH TTOTUBUHUIXIOPHI C OTIPEIeICH-
HBIM COIEeP>KaHMEM BIIaTU ITOCTYIIAeT B IE3MHTETPaTop.
MaToYHUK, BEIXOASIINIA U3 HEHTPUMYTH, IIPOBEPSICTCS
Ha conepxxanne [1BX u HampaBisgeTcs caMOTEKOM depe3
TpyOOIIPOBOJ B ONMH U3 ero cOOpHUKOB. Eciu 310 He-
00XOIMMO, TO TIPX TTOMOIIX IICHTPOOEKHOTO Hacoca Ma-
TOYHWK HATIPABJISICTCS VUTA Ha CTAIHIO TTOIMMEPHU3allnH,
WUIM Ha TIPOMBIBKY O00OPYIOBaHUS W TPYOOIIPOBOIOB.

B cymumnkax «kumnsiiero ciiost» BiaaxkHbiii [1BX mipo-
XOJIUT CYLIKY.

ITocne mpotiecca MeHTPUDYTUPOBAHUS BIIaXKHBIC
uznenus u3 [1BX, numewiiue onpeneseHHOE colep-
JKaHWe BJIary, HAIpaBJISIIOTCSl B I€3MHTETPaTOp, YTO-
OBl pa3gpoOuTh oOpa3oBaBIInecs KOMKU. [lanee n3-
IeTAST HATIPABIISIIOTCS B 30HY MUTAHUS CyImmiaku. OHa
pacroJiaracTcs B IIePBOM CEKIIMU 000PYIOBaHUS IS
CYIIIKH, MEXIY TOPU30HTATbHBIMA TPYOAMM, KOTOPBIC
SIBJISTFOTCSI BCTPOCHHBIMU TeIIoOOMeHHUKaMu. CHU-
3y, 4epe3 pacIpeaeIMTeIbHYIO pelleTKy, MOgaeTCs
TOpsSTYU BO3IYX, BCIeACTBUE yero usaenns us [1BX
0o0pa3yloT Kundumuii ciaoi. [lomaya tena ajisi CylKu
OCYIIECTBIISIETCS HE TOJILKO IIPU ITOMOIIM TOPSTIETO
BO3/yXa, HO U 9epe3 ITOBEPXHOCTh BCTPOCHHBIX TEILIO-
OOMEHHHMKOB, HarpeBaeMBIX Topstueit Bomoii. Bo3myx
gepe3 BO3IyXOpacIIpeaeTUTEeIbHYIO PEIISTKY ITOCTY-
HaeT B HIDKHIOIO YacTh CYIIMIKU IIPUA TeMIlepaType
90°C. [ Troamep:KaHns MOCTOSTHHOTO W TOCTAaTOYHO
TypOYJICHTHOTO KHUIISIIETO CIIOSI M3IEINI B CYIIMIKE
nomadya BO3ayXa KOHTPOJIUPYETCS B paMKax 3apaHee
3aJaHHBIX 3HaYCHU. Pacxom Bo3myxa ImomaepKuBa-
eTcsl cTadMIbHBIM. [IpOOYKT B CYIIMIIKE BHICYIITBACT-
CsI 10 TOCTIDKEHMST HEOOXOMMMOI BIaXKHOCTHU. 3aTeM
cyxoit I[1BX BrIrpy:kaeTcst U3 CYIIMJIKU C TOMOIIbIO
BUOpPALIMOHHBIX CUT. [Tpy HEOOXOMMMOCTU TOTOBbBIN
npoaykt [1BX Ha BeIXx0oae U3 CYIIMIKY ITPOXOJUT aHa-
JIN3 Ha colepKaHWe BJIaTW M BUHWIXJIOPHIA.

Bosnyx, conpoBoxnatomuii mopoinok [1BX, nmona-
eTcsI B OYHKep-IIMKJIOH Yepe3 TAHTCHIIUAIBHEINA BBOII.
B mmmxitone vactnnne! eu [1BX oTnensiores ot Bo3-
IIyXa 1 3aTeM ITOCTYITal0T Ha BUOPAIIMOHHOE CUTO Yepe3
IICKOBOI 3aTBOP M IIJII030BOI mmuTaTe b. OTcesTHHAS
TOBapHas (ppakiUMs HaMpaBIsieTCsl K THEBMOHACOCY TSI
TIOCIICAYIONICH epeaadn B CUJIOC.

Korna 6ynkep orceBa [1BX 3anonHsieTcs, KpyITHbIE
YaCTULIbI C TEXHOJOTUUYECKUX HUTOK MePeKIIaAbIBAIOTCS

B CHJIOCHI Uepe3 IIITI030BOM ITUTATEIh, UCTIONb3YSI ITHEB-
MOHACOC ¥ BO3AYIIHBIN ITHEBMOTPAHCITOPT.

B mportiecce moamMepr3anuy BUHIIXIOpUIA B peak-
TOPE UCITOJIB3YeTCsI M30TEPMUICCKIIA PesKM. DTO 03Ha-
YaeT, YTO TeMIIepaTypa OCTaeTCs IIOCTOSHHOM BO BPeMsT
peaKkIny U KOHTPOJIMPYETCs B 3aaHHBIX TIpeaeiax (oT
50 mo 72°C), B 3aBUCUMOCTH OT TpeOyeMOii CTETICHM T10-
JIMMepU3aIni. DTOT MOAX0H 0COOCHHO BaXXeH, €CIU
M3MEHSIeTCS KOHIICHTPAIMsI MHUIINATOPpa TTOJIMMEpH3a-
LINH, TIOCKOJIBKY MOKET OKa3aTh BIMSHIE Ha TCIJIOBBIC
XapaKTEePUCTUKH PEeaKIINH.

YTo0OBI 0OeceuuTh HEOOXOAMMbBIE YCIIOBUS, MIPU
KOTOPBIX I0JKEH OCYLIECTBIISITHCSI OTBOJI, TETlIa, U3Me-
HSIOIIETOCS BO BpeMEHU, MCITOIB3YIOTCS TEINIOOOMEH-
HBIC YCTPOICTBA, TaKME KaK pyoaIrka 1 00paTHBII KOH-
IeHcaTop. Peakims moauMepu3any BhIIEISET TEINIo,
KOTOpPOE HOKHO ObITh 3((EKTUBHO OTBEICHO, YTOOBI
MNOJJePX1BaTh CTAOMIBHYIO TeMmepaTypy. PyOaiika
OKpPYXKaeT peakTop M OXJIAXKIACTCS 3aXOJIOMMBIICICS
BOIOI1, KOTOpast TIPUHUMAET Ha ce0sT YacThb Terria. JIims
OXJTaXKIEeHUS U KOHIECHCAITNY UCTIAPSTIOIIEeTOCS BUHIIIX-
JIOpHUIAa B PEaKTOPE MCIOIb3YeTCs CIIeIINaTbHBIN 00-
PpATHBIN KOHIEHCATOP, KOTOPBIi 3(pHeKTUBHO yaanseT
U3JIUIITHEE TeTUIO BO BpeMsI MAKCHMMATbHOTO TEILIOBBI-
TIEJICHMSI.

Hammame Takux TeTUI00OMEHHBIX YCTPOMCTB TTO3BO-
Js1eT 3(PHEKTUBHO peryIMpoBaTh TEMIIEPaTypy B peak-
TOpe U 00eCIIeYnBaTh HEOOXOAUMBIE YCIOBUS IJISI IPO-
1recca oJIMMepHU3alliy TP N3MEHCHUH KOHIICHTPAIIUN
WHUIIMATOpa WM APYTUX ITapaMeTPOB IIpoliecca.

OmHOI M3 OCHOBHBIX XapaKTePUCTUK KAa4ecTBa 10~
nyuyaemoro II1BX siBisieTcss MoeKyasipHO-MacCOBOE
pacmpenesieHIe YaCcTUII TIOJTUBUHUIXIOPHIA, KOTOPOE
B CBOIO OUepeIb 3aBUCHUT OT TeMIieparypkhl. [1o Mepe 1mo-
BBIIIICHUS TEMIIEPATYPHI CPEIHSISI MOJICKYIISIpHAS Macca
YACTUII YMEHBIIIACTCS, YTO TIPUBOIUT K O0JIee IITUPOKO-
MY pacmpeaeIeHAI0 MOJICKYISIPHOM MacChl. DTO MOXHO
OOBSICHUTB TeM, UTO 00JIce BEICOKHE TeMIIePaTyPhI BbI-
3bIBAIOT OOJIBIIMIA PAa3pbIB eI MOJIEKYJI TTOJIUMEPA,
YTO TIPUBOIUT K OOJIBIIEMY KOJMUECTBY 00JIee METKIX
gactuil. KpoMe Toro, 60j1ee BEICOKIE TeMIIepaTyPhl MO-
TYT BBI3BATh Pa3phIB IIEITH, YTO TAKKE MOXKET IIPUBECTH
K OoJiee IMMPOKOMY pacrpeaeIeHUIO0 MOJCKYISIPHOMN
Macchl. Takum o6pa3zoM, 6oJiee BEICOKIE TEMITePaTyPhI
AMCIOT TCHICHIINIO K YMEHBIIICHUIO CPeTHE MOJIEKY-
JIIPHOI MacChl YaCTHIIL MOJMBUHWIXJIOPUAA U TIPUBOIST
K 0oJiee IMMPOKOMY pacrupeaeIeHUIO MOJCKYISIPHOMN
MAacCHI.

HeiipoHHBIE CeT MOXHO MCITOIH30BATh IIJIST M3Yyde-
HUSI TIpoliecca TOIMMEPH3allni BUHIIXJIOPUAA CYCITeH-
3MOHHBIM MeTonoM. HelipoHHBIE CeTH — 3TO MOIIHBIC
BBIYMCIIUTEIbHBIC MHCTPYMEHTHI, KOTOPBIC MOXKHO HC-
ITOJIB30BATh IS aHAJIM3a CIIOKHBIX HEJIMHEIHBIX B3a-
MMOCBSI3¢iI MEXKIY Pa3IMIHBIMA BXOTHBIMU M BBIXOII-
HBIMU TaHHBIMU. VICITONB3yst HEHPOHHYIO CeTh, MOX-
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HO OIIpeIeIUTh KOHKPETHBIC MapaMeTPhl, BIMSIOIINC
Ha TIpoIIeCcC MOIMMEepU3allii, TaK1e Kak TeMIiepaTypa,
KOHIEHTpALUsl KMCJIOThI, KOHLIEHTpaL1sI MOHOMEpa
¥ CKOPOCTH TiepeMeInnBaHmsI. HelipoHHYIO ceTh TaKKe
MOXHO WMCIIOJIB30BaTh ST pa3pabOTKU MOIECIH, KO-
TOpasi TOYHO TIpeIcKa3biBaeT CBOMCTBA MOJTYICHHOTO
ToJmMepa, Taknue KakK paciipeielieHIe MOJICKYISIPHOM
Macchl. Takast MomeTb MOXKET OBITh MCITOTb30BaHa IS
ONITUMM3ALINH TIPOIIecca TTOIMMEPU3AINHT 1 TIOJTYICHUS
JKeJTAaeMBIX CBOMCTB KOHEUHOTO ITPOIYKTA.

CyIIeCTBYIOT pa3IMIHBIC TIPOTPAMMBI TS CO3MAHMST
HEHPOHHBIX CeTeit, HEKOTOPBIC TTOITYISIPHEBIC BKITIOYAIOT
TensorFlow, Keras, PyTorch, Caffe u Theano, Matlab.

Matlab — MOIIIHBIIT THCTPYMEHT B OOYUYCHUM CTY-
IEHTOB TEXHUUECKUX BY30B. DTOT SI3BIK IIPOTPaAMMMU-
poBaHus, pa3padoraHHbsii MATLAB, nipegocraBisieT
BBICOKOYPOBHEBYIO Cpey IMPOrpaMMUPOBAHUS JIJIsI BBI-
TIOJTHEHMS TeXHUYCCKUX BBIYUCIICHUN, BU3yaTn3alin
¥ aHaJIM3a JaHHBIX. biraromapst ero mmpoKoMy mpume-
HEHMIO B MHKeHepuu, pusuke n MatemMaTuke MATLAB
CTAaHOBUTCS TIOITYJIIPHBIM BHIOOPOM CpeIy CTYICHTOB,
M3y4YaoIInX 3TN 001acTu (puc. 2).

CyIIecTBYIOT CIICAYIOIINE TUTTHI HEITPOHHBIX CETCIA:

1. KoHkypupyiolas ceTb: TUIl HEKOHTPOJUpYye-
MOM CETH, B KOTOPO HEWPOHBI KOHKYPUPYIOT APYT
C IPYrOM 32 aKTUBAIIMIO HA OCHOBE BXOAHBIX CUTHAJIOB.
Hcmonb3yeTcs 11 KilacTepu3allii U paciio3HABAHUS
00pa3oB.

2. KackamgHast ceTb ¢ TIpSIMBIM 1 OOpaTHBIM PacIipo-
CTpaHEHWEM CUTHAJIOB SBJISICTCS KOHTPOJIMPYEMOU Hell-
POHHOIT CeThIO, KOTOpast MCIIOIb3yeTCS TSI OOyICHUS

Create Network or Data - X
Network Data
Name
network1
Network Properties
Network Type: Feed-forward backprop v
Cascade-forward backprop ~
Input data: Competitive
Taigel et Elman backprop

Feed-forward backprop

Feed-forward distributed time delay
Feed-forward time-delay

Generalized regression

Hopfield 2t

Training function:
Adaption leaming function:

Performance function:

Number of layers:

Properties for: Layer1 v

Number of neurons: | 10

Transfer Function: TANSIG +

D\ﬁew

¥ Restore Defaults

(D Help @ Close

¢ Create

Puc. 2. Onpenenenne Buna Heiipocetu B Matlab

Mozeneit. OHa COCTOUT M3 HECKOJIBKIX CKPHITHIX CIIOCB
1 TIpUMEHSIETCS B 3a/1a4axX pacrio3HaBaHUsI U300paXKeHU I
U peUu.

IIpsimoe pacnpocTpaHeHUe CUTHaIA TTPOUCXOIAUT
OT BXOIHOTO CJI0S1 K BBIXOIHOMY, T/l€ KaXKAblii HEMpOH
B CJIOE TIepemaeT CBOI BRIXOI clieAykomemMy cioio. O0-
paTHOe pacnpocTpaHEHUE OIINOKU UCTONIb3YETCs IS
KOPPEKIIMU BECOB U ONTUMU3AINK Monean. OummmoKm
CPaBHUBAIOTCS C OXKMIA€MbIMU Pe3yJbTaTaMM, U CUTHAJI
00paTHOI CBS3M pacIpoCTpaHsIeTCss 00paTHO Yepe3 CeTh
JIJ1s1 OOHOBJIEHUSI BECOB HEMPOHOB.

Taxkast apxuTekTypa HEMPOHHOUW CETU TO3BOJISIET
00yJaTh MOJIeJIb HA OCHOBE OOJIBIIIOTO KOJIMYECTBA pa3-
MEUEHHBIX JaHHBIX U 3HAYMUTEJbHO MOBBIIIAET €€ CIO0-
COOHOCTb pacro3HaBaHUs U KJIacCCU(UKALIUH.

3. Cetb DMaHa ¢ OOpaTHBIM pacIpOCTpPaHEHUEM:
TUII PEKYPPEHTHOM HEMPOHHOM CETU, KOTOPask MOXKET
XpaHUTb U 00pabaThIBaTh MOCAEAOBATEIbHbIE JaHHbIE.
OHa uCHoIb3yeTcs IJId PacIio3HaBaHUSI PEIU U TIPO-
THO3UPOBAHUS BPEMEHHBIX PSIIOB.

4. CeTb C TIPSIMBIM pacIIpOCTpaHEHUEM CUTHAIA 1 00-
paTHBIM PACIIPOCTPAHEHUEM OLLIMOKU: KOHTPOJIUpPYeMas
CeThb C MPSIMOI CBSI3bIO, KOTOPAsl UCITOJIb3YeT 00paTHOE
pacIpocTpaHeHIe OIINOKY ISt 00ydeHus momean. OHa
HCTIONIB3YETCS IS 3a1a4 KiIacCU(bUKAIINY 1 PETPECCHM.

5. CeTb ¢ 3aIepsKKOM 1 OOpPAaTHBIM pacIipoCTpaHe-
HUEM: TUII PeKyPPEHTHOI HEMPOHHOU CeTU, KOTOpast
MOKET 00pabaThIBaTh BXOIHbIE CUTHAJIBI C BDEMEHHBIMU
3amepxxkamMu. OHa UCITOIB3YEeTCS IS pacIO3HABAHMS
peuu U pacrio3HaBaHUsI 0OPa30B.

6. O000I1LIEeHHAsS perpecCUOHHAsT ceTh. TU HepoH-
HOM CeTH, UCTIOIb3yEeMBbIii 111 PErpeCCUMOHHOTO aHaIu3a.
OHa UCITOIb3yeT OOMH CKPBITHIN CJI0¥ 1 MOXeT oOpaba-
THIBaTh HECKOJIbKO BXOAHBIX U BBIXOJAHBIX IEPEMEHHbIX.

7. CeTb Xomnduiiga: TAIT CETU aCCOLMATUBHOM T1a-
MSITU, KOTOPasi MOXET XPaHUTb 1 BbI3bIBATb 11a0JIOHbI.
OHa MCIob3yeTcs IJIsT pacTio3HaBaHUS M300paskeHUI
1 00pa3oB.

8. JIMHeHbIN ¢TI0l (co3maHMe): TUII HEMPOHHOMI
CETH, UCITOJIb3YEMBbIN IJIS 3a1a4 JUHEUHOU perpecCum.
OHa UCITOIb3yeT OOMH CKPBITHIN CJI0¥ 1 MOXeT o0pada-
THIBaTh HECKOJIbKO BXOAHBIX U BBIXOJAHBIX IEPEMEHHBbIX.

METO/bI 1 MATEPHAJIBI

JJ1s1 MaTeMaTUIeCKOTO pacueTa TeXHOJIOTMIESCKUX
IMapaMeTpPOB, He TTOAIAOIINXCS TIPSIMOMY U3MEpPEHUIO,
OBUIM TIPOBEICHBI aHAIN3 JINTEPATYPHBIX NICTOYHUKOB
IO paccMaTpPUBaeMOMY IIPOIIECCY W YCTaHOBIICHUE CO-
OTBETCTBYIOIINX 3aBUCUMOCTEI MEXKITy SMITUPUICCKIMM
TaHHBIMU B COOTBETCTBUM C OCHOBHBIMH 3aKOHOMEP-
HOCTSIMHM TepMOIWHAMMKH 1 IIPOIIECCOB MacCOOOMEHa
[1-6].

B xome mccaemoBaHMsSI TPUMEHEH METOI HEHPOHHBIX
ceTeil il OMmMcaHus Ipoliecca IMoJIuMepHr3allii BU-
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HUJIXJIOpUIA CYCIIEH3MOHHBIM cItocoOoM. st pereHust
JTAaHHOU MPo0JIeMbI OblJIa UCITOJIb30BaHA KaCKaIHas CETh,
uMelouast IpsiIMOe pacpoCTpaHEeHUE CUTHajla U 00-
paTHOe pacnpocTpaHeHUe olnOKu. B ckprITOM ciioe
CeTU — IECITh CUTMOMIHBIX HEMPOHOB, a B BHIXOTHOM
CJIO€ — [IBa JIMHEWHBIX HEPOHa.

DTO TUT aJITOPUTMA OOYIEHUS C YUUTEJIEM, VCTIONb-
3yeMbIi )i O0yYeHUSI UCKYCCTBEHHBIX HEMPOHHBIX
ceTeil. AJITOpUTM KacKaaHOTO 0OpaTHOTO pacrnpocTpa-
HEHUSI MCITOJIb3YEeTCSI IS TTOBBILLICHUSI TIPOU3BOIUTEIIb-
HOCTU CTAaHAAPTHOI'O aJIrOpUTMa OOpPaTHOTO pacHpo-
CTpaHEHUSI C TIPSIMOM CBSI3bIO 32 CUET MCIIOJIb30BAHUS
MHOTO3TallHOW apXUTEKTypbl. MHOTO3TaHasI apXu-
TeKTypa TaKOBa, YTO BBIXOJHBIC TaHHBIE OJHOIO 3Tara
HEMPOHHON CEeTU UCIMOJb3YIOTCS B KAUECTBE BXOIHBIX
JIAHHBIX JIJTS CJIEAYIOIETO JTarna.

AJNTOpUTM KacKaJHOTO 0OpaTHOTO pacIpOCTPaHEHUSI
BKJTIIOYAET pa3IesicHHE CETU Ha PSIO MOACETEH, IIPU 3 TOM
Kaxaas TIoACETh 00yJaeTcsT OTASIbHO. 3aTeM BLIXOIHBIE
JIaHHbIE KaXXIOM IMOICETU MOJAIOTCSI B KAUeCTBE BXOJI -
HBIX JAHHBIX UIS CIIEAYIONIell TTOACeTH. DTOT IpoIiece
3aBeplIaeTCs MOIyYeHeM OKOHUATEILHOTO pe3yIbTaTa
HEMPOHHOM CETH.

Bo Bpemst 00yueHUs aJIropuT™M CHavyajia BBIIOIHSIET
OpSIMOM TIPOXO[I 10 CETU, YTOOBI CreHepHUpOBaTh IIPO-
THO3UPYEMBIN pe3yabTaT. 3aTeM BBIYMCIISIETCS pa3HUIIa
MEXIy IPOTrHO3UPYEMbBIM BBIXOAOM M OXMIaEMbIM BbI-
XOJIOM U BBIYUCIISIFOTCSI TPAAUEHTHI OLIMOKH 10 OTHOIIIE-
HUIO K KaXXIOMY BeCy B C€TU. 3aTeM 3T TpagueHThI UC-
TONB3YIOTCSI 1J1s1 OOHOBJIEHMSI BECOB B KAXKIOM ITOICETH.

Kackannas ceTb, Meroast psiMoe pacipocTpaHe-
HMe CUTHajIa 1 00paTHOE pacIpoCTpaHEHUE OIIUOKHU,
COCTaB KOTOPOI B CKPBITOM CJIO€ UMEET IeCSITh CUTMO-
VIHBIX HEIPOHOB U ABa JIMHEMHBIX HEMPOHA B BBIXO -
HOM CJIO€, MOXET OBITh OITMCaHa CJIEAYIOIIUM 00pa3oM:

BxonHoit cioii mpuHUMaeT BXOIHbIE TaHHBIC, KO-
TOpHBIE TIPEACTABIISIIOT COOO0I MPU3HAKU UJIM XapaKTe-
PUCTUKU 3a1a4l.

CKpPBITBIN CJIO COCTOUT U3 AECATU CUTMOUIHBIX
HelpoHoB. Kaxnbiit HEHipOH IPUHUMAET BXOIHbBIC CUT -
HaJIbl ¥ IPUMEHsIeT (DYHKIIMIO aKTUBALIUM CUTMOMIA JIJIST
reHepaly BEIXOJHOTO 3HAYCHMSI.

BrixonHoIl €10 COCTOUT U3 ABYX IMHEHHBIX HEHpPO-
HoB. Kaxplii HEIipOH IMIPUHUMAET BBIXOBI 13 CKPBITOIO
CJIOSI U BBIYMCJISICT JIMHEMHYI0 KOMOMHALIMIO C BecaMu
¥ CMEILIeHUEeM, He TIpUMeHSsIsT (DyHKLMIO aKTUBALIUU.

IIpsimoe pacnipocTpaHeHNE CUTHAA:

BxomHbie naHHbBIE TIepeaaloTcs uepe3 CeTh OT BXOTHO-
IO CJIOSI K CKPBITOMY CJIOIO U 3aTeM K BBIXOJHOMY CJIOIO.

Kaxnplii HelipOH B CKPBITOM CJIO€ TIpPUMEHSIET (PyHK-
LU0 aKTUBALUM CUTMOUIA K BXOAHBIM CUTHAJIaM U Te-
HepUpYyeT BBIXOIHOE 3HAYCHUE.

BoixoaHbIe 3HAUEHMS M3 CKPBITOTO CJIOSI TIEPEIaroTCsI
B HEMPOHBI BEIXOIHOTO CJ10sI 0€3 MpUMeHEeHUST (PYHKIINU
aKTUBALIN.

O6paTHOE pacIpOCTpaHEHNE ONTUOKM:

*  OmmOKa BEIYUCIISICTCS ITyTEM CpaBHEHUSI BBIXOTHBIX
3HAYCHUI CETH C OXKMIaeMbIMU 3HAYCHUSIMHA Ha OC-
HOBE BBIOpaHHOU (DYHKIIUM OLIMOKM.

+ OmubKa pacrpocTpaHsieTcsI 00paTHO 4epe3 CeTh,
HauMHAasl ¢ BEIXOTHOTO CJIOSI, C MCIIOJIb30BaHUEM ajl-
TOpHUTMa 0OPATHOTO PACTIPOCTPAHCHMS OIITNOK.

* Beca u cMemmeHus ceTu OOHOBIISIIOTCS B COOTBET-
CTBUM C TPaIUECHTHBIM CITyCKOM M TIPAaBUJIOM OOHOB-
JIEHUSI BECOB JUISI MUHUMU3ALM1 OLIMOKU.
OO0y4eHMe 1 ONITUMU3AIIHS:

* Cetp 0OygaeTcs Ha obydalolieM Habope JaHHBIX,
ITOBTOPSIST TIPOIIECC TIPSIMOTO U 0OPATHOTO PacCIIpo-
CTpaHEHUS OIIMOKMN.

+ TumepmapameTphl, TaKne KaK CKOPOCTb OOYUCHUS
1 KOJTMICCTBO 3IT0X, MOTYT OBITh HACTPOCHBI JIJIST 10-
CTIDKCHUS ONTUMAIbHBIX PE3yIbTaTOB.

» [Ilocne oOyueHusI ceTh MOXKET OBITh ITIPOBEPEHA Ha Ba-
JIMITAITMOHHOM Habope JaHHBIX M JAJIbIIe Ha TECTO-
BOM HabOpe NTaHHBIX 151 OLIEHKU €€ MPOU3BOAUTEIb-
HOCTH.

* BBII0 TTOKa3aHO, YTO AJITOPUTM KACKATHOTO IIPSIMO-
ro 0OpaTHOTO pacIpocTpaHeHUS 3(PPEKTUBCH I
ITOBBIIIICHUSI TOUHOCTH HEMPOHHBIX CeTeil, 0COOCH-
HO B CJIyJasix, KOT/Ia BXOIHBIC TaHHBIC 3aITyMJICHBI
WA KOTZIa BXOTHBIC TAaHHBIC CUJIBHO Pa3IMIaioTCs.
Kpome Toro, ncronb30BaHue OTACIBHBIX ITOACETEH
ITO3BOJISICT TIOBBICUTH BEIYMCIUTEIBHYIO (P DeKTHB-
HOCTb aJITOPUTMa, TIOCKOJIBKY KasKIIyTO TTOICETh MOXK-
HO 00y4JaTh He3aBUCHUMO OT APYTHX.

PE3YJIbTATBI

[portiecc moydeHUs! TOTUBUHWIXJIOPUIA, paccMa-
TPUBAEMBIii 31€Ch, OCYIIECTBIISCTCS TIPU TIOCTOSTHHOM
TeMIiepaType, 4To TpebyeT KOHTPOJISI OTBOJA TeIlia,
KOTOPBIN MOXET MEHSIThCSI CO BPEMEHEM B 3aBUCHMO-
CTH OT TOTO, KaKUM OYIIEeT COCTaB Ipoliecca, BKITIoUast
KOHIICHTpAIMIO MHUIIMATOPa ITOJMMEPHU3alIiH.

B pesynbraTte MpoBeIeHHBIX UCCIEIOBAHUN ObLIN
BBISIBJICHBI CBSI3W MEXIYy U3MEHEHUEM TEeTUIOBOTO T0-
TOKa, KOTOPBII BOBHUKAET BO BPeMsl PeaKIIuy IMOJTMMe-
pU3alMK, ¥ UBMEHEHNEeM KOHIEHTpAllu MHUIIMATOpa
co BpeMeHeM (puc.3).

Bm 6 i
O —F|=24:i1, (1
M i=0
rae t — Bpems, 4.; A, — KO3 GULIMEHTH ypaBHe-
HMS, OTpeleNseMble COOTHOIEHUAMU A = —0,5962+

6,4758Z; A, = 1,7535—11,4222Z; A, = —0,5806+
8,7025Z; A, = 8,64*1072-3,4579Z; A, = —4,6¥10+
0,748Z; A, = —8,23*107Z; A, = 3,6¥107°Z.

Z=C-C/C—-C, C =0,1% macc or BX, C =
0,065% macc ot BX.
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Puc. 3. 3aBUCHMOCTH TEMJIOBOTO MOTOKA OT BpeMEHH MOJIMMePH3AIH MPH KOHIIEHTPANUAX HHUIHAATOPA (TPHTAHOKCA):
0,065% macc.or BX, 0,077% macc. or BX 1 0,10% macc. or BX

JlaHHBIE 3aBUCUMOCTH TIPUMEHSIIOTCST JUTSI PETyJiv -
pOBaHUS pacxojia XJIaareHTa B OXJIaKIalolIelt cucreme
peakTopa ¢ 1eJIbIo 06eCcIIeYeHHSI TOCTOSTHHOM TeMITepa-
TYpBI BO BpeMsI TTPOBEICHMSI IpoIiecca.

Gy () [2=] = GroK(EEo 4:t"). @

roe K=0,9+10*M?/Bt
B miporiecce monvmMepusaimy TeMriepaTypa noamMep-
MOHOMEPHBIX YaCTUIl BUHWIXJIOPHIA, 0003HAUCHHAS
Kak T(r), oTImIaeTcsa OT TeMIIepaTyphl peaKIIMOHHOMN
cpenbl, 0003HaUeHHOM Kak Tc. M3 pereHus ctarmoHap-
HOTO YpaBHEHMUSI TEILTOMIPOBOIHOCTH IS C(pepUIECKIX
TOJIMMEP-MOHOMEPHBIX JaCTHUI pagnuycoM R m Koad-
(pULIMEeHTOM TETJIOTIPOBOTHOCTH A CIIEAYET, UTO TEMTIIE -
paTypa ompeessieTcs 1Mo CJIEAYIOIeMY COOTHOIIEHUIO:
2
T()=T, + & 1-— [0<r<R. 3)
2\ R

BunHo, uyTO TemMTIepaTypa J0CTUTaeT MAaKCUMAITLHOTO
3HAYEHUS B LIeHTpe yacTullsl ipu r — 0. OTKIIOHEeHUe
TeMIIepaTypbl BHYTPU KaIrUIU OT TeMIIEpaTyphl peak-
OUOHHOM cMecH MoXeT gocturarh 10°C, 9To BImseT
Ha pacrpe/eieHue MOJIeKYISIPHONM MacChl TOJuMepa.

Ornupasich Ha 3aBUCUMOCTH Pa3MEPOB MOJTUMEP-MO-
HOMEPHBIX YAaCTUI] OT UHTEHCUBHOCTH TIepeMeIInBa-
HUS ¥ CBOWCTB cTabuam3aTtopa aMyJibcuu [ 1] 1 aHanuza
SMITMPUICCKUX JaHHBIX, ObLIa pa3padboTaHa opmya,
YCTaHABIMBAIOIIAS CBSA3b XUMUKO-TEXHOJIOTUIECKUX

napamMeTpoB C KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU pe-
aKTopa-IoauMepu3aropa (puc. 5).

1+2¢

nt2 dg.B’

o\ 0.6
d=0064(%) - )
P
rae We = pn’d /¢ — uuncio Bebepa, @ — o6beMHas
JIOJIST TUCTIEPCHOM (ha3bl B OMYJIBCHUU, 0 — TIJIOTHOCTD,
n, d — 4acTora BpallleHUsI M IMAMETP MELIAIKHM COOT-
BETCTBEHHO, ¢ — KO3 GUIIMEHT TTOBEPXHOCTHOTO Ha-
TSDKCHUST.

Puc. 4. Cdepuueckas noaumMep-MoHOMEpPHAS YACTHIIA
pammyca R
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Puc. 5. PeakTop-nosmmepusarop

O06006111asT TTOTyIeHHBIC 3aBUCUMOCTH, MOXKHO CIC-
JIaTb BbIBOJ, YTO, U3MEHSISI YaCTOTY BpallleHUSI MEILIAJIKH,
MOXHO M3MEHSTh pa3Mep YacTUIl U, CIAeI0BaTEIbHO,
MOJIEKYJISIPHO-MACCOBOE pacripeeieHUe MOJUBUHWIIX-
Jiopuna.

s yorydlileHUs1 KadyecTBa BbIITyCKAeMOTro MPOoAyKTa
B IpolLiecce MoAMMePU3aliui BUHWIXJIOpUIA ObLIN pa3-
paboTaHbl MOJIEJIM HA KOHLIETITYaJIbHOM, TOMOJOTUYE-
CKOM M CTPYKTYPHOM YPOBHSIX.

Monenb Ha KOHLENTYyaJbHOM YPOBHE CTPOUTCS
C pazaejeHreM BbIOpAaHHBIX MapaMeTPOB Ha BXOIHbIE
¥ BEIXOITHBIE TapaMeTphl. OHa COmepKUT UCXOMHYIO MH-
dopMaLmio I JaTbHEHUIIIETO pacueTa, KOTopasl IIpe-
cTaByieHa B Ta0. 1.

DTO MMOMOXKET ONTUMHU3UPOBATH ITPOLIECC TTOJTUMEPH -
3alMU U MIOJIyYUTb ITOJTMMEDP C OMHOPOIHON MOJIEKYJISIP-
HOIT Maccoii, 9To, B CBOIO O04YepeIb, TTOBBICUT KaYeCTBO
BBIITYCKAEMOTO MTPOAYKTA.

Puc. 6. Konuenrtyajibnas Moaeb
JI1S1 pa3pabdoOTKu HeiipoceTH

Tabauya 1
BxoaHble U BLIXOIHbIE TAPAMETPbI PEAKTOPA-IIOJTUMEPH -
3aTopa

HaumeHoBaHMEe TEXHOJIOTHYECKIX ErgrEEr
napamMeTpoB

Pacxon pactBopa B72 F1
JaBneHue pactBopa B72 P1
Temnepatypa pactBopa B72 T5
Pacxon pactBopa meTouena F2
JlaBneHue pacTBopa MeTollesa P2
TemnepaTypa pacTBopa MeTollea T4
Pacxon nnuimaropa — TpUuraHokc F4
WD-100

JlaBneHue MHULIMATOpa P4
TemnepaTtypa nHuIaTopa — T7
TpuraHokc WD-100

Pacxom 06eccosieHHOM BOIBI F5
JlaBneHue 06ecCoIeHHO BOABI P7
TemmnepaTypa 06eccoIeHHO BOIBI T2
TemnepaTypa BUHWIXJIOpUAA T3
JlaBneHue BUHUIXJI0pUIa P8
Pacxon BuHuUIX10pUIa F3
Pacxon pacTBopa arumona Fo6
Pacxon coapt F7
Temmnepatypa OuKopOoHaTa HaTpUS T6
[aBiieHue cycreH3uu P6
TOJTMBUHUJIXJIOPUIA

Temnepatypa cycnienzuu I1BX T1

S

Fl1
P1

F2
P2
T4
F4
P4

FS
P7

x|

F3
F6
F7
T6
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s perieHUs1 JTaHHOTO 3a1aHus OblLla BbIOpaHa Heli-
ponHag ceTh Cascade-forward backprop, cocTostiast u3 ne-
CATU CUTMOUHBIX HEUPOHOB B CKPBITOM cJioe (puc. 7).

J11st IpOeKTUPOBAHMSI UCKYCCTBEHHOM HEMPOHHOM
ceTH ObUT UCTIOB30BaH MHCTPYMEHT Nntool B Tporpam-
Mme Matlab, KOTOpbIii TTI03BOJISIET CO3MaBaTh U HACTpa-
UBaTh HEMPOHHBIE ceTU B rpaduueckoit cpeae Neural
Network Toolbox. B rpadpnueckom nHTepdeiice Bbl-
6pan TN HelipoHHOI cetn Cascade-forward backprop
(puc. 8), KOJIM4eCTBO HEMPOHOB BO BXOJAHOM, CKPBITOM
Y BBIXOJHOM C/I0sIX. BhiOpaHa (DyHKIIMS aKTUBALIUU IJIST
Kaxaoro cjiost. O0ydyeHa CeTb.

Puc. 7. KonnenryaiabHasi Moje/ib HEPOHHOI CeTH J1Jisl peryJaupo-

OBCYXJIEHUNE

JI1st OLIEHKU pe3yJIbTaTOB M MPOBEPKM BBIXOAHBIX
3HAYEHU I HEHPOHHBIX CETe MOXKHO MCIIOJIb30BaTh MPO-
BepoYHbIe JaHHbIe. Bkiiagka «Simulate» B OKHe HACTpOii-
KU HEMpOoCeTH TO3BOJISIET TTOAABaTh BXOIHbIC 3HAUEHMUS
Y AaHAIM3UPOBATH COOTBETCTBYIOLLME BEIXOAHBIC 3HAYEHUSI.

Tab6n. 2, comepkaiiasi HpOBEpOYHBIC JaHHBIE, UC-
MOJIb30BaHA NHCTPYMEHTOM IIJISI OLIEHKU PaOOThI HEWi-
poHHOI ceTr. C MOMOILbIO TTOAAYM BXOAHbBIX 3HAUCHU I
13 TabJ. 2 B CUMYJISILIMOHHOE OKHO OCYIIECTBIISIETCS
CpaBHEHME MOJIYYEHHBIX BBIXOIHBIX 3HAYEHUI C OXK1Ia-

Create Network or Data = X
Network Data
Name
network20
Network Properties

Network Type: Cascade-forward backprop e

Input data: in v

Target data:

Training function:
Adaption learning function:

Performance function:

TRAINGDM v
LEARNGDM
MSE v

Number of layers: 2

Properties for: Layer1 v

Number of neurons: 10

Transfer Function: LOGSIG v

] View

¥ Restore Defaults

& Close

D Help 7¢ Create

Puc. 8. Co3nanmne nCKyccTBEeHHOI HEiPOHHOI

BAaHUA TEXHOJOTHYECKHUX MAPAMETPOB C 1€CATHI0 CUTMOUIHBIMH CeTH

HEWPOHAMU CKPBITOTO CJI0S

[ Neural Network Training Performance (plotperform), Epoch 1000, Maxi... — (] X B Neural Network Training Training State (plottrainstate), Epoch 1000, Max.. — (] b4
File Edit View Insert Tools Desktop Window Help = File Edit View Inset Tools Desktop Window Help E

Best Validation Performance is 0.68262 at epoch 1000

Train
Validation |
Test

Mean Squared Error (mse}

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

Gradient = 0.16287, at epoch 1000

=

=
&
>

gradient

o

=)
s
S

Validation Checks = 0, at epoch 1000

1 T T T T T T T T T

051 _

val fail

05+ 4

" L \ L \ . ) L ) L
0 100 200 300 400 500 600 700 800 900 1000

1000 Epochs

Puc. 9. Cpenuss KBajpaTHyHas ommoka

Puc. 10. I'padmku o0yyenus cetu
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B Neural Network Training Regression (plotregression), Epoch 1000, Maximum epoch reached. - o P T 06/114140 2
File Edit View Inset Tools Desktop Window Help HpOBepKa HCﬁpOHHOfI ceTu
x10°  Training: R=1 x10° Validation: R=1 BXOI[HI:le 3HAYCHHS
e O Data O Data
= § Sl — . 1 rpynma 2 rpynna
3 3 F2, kr/4 230,11 232,05
E% ';' i P2, Ia 872796,85 872797,11
Jé i - T4, C 24,68 24,72
1 1
6 = F4, xr/4 74,73 75,91
. AT T P4, Ta 254973,62 254974,09
' TestRet ot e T7,C —22,30 —22,34
o o|[ © Do @ |[ ° o= F5, xr/q 29005,33 29000,10
9 Fit S Fit
bt == =T Z e V=T P7,1la 200000,61 200000,95
£, £, T2, C 95,63 95,18
1 1 T3,C 38,15 33,86
3 3
§'1 §1 P8, I1a 591000,05 524078,65
T S B F3, kr/4 26018,05 26004,93
e el e F6, Ta 49032,10 49032,24
F7, xr/u 5,50 5,47
Puc. 11. I'pacdhuk nuHeiiHOI perpeccun T6. C 49.00 50.41
Brixoanbie 3HaYeHUS
€MBIMH pe3yJbTaTaMU, 9TO JAaeT BO3MOXHOCTh OIICHUTh P ——
TOYHOCTb M HAAECXKHOCTb HCHPOHHOI CETH B pacIio3Ha- posep
BaHMU M KJIaCCU(DUKAIINU TaHHBIX. P6, Ia 588399,02 588397,64
[MosiydeHHBIE pe3yJabTaThl UMEIOT MUHUMAJIBHYIO T1,C 66,98 65,81
TOTPEITHOCTh 1 OJIU3KU K PeaIbHBIM 3HAYCHUSIM, UTO TToJydeHHbIE 3HAYECHHST
TOBOPUT O TOM, YTO CETh OOyUYeHa MPABIJIBHO U 3aBU- P6. ITa 588400 588400
CHMOCTb MEXIY TaHHBIMY HalieHa. .
Takum o0pa3oM, pa3pabOTaHHYIO HEHIPOCEeTh MOXHO T1,C 66,74 65,23

WCITOJIB30BATh IJISI TIPOTHO3MPOBAHUST MOJICKYIISIPHO-
MaccoBoro pacrpeneneHust yactui [1BX.

151 KOppEeKTUPOBKU MapKH ITOTy4acMOM TTPOTYKIIH
MOXKHO MCITOJIb30BaTh (hOPMYIIHI [2—4].

3AKTIOYEHUE

B xome ncciemoBaHMi OBITH TTOTYICHBI CIICIYIOIINE
pe3yIIbTATHL.

Bria yctaHOBIeHA 3aBUCMOCTD TETUIOBOTO TTOTOKA
OT KOHIIEHTpaLY MHUITATOpa 1 pa3paboTaHa MaTeMaTH-
yeckas (popMysia, KOTopas II03BOJISIET PETYIMPOBATh pac-
XOJI XJTalaTeHTa B OXJIaXIAIOIIEH CHCTeMe peaKTopa st
TToIAeP>KaHUSI TTIOCTOSTHHOM TeMITepaTyphl U 00eCIICICHIST
HM30TepPMUIECKOTO TIpoIiecca. DTa (hopMyIia SIBISCTCS NH-
CTPYMEHTOM JIJISI ONITHMAJTBHOTO YIIPABJICHMS TETUIOBBIM pe-
JKMMOM peakTopa 1 00ecriedeHusI ero CTabMIbHOM pabOoTHI.

Brut0 06HapY:KEHO, YTO YBEIMUCHIE TEMIIEPATypPhI
TIPUBOINT K PACIIMPEHMIO CTICKTPa MOJICKYISIPHO-MacC-
COBOTO pacrnpeneeHus B CTOPOHY MEHBIIMX MOJIEKY-
JISIPHBIX Macc.

[Momygena opMmyiia, onpeaeIsionas CBI3b XUMU-
KO-TEXHOJIOTUIECKUX TTApaMEeTPOB ¢ KOHCTPYKTUBHBIMU

0COOEHHOCTSIMU peakTopa-MnoJimMepru3aTropa. ¥ cTaHOB-
JIEHO, YTO, U3MEHSISI YaCTOTY BpallleHUST MEIIaJIKM, MOX-
HO U3MEHATH pa3Mep YacTULL U, CIEA0BATEIBHO, MOJIEKY-
JIIPHO-MAaCCOBOE pacripeaeeHue MOJUBUHWIXJIOPUIA.

Pa3zpaboTka HEipOHHOM CeTH 17151 ONTMCAHUS U TIPO-
THO3UPOBAHUS TIpoliecca MoJUMepU3alluid BUHUIXJIO-
puaa no CycCrneH3MOHHOMY METOJY SIBJISIETCSI 00OCHO-
BaHHoOM. Jlns obecnieueHust kauectna [1BX, Bximouast
COOTBETCTBYIOILIEE MOJIEKYJISIPHO-MACcCOBOE pacrpese-
JieHue, Obljla co3/aHa HEpOHHAsl CeTh C MCIOJIb30Ba-
HUEeM KAaCKagHOUW apXUTEKTYpPhl MPSIMOTO U OOPaTHOTO
pacnpocTpaHeHMs] CUTHaJIa, NeCIThbI0O CUTMOUIHBIMU
HEWpPOHAMHU B CKPBITOM CJIO€ U ABYMSI TMHEUHBIMU HEW-
poHaMu B BbIXOAHOM cijioe. PazpaboTka nmpoBoauiach
B cpene MATLAB.

IIpoBeneHsl oOyyeHUe 10 BHIOOPKE M IIPOBEpKa
Ha TECTOBBIX 3HAUEHMSIX, KOTOpas roKasajia, 4To CETb
C MMHUMAaJIbHOU AOIyCKaeMOU MOrpeIHOCTbIO Mpe/-
CKa3bIBaeT MUCXO/ Mpoliecca Mpy MPOYrMX HEM3MEHHBIX
ImapamMeTpax. JTo, B CBOIO 0UePEeb, ITO3BOJIUT YIIPABIISTh
U ONITUMU3UPOBATH TEXHOJIOTUYECKUI MTPOLIECC U TTOTY-
4aTh MPOLYKIIUIO 3aJaHHOIO Ka4yecTBna.
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ABSTRACT: Introduction. Current research on the performance properties of decorative concrete, when added to the concrete
mixture of nano pigments are more recommendatory. In the academic literature, it is recommended to introduce pigment in the
amount of about 5% of the total cement mass when creating improvement elements. The recommendations described above often
demonstrate the potential for using nano pigments in terms of the influence of the amount of nano-additive applied on the unifor-
mity of the coating texture. Characteristics such as intensity and retention time of the resulting color are also taken into account.
In RF we do not have approved regulations on how to use pigments for concrete coloring. Pigments are obtained mainly from iron
oxides due to their availability and low toxicity to the human body, and are promising nanomaterials in construction. Methods and
materials. The study is aimed at the use of iron oxide pigment obtained from a spent iron oxide dehydrogenation catalyst as a color-
ing nanofiller and improving the strength characteristics of decorative concrete products. Spent iron oxide catalysts containing iron
oxide particles are considered as a by-product of chemical production. The purpose of this study is to use a pigment (in the form of
Fe,O, and Fe,0,) obtained from the composition of a spent iron oxide catalyst as an additional binder and coloring nanomaterial
in the composition of decorative concrete products. The effect was evaluated by testing mechanical properties such as strength,
color, water absorption, water and frost resistance. Results. The research results have shown that the use of nanopigment in the
technology of concrete production improves the properties of cementing composites (cement) and allows you to change the color
of products. Conclusion. This study consists in the application of an iron oxide nanopigment obtained from a spent catalyst for
the dehydrogenation of olefins and alkylaromatic hydrocarbons in decorative concrete products with the provision of mechanical
characteristics and chromaticity of products.

KEYWORDS: decorative concrete products, spent catalyst, nanopigment.
FOR CITATION: Aminova E.K,, Kasyanova L.Z., Islamutdinova A.A., Asfandiyarova L.R. Iron oxide pigment as a coloring nanofiller of
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INTRODUCTION cement medium is alkaline, so the additive introduced

into it must be resistant to an alkaline environment.

he improvement of construction technologies today

occupies one of the main directions in the research
process. Great importance is given to the construction of
residential buildings and public facilities. Finishing the
facades of such structures plays an important role, and
strict requirements are imposed on it. The color scheme
of modern construction structures and art objects has very
wide possibilities. For this purpose, colored dry mixes
are used for construction and finishing works, such as
building walls, panels, building blocks and other build-
ing structures. Decorative concrete charge is obtained in
practice using painted cements or by introducing dyes into
the composition of building mixes [1—2]. The Portland

Also, one of the important characteristics in the prepa-
ration of the charge is to take into account the coating
capacity, which is characterized not by a decrease in the
strength characteristics of decorative concrete products,
but by their improvement, also taking into account the
consumption rate of the binder. In the manufacture of
most decorative concrete materials, yellow, red, black
and brown colors are used, the basis of which is an iron
oxide pigment. These pigments can be both natural and
synthetic. Natural pigments are rarely used in the produc-
tion of concrete coatings, due to their low performance
characteristics, such as moisture capacity, low brightness
of such materials and quality variability. The future of
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decorative concrete products in their production lies in
the use of specific nanopigments with variable capabilities
according to customer requirements. It should be noted
that synthetic pigments have a high coloring and cover-
ing ability.

The improvement of the technology of using pig-
ments in building materials has led to the development
and application of pigments that are particles less than
100 nanometers in size. The use of nanopigments in con-
crete has a number of advantages, such as a deeper and
richer color, improved UV resistance and durability of
the material [3—9].

Experiments with pigments in concrete began in the
late twentieth century. However, they were initially limited
to laboratory applications and had no industrial applica-
tions.

With the advent of new technologies and the devel-
opment of technologies in recent decades, the use of
nanopigments in concrete has become increasingly popu-
lar. With the help of nanopigments, it became possible to
achieve a wide range of color shades and create unique
design solutions for decorative elements made of concrete.

Due to their small size, nanopigments are mixed with
the concrete mixture at the molecular level, ensuring uni-
form color distribution in the material. This allows you to
create a deeper and richer color that surpasses traditional
pigments in the quality of concrete coloring. One of the
main advantages of using nanopigments in concrete is
their high resistance to ultraviolet radiation and external
influences. Due to this, the concrete surfaces painted
with pigments retain their brightness and color stability
for a long time.

In the recent past, construction companies used syn-
thetic stone material obtained on the basis of water, sand
and crushed stone in the production of concrete mixtures.
By mixing these components, solid and durable composi-
tions are obtained. Such compositions characterize them-
selves well when obtaining foundations, walls, ceilings,
cladding materials for internal and external surfaces. Cur-
rently, high requirements for the service life of building
materials are imposed, as a rule, not less than ten years.
They are mainly used in the design of homesteads, parks,
shopping centers, squares that are under the influence of
an aggressive environment.

Today, the use of nanopigments in concrete has found
wide application in the construction industry. They are
used to create decorative elements such as sidewalk slabs,
wall panels, building facades and other architectural
structures. Yellow oxide nanopigments open up new op-
portunities for designers and architects, allowing them
to create unique and visually attractive elements from
concrete.

In general, the use of pigments based on a mixture of
Fe (II) and Fe(III) in concrete is a modern technology
that allows achieving high aesthetic appeal and durability

of painted concrete surfaces. This technology continues to
evolve, and it is expected that in the future its application
in construction and design will become more widespread
and innovative.

Industrial production of nanomaterials during finish-
ing works is currently growing rapidly. Decorative cement
concrete products are in great demand, the main disad-
vantage of which is low resistance in aggressive environ-
ments, in conditions with variable temperature changes,
such as freezing and thawing, as well as resistance to
impact and abrasion. Therefore, obtaining mixtures for
the manufacture of decorative concrete products with
improved characteristics is an urgent and promising task.

To date, there are no regulatory documents and qual-
ity standards for the use of pigments in painting decora-
tive concrete and other building materials in our country.
European companies use in the production of these mate-
rials the international standard EN 12 878 “Pigments for
coloring building materials on cement and lime binder”
[10—11], the United States uses the standard ASTM C 979
“Pigments for Integrally Colored Concrete” [12]. When
applying these standards, the effect of the pigment on the
curing time of the cement mixture and on the strength of
the final product is taken into account.

An analysis of studies that relate to the application
of nanopigment additives in concrete and decorative
mixtures shows that this topic is poorly studied and is
interesting and useful from the point of view of industrial
waste disposal.

Due to the demand of the population, every year more
and more attention is paid to the construction of both civil
and public facilities, squares and parks, where decorative
concrete materials of various colors are an integral part of
the decoration [13—20].

METHODS AND MATERIALS

The paper proposes a method for environmentally
friendly processing of catalyst waste hydrogenation of
unsaturated hydrocarbons to obtain a valuable product —
nanopigment. Pigment — iron oxide nano-additive — im-
proves the strength properties of concrete and allows you
to get bright solid concrete masses. Reducing efflores-
cence is also a positive aspect of its use.

One of the pigments widely used in decorative concrete
is iron oxide pigment. It is necessary to note some features
of iron oxide pigments and their use in decorative concrete.
It is iron oxide pigments that offer a wide range of colors,
including shades of red, yellow, brown and black. This al-
lows designers and architects to choose the right color to
create aesthetically attractive and individual surfaces made
of decorative concrete. In addition, they are highly resistant
to UV rays, fading, moisture, chemicals and mechanical
wear. This makes them an ideal choice for use in open
spaces, including building facades, sidewalks, playgrounds
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and other landscape elements. Environmental safety is
quite important. Iron oxide pigments as nanofillers are
environmentally safe and do not contain heavy metals or
harmful chemical compounds. They do not have a nega-
tive impact on the environment and human health, which
makes them the preferred choice for use in construction
and repair. In this work, an iron oxide pigment obtained
from a spent iron-containing catalyst is used, which in-
creases the attractiveness of the work in connection with
solving the problems of solid waste disposal and obtaining
environmentally friendly products for construction.

Spent iron oxide catalysts, depending on their modi-
fication, contain up to 80% iron oxides in the form of
hematite and magnetite. The water-soluble components of
the catalyst form an alkaline medium. Freed from water-
soluble components, followed by drying and grinding in
a disintegrator up to 3—20 microns, the product is a mix-
ture of iron oxides in the form of Fe, O, and Fe,O,.

The Portland cement medium is alkaline, so the addi-
tive introduced into it must be resistant to an alkaline en-
vironment. And when preparing the charge, it is necessary
to take into account the coating capacity, which does not
reduce the strength characteristics of decorative concrete
products, as well as taking into account the consumption
rate of the binder [8].

RESULTS

The most popular colors for the consumer are yellow,
red, brown and black. The nanopigment obtained by us
from the spent iron oxide catalyst is a red-brown product,
the characteristics of which are presented in Table 1.

Bayer pigments are used in Europe. These pigments
demonstrate high quality, but are very expensive. Thus,
when used on a large scale in the production of building
materials, in particular decorative concrete products, it
leads to high costs for the consumer.

The attractiveness of the proposed nanopigment is its
low cost due to the use of a spent iron oxide catalyst as
a raw material.

The assessment of the quality of the obtained pigment
as a nanofiller for decorative concrete products was car-

Table 1
Physico-chemical parameters of the pigment obtained
from spent iron oxide catalysts

Indicator Pigment
1. Fe,0, content, % by weight. 83.79
2. Water-soluble compounds, % by weight | 0.7996
3. pH of the water extract 6.0
4..The re.sidue after dry sieving on a sieve 13
with a grid 016, %

ried out by preparing concrete products with subsequent
testing of the obtained samples according to the follow-
ing indicators: testing of mechanical properties, such as
strength, color, water absorption, resistance to changes
in climatic conditions, such as heat and frost resistance.

To do this, a series of experiments were carried out,
including the preparation of concrete products with dif-
ferent concentrations of pigments.

For the preparation of the material, components were
used, such as: M500 cement, OPTILUX superplasticizer
C3 (OPTILUX) for concrete and mortar (meets the re-
quirements of GOST 24211), nanopigment (from a spent
iron oxide catalyst), water [21].

The preparation of the concrete mixture was carried
out in a laboratory mixing plant. The mixing time was
2—3 minutes. The finished concrete mixture was placed
in a mold to create samples. All samples were hardened
under natural conditions.

Obtaining a spectrum of colors depends on the
amount of pigment added. We studied the effect of the
amount of pigment in the range of 3.3—40% by weight.
with the production of products of a color range from light
brown to dark brown. The formulation of the obtained
samples is presented in Table 2.

With the addition of pigment above 40%, it was im-
possible to obtain samples of concrete products with
a uniform smooth surface. For further studies, samples
with a pigment content of 3.3, 16.67, 26.67 and 40% were
selected.

To test the frost resistance, product samples were
placed in a freezer for 2.5 hours at a temperature of mi-
nus 18%+2°C. Then the samples were placed 20 mm apart
and subjected to thawing. After saturation with water, the
samples were drained with a cloth and placed at a dis-
tance of 20 mm from each other and the walls in a freezer.
Then they turned on the camera and began to slowly lower
the temperature. The initial freezing temperature of the
samples is 16°C.

The studied samples were placed in a bath after freez-
ing and subjected to thawing at a temperature of plus
20—22 degrees.

Calculations:

Calculation of the change in the mass of samples Am,
according to the formula
m—my

Am = 100,

m

where m is the mass of the sample before freezing and
thawing, g; m, is the mass of the sample after freezing and
thawing, g.

The average maximum permissible decrease in the
mass of the samples should not exceed 2%.

According to the results presented in the table, sam-
ples with a pigment concentration of 13.3 and 26.6% meet
the requirements.
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The products were tested for water resistance by
immersing the samples in a container with water for
24 hours. After passing this time , the following observa-
tions were made:
samples do not stain the surfaces with which they in-
teract;
there were no visual changes;
the water in which the samples were located has no
changes in color;
the strength characteristics of the samples with a pig-
ment concentration of 3.3, 13.3 and 26.6% met the
requirements of GOST 10180-90 [22].

The obtained samples were subjected to a heat resis-
tance test.

The samples were placed in a drying cabinet with
a set temperature of 50°C for 3 hours. After cooling the
samples in natural conditions, the following conclusions
were made: no visual changes were detected; no damage
was detected by mechanical action (hands); no traces are
left when they come into contact with surfaces.

The strength of the studied samples was determined
according to GOST 10180-90.

The study of concrete samples for strength consists in
measuring the minimum efforts that destroy pre-prepared
decorative concrete samples prepared in accordance with
regulatory documents. All samples were subjected to the
study of strength characteristics after they were main-
tained at low and elevated temperatures. The samples of
decorative concrete, being at rest, were subjected to static
loading, the load increase occurred gradually, after which
the stress was calculated under these conditions and as-
sumptions of the elastic work of the obtained materials
were put forward. The results of laboratory studies of the
obtained samples for strength after tests for heat resistance
and frost resistance are presented in Table 4.

The research results indicate that the addition of
iron oxide nanopigment to the concrete mixture in-
creases the strength of the products and does not change
the properties of the samples obtained during tests for
heat resistance and frost resistance. However, when a
nanopigment is introduced in an amount of 40%, the
samples crumble.

The pigment based on the applied nano-additive, in
addition to coloring properties, fills the decorative con-

Table 2
Sample formulation
Pigment, g Cement, g Sand, g Water, ml of:g:ll;f;
2 20.05 37.96 15 3.3
4 19.35 36.65 15 6.67
6 18.66 35.34 15 10
8 17.97 34.03 15 13.3
10 17.28 32.72 15 16.67
12 16.59 31.41 15 20
14 15.9 30.10 15 23.3
16 15.21 28.79 15 26.67
18 14.52 27.48 15 30
20 13.82 26.18 15 33.3
22 13.13 24.87 15 36.67
24 12.44 23.56 15 40
Table 3
Results of studies of samples for frost resistance
Percentage of pigment Mass of the sample Mass of the sample Change in the mass
in the sample before tests (g) after the test, (g) of samples, (g/%)
3.3% 62.2 60.4 2.2/3.5%
13.3% 61.5 60.5 1.0/1.6%
26.6% 60.4 59.7 0.7/1.1%
40% 60.1 58.4 1.7/2.8%
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Table 4
Results of strength testing of samples
The amount Percentage SO (§ample Compression (sample | Compression (sample
. . before heat resistance . :
of nanopigment of pigment . after heat resistance | after frost resistance
in the sample, g in the sample, % and frost resistance test), MPa test), MPa
> ’ tests) MPa i i
0 52.6 52.6 52.7
3.30 52.2 52.2 52.0
10 16.6 53.9 53.9 53.6
16 26.6 54.0 54.0 54.4
24 40.0 52.2 52.2 52.2

crete material at the initial stages of mixing, forms crystal-
lization centers, the so-called embryos, then the growth
of crystals, their hardening.

Research in this field notes that the resulting nanopar-
ticles, consisting of hydrated iron oxide, are in the a-form.

The a-form of hydrated iron oxide is the germ that
initiates the processes of crystal formation and partici-
pates in the formation of the structurality of the material.
These are the two factors that most affect the color gamut
of the resulting nanopigment. For example, in order to
get brighter shades and achieve color purity, it is neces-
sary to obtain finely dispersed nanopigments. When the
particles are enlarged, the color of the pigment becomes
dull. Therefore, it is necessary to understand the need for
preliminary grinding before use, since the processes of
pigment caking are not excluded. Laboratory tests have
shown that when forming a charge using gray cement,
the introduced pigment improves the performance char-
acteristics of concrete. It should be borne in mind that
the clearest shades of decorative concrete materials can
be obtained only when using white cement. The differ-
ence in the use of gray or white cement is minimal when
obtaining brown or red concrete. When obtaining black
concrete, it is preferable to use gray cement.

According to statistics, the brick-red shade of decora-
tive concrete materials is in the greatest demand among

consumers. The nanopigment obtained by us on the basis
of iron oxide is the most promising from the point of view
of its production on an industrial scale. It is possible to
obtain samples with a sufficiently intense color even with
its insignificant content (3—4%). This fact undoubtedly
has economic attractiveness from the point of view of its
practical application (Fig. 1).

According to the conducted studies, according to the
intensity of coloring, all samples can be offered to poten-
tial consumers, depending on their preferences.

DISCUSSION

Obtaining iron oxide nanopigment from the waste
of olefin dehydrogenation processes makes it possible
not only to reduce the environmental burden, but also
to obtain a valuable product — a coloring pigment
widely used in the production of building materials.
When iron oxide pigment was introduced into the
composition of the concrete charge for the produc-
tion of decorative concrete products, the following
results were obtained:

— the introduction of a brick-red iron oxide nanopig-
ment into the concrete mixture in an amount from
3.310 23.0% is accompanied by an increase in strength
to 53—54 MPa, while the strength characteristics of

3.3% 13.3%

26.6%

Fig. 1. Concrete samples obtained on the basis of white cement containing iron oxide nanopigment
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concrete products without the introduction of pigment
turned out to be less durable;

— the introduction of iron oxide nanopigment into the
concrete mixture allowed to reduce the consumption
of raw materials;

— by varying the percentage of coloring pigment, it is
possible to adjust the color intensity in accordance
with the requirements of the consumer.

CONCLUSION

This paper shows the possibility of using iron oxide
nanopigment as a coloring additive that improves the
strength characteristics of decorative concrete products.

It was found that with the addition of iron oxide nanopig-
ment from 16...26%, it is possible to obtain samples with
the best strength characteristics of decorative concrete
products. In addition, reducing the cost of purchasing B25
cement when added to concrete mixes will increase hard-
ening and strength by introducing iron oxide nanopigment
up to 26%.

It is relevant to organize the production on an indus-
trial scale of iron oxide nanopigments based on waste from
petrochemical processes for their use not only as coloring
and strength additives in the production of decorative
concrete products, but also in the production of other
building materials on an industrial scale using regional
resources.

This research was funded by the Ministry of Science and Higher Education of the Russian Federation «PRIORITY 2030»

(National Project «Science and University»)
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AHHOTALUA: BeepeHue. CoBpeMeHHbIe NCCNef0BaHMA, MOCBALEHHbIE N3YYEHNIO SKCMyaTaLMOHHbIX CBONCTB AEKOPATUBHbIX
6eTOHOB, Npu J06aBNEHNN K OETOHHOW CMeCU HAHOMUIMEHTOB HeCyT 6oJiblie peKOMeHAaTesbHbI XapakTep. B HayuHol nutepatype
yallle BCEro npw Co3haH1U 3NeMeHTOB 611aroycTponcTBa peKoMeHayeTCs BBeleHVE NMUTMEHTa B KOJIMYECTBE OKOJO 5% oT obuiel
Macchl LemeHTa. Bce onvcaHHble pekomeHAaLmm Yalle BCero nokasblBaloT BO3MOXHOCTb MCMO/Ib30BaHNA HAHOMUIMEHTOB C TOUYKM
3peHus BNVAHWSA KONMYeCTBa NPUMEHAEMON HaHOA06aBKM Ha OHOPOAHOCTb TEKCTYPbl MOKPbITUA. TaKXKe YyUMTbIBAKOTCA TaKuMe Xa-
PaKTePUCTUNKU, KaK NHTEHCMBHOCTb 1 BpeMs COXPaHeHMA Noy4YeHHOro LBeTa. B Halwel cTpaHe HeT yTBepKAeHHbIX HOPMATUBHbIX
[OKYMEHTOB, perflaMeHTUPYIOLLMX CMOCOObI MCMOMb30BaHMA MUTMEHTOB [J1sl OKpaLUViBaHWs 6ETOHOB. [UrMeHTbI MOyyYaloT B OCHOBHOM
13 OKCUAOB »efe3a BCNefCTBME UX JOCTYMHOCTM U HU3KOW TOKCUMYHOCTY ANA OPraHnU3ma YesioBeka, ABNATCA NepCcrnekTUBHbIMA
HaHOMaTepuanamu B cTpoutenbcTee. MeToabl  matepuansl. iccnegoBaHve HanpasieHO Ha NPUMEHEHME Xele300KNUCHOro
NMUrMEHTA, NMOJTyYEHHOTO U3 OTPAbOTAHHOIO »eNle300KCMAHOIO KaTanm3aTopa AernapupoBaHyis, B KQUecTBe KpacsaLlero HaHoHa-
NOMHWTENS 1 YNYULIAIOLEro MPOYHOCTHbIE XaPAKTEPUCTUKN [EKOPATUBHO-OeTOHHbIX n3aenmnin. OTpaboTaHHbIE XeNe300KCUHble
KaTanm3aTopbl, COAePKaLLMe YacTILbl OKCMAOB Xeme3a, PacCMaTPUBAOTCA Kak MOOGOUYHBIV MPOAYKT XMMUYECKOrO MPOU3BOACTBaA.
Llenblo aaHHOro nccnefoBaHna ABNAETCA NpuMeHeHne nurmenTa (B Buge Fe,0, n Fe,0,), nonyyeHHoOro n3 coctaBa oTpabotaHHOro
»Kene3ooKCMAHOro Katanmnsatopa B KauecTse JOMONHUTENbHOIO BAXKYLLEro U KpacAaLlero HaHoMaTepurasa B COCTaBe AeKOPaTMBHO-
6ETOHHbIX n3aenuii. SbpeKT oueHnBany NyTeM TECTUPOBAHUSA MEXaHNYECKNX CBOMCTB, TAKMNX KaK MPOYHOCTb, LIBETHOCTb, BOLOMO-
rnoweHmne, BOJO- 1 MOPO30yCTONYMBOCTb. Pe3ynbTratbl. Pe3ynbtaThl nccnefoBaHU NOKa3anm, YTO NCMOb30BaHWE HAHOMUIMEHTa
B TEXHOJIOTUW MOJTyYeHs 6ETOHA ynyJllaeT CBONCTBA LIEMEHTUPYIOLNX KOMMO3UTOB (LIeMEHTA) 1 MO3BOJNIAET M3MEHUTb LIBETHOCTb
nsgenuin. 3aknioveHue. [laHHoe nccneoBaHve 3aKnioyaeTca B MPYMEHEHNN Kene300KCUAHOMrOo HaHOMUIMEHTa, MOyYEeHHOTO 13
OTpaboTaHHOrO KaTanmsatopa AernaprupoBaHus oneduHOB 1 anKkunapoMaTUUecKxX YrieBOAOPOAOB, B 1eKOPATUBHO-6ETOHHBbIX
n3genusx ¢ obecrneyeHnemM MexaHNYeCcKnx XxapakTeprcTrK 1 LIBETHOCTY MPOLYKTOB.

KJTIOYEBDIE CJTIOBA: fekopaTUBHO-0ETOHHbIE 13AeNNs, OTPaboTaHHbIM KaTann3atop, HAHOMUIMEHT.

ANA UUTUPOBAHUA: AmuHoBsa 3.K., KacbsaHosa J1.3., MicnamytauHosa A.A., Acbanamsaposa J1.P. XKene3ooKcrAaHbI NUFMEHT Kak
KpacALmiA HAHOHANONHUTENb AeKOPATUBHO-6ETOHHbIX M3aenui // HaHoTexHonorum B ctpoutenbcTee. 2023. T.15, N 6. C. 531-537.
https://doi.org/10.15828/2075-8545-2023-15-6-531-537. - EDN: UGFCQW.

BBEJIEHUWE

COBep].HeHCTBOBaHI/Ie CTPOUTEIIHFHBIX TEXHOJIOTUI
Ha CEeTONHSIIHUI IeHb 3aHUMAeT OTHO U3 OCHOB-
HBIX HAIIpaBJICHUI B HAYYHO-MCCIICIOBATEIECKOM IIPO-
necce. OrpoMHOe 3HaUCHUE YACISCTCS CTPOUTEIIBCTBY
JKIJTBIX 3TaHUN 1 00IIECTBEHHBIX cOOpyKeHmit. OTmenKa
(acamoB TaKMX COOPYKECHUI UTPaeT OOJBIIYIO POJIb, M K
HEel TIpeIbSIBISTIOTCS CTporue TpedboBaHms. LIBeToBas
raMMa COBPEMEHHBIX CTPOMTEIBHBIX COOPYKCHUIA 1 apT-
00BEKTOB MMECT OUCHB IMMPOKIE BO3MOXKXHOCTH. C 3TOM

LIEJIbIO UCITOJIb3YIOTCS KOJIODUPOBAHHBIE CYXUE CMECH
JUJISI CTPOUTENILCTBA U OTIEJIOYHBIX paboT, TaKMX KakK
CTEHbI 3IaHUM, TTAHEJIU, CTPOUTEIbHbIE OJIOKU 1 IpyTUe
CTPOUTEIbHbIE KOHCTPYKIIMU. JIeKOpaTUBHO-OETOHHYIO
LIKMXTY HA MPAKTUKE TOJIyYaloT C MCIOJIb30BaHMEM OKpa-
IIEHHBIX LIEMEHTOB WJIM MyTeM BBEIECHUS KpacuTeei
B COCTaB CTPOUTEILHBIX cMecelt [1—2]. Cpena mopTiaH-
LIEeMEHTA SIBJIIETC 1LIEeJTIOUHOM, TTOATOMY BBOAMMAS B HEE
nobaBKa JI0JKHA ObITh YCTOMYMBOM K IIEJIOYHOM Ccpe-
ne. Takoke OgHOM U3 BaXHbBIX XapaKTEPUCTUK TTPU MO -
TOTOBKE IIMXThl HEOOXOMMMO YUUTHIBATh MOKPHIBHYIO
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CIMOCOOHOCTD, KOTOPAst XapaKTEepU3YeTCsl HE CHUKEHUEM
MPOYHOCTHBIX XapaKTEPUCTUK AEKOPATUBHO-OETOHHBIX
W3AEIUI, a UX YJIYYLIEeHUEM TakKXe C Y4eTOM HOPMbI
pacxoja Bspyiero. I1pu n3roropieHnn 0OJIbIIMHCTBA
JIEKOPaTUBHO-O0ETOHHBIX MaTepuaaoB MCIIOJIb3YIOT
XKEJIThIN, KPACHBIN, YePHBIA 1 KOPUYHEBBIN LIBETA, OC-
HOBOM KOTOPBIX SIBJSIETCS XKEJIE300KCUIHBIN MTUTMEHT.
ODTU MMTMEHTHI MOTYT OBITHh KaK HAaTypaJIbHBIMU, TaK
U cuHTeTu4YecKuMmu. HatypanbHble MUTMEHTHI JOCTA-
TOYHO PENKO MPUMEHSIOT B MPOU3BOACTBE OETOHHBIX
TOKPBITUM B CBSI3U C UX HU3KOU IKCIUTyaTAllTMUOHHOW
XapaKTEePUCTUKOM, TAKOW KaK BJIAaroeMKOCTb, HU3Kasl
SIPKOCTb TaKMX KOHCTPYKIIMS Y HEMTOCTOSIHHOCTh Kave-
cTBa. byaylee 1eKOpaTUBHO-OETOHHBIX U3ACIUN MpU
X TIOJIyYEHUM — 32 UCHOJIb30BaHUEM CHELM(PUUHBIX
HaHOIIMTMEHTOB, 00J1aJaloNX BApUATUBHBIMU BO3-
MOXHOCTSIMU TI0 TpeboBaHMAM 3aka3zumka. Ciemyer
OTMETUTh, YTO CUHTETUYECKHUE TTMIMEHThI 00J1afaloT
BBICOKOI KpacsIleil 1 yKphIBaIOIIEi CITIOCOOHOCTHIO.

CoBepIIeHCTBOBAHNE TEXHOJIOTUH MCIIOJIB30BaAHUS
MUTMEHTOB B CTPOUTEIbHBIX MaTeprasiax MpUBEIIO K pa3-
paboTKe U MPUMEHEHUIO MUTMEHTOB, KOTOPHIE SIBJISI-
FOTCS YacTUIaMu pa3mMepoM MeHee 100 HAaHOMETpOB.
HMcnonb3oBaHWe HAHOTIUTMEHTOB B OETOHE UMEET PSifl
MPEeUMYIIECTB, TaKMX Kak 0oJsiee MIyOOKUI U HAChIIIEH-
HBII LBET, yJIy4dllIeHHas1 YCTOMYUBOCTb K yabTpaduose-
TOBOMY M3JTYICHUIO 1 JTOJITOBEYHOCTh MaTepuraia [3—9].

IlepBbie 2KCTIEPUMEHTBI C UCITOJIb30BAHUEM TTUT-
MEHTOB B OETOHE HayaJIM MPOBOAUTHCS B KOHIIE TBa-
maroro Beka. OmHAKO M3HAYaIPHO OHHU OTPaHNINBATNCH
MPUMEHEHUEM B JJaOOPATOPHBIX YCIOBUSIX U HE UMETU
MPOMBILIJIEHHOTO TPUMEHEHUSI.

C mosiBIIcHMEM HOBBIX TEXHOJIOTHI W pa3BUTUEM
TEXHOJIOTUI B MOCJIEIHUE AECATUIETUS UCTIOJIb30BA-
HY€ HAHOTIUTMEHTOB B O€TOHE MPUOOPESIO BCe OOIbIIYIO
HoIyIsIpHOCTh. C ITOMOIIBI0 HAHOITMTMEHTOB CTaJIO
BO3MOXHBIM JIOCTUTaTh IIIMPOKOTO CHEKTPa LIBETOBBIX
OTTEHKOB 1 CO3/1aBaTh YHUKAJbHbIE TU3aiHEPCKUE Pe-
LLIEHMS U151 IEKOPATUBHBIX 2JIEMEHTOB 13 O€TOHA.

bnarogapst cBouM MajleHbKUM pa3mMepaM, HaHOTIWT-
MEHTBI CMEIIMBAIOTCS ¢ OETOHHOI CMEChIO Ha MOJIEKY-
JIIPHOM YpOBHE, 00ecrieunBasi paBHOMEPHOE pacripe/iesie-
HHE 1IBeTa B MaTepHrae. DTO IMO3BOJISIET CO3IaBaTh Oojiee
IyOOKUIA ¥ HACKIIIIEHHBIH LIBET, IPEBOCXOISIIIIAN TpaIM-
LIMOHHbIE MUTMEHTBI B KQUe€CTBE OKpalllBaHUsI OETOHA.

ODHUM M3 TJIAaBHBIX TIPEUMYIIECCTB NCITOTb30BaHUS
HAHOTIUTMEHTOB B OETOHE SIBJISIETCSl X BHICOKAsI yCTOM -
YUBOCTb K YJIbTPa(UOJETOBOMY U3TYYEHUIO U BHEI-
HUM BO3neicTBUsAM. biaromapsi aToMy okpallleHHbIe
MUTMEHTaMU OETOHHBIE MOBEPXHOCTU COXPAHSIIOT CBOIO
SIPKOCTb U LIBETOBYIO CTAOUJIBHOCTb B TEUEHUE IJTATEb-
HOTO BpEMEHMU.

B HepaBHEM MpOIILIOM CTPOUTEbHbIE KOMITAHUU
MPUMEHSIU MPU MOJTYYEHUU OETOHHBIX CMECE CUHTe-
TUYECKNI KAMEHHBIN MaTepHall, MOJTYYECHHbI HA OCHOBE

BOIBI, TIecKa 1 meOHsI. CMeIIeHreM 3TUX KOMITOHEHTOB
MOJIy4yaroT TBEpAbIE U MPOYHbIe KOMIO3ULIMU. Takue
KOMITO3UIIMU XOPOIIO XapaKTepu3yloT ceOs1 mMpy MoJTy-
yeHUU (pyHIaMEHTa, CTCH, IIOTOJOUYHBIX TTIePEKPBITUHA,
00JIMIIOBOYHBIX MAaTEPUAJIOB 11 BHYyTPEHHUX U BHEIII-
HUX TTOBepXHOCTel. B HacTos11ee BpeMsi K CTpPOUTENb-
HBbIM MaTepuajiaM MpeabsBISIOTCS BbICOKHUE TpeOoBa-
HUS TIO CPOKY CJIYXKObI, KaK MpaBUJIO, HE MEHee AeCITU
JIeT. B oCHOBHOM OHHM TIPUMEHSTIOTCS TIPU O(hOpMIICHUHT
npuycanedbHbIX y4acTKOB, MapKOB, TOPTOBBIX LIEHTPOB,
CKBEpOB, HAXOMSIIMXCS MO BO3AEHCTBUEM arpeCCUBHOM
OKpY>Kaloleu cpebl.

CeromHs UCTI0Ib30BaHNE HAHOITMTMEHTOB B OETOHE
HAIJIO IIUPOKOE MPUMEHEHUE B CTPOUTEIbHON MHIY-
crpun. OHU UCTIOIB3YIOTCS IJIST CO3NAHMS IeKOPATHB-
HBIX 2JIEMEHTOB, TAKUX KaK IUIMThI TPOTYapOB, CTEHOBbIE
ImaHenn, (pacambl 3MaHWI U IPYTHE apXUTEKTYPHBIC KOH-
CTpYKUMU. ZKeIe300KCUAHbIE HAHOTTUTMEHTBI OTKPbIBa-
10T HOBbIE BO3MOXKHOCTH 151 TM3aifHEPOB U apXUTEKTO-
POB, MO3BOJISII UM CO3[1aBaTh YHUKAJIbHbBIE U BU3YaJIbHO
MpUBJIeKATEIbHbIE 2JIEMEHTHI U3 OETOHA.

B nenom, ucrnosib3oBaHWEe MUTMEHTOB Ha OCHOBE
cmecu Fe (IT) u Fe(II1) B 6eToHe npencrasisieT coooit
COBPEMEHHYIO TEXHOJIOTUIO, KOTOPAsl MO3BOJISIET TOCTUYb
BBICOKOI 3CTETUYECKON MPUBIEKATEAbHOCTU U J0JITO-
BEYHOCTH OKpAaIlleHHBIX OCTOHHBIX TOBEPXHOCTEH. DTa
TEXHOJIOTUS MPOIOJIKAET Pa3BUBATLCS, U OXUIIACTCS,
YTO B OyIyllIEeM ee MPUMEHEHNWE B CTPOUTEICTBE U IU-
3aiiHe OyIeT CTAHOBUTLCS BCe 00Jiee pacipoCTpaHEHHbIM
Y UHHOBALIMOHHBIM.

ITpombllIEeHHOE TTPOU3BOICTBO HAHOMATEPHUAIOB
MpY TTPOBEIEHUM OTIEIOYHBIX padOT B HACTOSIILIEE BPEMST
CTPEMMTENIBHO pacTeT. BoJbIION CIIPOC UMEIOT U3AECIUST
U3 1eKOPATUBHBIX LIEMEHTHbBIX 6€TOHOB, OCHOBHBIM He-
JIOCTaTKOM KOTOPBIX SIBJISIETCSI HEBbICOKAsI CTOMKOCTD
B arpeCcCUBHBIX Cpeaax, B YCIOBUSIX C TIEPEMEHHBIM U3-
MEHEHMEeM TeMIepaTyphbl, TAKUX KaK 3aMOpaKkMBaHUeE
U OTTaMBaHUE, a TAKXKE YCTOMUYMBOCTD K YIAPHBIM U UC-
TUpatoIuM Bo3necTBusaM. [1loaTomy roaydyeHue cMmeceit
JIJISI U3TOTOBJIEHUSI NEKOPATUBHBIX OETOHHBIX U3AETNI
C YJIy4LLIEHHBIMM XapaKTEPUCTUKAMMU SIBJISIETCS aKTyaslb-
HOM 1 MepCOeKTUBHOM 3a1a4eit.

