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B »KypHane ny6nukyioTca paboTbl No cnegylowmm TeMam: Co3aHne HOBbIX GYHKLMOHAMNbHbBIX MaTepPUanoBs; pa3paboTka Teo-
pun GOPMMPOBAHUA MPOYHOCTU Y HEMPOHMLLAEMOCTY HaHOCTPYKTYPUPOBAHHbBIX CUCTEM; NPO6NIEMbl MPYMEHEHUSE HAHOMaTEPU-
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A3bIK 3gaHMA: PyCCKNN; aHINNCKAIA.
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+  yueHble 1 CNeumnanucTbl HayYHO-1CCNef0BaTENbCKNX MHCTUTYTOB U HAHOTEXHONMOTMYECKNX LIEHTPOB;
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ABSTRACT: Introduction. Waste concrete is one of the main heavy construction waste having good recycling prospects with regard
to rational nature management related to reducing the consumption of natural resources. However, the widespread introduction
of waste concrete is hindered on the one hand by the variety of compositions and structures of recycled scrap, and on the other
hand by the lack of quantitative criteria to choose the most rational area of its use (a binder component, coarse and fine aggregate,
finely dispersed filler, etc.). Materials and methods. Case studies of experimental powders obtained by mechanical grinding from
the concrete scrap of internal wall panels and floor slabs (heavy concrete) and external wall panels (light concrete) of a five-storey
residential panel house built in 1979 in the Obozersky village, Arkhangelsk region, demonstrated the possibility of choosing the
optimal secondary use of waste concrete fractions featuring residual compressive strength. The indicators of residual strength,
grindability and contraction of mineral powders were used as optimization criteria. Results and discussions. The applicability of
the mathematical model for calculating the raw material grindability index is shown. A criterion for grinding equipment selection
is proposed to obtain powders with an extended active surface. Conclusions. Powders obtained from the fraction of waste light
concrete featuring low strength properties and grindability by mechanical grinding to a specific surface area comparable to that of
Portland cement used and having a higher value of contraction can be rationally used as a composite binder component. Concrete
scrap fractions featuring by higher grindability and strength properties are optimally suited for crushed aggregate preparation in
the concrete composite production process.

KEY WORDS: concrete scrap, recycled concrete, grindability criterion, composite binder, mineral powder contraction.
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INTRODUCTION

B esides addressing the problems related to heavy con-
struction waste disposal, concrete scrap application
in the production is also one of the promising areas of
rational environmental management related to reduc-
ing the consumption of natural mineral resources. Thus,
the use of secondary resources in this particular case has
two important aspects: economic and environmental.
However, the widespread introduction of used concrete is
hindered on the one hand by the variety of compositions
and structure of recycled scrap, and on the other hand

by the lack of quantitative criteria to choose the most ra-
tional area of its use (binder component, coarse and fine
aggregate, finely dispersed filler, etc.). Currently, there
are various approaches to recommendations for recycled
concrete application that are predominantly associated
with its use as a coarse aggregate [1, 2]. However, using
recycled concrete only as aggregates cannot be considered
an optimal way to address the issue of recycling these
materials. It is known that the concrete matrix contains
unhydrated clinker particles that can form a new cur-
ing structure during grinding and subsequent hydration
[3—6]. The unhydrated clinker part volume can reach
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20% |7, 8]. Thus, studies show that complete hydration
is observed for 3CaO « Al,O, (C,A) tricalcium aluminate
by the 28" day of concrete curing under normal humidity
and temperature conditions. 3Ca0O « SiO, (C,S) trical-
cium silicate is hydrated by 70—75%, and 2CaO * SiO,
(C,S) bicalcium silicate is hydrated by 50—75%. Thus,
C,S and C,S particles remain unhydrated in the cement
stone structure in concrete products. Therefore, concrete
scrap from demolished buildings and structures, as a rule,
contains clinker minerals capable of further hardening.
Finely dispersed powder of recycled concrete with a sig-
nificant residual content of unhydrated calcium silicates
can be an active component in binding compositions.
Based on the above, methods for evaluating the powder
ability to form hydrosilicates of additional generation in a
reaction with water can be used to predict the rational use
of concrete scrap as a coarse (or fine) aggregate or com-
ponent in binding compositions. Such methods include
e.g. reducing the volume of the mixture (powder/water)
due to hydration (contraction) [9—14]. This is due to the
fact that the volume of cement stone newgrowths is less
than the volume occupied by substances undergoing the
hydration reaction (shrinkage develops intensively dur-
ing the chemical reaction). Additional parameters that
determine the rational use of waste concrete can be e.g.
the grindability of samples and their residual compres-
sive strength. The authors of the paper [15] proposed
a quantitative grindability criterion — grindability index
(GI) calculated by the expression:

GI = (SspeCZ_Sspecl)/AT’ (l)

where Sspecl and Sspecz are specific surface areas of
powders before and after mechanical grinding during
the time At. In addition, the shape of particles obtained
when grinding is no less important for obtaining an active
(capable of chemical transformation) powder. Dispersed
systems where particles feature by spherical symmetry
form a less active surface than corner-shaped particles.

Fig. 1. Photo of a panel house built in 1979

At the same time, it is necessary to take into account the
fact of the relationship between the main dispersed prop-
erties of powders: particle size and specific surface area.
So, if the particles have a near-spherical shape and exhibit
the properties of elastic bodies, the ratio [16, 17] is valid:

d= 6/(‘otrue * Sspec)’ (2)

where d is the average linear particle size; ptrue is the
true specific density of powder, kg/m?. Thus, the greater
the difference between the calculated value of d according
to expression (2) and the similar dimensional charac-
teristic experimentally determined by modern methods
(e.g. photon correlation spectroscopy), the higher the
potential reactivity of the particle (or entire powder sys-
tem). This criterion can be used when choosing the most
optimal grinding machine.

The objectives of these studies are to: assess the con-
traction value of concrete scrap powders of different initial
strength (light and heavy concrete) obtained from frag-
ments of demolished buildings operated for more than
50 years; experimentally check the possibility of using
highly dispersed powders as a component in composite
binders (CB); reuse samples of waste concrete as an ag-
gregate.

MATERIALS AND METHODS

Test samples of powders were made from concrete
scrap of internal wall panels and floor slabs (heavy con-
crete, raw sample B1) and external wall panels (light con-
crete, raw sample B2) of a five-storey residential panel
house built in 1979 in the Obozersky village, Arkhan-
gelsk region (Fig. 1).The residual strength of samples
was determined by the shock pulse method according to
GOST 22690-2015 on the IPS-MG4 device.

Concrete test samples were split into pieces maxi-
mum 120x120x60 mm in size with subsequent reinforce-
ment extraction. Then concrete fragments were crushed
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using the DShch 1-2 jaw crusher (Prommash, Russia).
Screenings were divided into fractions on a standard
set of sieves (GOST 3584-73) by a dry method. A frac-
tion that passed through the Sieve No. 015 mesh was
selected for further research. Thus, it can be assumed
that particle size properties of Bl and B2 raw samples
did not exceed 0.14 mm. Before the final grinding, all
the raw materials studied were brought to a constant
mass in a drying cabinet at 60£5°C and subjected to
the procedure of true density measurement according
to the method specified in GOST 32763-2014 “Mineral
Powder. The Method of Determining the True Density.”
The chemical composition of test samples was deter-
mined using the MetExpert X-ray fluorescence analyzer
(Yuzhpolymetal-Holding, Moscow, Russia). The final
mechanical grinding of raw materials was carried out
to obtain a specific surface area comparable to that of
Portland cement (300500 m?/kg) by dry grinding in
the Retsch PM 100 planetary ball mill at a rotor speed of
420 rpm. The specific surface area of dispersed materials
and dimensional properties of particles were measured
by the Kozeny-Carman gas permeability methods at the
PSKh-10a unit (Khodakov Devices, Russia). The activity
of waste concrete powders obtained was determined by
an accelerated method for 3 hours according to the ce-
ment paste contraction value using the Cement-Prognoz
unit in accordance with MI 2486-98, M1 2487-98 mea-
surement methods. Portland cement M500 was used
for a comparative assessment of the activity of mineral
powder systems. Physical and mechanical parameters
(bending strength and compressive strength) of con-
struction products (40x40x160 mm cement-sand and
mineral beams and 100x100x100 mm concrete cubes)
were determined in accordance with standard methods.

RESULTS AND DISCUSSIONS

Residual strength tests of experimental concrete sam-
ples showed that light (Sample B2) and heavy (Sample
B1) concrete can be classified as Class B22,5 and Class
B40, respectively. The average true specific density (o)
values of the samples studied were: 2253 kg/m?® for Sam-
ple B2, and 2350 kg/m? for Samples B1. The elemental
composition of Sample Bl and Sample B2 (in terms of

Table 1

oxides) differs significantly in the content of main com-
ponents: SiO, — 36.68% and 16.73%, CaO — 51.39% and
76.63%, Fe,O, — 11.18% and 5.89% for light (B2) and
heavy (B1) concrete, respectively. The content of the rest
elements can be considered as impurity one since their
total amount does not exceed 1%. Thus, the elemental
composition analysis showed the absence of carcinogens
(agents potentially dangerous for the human body) that
could form in concrete during its long-term operation as
a result of metasomatic processes. In further experiments,
it was found that the 30-minute final mechanical grinding
of concrete scrap samples obtained after the jaw crusher
made it possible to obtain finely dispersed powders with
a specific surface area and dimensional properties (av-
erage mass diameter) of particles comparable to those
used in further experiments of Portland cement M500
(Sample PC500) (Table 1) with the true specific density
of 2550 kg/m?.

The results obtained (Table 1) show that concrete
scrap with a higher residual strength features by increased
grindability compared to a part of test samples having
a reduced residual compressive strength corresponding
to Class B22,5.

In order to determine the GI digital value accord-
ing to equation (1), we used the values of correspond-
ing powders obtained after screening on Sieve No. 015
and determined by us in [6] as Sspec] for Sample B1
and Sample B2. In particular, it was S, = 240 m’/kg
for Sample B1, and Ssmz = 260 m?/kg for Sample B2.
Therefore, GI = 3.0 m?+kg~'* min~' for light concrete
(B2), and GI = 6.7 m?>+kg~' * min~' for heavy concrete
(B1). The data obtained show that Concrete B1 tested fea-
tures by grindability more than twice that of Concrete B2.
In our opinion, the seemingly contradictory fact noted
can be explained using the following hypothetical model:
destruction is an irreversible violation of the continuity
of the medium under the influence of loads (particle de-
struction to a size of 0.1 um is called grinding), and it is
determined by the material strength properties only at the
same loading mechanism. In its turn, the strength of sol-
ids is a combination of two factors, namely the resistance
to destruction (compressive strength) and irreversible
shape change (plastic deformation) under the influence
of external loads. The latter factor is dominant in the me-

Specific surface area and particle size properties of powders used

. Average mass diameter
2
Test sample Specific surface area (S,,0)> M /kg s (),
PC500 430 4.5
B1 440 5.9
B2 350 7.5
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Table 2
Binding performance of test samples
Sample Contraction, ml/g | Binder activity, MPa Bendil;\g/[;t;ength, stcrz:::gl;;'lfsli/i[‘iga
PC500 3.05 41.9 4.68 73.58
B1 0.28 4.0 0.17 0.72
B2 0.35 5.1 0.15 1.04
PC-10Bl1 — — 5.12 49.31
PC-10B2 — — 4.44 57.92

chanical dispersion of solids. Therefore, Concrete Sample
B1 has a lower ability to exhibit plastic deformation.

Another important parameter of powder systems that
affects their reactivity is the shape of crushed particles
determined based on the average diameter calculation ac-
cording to the expression (2). This approach implemented
for the concrete samples tested gave the following results.
For Sample Bl and Sample B2 dcalc was 5.8 um and
7.6 um (respectively); at the same time, Ad = |d_, —d, | has
the same value equal to 0.1 um for the concrete samples
tested. A good coincidence of the calculated and experi-
mental dimensional properties of the particles may indi-
cate that their spherical shape is approximately the same,
and, consequently, their reactivity is close as determined
by the geometric structure. In contrast, the calculation of
the dcalc value for PC500 used showed that this param-
eter is equal to 5.5 um and Ad = 1.0 um. It is known that
the shape of the cement grain can be changed significantly
during the binder production process depending on the
grinding unit type [18, 19]. The difference in the calcu-
lated value of the linear size of cement particles and the
experimentally determined one may indicate that in our
case the particles have a fragmentary “crushed stone”
shape with sharp corners and a highly developed configu-
ration. An important conclusion from these experiments
may be the following statement. The grinding principle
used, which is implemented at the grinding unit used
(planetary ball mill), is ineffective for carrying out the
process of concrete scrap mechanical grinding in order
to obtain a dispersed powder with a highly developed ac-
tive surface.

Following the studies, the amount of contraction
(volumetric deformation of powder systems during hy-
dration) and the forecast of their possible activity when
used as binders were determined at the Cement-Prognoz
unit (Table 2) for Sample PC500, Sample B1 and Sample
B2. In addition, beams made of cement-sand mortar and
solutions with cement replaced by the studied powder
from Sample B1 and Sample B2 were manufactured and
tested for physical and mechanical characteristics (bend-
ing strength, compressive strength) to assess the binding
capacity. Additionally, strength test samples were made

with 10% of cement replaced by B1 and B2 highly dis-
persed concrete scrap powders (PC-10B1 and PC-10B2,
respectively). The values of the obtained properties are
presented in Table 2.

The obtained data showed that M500 cement contrac-
tion and activity, as expected, have sufficient values char-
acteristic of hydration-type curing binders. For powders
prepared from concrete scrap, the effect of hydration is
also noted but its value is an order of magnitude lower in
quantitative terms. This explains the near-zero strength
properties of beams based on waste concrete mineral
powders. At the same time, B1 and B2 highly dispersed
system additives introduced into Portland cement can al-
low controlling the shrinkage process during the concrete
production or operation processes to avoid the occurrence
of spontaneous stresses in the material and, as a result,
microcracking with potentially deteriorated physical and
mechanical properties of construction products. Thus,
it is found that waste concrete powders of this disper-
sion degree (specific surface area) can be used as highly
dispersed fillers.

Composite binder (CB) based on Portland cement
(90%) and highly dispersed waste concrete powder (10%)
features by a 21% decrease in compressive strength com-
pared to Portland cement for a composite with the light
concrete powder additive and a 33% decrease in strength
for CB with the heavy concrete powder additive. However,
CB deformation properties virtually do not change (when
adding Concrete Powder B2, bending strength reduced by
5% relative to PC500; when adding Concrete Powder B1,
bending strength increased by 9%). Thus, it can be con-
cluded that the highly dispersed powder of light concrete
added as a component of CB makes it possible to obtain
a concrete composite of a higher strength class compared
to CB with a highly dispersed additive of heavy concrete,
while reducing the cement consumption.

We made concrete samples in the form of cubes with
crushed stone (5 mm) from light and heavy concrete used
as an aggregate with the same cement content and equal
water-cement and water-solid ratio. After 28 days of hold-
ing under normal curing conditions, samples were tested
for compressive strength. The test results showed that
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the compressive strength of concrete with crushed stone
from waste light and heavy concrete was 15.45 MPa and
43.48 MPa, respectively. Therefore, it can be concluded
that the higher the residual strength class of concrete scrap
used as a coarse aggregate in the concrete production
process, the higher the compressive strength values of
the final product.

CONCLUSIONS
The following provisions can be noted as the main
results of the research conducted.

1. As the main integral criteria for choosing the ra-
tional use of waste concrete produced when demolishing

REFERENCES

buildings and structures after their long-term operation,
it is advisable to use the value of the residual compressive
strength, the grindability of raw materials and the contrac-
tion of powders obtained from concrete scrap.

2. It is rational to use powders from the waste con-
crete fraction with low residual strength properties and
grindability obtained by mechanical grinding to a specific
surface area comparable to that of Portland cement used
and having a higher value of contraction as a component
of a composite binder.

3. Concrete scrap fractions featuring by increased
grindability and residual strength properties are optimally
used for the preparation of crushed stone aggregate in the
concrete composite production process.

1. Fayzrakhmanov I.1., Khaliullin M.I., Leklu A.N., Amiri O. Use of finely dispersed screenings of concrete scrap
in cement compositions to obtain mortars. News of the Kazan State University of Architecture and Engineering. 2016;

4 (38): 395—-401.

2. Larsen O.A., Narut V.V., Voronin V.V. Recycling technology of concrete scrap in order to obtain self-compact-
ing concrete. Building and reconstruction. 2020; 2 (88): 61—66.

3. Gusev B.V., Kudryavtseva V.D., Potapova V.A. Concretes with nano-additive from fired reclaimed con-
crete. Nanotechnologies in Construction. 2020; 12 (5): 245—249. DOI: 10.15828/2075-8545-2020-12-5-245-249.

4. Krasinikova N.M., Khozin V.G. Recycling of concrete scrap as raw materials for cement concrete. Construction
Materials. 2020; 1(2): 56—65. DOI: 10.31659/0585-430X-2020-778-1-2-56-65.

5. Gusev B.V., Krivoborodov Yu.R., Potapova V.A. Possibility of secondary use of concrete breaker. Tekhnika i

tekhnologiya silikatov. 2020; 27(1): 28—31.

6. Ayzenshtadt A.M., Drozdyuk T.A., Danilov V.E., Frolova M.A., Garamov G.A. Surface activity of concrete
waste powders. Nanotechnologies in Construction. 2021; 13(2): 108—116. Available from: doi: 10.15828/2075-8545-

2021-13-2-108-116.

7. Lesovik R.V., Ahmed A.A.A., Al Mamouri S.K.S., Gunchenko T.S. Composite binders based on concretes
crap. Bulletin of BSTU named after V.G.Shukhov. 2020; 7: 8—18. DOI: 10.34031/2071-7318-2020-5-7-8-18.

8. Lesovik R.V., Akhmed A.A.A., Alaskhanov A.Kh. Binder from the dusty fraction of fragments of destroyed
buildings and structures in Iraq. Regional Architecture and Engineering. 2020; 1(42): 69—76.

9. Adamtsevich A.O., Pashkevich S.A., Pustovgar A.P. Using calorimetry to predict the strength growth of accel-
erated hardening cement systems. Magazine of Civil Engineering. 2013; 3: 36—42.

10. Drozdyuk T.A., Ayzenshtadt A.M., Frolova M.A., Nosulya A. A. Assessment of the activity of a mineral binder
based on saponite-containing material. The Construction Materials. 2016;9: 76—79.

11. Usherov-Marshak A.V. Calorimetry of cement and concrete. Kharkov: Fakt. 2002.

12. Serdyukova A.A., Rakhimbaev [.Sh. Influence of water-cement ratio on the kinetics of heat release of cements.

The Journal Cement and its Applications. 2012; 3: 123—124.

13. Gazizov Kh.V. Influence of expanding additives on the contraction of oil well cements. Inzhenernaya praktika.

2012; 11: 72-75.

14. Beley I.I. Methods for compensating for contraction during hardening of Portland cement mortars. Bulatovs-

kiye chteniya (sbornik statey). 2018; 43—49.

15. Krasinikova N.M., Khozin E.V., Khozin V.G., Morozova N.M. Research of grindability of dry mixes for foam
concrete. Kazan Technological University Bulletin. 2015; 18(8): 187—190.

16. Mishchenko Lidiya, Hatton Benjamin, Bahadur Vaibhav, Taylor J. Ashley, Krupenkin Tom, Aizenberg Jo-
anna. Design of Ice-free Nanostructured Surfaces Based on Repulsion of Impacting Water Droplets. Nanoletters.

2010; 4 (12): 7699—7707.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-5-2020/245-249.pdf
https://journal-cm.ru/index.php/ru/zhurnaly/2020/vse-stati-za-2020/vtorichnoe-ispolzovanie-betonnogo-loma-v-kachestve-syrevykh-komponentov-tsementnykh-betonov
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2021/108-116.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2021/108-116.pdf
https://bulletinbstu.editorum.ru/en/nauka/article/38222/view

Nanotechnologies in construction 2021; 13 (5): U/
HaHoTexHonorum B cTponTenbcTBe 276-281 NanObL" ]

MANUFACTURING TECHNOLOGY FOR BUILDING MATERIALS AND PRODUCTS

17. Danilov V.E., Ayzenstadt A.M. Comprehensive approach to the assessment of nanosized fractions of poly-
disperse systems of crushed rocks. Nanotechnologies in Construction. 2016; 8(3): 97—110. DOI: 10.15828/2075-8545-
2016-8-3-97-110.

18. Zlobin I.A., Mandrikova O.S., Borisov I.N. Influence of the method of mechanical action on the geometric
shape and nature of the surface of cement particles. The Journal Cement and its Applications. 2015; 5: 56—60.

19. He Huan, Stroeven Piet, Pirard Eric, Courard Luc. On the Shape Simulation of Aggregate and Cement Particles
in a DEM System”. Advances in Materials Science and Engineering. 2015; 2015: 692768. DOI: 10.1155/2015/692768.

INFORMATION ABOUT THE AUTHORS

Arkady M. Ayzenshtadt - Dr. Sci. (Chem.), Professor, Head of the Department of Composite Materials and Environmental Engineer-
ing, the Honored Worker of Higher Education of the Russian Federation, the Honored Worker of Science and High Technologies of
the Russian Federation, Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia, a.isenshtadt@narfu.ru,
https://orcid.org/0000-0003-2904-2549

Victor E. Danilov — Cand. Sci. (Eng.), Associate Professor of the Department of Composite Materials and Environmental Engineering,
Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia, v.danilov@narfu.ru, https://orcid.org/0000-
0002-5013-5339

Tatiana A. Drozdyuk - Senior Lecturer of the Department of Composite Materials and Environmental Engineering, Northern (Arctic)
Federal University named after M.V. Lomonosov, Arkhangelsk, Russia, t.drozdyuk@narfu.ru, https://orcid.org/0000-0003-1847-408X

Maria A. Frolova - Cand. Sci. (Chem.), Associate Professor of the Department of Composite Materials and Environmental Engineer-
ing, Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia, m.aizenstadt@narfu.ru, https://orcid.
org/0000-0003-4079-5066

Georgiy A. Garamov — Master Student, Northern (Arctic) Federal University named after M.V. Lomonosov, Arkhangelsk, Russia,
georgiigaramov1997@gmail.com, https://orcid.org/0000-0002-5496-1080

CONTRIBUTION OF THE AUTHORS

Arkady M. Ayzenshtadt - scientific management; research concept; methodology development; scientific text editing; final
conclusions.

Victor E. Danilov - research concept; methodology development; experimental work; experimental data processing; collection of
material; writing the draft; final conclusions.

Tatiana A. Drozdyuk - experimental work; experimental data processing; writing the draft; work with the editorial staff of the journal.
Maria A. Frolova - research concept, writing the draft; final conclusions.
Georgiy A. Garamov - experimental work; experimental data processing; collection of material.

The authors declare no conflicts of interests.

