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Suitability of basalt raw materials of the Kyrgyz Republic
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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

http://nanobuild.ru 578 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
574-582

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

RESEARCH RESULTS OF SCIENTISTS AND SPECIALISTS

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.

REFERENCES

on the Kyrgyz Republic territory have been established.
The physical, chemical and technological characteristics of
igneous rocks of the Kyrgyz Republic and the selection of
raw material deposits for the production of superthin and
continuous fibers are presented. Technological parameters
have been selected for the production technology of superthin
and continuous basalt fibers from the Suluu-Terek deposit.

1. Bogatikov O. A., O. A. Bogatikov. Igneous rocks. Moscow: Nauka; 1985.

2. Afanasyeva M. A., Bardina N. Yu., Bogatikov O. A., Veshnevskaya I. I., Gavrilova V.N., Gurova M.N., Kovalenko
V.1., Kononkova N.N., Lipchanskaya L.N., Naumov V.B., Popov V.S., Chernov V.I., Sharkov E.V., Yurgenson B.P.,
Yarmolyuk V.V. Petrography and petrology of igneous, metamorphic and metasomatic rocks. M: Logos; 2001.

3. Tatarintseva O.S., Khodakova N.N. Assessment of the possibility of using rocks of Siberia and the Far East in
the production of basalt fibers. Basalt technologies. 2021;1:15-18.

4. Raskina E.A., Zemtsova A.N. Gabbro-basalt raw materials for the production of basalt fiber. Moscow: Perm

VNIIESI; 2003.

5. Buyantuev S.L., Buyantuev S.L., Ning Gong Lin. On the issue of studying the composition and properties of
basalt from the Dalian deposit (PRC) to produce a melt by the electric arc method with fiber production. Vestn. Buryat.

state un-ta. Chemistry-Physics. 2017;2(3):1-9.

6. Dzhigiris D.D., Makhova M.F., Sergeev V.P. Basalt fibrous materials: analyte. Review. M: VNIIESM;

1989;6(3):67.

7. Makhova M.F., Mishenko E.S., Krivonos V.P., Bochkov A.A. Amphibolites — one-component raw materials
for mineral fibers. Exploration and protection of subsoil. 1989;8:17-21.
8. Myasnikov A.A., Aslanova M.S. Selection of basalt rock compositions for obtaining fibers for various purposes.

Glass and Ceramics. 1965;3:12-15.

9. Tatarintseva O.S., Khodakova N.N. Assessment of the possibility of using rocks of Siberia and the Far East in
the production of basalt fibers. Basalt technologies. 2021;1:15-18.

10. Chernov V.P., Ignatova A.M. Mineralogical and petrographic characteristics of secondary technogenic metal-
lographic resources of the Urals and Cis-Urals for their processing by petrurgy. Fundamental research. 2012;11:670-674.

11. Dzhigiris D.D., Makhova M.F. Fundamentals of the production of basalt fibers and products. Moscow: Teploen-

ergetik; 2002.

12. Ormonbekov T.O. Technology of basalt fibers based products. Bishkek: Technology; 1997.

13. Ormonbekov T.O. Equipment and technology for the production of basalt fibers. Bishkek: Ilim; 2005.

14. Aidaraliev Zh.K., Ismanov Yu.Kh., Kainazarov A.T., Abdiev M.S., Atyrova R.S. Mineralogical phases formed
during the crystallization of molten igneous rocks. International journal of applied and foundation research. 2019; 2:7-11.

http://nanobuild.ru

580

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6): U/
HaHoTexHonorum B cTponTenbcTBe 574-582 NanObL" ]

RESEARCH RESULTS OF SCIENTISTS AND SPECIALISTS

15. Aidaraliev Zh.K., Kainazarov A.T., Ismanov Yu.Kh., Abdiev M.S., Atyrova R.S., Sopubekov N.A. Superthin
fibers based on siltstone and basalt, mined in Kyrgyzstan. International journal of applied and foundation research.
2019; 5:109-114.