Ha ceronHsimHuii 1eHb B HallIEW CTpaHe He Cyllle-
CTBYET HOPMATUBHBIX JOKYMEHTOB U CTaHIAPTOB Kaye-
CTBa MCMOJIb30BAHUSI MUTMEHTOB TIPU OKpacke JeKopa-
TUBHO-OETOHHBIX U APYTUX CTPOUTEIbHBIX MATEPUAIIOB.
EBponeiickie KoMIaHUK WCTIOAb3YIOT TIPU TTPOU3BO/I-
CTBE JTaHHBIX MAaTEPUAIOB MEXIyHAPOIHbI CTaHAAPT
EN 12 878 «[TurMeHTHI 1J15T OKpaIIMBaHUS CTPOMTETLHBIX
MaTepuaioB Ha LIEMEHTHOM 1 U3BECTKOBOM BSDKYILIEM»
[10—11], Coennnennbie LIITaThl MPUMEHSIOT CTaHAAPT
ASTM C 979 «Pigments for Integrally Colored Concrete»
[12]. TTpu mprMeHeHN TaHHBIX CTAHIAPTOB YUYUTHIBAIOT
BJIMSIHME TIMTMEHTA Ha BpeMsI 3aTBEpAeBaHUS LIEMEHTHOM
CMECH M Ha TIPOYHOCTb KOHEYHOTO MPOAYKTA.
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AHaIN3 UCCIeN0BaHMil, KOTOPhIE OTHOCSTCS K 00J1a-
CTH IIPUMEHEHUsI HAHOIMUTMEHTHBIX J00ABOK B GETOHbI
U IEKOpATUBHbBIE CMECH, TIOKA3bIBAET, YTO TO TEMA Ma-
JIOU3Y4eHa U SIBJISICTCS MHTEPECHOM U ITOJIE3HOM C TOUKHU
3pEHUS YTUIU3AIINHT TIPON3BOICTBEHHBIX OTXOIOB.

B cBs131 cO CIPOCOM HACEICHMS ¢ KaXKIbIM FOI0M
yaensieTcst Bce 0oJiblie BHUMAHUSI CTPOUTEILCTBY KaK
TpakIaHCKUX, TaK U OOIIECTBCHHBIX OOBEKTOB, CKBEPOB
U NIAPKOB, IIe HEOThEMIIEMOI YaCThIO OTACIKY SIBJISI-
I0TCSI IEKOPATUBHO-0ETOHHBIE MaTepUaJIbl PA3IMYHOMN
1BETOBOI raMMubI [13—20].

METO/bI 1 MATEPUAJIBI

B pabote npemioxkeH cnocod 3KOJOTUYHOM mepe-
pabOTKM KaTaaU3aTOPHBIX OTXOAOB THIPHUPOBAHUS He-
TIPeIeIbHBIX YIJICBOAOPOIOB C MTOTyIYeHUEM [EHHOTO
MpoayKTa — HaHomMuIMeHTa. [IUrMeHT — KeIe300KCHI-
Hast HaHOMOOaBKa — YJIy4dIIaecT IIPOYHOCTHBIC CBOMCTBA
OCTOHOB U ITO3BOJISICT TTOJYUYUTh SIpPKHE OMHOTOHHBIC
6eToHHBIC Macchl. CHIDKEHIE BBICOJIOB TAaKXKe SIBJISICTCS
TIOJIOXKUTEIbHEIM MOMEHTOM €€ MCTIOJIb30BaHUSI.

ODHNM 13 IMIPOKO IPUMEHSIEMBIX B IEKOPATUBHOM
OCTOHE TTMTMCHTOM SIBJISICTCSI 3K€JIC300KCHUIHBIN TTNT-
MeHT. Heo0XxoanumMo oTMETUT HEKOTOPbIE OCOOEHHOCTU
JKEJIC3HOOKCUIHBIX MMTMEHTOB 1 UX IIPUMEHEHHE B JIe-
KOopaTuBHOM OeToHe. IMEHHO KeJIe3HOOKCUIHEIC TTHT-
MEHTBI TIpeIjIaraloT IMMPOKUIA CITEKTP IIBETOB, BKIIFOYAsT
OTTEHKHU KPAaCHOTO, JKeJITOr0, KOPUIHEBOTO 1 YePHOTO.
DTo MO3BOJIICT AN3aifHEpaM M apXUTEKTOpaM BBIOU-
paTh MOOXOMSIINNA IIBET IJISI CO3MAHUS SCTCTHICCKU
TIPUBJICKATEILHBIX M MHANBUAYAIbHBIX TTOBEPXHOCTEH
13 feKkopatuBHOro 6eToHa. Kpome Toro, onu o6mamgarot
BBICOKOU YCTOMUMBOCTBIO K BO3IECUCTBUIO YIBTpadUO-
JICTOBBIX JIy4Yeil, K BBIIIBETAHUIO, BJIare, XUMUICCKUM
peareHTaM M MEXaHWYEeCKOMY M3HOCY. DTO AeIacT UX
WIeaTbHBIM BEIOOPOM JIJIST UCIIOJIB30BAHMS B OTKPBITHIX
TIPOCTPAHCTBAX, BKIItoUas pacamgbl 3MaHUI, TPOTyapHl,
IUIOIIAOKY W APYTHE 3JIEMEHTH JaHamadTa. Hemaio-
BaXKHBIM SIBIISICTCST 3KOJIOTUUYECKast 6e30MmacHOCTh. XKe-
JIE3HOOKCHIHBIC ITUTMEHTH KaK HAHOHATIOJTHUTEIN
SIBJISTFOTCSI 9KOJIOTMYCCKH 0€30ITaCHBIMM M HE COIep-
JKaT TSKEJTBIX METAJUIOB WJIA BPEAHBIX XUMHIECKIX CO-
enuHeHN. OHM He OKa3bIBAIOT HETATUBHOTO BIUSTHUS
Ha OKPYKAIOIIYIO CPeAy U 3M0POBBE JIIOACH, UTO IeIacT
WX TIPEATIOYTUTEIIBHBIM BBIOOPOM TSI MCTIOJIB30BAHUS
B CTPOUTENILCTBE U peMOHTE. B maHHEIN paboTe mpu-
MCHSIETCS KEJIC300KCHIHBIN MTUTMEHT, TTOJIYYCHHBIN
13 OTpabOTAHHOTO KeJIE30COMePKAIIEeTO KaTaJn3aTo-
pa, 4TO YCUJIMBACT IIPUBIICKATCIFHOCTD PAOOTHI B CBSI3H
C pelIeHueM TIpo0IeM YTUIN3AMUN TBEPIBIX OTXOI0B
TIPOM3BOACTBA M MOJIYICHUEM 3KOJOTMICCKU YUCTHIX
TIPOIYKTOB IJIST CTPOUTEIBCTBA.

OTpaboTaHHBIC XKeJIe300KCUIHBIC KaTaJIn3aTOPHI
B 3aBUCUMOCTH OT UX Moaudukauuu nopsiaka no 80%

coIepsKaT OKCHIHI Kejle3a B BUIE TeMaTUTa M MarHEeTHTA.
BomopacTBopuMBIE COCTaBIISIONINE KaTaanl3aTopa 00-
pa3yIoT MIEIOUHYIO cpemy. OCcBOOOKICHHBIN OT BOIO-
PaCTBOPUMBIX KOMITOHEHTOB C TTOCICIYIOIICH CYIITKOM
1 pa3MOJIOM B Jie3nHTeTpatope 10 3—20 MKM IIPOIYKT
IIPEACTaBISACT COOOM cMeCh OKCHIOB 3Xejie3a B BHUIIE
Fe,O,u Fe.O,.

Cpena mopTaaHIIEMEHTA SIBIISICTCS IIICJIOUHOM, T10-
5TOMY BBOAMMAS B Hee J00aBKa MOKHA OBITH YCTOM-
YUBOH K IIEIOYHOM cpene. A MPH IMMOATOTOBKE IITHUXTHI
HEOOXOIMMO YIYUTHIBATH TTOKPHIBAIOIIYIO CITOCOOHOCTD,
HE CHIKAIOIIYIO IIPOYHOCTHBIC XapaKTePUCTUKHU TEKO-
PaTUBHO-O0CTOHHBIX U3ICIINI, a TAKXKE C YICTOM HOPMEBI
pacxoma BseKyero [8].

PE3YJIbTATBI

Haunbonee BocTpeOOBaAaHHBIMU LIBETAMU JJIsI T10-
TpeOUTENS ABISIOTCS XKEJIThIN, KPACHBIN, KOPUIHEBBIN
n yepHbIii. [TojlydeHHBINT HAMU HAHOIMUTMEHT U3 OT-
paboTaHHOTO XeJIe300KCUIHOTO KaTaIn3aTopa Ipes-
CTaBJIsIET COOOI KpaCHO-KOPUYHEBLIN MTPOAYKT, XapaK-
TEPUCTUKHN KOTOPOTO MPEACTaBIICHBI B TA0I. 1.

B EBporie ncrnonb3yoTcs TMrMeHThl (pupmbl «baii-
ep». DTU TIMTMEHTHI IEMOHCTPUPYIOT BBICOKOE KauecTBO,
HO SIBJISIOTCS OYEHb JIOPOTOCTOSIIIIMMU, TAKAM 00pa3oM,
MpY MacIITaOHOM ITPUMEHEHUH B IIPOU3BOJICTBE CTPO-
UTEJIbHBIX MaTEepUaJIOB, B YaCTHOCTH, JEKOPATUBHO-
OETOHHBIX U3, MIPUBOIUT K BEICOKHUM 3aTpaTaM
IIJISE TIOTPEOUTENS.

ITpuBnekaTeTbHOCTHIO TTpeIIaraéMOro HAaHOITUTMEH -
Ta IBJISIETCS €r0 HU3Kask CTOMMOCTD 3a CYET UCITOJIb30-
BaHWS B KAUECTBE CHIPhS OTPAOOTAHHOTO XKeJIe300KCH/I -
HOTO KaTaJnl3aTopa.

O1eHKa KavyecTBa MOJIy4eHHOTO MATMEHTA B Kade-
CTBe HAHOHAITOJIHUTES JUIST TEKOPATUBHO-0ETOHHBIX
W3IEITI TIPOBOIMIIACH ITYTEM ITPUTOTOBJICHNST OETOHHBIX
WU3AENNH C TTIOCTEAYIOINM TeCTUPOBAHUEM TTOTYYEHHBIX

Tabauya 1

Du3MKO-XMMHYECKHE TIOKA3ATe/IM IUTMEHTa,
NOJIy4eHHbIE M3 OTPAOOTAHHDBIX XKeJIe300KCHIHbIX
KaTaJlu3aTopoB

HaumenoBanue mokasareist ITurment

1. Conepxanue Fe,O,, % macc. 83,79
2. PacTBOpUMEIE B BOJIE COETUHEHNSI,

0,7996
% macc
3. pH BOIHOI BBITSKKHA 6,0
4. OcTaToK TI0cJIe CyXOro IpocerBa- 13
HUSA Ha cuTe ¢ ceTkoii 016, % ’
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00pa3IIoB IO CJICMYIOIINM ITOKA3aTe IsSIM: TECTUPOBAHME
MEXaHMYECKHX CBOMCTB, TAKMX KaK IIPOYHOCTD, IIBET-
HOCTB, BOIOIIOIJIOIICHIE, YCTOMINBOCTD K MI3MEHEHUSIM
B KIIMMATUICCKUX YCIIOBHI, TAKMX KaK XKapo- U MOPO-
30yCTONINBOCTb.

st 3TOTO MPOBOAMIN CEPUIO BKCIECPUMEHTOB,
BKJTIOYAIOIINX TPUTOTOBJICHNE OCTOHHBIX M3OCIINIA
C Pa3IMIHBIMY KOHIICHTPAIIUSIMU ITNTMEHTOB.

st TIpUTOTOBJICHUS MaTepHalia MCITOJIb30Balln
KOMITOHEHTHI, TaKHe KakK: IleMeHT Mapku M 500, cyrep-
mwractudukatop C3 OPTILUX (OIITUJIIOKC) mrs
OCTOHOB M CTPOUTEIILHBIX PACTBOPOB (COOTBETCTBYET
tpedoBanusM [OCT 24211), HaHOIUTMEHT (M3 OTpa-
0GOTaHHOTO XXeJIe300KCUIHOTO KaTajan3aTopa), Boma [21].

[IpurorosneHne GETOHHO CMECH TIPOBOAWIM B J1a00-
paTOpHOI MepeMeInBaloNIeii ycTaHOBKe. Bpemst mepe-
MEIIMBAaHUS COCTABIISUIO 2—3 MUHYTHL ['0TOBast 6eTOHHAS
CMeCh YKJIaIbIBaIach B (popMy TSI CO3MAHMST 00pa3IIoB.
Bce 06pasiibl TBepaen B eCTECTBEHHBIX YCIIOBHSIX.

[TonydyeHue crnekTpa LBETOB 3aBUCUT OT KOJIMYECTBA
nobaBjieHHOro nMUrMeHTa. HaMu ObL10 U3ydeHo B -
HUE KOJIMYeCcTBa MUTMeHTa B auana3oHe 3,3+40% macc.
C TIOJTyIeHUEM M3IEITNIA IIBETOBOI TAMMBI OT CBETI0-KO-
PUYHEBOTO IO TeMHO-KOpHYHEBOTO. PemenTypa 1moy-
YeHHBIX 00pa3IIoB IIpeACcTaBIcHa B Ta0M. 2.

Ipu no6aseHnu murMenTa Bbiie 40% ObITI0 HEBO3-
MOKHO TIOJIyYUTh 00pa3Ibl 06 TOHHBIX U3IEJII C OTHO-
POIHO IIAAKOM ITOBEPXHOCTHIO. [1JIsT mabHEUIITNX 1C-
CJIeIOBaHUIA OBLTH OTOOPAHBI OOPA3IIBI C COACPKAHIEM
murMenra 3,3, 16,67, 26,67 u 40%.

s TpoBepKI MOPO30YCTOMIMBOCTH 00pa3IIbl N3-
TSIV TIOMEIaI B MOPO3WIBHYIO KaMepy Ha 2,5 4. TIpr
TeMriepaType MuHyc 18+2°C. 3aTtemM 00pa3Iibl pa3MeCTH-

JIM IpYT OT Apyra Ha 20 MM ¥ ITOABEPIJIA OTTAUBAHUIO.
OO6pa3sl TOCIe HACHIIIEHUS BOIOM OCYIITMIN TKAHBIO
1 TIOMECTUJIN Ha pacCTOSTHUM IPYT OT APyTra U CTEHOK
Ha 20 MM B MOPO3WJILHOI KaMepe. Jlaree BKITIOUMIIN Ka-
Mepy ¥ HauajIi MeIJICHHO TTIOHIDKATh TeMIieparypy. Ha-
yaJibHas TeMIIepaTypa 3aMopaxkuBaHust 06pas3uos 16°C.

Hccnmenyembie 06pa3Ibl ITOCIE 3aBEPIICHUS 3aMO-
PO3KH TIOJIOKUJIN B BAHHY W MOIBEPIJIM OTTAaWBAHUIO
IIpu TeMreparype 1ioc 20—22 rpamgyca.

PacueTsr:

1. Pacuet uamMeHeHUs Macchl 06pa3iioB Am 1o gop-
MyJIe

rae m — mMacca obpasiia 10 3aMOpakKUBaHUSI U OT-
TauBaHWUA, T;

m, — Macca obpasiia mocJie 3aMOpaX1BaHUSI U OT-
TauBaHMH, T.

CpeHee MAKCUMAJIBHO JOINYCTUMOE YMEHbIIEHUE
Macchl 06pa3LIOB He JOJIKHO MpeBbIaTh 2%.

ITo pe3ynbTaTam, PEACTABIEHHBIM B TA0IULIE, TPE-
OOBaHUSAM COOTBETCTBYIOT OOpa3Lbl ¢ KOHLEHTpaLMei
murmenTa 13,3 1 26,6%.

TIpoBepKy U3AENNii Ha BOAOHENPOHULIAEMOCTD TPO-
BOJMJIM TyTEM TIOTPYXKEHUs 00pa3LoB B Tapy ¢ BOJO
Ha 24 yaca. ITocie MpoXoXIeHUs TaHHOTO BPEMEHU
ObUIN CETaHbI CIIEAYIOIINE HAOIIONEHU:
00pasIIEl He OKPAIINBAIOT IIOBEPXHOCTH, C KOTOPBIMU
B3aIMOJEICTBYIOT;

BU3YyaJIbHO U3MEHEHUI HE IIPOU30LILIO;
BOJIA, B KOTOPO# HAXOAWJINCH 0Opa3Libl, HE UMEET
MU3MEHEHUI B OKPACKE;

Tabauuya 2
PenenTypa npuroroBJieHust 00pa3nos
ITurmenT, r IlemeHT, r Ilecok, r Boaa, ma Hpoue:;:;:ﬂ?r(;;,[gmanne

2 20,05 37,96 15 3,3

4 19,35 36,65 15 6,67

6 18,66 35,34 15 10

8 17,97 34,03 15 13,3

10 17,28 32,72 15 16,67

12 16,59 31,41 15 20

14 15,9 30,10 15 23,3

16 15,21 28,79 15 26,67

18 14,52 27,48 15 30

20 13,82 26,18 15 33,3

22 13,13 24,87 15 36,67

24 12,44 23,56 15 40
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MIPOYHOCTHBIE XapaKTEePUCTUKKM 00pa3LIOB, C KOH-
LeHTpauueil murmenTa 3,3, 13,3 1 26,6 % cootsert-
crBoBas TpedoBanmsam rmo FOCT 10180-90 [22].
[TomygyeHHBIE 0OPA3IIEI MOIBEPTATNCH UCTIHITAHUIO
Ha XapOIPOYHOCTb.

O6pasLbl IOMECTUIN B CYILIMIbHBIA IKad ¢ ycTa-
HOBJIeHHOI TemriepaTypoit 50°C Ha 3 yaca. ITocie ox-
JIaxIeHust 00pa3loB B €CTECTBEHHBIX YCIOBUSIX ObLIU
ClIeJIaHbI CJIEAYIOIINE BHIBOIbI: BU3YaIbHO M3MEHEHUI
He ObUIO BBISIBIIEHO; IIPY MEXaHUYECKOM BO3ICHCTBUU
(PyK) He OBUIO BBISIBJIIEHO pa3pyLIeHUIA; CIEIOB IIPU CO-
MIPUKOCHOBEHUU C ITOBEPXHOCTSIMU HE OCTABJISIIOT.

OrnpezesieHre MPOYHOCTU U3y4aeMbIX 00pa3LIOB BEJIN
cormacHo 'OCT 10180-90.

HccnenoBanue odbpa3iioB 6eToHa Ha MMPOYHOCTD 3a-
KJIIOYAeTCs B 3aMepe MUHUMAJIbHBIX YCUINI, pa3py-
LIAIOIINX IIPeABAPUTE]bHO IIPUTOTOBIEHHBIE AeKOpa-
TUBHO-0ETOHHBIE 00Pa3Lbl, IPUTOTOBICHHBIE COIIACHO
HOPMAaTUBHBIM JOKyMeHTaM. Bce 0Opasibl rmoaBepra-
JINCh U3YYEHUIO IPOYHOCTHBIX XapaKTePUCTUK I10CTIE
TOr0, KaK ObUIM BbIAEPXKAHBI IIPU ITOHKEHHBIX U 10-
BBILLIEHHBIX TeMmIiepaTypax. O0Opasibl JeKOPATUBHOIO
0eTOoHa, HAXOISICh B IIOKOE, ITOABEPraiCh CTATUYECKO-
My Harpy>KeHMIO, YBEJIUUECHUE HATPY3KU IIPOUCXOIM -
JIO TIOCTEIIEHHO, I10CJIe ObLIO BEIYMCIIEHO HAMPSKEHUE
MIPU JAHHBIX YCIOBUSIX U BBIIBUHYTHI IIPEAITIOI0KEHNUS
YIPYroi paboThl MOTy4eHHBIX MaTepuaioB. Pe3ynibraThl
J1a00paTOPHBIX UCCIIEAOBAHMIA ITOyYeHHbBIX 00pa31oB

Ha IIPOYHOCTh I10CJI€ UCIIbITAHMIA HA KapOIIPOYHOCTh
1 MOPO30CTOMKOCTD IIPEeACTABICHBI B Ta0I. 4.

Pe3ynbTaThl UCCIEI0BAHUI CBUAETEIBCTBYIOT, YTO
J100aBJIeHUE B COCTAaB OETOHHOM CMECH XKeJIE300KCHUI-
HOT'O HAHOIIUTMEHTA YBEJIMYMBAET IIPOYHOCTD M3IE/INIA
1 HEe U3MEHSIET CBOMCTB MOJIyYeHHBIX 00pa31oB IIpU
HCIBITAHKSX HA XapOIPOYHOCTh 1 MOPO30CTOMKOCTbD.
OpnHako TIpW BBEACHUHW HAHOIIUTMEHTA B KOJIMIECCTBE
40% 00pa3ibl KPOLIATCS.

[urMeHT Ha OCHOBE BHECEHHOI HAHOIO0ABKU, 10~
MKMO KPaCSILIMX CBOMCTB, HA HAYaJIbHbIX CTAAUSIX CME-
LICHUS 3aII0JIHSET IeKOPaTUBHO-O0ETOHHbBII MaTepuall,
00pa3yeT LEeHTPhl KPUCTA/UIM3ALMHU, TAK Ha3bIBa€MbIe
3apOBIIIN, 1ajJiee POCT KPUCTAJIOB, MX YIIPOYHEHHUE.

WccienoBaHus B JaHHOM 00J1aCTU OTMEYAIOT, YTO
IOJIyYAIOII1eCcss HAHOYACTUIIBI, COCTOSIILINE U3 THIPATHU -
POBAaHHOM OKMCH XeJjle3a, HaxomsaTcs B a-(opmMe.

a-dopma TUApaTUPOBAHHOM OKUCH XKeJjle3a SIBJISIET-
sl 3apOJbIIlIeM, KOTOPble MHULIUUPYIOT IPOLIECCHI 00-
pa3oBaHUsI KPUCTA/UIOB U YYaCTBYIOT B (DOPMUPOBAHUM
CTPYKTYPHOCTU MaTepuaia. DTo ABa akTopa, KOTOpbIE
0oJIblIIE BCEro BIMSIOT HA IIBETOBYIO TaMMy I10Iy4aeMOTro
HaHomurMeHTta. Hampumep, st Toro 4to0bl MOJYYUTh
0oJjiee SIpKKe OTTEHKHU U JOOUTHCS YMCTOTHI LIBETa, He-
00XOIMMO I0JIy4aTh TOHKOAKCIIEPCHBIC HAHOIIUTMEHTEI.
[Ipu yKpymHEHUH YaCTUL] LIBET MMIMEHTA CTAHOBUTCS
TYCKJIbIM. [103TOMY ClieayeT MOHUMATh HEOOXOAUMOCTh
MIPeABAPUTEIILHOTO Pa3MoJia Iiepe/l UCIIOIb30BAHUEM, TAK

Tabauya 3
Pe3ynbTaThl Hece10BaHMil 00pa30B HA MOPO30CTOMKOCTD
IIpouenTHOE comepkaHue Macca odpa3sna Macca odpasna WN3menenue maccobl
NMUTMEHTA B 00pasie 0e3 ucnbITanuii () nocJie HCnbITanus, (r) 00pa3sios, (r/%)
3,3% 62,2 60,4 2,2/3,5%
13,3% 61,5 60,5 1,0/1,6%
26,6% 60,4 59,7 0,7/1,1%
40% 60,1 58,4 1,7/2,8%
Tabauya 4
PesyabraThl ncciie10BaHuii 00pPa310B HA IPOYHOCTD
IIponenTHOE (e (Oﬁp%f . Cxarne (o0pasenn Cxatne (o0pa3zen
KoumgecTso J10 UCTILITAHUI
coaepxkanue 10CJjie HCObITAHUS 1ocJjie NCIBITAHUS
HAHONUIMEHTA HA KAPONPOYHOCTh .
NMUTMEHTA B 00pasie, . Ha JKapONPOYHOCTb), | HA MOPO30CTOMKOCTD),
B 00pasue, r 1 MOPO30CTOHKOCTB)
% MIla MIla
MIla
0 0 52,6 52,6 52,7
2 3,30 52,2 52,2 52,0
10 16,6 53,9 53,9 53,6
16 26,6 54,0 54,0 54,4
24 40,0 52,2 52,2 52,2
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3.3% 13.3%

26.6% 40.0%

Puc. 1. Oopa3upl 6eToHA, MOJyYeHHbIE HA OCHOBE 0€JI0ro IIEMEHTA C COAEPKAHMEM JKeI€300KCHIHOT0 HAHOMMIMEHTA

KaK He MCKITFOUCHBI IIPOIIECCHI CCKMBAHMUS ITUTMCHTA.
JlabopaTopHBIe NCITBITAHUS TTOKA3aJIH, 9YTO TIPY (POPpMI-
POBaHMU IIUXTHI C UCITOJIB30BAaHUEM CEpOTro IIeMeHTa
BHECCHHBIN ITUTMEHT YIIy4dIIaeT SKCIUTyaTallMOHHEIC Xa-
pakTeprcTUKu 6eToHOB. CleayeT UMeTh B BUY, UYTO HaU-
00JIee YeTKIE OTTCHKH IeKOPATHBHO-0CTOHHBIX MaTCpH-
AJIOB MOXKHO TIOJTYYUTh JIAIITH TIPH UCTIONH30BAHUH OCIIOTO
meMeHTa. Pa3HuIIA B MCTIOJIE30BAHIY CEPOTO I OEJIOTO
IeMeHTa MUHUMAaJIbHA TIPY TTOJIydeHUN KOPUIHEBOTO
J160 KpacHoro 6etoHa. [Tpu ronyyeHnun yepHoro 6eToHa
TIPEATIOYTUTEIIFHEI MCITOTh30BaTh CEPHIi IIEMEHT.

CorracHO CTaTUCTUYCCKUM JAaHHBIM, KHMPITMIHO-
KpacHBII OTTEHOK JeKOPaTUBHO-0CTOHHBIX MAaTePHUAIOB
001agaeT HauOOJIBIINM CIIPOCOM CPEIy ITOTpeduTeINeH.
IToxy4eHHBINT HAMU Ha OCHOBE OKCHJIA XKejie3a HaHO-
TMIUTMEHT SIBIISICTCST Han0O0JIee TICPCIIEKTUBHBIM C TOYKHI
3pPEHUS €TO IIPON3BOICTBA B IPOMBIIIUICHHBIX MACIIITA-
6ax. [ToayuuTh 006paslibl ¢ 1OCTATOYHO UHTEHCUBHOM
OKPACKOI BO3MOXKHO y3Ke TIPY He3HAYNUTEIIHHOM €T0 CO-
nepxanuu (3—4 %). JlanHblil akT, HECOMHEHHO, 00-
JTagacT 3KOHOMUYECKOM IMPUBIEKATEIEHOCTHIO C TOUYKH
3pPEHUS €TO MPAKTUIECKOTO IMpuMeHeHUs (puc. 1).

CoryracHO MPOBEACHHBIM MCCIICIOBAHUSIM, 10 MH-
TEHCUBHOCTU OKPACKH BCe 00pa3IIbl MOTYT OBITh IIPEIJIO-
JKEHBI IOTCHIINAIBHBIM ITOTPEOUTEIISIM B 3aBUCUMOCTH
OT UX IIPEOITOYTCHUIA.

OBCYXKJIEHUE

IMonydyeHue Xene30KCUTHOTO HAHOTTUTMEHTA U3 OT-
XOIIOB TIPOLIECCOB NETUIPUPOBAHUS 0JIe(DUHOB JaeT
BO3MOXHOCTb HE TOJTbKO CHU3UTh SKOJIOTUYECKYIO Ha-
TPY3KY, HO ¥ TIOJTYYUTh IIEHHBIN TTPOIYKT — KPACSIIUI
TMUTMEHT, ITUPOKO MPUMEHSIEMBII B IPOU3BOICTBE CTPO-
WUTETbHBIX MaTepuaioB. [1pu BBeneHNU KeTe300KCU]T -
HOTO MMUTMEHTA B COCTAaB OETOHHOM IIWXTHI TSI TIPO-

M3BOICTBA JCKOPATUBHO-0CTOHHBIX U3ICINI YIaIOCh

ITOJTYIUTH CIICAYIONINE Pe3yabTaThl:

— BBeIcHHE B OSTOHHYIO CMECh XKeJIe300KCHIHOTO Ha-
HONUTMEHTa KUPITMIHO-KPACHOTO IIBETa B KOJIMUC-
ctBe 0T 3,3 10 23,0% conpoBOXAAETCs yBEIMYEHUEM
npoyHocTH 10 53—54 MIla, Torga Kak mpOYHOCTHbBIE
XapaKTEePUCTUKN OCTOHHBIX M3ICTNI 0e3 BBeICHUSI
IMMTMEHTA 0Ka3aJIMCh MEHEE IIPOUYHBIMMU;

— BBeICHHE B OCTOHHYIO CMECh XKeJIe300KCUIHOTO Ha-
HOTIIUTMEHTA ITO3BOJIMJIO CHU3UTD PACXO CHIPHSI;

— BapbUPOBAHUEM MPOIECHTHOTO COACPXKAHUS Kpacs-
IIeTO MTUTMEHTA BO3MOXKHO PEryINpOBaTh MHTCH-
CHBHOCTH IIBeTa B COOTBETCTBHU C TPCOOBAHUSIMU
OTpeOUTEIS.

3AK/IIOYEHUE

B manHoI1 paboTe moka3zaHa BO3MOXKHOCTb ITPUMEHe-
HUS KeJIE300KCUIHOTO HAHOIIMTMEHTAa KaK Kpacsieit
TI00ABKM, YITYIIIIAFOIIEH IIPOYHOCTHBIC XapaKTePUCTUKIA
JIEKOPATUBHO OETOHHBIX U3IENINiA. YCTaHOBJIEHO, YTO TIPU
JI00aBKe XKeJEe30KCUIHOrO0 HaHOIMUTMeHTa oT 16...26%
yaaeTcs MOoJayYuTb 00pas3iibl ¢ HAWIYYIIUMU TTIPOYHOCT-
HBIMU XapaKTEPUCTUKAMMU IEKOPATUBHO-O0ETOHHBIX U3JIe-
Jmii. KpoMe Toro, CHIDKeHMe 3aTpaT Ha ITOKYTIKY IIeMeHTa
kiacca B25 npu no6asieHn B 06 TOHHBIE CMECH TTO3BO-
JIAT YBEIMIUTH TBEPACHNUE 1 IIPOYHOCTD 32 CUCT BBEACHUS
JKeJIE300KCUIHOTO HAaHOIMUTMEHTA 110 26%.

AKTyaJlbHa OpTaHM3aLMS TIPOM3BOACTBA B ITPOMBIIII-
JIEHHBIX MacIITabax KeJIe300KCUIHBIX HAaHOITUTMEH -
TOB Ha OCHOBE OTXOAOB HE(PTEXMMHNIECKUX TTPOILIECCOB
IS MPUMEHEHMS X He TOJBKO B KaueCTBE KpacsIInX
1 TIPOYHOCTHBIX J00ABOK B MIPOM3BOACTBE JIEKOPATHUB-
HO-0ETOHHBIX U3ICIINIA, HO ¥ TIPH ITPOM3BOACTBE IPYTHX
CTPOMUTENIHHBIX MAaTepHUAJIOB B IIPOMBIIIIEHHBIX MACIIITa-
0ax ¢ NCITOIb30BaHUEM PETUOHAIBHBIX PECYPCOB.

Hccnedosarue svtnonneno 6 pamkax npoepamms. Munucmepemea Hayku u vicuieeo oopazosanus Poccuiickotl
Qedepayuu «I[IPUOPUTET 2030» (Hayuonanvhoiii npoexm «Hayka u ynueepcumem»)
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APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

LYOPHOBIC SOLS «<BETOINPECC»® AS ADDITIVES
TO CHEMICAL ADMIXTURES INTO CONCRETE

"The only way to successfully compete with advance nations is the development of scientific knowledge and cutting-edge tech-
nologies, including nanotechnology and in establishing an industry based on scientific and technological innovations. There is
no other way!" - the words of the Nobel laureate, and academician Zhores I. Alferov.

The article presents an innovative approach to enhancing cement concrete, bordering on a scientific breakthrough,
and explains it in a way that is easy to understand. The core concept is the integration of a reactive agent with a chemi-
cal fluid to augment the material and endow it with novel characteristics. The technique, as suggested by the author,
involves utilizing lyophobic sols that they have formulated as admixtures, combined with aqueous solutions of chemical
additives produced by Russian companies. Due to the inclusion of these Nanostructured sols in the chemical addi-
tives, heavy cement concrete treated in this manner shows remarkable resilience. It remains unaffected by repeated
freeze-thaw cycles, even when immersed in saline or mineral-rich waters. Furthermore, this advanced concrete does
not demand any special measures for protection, maintenance, or repair, nor does it require additional waterproofing.

An additive is defined as ‘a substance added to a liquid
to improve its properties or give new ones,’ in accordance
with GOST R 51109-97 6.3.3. Extalin (M-methylaniline)
holds the distinction of being recognized as the world's
first additive, introduced in 1919. Over the past century,
approximately 60 different types of additives have been de-
veloped, yielding significant economic and technological

Bt Bt B 2% B BB BB

benefits for many developing nations, including Russia. o)

Nevertheless, these additives have found their applications HE@E JEAHBCTRO

solely within fuel and engine oils." Ha ToBapubii ImaK (3naKk oGeTyRNBAIIN)
Speaking of other industries, such as construction, is L

it possible to introduce additives into concrete mixtures?

The answer is an emphatic no! — if we reference the speci-

fied GOST (State Standard), it states clearly that “a sub- BRI

stance added to a liquid...” does not apply here because
we are dealing with a mixture. However, this mixture can
and should be enhanced with admixtures, including both
chemical and mineral varieties, to improve its proper-
ties. This applies not just to the mixture in its initial form
but also to the concrete as it hardens. While additives are
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usually applied in sparing amounts, admixtures are actu-
ally used quite substantially in contrast to their seemingly
limited efficiency in some cases. The question then arises:
Can we expand the effectiveness of these admixtures while
simultaneously endowing them with new characteristics
across the board?

Yes, we can achieve this! All components — including
the same additives — are usable. The chemical additive's
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aqueous solution serves as the ideal medium for incorpo-
rating the desired active ingredient. Upon dilution with
water, every component of the chemical additive dissolves
completely to the molecular and ionic level, with particles
smaller than one nanometer, thereby creating a true solu-
tion within the complex. Introducing a similar ingredient
will yield an identical true solution with no novel proper-
ties upon dissolution. As the saying goes, let's produce
“butter-oil.”

Here you will need to add something completely
different, for example, a colloidal solution in the form
of a Iyophobic sol is ideal. In our version, the sol is not
just a true solution consisting of molecules and ions, but
a liquid, in this case water, where particles of metal (iron
hydroxide) or semimetal (silicon dioxide) with sizes from
1 to 100 nanometers in a stable state and in the presence of
surfactants are evenly distributed over the entire volume.
Such a sol will perfectly cope with the role of an additive
introduced into the liquid for improving its properties and
give it new properties (GOST R 51109-97).

The primary challenge we face in our country is the
lack of scientific and technical advancements in colloidal
chemistry that could be applied to sol modification tech-
niques for chemical additives in concrete. Specifically,
there's a scarcity of sols that are both stable and capable
of interacting effectively with cement.

Despite this, for over a decade, our company, “HITO
BETOXMMMKC”® based in Simferopol, has been active-
ly engaged in the development, production, and distribu-
tion of ash and sol modifiers to a select group of partners,
many of whom have been with us since the beginning of
our activities. We are an innovative enterprise; we have
never produced for import substitution, primarily because
there was never a foreign analogue to replace. Hydrosols,
as industrial nanomaterials, have not and will not be im-
ported into Russia, mainly due to their non-existence in
Western markets.

Our company possesses these rare hydrosols and can
readily supply them to all interested parties. The demand
for our stabilized hydrosols from the “BETOIIPECC”®
series is remarkably low — only 0.005% of the dry sub-
stance is required relative to the weight of cement, and
this is the maximum! As it stands, we are the sole Russian
provider that offers sol or sol modifiers easily accessible
for both research purposes and the industrial production
of chemical additives and cement concrete.

Upon the introducing the sol into the chemical ad-
ditive, the additive undergoes a transformation, shift-
ing from a mere common substance to a sol-modifier
with a whole range of enhanced characteristics. These
changes affect not only the compound but also the con-
crete mixture. As a consequence, concrete that contains
this sol-modifier transcends to a higher category, earning
the new classification of nanostructured concrete. This
is attributable to the fact that the active particles within
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the sols measure between 1 to 100 nanometers in size,
which aligns with the standard definition of nano-objects,
specifically nanoparticles.

Nanoparticles, with the concrete mixture as part of
a chemical additive, become artificially introduced centers
of crystallization, from which a spatial three-dimension-
al grid in the form of a matrix is generated and quickly
formed, the material for its forming is the cement hy-
dration products themselves. As a result, integrating our
silica “Flux-1GF” into cement concrete as part of any
polycarboxylate superplasticizer composition — using just
5 grams (dry weight) per 100 kilograms of cement — in-
duces a qualitative transformation. This addition promotes
the development of a unique matrix within the concrete,
rendering it waterproof with at least a W16 rating, and
reducing its water absorption to no more than 1%!

This has been extensively outlined in our earlier pub-
lications, where it is substantiated by test reports. Hence,
there's no need to reiterate the same here. Regrettably, the
true significance and novelty of the information presented
in those articles seem to be lost on the readers, as evi-
denced by the utter lack of enthusiasm for both the subject
of sol modification of chemical additives and our cutting-
edge offerings — which, at present have no alternative.

Is it indifference, incompetence, or merely the cli-
chéd disbelief that a small city like Simferopol could give
rise to something truly innovative — not even Moscow
or St. Petersburg have achieved? Given that we are all
well-informed, it is most likely the latter: disbelief! Such
achievements have often been eloquently described as if
they were fictional... but not in our case. We exist. For
over 11 years, we have been developing and successfully
producing both colloidal solutions and sol modifiers, ex-
clusively using domestic raw materials.

Our journey is evidenced by the first official labora-
tory test report of our sol modifier, “BETOITPECC”®
Vibrofinish—a calcium stearate aqueous suspension used
in the manufacturing of rigid concrete products via vibro-
compression, which dates back to 2012.

The pure sols themselves may not be able to directly
replace chemical additives in concrete, but they offer an
opportunity to enhance the quality of cement concrete's
chemical composition. Stabilized sols can be combined
with various chemical additives either during their manu-
facturing process or just before the mixing of concrete
on-site or at a stationary concrete batching plant. It is
also feasible to introduce sols into the concrete mix at
a proportion of merely 5 grams (dry substance) per 100 ki-
lograms of cement as the sole additive, simply by mixing
with water, provided that the production process can ac-
commodate this method.

In absolutely any of these variants, the final prod-
uct is nanostructured concrete. Take, for instance, the
silica sol ‘Flux-1GF,” which in this case acts singularly
as a PMD-8* replacement. A mere 5 grams (of dry sub-
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stance) per 100 kilograms of cement is sufficient: Once
the concrete cures, it transforms from a typically hydro-
philic material into a hydrophobic one. Concurrently, its
compressive strength is enhanced by 25%. Just 5 grams is
all it takes for this concrete to reliably develop strength,
even in temperatures as low as —8°C. This exemplifies
the practical nanostructuring of cement-based concrete.

Scientific and technical advancements in the formula-
tion and application of colloidal mortars as enhancements
to chemical admixtures in concrete represent a high-pri-
ority area. Such developments are crucial for any nation,
arguably as significant as the well-established domain of
fuel additives. This holds even greater importance for an
expansive country like Russia. The focus here extends
beyond merely enhancing the properties of domestic
chemical admixtures and the concrete quality. It also
signifies a systematic and qualitative transformation of
the construction industry at large. Our range of colloidal
solutions and sol modifiers exhibits remarkable longev-
ity, maintaining their properties unaltered for extended
periods, potentially spanning years.

Nanostructured concretes exhibit enhanced durability
during freezing-thawing cycles and remain stable even
when exposed to salts. They do not require protection
and waterproofing treatments. Furthermore, these ma-
terials require minimal ongoing maintenance and repair,
an attribute particularly beneficial for constructing criti-
cal infrastructure such as harbor facilities, breakwaters,
docks, bridges, canals, dams, cooling towers, roadways,
subways, airfields, and other key infrustructure. While
Iyophobic sols are not a direct substitute for chemical
additives in concrete, they serve to elevate and transform
the performance of these additives to a new level — with
nanoparticle precision — as part of cutting-edge industrial
sol modifiers, integrating scamlessly into a unified addi-
tive formulation!

The number of chemical additives in concrete pro-
duced in Russia has long exceeded four hundred, and all
of them are, when diluted with water, true solutions that
can be easily modified with sols of the “BETOITPECC”®
series. And since we have five such sols, and each of them
has its own special purposeful action, the total amount
of chemical additives available should also be multiplied
by five.

Consequently, our country, hitherto lacking any in-
dustrial nanomaterials, is positioned to gain a substan-
tial advantage by acquiring an immediate assortment of
two thousand diverse sol modifiers, on the basis of the
integration of domestic chemical additives into con-
crete mixtures. Such a leap forward will empower our
construction sector to exclusively build with nanostruc-
tured concrete — that would set us ahead of any devel-
oped country globally. Unfortunately, despite 11 years
of persistent efforts and informative publications, not
a single state institution responsible for development in
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the construction field or the broader industrial sector,
including numerous scientific bodies, has acknowledged
the significant contributions our company's innovations
could make for Russia today. It's a matter of strategic
importance, one might argue!

“HITO BETOXUMMKC”® company has the capac-
ity to manufacture and distribute a comprehensive line
of five high-performance, versatile sol additives for use
in chemical additives for concrete. These additives are
highly efficient, with a maximum dosage of just 5 grams
per 100 kilograms of cement for ready-mix concrete
formulations, utilizing domestically sourced materials.

General Director

Moreover, we offer a line of formulation guides for sol
modifiers based on polycarboxylate ether. This includes
the cutting-edge hyperplasticizer PMD-35*, which is
specially designed for enhancing cold weather concrete
and requires a maximum of 1.7% dosage (for the liquid
product variant). The formulas for these sol modifiers,
while not commercial products in themselves, are freely
available to all customers who purchase the sol additives.
This strategy is aimed at fostering a fast and significant
technological breakthrough in the national construction
sector, by empowering users with the knowledge and ma-
terials needed to drive innovation and efficiency.

000 «HITO BETOXUMMUKC» and OO0 «BETOXUMMUMKC I'PYTIII» V.E. Khovansky
+7 978-917-27-97, + 7 978-284-74-55 R
sale@betohimiks.ru

https://betopress.ru
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JINOODOBHDbIE 30JIN «<BETOMPECC»® B KAHECTBE
NMPUCAAOK K XUMNYHECKAM AOBABKAM B BETOH

BETOXWMUKL
I

«EOuHCcmeeHHbIli cnocob ycnewiHo copeéHO8ambCs ¢ NnepedosbiMu CMpaHamu — 3mo passumue HayKu U 8bICOKUX mexHoJsio2ud,
8 MoM yucsie, HAHOMexHoJso02uli U C030aHue NPOMbIW/IeHHOCMU HA HAY4YHO-MmexXHU4YecKux paspabomkax. [lpyzozo nymu
Hem!» - cnoBa HoGeneBCKoro naypeara, akagemuka .U. Anpéposa.

B cTaTbe B JOCTYnHOI popMe pacKpbIBAeTCA HOBOE HAMpaB/ieHVEe B XMMMU3aL MM LLEMEHTHbIX 6ETOHOB Ha YPOBHE
HAY4YHOro OTKPbITUA. 3a OCHOBY B3ATa CaMa MaeA NPUCa)KMBaTb PeaKLMOHHO aKTMBHOE BELLEeCTBO K XUMMNYECKON
MKNAKOCTY C Lenblo yAyylleHnAa ee U NpuAaHuA e HOBbIX CBOWCTB. B gaHHOM TexHoNornm aBTop CTaTb B KayecTee
npucagok npegsiaraeT UCNosb30BaTh Pa3paboTaHHble UM IMOPOOHbIE 3011, @ B PONN XKNAKOCTEN — BOAHbIE PpacTBOPbI
XUMUYeCKnx fo6aBOK POCCUNCKIMX Npomn3BoguTenei. Taxkenble LeMeHTHble 6eTOHbI, HAHOCTPYKTYPUPOBaHHbIe
CTabunn3nMpoBaHHbIMK 301AMM, HAXOAALLMMUCA B COCTaBe XUMUYECKMX JOOABOK, HE MOABEPKEHbI Pa3pyLIEHUIo
JaXe nocne MHOXeCTBa LMKNOB 3aMOPaXKUBaHNA 1 OTTauBaHWA B MOPCKOWN WY MUHepan30BaHHON Boe, He TpebytoT
cneumanbHON 3almTbl, yXO[a, PEMOHTA U He HYXAAlTCA B F’MAPOU30NALNN.

Hpﬂca;u(a — «BELLIECTBO, JOOABISIEMOE B XKUIKOCTh
TIJTS] YATYYIIeHUS €€ CBOMCTB WIIM MPUAAHUS i HO-
BbIx cBoiicTB» (TOCT P 51109-97 6.3.3). [1epBoii B Mupe
MIPUCAIKON ObUT 3asgBIeH DKCTaMnH (M-MeTHIaHTH)
B nayiekoM 1919 roxy. 3a Bce 100 ¢ TUITHUM JIET OBLIO
paspaboTtaHo mopsiaKa 60-Tr TUIIOB pa3INYHbBIX ITpHCa-
JIOK, YTO JJaJI0 BO3MOXKHOCTb MHOTUM Pa3BUBAIOIIIMCS

Bt Bt B 2% B BB BB

cTpaHaM, BKJIIo4ast caMmy Poccuro, MOJyduTh OT UX TIPHU- iy )
MEHCHMSI OIIYTUMBIN SKOHOMHWYECKHIT 1 TEXHOJIOTMYIe- CRH HE@E EBCTRO
ckuii a¢pdekT. [1paBma Bce OHM HAILIX CBOE€ HA3HAUCHUE a ToBapubtii mak (3nax obeayANBAI)
JIVIITH TOJTBKO B TOTUTMBE I B MOTOPHOM Maciie. s

A Kak Xe B Ipyrux oTpacisx? Hampumep, B cTpo-
utenbcTBe? MOXHO JIM ¥ B OETOHHYIO CMECh BBOIHUTH BETOINPECC
(rmpucaxuBatp) mpucanku? OTBeT — Het! B BhIIICYKa-

3aHHOM ['OCTe 4eTKO oIlpenesieHO: «BEIIeCTBO, I0-
GaBJIsIEMOE B KUIKOCTb...» — a TYT CMECh, HO B HEE MOXK-
HO ¥ HY>XKHO BBOIMWTH MO0ABKU KaK XUMUUYECKIUE, TaK
1 MUHEpPaJIbHBIC, W TOXE IS YIYUIICHUs] CBOMCTB, a B
JTAHHOM CJIydJae He TOJIbKO caMOlf cMecH, HO U TBepIeio-

Il . X

it B. E , 295017,
Pecnyénura Kpoin, 2. Cumegbey . B 16/2 (RU)

EA B B BA R KA RY HEOBE R KA R ORRBE B BEORX KA R KRB RE RO RE R ORT IR

mero 6etoHa. /[lo6aBKM B CpaBHEHUU C MU3EPHBIMU J10-
3MPOBKAMU MPUCATOK PACXOIYIOTCS peaibHO OOIbIINM
KOJIMIECTBOM, IMeSI TIPY 3TOM JOBOJIBHO OTpaHIMUYCHHYIO
3 dekTUBHOCTh. MOXHO JIM paciiipuTh dPHEeKTUB-
HOCTb U B TO XK€ BpeMs IIPUIATh BCeM UM (IoOaBKaM)
0¢e3 NCKITIOUeHMSI HOBBIC CBOicTBa?

Moxno! Bce Temnu ke ipucagkamu! BomHblit pac-
TBOp XUMHWIECKOM J0OABKM 1 €CTh Ta camast JKUIKOCTh,
B KOTOPYIO MOKHO IIPUCAINTh HYy>KHOE aKTUBHOC Bellle-

Jasexa No 2015700294
Tpnopurer Tosaphoro snaka 02 cemtndpn 2013 r.
3aperHcTpHpoBaHo b [0CYAPCTBENHON peccTpe

TOBAPHBIX 3HAKOB H IHAKOB OGCAYKHBANHA

Poccuiickoii Genepawn 20 san 2016 2.

Cpox acicTans perncrpauwnm wcrekaer 12 Ausaps 2025 o

Pyxocooumein Dedepatonoi cayncivt
HO WHIMEITEKMY@IbKOT COTCmBeRHOTmI

HE Rt K T HE BT NE RE RN

(} . Clana LI Hewes

U0 B B% B KT BR BE B BR R ER BE EE BR BV KR RE O BE KT BN KR O B T BN R EX N RE B BT BE N RF BE RF NF B 8T BF R BT RA R

RN RN N RN R R R N RN

http://nanobuild.ru

info@nanobuild.ru



http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6):
HaHoTexHONorum B cTpouTtenbCcTBe 538-542

Nanobuli

MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

EBPAMIACKMIA IKOHOMUYECKUI COI03
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y ; K Tanomenroro corosa or 28.05.2010

r. Ne 299 % S
CBHAETEALCTBO BBIAAHO HA OCH_O_BA'HHM Baknwyenun 'Y
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CPOK JIENCTBHA x:orpanu-wx: B

Tnaguwii spas 'Y "P 3 (! AJ1.Cxypanorus
UEHTP FHTHEHbI, ANHIEMHONOTHH W
0GLECTBEHHOrO 300pOBLA"

gy 0002570

EBPA3WACKMIA 2KOHOMMYECKIA COI03

enTp rvnens,

CBUAETEABCTBO

0 rOCYLAPCTBENNON PErHCTPAILIIE NPOAY I
BY.70.06.01.008.E.003008.07.20 or 31.07.2020
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3ASBUTE/L 000 HITO BETOXUMMKC. MHH 9102028435, Anpec: 295017,
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COOTBETCTBYET Eauneim MUECKHM H THT

P K TOBapaM, PHO-: y Haasopy
(xoHTpONK), YT P Komuccnn T coio3a o1 28.05.2010
r. Ne 299

CBUAETEJbLCTBO BBIAAHO HA OCHOBAHMM 3axmiouenna TV
«PecnyGAMKAHCKHH LEHTP THTHEHB, JMHAEMHONOTHH W OOLIECTBEHHOTO 3A0POBLA» OT
30.07.2020 Ne 18-30/2020/2310 - :

CPOK JIEWCTBHS ne orpannyen

Taasieii spay [Y "P
UCHTP PHTHEHB, IMHIICMHONOIHI 1
BILECTBEHHOTO 310pOBLA"

cTBO. Bce KOMIMOHEHTEHI JTI0001 XMMWYECKO 100aBKU
TI0CIIe ee pa30aBICHUS BOIO ITOTHOCTHIO PACTBOPSIIOTCS
IO MOJICKYJI M1 HOHOB C pa3MepaMH MeHee OTHOTO Ha-
HOMETpa M 00pa3yioT B KOMILIEKCe NCTUHHBIN pacTBOpP.
ITpu nomnbITKe MpUCaAUTh K HEMY JIIOOOI TTOTOOHBIN UH-
TPEIVEHT MBI TIOCJIC €TO PACTBOPEHMSI ITOIYINM BCE TOT
K€ CaMbIii ICTUHHBIA PacTBOP 1 aOCOIOTHO HUIETO HO-
Boro. Kak roBopuTCs, TPOM3BENEM «MaCIO MACSTHOE».

3mech MOTpeOyeTCs MPUCATUTh YTO-TO COBCEM MHOE,
K IIpUMepy, UIeaTbHO TTOTOMICT KOJUTOUIHBIA PacTBOP
B BuIe TohoOHOro 30J14. B Hamrem BapmaHTe 3016 —
5TO HE TOJIBKO TIPOCTO UCTUHHBIN pacTBOP, COCTOSIIINIA
13 MOJIEKYJI Y MOHOB, a XUIKOCTh, B TAHHOM cJTydae,
BOJIa, IO BceMy 00beMy KOTOPOM TaKxkKe paBHOMEPHO
pacIipeie;IeHbI M YaCTUIIBI MeTalIa (TUAPOKCUIA SKeTe-
3a) WIN TIOJIyMETaJUIa (IMOKCUIA KPEMHUSI) C pa3MepaMu
oT 1-ro 1o 100 HaHOMETPOB B CTAOMIBHOM COCTOSTHUU
u B ipucytcTBuM [TAB. Takoii 30ib TpeKpacHoO crpa-
BUTCS C POJIBIO TIPUCAIKH, TOOABISICMOM B SKUIKOCTb TSI
VIIYUIIICHUST €¢ CBOVICTB M IMPUIAHUS € HOBBIX CBOMCTB
(I'OCT P 51109-97).

ITpoGaema IUIITb B TOM, UYTO Y HAC B CTpaHE HET T10-
MOOHBIX HAYYHO-TEXHUYECKUX Pa3pabOTOK B 00JIaCTH
KOJUIOMIHOM XUMUH, KOTOPhIE MOXHO OBLIO OBI TIPH-
MEHUTH B TEXHOJIOTUH 30, Tb-MOIU(UKAIINN XUMIICCKIX
I00aBOK B OETOH, MMEETCS B BUIY — CAMUX 30JICH, CTI0-
COOHBIX OBITh CTAOMIBHBIMU U 3(PHEKTUBHO pabOTATh
¢ eMeHTOM. Bce myGmmKannm 3a IocjenHre IBaanaTh
JIET, BELIABIIME POCCUIUCKOMY OOIIECTBY O CO3IaHUU
1 YCTICIITHOM BHEIPEHNH B IIPOM3BOICTBCHHBIX YCIIOBHUSIX
B OETOH TOTO WMJIM MHOTO JIMO(OOHOTO 30JIsT, Ha CEeTOI-
HST 0Ka3aJIiCh IIPOCTO HUYEM HE MOATBEPKICHHBIMU
COOOIIIEHUSIMM, TaK KaK B HUX 3KeJlaeMOe BblJaBajIoCh
3a IeHCTBUTEILHOCTD, M TOJIBKO C OMHOM IIeJIbI0 — TIPHU-
BJIEYb K cebe BHUMaHue. AocomoTHO Bee! [TomooHbIe co-
00IIeHMS U ceifyac He TTPeKpalaloT IepHOINISCKH T10-
SIBJIATBCS Ha IIPOCTOpaX MHTEPHETA. A UTO eCTh, KpoMe
Hux? EcTh HayYHbIe CeMUHAPHI 1 KOH(MEPEHIIUN, CTAThHI
1 TOKJIAIBI, AUccepTannu, TY, yCIeIIHO «OCBOCHHBIC
TPAHTHI U JaXKe TMMaTeHTBI, HO CaMOTO IIPOIYKTa, XOTS
ObI OTHOTO, KOTOPBII MOXHO ObLIO ObI MPOCTO KYMUTh
1 B pyKax IoJepKaTh, a He TOJBKO ITOYNTATh O HEM U TI0-
CJTYIIATh — HET.

M B TO Xe BpeMsI B TCUCHHE YKe OoJiee IeCsITH JIeT
MBI pa3pabaTbIBacM, IIPOU3BOINM U TIOCTABJISIEM 30JIH
1 30J1b-MOAM(PUKATOPHI JOBOJIHHO Y3KOMY KPYTy I1ap-
THEPOB, HEKOTOPHIM 13 HUX — MPAKTHIECCKH OT CaMOTO
Havajia Hamel o(pUIMaIbHON AeSITeTbHOCTA. MBI — 3TO
nHHoBaunoHHasa koMiaHusa OO0 «HITO BETOXU-
MUKC»® (r. Cumeporionb), KOTopasi HUKOTIA He 3a-
HMMaJIach MMITOPTO3aMEIIeHNEM, TIOTOMY UTO ¢l HeUeTo
ObUTO M 3aMmelaTth. B Poccutio ruapo3oiin B KauecTBe
IIPOMBIIIUICHHBIX HAHOMATEPHAJIOB He IMIOCTYITAIN 1 T10-
CTymaTh He OYIYT B CBSI3U C TOJTHBIM OTCYTCTBHEM Ta-
KOBBIX U Ha 3amaje. A B Hallleli KOMITAaHUU OHU €CTh,
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¥ MBI CITOCOOHBI X TIOCTABUThH BCEM 3KEJIAIOIINM, 0J1aro,
YTO PacXoll CTAOMIM3MPOBAHHBIX TUAPO30JIeit cepun
«BETOITPECC»® gocrarouno musepHsiit — 0,005%
TI0 CYyXOMY BEIIIECTBY K Macce IIEMEHTa, M 3TO IS HUX
caMblii MakcnMyM! Ha ceromHst MBI eTUHCTBEHHAST pOC-
CHUIiCKast KOMITaHUSI, B KOTOPOM MOXHO 0e3 0COOBIX TTPO-
0JIeM KYITUTD 30JIb I 30JIb-MOIU(UKATOP KaK JIJIsT 1C-
CJIeI0oBaHUsI, TaK U IIJIST IIPOMBIIIUIEHHOTO TTPON3BOACTBA
XUMUYECKUX 100aBOK M IEMEHTHBIX OETOHOB.

Cpasy 1ocjie IpUCagKy 30711 K XUMUIECKOM 100aB-
K€ TIOCJICTHSIS, TIOJTyyast MTHOM CTaTyc, aBTOMAaTHICCKHI
TIpeBpaIIaeTcst 3 OOBITHOTO PSIIOBOTO IIPOAYKTA B 30JTb-
MOIM(PUKATOP C LETBIM KOMILIEKCOM IOITOTHUTETbHBIX
CBOWCTB, U3MEHSIOIINX HE TOJIBKO CaM IIPOIYKT, HO U
OETOHHYIO CMeChb. beTOH € 30/1b-MOIM(MUKATOPOM TaKXKe
TIePEeXOIUT Ha MHOI YPOBEHD U MOJIyIaeT CBOIO HOBYIO
KJ1accuPUKanio — HAHOCTPYKTYPUPOBAHHEIN OETOH,
TaK Kak IT0-HACTOSIIeMY aKTUBHBIC YaCTUIIbI, HAXOI S~
IIrecs B 30JI5IX, 00J1amasi pa3MepaMu B IIpenesiax oT 1-To
mo 100 HaHOMETPOB, MOANANAIOT IO OOIICIIPUHSITOE
oIpenesicHe HAaHOOOBEKTOB B BIIC HAHOYACTHII.

HaHowacTHIIBI, TOCTYIIasI B COCTaBE XMMHICCKOM
I00aBKM B OETOHHYIO CMECh, CTAHOBSITCSI ICKYCCTBEHHO
MIPUBHECEHHBIMH B Hee IEHTPaAMM KPUCTAIIM3alINH,
13 KOTOPBIX 3apOKIACTCSI ¥ OBICTPO (POPMUPYETCS IIPO-
CTpaHCTBEHHAas TpeXMepHasl CeTKa B BUIC MATPHIIHI,
MaTepHUaIOM IS TIOCTPOCHMS KOTOPOM CIy:KaT caMu
TIPOIYKTHI TUApaTay rieMeHTa. [1pr 3ToM IponcxomuT
Ka4eCTBEHHOE N3MEHEHME IIEMECHTHOTO OeTOHA, K TTPHU-
Mepy, ¢ BBeICHIMEM B HETO B COCTaBe JTI00OTO TOJTUKAp-
OOKCHMIIaTHOTO TUIIePILTACTH(PHUKATOPa HAIIIETO KpeMHe-
3018 «Dmrokc-1I'D» B KommdyecTBe Beero S rpamMM (110
cyxoMy BetiecTBy) Ha 100 KujmorpaMm eMeHTa, 0eTOH
3a cYeT 00pa30BaHMSI B HEM 0CO00 MaTPUITBI CTAHOBUT-
cs BOIOHETIPOHUIIAEMBIM HE MEHee, YeM JIO TTOKa3aTe]IsT
W16 u ¢ BomormorioleHneM — He Boltre 1-ro %!

Bce 210 yxe ObL10 JOCTaTOYHO MOAPOOHO OMKUCAHO
B HAIIIMX TIPEABIAYIINX CTAThSIX, ¥ B HUX K€ TTOATBEPK-
JIEHO IIPOTOKOJIaMHU MCTTBITaHU. [To3TOMY 31€Ch TTOBTO-
PATBCST HET cMBIca. 2Kajib TOJIBKO TO, YTO HACTOSIIIIYIO
BaXXHOCTh M YHUKAJIBHOCTDb MH(MOPMAIIUN U3 OIyOJIH -
KOBaHHBIX CTAaTeH He yaaeTcs 10 KOHIIA TIOHSTh UX Y-
TaOIINM, TPAKTUIECKHN a0COTIOTHO BCEM, €CITH CYIUTh
TI0 TIOJTHOMY OTCYTCTBHIO BCSIKOTO MHTEpECa KaK K TeMe
30JIb-MOIN(DUKAIINN XUMIUIECKIX J00ABOK, TaK 1 K Ha-
MM HOBEHIIINM IPOAYKTAM U TEXHOJIOTUSIM, KOTOPBIM
Ha CeTOIHST aTbTePHATUBEI HET.

Yro 310? Be3pasznmune, HEKOMIICTEHTHOCTh MJIN
MIpOCTO OaHATBLHOE HEBEPHE B TO, UYTO B TAKOM HEOOJTb-
oM ropoe, Kak CuMbepoItorb, MOXHO CO31aTh YTO-
00 0c000 MHHOBAIIMOHHOE, YETO HE CMOTJIM OCHUJIUTH
HU B Mockse, Hu B CaaKT-IleTepOypre? A Tak Kak y Hac
BCE TIOTOJIOBHO TPaMOTHEBIE, TO, CKOPEe BCETO, TTOCIeI-
Hee — HeBepue! Benb yxke CTOIBKO pa3 KpacuBO IMICATIN
0 TMMOMOOHBIX JOCTUKCHMSIX, KOTOPBIX KaK He OBLIO, TaK
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meITp e,

OpCaI FOCYASPETAIHACHE

CBMAETEABCTBO

0 FOCYAAPCIRENNON PErHCTPRILHHE TPOAVKIIK
BY.70.06.01.008.E.003006.07.20 o1 31.07.2020
MPOAYKUMA Xumuyeckue fo6apku uns GeTOHOR H CTPOMTENBHEIX PAaCTBOPOB:
Betonpecc 3amenutent uageetn. TY 2601-001-00823210-2015. OBnacTh NPHMCHERHA: O

&
ne GHp:

M3TOTOBUTEJbL 000 HIO BETOXHMHKC. Anpee: 295017, PecnyGnka Kpuind, .
Cumdeponons, yn. Berxosena, 16/2, POCCHA. Aapeea nponssoacts: POCCHSL, 295001,
Pecny Kpein, r. Cumep: yn. K 32

3ASBHTENE 000 HINO BETOXHUMHMKC. MHH 9102028435, Aapec: 295017,
Pecny6auka KpuiM, r. Cumdeponons, yi. Berxosena, 16/2, POCCHA

COOTBETCTBYET EnuHBIM CaHHT: HYECKHM H THT
TpeGoBaHMAM K TOBApAM, N0, LM camu 0 DITOT H y Haa3opy
(KoHTpOIO), yTBED F Komuccuu T: 1050 coro3a or 28.05.2010
r. Ne 299 :

CBHJETE/NBCTBO BbIIAHO HA OCHOBAHHMM 3aknouenns 'Y
«PecnyBaHKAHCKHHA LEHTP THTHEHBL, 3NHAEMHOIOTHH # OGUIECTBEHHOTO 3A0POBbAR OT
30.07.2020 Ne 18-30/2020/2308

CPOK JIEHCTBHA ne orpasntien

Tnapneiit spau I'Y "P
UCHTD THIHCHBI, NHACMHONOTHH H
OBLWIECTBEHHOTO 3A0POBLA"

BY 0002569

EBPA3MACKMIA 3KOHOMMYECKUI COI03

CBUAETEABCTBO

O TOCYAAPCTBENNOIT PETHCTPAIIE TPOAVIILHI
BY.70.06.01.008.E.003009.07.20 or 31.07.2020
MPOAYKIMA Xumuueckue 106aski An4 GETOHOB ¥ CTPOHTENLHBIX PACTBOPOB:
Beronpece subpo. Beronpece suGpodunn. TY 2601-001-00823210-2015. Obazcte
p o Ha: COrnacHo no np PHpMEI-
H3rOTOBHTEAR

M3COTOBHUTEJIL OO0 HITO BETOXMMHKC. Anpec: 295017, PecnyGauxa Kpbim, r.
Cumeponont, ya. Berxopena, 16/2, POCCHSA. Anpeca nponaeoacte: POCCHA, 295001,
Pecny6anka Kpeim, r. Crndiep ya. Kommy 32

3AABUTEJL 000 HIMO BETOXMMHMKC. HHH 9102028435, Anpec: 295017,
Pecny6anka Kpsim, r. Cumdeponons, yn. berxosena, 16/2, POCCHA

COOTBETCTBYET Eannbim canntapt WaECKUM H THT
TpeGoBaHHAM K TOBapaM, Mo, canm y Haa3opy
yT P K T 0 cotoza ot 28.05.2010

(¢
. No 299

CBHAETEJNLCTBO BblIlAHd HA OCHOBAHHH 3axniouenus T'V
«PecnyGanKancKnil UCHTD FHFHCHEL, INHACMHONOTHH W OGUICCTBCHIONO 3A0POBLAY OT
30.07.2020 Ne 18-30/2020/2307

CPOK JLER{:TBHJI HE OrpaHiyeH

Cnagnwii spau IV "F
LEHTP TATHENI, JMHASMHONOTHH
0BLIECTBEHHOrO 310poBLA"

gy 0002572

http://nanobuild.ru

info@nanobuild.ru



http://nanobuild.ru/ru_RU/

Nanotechnologies in construction
HaHoTexHONorum B cTpouTtenbCcTBe 538-542

2023; 15 (6):

CBUAETEALCTBO

O rocyfapcTBeHHOM perucrpauumn
‘BY.70.06.01.008.E.004057.08.19 or 27.08.2019

Tipoayxuma:

Xnmuueckne 206aBkn ans GeToHos H TP X PacTBOpOB:

cynepnnactugukarop-1K, Berompecc pynepnncm@nntopdk, Beronpuc

i {H, TY 2601-001-00823210-2015.

Obnacte. 3 000 EI.'IO EETOXMMHKC. Anpec:
yn. 4I6[1. POCCHA. Alpeel

, 29!
Saxpitens: 000111'10 sx-:'rom&m-cc.\m zDSOIT.Pmyﬁaprml,r qum.
ya. Berxoeena, 16/2, POCCHA

Ensas

EBPA3NICKUI 3KOHOMUYECKNI COIO3

v e

\%%%mﬁw___

%
(pyxosoxrens ynommomovcunaro oprana)

. Miuesc
o

CBUAETEABCTBO

O roCyAapCcTBeHHOM perucrpauum
BY.70.06.01.008.E.004056.08.19 ot 27.082019

Tlponyxums:
Xmarseckie 106aBku A3 GeToHoB u :

ml;ie:: ‘S::’o losg(()) }'{!{T%)GOI-OOI-OOSZZZIO -2015. Obnacts npnuexemc; o, mmll’lo-ﬁ(ﬂ),

BETOXUMUK( GIHK;

Cumdeponons, yi. Berxosena, 16/2, POCCH(S:l 2}(})06 Be 1 KP“,
Pecny6auka Kpbim, T. Cun 31,

BETO; G

<0 XUMUKC. Anpec: 295017, P Kpeuv, 1. Ca

Ennnsv
ToBapaM, moj

3A0poBsa” oT 27.08.2019 1. Ne 18-30/2019,

Cpox A o
nepuoa o

JIpeca pOU3BOACTE: POCCHE 295001,
32. 000 HIIO
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u HeT. Ho To1hKO He B HaIlleM ciydae. MBI CyIIeCTByeM,
MBI pa3pabdaTbIBaeM M YCIICIITHO ITPOM3BOINM KaK KOJI-
JIOWTHBIC PACTBOPHI, TaK U CAMU 30JIb-MOIN(PUKATOPEI
BOT y2ke 0osiee 11-TH JIeT, ¥ TOJIbKO U3 OTEYECTBEHHOTO
coIpbs. [lepBolit oULIMANTBEHBINA TTIPOTOKOJI JIaOOpaTop-
HBIX MCTIBITAHWI HAIIIETO 30JIb-MOIU(MUKATOpa B BUOC
BOJIHOI CyCIIEH3MM cTeapara Kajbuus — «berorpecc®
Bubpodunuii» Kak mpoaykTa, IpUuMeHSIeMOro s
IIPOU3BOACTBA M3IEINIA U3 KECTKOTO OETOHA METOIOM
BUOpoIIpeccoBaHms, faTupyetcs 2012 romom.

Camu 3011 B CBOEM YHCTOM BHIE HE MOTYT Ha-
MIPSIMYI0 KOHKYPHUPOBATh ¢ XUMUICCKUMU T0OABKaAMU
B OCTOH B KaueCTBE X 3aMEHBI, HO MOTYT CTaTh JJISI ITO-
CIIeTHUX YCIICITHBIM IITAHCOM BBIMTH Ha WHOIL, OoJee
BBICOKMI M KaUeCTBEHHBIN YPOBCHb B XMMM3AIINHN 1Ie-
MEHTHBIX 0¢TOHOB. CTaOMIM3NPOBAHHBIC 30JIM MOXHO
TIPUCAKMBATH K JIFOOBIM XUMIUSCKIM JOOaBKaM KaK TP
HX TIPOM3BOJICTBE, TaK U TIEPEI CAMUM IIPOIIECCOM TTPH-
TOTOBJICHHS OCTOHA B YCIIOBUSX CTPOMTEIIEHOTO 0OBEKTa
TN K€ CTAllMOHAPHOTO OETOHOCMECHUTEIBHOTO y3IIa.
Taxke BIToTHEe BO3MOXKHO BBEICHUE 30JISI M3 pacyeTa
Bcero 5 rpaMMOB (TT0 cyxoMmy BetmecTBy) Ha 100 Kmto-
IpaMMOB IIEMEHTA B KaUeCTBE CAMHCTBEHHOTO IIPOMYKTa,
IIPOCTO BMECTE C BOIOI B OETOHHYIO CMECh 1 0€3 XIMU-
YeCKOI M00aBKM, €CIIM IIPON3BOIACTBEHHAS TEXHOIOT U
5TO TTO3BOJISIET.

AOBCOJIIOTHO B JTI0O0OM U3 3THUX BApMAHTOB, B KOHEU-
HOM pe3yibTaTe, MBI TTOJIy9acM HaHOCTPYKTYpHPOBaH-
HBIU O0eToH. OIISITH IpUMEpP U CHOBAa — KPEMHE30JIb
«@mokc-1I'D», KOTOPHIN B TAHHOM CJIy9ae B OMMHOYKY
cpaboraer n kKak [IMJI-8*. Bcero 5 rpamm (1o cyxomy
BemiecTBY) Ha 100 KumorpaMMOB IIeMEHTa, 1 OETOH T10-
cJie CBOETO TBEPIACHUS M3 OOBIYHOTO THAPOQGIILHOTO
IpeBpamiaeTcs B TuAPOoGdOOHBIN, TIPA 3TOM €TO IIPOoY-
HOCTb Ha cXaTue yBeanuuTcs Ha 25%. JloctaTouHo Oy-
IIeT 5-TU rpaMM, YTOOBI 3TOT OETOH CIIOKOIHO Habupait
MMPOYHOCTHL B MOP03 10 —8°C! DTO 1 ecTh TpaKTUIECKOe
HAHOKOHCTPYKTYPHUPOBAaHNE IIEMEHTHOTO OETOHA.

CaMu HayIHO-TEXHUYIECKIE Pa3pabOTKM I10 TIPOM3-
BOJCTBY M BHEIPEHUIO KOJUIOMIHBIX PACTBOPOB B Ka-
YecTBE MPUCANOK K XUMUUECKIM IT00aBKaM B OETOH
OYCHB IMPUOPUTETHHI U TaKXKe He MCHEE BaXKHBI IJIs
JII000T0 TOCYyAapCTBa, YeM M3BECTHAS TEXHOJIOTHUS TIPH-
CaJoK K TOIIMBY, a TeM 0OoJiee ISl TAKOTO OTPOMHOTO,
Kak Hama Poccus. DTo He TOJIBKO yIIydIlleHe CBOMCTB
JIFOOBIX XUMIYIECKUX JOOABOK OT HAIIIMX ITPOMU3BOIUTE -
JIeil ¥ caMuX OETOHOB, HO U ITOCJICIOBATEILHOE Kade-
CTBEHHOE M3MEHEHME BCC CTPOUTEIIBPHON MHIYCTPUN
B IICJIOM, 1, KOHEYHO K¢, ITOSIBJICHNE HOBBIX TEXHOJIO-
Ui ¥ MaTePHUAIOB JOJIKHO TTOJIOXUTEIBHO OTPAa3UTHCS
Ha caMOif SKOHOMMKE ¥ ITOBBICUTD MPECTIK CTPAHBI.
Tem 6o1e€ YTO MBI JOOMIIMCH TIOJTHOTO COXPAHEHMST CTa-
OMJIBHOCTH HAIIMX MPOIYKTOB KaK 30JIei, TaK W 30J1b-
MoIM(UKATOPOB, KOTOPHIC MOTYT XPAaHUTHCSA, HE MEHSIS
CBOMX CBOICTB TOIaMM.
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MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTV B CTPOUTE/IbCTBE

HaHocTpyKTypupoBaHHBIE OETOHBI HE TTOABEPKE-
HBI pa3pyLICHHUIO TIPYA 3aMOPaXKUBaHUM M OTTaMBaHUU,
Jaxe B COJISIX HEe TPEOYIOT 3alllUThl Y TUAPOU3OJISLIUAN,
HE TPeOYIOT MOCTOSTHHOTO YXO/Ia M peMOHTA, 4TO OCO-
OEHHO BaXKHO TTPU BO3BEACHUM ITOPTOBBIX COOPYKECHUIA,
BOJTHOPE30B, IIPUYAIIOB, MOJIOB, MOCTOB, KAHAJIOB, TIJIO-
THH, TPaIApPEeH, JOPOT, METPOIIOJIUTEHOB, a3POIPOMOB
U JIPYyTUX CTpAaTeTUYECKHU BaXXHBIX 00BEeKTOB. JInodoo-
HBIC 30JIM HEe 3aMCHSIT XUMUYCCKIE J00aBKI B OCTOH,
a TOJIBKO JINIITh MOTU(PHUIIUPYIOT UX 10 MHOTO, 00JIee BBI-
COKOTO YPOBHSI, 10 YPOBHS HAHO B BUIE HOBEUIIINX ITPO-
MBIIIUICHHBIX 30JIb-MOIN(UKATOPOB, 00pa3ys C HUMH
(mobaBkamm) emuHYIO (hopMyITy!

KommaecTBO HaMMEeHOBaHMIT XMMUUYECKHX T00ABOK
B OCTOH, IIPON3BOIMMEIX B Poccun, yxxe maBHO Tepe-
BaJIMJIO 32 YETHIPECTO, M BCE OHU IIPEACTABIISIIOT CO00it
TIpH pa30aBICHUY BOIOM NCTMHHBIC PACTBOPHI, KOTOPHIE
JIETKO MOXKHO MoAM(pUIIPpoBaTh 30J1sMu cepumt «BETO-
ITPECC»®. A Tak KaK y HaC B HAJIMYNH ITITh TAKUX 30JIEM
¥ KaXXIBIi 13 HUX 00JIagaeT CBOMM OCOOBIM IIe/IeHATIpaB-
JICHHBIM JICHACTBUEM, TO O0IIIee KOJTMISCTBO MMEIOIIIIXCS
XUMUIECKIX JO0ABOK CIICAYeT TaKKe YMHOKUTH Ha TISITh.

B pe3ynbTaTte yero Haira cTpaHa, 0 3TOTO COBCEM
HE UMesT B CBOEM apceHajie HU OTHOTO ITPOMBIIIICHHO-
ro HaHOMaTepHayia, B Ka4eCTBe XUMUICCKOU T00ABKHI
B OCTOH aBTOMATUYECKHM ITOJIYIUT Ha 6as3e yxKe ToTo-
BBIX OTCYCCTBEHHBIX XUMIO0ABOK Cpa3y ABE THICSIUM
Pa3HOOOPA3HBIX 30JIb-MOAU(MUKATOPOB B OMHOYACKHE.
HaHHOE 00CTOSITETLCTBO TTO3BOJIAT HAIITUM CTPOUTEIISIM
B JaJIbHEHIIIEeM BO3BOIUTH BCE 3MAHUS M COOPYKCHUS
TOJIBKO 3 HAHOCTPYKTYPUPOBAHHOTO OETOHA, YTO OyIeT
HEBO3MOXHO HHU JUISI OMHOI pa3BUTOM CTpaHBI MUpA,
Kpome Poccun. OmHo mioxo, 4To 3a Bee 11 jret Hatero
CYIIIECTBOBAHMSI HM OJHA TOCYIapCTBEHHAS CTPYKTYpa,
OTBEYAIOIIasl 32 Pa3BUTHE CTPOUTEIIHLHOM OTPACIN WA
BCeil TIPOMBINIIJICHHOCTH CTPAHBI B 1IEJIOM, BKJTIOUast
MHOTHE M MHOTHE HayYHBIC YIPEKICHUS, HECMOTPS
Ha BCE HAIIIM MOITBITKY ¥ WH(GOPMAIIMOHHEBIE CTaThH,
HE COM3BOJIMIA O0PAaTUTh Ha yXKe JaBHO CYIIECTBYIO-

T'enepaibHbIi TUPEKTOP

000 «HITO BETOXUMHMKC» u 000 «BETOXUMMUKC I'PYIIII»

+7 978-917-27-97, + 7 978-284-74-55
sale@betohimiks.ru
https://betopress.ru

Ire pa3paboTKI KOMIIAHUN CBOETO BHUMAHUsI, KOTOPHIC
Ha CeromHs OYeHb BaKHHI 11 Poccuit, MOXXHO CKa3aTh,
Ha CTpaTermIecKoM ypoBHe!

l'ocymapcTBEeHHBIM CTPYKTYpaM OHM IIPOCTO HEWH-
TEpPECHBI, a HAYYHO-MCCIIEI0BATeIbCKIM YIPEeXKICH! -
SIM Ha000POT, HO He OoJiee YeM KaK MH(pOopMaIlmOHHAs
yTpo3a UX HAyIHOMY aBTOPUTETY. Tak Kak, HECMOTPS
Ha BCE BJIOKEHHBIC TOCYIapCTBOM B HUX PECYPCHI, 3a I0-
CJIeTHME IBAAIATh JICT HA OOWH HAYIHO-MCCIICI0OBATE b
CKWi1 KOJIJICKTUB HE CMOT TIPOM3BECTH XOTSI OBl OMHOTO
eIWHCTBEHHOTO CTAOMIN3MPOBAHHOIO KOJIJIOUIHOIO
pacTBopa ¢ MOCIEeIYIONINM €T0 BHEAPEHUEM B IIPOM3-
BOICTBO HAHOCTPYKTYPHUPOBAHHOTO IIEMEHTHOTO OETO-
Ha. [Ip1 3TOM caMoO rocyaapcTBO B3aMEH OXKMIACMBIX
OT POCCHUICKOM HAYK! peaIbHBIX ITPOIYKTOB 3a BCE CBOU
3aTpavyeHHBIC CPEACTBA ITOTYIMIIO HEUCUYNCIUMOE KOJTH-
YeCTBO HAYYHBIX Pa0bOT 1 K HUM CTaTel Ha TeMy 30JIeH,
B KOTOPHBIX BCE TIPEIEIBHO SICHO, TIPOCTO M 3aMedaTellb-
HO. BOT mo HMUM Temeph yuaT pOCCUMUCKUX CTYICHTOB,
TIpaBIa HETIOHSTHO, YTO 3TO MOKET MM IaTh IIPH ITOJTHOM
OTCYTCTBHUM CaMUX IIPOAYKTOB?