The article was submitted 05.09.2021; approved after reviewing 28.09.2021; accepted for publication 01.10.2021.

http://nanobuild.ru 281 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2016/97-110.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2016/97-110.pdf
https://www.hindawi.com/journals/amse/2015/692768/

2021; 13 (5):
276-281

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

TEXHOJIOMMU NMPOMU3BOJACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3JESTUNA

HayuHan cTaTba
YOK 548.31;691.3
https://doi.org/10.15828/2075-8545-2021-13-5-276-281

I/IH'rerpaanble NMoKa3aTteJsin KavyecTBa OTpaGOTaHHorO
6eTOHa ANA BTOPNYHOIo ucnoJib3oBaHmA

Apkaguii Muxanosuy AiiseHwTaar (), Buktop EBreHbeBuuy [laHunos (°), TatbAHa AHaTonbeBHa Jpo3gloK* (1o,

Mapus ApkagbeBHa OponoBa (0, leopruin AHgpeeBuy Nlapamos
CeBepHbIl (ApKTUYecknin) degepanbHbi yHUBepcuTeT uMeHn M.B. JlomoHocoBa, ApxaHrenbck, Poccua

*ABTOP, OTBETCTBEHHbI 33 Nepenuncky: e-mail: t.drozdyuk@narfu.ru

PE3IOME: BeegeHue. OTpaboTaHHbI 6ETOH ABNAETCA OAHVM 13 OCHOBHbBIX MHOTOTOHHAXHbIX CTPOUTENIbHBIX OTXOAOB, PELIVKIHT
KOTOPOro NePCNeKTUBEH C TOUKU 3PEHUS PaLOHaNIbHOrO MPUPOAONOJIb30BaHNSA, CBA3AHHOTO C COKpaLleHreM NoTpebneHns npu-
poaHbIX pecypcoB. OfiHaKo WMPOKOe BHeflpeHMe 0TpaboTaHHOIO 6ETOHA CAEPXKUBAETCSA C OfHO CTOPOHbI MHOrO06pa3nem cocTa-
BOB 1 CTPYKTYpPbl YTUNV3UPYEMOTO JIOMa, C IPYroii — OTCYTCTBMEM KOJTIMUECTBEHHbBIX KPUTEPUEB, NMO3BOJIAIOLMX BbIOpaTh Hanbonee
pauunoHanbHoe HanpasieHne ero NCNoNb30BaHNA (KOMMOHEHTa BAXKYLLEro, KPYNMHOrO M MENKOro 3anofHUTENsA, TOHKOAMCNEPCHOro
HanonHutens v np.). Metoabl n maTepuanbl. B nccnegoBaHKsAX Ha NpUMepe OMbITHbIX MOPOLUKOB, KOTOPbIE Obifv M3rOTOBMIEHDI
METOZIOM MEXaHMNUYECKOTO MOMOa 3 6ETOHHOIO JIoMa BHYTPEHHMX CTEHOBbBIX MaHeNen 1 NiUT NepeKkpbITUs (TAXKenblil 6eTOH) 1 Ha-
PYHbIX CTEHOBBIX NMaHene (nerknii 6eToH) NATUITAXKHOIO »KUOTo NaHenbHOro AoMa 1979 rofia nocTpoiiky B nocenke O603epcKuin
ApxaHrenbckol 0651acTu, MoKa3aHa BO3MOXHOCTb BbIOOpa ONTYMANIbHOrO BTOPUYHOIO MCMNOb30BaHUs GpaKLuuii oTpaboTaHHOro
6eTOHa, OTIMYAIOLLMXCA OCTATOYHOWN MPOYHOCTBIO Ha CKaTuhe. B kauecTBe Kputepres ONTUMM3aUMY NMPUMEHSNNCb NoKasaTenu
OCTaTOYHOW MPOYHOCTU, PAa3MOJSIOCMOCOOHOCTb U KOHTPAKLMA MHEpPaNbHbIX MOPOLLIKOB. Pe3ynbraTbl 1 06¢cyxaeHue. [okasaHa
NPVIMEHUMOCTb MaTeMaTUYEeCKO MOENM pacyeTa BeNNUMHbI Ko3douLMeHTa pa3MoocnocobHOCTH CbipbeBOro MmaTtepurana. Mpea-
JIOKEH KpUTEpUIA ana nogbopa NoMosibHOro 060pyaoBaHUs, MPYMEHEHVIE KOTOPOTO MO3BOJIUT MOJyYaTb MOPOLIKY C Pa3BUTON
aKTUBHOI NMOBEPXHOCTbI0. 3aKiioueHme. [opolkuy 13 Gpakumm oTpaboTaHHOIO Nerkoro 6eToHa ¢ HU3KUMK MPOYHOCTHBIMU Xa-
paKTeEPUCTUKAMI U Pa3MOSIOCMOCOOHOCTbIO, MOSTyYeHHbIE METOLLOM MEXaHUYECKOTO NMOMOJIa 10 3HAUeHWs YAeNlbHOW MOBEPXHOCTY,
CPaBHMMOW C flaHHBIM MOKa3aTesieM NPUMEHSAEMOro NOPTNaHALEMEHTa, U UMeloLLVe 6oJiee BbICOKOE 3HAUYeHMe KOHTPaKUMK, pauu-
OHaJIbHO MCMOJIb30BaTb B KAYeCTBE KOMMOHEHTa KOMMO3ULMOHHOTO BaxyLlero. Opakuymm 6eTOHHOTO JIOMa, XapaKTepu3yoLwmecs
MOBbILEHHBIMU PA3MOTIOCMOCOOHOCTBIO U MPOYHOCTHBIMY XapaKTepUCTKaMu, ONTUMAbHO MCMOMb30BaTh [/1s MPUroTOBNEHNA
LLle6eHOUYHOTO 3aMoJIHUTENA B TEXHOJIOTMYECKOM MpoLiecce nosiyyeHrs 6eTOHHOro KOMMo3uTa.

KJTIOYEBDIE CJIOBA: 6eTOHHbIN JIOM, BTOPUYHDBIV GETOH, KPUTEPUIA Pa3MONIOCNOCOOHOCTY, KOMMO3NLMOHHOE BSXKYLLEe, KOHTPaK-
LNA MYHEpPasbHbIX NMOPOLLKOB.

BJIATOAAPHOCTW: ViccnepoBaHms NpoBOAMANCH Ha YHUKaJIbHOM HayuHoM o6opyrnoBaHum «dusmnyeckasn XMms noBepxHoCTel
HaHOZMCNePCHbIX ccTeM» Npr drHaHCOBON nofaepx ke npoekta Kolarctic Ne KO4068 «DeConcrete: Eco-efficient Arctic Technologies
Cooperation».

ANA UNTUPOBAHMA: AinzeHwTanT A.M., NlaHunos B.E., ipo3atok T.A., ®ponosa M.A., lapamos IA. VIHTerpanbHble nokasatenu
KauecTBa oTpaboTaHHOro 6eToHa 1A BTOPUYHOrO MCNonb3oBaHusA // HaHoTexHonorum B ctpoutenbctae. 2021.T. 13, N2 5. C. 276-281.
https://doi.org/10.15828/2075-8545-2021-13-5-276-281

BBEJIEHUE

B OBJIeUeHUE OETOHHOTO JIOMa B IIPpON3BOACTBO, KPOME
peIICHMA 3a1a4, CBA3aHHBIX C YTI/IJII/I38.]_[I/ICI>)I MHOTIO-
TOHHAa>XHBIX CTPOUTEIIbHBIX OTXOO0B, ABJIACTCA TAKXKE
OIHHNM M3 IIEPCIEKTUBHBIX HaHpaBJ'[CHI/Iﬁ panroHaJIbHO-
TO IIpUPOAOII0JIb30BaHMA, CBA3aHHOI'O C COKpallICHUEM

ITOTPeOICHUS IIPUPOTHBIX MIHEPAJIBHBIX pecypcoB. Ta-
KM 00pa3oM, UCIIOIb30BaHNE B TAHHOM KOHKPETHOM
cJIyJae BTOPUYHBIX PECYPCOB NMEET IBa BaXKHBIX aCITeK-
Ta: SKOHOMUYCCKUIA 1 3KoJIormIecKmii. OMHaKO IIIPo-
KO¢ BHEAPEeHNE OTPabOTaHHOTO OETOHA CAECPKUBACTCS,
C OIHOI CTOPOHBI, MHOTOOOPAa3MEM COCTAaBOB M CTPYK-
TYpHI YTUJIU3UPYEMOTO JIOMa, C IPYTOil — OTCYTCTBHEM
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KOJIMYCCTBEHHBIX KPUTEPHUEB, TTO3BOJISIIOIINX BHIOPATh
HanboJiee pallMoHaIbHOE HAIIPaBJICHHE €TO MCITOIb30-
BaHMS (KOMITOHEHTA BSIKYIIETO, KPYITHOTO U MEJIKOTO
3aITOJIHUTEIISI, TOHKOIUCTICPCHOTO HATIOJTHUTEJIS U TIP. ).
B HacTosIIee BpeMsI CyIIeCTBYIOT pa3TNIHbBIC TTOIXOIBI
K peKOMEHIAIINSIM TI0 UCITOIb30BaHIIO BTOPUYHOTO Oe-
TOHA, KOTOPBIE CBSI3aHBI C TTOMABIISIIOIINM B OOJTBIIIITH-
CTBE CJIy4aeB €T0 UCIIOIh30BAaHUEM B KQUeCTBE KPYITHOTO
sartoaHuTens [ 1, 2]. OmHaKo UCITOIb30BaHie BTOPUYHO-
r0 OETOHA TOJIBKO B KAUECTBE 3aITOTHUTENICH HEJTb3s CUM-
TaTh OIITHUMAJIEHBIM TIOIXOIOM B PEIICHUHN 3a1a49l PEIIv-
KJIMHTA 3TUX MaTepHrasioB. MI3BeCTHO, 4TO B MaTpuIie Oe-
TOHA TIPUCYTCTBYIOT HETMIPATUPOBAHHBIC KIIMHKEPHEIC
YaCTUIIbI, KOTOPBIC TIPY U3METbYCHIH U TTOCTIC MY IO
TUIpaTAIIAN CIIOCOOHBI (POPMHUPOBATH HOBYIO CTPYKTYPY
tBepaeHud [3—6]. KonmmyecTBo HernapaTupoBaHHOMR
KJIMHKEPHOI yacti MoxeT gocturarb 20% [7, 8]. Taxk,
HCCIICIOBAHUSI TTOKA3bIBAIOT, UTO K 28 CYTKaM TBEPICHMS
06eTOHA B HOPMAaJbHBIX BIAXKHOCTHO-TEMITEPATYPHBIX
YCJIOBUSIX TTOJTHAsI TUApATallvs HAaOII0maeTCs y TPeX-
KanbuueBoro amomunara 3Ca0 < Al O, (C,A). Tpex-
KanbuueBbii cumkar 3Ca0 -« SiO, (C,S) runpartupyercsa
Ha 70—75%, a nByxkanbumeBblil cunukat 2Ca0 -« SiO,
(C,S) na 50—75%. Takum 06pa3oM, B OETOHHBIX U3-
IETUSIX B CTPYKTYpE IIEMEHTHOTO KaMHST OCTalOTCS He-
nporuaparuposaHHbie yactuubl C,S u C,S. [Toatomy Ge-
TOHHBIH JIOM 13 pa3pyIlIcHHBIX 3MaHUI 1 COOPYKECHUIA,
KaK IIPaBUJIO, COACPKUT KIIMHKEPHBIC MUTHEPAJIbI, CIIO-
COOHEBIC K JaJbHeleMy TBepAeHMIo. ToOHKomMCIIepe-
HBII1 TOPOIITOK BTOPUYHOTO O€TOHA TIPY 3HAYNTECIIBHOM
OCTaTOYHOM COIEpPXKaHWU HEIPOTUAPATUPOBAHHBIX
CHJINKATOB KaJIBITNSI MOXKET SIBIISITHCS aKTUBHBIM KOM-
TIOHEHTOM B BSLKYIITNX KOMITO3UIIMSIX. FICXOMIST 13 BBIIIIC-
HM3JI0KEHHOTO, MCITOJIb3YSI METOIBI OLICHKH CTIOCOOHOCTH
TIOpOIITKA IIPH B3aUMOICHCTBUY C BOIOI1 00pa30BEIBATh
TUAPOCYIINKATHI JOTIOIHUTEILHOM TeHEepallui, MOXHO
TIPOTHO3MPOBATh pallMOHAIBLHOE NCITOJIb30BaHUE Oc-
TOHHOTO JIOMa B Ka4eCTBE KPYITHOTO (MJI MEJIKOTO) 3a-
TIOJTHUTEIISI VTN KOMITOHEHTA B BSDKYIIINX KOMITO3UIIMSIX.
K Takmm MeTomam, HammpuMep, MOXXHO OTHECTH YMEHbB-
IIeHne 00beMa cMecH (TTOPOIIIOK-BOIA) BCICACTBUE TH-
nparauuu (KoHTpakius) [9—14]. JlanHbrit akr cBsizaH
C TeM, 4YTO 00BEM HOBOOOPA30BAHUM LIEMEHTHOTO KaMHSI
MEHBIIIe 00beMa, 3aHMMAaeMOTO BEIleCTBaMU, BCTyIIA-
FOIIMMM B peaKIUIo THApaTalny (ycaaka MHTEHCUBHO
pa3BUBACTCS TIPU IMPOTEKAHNN XUMUICCKON peaKIlnm ).
JoIMoTHUTETPHEIMY TTapaMeTpaMu, OIIPEICISTIOITIMU
paloHaIbHOE NCIIOJIb30BaHIE OTPaOOTAHHOTO OCTOHA,
MOTYT SIBJISIThCSI, HAIIPUMeEP, Pa3MOJIOCIIOCOOHOCTH 00-
paslioB M MX OCTaTOYHAs IIPOYHOCTD Ha cxKaTue. ABTOpa-
MU paboTHhI [ 15] mpenioxkeH KOMMYeCTBEeHHbIN KpUTepUi
pa3MosiociocooHocTr — KoadduieHT (KP), KoTopsrit
pPacCYMTHIBACTCS 10 BRIPAXKCHMUIO!

KP = (S,,~5,,)/AT, (1)

rme Syzll u Syﬂ2 — yIeJbHBIC TIOBEPXHOCTH ITOPOIITKOB
IO ¥ TIOCJIE MEXaHWUYECKOTO M3METbUCHUS 32 BpeMsI AT.
Kpowme Toro, HemMaaoBaxXHYIO POJIb IIPU MOIYIYCHUU
aKTUBHOTO (CITOCOOHOTO K XMMHUYECKO TpaHCchopMa-
LMK TTOPOIIKa UTpaeT (popMa MOTYICHHBIX IIPU IIOMOJIC
yacTul. JIUCIIepcHBIE CUCTEMBbI, Y KOTOPBIX YaCTHIIBI
XapaKTepU3YIOTCS c(pepruIecKoil CUMMETpHEit, 00pa3o-
BBIBAIOT MEHEE aKTUBHYIO ITOBEPXHOCTD, YeM YACTHIIHI
KpaeyroabHoii ¢opMsl. [Ipu 3TOM HeoOXoaMMO TIpU-
HUMAaTh BO BHUMaHKE (aKT B3aMMOCBSI3M OCHOBHBIX
TIACTIEPCHBIX XapaKTePUCTUK ITOPOIIKOB: Pa3Mep JaCTHUI]
1 YIEJTBbHYIO TTOBEPXHOCTh. TaK, eCIn YaCTUIIBI UMEIOT
¢dopmy, 6J1M3KYI0 K chepruuecKOii, U MPOSIBIISIIOT CBOM-
CTBa YIIPYIMX TeJI, CIPaBeInBO cooTHomenue [16, 17]:

d=6/p,. *S,), 2

rae d — cpeTHWIA TMHEHBII pa3Mep YacTHl, M; Oy —
MCTUHHAsI IUIOTHOCTh IOpoILKa, Kr/M*. Takum o6pa3oM,
yeM OOJiblIe pa3HMIA MEXAY pacueTHbIM 3HAYEHU-
eM d T10 BEIpaskeHUIO (2) 1 9KCIICPUMEHTAIBHO OITpe/ie-
JIEHHOU COBPeMEHHBIMU MeTOIaMU (HarpuMmep, (poToH-
HO-KOPPEISIIMOHHON CIIEKTPOCKOIUEN ) aHAJIOTUYHOM
pa3MepHOI XapaKTepHUCTUKOM, TeM JacTulia (MId BCS
ITOPOIIKOBAsI CHCTEMa) TTIOTEHIINAIBHO 00Jice PeaKIIMOH-
HOCITOCOOHA. DTOT KPUTEPUiA MOXKHO MCITOJIB30BaTh ITPU
BbIOOpE Hanbos1ee ONTUMAIBHOTO MOMOJILHOTO arlrapara.

LlenssmMmyu naHHBIX UCCEAOBAHUI SIBJISIIOTCS OLIEHKA
BEJMYMHbBI KOHTPAKIIMU TTOPOIIKOB OETOHHOTO JloMa
PA3IMIHON UCXOTHOM TMTPOYHOCTH (JIETKUI M TSTKEITbII
OETOHBI), TTOJyYeHHBIX U3 (PparMeHTOB pa3pylIeHHbBIX
3MaHMI, SKCIDTyaTUPyeMbIX 0oitee 50 J1eT; OImbITHAS TIPO-
BepKa BOBMOXHOCTU UCITOJIb30BAaHUSI BBICOKOIMCIIEPC-
HBIX MOPOIIKOB B KAYECTBE KOMIIOHEHTA B KOMITO3ULIM -
oHHbIX BsKyux (KB); moBTOpHOE 1cnoib30BaHKUE 00-
pa3ioB 0TpabOTaHHOTO O€TOHA B KAYECTBE 3aIOJTHUTEIS.

METO/AbI 1 MATEPHAJIBI

OIBITHBIE 0Opa3Ibl TOPOIIKOB OBUTH M3TOTOBICHEI
13 OCTOHHOTO JIOMa BHYTPEHHUX CTCHOBBIX MaHEICH
1 TUTUT IePEeKPHITUS (TSKEIbIN OETOH, CBIPhEeBOI 00pa-
3er1 b1) 1 HapyXHBIX CTCHOBBIX ITaHEIEH (JICTKUIA OETOH,
CBIpbEBOIT 0Opa3el] b2) mMATUATa)KHOTO KMJIOTO TTaHEeTb-
Horo noMa 1979 ronga nmoctpoitku B rmoceiake O603epcKuii
ApxaHTelbcKoi o6macTu (puc. 1). OcraTrouHast mpod-
HOCTH 00pa3IoB ONpeaeIsiiIach METOIOM YIAPHOTO M-
myibca o FOCT 22690-2015 na npucope UTIC-MTI'4.

OMBITHBIC 00pa3IIbl 0ETOHA PaCKAIbIBAIMCH Ha KYCKU
pasmepoM He 6oitee 120x120x60 MM, 13 KOTOPBIX U3BJIE-
Kajach apmartypa. Jlaiee ¢parMeHTHI OeTOHA TPOOMINCH
Ha 1mexoBoit apoowike 11 1-2 («ITpommar», Poccus).
OTceBHI OBITM pa3nesieHbl Ha (DpaKIIMy Ha CTaHmapT-
HoM Habope cut (TOCT 3584-73) cyxum crocodom. J1ts
NaJTbHEHUIINX MCCIeA0BaHNI ObliIa BEIOpaHa (ppaKiusl,
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Puc. 1. ®ororpacdus naneannoro aoma 1979 roga noctpoiiku

KOTOpast mpoxoauia uyepe3 ssaeiiku cuta Ne 015. Takum
00pa3oM, MOXXHO CUMTAaTh, UTO pa3MepHBIC XapaKTe-
PUCTUKM YaCTHUI] ChIpbeBBIX 00pa3noB b1 1 B2 He npe-
Beimanu 0,14 mum. Tlepen GUHUITHBIM U3MeEJTbUeHUEM
BCE MCCIIEAYEeMOE CHIPhe TOBOIIIOCH HO TTOCTOSTHHOM
MacChl B CYLIMIbHOM 1ikady mpu temmeparype 60+5°C
¥ TIOABEPrajoch MpoIeaype U3MEpeHUs NCTUHHON
wiotHocTu 1o Metoguke I'OCT 32763-2014 «ITopo-
IIIOK MUHEPaIbHBIN. MeTom oIpeneleHNsI UCTUHHOMN
TUTOTHOCTH». XMUMHYECKUIT COCTaB OITBITHBIX 00Pa3IoB
OITPEIEeIIsICS C TIOMOIIIBIO PEHTTEHOMIYOPECIIEHTHOTO
aHanuzaTopa «MetDkcnepr» («HOxmoaumerami-Xo-
IuHT», MockBa, Poccnst). OKoHYaTeTBbHBIN MeXaHMIe-
CKUIA TTOMOJT CBIPBEBBIX MAaTEPHAIOB IIPOBOIMJIICS IIO TT0-
JIy4eHUST BEJIMYUHBI THTOIIAIN YASTbHOU ITOBEPXHOCTH,
CPaBHUMOI ¢ JaHHBIM ITOKa3aTeIeM ISl TIOpTIaHIIIe-
menTa (300--500 M2/Kr), IIyTeM CYXOro U3MeIbYeHMUSI
B IUTaHeTapHO-11apoBoit MeabHUIE Retsch PM 100 ripn
CKOpOCTH BpatieHus potopa 420 06/MuH. YIACIbHYIO
TOBEPXHOCTDH IUCIIEPCHBIX MAaTepHaIOB M pa3MepHEIC
XapaKTePUCTUKY YaCTHII U3MEPSUTA METOAAMU Ta30IIpo-
autaeMoctn Koszenn-Kapmana Ha yctanoBke [1CX-10a
(«ITpubopsr XomakoBa», Poccust). AKTHBHOCTD ITOJTyYCH-
HBIX TTOPOIIIKOB OTPaOOTAaHHOTO OCTOHA OIpenesiiach
YCKOPEHHBIM METOIOM 32 3 Yaca IT0 BeJTMIMHE KOHTpaK-
IV LIEMEHTHOT'O TECTa C TIOMOIITBIO yeTaHOBKY LlemeHT-
IIporHo3 B COOTBETCTBUM C METOIMKAMU M3MEPECHUS
MU 2486-98, MU 2487-98. [1j11 cpaBHUTEIBHOM OLIEHKH!
AKTUBHOCTU MUHEPAJIBHBIX TTOPOIITKOBBIX CUCTEM HC-
nojib3oBasicd nmopmiananeMeHT M500. dusnko-mexaHu-
YecKHue TToKasareau (IIPOYHOCTh Ha M3TUO M IIPOYHOCTH
Ha CXXaThe) CTPOUTEIBHBIX U3IeIni (IIeMeHTHO-TIeCcya-
HBIX 1 MUHEPAJTBHBIX O0astouek pazmepom 40x40x160 Mmm
n 6eToHHBIX Ky0oB 100x100x100 MM) ompenesuiich
B COOTBETCTBHUH CO CTAHIAPTHBIMM METOIUKAMM.

PE3YJIbTATBI 1 OBCYKJIEHUE

OmpeneieHNe OCTATOYHON MPOYHOCTH OIIBITHBIX
00pa3IoB OeTOHA MTOKA3aJI0, UYTO JICTKUiIT 0eTOH (00-

pasen B2) MoxxHO OTHeCTH K Kiaccy B22,5, Tsokembrit
(o6pazenr b1) — xk B40. YcpenHeHHbBICe 3HAYCHUST UC-
THHHOM TUIOTHOCTH (0) MCCIeIyeMBIX 00pa3IoB COCTa-
BWIN: 11t obpasua b2 — 2253 kr/m?, a miist 00pa3LoB
b1 — 2350 kr/m3. DaeMeHTHbIN cocTtaB 06pa3ioB bl
u B2 (B mepecueTe Ha OKCHUIBI) 3HAYNTEITHHO OTIMIACT-
CsI TI0 COACPKaHUIO OCHOBHBIX KOMITOHEHTOB: TaK, I
nerkoro (B2) u tsaxenoro (B1) 6etonos SiO, — 36,68%
1 16,73%, CaO — 51,39% u 76,63% u Fe,O, — 11,18%
1 5,89%, coorBeTcTBeHHO. ColepKaH1e OCTATIbHbBIX dJ1e-
MEHTOB MOXXHO CUMTATh IIPUMECHBIM, TaK KaK CyMMap-
HOE UX KOJIMYECTBO He npesbimactT 1%. Takum obpa3oM,
MIPOBEICHHBIN aHATIN3 3JIEMEHTHOTO COCTaBa ITOKa3aJjl
OTCYTCTBHME KaHIIEPOTCHOB (ITOTCHIINAIBHO OITACHBIX
IIJIST OpTaHM3Ma YeJIOBeKa areHTOB), KOTOPBIE MOTJIN
00pa3oBaThCs B OCTOHE B IIPOIIECCE €TO IIMTEIbHOMN
SKCIUIyaTalliy B Pe3yJIbTaTe METACOMAaTUUICCKMX IIPO-
1eccoB. B mpomoinkeHne 3KCIepuMEeHTOB YCTaHOBIICHO,
910 30-MUHYTHBIN (DMHUITHBIN MEXaHUICCKUI pa3MOoJT
00pa310B OETOHHOTO JIOMa, TTOIYICHHBIX ITOCTIE IIEeKO-
BOI IPOOWIIKH, TTO3BOJIMJI IIOJTYINTh TOHKOIVCIICPCHBIC
IOPOIIKY C YACIBHOU IMTOBEPXHOCTHIO M pa3MEepPHBIMH
XapaKTepUCTUKAMU (CpeTHEMAaCCOBBIM TMAMETPOM) Ya-
CTHII, CPABHUMBIMU C MCITOJIB3YEeMBIM B TaTbHEHIITX
ombITax noptriaaaauemMenta M500 (oopaszerr ITLI500)
(Tabi. 1), ICTMHHAS TIOTHOCTh KOTOPOTO COCTAaBJISICT
2550 kr/m3.