16. Aidaraliev Zh.K., Kainazarov A.T., Abdiev M.S., Sopubekov N.A. Development of technology for producing
gypsum-basalt composites. Bulletin of KRSU, Bishkek, 2019;19(8):102-105.

17. Minko N.I., Morozova I.1., Pavlenko T.L. Fiberglass for reinforcing cement products. Glass and ceramics.
1998;7:3-7.

18. Moroz, S.A. Application of thick basalt fiber in road cement concrete. Construction materials and structures.
1987;4:22.

19. Mukhametshin R.N., Dodis G.M., Sokolinskaya M.A., Tutakov O.V. Basalt-plastic reinforcement for hydraulic
structures. Bishkek: Kyrgyzstan; 1993..

20. Osnos M.S. Basalt continuous fibers — yesterday, today and tomorrow. Development of technologies and
equipment, industrial production and sales. Composite world. 2015;2:24-29.

21. Pashchenko A.A., Serbin V.P., Paslovskaya A.P., Glukhovsky V.V., Biryukovich Yu.L., Maltster A.B. Reinforce-
ment of inorganic substances with mineral fibers. M: Stroyizdat;1988.

22. Trostyanskaya E.B., Sokolinskaya M.L., Shadchika M., Miychenko I.P. Properties of imido- and phenobasalt
plastics. Plastic masses. 1987;1:28-29.

23. Treshchalin Yu.M. Composite materials based on non-woven fabrics. Moscow: MSU named after M.V. Lomono-
sov; 2015.

24. Tutakov O.V., Bozhko V.I. Braided tapes made of basalt fiber. Construction materials and structures. 1986;4:14.

25. Uvarov A.S. Technology for the production of basalt fiber and products based on it // Building materials.
1998;5:4-6.

26. Khariton Ya.G., Pisarenko G.V. Basalt fibers - reinforcing material. Building materials and structures. 1982;2:22-23.

27. Artomanova M.V., Rubakhin A.I., Savelyev V.G. Workshop on general technology of silicates. Moscow: Stroy-
izdat, 1996.

28. Brandon J., Kaplan W. Microstructure of materials: Methods of research and control. Moscow: Tekhnosphere, 2004.

29. Zharsky I.N., Novikov G.1. Physical research methods in inorganic chemistry. Moscow: Higher School; 1998.

30. Korostelev P.P. Chemical analysis in metallurgy. Moscow: Metallurgy; 1988.

31. Perevozchikov B.V. Methodological approaches to the selection of basicite raw materials for obtaining high-
quality basalt fiber. Basalt technologies. 2012; October-December: 12-14.

32. Technical Conditions V.2.7.88.023.025.-96. Canvases made of micro-, ultra-, super-thin and microcrystalline
glass staple fibers from rocks. Technical specifications (41589) [Electronic resource]. Access mode: https://dnaop.
com/html/41589/doc%D0%A2%D0%A3_%D0%A3 %1D0%92.2.7-88.023.025-96

33. Technical Conditions 576940-024-5042022414-01. Non-flammable heat-resistant slabs based on basalt raw
materials. Specifications. 05/01/2001.

34. Borodaev Yu.S. Eremin N.1., Mennikov F.P. Laboratory methods for studying minerals, ores and rocks. Moscow:
Moscow State University Publishing House; 1988.

35. Dubrovsky V.A., Makhova, M.F., Perveeva L.A. Method for determining the temperature of the lower limit of glass
crystallization using a derivatograph. Methods for studying the technological properties of glass. Moscow; 1970.