Kommanus «<HITO BETOXUMMKC»® crioco6Ha
U3 OTEYECTBEHHOTO CHIPHS IIPOM3BECTH U MMOCTABUTH
BCEM KeJIAfOIINM B Ka4eCTBE aKTUBHBIX TIPUCATOK IS
XUMUYECKUX 100aBOK B OCTOH ITSITh TTOIU(YHKIIMOHAIb-
HBIX 30JIeii pa3HOHAMPaBJICHHOTO ACHCTBUS C MaKCH-
MaJIbHBIM PacXOIIOM II0 CYXOMY BEIIIECTBY 5 TpaMMOB
Ha 100 KmaorpaMMOB IIEeMEHTA IS INTHIX OCTOHHBIX
cMeceil. A Takke peKOMEHIIOBATH IEIYI0 CEPUIO PElleTI-
TOB 30JIb-MOIU(UKATOPOB HA OCHOBE MOJIMKAPOOKCH-
JTaTHOTO 3(Upa, BKITI0YAsT MTHHOBAIIMOHHYIO TUIICPILIA-
crudunupyomyio ITM-35* niug xonogHoro 6eToHa
C MaKCUMAJIbHBIM ee pacxonoM 1,7% (1o XKuaKomy IIpo-
IyKTy). CaMu pelienThI 30 Ib-MOIU(UKATOPOB, HE SBIISI-
SICh TIPEAMETOM IJISI TOPTOBJIM, IIPEIOCTABIISIIOTCST a0CO-
JIFOTHO BCeM O€3BO3ME3THO P IIPUOOPETEHUH 30JICH,
4YTO, B CBOIO OYE€PEb, JOJKHO MPUBECTU K OBICTPOMY
TEXHOJIOTUICCKOMY TIPOPHIBY B PA3BUTHHN OTCYCCTBCH-
HOM CTPOUTEIIbHOM NHIYCTPUM.

B.E. XoBaHcKmuii
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Wood-polymer nano-modified composite materials
for construction purposes

Liliya R. Asfandiyarova* (1), Guzel V. Khakimova (2}, Inna V. Ovsyannikova (i}, Anna Y. Matveeva

Ufa State Petroleum Technological University, Ufa, Bashkortostan Republic, Russia
* Corresponding author: e-mail: asfand_lilya@mail.ru

ABSTRACT: Introduction. The advantages of nano-modified composite materials for construction purposes based on polyvinyl
chloride (PVC) include enhanced strength characteristics compared to other materials [1]. Composite nanomaterials based on
plant resources are versatile materials, whose properties can be modified through additives and processing technology to ob-
tain a wide range of products in various application areas, particularly in construction, decking, outdoor and garden furniture,
siding, picket fences, packaging, pallets, and much more. The research aims to investigate the influence of different additives
on the technological and operational properties of the resulting composite. Nano-modified composite materials based on PVC
are superior to polyolefin composites in terms of stiffness and strength, have high light-resistance as well as resistance to many
chemicals, and are comparatively inexpensive as raw materials [2]. Methods and materials. The research aims to determine
the preparation of composite materials that provide a highly effective stabilizing system against thermal decomposition, which
increase the flow properties of the polymer melt, reduce water sorption, and impart sufficiently high outdoor stability; therefore,
products made from composite materials can be successfully used in the construction area. Results. Research results have shown
that the use of nanostabilizers in the technology of producing building materials can ensure preservation and ageing quality of
polymer composites. They also have application potential on industrial scale. Conclusion. Investigations carried out on the use
of a number of nanostabilizers, give to construction composites higher color retention and therefore increase environmental
resistance of material.

KEY WORDS: nanostabilizers, wood-polymer composite material, construction
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INTRODUCTION

n recent years, demand for nano-modified composite

materials based on plant resources has grown rapidly
in the Russian construction materials market, which is
associated with the record pace of construction sector
development, especially private housing construction, and
a multiple increase in wood prices, which forced buyers
to look for more financially and commercially beneficial
alternatives.

Nano-modified wood-polymer materials are super-
new and topical construction materials including ther-
moplastics filled with wood pulp, which combine useful
qualities of both polymers and plant resources. At that,
polyethylene, polypropylene, and polyvinyl chloride are
used as plastics. The ratio rating of woodflour to polymer

in the compound can modify its physical and mechanical
characteristics.

Polymer composite materials based on polyvinyl chlo-
ride (PVC) are currently widely used in various areas of
the economy. Main areas of their application are con-
struction, cable industry as well as manufacture of con-
tainers and packaging. A particular attention is paid to the
use of woodflour in the formulation of composites due to
its low cost, large reserves, and non-toxicity.

Pre-eminent manufacturers and consumers of wood-
flour-filled PVC products are China, Japan, etc. In Rus-
sia, this material is not widely used enough, but its pros-
pects are not questioned. Availability of forest resources
and the ever-growing demand for high-quality construc-
tion and structural materials are high-powered incentives
for the development of this market.
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There is great interest in the market of nano-modified
construction composite materials In Russia. The number
of manufacturers in Russia is growing every year: if in
2010, there were only four companies having operated in
this sector, then in 2015, there were already more than
sixty manufacturers. The leading companies are: Multi-
Plast — 3% and Techno-Polymer — 11%.

Main European manufacturers of composite materials
are Germany, France, and Finland. The most impor-
tant reasons limiting the growth of the domestic market
are considered to be unformed demand, lack of product
homogeneity as well as lack of standards and technical
documentation [3].

Nano-modified wood-polymer composites are mod-
ern construction materials made on the mixing technol-
ogy of woodflour, various polymers, and other compo-
nents. Main way of obtaining nano-modified polymer
composites is extrusion. At that, to completely homog-
enize the mixture resulting in a high-quality moulded
product, a twin-screw extruder is used [4—6].

These materials are more weather-proof and much
more durable than wood materials, which is important
for use in our climatological conditions.

Compared to true lumber products, they have greater
resistance to the influence of water and microorganisms
as well effects of the atmosphere. Composite materials are
considered to be multifunctional products. Their charac-
teristics are quickly modified, which ultimately makes it
possible to produce a wide range of products with different
mechanical and aesthetic properties [7—8].

Woodflour is the main component of the composite.
In order to facilitate recycling of plastic waste and reduce
consumption of forest reserves, development and use of
wood-filled plastic products has been widely encouraged
in our country in recent years [9].

Polyethylene and polypropylene are mainly used as
a polymer matrix in the composition of nano-modified
composite materials. As for PVC-based composites, they
exceed polyolefin composites in stiffness and strength.
They possess high light resistance as well as resistance
to chemicals, and comparative low price for raw materi-
als. However, they are characterized by insufficient heat
resistance and impact resilience as well as hydrophobicity
[10—11].

Therefore, wood-polymer composite materials based
on PVC belong to the most promising modern materials
having wide performance characteristics, cost-cffective
production, and relative ease of processing [12—16].

Currently, extrusion is considered to be the most es-
tablished technology for obtaining products from com-
posite thermoplastic polymers. A grate number of foreign
companies use this technology to produce profiles and
tubular components, etc.

Rawwood, containing cellulose has a porous structure.
When exposed to high temperature and pressure, it under-

goes oxidation, and is also an abrasive wear material. In
this regard, a number of problems often arise: in particular,
adsorption of gaseous substances by sawdust and release of
them in the extruder; risk of fires and explosions due to the
resulting gas mixture; release of resinous substances from
coniferous wood during the sawdust processing.

These disadvantages can be eliminated through using
nano-modified additives included in the composite for-
mulation [17]. They consist of the following components:
— external and internal lubricants, which prevent stick-

ing to the extrusion head, increase free mobility, and

reduce viscosity;

— bonding and dispersing agent to improve the disper-
sion of the polymer matrix, and the mechanical prop-
erties such as tensile strength, flexural toughness, and
impact strength;

— flame retardants which increase fire-resistance of plas-
tics;

— foaming agents, which reduce the weight of wood-
polymer composites and facilitate nailing, drilling,
fastening, screwing, and cutting during the construc-
tion work;

— antioxidants, traditionally used to prevent aging the
material during its use;

— impact strength modifiers, which improve weather
resistance for outdoor construction;

— fungicides, which protect building products against
microorganisms and fungus, as well as ultraviolet sta-
bilizers (UV stabilizers);

— pigments, which protect products from exposure to
light rays and prevent their color fading.

In general, nanostabilizers can be divided into two
groups: functional and technological ones. Functional
nanostabilizers define the behavior of the composite while
technological ones affect the process of high-temperature
processing of the polymer compound. Main groups of
nanomodifiers commonly used in the manufacture of
PVC-based materials are stabilizers, lubricants, as well
as impact and processability modifiers.

The content of nanomodifiers is about 1-5% by
weight of the mixture, but it is they what has a significant
effect on the characteristics of the final building prod-
uct, such as strength, physical configuration, and ageing
quality. Therefore, a vital task of today is to investigate
the influence of various nanomodifiers on the operating
ability of obtained constructional materials.

METHODS AND MATERIALS

The research aims to identify effective nanomodifying
components, in particular nanostabilizers, which ensure
the integrity of polymers during the processing and opera-
tion since fracture of polymers leads to changes in such
parameters as viscosity, color, strength, and deterioration
of physical and mechanical characteristics.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
543-551

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN THE CONSTRUCTION

This group includes antioxidants, temperature and
light stabilizers ensuring integrity of polymers in use and
processing. The nano-modified antioxidants prevent oxi-
dation during the technological process and operation.
These include hindered phenols, alkyl/aryl phosphites,
etc.

Main requirements in relation to stabilizing additives
are removal of labile chloride groups, absorption of hy-
drogen chloride, increase in moisture resistance and ro-
bustness against oxidation process, as well as low toxicity
and low cost.

Currently, nano-thermal stabilizers, which contain
toxic substances such as cadmium, lead and barium stea-
rates are strictly limited, therefore the share of non-toxic
stabilizers such as calcium stearate and zinc stearate is
increasing on the market [18—20].

In addition to the above, shockproof nanomodifiers
increasing impact strength of products and giving them
ability to withstand sudden loads without destruction, are
used in the production of composites. Such nanomodi-
fiers are divided into the following groups: nanomodifiers
having a “core-shell” structure (MBS — methacrylate-bu-
tadiene styrene, AIM — acrylic nanomodifiers of impact
strength), nanomodifiers ABS — acrylonitrile-butadiene-
styrene, and nanomodifiers with a semi-compatible net-
work structure (CPE — chlorinated polyethylene, EVA —
ethylene-vinyl acetate, NBR — acrylonitrile-butadiene-
rubber) [21].

Processing additives or processing nanomodifiers,
which simplify the melt processing, are polymers compat-
ible with polyvinyl chloride including those that weaken
the restrictions on the motion of polymeric chain and
segments. They are necessary to promote the polymer
particles decay, ensure homogeneity of the melt as well as
afford rapid gelling and desired degree of plasticization.

A wide range of copolymers of methyl methacrylate
(MMA) with styrene, acrylate, methacrylate, and m-
vinyl lactam, MMA and glycidyl methacrylate, MMA and
acrylic acrylates, and other can be used as additives [22].

The above nanoadditives provide reduction of friction
during the processing. According to the mechanism of
action, they are divided into internal, external, and mixed
actions. In particular, the first group of nanomodifiers
thermodynamically compatible with the polymer; they
reduce intermolecular interaction force and, therefore,
viscosity of the polymer.

Externally acting lubricants facilitate the processing of
polymer through switching the mode from shear sliding
to “plug” sliding mode. It should also be noted that due
to insufficient compatibility with the polymer, they are
released during the processing at the melt-metal interface
and decrease adhesion of polymer to the metal surface of
processing equipment [23].

The necessity to use nanomodifiers is determined
based on the requirements for the final products depend-

ing on their operating conditions and fabricability in pro-
cessing, which in turn depend on the design features of
the extrusion line.

Composite materials based on the plant components
are finding an ever increasing commercial use in construc-
tion industry. An important in-use performance of this
material is its long-term strength outdoors.

Under the influence of ultraviolet irradiation as well
as in the presence of oxygen and moisture, the polymer
undergoes very rapid dehydrochlorination and peroxi-
dation resulting in formation of polyenes, which leads
to a sharp change in the mechanical properties of the
polymer [24].

Investigations of effecting of nanostabilizers on the
technological and operational properties of composite
materials were carried out at a mass ratio of PVC : wood-
flour — 1:1.

The wood-polymer composition was obtained by
mixing the components in the high-speed mixer when
heated to 120°C; then, the obtained polymer mass was
cooled to the temperature of 40—60°C and melted down
by means of laboratory extruder to obtain a chunk. Test
samples (granules) were obtained from the chunk by roll-
ing. Rolling time was 5—8 minutes; rolling temperature
was 170£5°C.

Effect of formulation factors on the processing proper-
ties of polymer compound was assessed upon the process-
ing by means of a laboratory twin-screw extruder.

Research examined the effect of various nanostabi-
lizers on the technological and operational properties of
the resulting composites since the process of oxidation
takes place at every stage of the life of polyvinyl chloride
material.

RESULTS

To prevent the perishing, and improve technological
and operational characteristics of compositions during
the processing, an important measure is introduction of
nano-thermal stabilizers, whose addition in small quanti-
ties is comparable to the effect of stoichiometric ratio of
the substances involved in the reaction.

A very large percentage of nanomodifiers for polymer
are used to improve mechanical characteristics (strength
and stiffness). Homopolymer polyvinylchloride is quite
strong and light but not stiff enough. To impart improved
properties, which is very important in the construction
sector, cadmium was previously used in Europe and
Russia. However, its use was gradually reduced since
it was recognized as unsafe. According to well-known
European analytical databases, cadmium was excluded
from polyvinyl chloride modifiers throughout Europe
by 2007.

A known fact is also replacement of lead nanostabiliz-
ers (75% reduction between 2000 and 2010; currently, they
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are almost completely excluded). This is confirmed by the
corresponding growth of calcium-based nanostabilizers
used as an alternative.

Tin is also used as a stabilizer in Russia, Europe, but
mainly in the USA. According to European manufactur-
ers of PVC products, tin stabilizers have passed the stage
of successful testing for environmental safety and are in-
creasingly used along with calcium stabilizers.

A global trend in the PVC industry is introduction of
calcium-zinc stabilizers, i.e. additives designed for obtain-
ing safe products from polyvinylchloride. Such stabilizers
are capable of performing the following functions:
prevent degradation during extrusion;
protect PVC profiles from deformation, discoloration
and yellowing under the effect of ultraviolet light;
simplify forming of PVC;
ensure high-temperature performance.

In addition to environmental improvement, there are
also technical grounds for the widespread use of calcium-
zinc systems:

these stabilizers are non-toxic;

provide high thermal stability;

provide weather resistance equal to or better than that
of lead-containing systems;

high protection against UV radiation.

The research involved the testing of calcium-zinc sta-
bilizers designed for processing the unplasticized polymers
of the Baeroran and Rhythmix brands. These stabilizers
were introduced into the basic formula of nano-modified
composite within the limits recommended by the manu-
facturers, i.e. in quantities of 3—6 parts by mass. The re-
sults are presented in Table 1.

Tests of calcium-zinc stabilizers in the basic formula
show that the Baeroran brand provides comparatively bet-
ter results. However, at the dosage of 6 parts by mass, the
Rhythmix stabilizer provides the required level of thermal
stability.

Calcium-zinc stabilizers are generally complex ones,
i.e. contain small antioxidant additives, lubricants, and
etc. in addition to calcium and zinc stearates. Despite this,

according to the results of investigation of melt flow index
it is clear that the “lubricating” effect of these stabilizers
both in Bacropan and Rhythmix is slightly expressed.

To optimize the rheological properties of nano-mod-

ified composite during extrusion, internal and external
lubricants should be added to its composition. As the
result of extrusion of PVC compositions, in addition to
thermal effect, also mechanical loads have severe impact
on the polymer material, under the influence of which
several sequential-parallel reactions proceed in the poly-
mer macromolecules:
in the spots of the highest voltage concentration, the
breaking of C-C bonds takes place, which leads to the
decrease in the molecular weight of the polymer;
elimination of hydrogen chloride molecule and poly-
ene blocks;
redistribution of the resulting radicals without a no-
ticeable change in the viscosity-average molecular
weight, i.e. “chemical flow”;
cross-linking of macromolecules through increasing
the viscosity, etc.
Addition of a stabilizer into the composite material,
which modifies its chemical and mechanical properties,
leads to extinction of destructive effect of physical loads
on the material at forcing the polymer melt through the
molding hole in the extruder. Reduction in internal fric-
tion as well as in heat, which is releasing in the process
of mechanical work, proceeds as a result of introducing
into the polymer composition the lubricants, which re-
duce the viscosity of the melt. As a result, the processing
temperature goes down, destruction of polymer lessens,
and distribution of the components included in the com-
position becomes easier [25, 26].

In order to facilitate the processing procedure of highly
filled formulation of wood-polymer composites, investiga-
tions of nanoadditives of the ester type (glycerol mono-
stearate, LoxiolG and Lubstab) concerning their melt flow
index were carried out (Figure 1). Upon that, an increase
in this parameter was found when using ester nanoaddi-
tives. Best result was obtained when using Lubstab brand

Table 1
Effect of stabilizers on the properties of nanomodified composite materials
Content of Ca—Zn stabilizer Name of the test parameters
in the basic formula, Thermal stabi}ity at Melt flow index g/10 min Water sorption, %
parts by mass 180°C, min (I=21.6 kgf, T = 190°C) ’
2 56 0.56 6.1
Baeropan 4 73 0.85 5.8
6 85 1.1 5.2
2 49 0.49 6.2
Rhythmix 4 67 0.64 6.0
6 80 0.97 5.4
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Fig. 1. Results of the experiment to evaluate the effect of nanoadditives on melt flow index: 1 — without nanoadditive;
2 — glycerol monostearate; 3 — LoxiolG; 4 — Lubstsab (at 190°C and 21.6 kg load)

lubricant, which makes it possible increasing the melt
flow index from 0.49 to 2.4 g/10 min.

Studies carried out to determine the optimal dosage of
Lubstab lubricant show that at its dosage in an amount of
2 parts by mass (Figure 2), the melt flow is 3.3 g/10 min.
With the increase in its content, melt flow index of flexible
PVC compound increases, which indicates an increase in
the mobility of supermolecular structures in the polymer

melt. A further increase in the dosage of nanoadditives
is impractical, because it may adversely affect the physi-
cal and mechanical characteristics of the resulting nano-
building materials.

The addition of nanoadditives of this type to the
wood-polymer composites allows achieving an increase
in the productivity of processing equipment, in particu-
lar, of the laboratory extruder. In addition, the improve-

45
4
35
3
2,5
2

1,5

Melt flow index g/10min

1

0,5
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0 T T
0 0,5 1

1,5

Lubstab content 05, p. b. m./PVC 100 p.b.m

2 2,5 3 3,5

Fig. 2. Dependence of the melt flow index on the amount of Lubstab introduced
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ment of the performance of composites is influenced by
the uniform distribution of woodflour particles in the
polymer volume as well as the enhancement of their
interaction.

Nanoadditives based on titanates contribute to in-
crease the strength of polymers and enhance the bond
between organic polymers and inorganic fillers.

The possibility of increase in adhesive interaction of
polymer with woodflour through introducing the organ-
otitanate nanoadditive into the composition is evaluated.

It has been established that addition of 1% of organoti-
tanate to the composition leads to increase in the strength
of composite, and a further increase in its dosage to 2%
does not affect the physical and mechanical properties of
the composite (Table 2).

Nanoadditives under investigation have a great impact
on the water absorption index. In particular, with the
introduction of Lubstab, a decrease in the value of this
index is observed. Addition of organotitanate reduces
water absorption. This is explained by the more uniform
distribution of woodflour in the polymer composition
under the effect of ester lubricant, as well as by increase
in the adhesive interaction between the polymer and filler
due to the effect of organotitanate.

Table 2

To give maximum exterior resistance to the products,
the effect of the UV stabilizer Chimassorb (BASF Germa-
ny) and antioxidant Agidol, which is a mixture of pentae-
rythritol tetrakis [3- [3,5-di-tert-butyl-4-hydroxyphenyl]
propionate and tri(2,4-di-tert-butylphenyl) phosphite
was studied.

Investigation of the UV stabilizers’ effect on the light-
resistance of composite materials was carried out in the
Solarbox desktop camera 1500E, which has luminous flux
intensity of 765 W/m?; testing time lasted for 300 hours.
The test results are shown in Table 3 and Table 4.

DISCUSSION

Effect of various modifiers on the technological and
operational properties of nano-modified composite ma-
terials has been studied. As a result of the research, com-
ponents are selected, which ensure high efficiency of sta-
bilizing system against thermal decomposition, increase
melt flow of polymer, reduce water absorption and give
sufficiently high outdoor stability to the materials, which
is particularly true when used in construction.

Thus, it was established in the course of investigations
that Rhythmix stabilizer and Lubstab lubricant provide

Research results of assessing the effect of organotitanate on the mechanical properties of composite

Content of organotitanate, %

No. Name of the index
0 1 2
Tensile strength, MPa 28 34 35
2 Elongation at break % 33 57 59
Table 3
Result of investigation of the UV irradiation effect on the appearance of nano-modified composite
N Irradiation time, h
o.
0 25 50 100 150 200 250 300
) .| .
3*

*sample 1 — without UV stabilizer; sample 2 — with the addition of Chimassorb; sample 3 — with the addition of Chimassorb

and Agidol
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Table 4
Test results on the change in color of nanocomposites under the influence of UV irradiation in CIELab coordinates
Time of exposure, h
No. | Color data
25 50 100 150 200 250 300
L 50.65 47.74 46.28 40.62 36.63 34.25 33.88
a 12.46 12.43 11.65 11.31 10.26 8.50 8.63
27.11 25.21 23.21 18.97 14.34 10.23 10.06
1 AL —1.94 —4.85 —6.31 —11.97 —15.96 —18.34 —18.71
Aa 0.13 0.11 —0.67 —1.01 —2.06 —3.83 —3.69
Ab 0.03 —1.88 —3.87 —8.11 —12.74 —16.85 —17.02
AE 1.95 5.20 7.43 14.50 20.52 25.20 25.57
L 63.78 56.35 56.45 54.54 52.64 49.04 47.51
a 7.28 8.75 9.02 10.25 11.33 12.60 12.93
26.17 24.93 26.19 27.71 29.21 28.03 27.14
2 AL 5.55 —1.88 —1.78 —3.69 —5.60 -9.19 —10.72
Aa -1.17 0.30 0.57 1.80 2.88 4.15 4.49
Ab 4.23 2.99 4.26 5.78 7.28 6.09 5.21
AE 7.08 3.55 4.65 7.09 9.62 11.78 12.74
L 56.97 56.69 54.33 52.33 48.13 46.53 44.67
a 8.45 9.09 9.73 11.05 12.04 12.82 13.11
24.33 26.29 26.32 27.86 26.81 26.20 24.93
3 AL 1.24 0.95 —1.40 —3.40 —7.60 -9.21 —11.06
Aa —0.10 0.54 1.18 2.50 3.49 4.26 4.56
Ab 3.03 5.00 5.02 6.56 5.52 4.90 3.63
AE 3.28 5.12 5.35 7.80 10.02 11.27 12.05
a required level of thermal stability and melt flow of the CONCLUSION

composite.

Based on the obtained decoloration values AE cal-
culated on the color separation of composite materials
during the sample exposure, it was found that the com-
position containing UV stabilizer Chimassorb is more
resistant to decoloration under the influence of UV irra-
diation. In this case, the total color difference (chromatic)
decreases from 25.57 to 12.74.

Combined use of Chimassorb and Agidol provides the
composite higher color retention, and therefore increases
the environmental resistance of material.

This research shows a possibility of combining uti-
lization of various nanoadditives. To achieve this goal,
components were selected, which ensure high efficiency of
the stabilizing system against heat degradation of polymer,
increase its melt flow, reduce water absorption and give
composite materials high outdoor stability.

Components selected during the investigation have
a prospect of being used on industrial scale in the process
of manufacturing composite materials based on plant
resources.

This study was funded by the Ministry of Science and Higher Education of the Russian Federation «PRIORITY 2030»

(National Project «Science and University»)
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ApeBecHO-NonumepHbie HaHoMmoanpuLNPoOBaHHbIE
CTpouTesNibHble KOMMO3NLNOHHbIe MaTepuanbl

Jlununa Pa¢pukoBHa AcpaHgnaposa* , uHa BayecnaBoBHa OBcAHHMKOBa (2},

AnHa lOpbeBHa MaTBeeBa

, F'y3enb BeHepoBHa XakumoBa

YGUMCKINI rocyaapCTBEHHbIN HePTAHOM TeXHUYECKMIN YyHuBepcuTeT, Yda, Poccna

* ABTOp, OTBETCTBEHHbIN 3a nepenucky: e-mail: asfand_lilya@mail.ru

AHHOTALUA: BBegeHue. MNpenmyLyectBamy HAHOMOANPULMPOBAHHbBIX KOMMNO3MTOB CTPOWTENbHOTO Ha3HAaYeHUA Ha OCHOBE
nonveuHunxnopuaa (MBX) ABNAOTCA NOBbIWEHHbIE NO CPAaBHEHWIO C APYTMMM MPOYHOCTHbIE NoKa3aTenu [1]. Komno3sunTHble
HaHoMaTepuasnbl Ha OCHOBE PACTUTENIbHOIO CbiPbA ABAAIOTCA YHMBEPCASIbHbIM MaTePUasoM, CBONCTBA KOTOPOIro MOXHO
moamounumMposaTtb fobaBKkaMu 1 TeXHONOrVe nepepaboTKn ANA NonyyeHna oYeHb 60NbLON HOMEHKIATYPbl 3AeNNI B pas-
JINYHBIX 0651aCTAX MPUMEHEHWSA, B YaCTHOCTU, ANIA CTPOUTENBCTBA, MOJTyYeHNA JEKMHTa, YIIMYHOW 1 CafoBol Mebenu, caianHra,
LITaKETHWNKOB, Tapbl M NOLAOHOB 1 MHOTOrO Apyroro. MiccnegoBaHme HanpaBieHO Ha U3yyeHne BANAHUA pa3finyHbiX goba-
BOK Ha TEXHOJIOTMYECKMe 1 SKCMyaTalMOHHbIe CBOMCTBA NOMyYyaemMoro Komnosuta. HaHomognonurpoBaHHble KOMMNO3MTbI
Ha ocHoBe [BX npeBocxofAT nonnonedruHoOBbIE KOMMO3UTbI MO XKECTKOCTU U MPOYHOCTY, MMEIOT BbICOKY CBETOCTONKOCTb
N YyCTONYMBOCTb KO MHOTUM XVIMYECK/M BeLeCTBaM U CPaBHUTENIbHYIO AelleBU3HY NCXOQHOrO CbipbA [2]. MeToabl n MaTe-
punanbl. Llenbio JaHHOro nccnefoBaHuA ABAAETCA onpejeneHne KOMMNOHEHTHOro cocTaBa KOMMO3ULMOHHbIX MaTepuanos,
obecneyrBaoLWX BbICOKYO SPGEKTUBHOCTb CTabUNM3MpPYIOLLEe CUCTEMbI MPOTUB TEPMOAECTPYKLMY, MOBbBILIAOLLME TEKYYECTb
pacnnaBa noanmMepa, CHUXKaloLwme BoLOMNOMoWeHre 1 NpuiatoLne AoCTaTOYHO BbICOKYI aTMOChepOoyCTONYMBOCTb, B CBA3N
C YeM U3[enna N3 Hero MOryT C YCNexoMm NPUMEHATbCA B 0651acTu cTponTenbcTBa. PesynbraTtbl. Pe3ynbraThl McCnefoBaHuin
rokasasnu, YTo NCMonb30BaHNEe HAHOCTAabMIN3aTOPOB B TEXHONOTUUN MOJTYYEHNA CTPOUTENIbHBIX MaTepuranoB MO3BONAT
06ecneynTb COXPaHHOCTb 1 JONTOBEYHOCTb NMOJIMMEPHbIX KOMMO3UTOB, @ TakXKe MMEIOT NePCNeKTUBY UCMONb30BaHUA B NMPO-
MbILUNIEHHbIX MacluTabax. 3akntoueHme. [poBefeHHOe CCNejoBaHVe MO COBMECTHOMY MCMOJIb30BaHMIO HAHOCTabmUM3aTo-
pOB NpuAaeT CTPOMTENbHOMY KOMMO3UTY 60iee BbICOKYI CTababHOCTb LBETa 1, CIef0BaTeNIbHO, MOBbILAET YCTONYNBOCTb
mMatepuana K BHELHNM BO3eNCTBUAM.

KJTIOYEBDIE CJTIOBA: HaHOCTabunm3aTopbl, APEBECHO-MONNMEPHbIN KOMMO3MLMOHHBI MaTepuarn, CTPOUTENBbCTBO.

ONA UMTUPOBAHUA: Acdargusaposa J1.P, Xakumosa I'B., OBcaHHmKoBa W.B., MaTBeeBa A.lO. [ipeBecHO-MONMMEPHbIE HAHOMOAU-
buLMpPOBaHHble CTpouTeNbHbIE KOMMO3MLMOHHbIE MaTepuranbl // HaHoTexHonornn B ctpoutenbctae. 2023. T.15, N@ 6. C. 543-551.
https://doi.org/10.15828/2075-8545-2023-15-6-543-551. - EDN: UDJUBI.

BBEJIEHUE

3a MMOCJIeTHUE TOABI CIIPOC Ha HAHOMOIU(UIIIPO-
BaHHbIE KOMITO3UIIMOHHEBIE MaTepuaJibl Ha OCHOBE
PACTUTENILHOTO ChIPhS HA POCCUICKOM PBIHKE CTPOU-
TEJIbHBIX MaTePUAJIOB CTPEMUTEIBHO BBIPOC, YTO CBI3a-
HO C PEKOPIHBIMU TeMITAMU Pa3BUTUSI CTPOUTEITBHOTO
CeKTopa, 0COOEHHO YaCTHOTO IOMOCTPOEHUS, 1 MHOTO-
KpaTHBIM POCTOM IIeH Ha JIPEeBECHHY, UTO 3aCTaBUIIO
TMOKyTaTeJIeii UCKaTh 00Jiee BHITOMHBIE C (PMHAHCOBOM
¥ KOMMEePUECKOI TOUKM 3pEeHUS aTbTePHATUBEI.
HanomomudumpoBaHHbIE IpeBeCHO-TTOIMMEPHBIE
MaTepHUajbl — 3TO CBEPXHOBBIE 1 aKTyaJbHbIE CTPOMa-

TepHUaJIbl, BKITIOYAIOIINE TePMOILIACTEI, HAITOJTHEHHBIS
IPEeBECHOI Maccoil, KOTOpBIE COBMEIIAIOT B cebe IT0-
JIe3HbIC KauecTBa KaK MOJIMMEPOB, TaK M pACTUTEIIEHOTO
CBHIPBSI, TIPH 3TOM B POJIM ITACTMACC TIPUMEHSIIOTCS T10-
JIMATUJICH, TOJIUIIPOITIIICH U TToauBUHMIXI0pHI. Co-
OTHOIIICHIE IPEBECHOM MYKH U TIOJTMMEpa B KOMIIayHIE
MOXET MOIUMUIIMPOBATH €T0 (PU3NKO-MEXaHNICCKIE
XapaKTEePUCTUKMA.

[MomMepHBIE KOMIIO3UITMOHHBIC MaTepHAaJIBl Ha OC-
HoBe noauBuHUIXJIopuaa (ITBX) B HacTosiiee BpeMst
IIAPOKO UCTIONB3YIOTCS B Pa3TMYHBIX 00JIACTSIX 3KOHO-
MWKH, OCHOBHOI 00JIACTBIO VX IIPUMEHEHUS SIBJISTIOTCST
CTPOUTEIHLCTBO, IIPOU3BOACTBO Taphl U YITAKOBKH, Ka-
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OeTbHasI TIPOMBIIIICHHOCTh BBUIY HU3KOM CTOMMOCTH,
OOJIBIITNX 3aITACOB M HETOKCMYHOCTH, 0CO00E¢ BHIMAHHE
TIPUBJICKACT NCIIOIb30BaHME B PEIETITYPe KOMITO3UTOB
IPEBECHOM MYKH.

JlunepamMu Mpou3BOACTBA U TTOTPEOJEHUS U3NETIUIA
u3 apeBecHo-HanoJHeHHbIX [1BX aBnsatorcs Kuraii,
Snonus u np. B Poccun naHHbI MaTepyail HEIOoCTaTod -
HO IITUPOKO MCITOIB3YeTCs, OTHAKO MEePCIEKTUBHOCTD
€ro He TIoABepPTaeTCsI COMHCHUO. MOIITHBIMU CTUMY-
JIAMM JIJIST Pa3BUTHS JAHHOTO PBIHKA SIBJISTFOTCS] HATMYIIE
JIECHBIX PECYPCOB U TIOCTOSTHHO pacTyIast ITOTPeOHOCTh
B BBICOKOKAYECTBEHHBIX CTPOUTEIBLHBIX M KOHCTPYKIIN-
OHHBIX MaTepHaax.

B Poccun Habmogaercst 00bII0M NHTEPEC K PhIH-
Ky HaHOMOIU(UILIMPOBAHHBIX CTPOUTEIBHBIX KOMIIO-
3UTHBIX MaTepruaaoB. KoanmdaecTBo IIpon3BoauTeeH
B Poccnu pacteT ¢ KaxabiM rogoM: eciu B 2010 romoy
B 9TOM CEKTOpPE paboTajIo BCETO YCThHIpe KOMITAHWMH,
To B 2015 roxmy yxe 0oJiee MeCTUAECITHA TPOU3BOIN-
Tejael (IuaupyoT Komnanuu Mynstullnact — 23%,
Texuo-ITommep 11%).

OCHOBHBIMH €BPOTICHCKUMU TIPON3BOIUTEIIMU
KoMTo3uTOB saBJstioTcs ['epmanmst, @panumsa n OuH-
IgHIUS. BaxHeHmmMy npuInHaMi, OTpaHUINBAIO-
IIUMHU POCT OTEUYECTBEHHOTO PHIHKA, CUMTAIOTCS He-
copmrpoBaHHAs IOTPEOHOCTD, OTCYTCTBUE OTHOPOI -
HOCTU MPOAYKIMWHU, OTCYTCTBUE HOPM U TEXHUUYECKOM
JTOKyMeHTauuu [3].

HanoMomuduiimpoBaHHbBIE IPEBECHO-TIOTUMEPHBIC
KOMITO3UTHI SIBJISIIOTCST COBPEMEHHBIMM CTPOUTEIIBHBIMI
MaTepHalaMy C TEXHOJIOTUEH CMEIIIMBAaHUSI IPeBECHOM
MYKH, Pa3INIHBIX TTOJIMMEPOB U APYTUX KOMITOHEHTOB.
['maBHBIM CITOCOOOM ITOTyYeHMST HAHOMOIN(DUIIIPOBAH-
HBIX TTOJIMMEPHBIX KOMIIO3UTOB SIBJISIETCST SKCTPY3HSI,
TP 3TOM HUCTIONB3YeTCsI ABYXITHEKOBBIN 3KCTPYIEp IIIst
TIOTHOM TOMOTEHHU3AILINK CMECH, B pe3yJIbTaTe Yero IOITy-
YaeTcs BBICOKOKAYeCTBEHHBIN (DOPMOBAHHBIN ITPOITYKT
[4—6].

JlanHble MaTepHrabl 00jiee yCTOMUMBEI K aTMOCdep-
HBIM BO3ICHCTBHUSAM 1 TOpa3ao 0oJiee TOJITOBEYHBI, YeM
IPEBECHBIC MaTePHUAIBI, UTO BAaXKHO TSI SKCIUTyaTalluy
B HAIIINX KIMMATUYECKNX YCIIOBHSIX.

ITo cpaBHEHUIO C IMPOOYKIIMEH W3 YUCTOTO ITHIIO-
MaTepHaia OHU 001amaioT OOJBIION YCTOMINBOCTHIO
K BJIUSTHAIO BOIBI I MUKPOOPTAHU3MOB, CTOMKOCTHIO
K meiicTBusIM aTMocdephl. KoMITo3nIImoHHbIE MaTe-
pHUAJIbl CYNTAIOTCS MHOTO(YHKIIMOHATBHBIMY W3S -
SIMU, X XapaKTePUCTUKU OBICTPO BUIOMU3MEHSIIOTCS,
YTO B KOHCYHOM MTOTE ITO3BOJISICT IPON3BOIUTD IIIMPO-
KU1 IepedeHb IMIPOMYKIINK ¢ PA3HBIMU MEXaHMUCCKUMU
M 5CTETUYECKUMU CBoiicTBaMH [7—8].

B ¢Bs131 ¢ TeM, 9TO mpeBecHasT MyKa SIBIISIETCS OCHOB-
HBIM KOMIIOHEHTOM KOMITO3UTA, B TIOCJICITHIE TOMIBI 11~
POKO TOOIIpsETCS pa3padboTKa U IPUMEHEHNE U3ICTIA
W3 IPeBECHO-HAITOJTHEHHOTO TIIACTUKA IJTT O0JICTICHUS

ImepepadOTKHM OTXOIOB IUIACTMACC M COKPAIIICHMUS T10-

TpeOJIeHU JIECHBIX pecypcoB [9].

B xadecTBe TTOIMMEpPHOI MAaTPUIIBI B COCTaBaX Ha-
HOMOIM(UIIMPOBAHHBIX KOMITO3UIINOHHBIX MAaTEPHUAIOB
B OCHOBHOM IIPUMEHSICTCS TIOJTUITHICH W TIOJTATIPOTI -
JIeH, OIHAKO KOMIIO3UTHI Ha ocHOBe I1BX mpeBocxomsT
ITOJTMOJIe(PUHOBBIC KOMITO3UTHI IT0 3KECTKOCTH U TIPOIHO-
CTU, UMEIOT BBICOKYIO CBETOCTONKOCTh I YCTOMUYMBOCTD
K XMUMMYECKMM BEILIECTBAM U CPABHUTEJbHYIO JIC11I€BU3-
HY UCXOTHOTO CHIPBSI, IIPY 3TOM OHH XapaKTCPU3YIOTCS
HEIOCTaTOYHOI TePMOCTOMKOCTBIO, YIapHOI BI3KOCTHIO
u ruapodoodHocThIO [10—11].

I[TosToMy mpeBeCHO-TIOJIUMEPHBIE KOMITO3UTHI,
OCHOBY KOTOpBIX cocTaBisieT [1BX, aBnstioTcst omHUM
13 HanmboJIee TMepCIeKTUBHBIX COBPEMEHHBIX MaTepra-
JIOB C IIMPOKUMU 3KCIUTyaTallMOHHBIMU XapaKTePUCTH -
KaMU, peHTa0CIEHOCTRIO ITPOM3BOACTBA, OTHOCUTETBHOMN
JIETKOCTBIO TiepepadoTku [12—16].

Ha ceromHsamramii IeHb SKCTPY3USI CUUTACTCST cCaMOit
M3BECTHOM TEXHOJIOTUEH IJIS TIOJTYICHUS TIPOAYKIIUH
13 KOMITO3UIIMOHHBIX TEPMOILIACTUYHBIX ITOJIUMEPOB,
0OJIBIIIOE KOJTMIECTBO 3apyOCKHBIX KOMITAHWI NCTIOJNb-
3YIOT 3TY TEXHOJIOTUIO IIJIsI IIPOM3BOMICTBA TIPOhUIC
1 TPyOUYATHIX KOMITOHEHTOB M .

HpeBecHOE ChIphEe, COAepIKaIee 1EJUTI0N03Yy, MMECT
TIOPUCTYIO CTPYKTYPY U IIPU BO3ACHCTBUN BEICOKUX TEM-
TiepaTyp 1 JaBJICHUI IOABEPraeTCsI OKMCICHUIO, a TAKKE
SIBJISICTCST MaTEPHAJIOM ¢ abpa3rBHBEIM M3HOCOM. B cBs13n
C 3THUM YacTO BO3HHMKAET Psif IMPoOJIeM, B YaCTHOCTH,
ancopOuus ra3o00pa3HbIX BEIIECTB OMMIKAMU U BbI-
IeJICHUE NX B 9KCTPYIepe, PUCK BOSHUKHOBCHUS BO3-
TOpaHUI ¥ B3phIBa 13-3a 00pa3yroIIeiics Ta30BOIi CMeCH,
BBIZICJICHIE CMOJIMCTBIX BEIIECTB M3 APEBECUHBI XBOTHBIX
ITOPOI TIPU TIepepaboTKe OIMIIOK.

DTU HEAOCTATKU MOTYT OBITh YCTPAaHEHHI B CIyJae
HCITOJIb30BaHMs HAaHOMOAU(HUIIMPOBAHHBIX T00OABOK,
BXOISIIIIUX B PELIETITYPY KOMIO3UTOB [17], KOTOpBIE CO-
CTOSIT U3 CIICAYIOIINX KOMIIOHEHTOB:

— BHCIIHWE W BHYTPCHHHE CMa30YHBIC MaTepHUAJIHI,
IIPeAOTBPAIIAOIINE TIPUITATIAHNAE K SKCTPY3MOHHOM
TOJIOBKE, TTOBBIIIAIONINE TEKYISCTh M CHIKAOIIIIC
BSI3KOCTB;

— CBS3YIOlllee U AUCIIeprupylollee BeIecTBo — IJis
VAYUIICHUS OTUCIIEPCUM MOJMMEPHON MaTPHIIBI
1 MEXaHMYECKUX CBOMCTB, TAKNX KaK IMPOYHOCTh
Ha pacTsLCKeHME, IPOYHOCTh Ha M3TUO M yIapOIIpod-
HOCTB;

— aHTUITAPEHBI, TTOBHIIIAOIINE OTHECTONKOCTD TUIACT-
Macc; BCIICHMBAIOIIE aTeHTHI, YMEHBIIIAIOIINE BeC
IPEBECHO-TTOIMMEPHBIX KOMITO3UTOB M 00JIeTJIaio-
IIMe TIPY CTPOUTEILCTBE 3a0MBaHNE TBO3ICH, CBEp-
JICHUe, KPEIUICHNE, 3aBUHINBAHIE U PE3KY;

— aHTHOKCHUIAHTHI, TPAIUIIMOHHO UCITOIb3YIOIINECS
IIJISI TpeNOTBpalleHUsI CTapeHUs MaTepuaa co Bpe-
MEHEM B ITPOIIECCEe €T0 UCIIOIb30BaHMS,
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— MomuUKATOPhl YAAPOIIPOYHOCTH, YIYUIIAIOIINe
YCTOMYIMBOCTD K aTMOC(EPHBIM BO3ICHCTBUSIM MIPU
Hapy>XKHOM CTPOUTEIIbCTBE;

— (bYHTULIMIEI, 3aIIUIIAIONIINAE CTPOUTEIIBHBIC M3ICIIHS
OT MUKPOOPTAaHM3MOB U IIJICCEHM, a TAKKE YIbTpa-
(uromeToBsIe cTabmM3aTOPHI (Y D-CcTaOMIN3aTOPHI);

— TUTMEHTHI, 3alIUAIIAIOIINE U3ACIINS OT BO3NCHCTBUS
CBETOBBIX JIYUCH 1 IMPeIOTBPAIIAIOIINE X BHIIIBETA-
HUE.

B meoM, HAHOCTAOMITM3aTOPBI MOKHO Pa3IelInTh

Ha JIBE IPYIIIHL: (DYHKIIMOHAIBHBIC U TEXHOJOTHTUICCKIE.

DyHKUIMOHATBHEIE ONPEACIISIIOT CBOMCTBA KOMIIO3H-

Ta, TEXHOJIOTMIECKIE OKA3BIBAIOT BIMSHUE B TIPOIIEC-

ce BBICOKOTEMIICPATypPHOI MepepadbOTKU TTOJIMMEPHOMN

KoMmTo3unuy. OCHOBHBIMU TPYIIIAMUA HAHOMOIU (DU -

KaTOpoOB, OOBIYHO MPUMEHSIOIIUMUCS B TIPOU3BOICTBE

MaTepuaaoB Ha ocHoBe [1BX, siBisitoTcst cTabniin3aTopsl,

MOIM(PUKATOPHI YIAPHOU ITPOYHOCTH U TlepepadaThIBa-

€MOCTH, CMa3KH.

Conep:kaHre HAHOMOIU(PUKATOPOB COCTABIISICT OKO-

710 1—-5% oT Macchl cMecH, HO MMEHHO OHU OKa3bIBalOT

CYIIIECTBEHHOE BO3ICICTBIE HAa XapaKTePUCTUKI KOHEI-

HOTO CTPOUTENIFHOTO M3HeNus (IIPOYHOCTh, BHEITHUI

BUI, TOJITOBEYHOCTD), ITTO3TOMY MCCIICIOBAHMNE BIVSTHUS

pa3TMYHBIX HAHOMOIU(UKATOPOB Ha 3KCITyaTallOH-

HBIE CBOIMCTBA MTOJIy4aeMBIX CTPOUTEIIPHBIX MaTEPHATIOB

SIBIISICTCST HAa CETOMHS aKTyaJIbHOM 3amadcii.

METO/JbI 1 MATEPUAJIBI

Lenp nccmeqoBaHUA 3aKIIIOYAaeTCS B ONIPEACICHIHN
3G GEKTUBHBIX HAHOMOIU (UM PYIOITNX KOMITIOHEHTOB,
B YaCTHOCTU HAHOCTAOMJIM3aTOPOB, 00CCITCUNBAIOIIIX
COXPaHHOCTb ITOJIMMEPOB IIPU TIepepadoTKe U IIPH 3KC-
TUIyaTalyu, TaK KaK pa3pylieHue MoJIuMepoB MPUBOIUT
K M3MEHEHUSIM TaKMX ITOKa3aTellel, KaK BSI3KOCTbh, IIBET,
MIPOYHOCTb, U YXYAIICHUIO XapaKTePUCTUK (PU3NKO-Me-
XaHMYECKOTO XapaKTepa.

B manHYyIO TpyIIy BXOOAT aHTUOKUCIUTEIN, TEM-
mepaTypHbIe CTAOMIN3aTOPHI U CBETOCTAOMIN3aTOPHI,
obecnieynBarouIre 1eJIOCTHOCTb ITOJIMMEPOB B MpoLieccax
HCTIOb30BaHMS M ITepepaboTKu. M crmoab30BaHe HAHO-
MOOU(DUIIMPOBAHHBIX AaHTUOKUCTUTEIICH TIPETISITCTBYIOT
OKUCJICHHIO B XOJI€ TEXHOJIOTUUECKOTO IIpoIiecca 1 P
9KCIUTyaTallii, K HUM OTHOCSITCSI 3aTPYIHEHHEIC (e-
HOJIBI, aJIKWJI/apuit (DOCHUTHI U IIp.

OCHOBHBIMH TPeOOBAHUSIMHU, TIPCABIBISICMBIMUI
K CTaOWJIM3UPYIOLIUM J00aBKaM, SIBJSIOTCS yAaJeHue
JTAOMITEHBIX XJIOPUIHBIX TPYIIIL, TIOTJIOIIEHIE XJIOPUCTOTO
BOJOPO/Ia, TTOBBILIEHKWE MOKA3aTeIsl BJIaroCTOMKOCTH,
YCTOMYMBOCTH K MPOLIECCY OKUCIEHUIO, a TAKXKe HU3Kas
TOKCUYHOCTh Y HU3KAasl CTOMMOCT.

Ha ceromusmHmit neHh HAHOTEPMOCTAOMIN3aTOPHI,
B COCTaBe KOTOPBIX COMEPKATCS TaK1e TOKCUIHBIC Be-
11IeCTBa, KaK cTeapaThl KaAMUs, CBUHIIA, Oapus, CTPO-

TO OTPAaHWYCHEI, B CBSI3U C YeM Ha PBIHKE TTOBHITIIACTCS
TTOJISI HETOKCUYHBIX CTAOMIN3aTOPOB, TAKMUX KaK cTeapaT
KaJpIus, creapaT uHKa [ 18—20].

IToMuMO TIepeunCIIeHHBIX, TIPU TTPOM3BOICTBE KOM-
ITO3UTOB MCIIOJIB3YIOTCSI IPOTUBOYAApPHEIC HAHOMOI! -
(pUKaTOPBI, KOTOPHIC BIUSIOT Ha YBEIMICHNUE YIAPHOMN
IIPOYHOCTH U3ACIHUI C TIPUITAHIEM BO3MOXKXHOCTH BBI-
IepXUBaHMs BHE3aITHOM HATPy3KW 0e3 pa3pyIlcHUS.
Takune HaHOMOAM(DUKATOPHI AEAITCS Ha CleayIolIue:
HaHOMOIU(PUKATOPHI, UMEIOIIHE CTPYKTYPY «SIIPO-000-
nouka» (MBS- (MeTakpuiaT-0yragueHctupon) , AIM
(akpuI0BBIC HAHOMOAN(DUKATOPHI YIAPHOM BSI3KOCTH)
1 HaHoMonrduKaTopsl ABS (akpumoHUTpHUI-0yTamTueH-
CTHPOJT) 1 HAHOMOANU(UKATOPHI C TTOJTYCOBMECTUMOM
cereBoif cTpykTypoit (CPE — xmopupoBaHHBIN TTOINA-
tuneH, EVA — stunneH-BuHmnaterat, NBR (akpuionn-
TpUI-OyTagueH-Kaydyk) [21].

IIponeccMHTOBHIMHU T0OABKAMU WJIA HAHOMOIU-
dukaTopamu mrepepadaTeIBACMOCTH, TTO3BOJISIOIINMH
VIIPOCTUTH MPOIIECC TIepepabOTKM pacIliaBa, SIBJISIOT-
CsI COBMECTUMBIC C TIOJUBUHUWIXIIOPUIOM TTOJTMMEPHI,
B TOM UYHCJIC OCJIA0JISIONINE OTPAHUUCHUS TBVKCHMUST
TTOJTMMEPHOI e ¥ cerMeHTOB. OHM HeOOXOIMMEI TS
TOTO, YTOOBI CITOCOOCTBOBATH PACITaay YACTHUII TTOJTUMe-
pa, obecreuynBaTh TOMOTEHHOCTD pacIliaBa, OBICTPOE
XKeJIMpOBaHUE U HEOOXOAUMYIO CTETIEHb IJIaCTUKALIUH.

B xadecTBe UX MOXKET OBITh UCTIOJIH30BaH IIMPOKMI
psim comomMepoB MeTuiMeTakpuiaata (MMA) co cTu-
pOJIOM, aKpuJjaTa, MeTaKpmiaTa 1 M-BUHILIaKTaMa,
MMA u rmuuuauiaMerakpwiata, MMA u akpuiakpu-
J1aToB U 1p. [22].

IlepeunciaeHHble HAHOTOOABKM 0OECIIEUNBAIOT ITPO-
1IeCCHI CHIDKCHUS TPEHUS B IIpoIiecce TepepabOTKH, a ITo
MEXaHU3MY JeMCTBUS ICISITCS Ha BHYTPEHHNE, BHEIITHIC
1 CMEIIAHHOTO ACHCTBUS, B YaCTHOCTH, TIEPBBIC TEPMO-
TUHAMIYIECKY COBMECTUMEI C TIOJTMMEPOM, CTIOCOOCTBY-
0T YMEHBIICHUIO CIJTHI MEKMOJICKYJISIPHOTO B3aNMOICH -
CTBUS M, CIIEAOBATEIIFHO, BI3KOCTH IToJMepa. CMa3Ku
BHEIITHEro AEWCTBUS 00JIeryaloT Mpoliecc nepepadoTKu
MoJiuMepa, MepeBoisl peXXUM CO CABUTOBOTO B PEXXUM
«ITPOOKOBOT0» CKOJBKCHMSI, CIIEAYST TAKKE OTMETHUTD,
YTO BCJICACTBHE HEIOCTATOYHOM COBMECTUMOCTH C TI0-
JIMMEPOM OHM B TIPOIIECCE TIEPEPAOOTKI BBIIEIISIIOTCS
Ha TpaHMILy pa3aenia «paciulaB — METaJlI» M BBI3BIBAIOT
YMEHBIIEHNE aiTe3NH IMOJINMepa K METAITNIECKIM TI0-
BEPXHOCTSM IepepadaThIBarolIero ooopynoBanus [23].

HeobxoauMocTb UCTIOIb30BaHUSI HAHOMOIU(UKATO-
POB OIIPEIEIISIOT UCXOISI M3 TPeOOBAHUIA, TIPEIbsIBIISIC-
MBIX K KOHCYHBIM U3ICIUSIM B 3aBUCIMOCTH OT YCIIOBUIA
MX 3KCIUTyaTallUd M K TEXHOJOTHYHOCTHU B IIPOIIECCax
IepepabdOTKH, 3aBUCSIIINM OT KOHCTPYKIIMOHHBIX OCO-
OEHHOCTE! SKCTPY3MOHHOM JIMHUMU.

KoMIT031THI Ha OCHOBE PaCTUTEIHPHBIX KOMIIOHCHTOB
HaXOoIAT Bce 00JIee MMPOKOE KOMMEepUYECKOoe IIpIMEHe-
HHE TIPU CTPOUTEIBCTBE, BAXKHBIM TPEOOBAaHMEM K 3KC-
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TUTyaTallMOHHBIM XapaKTepUCTUKAM 3TOT0 MaTepuaja
SIBIISICTCSI TOJITOBEYHOCTh Ha OTKPBITOM BO3IYyXE.

Ilon peiicTBueM yabTpadroI€TOBOrO OOIydEHMUS,
a TaKXe B IIPUCYTCTBUU KUCJIOPOIA W BJIaTH TTOJTMMED
TIOABEPTACTCS OYCHB OBICTPOMY ACTUAPOXIOPUPOBAHIIO
M TICPEKNCHOMY OKHCIICHUIO C 00pa30BaHUEM ITOJIMECHOB,
YTO MPUBOIUT K PE3KOMY M3MCHEHHIO MEXaHUIECKIX
CBOICTB mmonumMepa [24].

HMccnenoBanme BAWSHHUS HAaHOCTAOMIN3aTOPOB
Ha TEXHOJIOTUYECKHNE W SKCILTyaTallMOHHBIC CBOMCTBA
KOMITO3UIIMOHHBIX MaTepHUAJIOB IIPOBOIIIIN IIPH MacCO-
BoM cooTHomieHuu I1BX : npeBecHast myka — 1:1.

ApeBecHO-TOTMMEPHYIO KOMITO3UIIUIO TTOTyYaIn
CMeIIIeHEeM KOMIIOHEHTOB B BEICOKOCKOPOCTHOM CMe-
curesie mpu HarpeBanuu 10 120°C, mocire yero moixyJeH-
HYIO TIOJIMMEPHYIO MacCy OXJIaXIadr OO0 TeMIIepaTyphl
40—60°C 1 neperIaBIsuii Ha JJabOpaTOPHOM SKCTPYAEpE
¢ moJrydyeHreM ariaomepata. OOpassl I UCITBITAHUA
(TpaHyJIBI) ITOTYJaIN U3 arjioMepaTa METOIOM BaJIbIIC-
BaHUS. Bpems BanmbplieBaHUST 5—8 MHWH, TeMIieparypa
BasplieBaHUs 170£5°C.

BrusHre perenTypHBIX (haKTOPOB Ha TEXHOJIOTHIC-
CKHE CBOICTBA MOJIMMEPHON KOMITO3UIINH OILICHUBAIIA
Ipu IIepepaboTKe Ha JTab0pPaTOPHOM IBYXITHEKOBOM
9KCTpyaepe.

B xome nccaemoBaHNs N3YYeHO BIMSTHUE PA3TNIHBIX
HAHOCTAaOMIM3aTOPOB Ha TEXHOJOTMUECKHE 1 IKCILTya-
TaIlMOHHBIC CBOMCTBA MOJIy4aeMbIX KOMITO3UTOB, BeIb
OKUCJICHNE TIPOMCXOINT Ha KaXKIOW CTAaIUHU CYIIIECTBO-
BaHMS TTOJTMBUHILIXJIOPUIHOTO MaTepHraa.

PE3YJIbTATbI

g HemOITyIIeHWST pa3pyIIeHNS, YIIYIIICHUS TeX-
HOJIOTUYECKUX 1 IKCIUTyaTallMOHHBIX XapaKTePUCTUK
B IIpoIIeccax IepepadoTKI KOMITO3HITNIA BaXKHBIM KOM-
TMOHEHTOM SIBJISIETCSl BBEIEHUE HAHOTEPMOCTAOUIM3a-
TOpa, T00aBICHIE KOTOPOTO B HEOOJIBIINX KOJTMIECTBAX
CPaBHUMO C BIIUSTHUEM CTEXHMOMETPHIECKOTO OTHOIIIE-
HUS BEIIECTB, IIPUHUMAIOIINX YIaCTHE B PCaKIINMN.

Taxske oueHb OOJIBIIION TTPOLIEHT HAHOMOIM(DUKATO-
POB IS TTOJIUMEPA UCTIONB3YETCS B IEJISX YIIyUIICHUS
MEXaHMIECKUX XapaKTePUCTUK (TBEPIOCTH U XKECTKO-
ctu). ['oMomonnmep TTOTUBUHUIXIIOPHI SIBIISICTCS 1O~
CTAaTOYHO ITPOYHBIM, HO JISTKUM M HEIOCTATOYHO JKECT-
KuM. 1151 mpuaaHus yaydlieHHbIX CBOMCTB, YTO OY€Hb
aKTyaJIbHO B CTPOUTENIbHOI cepe, paHbIne B EBporre
u Poccnm B 003aTeIBHOM TTOPSIAKE MCITOIB30BAIM Kal-
MMi1, OTHAKO ITOCTETICHHO €T0 MCITOIh30BaHME COKpaIla-
JIOCh, TaK KaK OH ObLT MpU3HAH Hebe3omacHbeIMU. Tak,
COIIACHO M3BECTHBIM €BPONCUCKIM aHATUTUUCCKUM
0a3aM JaHHBIX, OH OB UCKJIIOYEH 13 MOIAU(PUKATOPOB
THoJIMBUHMITXJIOpUa 1o Beeil EBporre k 2007 romy.

M3BecTHBIM (DaKTOM SIBJISIETCS TaKKe 3aMeHa CBUH-
LIOBBIX HAHOCTAOMIM3aTOPOB (CoKpalueHue Ha 75%

B niepuof ¢ 2000 o 2010 rom, B HacTosIIee BpeMsT OHU
MPaKTUYECKU MOJHOCTbIO UCKITIOUEHBI ), YTO MOATBEPXK-
JIEHO COOTBETCTBYIOLLIMM POCTOM HaHOCTAOMJIM3aTOPOB
Ha OCHOBE KaJblIMsI, UCIIOJb3yEeMbIX KaK aJbTepHATUBA.

B Bune crabunuzatopoB B Poccuu, EBpore, HO,
r1aBHBIM o6pa3zoM, B CIIA umcrionb3yeTcst U 0JI0BO.
I1o paHHBIM eBpONENCKUX TIPOU3BOAUTENCH U3ACINI
n3 [1BX, o1oBSIHHBIE CTAOMIM3aTOPBI HAXOOST Bee Oojiee
LIMPOKOE TPUMEHEHUE HapsILy C KaJbLIMEBbIMU U MPOLI-
JIV CTAAWIO YCHEUIHBIX UCTIBITAHUIN Ha 9KOJOTUYECKYIO
0e301acHOCTb.

MupoBoii TeHaeHUuel pa3Butust naayctpuu I[1BX
SIBJISIETCSI BHEAPEHUE KaTbLIMUIIMHKOBBIX CTAOUIN3aTO-
POB-TIpUCANOK, TTpeIHAa3HAYEHHBIX IS TPOU3BOICTBA
0e30MacHbIX U3EJMU U3 MoNMBUHUIXJIOpUAa. Takue
CTaOUAM3aTOPbl CIIOCOOHBI BBIMOJHATDL CIEAYIONINE
(GYHKLIUU:

— TIpenoTBpallaTh IeTpagaliio BO BpeMs SKCTPY3UU;

— samumarth [I1BX-mipodunm ot nedpopmanum, odecii-
BEUMBAHMS 1 TIOXEITEHUS 10 BO3AEUCTBUEM YJIb-
Tpaduonera;

— obneruuts popmuposanue [1BX;

— 00ecrneuyuTb CTOMKOCTb K BBICOKMM TeMITepaTypaM.

Kpome yinydiieHus: 3KoJIorMu, CYIIECTBYIOT M TEXHU-
YyecKue OCHOBAHMS IS IIMPOKOTrO MPUMEHEHUS Kajlb-
LM -IIMHKOBBIX CUCTEM:

— OTU CTAOMIM3aTOPbl HETOKCUYHBI;
— 00ecreuynBaloT BbICOKYIO TEPMOCTAOUIBHOCTD;
— obecreynBaloT IMOroJ0CTORKOCTb, PaBHYIO WJIH JTy4-

LLIYI0, YEM Y CBUHELICOIEPKAIIIUX CUCTEM;

— BBICOKas 3ammTa oT Y D-u31ydeHus.

B pabote ObLIM MpOBeneHbI UCTIBITAHUS KaJIbLIUIi-
LIMHKOBBIX CTAOMIN3aTOPOB, MpeIHA3HAYEHHBIX JJIS
nepepaboTKM HEMIACTU(PULMPOBAHHBIX MOJUMEPOB
Mmapok: Baeropan, Purmukc. B cocraB 6a30B0ii pelieri-
Typbl HAHOMOJIU(PULIIMPOBAHHOTO KOMIO3UTA JaHHbIE
CcTabMIM3aTOPhl BBOAWIN B Mpeieiax, peKOMeHI0BaH-
HbIX IIPOU3BOAUTEISIMH, B KOJIMYECTBAX 3—6 MACCOBBIX
yacteil. Pe3ynbraThl 1ipencTaBieHbl B Ta0. 1.

HMcnbiTanust KaabLUUi-IMHKOBBIX CTAOUIN3aTOPOB
B 0a30BOJi pelienType MOoKa3bIBaloT, UTO Mapka Baeropan
MOKa3bIBAET CPABHUTEIBHO JYUIIe PE3yabTaThl, OMHA-
KO IIpU JO3MPOBKE 6 MAaCCOBBIX YacTeil CTaAOUIN3ATOD
PutMukc obecrieurBaeT HEOOXOIUMBIN YPOBEHb TEPMO-
CTaOMJILHOCTH.

KanbLuii-1iIMHKOBbIE CTA0MIN3aTOPhI, KaK MTPaBUIIO,
SIBJISIIOTCSI KOMIUIEKCHBIMM, T.€. BKJIIOYAIOT B COCTaB,
KpoOMe cTeapaToB KaJblMs U LIMHKA, Majible 100aB-
KM-aHTUOKCUIAHTbI, cMa3Ku 1 T.1. HecMoTps Ha aT0,
10 pe3yJibTaTaM MCCAeI0BaHUI MoKa3aTesl TeKy4eCcTr
pacIuiaBa BUIHO, YTO «CMa3bIBaloIIMin» 3(h(heKT cTabu-
JIN3aTOPOB, KaK «Baeropan», Tak 1 PUTMIMKC BEIpasKeHBI
cnabo.

JIU1st onTUMHU3alUKM PeOJIOTUYECKUX CBOMCTB HAHO-
MOIUMUIIMPOBAHHOTO KOMITO3UTA B IIPOLIECCE DKCTPY-
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Tabauya 1
Bausnue cTa0UIM3aTOPOB HA CBOCTBA HAHOMOIU(UIMPOBAHHBIX KOMIIO3UIIMOHHBIX MATEPHAIOB
Conepxanne Ca—Zn HauveHoBaHue ncceayeMoro nokasareis
crabuimsaropa B 6a30B0ii TepmocTaOUILHOCTH IITP, r/10 Mun. Bonomoromenne, %
penenrtype, Mmacc.4 npu 180°C, mun (P =21,6 krc, T = 190°C) ’
2 56 0,56 6,1
Baeropan 4 73 0,85 5,8
6 85 1,1 5,2
2 49 0,49 6,2
Purmukc 4 67 0,64 6,0
6 80 0,97 5,4

3Un TpeOyeTcsT T0OaBIeHNE B €T0 COCTaB BHYTPEHHUX

M BHEIIHUX cMa3oK. B pesynbraTte akctpysuu [1BX-

KOMITO3UTIUI, TIOMUMO T€PMUYECKOTO, CEepPbe3HOe

BO3MIEICTBME HA TTOJIMMEPHBIN MaTepral OKa3bIBaIOT

Harpy3Ku MEXaHUYECKOU MTPUPOIBI, TIO BIUSHUEM KO-

TOPBIX B MAaKPOMOJIEKYJIaXx TTOJIMMepa MpOTEeKaloT He-

CKOJIBKO TTOC/IeIOBATEIbHO-TIAPAJUIETbHBIX PEAKITUIA:

— B MecTax HauOOoJIbIIel KOHIIEHTPAIIMY HATIPSIKEHUST
paspeiB C—C cBsi3eii, KOTOPBIi MPUBOAUT K YMEHb-
MIEHWIO MOJIEKYJISIPHOU MAcChI TTOJTUMEPA;

— OTIIETUIEHUE MOJEKYJIbl XJIOPUCTOTO BOAOPOAA
7 OJIOKOB TIOJTMEHOB,

— TIiepepacripenesieHue 00pa3yoinxcs paauKaios 0e3
3aMETHOTO U3MEHEHUSI CPETHEBSI3KOCTHOM MOJIEKY -
JISPHOI MaCChI «XUMUYECKOE TEUCHUE»;

— CIIWBKA MaKPOMOJIEKYJ C YBEJIMUEHUEM BSI3KOCTH
W T.JI.

JobGaBieHre B COCTaB KOMITO3UITMOHHOTO MaTepH-
ajia crabmimsaropa, MOAU(PUIINPYIONIETO XUMUIECKIe
1 MEXaHUYeCKNe CBOWCTBA, MPUBOIUT K OCIA0IICHUIO
pa3pymaroniero AecTBus hU3MIeCKUX HArpy30K Ha Ma-

TepHaJI IIPH IIPOIABIMBAHUY TIOJTMMEPHOTO pacIliaBa de-
pe3 hopMyroIIiee OTBEPCTHE B SKCTpyAepe. Y MEHBIIICHIE
BHYTPEHHETO TPECHUS 1 KOJIMIECTBA TEIIOTHI, BEIICISIO-
IIelics B IIpoIiecce MeXaHMIECKOM pabOThI, IIPOMCXOIUT
B pe3yJIbTaTe BBCACHMS B TTOJIMMEPHYIO KOMITO3UIINIO
CMa30K, CHIDKAIOIINX BSI3KOCTh paciuiaBa. B pesynbraTe
STOTO CHIKACTCS TeMIIepaTyPHBIi peXuM IIpoliecca,
YMEHBIIIAETCS TeCTPYKIINS TTOJIMMepa M 00JIerdaeTcst
pacnpeeieHre BXOASIIMX B COCTaB KOMITO3UIIUU KOM-
ITOHEHTOB |25, 26].

B uensix obierueHus mpoiecca nepepadoTKU BLICO-
KOHAITOJJTHCHHOM PeleINTyphl IPEeBECHO-TTOIUMEPHBIX
KOMITO3UTOB OBUTH IIPOBEICHBI MCCIICIOBAHNS HAHOIO-
0aBOK CITOXXHO3(UPHOTO TUTIA — MOHOCTeapar IIUIIe-
puHa, LoxiolG u JIydocTtaba Ha X ImoKa3aTeab TeKy4eCTH
pacmaBa (ITTP) (puc. 1).

YCTaHOBIIEHO MOBBIIICHNE JAHHOTO ITOKA3aTeIsI IIPHA
HCITOTB30BAaHNH CIIOKHO3(DUPHBIX HAHOTO0ABOK, TIPH
STOM JIYUIIHIT pe3yIbTaT MOIydeH TP UCIIOIh30BaAHUN
cMasku Mapku JIyocrabd, mo3BoIsIIOLINI TTOBBICUTD MO~
KazaTellb TeKyJdecTH pacruiasa ¢ 0,49 mo 2,4 v/10 MuH.

2.5 4

2._
1.5 4
l_
L I
0,
1 2 3 4

IITP, r/10 mMun.

Puc. 1. Pe3yabTaTsl 3KCIepUMEHTA MO OLEHKE BJIM-
SIHUSA HAHO00ABOK HA MOKa3aTeJib TeKy4eCTH pac-
miasa (rpu remnepatype 190°C u Harpyske 21,6 kr):
1 — oTcyTcTBME HaHOAOOABKM; 2 — MOHOCTeapaT
mmuepuHa; 3 — LoxiolG; 4 — Jly6ceTcad

45 -
4 .
35
E 37
H
S 25
R
=
= 151
1 -
0,5
0 ‘ ‘ ‘ ‘ : : ‘
0 0,5 1 1,5 2 2,5 3 3,5
Conepxanue JIyocrao 05, macc.y/100 macc.u IIBX

Puc. 2. 3aBucuMocCTh moKa3aTeIsi TEKy4eCTH paciuiaBa
OT KOJINYeCTBA BBOAMMO¥ HaHOm00aBKu JIyocTad
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HccnenoBanms, IIpoBeaeHHBIC TSI OIIPEIeICHUS
ONTUMAJILHON 103MpoBKHU JIydCcTad, MOKa3bIBaIOT, YTO
TIPY €TO JTO3MPOBKE B KOJIMUYECTBE 2 Macc. 4. (puc. 2)
TEeKy4eCThb paciiaBa coctabseT 3,3 r/10 MuH., a ¢ yBe-
JIMICHUEM €TO COACPXKAHMS ITPOMCXOINT ITOBBIIIICHIE
TOKa3aTeJIsl TEKyJeCTH pacIjiaBa IJlacTUKaTa, 9YTO CBU-
JIETETECTBYET O TTOBBIIICHUY TTOIBIDKHOCTY HAIMOJICKY -
JIIPHBIX CTPYKTYP B pacIuiaBe mogmMepa. JambHeiiee
YBeIMYCHUE TO3MPOBKY HAHOMOOABKH HelleJiecoo0pas-
HO, TaK KaK MOXET OTPHUIIATEIILHO ITOBIMATH Ha (PU3UKO-
MEXaHNIEeCKUX XapaKTepUCTUKNA TOTOBBIX HAHOCTPOU-
TEJTbHBIX MaTepHUAIIOB.

HobasneHne B COCTAB IPEBECHO-TIOJIMMEPHBIX KOM-
TIO3UTOB HAHOIOOABOK TAKOTO THUIIA TIO3BOJISICT JOCTUYD
YBEJTMICHUST IIPOM3BOANTEIFHOCTH ITepepadaThIBAIOIICTO
000pyIOBaHUSI, B YaCTHOCTH JTAOOPATOPHOTO 3KCTPYIe-
pa. Kpome 3TOTO0, Ha yIIydIIeHNE SKCILUTyaTallMOHHBIX
XapaKTEPUCTUK KOMITO3UTOB BIMSET pAaBHOMEPHOE pac-
npenejeHue YacTULL IPEBECHOU MYKH B OOBbEME TTOJIH-
Mepa U YCHIICHUE X B3aMOICHCTBHSA.

Hanono6aBku Ha OCHOBE TUTAHATOB CITOCOOCTBYIOT
TIOBBIIICHUIO TIPOYHOCTU MOJIMMEPOB, YCUINBAsI CBSI3b
MEXIy OpTaHUYEeCKMMU MOJIMMepaMK U HeopraHuJe-
CKAMU HaIIOJTHUTEISIMMU.

Hawmm ripoBeneHa orieHKa BO3MOXKHOCTH ITOBBIIIICHUS
aITe3MOHHOTO B3aMMOJICICTBHSI TTOJIMMEPA C IPEBECHOM
MYKOI1 BBeICHIEM B KOMITO3UIINIO HAHOT00aBKI — Op-
raHOTUTaHATA.

YcraHoBIIEHO, YTO 100aBKa B KOMIIO3uLuio 1% op-
TraHOTUTAaHAaTa MIPUBOINT K MOBBIIICHUIO TTPOYHOCTH
KOMITIO3UTA, a JaJIbHEHIIee YBETMICHUE €TO JO3UPOBKH
110 2% He BAUSIET Ha (PU3MKO-MEXaHUYECKUE CBOMCTBA
KOMITO3UTA (TabII. 2).

HccrmemyeMble HAHOTOOABKY OKa3bIBAIOT CYIIECCTBEH-
HOE BIMSTHHE Ha BaXXHBIN MMOKa3aTeIb BOIOIOTIIONIE-
HUSsI, B YaCTHOCTU, pU BBeneHuu JIydctad HabmogaeTcs
CHIDXCHHUE 3HAYCHUS 3TOTO MmoKaszaTens. [lobaBieHne
OpTaHOTHTAaHATA BIMSICT HA YMCHBIIICHNUE BOIOIIOTIIO-
IIEeHUSI, YTO OOBSICHsIETCS 00jiee paBHOMEPHBIM pac-
IIpeAesIeHUEM IPEeBECHO MYKHI B COCTaBEe ITOJTMMEPHOM
KOMITO3HUIINH IO BIUSTHUEM CIIOXKHO3(MDUPHOI CMa3KH,
a TaKKe YCWJICHUEM aaTre3MOHHOTO B3aUMOACUCTBUSI
MEXY ITOJMMEPOM 1 HATIOJTHUTEIEM, 00YCIIOBJICHHOTO
BJIMSTHEM OpTaHOTHUTAHATA.

st ipuoaHus MaKCUMaJIbHOM aTMocdepocToii-
KOCTH M3IEJINSIM HaMU OBbLIO M3y4eHO BiusHue Y D-
crabmmm3aTopa Mapku «Chimassorb» (BASF I'epmanmst)
1 aHTUOKCHUIAHTAa MapKu ATHIOJI, TIPEICTABISIOIICTO

Tabauya 2
Pe3ynbTaThl HCCIe10BAHMII 110 OLIEHKE BJIMSHISA OPrAaHOTUTAHATA HA MEXaHHYECKHE CBOCTBA KOMIIO3HTA
ConepxaHue opraHoTUTaHaTa, %
Ne mmn HaumenoBanue nokasareJis
0 1 2
ITpouHocts npu paspsise, MIla 28 34 35
2 OTHOCUTENIPHOE YIUTMHEHUE TIPU pa3phiBe % 33 57 59
Tabauya 3
PesyabraThl ncciaenoBanus M0 BIAAHII0 Y®-00,TydeHns1 HA BHEITHUIA B HAHOMOAM(UIIMPOBAHHOTO KOMITO3UTA
N Bpewms o0ayyenust, 4
0
0 25 50 100 150 200 250 300
) .| .
2% -‘
3*

* oopaser; Ne 1 — 6e3 ncrnonb3oBanust YP-crabunmszatopa; oopasen Ne 2 — ¢ nobasiaeHnem Chimassorb; oopaserr Ne 3 —

¢ no6asneHueM Chimassorb u Aruaon
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c0o00Ii cMech MeHTadpUTPUTOATEeTpaKuC [3-[3,5-1u-
TpeT-0yTHI-4-TUAPOKCUGEeHNMI| IPOITMOHATa U TPU
(2,4-mu-TpeTOyTHII(eHMT )DochuTa.

UccnenoBanue 1o nsydenuto snusHus Y D-cradbu-
JIN3aTOPOB Ha CTOMKOCTh KOMITO3UITMOHHBIX MATepUAIOB
K M3MCHEHUIO IIBETa IIPOBOIMIIN B HACTOIBHOI KaMepe
«Solarbox» 1500E ¢ M"HTEHCMBHOCTBIO CBETOBOTO ITOTOKA
765 Bt/m?, Bpemst ucnbitanust coctasuio 300 yacos. Pe-
3yJIbTaThI UCIIBITAHUN IIPUBEACHBI B JaHHBIX Ta0I. 3, 4.

OBCYXKIEHUE

M3ydeHO BIMSHNE pa3IUIHBIX MOTU(MUKATOPOB
Ha TEXHOJIOTUUYECKNE W SKCILTyaTallMOHHBIC CBOMCTBA
HaHOMOIN(DUIINPOBAHHBIX KOMITO3UITNOHHBIX MaTEePH -
ajioB. B pe3ynbpTaTe MpoBeIeHHBIX UCCICIOBAHUN T10-
IOOpaHBI KOMIIOHEHTHI, 00ECIICYNBAIOIINE BEICOKYIO
3(HEKTUBHOCTD CTAOUIU3UPYIOLIEH CUCTEMbI TPOTUB
TePMOJIECTPYKLIMU, MOBBIIIAIOIINE TEKYYECTh paciljiaBa

Tabauya 4

MOJIMMEPA, CHMKAIOLIKWE BOAOIOMIOIIEHUE U ITPUIA0-
I JOCTATOYHO BBICOKYIO aTMOC(HEPOYCTOMUINBOCTD
MaTepualiaM, 4TO OCOOEHHO aKTyaJlbHO MPU MPUMEHE-
HUM UX B CTPOUTEIIBCTBE.

Takum ob6pa3oM, B Xozie MPOBEACHHBIX CCIIeI0Ba-
HHI YyCTAaHOBIICHO, YTO cTabmmM3arop PutMukce n cmaska
JIy6crab obecrneunBaloT HEOOXOAUMBbIN YPOBEHb TEPMO-
CTaOMIIBHOCTH M TeKYJYECTH paciuiaBa KOMITO3UTA.

Hcxonst u3 MoTydeHHBIX 3HAYCHII NU3MEHEHMSI 1IBEeTa
AE, paccunTaHHOTO 1O N3MEHEHUIO IIBETAa KOMITO3UIIM -
OHHBIX MAaTEPHAJIOB B ITPOIIecce SKCIO3UIINYN 00pa3IoB,
KoMmo3uins, conepxaiast «Chimassorb» sBisteTcs 60-
JIee YCTOMYMBOM K M3MEHEHUIO 1IBETA IO BO3ICCTBIEM
Y®-006my9eHNS — TTOJTHOE IIBETOBOE OTIMYMEC CHIDKACTCS
¢ 25,57 no 12,74.

CoBmecTHOe nctionb3oBanne «Chimassorb» 1 Aru-
TTOJI TIPUAAET KOMIIO3UTY 00JIee BHICOKYIO CTaOMIIBHOCTh
IIBETA U, CJICMOBATEIbLHO, TTOBBIIIACT YCTOMUYNBOCTH Ma-
Tepyaja K BHEIITHUM BO3ICHCTBUSIM.