IMonmyaeHHBIC pe3yabTaThl (TabJ1. 1) MOKA3bIBAIOT, UYTO
OETOHHBI JIOM C 00Jiee BEICOKOI OCTaTOYHOM IPOYHO-
CTBIO XapaKTepU3yeTCs MOBBIIICHHOM pa3MOIIOCTIOCO0-
HOCTBIO TI0 CPaBHEHUIO C YaCThIO MCITBITYEMBIX 00pa3-
1IOB, UMEIOIINX MOHIKEHHYIO OCTaTOYHYIO ITIPOYHOCTH
Ha CcXXaTue, COOTBETCTBYIONIYIO Kiaccy B22,5.

g onpenesieHnsT TUMPOBOTo 3HAYEHUS KOaphu-
muenTa KP mo ypaBaeHMIo (1) HaMu B KayecTBe Syﬂ1
st oopasuoB b1 n B2 ncnonab3oBaHBl 3HAYEHUS CO-
OTBETCTBYIOIINX MTOPOIIKOB, TTOJYICHHBIX ITOCJIE OT-
cesa Ha cute Ne015 1 ompeneIcHHBIE HAMU B padboTe
[6]. Tak, masa mopomka b1 Syﬂl = 240 m?/xr u niasa b2
S, = 260 m*/xr. Torna n nerkoro 6erona (b2) KP,=

ya
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Tabauya 1
VienabHas NOBEPXHOCTb M PA3MEPHAsH XAPAKTEPUCTHKA YACTHIL HCIIOJIb3yeMbIX IOPOLIKOB

OnbITHBII 00pa3en VienbHas NoBepXHOCTh (Syn), M2/Kr Cpenﬂemacco(n;)l,nMn]:l;lMeTp acTan
I1L1500 430 4,5
b1 440 5,9
B2 350 7,5

3,0 M+ kT » Mun~' 11 A TsKenoro 6etona (b1) KP, =
6,7 M?* k1~ * MuH~". [Tosy4eHHBIE JaHHBIE TTOKA3LIBAIOT,
YTO UCTIIBITYeMBIi 6eTOH b1 XapakTepu3syercs pa3Mosio-
CITOCOOHOCTHIO, OOJIee YeM B IBa pa3a IPEeBHIIIAIOIICH
6etoH B2. OTMe4eHHBI, Ka3aJl0Ch ObI, IPOTUBOPEUN -
BBIIA (paKT, Ha HAII B3IJISII, MOXHO OOBSICHUTD, MCITOJb-
3ysI CIICAYIOIIYIO TUTIOTETHUECKYIO MOJIEITB: pa3pyIIcHNE
TIpeACTaBIIICT COOOI HeoOpaTMOoe HapyIIICHHE CILIONI-
HOCTH Cpelbl IO IeHCTBUEM Harpy30K (pa3pylIeHue
qacTHIl 10 KpyrmHoCcTH 0,1 MKM IIpWHSITO Ha3bIBaTh M3-
MEJTbYCHUEM) U TIPA OMMHAKOBOM MeXaHM3Me Harpy-
KEeHUS OyIeT onpeaesaThCsT TOIbKO ITPOYHOCTHBIMU
CBoiicTBaMU MaTepHraia. B cBoio ouepenb, MPOYHOCTD
TBEPOBIX TeJI CKJIANBIBACTCS M3 ABYX (haKTOPOB — 3TO
COIIPOTHUBIICHHE PAa3PYIICHUIO (IIPOYHOCTH IIPH CKATHH)
1 HeoOpaTUMOMY M3MEHEHMIO (DOPMBI (TIACTUIECKOM
nedopmalnm) o1 BO3MEHCTBUEM BHEITHUX HAarpy30K.
[Mocnenuuii pakTop ABISICTCSI TOMUHUPYIOIIUM TIPU
MEXaHMYECKOM QUCIIEPTUPOBAHUY TBePABIX TeJl. TakuM
obpasom, obpazel 6etoHa b1 obiagaeT MeHbllel cro-
COOHOCTBIO TIPOSBIIATD IJIACTUICCKYIO Te(hOpMaIIio.
HpyrM BasKHBIM TTapaMeTPOM IOPOIITKOBBIX CUCTEM,
BIIMSTIOIIIM Ha WX PEaKIIMOHHYIO CITOCOOHOCTD, SIBIISI-
eTcs (hopMa pa3apoOICHHBIX YaCTHII, XapaKTePHUCTUKA
KOTOPOI1 CIIEAYeT M3 pacueTa CpeIHETO JMaMeTpa IO BhI-
paxkeHuto (2). st UCIIBITYeMBIX 00pa3loB OeTOHa pea-
JIM3aLMs JAHHOTO ITOXO0/IA Tajia CICAYIOIINe pe3yIbTaThl.
s odpasua b1 u B2 a’pacq cocrasmia 5,8 MKM 1 7,6 MKM
(coOTBETCTBEHHO); TIpU 3TOM Ad = |dpacq—d3m| JUTSI UICTTBI-
TyeMBIX 00pa3IIoB OeTOHA MMEET OMMHAKOBOE 3HAUCHUE,
pasnoe 0,1 MxM. Xopoliiee COBITaIeHNE PACICTHBIX M 9KC-
TEPUMEHTATBHBIX Pa3MEPHBIX XapaKTEPUCTUK YACTUIT
MOKET CBUICTEITHCTBOBATh O IIPUMEPHO OTMHAKOBOI MX

Tabauuya 2

cepuueckoii popme, a ciaeaoBaTeIbHO, OJIM3KOM peak-
LIMOHOCTIOCOOHOCTH, OTIPEICIISTIOIICICSI TeOMETPIUCCKIM
CTPOCHHEM. B IIpOTHBOITOI0XKHOCTE 3TOMY ITPOBEICH -
HBII pacueT BeIMINHbI dpm 1151 ucnonb3dyemoro TTL500
MOKa3aJj, YTO JAaHHBII mapaMeTp paBeH 5,5 MKM 1 Ad =
1,0 Mmxm. MI3BeCTHO, YTO B 3aBUCUMOCTH OT THTIA TTIOMOJTh-
HOTO arperara Impy TeXHOJIOTMYECKOM ITOTyICHUH BSIKY-
IIErO MOXXHO CYIIECTBCHHO M3MEHHUTH (DOPMY IIEMEHT-
Horo 3epHa [18, 19]. Pa3Huira B pacueTHOM 3HAYCHUU
JIMHEITHOTO pa3Mepa YacTHUII IIEMEHTA M SKCIICPUMEH-
TaJbHO OIIPEAEJICHHOTO MOXKET CBUIETCIHCTBOBATD, UTO
B HAIlIeM CJIyJae YaCTUIIBI MMEIOT OCKOJIOUHYIO «IIeoe-
HOYHYI0» (hOPMY C OCTPBIMU YIJIAMH U CHUTBHO Pa3BUTOMN
KoHUTypanmeii. BaxXHbIM BBIBOIOM JAHHBIX DKCIIEPU-
MEHTOB MOKET SIBJISITBCS CIIeAyroIlee 3aKioueHme. KMc-
TTOJTB3YEMBIN TIPUHITUII pa3MoJia, KOTOPEII peaan3yeTcs
Ha TIpUMEHSIEMOM pa3MOJIEHOM arTapaTte (TuraHeTapHast
IIapoBasi MEJIbHUIIA), MaJT03(pdEeKTHBEH IJIsT TIPOBEIe-
HUSI TIpolIecca MeXaHMIeCKOTo IIOMoJjIa 06 TOHHOTO JIoMa
C ILIEJTBIO TIOYJIEeHUST TUCIIEPCHOTO TIOPOIIKA C BBICOKO-
Pa3BUTOU aKTUBHOU ITOBEPXHOCTHIO.

B nponomkenue vccenoBanmii iyt oopasuos [T1L1500,
b1 u B2 na ycranoBke LlemeHT-IIporHos onimu orpeie-
JIEHbI BeJIMUMHA KOHTPaKIIUU (00beMHOM nedhopMaiuu
ITOPOIIIKOBBIX CUCTEM MPH TUAPATAIINN) U TIPOTHO3a MX
BO3MOXHOM aKTUBHOCTH TIPY MCTIOTH30BAHNH B KAUCCTBE
BSDKYIIMX BerecTs (Tabur. 2). KpoMe Toro, It OlleHKHI
BSDKYIIEH CITOCOOHOCTH OBLTM M3TOTOBJICHBI U MICTIBITAHBI
Ha (OU3UKO-MeXaHMIECKIE XapaKTePUCTUKHU (TIPOIHOCTh
Ha U3rud, MPOYHOCTh Ha CxKaTre) 0aJT0YKU U3 LIEMEHTHO-
IIeCYaHOTO PACTBOPA M PACTBOPOB, B KOTOPHIX IIEMEHT
OBLT 3aMEIIeH MUCCIIeAyEeMbIM ITOPOIITKOM M3 00pa3lioB
b1 n B2. JonmomHUTeIbHO OBIJIM M3TOTOBJIEHBI 00pa3-

XapakTepucTHKA BSIKYIIUX CBOMCTB HCILITYEMBIX 00pPa310B

(e R & AKTHBHOCTb IIpouHocTh Ha M3rHO, IIpounocTs Ha
Bsuxymero, MIla MiIla ckatue, MIla
T111500 3,05 41,9 4,68 73,58
b1 0,28 4,0 0,17 0,72
b2 0,35 5,1 0,15 1,04
IL-1061 — — 5,12 49,31
T111-10B62 — - 4,44 57,92
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IIBI TSI UCTIBITAHUI Ha TIPOYHOCTHEIC XapaKTePUCTUKH,
B KOTOphIX 10% 1ieMeHTa 3aMelleHbl BBICOKOIUCIIEPC-
HBIMH TTOpoIKaMu 6eToHHoro jjoma b1 u b2 (ITL-10b1
u [TL-10b2, cooTBeTCTBEHHO). 3HAUYCHMST MTOJTYICHHBIX
XapaKTepHUCTHK ITPEICTaBICHBI B TA0I. 2.

[ToryuyeHHBIC JaHHBIC ITOKA3aJI1, 9TO IS IIEMEHTA
M500, KaKk 1 0XX1IAT0Ch, KOHTPAKIIASI M aKTUBHOCTD
MMEIOT JOCTAaTOYHbBIC 3HAUYCHUSI, XapaKTePHBIC TS BSI-
KYIIUX THAPATAIOHHOTO TUTIA TBepAeHUS. 1)1 TTopoIir-
KOB, IIPUTOTOBJICHHBIX 3 OCTOHHOTO JIOMa, OTMEYaeTCs
TakKe 3G HEeKT TUaIpaTaluu, ONHAKO B KOJUYECTBEH-
HOM BBIPaKCHUHN BEJIMUMHA €TO Ha TTOPSIIOK HITKE, UTO
¥ OOBSICHSICT IIPAKTUIECKOE OTCYTCTBHE TTPOYHOCTHBIX
CBOICTB 0aJ109eK, M3TOTOBJICHHBIX HA OCHOBE MUHEPATh-
HBIX IIOPOIITKOB 0TpaboTaHHOTO OeToHA. BMecTe ¢ TeM,
BBeICHNE TO0ABKM 13 BBICOKOAMCIIEPCHBIX chcTeM b1
u b2 B mopTiaHIIIeMeHT MOXKET ITO3BOJIUTD YIIPABIISITH
TIPOILIECCOM YCAIKN B TEXHOJOTUICCKUN TIEPUOM U3T0-
TOBJIEHUS WIW 3KCIUTyaTallud OETOHA, YTO MTO3BOJIUT
n30eXaTh BOSHUKHOBEHUSI CAMOITPOM3BOIBHBIX HATIPS -
JKEHUI B MaTepuraje U, KaK CIeACTBAE, MUKPOTPEIIH-
HOO00Opa30BaHMS C BO3MOXKHBIM YXYAIICHHEM (PU3UKO-
MEXaHNIEeCKUX CBOMCTB CTPOUTEIIBHBIX M3AeniA. Takmm
00pa30M, YCTAaHOBJICHO, YTO TTOPOIIKH OTPAOOTAHHOTO
0eTOHA JAaHHOM CTEIIeHU TUCTIEPCHOCTH (YIEIbHOM T10-
BEPXHOCTH) MOTYT HCIIOJIb30BaThCSI B KAYSCTBE BEICOKO-
IHACTICPCHBIX HATIOJTHUTEICH.

Kowmrosuimmonroe Bsokytee (KB) Ha ocHOBe mmopT-
nangueMeHnTa (90%) 1 BBICOKOIMCIEPCHOTO ITOPOLIKA
otpaboTtaHHoro 6etoHa (10%) xapakrepusyercs 21% cHu-
JKEHHEM TIPOYHOCTH Ha CXKaTHe TI0 CPAaBHEHMIO C TTOPT-
JIAHAIIEMEHTOM JUISI KOMITO3UTa C T00aBKOM ITOPOIITKa
Jierkoro 6eroHa 1 33% cHikeHneM npoyHocty st KB
¢ 100aBKO TTOPOIIIKA TsKeJioro beToHa. OgHako aedop-
MaIMoHHbBIe XapakTeprcTuku KB mpakTtuaecku He mipe-
TepIieBaloT U3MEHEHUs (B cilyyae 100aBKHU MOpoIlKa Oe-
ToHa b2 yMeHbIIeHNE BEIMUYMHEI TIPOYHOCTH Ha M3TU0
coctaBuio 5% no otHoweHuio K IT11500. ITpu noGaske
nopouika 6eroHa b1 mpouyHocTh HAa U3rUO yBEIUUUIACh
Ha 9%). Takum 00pa3oM, MOKHO 3aKJIIOYKUTh, YTO B Ka-
yecTBe KoMnoHeHTa KB mo6aBka BEICOKOIMCIIEPCHOTO
TIOPOIIIKA JIETKOTO O€TOHA TTO3BOJISICT ITOIYIUTh TP CO-
KpaIlleHNH pacxo/a lieMeHTa OeTOHHBII KOMITO3UT OoJiee
BBICOKOTO KJIacca IIPOYHOCTH IT0 cpaBHeHHIO ¢ KB ¢ BBI-
COKOIMCITEPCHOM TOOABKOMU TSKEJIOro OeTOHA.

CIIMCOK NCTOYHUKOB

Hamu 66111 M3roToBJIeHBI OETOHHBIE 00pa3Libl B BUIE
KyOOB, TII¢ B KaUeCTBE 3aII0JTHUTEJIST MICTIOTb30BAaJIC IIIe-
OeHB (5 MM) 13 JIETKOTO U TSDKEJIOTO OETOHOB ¢ OMMHAKO-
BBIM COIepKaHEeM IIEMEHTA, PaBHBIMHI BOIOIICMEHTHBIM
1 BOIOTBepabIM oTHOIIeHUeM. [1ocite 28 cyTouHOI BBI-
IEPKKN B HOPMAJIbHBIX YCIIOBUSIX TBEpICHMS 00pa3IIbI
OBLTH UCITBITAHBI Ha TIPOYHOCTH TIPU cxKaThn. Pe3ymibra-
THI UCITBITAHUI TIOKA3aJI1, YTO IIPOYHOCTH Ha CKaTue Oe-
TOHA C IeOHEeM U3 OTPAOOTAHHOTO JIETKOTO 1 TSKEJIOTO
6eToHa coctaBuia 15,45 u 43,48 MIla. TakuMm obpa3om,
MOXKHO 3aKJTIOYUTh, YTO YEeM BEIIIIE OCTATOYHBIN KJIacc
IIPOYHOCTH OETOHHOTO JIOMa, CIIOIh3YEeMOTO B KAUCCTBE
KPYITHOTO 3aIOJIHUTEIIST B TEXHOJIOTMYECKOM IIpoliecce
ITOJTyJ4eHUSI OETOHA, TeM 0oJiee BRICOKMMM 3HAUYCHUSI -
MM MMPOYHOCTHU Ha cXaTue OyAeT 00J1afaTh KOHEYHbII

IIPOOYKT.
3AKJIIOYEHUE

B kauecTBe OCHOBHBIX PE3YyJIbTaTOB MPOBEIEHHBIX
KUCCIeA0BAaHUN MOXXKHO OTMETUTD CJIEAYIOLIME TTOJI0XKEe-
HUSI:

1. B xauecTBe OCHOBHBIX MHTEIPAJTbHBIX KPUTEPU-
€B IIpU BbIOOPE pallMOHAJIBHOTO UCMOJIb30BAHUS OT-
paboTtaHHOTO 6€TOHA, BBIpAOOTAHHOTO MPU IEMOHTAXE
30aHUIN U COOPYXKEHUI, OCJIE X IJIMTEIbHON SKCILTY-
aTaluu 11eJecoo0pa3Ho UCII0Ib30BaTh BEJIMUMHY OCTa-
TOUYHOI TTPOYHOCTU Ha CXaTue, pa3MoJIOCIIOCOOHOCTh
HWCXOJHOTO ChIPbSl 1 KOHTPAKIIMIO TTOPOIIKOB, TMOJY-
YEHHBIX U3 OETOHHOTO JIOMA.

2. ITopomku 3 pakum oTpaboTaHHOTO OeTOHA
C HU3BKMMU OCTaTOYHBIMU MPOYHOCTHBIMU XapaKTe-
PUCTUKAMU Y Pa3MOJIOCTIOCOOHOCTBIO, TTOJIy4YeHHbIE
METOJIOM MEXaHMYECKOIo MOMOJIa A0 3HAYEHUS YAe/b-
HOM MOBEPXHOCTU, CPABHUMON C TaHHBIM ITOKa3aTe-
JIEM MIPUMEHSIeMOro NMopTJaHAleMeHTa, U UMEeIoIe
0oJiee BBICOKOE 3HAaYeHUE KOHTPAKIIMU, PAIMOHAIbHO
KCIIOJIb30BaTh B KAY€CTBE KOMITOHEHTA KOMITO3UIIMOH-
HOTO BSIXKYILIETO.

3. @pakuum 6eTOHHOTO JIOMa, XapaKTepU3YIOIINeCsT
MOBBIIEHHBIMU Pa3MOJIOCITIOCOOHOCTHIO U OCTATOUHBI-
MU TIPOYHOCTHBIMM XapaKTepUCTUKAMU, ONITUMAJILHO
KCITOJIb30BaTh JJIsI MPUTOTOBJIEHUS 11I€0EHOYHOTO 3a-
MOJIHUTEJSI B TEXHOJIOTUUECKOM Mpoliecce MOoaydyeHust
OETOHHOTO KOMITO3H1TA.
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ABSTRACT: It is emphasized in the article that thanks to the discovery of D.l. Mendeleev and the Periodic Table of chemical ele-
ments existing for more than 150 years, as well as the international table [UPAC, chemistry has been actively developing and keeps
developing. A new model for arranging chemical elements in the form of a three-dimensional matrix has been proposed. This makes
it possible to predict new elements with the designation of nuclear masses and the electronic structure of shells. There have been
developed new patterns according to the cyclicity (block structure) of horizontal rows and the structure of vertical groups and their
physical conception have been specified.
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INTRODUCTION

he periodic law and its presentation in the form of

tables of chemical elements by D.I. Mendeleev and
the international IUPAC is an outstanding discovery of
mankind. At the end of 2019, the entire world scientific
community under the auspices of the UN celebrated the
150th anniversary of this event. Currently, the tables con-
tain 118 elements, but not all of them are found in natural
form, since some are obtained artificially. The authors
have written a new work on the Three-dimensional matrix
of chemical elements [3].

There have been considered the concepts of the
Universe and a physical model of the Big Bang and the
expanding Universe is adopted to describe the emer-
gence of chemical elements, the task is set to describe
them in the form of a three-dimensional expanding
matrix of chemical elements. At the top of the matrix
are hydrogen (H) and helium (He), being the basis for
the creation of all subsequent elements, and further
other elements are arranged along the expanding spiral
and group principles of valences serve as the boundaries
for such structure.

© Gusev B.V,, Yin S.Y-L., Speransky A.A., 2021

The second most important consideration is the origin
and evolution of the Universe, all living and non-living
in it in a spiral [10, 11]. Being obvious for the living na-
ture, for non-living nature it is assumed that chemical
elements might serve as the building blocks for this spiral,
which will form molecules in the future when interacting
with each other. The entire material inorganic world is
formed from molecules. And then natural processes take
place i.e. the creation of living matter: plants, animals and
people. Thus, the entire development of the mineral and
living world proceeds in spirals.

Presented generalisations show that when structuring
a system of chemical elements, in addition to the periodic-
ity of the formation of valence groups of outer orbitals,
the concept of cyclicity and block structuring of elements
horizontally is preferable.

MAIN PART
1. Cyclicity and block structure of chemical elements

The modern periodic system is based on the nuclear
charge (Z), which determines the place of an element in
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the system [1, 13, 14]. Nuclear periodicity is expressed in
a periodic change in the properties of atomic nuclei. The
main parameter that determines this periodicity is the
number of protons (P) and neutrons (N) in the nucleus.
Figure 1 shows the dependence of the mass of nuclei of
elements (protons and neutrons) and the mass of neutrons
for the discovered 118 chemical elements.

The authors have calculated the neutron-proton ratio
in the nuclei of chemical elements. In the short-period
table 1, a, the averaged indicators of these ratios for the
blocks are presented. It should be noted that these aver-
aged values for blocks are equal both in the short-period
table and in the IUPAC table (Table 1, b). Therefore,
the block structure, in our opinion, corresponds to the
concept of cyclicity i.e. the completeness of the system
of periodicity of two periods, including the families of
lanthanides and actinides.

The study of the three-dimensional periodic matrix
of chemical elements based on a multiparameter coor-
dinate system clearly demonstrates the stable formation
of block patterns in the cyclic periodicity in the proper-
ties of chemical elements in periods and blocks with
an increase in their ordinal numbers and unites all the
previously described periodicity options [4, 7]. It should
be noted that the concepts of “period” of the two types
of tables are identical (there are 7 of them each), but an
important circumstance that requires special attention

is the obvious discrepancy between the «rows» and the
group valence principle of periodicity in a long-period
table.

In [3, 4], it was concluded that the 3D-spirally di-
verging system of the matrix of chemical elements has
4 periodicity blocks and 7 periods. Analysis of the struc-
ture of period formation confirms that periods can be
divided into simple ones, in which one element is formed
in each group (2 elements with an external signal orbital
and 6 elements with an external valence orbital, 8 in total)
and more complex ones containing grouped “families”
elements within one group (III or VIII). Thus, in blocks,
everything can be represented as follows (Table 1).

— The first block A corresponds to short single-el-
ement periods (and rows 0-1) of the matrix, where the
first elements are hydrogen and helium (H!-hydrogen and
He?-helium). For the first block, the ratio of neutrons (N)
to protons (P) can be taken equal to 1.

— The second block B structurally positions the com-
pleteness of the cyclic eight-element periodicity, which
corresponds to simple periods (and rows) 2 (includes
8 elements from Li3 to Ne!®) and 3 matrices (includes
8 elements from Na'! to Ar'®). For the second block, N:P
is less than 1.1.