INFORMATION ABOUT THE AUTHORS

Akymbek A. Abdykalykov - Dr. Sci. (Eng.), Professor, Advisor to the Rector, Department of Manufacture of Building Materials,
Products and Structures, Kyrgyz State Technical University named after |. Razzakov, Bishkek, Kyrgyzstan, abdykalykov.57@mail.ru,
https://orcid.org/0009-0006-7260-8738

Zhanbolot K. Aidaraliev - Cand. Sci. (Eng.), Professor of the Physics Department, Kyrgyz State Technical University named
after |. Razzakov, Bishkek, Kyrgyzstan, janlem@mail.ru, https://orcid.org/0000-0002-1100-3237

Zhypargul Abdykalyk kyzy - senior teacher, Department of Economics and Taxes, Osh State University, Osh, Kyrgyzstan,
gold_chingiz@mail.ru, https://orcid.org/0000-0003-4958-1240

Altynbek Z. Kuduev - Department of Automated Systems and Digital Technologies, Osh State University, Osh, Kyrgyzstan,
altynbek_kuduev@mail.ru, https://orcid.org/0000-0002-3345-1364

Burulcha Rashid kyzy — Department of Applied Informatics and Information Security, Kyrgyz State Technical University named
after I. Razzakov, Bishkek, Kyrgyzstan, burulcha9090@gmail.ru, https://orcid.org/0009-0006-7785-6861

http://nanobuild.ru 581 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://dnaop.com/html/41589/doc%D0%A2%D0%A3_%D0%A3_%D0%92.2.7-88.023.025-96
https://dnaop.com/html/41589/doc%D0%A2%D0%A3_%D0%A3_%D0%92.2.7-88.023.025-96
https://orcid.org/0009-0006-7260-8738
mailto:janlem@mail.ru
https://orcid.org/0000-0002-1100-3237

Nanotechnologies in construction 2023; 15 (6):

HaHoTexHonorun B cTpouTenbcTee 574-582 NanObL" ]

RESEARCH RESULTS OF SCIENTISTS AND SPECIALISTS

CONTRIBUTION OF THE AUTHORS

Akymbek A. Abdykalykov - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Zhanbolot K. Aidaraliev - scientific management; research concept; methodology development; participation in development
of curricula and their implementation; writing the draft; final conclusions.

Zhypargul Abdykalyk kyzy - participation in development of curricula and their implementation; follow-on revision of the text;
final conclusions.
Altynbek Z. Kuduev - participation in development of curricula and their implementation; follow-on revision of the text.

Burulcha Rashid kyzy - participation in development of curricula and their implementation.

The authors declare no conflicts of interests.
The article was submitted on 17.10.2023; approved after reviewing 24.11.2023; accepted for publication 29.11.2023.

http://nanobuild.ru 582 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2023; 15 (6):
HaHoTexHONorum B cTpouTtenbCcTBe 574-582

PE3Y/IbTATbI UCC/IE4OBAHUW YHYEHBIX U CMIELUAJIUCTOB

HayuHan cTaTba
YAK 553.2+691
https://doi.org/10.15828/2075-8545-2023-15-6-574-582

CCBY 4.0

MpurogHocTb 6a3anbTOBOro CbipbA
Kbiprbisckon Pecny6nukn gna nponsBoacTBa
CYNepTOHKNX N HeNpepbIBHbIX BOJIOKOH

Akbim6ek A6abikanbikoB' (0}, KaH6onoTt KaukbiH6aeBuy Aigapanues’™ (o), XKbinapryn A6abiKanbiK Kbisbi? (2},
AntbiH6eK MKanun6ekosuy Kyayes? (2}, Bypynua Pawug Kbisbl’

! KbIprbi3CKUid FOCyAapCTBEHHDBIN TEXHUYECKUA yHuBepcmTeT nM. U. Pa33akoBa, bulikek, Kbiproidckaa Pecrnybnvika
2 OwCKni rocyfapcTBeHHbIn yHuBepcuteT, Ow, Kbiprbidckaa Pecnybnvka

* ABTOp, OTBETCTBEHHBIN 3a Nepenuncky: e-mail: janlem@mail.ru

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.