PeSyJ]bT aTbl UCNILITAHUIA 110 U3MEHEHHIO IIBETA HAHOKOMIIO3UTOB IO/1 BJIMSIHHEM Y(I)-oﬁnyqeﬂnﬂ

B KoopauHatax CIELab

No | Koopmumarsi Bpewmst 0Grygennst, 4
1BeTa 25 50 100 150 200 250 300
L 50,65 47,74 46.28 40,62 36,63 34,25 33,88
a 12,46 12,43 11,65 11,31 10,26 8,50 8,63
27,11 25,21 23,21 18,97 14,34 10,23 10,06
1 AL —1,94 —4,85 —6,31 —11,97 —15,96 —18,34 —18,71
Aa 0,13 0,11 —0,67 —1,01 —2,06 —3,83 -3,69
Ab 0,03 —1,88 —3,87 —8,11 —12,74 —16,85 —17,02
AE 1,95 5,20 7,43 14,50 20,52 25,20 25,57
L 63,78 56,35 56,45 54,54 52,64 49,04 47,51
a 7,28 8,75 9,02 10,25 11,33 12,60 12,93
b 26,17 24,93 26,19 27,71 29,21 28,03 27,14
2 AL 5,55 —1,88 —1,78 —-3,69 —5,60 -9,19 —10,72
Aa —1,17 0,30 0,57 1,80 2,88 4,15 4,49
Ab 4,23 2,99 4,26 5,78 7,28 6,09 5,21
AE 7,08 3,55 4,65 7,09 9,62 11,78 12,74
L 56,97 56,69 54,33 52,33 48,13 46,53 44,67
a 8,45 9,09 9,73 11,05 12,04 12,82 13,11
24,33 26,29 26,32 27,86 26,81 26,20 24,93
3 AL 1,24 0,95 —1,40 —3,40 —17,60 -9,21 —11,06
Aa —0,10 0,54 1,18 2,50 3,49 4,26 4,56
Ab 3,03 5,00 5,02 6,56 5,52 4,90 3,63
AE 3,28 5,12 5,35 7,80 10,02 11,27 12,05
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3AKTIOYEHUE

B nannoit pabote mmomoo6paHbl KOMIIOHEHTHI, 00e-
CITCYMBAIONINE BBICOKYIO 3(P(HEeKTUBHOCTh CTAOMIIN3HPY-
fOIIeit CHCTeMBI IIPOTUB TEPMOIECTPYKIINHU TIOJIUMEDA,
TIOBHIIIAOIINE TeKYUSCTh pacIulaBa IMoJIMMepa, CHIDKAIO-

K¢ BOMOMOTJIOMICHNE W TIPUAAIONINE KOMITO3UIINOH-
HBIM MaTepHaiaM BHICOKYIO aTMOC(HEepOyCTOMINBOCTb.

ITomoGpaHHBIC B XOIE MCCICIOBAHNUS KOMIIOHCHTHI
HMMEIOT MEePCITEKTUBY MCITOIB30BAHMS B IIPOMBIIIITICHHBIX
MacITadax Ipy IIPOM3BOICTBE MaTePUAIOB Ha OCHOBE
KOMITO3UIIMOHHBIX MaTepPHAaJIOB Ha pacTUTEIHLHOM OCHOBE.

Hccnedosanue svinonneno 6 pamkax npoepammol Munucmepcemea nayku u vicuieco oopazosanus Poccuiickoi @ede-
payuu «ITPUOPUTET 2030» (Hauuonanonwiit npoekm «Hayka u ynusepcumem»)
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Intelligent Eco-Monitoring System for Selecting
a Residential Development Site with Nanofiber-Based
Window Filter Screens
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ABSTRACT: Introduction. The industrial activities result in the release of a significant number of pollutants into the atmosphere,
which have a negative impact on human health and the environment. The development of sustainable principles for construction
sites development requires the elaboration of algorithms, assessment methodologies, and monitoring of the environmental situation
at the construction site. Analysis of research works in the field of environmental monitoring of air pollution by hazardous substances
has shown that the speed and reliability of the obtained information are crucial in polluted atmospheric conditions. In this article,
we examine the application of an intelligent environmental monitoring system with Salavat city Republic of Bashkortostan as the
example. The article presents an example of continuous eco-monitoring using three automatic air pollution monitoring stations
for controlling the atmospheric air in residential areas. Methods and Materials. An intelligent eco-monitoring system is proposed,
which is capable of assessing the state of the air basin of an industrial city, identifying sources of increased air pollution, processing
information using an artificial neural network in real-time, generating control actions on sources of increased air pollution, and pro-
viding recommendations to businesses for optimizing their operations to prevent exceeding the maximum allowable concentrations
of harmful substances. Results. The analysis of air quality in Salavat has led to the conclusion that it is necessary to install window
filter-screens with nanofiber-based filtering elements in residential buildings. Discussion. The results of the air basin monitoring
can be used in an integrated intelligent environmental monitoring system for assessing environmental conditions and can be made
available to interested parties. Considering the results in Salavat, the project can be replicated for use in eco-monitoring systems
of towns and cities in the Russian Federation. Conclusion. As a result of the project, the program utilizing artificial intelligence has
been developed, which will contribute to reducing the level of air pollution in the future.

KEYWORDS: nanotechnology, air pollution, nanofiber filter, environmental monitoring, automatic station, air monitoring, buildings
and structures, artificial neural network.
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INTRODUCTION

Designing and organizing a construction site for large-
scale development within urban boundaries requires
the development of measures and solutions. All these
factors require appropriate monitoring, risk assessment,
and environmental restoration measures. As a result of
industrial activities, a significant amount of pollutants
is emitted into the atmosphere, negatively affecting hu-

man health and the environment. An analysis of current
research on air pollution monitoring [1—5] has shown
that it is accompanied not only by material losses but also
by deterioration of health of the population in the nearby
areas. Therefore, in the context of atmosphere pollution,
the speed and reliability of the obtained information are
of great importance. Solving such problems is impossible
without the creation of automated systems for monitoring
air pollution in industrially developed areas. This article
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examines the application of an intelligent environmental
monitoring system using the example of Salavat city, Re-
public of Bashkortostan.

The city of Salavat is located on a flat area, stretching
from north to south and bordered on the eastern side
by the Belaya River. Based on the “wind rose,” the pre-
vailing wind direction is from the southwest. The main
part of the city lies at the lowest absolute elevations of
145—155 meters. Rising above at absolute elevations of
165—170 meters is the northern industrial zone, while
the southern industrial zone is situated at elevations of
170—220 meters. The positioning of the residential area
relative to the industrial zones leads to valley-shaped
local effects that contribute to the accrual of pollutants
in the air’s surface layer. Considering that there were
225 calm weather days in 2022, such meteorological
conditions favor the concentration of harmful emissions
in the atmosphere [6—7].

The aim and objective of the work is to create a center
for receiving, controlling, automatic processing of in-
formation, to develop an artificial neural network for an
intelligent system for analyzing the level of air pollution
in the city of Salavat.

METHODS AND MATERIALS

According to source [7], in 2022, Salavat’s air pollu-
tion levels, in line with SanPin 2.1.6.3492-21 criteria, were
raised and were primarily determined by the concentra-
tions of formaldehyde, ammonia, and nitrogen dioxide.
The annual average concentrations of the main pollutants
such as sulfur dioxide, nitrogen oxide, carbon monoxide,
suspended matters, nitrogen dioxide, and benzopyrene
remain below permissible standards. An elevated level of
emissions is bolstered by an increased proportion of fuel
oil in the fuel mix of electric power enterprises.

The Salavat city administration in conjunction with
Gazprom Neftekhim Salavat LLC have initiated an online
system for monitoring air pollution in the urban air ba-
sin, allowing for swift detection of airborne contaminants
whose concentration exceeds the maximum permissible
concentration (MPC). This system facilitates the docu-
mentation and identification of gaseous emissions, data
collection, and trend analysis of air pollution over time.
Consequently, it assists environmental specialists in evalu-
ating air quality in Salavat.

Currently, three pollution monitoring stations (PMS)
operate in Salavat: a mobile bus station PMS-1 in a heavy-
traffic area, and two stationary automatic stations, PMS-2
and PMS-3, for monitoring pollution levels in residential
areas.

These monitoring posts are equipped with modern
automatic air pollution stations (AAPS), functioning 24/7
and capable of identifying up to twenty-three different
pollutants. Additionally, the AAPS station is equipped

with an ultrasonic weather station for the automated mea-
surement of basic meteorological parameters [8—9].

Exceeding the maximum permissible concentrations
of polluting gases can lead to serious consequences for
human and animal health, as well as environmental degra-
dation. Taking into account the “wind rose” (a graphical
representation of wind directions and speeds in a certain
area), it is possible to determine and assess which direc-
tions and how quickly these pollutants may be dispersing.

Data on harmful factors are gathered semi-hourly
from various pollution monitoring stations (PMS). For
a more detailed assessment, the data received from the
AAPS stations were examined. Accordingly, the moni-
toring is carried out continuously, the readings are re-
corded in Excel files. These spreadsheets not only serve
as records but also as potential datasets for training neural
networks [10].

A detailed examination of the AAPS’s statistics re-
vealed that the station placements within Salavat are
strategically set to capture Maximum Permissible Con-
centrations (MPC) of pollutants: from the south at PMS
No. 3 (Meleuz and Salavatsteklo JSC), centrally at PMS
No. 2 (general situation within the city), and from the
north at PMS No. 1 (Gazprom Neftekhim Salavat LLC,
with processes occurring in Ishimbay and Sterlitamak).
This strategic placement aids in surveilling air quality
within specific city zones and identifying probable pol-
lution sources.

RESULTS AND DISCUSSION

The solution to the problem is complex. Automated
samplers in potential sources of contamination, if nec-
essary, promptly inform special services about the envi-
ronmental situation in the city of Salavat. These devices
are equipped with special sensors and software. The au-
thors have developed an integrated intelligent system for
managing this system for monitoring and analysis of data
concerning Salavat’s environmental status [10].

The use a neural network in the environmental moni-
toring system enhances the precision, oversight, depend-
ability of the data gathering process, and the management
of environmental conditions. This approach contributes
to the minimization of negative environmental factors,
as well as reducing the expenses associated with environ-
mental strategies and interventions.

The principal element of the system, presented in
Figure 2, is a neural network. This is a machine-learning
approach that makes it possible to predict changes in the
environmental situation based on existing data and trend
analysis.

A neural network-based environmental monitor-
ing system can be seamlessly integrated alongside other
monitoring and control systems, such as light and tem-
perature control systems in buildings, transport manage-
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Results of automated monitoring of pollutants in the atmospheric air (AASP)
according to B.S. Yulaeva, 8b Salavat from 01.02.2023 7:00 to 02.02.2023 7:00

S.S. Excess in nm.r. Excess in Time max.
Ingredient Concentration | MPC s;s. fractions of | Concentration | MPC m}.r. fractions of emission.m.r.
of pollutants mg/m MPC of pollutants mg/m MPC m.r. | concentrations of
mg/m3 s.s. > 1 mg/m? >1 pollutants
Ammonia no data 0.1 no data 0.2
Sulphur dioxide 0.0036 0.05 0.0064 0.5 01.02.2023 18:20
Hydrogen sulfide 0.0022 — 0.0049 0.008 01.02.2023 21:20
Carbon monoxide 0.6382 3.0 1.6016 5.0 01.02.2023 18:40
Particulate matter PM 10 no data 0.06 no data 0.3
Particulate matter PM 2,5 no data 0.035 no data 0.16
Particulate matter PM 1 no data - no data —
Nitric oxide 0.0319 - 0.1317 0.4 01.02.2023 18:40
Nitrogen dioxide 0.0595 0.1 0.1104 0.2 01.02.2023 22:20
Benzol 0.0091 0.06 0.0236 0.3 01.02.2023 20:30
Toluol 0.0106 — 0.0215 0.6 01.02.2023 20:00
Ethylbenzene 0.0005 — 0.0010 0.02 01.02.2023 20:00
m-, p-Xylol 0.0022 0.04 0.0044 0.25 01.02.2023 20:30
0-Xylol 0.0026 — 0.0040 0.3 02.02.2023 6:00
Chlorobenzene (C,H5CI) 0.0001 - 0.0001 0.1 01.02.2023 10:00
Styrol (C8HS) 0.0000 — 0.04
Isopropylbenzene (COH12) 0.0000 - 0.014
’(“Cl%}ﬁ‘fg)ethymyre“e 0.0003 _ 0.0009 0.04 02.02.2023 6:00
Phenol (C6H50H) 0.0000 0.006 0.01
Acetone (C3H60) 0.0788 - 0.3667 0.35 1.0 01.02.2023 20:30
Methanol (CH40) 0.0351 0.5 0.0738 1.0 01.02.2023 21:30
Ethylene (C2H4) 0.0006 — 0.0036 3.0 02.02.2023 4:00
Dimethylamine (CH32NH) 0.0000 0.0025 0.005
Fig. 1. Example of data gathered by an AAPS station,
indicating MPC and taking into account . .
indicatng king ntoaccount | 09,09 2023 07:00 - 02.02.2023 07:00
N (4)
ment systems, etc. The intelligent environmental moni-
toring system aggregates real-time data at a centralized NE (0) NW(0)
hub on pollutant levels from automated sampling and
control equipment from AAPS, alongside information
on atmospheric air conditions such as temperature, pres-
sure, humidity, and forthcoming weather forecasts. The
intelligent environmental monitoring system engages in E (8) W(3)
the processing and surveillance of the data, forecasting
of pollutant emissions, activation of preliminary con-
tamination warning mechanisms, and formulation of
guidelines regarding the maximum thresholds of safe
emissions by optimizing operational loads on applianc- SE(12) SW(4)
es. It automatically identifies the pollution sources and
causes, amplifies air filtration quality, and regulates the S(23)
reduction in transportation air pollution. Additionally,
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1
Fig. 2. Structure of an Intelligent Algorithm Based on a Logistic Regression Model
data are sent to municipal environmental monitoring
. . . . B MainWindow - [m] X
centers and to petrochemical and industrial companies
in order to adjust the general regulations on the emission Meaning Result
of harmful gases. Ammon Most likely
. . . monia;
An artificial neural network will analyze data from 0,001456671 pollutant:
meteorological stations and automated chromatographs, RRNARE Fhents SiptaanLs -
. . i . Hydrogen sulfide; 0 [Euterpnse 1 (p1)|
as well as gas-analyzing systems of the online monitoring Carbon monoxide; 0,0001
system for air pollution of Salavat. The intelligent system Nitric oxide; 0,001
assesses the current state of pollution in the city’s air basin Nitrogen dioxide; 0,013344658
d predicts polluti . o5, takine int Benzol; 0,001126531
and predicts po utlo.n progression scenarios, taking into Toluok; 0,000135714
account meteorological station data, weather forecasts, Ethylbenzene; 0,0001
and formulates generates control actions on sources of m-,p-Xylene; 9
int . llutants. Tt al id dati o-Xylene; 0,060071429
intense air pollutants. It also provides recommendations Chlorobenzene; =
for enterprises to optimize operational protocols to pre- Styrene; 0
vent exceeding the maximum permissible concentration Isopropylbenzene; 0
. iy . . Alpha methylstyrene; 0,003787959
of harmful substances in the city’s air basin. -~ g
The project of software interface design is shown in Acetone; 0,020408163
Figure 3. This interface is composed of input areas from Methanol; 0,215367347
. . Temperature; 21,1
AAPS data values, a display section for outcomes, and i Y -

a ‘Calculate’ button.

The result of training an intelligent model is its accu-
racy. The accuracy stands at 59.73%, indicating a correla-
tion between the parameters and the practical significance
of the study. The relatively low accuracy is attributed to

| Calculate

Fig 3. Program Interface Project
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the limited amount of statistical data collected, which is
an area for further investigation.

The intelligent environmental monitoring system can
be constantly improved by incorporating new devices
with enhanced metrological characteristics. Addition-
ally, the system can benefit from the integration of web
technologies for comparing and exchanging data with
other sources. The findings from monitoring the air ba-
sin can be utilized in an integrated intelligent system for
monitoring environmental pollution, including soil and
water contamination, as well as the impact on flora and
fauna. These results can be shared with interested parties
to evaluate the environmental situation and contribute to
fostering «transparency in environmental matters» [11—
15]. Taking into account the results in the city of Salavat,
this project can be replicated for the implementation of
environmental monitoring systems in small and medium-
sized towns and cities across the Russian Federation.

Following the analysis of air samples, the intelligent
environmental monitoring system suggests the installa-
tion in residential buildings a window filter-screen with
nanofiber-based filtering elements, such as the one offered
by Respilon [16].

Table 1
Test Results of a window filter-screen with nanofiber-
based filtering elements

Filtration Efficiency Filter-screen “Respilon”
1.0 um particles 82.9 %
2.5 um particles 97.6 %
5.0 um particles 100 %

A window filter-screen with nanofiber-based filtering
element is a filter made of nanofibers that have a diam-
eter of about a few nanometers, designed to be installed
in windows. It forms a barrier against the penetration of
dust, pollen, including viruses and bacterial spores. It also
helps inhibit the spread of mold while providing high per-
meability to air, gases, and water vapors. The particles are
captured mechanically. Thus, the membrane is suitable
for use in homes where individuals suffer from allergies,
asthma, cardiovascular disorders, lung diseases, or reside
in areas with high levels of air pollution.

The unique filtration ability is provided by a layer of
nanofibers.

The membrane of Respilon company consists of three
layers:

Layer 1: A breathable mesh frame that provides pro-
tection against dust, insects and other particles, while
allowing for proper air circulation.

Layer 2: A filtering breathable membrane made of
nanofiber, capable of retaining and trapping fine particles
of several nanometers in size. This membrane has high
air permeability, ensuring good air circulation while ef-
fectively capturing contaminants. The use of such filter-
permeable nanofiber membranes helps improve indoor
air quality and protect individuals from harmful outside
emissions.

Layer 3: A breathable protective mesh used to protect
against dust, insects, and prevent unwanted elements from
entering the room.

An intelligent environmental monitoring system can
be used to optimize the production of nanofiber materials
to achieve higher filtration efficiency of incoming air. Ad-
ditionally, by integrating environmental monitoring and
controlling the filtration process of atmospheric air enter-
ing the room, the system can improve the performance
and durability of filters.

In Salavat, the main air pollutants consist of chemical
elements ranging in size from 3 to 8 nanometers. There-
fore, it is advisable to minimize the inhalation of these
“gases”. Installing air handling units (breathers) at home
or in the workplace is recommended, as these units have
filters that trap harmful substances before they enter the
room from the outside [17].

CONCLUSION

The proposed intelligent environmental monitoring
system offers a comprehensive assessment of the air qual-
ity in the city. It provides recommendations to develop-
ers of residential complexes regarding the most environ-
mentally friendly areas for development. The system can
identify sources of increased air pollution and utilizes an
artificial neural network to process information. Based on
the data analysis, the intelligent environmental monitor-
ing system generates recommendations for enterprises to
optimize their operations and reduce their impact on the
environment.

As a result of the project, the program with Al was
created for further reducing the level of air pollution [8].

It is crucial to incorporate filter meshes with nanofi-
ber-based filter elements and air handling units (breath-
ers) in order to protect respiratory organs from harmful
substances, odors, and smog in large cities. These ele-
ments trap harmful substances before they enter living or
working spaces from the outside.

Further application of the intelligent environmental
monitoring system has the potential to lead to more ef-
ficient, intelligent and adaptive nanofiltration systems that
can be applied in various contexts and offer significant
benefits for human health, safety, and the environment
[8—25].
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AHHOTALUA: BBepeHue. B pe3ynbrate AeATENbHOCTY NPOMbILLIIEHHOCTM B aTMocdepy BbibpacbiBaeTcA 60MblUOe KONMYecTBO
3arpA3HALWMX BELeCTB, OKa3blBaloLWMX HEraTUBHOE BO3AENCTBUE Ha 3[J0POBbe YeNoBeKa U OKpy»KatoLlyio cpefly. Paspabot-
Ka NPUHLMMOB YCTOMYMBOrO NPOEKTUPOBAHMNA CTPOUTENbHBIX NoLWafoK TpebyeT NpopaboTKy anroputmMoB, METOAUK OLIEHKN
1N MOHUTOPUHIA SKOMOrMYECKON CUTYaLMm Ha CTPOUTENTbHO nowazke. AHanm3 paboT B 0611acTi SKONOrMYecKoro MOHUTOPUHIa
3arpAsHeHnAa aTMocdepbl BpeAHbIMU BeLLeCTBaMM NOKa3al, YTo B YC/IOBMAX 3arpA3HeHnA aTMocdepbl BaXKHOe 3HaueHne nveet
CKOPOCTb 1 JOCTOBEPHOCTb Nosyyaemoit UHGopmaLmmn. PaccMOTPUM NPUMEHeHNE HTENNEeKTYanbHOW CUCTEMbI SKOOTMYECKOro
MOHUTOPWMHra Ha npumepe . CanaaT Pecny6nuku balukopTocTaH. B ctatbe paccMoTpeH npumep HenpepbiBHOMO SKOMOHUTOPKHTA
C MCMONb30BaHNEM TPEX aBTOMATMYECKMX CTaHLMIA KOHTPONA 3arpsA3HeHra aTMochpepHOro Bo3ayxa AfiA MOHUTOPWHra atTMmocdep-
HOro BO3ayxa »unow 3oHbl. MeTogbl n MaTepuanbl. [TpeanioxkeHa MHTENNEKTYaNlbHaA CMCTEMa SKOMOHUTOPUHTA, cnocobHas Aatb
OLIEHKY COCTOAHMA BO3AYLLIHOIO 6acceliHa MPOMbILLAEHHOTO ropofa, MAEHTUGMLMPOBaTb MCTOYHUKI NOBbILLEHHON 3arPA3HEHHOCTH
BO3Ayxa, 06paboTaTb MHGOPMALMIO C MOMOLLIO NCKYCCTBEHHON HEMPOHHO CeTU B OHNalH-pexunme, opmrpoBaThb ynpasnstoLme
BO3[eNCTBMA HAa NCTOYHVKM MOBbILLIEHHOTO 3arpA3HeHNA BO34yXa U peKoMeHZaumm npeanpuaTmAM No onTUMmN3aLmMm pexnuma pa-
60Tbl A4NA NpefoTBPALLEHUA NPeBbILLEHNA NpefenbHO AOMYCTUMbIX KOHLIEHTPaLmMi BpeaHbIX BellecTs. Pesynbrartbl. B pesynbrate
npoBefeHHOro aHanun3a Bo3ayxa B . CanaBaT NPULLAN K BbIBOAY O HEOOXOAMMOCTUN YCTAHOBKU B XKMUMbIX 3[aHUAX OKOHHbIX CETOK-
duUnbTPOB € GUABTPYIOLLMM S1EMEHTOM Ha OCHOBE HaHOBOMOKHA. O6cyKaeHme. Pe3ynbTaTbl MOHUTOPUHIA BO3AYLLIHOrO 6acceHa
MOTYT UCMOMb30BaTbCA B MHTErPUPOBAHHOM MHTENEKTYaNlbHON CUCTEME SKOMOHUTOPUHIa 3arPA3HEHHOCTY OKpYXKatoLLen cpeabl,
MOryT 6bITb NPeAOCTaBeHbl 3aMHTEPECOBAaHHBIM NULIAM [N1A OLIEHKI SKonornyeckor cutyaumm. C yueTom pesynbraToB SKCrTyaTaLuum
B ropoge CanaBate NPOeKT MOXeET ObITb TUPAXMPOBaH ANA NCMOb30BaHKA B CMCTEMAX SKOMOHUTOPUHIA ManblX Y CPeHUX FOPOf0B
Poccuiickoin ®epepauun. BeiBogpbl. B pe3ynbtate BbiNONHEHNA NpoeKTa co3fjaHa nporpaMmma C npuMeHeHnem NCKYCCTBEHHOTO
WHTeNNeKTa, Mo3BOoNALWan B AasibHelLIEeM CHU3UTb YPOBEHb 3arpA3HeHnA aTMOChepHOro Bo3ayxa.

KJTIOYEBBIE CJIOBA: HaHOTeXHOOrK, 3arpAsHeHne Bo3AyXa, HAHOBOMOKOHHDBIN GULTP, SKOTOTNYECKU MOHUTOPUHT, aBTOMa-
TUYeCcKana CTaHUUA, MOHUTOPUHT BO3AYXa, 3[aHNA U COOPY>KEHUA, NCKYCCTBEHHAA HeMPOHHanA ceTb.

BJIATOAAPHOCTW: ViccnegoBaHme BbiNonHeHO B pamkax CTpaTternyeckoro npoekTta «HoBas cpefia 13Hu» B COOTBETCTBUM C NPO-
rpaMMoN cTpaTermyeckoro akagemmueckoro nuaepcrsa «[proputet-2030» 1 peannsauny Hay4HO-MCCIe40BaTeNbCKOro NPoeKTa
«Pa3paboTKa MHTENIEKTYaNIbHOM CUCTEMbI IKOJTOMMUYECKOr0 MOHUTOPKWHIA BO3AYLLIHOro 6acceiiHa ropoackoro okpyra r. Canaeat»
Ha nepuog 2023-2024 .
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SKOMOHUTOPWHIa A1 Bbl6opa yyacTKa 3aCTPOVKIN XWMbIX AOMOB C MPUMEHEHNEM OKOHHbIX CETOK-GUIBTPOB Ha OCHOBE HAaHOBO-
nokHa // HaHoTexHonorum B ctpoutenbcTe. 2023. T. 15, N2 6. C. 552-558. https://doi.org/10.15828/2075-8545-2023-15-6-552-558. —
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BOCCTaHOBIICHUSI. B pe3ymbraTe mesITeTIbHOCTH IIPOMBIIII -
JICHHOCTHU B aTMOC(epy BEIOPACHIBACTCS 3HAYNTEILHOE
KOJIMYECTBO 3arpsI3HSIONINX BEIIECTB, OKA3bIBAIOIINX
HeTaTMBHOE BO3ACIICTBYE Ha 3IO0POBhE YCIOBEKA 1 OKPY-
JKAOIIyIO cpemy. AHAIN3 CYIIEeCTBYIOIINX B HACTOSIIIEE
BpeMsI paboT B 00J1aCTH SKOMOHUTOPHWHTA 3aTPSI3HCHUS
atTMocdepsl BpeAHBIMU BelecTBaMu [1—5] mmokasain,
YTO OHM COIIPOBOXIAIOTCS HE TOIBKO MaTepHUaTbHBIMU
TIOTEePSIMU, HO M YXYIIICHUEM 3I0POBbs HACEICHUS TIPH-
JICTAIOIINX TePPUTOPHUIA, TIOSTOMY B YCIIOBUSAX 3arpsi3-
HEHMST aTMOCc(hephl BaXKHOE 3HAYCHHNE MMEET CKOPOCTh
¥ JIOCTOBEPHOCTH ITOJTyIaeMoii mHdopManuu. Pemrenne
MOTOOHBIX 3alauy HEBO3MOXHO 0e3 CO3MaHUs aBTOMa-
TU3UPOBAHHBIX CUCTEM MOHHUTOPHWHTA 3arpsSI3HEHUS
aTMOoCc(EepHOTO BO3IyXa IPOMBIIIIJICHHO Pa3BUTHIX TEp-
putopuii. B ctaTbe paccMOTpeHO MpUMEHEHNE MHTEII-
JIEKTYaJTbHOM CUCTEMBI 3KOJIOTUIECKOTO MOHUTOPMHTA
Ha ripuMepe T. CanmaBat Pecryoimku bamkoprocTaH.
I'opon CanaBaT HaXOAWTCS HA paBHUHHOM TeppH-
TOPUH, BEITSIHYT C CeBepa Ha oI OrpaHUYCHHOI ¢ BOC-
TOYHOM CTOPOHBI peKoii bemast cormacHo «po3e BETpOB»,
npeobaagaoIInM HaIllpaBICHUEM BeTpa SIBISCTCS
foro-3amamHoe. OCHOBHAsI 9acTh TOPOIA PACITOIOXKEHA
Ha caMBbIX HU3KHUX aOCOMIOTHBIX OTMETKax 145—155 m.
Brlmre ee 1o MOBepXHOCTH Ha a0COJIOTHBIX OTMETKAX
165—170 MeTpOB HaXOIAMUTCS TIJIOIIAIKA CEBEPHOI IPO-
MBIIIJIEHHOM 30HBI, a Ha oTMeTKax 170—220 M. — 110~
IIagKa I0KHOM ITPOMBIIIJICHHOM 30HBI. Takoe pacrromno-
JKEHHME XAJIOTO MacCHBa IT0 OTHOIICHUIO K TIPOMBITIUICH-
HBIM 30HaM BBI3BIBACT HOJUHHEBIC JTOKAJTbHBIC 3(PHEKThHI
¥ CITOCOOCTBYET HAKOIICHUIO 3aTrPSI3HSIONINX BEIICCTB
B IIPU3EMHOM CJIO€ BO3/IyXa. YUUThIBas, uTo B 2022 romy
0e3BeTpeHHAsT TIOToa COCTABIIIA 225 THEl B TOIY, TO Ta-
KHE METEOPOJIOTUUECKIE YCIOBUS OJIATOTIPUSITCTBYIOT
HaKOIUIEHWIO BPEIHBIX BLIOPOCOB B atMocdepe [6—7].
Llenpro u 3amadeit pabOTHI SIBJIICTCST CO3MAHUE TICH-
Tpa IpreMa, KOHTPOJISI, aBTOMAaTHIECKOM 00paboTKI
nHbOpMaIK, pa3paboTaTh UCKYCCTBEHHYIO HEMPOH-
HYIO CeTh MHTEJUICKTYaIbHOI CCTeMBI aHAJIN3a YPOBHS
3arpsI3HCHMST BO3MYIIHOTO OacceitHa ropoma Canasar.

METO/bI 1 MATEPUAJIBI

CornacHo ganHbIM [7], B 2022 Trony ypoBeHb 3a-
rpsi3HeHUsI aTMOC(HEPhI B COOTBETCTBUU C KPUTEPUSIMU
Canllun 2.1.6.3492-21 B ropone CanaBaT HOBBIILIEHHBIIA
U OIPEIeIsieTCss B OCHOBHOM KOHLIEHTpauusMu hop-
MaJibleruaa, aMMuaKka, nnokcuaa azora. CpeaHue 3a rof
KOHLIEHTPAL OCHOBHBIX OIPEAe/ISIEMbIX 3arPSI3HUTE -
JIeii: IMOKCUIA Cephbl, OKCHIA a30Ta, OKCHIA YIJIepoa,
B3BEILIEHHBIX BEIIECTB, TMOKCHUIA a30Ta, OeH3amupe-
Ha — HIKE JOMYCTUMBIX HOPM. [10BBIIIEHHBIA 00beM
BBIOPOCOB B aTMOChepy MOAIEPKUBACTCS BCICICTBUEC
YBEJIMUEHMS JOJIM Ma3yTa B TOIUIMBHOM OaJlaHCe IIpe/-
MPUSTUI SJIEKTPOIHEPIeTUKI.

Anmunuctpanys . Canasat coBMecTHO ¢ OO0 «I'a3-
mpoM HedTexuMm CaaBaT» CO30aTN CUCTEMY OHJIANH-
MOHUTOPHWHTA 3aTPSI3HEHHOCTH BO3MYITHOTO OacceiiHa
ropomga, KOTopasi T03BOJISIET OTIEPATUBHO BHISIBIISITH
HaJIMYME B BO3AYXE 3aTrPSI3HSIONINX BEIIeCTB, KOHIICH-
Tpauus kotopbix npesbiaet [TJIK. JlaHHas cuctema
OHJIAfH MOHUTOPWHTA 3aTPSI3HEHHOCTH BO3IyXa MCITONb-
3yeTcs It (PUKCAIInM W OIIpeaeICHUsI TUIIAa BEIOpoca
ra3oB, cOOpa TaHHBIX W TIPOBEACHUS aHAIM3a TPCHIOB
00 YpOBHE 3aTrpsI3HEHUS BO3MyXa Ha IMPOTSIKCHUH TIepH-
oma BEIOpoca. DTo IMMOMOTaeT CIeIIHAINCTaM 10 OXpaHe
OKpYXKaloIIel Cpelbl OMPeaeIuTh KaueCTBO aTMocdep-
HoTo Bo3myxa B ropozae CajaBar.

B nanuwiit MmomeHT B T. CamaBaT (GyHKIIMOHUPY-
IOT TpH TocTa HabmogeHus 3arpsisHeHnin (ITH3):
onHa nepenaBikHas aproctannus [TH3 — 1 B paiione
C MHTCHCUBHBIM IBIKCHHEM aBTOTPAHCIIOPTAa U IBE
cTallMOHApHBIe aBTOMaTUdeckne ctaHuum [TH3 — 2
u [TH3 — 3 mo KOHTPOJII0 YPOBHS 3arpsI3HEHHOCTH
B SKMJIBIX paiioHaXx.

ITocThl HAGMIOACHMS 3aTPsI3HEHNI OCHAIIICHBI CO-
BpEMEHHBIMU aBTOMAaTUICCKUMU CTAHITUSIMI KOHTPOJISI
3arpsisHeHUs aTMochepsl (ACK3A), KoTopsie paboTaioT
B KPYTJIOCYTOUHOM PEKUME M CIIOCOOHBI (PUKCHPOBATh
IO IBaIIIaTH TPeX 3arpsI3HSIONMNX BemecTB. Kpowme Toro,
cranuusg ACK3A ocHallleHa yIbTpa3ByKOBOI METEO-
CTaHIIMEH WUIST aBTOMAaTUUIECKOM (DMKCALIM OCHOBHBIX
METEOPOJIOTMICCKIX TTapaMeTpoB [8—9].

[IpeBrIlIeHNE TIpeIeTbHO-TOITYCTUMBIX KOHIICHTPA-
LU 3arpSI3HSIONINX Ta30B MOXET IIPUBECTU K CePhe3-
HBIM TTOCJICICTBUSIM JIJISI 3M0POBBS JIIOICH 1 SKUBOTHBIX,
a TaKKe K pa3pyIlIcHUIO OKPYXKAOIIei CpeIbl, a YIUTHI-
Basl «po3y BETPOB» (3TO rpahnuuecKoe N300paKeHue Ha-
MIPaBJICHUI I CKOPOCTH BETPpa B OIIPEICIICHHOI MECTHO-
CTH), MOXKHO OIIPEICINTh M OIICHUTD, Ky/Ia ¥ KaK OBICTPO
MOTYT PacIIpOCTPaHSITHCA 3aTrPsI3HSIIONINE BEIIeCTBA.

JlaHHBIC TI0 BpeTHBIM (pakToOpaM (DUKCHUPYIOTCS OMIH
pa3 B Tpunath MUHYT (Ha pa3Hbix [TH3). s 6omee me-
TaJTbHOM OLICHKM CTATHUCTUKU IIPOaHAIN3UPOBAIIN JaH-
Hble, TomydeHHbIe co cTaHmit ACK3A. CooTBeTCTBEHHO,
KOHTPOJIb BeICTCS HETIPEPHIBHO, TIOKA3aHMSI 3aITCHIBa-
fotcs B Excel daitel, KoTOpble MOKHO B JaJIbHEHIIIEM
MIPUMEHSITH JIJIs1 00y4eHns HelipoHHoM cetn [10].

ITocne anamm3a ctatuctuky ¢ ACK3A yctaHoBJIeHO,
YTO CTAHIIMU B HACTOSIIIIEE BpeMsI PacIoIOXKeHBI B TOPO-
ne CanaBat TaKuM 00pa3oM, 4To0bI (prkcuponath [TJIK
BpeIHBIX (PAKTOPOB ¢ 10XKHOTO HartpaBieHus — [TH3
Ne 3 (Meney3, AO «CamaBaTcTeKyo»), 1o IeHTPY Topo-
nma — ITH3 Ne 2 (ob1as KapThHA B TOPOJIE), C CEBEPHOTO
HampasieHust — [TH3 Ne 1 (OO0 «I'a3mpom HedTeXUM
CanaBat», mpou3sBoacTtBa Mmmmoas u Ctepiamuramaka).
HHbopmalns, TocTynarmas OT HIX, TIOMOTaeT OTCIIe-
JKWBaTh YPOBEHbB 3aTrPsSI3HECHNUS BO3IyXa B KOHKPETHBIX
paiioHax ropona W OIPeAc/IsiTh BEPOSTHBIN NCTOYHUK
3arpsS3HCHMSI.
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; Pe3ynbrarhl aBTOMaTH3UPOBAHHOTO KOHTPONA 3arpA3HAIOWKX BewecTs (3.B.)
: B atMocepHom Bozayxe ACK3A no 6. C. lOnaeea, 86 r. Canaear
: I ¢ 01.02.2023 7:00 no 02.02.2023 7:00
7
PR | o vy = £ s = I
. M3 Mrhd NAKcc.z1 mrim® urhy NAK m.p. 2 1 | konueHTpaum 3.8.
g AMMHAK HeT ganHbIx 0.1 HeT gannbix 02
10 CepHuCTbIil ras 0,0036 0,05 0,0064 05 01.02.2023 18:20
11 Ceposogopog 0,0022 - 0,0049 0,008 01.02.2023 21:20
12 Oxcup yrnepoga 0,6382 30 1,6016 5,0 01.02.2023 18:40
13 Bssewennbie vacTuus PM 10 HeT pamnbix 0,06 HeT gamnbix 03
14 |Bssewennsie yacTuys P 2,5 HeT pganHbIX 0,035 HeT gaHsbix 0,18
15 B3gewenHbie YacTuys PM 1 Her aaHHbix - HeT gaumbix -
18 Oxcug asora 0,0319 - 0,1317 0,4 01.02.2023 18:40
17 Buokcug asota 0,0585 01 0,1104 02 01.02.2023 22:20
15 Benson 0,0091 0,06 0,0238 03 01.02.2023 20:30
15 Tonyon 0,0108 - 0,0215 06 01.02.2023 20:00 01022023 07-00 - 02.022023 0700
20 3THnGexzon 0,0005 - 0,0010 0,02 01.02.2023 20:00
21 M-n-Keunon 0,0022 0,04 0,0024 025 01.02.2023 20:30 S
22 0-Keunon 0,0026 - 0,0040 03 02.02.2023 6:00 <30 B
22 | XnopGenson (CEHSCI) 0,0001 - 0,0001 0,1 01.02.2023 10:00
24 | CTupon (CBH8) 0,0000 - 0,04
25 VisonponinGenson (CSH12) 0,0000 - 0,014 W o
26 Anbda-meTuncripon (CSH10) 0,0003 - 0,0009 0,04 02.02.2023 6:00
27 | ®exon (CEHSOH) 0,0000 0,006 0,01 . o
2z | Aueton (C3HEO) 0,0788 - 0,3667 0,35 1,0 01.02.2023 20:30
25 MeTaon (CH40) 0,0351 05 0,0738 10 01.02.2023 21:30 wiz
3y STHneH (C2H4) 0,0006 - 0,0038 30 02.02.2023 4:00
31 AneTunamun (CHIZNH) 0,0000 0,0025 0,005
2

Puc. 1. Ilpumep gannbix co cranmuu ACK3A ¢ Hammunem npesbimenns IT/IK u yuerom «Po3bl BeTpoB»

PE3YJIbTATBI 1 OBCYKJIEHUE

PerreHne mpo6reMbl IMeeT KOMIUTEKCHBII XapakTep.
ABTOMAaTH3MPOBAHHEIC TTPOOOOTOOPHUKH B TTOTCHIINAITb-
HBIX OYarax 3arpsi3HEHUS B clTydae HeOOXOIUMOCTH OITe-
PaTUBHO MH(MOPMUPYIOT CIIELIUATBHBIE CITY>KOBI 00 KO-
JIOTMYECKOi1 odcTaHOBKe B I. CayaBar. DTH YCTPOMCTBA
OCHAIICHBI CTIEITNATEHBIMU JAaTINKAMU 1 IIPOTPAMMHBIM
obecrieucHEM. ABTOpaMHU pa3paboTaHa MHTETPUPOBAH-
Hasi UHTEJUIEKTyaJlbHasi CUCTeMa ISl YIIpaBJIeHUS JaH-
HOW CUCTEMBI JIJIsI KOHTPOJISI 1 00pabOoTKK nH(pOpMaLun
00 dKoJI0THYeCKOI 06cTaHoOBKe B ropone [10].

[IprMeHeHNe CUCTEMBI SKOJOTUIECKOTO MOHHUTO-
pUHTa Ha OCHOBE HEIIPOHHOI CETH ITO3BOJISICT YIIyUIITNUTh
TOYHOCTb, KOHTPOJIb, HAIEXKHOCTH TTpo1iecca coopa TaH-
HBIX U YIIPaBJICHNE SKOJIOTUIECKON CUTyallel, CHU3UTh
BO3/IEIICTBHE HETaTUBHBIX (DAKTOPOB Ha OKPYKAIOIIYIO
cpeny, a TAKKe COKPATUTh PacXOIbl Ha SKOJIOTUUECKIE
MEPOIIPUSITAS 1 PEIICHUS.

OCHOBHBIM 3JIEMEHTOM CHUCTEMBI, IIPEACTAaBICHHOM
Ha pHC. 2, IBIISICTCST HEMPOHHAS CETh — METOJI MAIIIMH-
HOTO OOYUEHHUS, KOTOPBII MO3BOJISIET TIPeACKa3bIBaTh
M3MEHEHUS B 3KOJIOTUYCCKOM CUTYAIIM Ha OCHOBE CY-
1LIECTBYIOIIMX JAHHBIX U aHAJIM3a TEHAECHLIUI.

CucreMa 5KOJIOTUIECKOTO MOHUTOPUHTA Ha OCHOBE
HEHPOHHOU CETU MOXKET ObITh MHTETPUPOBAHA C APYTH-
MM CHCTEMaMU KOHTPOJIS 1 YIIpaBJICHUsI, TAKUMH KaK
CHCTEMEI YIIPABJICHUS CBETOM M TeMIIEpaTypoil B 3MaHU-
SIX, CHCTEMBI YIIPaBICHUS TPAHCITOPTOM M T.JI.

B mHTEeIIeKTYyaIbHYIO CUCTEMY SKOJIOTUUECKOTO
MOHUTOPHWHTA MOCTYMAIOT JaHHBIC B SAMHBIN IIEHTP
B peaJIbHOM peXXMMe JaHHBIX IT0 CONepKaHUIO 3arpsi3-
Hsromux BemectB oT ACK3A, temniepaTtype, TaBIeHUIO
1 BJIAXXHOCTH aTMOC(HEpPHOT0 BO3IyXa, M IIPOrHO3 T10-
roIBl Ha OmKkaiimue mHU. Jlajgee MHTeIIeKTyaabHas
CHCTeMa SKOJOTUTICCKOTO MOHUTOPHHTA 00pabaThIBacT
U MPOBOJUT MOHUTOPUHT U MpeacKazaHue BHIOPOCOB
BPEIHBIX BEIICCTB, 3aITyCKacTCs CHMCTeMa paHHETO
MpeaynpexaeHus 3arpsi3HeHUs, BbIpadaThIBalOTCS pe-
KOMEHIAIIMH 10 MAKCUMAJIBHOMY IIPEIEITy BO3MOXKHBIX
0e30TacHBIX BRIOPOCOB ITyTEM ONITUMM3AIIAN 3aTPy3KH
amIapaToB U YCTPOWCTB, OMPEHCISTIOTCS aBTOMaTHUe-
CKU MCTOYHUKY Y TIPUIMHEI 3aTPSI3HEHUS, TTIOBEIIIICHIEC
KauecTBa (pMIBTPAIINY BO3AyXa, a TAKXKe KOHTPOJIH -
pyeTcsl CHIDKEHHE 3arpsI3HCHMS BO3IyXa TOPOICKAM
TpaHcmopToM. TakKe WH(bOpMAaIIMs MOCTyIaeT B TO-
POICKOI1 LIEHTP O SKOJIOTUICCKOMY MOHUTOPHUHTY 1 Ha
HepTeXMIUIeCKNe M TPOMBIIIICHHBIC TIPEOTIPUSTUS
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Puc. 2. CTpykTypa HHTELIEKTYaIbHOTO AJITOPUTMA HA OCHOBE MOJIEJIN JIOTUCTHIECKOI perpeccHn

C LIeJIbI0 KOPPEKTUPOBKU OOILIETO perjamMeHTa Mo Bbl-
Opocy BpeIHbIX ra30B.

AHaM3y UCKYCCTBEHHOU HEMPOHHON CEThIO OYAYT
MOABEPraThbCsl pe3yabTaTbl U3BMEPEHUN METEOCTAHLIMIA
M aBTOMaTUYECKHX XpoMaTorpacoB 1 ra30aHaIN3aTopoB
CUCTEMbI OHJIaliH — MOHUTOPUHTA 3arpSI3HEHHOCTU BO3-
IyIrHOTOo OacceiiHa ropona Canasar. IHTeUIeKTyaIbHasT
cucTeMa OlLIEHUBAET TEeKYIee COCTOSTHUE 3arpsi3HEeH-
HOCTHU BO3AYILIHOTO 6acceiiHa ropoja u MporHO3UpYyeT
ClieHapuii pa3BUTHUS 3aTPSIZBHEHHOCTU € YYETOM JaHHBIX
METEOCTaHLIMI TOPOJOB, MPOTrHO3a MOroabl, (hopMuU-
pYET yIpaBJIsitolle BO3aeCTBUS HAa UICTOYHUKHU T10-
BBILLIEHHOTO 3arpsI3HEHUS BO3/lyXa U peKOMEHIAuKU
OPEANPUITUSIM 10 ONTUMU3ALIMK peXruMa padOoThI 151
npenotBpaiieHus rnpesbiineHus 11K BpeaHbIX BelecTB
B BO3IyIIIHOM OacceliHe ropoja.

IIpoexT nuHTEepdeiica mporpaMMbl 1300pakeH Ha
puc. 3. OH COCTOMT M3 MOJIeH 71 BBOAA 3HAYCHU C TaH-
HBIX ACK3A, 1107151 U151 BBIBOIA pe3yIbTaTa M KHOITKHA
«Paccuuratb».

PesynbTaToM 00ydyeHUsT UHTEIUIEKTYaIbHOU MOJEIn
CIIY>KUT ee TOUHOCTh. Ha maHHbIII MOMEHT OHa COCTaB-
ns1eT 59,73%, 13 4ero ciaenyeT, YTo 3aBUCUMOCTb MEXIY
napaMeTpaMu eCTb U UCCeAO0BaHUE UMEET TpaKTUuye-
cKkuit cMbica. HegpocTaTouHO BBICOKMIA TTOKA3aTe b TOY-
HOCTHU 00YCJIOBJIEH MaJIbIM KOJIMYECTBOM COOpaHHBIX
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CTaTUCTUYECKUX TAHHBIX, YTO U SIBJISIETCS NajbHENIIEH
3a7a4eil UCCaeaOBaHUSI.

MHresuiekTyanbHas cucteMa 3K0JI0rM4ecKoro MOHM--
TOpPUHTa CIOCOOHA MTOCTOSIHHO YCOBEPIIEHCTBOBATHCS
3a cyeT 100aBJIeHMST HOBBIX TPUOOPOB C YJIyUllIEeHHBIMU
METPOJIOTUYECKUMU XapaKTepUCTUKAMU, BHEIPEHUS
web-TeXHOJOTUI 1151 CpaBHEHUs U OOMeHa JaHHbIMU
C IPYrMMU UCTOYHMKaMU. Pe3yabTaThl MOHUTOPUHTA
BO3IYIIIHOTO 6acceifHa MOTYT MCHOJIb30BaThCSl B MHTE-
TPUPOBAHHON MHTEJJIEKTYaIbHOU CUCTEME IKOJIOTH-
YeCKOTr0 MOHMTOPUHTA 3arpsSI3HEHHOCTH OKpYzKarolei
cpelnbl, BKJII0Yas 3arpsi3HEHHOCTh MOYBbI, BOJOEMOB,
¢aopbl 1 (payHbI, MOTYT ObITh MPEAOCTABIEHbBI 3aUH-
TepPEeCOBAHHBIM JIMLIAM JJIsI OLIEHKHW 3KOJIOTUYECKO
CUTYaLIMM, MTOMOTYT C(POPMUPOBATH UMUK «3IKOJIOTU-
YecKoM OTKpHITOCTU» [11—15]. C yuyeToM pe3yabTaToB
aKCcIUTyaTalny B ropoae CanmaBarte IIPOSKT MOXKET OBITh
TUPAXXUPOBAH JJIs1 UCTIOJIb30BaHUS B CUCTEMAX 3KOJI0-
TMYECKOTO MOHUTOPUHTIA MaJIbIX U CPETHUX TOPOAOB
Poccniickoit @enepann.

B pesynbrare mpoBeaeHHbBIX aHAJTU30B MPO0 BO3ayXa
WHTEJJIEKTyalIbHasl CUCTeEMa 9KOJOTMYeCKOr0O MOHM -
TOPUHTA PEKOMEHAYET B XWUJIbIX 30aHUSIX YCTAHOBUTh
CeTKY-(MWIBTP ¢ PUIBTPYIOIINM 3JICMEHTOM Ha OCHOBE
HaHOBOJIOKHA, HaIIpuMep, KoMrnanuu Respilon [16].

Tabauya 1

Pe3yiabTaThl TeCTUPOBAHUS CeTKU-(GUIBTP
¢ GUIBTPYIOIIMM 3J/eMEHTOM HAa OCHOBE HAHOBOJIOKHA

D dexkTuBHOCTD (hUIbTPATUN Cetka «Respilon»

yacTullpl pa3mepoB 1,0 Mkm 82,9%
YacTULBI pa3MepOB 2,5 MKM 97,6%
YaCTUIIBI pa3mMepoB 5,0 MKM 100%

OKoHHasg ceTKa-(GUIbTP ¢ PMIBTPYIOIIUM 3¢~
MEHTOM Ha OCHOBE HAHOBOJIOKHAa — 3TO (DHUIBTP,
M3TOTOBIICHHBII 13 HAHOBOJIOKOH, KOTOPBIC MMEIOT
IVaMeTp MOpsAKa HeCKOJbKNX HAHOMETPOB, TIPEI-
Ha3HAYCHEIX IJIS YCTAHOBKM B OKHA, U (OPMHUPYET
Gapbep OT MPOHWUKHOBEHUS MBUIN, ITHUIBIBI, BKITIO-
Yast BUPYCHI U CITIOPHI 0akTepuii. OHa TakKe ITOMOTaeT
BOCIIPEIISITCTBOBATh PACIIPOCTPAHECHUIO TUICCEHU, TIPHU
3TOM OOecTeYrBas BICOKYIO IIPOHUIIAEMOCTh BO3MIY-
Xa, Ta30B U TapOB BOABI. YJIaBIMBaHME YACTHII IIPO-
UCXOOUT MexaHuuecku. Takum obpazom, meMOpaHa
TIOIXOINT IIJISI UCTIOB30BAaHUS B IOMaX, TIe OOUTAIOT
JIIONIM, CTpafgarolre aJJieprueii M acTMOI Tak Xe, Kak
T€ JIIOAY, KOTOPBIC CTPAIAIOT CePACUYHO-COCYTUCTRIMU
paccTpOMCTBAMHU WJIN JISTOUHBIMH 3a00JIeBaAHUSIMMU,
KWBYIIME B 30HAX WM PETMOHAX C BEICOKUM YPOBHEM
3arpsI3HCHMST BO3MYIITHOM CPEIbI.

YHUKaIbHYIO CITOCOOHOCTD (PUITBTpalIi 00eCTIe -
BaeT CJI0¥ M3 HAHOBOJIOKHA.

Mem0Opana kommanuu Respilon nMeeT TpexcioiHyo
CTPYKTYpY:

cyoit 1 — Bo3myxompoHUIIaeMas ceTKa-Kapkac, ooe-
CTICUMBAIOIIAS 3AIIUTY OT ITBUTH, HACEKOMBIX U IPYTHX
YACTHUII, COXPAHSIS TP 3TOM IIUPKYJISIIAIO BO3AyXa,

CJI0M 2 — PUIBTPYIONIAST BO3MYXOIIPOHUIIAEMAst MEM-
OpaHa 13 HAHOBOJIOKHA, TIO3BOJISICT YIEPKUBATh U YJIaB-
JINBATh MeJTbYAIINe YACTUIIBI pa3MepaMi HECKOJIBKO HM.
DTOT THII MEeMOPaHBI 00J1aTaeT BEICOKOM BO3MyXOIIPOHM -
IIaEMOCTBIO, T.€. 00ECIICUNBACTCS XOPOIIAs ITUPKYIISIINS
BO3MyXa, TIPU 3TOM YIEPKUBAIOTCS 3arpsi3HeHmsI. Mc-
ITOJTb30BaHNE TaKUX (DIUIHTPYIOIINX BO3MYXOIIPOHMIIA-
eMBIX MEMOpaH N3 HAHOBOJIOKHA ITOMOTAET YIyUIINTh
KauyecTBO BO3IyXa B MIOMEIICHUH U 3alIUTUTh JTIOICH
OT BPEIHBIX BEIOPOCOB B aTMOCdEpy.

clIoif 3 — BO3AYXONpOHMUIIacMasl 3alllTHAs ceTKa,
KCTIOJIb3YETCS ISl 3aLUTHI OT MbUIM U HACEKOMbIX 1 JIJIsT
MIPeIOTBPAICHUS TTOTIaMaHNsT HeXKeJIaTCIPHBIX DJICMCH-
TOB B TIOMCIIICHNE.

HHTemeKkTyanbHast CHCTEMa SKOJIOTHIECKOTO MO-
HUTOPHWHTA MOKET OBITh UCITOJIH30BaHA TSI OTITUMM3a-
LINY TIPOU3BOACTBA HAHOBOJIOKOHHBIX MAaTEPHUAJIOB, TS
TOTO YTOOBI JOOUTHCS Oosice BICOKOU 3(P(PeKTUBHOCTU
uIbTpaIy MOCTyNAaIOIIero Bo3myxa. Takke cucTeMa,
HCITOB3YsI SKOJOTUUSCKUI MOHUTOPUHT 1 KOHTPOJIb
npoiecca puabTpaliu aTMocdepHOro Bo3ayxa, Mmo-
CTYIIAIOIETO B IIOMEIIICHNE, TTO3BOJIUT YIYUIIUTh IIPO-
U3BOIUTEILHOCTD 1 TOJITOBEYHOCTH (PUIIBTPOB.

OCHOBHBIMU 3aTpSI3HUTEISIMU Bo3ayxa B I. CayraBate
SIBJITIOTCST XUMIUYECKIE 3JIEMEHTHI pa3MepaMu 3—8 HM,
IIO3TOMY 3KeJIaTeThHO MUHUMM3UPOBATh BOBIXaHUE BCEX
STHX «Ta30B», TAKXKE PEKOMCHIIYETCST YCTAHOBUTH TOMa,/
Ha paboTe IPUTOYHBIC YCTAHOBKY (OpM3ephl), (DMIIBTPBI
KOTOPHIX 3aIep>KUBAIOT BPeAHBIC BEICCTBA MEped UX
roragaHueM ¢ yJIULbI B TometieHue [17].

BbIBO/IbI

IIpemnaraemast UHTEIEKTYajbHAsK CUCTEMA SKOJIO-
TMYE€CKOTO MOHUTOPMHTIA CITIOCOOHA JaTh UHTETpalib-
HYIO OLIEHKY 9KOJIOTUYECKOTO COCTOSIHUS BO3AYLIHOTO
bacceifHa ropoja, 3aCTpOMIIIMKAM XUJIbIX KOMIUIEKCOB
PEeKOMEHIOBATh HanboJiee 9KOJIOTUUECKE paiiOHbI 3a-
CTPOEK, MICHTU(HUIINPOBATH NCTOUHNUKI TTOBHIIIICHHOM
3arpsI3HCHHOCTH BO3IyXa, 00paboTaTh MHMOOPMAIIIIO
C IIOMOIIBIO UCKYCCTBEHHOM HEMPOHHOM CETH, U UHTE-
JIEKTyaJlbHasl CUCTEMA 9KOJOTUYECKOTO MOHUTOPUHTA
dopMUpyeT peKOMeHIAUW TPEANPUITUSM 110 OTITU-
MU3alMU peKruMa padOoThI.

B pesyibrare BhIMOIHEHUS MPOEKTA CO3/MaHa Mpo-
rpamMma ¢ nnpumeHeHueM MU, mo3Bosisiionias B 1ajib-
HelllIeM CHU3UTh YPOBEHb 3arpsi3HeHNSI aTMOC(HEPHOTO
Bo3myxa [8].
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CeTtka-GuiabTp ¢ GUIBTPYIOIIUM 3JIEMEHTOM Ha OC-
HOBE HAHOBOJIOKHA 1 TIPUTOYHBIC YCTAHOBKY (OpH3EpHI),
(UIBTPBI KOTOPBIX 3aAePKUBAIOT BpEeAHBIC BEIICCTBA
Tepen uX IMoIagaHueM C VIIUIIB B TIOMEIICHNE, STBIIS-
FOTCST HCOOXOOUMBIMU 3JIEMEHTaMU IJIST 3alIATH OpTa-
HOB IBIXaHUS OT BPEIHBIX BRIOPOCOB, 3aIlaxoB, CMOTa
B KPYITHBIX TOpoax.

ManpHelilee MpUMeHEHNE UHTE/UIEKTYaIbHOMN CU-
CTEMBbI KOJIOTUYECKOTO0 MOHUTOPHUHTA MOXET IIPUBECTU
K co3aaHuio 6oiee 3 PEeKTUBHBIX, YMHBIX ¥ aJAITHBHBIX
CHUCTeM HaHOMWIBTPALUM, KOTOPbIE MOTYT OBITh IIPH-
MEHEHBI B pa3JIMYHbIX 00JIACTSIX U IPUHECTH OOJIbILILE
BBITOJIBI IJIST 3I0POBbs ¥ 0€30MaCHOCTH JIIOEH, a TAKXKE
IIJIS OKpYy»Karomeit cpeanr [§—25].
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XaduzoB A.M. - Han1caHvie TeKcTa pasaena «MeToabl u MaTepuanbi»; rpaduyeckoe 1 TabnmuHoe NpefcTaBneHne pesynsTaTos
nccnefoBaHus.

Xlncmarymwm A.C.- noAroToBKa 1 HanmcaHme TekCTa pasgena «MeTO,U,bI W MaTepuanbi»; 06pa60TKa AaHHbIX.

AkuypuH [.LL. - pa3paboTka NCKYCCTBEHHOW HENPOHHOW ceTn; 06paboTKa U aHaNM3 SKCNepPUMEHTaNbHbIX JaHHbIX
C NPYMEHEHNEeM METOLOB MALUUHHOIO O0yYeHMs.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUU KOHPNINKTa MHTEpecoB.
CraTbA nocTynuna B pepakumio 24.10.2023; ogobpeHa nocne peueHsnposaHma 01.12.2023; npuHaATa K nybnukauymm 07.12.2023.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (WUT), is a state

key university directly affiliated to the Ministry of
Education of the People’s Republic of China. WUT is
among the first batch of universities which have entered
the national “211 Project” and China’s “Double-First
Class” Initiative. WUT is jointly developed by the Min-
istry of Education and the Ministry of Transport. As the
university directly affiliated to the Ministry of Education
which cultivates the largest amount of talents in three
major industrial sectors, namely, building and construc-
tion materials, transportation, and automobile industries,
WUT becomes an important base for the cultivation of
high-level scientific talents and technological innovation
for the three industrial sectors.

WUT has three campuses, including Mafangshan
campus, Yujiatou campus and the South Lake campus,
with a total land area of 2.67 million square meters and
a total gross floor area of 1.95 million square meters.
Currently, WUT has over 50,000 faculty and students,
24 academic schools, 4 National Technology Innova-
tion Bases and 4 modern libraries with a collection of
3.61 million books. Since 2000, WUT has been awarded
over 20 national science and technology prizes, rank-
ing in the forefront of all Chinese colleges and universi-
ties. In 2019, WUT was listed in Times Higher Educa-
tion World University Rankings, U.S. News Best Global
Universities Rankings, Shanghai Jiao Tong University’s
Academic Ranking of World Universities and QS Asia
University Rankings.

Since the founding of New China, WUT has cultivated
more than 600,000 senior professionals. In the recent

10 years, the first-time employment rate of graduates has
remained above 95%, and about 55% of total employment
join world’s top 500 enterprises and fields of strategic
emerging industries.

Over the years, WUT has formed educational ideol-
ogy system with distinctive characteristics, with the lofty
ideal of “Building an excellent university to win world-
wide recognition and admiration”, the spirit of “Sound
in morality, broad in learning and pursuing excellence”,
the principle of “Taking students’ cultivation as our es-
sence, and taking academic development as our priority”,
and the educational concept of “Implementing excellent
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.

MSE Discipline of Wuhan University of Technology

Founded in 1958, the Materials Science & Engineer-
ing (MSE) discipline of Wuhan University of Technology
(WUT) was supported in priority through the “State 211
Project for Higher Education Universities” 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.l alongside MSEs
of Tsinghua University and Beihang University) in the
4" round national discipline evaluation organized by the
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Ministry of Education in 2017, and is world top 1%o 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 Mate-
rials Synthesis and Processing was evaluated “Excellence”
among 21 state key laboratories in MSE in 2018. It also
has built 2 state international joint-research laboratories,
and 4 bases of foreign outstanding expertise-introduction
for discipline innovation (also known as “111 Project”).

International School of Materials Science
and Engineering

The International School of Materials Science and
Engineering (ISMSE) was selected into the list of “Net-
work of International Centers for Education” supported
by the State Administration of Foreign Experts Affairs and
Ministry of Education of P. R. C. in June 2015 as one of
the 16 international schools all over the country.

Driven by the “National innovation driven develop-
ment strategy” and the great demand for national higher
education reformation, ISMSE is devoted to building

a world-leading MSE discipline through optimizing
a high-level research and teaching team, constructing
an innovative training pilot zone and establishing an
innovative talents training system. Guided by the idea
of “enterprise cooperation, international cooperation
and research cooperation”, ISMSE organized 21 mentor
teams lead by academicians or distinguished professors
and 4 interdisciplinary innovation and entrepreneurship
training teams.

Aiming at leading the world’s building materials and
new materials in the 21st century, ISMSE values the inno-
vative ability as one of the core capabilities and reform the
innovative talent training system of the bachelor program,
master and PhD program and international program.
ISMSE provides students with a comprehensive curricu-
lum, which covers materials science, life science, energy
science, environmental science, information science and
advanced manufacturing science. To expose all students
to international experiences, joint training programs were
created in cooperation with world-leading universities.
Furthermore, ISMSE built a variety of platforms for
students’ all-round development, such as Distinguished
Scholars Forum, International Vision Forum, Quality
Education Seminar and Material Advantage WUT Chap-
ter. The Material Advantage WUT Chapter was awarded
Chapter of Excellence Award in the past 5 years from
2018 to 2022.

State Key Laboratory of Advanced Technology
for 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 administration
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of the Ministry of Science and Technology. Currently,
Professor Gu Binglin, an academician of the Chinese
Academy of Sciences, is the Chair of the laboratory’s
academic committee, and Professor Fu ZhengYi, an aca-
demician of the Chinese Academy of Engineering, 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 clas-
sified as a first-class State Key Discipline, included in
the national “985” project of “Build a world-class disci-
pline 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 compounding and preparation
technology, for developing advanced composite materials
for national major projects and pillar industries, and for
providing support at the national strategic level. Original
and systematic research results, with international impact

in transformative technologies, frontier new materials,
and interdisciplinary fields, have been reported in this
laboratory, and therefore, it leads the international de-
velopment in several strategic frontier new materials. The
laboratory fosters the development of global first-class
research talent through advanced scientific research in
the field of materials science and technology. In addi-
tion, the laboratory has created a culture of international
collaborative innovation and has carried out “Win-Win”
international cooperative 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 labora-
tories in the field of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and development
of multi-component, multi-scale, and multi-level com-
posite principles and material design theories that are built
on core research platforms comprising material gradient
composite technology, in-situ composite technology,
nanocomposite technology, and their integrated innova-
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tions. Currently, research on five key materials, including
advanced composite materials for national major projects
and pillar industries, efficient energy conversion and stor-
age materials for new energy technologies, nanocompos-
ite biomaterials for life sciences, information functional
materials for information technology, and frontier new
materials for transformative technologies, is being carried
out in this laboratory. Therefore, the laboratory has es-
tablished the following five distinctive research directions:
gradient composite technology and new materials, in-situ
composite technology and new materials, nanocomposite
technology and new materials, transformative technol-
ogy and frontier 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
thirty recipients 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-

Nanob%

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
Aerospace Exploration Agency (JAXA); the Institute
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 insti-
tutions. The Ministry of Science and Technology has
established the “International Joint Laboratory of Ad-
vanced Technology for Materials Synthesis and Process-
ing,” which is one of the first thirty-three international
joint laboratories in China. Additionally, the State Ad-
ministration of Foreign Experts Affairs and the Ministry
of Education have jointly formed three discipline bases
supported by the Program of Innovation and Talent Intro-
duction, namely “New Material Composite Technology
and Advanced Functional Materials,” “Advanced Prepa-
ration 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 collaborations and achieved fruitful results
in international collaboration and exchanges.

Currently, the laboratory has a floor areca 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 430 million RMB.

Introduction to Interdisciplinary Materials

The new scientific journal Interdisciplinary Mate-
rials (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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YXAHbCKUWN TEXHOJNTOTMYECKUN
YHUBEPCUTET

YXaHLCKI/Iﬁ TexHoJormdeckuii yausepcuteT (YTY) —
HaIlMOHAJIBHBIN CTPaTeTUICCKII YHUBEPCUTET IO,
IPSIMBIM yIIpaBlieHeM MUHUCTepCTBAa 00pa30BaHUS.
SBnsieTcss OMTHUM M3 TIEPBBIX YHUBEPCUTETOB, BOIIICT-
X B TOCYIAapCTBeHHBIC TTporpaMMhbl «211 Project»
u «Double-First Class» m1s1 coneiicTBIS pa3BUTHIO YHU-
BEPCUTETOB U HAYYHBIX HAIIPABJICHUIL MUPOBOTO YPOBHSI.
YTY 6511 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHHMCTEPCTBOM TpaHCITOpTa. Tak Kak
YHUBEPCUTET ITOMUNHSICTCS HAIIPSIMYI0O MUHUCTEPCTBY
00pa30BaHMsI, KOTOPOE PACTUT M Pa3BUBACT TaJaHTII-
BBIC KaIphI B 00JIACTU CTPOUTEIIHCTBA M CTPOUTEIIHHBIX
MaTepuaioB, TPaHCIIOpPTa U aBToMobOuiIecTpoeHus:, YTV
CTaJT BAXKHBIM IICHTPOM T10 TTOATOTOBKE HAYIHBIX KaIpPOB
¥ TEXHOJIOTMUYCCKUX MHHOBAIIMOHHBIX Pa3pabOTOK ISt
3THUX TPeX KPYIMTHEHIITNX ITPOMBIIIJICHHBIX CEKTOPOB.

YHuBepcuTeT BKIIOYAeT 3 KaMmItyca: MadaHTImaH,
KOm3utay n CaydJleiik, B 001IIei CITOKHOCTH 3aHIMAIO-
LIMX IUIOLIAAb 267 TeKTapoB 001Lei IIOMIAAbIO 30aHMiA
1,95 mutn M2, B Hacrostiee Bpemsi B YTV pabotaltot 6osiee
50 THIC. YeJTOBEK IepCOHAlIa 1 CTYICHTOB, 24 aKameMu-
YecKre MKOJIbI, 4 HallmoHaTbHBIX TEXHOJIOTUUECKUX
MHHOBAIIMOHHBIX IICHTpa U 4 COBpeMEHHBIEC OMOINO-
Teku ¢ pormom B 3,61 mutH nzganuii. C 2000 roma YTY
yaoctomcs 20 TocymapcTBEHHBIX HAITMOHATBHBIX HAYd-
HBIX ¥ TEXHUIECKUX TIPEMMIA, 3aHUMAsI TIePBBIC TO3UIIAN
B PCUTHHTE BCeX KUTANCKNX YHUBEPCUTETOB 1 KOJIIC -
xkeit. B 2019 romy YTV Obu1 BHeceH B peitmHTY Times
Higher Education World University Rankings, U.S. News
Best Global Universities Rankings, Shanghai Jiao Tong
University’s Academic Ranking of World Universities
and QS Asia University Rankings.

C momenTa obpaszosanuss Hosoro Kurag YTV nox-
roroBu1 6ojiee 600 ThIC. BLICOKOIPO(ECCHOHATBHBIX
CIICIINAINCTOB. B TeueHMe OCIeIHIX IeCSITH JIET IPO-
LICHT BITEPBBIC TPYIOYCTPOSHHBIX BEIITYCKHIKOB OCTACT-
cs1 cBbilie 95% 1 cocTaBIsieT 0K0JIO 55% OT BCex TPYHOy-
CTPOCHHBIX BHIITYCKHIUKOB B MEXKIYHAPOIHOM PEHTHHTE
«Top 500 koMIIaHWI1 ¥ HOBBIX OTpaCIIeii».

Ha npotsxenuu mHorux jet YTV chopmuposan
OTJINIUTEIIFHYIO MACOJIOTUI0 CUCTEMBI 00pa30BaHUs
C BBICOKMMU UICAJIAMH «IIOCTPOCHUS OTIIMIHOTO YHU-
BEpPCHUTETA JUIST 3aBOCBAHUS BCEMUPHOTO IIPpU3HAHUS
W BOCXUILIEHUS», CIeays NeBU3Y «ObITh HPABCTBEHHO
HETIOKOJICOMMBIM, PAa3HOCTOPOHHUM B YICHUM, CTPEMSI-
IIAMCSI K COBEPIIICHCTBY», a TAKIKE IMPUHIINITY «CIeTaTh
BOCIIUTaHME CTYICHTOB HaIllCH CYIIHOCTHIO, a aKaje-
MHUYECKOe Pa3BUTHEC — IMPUOPUTECTOM». YHUBEPCUTET
BOILIOINIAET 00Pa30BaTEIbHYIO KOHIICIIITNIO «BHEIPCHIE
OTJIMYHOTO 00pa30BaHMS, BOCIIMTAHUE TIEPBOKIIACCHBIX
KaJIpoB U CO3IaHNe ITPEeKPAaCHOM X13HN». PyKOBOICTBY-
sgcb Xaptueidt YTV, yrBepxneHHOW MUHUCTEPCTBOM
oOpaszoBanusi, YTY BoBjieueH B MOJIEPHU3ALIAIO CUCTE-
MBI TOCYTapCTBEHHOTO PETYIMPOBAHMSI C LIEJIBIO 3aHATh
CBOE MECTO CPeIr YHHUBEPCUTETOB MUPOBOTO YPOBHS
C OTJIMYUTEIbHBIMU TTPU3HAKAMM.

3paHue Kopnyca Hay4yHOro HanpaBneHus
«MaTepunanoBepeHue n HXKeHepHoe geno» (MUA)
YXaHbCKOro TeXHOIOFMYeCKOro yHuBepcureTa

OcHoBanHoe B 1958 rony B YTV HaydHOe Hampasiie-
HHe «MarepuanoBencHIe U WHXKeHepHoe ae1o» (M)
TIPUOPUTETHO TIOIEPKUBATIOCH TOCYIAPCTBEHHOM TIPO-
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rpaMMoii «211 TIpOEKTOB IIST YHUBEPCUTETOB» («State
211 Project for Higher Education Universities») B mepuoxn
¢ 1995 mo 2015 roapl, a ¢ 2016 roma momaepxkKa crajia
OCYILIECTBIISIThCS yepes TiaH pa3putuss KHP «YHusep-
CUTETHI MUPOBOTO YPOBHSI I HAYIHBIC HATIPABICHUS M-
posoro ypoBHsI» («World-Class University & World-Class
Discipline»). PeTHHT 3TOTO HamIpaBIeHUSI COCTABIISICT
A+ cpenn 172 Begymux yHuBepcuteToB B Kutae (Ne 1
HapaBHE C 3TUM HaIlpaBJICHHEM B YHUBepcUTeTax TIIimH-
xya u belixaH) B 4-0M payHjIe OLICHKH, OpTaHU30BaHHOM
MunucrepcTBoM obpazoBanus B 2017 rogy, a Takxke
BXoauT B ToIl 1% B MexayHaponHblii cucteme Clarivate
Analytics’ Essential Science Indicators.

B pazsutue MUJI BoBneuensl: 1 unen Kuraiickoit
akageMuM Hayk, 3 uieHa Kuraiickoit mHKeHepHOit
akamemud, 3 uieHa EBpomelickoit akageMuu, 1 4ieH
benvruiickoit KopoJjieBckoil akageMuu, 1 yieH Mex-
TYHApPOMHOI aKameMUU KepaMUKH, | ctumeHanaTt AB-
CTPaJIMIACKON aKageMNU TEXHOJIOTUM U WHXECHEPUU,
10 ctunenauaTtoB KopoaeBCKOTO XMMHYECKOTO OOIIIe-
cTBa, AMEpMKaHCKOro o011ecTsa GU3MKU U AMEepUKaH-
ckoro obmectBa kepamuku. Takxke B MU pabGoraror
23 KWTaCKUX BEICOKOTIPO(hECCHOHABHBIX COTPYIHH-
Ka, HEKOTOPBIC M3 KOTOPBIX SIBJISIIOTCS CTUTICHIMATA-
mu HammmonanwsHoro ¢onga National Natural Science
Foundation of China for Distinguished Young Scholars
(ananormueH mpemun NSF Career Awards), n 22 KuTaii-
CKHX MOJIOIBIX CITCITNAJINCTA.

151 comeicTBUS pa3BUTUIO HAYIHOTO HATIPaBICHUS
MMU]JI 6611 OCHOBAHBI 2 TOCYIAPCTBEHHBIX KITIOUEBBIX
nmaboparopun: ['ocymapcTBeHHas KirrodeBas 1adopaTo-
U TIEPETOBBIX TEXHOJIOTHI CMHTEe3a M 00padOTKI Ma-
TeprajioB U ['ocymapcTBeHHas KITFoUeBast 1abopaTopust
CHUIMKATHBIX MaTepUaJIOB IUIST apXuTeKTyphl. [lepBas
JTabopaTopusI MOJIydnsa OLEHKY «IIPEBOCXOIHO» CPEeIU
21 rocymapcTBeHHOM KiTFoueBoii tadopaTtopun 1o MUJI

jinn

I

B 2018 romy. [ToMnMo0 5TOr0, OBUIN TTOCTPOEHHI 2 TOCY-
MapCTBEHHBIX MEXKIYHAPOIHBIX JJAOOPATOPUM IUIST CO-
BMECTHBIX HCCIICIOBAaHMI 1 4 6a3bl BHEAPEHMS 3apy0OexK-
HBIX KOMIICTCHIINI KaK MHHOBAIIMOHHOTO COCTAaBIISIIO-
IIeTO HAyIHOI 00/1acT! (M3BeCTHBIN Kak «111 Project»).

MexpayHapoaHas LLikona matepnanosegeHus
" HXXeHepun

MexnyHapomgHasl IITKOJIa MaTepUaIOBEICHIS 1 MH-
keHepHoro nena (MILIMIM/I) 6bl1a BKITFOUEeHA B CITMCOK
«CeTHn MeXIyHapOIHBIX 00pa30BaTEIbHBIX IIEHTPOB»
IIpu TToaaepkKe ['ocymapcTBeHHON afMUHUCTpAIUN
KHP 1o neiaM nHOCTpaHHBIX 9KCIIEPTOB 1 MUHUCTEP-
crBa obpasosanusg KHP B mtone 2015 roma kak omHa
u3 16 MeXayHAPOIHBIX LIKOJI 10 BCEIi CTPaHe.

PykoBoncTBysich «HammmoHanpHOM cTpaTerneit pas-
BUTHS, OPUCHTUPOBAHHON HAa MHHOBALIMI» W OOJIBIIION
ITOTPEOHOCTHIO B pe(POPMHUPOBAHNYT HAIIMOHAIBHOM CH-
cTeMbl Beiciiero oopasobanusi, MIIIM U] ctpemutcst
co3garth Beayllee B Mupe HarpasieHue MU/ myrem
IIPUBJICICHUS NCCIIEIOBATEICKOTO 1 TIPEIoaaBaTelb-
CKOTO COCTaBa BHICOKOTO YPOBHSI, CO3MaHMs MHHOBA-
IIMOHHOM MIJIOTHO# 30HHBI 00y4YeHUs U (hOPMUPOBA-
HUS MTHHOBALIMOHHOM CMCTEMBI ITOATOTOBKY TAJIAHTOB.
PyKOBOACTBYSICh MIEIMU «COTPYIHUUYECTBA TIPEITPU-
SITUI, MEXITYHAPOIHOI KOOIIepalli ¥ COTPYTHUYECTBA
B obsactu uccneposanuii», MIIIMW]I opranuzosana
21 TpyIIITy HaCTaBHUKOB IIO PYKOBOICTBOM YICHBIX VI
BHUIHBIX IIPO(ECCOpPOB, a TAKKE 4 MEKIUCITUTIINHAPHEBIC
TPYIIIBL IO OOYYECHUIO MHHOBAIIMSAM U IIPEIIIPUHIMA-
TEJIbCTBY.

CTpeMsICh cTaTh BeIyIIMMHU MUPOBBEIMHU pa3padboT-
YUKaMU CTPOUTEILHBIX MaTepHAaIOB M HOBBIX MaTepH-
asnoB B 21 Beke, MIIIMW]I olieHBaeT MHHOBAIIMOHHBIE
CIIOCOOHOCTH KaK OTHY U3 KITFOUEBBIX BO3MOXKHOCTEH
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¥ TIPOBOAUT pechOpMUPOBAHNE MHHOBAIIMOHHOM CH-
CTEMBI MTOATOTOBKY KaJPOB B paMKax MPOTpaMMBbI Oa-
KajaBpuara, MarucTpaTypbl U JOKTOPAHTYPHI, a TAKXKe
MeXIyHapoIHOU nmporpaMmmbl o0ydeHus. MIIMUN T
TpeiaraeT CTyaeHTaM BCEOObEMITIONIYIO YUEOHYTO TIPO-
rpaMMy, KOTOpast OXBaThIBAET MaTepUAIOBEICHUE, ECTE-
CTBEHHBIC HAyKW, OTPACIIEBbIC IHEPTETUUECKIE HAYKH,
HayKu 00 OKpyXalolleit cpene, MHPOPMAaTUKY 1 U3yde-
HIE TepeOBbIX IPON3BOJICTBEHHBIX TeXHOIOTHIA. UTOOI
TTO3HAKOMUTH BCEX CTYIEHTOB C MEXXIYHAPOIHBIM OIThI-
TOM, PEaTN3YIOTCSI COBMECTHBIE TTIPOTPAMMBI O0yUEHUST
B COTPYITHUYECTBE C BEAYIIIMMU MUPOBBIMU YHUBEPCUTE -
tamu. Kpome toro, mpu MILIMU/I co3naHo HECKOIBKO
athopM 71T BCECTOPOHHETO Pa3BUTUSI CTYIEHTOB,
Takux Kak GopyM BeIIAIONIMXCS UccaenoBareneil, Mex-
JYHApOIHBIN (hOPYM TT0 BUIEHUIO OYIyIIEro pa3BUTHS,
CemuHap o1leHKU KauecTBa oOpa3oBanusi, CTyneHue-
ckoe HayuyHoe ob6miectBo (CHO) maTepuanoBeneHus
YxaHbcKOTO TexHoJornueckoro yuusepcurera. CHO
MaTepuaIoBeIecHUS IISTh J1eT mompsia ¢ 2018 mo 2022 rox
ynoctanBaetcs Harpanbl Chapter of Excellence Award.

locypapcTBeHHas cTpaTernyeckas naboparopus
nepcrneKTUBHbIX TEXHOJIOMMIA CHTE3a N 06paboTkn
maTepuanoB (YXaHbCKUI TeXHONOrm4yecknn
YHUBeEpCUTET)

TocynmapcTBeHHas KITtoueBast 1abopaTopust IepCrieK-
TUBHBIX TEXHOJIOTUI CUHTE3a U 00pabOTKM MaTepua-
J0B ObUTa yTBepXkneHa ['ocymapcTBeHHOI KoMUccuei
aHupoBanust pazsutus B 1987 romy. [1ocie rocynap-
CTBEHHOI MHCIIEKIINY OHA ObIJIa OTKPBITA TSI O0IIIe -
crBeHHOCTH B MapTe 1990 roma. JlabopaTtopus Haxo-

JIUTCS B HEMIOCPENCTBEHHOM BeleHUU MUHUCTEpCTBA
HayKU ¥ TexHojiornu. B Hacrosiee Bpemst mpodeccop
I'y bunnunb, akanemuk Kuralickoi akanieMuu Hayk,
SBIIIETCA TIpeacenaTenaeM akanemudeckoro Komurera
naboparopuu, a mpodeccop Py Yskan U, akanemuk Ku-
TaliCKOW MHXXEHEPHOU akalieMUu, SIBJISIETCS AUPEKTOPOM
Jlaboparopuu. JlabopaTopus pacroysioxkeHa B YXaHbCKOM
TEXHOJIOTUYECKOM YHUBEPCUTETE U SBJISIETCS KITIOYEBOM
rocyIapCTBEHHO JIabopaTopuei, ClieUaTU3UPYIOLIEei-
¢S B 00JIACTU HOBBIX MaTepUAJIOB.