— The third block C structurally represents the com-
pleteness of the cyclic 10- and 8-element periodicity in
the block, two additional “families” have appeared: iron
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Fig. 1. Dependences of nuclear masses (protons and neutrons) and mass neutrons
(neutrons) for 118 chemical elements: 1 — the number of protons and neutrons;

2 — the number of neutrons; 3 — isotopes
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Table 1
The ratio of neutrons and protons in the nuclei of atoms of chemical elements

a) Mendeleev Table

Blocks,
Ratio of periods I n 1 v v Vi Vil VIII
/ rows
n';eutrons (n) to A H 1 3 3
protons (p) He
1 1,008 1 4 1,0
B 3 4|4 5|5 66 6|7 7(8 8|9 10 | 10 10
) Li Be B C N (0] F Ne
7 1339 125 | 11 1,20 [ 12 1,0 | 14 1,0 | 16 1,019 L1120 1,0
Less than B 11 12|12 12|13 14 | 14 14| 15 16| 16 16| 17 18 | 18 22
2 Na Mg Al Si P S Cl Ar
3 23 1,09|24 1,027 10828 1,0 |31 10732 1,035 1,09 |40 1,22
19 20 | 20 20 | 21 24 |22 26 | 23 28| 24 28| 25 30 | 26 30 |27 3228 31
K Ca Sc Ti v Cr Mn Fe Co Ni
C 39 105[40 10|45 114 [48 LIS |51 12252 1,17|55 1,20 |56 1,15|59 119 [5 111
4/4-5 |29 35 [ 30 35|31 3932 41|33 42| 34 45] 35 45 | 36 48
Cu Zn Ga Ge As Se Br Kr
Less than 63 12165 1L,17|70 126 |73 128 |75 127|79 132/80 129 | 84 133
1,3 37 49 | 38 50 | 39 50 | 40 51 | 41 52| 42 54| 43 55 | 44 57 | 45 58 | 46 60
Rb Sr Y Zr Nb Mo Te Ru Rh Pd
C 85 1,32 |88 132|890 1,28 |91 1,28 | 93 1,27 | 96 1,29/ 96 1,28 | 101 1,30 [ 103 1,29 | 106 1,30
5/6-7 |47 61 | 48 64 | 49 66 | 50 69 | 51 71|52 76| 53 74 | 54 77
Ag Cd In Sn Sb Te 1 Xe
108 130 [ 112 133|115 135 (119 138 | 122 1,39 | 128 146 127 1,40 | 131 143
55 78 | 56 81, 57 82|72 106 | 73 108 | 74 110| 75 111 | 76 114 | 77 115 | 78 117
Cs Ba La Hf Ta W Re Os Ir Pt
D 133 142137 145 139 144 [179 149 [ 181 148 | 184 149|186 148|190 1,50 | 192 149 [ 195 1,50
6/8-9 |79 mis[s0 12181 12382 125[83 12684 12685 125[86 136
Au Hg Tl Pb Bi Po At Rn
Less than 197 149 (201 1,50 | 204 1,52 [207 1,52 209 1,52 | 210 1,50 | 210 147 | 222 158
1,55 87 13688 138089 138|104 161|105 163|106 165|107 160 | 108 161 |109 169 [ 110 171
Fr Ra Ac Rf Db Sg Bh Xs Mt Ds
D 223 1,56 | 226 1,57 [ 227 1,55|265 1,55|268 155|271 1,56 267 1,50 | 269 1,49 | 278 1,55 | 281 1,55
7/9-11 (11 170 [112 173 [ 113 173 (14 175|115 173116 177 | 117 177 [ 118 176
Rg Cn Nh Fl Mc Lv Ts Og
281 1,53 1285 1,54 | 286 1,53 289 1,54 | 288 1,50 203 1,53 294 151|294 149
82 (59 82 |60 84 |61 84 (62 88 |63 89 |64 93 |65 94 |66 97 |67 98 |68 99169 100 |70 103 |71 104
E:Ise Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
140 1,41 [141 1,39 144 140 (145 1,38 |150 1,42 |152 1,41 [157 1,45[159 145|163 147 165 1,46 167 1,46 |169 1,45 [173 147 (175 1,46
142 |91 140 (92 146 |93 144 |94 150 |95 148 196 151 (97 150 |98 153 |99 153|100 157 (101 157 [102 157 (103 159
Eh Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
2 1,58 (231 1,53 238 1.59 [237 155|244 1.60 |243 1,56 |247 1,57 [247 1,55 |251 1,56 (252 155|257 1,57 |258 1,55|259 1,54 (262 1,54

b) IUPAC Table
s W e [ Il m | v VI v | ovin | IX X XI | XL | X0I| XIV | XV | XVI [ XVII | XvIlI
ratio |period
A 1 T
2’ 1 :.im 1 He
4190
» B3 44 5 5 6l6 6|7 7[8 8y w[w 1w
s 2 |Li |Be B |C N |0 F Ne
-1 7 1,3)9 125 1120012 10[14 1,0[16 10[19 LI1[20 10
o= B [u [z n 3 [ 1|15 16[is 16[17 188 2
@ 3 |[Na |Mg Al |Si [P ) Cl |Ar
= 23 1,924 1,0 27 108(28 10(31 107(32 10(35 1,09/40 122
= | C 1 2020 |z 22 262 2824 28|25 026 30027 23 3 B[N B3 B[N 4B 2[4 46535 6533 8
s 4 |K Ca S¢e |Ti |V Cr |[Mn [Fe |Co [Ni |Cu |Zn |Ga |Ge |As (Se |[Br |Kr
=10 39 1,05/40 1045 1,14]48 11851 122|52 1,17|55 120(56 1,15(59 1,19/59 1,11 (64 11|65 1,17)70 126]73 128]75 127(79 1,32(80 129(84 133
e=| C |3 49/ s0f[30 sola si|e1 s2fe2 saf43 ss|44 s7[4s ssfd6  e0[47  eifus  ed[s es[so e9fsi T2 7e[s3 w[se 7
S |S(Rb |8 |Y |Zr |Nb Mo Te Ru |Rh |Pd |Ag |(Cd [In [Sn (Sb [Te |I Xe
85 132/88 13289 128(91 128(93 12796 1,20(98 1.23[101 130|103 1,29 106 1,30(108 130|112 133115 135119 138|122 1,39[128 1,46(127 140 131 143
o | D |55 (5% sfs s sl ws[s wols mfe uafm nsfsour(m usso wis s 0s[8 6|8 16lss 158 136
« 6 |Cs |Ba La |[Hf |Ta (W |Re |Os |(Ir [Pt |Au |(Hg |TI Pb (Bi (Po |At |Rn
se 133 1,42[137 145 139 144|179 1,49 181 148(184 1,49 [186 148190 1,50 [192 1,49 195 150|197 149(201 1,50(204 1552[207 1,52[209 152|210 150210 1,47 |222 158
@ D [87 136/s8 138489 138[104 161[105 163(106 165(107 160(108 161 (109 169110 171|1nr 170112 13{U13 173 (104 15 (115 173|116 177(117 177|118 176
3 7 |Fr  |Ra Ac |[Rf Db (Sg¢ |Bh |Xs |[Mt Ds |[Re |Cn [Nh |FI [Mc |Lv [Ts [Og
223 1,56 |226 15704227 1,55(265 1,51{268 155|271 1,56(267 1,50(269 149278 155 [281 1,55(281 1,53/285 154|286 1,53 289 1,54[288 1,50[203 1,53[294 1511294 149
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(Fe) and platinum (Pt) — from ruthenium (Ru) to pal-
ladium (Pd).

The third block C presents the first short pair of rows 4
(includes 10 elements from K" to Ni?®) and 5 of the short-
period table (includes 8 elements from Cu? to Kr3) and
the second short pair of rows 6 (includes 10 elements
from Rb¥ to Pd*%) and 7 short-period tables (includes
8 elements from Ag*’ to Xe*). In the long-period table,
a pair of rows 4 and 5 corresponds to period 4, and a pair
of rows 6 and 7 corresponds to period 5. For the third
block, the N:P ratio is less than 1:1.3.

— The fourth block D structurally represents the com-
pleteness of the cyclic 24 and 8-element periodicity as
a block of chemical elements D, which additionally in-
cluded the “families” of lanthanides (La) and actinides
(Ac), as well as two “families”: osmium (Os), iridium
(Ir), platinum (Pt) and chassium (Hs), maitnerium (Mt),
darmstadtium (Ds).

The fourth block corresponds to the first pair of the
long row of lanthanides 8 (includes 24 elements from
Cs% to Pt™) and the short row of the short-period table
(includes 8 elements from Au” to Rn®®) and the second
pair of the long row of actinides 10 (includes 24 elements
from Fr#” to Ds!!’) and the short row 11 of the short-period
table (includes 8 elements from Rg!'!! to Og!'®®). In the
long-period table, a pair of rows 8 and 9 corresponds to
period 6, and a pair of rows 10 and 11 corresponds to
period 7. “Families” of lanthanides, actinides and some
grouped metals require special study and attention of re-
searchers. For block D, the N: P ratio is less than 1.55.

Thus, the block structure of the three-dimensional
matrix of chemical elements using a three-dimensional
coordinate system can provide a significant increase in
information content (multidimensionality) compared to
short-period and long-period tables of chemical elements.

2. Three-dimensional periodic matrix of chemical
elements

Various literary sources draw attention to the con-
tribution to the development of the periodic system of
chemical elements by D.I. Mendeleev, Yu.-L. Mayer,
A. Chancourtois, J. Newlands, W. Odling and G. Hiprix [6].

There may be highlighted the main prerequisites for
the creation of the three-dimensional periodic matrix of
chemical elements:

— based on the laws of the development of the Universe,
the authors propose to consider the structure of the
arrangement of chemical elements in the form of an
expanding conical spiral. The main initial elements
hydrogen and helium are at the beginning of the spiral.

— the spatial spiral provides, in comparison with the
tabular form, a sequential continuous arrangement of
elements with the possibility of including lanthanides
and actinides and all discovered (discovered) and pre-

dicted families. All known structures should find their

reflection on the spiral on the basis of a deep study

of the short-period and long-period tables, taken as

a basis in different countries.

Thus, the three-dimensional matrix showcases:

— arrangement of all known elements along the coor-
dinate axes which forms a planetary model of their
structure. Atomic numbers n with the dimension of
a continuous series of natural numbers from 1 to 118
(and more) are evenly arranged along a spiral from top
to bottom.

— the ordinal number of the element coincides with the
magnitude of the nuclear charge (Z) and the same
total number of energetically balancing electrons in
the orbitals of the shells. The approach is universal
for both short-period tables and long-period tables.

— an exponential increase in the number of elements
in periods from the first to the eleventh (and further)
is shown, which forms a 3D-spiral spatial system of
the framework of the matrix of chemical elements
(Fig. 2) [4].

The proposed representation of the three-dimensional
periodic matrix of chemical elements in the form of an
expanding conical spiral is a universal tool that makes it
possible to study a large variety of physical and chemi-
cal properties of already known and not yet discovered
elements and their compounds [5]. The versatility of the
three-dimensional matrix also lies in the fact that, in addi-
tion to the mandatory serial number and strict coordinate
binding of chemical elements to groups, there appears
a tremendous potential to structurally analyse physical
and chemical properties of elements and the laws of their
interaction.

3. Electron characteristics of elements and analysis
of their cyclicity in the structure of the volumetric
matrix of chemical elements

The spatial form of the Three-dimensional Period-
ic Matrix made it possible to structure the anomalous
families of the III (lanthanides and actinides) and VIII
(metalloids) groups of the third C and fourth D levels of
block periodicity, and the level formulas of electron shells
facilitate the study of systemic regularities of periodicity,
including the mechanisms of saturation and transition
electrons at different energy levels (orbital) of electron
shells [2]. The consistency of the periodicity is relevant
in the study of fine mechanisms of interlevel transitions
and stable failures of the synthesis of electron orbitals
(Table 2).

Distribution of electrons over energy levels (states) of
shells K, L, M, N, O, P, Q, X (EL), consisting of sublevels
(orbitals) s-, p-, d-, f-, g-, h - at each level, satisfies the
principle of minimum potential energy. The maximum
number of electrons at the energy level is calculated by the
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Fig. 2. Three-dimensional matrix of chemical elements with analytical parameters
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formula R = 2n?, where n is the level number or the prin-
cipal quantum number (1, 2, 3, etc.). Each filled level cor-
responds to a certain set of sublevels (orbitals) (Table 3).

The sequence of filling the orbitals with electrons is
limited by the Madelung rule [12, 13]. Periodicity, as
a cycle of valence transformation in a system of chemical

Table 2

v

elements, manifests itself in the formation of two suc-
cessive orbitals — the initial s-orbital and the valence
p-orbital — with the number of valence electrons con-
tinuously increasing within the periods [8].

Initial are two groups of elements. Group | of chemi-
cal elements with one electron at the s’ sublevel is Li* —

The structure of energy levels and sublevels (orbitals) for blocks

ends with Helium He
Block B — 3 energy levels
ends with Argon Ar

Block C — 5 energy levels

Block D — 7 energy levels

(valence orbital Q% =
ends with Oganesson

(valence orbital X** =
ends with element Neo

Block A — 1 energy level (valence orbital K°

KLs?Ms+- (valence orbital M?-% = 3s°3p%)

KL M- Ns2-4-0p- (valence orbital O*% = 55?5p°)
ends with Xenon Kcenonom Xe

K3 52 M-p-4 Ns-p-d-f()s-p-d-f- PS-p-d-Qv-p-

Predicted energy levels
and electronic structure of the orbitals
(sublevels) of Block E

Block E — 9 energy levels are predicted. from Ne119 to Ne218
K Ls? MB-p-4 Ns-p-d-f(s-p-d--8 PS-p-d-f-g-Qv-p -d-f- Rs-p-d- X5-p-

Is?)

7s’7p°)

Og

9s%9p®)
218

Table 3
Principal quantum number, types and number of orbitals,

maximum number of electrons at sublevels and levels

Number of orbitals Maximum number of electrons
Energy level Number of Orbital type
(n) sublevels (n) In level, In level,
In sublevel SR e In sublevel equals to 2n?
K(n=1) 1 Is 1 1 2 2
_ 28 1 2
L(n=2) 2 » 3 4 6 8
3s 1 2
M (n=3) 3 3p 3 9 6 18
3d 5 10
4s 1 2
_ 4p 3 6
N(n=4) 4 4d 5 16 10 32
4f 7 14
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Fr¥, etc. The filling of the s’ sublevel with the first elec-
tron indicates (signals) the completion of the filling of the
valence shell of the previous period. The second group of
chemical elements with two electrons at the s? — sublevel
are Be* — Ra%, etc. The filling of the s’-sublevel with two
electrons shows its saturation and the forthcoming for-
mation of the p-valence shell sublevel, starting with the
first electron of the p’ — sublevel and the subsequent set
of sublevels of the valence period. For clarity and conve-
nience of analysis, electronic formulas of chemical ele-
ments were used.

Thus, the unification of elements in new periods be-
gins with a systemically bound pair of chemical elements
of groups I and II, showing the completion of the filling
of the valence eclectron shells of the atoms of the cle-
ments of the previous period and the readiness for the
formation of the valence electron shell of the new period.
In this case, in the chemical elements of group I, an act
of formation of a new two-electron initial orbital of the
ns sublevel of the corresponding energy level (from K,
L, M, N, P, O, Q, X) occurs by filling the formed en-
ergy shell with the first electron (ns', electronic formula
designation K, L1, M1, etc.), and in the subsequent
chemical element of group II, the same atomic orbital
is filled with a second saturating electron (ns?, electronic
formula designation K2, L2, M2, etc.), forming a stable
pair electrons of the outer atomic orbital. This initial
pair completes the filling of the Is* sublevel, after which
the next layers of the corresponding energy level of the
periodic sequence of chemical elements of the Three-
dimensional matrix are filled.

On the other hand, the filling of the outer atomic or-
bital with a stable pair of electrons always precedes the
onset of the formation of a new layer of the valence shell
of the atom. The initial elements of all periods of the ma-
trix form new periods, on a new valence orbital (npI),
by filling the corresponding energy level with the first
electron and reflect the periodic laws of the formation
of the elements of the material world. The mechanism
of block periodicity of filling atomic orbitals is present
at all levels of the Three-dimensional periodic matrix of
chemical elements.

According to the regularities of the periodicity of the
formation of chemical elements, a special role is seen for
the initial atomic orbitals of two successive elements. The
first element of the pair states the completion of the stable
state formation in the structure of the electronic layers
of the previous, fully completed period with the limiting
filling of the shells of all energy levels with electrons. All
first elements are odd. Best practices confirm that the
electronic layers of elements shells of a fully completed
period have a high degree of resistance to external energy
influences and a clear gravitation to stationary interaction
with the energy field of the atomic nucleus [9, 12]. This
regularity implies the indifference of the electronic layers

of extremely filled atomic shells to the manifestation of
valence (chemical interaction).

The second element is a harbinger of the formation
of new electronic layers of elements in the subsequent
period, consisting of electrons of energy levels new shells.
All second elements are even. The electronic layers of the
shells of the elements of the forming period do not have
a high degree of resistance to external energy influences
and have a lesser tendency to interact with the energy field
of the atomic nucleus. This regularity implies the ability of
the outer electronic layers of the unfilled shells of atoms
to manifest polyvalence when combined into molecules.

The first elements of the valence p-orbitals of the new
period in each energy level form elements with a p’-orbit-
al with one valence electron (B5 — Nh!!3, etc.). All such
elements are odd and belong to group III of chemical
elements. The second element — with two valence elec-
trons of the p2-orbital in each energy level (C® — FI'4,
etc.). All elements are even and belong to group IV of
chemical elements. The subsequent elements with three
valence electrons of the p’ orbital and a different number
of electrons of the valence orbital in each energy level are
structured similarly, belonging to groups V, VI, VII and
VIII of chemical elements, respectively.

The regularities of the formation of models of elec-
tronic shells of atoms using electronic-level formulas al-
low, on the basis of the block approach and structural
analysis, to predict chemical elements beyond the 118" el-
ement, to form the structure of new periods, starting with
the chemical elements of the 11th period of D.I. Men-
deleev Table or the 8th period of the IUPAC table [15].
The electron-orbital formulas assume, based on the block
approach, an extremely abbreviated description of the
structure of chemical elements.

4. Prediction of new chemical elements

Of the known chemical elements in the short-period
system, only 83 are found on Earth, the lightest of which
is hydrogen (its atomic number is Z = 1), and the heavi-
est is uranium (Z = 92). Obviously, only those elements
survived in the solar system and on the planet Earth,
the lifetime of which is longer than the age of the Earth
(4.5 billion years). Others broke up and did not survive
to this day. Uranus, which has a half-life of about 4.5 bil-
lion years, is still decaying. It is a radioactive element
[16]. In nature, stable formations (nuclei of elements,
consisting of different numbers of protons and neutrons)
exist only up to lead and bismuth, followed by a small
area that includes thorium and uranium found on Earth.
But as soon as the serial number of an element exceeds
the number of uranium, its lifetime decreases sharply.
For example, the nucleus of element 100 is 20 times less
stable than the nucleus of uranium, and this instability
only intensifies further due to the spontaneous nuclear
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fission. With further attempts to obtain new elements,
scientists around the world face the increasing difficulty
of synthesis [18—20]. And only a small part of nuclear
research ends with the successful synthesis of a new ele-
ment. No laboratory can be compared with a neutron star,
which can create other forms of matter. During the life of
stars there take place nuclear reactions that are beyond the
human’s power. Scientists are trying to find new types of
elements, but experiments in search of “natural” super-
heavy elements still continue [17]. There arises a question:
What is the practical use of such an expensive event to
create new unstable elements? Despite this, the develop-
ment of experimental methods for the transformation of
elements led to the expansion of the periodic tables at
the expense of transuranic elements, the problem of the
table boundary remains one of the most fundamental in
modern theoretical chemistry.

The orbital structure representation formulated by the
authors makes it possible to predict the block pattern for
the emergence of new elements, with the formation of
families of lactanoids, actinides and other with d-, f-, g-,
h-orbitals in the reverse order between s- and p-orbitals

Table 4

Nanob%

in the third group. There is a special prospect to predict
chemical elements of the families of group III outside
block D. The reason is that if the cyclic families of lan-
thanides and actinides of group III in the paired block D
consist of 14 f~elements in each period, then the families
of elements in the paired block E will consist of 32 g-f-
elements in each period, and the families of elements in
the paired block F will consist of 54 h-g-f-elements in
each period, etc. [15]

The issues that determine the possibility of the pre-
dicted elements existence in special physical conditions
have not been considered yet. However, taking into ac-
count the “theory of stability areas”, supported by the
discoverer of the element Og'®, Academician of the Rus-
sian Academy of Sciences Yu.Ts. Oganesyan, such exis-
tence of potential chemical elements is possible [16, 17],
and the question of predicting new elements arises again.
The structural analysis allows to predict the structure of
so far unknown elements of the periodic system within
119—168 elements of the 8" period and within 169—218
elements of the 9" period of the block structure E, as
well as within 219—290 elements of the 10th period and

Block structural analysis for D.I. Mendeleev Table with blocks E and F

Groups of chemical elements
Block
1 T m/| w/| v [ vi v v
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B Na' [Me™ [ s 5" S CT . AT
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m% 159, 16«1
209 210
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Table 5
Comparison of Mendeleev’s Tables, IUPAC and VM CE

Mendeleev Table IUPAC Table

VMCE/ GYS

Novelty

no cell continuity

complete continuity (no empty cells)

3D-Matrix model — continuously
expanding eight-sector spiral

I—-1II—1III+ VIII I+ XVIII

I-II-1II -1V~ VIII

is based on 8 valence groups
of elements

lanthanides and actinides are taken out

families of group III are part of matrices

of the tables and are presented all faml?les of chejmlcal elements
in table 2 are included in group IIT
{La}, {Ac} {La},{Ac} 1 table
K-L-M-N- K-L-M-N- K-L-M-N- energy levels of chemical elements

and new levels (O-P-Q-)

He?, Ne!®, Zn*, Yb7° He?, Ne!, Zn*®, Yb"

HeZ’ Nelo’ Zn30, Yb70’ (Yn138)

boundary elements
with complete electronic structure

no forecast of new elements

structural ordinal analysis is not limited

Forecasting of new chemical
elements

within 291—362 elements of the 11th period of the block
structure F and subsequent blocks.

For the first time, a preliminary structural analysis
of a short-period table is presented based on the fore-
cast of four new periods of predicted chemical elements
(Table 4). Thus, the idea of block structure made it pos-
sible to substantiate electronic-level formulas, including
the alleged new chemical elements of the 5" block E with
numbers 119 to 218 and further.

Further the use of digital models for research in chem-
istry will be considered, which can significantly increase
the effectiveness of computer modelling methods. Taking
into account the crucial role of materials science, it is ap-
propriate to conclude: “whoever masters the digital system
first can become a leader in many spheres of human life.”

CONCLUSION (MAIN CONCLUSIONS)

1. The periodic law and its representation in the form
of tables of chemical elements is the greatest discovery
in chemistry. DI Mendeleev’s two-dimensional tables of
chemical elements and IUPAC table played a huge role
in the development of chemistry. However, the fact that
there are currently more than 500 options for their mod-
ernization, including the statements of N.N. Semyonov,
indicate the need to continue work in this direction at
a new level of comprehension.

2. First of all, it is the formation of a physical model
for the probable origin of chemical elements. The concept
of the Universe as an expanding system presented in the
work of Stephen Hawking and Martin Rees is a compel-
ling evidence for it. In our opinion, the physical inter-
pretation (model) of the origin and development of the

Universe makes it possible to formulate a more general
concept of the structuring process of chemical elements
and its representation in the form of an expanding conical
spiral as well as to draw a number of new conclusions.