KJTIOYEBDIE CJTIOBA: KpuTepuin NpuUrofHOCTA Cbipbs, FOPHbIE MOPOAbI, XMMUKO-MUHEPANOrMYeCcKnii COCTaB, MoTepu Npu NpoKanum-
BaHMVW, MOAY b BA3KOCTYM, MOAY/b NNaBKOCTY, TeMNepaTypa BepxHero npegena kpuctannusauuu (TBMK), 6azanstoBoe cyrnepToHKoe
BonokHo (BCTB), 6a3anbToBbIE HEMPEpPbIBHbIE BONOKHa (BHB).
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PE3Y/IbTATbI UCC/IE4OBAHUW YHYEHBIX U CMIELUAJIUCTOB

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

http://nanobuild.ru

577

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
574-582

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

PE3Y/IbTATbI UCC/IE4OBAHUW YHYEHBIX U CMIELUAJIUCTOB

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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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)

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
583-591

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

RESULTS OF RESEARCH BY SCIENTISTS AND SPECIALISTS

C pasiwsmus OOows oo

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
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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»,
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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.,
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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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2023; 15 (6):
583-591

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

PE3YJIbTATbI UCCJIEJOBAHUN YYEHbIX U CIIELUAJINCTOB

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
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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.
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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
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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
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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} \
£ o0 2
?\B 50 K \\
c |
& 40 =
::a 30 B
Q \
g ‘3>~\
o 20
o
T
0 50 100 150 200 250 300
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.
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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.
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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
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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
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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
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YXaHbCKNN TEXHONOMNYECKINI YHUBEPCUTET

TEXHOJIOTMY MPOU3BOACTBA CTPOUTEJIbHbIX MATEPUAJIOB U USAENUIA
Hazapos B.I., [ledos A.B., bokoea E.C.
CXXMMaemMoCTb KOMMO3ULIMOHHOIO MaTeprana C BOIOKHMCTbIM HaMOIHUTEIEM 1 HAHOPA3MePHOM
NonnypeTaHoBOW MaTpuLeln AS1A JOPOXHOTO 1 F’MAPOTEXHNYECKOrO CTPOUTENbCTBA

NPUMEHEHVUE HAHOTEXHONOIMMA K HAHOMATEPUAJIOB B CTPOUTE/IbCTBE

Xenoakoe [.10., Typcykos C.A., CuHuyuH [].A., lMydoekuH A.H., lapgeHosa A.A.
OueHKa AONroBeYHOCT HAHOCTPYKTYPbl BOJIOKOH MUHEPasibHOW BaTbl C MPYMEHEHEeM TEOPUM
XMMUYECKOW Koppo3um

PE3YNIbTATbl UCCNEAOBAHUN YYEHbBIX U CNELWMANTUCTOB

lopb6amoea B.H., lopoeesa W.B, [lydapesa T.B., KpacomkuHa W.A., Hukonsckuli B.I,, Ezopos B.M.
BnuaHue akTMBHOIo NOPOLLKa AUCKPETHO AEBY/IKAHN30BaHHOWM Pe3nHbI Ha H3KOTeMMepaTypHble
CBOWCTBa 6UTYyMa
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U3AATEJIbCKUE CBEAEHUA 94

CTPOUTEJZIbHOE MATEPUANTOBEAEHUE
Camyenko C.B., Koznosa W.B., 3emckosa O.B., [lyoapesa M.O.
MeToponornyeckoe 060cHoBaHWe Bblibopa CcTabunr3saTopa CycreH3nin TOHKOANCNEPCHbIX YacTuL,
TWTaHaTa BUCMYyTa 97

NCCNEAOBAHUE CBOVUCTB HAHOMATEPUAJIOB
Xaumumupos A.I., A6OpaxmaHosa J1.A., Huzamos P.K., Xo3uH B.I.
WccnepoBaHmne CBOMCTB HAHOMOAUPULIMPOBAHHbBIX fPEBECHO-MONMMEPHbIX KOMMO3UTOB
Ha OCHOBE NONV3TUNEHA 110