®@akynbpTeT MaTepuasoBeAeHUS U WHXEHEPHOTO
JieJ1a YXaHbCKOTO TEXHOJIOTMYECKOTO YHUBEPCUTETA ObLT
KJ1accuUIIMpPOBaH KaK MEePBOKIIACCHOE TOCYIaPCTBEH -
HOE KJII0YEBOE HAyYHOE HAIPABJIECHUE, BKIIOUYEHHOE
B HAIIMOHAJBHBIN MPOeKT «985», «Co3maHue yaeOHO
TIPOrPpaMMBbI MIPOBOTO YPOBHSI», M TIOJIYUIJT OLICHKY A+
B UETBEPTOM PayH/EC HALIMOHAJIBHON OLIEHKU HAYYHBIX
HarpaBsJIEHUN.

CTpemsich K TJIO0AIBHBIM TIEPEIOBBIM UCCIIEI0BA-
HUSM B 00JIACTU MaTEPUAIIOBENCHUS U YIOBIETBOPSIS
OCHOBHBIE HALIMOHAJIbHBIE MOTPEOHOCTH, 3T JJAOOPATO-
pust TIpeCTaBISIET cO0O0I TUTaT(hopMy MUPOBOTO KJIac-
ca U TEXHOJIOTUW KOMITayHINPOBAHUS U MMOATOTOBKA
MAaTepUaIOB, IS pa3pabOTKU MEePeIOBbIX KOMITO3UTHBIX
MaTepUaIOB I KPYITHBIX HAIMOHAJIBHBIX TPOEKTOB
U OTpacjeil MPOMBIIUIEHHOCTH, a TAKXKE JJI1 OKa3aHUS
THOIIEPKKU HA HALIMOHAJIbHOM CTPATErMYECKOM YPOBHE.
JlabopaTtopus coobimia 00 OpUTMHATIBHBIX U CUCTEMA-
TUYECKUX Pe3yJIbTaTaX UCCIETOBAHUN C MEXIYHAPOIHBIM
yJactueM B 001acT TpaHC(hOPMAITMOHHBIX TEXHOJIOTHIA,
TepeIOBbIX HOBBIX MATEPUAIIOB U MEXIUCUUTUTAHAPHBIX
obJacTeil, 1 MO3TOMY OHa BO3IJIABIISIET Pa3pabOoTKy He-
CKOJIBKMX CTPATETUYECKUX ITEPENOBBIX HOBBIX MATEPUAIOB
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

Ha MeXIlyHapOIHOM ypoBHe. JJabopaTopust CmiocoOCTBYET
Pa3BUTHIO TIEPBOKJIACCHBIX MCCIIEN0BATEIbCKUX TaJlaH-
TOB BO BCEM MHUPE MOCPEACTBOM IE€PEIOBbIX HAYUYHBIX
WccienoBaHUI B 00J1aCTU MaTepUaOBEAEHUST U TEXHO-
Jgoruii. Kpome Toro, naboparopus co3gana KyJabTypy
MeXXAYHAapOAHBbIX COBMECTHBIX MHHOBALIUI U MpoBeJia
MEXIyHapOJIHble COBMECTHbIEC UCCIIETOBAHUS IO TIPUH-
LUITY «Win-win», TeM caMbIM YKPEIUB MEXITyHAPOIHOE
BJIMSIHUE, TIPUBJIEKATEILHOCTD U CILTOYEHHOCTD JIabopa-
Topuu. JlabopaTopusi 1o61IaCh UCTOPUIECKOTO MPOPhIBA
MO0 OLIEHKE KJIIOUEBbIX TOCYIapCTBEHHBIX JabopaTOpuii
B 00JIaCTU MaTepUaIOBEICHUSI.

CocpenoTOUYNBIINCH Ha OOIIEM BUICHUHN M 1IEIISIX,
JlabopaTtopust (hOKYyCUPYETCsl Ha CO3AaHUM U pa3paboTKe
MHOTOKOMITOHEHTHBIX, pa3HOMACIITAOHBIX U MHOTO-
CJIOMHBIX KOMIO3UTHBIX MaTepUaJIOB U TEOPUU TIPO-
eKTUPOBaHUSI MaTEPUAJIOB, U3yYeHUE KOTOPBIX CTPO-
WUTCSI HA OCHOBHBIX UCCEA0BATENbCKUX IIaTPopMax,
BKJIIOUYAIOIIMX TEXHOJIOTUIO TPAIUEHTHBIX KOMITO3UTHBIX
MaTepuaioB, TEXHOJIOTUIO U3TOTOBJIEHUS KOMITO3UTHBIX
MaTepuajioB «B MOMEHT 00pa3oBaHMsI», HAHOKOMIIO-
3UTHYIO TEXHOJIOTHIO U MUHTETPUPOBAHHbIE MHHOBALIWU.

B Hacrosiiiee BpemMsi MpoBOASITCS UCCIAEIOBAHUS
MSTU KJTIOUEBBIX MAaTEPUAJIOB, B TOM YHCJIE€ TIEPEIOBBIX
KOMITO3UTHBIX MaTepUaoB JIJisI KPYMHBIX HALIMOHAIb-
HBIX TPOEKTOB U OMOPHBIX OTpacyieil, MaTepuaIoB sl
3 deKTUBHOTO NTpeodpa3oBaHUs U XpaHEHUSI SHEPTUN
JUIS1 HOBBIX DHEPTETUUYECKUX TEXHOJIOTHUI, HAHOKOM -
MO3UTHBIX OMOMAaTEePUAOB JJIs1 €CTECTBEHHBIX HayK,
MH(POPMAITMOHHBIX (DYHKIIMOHATBHBIX MATePUAJIOB LTSI
MH(GOPMAIIMOHHBIX TEXHOJIOTHI 1 TIEPEIOBBIX HOBBIX
MaTepuaioB JJis1 TpaHC(HOPMALIMOHHBIX TEXHOJOTUIA.
Takum obpazom, nabopaTopust yCTAaHOBUJIA CJIEIYIO-
1Me TMSITh OTJUYMTENIbHBIX HallpaBJAEeHU uccienoBa-
HUI: Tpaii€HTHAsE KOMITO3UTHASI TEXHOJIOTUST U HOBbIE
MaTepuaibl, TEXHOJIOTHS U3TOTOBJACHUS KOMITO3UTHBIX
MaTepUaioB «B MOMEHT 00pa30BaHUsI» U HOBbIE MaTe-
puabl, HAHOKOMITO3UTHAsl TEXHOJIOTUS U HOBbIE Ma-
Tepuabl, Ipeodpa3yrolas TEXHOJOTUSI U MepeaoBbIe
HOBbI€ MaTEpUAJIbl, @ TAKXKE TMTPUHLIAIBI KOMITO3UTHBIX
MaTepuaJioB U IU3aliH MaTEpUAIIOB.

B naGoparopuu paboraet akTMBHAsI 1 UHHOBAILIMOH-
Hasl ucciieoBaTe/IbcKas TpyIla, COCTOsIIIAas BOCHOBHOM
13 MOJIOJIBIX MCCieqoBaTeie u ucciaeaoBaresieil cpea-
Hero Bo3pacTa. 100 TOCTOSTHHBIX COTPYIHUKOB, B TOM
yucie 1 akameMnk Kurtaiickoit akameMuu HayK, 2 aka-
nemuka Kuraiickoit mHXXeHepHOI akageMuu, 1 akazae-
MUk KoposieBcKoii akaneMuit HaykK 1 UCKYcCTB benbruu,
2 akagemuKa EBporrelickoit akageMu HayK 1 ICKYCCTB,
1 akaneMuK ABCTPpAIMICKON MHKEHEPHO-TEXHOJIOTH-
yeckol akanmemuu, 1 akagemMuk BceMupHo# akageMuun
KepaMuKH, 12 uccaemoBaTesicii HAlIMOHAIBHOTO YPOBHS,
1 raBHBIN Hay4yHbI coTpynHUK HalmoHaiabHOM mpo-
rpaMMBI «973», 5 cTUIIeHIMaTOB HAllMOHAILHOTO (DoHaa
«Outstanding Youth Science Fund» u 30 cTumieHnmaToB

«HatnmonaapHOTO TIIaHa TTOMIEPKKU TaJIaHTOB» U T.I.
JlabopaTopust aKTUBHO TTOIIEPKUBACT BHIIAIOIIIXCST
YIEeHBIX, KOTOPBIC MPUE3KAIOT M IIPOBOISIT COBMECT-
HBIC WCCICAOBAHUS IO BCEMY MUPY B YHUBEPCUTETaX
1 MICCIIEI0BATEIbCKINX MHCTUTYTaX MIPOBOTO YPOBHSI.
B 1mrocienaMe TOOB TabopaToprs HaIpaBUiIa HECKOIb-
KO BBIIAIOIINXCST MOJIONBIX YUCHBIX B MEXKIyHAPOIHBIC
YHUBEPCHUTETHI MUPOBOTO YPOBHS 00JIee YeM Ha OIMH TOIT
IIJIST TIPOBEICHMST COBMECTHBIX MICCIICIOBAHMIA.

JlaBoparopus aenaet ynop Ha r1o0aibHbI aKageMH-
YeCKHi1 0OMEH U COTPYIHUYIECCTBO. 3a TTOCICTHIE TISTh
JIET MBI TIPUHSUIN Ha paboTy 25 3apyOeXHBIX YICHBIX
B Ka4eCTBE IMOYCTHBIX U MPUTIIAIICHHBIX TTPodeccopoB
B OCHOBHBIX 00JIaCTSIX MCCICIOBAHUIA C LIEIBIO CO3TaHUS
OJIAaTOIIPHUSITHBIX YCIIOBUIA paOOTHI TSI BCEMUPHO M3BECT-
HBIX YUCHBIX 1 IIPOBEACHUS COBMECTHBIX MCCIICIOBAHUIA
B J1abOpaTOpUU.

JlabopaTopus Hanaauyia B3AMMOBBITOIHOE COTPY/I-
HUYeCTBO ¢ MUUNUTAaHCKUM YHUBEPCUTETOM; ATTOHCKIM
areHTCTBOM a3pPOKOCMMYECKUX MccaemoBaHmii (JAXA);
HMHuctutyToM MaTepuanoBeneHust Y HuBepcutera Toxoky
(Amonms); LlenTpoM mnccemoBanus MaTepuanoB OKc-
dopuackoro yHuBepcuteta (Benmnkoopuranus); LleH-
TPOM HccieoBaHUs KoMImo3uToB KammnbopHuiickoro
yauBepcuteTa (CILIA) n HarmmoHambHBIM MHCTUTYTOM
TOIUTMBHBIX 371eMeHTOB (KaHama), a Takke ¢ IpyruMu
BCEMHUPHO M3BECTHBIMM HAyIHO-MCCIICAOBATEIHCKIMHI
yupexkneHUusIMIA. MUHUCTEPCTBO HAYKW U TEXHOJIOTHI
coznano «MexXIyHapOTHYI0 COBMECTHYIO JJa00PaTOPUIO
TepeaOBBIX TEXHOJIOTHUIT CMHTEe3a 1 00pabOTKHM MaTepH-
aJIOB», KOTOpasl SIBJIICTCSI OMHOM M3 TIePBBIX 33 MEXIY-
HapOJIHBIX COBMECTHHBIX J1abopaTtopuii B Kutae. Kpome
toro, l'ocynapctBeHHas agmuHuctpauus KHP no nenam
MHOCTPAHHBIX 9KCIIEPTOB 1 MUHUCTEPCTBO 00pa30Ba-
HUSI COBMECTHO c(hOpMUPOBAIIN TPU HAyIHBIC 0a3Hl,
ronaepkuBacMbIe IIporpaMMoit THHOBAIIIA M Pa3BUTHS
TaJaHTOB, a MMEHHO «HOBbIC KOMIIO3UTHBIC MaTePUAIIBI
1 TIepeIoBhIe (DYHKIIMOHAJIBHBIC MaTepualbl», «Ilepe-
JTIOBBIC TEXHOJIOTMH MIOATOTOBKH 1 TIPUKIIATHOTO ITPOCK-
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TUPOBAHMS HOBBIX (DYHKIIMOHAIBHBIX TOHKOILICHOUHBIX
MartepuanoB» U «MTHHOBAaLIMU U TaJlaHThI VIS yBEJIMYE-
HUS CPOKa CIYKOBI KOMITO3UTOB». OTIMpasch Ha 3TU
BaKHBIC TUIATOPMBI MEKITYHAPOIHOTO COTPYIHINYCCTBA,
J1a00paTOpUsl OCYIIECTBUIA HECKOJIBKO KJIIOUEBBIX IO-
CYIapCTBEHHBIX MIPOEKTOB C MEXIYHAPOIHBIM COTPY/I-
HUYECTBOM U JOOUIACH ILUIOJIOTBOPHBIX PE3YJIBTATOB.

B Hacrosiiee BpeMsI IUI0LIALb TJa00PaTOPUU COCTAB-
nsieT 25 Thic. 350 M2, ¢ OcHaIleHeM COBPEMEHHBIM 000-
pyIOBaHUEM [IJisI CHHTE3a U 00pabOTKU MAaTEPUAJIOB,
a TaKXKe CaMbIMM COBPEMEHHBIMU MPUOOPAMMU [IJIST aHAa -
JIN3a CTPYKTYpPhl MaTepUAIOB, XapaKTePUCTUKU U Te-
CTUPOBAaHUS IIPOU3BOAUTEILHOCTU. O0Iast OLEHOYHAS
CTOMMOCTD OCHAIlIeHUsI JTa00paTOPUU COCTABIISICT IIPU-
omm3uTennbHO 430 MITH 0aHEH.

3HaKOMCTBO C XKypHanom
Interdisciplinary Materials

Hosrrit HayuHBIN KypHAI Interdisciplinary Materials
(ISSN: 2767-441X) ObL1 3amylieH YXaHbCKUM TEXHOJIO-
TUYECKAM YHUBEPCUTETOM coBMecTHO ¢ John Wiley &
Sons, Inc B nekadpe 2021 roma. [IepBEIif BBITYCK XKyp-
HaJia BBIIIEN B cBeT B stHBape 2022 roma, MyOIMKaIIIs
B XypHaJie OecIiiaTHasI B TeYEHUE TIEPBBIX TPEX JIET eTO
CYIIIECTBOBAHUSI.

KoHTakTHas
nHpopmalma

Interdisciplinary Materials — 3TO pelIeH3MPYEMBIA
JKYpHAaJl OTKPBITOTO JOCTyTa ¢ OBICTPOi TyOInMKaimeit
crateil, GOKYCUPYIONIUIACA Ha MEXIUCIUTUIMHAPHBIX
WICCIIETOBAHMSIX MEXKIY MaTepUaIOBEICHUEM W IPYTUMU
JTUCIUTUIMHAMM,, TAKUMU KaK (hU3UKa, XUMUSI, MaTeMa-
TUKa, MEXaHHWKa, OMOJIOTHSI, SHEPTeTUKA, OKPYKaroIast
cpena, naHdopmaus, nHxXeHepus u T.11. ZKypHai cTpe-
MUTCSI TIPEICTABISATH MHMOPMAIIUIO O TMepeIOBbIX Pa3-
paboTKax B 00JIaCTU HAYKW U TEXHUKU IT0 BCEMY MUDY.

Oxumaetcs, uTo Interdisciplinary Materials OymeT mc-
MTOJTb30BaTh MEKIUCIIMILTMHAPHBIN, 0COOBIN MTePeI0BOIA
Y KOMIUIEKCHBIN TTOJX0J KO BceM 00JIacTsSIM MaTepua-
JIOBEJICHWST, OMHOBPEMEHHO CTIOCOOCTBYST OOMEHY HIe-
SIMU MEKITY YYEHBIMM, 3aHUMAIOITUMUCS Pa3TUIHBIMU
HaIpaBJICHUSIMU UCCIICOBaHUI. AYTUTOPYS XypHaia
OyIeT BKITIOYATh YICHBIX-(DU3MKOB, XUNMUKOB, MaTeMa-
TUKOB, MEXaHUKOB, GOJIOTOB, CIIEIIMAIMICTOB B 00JIaCTH
SHEPreTUKM, OKPYKAIOIIEH Cpellbl, MaTeprUaOBEeICHMS,
WHXXEHEPOB-TEOPETUKOB U TIPAKTUKOB, a TaKXKe TIOJTU-
TUYECKUX JesITesei.

XKypnan Interdisciplinary Materials ipuTIIamiaet Bac
MPEICTaBUTh BHICOKOKAYECTBECHHbIC, MTHHOBAIIMOHHBIC
MOJTHO(OPMAaTHBIE UCCIIEIOBATEILCKUE CTAThH, 0030DHI,
TOYKHU 3pEHUSI, KOMMEHTApUK 1 IPYTO peIaKMOHHBII
KOHTEHT, TIPEACTABIISIONINIA OO MHTEpEC B 00JacTh
MEXTUCIUTITMHAPHBIX UCCIICTOBAHU.

YXaHbCKNI TEXHONIOrMYeCKNii yHnBepcuTeT R
430070, Kutain, npoBrHUua Xy6el, I. YxaHb,
panoH XyHriwaH, 122 Jlyoww Poyg,

Ten: 86-27-87884448; ®akc: 86-27-87879466

E-mail: skiwut@whut.edu.cn

KoHTakTHble nnua: Ixkao Canr, Ixoy Jluxya
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Microstructural analysis of strain-resistant cement
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ABSTRACT: Introduction. The efficiency of oil and gas well construction depends largely on the stage of casing cementing and
is completed by checking the quality of its fixing by various methods, most often by geophysical methods. The necessity of high-
quality cementing and ensuring the quality of technical conditions in the subsequent years of oil and gas well operation is the main
task. Materials and methods. Microstructural features of cement slurries and cement stone were analyzed with advance methods.
The essential technological properties were developed according to the requirements of GOST 1581-96 and API standards (API
spec.10B). Class G cement (PCT-I-G) was used for all formulations. Polypropylene fiber and expanding additive CMA were used to
increase impact resistance and to ensure tight contact with the confining surfaces of the obtained plugging stone. Microstructural
analysis of the obtained cement stones and developed plugging mortars was carried out by X-ray diffraction (XRD) and scanning
electron microscope (SEM). Results and discussion. The results of the study showed that the expanding additive in tandem with
polypropylene fiber works effectively to ensure the integrity of the cement ring. Conclusion. Microstructural analysis of plugging
stones showed a tight bond between polypropylene fiber and cement stone at a concentration of — 0.25%. The expanding additive
is fully hydrated and the obtained cement stone has no expansion cracks at 7 days. The developed grouts with a water-cement ratio
of 0.44 showed high compressive strength.

KEYWORDS: cement slurry, cement stone, deformation, nano-additives, fibers.
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INTRODUCTION

he efficiency of oil and gas well construction depends

largely on the casing cementing stage and is com-
pleted by checking the quality of casing cementing by
various methods, most often geophysical. Accident-free
cementing and ensuring good adhesion of cement stone
with casing and geological material are the main tasks
of the casing cementing process. The success of several
applied technologies, the safety of work in the field, and
environmental protection issues regarding reliable isola-
tion of formations proportionally depend on the techni-

cal condition of wells [1]. However, various problems
appear during good operation, the main cause of which
is the violation of cement ring integrity. Therefore, when
developing cement slurries, it is necessary to ensure the
quality of isolation and durability of the cement ring,
which will be effective even after well abandonment |2,
3]. Otherwise, the consequences can be dangerous, and
secondary cementing can be a high cost.

Cement ring leakage can have different causes, such
as causes related to tectonic movements, which can lead
to the failure of not only the integrity of the cement stone
but also the casing [4]. Researchers [5] have studied the
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causes of casing deformation, which may be caused by
axial loads due to reservoir drainage. Notwithstanding the
causes of deformation, however, quality well cementing
that ensures the integrity of the cement plug can prevent
or reduce casing distortion [4, 5].

A number of authors in their works [6, 7] state that
mainly pressure cycling and temperature changes lead
to the occurrence of deformation of the cement plugging
stone, with the results being:

— appearance of microcracks in the cement stone;
— damage to the bond between the cement stone and the
casing and rock.

The above-mentioned factors should be taken into
account when constructing wells under conditions of high
pressures and temperatures. However, it should be noted
that the factor of pressure influence on cement stone is
also associated with the appearance of high loads during
hydraulic fracturing and well perforation [8].

A negative effect of high temperatures on cement stone
is often associated with the consolidation of steam injec-
tion wells, providing steam injection, the temperature of
which can reach up to 3000°C [9]. Therefore, the product
of plugging mortar hardening should be heat-resistant,
otherwise, due to thermal corrosion can occur destruction
of the cement stone [10, 11].

Deformation of the cement stone can also be associ-
ated with an exothermic reaction occurring during the
solidification of the plugging stone, which releases a large
amount of heat that affects the deformation stability of
the casing [12]. The result of this reaction can be damage
or crumpling of the casing, as well as the appearance of
microcracks in certain intervals.

In addition to the above-mentioned causes, the tight-
ness of the well casing is strongly affected by the disrup-
tion of the cementing process [13] and gas penetration
into the cement structure while waiting wait on cement
[14, 15].

Analyzing the above-mentioned reasons, it can be
stated that the main factor of well casing tightness preser-
vation is high-quality cementing due to the proper selec-
tion of cementing slurry formulation, which ensures the
integrity and durability of cement stone.

Various methods are proposed to solve the problems:
— application of expanding and reinforcing additives;
— the use of nanomaterials;

— use of special additives (e.g., styrene-butadiene rubber

latex) to obtain self-healing cements [16, 17, 18].

It is known that the presence of expanding additives,
providing optimal expansion in the cement slurry has
a positive effect on obtaining a tight contact of the plug-
ging support with the confining surfaces.

The use of fiber has quite a wide application in vari-
ous branches of construction [19]. Referring to the ap-
plication of fibers in the oil and gas industry, it should
be noted that at the moment quite a few types of fibers

such as organic fibers, silicon fibers, and monofilament
propylene fibers have been investigated. The studies con-
ducted in [20] showed the effectiveness of polypropylene
fibers even under high pressure and temperature condi-
tions. Hybrid fibers, which consist of calcium carbonate
of 20—80 nm and carbon fibers of 700—1400 nm, were
also investigated. The authors of [21] concluded that all
fibers can reduce the corrosion resistance and strength
of the plugging stone. However, our studies showed that
the use of polypropylene fibers on the contrary increases
the compressive and flexural strength of the stone. The
use of reinforcing and expanding additives together in-
creases the efficiency of the expansion process, and most
importantly increases the impact resistance of the ce-
ment stone [10].

The use of nanomaterials to ensure the integrity of the
plugging stone has recently been developing dynamically.
The paper [6] proposes the use of polymer fibers with
shape memory, on which tetraethylorthosilicate nanopar-
ticles were deposited using the sol-gel method. Another
interesting work is the reinforcement of cement slurries
using polymer nanocomposite. Experimental studies
included mini-emulsion polymerization and ultrasonic
dispersion [4]. Also, many other studies conducted to
improve the formulation of plugging solutions using nano-
materials have been quite well reported in review articles
[13, 22]. However, despite the obtained favorable results,
according to the authors of [13], the use of nanomaterials
to improve the technological qualities of cement slurries
is still not cost-effective.

Analyzing various approaches aimed at obtaining im-
pact-resistant cement grout, it was decided to use expand-
ing and reinforcing additives to modify plugging materials.

Regardless of the causes, cement ring failure primar-
ily leads to gas migration, inter-column pressures, and
griffin formation, which can lead to good abandonment.
At the same time, many cement slurries designed to
ensure the integrity of the cement plug under dynamic
loads are not always resistant to gas penetration through
them while waiting for cement (WOC) to harden. Gas
penetration can create channels in the hardening struc-
ture of the stone, reducing the strength and impact re-
sistance of the stone.

To solve this problem, a method of well cementing
is proposed that provides curing of grouts “from top to
bottom” [23, 24]. It is provided by using grouts with
differential properties, differing in density and address
additives, which take into account the peculiarities of
the problem intervals, provide shock resistance of the
cement ring, and prevent gas penetration in time of ce-
menting [23, 24].

For experimental studies, plugging compositions were
substantiated, which were tested for compliance with the
requirements of GOST 1581-96 [25] and 4 formulations
were obtained.
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It should be noted that in many works devoted to the
development of plugging systems, there are few studies of
plugging stones by electron microscopy and X-ray phase
analysis methods. Many researchers and producers limit
themselves to checking the basic properties of cement
slurries and plugging stones for compliance with the re-
quirements of GOST 1581-96 [25].

However, to fully understand the interaction of ce-
ment hydration products with reinforcing and expanding
additives, it is necessary to investigate the micro- and
nano-structure by electron microscopy.

In this work, the structure, and interaction of the
components of the plugging stone were investigated by
scanning electron microscope (SEM). X-ray phase analy-
sis (XRPA) was used to identify the crystalline phases of
the materials.

MATERIALS AND METHODS

The research methods included scanning electron mi-
croscopy and X-ray diffraction analysis of the structure
and crystal phase composition of plugging stones. The
influence of microstructural characteristics on mechanical
properties and deformation stability of materials under
conditions typical for well operation was studied.

A large number of tests of the technological properties
of cement mortars and the resulting stone were carried
out according to GOST 1581-96 [25] and API standards
(API spec.10B) [26].

Class G cement (PCT-I-G) was used in all formula-
tions for the studies. Polypropylene fiber and expanding
additive CMA produced by LLC «Cement Technologies»
(Ufa, Republic of Bashkortostan, Russian Federation)
were used to increase impact resistance and ensure tight
contact with the confining surfaces of the resulting plug-
ging stone. There were additional additives in the slurry
composition, presented in Table 1.

Using the above-mentioned materials according to the
developed method of well cementing [23], which provides
the use of cement slurries having differential properties,
4 formulations of cement slurries with various properties
were substantiated and obtained (Figure 1):

Formulation 1 — W/C —0,7; EA-CT — 5%; CaCl, —
1%; PP fiber — 0,5%; FLoss — 0.2%;

Formulation 2 — W/C — 0,7; EA-CT — 2%; NaCl —
1%; PP fiber — 0,25%;

Formulation 3 — W/C — 0,44; EA-CT — 5%; NMA —
0,01%; PP fiber — 0,25%; Floss — 0,2%;

Formulation 4 — W/C — 0,44; EA-CT — 5%; NMA —
0,05%; PP fiber — 0,25%.

Following the investigation of the main technologi-
cal properties of cement slurries in accordance with the
requirements of GOST 1581-96 and API, the obtained
cement stone samples were used for microstructure study.
The cement slurry hardening temperature was 22°C, hard-
ening time was 2 and 7 days. In parallel, 2 samples of each
formulation were tested and compared.

The experiments were carried out in the laboratory
«Nanotechnology of Cement Systems named after Pro-
fessors A.F. Polak and N.H. Karimov» of Ufa State Pe-
troleum Technical University.

The samples were examined for microanalysis and
morphological analysis of the surface by scanning electron
microscope JEOL JSM-6610LV, which was equipped with
an attachment energy dispersive spectrometer Oxford
Inca Energy.

When studying the contact between the polypropylene
fiber and the cement stone matrix, images of the speci-
mens were obtained at magnifications up to 3300x.

The purpose of the investigation on X-ray diffractom-
eter D2PHASER was to obtain a qualitative and quan-
titative analysis of the composition of curing products.
Decoding of the obtained X-ray diffractograms was per-
formed in the programs «Eva.diffrac» and «Topas.diffrac».

Table 1
Chemical reagents used for cement slurry development
.. .. . Concentration
Additives Description Functions T m———_
PP fiber Polypropylene fiber Increasing deformation resistance 06255;
CMA . . . . .
(EA-CT) Expanding additive Creation of tight contact 2;5
Floss Synthetic polymer .based on Reduces water release 0.2
polyacrylamide

CaCl, Calcium chloride Hardener 1%
NaCl Sodium chloride Hardener 1%
NMA Nitrilotrimethylphosphonic acid Structuralizer %%15’
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Fig. 1. Samples of plugging stones with different properties

RESULTS AND DISCUSSION

Investigations of the effect of water-reducing agents
on the strength properties of cement plugging stone with
reinforcing and expanding additives have been carried out
(Table 2). These data are necessary for comparative evalu-
ation and a complete understanding of microstructure
changes in cement stone of the developed 4 formulations.

Table 2 shows that the decrease in the concentration
of expanding admixture and the absence of a water-re-

Table 2

ducing agent led to a decrease in the strength properties
at W/C =0.7.

The task of the investigation was, in addition to ana-
lyzing the cement structure, the determination of the
expanding admixture, and the interaction between the
matrix and polypropylene fiber.

Figure 2 shows the tight contact of polypropylene fiber
and the presence of ettringite. The imaging was contin-
ued at 2500x and 3500x magnification to clarify the re-
lationship. With a magnification of 3500x, the presence

Results of measuring the strength characteristics of cement stone

. Bending strength, MPa Compressive strength, MPa
Composition w/C
2 days 7 days 2 days 7 days
Additive-free PTC -1-G 0.44 2.9 3.8 10.8 15.4
Additive-free PTC -1-G 0.7 1.5 2.6 4.5 13.8
Formulation 1 0.7 1.97 2.95 5.53 8.7
Formulation 2 0.7 3.0 4.37 6.71 12.2
Formulation 3 0.44 3.9 5.57 17.26 More than 22
Formulation 4 0.44 35 5.52 13.2 More than 22
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SEl  1&v WD12mm 5566

SEl 1V WOD12mm §S

Fig. 2. Development of ettringite in the cement matrix of formulation 1 during hardening in water for 2 days (<2500

and x3500)

of cracks can be seen, which could be the reason for the
reduction of the strength characteristics of the stone.

A photo of the fiber shows the interaction between ce-
ment and fiber curing products, and quantitative analysis
confirms that there are cement (CaO) particles on the
fiber surface (Figure 3).

The quantitative analysis of spectrum 1 shows a large
amount of carbon content which means the presence of
polypropylene fiber (Figure 4).

Late hydration of any expanding additive can lead
to the destruction of the cement matrix of the plugging
stone, but in all samples such phenomena were not de-
tected.

At hardening of 7 days of cement stone of formula-
tion 1, it is possible to note the increase of ettringite. It
is also possible to speak about the presence of expanding
additives since the core practically contains only calcium.
From Figures 5 and 6 it can be concluded that all com-
ponents are in close contact with each other.

Analysis of the obtained images shows a dense ce-
ment stone structure in all formulations (Fig. 7). During
an investigation of the formulations (formulation 2) it is
necessary to note the absence of holes or channels from
polypropylene fiber. This proves that it interacts well with
the cement stone, works in tension and after breaking
the fibers remain in the cement stone. From the images

¥ 90 mkm L

Electronic image 1

Quantitative results

Percent by weight

Fig. 3. Fiber image (90 um) and elemental spectrum analysis 1
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Quantitative results

Percent by weight

20 mkm t Electronic image 1
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Full scale 9116 imp. The cursor:0.000

Fig. 4. Fiber image (scale 20 pm) and elemental analysis of the spectrum 1

Quantitative results

Percent by weight

30 mkm ! Electronic image 1

Fig. 5. Spectra of chemical elements of the investigated sample and quantitative results of formulation 1 at hardening in
water for 2 days (expanding additive — CMA of “Cement Technologies” Ltd.)
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Fig. 6. Development of ettringite in cement matrix of formulation 1 during hardening in water for 7 days (%<2500)

Composition 2 (2 days) Composition 2 (7 days)

\ #
#
SEI 12KV WP1tmen 8566 SEI 12KV WO12mm 8368

Composition 3 (7 days)
»

Compositin 4 2 days)

ition 4
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Fig. 7. Cement stone structure of formulations 2, 3, and 4 at hardening in water for 2 and 7 days
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(formulations 3, 2 days), the surfaces of polypropylene
fibers can be seen to have particles of cement harden-
ing products, even after rupture. Studying formulations
2—4 showed that all the expanding admixtures are fully
hydrated and have no cracks (e.g. 3 at 7 days hardening).

The results of the investigation of the plugging stone
by X-ray phase analysis are shown in Figures § and 9.

Quantitative analysis of XRD of formulation 1, showed
that when the hardening time in the water is increased
from 2 days to 7 days, ettringite decreases by 3% and

- Brownmillerite(Si,Mg) 1.88 %
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C6S3H gamma Dellaite 15.80 %
=00 Ettringite 13.49 %
600/ Portlandite 23.69 %
Tobermorite 14.64 %
-800
(7]
'E -1 0004 ‘
3 -1200{ | j f h
| |
O a0 | | !!‘ M]l l‘n,‘ ih]
1 600 | “'w,l?m
-1 800! l [
-2 000
-2 200]
o prrmey i Ill IIII Ilill o n lIIfII
#2400 f | llIl IIIIbIIII I III lhli IlI ﬂ[ I \I lll ML TRELTRRIT Ll
26001111 il mlln 1 s||"n ||| e lll]lll it ,lnu
g ‘N 5|| ” I '“H' 1 WL“I "wn “HI h"
-2 800 lll L IIIIIII II 1 ll B L.l Illll i1l IJHllUIII
15 25 30 %
2Th Degrees
Fig. 8. Quantitative analysis of radiographs of formulation 1 when hardened in water for 2 days
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Fig. 9. Quantitative analysis of radiographs of formulation 1 at hardening in water for 7 days
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amounted to 11.22%, portlandite by 7%, tobermorite by
6.37%. However, braunmillerite increases by 8.3%, calcite
by 8.89%, and calcium hydrosilicate by 15.12%.

CONCLUSION

The following conclusions can be drawn based on the
results of the completed investigation:

1. In all investigated formulations of cement slurries
after hardening a dense contact of polypropylene fibers
and cement stone is revealed, confirmed by their adhesion
even after cement stone destruction.
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TUIaCTOB MPOMOPLUMOHAIBHO 3aBUCUT OT TEXHUYECKOTO
cocTOosTHUS cKBaxuH [1]. OmHako mpu SKCIUTyaTalun
CKBaKMH TTOSIBJISIIOTCS pa3IMuHbIE MPOOJIEMbI, OCHOBHOM
MPUYMHOU KOTOPBIX SIBJISIETCS HApYLIEHUE LIEJIOCTHOCTU
LIEMEHTHOTO KoJiblia. [ToaToMy npu pazpaboTKe TaMMo-
HaXXHBIX paCTBOPOB HEOOXOAUMO 0OECIIEUUTh KaYeCTBO
W30JISIUUY Y 10JITOBEYHOCTh LIEMEHTHOTO KaMHSsI, KO-
TOpbIit OyneT 3(DhEeKTUBHBIM HaXe MOocie TUKBUAAIIAN
CKBaXkuH [2, 3]. B mpoTUBHOM city4yae TocaeICTBUAS MO-
TyT ObITh OMMACHBIMM, & BTOPUUYHOE LIEMEHTUPOBAHUE
MOXET MPUBECTU K OOJILIIIMM 3aTpaTam.

HapyuieHue repMeTUUHOCTH LIEMEHTHOTO KOJIblia
MOXET UMETb pa3HbIe MPUYMUHBI, HATPUMED, TTPUUMHBI,
CBSI3aHHbIE C TEKTOHUYECKUMU JBUKEHUSIMU, KOTOPbIE
MOTYT IPUBOJIUTH K pa3pyIlIEHNIO HE TOJIbKO LIEJIOCTHO-
CTH LIEMEHTHOTO KaMHsI, HO ¥ 00CagHO# KOJTOHHHI [4].
HccaemoBarensamu [5] m3ydanrch TpUIMHEBL dedopma-
LIMM 00CaTHBIX KOJOHH, KOTOPbIE MOTYT ObITh BbI3BaHbI
OCEBBIMM HArpy3KaMmu, BOBHUKAIOIIIMMU 13-3a IPEHUPO-
BaHUS KoJIeKTopa. OmMHAaKO, He3aBUCHUMO OT IIPUIMH JIe-
(opmarim, KaueCTBEHHOE [IEMEHTHPOBAHNE CKBAXKIH,
obecrieunBaoiee HEJ0CTHOCTb TAMITOHAKHOTO KaMH4,
MOXET MPeAOTBPATUTh WU CHU3UTh UCKPUBJIEHUE 00-
CaJHOM KOJIOHHHI [4, 5].

Ps1 aBTOpOB B cBOMX padoTax [6, 7] yrBepKIaeT, 4To
TJIaBHBIM 00pa30M LIMKJIUYHOCTD AaBJI€HUsI U UBMEHEHUE
TeMIIepPaTyphl IPUBOAIT K BOSHUKHOBEHUIO TehopMa-
UM TAMIOHAXXHOTO KaMHS$I, pe3yJibTaTaMi KOTOPbIX
SIBJISIIOTCSI:

— TOSIBIICHME MUKPOTPEIINH B IIEMECHTHOM KaMHE;
— TIOBPEXIEHUE CLEIICHUS IEMEHTHOTO KaMHSI ¢ 00-

CagHOU KOJIOHHOI ¥ TOPHOM ITOPOHOM.

Brrme ipencraBieHHBIC (PaKTOPBI TOJDKHBI OBITh YI-
TEHbI ITPY CTPOUTEBLCTBE CKBAXKMH B YCIOBUSIX BICOKHX
IaBIICHUI 1 TemIepaTtyp. OgHaKO HEOOXOIMMO OTME-
TUTb, YTO (haKTOP BIMSHUS JAaBJICHUS HA LIEMEHTHBIN
KaMeHb TakoKe CBSI3aH C MOSIBJIEHMEM BHICOKMX HAIPy30K
TIpY TUAPABIMYECKOM pa3phiBe IUIAcTa W Iepdopaliun
CKBaXXUH [8].

OTpunareabHOE BIMSIHUE BBICOKMX TEMIICPATYpP
Ha TaMIOHAXXHbIM KaMEHb YaCTO CBSI3aHO C KpeTUIEeHUEM
MapoHarHeTaTeJIbHbIX CKBaXKMH, MPeIyCcMaTpUBAIOIIUM
3aKayKy napa, TemrepaTrypa KOTOporo MoxeT 10CTUraTh
300°C [9]. [TosTOMY ITPOMYKT TBEpACHUS TAMIIOHAXKHOTO
pacTBopa JOJKEH ObITh TEPMOCTOMKKUM, B TPOTUBHOM
cllyyae 13-3a TePMUYECKON KOPPO3UU MOXKET BO3ZHUK-
HYTb IeCTPYKIINS TaMITOHaXKHOTO KamHs [10, 11].

Jedopmanust IeMEHTHOTO KaMHSI MOXET OBITh CBSI-
3aHa U C DK30TePMMYECKON peaklumreit, MpOUCXOmsIIein
Mpu TBEPAEHUU TaMIIOHAXKHOTO KaMH$I, BO BpeMsI KOTO-
poii BblzIeIsIETCS O0JBIIIOE KOJIMYECTBO TETLIa, BIMSIOLIEE
Ha 1e(OpPMAIIMOHHYIO YCTOUUUBOCTb 00CATHOI KOJOHHBI
[12]. Pe3ynbraToM maHHOI peaKIIMN MOXET OBITh IT0-
BpeXJIeHUEe WM CMITHE 00CaaTHOI KOJOHHBI, a TaKXKe
MOSIBJIEHE MUKPOTPEILMH B ONPEAeIEHHBIX MHTepBajax.

Kpowme BhITIIeyKa3aHHBIX TPUYNH TePMETUIHOCTD
KpeIy CKBaXKMHBI CUJILHO 3aBUCHUT OT HApYIICHUS IIPO-
mecca eMeHTUpoBaHud [13] 1 MPOHUKHOBEHMS ra3a
B CTPYKTYPY LEMEHTHOTO KaMHS BO BpeMsI OXXUIAHUS
3aTBepIeHUS eMeHTa [ 14, 15].

AHanM3Mpys BBIIICYKa3aHHBIC IIPUINHBI, MOKHO
YTBEPXKAaTh, UTO TJIABHBIM (haKTOPOM COXpaHEHUS rep-
METUYHOCTHU KPEITN CKBasKUHBI SIBIISICTCST KAUCCTBEHHOE
IIEMEHTUPOBAHUE 3a CUET MIPABIILHOTO MTOI00pa pe-
LIENITYPBI TAMIIOHAXKHOTO PacTBOpPa, 00CCIIeUNBAOIICe
LIEJIOCTHOCTb U JOJATOBEYHOCTh LIEMEHTHOTO KaMHSI.

s pereHnst 3amad mpeajiararoTcsT pa3TndHbIe Me-
TOBI:

— TIpUMEHCHUE PACHIHUPSIOMNX M apMUPYIOIINX T0-
0aBOK;

— TIpMMEHEHME HAaHOMAaTepHAaJIOB;

— HCHOJIb30BaHUE CTIELIMAIbHBIX 100aBOK (HarpuMmep,
KaK CTUPEH-OyTaareH pe3rHa JIATEKC) IS TTOJTyde-
HUS caMo3ajIednBaronmxcs neMeHTos [16, 17, 18].
M3BecTHO, UTO HATWUYKE PACIIMPSIIONINX J0OABOK,

obecrieynBallee ONTUMAIbHOE paclliMpeHue B TaM-

ITOHAXXKHOM PacTBOPE, TOJIOKUTEILHO BIUSICT Ha TTOJTY-

YeHHUE TUTOTHOTO KOHTaKTa TAMIIOHAXKHOM KPETTH ¢ OTpa-

HUYMBAIOIIMU TTOBEPXHOCTSIM.

Hcronp3oBanne ¢hprOPH MMEET JOBOJIBHO IIMPOKOE
IIPUMEHEHUE B Pa3IMIHBIX OTPACIISIX CTPOUTEIBCTBA
[19]. OtHOCHUTENBHO TIpUMEHEHNS (DMOPHI B HedTeTa-
30BOIT OTpacIM HECOOXOAMMO OTMETHTh, YTO Ha TaHHBIN
MOMEHT UCCJICIOBAHO JOCTATOYHO MHOTO BUIOB BOJIO-
KOH, TaKMX, KaK opraHndeckue ¢GpuoOphl, KpeMHUEBBIC
BOJIOKHA, MOHOBOJIOKHHCTBIC TTPOIMICHOBEIC BOJIOKHA.
IIpoBenenHbIe nccaenoBanus B padbore [20] mokazamm
3(PeKTUBHOCTH TOJUIPOITMICHOBLIX (pUOP Aaxe Ipu
YCIIOBHSIX BEICOKOTO JaBJICHUS M BBICOKHUX TEMIIEPATyp.
Taxske ObLIM UccaeIOBaHbI TUOPUIHBIE (PUOPHI, KO-
TOPBIC COCTOSIT M3 KapOoHAaTa KalbIus pasMepom 20—
80 HM M yTrIIepoIHBIX BOJIOKOH pa3mepom 700—1400 HM.
ABTOpPHBI pabOTHI [21] TTpHIILIK K BBIBOY, YTO BCe (PUOPHI
MOTYT CHIKaTh KOPPO3HMOHHYIO CTONKOCTD M TIPOYHOCTh
TaMITOHaXXHOTO KaMHs. OmHAKO HAIX MUCCIeI0BAHUS
IMOKa3aju, 4TO MCITOJh30BaHUE TTOJIUITPOIIMICHOBBIX
Gubp, HA0OOPOT, YBEIUUMBAET IIPOYHOCTh KAMHS TIPU
cxXaTtny 1 n3ruoe. Mcrmoab30BaHNe apMUPYIOIINX U pac-
IIAPSIOMNX T00aBOK BMECTE YBeTUUUBaCT 3(PPeKTUB-
HOCTB IIpoIiecca pacIInpeHns 1, caMoe TIIaBHOE, YBEIH-
YUBAET YIAPOYCTOMYMBOCTH TAMITOHAXKHOTO KaMHs [10].

[IpruMeHeHEe HAHOMATEPUAJIOB TSI OOeCTICUYCHUS
LIEJTOCTHOCTH TAMITOHAXKHOTO KaMHsI B TIOCJIETHEE Bpe-
MsI pa3BUBaETCs TMHAMUYHO. B padore [6] mpemaraer-
CsI ICTTOJTb30BaHNE TTOJIMMEPHBIX BOJIOKOH C TIaMSITHIO
¢dopMBI, Ha KOTOPHIX OBIJIM HaHECEHBI HAHOYACTUIIHI
TETPadTUIIOPTOCUIINKATA C TIOMOIIBIO 30JIb-TeJIb CITO-
coba. [Ipyroit uHTepeCcHOI pabOTOI SIBJISICTCSI apMU-
pOBaHNE TAMIIOHAXXHBIX PACTBOPOB C IIPUMEHEHUEM
ITOJTMMEPHOTO HAHOKOMITO3UTA. DKCIIEpUMEHTAIBHBIC
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HCCIIeTOBAaHUS BKITIOYAIN MIHUIMYIbCHOHHYIO TIOJIH-
MEPHU3aLIo U YILTPa3BYKOBYIO Auctiepcuio [4]. Takxke
MHOTHE IPYTHE TTPOBEICHHBIC NCCIICIOBaHNS IO COBEpP-
IIEHCTBOBAHUIO PEIICIITYPHI TAMITOHAXKHBIX PACTBOPOB
¢ IpUMEHEHNEM HaHOMAaTepHaIoB OBIIM JOCTATOYHO
XOPOIIIO OTPAKEHBI B 0030PHBIX CTaThsIX [13, 22]. OgHa-
KO, HECMOTPSI Ha TIOJTyYeHHBIC OJIaTOIIPUSITHRIC PE3YIThb-
TaThI, [T0 MHEHWIO aBTOPOB padoTHI [ 13], Mcroab3oBaHme
HaHOMATEPHUAIOB JUIST YAYUIICHUS TeXHOJIOTHICCKIX
KauyecTB TAMITOHAXXHBIX PAaCTBOPOB BCE €Il SIBIISICTCS
SKOHOMUYECKM He 2 (HEKTUBHBIMU.

AHaIM3NPYS pa3TUIHbIC TTOIXOMbI, HAaIIpaBJICHHEIC
Ha ITOJIy9IeHIE YIapOYCTOMUYMBOTO TAMITOHAXKHOTO KaM-
HsI, OBLIO PEIICHO MCTIOJIH30BaTh PACIINPSIONINE U ap-
MUpYIOIIe J00aBKU TSI MOIM(PUKAIIHA TAMITOHAKHBIX
MaTepHaioB.

HeszaBrcuMo OT IIprYMH pa3pylieHrue IIEMEHTHOTO
KOJTbIIa TIPUBOINT, B TIEPBYIO OUYepeb, K MATPALIMH T'a3a,
MEXKOJOHHBIM JTaBICHUSIM, 00pa30BaHUIO TPU(OHOB,
YTO MOXKET MPUBECTU K TUKBUIALINN CKBAaXXUHEL. [1pu
3TOM MHOTHIE TAMITOHAXXHBIC pACTBOPHI, HATIPABIICHHEIC
Ha o0ecIIeYeHNE LIeJIOCTHOCTY TAMITOHAXKHOTO KaMHSI
IpY IMHAMHWYECKUX Harpy3Kax, He BceTna YCTOMUMBEI
K Ta30IIPOPEIBY Yepe3 HUX BO BpeMsI OXKUIAHMS 3aTBEp-
neaus nemenTa (O311). [IpoHnKHOBeHNME Ta3a MOXET
CO3IaTh KaHAJIBI B TBEPACIONICH CTPYKTYpe KaMHSI, CHU-
JKaroIIre TIPOYHOCTD M YAAPOYCTONIMBOCTD KaMHSI.

o1t periieHys JaHHOM 3a1a49y MPEITOXKEeH METOI 11e-
MEHTHPOBAaHUS CKBaXKIH, 00CCIICUNBAIOIINI TBEpACHIE
PaCTBOPOB «CBepXy-BHU3» [23, 24]. DTO 0obecrieunBaeTcs
HCITOJIb30BaHNUEM PAcTBOPOB ¢ mudhepeHINATLHBIMHI
CBOICTBaMM, OTJIMYAIOIINXCS TUIOTHOCTHIO M alPeCHBIMU
IobaBKaMM, KOTOPEIE YIMTHIBAIOT OCOOCHHOCTH TIPO-
OJIEMHBIX MHTEPBAJIOB, 00ECIICYNBAIOT YIAPOYCTONIN -
BOCTb IIEMEHTHOTO KOJIbIIA W TIPETIATCTBYIOT IIPOHUK-
HoBeHMIO Ta3a Bo Bpems O311 [23, 24].

J1J1s1 5KCIrIiepuMeHTaIbHBIX UCCIeI0BaHUIA ObLIN 000-
CHOBaHBI TAMITOHAXXHBIC COCTaBBI, KOTOPBIC TECTUPO-
Baych Ha cootBercTBUE TpeboBaHusaM 'OCT 1581-96
[25], n mony4eHsI 4 peLienTypHhI.

CrienyeTr OTMETUTH, YTO BO MHOTHX paboTax, ITO-
CBSIIIEHHBIX pa3pab0TKe TAMITOHAXKHBIX CHCTEM, MaJlo
TIpencTaBIeHBI UCCACHOBAHUS TAMIIOHAXXKHOTO KaMHS
METOIaMHM 3JIEKTPOHHON MUKPOCKOITMHA U PEHTTECHO-
dazoBoro aHanm3a. MHOTHE UCCIEO0BATEIN W TIPOU3-
BOICTBCHHHMKM OTPaHNYMBAIOTCS IIPOBEPKOIT OCHOBHBIX
CBOIICTB TaAMIIOHAXXHBIX paCTBOPOB M KaMHSI Ha COOT-
BercrBue TpeboBanuam FOCT 1581-96 [25].

OnHaKo, IJIsI TTOJTHOTO IMTOHMMAaHMS B3auMOoIeli-
CTBUS TIPOAYKTOB TUIpATALINK IIEMEHTA C apMUPYIO-
IIUMU U PACIIUPSIOIINMEI T00aBKaMH, HEOOXOIUMO
HCCJIEIOBAaTh MUKPO- Y HAHOCTPYKTYPY JIEKTPOHHOMN
MMKPOCKOITHEH.

B maHHOI1 paboTe MCCIeIOBAINCh CTPYKTYpa, B3a-
NMOIIeICTBIE KOMIIOHCHTOB TaMITOHAaXXHOTO KaMHSI

PacTPOBEIM 3JICKTPOHHBIM MUKpocKorioM (POM). s
UICHTU(OUKAINN KPUCTAJLUTNIECKUX (Da3 MaTepruaioB
IIpUMEHSITICS peHTreHoda3oBbIif aHamm3 (PDA).

METO/bI 1 MATEPHAJIBI

MeTobl UCCIIeA0BaHMUSI BKJIIOUAIN B Ce0sI CKAHUPY-
OIIYIO BJIEKTPOHHYIO MUKPOCKOITHIO, PEHTTEHOCTPYK-
TYPHBII aHAIU3 CTPYKTYPbI U KPUCTAJUIMYECKOM (ha3o-
BOI KOMITO3ULIMM TAMITIOHAXHbBIX KaMHel. M3ydanuch
BJIMSIHUE MUKPOCTPYKTYPHBIX XapaKTEPUCTUK Ha Me-
XaHUYECKHUE CBOMCTBA U Ae(DOPMALIMOHHYIO YCTORYM -
BOCTh MaTepUajOB MPU YCIOBUIX, XapaKTePHBIX IS
SKCILIyaTallM1 CKBAXWH.

IIpoBeneHO 0OIBIITOE KOJTMISCTBO NCIIBITAHUIN TeX-
HOJIOTUYECKUX CBOMCTB IIEMEHTHBIX PACTBOPOB U MOJTY-
yeHHoro kaMmHs cormacHo T'OCT 1581-96 [25] u craH-
naptam API (API spec.10B) [26].

151 McceI0BaHMil BO BCeX peLenTypax UCIIOIb30-
Baiics nemeHT Kiacca G (ITLT-1-G). H1st ToBRIIEHUS
yAapOYCTOMYMBOCTH M 00eCIIEYeHMS IIFIOTHOIO KOHTAKTa
C OrpaHMYMBAIOIIMMU IMOBEPXHOCTIMHU I10Iy4aeMOro
TAaMITIOHAXXHOI'O KAMHSI ObLIN MCITOJIb30BAHbI ITOJIUIIPO-
nuiaeHoBas pudpa u pacmupsiomast gooaska KM/,
BeimyckaeMast OOO «LlemeHTHBIC TexHOIOTUNY» (Y (ha,
Pecniyommka bammkopToctan, P®). B coctaBe pactBopoB
HMMEJIUCh JOIOJHUTEIbHBIE T00aBKY, IIPEACTaBICHHbIE
B Tab. 1.

Hcnonb3ys BblllieyKa3aHHbIE MATEPUAIIbI, COIJIACHO
pa3pabOTaHHOMY METOAY LIEMEHTUPOBAHUS CKBAXKUH
[23], KOoTOpEIit TIpeIycMaTPUBACT UCIIOIH30BAHIE TaM-
IMOHAXHbBIX PaCTBOPOB ¢ nuddepeHIaTIbHbIMU CBOM-
CTBaMHU, ObUIM OOOCHOBAHBI U IOJIyYeHbI 4 peLETYPhI
TAMITOHAXXHBIX PACTBOPOB, UMEIOILKE PA3IUYHbIE CBOM -
ctBa (puc. 1):

Peuentypa 1 — B/l — 0,7; PII-LT — 5%; CaCl, —
1%; ®ubpa I1I1 — 0,5%; FLoss — 0.2%;

Penenrrypa 2 — B/1I — 0,7; PO-UT — 2%; NaCl —
1%; ®ubpa I1I1 — 0,25%;

Peuernrrypa 3 — B/1I — 0,44; PI-LT — 5%; HT® —
0,01%; duodpa ITII — 0,25%: Floss — 0,2%:

Peuernrrypa 4 — B/1I — 0,44; PI-LT — 5%; HT® —
0,05%; ®uobpa I1I1 — 0,25%.

[Mocne uccenoBaHust OCHOBHBIX TEXHOJIOIMYECKUX
CBOMCTB TaMITIOHAXXHBIX PACTBOPOB B COOTBETCTBUU
¢ tpeboBanueM ['OCT 1581-96 u API nonyueHHbIE 06-
pa3Lbl HEMEHTHOIO KaMHS ObLIM MCITOJIb30BaHbI IS
U3ydeHUsT MUKPOCTPYKTYphI. TemIiepatypa TBepie-
HUS LIeMEHTHOTO pacTBopa 22°C, BpeMd TBepAeHUS 2
u 7 cytok. [1apaiebHO UCIIBITBIBATIOCH M CPABHUBAIOCH
110 2 00pa3La Kaxaoi peLenTyphbl.

DKCIIepUMEHTHI IIPOBOIMINCH B JabopaTtopuu «Ha-
HOTEXHOJIOTHSI LIEMEHTHBIX CUCTEM UMEHU ITPodeccopoB
A.D. TTomaka u H.X. KapumoBa» Ydumckoro rocymap-
CTBEHHOTO HE(PTSIHOIO TEXHUYECKOIO YHUBEPCUTETA.
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Tabauya 1
XuUMHYECKHE peareHThbl, HCIOoJIb3yeMble /i1 pa3padoTKH TAMIIOHAKHOIO PACTBOpa

Konnenrpamus (ot

00aBKH Omnmcanne () 101
A YHKIL Beca nemMenra, %)
VBenumueHne nechopMamoHHOM 0,25;
®ubpa I111 IMonunponuieHosasa pudpa A (bopman o
YCTOMYUBOCTU 0,5
MK/
Pacmmmpsiomast nobaska Co3naHue MJI0THOTO KOHTAaKTa 2;5
(PA-LIT)
CUHTEeTUYECKUIl TTOJTUMe
Floss P IToHu3urenb BOJOOTIAYN 0,2
Ha OCHOBE MoJIMaKpuiIamMuaa
CaCl, XJopun KaJbLus YckopuTenb cXBaTbIBAHUS 1%
NaCl XJjopua HaTpus YckopuTenb CXBaTbIBAHUS 1%
HurtpunorpumerundocdoHoBas 0,01;
HT® CtpyKTypooOpa3oBartesb .
KucJioTa PYKTYpOOop 0,05

Puc. 1. O6pa3ubl TAMIOHAXKHBIX KAMHE# C PA3JTMYHbIME CBOHCTBAME

OGpa3upl ObUTM MCCIIETOBAaHBl HA MUKPOAHAJIU3 [1py n3yyeHUM KOHTAKTa MOJUTTPOITHIICHOBOM (hu-
1 MOPGhOIOTUIECKU I aHATT3 ITOBEPXHOCTH PACTPOBBIM ~ OPBI M MATPUIILI IIEMEHTHOTO KaMHSI OBIITU TTOJTyYeHBI
3JIeKTpPOHHBIM MUKpockoriom JEOL JSM-6610LYV, ko- CHUMKM 00pa3nos ¢ yBeamaeHueM 10 3300 pa3.
TOPBIiA ObLT 060PYIOBAH NTPUCTABKON SHEPTOANCIIEPCH- Lenbio viccnenoBaHMst HA peHTTEHOBCKOM T (DPaKTO-
oHHBIM criekTpoMeTpoM Oxford Inca Energy. Mepe D2PHASER sBisitoch mojiyaeHre KaueCTBEHHOTO
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U KOJIMYECTBEHHOTI'O aHAJIM3a COCTaBa IIPOIYKTOB TBEPIE-
Husl. PaciigpoBKa MoJTy4eHHBIX peHTICHOIPAMM IIPOM3-
Boamach B mporpammax «Eva.diffrac» 1 «Topas.diffrac».

PE3VYJIbTATBI 1 OBCYKJIEHUE

IIpoBemeHbI McCIIeAOBAHMS BIMSHUS TOHU3UTEIICH
BOJOOTIAYM Ha IIPOYHOCTHBIC CBOMCTBA TAMIIOHAXKHO-
ro KaMH$ C apMUpYIOIIEN 1 paciuupsonen 106aBkoi
(Tabm. 2). BTN TaHHBIC HCOOXOIMMBI IIJIST CPABHUTEIBHOM
OLICHKM W TTOJTHOTO TMTOHUMAaHUS M3MEHEHU MUKPO-
CTPYKTYPHI B IEMEHTHOM KaMHE pa3padOTaHHBIX 4-X pe-
HETTyp.

W3 1abi1. 2 BUIHO, CHIDKeHIE KOHIICHTPAIIUN PACIIIH -
pstroIeit J0OABKM 1 OTCYTCTBUE TTOHU3UTEIISI BOTOOTIA-
YU TIPUBEIIN K CHIDKEHHTO TIPOYHOCTHBIX XapaKTePUCTUK
npu B/1[=0,7.

3amayveii mccireoBaHMS OBIIO, KPOME aHAIN3a CTPYK-
TYpHI IIEMEHTA, OIIpeieJIeHIe pacIINPSIONIeit J00aBKM,
B3aUMOJICHCTBIE MATPUIIBI C TIOJTUTIPOITIICHOBOM (hH0-
pOIi.

Ha puc. 2 moka3aH ITOTHBINM KOHTAKT IOJTUIIPOITHIIC-
HOBOIT (hMOPHI M HATMIKME STTPUHTHUTA. JIJIST yTOUHEHUS

B3aMMOCBSI3U ChEMKH OBLITY TTPOIOJIKEHBI ITPH YBEINYE-
Huu B 2500 pa3 u B 3500 pa3. C yBenmueHneM B 3500 pa3
BUIHO HAJIMYME TPEIIUH, KOTOPHIC MOTJIU OBITh TPUYM-
HOM CHVKEHUSI TPOYHOCTHBIX XapaKTePUCTUK KaMHSI.

CHUMOK (DrOPBI TOKA3bIBaCT B3aMMOJICHCTBHIE TIPO-
JIYKTOB TBEPICHUS lIeMeHTa U (UOPHI, a KOJTMYECTBEH-
HBIif aHAJIN3 MOATBEPKIACT, YTO HAa ITOBEPXHOCTU (DUOPBI
nmMeroTes yactursl memMeHTa (CaO) (puc. 3).

KonnuecTBeHHBIN aHAIN3 CTIeKTpa 1 TTOKa3biBaeT
Ha GO0JIbIIIOE KOJIMYECTBO COMEPXKAHUS yriepoaa, KO-
TOPHIN 0O3HAYAET HATTMUME MTOJTUTIPOITUICHOBOM (GUOPHI
(puc. 4).

[Mo3nHsIs TunpaTanys 1000 pacIIupsIOmei 10-
0aBK1 MOXET IMPUBECTH K Pa3pyIIEHUIO IIEMEHTHOM Ma-
TPUILIBI TAMITOHAXXHOTO KaMHsI, OJTHAKO BO BCeX oOpasiax
TaKue SIBJICHUST He ObITN BBISIBJICHBI.

[Mpu TBepaeHUM 7 CyTOK IIEMEHTHOTO KaMHs pe-
LENTYpbl 1 MOKHO OTMETUTh YBEJIMUYECHKE STTPUHTHUTA.
Takxe MOXHO TOBOPUTH M O HAJTMYMU PACITUPSIIOIICH
M006aBKU, TTOCKOJIBKY SIIPO MPAKTUIECKU COAEPKUT
TOJIbKO KasibliMii. M3 puc. 5 1 6 MOXHO cliesiaTh BBIBOI,
YTO BCE KOMITOHEHTHI HaXOASITCS B TECHOM KOHTAKTe

JIPYT C APYTOM.

Tabauuya 2
PesyabraThl H3MepeHus NPOYHOCTHBIX XAPAKTEPUCTHK HEMEHTHOIO KAMHS
IIpenen npouHocTn Ha u3ru6, | IIpemen mpoYyHOCTH HA CKaTHE,
Cocras B/I1 MIlIa MIlIa
2 cyT 7 cyT 2 cyT 7 cyT

besnob6asounsmiii ITTL-1-G 0,44 2,9 3,8 10,8 15,4
Besno6asounsrii [1TH-1-G 0,7 1,5 2,6 4.5 13,8
Peuentypa 1 0,7 1,97 2,95 5,53 8,7
Peuenrypa 2 0,7 3,0 4,37 6,71 12,2
Peuentypa 3 0,44 3,9 5,57 17,26 bonee 22
Peuentypa 4 0,44 3,5 5,52 13,2 boiee 22

B3B

12xB  PP12mm  SS66 x2.500 10um

BB 12xB PP12vm  SS6) Sum

x3,500

Puc. 2. Pa3BuTue STTpUHIUTA B lIeMEHTHOI MaTpuIile penenTypbl 1 mpu TBepaeHnu B Boje 2 cyTok (X2500 u x3500)
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Konisecrees -l peyeTaTy

Becos on %

CnexTp 1

[= Ca Fe
90 MKM ' 3nexTpowHoe msobpaxenue 1

Puc. 3. Caumoxk ¢puodps1 (90 MKM) M J1eMeHTHBII aHAM3 criekTpa 1

KonnyecraenHbie pe3yneTarel

Becoso# %

t‘neh’rp 1

20 MKM ' SnexkTpoHHOe uzohpakeHue 1

Cnektp 1

0 2 4
MonHas wrana 9116 umn. Kypcop: 0.000

k3B

Puc. 4. Canmok ¢puops1 (MacmTad 20 MKM) 1 3JieMEeHTHbIiT aHAIM3 criekTpa 1
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30 MKM K 3nexTpossos w30dpaxenre 1

KonruecTBeH-e PEIVNETaT

Becosoit

Puc. 5. CnekTpbl XMMHYECKHX 3JIEMEHTOB MCCJIEAYEMOro 00pa3ia M KOJMYeCTBEHHbIE Pe3y/IbTaThl pelenTypsl 1 npu
TBepAeHnH B Boje 2 cyToK (paciupsirolias no6aska — KMJI OOO «lleMeHTHBIE TEXHOJIOTMI»)

s
5566

B3B 12xB PP12yvm x2,500  10mm

Puc. 6. Pa3BuTune 3TTpMHIUTA B IIEMEHTHOI MAaTpHILIe
penentypsl 1 mpu TBepaeHnn B Boae 7 cyTok (%<2500)

AHaM3 TTOTYYeHHBIX CHUMKOB TTIOKA3bIBAET TUIOT-
HYIO CTPYKTYPY IIEMEHTHOTO KaMHSI BO BCEX PELIECTITY-
pax (puc. 7). [Ipu uccrenoBanum perentyp (peuern-
Typa 2) HeOOXOIMMO OTMETUTH OTCYTCTBUE OTBEPCTU I
WJIA KaHAJIOB OT MOJUTIPOIIMIIEHOBOH (hUOphI. DTO M0-
Ka3bIBaeT, YTO OHA XOPOIIIO B3aMMOJIEHCTBYET C IIe-
MEHTHBIM KaMHEM, paboTaeT Ha pacTsKeHUE, a 1Mo-
clie pa3phIBa BOJIOKHA OCTAETCS B IEMEHTHOM KaMHe.
W3 cHuMKOB (penenTyphl 3, 2 CYyTOK) BUIHBI TTOBEPX-
HOCTHU TOJIUTIPOTIMIIEHOBBIX (pUOp, KOTOPHIE UMEIOT
YaCcTUIIBI TTPOTYKTOB TBEPACHUS IIEMEHTA 1aKe TTOCTe
paspeiBa. MccnenoBanue perientyp 2—4 mokasaio, 4To
BCE pactIupsionue 100aBKY MOJTHOCTHIO TUIPATUPOBA-
HBI ¥ HE UMEIOT TPEIUH (HalpuMep, 3 TIpu TBepACHUN
7 CyTOK).

PesynbraThl MiccienoBaHUsI TAMITOHAXKHOTO KaM-
HSI METOJIOM PEHTIeHO(A30BOTO aHaAIM3a MOKa3aHbI
Ha puc. 8 u 9.

KonmuecTBeHHBIN aHAN3 PEHTIEHOTPAMMBI pe-
LEeTNTYpHI 1, KOTOPBI TTOKa3aj, 4YTO MPH YBEIUICHUN
BpEMEHU TBEPIEHUsI B BOJIE OT 2 10 7 CYTOK STTPUHTUT
yMeHblIraetcst Ha 3% u coctaphsiet 11,22%, mopTiaHauT
Ha 7%, To6epMopuT Ha 6,37%. OMHAKO YBEINIMBACTCS
O6paynMuiuiepur 8,3%, KanbuuT Ha 8,89%, runpocuim-
Kar Kayublys Ha 15,12%.

3AK/IIOYEHUE

ITo pe3ynbTaTaM BBIITOJIHEHHOTO UCCIEIOBAHUS
MOXHO CHENaTh CJAEAYIOIIE BBIBOIBI:

1. Bo Bcex uccaenoBaHHbBIX PELENTypax TAMIIOHAXK-
HBIX PAaCTBOPOB TOCJIe TBEPAECHUS BBISIBICH TIJIOTHBIN
KOHTAKT TOJIUTIPOTIMIIEHOBOW (DUOPHI U IIEMEHTHOTO
KaMHS, NOATBEPXKICHHBINA UX TPUINTAHUEM JTaXKe TTOCTIe
pa3pylLIeHUST IEMEHTHOTO KaMHSI.

2. Hanuuue TI0THOM CBSI3W LIEMEHTHOW MaTPUIIHI,
GUOPHI U paclIUpsIoNieid 100aBK1, MOATBEPXKICHHOE
METOMIOM 3JIEKTPOHHOU MUKPOCKOITAU, TOKA3bIBAET HO-
BbI€ BOBMOXXHOCTHU TAHHOTO METO/IA ITPU UCCIIETOBAHUN
CMEeAATBHBIX TAMIIOHAXXKHBIX MATEPUAJIOB.

3. [I1oTHAast CTPYKTypa LIEMEHTHOTO KaMHS B pe-
nenTypax 3 1 4 10Ka3bIBaeT POJIb MOTUTIPOTTMICHOBOM
(puOpHI B yBeTMUEHUY TPOYHOCTH TTOJTyYaeMOTO KaMHSI.

4. Mpumenenne metona PMA nosBossieT mpocie-
KWBAaTh KWHETUKY TUApaTauu u (a3zoodpazoBaHue
IeMeHTa ¥ MOIUMUUIMPYIOIINX J00aBOK, YTO TTO3BO-
JiiT 60s1ee 000CHOBAHHO MTOIXOAUTH K MOAO0PY COCTaBa
TaMITOHAXXKHBIX MATEPUAJIOB JUIS1 CKBaXKUH CO CJIIOXKHBIMU
TOPHO-TEOJIOTUYECKUMHU YCIOBUSIMMU.
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Penentypa 2 (2 cyToK)

PeuenTypa4 (2cyT0K)

Penentypa 2 (2 cyTok)

Penentypa 3 (2 cyToK)

&

-1 200 ‘

VW’w W}“W i

I

(B} \I nwim A

2600 1111 010l b HIIH it
0

lmlmw |||l \IIIII

Hymepamus

h

MW

W#
M

(NISE
MUMME)
a Jleaaiim
m

Wm 1 f sy

o e III

B

‘ |I| i ’II 1]
” mm[i

I
uu u 1 IIH i ull\ln \ll\

15 20

I‘pxulvcu

WO12mm  $588

Puc. 8. KoqmgecTBeHHbIit

AHAJIN3 PEHTIEHOrPAMMBI
peuentypsl 1 npu TBepaeHAN
B BOJie 2 CYTOK
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Suitability of basalt raw materials of the Kyrgyz Republic
for the production of superthin and continuous fibers
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ABSTRACT: Introduction. Literature analysis and patent search revealed that basalt rock and its fibers have exceptional physical
and technical characteristics and alongside abundant raw material reserves. Based on this, the use of basalt rocks and their fibers
as a material for the development of advance composite materials with high performance characteristics is a promising direction.
Diverse technological fields and economic sectors, as well as various material requirements, necessitate a spectrum of systems,
compositions, and properties for basalt and its melts, whether for generating superthin or continuous fibers. Methods and ma-
terials. The chemical and mineralogical compositions of some basalt rocks from deposits in the Kyrgyz Republic were studied to
determine their suitability for production of superthin fibers and continuous fibers. The acidity modulus and fusibility modulus were
determined by calculation based on the chemical composition of basalts of the Kyrgyz Republic. Among them, the quality of basalts
from the Suluu-Terek deposit and basalts from the Toru-Aigyr deposit fully meets the requirements for the quality of raw materials
for creating the production of basalt superthin fibers (BSF) and basalt continuous fibers (CBF). In the research we used physical
and chemical analysis methods to determine the chemical and mineralogical composition of basalt. By calculating the acidity and
fusibility modulus of basalt raw materials from the Kyrgyz Republic, as well as comparing them with relevant standards, their suit-
ability for the production of basalt superthin fiber (BSF) and basalt continuous fiber (CBF) was established. The object of the study
was the basalts of the Sulu-Terek deposit. Results of the study include an analysis of the chemical and mineralogical compositions
of certain basalt rocks from deposits in the Kyrgyz Republic in order to assess their suitability for the production of superthin and
continuous fibers. The acidity modulus and fusibility modulus of basalts of the Kyrgyz Republic were determined by the calcula-
tion method. Among them, it was revealed that the quality of basalts from the Suluu-Terek deposit and basalts from the Toru-Aigyr
deposit fully meets the requirements for the quality of raw materials for the production of basalt superthin fibers (BSF) and basalt
continuous fibers (CBF). Conclusion. The suitability of basalt rocks from various deposits, especially Suluu-Terek, Taldy-Bulak and
Kashka-Suu, was confirmed, with recommendations for use. The results also highlight the importance of compliance with standards
when selecting deposits and setting production parameters.

KEYWORDS: criteria for the suitability of raw materials, rocks, chemical and mineralogical composition, loss on ignition, viscos-

ity modulus, fusibility modulus, upper limit of crystallization temperature (ULCT), basalt superthin fiber (BSFF), basalt continuous
fibers (BCF).
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INTRODUCTION

t is known that for prodiction of inorganic mineral fi-
bers, various rocks are mainly used as raw materials. Of
particular interest are wastes from energy and mining in-
dustries, such as ash and slag wastes and refuse ore [1, 2].
Diabases, basalts, andesite-basalts, gabbro-basalts,
dolerites, ambifolites are used for the production of
inorganic superthin and continuous fibers from single-
component raw materials [3—10].

According to the chemical and mineralogical compo-
sition, basalt rocks are the best raw material for produc-
tion of high-quality inorganic fibers from igneous rocks.

The mineral and chemical composition of basalt rocks
for technology of obtaining inorganic fibers are important
indicators, since each deposit has a certain mineral and
chemical composition within the limits of igneous origin.
In this connection, various rock deposits from the earth’s
crust used as raw materials for production of basalt fibers
[3—13].

Considering some physical and technological charac-
teristics of molten rocks, and based on the experimental
and theoretical study results of rocks, authors of works
[11—13] noted the following: 1) acidity and viscosity mod-
ules were calculated according to their chemical compo-
sition for a preliminary assessment of the rocks use in
the production of basalt fibers; 2) the main criteria for
the suitability of raw materials for production of basalt
staple and continuous fibers are the melt surface tension,
viscosity and its temperature dependence, crystallization
and wetting abilities, which determine the lower and up-
per limits of the temperature range for fiber production.

An important indicator of the raw materials quality
for obtaining superthin fibers is its chemical and min-
eralogical composition, pieces size, as well as the grains
of its minerals. For preparation of raw materials crumbs,
rocks are used, which, in terms of strength and hardness,
should ensure the production of raw materials pieces with
a size of 5—40 mm.

About 240 deposits and manifestations of diabases,
basalts and basaltic porphyrites have been identified on
the Kyrgyz Republic territory [12].

Deposits of diabases, basalts and basaltic porphyrites
are located within such ridges as the Kyrgyz, Kungei-Ala-
Too, Tasakemin, Terskey, Zhetim-Too, Atbashy, Alai
and Atoynok. Manifestations of basalts are widespread
within the ranges of Dzhumgal, Talas, Kaptakas, Chatkal,
Karakatty, Suusamyr, Dzhumgal, as well as in the Ulug-
too mountains. In addition, manifestations of basalts are
widespread within such ranges as the Fergana, East Alai,
Turkestan and Moldotoo [13].

Currently, the following types of fibers are produced
from rocks (in diameter, in microns): microthin (up to
0.5), ultrathin (from 0.5 to 1), superthin (from 1 to 3),
thin (from 9 to 15), thick (15 to 25), thick (25 to 150) and

coarse (150 to 500). According to the length, the fibers
are divided into continuous, reaching a length of 30 kilo-
meters or more, and discrete (staple), having a length in
the range from several millimeters to several centimeters.
Depending on the diameter, they are used for different
purposes.

Superthin fiber is used for manufacture of pierced
heat-insulating and sound-absorbing products, card-
board, multilayer non-woven material, heat-insulating
knitting-stitching material, long heat-insulating strips and
bundles, soft heat-insulating hydrophobized plates, filters,
artificial soil for hydroponic growing of vegetables, etc.
These products are widely used in construction, aircraft
and shipbuilding, metallurgy, medicine, agriculture, and
in other fields of industry [11-26].

METHODS AND MATERIALS

The basalt fiber industry presents raw materials with
a variety of requirements, which is associated with prod-
ucts diversity. There are a number of requirements on the
raw materials chemical composition, the main substance
content, harmful and ballast impurities, and on the uni-
formity of raw materials composition.

The raw materials are crushed, medium and meta-
morphosed ultrabasic rocks of volcanic origin: basalts,
amphibolites, diabases, porphyrites. The sizes of raw ma-
terials fractions should be from 3—70 mm.

When characterizing chemical composition of raw ma-
terials suitable for production of a particular fiber type, the
content of main oxides SiO,, ALO,, Fe,O,, FeO, MgO,
Ca0, Na,0, K,0, TiO, was taken into account.

The chemical composition study of basalt rock, basalt
melt and its wastes was carried out using the methods of
titrimetry, spectroscopy, photoelectrocolorimetry, and
gravimetry [27—31].

Loss on ignition was no more than 5% by weight. The
raw materials should not contain impurities in the form of
metal objects, quartz, sandy-clayey and other rocks that
differ in chemical composition.

Assessment of the material composition and quality
indicators were determined according to the following
standards [32, 33]:

— Technical Conditions-21-Ukrainian SSR-410-86
“Rock raw materials for production of superthin staple
fibers”;

— Russian Institute of Standardization Ukrainian SSR-
5020-80 “Rock raw materials for the production of
staple fibers”;

— Technical Conditions-21-137-84 “Rock raw materials
for production of continuous fiber”.

— Technological properties assessment was de-
termined according to the Technical Condi-
tions-234-023-20357632-97 “Canvas from super-thin
basalt fiber.
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For mineral fiber production, basalts are used as raw
materials, in which the content of iron oxides does not
exceed 10-18%, and the ratio of acidic oxides amount
(SiO, + Al O,) to floodplains (TiO,+Fe,0,+FeO+MgO+
CaO+K,0) should not be less than 2.

Correspondence of acidic oxides to basic ones (acidity
modulus) is calculated using the formula:

M = 5i0,+Al,0,+Ti0,
BT Fe,0,+Fe0+Mg0+CaD+ K, 04Na, 0

(1

where SiO,, AL, O,, TiO, are weight content of oxides,
%.

The acidity modulus in the deposit ranges from 1.9 to
2.7, averaging 2.3, the minimum acidity modulus exceeds
the standard modulus by almost one order (0.72%).

An important property in the production of rock melts
is the melting rate, which depends on a set of processes
leading to the formation of a homogeneous glass mass
devoid of bubbles. The melting rate is estimated from
the temperature range and duration of melting; it can be
expressed as a function of the ratio of refractory oxides
to more fusible ones. With regard to rocks, the fusibility

The lower the value of this constant, the easier the
rock is melted.

The criteria for the suitability of minerals for obtaining
fibers based on the requirements for the mineralogical and
chemical composition of rocks, melting conditions, and
properties of their melts (Table 1).

For mineral fiber production, basalts are used as raw
materials, in which the content of iron oxides does not
exceed 10—18%, and the ratio of acidic oxides amount
(Si0,+AlL0,) to floodplains (TiO,+Fe,0,+FeO+MgO+
Ca0O+K,0) should not be less than 2.

The mineralogical composition of basalt raw materials
has been studied using petrographic analysis. Photographs
(at x40 magnification) made using a Nikon polarizing
microscope (Optiphot2-pol series, Japan). Petrographic
analyses performed by using polarized light in the follow-
ing order: a specially prepared preparation studied using a
Nikon microscope Optiphot2-pol series. The thin section
was a cut in the form of a plate of rock with a thickness of
about 0.03 mm, glued onto glass. In the manufacture of
thin sections, Canadian balsam was used a special glue.
This method of analysis gives an accurate idea of the min-

constant Cfusibility has the following form: eral composition and structure of basalt rocks and basaltic
Si0;+Al,054Ti0y+Fey0 +Fa0 melt [8—10, 14].
Hrm = f 2) Determination of rocks mass loss in was determined
Mg0+Ca0+K,0+Nas0 during chemical analysis of thermogravimetric studies (up
where SiO,, AL,O,, TiO, are weight content of oxides, to 1000°C), as well as at 1300 and 1450°C when obtaining
%. melts [34].
Table 1
Requirements for the chemical composition of rocks for the production of various fiber types
Requirements for raw materials quality, (mass fraction, %)
Components
Coarse Continuous Fine staple Superthin Staple
Silicon dioxide (SiO,) 48.0—53.2 47.5-55.0 43-51.0 46.0—-52.0
Titanium dioxide (TiO,) 0.5-2.0 0.2-2.0 0.2-3.0 0.5-2.5
Aluminiun oxide Al O, 13.0—18.0 14.0—-20.0 10.0—-17.0 13.0—18.0
Iron oxides (Fe,O,+FeO) 8.0—15.0 7.0—13.5 10.0—18.0 8.0—15.0
Calcium oxide (CaO) 6.5—11.0 7.0—1.5 10.0—18.0 8.0—15.0
Magnesium oxide (MgO) 3.0-10.0 3.0-8.5 4.0—-15.0 3.5—-10.0
Sodium and potassium oxides
(Na,0 +K,0) 2.0-7.5 2.5-7.5 2.0-5.0 2.0—10.0
Manganese oxide (MnO), 05 0.25 0.4 0.5
no more than
Sulfur oxide (SO,), no more than 1.0 0.2 1.0 0.5
Gain loss during annealing, 5.0 50 5.0 50
not more than
Free quartz, no more than 3.0 2.0 3.0 3.0
Viscosity modulus, Mv 1.9-2.5 2.3=-2.7 1.7-2.0 1.8—2.4
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Glass preparation was carried out in laboratory condi-
tions in platinum glasses. The weight of the rock was about
300 g. In the temperature range from 1170° to 1350°C,
melting of rocks and intense gas evolution were observed,
leading to abundant foaming of melt. This is especially
characteristic of the almond stone basalt sample 371, due
to release of CO, during decomposition of CaCO,. Tak-
ing into account the small volume of platinum glasses
(500 ml), it took a long time (up to 16 hours) to obtain
a homogeneous melt.