3. Like the Universe, the proposed three-dimensional
Periodic Matrix is an expanding system (spiral) and a con-
tinuous sequence in the arrangement of elements from
hydrogen (1) and helium (2) to Oganesson (118) with the
inclusion of lanthanides and actinides in it and possible
inclusion of other information with the preservation of
the periodicity for the groups of elements and the valence
framework of the matrix, proposed by D.I. Mendeleev.
Hydrogen and helium are obviously structural elements and
all other elements were formed on their basis.

4. The authors formulated the concept of cyclicity
in the arrangement of the horizontal levels of chemical
elements in the blocks of the Three-dimensional ma-
trix of chemical elements. Each of the blocks provides
an approximate equality of the neutrons — protons mass
ratio in the nuclei of chemical elements. There has been
formulated the pattern of 4 levels of block cyclic structure
in the existing system of chemical elements. The blocks
additionally include all cluster formations, as well as the
families of lanthanides and actinides. New regularities of
periodicity in the block matrix structure of chemical ele-
ments from block A to block D were obtained, combining
the periods presented in the tables of chemical elements
by D.I. Mendeleev and IUPAC.

5. On the basis of cyclicity, the structures of the elec-
tron shells for the known 118 elements in four blocks A,
B, C, D are presented, which also makes it possible to
obtain electron-orbital formulas, including for new ele-
ments (119—218) of block E of the periodic system and

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021; 13 (5):
282-292

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

the subsequent block F. In block E, for 100 new elements
their atomic numbers and nuclear masses are presented.
Elements 119 and 218 could be named after N.N. Se-
menov Sm' and Sm?.

6. It should be noted that a progressive amount of new
elements is in group III of the three-dimensional matrix
and special attention should be paid to the formation
of chemical elements in this group for blocks C, D and
subsequent ones, the number of which is progressively
increasing for new blocks E and F. This circumstance
100 years ago made it necessary to move the groups of
lanthanides and actinides outside the tables of D.I. Men-
deleev and IUPAC.
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AnAa UUTUPOBAHUA: lyces B.B., H C.N-J1., CnepaHckuin A.A. CTpyKTYprpOBaHME XUMUYECKNX SN1EMEHTOB N0 06beMHOWN Ma-
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BBEJEHUE

Hepﬂonnqecmm 3aKOH U €TO TIPEeICTaBICHIE B BUIC
Tabui xummnyeckux aneMeHToB .M. Mennaenee-
Ba 1 MexayHapongHoii IUPAC — sto BeImalomieecst oT-
KpHITHE YesoBeuecTBa. B xonme 2019 roma Bce Mupo-
Boe HaygHOe coobmecTBo o arunoii OOH ormeuano
150-neTHWMi robuneit aToro coobITs. B HacTosIIIEee Bpe-
MSI B TaOJIMIIAX MIPEACTaBICHBI 118 3/1eMeHTOB, OMHAKO
B HaTypaJbHOM BHUJIE BCTPEUAIOTCS JAJIEKO HE BCe, TakK
KaK HEKOTOPBIC TTOTyYeHBI MICKYCCTBEHHBIM ITyTEM. AB-
TOpaMHM HaIlcaHa HoBas padota rmo O0beMHOIT MaTpHIIS
XUMWYECKUX DJIEMEHTOB [3].

PaccmoTtpeH®! pencraBieHus 0 BeeneHHOM, 1 mIst
OITMCaHMsI BO3HUKHOBCHUSI XUMHUYECKUX DIIECMECHTOB
npuHsTa (hu3udeckass MoJiesib B3PbIBA U pacIIMpsIomiencs
Bcenennoii, mocTaBiieHa 3agaya oImcarh ux B Buge O0b-
E€MHOI pacIIMPSIONICICS MATPUIIBI XUMITIECKIX SIEMEH-
ToB. B BepmmHe MaTpuIlbl TIpenctaBicHbl Bomopon (H)
u renuii (He) Kak ocHOBa cO3MaHMST BCEX TOCIICTYFOIITIX
3JIEMEHTOB, 1 Jajiee TI0 PACIIIMPSIIONICICS CITMPAaJIN pac-

© lyces b.B., 'n C.U-J1,, CnepaHcknin A.A., 2021

TIOJIOKEHBI IPYTHE SJIEMEHTEHI, a TPYIIIIOBBIC TTPUHITUIIEI
BaJICHTHOCTEH SIBJISTFOTCSI TPAHSIMK TaKOTO TTIOCTPOCHUS.

dpyrnM BaxkKHEUIITUM MOMEHTOM SIBJISIETCST 00IIIee
npeacTaBjieHre O BOSHUKHOBEHMH U pa3BUTUN BcesneH-
HOIA, BCEro He2KMBOTO M KHBOT0 B Hell mo cmmpam [ 10, 11].
Ecmm my1s1 XXuBoii IpUpOIbI 3TO OUEBUIHO, TO IS HEXKM -
BOW TIPUPOIEI CACIAHO TIPEIITOI0XKEHIE, YTO KUPITIH -
KaMU 3TOH CITMPAIA MOTYT OBITh XUMUYCCKHE SJIEMEHTHI,
KOTOpEIe OyOyT B JaJbHEUIIIEM IIPU B3aNMOACUCTBUN
MeXIy co00il 00pa3oBbIBaTh MOJIEKYJIb. I3 MoJeKyn
dopMupyeTcsT Bech MaTepUATbHBINT HEOPTaHUICCKUIA
MUp. A manee yxe MPOUCXOISIT IPUPOTHBIC TIPOIIeC-
CHI, CO3aHNE XNBOU MaTepUH: PACTCHUI, KMBOTHBIX
u roneit. TakuM o0pa3oM, BCe pa3BUTHE MUHEPATHLHOTO
¥ SKMBOTO MHpa IIPOTEKACT IO CITUPAJISIM.

B nipencraBieHHBIX 000011IEHUSIX TTOKA3aHO, YTO NMPH
CTPYKTYPMPOBAHUM CHCTEMbI XUMHYECKUX IJIEMEHTOB, T10-
MHUMO TIEPUOTNIHOCTH 00pa30BaHMSI BAJICHTHBIX TPYIIIT
BHEIITHUX OPOMTAJICH, TIPEATIOUTUTEIEHBIMU SIBIISTIOTCS
MpeACTABJIEHHS O MUKJINYHOCTH 1 0JIOYHOM CTPYKTYPHPO-
BAHUM 3JIEMEHTOB N0 TOPU30HTAJIN.
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OCHOBHAA YACTb

1. IIMKM9HOCTD ¥ OJIOYHOCTH B CTPYKTYpE
XAMHYECKHX 3JIEMEHTOB

B ocHOBY coBpeMeHHOI TIepHOINIECKO CUCTEMbI
TOJIOXKEH 3apsin sapa (Z), onpeneasolnii MecTo dJie-
MeHTa B cucteMe [1, 13, 14]. dnepHasg meprnoanIHOCTh
BbIpaxaeTcsl B MEPUOJNIYECKOM U3MEHEHUU CBOMCTB
saep aToMoB. OCHOBHBIM TTapaMeTPOM, OTIPEeIIsIIO-
UM 3Ty MIEPUOTUIHOCTD, SIBIISIETCSI YMUCIIO TIPOTOHOB
(P) m meittponos (N) B smpe. Ha puc. 1 ipeacrasieHa
3aBUCUMOCTh MACCHI SIEP 2JIEMEHTOB (TTPOTOHBI U HETi -
TPOHBI) U MAaCChl HEUTPOHOB TSI OTKPHITHIX |18 xuumu-
YECKUX IJIEMEHTOB.

ABTOpaMU MOJCYUTAHBI COOTHOIIIEHUST KOJTMYECTBA
HEUTPOHOB U MPOTOHOB B SIIPAX XUMUUYECKUX DIIEMEH-
ToB. B KOopoTKOTIeprnonHoii Tabnmile la mpencraBieHb
YCpEeMTHEHHBIE TTOKA3aTe N STUX COOTHOIIEHN ISt OJ10-
koB. Ciemyet oOpaTuTh BHUMAaHWE, YTO 3TH YCPEITHEH-
HbIE BEJIMUWHBI /7151 OJIOKOB paBHBI KaK B KOPOTKOTIE-
puonHoii Tabnuiie, Tak u B Tabnuie [UPAC (ta6:. 1b).
[MToaToMy O09HAsI CTPYKTYpa, TIO HAIllEeMy MHEHUIO,
COOTBETCTBYET MOHSITUIO NIUKJIMYHOCTH — 3aBEPIICHHO-
CTU CUCTEMBI TIEPUOIUYHOCTH IBYX TIEPUOIOB, BKITIOUAsT
CceMelCcTBa JIAHTAHOUIOB ¥ aKTUHOUJIOB.

Nzyuenne OOBbEeMHOI TIEPUOANIHON MATPUIIBI XM~
MWYECKHMX 2JIEMEHTOB Ha OCHOBE MHOTOIapamMeTpuye-
CKOI CUCTEMBI KOOPAWHAT HATJISITHO TEMOHCTPUPYET
ycroitunBoe (hopMUpPOBAHUE OJIOUHBIX 3AaKOHOMEPHOCTENH

B IIMKJIMYECKO# MEePHOINIHOCTH CBOMCTB XMMMIECCKIX
5JIEMEHTOB B IEPHUOIAX W OJOKAX C YBEIMUYCHHEM UX
ITOPSITKOBBIX HOMEPOB M O0OBEAMHSICT BCE OMMCAHHBIC
paHee BapuaHTHI iepuonnyHocTu [4, 7]. Cnenyet oT-
METUTH, YTO TTOHSTUS «IIEPUOI» IBYX BUIOB TAOJMI]
UICHTUIHBI (X 110 7), HO BaXXHBIM OOCTOSITEJIECTBOM,
TPEOYIOIINM 0COOOTO BHUMAHMSI, SIBIIICTCS IBHOE HECO-
OTBETCTBHE «PSIIOB» TPYIIIOBOMY BaJICHTHOMY ITPUHIIMITY
TIEPUOINIHOCTH B [UTMHHOIICPUOTHOM TaOJIHLIC.

B pa6otax [3, 4] caenaH BeIBoOA, 4TO 3D-crimpaibHO
pacxonsmiasicss CCTeMa MaTPUIIBI XUMUYECKHUX 3JIe-
MEHTOB MMeeT 4 0JI0Ka TIepUOANYHOCTH M 7 TICPUOIOB.
AHaM3 CTPYKTYPHI TIEPHUOI000pa30BaHMST TTOATBEPXKIA-
€T, 9TO TIepHOIBI MOXHO pa3le/INTh Ha IIPOCTHIC, B KO-
TOPBIX 00PA3yIOTCSI IO OMHOMY 3JIEMEHTY B KaxKIOi
rpymre (2 sIeMeHTa ¢ BHEITHe CUTHAJIbHOI opOuTa-
JIBIO ¥ 6 3JIEMEHTOB C BHELIHEH BaJIECHTHOI OpOUTAIbIO,
BCETO 8 B mepuoe), 1 6oliee CI0XKHBIC, COMEPKAIINIE
CTPYIIITAPUOBAHHBIC «CEMEICTBa» 3JIEMECHTOB BHYTPH
onHoii rpyrmsl (I v VIII). Takum odpasom, 110 6:10-
KaM BCE MOXHO TIPEICTaBUThH CIACAYIOIIUM 00pa3oM
(Tabm. 1):

— IlepBoMy OJOKY A COOTBETCTBYIOT KOPOTKHE
OIHO3JIEMEHTHBIC IepUOAbl (1 psiabl 0—1) MaTpuIIbI,
IIIe TIpeICTaBICHEI TIEPBBIC SJIEMEHTHI BOTOPOI 1 Te-
nuit (H'-Bogopon u He?-renuit). st mepBoro 6joka
cooTHoIeHne HeiTpoHoB (N) K ipoToHaM (P) MoxHO
IIPUHSITH PAaBHBIM 1.

— Bropoii 610K B CTpyKTYpHO MO3UIIMOHUPYET 3a-
BEPIICHHOCTh MUKJINYECKOI BOCEMU3JIEMEHTHOI TTepH-

ANEPHBIE MACCbI NPOTOHOB M HEATPOHOB
AAEPHLIE MACCbI HEATPOHOB

ApepHole macckl "NPOTOHLI U HERTPOHLI" 1M "HEMTPOHLI"

1 4 7 10 13 16 19 22 25 28 31 32 37 40 43 46 49 S2 S5 S8 61 64 67 70 73 76 79 82 85 88 91 94 97 100 103 106 109 112 115 118

HOMEPA INEMEHTOB (KONUYECTBO NPOTOHOB)

Puc. 1. 3aBucumocTH saepHbIX Macce (IPOTOHBI H HEHTPOHBI) M MACCHI HEHTPOHOB
(ueitTponsn) A 118 XuMHUIeCKHX 3JIeMEHTOB: | — KOJIMYECTBO TPOTOHOB
1 HEUTPOHOB; 2 — KOJUUYECTBO HEMTPOHOB; 3 — U30TOIIbI
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Tabauya 1
CooTHolleHye HEHTPOHOB M IPOTOHOB B SAIPaX ATOMOB XUMHYECKUX JJIEeMEHTOB

a) Tabauuya /1. U. Mendeneesa

Cootho- Buaokn,
pos— nepuoLl I 1l 11 v v VI VIl VIII
HeiiTpons (n) |/ prat
/ npotonsi (p) A H 1 - g
He
1 1,008 1 4 1,0
B 3 4[4 5s 66 6|7 78 1K) 10|10 10
Li Be B C N (0] F Ne
— 2 7 133|9 125|111 120|12 10|14 10]16 1019 L1 f20 10
1 B 11 1212 12|13 14 14 1415 16| 16 1617 18 |18 22
2 Na Mg Al Si P S Cl Ar
3 23 1,09(24 10|27 18|28 10|31 1,07|32 10/35 1,09 (40 122
19 20|20 20|21 24|22 26|23 28| 24 2825 30|26 30|27 32|28 31
K Ca Se Ti v Cr Mn Fe Co Ni
C 39 1,05(40 10|45 1,14 |48 118 |51 12252  117|55  1,20 |56 1,15 |59 1,19 [59 LIl
4/4-5 [29 35|30 35[31  39[32 41|33 4234 45(35 45|36 48
Cu Zn Ga Ge As Se Br Kr
MeHee 63 121|65 147 |70 12673 12875 127|79 13280 129 84 133
1,3 37 4938  50[39 5040 51|41 52| a2 54(43 55|44 57 (45 58 [d6 60
Rb Sr Y Ir Nb Mo Te Ru Rh Pd
C $5 132(88 13289 128 |91 128|933 12796 1299 128|101 130 | 103 129 [ 106 130
5/6-7 |47 61|48 64|49 66|50 69|51 71| 52 76|53 74|54 77
Ag Cd In Sn Sb Te | Xe
108 1,30 | 112 133|115 135|119 138|122 139 [ 128 146|127 140 | 131 143
55  78[56  81]/57 82|72 10673 10874 10|75 11176 11477 15|78 117
Cs Ba La Hf Ta w Re Os Ir Pt
D 133 142|137 145 139 144 179 149 | 181 148 [184 149|186 148 [190 1,50 | 192 149 | 195 1.50
6/8-9 |79 11880 12181 12382 12583 126 |84  126|85 125 |86 136
Au Hg Ti Pb Bi Po At Rn
MeHee 197 149|201 1,50 | 204 1,52 207 1,52 209 152 (210 150|210 147|222 158
1,55 87 136 |88 13889 138104 161 | 105 163|106 165|107 160 | 108 161 [109 169 [ 110 171
Fr Ra Ac Rf Db Sg Bh Xs Mt Ds
D 223 1,56 | 226 1,57 1227 155|265 1,55|268 1,55|271 156|267 1,50 |269 149 |278 155|281 155
7/9-11 |11 170 11z 173 | 13 17314 175|115 173|116 177 | 117 177 | 118 176
Rg Cn Nh Fl Mc Lv Ts Og
281 1,53 | 285 1,54 | 286 1,53 280 154 | 288 150|203 153|294 151|294 149
82[59 8260 84|61 84|62 88|63 89|64 93|65 94|66 97|67 98|68 99|69 100|70 103 |71 104
e Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
40 141 [141 1,39 [144 140 [145 138|150 142|152 141 [157 145159 145|163 147 165 146 [167 146|169 145[173 147 (175 146
142 191 140 (92 146 (93 144 94 150 |95 148 96 151 97 150 |98 153 (99 153 [100 157 [101 157 (102 157 (103 159
Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
158 (231 1,53 238 1,59 237 1,55 (244 1,60 |243 1,56 |247 1,57 247 155|251 1,56 252 1,55(257 157|258 1.55|259 1,54(262 154
b) Tabauya IUPAC
(Coor-
o) Paoss | § 1l m | w v vi [ v | ovim| x| x Xt | oxi | xm | xiv [ oxv | xvi | xvi | xvin
HHE | nepHOA
np
o ‘? H ! i-le :
-

1008 1 s
~| B [3, 4+ s 5 6/6 6|7 7|8 slo 10w 1w
~=| 2 |Li |Be B [C (N |0 ([F |[Ne
[ 7 1,33 9 1,25 11 120012 10|14 l,l] 16 1,019 1,11{20 1,0
2 B [n nlz n 13 414 115 1616 1617 18 2
g 3 |Na |Mg Al |Si [P S Cl |Ar

23 10924 10 27 108|128 1,0[31 10732 1035 109/40 1,22

C [1v w20 20(21 24[22 26[23 28[24 28[2s 30[26 30(27 32 320 3s[30 3s[m w2 w[n 2)u s[s asln 4
:3‘ 4 [K Ca Se |Ti \% Cr |Mn |Fe Co [Ni |[Cu |[Zn |Ga |[Ge |As |[Se |Br
@ 39 10540 10[45 114[48 10851 122(52 10755 120[6 10559 1,19{59 101 f64 12165 17|70 1.26|73 128]75 127]79 132(s0 120[84 133
2 [7C [ (3 50|39 s0[40 51/41 S|4z 54|43 5[4 57|45 58|46 60|47 648 64|49 66|50 69|51 71|z 76|53 74|54 7
g 5 |Rb |Sr Zr |Nb (Mo [Tc |Ru |(Rh |Pd [Ag |Cd ([In |(Sm |Sb |Te Xe

85 132/88 132[89 128[91 128[93 1.27(96 12998 123|101 130103 1,2 [106 130108 130 [112 133|115 1,35/119 138|122 139 128 146|127 140|131 143
w | D |55 78[5 sils7 s2(12 6|73 108[74 10fs 76 14|77 us|s uz{7e us(so 12181 123[s2 12583 12684 12685 125[86 136
w| 6 [Cs |[Ba La (Hf |Ta (W |Re |0s |Ir Pt |(Au (Hg (Tl Pb [Bi |Po |At |Rn
b 133 142137 14501139 144|179 1,49/181 148|184 1,49 |186 148190 1,50 {192 1,49 (195 150|197 149|201 1,50|204 1,52207 152|209 1,52(210 150|210 147222 158
S| D s 13s[ss 1sf{8o 138[104 161105 163(106 165 (107 160[108 161109 169110 17a[111 17012 173[113 17[1d WIS |u1s W ute 477[117 177118 176
g | 7 |Fr |Ra Ac |Rf Db (Sg |[Bh |Xs Mt Ds [Rg |(Cn |[Nh |[FI Mc |Lv |Ts |Og
- 223 1,56 226 1,57[4227 1,55(265 1,51/268 1,55(271 156|267 1,50(269 149|278 1,55 281 1,55(281 1,53|285 1,54|286 1,53 |289 1,54/288 1,50/293 1,53|294 1,51/294 1,49

OIMYHOCTH, KOTOPOMY COOTBETCTBYIOT IIPOCTHIE TIEPH-
onbl (M psinbl) 2 (BKimtovaeT 8 aeMeHToB ¢ Li® mo Ne!?)

«cemeticTBa»: oT xene3a (Fe) no muiatunst (Pt) u ot py-
tenust (Ru) no mammamnus (Pd).

u 3 MaTpulibl (BKTodaeT 8 aineMeHToB ¢ Na!! o Ar'®).
st BTOporo 6;10ka N:P menee 1,1.

— Tpetwnii 610K C CTPYKTYpHO TIPEACTABIISIET 3aBEp-
IEHHOCTh UKINYecKoi 10-u 1 8-351eMeHTHOM mepu-
OIMYHOCTH B GJIOKE, TTOSIBUJTUCH JIBA JOTTOJTHUTETBHBIX

B tpetbem 6110ke C rpenctaBieHbI TiepBasi KOPOTKasT
mapa psinoB 4 (Bkitovaet 10 anemenToB ¢ K mo Ni?®)
1 5 KOPOTKOTIEPUOIHOM TabIUIIBI (BKIIOUAET 8 B1eMeH-
toB ¢ Cu® no Kr*) u Bropas koporkas mapa psiaoB 6
(Bxmovaet 10 aemenToB ¢ Rb¥ o Pd*) u 7 kopoTtko-
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MePUOAHOM TaOJMNLUbI (BKJIIOYAET 8 2JIeMEHTOB ¢ AgY
o Xe**). B mmmHHONeproaHoi Tabuiie nape psaos 4
¥ 5 COOTBETCTBYET Iepron 4, a Tmape psaoB 6 u 7 coot-
BETCTBYET nepuox 5. [I71s1 TpeThero 6J10Ka COOTHOIIICHNE
N:P menee 1:1,3.

— YerBepThlit 0JI0K D cTpyKTypHO mpeacTaBisieT
3aBEPIICHHOCTDh MUKINIECKON 24-X U §-3]IeMEHTHOM
TIEpPUOIMIHOCTH B KaUeCTBE 0JIOKA XUMIICCKIX JIEMCH-
ToB D, B KOTOPBIIA TOTTOTHUTEILHO BOIIIIN «CEMECTBA»
nmantanounoB (La) u aktuHoumos (Ac), a Takke Ba
«cemetictBar: ocmuii (0s), upunnii (Ir), Turatuna (Pt)
u xaccuii (Hs), metitnepuit (Mt), napminranruii (Ds).

YeTrBepTOMY OJIOKY COOTBETCTBYET IepBast Irapa
IUTMHHOTO PSIfia JIJAHTAaHOMIOB 8 (BKITouaeT 24 sjieMeHTa
¢ Cs* no Pt’®), u kopoTkoro psiga 9 KOpOTKOIEPHOI -
HOW TaGuIIbl (BKITIOUaeT 8 a5ieMeHTOB ¢ Au™ 1o Rn®®),
¥ BTOpas Tapa JUIMHHOTO psina aktuHonaoB 10 (BKiIO-
yaeT 24 snemenTa ¢ Fr¥” mo Ds''?), u kopotkoro psiga 11
KOPOTKOIIEpHOTHOM TaOIMIIBI (BKITIOUACT 8 5JIEMEHTOB
¢ Rg''! mo Og!"®). B muHHONIEpUOIHON Tabiuile mape
pstmoB 8 1 9 cooTBeTCcTBYET Mepuox 6, a mape psmos 10
u 11 cooTBeTcTBYeT Iepuon 7. «CeMeiicTBa» JaHTAHO-
WI0B, aKTUHOUIOB M HEKOTOPBIX CTPYIIITUPOBAHHBIX
METaJUIOB TPEOYIOT 0CO00T0 M3YUYeHUS I BHUMAHUS 1C-
cinenosareineii. st 61oka D coorHomenue N:P meHee
1,55.

Takum obpaszoM, 6iouHast cTpykrypa OO6beMHOMI
MAaTPUIIBl XUMUYECKUX SJIEMEHTOB C MCIIOIh30BaHUEM
TPEXMEPHOM CUCTEMBI KOOPIMHAT MOXKET O0CCIICINTh
CYIIIECTBEHHOE MOBBITIICHIE MH()OPMATUBHOCTH (MHOTO-
MEPHOCTH) TI0 CPaBHEHUIO ¢ KOPOTKOIICPUOTHON 1 ITNH-
HOTICpHOIHON TaOIMIIaMU XUMIYECKIX JIEMEHTOB.