TEXHONOIrMU NPOU3BOACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3AENUIA
Hazapos B.I,, UsarHos J1.A., [ledos A.B., bokosa E.C., CmamHuk E.C.
[papgneHTHble HEeTKaHble MaTepuasbl C MOANGULIMPOBaHHBIM MOBEPXHOCTHLIM HAHOCJIOEM
Ana GUNbTPaLMOHHOM NOArOTOBKM BOAbl B CTPOUTENbCTBE 117

PA3PABOTKA HOBbIX MATEPUAJIOB

Cnasyesa I.C., Apomamonoga O.B., Komoga K.C., LLleedosa M.A., lOposg I1.f0.
NccnepoBaHva ¢akTopoB perynvpoBaHma NPOYHOCTA afre3MOHHOIo COeAMHEHNA «LeMeHTHadA maTpuua —
apmupytoLlee BOJIOKHO» B KOMMO3UTax A1a cTpouTtenbHon 3D-nevatn 124

MEXAYHAPOOHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO
YXaHbCKUIN TEXHONOMMYECKI YHUBEPCUTET 134

NMPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHOJIOTUIA B CTPOUTE/IbCTBE
fO0aes I1.A., Tambypa b., Yucmskoe E.M.
AHTUCTaTMYeCKME NOAVIMEPHble MaTepuanbl 139

YepkawuHa H.U., [asneHko B.W., fopodos A.U., Peixxux [.A., ®opoea E.B.
BnusaHmne nasepHoi 06paboTKM Ha KOMMO3NTHbIE MNIEHKM C HAHO[UCMEPCHbIM SiO, 152

Ma3zumosa A.K., Cyxapesa W.A., Cudopos I'M., Tanunos PA., AmMuHosa A.Q.
MccnepoBaHve MeTofa OUMCTKM CTOYHbBIX BOL NPOW3BOACTBA APEBECHO-CTPYXKEUHbIX CTPOUTENbHbIX
MaTepranos B NPUCYTCTBUM HAHOCTPYKTYPHOMO reTeporeHHOro KaTtaamsatopa 164

PE3YJIbTATbI UCCNIEAOBAHUIA YYEHbIX U CNELUATIUCTOB
banvikos A.C., KaneouHa E.A., BonoouH C.B.
MporHo3mpoBaHvie MPOYHOCTY MPU CKATUU U NMPOEKTUPOBAHME COCTABOB KOHCTPYKLNOHHbIX

nerkunx 6eTOHOB C NPYMeHeHVemM METOJ0B MaLUMHHOIO 0byyYeHNA 171
NYBJIMKAUNOHHAA 3TUKA 187
MPABWJIA ANid ABTOPOB 191
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U3AATEJIbCKUE CBEAEHUA

CTPOUTEJIbHOE MATEPUAJNTOBEAEHUE
bepezosoli B.A., CHaouH E.B., inozemyes A.C., lununerko A.C.

BblCOKO(I)yHKLWIOHaJ'IbeIe 6GEeTOHbI ANA CTAHKOCTPOEHMA C NPUMEHEHNEM HAHO- U MVIKpOMaCLLITa6HbIX

CblPbeBbIX KOMMOHEHTOB
JloeanuHa B.U., Kucnuywsina C.H., Tkay E.B., CmenuHa .B.

AHTMOONEAEHUTENBHOE MOKPbITVIE HAa OCHOBE CUJIMKOHOBOW cMonbl SILRES® MSE100

Kezepa K.B., Poixxos A.[., Cokonoea 0.A., LLlecmakos H./.
3aKOHOMEpPHOCTM CTPYKTYPOOHPa30BaHNA N3BECTKOBbIX KOMMO3UTOB C 06aBKOI Ha OCHOBE
aMopPdHbIX antoMOCUIINKATOB

NCCNEQOBAHUE CBOMCTB HAHOMATEPUAJIOB
Wneuna B.H., nbun C.B., [aghaposa B.A., Ky3ees U.P.
BnusHve HaHOYrNepoaHbIX HAMOSIHUTENEN HAa CBONCTBA KOMMO3MLMOHHbIX MaTepranos