The viscosity of studied rock melts was determined
on an improved Margules-Volarovich viscometer with
working surfaces of the “cylinder-cylinder” type. At the
viscosity measurement points, the melt was held isother-
mally for 30 minutes to establish temperature equilibrium.
The method of measuring viscosity is relative. We use
polymethylsiloxane PMS-500, PMS-700, PMS-1000
(viscosity range 5—10 pauses) and K-15 glass for cali-
brating viscometers (GOST 3-3593-77, viscosity range
50—2000 pauses) as calibration substances. The viscosity
measurement error does not exceed 7% [35].

The temperature of upper limit crystallization (ETCL)
was found using the quenching method (the samples were
isothermally held at a given temperature for two hours
and then cooled rapidly). The presence of the crystalline

phase in the glass samples obtained using this method
was determined by the optical method (under an MBI-6
microscope at 750-fold magnification in transmitted light)
and by X-ray phase analysis [35].

RESULTS

Results obtained after study of the basalts chemical
composition from the Suluu-Terek, Taldy-Bulak, Kashka-
Suu deposits are presented in Table 1.

As a one-component raw material for the production
of various types of fibers, basalts with different content of
components were selected (Table 2).

From the Table 2 it is seen that, according to the
chemical composition, studied rocks belong to low-iron
igneous rocks, since the content of iron oxides does not
exceed 18%, and the content of SiO, in them is generally
less than 50%. The content of floodplains is on average
20% and fits within the limits regulated by technical con-
ditions (15—25%).

Basalt of the Kashka-Suu deposit is characterized by
high acidity, however, the introduction of the simplest
corrective additives in the form of limestone makes it
possible to reduce the acidity modulus, which provides
a melt with optimal physical and chemical properties.

Table 2
Chemical composition of basalt rocks for the production of superthin fibers
Basalt, mass fraction, %
Components Chemic‘al composition
requirements for Sulu Terek | Taldy Bulak | Kashka Suu
superthin fibers

Silicon dioxide (SiO,) 46.0—-52.0 45.00 48.27 48.85
Titanium dioxide (TiO,) 0.5-2.5 2.00 1.75 1.98
Aluminiun oxide Al,O, 13.0-18.0 14.00 13.98 15.72
Iron oxides (Fe,0,+FeO) 8.0—15.0 12.94 15.28 10.55
Calcium oxide (CaO) 8.0—15.0 11.0 9.49 7.28
Magnesium oxide (MgO) 3.5—-10.0 4.0 5.32 5.14
Sodium and potassium oxides
(Na.0 +K20)p 2.0-10.0 4 4.45 4.41
Manganese oxide (MnO), no more than 0.5 — —
Sulfur oxide (SO,), no more than 0.5 — 0.42 0.87
rCl}oatlr;1 1(())rses Sll:rllng annealing, 50 5.0 B 59
Free quartz, no more than 3.0 1.6 — —
Phosphorus oxide P,O; - - - -
% 100 100 100 100
Acidity modulus, M__..- 1.8—2.4 1.90 1.85 2.41
Viscosity modulus, M| <4.5 3.89 4.11 4.58
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Table 3

Chemical composition of rocks for production of superthin fibers

Quality requirements for chemical composition
(basalt, mass fraction, %)
Components
For superthin | Siltstone-basalt et Semizbel
staple fibers Tashbulak
Silicon dioxide (SiO,) 46.0—52.0 45.82 47.0 42.99
Titanium dioxide (TiO,) 0.5-2.5 1.99 1.91 1.72
Aluminiun oxide AlL,O, 13.0-18.0 13.86 13.7 13.53
Iron oxides (Fe,O,+FeO) 8.0—15.0 11.82 10.18 12.54
Calcium oxide (CaO) 8.0—15.0 9.57 13.40 9.89
Magnesium oxide (MgO) 3.5-10.0 7.89 3.68 11.23
Sodium and potassium oxides
(Na,0 +KZOI)) 2.0—-10.0 3.03 4.12 5.38
Manganese oxide (MnO), no more than 0.5 0.18 0.10
Sulfur oxide (SO,), no more than 0.5 0.1 0.21 0.57
Gain loss during annealing, not more than 5.0 4.82 5.40 2.16
Free quartz, no more than 3.0 0.5 — —
Phosphorus oxide P,O; - 0,21 0.30 —
% 100 100 100
Acidity modulus, M__.. 1.8—2.4 1.90 1.99 1.49
Viscosity modulus, M| <4.5 3.58 343 2.67

In terms of oxide content, the basalts from the Taldy-
Bulak and Kashka-Suu deposits differ from the basalts
from the Suluu-Terek deposit in the higher content of
silicon oxides and the lower content of calcium oxides
(Table 2). Table 3 shows the basalts chemical composition
from Tash-Bulak, Toru-Aigyr, and Semizbel deposits.

From the data presented in Table 3, we can conclude
that chemical composition of the Toru-Aigyr deposit
fully satisfies the quality requirements for single-compo-
nent raw materials. However, remaining basalt deposits
(Tash-Bulak, Semizbel) require additional introduction
of components to meet specified standards, which can be
preliminarily calculated through batching.

Basalt from the Suluu-Terek deposit fully meets the
requirements for mineralogical composition necessary
for production of superthin fibers. However, to produce
continuous fibers from this basalt, it will be necessary to
carry out a blending process, as indicated Table 4.

DISCUSSION

Thus, according to the chemical composition, the
studied rocks belong to low-ferruginous basic igneous
rocks, since the content of SiO, in them is mainly less
than 40 to 50%, and the content of iron oxide does not
exceed 18%, fluctuations in the chemical composition

of the studied samples are small, which creates favorable
conditions for maintaining the constancy of the charge in
the production of mineral wool.

The Kyrgyz Institute “Orgtekhvodstroy” of the ba-
salt deposit Suluu-Terek, based on the geological loca-
tion of the basalt layer, identified three varieties of basalt
(Table 5):

According to the geological location of basalt layer,
three kinds of basalts were found in the Suluterek deposit
(Table 5):

1. Cryptocrystalline basalt of dark gray color with car-
bonate admixtures;

2. Fine-crystalline to cryptocrystalline basalt, weath-
ered to varying degrees, with medium and small amygda-
lae made of carbonate;

3. Almond shaped basalt with amygdalaes made of
carbonate.

Viscosity and TVIC study results shown in Table 6.
The melt properties coincide with the properties of basalts
from the Berestovetsk deposit in Ukraine, which are used
in all variants.

According to the viscosity (Table 6) absolute values
and the temperature dependence course, we can conclude
that it is possible to use basalts from the Suluterek deposit
as raw materials for production of continuous and super-
thin fibers. In addition, amygdaloid basalts, which form
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Table 4

Suitability of basalt rocks by mineralogical composition for the production of basalt superthin fibers (BSF)

and basalt continuous fibers (BCF)

Requirements for the quality of raw materials (basalt, limiting mineral content, vol. %)
Minerals Requirements for mineralogical composition Basalt deposit
F;:;;;"g{)g;'s“ (e "btaif;‘bz‘r’:ﬁ““"“s SuluTerck | TaldyBulak | Kashka Suu
Plagioclase 20-55 35-70 30 40 30
Pyroxenes 5—40 1-35 40 20 30
Ore minerals 0—12 0—12 10 10 10
Olivines 0—15 0—15 - 30 30
Natural glass 2—45 0-50 20 — 20
Quartz 0-2 0-2 — — —
Amphiboles 0—15 0—10 — — —
Biotite 0-3 0-3 - - 1
Palagonite 0-20 0-25 - — -
Chlorite 0-35 0-35 — — —
Epidotzoisitis 0—15 0-5 — — —
Carbonate 0—-10 0-8 — — —
Table 5
Basalt varieties according to geological location
DasaltKinds (.Zryptocrystalline l-)asalt crg?:c:;gt?l?::: ?)ztl(s)alt Almond texture basalt

Components S GO TR eI I with rare almond texture
SiO, 46.83 48.11 43.82
TiO, 1.79 2.22 1.87
AlLO, 16.82 18.19 16.55
FeO 2.09 1.48 0.28
Fe,0, 7.73 9.41 9.87
CaO 10.54 8.58 12.81
MgO 5.33 4.32 3.91
Na,O 2.57 2.95 2.22
K,0 1.52 1.84 2.00
MnO 0.24 0.16 0.11
SO, 00.5 0.08 0.11
Gain loss after ignition 3.68 2.49 7.21
Total 99 99.8 100.85

less viscous melts, can be recommended for producing
fibers using the vertical air blowing (VAB) method.

The analysis revealed that in order to ensure the in-
dustrial production of basalt superthin fibers (BSF), it
is recommended to use single-component raw materials
without blending, mainly from the Suluu-Terek and Toru-

Aigyr basalt deposits. For other deposits, the chemical
composition should be calculated according to the neces-
sary requirements by introducing additional components.
It is recommended to use the technological parameters
of basalts from the Suluu-Terek deposit for production of
continuous basalt fibers (CBF).
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Table 6
Viscosity and TVI of basalt melts from the Suluterek deposit
Viscosit izati
No Names of rocks y el ..
1450 | 1400 | 1350 | 1300 | 1250 | temperature upper limit
1 Cryptocrystallme basalt with carbonate 55 9% 165 303 580 1220
admixtures
) F 1ne—crystalhne tq cryptocrystalline 73 125 206 383 715 1230
basalt with rare minerals
3 | Almond basalt 30 54 96 182 350 1190
Basalt Berestovetsky (Ukraine) 36 62 106 190 354 1275
CONCLUSION The general characteristics of the main igneous rocks

Technical requirements for the quality of raw materi-
als are given and research methods for the suitability of
basalt raw materials are selected. The physicochemical
and technological characteristics of the Kyrgyz Republic
igneous rocks used for production of superthin fibers
were studied.
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AHHOTALMA: BBegeHume. JInTepaTypHbI aHanm3 1 NaTeHTHbIV MOWCK BbIABUAN, YTO 6a3anbToBas Nopoaa v eé BOIOKHO obnagatot
BbICOKMMU GU3MKO-TEXHNYECKUMM XapaKTEPUCTIKaMM 1 OOLLIMPHbBIMU 3anacamu Cbipba. icxoasa 13 3Toro, Cnonb3oBaHve 6a3anb-
TOBbIX MOPOA W X BOJIOKOH B KauyecTBe MaTepuana Aafis pa3paboTky COBPeMEHHbIX KOMMO3MLMOHHbIX MaTEPUANOB C BbICOKMMMU
3KCMITyaTaLMOHHbIMU XapaKTepUCTUKaMUN NPeAcTaBnAaeT coboi NepcnekTMBHOe HanpasneHve. Pa3HoobpasHble 0611acTh TEXHWKM
1 HapOJHOIO X03ANCTBA, a TakXKe pasfnyHble TpeboBaHVA, NpeabABIAeMble K 3TUM MaTepuanam, onpeaensaoT MHoroobpasve
CUCTEM, COCTABOB 11 CBOWCTB 6a3asibTOB 1 UX PacniaBoB, MPYMEHAEMbIX 1A MPOV3BOACTBA KaK CYNepTOHKMX, Tak 1 HEMPEPbIBHbIX
BOJIOKOH. MeTogbl n maTepuanbl. iccnefoBaHbl XMMUYECKUI 1 MUHEPANOTMYECKNIA COCTaBbl HEKOTOPbIX 6a3anbToBbIX MOPOA
MecTopoXaeHuit Kbiproiackon Pecny6nvku ana onpegeneHuns nx npurogHoCT A NPOM3BOACTBA CYNepTOHKMX BOJIOKOH U Hemnpe-
PbIBHbIX BOJIOKOH. PacyeTHbIM nyTem onpegeneHbl MOAysb KUCIOTHOCTU Y MOAYJb MAaBKOCTY MO XUMUYECKOMY COCTaBy 6a3anbToB
Kbiprbidckoi Pecny6nuku. Cpeam Hyx KauecTo 6a3anstoB Cynyy-TepeKkCKoro MecTopoXXaeHus 1 6a3anbToB MecTopoxaeHvs Topy-
AWrbip NOMHOCTbIO COOTBETCTBYET TPEOOBAHUIO K KaYeCTBY CbipbA ANA CO3[aHVA NPOV3BOACTBA 6a3anbTOBbIX CYNepPTOHKMX BOJO-
KoH (BCTB) 1 6a3anbToBbIX HeNpepbIBHbIX BONIOKOH (BHB). B nccnefoBaHnn npumeHAncb MeTofbl GU3NKO-XMMMYECKOTo aHanmsa
C Lenbto onpefeneHnsa XMmMMYeckoro 1 MrHepanormyeckoro coctasa 6asanbra. [ytem pacyeToB MogyssA KUCIOTHOCTU 1 NMaBKOCTU
6a3anbToBOrO CbipbA Kbiproisckol Pecnybnmku, a Takke COnocTaBieHns C COOTBETCTBYIOLWMMU CTaHAapTaMu Obia ycTaHOBNeHa
WX NPUrOfHOCTb AJA NPOU3BOLCTBA 6a3a/1bTOBOrO CyrnepToHKOro BoniokHa (BCTB) 1 6a3anbToBoro HenpepbiBHOrO BONOKHa (BHB).
O6beKTOM MCCnefoBaHUA BbICTYNMAW 6a3anbTbl MectopoxaeHusa Cyny-Tepek. PesynbTaTbl UCCIef0BaHUA BKIOYAIOT B ce6A aHa-
JIN3 XMMUYECKOTO 1 MMHEPATONMYeCcKOro COCTaBOB HEKOTOPbIX 6a3asbToOBbIX MOPOL MeCTopoXaeHuid Kbiproisckoi Pecny6nmku
C LiefIblo OLIeHKM 1X MPUroAHOCTY A1A NPOU3BOACTBA CYNEePTOHKNX 1 HeMPepPbIBHbIX BOIOKOH. PacueTHbIM MEeTOA0M OnpeaesieHbl
MOAY/b KNCIOTHOCTY U MOAY/b NaBKocTy 6a3ansToB Kbiprbidckon Pecny6nuku. Cpefmn HUX BbISBIIEHO, UTO KauyecTBO 6a3anbToB
Cynyy-TepeKkcKoro MecTopoxaeHus 1 6a3anbToB MecTopoXkaeHUsA Topy-Aiirblp NOMHOCTbIO COOTBETCTBYET TPe6OBaHMAM K KauecTBy
CbIpbA ANA NPOV3BOACTBa 6a3anbTOBbIX CYyNepTOHKMX BONIOKOH (BCTB) 1 6a3anbToBbix HenpepbiBHbIX BOMOKOH (BHB). 3akntoueHne.
MopTBepKAeHa NPUroAHOCTb 6a3anbTOBbIX NMOPOA 13 PA3SINYHBIX MECTOPOXKAEHUI, ocobeHHo Cynyy-Tepek, Tanapbl-Bynak n Kawka-
Cyy, C peKoMeHAaLUmMAMY MO NCMONb30BaHMI0. Pe3ynbTaTbl TakkKe akLEHTMPYIOT BaXKHOCTb COOTBETCTBUA CTaHAApTaM Npwu Bbibope
MEeCTOPOXAEHN 1N HACTPOKKe NapaMeTPOB NPOU3BOACTBA.
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BBEJEHUE

JISI TIPOU3BOACTBA HEOPTAaHMIECKIX MIUHEPATBHBIX
I[BOJ‘[OKOH, TaKWX, KaK 0a3aJIbTOBBIC BOJIOKHA, IITPO-
KO HMCTIOJIB3YIOTCSI Pa3IMIHBIC TOPHEIC TIOPOIBI, a TAKKE
OTXOIBI OT SHEPTETUICCKON 1 TOPHOPYITHOM TTPOMBIIII-
JICHHOCTH. B 4McITe 3TUX OTXOI0B BBIACISIOTCS 30JI0III-
JIaKOBBIE M OTXOIIBI oborameHus pyn [1, 2].

H1s1 co3maHnst HEOPTaHMYECKNX CYTICPTOHKMX U He-
MPEPBIBHBIX BOJIOKOH U3 OJHOKOMITOHEHTHOTO ChIpbs
HCTIONB3YIOT Pa3HOOOpa3HbIC TOPHBIC IIOPOIBI, BKITIOYAS
nuabasbl, 0a3ajbThl, aHIE3UTO-0a3abThl, Ta00po-06a-
3aJIbTHI, JOJIEPUTHI, aMOMGOaUTHI 1 Ap. [3—10].

[TpyImHEBI, TT0 KOTOPHIM 0a3aIbTOBBIC TTOPOIEI CUM-
TAlOTCSI TIPEATOYTUTEIIFHBIMHI, CBSI3aHBI C MX XMMUYC-
CKMM ¥ MUHEPAJIOTUIESCKUM COCTaBOM. ba3aabToBbIe
TIOPOJIBI OOTaTHl MUHEpaIAMH, TAKUMHU KaK TIarnoKIIa3,
TIMPOKCEH 1 OJIMBUH, KOTOPBIE 00ECIICYNBAIOT XOPOIIINE
MEXaHMYECKNE M TEPMUICCKIE XapaKTePUCTUKH BO-
JIOKOH.

MuHepaJTbHBINM M XUMIUYECKII COCTaBbI 0a3aJIETOBBIX
TIOPOJI IJIsI TEXHOJIOTUH TTOJIYICHUS HEOPTaHMICCKIX
BOJIOKOH SIBJISTFOTCST BaXKHBIMM TTOKA3aTeISIMH, TaK KaK
KaXJ0€ MECTOPOXIEHWE UMEET OIpeaeeHHbII MUHE-
pPaTbHBIN ¥ XMMUYECKUI COCTaB B TIpeAesiax MarMaTH -
YeCKOTO IPONCXOXIeHUS. B CBSI3M ¢ yeM B KauecTBe
CHIPBS IIJIsSI TIPOM3BOICTBA 0a3aIbTOBBIX BOJIOKOH HC-
TIOJIB3YIOTCS PA3IMYHBIC MECTOPOXKICHNS TOPHBIX TIOPO]T
3eMHOM Kophl [3—13].

Ha ocHoOBe pe3yIbTaToB 3KCIIEpUMEHTATBHO-TEOPE-
TUYECKOTO MCCIICAOBAHNS TOPHBIX TTOPOI aBTOPHI paboT
[11—13] BblIeASIOT ClieAyioLre KII0YeBble aCIEKThI:

« B npeaBapuTesbHOM OLIEHKE MCITOIb30BaHMS TOPHBIX
MOPOJI B IPOU3BOICTBE OA3aIbTOBBIX BOJOKOH MPU-
MEHSETCS pacyeT MOMYJISI KUCTIOTHOCTH M BSI3KOCTH,
KOTOPBI OCHOBaH Ha XUMUYECKOM COCTaBe TIOPOI;

o KpurepmaMu IpuromHOCTH CHIPHS, BIUSIOIMINMUT
Ha BO3MOXHOCTb MCITOJIb30BAHUS CHIPHST IJIST TIPO-
M3BOICTBA 0a3aTbTOBBIX BOJOKOH, SBIISIIOTCS T1O-
BEPXHOCTHOE HATSIKCHHE PaCIlIaBa, BSI3KOCTh U €¢
TeMIlepaTypHasl 3aBUCUMOCTb, KPUCTAIIN3aIOH-
HasT 1 CMaYyMBaIoIast CITOCOOHOCTH, OTIPEICISTIONINE
HIDKHIOIO ¥ BEPXHIOIO TPAHUIIBI TEMIICPATYPHOTO MH-
TepBajia BEIPAOOTKM BOJIOKOH, YKa3aHHBIC XapaKTe-
PUCTHKU OTIPEICISIOT HIDKHIE U BEPXHUE TPAHUIIBI
TEeMIIepaTypHOTO MHTEPBaJia, B IMpeaeaaX KOTOPOTro
MPOUCXOIUT MPOU3BOJACTBO 0A3aIbTOBBIX IITAMNEb-
HBIX ¥ HETIPEPHIBHBIX BOJIOKOH.

B mipon3BoACTBE CYIEPTOHKUX BOJOKOH BasKHBIM
KPUTEPUEM SBIISICTCS KaUeCTBO MCITOIb3YeMOTO CHIPHS,
KOTOPOE XapaKTepu3yeTcs CIAeAYIOIMMU ToKa3aTes-
MM XUMHIKO-MIHEPAITOTMISCKIM COCTABOM 1 pa3MepoOM
KYCKOB M 3¢peH MUHEepasioB. IS MOydeHUST MEIKOM
KPOIIIKH CBIPhS IIPUMEHSIIOT TOPHBIC TIOPOIBI, KOTOPEIE
JIOJKHBI 00J1aAaTh HEOOXOIMMOM TTPOYHOCTBIO U TBEP-

IOCTBIO TSI (POPMUPOBAHMS KYCKOB CBHIPhSI pa3MepoM
5—40 mm.

3HauNTEIFHOE PACTIPOCTPAHEHME STUX TOPHBIX I10-
pon Ha Tepputopuu Keipreizckoit Pecniyoimku Beipaxka-
eTCd B HAJTMUNU TTPUOIU3NTENHHO 240 MeCTOpOXKIeHNI
U TIPOSIBJIEHUI a11aba3oB, 0a3aJbTOB U 0a3aJIbTOBBIX
noppupuros [12].

3aexu nuaba3oB, 6a3aJbTOB U 0a3aTbTOBBIX MTOP-
¢upuTOB pa3BedaHHI B IIpeaeiaX TaKNX XpeOTOB, KaK
Kwipreizckoe, Kynreii-Ana-Too, Tacakemun, Tepckei,
Ketum-Too, Arbamibl, Anaii 1 AtoitHoK. M3BeCTHBI
nposiBJieHUs 0a3ajJbTOB B IIpenenax XpeoToB Jxxymran,
Tanacc, Kanrakac, Yatkan, Kapakartel, CyycamsbIp,
Jxymran, @eprancknii, Bocrounoanaiickmii, Typke-
cTaHCKUI 1 MoIIOTOO, a TakKe B Topax Yiyrroo [13].

B Hacrosmiee BpeMsT 13 TOPHBIX ITOPOIT TIPOM3BO-
IISIT pa3IWyHbIC TUITBI BOJIOKOH, KiacCHu(pUIIpyeMbIe
Mo auaMeTpy (B MUKpOMETpax) U ajanHe. Pa3HOBUIHO-
CTH BOJIOKOH BKJTIOUAOT MUKPOTOHKME (10 0,5 MKM),
yneTpatroHkue (ot 0,5 mo 1 MKM), cyrepToHKHE (OT
1 1o 3 MkM), ToHKHE (OT 9 10 15 MKM), YTO/ILIEHHbIE
(ot 15 mo 25 Mxm), Toncteie (0T 25 mo 150 MKM) 1 TpyOBIe
(o1 150 mo 500 MxMm).

B 3aBuCcHMMOCTH OT IIMHBI BOJIOKHA OHU JIEIISITCS
Ha HeTpepBIBHBIC, TOCTUTaoIIe ITUHE 30 1 Oolee
KIJIOMETPOB, U MUCKPETHBIC (IITATICIbHBIC ), MMCIOIINE
IJIMHY OT HECKOJBKUX MIJUIMMETPOB 0 HECKOJIBKUX
CaHTHMETPOB. KaxKabIif TUIT BOJIOKOH IIPUMEHSIETCS IS
PA3IMIHEIX IIeJIei B 3aBUCUMOCTH OT MX THaMeTpa.

CyTiepTOHKOE BOJIOKHO HAXOIUT IIPUMEHEHHE B pa3-
JIMIHBIX 00JIACTSIX TIPOMBIIIIJICHHOCTH OJ1aromapsi CBO-
UM YHUKAJbHBIM cBoiicTBaM. OHO MUCITOJIB3yeTCsT ISt
IIPOM3BOJICTBA PA3HOOOPA3HBIX M3ACINI, BKIIIOUAS
IIPOIIUBHBIC MaTePHAJIbI 11 TSIUION3OJISIIINT 1 3BY-
KOITOTJIOIIECHMST, KAPTOHA, MHOTOCJIOMHOTO HETKAHOTO
MaTepHuaa, TIION30JISIIMOHHOTO BSI3aIbHO-TIPOIITIB-
HOTO MaTepHuaja, INIMHHOMEPHBIX TETTION30ISIIIMOHHBIX
IIOJIOC ¥ KTYTOB, MSITKHX TEIUIOM3OJISIIIMOHHBIX TUAPO-
($oOU3NPOBAHHBIX TUIUT, (PUIBTPOB, a TAKXKE MaTepuasa
IIJIT UICKYCCTBEHHOTO TPYHTA B THUIPOIIOHNKE TSI BBI-
paIIMBaHUS OBOIICH.

DTH TIPOAYKTHI IIMPOKO UCTIOIB3YIOTCS B Pa3IMIHBIX
OTPACJISIX, TAKUX KaK CTPOUTEIIECTBO, aBHa- M CYIOCTPO-
eHUe, METAJLTYPTUsl, MEAUIIMHA, CEIbCKOE X031 CTBO,
a TakKe B IPYTUX 001acTsaX MpOMbIIUIeHHOCTH [11-26].

METO/AbI 1 MATEPHAJIBI

[Tpon3BOICTBO BOJIOKHA M3 Oa3abTa B MHIYCTPUH
IIPEeIbSIBISIET Pa3HOOOpa3HEBIE TPEOOBAHUS K CHIPHIO,
00yCJIOBJICHHBIC pa3HOOOpa3NeM IIPON3BOINMOI MIPO-
nykiun. Ocoboe BHUMaHUE YICTSICTCS XUMUIECKOMY
COCTaBY CHIPbsI, COMEPKaHNIO OCHOBHOTO BEIIECTBA,
YPOBHIO BpEeIHBIX 1 OAJUTACTHBIX IIpUMeceit, a TaKKe
OIHOPOTHOCTH COCTaBa.
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ChIpbe UIST IPOM3BONICTBA BOJIOKHA M3 0a3ajbTa
TIPEACTaBICHO APOOICHBIMU, CPEIHUMHU 1 METaMOp(HU-
3UPOBAHHBIMU YJIBTPAOCHOBHBIMY TOPHBIMU ITOPOITAMM
BYJIKAHIYECKOTO TIPOMCXOKICHNS, BKITIOUast Oa3ajIbThI,
amM@uOO0IUTHI, AMada3bl U MOPPUPHUTHI.

Pa3mepsI hpakiinii ChIpbS TOJDKHBI COOTBETCTBOBATh
oT 3 1o 70 MMm.

[Tpu aHATM3e XUMUIECKOTO COCTaBa CBIPhS, TIPEI-
HA3HAYCHHOTO I IIPOM3BOICTBA PA3IMIHBIX BUIOB
BOJIOKOH, YIYUTBIBACTCS COMEpPKaHUE CIACAYIOIINX OC-
HOBHBIX okcuoB: Si0,, AL O,, Fe,0,, FeO, MgO, CaO,
Na,O, K,O, TiO,.

B maHHOM MCcCclIemoBaHUM XMMHUYECKUI COCTaB 0a-
3aJIbTOBOI MMOPOIBI, 6a3aJIbTOBOTO pacIiliaBa M €ro OT-
XOIOB OBUT M3y4YeH ITPU IIOMOIIN METOIOB TUTPUMETPHH,
CITEKTPOCKOITNH, (POTORICKTPOKOJIOPUMETPUM U TPaBU-
metpun [27—31].

[ToTepu TIpy MpOKAIMBAaHWUN HE JOJDKHBI TTPEBBIIIATE
5% ot ob1eit Macchl. ChIpbe JOMKHO OBITH JIUIIEHO
TIOCTOPOHHUX TIpUMeceit, TaKNX KaK: METaJUTMICCKIE
TIpeaIMeThl, KBapll, IeCYaHO-TINHUCTBIC W APYTHE T10-
POIBI, OTITMYAOIINECS IO XUMIICCKOMY COCTaBY.

OlleHKa BEIIECTBEHHOTO COCTaBa M KAYECTBEHHBIX
roKasaTteJieil IPOBOIUTCSI B COOTBETCTBUM C HIDXKEIIe-
peurcIIeHHBIMU cTaHgapTamu [32, 33]:

TY-21-YCCP -410-86 «CoIpbe 13 TOPHBIX TTOPOL IJIsT
TIPOM3BOJCTBA IITAIICIbHBIX CYIICPTOHKIX BOJIOKOH»;

PCT YCCP -5020-80 «CbIpbe 13 TOPHBIX TTOPO, IS
TIPOM3BOCTBA IITAIICIbHBIX BOJIOKOH»;

TY-21-137-84 «Cuipbe U3 TOPHBIX TOPOI, TSI TIPO-
W3BOJCTBA HETIPEPBIBHOTO BOJIOKHA».

O1eHKAa TEXHOJOTMUECKNX CBOMCTB OCYIIIECTBIISICT-
cs B coorBetcTBUU ¢ TY-234-023-20357632-97 «Xoncr
W3 CYIIEpTOHKOTO 0a3aJTbTOBOTO BOJIOKHAY.

st mpon3BoOACTBa MUHEPAJIBHOTO BOJIOKHA B Ka-
YECTBE CHIPBSI UCTIONB3YIOTCS 0a3aIbThl, B KOTOPHIX CO-
JIepKaHue OKMCIIOB Keje3a He npesbiiaer 10—18%,
a COOTHOINICHUE CYMM KHUCJIBIX OKHCJIOB K TJIaBHSIM
(TiO,+Fe,0,+FeO+MgO+Ca0+K,0) 10/KHEI GbITH
He MeHee 2.

COOTBETCTBUE KHUCIIBIX OKICE OCHOBHBIM (MOIYJIb
KHICIIOTHOCTH) PACCYMUTAHO T10 (hopMyIIe:

_ 5i0,+Al,0,+Ti0,
BT Fe,0,+Fe0+Mg0+CaD+ K, 04Na, 0

(1

e Si0,, ALO,, TiO, u 1p. — MaccoBoe ColEPKaHUE
OKCHUIOB, %.

Moaynb KMCIOTHOCTU BapbupyeTcst oT 1,9 mo 2,7
B Pa3IMYHBIX MECTOPOXKIECHUSIX, CPEAHEE 3HAUEHUE CO-
cTaBisieT 2,3. MuHUMAaIbHOE 3HAYEHUE MOIYJISI KMCJIOT-
HOCTH IIPEBOCXOAUT CTAHAAPTHBIA MOKA3aTe/Ib IIOYTH
Ha Tropsiok (0,72%).

BaxXHbIM acleKToM IIpU IMOJYYEHUHU PacIliaBOB
TOPHBIX MOPOJ SIBJISIETCS CKOPOCTh IIABJIEHUS, KO-
TOpast 3aBUCUT OT CJIOXKHBIX IIPOLECCOB, MPUBOISI-

MUX K GOpMUPOBAHNIO TOMOTCHHON CTEKJIOMACCHI,
n30aBJICHHOI OT ITy3BIPbKOB. CKOPOCTH MJIABICHUS
OLICHUBACTCS Yepe3 TeMIIepaTyPHBI MHTEpPBaJI U IIPO-
IOJKUTEIbHOCTD TIJIaBIICHUS, TIPEACTABISISI COOOM
(YHKIIMIO OTHOIIEHMSI TYTOIIJIABKIUX OKCHUIIOB K OoJree
JIETKOTUTABKUM. JIJIST TOPHBIX TIOPOI ITOCTOSTHHAS TIJIAB-
koctu [l BbIpaxaeTcs Cleayronmm 00pa3soM — UMEET
CIICOYIOIITWI BUI:
M = 810, +Al,0:+Ti0y+Fen0- +Fel 5
t Mg0+Ca0+K,0+Nag0 @
(2

rie SiO,, ALO,, TiO, u 1ip. — MaccoBoe ConepKaHue
OKCUIIOB, %.

W3 hopMyIIEI caemyeT, 4To, YeM MEHBIIIe 3HAUCHUE
TaHHOU TTOCTOSTHHOM, TeM JIeTde TOpHas Imopoa I1o-
JTaeTcs TUIaBJICHUIO.

Kputepun mpuromHOCT MUHEPAJIOB [UTS TTOTYJCHIST
BOJIOKOH OIIPEIEIISTIOTCS TPEeOOBAHUSIMY K MITHEPAJIOTH-
YeCKOMY ¥ XUMHIECKOMY COCTaBaM TOPHBIX ITOPO]I, yC-
JIOBUSIM TIIABKOCTH 1 CBOMCTBAM MX PAcCIIaBoB (TaoI. 1).

MuHepaJTorndecKuii cocTaB 0a3ajJbTOBOTO CHIPhS
OBLT U3yYeH C UCITOJIb30BAaHUEM METPOTrpamIeCKOro
aHanmm3a. ®oTocHMMKH (TIpy yBemdeHUN X40) mosyde-
HBI C HCTIOIb30BaHMEM TTOISIPU3AIIMOHHOTO MUKPOCKOTIA
«Nikon» cepuu Optiphot2-pol (SIrmorus).

Ierporpaduaeckmii aHaIM3 OCHOBAH Ha IIPUMEHCHU
TTOJISIPU30BAaHHOTO CBETa 1 IIPOBOIUTCS C UCIIOJTb30BaHU-
eM Mukpockomna «Nikon» cepuu Optiphot2-pol. Ananmm3
BKJTIOYACT M3YyUCHHE IUTN(HOB — CIICIINATBEHO IIPUTOTOB-
JieHHbIX npenapartoB. [nmd npeacrasnseT coO0i TOHKUIA
cpe3 B (hopMe TIACTUHKY U3 TOPHO# ITOPOIBI TOMIIUMHOMN
okosto 0,03 MM, 3aKpeTIeHHBII Ha CTEKJIE TIPY TTIOMOIITN
CIIeIINAILHOTO KJIesI, TAKOTO, KaK KaHANCKUIA OaIb3aM.
DTOT METOI aHalIM3a JaceT MeTaJTbHOE MPEACTaBICHUE
0 MUHEPAJTLHOM COCTaBE M CTPYKTYpe 0a3aIbTOBBIX IIO-
por 1 6a3ambToBOrO pactuiaBa [8—10, 14].

OrpeneseHIe TOTePh MAacChI B IIOPOIAX OIIPEIEIISIN
IIPY TIPOBEICHNN XUMUICCKOTO aHAIN3a TePMOTIpaBH-
MeTpuuecKux ncciempoBanmii (mo 1000°C), a Takke mpu
1300 1 1450°C mpu TT0JTydeHUM paciiaBoB [34].

[MonydeHne cTeKiIa IPOBOAMIOCH B JTAOOPATOPHBIX
YCIIOBUSIX B TUTATUHOBBIX cTaKaHax. HaBecka mmopombl co-
crassia okoiro 300 r. B mHTepBane remmnepatyp 1170—
1350°C Habmomaioch riaBjlIeHUe TOPHBIX ITOPOJ U MH-
TEHCHUBHOE BBIICJICHIE Ta30B, IIPUBOISIIICE K OOMIEHOMY
BCIICHMBaHMIO paciuiaBa. OcoOEHHO XapaKTEePHO 3TO IS
mpo0OkI 371 (6a3anbT MUHAAJICKAMEHHEII), 32 CYCT BBIIC-
nenus CO, npu pasnoxenun CaCO,. YuuTbiBas Masblii
00beM IUTATMHOBEIX cTaKaHOB (500 MIT), WIS ITOTyIeHUS
TOMOTEHHOTO PacIlyaBa TPEOOBATIOCH IUTMTEILHOE BPEMST
(mo 16 yacos).

Bs13KoCTh pacIiaBoB MCCIEIyeMBIX TOPHBIX TIOPOT
OITpeIelIsIN Ha YCOBEPIICHCTBOBAHHOM BUCKO3MMETPE
Mapryneca—BonapoBuua ¢ pabouynMu MOBEPXHOCTSI -
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MU THTIA «[IUJIWHIP—IMIMHIP». B TouKax nsmepeHust
BSI3KOCTHU pacIliaB M30TCPMUUCCKU BBIICPKUBAJICS
B TeyeHre 30 MUHYT IJISI YCTAaHOBJICHUST TEMIICpaTyp-
HOT'0 paBHOBecHsI. MeTon m3MepeHMsI BSI3KOCTH SIB-
JISIeTCSI OTHOCUTEIBHBIM. B KauecTBe rpammpoBOTHBIX
BEIIIECTB HAMU MCITOJIb3YeTCs TMOJTUMETHUIICUIOKCAH
IIMC-500, IIMC-700, ITMC-1000 (mrama3oH BSI3KO-
creit 5—10 may3) u creximo K-15 msa rpanynpoBKu BU-
ckosumeTpoB (I'OCT 3-3593-77, mnama3oH BSI3KOCTEH
50—2000 may3). OmmoKa n3MepeHMS BI3KOCTH He TIpe-
BoimaeT 7% [35]

Temmnepatypy BepXHeTo mpenesia KpuCcTauTu3alun
(TBIIK) Haxomuiau ¢ MOMOIIBIO METOA 3aKalKu (00-
pa3Ibl U30TEPMUICCKH BBIICPKUBAIM IIPU 3aJaHHOMN
TeMIlepaType B TeUCHHE ABYX 9acOB, a 3aTeM PE3KO OX-
nmaxnanu). Hanmmame KpucTaymmaecKoil pa3sl B IOy~
YEeHHBIX C TOMOIIIBI0 3TOTO MeToAa 00pa3lax CTeKOI
OTIPEIEISIIN ONTHYECKIM METOIOM (IO MUKPOCKOIIOM
MBMU-6 ripu 750-KpaTHOM YBETMUEHUN B TIPOXOISIIIEM
CBeTe) ¥ METOIOM peHTreHoda3Horo aHaam3a [35].

PE3YJIbTATBI 1 OBCYKJIEHUE

PesymbTaThl CCIeIOBaHMIT XUMIUIECKOTO COCTaBa
0a3abTOB, TOOBIBACMBIX HAa MECTOPOXKACHMSIX Cymyy-
Tepex, Tannwi-bymnak n Kamka-Cyy, ipecTaBieHbI
B Tao. 1.

XUMWYECKUIA aHaJIN3 YKa3bIBaeT Ha TO, YTO MCCIe-
IOBaHHBIC MOPOIHI IIPUHAIJIEKAT K KaTeTOPUN Majio-
JKEJIC3UCTHIX OCHOBHBIX M3BEPXKEHHBIX TIOPO. DTO IO~
TBEpXKIAeTCs conepxanueM Si0O,, KOTOPOe B OCHOBHOM

HaxoauTcs B npenenax oT 40% no 50%, u oTcyTcTBUEM
MIPEBBIIIICHUS COOIePXKaHMSI OKMCH Kejle3a B IIpemeliax
18%. HabGmonaemble KOJIeOaHKS B XMMUYECKOM COCTaBe
HCCIIEIOBAHHBIX 00Pa3II0B MUHUMAJIBHBI, YTO CO3IAcT
OaroNpUSTHBIC YCIOBUS IJIT 00CCIICUCHUST CTaOMIIb-
HOCTH XapaKTEPUCTHUK CHIPhS B IIPOIIecCe TTPOM3BOACTBA
MWHEepaJTbHON BaThI.

i1t TIosTyaeHusl pa3HOOOpa3HBIX BUIOB BOJOKOH
B KaueCTBe OMHOKOMIIOHEHTHOTO CHIPhsI OBLIN BHIOpA-
HBI 0a3aJIbTHI C Pa3IMIHBIM COICpKaHIEM KOMITOHEHTOB
(Tadm. 2).

W3 Taba. 2 BUAHO, YTO MCCACIOBAHHBIC TTOPOIBI
0 XUMUYIECKOMY COCTaBY COOTBETCTBYIOT MaJIOXKeJIe-
3UCTHIM U3BEPKEHHBIM ITOpOAaM, TaK KaK coaepKaHMe
OKHCJIOB XeJie3a He mpeBbilaer 18%, a comepxkaHue
SiO, B ocHoBHOM He npesbimaet 50%. Cpennee conep-
KaHue 11aBHel cocrasisieT 20%, 4YTO COOTBETCTBYET
YCTAaHOBJICHHBIM TEXHUYCCKNM YCIOBUSM B TIpeaeaax
(15-25%).

BbazanxsT 13 MecTopoxkneHnst Kamka-Cyy xapakTe-
pH3yeTcsT MOBBIIIEHHON KUCIOTHOCTRIO. OMHAKO BBe-
IIeHNE TIPOCTHIX KOPPEKTUPYIONINX T00aBOK, TAKMX KaK
U3BECTHSK, TTO3BOJISICT CHU3UTh MOIYJIb KACIIOTHOCTH,
obecrieunBast MOIyIeHIE paciuiaBa ¢ ONTUMAaJIbHBIMU
PU3UKO-XUMINIECKIMH CBOICTBAMM.

CpaBHUBasI colepKaHNEe OKICIIOB B 0a3aabTaX Me-
cropoxnennii Tangel-Bbymak n Kamka-Cyy ¢ 6a3aib-
ToM MecTopoxaeHus Cynyy-Tepek (Tadi. 2), MOXHO
OTMETHTH TTOBBIIICHHBIC 3HAUYCHUSI OKCUIIOB KPEMHUS
1 TIOHIKEHHBIC 3HAYCHUSI OKCUIOB KAJIBIINS B TIEPBBIX
IIBYX MECTOPOKICHUSIX.

Tabauya 1
TpeGoBaHus M0 XUMHYECKOMY COCTABY TOPHBIX MOPOI /ISl MPOM3BOACTBA PA3INYHOTO BHIAA BOJIOKOH
TpeOoBaHnus K KauecTBy cbipbsi, (Maccosoe no.s, %)
HaumeHoBaHue KOMIIOHEHTOB Tpyosie Henpepsisibie mT';}:{:J;;::Me (Ijn):rl:lilgl(::[];?:

SiO, 48,0—53,2 47,5-55,0 43-51,0 46,0—52,0
TiO, 0,5-2,0 0,2—2,0 0,2-3,0 0,5-2,5
Al O, 13,0—18,0 14,0—20,0 10,0—-17,0 13,0—18,0
Fe,0,+FeO 8,0—15,0 7,0—13,5 10,0—18,0 §,0—15,0
CaO 6,5—11,0 7,0—1,5 10,0—18,0 8,0—15,0
MgO 3,0—10,0 3,0-8,5 4,0—15,0 3,5-10,0
Na,0 +K,0 2,0-7,5 2,5-7,5 2,0-5,0 2,0—10,0
MnO, He 6onee 0,5 0,25 0,4 0,5
SO,, He 6onee 1,0 0,2 1,0 0,5
{r[[(.);(‘eé)‘I;I’MHe;cgzln 1;51/1 MPOKAJIbIBAHUY 5.0 5.0 5.0 5.0
CBoboaHoOro KBaplia, He 6oJjee 3,0 2,0 3,0 3,0
Mopnynb Bsi3KocTH, MB 1,9-2.5 2,3-2,7 1,7-2,0 1,8—2,4
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Tabauuya 2
XuMHYECKHii cOCTaB 0a3abTOBBIX MOPO/I /15 IPOM3BOACTBA CYNEPTOHKHX BOJIOKOH
BasaaeT, MaccoBoe noiad, %
HawnmeHoBaHHEe KOMIIOHEHTOB Tpebosanms K Xumu-
YeCKOMY COCTAaBY A Cyay-Tepek Tanapi-Bynak Kamka-Cyy
CYNEePTOHKHX BOJIOKOH

SiO, 46,0—52,0 45,00 48,27 48,85
TiO, 0,5-2,5 2,00 1,75 1,98
ALO, 13,0—-18,0 14,00 13,98 15,72
Fe,0,+FeO 8,0—15,0 12,94 15,28 10,55
CaO 8,0—15,0 11,0 9,49 7,28
MgO 3,5-10,0 4,0 5,32 5,14
Na,O +K,0 2,0—10,0 4 4,45 4,41
MnO, He 6onee 0,5 — —
Cepsl, SO,, He Gonee 0,5 — 0,42 0,87
Egggﬁbﬁzﬁziﬁ?ﬂ.n.), He Gosee 3,0 3,0 B 5,2
CBo0oOIHOTO KBaplia, He 0oJjiee 3,0 1,6 - -
PO, — — — —
% 100 100 100 100
Monyib KrcioTHOCTH, M| 1,8—2,4 1,90 1,85 2,41
Monyab miaskocty, I1 <4,5 3,89 4,11 4,58

XUMMUECKNEe COCTaBbl U TTPOIIEHTHOE COIEPKAHUE
KOMIIOHEHTOB 0a3aJ1bTOB M3 MecTopoxaeHuir Tar-
Bbynaxk, Topy-Aiireip m CeMn306eb IpUBEICHBI B Ta0JI. 3

Ucxons u3 npencraBieHHBIX JAHHBIX B Ta0J. 3, MOX-
HO 3aKJIIOYUTh, YTO XUMHUIECKUIT COCTaB MECTOPOXKIE-
Hus1 Topy-A#ThIp TOTHOCTBIO YAOBIETBOPSIET TPeOOBA -
HUSIM K Ka4eCTBY OMHOKOMITOHEHTHOTO ChIpbsi. OMHaKO
ocTajibHbIe 6a3anbToBbIe MecTOpoxKaeHMs (Tam-bynak,
Cemu30e1b) TPEOYIOT MOTIOTHUTEIHBHOTO BBEIEHUSI KOM -
TIOHEHTOB [IJIS1 COOTBETCTBUS YKA3aHHBIM CTaHAAPTaM,
YTO MOKHO TIPEABAPUTENIBHO PACCUUTATH Yepe3 MOI-
IIUXTOBAaHUE.

bazanbt u3 Mmecropoxaenust Cynyy-Tepek moixHo-
CTHIO YIOBJIETBOPSIET TPEOOBAHUSIM K MUHEPAIOTH -
YEeCKOMY COCTaBy, HEOOXOAUMOMY [JIsSI TIPOU3BOICTBA
CYIIEPTOHKUX BOJIOKOH. OHAKO TSI TPOU3BOICTBA HE-
TIPEPBIBHBIX BOJIOKOH M3 JAHHOTO 0a3aibTa moTpedyeT-
Cs IPOBECTU MPOLECC MOAIINXTOBAHUS, KaK YKAa3aHO
B Tab. 4.

Hcxonst u3 reosorneckoro pacmiosioKeHusI 6a3aib-
TOBOTO cJ1051, 6a3anbToB MecTopoxnaeHue Cynyy-Tepek
BBIIEJICHBI TPU PAa3HOBUIHOCTH Oa3anbTa (Taor. S5):

1. BazaiabT CKPHITOKPUCTATNIECKUI TEMHO-CEPOTO
IIBEeTa C MpUMa3kaMy KapOoHaTa.

2. bazaibT METKOKPUCTATNIECKUI O CKPBITOKPU-
CTAJIJTMIECKOTO, B PA3IMYHON CTETIEHU BBIBETPEHHBIN,

CO CPEOTHUMHM U MEJIKUMHU MUHIATWMHAMM, BEITIOJTHEH-
HBIMU KapOOHATOM.

3. MuHganeKaMeHHBIN 0a3aJbT ¢ MUHIATWHAMM,
BBITIOJTHCHHBIMU KapOOHATOM.

Pesynbrathl ucciaenoBanuit Bsa3koctu u TBITK
MpUBeaeHBI B Ta0J1. 6. CBOICTBa pacIulaBa COBIAAAIOT
CO cBoiicTBaMM 6a3abTOB bepecToBeIKoro MecTopox-
IeHUs YKpanHbBI, KOTOPBIC MCITOIB3YIOTCS BO BCEX Ba-
puanTax. Cyas 1o abCOMIOTHBIM 3HAYCHUSIM BSI3KOCTH
U X0y TeMIEPATypPHOU 3aBUCUMOCTU MOXHO C/eaTh
BBIBOJI O BO3MOXXHOCTH UCIIOJIb30BaHMs 6a3anpToB Cy-
JIYTePEKCKOTO MECTOPOXKICHUS B KAUeCTBE CBHIPhS IS
IIPOM3BOICTBA HETIPEPHIBHOTO U CYTIEPTOHKOTO BOJIOKHA.
Kpowme Toro, MuHaaniekaMeHHble 0a3ajbThl, 00pa3ylo-
e MeHee BSI3KME PacIIaBbl, MOTYT OBITh PEKOMEHIO-
BaHBI TS TTOTYYEHMS BOJIOKOH CIIOCOOOM BepTHUKAIBHO-
ro pasmyBa Bo3myxom (BPB).

I[IpoBemeHHBIM aHAIM30M OBLIO BBISIBICHO, UTO
C LIeJIbI0 00ecIieuyeHrs TPOMBILIJIEHHOTO TTPOM3BOACTBA
0a3ambTOBBIX CyIIepToHKUX BoJIOKOH (BCTB) pekomeH-
IYETCSI MCTI0Ib30BaHNE OMHOKOMITOHEHTHOTO CHIPHS
0¢3 IMMXTOBAaHUS, TPEUMYIICCTBEHHO U3 0a3aIbTOBBIX
MectopoxaeHuii Cymnyy-Tepek u Topy-A#reIp.

J1st ApyTuX MECTOPOXIAECHUI CleayeT MPOBOAUTD
pacyeT XMMHUYECKOTO COCTaBa ¢ YIETOM HEOOXOIMMBIX
TpeOOBaHUIT MyTeM BBEICHUS TOITOJTHUTEIBHBIX KOM-
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Tabauuya 3
XHMHYECKHUiT COCTAB FOPHBIX MOPOI IS MPOM3BOIACTBA CYNEPTOHKUX BOJIOKOH

TpedoBaHus K KA4eCTBY 0 XUMUYECKOMY COCTABY
(bazanbT, MaccoBoe a0, %)

HanmveHoBaHHE KOMIIOHEHTOB JLnst nostydeHusi cynep- | AleBpoJmTO-
TOHKHUX IITANETbHBIX 0a3aibT Topyaiirsip CeMu3zoenb
BOJIOKOH Tamoynak
SiO, 46,0—52,0 45,82 47,0 42,99
TiO, 0,5-2,5 1,99 1,91 1,72
ALO, 13,0-18,0 13,86 13,7 13,53
Fe,0,+FeO 8,0—15,0 11,82 10,18 12,54
CaO 8,0—15,0 9,57 13,40 9,89
MgO 3,5-10,0 7,89 3,68 11,23
(Na,0 +K,0) 2,0—10,0 3,03 4,12 5,38
MnO, He 6Gonee 0,5 0,18 0,10
Cepul, SO,, He Gosee 0,5 0,1 0,21 0,57
ot s o
CBoOOgHOTO KBapiia, He OoJjiee 3,0 0,5 — —
PO, — 0,21 0,30 —
% 100 100 100
Monynb kucnotocti, M 1,8—2,4 1,90 1,99 1,49
Monynb niaskoctu, IT <45 3,58 3,43 2,67

Tabauya 4
MuHepajornyeckas pUroIHOCTh 06a3aIbTOBBIX MOPOJI ISl IPOU3BOICTBA 0A3AIbTOBBIX CYNEPTOHKUX BOJIOKOH
(BCTB) u 6a3anbT0BBIX HenpepbiBHLIX BoJIOKOH (BHB)

TpeOoBaHust K KAYECTBY ChIPbSI
(ba3anbT, rpaHIYHbIE COJEPKAHUS MHHEPATIOB, 00. %)
Munepabl TpedoBaHus 10 MHHEPAJIOTMIECKOMY BasaIbTOBoE MECTOPOKIEHNE
cocTaBy
s BTCB Jna BHB Cyay-Tepek | Tanapi-bynaak | Kamxka-Cyy

ITnaruoxnas 20-55 35-70 30 40 30
ITupokceHbl 5—40 1-35 40 20 30
PynHbie MuHepabl 0—12 0—12 10 10 10
OnvBUHBI 0—15 0—15 - 30 30
CTeKJ10 mpupogHOe 2—45 0-50 20 — 20
KBapix 0-2 0-2 - - -
AMDPUOOITHI 0—15 0—10 — - -
buotut 0-3 0-3 — — 1

IMTanaronur 0-20 0-25 — — —
Xaoput 0-35 0-35 — - —
ONUIOTUOU3UT 0—15 0-5 - - —
Kapb6oHnart 0—10 0-8 — — —
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Tabauya 5
Xumuyeckuii cocras 0a3aab10B CyJIyTepeKkcKoro MeCTOPOXKIEHH
Ne HawnmenoBanune SiO, | TiO, | ALO, | FeO | Fe,0, | CaO | MgO | Na,0 | KO | MnO | SO, |ILILIIL | Cymma
BazanbT cKpbITO-
| | KPHCTALMICCKII 1 46 931 1 79 | 16,82 | 2,09 | 7,73 | 10,54 | 5,33 | 2,57 | 1,52 | 0,24 | 0,05 | 3,68 | 99
C IMpnuMa3KaMu Kap-
OoHara
bazanbT Menko-
KPUCTANIMYECKUIA
2 |#O CKPRITOKpH- 48,11 2,22 [ 18,19 1,48 | 9,41 | 8,58 | 4,32 | 2,95 | 1,84 | 0,16 | 0,08 | 2,49 | 99,8
CTAJJIMYECKOT'O
C pCAKMMU MUHIA-
JIMHaAMUN
3 | basameTmmmnane- | 43 05|y g7 | 1655] 028 | 9,87 | 12,81 3,91 | 222 | 2,00 | 0,20 | 0,11 | 7,21 | 100,85
KaMECHHbIN
Tabauya 6
Bsskocts n TBIIK pacniaBos 6a3anbToB CyIyTepeKCKOro MeCTOPOKICHHUS
No Bszkoctp (IT) mpu °C
- HanmeHnoBaHHe rOPHBIX MOPOJI TBIIK
n/n 1450 1400 1350 1300 1250
| BazanbT CKphITOKPUCTA/UIMYECKUIA 55 9% 165 303 50 1220
¢ mpruMa3KaMu KapOoHaTta
BazanbT MeJIKOKPUCTAIIINYECKUIA
2 | 0O CKPBITOKPUCTAJUTMYECKOTO C PEIKUMU 73 125 206 383 715 1230
MUHEpaJIaMn
3 bazanbT MUHAAIEKAMEHHbII 30 54 96 182 350 1190
BazanbsT BepecroBenkuii (YkpauHa) 36 62 106 190 354 1275

MOHEHTOB. TexHomornueckre mapaMeTpbl 6a3aJIbTOB
¢ mectopoxaeHust Cynyy-Tepek peKOMeHIyeTcs UC-
TOJTb30BAaTh TS TIPOU3BOICTBA HETIPEPHIBHBIX 0a3aiTb-
TOBBIX BoJIoKOH (BHB).

3AKTIOYEHUE

HDCI[OCTaBI[CHBI TEXHUYCCKHNEC CTAHAAPThI KAa4CCTBa
ChIPpbA 1 OIIPCACICHBI METOAbI NCCJICAOBAHWA, HAIIpaB-
JICHHBbIC Ha OLICHKY NPUTOOHOCTHN 0a3aJIbTOBOTO CbIPpbA.
WccnenoBanbl (I)I/ISI/IKO—XI/IMI/I‘IECKI/IC N TEXHOJIOTNMYCCKUE
XapaKTEPUCTUKHN MarMaTU4Y€CKUX IMOPOI K_prI‘bIBCKOfI
PCCHY6I[I/IKI/I HCIIOJIb3YEMBIX B IMTPOU3BOACTBC CYIICP-
TOHKHMX BOJIOKOH. HOJ’[Y‘ICHBI ob1me XapaKTEpUCTUKHN
OCHOBHBIX MarMaTU4€CKHMX IMOpoa Ha TEppUTOPUMN CTpa-
HBI. HpeI[CTaBI[eHbI (1)I/ISI/IKO-XI/IMI/I‘ICCKI/IC 1 TEXHOJIOT U -

YeCKHe TTapaMeTphbl MarMaTHIeCKUX mopo KeIprei3ckoi
Pecny6nuku, cienaH BBIOOP MECTOPOKAECHWI ChIPbS IS
MPOU3BOMICTBA CYIIEPTOHKUX 1 HEMTPEPBIBHBIX BOJIOKOH.
BbIOpaHBI TEXHOJIOTMYECKUE MapaMeTPhI IS IIPOU3BOI-
CTBa CYIIEPTOHKUX W HEIIPEPHIBHBIX BOJIOKOH 0a3ajbTa
n3 MmectopoxaeHust Cymyy-Tepexk.

HccaenoBaHnst XMUMUIECKOTO COCTaBa 0a3aIbTOBBIX
rmopon Ha MectopoxaeHmsIx Cymyy-Tepek, Tammsl-by-
nmak n Kamka-Cyy oaTBepaiIn X IMIPUTOTHOCTD IS
IIPOU3BOACTBA CYIIEPTOHKUX BOJIOKOH. PekomMeHmyeTcst
HCTIONb30BaTh 0a3asIbTH 13 MecTopoxaeHmit Cymnyy-Te-
pek u Topy-AThIp 0e3 IMUXTOBAHUS JIJIST ITPON3BOACTBA
0a3aIbTOBBIX CYIIEPTOHKNX BOJIOKOH. 71 mpyrux me-
CTOPOXICHUI TIpeIaracTcsi BHECTH MOITOTHUTEIIBHBIC
KOMITOHCHTBI, YTOOBI COOTBETCTBOBATh TPEOOBAHUSIM
CTaHIIapTOB.
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Managing the accuracy and speed of processes
for automated monitoring of construction works
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ABSTRACT: Introduction. Existing automated construction inspection technologies do not allow the user to select the level of
detail. At the same time, in the context of the use of nanotechnology, there is a growing need to expand the capabilities of monitor-
ing and control of construction projects. The aim of the research is to develop, implement software, and validate a technology for
controlling the speed and accuracy of constructing three-dimensional models from dense point clouds for automated monitoring
of construction works. Materials and methods. The research is based on the methodology of non-binary data trees, including the
method of constructing octant trees. An unmanned aerial vehicle with an aerial laser scanner, a ground-based scanning total sta-
tion, and specialized software were used, including the web application “Management System for Monitoring Construction Works
on Objects that have undergone state expertise” developed with the participation of the authors. Results and discussion. In the
course of the study, a technology was developed and implemented in software that allows the user to select the required balance
between accuracy, degree of detail of monitoring and control data for construction work and time costs and computing power
requirements. The comparison is made between a construction project, presented in the form of a building information model,
and a three-dimensional model of a real object, obtained from a dense point cloud. The degree of comparison accuracy is set by
choosing the level of octrees used. By default, the web application uses level eight. However, in the early stages of construction,
when the geometric parameters of a dense point cloud deviate significantly from the design boundaries, the ninth, tenth and other
levels can be used. In this case, the accuracy and degree of detail increases. Positive and negative deviations are visualized in red and
blue colors, respectively, which allows the user to monitor and control the progress of work at the site. Conclusions. The developed
technology can be used by customers and other decision makers to control and monitor work.

KEYWORDS: nanotechnology, nanomaterials, monitoring of construction works, construction control, digital technologies, building
information model, laser scanning, dense point clouds.
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INTRODUCTION

In modern construction, nanotechnologies, new materi-
als with unique properties, and new methods of physi-
cal and chemical transformation of traditional materials
are being actively introduced. This allows you to create
buildings and structures with unique characteristics, sig-

© Rada A.O., Kuznetsov A.D., Akulov A.O., Kon’kov N.Yu., 2023

nificantly reduce work time, and also reduce costs at all
stages of the facility’s life cycle. However, it is obvious
that the use of nanotechnology is associated with higher
risks, like any technological innovation, due to the lack
of experience and less predictability of processes. There-
fore, the use of nanotechnology in construction requires
the development of automated monitoring and control
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capabilities to assess the situation and make decisions.
This can only be achieved using digital technology.

Comprehensive digitalization of processes, equipment,
control objects, and human activities is the most impor-
tant global trend in the technological development of the
economy [1, 2]. The advantages of digital technologies
(for example, unmanned vehicles, the Internet of things,
thermal, laser scanning of objects, etc.) are well known
and have been repeatedly described in the literature, such
as high speed [3], greater accuracy [4], independence from
the qualifications and conscientiousness of performers |
5], significant improvement in the quality of information
support for management decisions [6], etc.

A central place in the process of digitalization of
various sectors of material production is the creation of
“digital twins” of control objects — models in the infor-
mation environment that almost completely reproduce
reality online [7, 8]. The use of such doubles for control
and monitoring of the situation not only provides deci-
sion makers with comprehensive information (which was
previously unavailable), but also ensures the choice of
optimal management influences, rational planning, and
the possibility of proactive actions (not waiting for obvious
manifestations of problems) [9, 10].

Although the construction industry is often charac-
terized as “conservative” [11], digital technologies are
quite actively penetrating it. The review [12] highlights
the main areas of construction digitalization, which in-
clude building information modeling using BIM models,
augmented and virtual reality, laser scanning, robotics,
three-dimensional printing, Internet of things, specialized
software, digital twins, and blockchain. Another review
article [13] examines the use of computer vision, the In-
ternet of things, BIM models for quality management in
construction and reducing the number of defects caused
by insufficient qualifications, low motivation of personnel
and other reasons.

A review of works on the benefits of digital technolo-
gies in construction highlights such advantages as improv-
ing the quality of visualization, improving data exchange
between participants, increasing productivity, and reduc-
ing construction waste [14]. In particular, under certain
conditions, the use of digital technologies can contribute
to the implementation of the ESG agenda and increased
sustainability of the construction economy [15].

The introduction of digital technologies in construc-
tion faces certain problems associated with barriers to
control and competence [16]. The lag of construction
from other types of economic activity in digitalization also
led to the slow growth of labor productivity. However, the
COVID-19 pandemic has served as a powerful stimulus
for the widespread adoption of digital technologies [17].

Experts support the opinion that digitalization is becom-
ing the “new normal” for the construction industry [18,
19]. Russian authors also note both the importance of
introducing digital technologies in construction and the
problems associated with the need for significant invest-
ments and the shortage of qualified specialists [20, 21, 22].

One of the main digital technologies most impor-
tant for the development of construction is the creation
and operation of digital twins of construction projects in
the form of BIM models. A significant number of works
have been published that discuss the use of BIM mod-
els for the design of buildings, structures, and control of
construction works. They are considered a technology
that significantly speeds up construction, ensures cost
reduction and a high level of quality of work performed
in accordance with the project [23]. The construction
information modeling market is valued at $7.9 billion in
2023, with the potential to grow to $15 billion in 2028'.
It should be noted that in a number of countries around
the world, the use of BIM has been mandatory for quite
a long time in construction at the expense of the state
budget [24].

To build BIM models, information about the state
of the construction site is used, obtained using various
technologies — laser scanning, Internet of things, ther-
mal imaging, etc. [25] in order to have a complete and
accurate picture of the real world for decision-making.
These models cover all stages of the life cycle of buildings,
including planning, design, construction itself, operation,
and disposal [26]. An important advantage of building
information modeling is the wide possibilities for visu-
alization, including three-dimensional visualization, as
well as the accuracy of measurements [27].

These features of BIM models allow solving a wide
range of technical problems. For example, in [28] an in-
formation model of a medical complex is described, cre-
ated to reduce the spread of nosocomial infections. The
authors of the study [29] consider the case of using a BIM
model for designing the most energy-efficient buildings,
as well as minimizing waste.

One of the main problems in the development and
operation of a BIM model is the rational organization of
collecting and processing a large amount of information
characterizing a construction project. After the comple-
tion of design and the start of construction works, con-
stant monitoring and control of the construction site is
necessary. In a limited period of time, the BIM model
receives large amounts of information that must be pro-
cessed with acceptable speed and accuracy [30].

This information affects changes in the geometric pa-
rameters of a building or structure under construction,
the volume of materials used for construction over certain

! Building Information Modeling Market. 2028. URL: https://www.marketsandmarkets.com/Market-Reports/building-information-modeling-

market-95037387.html (accessed 10/20/2023).
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periods of time, on certain dates, as well as the strength
of structures, their thermal conductivity, etc. [31]. Quite
often, laser scanning data is used to control and monitor
construction works with BIM models [32]. When using
laser scanners, dense point clouds are created, which are
then converted into three-dimensional models of a real
construction site using special software [33].

This approach to creating digital twins of buildings can
already be considered classic, traditional. However, it is
most often used, as an analysis of a number of scientific
works shows, for one-time construction of digital models
of fairly large objects [34, 35]. The use of laser scanning
for operational automated monitoring and control of con-
struction works is discussed less frequently [36]. This is
due to the fact that existing technologies do not allow
users to fully choose the relationship between the quality
(accuracy) of model construction, on the one hand, and
the costs of laser scanning and data processing (time and
financial costs) on the other hand. At the same time, in
practical problems it is advisable to use different levels
of detail of information contained in dense point clouds
depending on the stage of construction and other factors.

In other words, it is advisable to allow users to in-
dependently determine the level of detail and accuracy
of 3D models built on the basis of dense point clouds,
without being limited by the default parameters of the
software. This will expand the number of user options
and make it possible to make the most productive use of
the computing power of existing computer equipment.
In accordance with the above, the purpose of the study
is the development, software implementation and testing
of technology for controlling the speed and accuracy of
constructing three-dimensional models using dense point
clouds for automated monitoring of construction work.

METHODS AND MATERIALS

When conducting the research, the following technical
means were used for aerial and ground laser scanning of
construction sites:

1. Commercial class unmanned aircraft (UAV) “DJI
Matrice Pro” made in the People’s Republic of China,
hexacopter type, flight speed up to 65 km/h, maximum
take-off weight 15.5 kg, maximum flight altitude 2.5 km,
communication range 5 km, longest flight duration 18
minutes, intended for operation at wind speeds up to 8 m/
sec. The UAV has an onboard satellite navigation system
receiver (GNSS receiver).

2. Airborne laser scanner, designed for placement on
an UAV “AGM-MS3.200”, manufactured in the Rus-

sian Federation, scanning frequency 600 kHz, maximum
scanning distance 150 m, review — 360 degrees, range
determination accuracy — 3 cm, coordinate determination
accuracy — 5 cm, weight — 1.3 kg.

3. Trimble scanning tachometer “Trimble SX10”,
manufactured in the United States of America, scanning
speed up to 26,000 points per second in a range of up
to 600 m, laser beam size 14 mm per 100 m, reflector-
less mode up to 800 m, prism measurement range up
to 5500 m, angular accuracy 1°’, minimum measured
distance 1 m.

To process dense point clouds and construct three-
dimensional models, the “Credo Scan 3D” program was
used (developed by Credo-Dialog Company LLC, Mos-
cow, Russian Federation). The software implementation
of the author’s developments was carried out in a special-
ized web application “Management System for Monitor-
ing Construction Works on Objects that have undergone
state expertise” (the application was developed by the
Institute of Digital Science at Kemerovo State University,
Kemerovo region — Kuzbass, Russian Federation with
the participation of some of the authors of this study?).

The study used the methodology of non-binary data
trees and the method of constructing octant trees. The ob-
jects of work were several non-residential buildings and
structures under construction in the city of Kemerovo
(Kemerovo region — Kuzbass, Russian Federation) in
2022-2023.

RESULTS AND DISCUSSION

The study included the following stages:

1. Obtaining laser scanning data as individual stages
of construction are completed for comparison with the
project presented in the BIM model.

2. Construction of octrees for faster search of coor-
dinates of points obtained from laser scanning results.

3. Search for the nearest starting point (reference) for
calculating deviations of the actual state of the construc-
tion project from the planned state using the algorithm
for searching for the nearest points.

4. Calculation of distances for each point and subse-
quent visualization of the results using a color scale.

Based on the results of laser scanning, dense clouds
with billions of points are formed, so processing, storing
and using the relevant information requires large comput-
ing power and (or) significant time costs. To reduce them,
the methodology of non-binary data trees can be used,
in particular, the construction of octrees. This makes it
possible to speed up the search for the coordinates of each

2 Certificate of state registration of a computer program Certificate number: RU 2023663552. Application number: 2023662975 Registration date:
06/24/2023. Publication date: 06/24/2023. Authors: Rada A.O., Kuznetsov A.D., Snezhkov A.M., Zverev R.E., Nepomnischev I.L., Chernykh G.S.,
Timofeev A.E., Popov P.S., Kon’kov N.Yu., Tyutikov A.A., Nikitina O.1., copyright holder — Federal state budgetary educational institution of higher
education “Kemerovo State University”. URL: https://www.elibrary.ru/download/elibrary_54198120_50908639.PDF (access date 10/15/2023).
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point and groupings of closely located points, reduce the
need for computing power and (or) reduce the time of
work.

An octree is designed to recursively and regularly par-
tition three-dimensional space in the shape of a cube into
a bounding region. Each subsequent level of division di-
vides the top level cube (parent) into 8 child cubes (lower
level). Thus, at the first level, the original cube (null cube)
is divided into 8 child cubes of the first level (see Figure
1). Then the cubes of the first level are divided into 8 child
cubes of the second level, etc.

At the same time, the number of cubes by level of
detail increases in accordance with the following propor-
tion: at the first level the detail is 8 >= 64, at the second
level — 8*= 512 cubes, etc. The construction of octrees
(recursion) stops either when there are no points in the
cube, or when the maximum level of detail specified by
the user is reached. The construction of octrees makes it
possible to quickly determine which points obtained from
laser scanning results lie in specific cubes. Accordingly,
the search for point coordinates, finding nearest neighbors
and solving similar problems of processing dense point
clouds are accelerated.

The tree structure of the octree makes it possible to
use a coding scheme in which for each point a long code
of 3n bits is defined, where 7z is the maximum subdivi-
sion level of the octree. To encode the zero-level cube,
numbers from 1 to 7 are used. For example, in Figure 1,
the number “3” corresponds to the zero-level cube (also
called a cell) in which a certain point is located. Each bit
corresponds to the position of the cell relative to the par-

ent cube in one dimension. These numbers are combined
for all successive levels to construct the cell code. The en-
coding process is fast, since the algorithmic complexity
of encoding is linear in nature, depending only on the
number of points and the level of the cube (the complexity
class of the algorithm is “linear time”, type O(n)).

Next, the codes were sorted to make the octree struc-
ture more convenient for quick calculations. This makes it
possible to quickly find the codes of dense cloud points, as
well as all points laying in a cell of a given level 1. An in-
crease in search speed is achieved due to the fact that
only the first 3 7 bits of codes are considered. The time
complexity of the algorithm is minimal, since it corre-
sponds to the complexity class “linear-logarithmic time”
(O(n log n)). The octree structure is easy to maintain
because it is highly flexible, allowing you to easily add or
remove points.

At the next stage of the study, it was necessary to place
the initial BIM model (building design) and dense point
clouds in a single coordinate system. Since the BIM
model was created taking into account the geodetic ref-
erence and coordinate system, and the real object is built
in accordance with this model, monitoring and control of
construction works are carried out in the same reference
system. If the original BIM model (project) and dense
point clouds (result of work monitoring) are in a single
coordinate system, then the same method of constructing
octrees should be applied to them.

Each octree structure is computed starting from the
same source cube, which is the smallest cube that con-
tains all the clouds. Therefore, similar cells in all octrees

Bounding cube

01234567

01234567

N

Fig. 1. General scheme for dividing three-dimensional space using octrees
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are spatially equivalent. Therefore, the subsets of points
located in these cells are also comparable; to find the
nearest points and calculate the distances between points,
it is necessary and sufficient to select cubes with the same
code, that is, take cells of different clouds located in the
same spatial coordinates.

A distinctive feature of the technology developed in
the study is the ability to select the level of detail when
comparing dense point clouds with a BIM model. Thus,
the user has the option to prioritize greater accuracy or
greater speed of calculations, depending on specific needs
and the type of tasks being solved. For this purpose, dif-
ferent levels of octrees are used on which calculations
are carried out. The lower the level of octrees, the higher
the accuracy of the calculations and the higher the costs
and vice versa.

By default, the web application “Management System
for Monitoring Construction Works on Objects that have
undergone state expertise” uses the eighth level of detail.
It was determined experimentally based on quantitative
data on the density and size of point clouds. If the dense
cloud points are far enough from the BIM model (carly
stage of construction, when a relatively small part of the
building is built), then lower levels of octrees (ninth,
tenth, etc.) with a higher degree of detail should be used.
At later stages, lower levels of detail can be used, which
reduces calculation time and/or computing power re-
quirements.

As a result of processing dense point clouds and com-
paring them with the original BIM model, the web ap-
plication “Management system for monitoring construc-

tion work at sites that have passed the state examination”
displays a heat map. It shows deviations of the actual state
of the construction project from the BIM model (building
design, structure). An example of the program interface
is shown in Figure 2.

It should be noted that when comparing dense point
clouds with a BIM model, it is necessary to take into
account the normals of the latter’s polygonal mesh. The
normal reflects the outside of the polygon mesh surface.
Accordingly, all points that are located beyond the plane
of the current triangle of the polygonal mesh show a posi-
tive deviation from the BIM model (and are colored red).

If the point is on the side opposite to the direction of
the normal, then this means a negative deviation, which
is visualized in blue. When analyzing deviations, you need
to take into account that in some cases the direction of the
normals may be distorted. The direction of the normals
may depend on the characteristics of the polygonal mesh,
the specifics of the applied computational algorithms and
other factors. It is most rational to set the normals in a
certain way when designing a construction project, that
is, to standardize them at the initial stage of work.

The web application “Management System for
Monitoring Construction Works on Objects that have
undergone state expertise” allows the user to configure
a heat map with fixed tolerances. An example is shown
in Figure 3. Thus, the part of the image highlighted in
red means a positive deviation of the actual state of the
construction project from the project (BIM model)
by more than 5 cm upward. These may be temporary
structures, stocks of materials and tools located on site,

Fig. 2. An example of the interface of the web application “Management System for Monitoring Construction Works
on Objects that have undergone state expertise” (on the left is a dense point cloud, on the right is a BIM model)
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Fig. 3. An example of visualization of the results of comparing a dense point cloud with a BIM model in the web appli-
cation “Management System for Monitoring Construction Works on Objects that have undergone state expertise”

as well as deviations of geometric parameters from the
design during construction (for example, a large height
or thickness of walls, which indicates an overconsump-
tion of material).

Blue fill in fig. 3 denotes a downward deviation of ac-
tual parameters from the design ones, when the geometric
parameters of the real object have not yet reached the
design values. Thus, the developed web application makes
it possible to visualize deviations from design values with
the required degree of detail and rational use of comput-
ing power.

CONCLUSION

Currently, BIM models are being quite widely in-
troduced into the construction industry as digital twins
of buildings and structures, which make it possible to
monitor work automatically and identify deviations. This
technology has great production and economic advan-
tages, but its use is to a certain extent hampered by the
need to collect and process large volumes of information
(billions of points based on the results of a single laser
scan), which requires large computing power and (or) a
long time. Therefore, it is necessary to develop software
solutions that allow the user to choose a rational balance
between speed and accuracy of monitoring construction
work, depending on specific tasks.

The study used data from both terrestrial and laser
scanning of a number of construction sites, which made
it possible to obtain dense point clouds as an empirical
basis for the development and testing of technology for
monitoring and control of construction work with the
ability to select the level of detail.

For the purpose of information processing, the octree
methodology was used, which allows reducing the need
for computing resources, because tree structures speed
up the search for coordinates of points through the use of
algorithms of the “linear time” and “linear-logarithmic
time” complexity classes. Spatial similarity of the project
in the BIM model and dense point clouds obtained dur-
ing monitoring and control of construction work has also
been implemented. In this case, you can consider 2 cubes
(cells) from the BIM model and a dense point cloud,
which are presented in the same coordinates.

The developed web application “Management System
for Monitoring Construction Works on Objects that have
undergone state expertise” implements the option to se-
lect the accuracy of detail, which depends on the number
of octree levels used. By default, the eighth level is set, but
if necessary, at earlier stages of construction with large
differences in geometric parameters from the design ones,
you can select the ninth, tenth and lower levels. Then the
number of levels can be rationally reduced, which saves
time and computing resources.
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The study identified and analyzed the risk of incorrect
interpretation of information when comparing a dense
point cloud with a BIM model due to distortion of the
direction of normals. Therefore, it is advisable to recom-
mend standardizing the directions of normals when de-
veloping a construction project, that is, at the initial stage.

After processing dense point clouds in the web appli-

tise” positive and negative deviations of the geometric
parameters of the work from the design parameters are
visualized in color. Red color means positive deviations,
geometric parameters exceeding the design values. Nega-
tive deviations are visualized in blue. This allows users to
conduct automated operational monitoring of the prog-
ress of construction work, the condition of construction

objects with the choice of the required level of accuracy
and rational use of computing resources.

cation “Management System for Monitoring Construc-
tion Works on Objects that have undergone state exper-
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YnpaBsieHe TOYHOCTbIO 1 CKOPOCTbIO NPOLIeCcCOoB
AaBTOMAaTN3MPOBAHHOIO MOHUTOPUWHIA CTPOMUTENbHbIX paboT
B YCJIOBUAX NCMNOJIb30BaHNA HOBbIX TEXHOJIOTNMN

ApTém Onerosuy Paga* (1), Anekcangp Amutpuesny KysHeuos (°), AHatonuit Onerosuy Akynos (2},
Hukonai lOpbeBny KoHbKoB

KemepoBcknin rocyfapcTBeHHbIN yHUBepcuteT, Kemeposo, Poccusa

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: rada.ao@kemsu.ru

AHHOTALUA: BeepeHue. CyLecTBytoLme TEXHONOMMM aBTOMATU3MPOBAHHOTO CTPOUTENbHOIO KOHTPOSA He NO3BOAAIOT MOJIb30BaTe-
0 BbIGMPATb YpoBeHb AeTanu3aumn. B 1o e Bpema B yCNOBUAX NPYMEHEHWA HaHOTEXHOMOMIA pacTeT NOTPe6HOCTb B paclupeHnmn
BO3MOXKHOCTEN MOHUTOPMHIA U KOHTPOJIA OObEKTOB CTPOUTENbCTBA. Llenb nccnepoBaHmsa — pa3paboTka, porpammHas peanmsauma
1 anpobauysa TEXHONOMW YNPaB/IeHNA CKOPOCTbIO M TOUHOCTbIO MOCTPOEHUA TPEXMEPHbIX MOAESIEN MO NAOTHbIM 061akam ToueK Asis
aBTOMATV3MPOBAaHHOIO MOHUTOPUHIA CTpouTeNbHbIX paboT. MaTepmuanbl n meToabl. ViccnegosaHve 6a3npyeTca Ha MeTogonorum
He[lBOWYHbIX ilepeBbeB AaHHbIX, BKJIIOUYasA METOf NOCTPOEHNA AepeBbeB OKTAHTOB. lcnonb3oBaHbl 6ecnunoTHoe BO3AyLIHOEe CYyAHO
C Na3epHbIM BO3AYLUHbIM CKAHEPOM, Ha3eMHbI CKaHVPYIOLLMIA TaXeOMeTp, CreLran3npoBaHHOE NporpaMmmMHoe obecrneyeHme, B TOM
ymcne paspaboTaHHOe NpK yyacTv aBTOPOB Be6-NpusioxeHne «Cuctema ynpasneHsa MOHUTOPUHIOM CTPOUTESNbHBIX PaboT Ha 06b-
eKTax, NpoLuefLUnX rocyfapcTBeHHYI0 SKCnepTr3y». PesynbraTbl n 06cyxpaeHne. B xofe nccneposaHua paspabotaHa v nonyymna
NPOrpaMMHyI0 peanm3aLuio TEXHOMOr s, MO3BONAOLLAA NMOSb30BaTeNio BbloMpaTb HEOOXOANMOE COOTHOLLEHKE MeXY TOUHOCTbIO,
CTEMNEHbIO AeTann3aLMmn JaHHbIX MOHUTOPVIHIA U KOHTPOSA CTPOUTENbHbIX PaboT 1 3aTpaTami BpeMeHW, MOTPEOHOCTAMM B BbIUUCIU-
TeNIbHOWM MOoLHOCTU. CpaBHEHMIO MOAJIEXAT MPOEKT CTPOUTENBbHOMO 06BEKTA, NPeACTaBEHHbIN B BUAE MHPOPMALMOHHON MOAeNnm
3[aHunA, M TpeXMepHas Mofenb peanbHOro 06beKTa, MoslyyYeHHas 13 NNOTHOro obnaka Touek. CteneHb TOYHOCTN CPAaBHEHNA YCTaHaB-
NIMBaeTCA nyTeM BbIGOPa MCNOJb3yeMOro ypoBHA OKTOAePeBbeB. [10 yMonyaHuio B BeO-NPUNOXEHUM UCMOJb3YeTCA BOCbMOW YPOBEHb.
OpfHaKo Ha paHHMX 3Tanax CTPOUTENbCTBA, KOrAa reoMeTpuyeckrie napameTpbl NIOTHOrO 0611aKa ToYeK CyLLeCTBEeHHO OTKTOHATCA
OT NMPOEKTHbIX rPaHKL, MOXXHO 1CMOJb30BaTh AEBATbIN, AeCATHIN U APYrie YPoBHW. B 3TOM cilyyae NoBbiLaeTcA TOYHOCTb U CTeMneHb
Aetanusauuu. MonoxuTenbHble 1 OTpULATENbHbIE OTKIIOHEHNA BU3Yan3npYHOTCA KPaCHbIM 1 CUHKM LiBETaMU, COOTBETCTBEHHO, UTO
No3BOJIAET NONb30BaTES0 BECTY MOHUTOPVIHT U KOHTPOJb X0Aa paboT Ha o6bekTe. BbiBogbl. PazpaboTaHHas TEXHOOMMS MOXKET UC-
Nosib30BaTbCA 3aKasuvkamu 1 ApYrumy NiLamu, NPYHUMAIOLLMMI PELLEHNA AN1A KOHTPOMA 1 MOHUTOPWHIa pabor.