2. O0beMHas nepruoaNIecKas MaTPUIIA
XHMHYECKHX JJIEeMEHTOB

B pa3myHBIX TNTepaTypHBIX NCTOYHMKAX OTMEda-
eTcsI BKJIa[ B Pa3BUTHE MEPUOINICCKON CUCTEMBI XU~
MUYEeCKUX 3JIeMeHTOB /[. . Merndeneesa, F0.JI. Meiiepa,
A. Llanxypmya, lxc. Horonenoca, B. Odaunea [6].

MOXHO BBIICIUTH OCHOBHEIC TTPEIITOCHITKH IS CO3-
naauss O0BEeMHON TTepHOINIECKON MAaTPUIIBI XUMMIIC-
CKUX 3JIEMECHTOB:

— HCXOHs M3 3aKOHOMEPHOCTEH pa3BuTHs BeeneHHOM
aBTOPBI TIPEIJIArafoT PACCMATPUBATh CTPYKTYPY pac-
TIOJIOXKEHUSI XUMIUIECKIX DJIECMEHTOB B BUJIC PACIIIH-
psTroIIelicss KOHMYECKOM cripain. B Havuase crimpanm
pacIojiaraloTcsi OCHOBHBIC TIepBOHAYAIbHBIC 2JIC-
MEHTHI — BOIOPOI 1 TEJINIA;

— TIPOCTPAaHCTBEHHAS CITMPAIh 00CCIICUNBACT, IO CPaB-
HEHUIO ¢ TaOJMIHOU (DOPMOIA, ITOCIeIOBaTEIIbHOE
HEeTpepbhIBHOE PACITONIOXEHUE 3JIEMEHTOB C BO3-
MOKHOCTBIO BKITFOUCHHST JAHTAHOWIOB, aKTUHOWUIOB
¥ BCeX 00HAPYKCHHBIX (OTKPBITHIX) W TIPOTHO3UPY-
eMBIX ceMeiicTB. Ha crimpanm momKHBI HaliTH CBOE

0TOOpakeHNEe BCE M3BECTHBIC CTPYKTYPHI Ha OCHO-

BaHUM TITYOOKOTO M3YYCHUST KOPOTKOIIEPUOTHOM

1 INTMHHOIIEPUOTHOM TaOJIMII, TIPUHSITHIX 32 OCHOBY

B pa3HBIX CTpaHaX.

Taxum obpa3om, B ocHOBe OOBeMHOI MaTPUIILI
IIpeICTaBIICHBI:

— Pacrpenenenme Bcex M3BECTHBIX 3JIEMEHTOB I10 OCSIM
KOOPIWHAT, YTO (pOpMUPYET ILUTAHETAPHYIO MOICITh
WX CTpOEHUSI. ATOMHbIE HOMEpPA 1 C Pa3MEPHOCTHIO
HETIPEPBIBHOTO Psijia HATYpaIbHBIX urcen oT 1 1o 118
(1 6oJtee) paBHOMEPHO pacrpeesIeHBI IO CIIMpaIn
CBEpXYy BHU3.

— TlopsinikoBbIii HOMEp 2JIEMEHTa COBIAAAET C BEJIU-
YMHOH 3apsiaa snpa (Z) U TaKuM K¢ CyMMapHBIM
KOJIMIECTBOM SHEPIETUUCCKN YPaBHOBEIITMBAIOIITNX
3JIEKTPOHOB Ha opouTaisix odbonouek. [logxon yHu-
BepcajIcH KaK IJI KOPOTKOIICPUOTHOM, TaK M IJIST
IJTAHHOIIEPUOIHOM TaOIHIIEL.

— TlokazaHo mporpecCuBHOE YBEIMUCHIE KOJIMIECTBA
5JIEMEHTOB B IIEPHOAAX C TIEPBOTO TT0 OMMHHAIATHINA
(1 manee), yTo obpasyeT 3D-crmpanbHYIO IIPOCTPaH-
CTBEHHYIO CHCTEMY KapKaca MaTPUIIBl XUMIUYICCKIX
5JIeMeHTOB (puc. 2) [4].

IIpemnaraemoe mpeacrasiacHre OOBEeMHON TIEPH-
OIMYECKOM MAaTPUIIBI XUMUUICCKHUX JICMECHTOB B BUIC
pacIIupsIonieiicss KOHMYECKOU CIMPaTn SIBIASCTCS
VHUBEPCATBLHBIM WHCTPYMEHTOM, KOTOPBIN TTO3BOJISICT
MA3y4aTh OOJIBIIOE MHOTO00pa3ue (hU3NKO-XUMHIIECKIX
CBOMCTB YK€ U3BECTHBIX U €11I€ HE OTKPBITHIX JIEMEH-
TOB U UX COeAuHEHUI [5]. YHUBEepcaTbHOCTh 00BEMHOM
MAaTPUIIHI €IIIe ¥ B TOM, YTO IIOMUMO 00S13aTeIbHOTO T10-
PSIIKOBOTO HOMEPA M CTPOTOM KOOPAMHATHOM TIPUBSI3KHI
XUMIIECKIX 3JICMEHTOB K TPYyIITIaM MOSIBIISTIOTCS IITUPO-
K€ BO3MOXHOCTH CTPYKTYPHOTO aHaIM3a (PU3NKO-XH-
MHMYECKUX CBOMCTB 3JIEMEHTOB 1 3aKOHOMEPHOCTEH MX
B3aUMOIEUCTBUS.

3. DIIeKTPOHHbIE XaPAKTEPHCTHKH 3JIEMEHTOB H AHAJIH3
WX UKJINYHOCTH B CTPYKType O0beMHO MATPHIIbI
XMMHYECKHMX JJIEMEHTOB

IIpoctpancrBeHHas popma OOBEeMHOM TTEPUOIU-
YeCKO MaTPUIIHI TO3BOJIMIIA CTPYKTYPUPOBATh aHO-
ManbHbIe cemeiicTBa I1I-ii (TaHTAHOWIBI M AKTUHOWIHI )
u VIII-it (MeTayonmsr) Tpyil TpeTbero C 1 9eTBepTOTO
D ypoBHeii 6J109HOM TTEPUOTUIHOCTH, a YPOBHEBBIC
G opMYITBI BIIEKTPOHHBIX 000I09€K 00JIeTIaioT U3yde-
HUE CUCTEMHBIX 3aKOHOMEPHOCTEH MePUOINIHOCTH,
BKJTIOYass MEXaHU3MBI HACHIIIICHUS M TIepexoa 3JIeK-
TPOHOB TI0 Pa3HBIM YHEPIETHICCKUM YPOBHSIM (Op-
OUTaIN) 3JIEKTPOHHBIX 0007104eK [2, 3]. CUCTEMHOCTh
MIEPUOOANIHOCTH aKTyaJbHa IIPU M3YUCHUN TOHKUX
MEXaHM3MOB MEKYPOBHEBBIX IIEPEXOIOB M YCTONIM-
BBIX COOEB IIpoIlecca CHHTE3a 3JICKTPOHHBIX OpOuTaIeit
(Tabm. 2).
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AHANUTUYECKUE NAPAMETPbI
1. ATOMHbIi Homep, n (1:118..),

2. Tpynnosbie cBOWCTBA (group |VIII),
AMYC-BEKTOP 3/1EMEHTa,
gl (n/4)
gl (m/2)
3. INEeKTPOHHbIH IHEPreTHYECKUI
noteHuuan (3D-mopaens), E,

gl (0/2m) gV (n) 7
g Vi (5/4n) =
g Vil (3/2r)
B o (3/4n) g VIl (7/4r)
'Fs

s p@d f

4. IneKTpoHHaA
ypoBHeBan
dopmyna
anemeHTa

cemelicmeo
memannos-2

|l ceme

— + BNOKA
T nepuod 1 (anementsi 1-2) + NepBbili Op6uTaNbHbI S-yposeHb
t BIOKB
B | BTOpO#
. 0 nepuod 2 (snemenT 3, 4, 5-10) | OpbutancHbii
| S-p-ypoBeHb
1
"""" 1
[}
nepuod 3 (anementsi 11,12, 13-18) |
1
Y tBn0KC
1 TpeTuid
nepuod 4 (snementsi 19, 20,21-36) | DpGuTanbHbIK
1 s-d-p-ypoBenb
1
]
]
]
1
]
]
__________________ 1
1
]
nmepuod 5 1
(anemenTsl 37, 38, 39-54) 1
]
1
]
]
1
1
]
¥
t BnoKD
| uerseprbiil
— : Op6uTanbHbiin
(3nemenTeI 55, 56, 57-86) ' gidpyposern
]
]
licmeo 1
I
]
1
]
I
_____ ]
]
]
]
]
1
]
I
1
]
]
]
]
nepuod 7 !
{anemenTsl I
87,88,89-118) |
]
]
]
cemelicmeo i
AxmuHoudoe 1
]
]
I
I
]
I
1
]
I
]
it gy, o
———— R I
1
1
v
W378m$— " gnoxp
I nATbIA
| OpbuTanbHbid
I s-g-f-d-p-ypoBeHb

Puc. 2. O0beMHag MaTpUIA XAMHIECKHX 3JIEMEHTOB C AHAJTUTHIECKAMH MapaMeTpaMu

PacnipeneneHue 31eKTPOHOB IO SHEPTETUYECKUM
YpOBHSIM (cocTosTHUSIM) obotouek K, L, M, N, O, P, Q, X
(BY), cocrosiux u3 moaypoBHeit (opouraneii) s-, p-, d-,
f~, &-, h- Ha xaxx1oM ypoBHeE, YIOBIETBOPSIET TPUHIIUATTY
MHUHUMYMa MOTeHIMAIBHOW 3HEepTUU. MaKcuMallbHOe

YUCIIO BJIEKTPOHOB Ha 9HEPTeTUUECKOM YPOBHE BBIUYMC-
nisieTest o hopmyiie R = 2n?, tie n — HoMep YPOBHS WJTU
IJIaBHOE KBaHTOBOE ymco (1, 2, 3 u T.1.). Kaxmomy 3a-
MMOJTHEHHOMY YPOBHIO COOTBETCTBYET OTpeNeIeHHBII
Habop momypoBHEH (opouTaeii) (Tad. 3).
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Tabauya 2

CTpyKTypa 3HepreTHYeCKMX YPOBHEii U MOAypoOBHei (opouTaJeii) A/ 0JI0KOB

(momyposneit) biioka E

Baok A — 1 sHepreTuyeckuil ypoBeHb (6asenmuas opoumans K° = Is?)
3akaHuyuBaeTcs ['eem He

Biok B — 3 sHepreTnyecKux ypoBHS
KL M- (¢anenmmuas opoumans M?-% = 3523p%)
3aKaHYMBaeTCsI AproHOM Ar

Baok C — 5 sHepreTUueCcKux ypoBHeit
KsLs?MPr-4 NsP-4-OF P~ (@anenmuas opoumans 0> = 552 5p%)
3akaHuyrBaeTcs KceHoHoM Xe

Baok D — 7 sHepreTuuecKux ypoBHe
K3 57 MF-p-4 Ns-p-d-f()s-p-d-f- PS-p-d-Qf-p-
(6anenmnas opoumane Q%
3akaHunBaeTcs OranecoHoMm Og

[IporHo3upyemblie 3HEPreTUYECKUE YPOBHU
1 3JIEKTPOHHOE CTPOeHKEe OpOuTaIeit

Baok E — nmporHo3upyercst 9 aHepreTUUeCK1x ypoBHe it
c anemeHTa Ne119 no sanemeHT No218
K3 57 ME-p-2 Ns-p-d-f(s-p-d-f-g F-p-d-f-g-Qv-p-d-f- - Rs-p-d- X5-p-
(6asenmuas opoumans X>-%
3aKaH4YMBaeTCs 3JeMeHTOM Ne218

= 757")

= 95?9p%)

Tabauya 3

DHepreTHYeCcKre YPOBHH, TUIbI U YHCJIO OPOUTAIEIT, MAKCHMAJIbHOE YHCJIO IEKTPOHOB HA MOAYPOBHIX M YPOBHSIX

DHepreTnye- Yucio Yucyio opouTaeii AP
. . Tun YHUCJIO JIEKTPOHOB
CKHii ypOBeHb MOy pOBHEN opGuTam P— —
(n) (n) B N0IyPOBHE paBHO 1’ HA MO{yPOBHE paBHo 2n’
Kn=1) 1 s 1 I 2 2
_ 2s 1 2
L(n=2) 2 o ; 4 . 3
3s 1 2
M (n=3) 3 3p 3 9 6 18
3d 5 10
4s 1 2
N(n=4) 4 jg g 16 160 32
4f 7 14

[TocaemoBaTeIbHOCTD 3aIIOJTHEHUS SJIEKTPOHAMU OP-
ouTazeit onpenensieTcs mpasuiaoM Manmemyara [12, 13].
[NepronmIHOCTD KaK LMK TpaHC(hOpMAaIIMU BaJICHT-
HOCTH B CUCTEME XMMHWUYECKUX 3JICMECHTOB ITPOSIBIISICTCS
TIpY 00pa30BaHNM IBYX IIOCICIOBATEIIEHBIX OpOUTATICH —
HayaJbHOW S-0pOUTAIU U BaJ€HTHOUN p-opOUTAIU —
C HETIPEPHIBHO YBEITMUMBAIOIIMMCS B IIpeesiax TIeproI0B
KOJIMYECTBOM BaJICHTHBIX 3JICKTPOHOB [8].

HavyaibHBIMU SIBIISIIOTCS BE TPYIIIIHI DJIEMEHTOB.
I-10 rpynmny XuMu4ecKux 3JIEMEHTOB C OTHUM 3JIEKTPO-
HOM Ha rtorypoBHe s’ coctasistior Li* — Fr¥ u 1.1, 3aron-
HeHUeE $'-TI0LyPOBHS MIEPBLIM 3JIEKTPOHOM ITOKA3bIBAET
(curHanM3MpyeT) 3aBeplieHre 3al0JIHEHUs] BaJIEeHTHOMI
000J104KM mpealiecTBytolero nepuoaa. Il-1o rpymmny
XUMHUYECKUX DJIEMEHTOB C IBYMSI 3JIEKTPOHAMM Ha §°-
rnoaypoBHe coctaBisiioT Be* — Ra*® u 1.1, 3amonnenue
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§?-IIOAYPOBHSI ABYMsI 3J€KTPOHAMU IOKA3bIBAET €ro
HACHIIIICHUE U TIPEACTOSIIee 00pa3oBaHNE TTOXYPOBHS
P-BaJICHTHOM 000JI0YKM, HAUMHAsI C TIEPBOTO 3JIEKTPOHA
P'-TIOAYPOBHSI ¥ TIOCJIEAYIOIIETO 32 HUM Habopa MOay-
POBHEI BaJIeHTHOTO Tieproa. [1st HarIsImHOCTH U yI00-
CTBa aHAJIM3a MCIIOJIB30BAHbI SJICKTPOHHBIC (POPMYITBI
XUMHMYECKUX JICMCHTOB.

Takum ob6pazom, 0ObeIMHEHNE JIEMEHTOB B HOBbIE
TICPUOIBI HAUMHACTCS C CUCTEMHO CBSI3aHHOI ITaphl
xummndeckux 37aemMeHToB I u Il rpymmn, moxka3siBarommx
3aBepIICHIE 3aII0THEHUS BAJICHTHBIX 3JIEKTPOHHBIX 000-
JIOYEK aTOMOB 3JIEMEHTOB IIPEIIICCTBYIOIIETO TIeproaa
¥ TOTOBHOCTH K 00pa30BaHMIO BAJICHTHOM 3JICKTPOHHO
000JIOYKI HOBOTO Tieprona. [1pr1 3ToM B XUMIUYICCKUX
a5ieMeHTax I TPYIITBI MPOUCXOANT aKT 00pa30BaHMS HO-
BOI IBYX2JIEKTPOHHOM HavyaJIbHOI OpOUTaIN TTOLYPOB-
HST BS COOTBETCTBYIOIIIETO SHEPIeTUUECKOTO YPOBHS (13
K, L, M, N, P, O, Q, X) myTeM 3aIlOJTHCHISI 00pa30BaB-
IIIeiics SHePTeTUIECKOM 000IOUKHY TIEPBBIM JICKTPOHOM
(ns' ,pnexTpoHHOE (popmyibHOe obo3HaueHue K, L1, M1
W T.I.), a B TIOCIICAYIOIIEM XUMIUIECKOM 3JIEMEHTE TPYII-
el II mporcxoauT 3amoTHeHNEe 3TOM XXe aTOMHOM op-
OUTAIX BTOPHIM HACKIILAIOLIAM 3JIEKTPOHOM (ns?, 271eK-
TpoHHOE (hopMyIbHOE obo3HaueHne K2, L2, M2 v 1.1.),
00pa3yIoIIM YCTOMYNBYIO TTApy 3JICKTPOHOB BHEIITHEH
ATOMHOI opOUTaM. DTa HauabHasI ITapa 3aBepliacT 3a-
MOJIHEHKE MOAYPOBHs Is?, mocjie Yyero MpoucXoauT 3a-
TIOJTHEHME CIICOYIOIINX CJIOEB COOTBETCTBYIOIIETO SHEPIe-
TUIECKOTO YPOBHS IIEPUOAMUCCKOI ITOCICIOBATSIbHOCTH
XUMHIYECKUX 3JIeMeHTOB OOBEMHOI MaTPHUIIHL.

C apyroii CTOpOHEI, 3aIIOTHEHNE YCTOMIMBOI IMapoii
3JIEKTPOHOB BHEIITHE# aTOMHOI OpOMTAIN BCeTaa Mpe-
IIeCTBYET Havalry Ipoliecca 00pa30BaHUSI HOBOTO CIIOS
BaJICHTHOIT 000JI0OUKM aToMa. HadaibHBIE 3JIEMEHTHI
BCEX MEPHUOI0OB MATPUIIBI 0OPa3yIOT HOBBIC TIEPUOIBI,
Ha HOBOI BaJIEHTHOI1 opOuTaiu (np’) myTeM 3aroJIHEHUS
TIEPBBIM 3JIEKTPOHOM COOTBETCTBYIOIIETO SHEPreTHYC-
CKOTO YPOBHSI M OTPaKaIOT IIepUOANICCKIE 3aKOHOMEP-
HOCTH 00pa30BaHUSI SJIEMEHTOB MaTepPUAIbHOTO MUPA.
MexaH13M 0JI0YHOI TIEPUOTNIHOCTH 3aIIOTHEHUS aTOM-
HBIX OpOMTAJICH TIPUCYTCTBYET Ha BeeX YpoBHIX O0beM-
HOM TIeproaMIeCKOM MaTPUIIBI XUMUIECKIX SJIEMEHTOB.

C TOYKHM 3peHUS ITOHNMaHMST 3aKOHOMEPHOCTEI TIe-
PUOINIHOCTU 00pa30BAHUS XUMHUIECKHUX DIIEMEHTOB
TIPOCMATPUBACTCS 0cO0ast POJTb HAYaTbHBIX aTOMHBIX Op-
OuTalieil IByX mocjaenoBaTebHbIX 2JIEMEHTOB. [1epBbIii
3JIEMEHT Tapbl KOHCTAaTUPYET (haKT 3aBepIICHUST 00pa-
30BaHUS YCTOMINBOTO COCTOSTHUSI CTPYKTYPHI 3JIEKTPOH-
HBIX CJI0€B IIPEAIICCTBYIONIETO, TIOJTHOCTHIO 3aBEPIICH-
HOTO TIepHoa ¢ IpeAeTbHBIM 3aITOTHCHEM 3JIEKTPOHA-
MU 000JIOUEK BCEX DHEPTeTUIECKUX YPOBHEit. Bee mep-
BBIC DJIEMEHTHI — HedeTHBIe. OTIBIT TTOATBEPKAACT, UTO
3JIEKTPOHHEIC CJION 000JI0YEK 3JIEMEHTOB ITOJTHOCTHIO
3aBEPIICHHOTO IIePHOIa 00JIaIaf0T BEICOKOI CTETICHBIO
YCTOMYMBOCTHA K BHEITHUM 3HEPTeTUUCCKUM BIIUSI-

HUSIM U SIBHBIM TATOTEHUEM K CTAallMOHAPHOMY B3au-
MOICHCTBUIO C SHEPTETUICCKUM II0JIEM sIapa aToMa |9,
12]. Y3 3T01 3aKOHOMEPHOCTH BBITEKAeT MHINGbMEPEHT-
HOCTb JICKTPOHHBIX CIIOEB IIPEIeIbHO 3aIIOJTHEHHBIX
000JI09eK aTOMOB K IIPOSIBJICHIIO BaJICHTHOCTH (XMMU-
YeCKOMY B3aMOICUCTBUIO).

Bropoii a1eMeHT sIBIIsIeTC IpeIBeCTHUKOM Hadajia
00pa30BaHUS HOBBIX BJICKTPOHHBIX CJIOCB 3JIEMEHTOB
TTOCIICAYIONIETO TIEPHOIa, COCTOSIIIETO U3 SJIIEKTPOHOB
HOBBIX 000JI0UEK SHEPTeTUIECKUX YPOBHEi. Bce BTophie
BJIEMEHTHI — YETHBIC. DIIEKTPOHHBIC CJIOU 000JI0UYeK
5JIEMEHTOB (POPMHUPYIOIIETOCS TIeproaa He 00IamaroT
BBICOKOI1 CTCTICHBIO YCTOMIMBOCTH K BHEIITHUM SHEpre-
TUYIECKIM BIIASTHUSM 1 001aJaf0T MEHBIIINM CTPEMIICHH-
€M K B3aMOIEUCTBUIO C SHEPTETHUCCKIM ITOJIEM SIIpa
atoma. M3 3T0lf 3aKOHOMEPHOCTH BBITEKACT CIIOCO0-
HOCTh BHEIITHHX 3JICKTPOHHBIX CJIOCB HE3aIIOJHEHHBIX
000JI09¢K aTOMOB K IIPOSBIICHUIO TTOJUBAJICHTHOCTH
IIpY OOBETUHCHUN B MOJICKYJIHL.

[lepBBIc 3716MEHTHI BaJICHTHBIX p-OpOUTaJICii HOBO-
ro TIeproaa B KaXKIOM SHEPTeTUIESCKOM YPOBHE 00pa-
3YIOT 2JIEMEHTHI C p’-OpOUTANIbIO C OMHUM BaJIeHTHBIM
anektpoHoM (B’ — Nh'B u 1.1). Bce momoOHbIe a/1eMeH-
THI HeUeTHBIC U oTHOCSITCS K I rpyrme XxuMmyecKmux
5JIEMEHTOB. BTOpOIi 3J1IeMEeHT — ¢ IBYMS BaJlecHTHBIMH
BJICKTPOHAMU p?-OpOUTAIN B KAXKIOM SHEPreTUYECKOM
ypoBHe (C® — FI'"* 11 1.11). Bce a1eMeHTbI YETHBIE U OTHO-
carcd K IV rpyrie XMMIdecKuX 5J1eMeHTOB. AHAJIOTUIHO
CTPYKTYPUPYIOTCSI TTOCIICAYIOIINE SJICMEHTHI C TpEeMsI Ba-
JIEHTHBIMU 3JIEKTPOHAMU p’-0pOUTAIN U UHBIM KOJIK-
YECTBOM 3JICKTPOHOB BaJICHTHOI OpOUTAIN B KaKIOM
SHEPreTUYECKOM YPOBHE, OTHOCSIIIIAECS COOTBETCTBEHHO
k'V, VI, VII u VIII rpyrinaM XuMU4eCKHUX 2JIEMEHTOB.