TEXHOJIOrMY MPOU3BOACTBA CTPOUTEJIbHbIX MATEPUAJIOB U USOENUIA

Mopo3zosa M.B.
PeakunoHHasa cnocobHOCTb Kak OAUH U3 KpUTepreB BbIGOPa CblipbA AN NONyYeHMA akTUBHbIX
TOHKOAMCMEPCHbIX MUHEPabHbIX MOPOLLIKOB

MEXAYHAPOOAHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

YXaHbCKNIN TEXHONOTMYECKNUI YHNBEPCUTET

PA3PABOTKA HOBbIX MATEPUAJIOB
PaxmamynnuHa P.I., Apmyxamemoasa I'Y., Mackosa A.P, PycuHos A.A.
MccnepgoBaHuve BnvAHNA [O6aBOK Ha Tennodursmyeckme CBONCTBA NapadrHcoaepKaLmnx

ONCNEePCHbIX CNCTEM

MPUMEHEHUE HAHOMATEPUAJIOB U HAHOTEXHONOT A B CTPOUTEJIbCTBE
lMonyskmosa B.A., lllanosanos H.A., Yepkawura H.N., KoxaHosa E.I1, Cmapyerko C.A.

PerynupoBaHue arperatrBHO yCTOMUYNBOCTN OGUHAPHBIX MOANMEPMUHEPASTIBHBIX ANCTIEPCUN .oveererenreeennecs

Kemos A.A, KpacHosckux M.I1., KanuHuHa E.B., O¢ppuxmep B.I., TamobaHHUKo8 [.A.
BnumsaHme HaHOCTPYKTYpPHOro mogudukaTopa 13 aBTOMOOUNbHbIX MOKPbILLEK Ha NOTpebutenbckne
cBOWCTBa 6rTYMa

PE3YJIbTATbI UCCNIEAOBAHUIA YYEHbIX U CNELUATIUCTOB
JeHucosa O.A. AKyCTOONTUYECKUIA 3aTBOP AJ1A CTEKONAKETOB
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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
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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
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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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AUTHOR GUIDELINES

Admission of articles

The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

The authors of the materials published in the journal permit using their content according to the license Creative
Commons Attribution 4.0 International (CC-BY 4.0); agree to publish full texts (parts or metadata) of the paper in free
access in Internet at the official website of the edition (www.nanobuild.ru), citation systems (data bases). All that
authors indicate in the cover letter. More details about the license Creative Commons Attribution 4.0 International
(CC-BY 4.0) are available here https://creativecommons.org/licenses/by/4.0/.

When submitting articles to the journal, it is presumed that:
« the work has not been previously published in any other journal;
 thearticle is not under consideration in any other journal;
- all co-authors consent to the publication of the article;
. thereis implicit or explicit consent of the organization in which the study was conducted.

Information about the conflict of interest
The article should exclude any actual or potential conflict of interest. If there is no conflict of interest, you should
write that «the author declares no conflict of interest.»

When submitting a manuscript to the journal, authors should ensure that the content of the paper corre-
sponds the topic of the journal; the structure and the format of the paper meet the editorial requirements; all citations
are properly formatted and the source of tables and figures are shown (unless otherwise indicated, it is assumed that
the tables and figures created by the author).

Basic the sections of the journal:
- construction material science;
+ the study of the properties of nanomaterials;
- theresults of the specialists’and scientists’ researches;
« manufacturing technology for building materials and products;
- international scientific and technical cooperation;
« overview of inventions in the field of nanotechnology;
- development of new materials;
- rational use of natural sources;
- efficient use of recycled resources;
« the application of nanotechnology and nanomaterials in construction;
« system solutions for technological problems;
- inrelated sectors;
- forums, exhibitions, conferences and events in the area of construction and nanoindustry.