KJTIOYEBbBIE CJTOBA: HaHOTEXHONO A, HAHOMATEPUASIbl, MOHUTOPUHT CTPOUTESIbHBIX PAbOT, CTPOUTENBHBIN KOHTPOSb, LdpPOoBbIE
TexHonoruu, MHGopmaLoHHanA MoAeNb 3AaHNA, Na3epHoOe CKaHNPOBaHMWe, MIOTHbIEe 0b6Nlaka Touek.

BJIATOAAPHOCTW: VccnepnoBaHuve BbINOTHEHO B PaMKax KOMMIEKCHOW HayUYHO-TEXHNYECKOW MporpaMmMbl NOTHOMO NHHOBAL-
OHHOTrO LMKna «Pa3paboTka 1 BHEAPEHME KOMMIEKCa TEXHOMOIMI B 06M1acTAX pa3BeKu 1 JOObIYM MONEe3HbIX NCKOoMaeMblx, 0be-
CneyeHns MPOMbILLNIEHHOW 6e30MacHOCTU, GriopemeamaLmm, CO3AaHNA HOBbIX NMPOAYKTOB Fy6OKOI NepepaboTKy U3 YroibHOro
CblpbA NPY NOCNeA0BaTENIbHOM CHUPKEHUM SKOJTOTMYECKOWN Harpy3Ky Ha OKpy»KatoLLyto cpefly U PUCKOB ANA XKU3HU HaceneHns»,
yTBepKaeHHom PacnopsaxxkeHumem Mpasutenbctea Poccuiickon Oepepauum ot 11.05.2022 r. N21144-p, N2 cornaweruna 075-15-2022-
1195 0130.09.2022 1.
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BBEJAEHUE HBIMU CBOMCTBAMM, HOBBIE CIIOCOOBI (PU3UKO-XUMU-
YeCcKOM TpaHC(hOpMauX TPATUIIMOHHBIX MaTEPUAJIOB.

B COBPEMEHHOM CTPOUTEIHCTBE AKTUBHO BHEIPSIIOTCS ~ DTO MTO3BOJISICT CO3MaBaTh 3MAHMS ¥ COOPYKCHUS C YHU-
HAHOTEXHOJIOTHH, HOBBIC MaTCPUAJIbl C YHUKAJIb-  KaJbHBIMM XapaKTepPUCTUKAMU, CYIIIECTBEHHO CHITKATh
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PE3Y/IbTATbI UCC/IE4OBAHUW YHYEHBIX U CMIELUAJIUCTOB

CPOKM paboT, a TaKKe COKpalaTh 3aTPaThl HA BCEX CTa-
IUSIX KN3HEHHOTO IINKJIa 00beKkTa. OTHAKO OYEBUIHO,
YTO MCITOIb30BaHNEe HAHOTEXHOJIOTHI CBSI3aHO ¢ OoJiee
BBICOKMMU PUCKAMHU, KaK U JIF00as TeXHOJIOTHMIEeCKast
WHHOBAIIKS BCICICTBUEC OTCYTCTBHUS OIThITA M MCHBIIICH
TIpeIcKa3yeMOCTH TIporieccoB. I1oaToMy mcIob30BaHme
HAHOTEXHOJIOTUI B CTPOUTEIIBCTBE TPEOYET Pa3BUTHUS
BO3MOXHOCTEI aBTOMaTU3MPOBAHHOTO MOHUTOPUHTA
¥ KOHTPOJIS 71T OLICHKW CUTYaIluH W IIPUHSITUS pelie-
HUIA. DTO MOXET OBITh JOCTUTHYTO TOJIBKO C MCITOIb30-
BaHMEM ITU(POBBIX TEXHOIOTHA.

KommiekcHast uygpoBr3alus mpoeccoB, 000pya0-
BaHUsI, 0OBEKTOB YIIPABJICHMS, OeSITCIBHOCTA YeIOBEKa
SIBJISICTCST BaXKHEHTIINM TJ100aIbHBIM TPEHIOM TEXHOJIOTH-
YeCKOTO Pa3BUTHSI SKOHOMUKH [ 1, 2]. XOpoI1Io N3BECTHBI
¥ HEOTHOKPATHO OIKMCAHBI B IUTepaType TaKue IIPeUMy-
IecTBa IMUGPOBBIX TEXHOJIOTHI (HaIIpuMep, OSCITIIOT-
HoIf Texunkn, MHTepHeTa Belleil, TeIIOBOTO, JIA3ePHOTO
CKaHMPOBAHMSI OOBEKTOB M JIP.), KaK BHICOKAS CKOPOCTh
[3], bonbIasg TOYHOCTD [4], HE3aBUCUMOCTD OT KBaJIH-
puKam 1 106POCOBECTHOCTH UCTIOTHUTENEH [5], 3Ha-
YUTEJIPHOE TTOBBIIIICHNE KaueCcTBa MH(MOPMAIIMOHHOTO
obecrieuyeHns yIpaBIeHUeCKMX peleHuit [6] u ap.

LleHTpaabHOE MECTO B IIporecce IndpoBU3aIUN
Pa3IMYHBIX OTpacieil MaTepUaTbHOTO ITPON3BOACTBA
3aHUMAaCT CO3TaHNe «IIU(PPOBBIX IBOMHUKOB» 0OBEKTOB
yIIpaBJIeHUST — Mofesell B MH(GOPMAIIMOHHOM cpene,
MPaKTUIECKHU TTOJTHOCTHIO BOCIIPOM3BOISIINX pealb-
HOCTB B pexxnMe oHutaitH [7, 8]. Mcrionb3oBaHmne TaKUX
IBOMHWKOB IUISI KOHTPOJISI, MOHUTOPUHTA CUTYaIlnn
HE TOJIBKO JaeT JUIaM, IIPUHUMAIOIINM peIIeHUs, 1C-
YepIibIBaIOIILYI0 MHGOpMaLMIO (KOTopas paHee Obuia He-
TMOCTYITHOIT), HO ¥ 00eCIIeYBacT BBIOOD ONTHUMATbHBIX
YIIpaBJICHYCCKUX BO3ICUCTBUM, pallMOHAIbHOE TUTAHU -
poBaHNE, BO3MOXKHOCTh OTIepEXKAIOIINX ACHCTBUI (He
IOXKUIATHCS SIBHOTO TIPOSIBIICHUS TIpodiem) [9, 10].

XOTS CTPOUTEIBHYIO OTPACIh HePEIKO XapaKTepu-
3yIOT KaK «KOHCEPBAaTUBHYIO» [11], B HEe TOCTaTOYHO
aKTUBHO IIPOHUKAIOT MMM POBBIE TeXHOJIOTUN. B 0630pe
[12] BBIIENIEHBI OCHOBHEBIE HAaTTpaBIeHUs IMMPOBU3ALINI
CTPOUTENIBCTBA, K KOTOPBIM OTHECEHBI MH(MOPMAILINOH-
HOE MOJeIMPOBaHME 3IaHUI C UCTIOJIb3oBaHueM BIM -
MoJeJeit, TOTIOTHEHHAsI M BUPTyaIbHasI PeajbHOCTb,
JTa3epHOE CKAaHUPOBAHUE, pOOOTOTEXHNKA, TPEXMEp-
Has nedatb, IHTEpHeET Bellel, criennaan3npoBaHHOE
nporpaMMHoe obecrneyeHue, HUudpoBble JBONHUKMU,
6nokueitH. B npyroii 0630pHoit cTaThe [13] paccMmaTpu-
BaeTCs IMIPUMEHEHNE KOMIThIOTEpHOTO 3peHust, MHTep-
Heta Beleit, BIM-Moneneit mist yrpaBiaeHUs Ka4eCTBOM
B CTPOUTEILCTBE U COKPAIIICHHS KOJIMIeCTBA 1e(heKTOB,
00YyCITOBJICHHBIX HEAOCTaTOUYHOM KBaTM(pUKALINEH, HI3-
KO MOTHBAIIEl IIepcoHaa M IPYTUMU TIPUIMHAMMA.

B 0630pe paboT mo nmpemmyirecTBaM IM(GPOBHIX
TEXHOJIOTUI B CTPOUTEILCTBE BHIICICHBI TAKHE TIpe-
HAMYIIECTBA, KaK MOBBIIICHNE KauecTBA BU3YyaIM3aIliH,
yIIyqineHre oOMeHa TaHHBIMU MEXIY YIaCTHUKAMMU,
ITOBBIIIICHUE TIPON3BOAUTEIIFHOCTH, COKPAIIICHNE CTPO-
WUTEJIbHBIX OTXONOB [14]. B wacTHOCTH, TIpU onpeneieH-
HBIX YCJIOBUSIX UCITOIB30BaHNE IM(MDPOBBIX TEXHOIOTHIA
MOXeT crtocodcTBOBaTh peanu3anuu ESG-moBecTkn
U POCTY YCTOMYMBOCTH SKOHOMMKU CTPOUTENILCTBA [15].

BHenpenme 11 pOBBIX TEXHOJIOTHUIA B CTPOUTEIHCTBO
CTaJIKUBAETCS C OTIPEeIeICHHBIMU ITPOOIeMaMu, CBSI3aH-
HBIMU C GapbepaMi KOHTPOJISI U KOMITETEHTHOCTH [ 16].
OTcTaBaHMe CTPOUTEILCTBA OT IPYTUX BUIOB 3KOHOMU-
YeCKOI mesITeIbHOCTH B IU(MPOBU3AIIUN 00YCIOBIIIO
TaK:Ke MEIJICHHBIC TEMITBI pOCTa TIPOM3BOIUTEIIBHOCTHI
tpyna. Ognako mangemus COVID-19 mociyxuiia Mo1I-
HBIM CTUMYJIOM IIMPOKOTO ITOBCEMECTHOTO BHEIPECHUS
@ poBbIX TexHooruii [17]. CrieluaaicThl oaIepKu-
BaIOT MHEHHE O TOM, UYTO HU(POBU3AIINSI CTAHOBUTCS
«HOBOIM HOPMOW» JIJTSI CTPOUTENIbHOI oTpacyu [18, 19].
Poccuiickie aBTOpHI TakK:Ke OTMEUAIOT KaK BaXKHOCTh
BHEAPEHMS INMPOBBIX TEXHOJIOTHUI B CTPOUTEIBCTBO,
TaK 1 IPOoO0JIeMEBI, CBSI3aHHBIC ¢ HEOOXOMMMOCTBIO 3Ha-
YUTEJTbHBIX WHBECTULIN, Te(UIINTOM KBaTU(UIINPO-
BaHHBIX crienmanucTos [20, 21, 22].

OnHa U3 OCHOBHBIX IM(MPOBBIX TEXHOJOTUM, HAN-
0oJ1ee BasKHBIX IUTSI PA3BUTHS CTPOUTEILCTBA, — 3TO CO3-
MaHWEe U SKCIUTyaTalns MU(POBBIX TBOMHNKOB CTPOM-
TeJIbHBIX 00beKTOB B Buie BIM-moneneit. Omyoimko-
BaHO 3HAYMTEJIEHOE YKCIIO PadoT, TIIe pacCMaTpUBACTCS
ucnojibdoBanue BIM-mopeneii ais npoeKTUpoBaHUS
3MaHUU, COOPYKEHUI, KOHTPOJIS CTPOUTEITBHBIX padoT.
OHU CUNTAIOTCSI TEXHOJIOTHEH, KOTOpast 3HAUMTEITLHO
YCKOPSIET CTPOUTEILCTBO, OOCCIIEYNBACT CHIDKCHIE 3a-
TpaT ¥ BEICOKWIA YPOBEHb KAUeCTBA BHITIOJTHCHUS PadOT
B COOTBETCTBUM C MPOEKTOM [23]. PEIHOK CTpOUTETEHO-
ro MHGOPMAITMOHHOTO MOIEINPOBAHUS OLIEHUBACTCS
B 7,9 Mupa. moymt. CIIA B 2023 1. ¢ mepCceKTUBOM pocTa
1o 15 mapa. mosur. CIIIA B 2028 1.'. Ciemyer OTMETHUTD,
YTO B psifie CTpaH MHPA YKe TOCTATOYHO TaBHO UCIIOJb-
3oBaHue BIM gBisieTcst 006513aTeIbHBIM ITPU CTPOUTEb-
CTBE 3a CUET CPEACTB TOCYIapCTBEHHOTO OfomkeTa [24].

Jnst moctpoeHusi BIM-moneneil ncrnoib3yeTcst
nHGOPMALUS O COCTOSTHUN 00BEKTa CTPOUTCIBCTBA,
IMOJIydeHHAas ¢ UCITOJIb30BaHMEM Pa3IUIHBIX TEXHO-
JIOTU — JIa3epHOE CKaHWpoOBaHMe, HTEpHET Bellei,
TETUTOBU3MOHHAS cheMKa U Ap. [25], 9ToObI METh IT0JI-
HYIO ¥ TOYHYIO KapTUHY PealbHOTO MUpa TSI IIPUHSITUS
pemeHMit. [laHHBIC MOIEIN OXBATHIBAIOT BCE CTAaIUM
KM3HECHHOTO IINKJIA 3MaHUI, BKIIIOYAs TNIAaHNPOBAHME,
IIPOCKTUPOBAHNE, COOCTBEHHO CTPOUTEIIBCTBO, SKCILTY-
aTauuio, yTuin3auuio [26]. BaxXHbIM IperMyIecTBOM

! Building Information Modeling Market. 2028. URL: https://www.marketsandmarkets.com/Market-Reports/building-information-modeling-mar-

ket-95037387.html (zata o6pamenus 20.10.2023).
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WH(MOPMAIIMOHHOTO MOICIMPOBAHNS 3MAHMI SIBISTIOTCS
IIMPOKKE BO3MOXKHOCTH IIJIT BU3yaJIM3alliN, BKITIOUast
TPEXMEPHYIO BU3YAIN3aIlNIO, a TAKXKE TOUYHOCTD M3Me-
penmii [27].

Otn ocobeHHocT BIM-Moneneit mo3BoisioT pe-
IIaTh IMUPOKUIA KPYT TEXHUUECKMX 3amad. Hampumep,
B [28] onncana nH(popMamoHHast MOJETb MEIUIIAH -
CKOTO KOMILIEKCa, CO3MaHHAas C IEJbI0 COKPAIICHMS
pacIpoCTpaHEeHUS] BHYTPHOOIbHUYHBIX MHQEKIINA.
ABTopamu mccnenoBanus [29] paccMatpuBaeTcs Keiic
ucnojib3oBaHusl BIM-monenu misi mpoeKTUpOBaHUs
MaKCHUMaJIbHO 3Hepro3(pdOeKTUBHBIX 3MaHUi1, a TaKXKe
MUHUMH3AIUNA OTXOIOB.

OmHa 13 OCHOBHBIX ITPOOJIEM TIPH pa3pabOoTKe U IKC-
miyataiuy BIM-Mmonenu — 3To paurioHabHAsI OpraHU-
3a1us coopa 1 00pabOTKM 0OIBIIOro 00beMa UH(pOpMa-
LU, XapaKTepU3YIOIIeH CTPOUTEIbHBIN 00BbeKT. [Tocie
3aBEPIICHUS IIPOCKTUPOBAHUS W HaYala CTPOUTEIbHBIX
paboT HEOOXOAUM MOCTOSTHHBIA MOHUTOPUHT U KOH-
TPOJIb OOBEKTA CTPOUTEIIBCTBA. B OrpaHMUeHHBIN IIPO-
MexXyTOK BpemeHU B BIM-mopaens noctymnarmT O00Jblie
00BbeMbl MH(pOpMAILINU, KOTOPEIE HE0OOXOIUMO 00pabdo-
TaTh C IPUEMIICMON CKOPOCThIO M TOYHOCTEIO [30].

HanHas nH(opMaIIns 3aTparuBacT MU3MEHEHUS T'e0-
METPUUYECKUX TTapaMeTPOB CTPOSIIIIETOCS 3MaHUSI, CO-
OpYKEHMSI, 00BEM MCTIOb30BaHHBIX TSI CTPOUTETHCTBA
MaTepHaJIoB 3a OIpeIelICHHBIC TIPOMEKYTKI BPEMEHH,
Ha oIpeieIeHHBIC JaThl, a TAKKe IIPOYHOCTh KOHCTPYK-
Ui, UX TeTUIOIIPOBOTHOCTS 1 1p. [31]. JocTaTouHOo ya-
CTO TSI KOHTPOJISI K MOHUTOPWHTA CTPOUTEIBHBIX PadOT
c ucriojib3oBaHuem BIM-moneneii mpuMeHsIIoT JaHHbIS
JazepHoro ckanupoBaHus [32]. [1pn ncnonb3oBaHUN
JIa3epHBIX CKAHEPOB CO3MAI0TCSA TIOTHBIC 00JIaKa TOUCK,
KOTOpEIE 3aTeM C TIpUMEHEHUEM CIIeIIUaIbHOTO TIPO-
TPaMMHOTO 00eCIIeUeHISI TIPeoOpa3yroTCs B TPEXMEPHEIC
MOJIEJIN peaIbHOTO 00BEKTA CTPOUTENTbCTBA [33].

Taxoif Togxon K co3maHnio IU(MPOBBIX IBOWHUKOB
30aHUN yKe MOXHO CUMTATh KJIACCHICCKUM, TPAIH-
nruoHHBIM. OTHAKO OH YaIlle BCeTo IMTPUMEHSIETCS, KaK
MOKa3bIBACT aHAJIN3 PSIda HAayYHBIX padoOT, IIJIsI OTHO-
Pa30BOT0O MOCTPOCHUS NP POBBIX MOIEIICH JOCTATOTHO
KPYITHBIX 00beKTOB [34, 35]. Mcroab3oBaHue 1a3epHOTO
CKaHUPOBAHUS TSI OITIEPATUBHOTO aBTOMATU3UPOBaH-
HOTO MOHUTOPUHTA 1 KOHTPOJISI CTPOUTEIBHBIX padOT
obcyxmaercsd pexe [36]. DTo 00yCIOBIEHO TEM, YTO
CYIICCTBYIOIINE TEXHOJOTUM HE TTO3BOJISTIOT TOJIb30-
BaTeJISIM ITOJTHOLICHHO BEIOMPATh COOTHOIIICHUE MEXKIY
Ka4eCTBOM (TOYHOCTBIO) IIOCTPOCHMST MO C OMTHOM
CTOPOHHI 1 3aTpaTaMU Ha JIa3epHOe CKaHMPOBaHME 1 00-
pabOTKy TaHHBIX (BPEMEHHBIMU U (DUHAHCOBBIMU U3-
IepKKaMI) — ¢ APYToi CTOPOHBIL. B To ke BpeMsI B Ipak-
TUYIECKMX 3aJa9ax IIeJIecoo0pa3Ho HCITONIbh30BaTh pa3HbIC
YPOBHHU ACTaTU3allnyd WHGOPMAIIUH, COAepKaIIeiics
B IUTOTHBIX 00JIaKax TOYEeK B 3aBUCUMOCTH OT CTATUM
CTPOUTENTHCTBA U IPYTUX (DAKTOPOB.

WHBIME cloBaMH|, 1IeJIECO00Pa3HO MPEaOCTaBUTH
BO3MOXKHOCTB ITOJTb30BATEIISIM CAMOCTOSTEIIFHO OITpe-
IIEJISITh YPOBEHB IeTaIN3aIllMi M TOYHOCTH TPEXMEPHBIX
MoJIeIeit, TOCTPOCHHBIX Ha OCHOBE IJIOTHBIX 00JIAKOB
TOYCK, HE OTPaHNIMBASICh ITApaMeTPaMHU, 3aJI0XKEHHBIMUI
B IIpOrpaMMHOE 00ecITedYeHNE «IT0 YMOIYaHUIO». DTO
pACIIMPUT KOJIMIECTBO OMIIMI MTOIb30BaTEICH 1 JACT
BO3MOXHOCTh MAaKCUMAaJIbHO MPOAYKTUBHO MCITOIbH30-
BaTbh BHIUMCIUTEIIHFHYIO MOITHOCTh MMEIOIICICST KOM-
ITBIOTEPHON TEXHUKN. B COOTBETCTBUM CO CKa3aHHBIM,
1LIeJTb MCCIIeOBAaHMST — pa3paboTKa, IIporpaMMHasi pea-
JIM3aLMS ¥ alIpo0aIis TeXHOIOTHH YIIPABICHUS CKOPO-
CTBIO ¥ TOYHOCTBIO TTIOCTPOCHUSI TPEXMEPHBIX MOIEIICH
TT0 TUTOTHBIM 00JIaKaM TOYEK I aBTOMAaTU3MPOBAHHOTO
MOHUTOPHWHTA CTPOUTEIBHBIX PadOT.

METO/JbI 1 MATEPUAJIbI

IIpu mpoBeneHNM MCCACTOBAHMS IS BO3TYIITHO-
r0 ¥ Ha3eMHOTO JIa3¢pHOTO CKAaHMPOBaHUS OOBEKTOB
CTPOUTEILCTBA TIPUMCHSIINCH CIICIYIONINE TEXHUTICCKIE
CpencTBa:

1. BecmuimorHoe Bo3mymHoe cymHOo (BBC) xoMm-
Mepueckoro kinacca «DJI Matrice Pro» mpousBoacTsa
Kuraiickoit HaponHoit PecriyGiauku, TUIT «reKCcaKoIl-
Tep», CKOPOCTh moJieTa — 10 65 KM/4, MaKCUMajIbHast
B3JIeTHas Macca — 15,5 Kr, MakcruMajbHasl BbICOTa MO-
Jjeta — 2,5 KM, TaJIbHOCTh CBSI3U — 5 KM, HauOoJIbIIas
ITATEIIBHOCTB TIoJIeTa — 18 MMH, TIpeAHa3HAYCHO IS
SKCIUIyaTalliK TIPU CKOPOCTHU BeTpa 10 8 M/cek. BBC
nMeeT OOPTOBOM IMPUEMHMK CUCTEMBI CITyTHUKOBOI Ha-
purarun (GNSS-nprueMHUK).

2. Bo3mynrHelii T1a3epHBI CKaHEep, IpeIHAa3HAYCH-
HBI 1 pa3merneHnst Ha BBC mapku «AI'M-MC3.200»,
mmpousBoacTBa Poccuiickoit Menmepanmu, 9acTora cKa-
HupoBanus — 600 kI'11, MakcuMabHas JUCTAHLIMS CKa-
HuposBanusa — 150 M, 0630p — 360 rpamycoB, TOYHOCTH
ompeaeIcHYSI TaATbHOCT! — 3 CM, TOYHOCTD OITPEHCICHIUS
KoopauHaT — 5 ¢M, Bec — 1,3 KT.

3. Ckanupyromuii TaxoMetp «Trimble SX10», mpo-
n3BoacTtBa CoennHeHHBIX LIITaTOB AMEpHKM, CKOPOCTh
ckannpoBanus 10 26000 Todyek B CEKYHIY B AMaraso-
He 1o 600 M, pasMep IydKa JIa3epHBIX JIydeil 14 MM
Ha 100 M, 6e30TpaxaTenbHbIi pexxuM 10 800 M, manb-
HOCTh M3MEpeHUI 1o Tipu3Me 10 5500 M, yriroBast Tou-
HOCTH 17, MUHIMAaIbHOE U3MEPSIEMOE pacCTOsTHIE 1 M.

J11st 00pabOTKM IUIOTHBIX 00JIAKOB TOYEK 1 ITOCTPOEe-
HUS TpeXMEPHBIX MOJIeJIei NCTIOIb30BaIach IIporpaMma
«Credo Cxkan 3D» (pazpadotuuk — OO0 «Kommanwmst
«Kpemo-Iuamor»», Mocksa, Poccuiickast @enepamust).
IIporpaMmMHast peaau3aius aBTOPCKUX pa3pabOTOK OCY-
IIECTBIISIIACH B CIICIINATM3UPOBAHHOM BEO-TIPITOKEHIH
«CucreMa ynpaBiIeHASI MOHUTOPHMHTOM CTPOUTEIbHBIX
paboT Ha 00BEKTAX, MPOIICHIINX TOCYIapCTBEHHYIO
SKCIEPTU3Y» (IIpUIOXKeHNe pa3paboTaHo MHCTUTYTOM
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mhper KeMepoBCKOTo rocyapcTBEHHOTO YHUBEPCUTETa
C y4acTUEM YaCTU aBTOPOB JAHHOIO UCCIIEAOBAHUS?).

B mnccnemoBaHUM MCTIOB30BaHBI METOHIOJIOTHS HEe-
IBOMYHBIX ICPEBhEB TAHHBIX, METO IIOCTPOCHHUS JIe-
peBbeB OKTaHTOB. OOBEeKTaMM PabOT OBLIO HECKOIBKO
HEXWJIBIX 3MaHUI Y COOPYKEHMIA, CTPOSITITUXCS B TOPOIE
Kemeposo (Kemeposckast obnacts, Kysdace, Poccuii-
ckasg @denepanus) B 2022-2023 1r.

PE3YJIBTATBI 1 OBCYX/JIEHUE

HccnenoBaHue BKIIOYAIO B c€051 CIIEAYIOIIUE STAMIbI:

1. ITonyyeHue NaHHBIX JIA3EPHOTO CKAHUPOBAHUST
10 Mepe BHITTOJTHEHUS OTACJIbHBIX 3TAIIOB CTPOMTEILCTBA
JIJISE CpPaBHEHUSI C IIPOEKTOM, MpeacTaBieHHbIM B BIM -
MOJIEJIN.

2. IMocTpoeHre OKTOIEPEBLEB I O0jiee OBICTPOTO
noucKa KOOpAWHAT TOUEK, MOJIYYeHHbIX IO pe3yJibTaTaM
JIa3epHOT0 CKAaHUPOBAHUSI.

3. ITouck OmKaiIeil oTIIpaBHOM TOYKM (pedepeH-
ca) TSl pacdeTa OTKJIIOHCHUI (DaKTUIECKOTO COCTOSTHUST
00BEKTa CTPOUTEIBCTBA OT MJIAHOBOTO COCTOSTHUS C O~
MOIIbBIO AJITOPUTMA TTIOMCKA OJIMXKANIITUX TOYEK.

4. PacueT pacCTOSTHUI [UIST KaXKIOW TOYKH C TTOCTIC-
Nylollel BU3yaiu3alueid pe3yJbTaToB MPU MMOMOIIU
LIBETOBOIA IIIKAJIBI.

ITo pesynbraTaM Ta3epHOTO CKAaHMPOBaHUS (HOp-
MUPYIOTCS TUIOTHBIE 00JIaKa ¢ MIJIIMapaaMy TOYCK,
IIO3TOMY IIJISI 00pabOTKU, XpaHEHMUS 1 UCIIOJIH30BAHUS
COOTBETCTBYIOIIEH MHGMOPMALIMN HYKHBI OOJIBIINE
BBIUMCIUTEIBHBIC MOIITHOCTY M (MJIM) 3HAYUTEIHHBIC
BpeMeHHBIC 3aTpaThl. 71 X CHIKEHUSI MOXET OBITh
HCITOJIb30BaHA METOMOJIOTHSI HEIBOUIHBIX ITEPEBHEB
MAHHBIX, B YACTHOCTH, TTOCTPOCHIE OKTOICPEBLEB. DTO
JTAeT BOBMOXKHOCTb YCKOPUTD IIOMCK KOOPIMHAT KasKIOM
TOYKH ¥ TPYIITUPOBOK OJIM3KO PACITONIOKEHHBIX TOUCK,
CHU3UTD MOTPEOHOCTh B BEIYUCIUTEITBHBIX MOIITHOCTSIX
U (WIK) COKPATUTh BpEMS TIPOBENCHMST padoT.

BoceMupmyHOE OKTOIEPEBO MpeaHA3HAUCHO IS
PEKYPCUBHOTO U PETYJISIPHOTO pa3IesIcHUs TPpexXMep-
HOTO IIPOCTPAHCTBA B (hopMe KyDa Ha OrpaHUIMBAOIIICH
ob6mact. Kaxmplif clieayommii ypoBeHb AeJICHUS pa3-
IeJIsIeT KyO BepXHETO YPOBHS (pOOUTEILCKIIA) Ha 8 m0-
YyepHUX KyOoB (Oosiee HU3KOIro YpoBHs). Takum oOpa-
30M, Ha TIEPBOM YPOBHE UCXOIHBIN KyO (HYyJeBOI KyO)
IEeINTCS Ha 8 MOUYepHMX KyOOB IIEPBOTO YPOBHS (CM.
puc. 1). 3atem KyOBI IEpBOTO YPOBHSI IEJISTCS Ha 8 IO-
YepHUX KyOOB BTOPOTO YPOBHS U T.II.

[Tpu 5TOM KOJIMYIECTBO KyOOB IO YPOBHSIM JCTAIIH-
3allUM PAcTeT B COOTBETCTBUHU C TaKOI IPOIIOPIINCHA,
KOTIa Ha IIepBOM YPOBHE IEeTalM3alUsI COCTaBIISIET
8% = 64, na BTopoM ypoBHe — 8° = 512 ky6a u T.1. [To-

el e Ry

OrpannunBaronmii Kyo

01234567

01234567

N

Puc. 1. O0mas cxema pa3je/ieHus TPEXMEPHOro MPOCTPAHCTBA C HCNOJIb30BAHHEM OKTOIEPEBbEB

2 CBUIETEJBCTBO O TOCYIAPCTBEHHON perucrpanuu nporpammbl aiss DBM Howmep cBunetenbctBa: RU 2023663552, Homep 3asiBKU:
2023662975 ata peructpaunu: 24.06.2023. lara nyonukanuu: 24.06.2023. Apropsi: Pana A.O., KysHeuos A.Jl., CHexkoB A.M., 3eepes P.E.,
Henomuuiues U.JI., Yepnsix I'.C., Tumodees A.E., ITornos I1.C., KouskoB H.1O., Tiotukos A.A., Hukutuna O.U., npaBoobaanateib — dene-
paJibHOE TOCyIapCTBEHHOE OIOIKETHOE 00pa3oBaTe/IbHOE YUpeXIeHUe BbICIIero 06pazoBaHusi «KeMepoBCKuMit rocy1apCTBEHHbII YHUBEPCUTET».
URL: https://www.elibrary.ru/download/elibrary_54198120_50908639.PDF (nara o6paienust 15.10.2023).
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CTPOCHUE OKTOACPEBLEB (PEKYPCHSI) OCTAaHABIMBACTCS
JIM00 KOorja B KyOe OTCYTCTBYIOT TOUKM, I100 Korma 10-
CTUTAeTCsS MaKCUMAJIBHBIN YPOBCHb JeTaIN3aIliN, 3a-
TaHHBIN TToab30oBaTeneM. [TlocTpoeHNEe OKTOIEPEBhEB
JAeT BO3MOXHOCTD OBICTPO OIIPEICINTD, KaK1e TOUKH,
TIOJTy4eHHBIE TT0 Pe3y/IbTaTaM JIa3¢pHOTO CKAaHUPOBAHUSI,
JIekaT B KOHKPETHBIX Ky0ax. COOTBETCTBEHHO, YCKOPSI-
eTCsI IIOMCK KOOPIMHAT TOYEK, HAXOKICHHE OJTVKANIIIX
coceneit 1 pelieHe aHAJOTMYHBIX 3aad 00pabOTKU
TUTOTHBIX 00JIAKOB TOYEK.

HpeBoBUIHASA CTPYKTYpa OKTOIEPEBA TaeT BO3ZMOXK-
HOCTB MCIIOJIB30BaTh CXeMY KOIMPOBAHUS, IIPU KOTOPOI
IUTST KaXKIOM TOUKU OTIpenesIsIeTCs IITMHHBINA KO ITHH-
HO¥ 3n OUT, TIe n — MaKCUMAaJIbHEIN YPOBEHbB ITOApa3-
IeJeHns oKToaepena. s KomrupoBaHUS Kyda HyJIeBO-
r0 YPOBHSI UCIIOJIB3YIOTCS uncia oT 1 mo 7. Hammpumep,
Ha puc. | 4nciio «3» COOTBETCTBYET KyOy HYJIEBOTO YPOB-
HS (TaKsKe Ha3BIBACMOMY STYEHKOI1), B KOTOPOM PacIiofo-
JKeHa oIpenesicHHas Touka. KaxmbIii OMT COOTBETCTBYET
TIOJIOKECHUIO STYCHKI OTHOCUTEIIEHO POAUTEIHCKOTO Kyba
B OMHOM M3MEPECHUM. DT YKCIa O0OBECIUHSIIOTCS IS
BCEX ITOCJICIOBATEILHBIX YPOBHE C IICJTBIO IIOCTPOCHUS
Koma sueiiku. I1pomecc KomupoBaHMS UIET OBICTPO, TaK
KaK aJITOPUTMHUYECKAsI CJIOXKHOCTh KOTUPOBAHUS NMEET
JIMHEHBIN XapaKTep, 3aBUCUT TOJIBKO OT KOJMUECTBA
TOYEK M YPOBHSI Ky0a (KJIacc CIOXHOCTH aJITOPUTMa —
«IMHeiTHOe BpeMsi», Buma O(n)).

Hamnee KOIBI COPTUPOBAINCH, YTOOHI CAENIaTh CTPYK-
TYpY OKTOAepeBa 6oJjiee yIOOHOM TSI OBICTPHIX PACUCTOB.
DTO HaeT BO3MOXKHOCTb B KOPOTKHE CPOKHM HAaXOOUTh
KOIIBI TOYEK ITOTHOTO 00JIaKa, a TAKXKe BCE TOUKU, Jie-
Kalnue B siueiike 3agaHHoTo ypoBHS /. I1oBRIIeHME
CKOPOCTH TIOMCKA JOCTUTACTCS 3a CYET TOTO, UYTO pac-
CMAaTPUBAIOTCS TOJILKO TTepBhie 3/ 6uT KogoB. BpemeH-
Hasl CJIOXKHOCTH aJITOpUTMa MIUHUMAJIbHA, TTOCKOJIBKY
OH COOTBETCTBYET KJIACCY CIIOKHOCTH «JTMHCHHO-JI0Ta-
pudmmyaeckoe BpeMs» (O(n log n)). CTpyKTypy OKTO-
JiepeBa JIETKO MOIIEPKMBaTh, MOCKOJIbKY OHa 00J1anaeT
BBICOKOI TMOKOCTBIO, IOCTATOYHO YIOOHO J0OABIATH
VUIA YOAJISTH TOUKU.

Ha cnenyroiiem atane ucciaegoBaHus ObLIO HEOO-
XOIMMO pa3MeCTUTh UcXomHyo BIM-Momnens (mpoekT
3MaHMSI) U TJIOTHBIC 00JIaKa TOUEK B AUHON CHCTeMe
koopauHat. [Tockonbky BIM-Mmopens co3naBanach yxe
C YUETOM TeOIe3NMIECKON MPUBSI3KHA U CUCTEMBI KOOP-
IHAT, a peaJbHBIN 00BEKT CTPOUTCS B COOTBETCTBUU
C 3TOI MOJIEIbIO, TO MOHUTOPUHT ¥ KOHTPOJIb CTPOU-
TEJBHBIX paOOT BHITIOIHSIIOTCS B OMHOW U TOM Ke CH-
creMe oTcuera. Ecmu ncxomnast BIM-momenb (IIpoeKT)
¥ TDIOTHEIE 00JIaKa To4YeK (pe3yIbTaT MOHUTOPUHTA pa-
00T) HaxXOmSITCS B €IMHON CCTEMe KOOPAMHAT, TO K HIM
cJemyeT MIPUMEHSITh OIUH M TOT Xe METOI IIOCTPOCHUS
OKTOICPEBHEB.

Kaxmas cTpyKkTypa oKTomepeBa BBIYUCIISICTCS, Ha-
YIHAs OT OJHOTO U TOTO XK€ MCXOTHOTO Ky0a, KOTOPHIiA

SIBJIICTCST HAMMEHBIITNM KyOOM, BMEIIAIOIINM Bce 00-
nmaka. CireqoBaTeIbHO, TTOMOOHBIC STICHKN BO BCEX OK-
TOIEPEBBSIX IIPOCTPAHCTBEHHO SKBUBAJIICHTHEL. [1o3TOMY
ITOOAMHOXECTBA TOUYCK, HAXOMSIINXCS B 9TUX sTYciiKax,
TaKKe COIOCTABUMBI, TSI HAXOXKICHUS OJIMKANIIIX
TOYCK, BBIYMCIICHUS PACCTOSTHUM MEXIY TOUKaMU HE00-
XOIOWUMO U IOCTATOYHO CHENIaTh BEIOOPKY KyOOB C OMHIM
1 T€M K€ KOJIOM, TO €CTh B3SITh STYCHKI pa3HBIX 00JIAKOB,
HaXOISIINXCS B OMHUX U TeX e MPOCTPAHCTBEHHBIX
KOOpIMHATaX.

OTINYUTEIBHON OCOOEHHOCTHIO pa3paboTaHHOM
B MICCIICIOBAHNM TEXHOJIOTHUH SIBJISICTCS BO3MOXKHOCTD
BBIOOpA YPOBHSI IEeTAIM3ANN IIPU CPAaBHEHUU TLIOT-
HbIX 00J1aK0B ToueK ¢ BIM-Monenbio. Takum o6pazom,
y TIOJT30BAaTeIs TTOSBIISICTCS OILMST 3a0aTh IIPUOPUTET
OOIbIIIEelt TOUHOCTH WJIN OOJIBIIE CKOPOCTU BBIUMC-
JICHUI B 3aBUCUMOCTH OT KOHKPETHBIX ITOTPEOHOCTEH
THTIA pelracMbIX 3amad. JIJIst 3TOTo MCIOb3YIOTCS pas3-
HBIC YPOBHHM OKTOICPEBBHEB, HA KOTOPHIX IIPOBOISITCS
BRIUMCIICHNUS. YeM HIKEe YpOBEHb OKTOIEPEBHEB, TEM
BBIIIIC TOYHOCTH PACUETOB U BHIIIIE 3aTPaThl 1 HA0OOOPOT.

Mo ymomuanuio B BeO-npmoxeHnn «Cucrema
yIIpaBJICHUS MOHHTOPWUHTOM CTPOUTEIBHBIX padoT
Ha 00BEKTax, MPOIICAIINX TOCYIapCTBEHHYIO KCITep-
TH3Y» UCITOJIb3YeTCSI BOCBMOI YPOBEHD deTaTU3aIINMN.
OH OBLI oTIpenesicH 3KCIIepUMEHTAIBHO Ha OCHOBE KO-
JIMYECTBEHHBIX TAHHBIX O INTOTHOCTH U pa3Mepe 00J1aKoB
ToueK. Eciim TOYKYM TJIOTHOTO 00J1aKa HaXOmSITCS JTO-
cTatouHo najeko ot BIM-monenu (paHHuUit aTar cTpo-
WTEThCTBA, KOTZIAa TIOCTPOCHA CPABHUTEILHO HEOOIBIIIAst
YacTh 3MaHUS), TO CJIeAyeT MCIIOIh30BaTh OoJIce HU3-
KHe YPOBHU OKTOIEPEBBLEB (IEBSTHIN, NECSTHIA 1 T.1.)
¢ 0oJiee BBICOKO cTelleHblo netann3anmu. Ha Oosee
MO3IHUX dTaax MOXHO MCIMOJIb30BaTh 00Jiee HU3KUE
YPOBHU JIETaTN3alMH, YTO COKpAIIlaeT BpeMsI IIpOBeIe-
HUSI pacyeTOB U (MJIN) TIOTPECOHOCTH B BRIYMCIUTEIIBHOM
MOIITHOCTH.

B pesynbraTe 00pabOTKM IIOTHBIX 00J1aKOB TOYEK
U UX COIOCTaBJIeHUsI ¢ ucxoqHoii BIM-mopnenbio, BeO-
nmpuiaoxeHne «CucremMa yIrpaBiaeHUS MOHUTOPUHTOM
CTPOUTEIIHHBIX pabOT Ha 00BEKTAX, MPOIICAIINX TOCY-
JIapCTBEHHYIO 9KCIEPTU3Y» BBEIBOIUT TEIJIOBYIO KapTy.
OHa MoKa3kIBacT OTKIIOHEHUS (DAKTUIECKOTO COCTOSTHUS
00beKTa cTpouTelibeTBa oT BIM-Monenu (npoekTa 3aa-
Hus, coopyxeHus). [IpuMep naTEpdeiica mporpaMMbl
MoKasaH Ha puc. 2.

CrremyeT OTMETHUTh, YTO TP CPABHEHUH TUTOTHBIX 00-
J1akoB Touyek ¢ BIM-Monenbio Hy>KHO y4ecTb HOpMaJIu
ITOJIMTOHAJIEHOM CEeTKU TTociaenHeil. Hopmanp oTpaxkaeT
BHEIITHIOIO CTOPOHY ITOBEPXHOCTH TTOJIMTOHAIBHOM CETKI.
CoOOTBETCTBEHHO, BCE TOUKM, KOTOPBIC PACITOIOKCHBI
3a TTIOCKOCTBIO TEKYIIEro TPEYTroJIbHUKA TTOJIMTOHATb-
HOM CETKM, TMTOKA3BbIBAIOT ITOJIOXHUTEIBHOE OTKIIOHCHUE
ot BIM-Mopnenn (1 OKpalmBarOTCSI B KPACHBIH IIBET).
Ecnu Touka HaXoAUTCsl Ha CTOPOHE, MPOTUBOIOJIOXKHOMN
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Puc. 2. Ilpumep untepdeiica Bed-npuiroxkenns «CucreMa ynpasjieHHsI MOHUTOPUHIOM CTPOUTEIbHBIX PA0OT HA 00b-
€KTax, NpPoleIHX rocyIapCTBEHHYIO IKCepTH3Y» (CJieBa — IJIOTHOE 00JIaK0 ToYeK, cnipaBa — BIM-mozen)

HarpaBJICHIIO HOPMAJIH, TO 3TO O3HAYAeT OTPHUIIATEIIEHOE
OTKJIOHEHWE, KOTOPOE BU3YATTU3UPYETCS CHHIM IIBETOM.

[1pu aHaNMM3€e OTKIIOHEHMI HY>KHO Y4eCTh, UTO B He-
KOTOPHIX CITyJasiX HalpaBJIeHNE HOpMaJIeii MOXKeET OBITh
ncKaxkeHo. HampaBieHre HopMalieil MOXeT 3aBHUCETh
OT 0OCOOCHHOCTEH MOJIMTOHAJIBHON CETKHU, CITeU(PUKNA
TIPUMCHSIEMBIX BBIYUCIUTEIHHBIX aJITOPUTMOB U IPYTUX
¢axTopoB. Hanbosee palmoHalbHO 3agaBaTh HOPMaIn
oIpeneICHHBIM 00pa30M IIPU MPOESKTUPOBAHUU CTPO-
UTEJIBHOTO 00BEKTa, TO €CTh CTAHAAPTU3NPOBATh MX
Ha HAYaJIbHOM 3TaIre padoTHI.

Be6-npunoxenune «CucreMa ynpaBiaeHUSI MOHUTO-
PUHTOM CTPOUTEIBHBIX PAOOT Ha 00BEKTaX, IIPOIIEI -
LLIMX TOCYIapCTBEHHYIO KCIEePTU3Y», TAET BO3MOXHOCTh
TIOJTE30BATEII0 HACTPOUTH TETUIOBYIO KapTy ¢ (PUKCHPO-
BaHHBIMU gomyckaMu. [IpuMep mpeacTasieH Ha puc. 3.
Tak, yacTh n300paKeHNs, BBIACICHHAS KPaCHBIM IIBE-
TOM, O3HAYaeT ITOJIOKUTEIbHOE OTKIIOHEHNE (haKTH-
YeCKOTO COCTOSHHS 00BEKTa CTPOUTEILCTBA OT IIPO-
ekta (BIM-momemi) 6oiee 4eM Ha 5 ¢cM. B OOJIBIIIYIO
CTOPOHY. DTO MOTYT OBITh BpeMEHHBIC KOHCTPYKIINH,
3aIrachl MaTepPUaIoB M MHCTPYMEHT, pacIiOI0XECHHBIC
Ha 00BEKTE, a TAKKE OTKJIOHCHMST TeOMETPIUICCKIX T1a-
paMeTpoB OT IIPOEKTa B XOIIe CTPOUTEIHCTBA (HAIIPIMED,
OoJIBIIIast BBICOTA WJIM TOJIIIMHA CTCH, KOTOpas yKasbl-
BacT Ha Iepepacxol MaTepuaa).

CuHss 3aJIMBKa Ha puc. 3 0003HayaeT OTKJIOHEHUE
(hakTUIECKUX TTapaMeTPOB OT IMPOCKTHHIX B MEHBIITYIO
CTOPOHY, KOTHAa TeOMETPUIECCKHIE TTapaMeTPhl peajlb-
HOTO 00BEKTA ellle He MJOCTUTIIN ITPOSKTHBIX 3HAUCHMIA.
Takum o0pa3oM, pazpaboTaHHOE BEO-TIPUIOXKEHUE 1aeT
BO3MOKHOCTH BU3YAIM3MPOBATH OTKJIOHEHUST OT TIPOEKT-

HBIX 3HAYEHUI C HEOOXOIMMOU CTETIEHBIO JIeTaIN3alii
M pallMOHAJIbHBIM MCIIOJIb30BAHNEM BBIYMCIIMTEIbHBIX
MOIIIHOCTE.

3AK/IIOYEHUE

B HacTosiiee Bpemst B CTpOUTENbHYIO OTpacb A0-
BOJILHO IIMPOKO BHeApstoTcs BIM-Mmonenu B KauecTse
LM (POBLIX IBOMHUKOB 30aHUI, COOPYKEHUI1, KOTOPHIC
MO3BOJISIIOT BECTU MOHUTOPUHT pabOT B aBTOMaTU4e-
CKOM pEXVME U BbISIBISITh OTKJIOHEeHUSsI. Takasi TeXHO-
JIOTUSI UMEET OOJIbIIIME TPOU3BOICTBEHHBIE U 3 KOHOMU-
yecKue MpeuMylIecTBa, HO €€ UCIOJb30BaHUE B OMpe-
JIeJIEHHOM CTEeIeHU 3aTPYIHSETCSI HE0OOXOIUMOCTbIO
cbopa 1 00paboTKM 0OIBIINX 00BEMOB MHGpOPMALIU
(MuUIMapabl TOYEK IO pe3ysibTaTaM OJIHOTO JJa3epHOTO
CKaHUPOBAHUSA), YTO TpeOYeT OONBIINX BEIYUCIUTEIb-
HBIX MOIITHOCTEH 1 (VI ) TIPOIOJIKUATEIIHBHOTO BpEMEH.
IToaToMy HeoOxonUMO pa3padaThiBaTh POrpaMMHbBIE
pelieHus, KOTOPbIe MO3BOJISIOT MOJb30BATENIO BhIOU -
paTh pallMoHaJIbHOE COOTHOILLIEHWE CKOPOCTU U TOYHO-
CTU MOHUTOPUHIA CTPOUTEIbHBIX PAOOT B 3aBUCUMOCTH
OT KOHKPETHBIX 3a/1ay.

B ucciaenoBaHuu ObLIM UCIOJB30BaHbI JAHHbBIE KaK
Ha3eMHOT0, TaK 1 JIa3epHOTO CKAHUPOBAHUSI psiia 00b-
€KTOB CTPOUTEILCTBA, YTO MO3BOJIMJIO MOJYUYUTH TIJIOT-
Hble 00J1aKa TOYEK KaK SMIIUPUYECKYIO OCHOBY JISI
pa3paboTKU U anpobaluy TEXHOJIOTMM MOHUTOPUHTA
U1 KOHTPOJISI CTPOUTESIbHBIX pa0OT C BOBMOXXHOCTBIO BbI-
0opa ypoBHSI AeTaan3alrH.

C uenbto 06paboTK MH(MOPMALIUY UCITOJb30BaHa
METOHOJOTUSI OKTOAEPEBbEB, MO3BOJISIIONIAS CHU3UTD
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Puc. 3. IIpumep Bu3yasm3anmuu pe3yibTaTOB CpaBHEHHS IUIOTHOTO 00/1aKa Touek ¢ BIM-Mozebio B BeO-PHIIOzKEeHHN
«Cucrema ynpasjieHsi MOHUTOPHHIOM CTPOUTEJLHBIX PA0OT HA 00bEKTAX, MPOIIENINX FOCYIAPCTBEHHYIO IKCIIEPTH3Y»

MOTPEOHOCTU B BEIUMCIIUTEIBHBIX pecypcax, T.K. IpeBo-
BUIHBIC CTPYKTYPHI YCKOPSTFOT TIOMCK KOOPAMHAT TOUEK
32 CUCT UCIIOIb30BAHNS AJITOPUTMOB KIIACCOB CJIOKHOCTH
WIMHEITHOE BpeMsI» 1 < IMHEITHO-JIorapudmMmIIecKoe Bpe-
Ms». TakKe peaan30BaHO IIPOCTPAHCTBEHHOE TTOIO0ME
npoekTa B BIM-Moaenu 1 maoTHBIX 001aKOB TOUECK, M0~
JIy9aeMBbIX B XOI¢ MOHUTOPUHTA ¥ KOHTPOJISI CTPOUTETh-
HBIX paboT. B aTOM citygae MOXKHO paccMaTpuBaTh 2 Kyda
(staeiikm) n3 BIM-Momeny u ITOTHOTO 00J1aKa TOYCK,
KOTOpBIC IIPEACTABIICHEI B OMHUX 1 TeX K¢ KOOpIMHATAX.
B pa3zpaboranHoM BeO-mipuiaoxeHun «Cucrema
yIIpaBJIeHUS MOHUTOPUHTOM CTPOUTEIBHBIX paboT
Ha 00BEKTaxX, MPOIICAIINX TOCYIapCTBEHHYIO 3KCIIep-
TH3Y» peaJin30BaHa OIS BBIOOpPA TOYHOCTU ICTAJIM-
3aIIMM, KOTOPasi 3aBUCUT OT KOJMICCTBA UCITOJIB3YEeMBIX
YpOBHEM OKTomepeBheB. [10 yMOTIaHNIO YCTaHOBIICH
BOCBMOM YPOBEHbB, HO IIPM HEOOXOAMMOCTH, Ha 0ojee
paHHUX 3TaIlaX CTPOUTEIHCTBA C OONBIIUMU OTIMIUSIMU
TCOMETPUIECCKUX ITapaMeTPOB OT IMIPOCKTHBIX, MOXHO
BBIOpATH IEBSITHIN, MECITHIN M OoJiee HU3KUE YPOBHM.
3areM KOJIMYECTBO YPOBHEH pallmOHAIBHO COKPAIaTh,
YTO SKOHOMUT BPEMsI M BEIYUCIUTEIIBHBIC PECYPCHI.

CIINCOK NCTOYHUKOB

B xome nccirenoBaHMs YCTAaHOBIICH M IIPOaHATIM3UPO-
BaH PMCK HEKOPPEKTHOI MHTEPIIpETAINY MH(MOPMAIIN
MpU CpaBHEHUU TUIOTHOTO 00s1aKka Touek ¢ BIM-monensio
BCJICACTBYE MCKAKeHNST HarpaBieHns: HopMateit. [Toato-
My LI€JIECO00Pa3HO PEKOMEHIOBATh CTAHIAPTU3UPOBATh
HaITpaBJICHHS HOpMaJIe TIpH pa3paboTKe CTPOUTEITEHOTO
IIPOEKTa, TO €CTh Ha HAYaJIbHOM 3Tarle.

ITocne 06pabOTKM IJIOTHBIX 00JIAKOB TOUEK B BEO-
mpuiIoXeHnn «CucTemMa yIpaBIeHNsI MOHUTOPUHTOM
CTPOUTEIIHHBIX pabOT Ha 00BEKTAX, MPOIICAIINX TOCY-
JMAPCTBEHHYIO 9KCIIEPTU3Y» TTOJIOKUTEIBHBIC U OTPUIIA-
TeTbHBIC OTKIIOHCHMS TeOMETPUICCKIX ITApaMETPOB pa-
00T OT ITPOEKTHEIX BU3YATN3UPYIOTCS IIBeTOM. KpacHBrIit
IIBET O3HAYACT ITOJIOKUTEIIbHBIC OTKIOHECHMUSI, BBHIXO
TeOMETPUUYCCKIUX TTapaMEeTPOB 3a IMIPOCKTHBIC 3HAUCHUS.
CUHUM LIBETOM BU3YaIIM3UPYIOTCSI OTPUIIATSIIHHBIC OT-
KJIOHEHMS. DTO TaeT BO3MOXHOCTD ITOJIb30BaTEIISIM Be-
CTH aBTOMATU3MPOBAHHBIN OTIePaTUBHBINT MOHUTOPUHT
XOIa CTPOUTEIIHHEIX padOT, COCTOSTHUSI OOBEKTOB CTPO-
HTEILCTBA C BLIOOPOM HEOOXOIMMOTO YPOBHS TOYHOCTH
U pallMOHAJIbHBIM MCITOJIb30BAHUEM BbIUMCIUTEIbHBIX
pecypcoB.
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Production of polycrystalline silicon by chlorination
from rice husk and purification of chlorine-containing gases
by adsorption method
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ABSTRACT: Introduction. In the article we analysed the technology for producing silicon from rice husks. The analysis showed
that the production of polycrystalline and amorphous silicon based on rice waste in the form of rice husk solves the simultane-
ous disposal of rice waste. Rice husk processing produces valuable organic products, and the residual solid waste mainly contains
silicon, carbon and other trace metal elements. Therefore, obtaining silicon and silicon-containing materials from rice husk is
relevant. Methods and materials. Various methods for obtaining silicon from rice husk are given. Among them, the methods of
chlorination and sublimation were chosen, and experimental installations were assembled to conduct the experiment. The object
of study was samples obtained from rice husks of Uzgen rice in the Kyrgyz Republic. Results. The composition and structure of rice
husks for the production of crystalline silicon were studied. Lime milk was used to purify toxic chlorine-containing gases in the air
of the working area and atmospheric air. The condensing system, designed to capture volatile chlorides, has two receivers. In the
first receiver at a temperature of 60°C, condensation of iron, aluminum and magnesium chlorides occurs. It has been established
that highly volatile silicon (V) chloride (SiCl,) at a given temperature remains in the gaseous phase and is completely distilled off in
the next receiver of the refrigerator. This indicates that the silicon is in the form of SiCl, (60°C) and condenses only at a lower tem-
perature in the next receiver. The data obtained indicate that when the temperature rises to 200°C, the process of chlorination of
metal compounds initiates. The optimal conditions for maximum extraction of metals and silicon tetrachloride from rice husk were
identified: temperature 500-550°C and time 120 minutes. Non-volatile chlorides of calcium, sodium, potassium and other elements
form a floating mixture at 450°C. During the reaction, metal chlorides harden and settle on the cold walls of the reactor. Therefore,
at this temperature there is not enough heat to maintain them in a gaseous state, and they condense to form solid precipitates.
Lime milk containing CaO - 130 g/dm?is a very effective and cheap means for purifying toxic chlorine-containing gases in the air
of the working area and atmospheric air. At high temperatures (1050-1100°C), it is possible to activate chemical reactions between
the carrier gas (hydrogen) and silicon chloride (SiCl,), which promotes the decomposition of SiCl, into components, including
silicon and hydrogen chloride, and also provides certain conditions for the formation and deposition silicon crystals. Conclusion.
A technology for producing polycrystalline silicon by chlorination from rice husks of Uzgen rice of the Kyrgyz Republic has been
studied and developed.

KEYWORDS: crystalline silicon, rice husk, chlorination, macroelements, purification, sublimation, carrier, chlorination rate, semi-
conductor, milk of lime, adsorption, kinetics.

FOR CITATION: Aidaraliev ZK., Rysbaeva I.A., Bekbolot kyzy B., Chimchikova M.K., Rashid kyzy B. Production of polycrystalline silicon
by chlorination from rice husk and purification of chlorine-containing gases by adsorption method. Nanotechnologies in Construc-
tion. 2023; 15(6): 592-601. https://doi.org/10.15828/2075-8545-2023-15-6-592-601. — EDN: SAVFFB.

INTRODUCTION electrical, anti-corrosion; due to this, it is increasingly
being introduced into technology. To date, silicon has

S ilicon and its compounds are a material that hasan  been successfully used in a large number of semiconduc-
extremely wide range of useful properties: electronic, tor devices, such as thermistors, penzodensors, photore-
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sistors and photocells for recording ultraviolet radiation,
etc. [1].

One of the options for the production technology of
polycrystalline silicon is presented in the reference [2],
where a heat balance analysis was performed. As a result,
it was concluded that the main parameter affecting the
temperature in the reactor is the wall temperature.

An analysis of existing technological schemes for pro-
ducing silicon for photoelectric converters (PVCs) was
carried out. The results of an experiment to increase the
efficiency of silicon-based elements are presented; as a
result of research by the authors [3], it was found that
increasing the efficiency of solar cells is possible due to the
predominant use of silicon single crystals with a complex
of new properties.

The article [4] shows the results of a porous silicon
study obtained from various types of silicon-containing
plant raw materials by the method of magnesium-thermal
reduction of silicon dioxide at a temperature of 650°C in
an argon atmosphere.

A literature review on the utilization of rice husks
inorganic portions revealed a significant increase in
the number of publications on this topic over the past
20 years. This growth is associated with the undisputed
leadership of rice as the leading grain crop and an in-
crease in the volume of waste generated during its pro-
cessing. However, these wastes cannot always be effec-
tively used as complete feed, fertilizer or fuel sources.
Thus, researchers are now increasingly looking for new
methods for recycling the inorganic portion of rice
husks. One of the interesting directions was the study
of the silicon carbide producing possibility from these
materials. Silicon carbide has a wide range of applica-
tions, especially as a raw material for the production of
ceramics and new generation refractories [5].

A new and promising source of raw material for the
production of silicon and its carbide is rice husk, which
contains, along with the organic part, silicon oxide with
a mass content of 93%. In [6], a technological scheme for
processing rice husks was developed, aimed at obtaining
products: amorphous silicon dioxide, cellulose fibrous
residue, and the possibility of extracting alkali lignin. The
estimated level of profitability of the proposed technol-
ogy is 30%.

Work [7] presents the results of a study of heat treat-
ment of rice husk samples. During this work, heat treat-
ment was carried out at various temperatures, as well as
treatment with hydrochloric acid. The results obtained
made it possible to identify the main relationships between
the heat treatment process and the characteristics of the
samples under study.

To select optimal conditions for preliminary heat
treatment, a study was carried out on the firing process
at the temperature range from 20 to 500°C of starting ma-
terials [8]. It is important to note that a certain amount of

active carbon is retained in the material. According to the
literature, chlorination in the presence of reducing agents
such as coal has long attracted the attention of researchers.

The works [9, 10] determined the optimal conditions
for silicon chlorination, the degree of chlorination de-
pending on temperature, time, chlorine supply rate and
degree of grinding of the starting material, etc.

There are different opinions regarding the mechanism
of the chlorination reaction, especially the interaction
with reducing agents. Some researchers suggest that the
initially introduced reducing agents react with the oxides,
reducing them to a state of lower valence or even to a me-
tallic state. The resulting reaction products then react with
chlorine. Other authors believe that chlorine reacts with
oxides, displacing oxygen from compounds. In this case,
the role of the reducing agent is reduced to binding the
released oxygen and removing it from the reaction area.

Rice husk, unlike mineral silicon-containing raw ma-
terials, has a stable composition and low content of heavy
metals, which is very important for the synthesis of solar
silicon. The ability to be used as a raw material to produce
silicon that is purer than that obtained from minerals has
made rice husk an attractive natural raw material. In ad-
dition, rice husks are a source of cellulose and lignin. Cel-
lulose obtained from rice husk can be used as a substrate
for nanomodified dressings and medical preparations with
reduced toxicity and high prolongation [11].

Silicon dioxide and silica from rice husks are of par-
ticular interest as components for producing adsorbents
based on them. The chemical stability of these objects,
high thermal stability, and the ability to regulate the po-
rosity of the structure provide prospects for creating ad-
sorbents and carriers with a high specific surface area
based on them [12].

The problem of obtaining silicon with the complex
processing of rice husks indeed remains poorly studied.
In this regard, the main goal of our research was to obtain
polycrystalline silicon from rice husk, which is a waste
product from rice production.

METHODS AND MATERIALS

The iodide method of obtaining pure metals, widely
used in technology, is used to isolate the purest silicon.
It is based on a reversible reaction [10]:

Si +2J,« SiCl,.

The equilibrium of this reaction in the temperature
range 750—850°C is almost completely shifted towards
the formation of tetraiodide; at temperatures around
1000—1200°C, thermal dissociation of SiJ, occurs. The
production of metal titanium, niobium, tantalum, zirco-
nium, hafnium, rare earth metals, germanium, and silicon
is based on the use of chlorine gas [13].
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CH,CI+Si

CH,SICl,
Methyltrichlorsilane
(boiling temp. 66 °C)

(CH,),SiCl,

(boiling temp. 70 °C)

Dichlorodimethylsilane

(CH,),SiCl
Chlorotrimethylsilane
(boiling temp. 58 °C)

(CH,),Si
Tetramethylsilane
(boiling temp. 26 °C)

Fig. 1. Alkylchlorosilane derivatives with various boiling temperatures

According to V.I. Stytsin, the acceleration of the chlo-
rination process in the presence of coal is because of car-
bon doubles one of the reaction products with chlorine,
which, in turn, continuously shifts the equilibrium of the
reaction.

As noted by N.I. Timokhina, coal in a reaction of
this type acts together with chlorine and reaction prod-
ucts, as an active principle capable of chlorinating oxides,
salts and minerals. These active reagents include carbon
tetrachloride, which is Morozov’s extremely active chlo-
rinating agent:

Cl,+ CO = COCl,;
COCI, + Me,0, = MeCl, + CO,;
CO, +C=CO0+ CO.

Recently, the chlorine method has been widely used
in non-ferrous metallurgy to extract rare and trace ele-
ments, including gold and silver. The chlorine method is
especially effective for opening refractory ores in which
gold and silver are in a finely dispersed condition [14].

In industry, at temperatures from 300 to 850°C, alkyl-
chlorosilanes are obtained by treating a mixture of silicon
and copper which is acting as a catalyst (Fig. 1).

The process of trichlorosilane reduction with hydro-
gen occurs at a temperature of 1000—1100°C [15]:

SiHCI, + H, = Si + 3HCI.

The chloride sublimation method was used to isolate
pure components from mixtures by separating and con-
densing volatile chloride compounds (Fig. 2).

The remained amorphous silicon is dried and further
used to obtain crystalline silicon. To obtain it, it is nec-

[ N o N o B S

Fig. 2. Chloride sublimation: 1 — reactor (quartz tube),
2 — condenser, 3 — refrigerator, 4 — receiver,
5 — calcium chloride tube

essary to use the most effective gas flow method using
SiCl,, the vapors of which are transferred by hydrogen
or argon (hydrogen was obtained using a Kipp apparatus
using the reaction: Zn + HCl = ZnCl, + H,*) as shown
in Figure 3.

5
] —/i
/-|4|—’2‘—’3

T\ /o

— 6 |

Fig. 3. Hardware and technological diagram of a labora-
tory installation for deep purification and crystallization
of silicon: 1 — gas carrier; 2 — substance to be purified;
3 — purified substance; 4 — transport substance (SiCl,);
5 — electric furnaces; 6 — Migunov aspirator
(compressor)

During the extraction of metals and purification
of semiconductor elements, a certain amount of toxic
chlorine-containing gases is released. Therefore, we in-
vestigated the sorption capacity of calcium hydroxide
(Ca(OH),) when washing chlorine-containing gases and
in a laboratory installation for cleaning silicon.

The hardware and technological diagram of the
laboratory installation (Fig. 4) includes an absorption
tube 6, 7, which is a cylindrical glass vessel. This vessel
is equipped with a porous gas-permeable partition in the
lower part, which creates conditions for the uniform dis-
tribution of the chlorine gas mixture entering through the
tubes into the bottom of the absorption tube.

The supply of gas from below ensures intensive mixing
of the calcium hydroxide, preventing separation of the
suspension during the experiment.

Chlorine-containing gases come from a reactor in
which semiconductor elements are purified from metals.

For the quantitative analysis of active chlorine dur-
ing the purification of chlorine-containing gases using
calcium hydroxide and its saturated solution Ca(OH)a,
titrimetric, gravimetric methods and express analysis us-
ing UG-2 (universal gas analyzer) were used.
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Fig. 4. Hardware and technological diagram of a laboratory installation for determining the sorption capacity of an
absorption liquid: 1 — pipe for air intake; 2 — container with carbon tetrachloride; 3 — tube furnace; 4 — reactor with
sample; 5 — pipe; 6-7 — absorbers with calcium hydroxide; 8 — Migunov aspirator

The ampoule method can also be used to clean sili-
con. In this method, 3—4 grams of silicon are placed in
ampoules, which are filled with chlorine. Then 1—2 drops
of SiCl, or a small amount of water crystals are introduced
into the ampoule. The end of the ampoule with silicon is
heated to 1100°C. At this temperature, a reaction occurs
between SiCl, and silicon:

SiCl, + Si« 2SiCl,.

When the temperature decreases to 900°C, SiCl, dis-
proportionates:

28iClL, « Si + SiCl,.
When an ampoule with a lower temperature is used,

the rate of silicon transport slows down significantly, and
the purification process takes several hours [16].

Scanning electron microscopy of all samples was car-
ried out using the following shooting parameters: accel-
erating voltage is 15 keV, working distance is =10 mm.

All samples were secured with double-sided carbon
tape. All measurements were carried out in high vacuum
mode 1073 Pa, samples surface Images were obtained.

RESULTS

The composition and structure of rice husk ash from
Uzgen rice is shown in Fig. 5 and 6.

The process of low-temperature chlorination is based
on a reaction in which oxide forms of metals react with a
gas mixture of chlorine and phosgene vapor (COCl,). In
the presence of chlorine, metal oxide compounds in the
gas mixture undergo an exchange reaction; silicon chloride
and chlorides of macroelements (Al, Fe, Ca, Mg, K, Na)
are formed in the areas of the raw material under study:

1.5 5

1.2 H

0.9 —+

Kcnt

1,00 2,00 3,00 4,00

1 Ll - II
5,00 6,00 7,00 8,00 9,00 10,00

Fig. 5. EDS spectrum of rice husk ash samples

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
592-601

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

RESEARCH RESULTS OF SCIENTISTS AND SPECIALISTS

Fig. 6. Electronic photograph of the rice husk ash

1. 2K,0 + COCI, + 2HCI = 4KCl + CO, + H,0;
2. 2Na,0 + COCI, + 2HCI = 4NaCl + CO, + H,0;
3.2MgO + COCI, + 2HCl = 2MgCl, + CO, + H,0;
4.2Ca0 + COCI, + 2HCI = 2CaCl, + CO, + H,0;

5. Fe,0, + 2COCI, + 2HCI = 2FeCl, + 2CO, + H,0;
6. ALO, + 2COCIL, + 2HCI = 2AICI, + CO, + H,0;

7.8i0, + COCL, + 2HCI = SiCl, + CO, + H,0.

These reactions demonstrate the process of chlorina-
tion of metal oxide forms in the presence of COCI, and
HCIL. In this case, volatile chlorides (MgCl,, FeCl,, AICl,)
are formed, which condense in the cold part of the reac-
tor. Non-volatile chlorides of calcium (CaCl,), sodium
(NaCl) and potassium (KCI) have a higher melting point.
This means they form a melting mixture at 490°C and the
remainder of the process can be processed and valuable
products recovered.

The residue after chlorination, containing illiquid
chlorides and other reaction products, is leached with
water. During leaching, calcium chlorides and alkali metal
chlorides go into solution. Liquid silicon tetrachloride
(SiCl,) and its vapor are cooled in a refrigerator and col-
lected in a receiver.

Thorough purification of silicon by the diffusion-
transport method was carried out by heating it in SiCl,
vapor and the minimum operating temperature was 850—
900°C. At higher temperatures, a significant portion of
the processed silicon could interact with its tetrachloride
and be transferred as a result of the reaction to the cold
walls of the tube.

During such purification, there is a significant reduc-
tion in the aluminum content in aluminothermic silicon,
as well as zinc in silicon obtained by reduction with zinc:

2Zn + SiCl, © 2ZnCl, + Si.

The most effective is the gas method using SiCl,, the
vapors of which are carried by hydrogen or argon. In this

case, the carrier gas (Ar, H,) must be slowly pumped
through the SiCl, to avoid SiCl, vapors slipping through
the silicon being purified.

However, this method has a drawback: during the dis-
proportionation reaction of SiCl,, SiCl, is again formed
according to the following reaction:

2SiCl, © Si + SiCl,.

This may reduce the effectiveness of the method, since
SiCl, will be returned to the purification process. The
amount of non-chlorinated part of the original sample is
determined. This residue was analyzed for the following
elements: calcium, sodium, potassium, iron, aluminum,
magnesium and silicon. The composition of the resi-
due was then analyzed and the overall recovery of these
components as a result of the chlorination process was
calculated. The results of the experiments are shown in
Table 1-3.

Table 1
Effect of temperature on the degree of chlorination
of metal oxides and silicon

Elements TGS Sublima- | Residues,
compounds temp(:glture, tion, % %
Fe O, 350 99.9 0.1
SiO, 360 99.8 0.2
ALO, 380 97.9 2.1
Na,O 450 - 100
K,0 450 0.1 99.9
CaO 450 - 100
MgO 520 82.5 17.5
Table 2

Effect of time on the degree of chlorination of metal ox-
ides and silicon

Elements | Chlorination | Sublima- Residues,
compounds | time, min tion, % %
Fe,O, 0.1 99.9
SiO, — 100
ALO, 0.2 99.8
Na,O 120 — 100
K,0 — 100
CaO — 100
MgO 0.5 99.5
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Table 3

The influence of chlorine supply rate on the degree of chlorination of silicon oxide and the production of silicon (IV)

chloride

Chlorine

Experiment No. consumption g/hour

Sublimation, %

Residue, %

1 12 SiCl, 96.4 SiO, 3.6

2 24 SiCl, 99.8 SiO, 0.2

3 36 SiCl, 100 SiO, —
In the course of experimental studies, we found that DISCUSSION

during the recovery of rice husk ash, it is divided into
silicon tetrachloride and metal chlorides (Al, Fe, Ca, Mg,
K, Na). It has also been found that the reduction reaction
is highly dependent on several parameters such as coal
content, temperature, time and chlorine feed rate, and
these factors have a significant impact on the recovery
rate of the feedstock [13, 17].

The resulting highly volatile silicon chlorides SiCl,
in the liquid state were condensed in a receiver with
a temperature of 60°C. Volatile metal chlorides (Al, Fe,
Mg) sublimed and condensed in the wide part of the
condenser, and non-volatile calcium, sodium, and po-
tassium chlorides formed a melting mixture at a temper-
ature of 450°C in the reactor. At the end of the reaction,
non-volatile chlorides were removed from the reaction
zone by aqueous treatment and obtained in the form
of a melt.

The results of metals (Fe, Al, Mg, Ca, Na, K) and
silicon chlorination in a chlorine gas mixture of carbon
tetrachloride and air depending on temperature and time
are shown in Figures 7 and 8 [13, 17].

Iron chlorination begins with the formation of volatile
chlorides at a temperature of 350°C. At these temperature,
aluminum and magnesium do not sublimate. Aluminum
is chlorinated and sublimated at a temperature of 380°C,
magnesium at a temperature of 520°C, and silicon at
a temperature of 360°C. The degree of chlorination of
iron, aluminum, magnesium and silicon increases greatly
with increasing temperature, at a temperature of 550°C
and amounts t0 99.9%, 97.9%, 82.5% and 99.9%, respec-
tively. To reduce silicon (IV) chloride at a temperature
of 950—1000°C, it is necessary to carry out the following
reactions:

1. 2Zn + SiCl, » 2ZnCl, + Si;
2. 2Mg + SiCl, - 2MgCl, + Si.

In these reactions, metals are removed in the form
of volatile chloride and deposited on the cold walls of
the reactor, while amorphous silicon remains in the
elevated temperature zone of the reactor. The remain-

100

Amount after purification, %
(4]
o

100 200 300 400 500 600
Temperature, °C

X 1]
c
kel
g
é I- F6203
- i -SiOp
= 0 -Al203
< v - MgO
o
£
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Fig. 7. Chlorination of metals and silicon depending
on the temperature

Fig. 8. Chlorination of metals and silicon depending
on time
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ing silicon after reduction is leached with hot distilled
water, and metal chlorides pass into the solution during
leaching.

Amorphous silicon is placed in the first compartment
of the installation. We slowly pass the carrier gas (H,)
through liquid SiCl, so that there is no leakage of SiCl,
vapor through the silicon being purified. We heat the elec-
tric furnace to up 1050—1100°C.

SiHCI, + SiCl, + HCI;
SiCL, + H, « SiH,CL;
SiH,Cl, « Si + 2HCI;
2SiCl, < Si + SiCl,;

SiCl, + H, < SiHCL, + HCL.

The overall equation for the main reactions is:

SiCl, + H, = SiHCI, + HC;
SiHCI, + H, = Si + 3HCL.

Exothermic reactions are characterized by the
movement of a substance flow from a zone with a high-
er temperature (T2) to a zone with a lower temperature
(T1), where T2 > T1. In the case of endothermic reac-
tions, the reverse movement is observed: the flow of
substance goes from a zone with a lower temperature
(T1) to a zone with a higher temperature (T2), where
T2 > TI.

When carrying out the reactions, by-products of tri-
chlorosilane, polysilane, and chlorides are formed. Let’s
consider methods for purifying silicon chlorides with silica
gel and a 30% solution of potassium hydroxide.

In addition to the gas flow method, the silicon pu-
rification process is also performed using the diffusion-
transport method, which involves heating silicon in SiCl,
vapor. In this method, the cleaning temperature is main-
tained in the range of 830—900°C.

Given the higher temperature, a significant propor-
tion of silicon interacts with silicon tetrachloride and is
transferred through a transport reaction to the cold part
of the wall of the tubular reactor.

To purify chlorine-containing gases, calcium hydrox-
ide with a CaO content of 130 g/dm? was used as an ad-
sorbent in one series of experiments; in another series,
lime water was used (saturated solution of Ca(OH), of
1.4 g/dm?). In each experiment of one series, the initial
chemical capacity of the absorption liquid remained con-
stant. The initial CaClz content in the absorption liquid
varied from 0 to 335 g/dm’. This range of CaCl, con-
centration changes corresponds to the values that have
been previously established by numerous studies for the
change in CaCl, concentration in circulating lime milk
in a laboratory gas treatment.

The formation of CaCl, occurs through chemisorption
of gases HCl and Cl,:

Cl, + H,0 = HCI + HCIO;
2HCI + Ca(OH), = CaCl, + 2H,0.

The experimental results are presented in Figure 9 in
the form of the dependence of the concentration of cal-
cium hydroxide (curves 1, 2) and lime water (curve 3) on
the initial content of CaCl, in them, which characterizes
their sorption capacity for chlorine. Curve 1 corresponds
to the appearance of traces of Cl, breakthrough, curve 2
to the complete absorption of bubbled Cl,.

(a2} \
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?\B 50 K \\
c |
& 40 =
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CaCl, concentration, g/dm?

Fig. 9. Dependence of the sorption capacity of calcium
hydroxide on the initial content of calcium chloride in
them: 1 — traces of chlorine leakage through the volume
of calcium hydroxide; 2 — complete (100%) capture of
chlorine by calcium hydroxide; 3 — traces of chlorine
breakthrough through the volume of calcium hydroxide

Above curve 1 there is an area in which gas purifica-
tion to sanitary standards is not ensured, below curve 2
there is an area of complete purification (100%) of the
chlorine gas mixture. Based on the results of a series of
experiments with calcium hydroxide, curve 3, similar to
curve 1, was obtained.

Analysis of these data allows us to conclude that with
an increase in the initial content of CaClz, the amount
of Cl: that can absorb calcium hydroxide significantly
decreases, while maintaining the ability to purify the chlo-
rine-gas mixture to sanitary standards (curve 2). For ex-
ample, the amount of Cl, decreases from 57 g/dm? (in the
absence of CaCl,) to 22 g/dm* (with 335 g/dm* CaCl,).
There is also a noticeable decrease in the Cl, content to
traces of breakthrough (curve 1) at the outlet of the reac-
tor — from 65 g/dm? (in the absence of CaCl,) to 28 g/dm*
(at 335 g/dm’ CaCl,). For lime water, the corresponding
values are 2.8 g/dm? and 0.8 g/dm?, respectively.

The general technological scheme for obtaining crys-
talline silicon from rice husk is shown in Figure 10.

The chemical composition of rice husks before and
after chemical treatments shown in Table 4.

http://nanobuild.ru 598

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
592-601

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuild.

RESEARCH RESULTS OF SCIENTISTS AND SPECIALISTS

v

A 4
o))

1 > 2 >

3t 4,
200-55C

A 4

o 7

CCly#+H,O0— COCI +HCI

SiCls+H,0 = SiHCIz+HCIt
SiHCIg+H,= Si+3HCIt

Si0,+2COCI+HCI= SiCLf +HCI+2C0;
2NeO+CaCl#2HCI= 2NeCl+CO,+H,0|

#\. 9 —* M

2HCI+Ca(OH), =
CaCl, | +2H,0

=
8

Cly

ny
1050-1100°C

|2HCI+Zn=ZnCl+Hy|

h 4
—_
o

1 purification option

P

2" pyrification option

Si—OHCI
ol
Si—OHCI

[ I
—Sli-H+KOH—*—S‘i—OK+H2T

- Si—

S§i—o H
e N
O\Si o/ Si \H-ﬁzHCI I*

Fig. 10. General technological scheme for obtaining crystalline silicon from rice husks: 1 — mechanical cleaning

and washing of rice husks; 2 — drying rice husk; 3 — roasting rice husks; 4 — tubular furnace for chlorination of rice
husk ash; 5 — container for carbon tetrachloride; 6 — mini compressor for blowing carbon tetrachloride (SiCl,);

7 — adsorption column for purification of chlorine-containing gases with Ca(OH), solution (plumbing unit);

9 — electric furnace for deep purification of silicon and production of crystalline silicon; 10 — instrumentation
apparatus for hydrogen production; 11 — column for purification of by-products (silica gel, KOH, HCI)

Table 4
Chemical composition of rice husk
Metall compounds SiO, K,0 Na,O CaO MgO Fe O, ALO,
Rice husk before treatment 30 0.18 0.12 0.32 0.2 0.5 0.5
Metals Si K Na Ca Mg Fe Al
Rice husk after treatment 99.65 0.02 0.04 0.12 0.11 0.04 0.02

CONCLUSION

1. The composition and structure of rice husk ash was
studied to obtain polycrystalline silicon. It has been es-
tablished that the supply rate of the chlorine gas mixture
(phosgene and hydrogen chloride) for the chlorination of
metal oxides is 2.5 cm?/min at various temperature ranges
(200, 300, 400, 550°C).