3aKOHOMEPHOCTH 00pa30BaHUsI MOMIEJICI IIEKTPOH-
HBIX 000JI0UEK aTOMOB C HCIIOJIb30BaHIEM DIIEKTPOHHO-
YPOBHEBBIX (hDOPMYJI TTO3BOJISIOT HA OCHOBE OJIOYHOTO
ITOAX0/Ia ¥ CTPYKTYPHOTO aHAJIM3a IIPOTHO3MUPOBATh XHU-
MHWYEeCKIe JIEMEHTHI 3a mpeneiaaMu 118-ro smemeHTa,
copMUPOBATh CTPYKTYPY HOBBIX TIEPHOI0OB, HAUMHAS
C CIIIe He OTKPHITBIX XUMUYECKUX DJIEMEHTOB 11-T0 TIe-
puona ta6munel .M. MengeneeBa Min 8-ro Iepuo-
nma tadomnel [TUPAC [15]. BrnekTpoHHO-0pOUTAIIBHEIE
opMyJITBI TIPEATIONIaTaloT Ha OCHOBE OJIOYHOTO MOAXOHa
MIPEIeTFHO COKPAIICHHOE OTTMCAHNE CTPYKTYPhI XUMU-
YeCKHUX DJICMECHTOB.

4. IIporHo3upoBaHue HOBBIX XHMHYECKHX 3JIEMEHTOB

M3 n3BeCTHRIX XUMUUYECKUX DIIEMEHTOB KOPOTKO-
TIEPHOTHON CUCTEMBI TOIBKO 83 BCTpedyaroTcs Ha 3eM-
Jie, caMblii JIETKUIA U3 HUX — BOAOPOJ (€r0 aTOMHBIH
HoMep — Z = 1), a caMblif TSLKebIin — ypaH (Z = 92).
OueBunHo, B CoTHEYHO# cucTeMe U Ha TutaHeTe 3eMITs
COXPaHMWJINUCH JINIIH T¢ JIEMCHTHI, BpeMs KM3HHU KO-
TOPBIX OOJIBINIE Bo3pacTa 3emun (4,5 MAITAapaa JIeT).
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Hpyrre pacnaanch 1 He JOXWIIN I0 HAIMX THEH. YpaH,
TIePHOI TIOJTypaciiaza KOTOPOTro 0KOJI0 4,5 MUUINApI0B
Jet, emne pacrnamaercs. OH SIBIIsIeTCS paIroaKTUBHBIM
anemMeHTOM [14]. B ipupone ctabuiibHbIe 00pa30BaHUST
(stmpa »7IeMEHTOB, COCTOSIIIINE M3 Pa3HOTO YKCIIa TIPO-
TOHOB ¥ HEMTPOHOB) CYIIECTBYIOT TOJIBKO IO CBUHIIA
¥ BICMYTA, 3aTE€M CJIeIyeT HEOOJBIION «ITOIyOCTPOB»,
BKJTIOUAIOIINIT B ceOsT TOpHIT 1 ypaH, OOHAPY:KCHHBIC
Ha 3emyie. Ho Kak TOJIBKO MOPSIKOBBII HOMED 3JIeMEH-
Ta IIPEeBBIIIACT HOMEP ypaHa, BpeMs eTo XU3HHU pe3-
Ko yMeHbIIaetca. Hampumep, ssmpo 100-ro amemeHTa
B 20 pa3 MeHee CTaOMIBbHO, YeM SIAPO ypaHa, a B Tajlb-
HelIeM 3Ta HeCTaOMIBHOCTD TOJTBKO YCHITMBACTCS M3-3a
CIIOHTAHHOTO AeyIeHus staep. [1py maabHeNIIIX MOTIBIT-
Kax TOJIy4eHMST HOBBIX 3JICMEHTOB YIeHEIC BCETO MUpa
CTaJIKUBAIOTCS C BO3pACTAIONICH TPYTHOCTHIO CUHTE3a
[16—20]. U TonbKO Majas 4acThb SAAEpHBIX MCCIIEN0Ba-
HUI1 3aBepIIacTCs YCIEITHBIM CUHTE30M HOBOTO 3JIe-
MmeHTa. Hu omHa mabopaTtopust He MOXET CPAaBHUTHCS
C HEUTPOHHOI 3Be31011, KOTOpast MOXKET CO3IaTh MHBIC
(opMeI MaTepun. B miporiecce Ku3HM 3Be31 IPOUCXOISIT
SIepHBIC PeaKIU, KOTOPHIC YeJIOBEKY He TTOIBIACTHEL.

Tabauuya 4

Nanob%

YdeHbIe MBITAIOTCSI HAXOIUTHh HOBBIC BUIIBI 3JICMEHTOB,
HO TI0Ka SKCICPUMEHTHI ITO0 MOUCKY «IIPUPOTHBIX»
CBEPXTSKEJIBIX 3JIEMEHTOB MpoaoJkatoTes [17]. Bos-
HUKaeT BOIIPOC, a B YeM ITPAKTUICCKUI CMBICT 3TOTO
IIOPOTOTO MEPOIIPUSITHS IO CO3TAHUIO HOBBIX HECTA-
OMIbHBIX 271eMeHTOB? HecMoTpst Ha 3TO pa3padboTka
SKCIIEPUMEHTAIBHBIX METOIOB TIPEBPAIICHUS SJIEMEH-
TOB TIpMBeJIa K PACIIMPEHUIO IIEPHOTNICCKOI TaOTUIIBI
3a CYeT TPAHCYPAHOBBIX JIEMEHTOB, TIPOOIEMa TPAHUIIBI
Ta0JIUIIBI OCTACTCS OMHON M3 BaXKHEHIINX B COBPEMECH-
HOW TEOPETUYECKON XUMUU.

CdopMynupoBaHHOE aBTOpaMU IIpeACTaBICHME
00 OpOUTAIBHBIX CTPYKTYPAaX MO3BOJISICT IIPOTHO3UPOBATh
OJIOYHYIO 3aKOHOMEPHOCTB ITOSIBIICHIST HOBBIX 3JICMCHTOB,
¢ 00pa3oBaHNEM CEMECTB ¢ d-, f-, g-, h-opouTtansiMu B 00-
PATHOM MOPsiZIKe MeXIy s- U p-opoutansimu B I11-ii rpyn-
ne. Ocobast IepCIIeKTHBA 110 IIPOTHO3Y XUMUUYECKUX dJIe-
meHToB cemeiicTB III-ii rpynmbl 3a mpenesamu 610ka D.
[MprarHa B TOM, 9TO €CIIN IMUKIIMISCKIE CEMEICTBA JIaH-
TaHouIOB U akTuHOU OB III-ii rpymnnel B mapHoM 0J10-
ke D cocrosit u3 14-TH f~371eMEHTOB B KaXKIIOM TIEpHOJIE,
TO CeMeNCTBa 2JIeMEHTOB B apHoM 0s10ke E OyayT co-

Buiounslii cTpyKTYypHBIi aHam3 A/ Taomnp 1. . Menneneepa ¢ 6Jokavu E u F

) I'pynnet XUMHYECKHX 2/1EMEHTOB IX X
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CTOSITh M3 32-X g-f-3JIEeMEHTOB B KaXXIIOM TICPHOJIE, a ce-
MeMCTBa 3JIeMEHTOB B ITapHoM 010Kke F OymyT cocTosiTh
3 54-X h-g-f-311eMeHTOB B KaxKIOM miepuone 1 T.1. [15]

IToka He paccMaTpUBaIOTCS BOIIPOCHI, OIIPEICIISIO-
¢ BO3MOXKXHOCTH CYIIECTBOBAHUS IIPOTHO3UPYESMBIX
3JIEMEHTOB B CIIEIIMAIBHBIX (PM3MIECKUX yCIoBUsIX. Ho ¢
YUETOM «T€OPUU OCTPOBOB YCTOMIMBOCTI» , TIOIICPIKI-
BaeMoOIii OTKphIBaTesieM aneMeHTa 0g'’® akaneMuKom
PAH 1O.11. OranecgHoM, TaKkoe CylIeCTBOBaHUE OyIy-
IIAX XUMUYECKNX 3JIEMEHTOB BO3MOXHO [16, 17], u ipu
3TOM CHOBa BO3HMKAET BOIIPOC O TIPOTHO3MPOBAHNH HO-
BBIX 3JIEMEHTOB. BO3MOXKHOCTH CTPYKTYPHOTO aHAIM3a
TIO3BOJISIOT BBIIIOJTHUTH IMIPOTHO3MPOBAHUE CTPYKTYPHI
HEM3BECTHBIX ITOKa BJIEMEHTOB IIEPUOINICCKON CH-
creMbl B ipenenax 119—168 snemenToB 8-ro nmepuona
u B ripenenax 169—218 snemeHToB 9-ro repuoga 6104-
Hoit cTpykTypsl E, a takke B npenenax 219—290 sie-
MeHTOB 10-T0 TIeproza v B ripeaenax 291-362 seMeHTOB
11-ro meproma 6;109HOM cTpYKTYpsI F 11 moceayrommx
OJI0OKOB.

BriepBbie IpencTaBiieH IpeaABapUTEIbHBII CTPYKTYP-
HBII aHAJIN3 KOPOTKOIEPUOTHOM TaOIUITEI HA OCHOBE
TIPOTHO3a YeThIPEX HOBBIX IIEPUOIOB IIPOTHO3UPYEMBIX
XUMHAYECKHUX 3JIeMeHTOB (Tab. 4). Takum ob6pas3om,
TpencTaBiIcHNEe O OJJOYHOCTH ITO3BOJIMIIO 000CHOBATH
BJIEKTPOHHO-YPOBHEBBIC (POPMYJIBI, B TOM YHCTIC IIJIS
TIpeaIogaraeMbIX HOBBIX XMUMHUYECKUX 3JIEMEHTOB
5-ro 6;1oka E ¢ Homepamu ot 119 o 218 u ganee.

B manmbHelineM paccMaTpUBaeTCsI IpUMEHEHME -
POBBIX MOIEIICH TSI NCCTICIOBAHMS B XUMUH, YTO MOKET
CYIIIECTBEHHO MTOBBICUTH 3 (PEKTUBHOCTD IIPUMEHEHUS
METOI0B KOMITBIOTEPHOTO MonmeanpoBaHus. C yaeToMm
BaKHEMIIIEH poIr MaTepUAIOBEICHNST YMECTECH BBIBOI —
KMo parbvuie opyeux oceoum uugdposyro cucmemy, mom
Modcem cmamo AUOepomM 80 MHO2UX cghepax dcusHeoes -
meabHOCMU 4en06eKd.

3AKJTIOYEHUE (OCHOBHBIE BBIBO/IbI)

1. [MepmogndecKmii 3aKOH M €TO MpeACTaBIICHNUE
B BUIE TaOJIMII XUMIYECKHX 3JICMECHTOB — BeJMJaiiiee
OTKpBITHE B XUMHH. [17T0CKIIE TAOIMITHEI XUMITIECKIX dJ1e-
menToB JI.U. Menneneesa u IUPAK chirpanu orpoMHyto
poib B pa3BuTuM XuMun. OmHaKo (DaKT HAJMYKSA B Ha-
crositiee BpeMs 0oree 500 BapHaHTOB IT0 X MOIEPHM3a-
iu, B ToM ynciie BeicKasbiBannus H.H. CemeHoBa, cBU-
JIETEITBCTBYIOT O HEOOXOAMMOCTH MPOI0KEHNSA PAOOTHI
B 3TOM HaIIpaBJICHUH HA HOBOM YPOBHE OCMBICTTMBAHUS.

2. Ipexne Bcero, 310 (popMupoBanue (hu3MIECKOit
MOJIeJId BEPOSITHBIX MPOLIECCOB MPOUCXOXKAEHUST XUMM--
YeCKHUX 3J1eMeHTOB. YOeauTeIbHbIMU OOCTOSITEIbCTBA-
MU SIBIISTIOTCSI TIpEACTaBIeHNSI 0 BecelleHHO Kak pac-
MU PSIIOIIECSA crucTeMe — padboTel CTUBeHAa XOKWHTA
u Maprtuna Puca. [1o Hamemy MHeHMIO, (pu3muecKast
WHTEepIIpeTanus (MOIeb) IT0 IIPONCXOXICHUIO U pa3-

BuTHIO BceneHHOI mo3BoisieT chopMyIupoBaTh 60-
Jiee oOIImee MOHATHE O TIPOIecCe CTPYKTYPUPOBAHUS
XUMHMYECKUX JIEMECHTOB U €TO IIPEICTABICHUN B BUIE
PpaCIIMPSIONIEIiCS KOHMUECKOM CITUPAIN 1 CIeIaTh PSIT
HOBBIX BBIBOIIOB.

3. Ipemnaraemasgs O0beMHas IEPUOTMICCKAST Ma-
TpHUIa TIPEACTABISICT COOOM, TaK XKe KaK M BceneHHas,
PACIIHPSIIONIYIOCS CUCTEMY (CITpab) U HEIIPEPHIBHYIO
ITOCJIEIOBATEIILHOCTh B PACIIOJIOXKCHUU 3JIEMEHTOB
ot Bomopomna (1) 1 renmst (2) mo oranecona (118) ¢ Bkitto-
YeHHEM B Hee JJAHTAHOWIOB M aKTHHOMIOB M BO3MOXK-
HOTO BKJTIOUCHUS APYToit MH(MOPMAIINK C COXpaHEHUEM
MIEPUOIUYHOCTH TPYIII 3JIEMEHTOB 1 BAJICHTHOTO Kap-
Kaca MaTpullbl, npeajoxenHoro .M. MeHaeaeeBbIM.
Bonopon u remii, 04eBHIHO, SBJISIOTCS CTPYKTYpPOOOpasy-
OIMMMH 3JIEMEHTAMH, 11 Ha X OCHOBE OBUTH 00pa30BaHbI
BCE OPYTHEC 3JICMCHTHI.

4. ABTopamu c(hopMyIUPOBAHO MTOHSITHE IINKITNY-
HOCTH B PAaCITOJIOKEHUY TOPU30HTAIBHBIX YPOBHEH X1~
MHWYECKHUX 3JIEMEHTOB B 0jl0Kax OOBbEeMHOI MaTPUIIBI
XUMUWYECKUX 2JIEMEHTOB. B KaxxnoM 13 6;10K0B obecre-
YUBAeTCS MIPUMEPHOE PABEHCTBO COOTHOIICHMST MacC
HEUTPOHOB M IIPOTOHOB B SIIpaxX XUMHUYICCKUX 3JIe-
MeHTOB. ChopMyanpoBaHa 3aKOHOMEPHOCTh 0 HAJIMINN
4-X ypoBHeii 0;109HOI IUKJIMYHOCTH CTPYKTYPBI B CyIIIe-
CTBYIOIIIEH cUCTeMe XMMHUYEeCKHX 3j1eMeHTOB. B Oyoku
BKJTIOUCHBI JTOTIOJTHUTEILHO BCE KJIaCTepHBIC 0Opa3oBa-
HHS, a TAKXKe CEMEeICTBA JJAaHTAHOWIOB I aKTUHOMIOB.
[Toxy4eHBI HOBBIC 3aKOHOMEPHOCTH TIEPUOTUIHOCTH
B OJIOYHOI MaTPUIHOU CTPYKTYPE XMMIICCKIX JICMCH-
TOB OT 0J10Ka A 110 6;10Ka D, 00beAMHSIONINE TIEPUOIHI,
MIpeACTaBICHHBIC B TAOJIMIIAX XUMHUICCKUX JICMECHTOB
J.1. Menpneneesa u [IUPAK.

5. Ha ocHOBE IMKJIMYHOCTH MpPeICTABIEHBI CTPYKTYPBI
3JIEKTPOHHBIX 000JI0YEK TSI M3BECTHHIX 118 a/1eMeHTOB
B 4eThIpex Ookax A, B, C, D, 4To MO3BOISET TaKKe
TTOJTYIUTH 3JIEKTPOHHO-0POUTAIBHBIC (DOPMYJIBI, B TOM
YHCJie W IUIST HOBHIX 3ieMeHTOB (119—218) omoka E
MMePUOAMICCKON CUCTEMBI M Mmocenyiomero 61oka F.
B 6510ke E g 100 HOBBIX 3JIEMEHTOB IIPEICTaBICHBI NX
TOPSITKOBBIE HOMEPA U si/iepHble MACChl. DeMeHTHI 119
u 218 MmoxxHO 0bLTO OBI Ha3BaTh MMeHeM H.H. CemeHoBa
Sm' u Sm?.

6. CiieyeT OTMETUTh, YTO MPOrPEeCCHUPYIOIIee KOIHYe-
CTBO HOBbIX 3jieMeHTOB Haxonutcs B 111 rpynme o0bemHoii
MAaTpHIBI, ¥ HAIO 00paTUTh 0CO00e BHUMaHUE Ha (op-
MHPOBaHNE XUMUICCKHX 3JICMEHTOB B 3TOM TPYIIIE TSI
610k0oB C, D 1 mocieayoonmx, KOJIMIECTBO KOTOPHIX
Mporpeccupylolle Bo3pacraet aJist HoBbix 0J10KoB E u F.
D710 00cTOsATeTbCTBO 100 Aem momy Ha3a0 8v136410 He-
00x00uMOcmb BEIHECEHUSI TPYIIN JIJAHTAHOUIOB M aKTHHO-
nnoB 3a nipenensl Tadmmir JI. 1. MenneneeBa u [IUPAC.

7. Takum obpaszomM, O6beMHAsd MaTpUIla XMMUYE-
CKUX 3JIEMEHTOB SIBJISICTCS O0JIee 00IIei CTPYKTYpOii 1ist
JAJIbHeIIero 0000MeHns1 OCHOBHBIX 0COOEHHOCTEl XUMHU-
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Tabauya 5
Cpauenne Tadmui JI.1.Menneneesa, IUPAC u OMXD

Taoanna

J.J1. Menneneesa Taomma IUPAC O0bemuas matpuna GYS Hoeuzna

Monesnb OOGbeMHOI MaTPUIIBI —

HETNPepbIBHOCTD 3aMOJHEHUS KJIETOUYEeK MOJTHAs HEMPEPbIBHOCTD 3aIOTHEHMS
HETIPepBIBHO PACIIMPSIOIIASICS
OTCYTCTBYET (OTCYTCTBME MYCTHIX KJIETOUYEK)
BOCBMUCEKTOPHASI CITMPATh
. . . B OCHOBE MaTpPUIIbI 8 BaJICHTHBIX
I—1I-1III + VIII I+ XVIII I-II-1II -1V =+ VIII PHIL
TPy 3JIEMEHTOB
JIAHTAHOWIIBI Y aKTUHOW/IBI BBIHECEHBI
3a npeaesibl TabIuIL cemeiicta rpynnsl III HaxonsTCs .
BCE CEMEICTBAa XUMUUYECKHX
B COCTaBE MaTPUIIBI U TIPEICTABICHBI
6.2 2JIeMEHTOB BXoIAT B rpyrity 111
{La}, {Ac} {La}, {Ac} B TabIL.
K-L-M-N- 9HEPreTUYecKre ypoBHU
K-L-M-N- K-L-M-N- P b
1 HOBBIE ypoBHU (O-P-Q-) XUMUYECKUX TIEMEHTOB
IPaHUYHBIC DJIEMEHTHI
He?, Ne'*, Zn*, Yb° He?, Ne!®, Zn*', Yb™® He?, Ne!®, Zn*, Yb”°, (Yn!*®) C 3aBEPILICHHOM 3JIEKTPOHHOM
CTPYKTYypOit
CTPYKTYPHBI TIOPSIIKOBBIN aHATTN3 MPOTHO3 HOBBIX XMMUYECKUX
MPOTHO3 HOBBIX 3JIEMEHTOB OTCYTCTBYET
HE OrpaHNYCH 3JIEMEHTOB
YeCKMX 3JIeMeHTOB (11X BaJICHTHOCTU, MTOJIMBAJIEHTHOCTU 8. Ucmonmb3oBanne OOBeMHOM MAaTPUIIBI XUMITIECKIX

¥ BaJICHTHBIX obmTeneii B Tabmmuax .M. MeHneneeBa  3JIEMEHTOB MO3BOJISICT IIPUMEHUTH MAaTEMATUICCKIE Me-
u I[TUPAC). Ee 00beMHOCTh 1 TOHSITHE TUKINIHOCTH TOIbI U €O3AaTh HU(POBBIE MOIEJIH 110 B3aUMOACHCTBUIO
TIO3BOJIMJIY BHITIOJTHUTH TAKOE O00O0OIIICHNE, a TAOMYHBIE  XMMWYCCKHX DJIEMEHTOB MEXIY CO0O0i1, UTO MAacT BO3-
topmer [1.11.Menneneesa u IUPAC mipencraBiieHH B ¢ MOXKHOCTb ITOJIydaTh HOBBIE BUIbI MOJIEKYJI IJISI HOBBIX
coctase (Tabi. 5). MaTepuaJioB.
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Properties of Nano Engineered Concrete Subjected
to Accelerated Corrosion
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ABSTRACT: Introduction. Many research had worked on improving the performance of concrete subjected to severe environment
and improve concrete corrosion resistance. Using nano-materials is one of the methods had been used recently to improve con-
crete properties. In this research, a comparison between the performance of nano-silica and nano-clay in enhancing the durability
properties of concrete was investigated. Methods and Materials. The experimental program was carried out through examining
water absorption, water permeability, rapid chloride penetration test, corrosion resistance, bond strength of steel rebar before and
after subjected to corrosion, and finally microstructure test. Nano-silica and nano-clay were added at 1%, 3%, and 5% as a partial
replacement by weight of cement. Results. Both nano-silica and nano-clay showed significant performance in reducing the perme-
ability and porosity of concrete and improve corrosion resistance of concrete. For comparison, nano-clay had a significant impact
than that of nano-silica on concrete properties; in which the water permeability resistance of nano-clay mixes was enhanced by
87% than that of the control mix, while for nano-silica, it was 51% only. The chloride ion penetration was reduced by 72% for nano-
clay mixes, while in nano-silica was 28%. Discussion. Nano-clay had a significant effect than that of nano-silica on the concrete
durability properties; the flat-shaped of nano-clay particles had improved the microstructure of the cement matrix through the
damping effect, besides the filling effect through the microstructure of the matrix which reduces the chloride ion penetration and
improves water absorption and permeability of concrete. Conclusion. The optimum percentage of nano-silica is 1% by weight of
cement as a partial replacement of cement by weight. However, for nano-clay is 5%, which gives the best performance in improve
the durability properties of concrete.

KEYWORDS: nano-silica, nano-clay, permeability, chloride penetration, bond strength, corrosion resistance, microstructure analysis.

FOR CITATION: Maher El-TairA.El-Feky M.S., Mohsen Alaa, KohailM. Properties of Nano Engineered Concrete Subjected to Acceler-
ated Corrosion. Nanotechnologies in Construction. 2021; 13(5): 293-305. https://doi.org/10.15828/2075-8545-2021-13-5-293-305

1. INTRODUCTION Steel rebar corrosion is one of the major problems that

cause deterioration and reduce the service life of concrete

he construction revolution occurred in Egypt in the

last 6 years, starting with the digging of the new Suez
Canal and the development projects all over Egypt, from
the development of the east bank of the Suez Canal and
to the construction in new coastal cities as New Allamin
City [1, 2]. In addition to, the new extension of Port-
Said and Damietta ports requires a new technique and
new materials to be added in the construction industry.
Also, introducing a new and optimized technique to
improve concrete resistance to corrosion of the steel
rebars [3—5].

© Maher El-Tair A., El-Feky M.S., Mohsen Alaa, Kohail M., 2021

structures [6—8]. The presence of chloride ions or sulfates
from seawater or air can penetrate and destroy the pas-
sive film formed by concrete [9—12]. By improving the
cement matrix's microstructure to reduce the porosity
and permeability of concrete [13—18].

Using supplementary cementing materials in the
micro-scale as silica fume, fly ash, coal ash, and ground
blast furnace slag had been studied in the last decades to
improve the microstructure and to reduce the porosity
of the cement matrix and studied their effect in improv-
ing the corrosion resistance of concrete [19—26]. Using
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supplementary materials in nano-scale is one of the hot
topics these days to enhance the cement matrix's poros-
ity andimprove the strength of the Interfacial Transition
Zone (ITZ) [27-34].