These are the topics of the papers published in the journal: creation of new functional materials; nanostruc-
tured systems strength and penetrability formation theory development; the problems of nanomaterials and nano-
technologies implementation in construction and building materials; cement and other binders with mineral and
organic additives; diagnostics of building systems nanostructures and nanomaterials; modification of building mate-
rials with nanofibers; disperse composite materials with nanocoating; formation of nanostructure coatings by means
of laser sputtering; technologies aimed at studying nanomaterial properties; the systems of teaching the fundamen-
tals of nanotechnologies; technological principles of nanostructures creation (liquid melts, sol and gel synthesis).
The topics may be different, directly or indirectly related to the areas mentioned above.

The journal can also publish: original article, review article, editorial, discussion paper, individual bibliography, edi-
torial notes, book reviews, article reviews, etc.
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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)

Manuscript text

File format
The editors accept texts saved using Microsoft Word in .rtf format.

Text layout

Use the font Times New Roman, font size — 14 pt., and 1.5 line spacing;

Do not use an underscore in the text (for subtitles — use bold, to highlight text — use italics);

Non-Russian languages titles (journals, organizations, etc.) should be left in the original, enclosed in quotes.
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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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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

ABTOpbI NpeaCTaBnAIOT B pefakuuio:
+  PYKOMUCK B 311eKTPOHHOM Buge no e-mail: info@nanobuild.ru;
+  COMpPOBOAMTENbHOE NMMCbMO (pefaKLmMA BbiCbIIaeT aBTopam obpaseL, no nx npeBapuTesibHOMYy 3anpocy).
ABTOpbI NY6NMKYeMbIX B XypHane MaTepuanos [OMycKaloT UCMONb30BaHNE KOHTEHTA B COOTBETCTBUM C JINLIEH-
3uen Creative Commons Attribution 4.0 International (CC-BY 4.0); cornacHbl ¢ pa3melleHnemM B OTKPbITOM JOCTyre
MOJIHbIX TEKCTOB CTaTel (MX COCTABHbIX YacTel Uy MeTafaHHbIX) B VIHTepHeTe Ha canTe nsgaHua (www.nanobuild.
ru), B crctemax UMTnpoBaHus (6aszax faHHbix). O6 3STOM aBTOPbI YKa3biBatoT B CONPOBOANTENIbHOM NUCbMe. [ogpo6Ho
o nuueH3um Creative Commons Attribution 4.0 International (CC-BY 4.0)cmoTpuTe 3gech https://creativecommons.
org/licenses/by/4.0/deed.ru.

MpepcTaBneHne cTaTby B XKypHan nogpa3yMeBaeT, uTo:
+ paboTa He Gbina onyb6MKoBaHa paHee B APYrom XKypHare;
+  He HaXOAWTCA Ha PaCCMOTPEHUN B IPYrOM XKypHarne;
+  BCE COABTOPbI COMacHbI C NyGNMKaLuein cTaTby;
+  MOJNyYEHO COoracue — HeIBHOE WM ABHOE — OpraHm3aLmm, B KOTOPOW nccnefoBaHme 6bi1o NPoBeaeHo.

NHdopmauums o KOHPNNKTe MHTepecoB
B cTtaTbe crniepyeT yKkasaTb Ha peanbHblii NN NOTEHLMANbHbIN KOHPANKT MHTepecoB. Ecnn KoHpnnKTa nHtepecos
HeT, TO ClelyeT HanncaTb, YTO «aBTOP 3aABNAET 00 OTCYTCTBUM KOHGNUKTa MHTEPECOBY.

Mpwu npeacTaBneHNN PyKONuCK B }KypHaJl aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAEP>KaHNE CTaTbll COOTBECTBY-
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).