2. It was discovered that during this process toxic
chlorine-containing gases with a characteristic fishy
odor are released in the air of the working area and
atmospheric air, exceeding the maximum permissible
concentration (MPC). If the salt content in lime milk
is more than 355 g/dm?, it is necessary to replace the
solution for purifying technical gases. Therefore, lime
milk with a CaO content of 130 g/dm? is an effective
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and economical means for purifying toxic chlorine- 3. A technological scheme for producing polycrystal-
containing gases in the working area and atmospheric  line silicon from rice husks using the chlorination method
air. has been developed.
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MonyuyeHne NONNKPUCTANNINYECKOTO KPeMHMNA
XJIOpVpOBaHNeM N3 PUCOBOI LLUETYXWN N OUNCTKIN
XnopcogepKawmx rasoB agcopoLMOHHbIM METO[0M

’Kan6onot KaukbiH6aeBuy Aiigapanue' (=), Umuitna AKumKaHoBHa Pbic6aeBa’ (°), BakTbiryn bek6onor Kbisbi? (),
Maiipam Kamun6ekoBHa Ynmumkosa' (°), Bypynua Pawmupg Kbisbi®

! KbIprbi3CKUid FOCyAapCTBEHHDBIN TEXHUYECKUA yHuBepcmTeT nM. U. Paz3akoBa, bulikek, Keiproidckaa Pecrny6nvika
2 Kbiprbi3naTeHT, buwikek, Koiproisckasa Pecny6nvka
3 OwcKni rocyfapcTBeHHbIn yHuBepcnTeT, Ow, Kbiprbidckas Pecny6nuka

* ABTOp, OTBETCTBEHHBIN 3a Nepenuncky: e-mail: janlem@mail.ru

AHHOTALINA: BBepeHune. Bo BBeaeHNN NpuBEAEH aHaM3 TEXHONOTMM NOJTyYeHNA KPEMHUA 13 PUCOBON LWenyxu. AHanu3 no-
Kasas, uYTo MonyyeHre NoNKPUCTAINYECKOro 1 aMOPGHOro KPEMHKA Ha OCHOBE OTXOLOB Prica B BUE PUCOBOWA LWENYXU peLuaeT
O[HOBPEMEHHO YTUM3aLIMUN PUCOBbIX OTXOLOB. B x0fe nepepaboTKy pUCOBON LLENyXy NOMYYatoT LieHHble OpraHnyeckre npoayK-
Tbl, KPOME TOro, OCTaTOUHbIE TBEPAble OTXOAbl, B OCHOBHOM, COAep»KaT KPeMHWI, YINepoa 1 Apyrie MUKPOSNIeMeHTbl MeTaslIoB.
MosTomMy nonyuyeHre KpeMHMA 1 KPEMHUNCOAEPXKALLMX MaTepPUasnioB 13 PUCOBON LIeNyxu akTyanbHo. MeTtoabl n MaTepuanbl.
MpviBeaeHbl pas3nnyHble MeTOAbI NMOYUYeHVA KPEMHUA 13 pUCOBON wenyxu. Cpeamn HUX 6binn BbiGpaHbl METOAbI XJIOPUPOBaHNA
1 BO3rOHKMU, ANA NPOBEAEHNA dKCNeprIMeHTa cobpaHbl SKCNeprMeHTanbHble yCTaHOBKM. B KauecTBe 06beKTa nccnefoBaHns B3s-
Tbl 06pa3Lbl, MOyUYEeHHbIe U3 PYICOBON LUENTyX y3reHCcKoro puca B Kbiprbisckoi Pecnybnuku. Pesynbratbl. VccnegoBaHbl cocTas
N CTPYKTypa pVYCOBOW LLENYXMN ANA MOSTyYeHNA KPUCTaNNIMYECKOro KpemMHMA. 1A OUMCTKM TOKCUYECKUX XNOPCOAep aLlmx ra3os
B BO3Ayxe paboyeli 30Hbl U aTMOCHEPHOM BO3AyXe OblSI0 NCMONb30BaHO M3BECTKOBOE MOJIOKO. B KOHAEHCALMOHHON crcTeMe,
npepHasHauYeHHOW ANA ynaBnBaHUA NIETYUYNX XJIOPUAOB, eCTb ABa NPUemMHKKa. B nepBom nprnemHuke npu temnepatype 60°C
MPOVCXOANT KOHAGHCALWA XJIOPUAOB XeNe3a, aNtloMMHIA 1 MarHus. YCTaHOBIEHO, YTO flerkoneTyunii xnopug kpemuua (V) (SiCl)
npwv faHHOW TemMnepaType ocTaeTcsA B ra3006pa3Hoi dase 1 NMofHOCTbIO OTFOHAETCA B CliefytoleM NPrYeMHIKE XONOANIbHIKA.
370 yKa3sbiBaeT Ha TO, uTo KpemHuin B Buge SiCl, (60°C) n KoHAEHCMPYyeTCA TONbKO Npu 6onee HU3KO TemnepaType B CriedyioLem
nprieMHuke. lNonyyeHHble AaHHble CBMAETENbCTBYIOT, MPY NOBbILWEHWY TemnepaTypbl Ao 200°C NponcxoanT NHMLMaLKMA npoLecca
XNOPUPOBAHNA COEAUHEHNIN MeTasIIoB. BbifABNEHbl ONTUManbHble YyCNoBUA A1 MaKCUManbHOrO 13BJIeYEHUA METaJIIOB, BbIAACHe-
HO, UTO AN1A TeTpaxJIopuAa KPEMHNA 13 PUCOBOW LIENYXM UMK ABAAIOTCA TemnepaTypa 500-550°C n Bpema 120 MuH. HeneTtyune
Xnopuibl Kanbums, HaTPUA, Kanna 1 Apyrux snemeHToB npu 450°C 06pasyloT nnagatolLLyo cmechb. B npouecce peakumm xnopugbl
MeTasJIoB TBEPAEIOT 1 OCEAAIOT Ha XONTIOAHbIX CTeHKax peakTopa. CnefoBaTenbHO, MUY 3TOW TeMnepaType HeJoCTaTOYHO Tenna
AJ1A NOAAEPXKaHNA VX B ra3000pa3HOM COCTOAHUN, Y OHV KOHAEHCUPYIOTCA, 06pa3ys TBepAble 0cafiKu. MI3BeCTKOBOE MOJIOKO C CO-
aepxaHvem CaO - 130 r/gm? aBnAeTca oueHb SPHeKTUBHBIM U JelleBbiM CPeACTBOM AJ1A OUMCTKY TOKCMYECKNX XII0PCoAepKaLLmxX
rasoB B BO3yxe paboueii 30Hbl 1 aTMochepHOoM Bo3ayxe. [pu Bbicokmx Temnepatypax (1050-1100°C) BO3MOXHO aKTUBUPOBaHME
XVIMUYECKMX PeaKLnii MeX/y ra3oM-nepeHoCUYnKoM (BOAOPOAOM) 1 Xlopuaom KpemHua (SiCl,), uTo cnocobCTByeT pasnoxeHuio
SiCl, Ha KOMMOHEHTBI, BKJIIOYasA KPEMHUI 1 XJTOpYA BOAOPOAA, a Takke obecrneunsaeT onpeaesieHHble yCioBuaA A5ia 06pa3oBaHus
1 OTNIOXKEHMWA KPUCTANNIOB KpeMHUA. 3aKtoueHme. ViccnenoBaHa 1 pa3paboTaHa TeXHONO WA NOyYeHNA NONMKPUCTANIINYECKOro
KPeMHUA METOIOM XJTOPVPOBAHUA U3 PUCOBOWA LLENYXW y3reHCKoro puca Koiproickoid Pecny6nmku.

KJTIOYEBbBIE CJIOBA: KpucTannnyeckuin KpemHui, prcoBas LLenyxa, XJIopupoBaHue, Makpo3JieMeHTbl, OUUCTKa, Cybnmauus,
HoCUTESb, CKOPOCTb XJIOPUPOBAHKSA, MOMYNPOBOLHUK, M3BECTKOBOE MOJIOKO, aicopOLus, KUHETMKA.

ONA UNTUPOBAHUA: Aiipapanues X.K., PoicbaeBa U.A., Bek6onoT Kbi3bl b., Yumunkosa M.K., Pawng kbi3bl b. MonyyeHune nonvkpu-
CTaNINYECKOro KPeMHIA XJIOPUPOBaHEM 13 PUCOBOWA LLENTYXUN 1 OYUCTKM XJIOPCOAEP»KaLLUX ra30B aAcopOLMOHHBIM MeTofoM //
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BBEJEHUE

PEMHMIA 11 €TO COCTMHEHMS SIBJISIIOTCS] MaTepraIaMiu

C IIMPOKUM CITEKTPOM ITOJIE3HBIX CBOMCTB, BKITIO-
qas 3JIEKTPOHHBIC, SIIEKTPOTEXHIICCKIE M aHTUKOPPO-
3WOHHbIe. biiarogapst aTMM CBOMCTBaAM OH HAXOIUT BCE
OoJTbIlle TPUMEHEHUI B TeXHUKE. B HacTosImee BpemMs
KPEMHMI YCITEITHO MCITOIb3yeTCSI BO MHOXKECTBE TTOJTY-
TIPOBOIHUKOBBIX YCTPOICTB, TAKMX KaK TEPMOPE3UCTOPHI,
TIEH30JaTINKH, (hOTOPE3UCTOPHI M (DOTORTICMEHTHI TSI
perucTpanuu yasTpadroieToBOro uaydeHus u ap. [1].

B pabote [2] mpuBeneH onvH U3 BApUAHTOB TEXHO-
JIOTUX TIPOU3BOJICTBA ITOTMKPUCTAIIITICCKOTO KPEMHMSI.
Bb11 BBINOJIHEH aHAJIM3 TETUIOBOTO OanaHca. B pe3yib-
TaTe OBUI CIejIaH BBIBOM, YTO OCHOBHBIM ITapaMETPOM,
BIIASIIOIINM Ha TEMIICPATypy B peakTope, SIBISICTCS TeM-
meparypa CTCHKH.

[IpoBemeH aHAIN3 TEXHOJOTMIECKUX CXEM ITOIyIe-
HUS KpeMHUSA 19 POTORIEKTPUICCKUX TTpeodpa3oBa-
teneii (POI1). DkcnepruMeHTATBHBIC PE3YIbTATHI, TIPEI-
CTaBJICHHEIC B paboTe [3], TOATBE paAMIN BO3MOXHOCTh
nosbiieHust KI1JI aieMeHTOB Ha KpeMHUU. ABTOPHI
MIPUILIA K BEIBOMY, YTO YBeIn4eHUe 3G (PEeKTUBHOCTH
DOBI1 moctmkuMo G1aromaps IMPEeUMYIIECTBEHHOMY
HCITOIb30BaHNI0 MOHOKPHUCTAJIOB KPEMHHUSI C HOBBIM
KOMIIUIEKCOM CBOJICTB.

B crathe [4] moKa3zaHBI pe3yabTaThl MCCIICIOBAHUS
TI0 TIOPUCTOMY KPEMHUIO, TIOJTyYeHHBIC U3 Pa3IMIHBIX
BUIOB KPEMHHIICOMEPKAIIETO PACTUTEIBHOTO CHIPhS
METOJOM MarHMHUTEpMUICCKOTO BOCCTAHOBJICHUS M-
okcuaa KpeMHus rpu Temieparype 650°C B armocdepe
aproHa.

00630p TUTEPATYPHI IO YTUIN3AINN HEOPTaHIMUECKOM
YacTH PUCOBOI IICIyX! YKa3bIBacT Ha 3HAYUTEIIHHBIN
pocT mccienoBaHmit 3a mocieqHue 20 JeT. DTO CBSI3aHO
¢ Ipeobjagaroleil poyiblo prca B MUPOBOM CEITbCKOM
XO3SMCTBE W YBEIMICHUEM 00BEMOB OTXOIOB, ITPOM3-
BOIMMBIX B IIPOIIECCE €TO MepepadbOTKU. DTH OTXOIbI
He Bcerga MOTYT OBITH IMOJTHOIIEHHO MCITOJIb30BaHBI
B KauyecTBE KOPMOB, YIOOPEHUI MM TOTUIMBHBIX HC-
TOYHHUKOB. TaknM oOGpa3oM, McCIeIoBaTe I aKTUBHO
CTpeMSITCS pa3paboTaTh HOBBIC METOIBI YTHIIM3AIIN He-
OpPraHNYECKOM YaCT! pUCOBOI IIeyxu. OTHUM U3 WHTE-
PECHBIX HAaIIpaBJICHMI B 3TO¥ 00JaCTU CTAJIO U3YICHUE
BO3MOXKHOCTEH TTOTyICHUS KapOmma KpeMHUS U3 3TUX
MaTepuaaoB. Kapoum KpeMHUs TIpeaaraeT IMpOKUii
CIIEKTp IPUMEHEHMIT, 0COOCHHO B KAUECTBE CHIPHST IIJIST
MPOU3BOJCTBA KEPAMUKN U OTHEYIOPOB HOBOT'O MOKO-
sneHud [5].

MccaenoBaHmsT TOKa3bIBAIOT, YTO PUCOBAs IIIeIyXa
MOXET CTaTh HOBBIM U MEPCHEKTUBHBIM UCTOUHUKOM
CHIPBSI IIST TIOJTydeHUs KpeMHMS M ero Kapouna. B co-
CTaBe IICIyX!, TIOMIUMO OPTaHWMYECKOM YaCTH, TIPUCYT-
CTBYET OKCHJ KPEMHMS C MACCOBBIM comepxkaHueM 93%.
B nccnenosanun [6] Obl1a paspaboTaHa TEXHOIOTHMYE-

CKasl cxeMa IrepepaboTKN PUCOBOM IIETyXH, OPUCHTH -
pOBaHHasI Ha TIPOM3BOACTBO CICAYIOIINX ITPOIYKTOB:
aMop(dHOTO TMOKCHIa KPeMHUS, IIEJUTI0JI03HOTO BO-
JIOKHHCTOTO OCTaTKa. JlaHHas cxeMma TakKe TIpeIoCTaB-
JISIET BO3MOXKHOCTD M3BJICUCHUS IICJIOUHOTO JIMTHIHA.
PacueTHEBIIT ypOBEHBb PEHTA0CTLHOCTH TIPEIIOKCHHOM
TexHojoruu cocrasisiet 30%.

PabGora [7] mpeacTaBisieT pe3yabTaThl UCCIIETOBAHUS
TepMOOOpPabOTKM 00pa3LoB pUCOBOM 1Ieayxu. B xoae
3TOI pabOTHI ObLIa IIPOBEAEcHA TepMUYECKasi 00paboTKa
IIPH pa3IMYHBIX TEMIIepaTypax, a TaKxKe 00padoTKa co-
JISTHOM KHCIOTOM. [TomydeHHBIE pe3yIbTaThl IIO3BOJIIIA
BBISIBUTh OCHOBHBIC 3aBUCHMOCTH MEXIY ITPOILIECCOM
TepMOOOPAOOTKHI M XapaKTePUCTUKAMHU MCCIICTyeMBbIX
00pas1oB.

st BBIOOpa ONMTUMAIBLHBIX YCIOBUI IIpenBapu-
TEeJILHOU TepMOOOPaOOTKM ObLIO IMTPOBEIEHO UCCIIENO-
BaHUe Mpoliecca 00XNTa B Irara3oHe Temmeparyp ot 20
110 500°C ucxogHbIX MaTepurasoB [9]. BasxkHO OTMETUTD,
YTO TIPX 3TOM B MaTepHaJie COXPaHSICTCS OIIPeacICHHOE
KOJIMYECTBO aKTUBHOTO yriepona. CorracHo JIuTepa-
TYpPHBIM UCTOYHUKAM, JaBHO IPUBJICKaeT BHUMAaHWE
HCCeaoBaTeNIeil XJIOPUPOBaHUE B IPUCYTCTBUM BOC-
CTAHOBUTEJICH, TAKMX KaK YTOJIb.

B pa6otax [9, 10] onpenmeaeHB ONTUMATBHBIC YCII0-
BUSI XJIOPUPOBAHUS KPEMHUSI, CTETICHN XJIOPUPOBAHUS
B 3aBUCHUMOCTH OT TeMIICpaTyphl, BpeMEHH, CKOPOCTH
ITOJAYH XJI0Opa U CTETIICHN M3MEeJIbUeHIS UCXOTHOTO Ma-
Tepuaja u Ip.

CyIIecTBYIOT pa3IMIHbIC MHECHUSI OTHOCUTEIBHO Me-
XaHU3Ma peakluK XJOpUPOBaHUsI, OCOOEHHO B3aMO-
IEeUCTBUSI C BoccTaHOBUTENISIMU. OIIHU aBTOPHI IIPEATIO-
JIararoT, BBeICHHBIC BOCCTAHOBUTEIN B3aMOICCTBYIOT
C OKCHIAaMU B HAYaJIbHOM CTaIuM TIpoIiecca, BOCCTaHAB-
JIMBast MX IO COCMMHEHMIA ¢ 60Jice HU3KOI BaJICHTHOCTHIO
WU JaKe IO METATMIECKOTro cocTostHUS. ITocie aToro
TTOJTyYCHHBIC B pe3yIbTaTe BOCCTAHOBICHUS TIPOIYKTHI
peaKIIy MOTYT BCTYIATh B XUMHUUECKYIO PEaKIIUIO C XJT0-
poMm. [dpyrue mcciaenoBaTe I YTBEPXKIAIOT, UTO XJIOP
HAUYMHAET PearnpoBaTh C OKCUJAMU, BBITECHSISI KUCIIO-
pon U3 coeauHEHMUIA. B 3TOM KOHTEKCTe pOJib BOCCTa-
HOBUTEIIS 3aKJTIOYACTCST B CBSI3BIBAHNH BBIICIMBIIICTOCS
KHCIIOPOa 1 BEIBOJIE €T0 13 30HBI PEaKIINH.

PucoBas menyxa, B OTIMINE OT MUHEPATHHOTO KPEM-
HUICOMEPKAIIIETO ChIPhs, 00IagacT CTAOMIBHBIM COCTa-
BOM M HU3KUM COIEPKaHUEM TSLKEIBIX METAJUIOB, UTO
SIBJIIETCSI BAXKHBIM (DAKTOPOM TSI CHHTE3a COTHETHOTO
KpeMHUSI. BO3MOXHOCTh MCIIOTB30BaHMST PHCOBOIA IIIe-
JIyXH B KAYECTBE CHIPhS MIJIST ITPOU3BOICTBA 00JIee YUCTO-
ro KpeMHUS 110 CPaBHEHUIO ¢ MUHEpaJaMH JejIacT ee
MIPUBJICKATEIFHBIM TIPUPOIHBIM MaTeprasioM. Kpome
TOTO, PHCOBas IIeIyXa COMEPXKUT IIEJUTION03Y 1 JIUTHUH,
YTO paclIUpsIeT ee MoTeHIMaIbHOEe ITpuMeHeHue. Llen-
JTIOJT03a, TIOJTYIeHHAs U3 PUCOBOM IIISIIyXH, MOXKET IIPH-
MEHSTBCSI B KAUECTBE TTOMTOXKKY IIJIT HAHOMOIU (DI -
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CH,CI+Si

CH,SICl,
MeTuntpuxnop
cunoH (Tem. kun. 66°C)

(CH,),SiCl,

[OuxnopaumeTtun
CUNoH (Tem. kun. 70°C)

(CH,).SiCl

TpumeTunxnop
cunoH (Tem. kun. 58°C)

(CH,),Si

TeTpameTUncunoH
(Tem. kun. 26°C)

Cxema 1

POBAaHHBIX ITEPEBI30YHBIX MATCPHAIOB U METUITMHCKIX
TIpernapaToB ¢ MOHIKEHHON TOKCUYHOCTHIO I BEICOKOM
npojoHrauueit [11].

Anokcum KpeMHUSI M KpeMHEYTIIepOa U3 PUCOBOM
IIEJTyXH BBI3BIBAIOT OCOOBIN MHTEPEC IS MCIIOJIH30Ba-
HUS B Ka4eCTBE aJICOPOCHTOB. XMMMICCKas YCTONIM -
BOCTh 3TUX OOBEKTOB, BEICOKASI TEPMOCTOMKOCTD, BO3-
MOXKHOCTD PETYTMPOBAHMS IIOPUCTOCTH CTPYKTYPHI TafOT
TIePCIIEKTUBBI VTSI CO3MAHMS Ha X OCHOBE allCOPOCHTOB
¥ HOCUTEJIEH ¢ BEICOKOM YAEITBHOM MOBEPXHOCTHIO [12].

HanHoe yTBepXIeHNe 03HaYaeT, YTO IIpodjieMa I1o-
JIy4eHUST KPEMHUS U3 PUCOBOI IIETYXU C UCITOIh30Ba-
HIEeM KOMIUIEKCHOTO MeToIa 00paboTKHU ITOKa HEI0-
CTaTOYHO McCyIeaIoBaHa. B cBeTe 3TOro 0CHOBHOI IEJBIO
TIPOBOIVMMOTO UCCIICAOBAHUS SIBISICTCS TTOJTYICHHE TI0-
JIMKPUCTAINIMICCKOTO KPEMHUS M3 PUCOBOMU IIETYXM.
Takum o6pa3zoM, prcoBast IIeIyXa, IIPeacTaBIsIONIast
c000i1 OTXOI OT IIPOM3BONCTBA pHICa, CTAHOBUTCS 00b-
€KTOM M3YYCHHSI C LIEJIbIO BBISIBIICHUST BO3MOXKHOCTEH
€e MCITOJIb30BaHMS B TIPOM3BOJACTBE KPEMHUEBHIX Ma-
TepHUaJioB.

METO/bI 1 MATEPUAJIBI

IIIupoko pacnpocTpaHeHHBI B TEXHUKE HOAUIHBIN
CIMoCo0 MOJIy4YEeHUST YUCTHIX METAJLJIOB IPUMEHSIETCS IS
BBIICJICHUS YK CTeiIero KpeMHus. OH OCHOBaH Ha 00-
patumoii peakumu [10]:

Si + 27, SiCl,.

PaBHOBecHe 3TOl peakLy B MHTEPBaJe TeMIIepaTyp
750—850°C 1mIpakTU4YeCKH TTOJTHOCTBIO CIBUHYTO B CTO-
pOHY 00pa30BaHUS TeTPAMOONIA; TIPA TeMIIepaTypax
ok010 1000—1200°C mmponcxoauT TepMudecKast Iucco-
nmanmg SiJ -

[Tpon3BOACTBO METATMYECKOTO TUTaHA, HUOOMSI,
TaHTaJIa, HIMPKOHUS, TaDHUS, peIKO3eMETbHBIX METaI-
JIOB, TepPMaHUS U KPEMHUSI OCYIIECTBIISICTCS C UCTIONb-
30BaHMEM ra3000pa3Horo xiopa [13].

ITo muenmo CteinmHa B.U., yckopeHue mpoliecca
XJIOPMPOBAHUS TIPU HATMUUU YTJISI OOBSICHICTCS TEM,
YTO YIJICPOI TOTIOTHUTEIIFHO pearupyeT ¢ XJIOPOM, 00-

pa3ys coemMHEHUSsI, KOTOPhIE BIUSIOT HA paBHOBECHE
XUMMWYECKON peaKIlnu.

Kak ormeueno Tumoxunoit H.M., B xone peakuumn
YTOJIb BBITIOJTHSIET POJIb aKTUBHOTO MHUIIATOPA B COYE-
TaHWUM C XJIOPOM U TIPOAYKTaAaMH PEaKIINM KaK aKTUBHOE
Hayajo, CITOCOOHOE XJIOPUPOBATh OKCUIIBI, COJTM U MU -
Hepanbl. K unciy Takix aKTUBHBIX PEareHTOB CIIEIyeT
OTHECTH YEThIPEXXJIOPUCTBIN YTIIePO, SIBIISIOMINICS
Ype3BbIYaiTHO 3(PPEKTUBHBIM XJIOPUPYIOIIUM are HTOM
Mopo3oaa:

Cl, + CO = COCl;
COCl, + Me,0, = MeCl, + CO,;
CO, + C=CO + CO.

B mocnegHee BpeMs XJIOPHBII METO IITUPOKO MC-
ITOJIB3YETCS B LIBETHOM METAJITYPIUU IIJIT M3BJICUCHUS
PEIKUX U pacCeIHHBIX 3JIEMCHTOB, BKJIIOUas 30JI0TO
U cepedpo. XJIIOPHBINA METOA OKa3bIBAETCsI OCOOEHHO
3 OEKTUBHBIM TIpU 00pabOTKE YIOPHBIX PYII, TIIE 30-
JIOTO U cepedpO MPUCYTCTBYIOT B MEJIKOIMCIICPCHOM
cocrogHum [14].

B mpombInuieHHOCTH Tipu TeMIiepaTtypax ot 300
1o 850°C mmyteM 0OpabOTKM cMeCcU KPEeMHUST U MeIU
(TIpraeM MeIb AeCTBYeT KaK KaTaaru3aTop) IPOUCXOINUT
MTOJTYYCHHE aTbKIIXIIOPCIIaHOB (cxeMa 1).

IIpoiiecc BoccTaHOBJICHUSI TPUXIIOPCHIAHA BOIO-
ponoM mpotekaet npu temnepatype 1000—1100°C [15]:

SiHCI, + H, = Si + 3HCL.
HpI/IMeHeH METOI XJIOPMUBO3TOHKA OJIAA BbIACJICHUA

YHCTBIX KOMITOHEHTOB U3 CMeCel ITYTEM pas3acICHUA
N KOHACHCAMM JICTYYUX XJIOPUIHBIX COCIMHEHU

(puc. 1).

[N N o N o B S

Puc. 1. XnopuinoBo3ronka: 1 — peaktop (KBaplieBas
TpyOKa), 2 —KOHJEHCATOP, 3 — XOJIOINIbHUK,
4 — IpMeMHUK, 5 — XJIOpKaJIblIieBast TpyoKa
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Puc. 2. AmmaparypHo-TexHoJornyecKas cxema
J1a0OPaTOPHOIi YCTAHOBKHM 110 IIyDOKOii 04HCTKE

M KPUCTAJLTM3AIMH KPeMHHs: 1 — ra30mepeHoCUlK;
2 —ouulllaeMoe BeleCTBO; 3 — OUUIIEHHOE
BeLIECTBO; 4 — TpaHcnopTHoe BeecTso (SiCl,);
5 — ayeKkTponeyu; 6 — acnupaTop MuryHona
(xoMmpeccop)

OcTaToK aMOp(HOTO KPEMHUSI BHICYIIBACTCS 1 TTPH-
MEHSIOTCS ajiee AJis1 MOJydYeHUs] KPUCTATIIMYECKOTO
KpemHus. J11s1 3Toro HeoOXoAUMO MPUMEHSITH HanboJiee
3¢ (EKTUBHBII Ta30ITOTOYHBIHA CITOCO0 C MCTIONB30BAaHIEM
SiCl,, mappl KOTOPOIO NEPEHOCATCA BOTOPOIOM MU ap-
TOHOM (BOIOPO/I, MOJIyYaiv ¢ TOMOIIbIo annapara Kurna
¢ mpuMeHenueM peakuun: Zn + HCl= ZnCl, + H, 1)

B niporiecce n3BiaeyeHMs1 METAVIOB U OUMCTKU TTOJTY-
MPOBOJHUKOBBIX 3JIEMEHTOB BBIACJISIETCS] OMIPEEIEHHOE
KOJIMYECTBO TOKCUUECKUX XJIopcoaepKaiux ra3on. [1o-
3TOMY HaMmu ObLiIa MCClleloBaHAa COPOLIMOHHAs CIOCO0-
HOCTb U3BECTKOBOTO MOJIOKA IMPU OTMbIBKE XJIOPCOAEP-
JKallMX ra30B U Ja00OpaTOPHON YCTAHOBKE MPU OYMCTKE
KpEeMHUSI.

AnnaparypHoO-TeXHOJIOTHUYeCKasl cxema jabopaTop-
HOI yCTaHOBKHU (pHC. 3) BKIIOYACT MOIJIOTUTEIBHYIO
npobupky 6, 7, KoTopas IpeAcTaBIseT COOON IIMINH-
JIPUYECKUI CTEKIISTHHBIN COCYA. DTOT COCYN OCHAIICH
MOPUCTOM ra30MpOHMUIIAEMOI IIEPETOPOIKON B HYKHEM
4acTH, CO3AalolIeit yCaoBuUs IS paBHOMEPHOTO pac-
npeneeHus: XJIOprazoBoi cMecu, MOCTynaroleii yepes
TPpYyOKM B THUILIE MOTJIOTUTEILHOU MPOOUPKU.

IToctyrmieHue raza cHU3y odecreuyrBaeT UHTEHCYB-
HOE TIepeMellIMBaH1e U3BECTKOBOTO MOJIOKA, MPEA0TBpa-
11Ie€ paccIOeHUE CYCIIEH3UN B T€YEHHME OIIbITA.

Xiopcoaepxalire ra3bl MOCTYIIal0T U3 peakTopa,
B KOTOPOM IPOUCXOAUT OYMCTKA ITOTYIIPOBOIHUKOBBIX
9JIEMEHTOB OT METaJLJIOB.

151 KOJIM4YeCTBEHHOIO aHaIn3a aKTUBHOIO XJiopa
P OYKUCTKE XJIOPCOAEPKALIUX Fa30B C UCIOIb30Ba-
HUEM U3BECTKOBOI'O MOJIOKA Y HACKIILIEHHOTO PACTBO-
pa Ca(OH)2 6pUT TIpUMEHEHBI TUTPUMETPUICCKUIA,
IrpaBUMETPUYECKUIL METOIBI ¥ 9KCIIPECC-aHAIU3 C UC-
noyib3oBaHueM YI'-2 (YyHUBepcaabHOIO ra3oaHajin-
3aTopa).

J1J151 OYMCTKY KPEMHUS TAKKE MOXET ObITh UCITOJIb-
30BaH aMITyJIbHbIA MeTod. B aTOM MeTome 3—4 rpamMmma
KPEMHMSI [IOMEILAIOT B aMIIYJIbl, KOTOPbIE 3AII0IHSIIOT
xjopoMm. 3ateM B amryty BBoaaT 1—2 karm SiCl, nin
HeOOJIbIIOE KOJIMYECTBO KPUCTAILIIOB Bobl. KoHerl am-
MyJILI ¢ KpeMHueM HarpeBaioT 1o 1100°C. ITpu manHoI
TeMmrieparype porcxoaut peakuus Mexay SiCl, 1 Kpem-
HUEM:

SiCl, + Si « 2SiCl,.

I[Mpu cHmkennu Temnepatypsl 1o 900°C SiCl, auc-
MIPOIIOPIITOHUPYET:

2SiCl, « Si + SiCl,.

Korma ncronb3yetcs amityia ¢ 6ojiee HI3KOM TeMIIe-
paTypoii, CKOPOCTh TPAHCIIOPTa KPEMHMSI CYIIIECTBEHHO
3aMeJISIETCS, U TTPOLIECC OYMCTKU TTPOBOJIUTCS B TEUe-
HHUE HECKOJIBKMX Jacos [16].

CkaHupymoIas 3JIeKTPOHHAsI MUKPOCKOTINS BCeX
00pa3IoB IMPOBOAMIIACH TIPH CICAYIOIINX ITapaMeTpax
CBEMKH:

Yckopstoliee HanpskeHue: 15 keV;

Pab6ouee paccrostHue: =10 MMm.

Bce 00pasiibl ObLIM 3aKpeIieHbl Ha IBYCTOPOHHUIM
VIJIEPOIHBIN CKOTY. Bee m3MepeHmsT IpOBOMMIINCH B pe-
JKrMe BbICOKOTo Bakyyma 103 T1a. Beuti roydeHsl n30-
OpaxkeHUs TIOBEPXHOCTU 00pa31IOB.

T

""]ﬂ::b——- .

1 o

Puc. 3. AmmapaTtypHo-TexXHOJOrH4ecKas cxeMa JadopaTopHoii YCTAHOBKH 110 ONpeieIeHHI0 COPOIMOHHOI
CNOCOOHOCTH MOTJIOTUTEIbHOM KUIKOCTH: | — TaTpyOKa TS MOCTYIUIEHUST BO3ayXa; 2 — eMKOCTh

C YETBIPEXJIOPUCTBIM YIJIEpOAOM; 3 — TpybuaTas neub; 4 — peakTop ¢ mpoboii; 5 — maTpyook;

6—7 — MOTJIOTUTEJIN C U3BECTKOBBIM MOJIOKOM; 8 — acriupatop MuryHosa
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PE3YJIbTATBI 1 OBCYKIEHUE

CocTaB 1 CTPYKTYpa 30JIbI PUCOBOU IIIEITyXH Y3TeH-
ckoro prca KeIpreizctaHa oTpaxkeHBbI Ha puc. 4 1 5.

[Ipomecc HU3KOTEMITEPATyPHOTO XJIOPUPOBAHUS
OCHOBAaH Ha peakIIiy, IIPX KOTOPOi OKCHIHBIC (POPMBI
METaJIJIOB B3aMMOJIEIICTBYIOT C Ta30BOI CMEChIO XJIopa
u mapoB ¢ocrena (COCL,). Ilon BosaeicTBrEM XJI0pa
OKCHUIHBIC COCTMHCHMS METaJUIOB B Ta30BOI cMecH
MpeTepreBaloT peaklio ooMeHa. B 3oHax 06paboTKu
HCCIIEIYEMOTO CBIPhS 00pa3yIOTCS XJIOPUI KPEMHUS
u xjopuasl MakpoanemeHToB (Al, Fe, Ca, Mg, K, Na):

1. 2K,0 + COCI, + 2HCI = 4KCl + CO, + H,0;
2. 2Na,0 + COCI, + 2HCI = 4NaCl + CO, + H,0;
3.2MgO + COCI, + 2HCl = 2MgCl, + CO, + H,0;
4.2Ca0 + COCI, + 2HCI = 2CaCl, + CO, + H,0;

5. Fe,0, + 2COCI, + 2HCI = 2FeCl, + 2CO, + H,0;
6. ALO, + 2COCIL, + 2HCI = 2AICI, + CO, + H,0;

7.8i0, + COCL, + 2HCI = SiCl, + CO, + H,0.

DTU peakLUK AEMOHCTPUPYIOT IIPOLIECC XJIOPHU-
POBaHUS OKCUAHBIX (DOPM METAJJIOB B IIPUCYTCTBUU
COCl, u HCI. Ilpu 5T0M 00pasyroTcs JIETy49ne XJI0py-
nel (MgCl,, FeCl,, AICl,), KOTOpble KOHAEHCUPYIOTCS
B XOJIOMHO YacTH peakTopa. [IeiCTBUTEILHO, HEJICTY-
yue xsopuabl Kanblus (CaCl,), narpus (NaCl) u xa-
s (KCl) obmamator 60siee BEICOKOI TeMIIepaTypoit
IJIABJIEHUSI [T0 CPABHEHUIO C APYTUMHM BEIleCTBAMU. DTO
yKa3bIBaeT Ha TO, YTO IIPU JOCTMKEHUY OIIpeaeIeHHOM
teMmnepatypsl 490°C 3TH XJIOPUIBI MOTYT 00OPa30BEIBATh

CMeCh, KOTOpast CTAHOBUTCSI XKUIKOIA, TO €CTh OHU I1J1a-
BSITCSI M 00pa3yIoT IIABSIIYIOCS CMECD.

OcTaToK Iocjie XJIOPUPOBAHUS, COOEPKALINI He-
JIMKBUIHBIE XJIOPUIBI Y IPYTUE IIPOAYKTHI pEAKLINN, BbI-
1e1ayrBaeTcst Bonoit. I[1py Belllie1auMBaHUY XJIOPUIbI
KaJIbLUS U XJIOPUIBI IIEIOYHBIX METAJUIOB IIEPEXOIST
B pacTBop. 2Kuzkuii rerpaxiaopun kpemuus (SiCl,) u ero
rapbl OXJIAXKIAIOTCS B XOJIOAMIbBHUKE U COOUPAIOTCS

B IIpHEMHUKE.
TmwarenbHy0 OYUCTKY KpeMHUsI AU Py3MOHHO-
TPAaHCIIOPTHBIM CITOCOOOM TIPOBOIMIIM ITyTEM €TO Ha-
rpeBanus B napax SiCl,, 1 MUHUMaJIbHAs paboyas TeM-
niepatypa coctanisuia 850—900°C. T1pu Gosiee BBICOKOM
TeMIlepaType 3HAUMTeJIbHAs YacTh 00pabaTEIBAcMOTO

Puc. 5. DeKTpoHHbBI CHUMOK 30J1bI PUCOBOJ IETyXH

1.5 5

1.2

0.9 —+

Kcnt

5,00

6,00

7,00

Puc. 4. EDS-cniekTp 00pa3ioB 30,1l PUCOBOI IeTyXH
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KPEMHHUS MOTJIa B3aUMOIEHCTBOBATh C €TI0 TeTPaXJIOpH-
JIOM Y TIEPEHOCHUTBCS B pe3yIbTaTe PEaKIIMH K XOJIOTHBIM
CTeHKaM TpyOKHU.

B xome Takoif OYMCTKH TIPOMCXOINUT 3HAYUTECIIHHOE
CHIVDXKEHUE COofepXKaHUsl aTlOMUHUS B aTIOMOTEpMUYE-
CKOM KpPEeMHUH, a TaKKe IIMHKA B KPEMHUH, TTOJTyICH-
HOTO IyTeM BOCCTAaHOBJICHUS [IMTHKOM:

2Zn + SiCl, © 2ZnCl, + Si.

Hau6onee a3(peKTUBHBIM SIBISETCS TA30BbI METO/,
¢ ucnosb3oBanueM SiCl,, Tapel KOTOPOTO MEPEHOCATCSA
BOIOPOIOM WM aproHoM. Ilpm 3ToM raz-nepeHOoCYnK
(Ar, H,) mosken MemieHHO nipokaunBathest yepes SiCl,,
4TOOBI M30€KaTh MPOCKaIb3biBaHus napos SiCl, uepes
OUMIIIACMBI KPEMHUIA.

OnHaKoO y 3TOTO METOIIa €CTh HEAOCTATOK: B XOIe
peakuuu aucrnponopunonuposanus SiCl, cHoBa 06-
pasyercs SiCl, 1o cienyromei peakuuu:

2SiCl, © Si + SiCl,.

DTO MOXET CHU3UTH 3(P(PEeKTUBHOCTb METOIA, TAK
Kak SiCl, GyneT BO3BpallaThCs B IPOLIECC OYUCTKHU.

[Tpou3BomMTCS OIpeneeHe KOJINIeCTBa HEIIPO-
XJIOPUPOBAHHOM YaCTU UCXOOHO TTpoOkI. [TomyueHHbIN
OCTAaTOK TTOABEPracTCsI aHAJIN3Y IJIST OTIPEICIICHUSI CO-
IepKaHMS CICIYIONINX 3JICMEHTOB: KaJbIIUs, HATPHS,
KaJusl, Kejie3a, aTlOMUHNIS, MaTHUSA U KpeMHHS. 3aTeM
TIPOBOINTCS aHAJI3 COCTAaBa OCTAaTKa, ¥ PACCIUTHIBACTCS
001IIasT CTeTIeHb M3BJICUCHUST YKa3aHHBIX KOMIIOHEHTOB
B pe3yJIbTaTe Ipoliecca XJIOPUPOBAHUS.

PesynbTaThl OIBITOB ITPOBENEHBI B Ta0I. 1—3.

Pe3ynbraThl HAITUX 3KCIIEPUMEHTATBHBIX UCCIICH0-
BaHUI CBUACTEIHCTBYIOT O TOM, YTO B IIpOIEcce BOC-
CTaHOBJICHUS 30JIbI PUCOBOM IIETYXU ITPOUCXOIUT pa3-
JIeJICHYE Ha TeTPAXJIOPHUII KPEMHUS 1 XJIOPUIBI METAJLIOB
(Al, Fe, Ca, Mg, K, Na). Takke OBIJIO YCTAHOBIICHO, UTO
CKOPOCTB PeaKIis BOCCTAHOBIICHUS 3aBUCHUT OT COMIEp-
JKaHWS YTJIsI, TEMITepaTyphl, BpeMEHHN U CKOPOCTh ITOJAur
XJIopa 1 3T! (DaKTOPBI OKA3bIBAIOT 3HAUNTETBHOE BIHSI-
HIE Ha CTEIIeHb U3BJIeYEHNS MICXOTHOTO ChIphd [13, 17].

B pe3ynprare XJ10prupoBaHUS IIPOMU3OIIIO0 00pa30-
BaHMe JIETKOJIETYYnX XJI0punoB kpemuus SiCl,. Otu
XJIOPUIBI, HAXOOSICh B TA3000pa3HOM COCTOSTHUU, KOH-
JEHCUPOBAJIUCh B MPUEMHUKE ¢ TeMmiepaTypoii 60°C,

Tabauya 1
BimsiHne TemmepaTypbl Ha CTeneHb XJIOPUPOBAHUS
OKHCH METAJLIOB U KPEMHHS

Coenunenue LI (= Bosronka, | OcraTtkm,
pa obpador-
3JIEMEHTOB % %
Ku, °C
Fe,O, 350 99,9 0,1
SiO, 360 99,8 0,2
Al O, 380 97,9 2,1
Na,O 450 — 100
K,0 450 0,1 99,9
CaO 450 — 100
MgO 520 82,5 17,5
Tabauya 2

Bausnue BpeMeHH Ha CTeneHb XJIOPUPOBAHNS OKHUCH
METAJJIOB U KPEMHHSI

CoenuHenne - B Bo3ron- | B ocrar-
PUPOBAHMUS
3JIEMEHTOB Ke, % Ke, %
B MMH.

Fe,0, 0,1 99,9
SiO, - 100
ALO, 0,2 99,8
Na,O 120 — 100
K,0 — 100
CaO — 100
MgO 0,5 99,5

Tepexons B XUAKYo (a3zy. JleTyane XJIopuabl MeTaIOB
(Al, Fe, Mg) ObUIH BO3TOHEHBI, TO €CTh HATPETHI IO TEM-
IepaTyphbl, IIPU KOTOPOI OHM IIEPEXOAIT B ra3000pa3Hoe
COCTOSIHME, U 3aTeM KOHIEHCUPOBAIUCH B IIUPOKOM
4aCTU KOHAEHCcATOpa.

B To Bpemsi Kak HeJleTydre XJIOPUIbl KaabLus, Ha-
TPUS 1 KaJIrsT 00pa30BaIM IUIABSIIYIO CMECh ITpU 00JIee
BBICOKOI1 TeMmneparype, paBHoii 450°C, BHyTpH peak-
TOpa, B KOHIIE PeaKLMU HeJIETYYre XJIOPUIbl ObUIU BbI-
JIeJIEHBI ITyTeM BOAHOI 00pabOTKM U MOJIyYEHbI B BUIE
pacIuiasa.

Tabauuya 3
BausiHue CKOPOCTH MOJIAYH XJIOPA HA CTENEHb XJIOPUPOBAHUS OKHCH KPEMHUS U MOJTydeHne xaopuaa kpemuus (IV)
Ne onbiTa Pacxon xsi0pa B r/4ac B Bo3ronke, % B ocratke, %
1 12 SiCl, 96,4 SiO, 3,6
2 24 SiCl, 99,8 SiO, 0,2
3 36 SiCl, 100 SiO, —
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Puc. 6. XnopupoBaHue MeTALJIOB H KPEMHHSA
B 3aBMCHUMOCTH OT TeMIIEPATYPbI

I'pacduku Ha puc. 6 u 7 oTOOpaXKaAIOT pe3yIbTaThI
npoiiecca xiopupoBanus metamioB (Fe, Al, Mg, Ca,
Na, K) 1 kpeMHUsI B ra30BO# cMeCH, CofepKalleii YeThl-
PEXXITOPUCTHIH YITICPOL ¥ BO3MYX. DT PE3YJIBTaTHI IIpei-
CTaBJICHBI B 3aBUCHUMOCTH OT U3MEHEHUS TeMITePaTyPhI
¥ BpeMeHHU NpoBeaeHnd mpoliecca [13, 17].

g xene3a Hauaao xsopupoBanud mmpu 350°C mpo-
WICXOINT B BUJE eTyunx xjopuaoB. [1pn 550°C creneHb
xjopupoBanust nocturaet 99,9%. Jist BocCTaHOBJICHHUSI
xnopuna kpemuus (SiCl,) npu remneparype 950—1000°C
TIpeIToJiaraeTCs MPOBEICHIE COOTBETCTBYIOIINX PeAKITII
BOCCTAaHOBIICHUS. AJTIOMUHUI BO3TOHSIETCS TIPHY TeMITepa-
Type 380°C, a mpu 550°C cTereHb XJIOPUPOBAHUST COCTAB-
asteT 97,9%. st MarHus TeMieparypa XJI0pUpOBaHUs
520°C, ipu 550°C crerneHb XJTopupoBaHust paBHa 82,5%.
Kpemuwuii (Si) — Havyano xsopupoBanus mpu 360°C, rpu
550°C crereHb XJI0pupoBaHus gocturaet 99,9%

DTH TaHHBIC CBUICTEIBCTBYIOT, YTO ITPY TIOBHITIICHUN
TeMITepaTyphl YBEIMINBACTCSI CTCIICHb XJIOPUPOBAHUS
KaXXIoro MeTajljia, JOCTUTAsI BRICOKMX 3HAYCHUN TIpHU
550°C.

Hnsg BoccTtaHoBIeHUS Xiopuaa Kpemuus (IV) mpn
temrrepatype 950—1000°C, HeoOXOIMMO OCYIIIECTBUTH
CJICIYIOIINE PEaKIIIN:

1. 2Zn + SiCl, - 2ZnCl, + Si;

2. 2Mg + SiCl, » 2MgCl, + Si.

B 3Trx peakumsIx MeTauThl YIAJISTIOTCST B BUIE JICTy4e-
TO XJIOpUAA U OCEIAIOT Ha XOJIOTHBIX CTEHKAX PeakTopa,
a aMOp(HBIIT KpeMHHUU OCTAeTCS B 30HE C MOBHIIICH-
HOIT TeMITepaTyphl peakTopa. OCcTaTOK KpeMHUS TTOCTIe
BOCCTaHOBJICHHMSI BBIIIECIAYMBACTCS TOPSTICIT TUCTUII-
JIMPOBAHHO BOIOIA, a B paCTBOP IIPH BHIIICIAYNBAHIT
MEPEXOIAT XJIOPUIbl METAJIJIOB.

AMoOpdHBIT KpeMHUIT TIOMETIIaeM B TIEPBOE OTeIe-
Hue ycTtaHoBKU. ['a3-nepenocuuk (H,) MennenHo mpo-
nyckaem yepe3 xuakuii SiCl,, 4ToObI He ObLTO MPOCKOKA

Puc. 7. XnopupoBanue MeTAIJI0B M KPeMHHS
B 3aBMCUMOCTH OT BPeMEHH

napos SiCl, yepes ounIIaeMblii KDEMHUIA. DJIEKTPOIIEYD
HarpesaeM 10 1050—1100°C.
[Ipu aT0ii TEMIIepaType B MPUCYTCTBUU BOAOPOIA
SiCl, BcTynaeT B peakiuio ¢ aMOP(GHBIM KPEMHUEM.
Bo BTOpOIi YacTH yCTAaHOBKU (XOJIOMHASI YACTh) KPEM-
HUI KPUCTAIUIM3UPYETCS B BUE OJIECTAIIMX TOHKUX UII,
Ha OCHOBE CJIEIYIOIIKX IIPOLECCOB:

SiHCI, « SiCl, + HCI;
SiCL, + H, « SiH,Cl;
SiH,Cl, « Si + 2HCI;
2SiCl, < Si + SiCl,;

SiCl, + H, « SiHCL, + HCI.

CyMMapHOE ypaBHCHHME OCHOBHBIX peaKIIMii MMeeT
BUII:

SiCl, + H, = SiHCI, + HCI;
SiHCI, + H, = Si + 3HCL.

7151 5K30TepMUYECKUX PEAKIINI XapaKTEPHO IBUXKE-
HUE TTOTOKa BELIECTBA OT 30HbI C 00JIee BHICOKOU TEM-
nepaTtypou (Tz) K 30HE C 0oJjiee HM3KOI TeMIIepaTypoi
(T), rme T, > T,. B ciiyyae SHIOTEPMUYECKMX PEAKLIUIA
HabJogaeTcss 0OpaTHOE ABUXKEHME: MOTOK BEIECTBA
UJIET OT 30HHI ¢ 6osiee HU3KOM Temmeparypoit (T)) K 3oHe
¢ 6onee BricOKO¥ Temneparypoii (T,), tne T, > T .

I1pu npoBeneHUM peakinii 00pa3yroTcs IMOOOYHbBIC
MPOAYKTHI TPUXJIOPCUJIaHa, TTOJIMCHUIIAaH, XJopuabl. Pac-
CMOTPUM METOAbI OUYUCTKU XJIOPUIOB KPEMHUS C CUIIU-
karejieM 1 30% HbIM PaCTBOPOM €IKOI'O KajIusl.

IToMrMO Ta30MOTOYHOrO METOIA, MPOLIECC OUUCTKU
KPEMHUS TaK>Ke BBITTOJTHSIETCS ¢ UCTIOJb30BaHUEM TUD-
(y3MOHHO-TPAHCIIOPTHOT'O METO/IA, KOTOPBI BKJIIOUAET
HarpeBaHue KpemHus B napax SiCl,. B tanHom metone
TeMreparypa OUMCTKU MOAAEPKUBAETCS B AUalla30HE
830—-900°C.
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C ydeToM 6oJiee BLICOKOM TEMIIEPATYPhl, 3HAUUTE/Ib-
Hasl JOJIsI KPEMHMS B3aUMOJIEHCTBYET C TETPAXJIOPUIOM
KPEMHUSI ¥ [IEPEHOCUTCS Yepe3 TPAHCIIOPTHYIO PEaKLIAIO
K XOJIOJHOM YaCTU CTEHKM TPyOYaTOro peakTopa.

7151 OUMCTKY XJIOPCOAEPKALIKMX Ira30B B KAUECTBE
afgcopOeHTa MPUMEHSUIM B OMHOM CEPUM OIIBITOB U3-
BECTKOBO€ MOJIOKO ¢ comepxanueM CaO 130 r/am3;
B IPYTOIi CeprU MCITOIb30BaIM N3BECTKOBYIO BOIY (Ha-
coimeHHblit pactsop Ca(OH), 1,4 r/nM’). B xaxnom
OIIbITE OIHOM CepUU HavaJbHAsl XUMUYECKask EMKOCTh
MOMIOTUTEILHOM KMAKOCTH OCTaBaIaCh IIOCTOSIHHOIA.
Hcxonnoe conepxanue CaCl, B IOIIOTUTETEHOM XKW~
KOCTHU U3MEHSITOCH B ipenesax ot 0 mo 335 r/om3. DtoT
nuanasoH usMeHeHus: KonueHrpauuu CaCl, coorset-
CTBYET TeM 3HAYEHMSIM, KOTOPbIE ObLIM IIPEABAPUTEIHLHO
YCTaHOBJIEHBI MHOTOUMCIEHHBIMU UCCIEA0BAHUSIMU [IJIST
usmeHenus KonueHtpauuu CaCl, B LMpKyIMpyromem
M3BECTKOBOM MOJIOKE Ha 1a00paTOpPHOil ra3004MCTKE.

O6pasopanue CaCl, uaer myreM XeMoCOpOLIMH Ta30B
HClu Cl;:

Cl, + H,0 = HCI + HCIO;
2HCI + Ca(OH), = CaCl, + 2H,0.

PesyibTaThl 9KCMEpUMEHTOB MpPEACTAaBICHBI Ha
puc. 8 B BUae 3aBUCUMOCTH KOHIIEHTPAIIUW U3BECT-
KOBOTO MOJIOKA (KpuBHBIC 1, 2) M M3BECTKOBBIIN BOIBI
(kpuBas — 3) oT HayanbHOTO conepxxanus B Hux CaCl,,

60 \

\< N
% . \ 1
‘0 \\\ \ =
%0 \\

?Q

20
10

0 50 100 150 200 250 300 c/ro’

Puc. 8. 3aBucuMoCTb COPOIMOHHOI CIIOCOOHOCTH H3-
BECTKOBOI'0 MOJIOKA M M3BECTKOBO# BOJIbI OT HAYAJIbHOIO
coJepKAHUA B HUX XJIOPUAA Kaublust: 1 — cliebl Ipo-
CKOKa XJIopa 4epe3 00beM U3BECTKOBOIO MOJIOKA;

2 — noniHoe (100 %) ynaBiauBaHue XJ10pa U3BECTKOBBIM
MOJIOKOM; 3 — clielibl IPOCKOKa XJIopa 4yepe3 00beM
MU3BECTKOBOW BObI

KOTOPEIC XapaKTePU3YIOT UX COPOIIMOHHYIO CTIOCOOHOCTh
1o xstopy. KpuBasi 1 COOTBETCTBYET ITOSIBJICHHIO CIICIOB
npockoka Cl,, KpuBas 2 — MoJHOMY MOIJIOIIEHHIO Gap-
6orupyemoro Cl,.

Briie kpuBoii 1 pacrioyioxeHa 0071acThb, IPU KOTO-
poli He 0OeCIIeYnBaeTCs OUMCTKA Ta3a 10 CAHUTAPHBIX

6 » 5
Y
1 b 2 > 3t 4 7
200-55C
CClg+H,0— COCI+HCI - )
Sio,+2COCI+HCI= SiCl,f +HCH2CO, = 2HCI +Ca(OH), = Puc. 9. O6mas TexHosornueckas cxema
2NeQ+CaClz+2HCI= 2NeCl#COx+H,0 8 CaCl | +2H,0 MOJTY4YeHHs KPUCTALTMYECKOI0 KpeMHUSA
3 W3 PHCOBO¥ menyxu: | — MexaHnuecKast

. 71 OUYKCTKA U IIPOMBIBKA PUCOBOI LIECTYXH;

SRl S.iHCI3+HCIT]\_\ 1050-1100C 2 — cyIIKa pUCOBOM MIENTYXI; 3 — OOKUT

SiHClg+H, = Si+3HCIt {9 L pUCOBOI 1IeTyXU;, 4 — TpyOUaTas meyn

= ‘ JUTSL XJIOPMPOBAHKE 30JIbI PUCOBOIA 1iIe-
v JIYXU; 5 — eMKOCTb [IJIS1 Y€ ThIPEXXIOPH -

“ 2HC]+Zn=ZnCI+H;,_TI » 10 CTOTO yrjaepojaa; 6 — MUHU-KOMIIPECCOP
JUTSL TIPOAYBAHUS YEThIPEXXJIOPUCTOTO
yraepona (SiCl,); 7 — ancopOumoHHas

1 BApHAHT OYHCTKH KOJIOHKA TSI OYMCTKY XJIOPCOIEpKa-
_ Sli - H+ KOH — = éi - OK + H,t mmx ra3os ¢ pactBopom Ca(OH), (can-

/ [ [ TEeXHUYECKas y3em); 9 — aNeKTporedb

) [IyOOKOM OYMCTKU KPEMHMUS U IIOJIY -
BAPUAHT OYMCTKH
. . YeHUe KPUCTAUIMYECKOTO KPEMHUSI;
/éi —OHCI /éi O\ - 10 — anmmmapaTt KMI1a mrg monyyeHUsS
—> O =S 0 PAAN +HzHCI }— Bojopona; 11 — KOJOHHA IS OYUCTKHI
Si—OHCI Si—O
u T MOGOYHBIX IIPOAYKTOB (CHIMKATEIIb,
KOH, HCI)
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Tabauuya 4
XuMHYECKHii COCTAB PUCOBO IIETyXH
CoenuHeHue METAILIOB SiO, K,0 Na,O CaO MgO Fe O, ALO,
Pucosas menyxa 1o o6paboTKu 30 0,18 0,12 0,32 0,2 0,5 0,5
Merabi Si K Na Ca Mg Fe Al
Pucosag menyxa rmociie o6paboTKu 99,65 0,02 0,04 0,12 0,11 0,04 0,02
HOPM, HIKEe KPUBOM 2 — 00JIaCTh TMOJTHOM OYMCTKH 3AKJIIOYEHUE

(100%) xnopa-razoBoii cmecu. Ilo pesynbraTtam cepun
OITBITOB C M3BECTKOBOI BOMOI ITOTydeHa KpuBast 3, aHa-
JIOTMIHAsT KPUBOIA 1.

AHaJIN3 3TUX TaHHBIX TTO3BOJISIET CIAEIaTh BHIBO/I,
YTO ¢ YBeJIMUeHHEM HadajabHOro comepxkaHus CaClz
3HAUYNTEILHO YMeHbIaeTcss kommdectBo Clz, KoTopoe
CITOCOOHO TIOTJIOTUTH M3BECTKOBOE MOJIOKO, TIPH 3TOM
COXpaHSISI CIIOCOOHOCTD K OUMCTKE XJIOP-Ta30BOM CMecH
IO CAHUTApHBIX HOpM (KpuBas 2). Hampumep, Kommde-
ctBo Cl, cumxaercs ¢ 57 r/am? (mpu orcyrersun CaCl,)
10 22 r/nm?* (mpu 335 r/am* CaCl,). Takxe 3aMETHO CHU-
xenue conepxanusi Cl, 10 cieoB npockoka (kpusas 1)
Ha BBIXOJIe M3 peakTopa — ¢ 65 r/am> (IIpy OTCYTCTBUK
CacCl,) no 28 r/nm?* (ipu 335 r/nm* CaCl,). [lna ussect-
KOBOM BOIBI COOTBETCTBYIOIINE 3HAYCHMS COCTABIISIOT
2,8 7/mm3® 11 0,8 T/mM3 COOTBETCTBEHHO.

O01Iast TeXHOJIOTHYECKas CXeMa TTOJIYICHUS KPH-
CTAJTMIECKOTO KPEMHMSI M3 PUCOBOI IICTyXH TTOKAa3aHbI
Ha puc. 9.

B 1a071. 4 IpuBeaeH XUMUYECKUI COCTAaB PUCOBOM
IIEJTYXH A0 U TIOCTIe XUMHIECKOM 00padbOTKH.

CIIMCOK NCTOYHUKOB

HccemoBaH cocTaB M CTPYKTYPa 3016l PUCOBOI IIIe-
JIYX! IS TIOJYICHUS TIOJTMKPUCTAIUTMIECKOTO KPEMHMSI.
YCTaHOBJICHO, UTO CKOPOCTH ITOIAYH XJIOPTa30BOi CMe-
cu (hocreH 1 XJIOPUCTHIN BOMOPO) HA XJIOPUPOBAHUE
OKHCJIOB METAJUIOB COCTaBIsIET 2,5 CM?/MUH IIpU pa3-
JIMYHBIX MHTepBajax Temmeparyp (200, 300, 400, 550°C).
OOHapyXeHO, YTO MPU 3TOM IIPOIECCE BBIACIISIIOTCS
TOKCHYECKHE XJIOPCOMepKAIIe Ta3bl ¢ XapaKTepHBIM
3araxoM phIOBI B BO3MyXe pabodeil 30HBI U aTMOC(HEPHOM
BO3IyXe, IIPEBHIIIAs TIPEICTbHO JOIMYCTUMYIO KOHIICH-
tparmmio (IT1K). ITpu conepkaHuu coeii B M13BeCTKOBOM
MoJI0Ke 0osee 355 r/mm?® HeoOXOTMMO ITPOBECTH 3aMEHY
pacTBOpa IUIST OYNCTKU TEXHUIECKUX Ta30oB. [loaTomy
MU3BECTKOBOE MOJIOKO ¢ conepxanueM CaO B oobeMe
130 r/oM> saBisteTcst 3(PPEKTUBHBIM ¥ 3 KOHOMUYIHBIM
CPEICTBOM JUIST OUMCTKH TOKCUIHBIX XJIOPCOAEPKATIIIX
ra3oB B paboueii 30He 1 aTMocdepHOM Bo3ayxe. Paspa-
0oTaHa TeXHOJOTUUYECKasI CXeMa TTOTYICHUS TTOJTUKPH-
CTaJUTMYECKOTO KPEMHUS U3 PUCOBOM IIIEITyXH METOIOM
XJIOPUPOBAHUA.
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U3AATEJIbCKUE CBEAEHUA

CTPOUTEJIbHOE MATEPUAJIOBEQEHUE
KysuHa B.B, CamueHko C.B, Kosnosa W.B., Kowes A.H.
MaTemaTtunyeckoe mofenupoBaHue GrU3NKO-XMMUYECKUX NMPOLLECCOB B MOPUCTbIX Cpefax Npu peLueHnm

3adad Co34aHNA HAHOKOMMO3MUMOHHbIX MaTepPnasioB 1 BJIarOHarNMo/HEHNA

Cnasyesa I.C., Pazos 1.0., ConoHuHa B.A., lNaHnyeHko 0. Q.
O60cHOBaHMe KpuTepuasbHbIX TPEOOBaHWUI K HAaMOJIHUTENAM B COCTaBaX CMecek

Ana ctpoutenbHon 3D-nevatn

Kypmaneanuesa A.W., AHukaHosa J1.A., Kyoakos AWM., Cmewerko A.b.,

bypbaHos A.Q., JlykeaHosea H.A., iHosemuyes A.C., iHozemyes C.C.
DopmrpoBaHMe NOPUCTLIX CTPYKTYP B TEXHONOT Y MPOU3BOACTBA CTPOUTENbHbIX MaTeprnanos
Ha OCHOBE CTPOUTENbHOIO rnnca

PA3PABOTKA HOBbIX MATEPUAJIOB
Wneuna B.H., ineun C.B., Xanukosa I.P, [agpaposa B.A., Ky3ees U.P.
WccnepoBaHmne BNMAHMA HaHOYTNepPOAHbIX HanonHuUTenel Ha MopdOoorMio SMOKCUAHOTO CBA3YIOLLEro

MEXAOYHAPOOHOE HAYYHO-TEXHUYECKOE COTPYOHUYECTBO
YXaHbCKNIN TEXHONOIMYECKNI YHUBEPCUTET

NMPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHONOIUiA B CTPOUTEJIbCTBE

boes E.B., KacbaHosa J1.3., icnamymouHosa A.A, AmMuHosa 3.K.
Cnocob npon3BoACTBa HAHOCTPYKTYPUPOBAHHON [ peBECHO-MONUMEPHON KOMMO3ULIM
¢ CBY - npumeHeHnem

PE3YJIbTATbI UCCNIEAOBAHUIA YYEHbIX U CNELUATIUCTOB
Cokonoea t0.B., AtizeHuwmaom A.M., ®ponoea M.A., LLluHkapyk A.A., Maxosa T.A.
MoTeHUMOMETPUYECKMI METOA OLLEHKM NMYLILLIONAHOBOW aKTUBHOCTU BbICOKOAMCNEPCHbBIX MaTePUanos..

Lopoeas E.C,, CynetimaHos PP, Ky3uHa E.B., lOpkesuy M.I., baxmem O.H.
O BO3MO>KHOCTU MCMNOJIb30BaHUA ﬂMFHOCyﬂb(I)OHaTa HaTpuA B KayecTBe HaHOODFaHI/ILIECKOVI OCHOBDbI
AanAa co3fgaHnA I'IOl—IBOI'IOp,O6HbIX TeN B UenAx pekynbTnBaln TEXHOreHHO-AerpagnpoBaHHbIX 3eMelb ....

Paoa A.O., Ky3Heyos A.[]., 3sepes P.E., Tumocpees A.E.
ABTOMaTM3aLMA MOHUTOPVIHTA CTPOUTESIbHBIX PAabOT Ha OCHOBE la3ePHOro CKaHMPOBAHMSA

€ 6ecnunNOTHbIX BO3AYLLHbIX CYA0OB
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U3AATEJIbCKUE CBEAEHUA

K ABTOPAM U YUTATENAM
3HaueHune noka3sartenent SCIENCE INDEX xypHana «HaHOTexHONOrmm B CTPOUTENBCTBEY

3a 2022 roa noBbICUNOCH

CTPOUTEJIbHOE MATEPUAJNTOBEAEHUE

Camyenko C.B., Koznosa U.B., 3emckoea O.B., [lydoapesa M.O. KonnovpgHo-xnummnyeckue acnekTbl CTabunmsauum
CyCMeH31i TOHKOANCNEPCHbIX YacTUL, TUTaHATa BUCMYTA /1A LEMEHTHBIX CUCTEM

Cmeuwenko A.b., Kyoakos A.N., iHosemyes A.C., IHozemyeg C.C. YnpaBneHue CTpyKTypoobpa3oBaHmeM
NMOpPM30BaHHbIX LLEMEHTHbIX KOMMO3ULMIA NPU N3rOoTOBAEHMMN Tenno3GpdeKTUBHBIX OrpaxaaroLLmx
KOHCTPYKLNI NOBbILEHHOMO KayecTsa

NCCNEQOBAHUE CBOUCTB HAHOMATEPUAJIOB

Baxumoea P.W., Capayesa [.A., Kuamos U.K., Cabumos J1.C., OneliHuk B./8. ViccnepoBaHme BAVAHUS
Ha $a30BbIl COCTaB LIEMEHTHbIX PaCTBOPOB 106aBOK Ha OCHOBE YrNIePOAHbIX HAHOTPYHOK
npu LEMEHTUPOBAHNY CKBAXKUH

TEXHONOIrMU NPOU3BOACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3OENUIA
beccoHos W.B., byneakos b.W., AnekcaHoposa O.B., [opbyHosa 3.A. ViccnefoBaHve SKCMyaTalMOHHbIX KauecTB

BCMNeHeHHbIX MaTepunasioB Ha OCHOBE XXNAKOro CTeKsna XOJIOAHOIo OTBepPKAEHUA

MEXAYHAPOAHOE HAYYHO-TEXHUYECKOE COTPYOHUYECTBO
YXaHbCKNIN TEXHONOTMYECKNI YHUBEPCUTET

NPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHONOI A B CTPOUTEJIbCTBE
Konanuya H.O., lembaneHko O.B., Kynukosa A.A., bypearos A.Q., JlykeaHosa H.A., Conosees B.I.

Komno3unymoHHble CTpoOuTENIbHbIE MaTeEPKalibl Ha OCHOBE HaHOMOAI/Id)I/ILI,I/IpOBaHHbIX LEeMEHTHbIX CUCTEM......

Inasaues A.O., Ulearnosa O.B., CuHuyuH [].A., AxmemuwuH P.M. KomnnemeHTapHoe ynydlueHme
MaKpOMOSEKYNAPHBIMU HAHOKOMMO3MTaMM TEXHOSOTMYECKNX XapaKTePUCTUK acdanibTOOETOHHbIX
MOKPbITNIN aBTOJOPON

MasneHko B.W., Topodos A.N., AcmpebuHckuli PH., Jle6edes M.C., Kawu6adse B.B. OcobeHHOCTU HOpMUPOBaHUSA
NNeHOK OKCnaa KpemMHusaA, MO}J,VI(bI/ILlI/IpOBaHHbIX HaHOYaCTunUaMn MmeTanna

PE3YJIbTATbl UCCNIEAOBAHUI YYEHDBIX U CNELIMAJTINCTOB

Kobeneg A.A., KoHcmaHmuroga H.U., KoponbueHko O.H., Liapuuerko C.I., bokosa E.C. iccnepoBaHue
napameTpOoB BOCMIaMEHAEMOCTH 1 NpoLiecca TEPMOOKUCUTENBHOTO Pa3NoXKeHUA APEBECUHbI
B MPUCYTCTBUMN 3OPEKTUBHBIX CPEACTB OrHEOMO3aWKThI

bawupos M.I., bawuposa 3.M., lOcynosa W.I., Akaypun [].LLI., KOnbepouH P.T. peHTudUKaLms HanpsaeHHo-
1edOPMUPOBAHHOTO COCTOAHMSA U NMOBPEXAEHHOCTN CTPYKTYPbI MeTasljla CTPOUTESNIbHbIX KOHCTPYKLUNI
C HAQHONOKPbLITUAMW NTEKTPOMArHUTHO-aKyCTUYeCKMM METOAOM

WnvuHa J1.B., Camyerko C.B., Pakos M.A., 3opuH [].A. MogennpoBaHue NpoLieccoB KNHETUKU LIEMEHTHbIX
KOMMO3UTOB, MOANOULIMPOBaHHbIX KabLuiicoaepKawmumm gobaBkamm
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CHOBbIM, 2024 rogOM! 514
U3OATEJIbCKUE CBEAEHUA 515
K ABTOPAM U YNTATENAM
3HaueHune nokasatens Index Copernicus Value xypHana «<HaHOTEXHOIOrMK B CTPOUTENIbCTBE

3a 2022 roa noBbICUNOCH 518

CTPOUTEJZIbHOE MATEPUAJTOBEAEHUE
KoeaneHko 0.0., LLlynaesa E.A., LLlynaes H.C.

MNpumeHeHne NnoAnBMHUAXNOPUAA A1 HAHOKOMIMO3UTOB (aHaNM3 1 ONTUMK3aLMA NOKa3aTeseln KayecTsa) ....519
NMPUMEHEHVE HAHOMATEPUAJIOB 1 HAHOTEXHOJIOT 1A B CTPOUTE/NIbCTBE

Amuroga 3.K., KacbaHoea /1.3., icnamymouHosa A.A., AchaHousaposa J1.P.
YKene3ooKcmaHbI MUrMEHT KaK KpacALWMi HAHOHAMOHUTE b eKOPATUBHO-OETOHHBIX UL ...cnrvenrresrresnneens 531

XosaHckul B.E.
JInodpo6Hble 3051 «BETOMPECC»® B KauecTBe NPUCAfOK K XMMMNYECKNM fJo6aBKaM B 6ETOH 538

Acgharousaposa J1.P, Xakumosa I'B., OscaHHukosea U.B., Mameeesa A.1O.
[peBecHo-NoNMMepHble HAHOMOANPULNPOBAHHBIE CTPOUTENbHbIE KOMMO3ULMOHHBIE MATEPUAMDBL.u.venresresrenens 543

bawupos M.I, BunedaHos PI., Xaguzos A.M., Xucmamynnur A.C,, AkuypuH [.LLI.
NHTennekTyanbHas cMcTemMa SKOMOHUTOPUHIa AJ1A BbIOOpa yUYacTKa 3aCTPOVIKYM XWUJbIX 4OMOB
C MPVYIMEHEHEM OKOHHbIX CETOK-QUbTPOB Ha OCHOBE HAHOBOJIOKHA 552

MEXAYHAPOOHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO
YXaHbCKNIN TEXHONOTNYECKNI YHUBEPCUTET 559

TEXHOJIOrMY MPOU3BOACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3AENUIA

Ka6oywes A.A., A23amos O.A., MaHan6aes b.)K., Mondamypamos X.H.,
MUVKpPOCTPYKTYpPHbIV aHanu3 fepopMaLMOHHO-YCTOMUMBbLIX TAMMOHAXKHbIX KaMHe,
npefHa3sHavYeHHbIX 4S1A CTPOUTENbCTBA CKBAXWNH 564

PE3YJIbTATbl UCCNIEAOBAHUIN YYEHDBIX U CNELUMAJTINCTOB
Ab60bikaneikos A., Atioapanues X.K., AbObikanbik keizbl XKeinapeyn, Kydyes A.XK., Pawiud Keizel bypynua.

MpurogHocTb 6a3anbToBOro chipbaA Kbiproizckon Pecny6nvkin ana nponssoacTBa CynepTOHKNX
1 HenpepbIBHbIX BOJTIOKOH 574

Paoa A.O., KysaHeyos A.J]., Akynos A.O., KoHbkos H.fO.
YnpaBneHne TOYHOCTbIO 1 CKOPOCTbIO NMPOLIECCOB aBTOMATU3NPOBAHHOFO MOHUTOPMHIA
CTPOUTENbHbIX PAbOT B YCNIOBUAX UCMOMb30BaHNA HOBbIX TEXHOMOMMIA 583

Atioapanues XK.K., Peicbaesa M.A., bekbonom kwi3si b., Yumyukosa M.K., Pawuo Kei3wl b.
MonyuyeHre NONNKPUCTaNINYECKOrO KPeMHMA XTOPUPOBaHMEM U3 PUCOBOW LEYXUN N OUUCTKN

Xfopcofepallyx ra3oB aacopObLUVOHHbIM METOAOM 592
COQEPXAHUE HOMEPOB »KYPHAJIA, BbILLEALWKXX B 2023 rogy 602
NYBJIMKALUWOHHAA O TUKA 608
MPABUNA ANA ABTOPOB 612
KAJIEHOAPDb HA 2024 TOf 617

http://nanobuild.ru 607 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6):

HaHoTexHonorun B cTpouTenbcTee 608-611 NanObL" ]

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 MNP HANIMYUMN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuyei XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIEH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ilenaeT BbIBOAOB O KAaUeCTBe CTaTbll HA OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefakumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApPYLUeHNA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM peLueHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COLepKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHMYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [NaBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOoro xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyuMBLINIA YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHAPYXeHUA Nniarnarta, MoryT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHne paboT, ony6nnKoBaHHbIX B XKypHane. icnpaBneHusa nocne ny6nukauui

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3patenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 ynTaTenb 06A3aHbl cObNAATL STUKY HayYHbIX NyONMKaLMi B )KypHane JeNCTBYIOLMX 3aKOHOB, MPaBW UAN NOO-
MEHUN 1N 06A3yt0TCA COObLLaTb O NOOBIX N3BECTHBIX CTYYAAX Y>Ke COBEPLUEHHOrO UM NOTEHLMaNbHOMO 3/10ynoTpeod-
neHna (HapyLeHusa).

Pepakuwei xXypHana HesaMeaMTebHO NPOBOANTCA pacciefjloBaHMe Mo BCemM COOOLLEHNAM O 3510ynoTpebneHnax
(HapyweHuAx) n, ecnn nHGopmaL A NOATBEPKAAETCA, MPUHUMAIOTCA MepPbI MO YCTPAHEHMIO 310ynoTpebneHnii (Ha-
pyweHui). Ecnv 31o TpebyeTca B COOTBETCTBMU C 3aKOHOAATENbCTBOM, MaTepuanbl NepeaaloTca B COOTBETCTBYOLNE
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3Mmn aBTOPOB pefakLma NpefoCcTaBiAeT pa3BepHyTbie 1 060CHOBaHHble OTBETbI, Mpuaras Bce ycu-
NnA anA paspeLueHna KOHGINKTHBIX CUTyaLmniA.
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The structure of the paper
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

NAME OF THE SECTION (In Russian)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In Russian)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In Russian)

Authors’ first name and last name (In Russian)

place of employment of each author, city, country (In Russian)

(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 (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)

Example.
Ona yntuposaHua: CunnuuH [.A., Laaxmetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HaYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHua // 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
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.

Example.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWsA
3KkoHOMUMYecKoro ¢akynbteta CaHKT-IeTepbyprckoro rocyfapctBeHHoOro yHmsepcuteta, CaHKT-Tetepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In Russian):

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.).

lMpumep.

Mopo3oBa M.C. - HayyHOe PYKOBOACTBO; KOHLENUUA UCC/IefOBaHUA; Pa3BUTME METOAONOrMK; ydyactue
B pa3paboTke yueOHbIX MPorpamMm 1 nx peannsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBble BbIBOAbI.
bokoBa E.B. - yuyacTve B pa3paboTke yueOHbIX MporpaMm 1 Ux peanvsauuu; [opaboTka TEKCTa; UTOroBble
BbIBOADbI.

The authors declare no conflicts of interests. (In Russian)

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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File format
The editors accept texts saved using Microsoft Word in .rtf format.

Text layout

Use the font Times New Roman, font size — 14 pt., and 1.5 line spacing;

Do not use an underscore in the text (for subtitles — use bold, to highlight text — use italics);
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials. The journal adopted the Vancouver style
of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 opOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMIEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM /st TabnuL, U pYCYHKOB (eC/Y He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).
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>KypHan MPUHNMaET K I'Iy6J'II/IKaL|,VIVI2 Hay4Hble CTaTbH, o63opr|e CTaTbW, pefakuMOHHbIe CTaTbN, ANCKYCCUOHHbIE
CTaTbW, PeAAKTOPCKNE 3aMETKU, PeLeH3N Ha KHUTY, peleH3UN Ha CTaTblo U T. M.

Crpykrypa cratbu (B coorBercTtBuum ¢ FOCT P 7.0.7-2021)
HA AHITTUNCKOM A3bIKE

HA3BAHWE PYBPUKWN U PA3LENA XKYPHAJA (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
paper reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue ctatbu (In English)

Umsa OtuectBoO (Npu Hannuum) @®amunusa asropa (-os) (In English)

06s3aTeNIbHOE yKa3aHUe MecTa paboTbl KaXAoro aBTopa, ropog, ctpaHa (In English)

(HaumeHogaHue opzaHu3zayuu (yupexoeHus), 20e pabomaem usu y4umcs asmop ykassigaemcs 6e3 0603Ha4yeHus
0pedHU3ayUOHHO-NPAsosouU (opmsl opuduydeckozo nuya: ®FbYH, ®I6OY BO, [1AO, AO um.n.)

* Corresponding author: e-mail: XXXXxXxxxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLManbl — https://orcid.org/Xxxx-XxXX-XXXX-XXxx

Abstract: He3aBMCKMbIN OT CTaTbW MCTOYHUK MHPOPMALLMK, KOTOPbIV MO3BOMSIET YYEHbIM 1 CMELMANNCTAM cLenaTb
BbIBO[ O KauecTBe U COAepKaHuM CTaTby (pe3tome A0MXKHbI ObiTb MHPOPMALIMOHHbBIMM, OPUTMHAMNBbHbBIMM, COAEPKATb
HOBW3HY, OCHOBHbIE pe3y/bTaTbl UCCNefoBaHUI, CTPYKTypupoBaHHbiMy Mo IMRAD (Introduction, Methods and Mate-
rials, Results, Discussion, Conclusion), KoMnakTHbIMY — yKnagpbiBaTbcs B 200-250 ¢10B) (Ha aHIIMINCKOM AI3bIKe):

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion...

Keywords: (In English)

Acknowledgments: (npu Hannunu) (In English)

For citation: (In English)

lMpumep.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko L.V. Nanostruc-
tured foam ceramics for building purposes. Nanotechnologies in Construction. 2021;13(4):213-221. https://doi.
org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021
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- INTRODUCTION

- METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSION

References (In English) (cornacHo Vancouver Style)

Information about the author (authors) (In English)

- IM#l, 0TYECTBO, pamMunns aBTopa (NOJIHOCTbIO);

— yuyeHoe 3BaHUe;

— yUeHasi CTerneHb;

— HaMMeHOBaHUe opraHn3auun (YUpexkaeHus), ee nogpasgeneHns, rae pabotaet nnm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NpPaBoBol Gpopmbl topuanueckoro nuua: GreyYH, ®re0y BO, MAO, AO u T. n.);

— agpec opraHusauuu (yupexzaeHus), ee nogpasgeneHus, rae paboTaeT unv yumnTcs aBTop (ropog v cTpaHa);

http://nanobuild.ru 613 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6): '
HaHoTexHonorum B cTponTenbcTBe 612-616 NanObL" ]

— JNIEKTPOHHbIV aapec aBTopa (e-mail);

— OTKpbITbIN ngeHTndrKatop yuyeHoro (Open Researcher and Contributor ID — ORCID) (npu Hanuuun).

OneKTPOHHbIN afpec aBTopa NpuBoAAT 6e3 cyioBa “e-mail’, nocne anekTpoHHOro agpeca Touky He ctaBAt. ORCID
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3BaHVA, YIIEHCTBO B OpraHM3aumax 1 T. .
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMXKHa 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 YNTOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMaLma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNKA (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, NyGNVKYIOLLMECS B KypHAse, COrMaLlalTCA CO Cleayowmm:

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 Bepcuy paboTbl B onybnnKoOBaHHOM 34eCb BUge (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 BPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXEeT 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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