OCHOBHbIe pasaenbl XKypHana:
+  CTpOWTENbHOE MaTepunanoBeaeHye;
«  UCCnefoBaHMe CBOWCTB HAHOMATepPUanos;
«  pe3ynbTaTbl NCCNIE[OBaHUIA YUEHbIX 1 CNeLuanncTos;
«  TEXHOMOIMM NPOV3BOACTBA CTPOUTENbHBIX MAaTEPVANOB U U3LENNiA;
«  MeXAyHapoLHOe HayYyHO-TEXHNYECKOE COTPYAHNYECTBO;
+ 0630p n306peTeHun B 0611aCT HAHOMHAYCTPUN
+ pa3paboTKa HOBbIX MaTEPMAsOB;
+  pauroHaibHOE MCMONb30BaHNe NPUPOLHbBIX PECYPCOB;
«  3pdEKTUBHOE NCMONb30BaHNE BTOPUYHOTO ChIPbs;
+  MPVIMEHEHME HAHOTEXHOMOIMIN 1 HAHOMATEPUASIOB B CTPOUTENBCTBE;
+  CUCTEMHbIE PELLIEHUA TEXHONOMMYECKNX Npobnem;
+ B CMeXHbIX OTpacnax;
«  ¢$OopyMmbl, BbICTaBKM, KOHbEPEHUMY, MEPONPUATUSA CTPOUTENIbHON OTPAC/ Y HAHOUHAYCTPUN.

B xxypHane ny6aunKyiotca paboTbl nNo cnepylowWwym TeMam: Co3faHne HOBbIX GYHKLMOHaNbHbIX MaTepPUasos;
pa3paboTka Teopun GOPMUPOBaAHNUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPMPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOMMIA B CTPOUTENIBCTBE U CTPOUTENbHBIX MaTepuanax; LLeMeHTHble
N Apyrvie BsXyLve C MUHEePanbHbIMU 11 OpraHMYecKMy fo6aBKamuy; AVArHOCTVIKA HAHOCTPYKTYP M HAaHOMATepuasnoB
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIefOBaHNsA CBOWCTB HAaHOMATEPUANOB; MOANDULNPOBAHNE CTPOUTENBHbBIX
MaTepranoB HAHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3VLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMMPOBAHME Ha-
HOCTPYKTYPHbIX MOKPbITUN Jla3epHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJIOI -
yeckre NPUHLMIbI CO34aHNA HAHOCTPYKTYP (pacnnasbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C MepeUYnCTIEHHbIMU HamnpaBaeHUsAMU.
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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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ATIPEJIb e APRIL MAI ¢ MAY NHOHb  JUNE

nMH BT cp 4yt nT cb BC nMH BT cp 4t nT cb BC nH BT cp 4t nT cb BC

1 2 3 4 5 6 7 T 2 3 4 5 T 2

8 9 10 11 12 13 14 6 7 8 9 10 11 12 3 4 5 6 7 8 9
15 16 17 18 19 20 21 13 14 15 16 17 18 19 10 11 12 13 14 15 16
22 23 24 25 26 27 28 b= 18 19 20 21 22
29 30 25 26 27 28 29

NIOJb » JULY
MnH BT cp yT nrt cb BC
T 2 3 4 65 6 7
8 9 10 11 12 13 14
15 16 17 18 19 20 21
22 23 24 25 26 27 28
29 30 31

ABI'YCT e AUGUST
MH BT cp 4T nT cb BC

1

CEHTABPb « SEPTEMBER

MH BT cp yT nTt cb BC

2 3 4
9 10 11
16 17 18
23 24 25

30

5 6 7
12 13 14
19 20 21
26 27 28

OKTABPb ¢ OCTOBER
MH BT Ccp 4T nT cb BC
1 2 3 4 5
8 9
15
22
29

HOABEPb « NOVEMBER
MH BT cp 4T nT cb BC
1T 2
8 9

JNEKABPb « DECEMBER

MH BT cp yT nTt cb BC

5 6 7
12 13 14 15 16
19 20 21 22 23
26 27 28 29 30

2
9

3
10
16 17
23 24
30 31

, AH erpormes MHFAY e

4 5 6 7
11 12 13 14
18 19 20 21

25 26 27 28

8

23
30

22
29