Nano-Silica (NS), Carbon nanotubes (CNTs), Na-
no-Clay (NC), Nano-Cellulose (NCL) are one of the
available nano-materials in the construction industry;
however, nano-clay is the most available nano-materials
in the Egyptian market as it is locally produced. These
nano-materials are added as a replacing material to ce-
ment by weight to improve the mechanical and durabil-
ity properties of concrete; through filling, pozzolanic,
and nucleation effect of the nano-materials [35—43].
One of the main problems that nano-materials face in
the construction industry, besides its high cost, is the
consistency of concrete, where adding nano-materials to
concrete had a negative effect on its workability [15—17].
Many researchers had worked on improving the work-
ability of the nano-materials, generally, in concrete and
enhance their dispersion in the cement matrix [35]. Some
researchers had introduced the sonication process, es-
pecially the indirect sonication method, which was the
optimum method to improve the dispersion of the nano-
materials in the cement matrix [39, 40, 44]. The research-
ers found that every nano-materials had a specific con-
centration, with a corresponding indirect sonication time
that must be applied before adding to concrete [13, 14,
35, 44, 43]. In this research program, a comparison will
be carried out to investigate the individual performance
of nano-silica and nano-clay on improving the porosity
and corrosion resistance of concrete through absorption
test and permeability test, in addition to their impact on
the bond strength between the steel rebar and concrete
before and after subjected to corrosion through a pull-out
test. In addition, a microstructure test will be applied
through Scanning Electron Microscopy (SEM) to study
the effect of nano-silica and nano-clay in improving the
microstructure of the cement matrix.

2. EXPERIMENTAL PROGRAM
2.1. Materials

Ordinary Portland Cement (CEM I) with a grade
of 42.5 N, complying with the requirements of ASTM

Nanobm

Table 2
Physical Properties of Sand and Crushed Dolomite
Property Sand Dolomite

Specific Weight (kg/m?) 2.89 2.76
Bulk Density (kg/m?) 1.67 1.82
Fineness Modulus 2.75
Water Absorption % — 1.85
Crushing Value % — 14.3
Clay and Fine Dust
Content % 1.95 0.55

C150 [45] standard, was used. Table 1 shows the chemi-
cal composition of used cement. Natural sand was used
complying with ASTM C33 [46] with a particle size less
than 0.5 mm, and specific gravity of 2.58 g/cm?. Table 2
shows the properties of fine aggregate used. Crushed do-
lomite is used as a coarse aggregate, with an average size
of 12 mm and a specific surface area of 2.76 g/cm?’. The
mixes consist of 35% fine sand and 65% crushed dolomite
by total aggregate weight. Nano-silica is used with white
colorand with particles size ranges between10 nm and
15 nm. The chemical properties of nano-silica are shown
in Table 1. Nano-clay used was off-white in colorand with
an average particles size of 30 nm. The chemical composi-
tion of nano-clay is shown in Table 1. The high value of
L.O.I of nano-clay can be due to the evaporation of the
physical combined water. Nano-Silica and Nano-clay
were produced by the physics department in National
Research Center in Egypt. Figure 1 shows the SEM of
nano-silica and nano-clay particles, as the shape of nano-
silica particles is spherical while nano-clay particles are
hexagonal shape (platelet). The superplasticizer used is a
polycarboxylate solution of type G.

2.2. Mix design proportions

In this research, seven concrete mixes were used;
control mix, three mixes using nano-silica as a partial
replacement of cement with different percentages (1, 3,
and 5%), three mixes using nano-clay the same as used in
nano-silica mixes. Nano-silica and nano-clay were both
subjected to indirect sonication (bath sonicator). Nano-

Table 1
Chemical Composition of Cement, Nano-Silica, and Nano-Clay (%)
SiO, Fe,O, ALO, CaO MgO TiO, Na,O K,0 P,0 L.O.1
Cement | 20.13 3.61 5.32 61.63 2.39 — 0.37 0.13 — 1.96
NS 99.1 0.06 0.13 0.14 - 0.4 — 0.01
NC 61.24 1.06 20.89 0.16 0.22 1.61 0.71 — — 14.11
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Fig. 1. SEM micrographs of (a) nano-silica (50 um) and (b) nano-clay (10 um) particles

Table 3
Concrete Mixes Proportions (kg/m?)
Mix Cement Aggregate Water SP NS NC

C 450 1706 192 2.7 — —
1% NS 445.5 1706 192 2.7 4.5 —
3% NS 436.5 1706 192 2.7 13.5 —
5% NS 427.5 1706 192 2.7 22.5 —
1% NC 445.5 1706 192 2.7 — 4.5
3% NC 436.5 1706 192 2.7 — 13.5
5% NC 427.5 1706 192 2.7 — 22.5

silica were added to the mix in a solution with a con-

centration of 1:10 and subjected to ultrasonic waves for

5 minutes, as reported by [13,14]. While nano-clay was

used in a solution with a concentration of 1:4, with an

indirect sonication time of 10 minutes, as reported by
[39, 43]. Indirect sonication was performed using a bath
sonicator, as shown in Figure 2, with a constant power of
135W and frequency of 40 kHz [44]. The water to binder
ratio was a constant value of 0.35 for all mixes. Table 3
shows the mix proportions of the concrete mixes.

2.3. Mixing procedures

Half of the mixing water was added to the cement for
the control mix and mixed for 2 minutes in a turn-tilt
mixer. Then the second half of mixing water was added
to the mix and continue mixing for 3 minutes. Fine ag-
gregate was added and mixed for 2 minutes, and finally,  jected to ultra-sonic waves through a bath sonicator;
crushed dolomite was added and mixed for 3 minutes. each one was subjected to a specific sonication time and
A preparation step for the solution was carried out before ~ concentration ratio. As mentioned before, nano-silica
the mixing process for nano-silica and nano-clay mixes. =~ was added to mixing water with a concentration ratio
Both nano-silica and nano-clay, individually, were sub- of 1:10 and subjected to ultrasonic waves for 5 minutes.

Fig. 2. Bath sonicator
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Fig. 3. A schematic drawing for the bond
test sample

While the concentration ratio for a nano-clay solution
was 1:4 and sonicated for 10 minutes. After that, the
mixing process starts through dry mixing of cement, then
the nano-solution was added and mixed for 3 minutes.
The remaining mixing water was added to the mix with
the superplasticizer and continued mixing for another 3
minutes. Then both fine and coarse aggregate was added
as done in the control mix.

2.4. Preparation of the specimens, curing, and tests

After the mixing process had finished, cubes of (150 x
150 x 150) mm? were cast for water permeability test [47],
bond strength [48], and corrosion resistance [49] tests af-
ter 28 days. For both bond and corrosion tests, steel rebar

Fig. 5. Vacuum chamber

Fig. 4. A schematic drawing for the corrosion test

of diameter 12 mm was embedded in the cube to check
the effect of nano-silica and nano-clay in enhancing the
bond of the steel rebar in normal conditions and after sub-
jecting to corrosion. Three specimens were prepared for
each test, and the final result is the average between them.
A 75 mm length of polyvinyl chloride tubing is utilized to
de-bond the steel rebar rooted inside the specimen, mak-
ing the bond sliding failure dominate over other types of
failure like splitting and yielding steel rebar, as shown in
Figure 3. Figure 4 shows the setup of the corrosion test.
While the rapid chloride penetration test was carried ac-
cording to ASTM C1202 [50]. The specimen used in this
test is a cylinder specimen with a diameter of 100 mm and
a height of 50 mm. the specimen was coated with epoxy,
then placed in a vacuum chamber for 3 hours to remove
the humidity from the specimen before testing, as shown
in Figure 5. While the chloride penetration test set-up is
shown in Figure 6. A microstructure test was carried out
to check the effect of nano-silica and nano-clay on the
microstructure of the cement matrix through Scanning
Electron Microscope (SEM).

Fig. 6. Rapid chloride penetration test setup
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3. RESULTS AND DISCUSSION
3.1. Water absorption test

Figure 7 shows a comparison between the effect of
adding nano-silica and nano-clay on the absorption of
concrete. Where both nano-silica and nano-clay had
a positive impact in reducing the absorption of concrete.
From Figure 7, it is clear that the impact of nano-clay
in reducing the porosity and absorption of concrete is
more significant than that with nano-silica. As the absorp-
tion of nano-silica, at 5% replacement with nano-silica,
was reduced by 21% than that in the control mix, while
in the nano-clay mix, the reduction of the absorption
was by 51% at 5% nano-clay. These can be attributed to

Nanob%

the filling effect, which plays a vital role in this property,
where the nano-particles fill the internal pores in the ce-
ment matrix and improve its microstructure to become
more denser and uniform as will be discussed later in the
microstructure analysis. The more significant effect of
nano-clay than that of nano-silica can be attributed to the
flax shape of clay nano-particle that gives nano-clay an
extra advance, which is the damming effect between the
micro and nano-particles of the cement matrix.

3.2. Water Permeability Test
Figure 8 represents a comparison between the im-

pact of nano-silica and nano-clay on the permeability of
concrete. The results obtained exhibit the same trend as
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Fig. 7. Improvement in the absorption resistance for nano-silica and nano-clay concrete
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Fig. 8. Gain in water permeability resistance of nano-silica and nano-clay concrete
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in the water absorption test, as the effect of adding both
nano-silica and nano-clay had reduced the permeability
of concrete. This reduction can be attributed to the filling
effect of both nano-silica and nano-clay, the pozzolanic
effect in which reacting with the excess Ca(OH), forming
more C—S—H, which improve the homogeneity of ITZ,
and the nucleation effect of nano-silica and nano-clay,
resulting in densifying the microstructure of the cement
matrix. The damming effect of clay nano-particles had
blocked the nano-voids in the cement matrix, resulting in
a more homogenous cement matrix and, hence, reduced
the permeability of concrete.

3.3. Chloride Penetration Test

Figures 9 and 10 show the charges passing through
the control, nano-silica and nano-clay concrete with
different dosages. For nano-silica concrete, at 1% of
nano-silica, the charges passed reduced by 28% than the
control mix and then the charges increase again until it
reached 262 coulombs with an unremarkable reduction
of 1%. This can be attributed to the fact that the nano-
silica filling effect had a significant impact on absorption
and permeability properties. Whereby increasing nano-
silica percentage agglomeration occurred to silica nano-
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Fig. 10. Reduction of Coulombs passed of concrete with nano-silica and nano-clay content
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particles, which negatively impacted the homogeneity of
the microstructure of the cement matrix; in other words,a
large amount of nano-silica cannot be distributed well
even after being subjected to sonication. As mentioned
before in section 2.2. the concentration was 1:10, and as
reported by Sharobim et al. [13, 14], the optimum per-
centage was 1:10. In which sonication will be difficult at
higher percentages and not effective.

While at nano-clay concrete, as increasing nano-clay
percentages the coulombs passed reduced. This can be
attributed to the fact that the optimum percentage for
nano-clay is 5% by weight of cement. In addition to, the

filling, pozzolanic, and nucleation effect of clay nano-
particles improve the microstructure of the ITZ and make
it more homogenous, as reported by Nehal et al. [39].
Plus, the damming effect is the result of the clay particle
shape, in which the microstructure of the ITZ became
more homogenous and denser.

3.4. Corrosion Resistance
The addition of both nano-silica and nano-clay to

concrete had improved the corrosion resistance of con-
crete than that without any additive. Figures 11 and 12

% 7Tdays | w15days

‘mosdays

corrosion rate e-6 (mm/year)

1 Nano-silica (%) 3 3

Fig. 11. Effect of nano-silica content on the corrosion rate of concrete
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Fig. 12. Effect of nano-clay content on the corrosion rate of concrete
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showed the individual effect of nano-silica and nano-clay
in reducing the corrosion rate of the steel rebar. This be-
havior can be attributed to the positive impact of nano-
silica and nano-clay in improving the microstructure of
the cement matrix. In addition, the sonication process
enhances the dispersion and homogeneity of these nano
particles and reduces the porosity of the interfacial transi-
tion zone of the cement matrix. The filling effect property
of both nano-silica and nano-clay fills the nano-pores
and reduces the porosity of the cement matrix, in addi-
tion to the pozzolanic effect, which improves the cement
matrix's microstructure. However, the damping effect of

the flatshape of clay nano-particles reduces the cement
matrix's porosity. These results agreed with Kelestemur
et al. [51] and Eskandari et al. [52].

3.5. Bond strength

Figures 13 and 14 show the bond strength of a 12 mm
steel rebar for nano-silica and nano-clay concrete be-
fore and after being subjected to a corrosive environ-
ment. The failure for all concrete specimens was a pull-
out failure. For nano-silica concrete mixes, as shown
in Figure 10, the optimum percentages obtained for
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nano-silica was 1% as a partial replacement of cement.
However, after being subjected to corrosion, the bond
strength is enhanced by increasing nano-silica percent-
ages; this can be attributed to the filling effect of silica
nano-particles which improve the ITZ to make it more
homogeneous and well-compacted and denser than that
without nano-silica and reduce the spaces of the voids
that aids the chlorides to attack the steel rebar. In addi-
tion, the pozzolanic reactivity of nano-silica improves
the microstructure of the cement paste. On the other
side in Figure 11, the effect of nano-clay is relatively
more evident than that of nano-silica. This can be due
to the formation of clay nanotubes, which will be illus-
trated in the microstructure analysis, which enhances
the bond of the steel rebar even after being subjected to
corrosion. That for sure, besides the filling, nucleation,
pozzolanic, and damping effect of clay nano-particles,
these findings agreed with those obtained byother re-
searchers [51—54].

3.6. Microstructure Analysis
3.6.1. Scanning Electron Microscopy

Figures 15, 16, 17, and 18 showed the microstruc-
ture analysis of the control, nano-silica and nano-clay
mixes; the microstructure analysis had explained the
results of the permeability, corrosion, and bond tests
shown previously in this paper. Figures 15(a) and 15(b)
show the control mix's microstructure; without any na-
no-materials, the control mix showed a relatively much
weaker microstructure compared with the nano-silica
nano-clay samples. Ettringite needles, voids, and calci-

Fig. 15. SEM Micrograph for control mix

Nanob%

um hydroxide crystals are obvious in control, indicating
a relatively weaker matrix. While in nano-silica mixes,
the addition of nano-silica to the cement matrix had
improved the homogeneity and the microstructure of
the cement matrix, as shown in Figures 16 and 17. Fig-
ures 17(a) and 17(b) show the mixes with the optimum
replacement percentage of 1% nano-silica by weight; it
is clear that the microstructure had improved with the
addition of nano-silica. The microstructure became
more uniform and denser, attributed to the pozzola-
nic and the filling effect of silica nano-particles, which
produce more CSH crystals and minimize the void
ratio within the cement matrix. These results agreed
with [56—59]. However, adding nano-silica more than
1% wt. resulted in a relatively weaker microstructure,
as shown in figures 16(a) and 16(b). this can explain
the performance of nano-silica with a dosage of 5% in
the corrosion, permeability, and bond test. This can
be explained by reducing the pH value of concrete due
to increasing the pozzolanic reactivity of nano-silica,
resulting in reducing the amount of calcium hydroxide.
For nano-clay specimens, the microstructure of the ce-
ment matrix had become denser and more uniform due
to the filling and the pozzolanic effect of nano-clay, in
addition to the pozzolanic effect. In figures 18(a) and
18(b) showed the formation of clay nano-tubes pro-
duced from the rolling of the plate shape of clay nano-
particles forming fibers needles in the nano-scale, which
had a positive effect on the bond strength of steel rebar
and explained the relatively high results of bond strength
before and after corrosion than that of the nano-silica
samples, this results agreed with obtained by other re-
searchers [39, 31—-33, 54].
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Fig. 18. SEM Micrograph for nano-clay concrete at 5% nano-clay content
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4. CONCLUSION

From the experimental work done through studying

the individual effect of nano-silica and nano-clay, the
following conclusions can be taken:

The optimum percentage of nano-silica is 1% by
weight of cement as a partial replacement of cement
by weight. However, nano-clay can be taken by 5%.
The filling effect of nano-clay and nano-silica improve
the water absorption and permeability properties as
by increasing their percentages, the porosity and the
permeability of concrete are reduced.

Nano-silica and nano-clay had improved the resis-
tance of concrete to chloride pentation and steel rebar
corrosion through the filling, pozzolanic, and nucle-
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noABep>KeHHOro YCKOPEHHOI Koppo3um
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AHHOTALUA: BeegeHue. MHorvie nccneoBaHus Obin NOCBSALLEHbI YYULLEHIO TEXHOMOTMYECKMX KauecTB 6ETOHA, NOLBEPKEHHOTO
CYPOBbIM YC/TIOBMAM, @ TaK>Ke MOBbILLEHWNIO €r0 KOPPO3NOHHON YCTONUMBOCTU. [prMeHeHre HaHOMaTePKanoB ABAAETCA OOHUM 13
HefjaBHO NPVIMEHAEMbIX METOAOB AJ1A YNyYLLeHWA XapaKTepucTrK 6eToHa. B gaHHoI paboTe 6bio NpoBefeHO CPaBHEHME CBOWCTB
HaHOKPEMHO3éMa ¥ HaHOTMVHbI B MPOLIecce yyylleHnsa NPoYHOCTU 6eToHa. MeToAbl 1 MaTepuanbl. JKCnepuMeHTasibHas Npo-
rpamma npoBoAuiacb NOCPeACTBOM U3yUYeHNA BOAOMOOLEHVA, BOLONPOHNLAEMOCTY, TECTUPOBAHUA aKTUBHOW MPOHULIAEMOCTH
XNT0pPUAA, KOPPO3MOHHOW YCTONYMBOCTH, MPOYHOCTY CBA3EM CTallbHOW apMaTypbl 10 1 NOCse NofABepraHna KOppo3nn 1 B 3aBep-
LIEHUUN — N3yYeHUEeM MUKPOCTPYKTYpbl. HaHOKpeMHOo3eMm 1 HaHorvHa 6binn fobasrneHbl B konuyectse 1%, 3%, 1 5% MaccoBbix
[0NeNn B KayecTBe YaCTUYHOW 3aMeHbl MO Becy LemeHTa. PesynbraTbl. Vcnonb3oBaHne HaHOKpeMHe3éMa 1 HaHOMIHbI OKa3asno
3HauMTENbHbIV SPPEKT Ha COKpaLLEeHre NPOHMLLAEMOCTM 1 MOPUCTOCT GETOHA, @ TaKXKe YNyuULInIO KOPPO3MOHHYIO CTOMKOCTb
6eToHa. o cpaBHEHUIO C HAHOKPEMHE3EMOM HaHOVIHA 3HAUNTENbHO CUTIbHEe MOBMMANA Ha CBONCTBa GETOHa: TaK, CTOMKOCTb
K BOLOMOIIOLEHMIO CMeCel Ha OCHOBE HaHOMMHbI BO3pocia Ha 87%, B TO BpeMs Kak 3TOT »Ke MoKasaTesb /1A CMecel Ha OCHOBe
HaHOKpemHO3éMa cocTaBumn Bcero 51%. [ina cmecen Ha OCHOBE HAHOTVHbI MPOHVKHOBEHVE MOHOB X/TI0pUAa COKPaTUIOCh Ha 72%,
a AnA HaHOKPEeMHO3eMHbIX cMecei — 28%. 06cyxaeHmne. SOPeKT, MPON3BOAVMbIV HAHOMIMHON Ha MPOYHOCTHbIE CBONCTBA GETOHa,
MPEBOCXOAUT TOT, YTO MOPOXKAAETCA HAHOKPEMHE3EMOM; NNOCKasa Gopma YaCTUL, HAHOMMHbBI CMOCOOGCTBOBANA YITyULLEHNIO MUKPO-
CTPYKTYPbI LIEMEHTHOW MaTpuLibl 3a cyeT Aemndupyoliero 3dbdpekTa, a Takke 6naropaps 3anosHawLemy SGeKTy B MUKPOCTPYK-
Type MaTpuLbl, YTO COKpaLLaeT MPOHNKHOBEHME MOHOB XNIOpMAA 1 YryyllaeT BOLOMOMOLEHNE N BOJOMNPOHULAEMOCTb 6eTOHa.
3aknioueHue (BbiBogbl). ONTManbHOe NPOLEHTHOE COOTHOLLEHNEe HaHOKpPeMHOo3ema cocTaBnaeT 1% MacCcoBOWM JONN LieMeHTa
B KaueCTBe YaCTUYHOro 3aMeHNTenNsA LemeHTa no Becy. OfHaKo AN HaHOTVIHbI 3TOT NOKasaTtesb paBeH 5%, T.K. 3TO NPUBOANT K Hau-
Nyylemy pe3ynbTaTy B MOBbILLEHNM MPOYHOCTHbIX CBOMCTBax 6eToHa.

KJTKOYEBbBIE CJIOBA: HaHOKpeMHO3eM, HaHOMHA, MPOHULAEMOCTb, MPOHUKAHME XJlopuaa, NPOYHOCTb CBA3EN, KOPPO3NOHHAsA
CTONKOCTb, aHaNIN3 MUKPOCTPYKTYPbI.

ANA ULUTUPOBAHUA: Maxep 3nb-Tanp A., dnb-Oekn M.C., MoxceH Anaa, Koxaunb M. CBoiicTBa HaHO6eTOHa, MOfBEepP»KeHHOro
yCKOpeHHoI Koppo3un // HaHoTexHonorum B ctpouTenbcTee. 2021. T. 13, N2 5. C. 293-305. https://doi.org/10.15828/2075-8545-
2021-13-5-293-305
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

to as WUT) was merged on May 27" 2000, from
the former Wuhan University of Technology (established
in 1948), Wuhan Transportation University (established
in 1946) and Wuhan Automotive Polytechnic Univer-
sity (established in 1958). WUT is one of the leading
Chinese universities under the direct administration of
the Ministry of Education and one of the universities
in the country’s construction plan of world-class uni-
versities and first-class disciplines. WUT is also jointly
constructed by the Ministry of Education, the Ministry
of Transport, the State Oceanic Administration and the
State Administration of Science, Technology and In-
dustry for National Defense. In the past 70 years, WUT
has fostered over 500.000 engineers and technicians,
maintaining itself the largest scale university under the
direct administration of the Ministry of Education for
nurturing talents oriented in the three industrial sectors:
building materials industry, transportation industry and
automobile industry and retaining itself an important
base of nurturing high-level talents for the three indus-

NIUNIVERSITY,
CHNOLOGY
E “‘T ADING}

RSITIES

.

trial sectors as well as providing significant scientific and
technological achievements.

With the practice of long-term student’s education,
WUT has formed educational ideology system with
distinctive characteristics: focusing on the lofty ideal
of building an excellent university to win a worldwide
recognition and admiration, the University has forged
the spirit of «Sound in Morality, Broad in Learning and
Pursuing Excellence», promoted the guiding principle of
«take the students cultivation as our essence, and take
academic development as our priority», and exercised
the educational concept of «<implementing excellent ed-
ucation, nurturing excellent talents and creating an ex-
cellent life». WUT is committed to building an excellent
university that provides an excellent education to lead
our students to a fulfilled life with excellent pursuit and
excellent capability.

The University has three main campuses, namely,
the Mafangshan Campus, the Yujiatou Campus and the
South Lake Campus, with a total occupying land area
of 267 hectares. Currently, WUT has 5.508 staff mem-
bers, including 3.282 full-time academic staff members,
1 academician of China Academy of Science, 3 aca-
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demicians of China Academy of Engineering, 1 for-
eign member of the Russian Academy of Engineering,
1 member of European Academy of Sciences, 1 fellow
of Australian Academy of Technological Sciences and
Engineering and 1 member of World Academy of Ce-
ramics. Besides, the University has heldpublic global
recruitment of 30 world-renowned professors to be its
«Strategic Scientists» in the area of Materials Science
& Engineering, Mechanical Engineering, Information
Technology and Naval Architecture & Ocean Engineer-
ing. WUT owns a great number of academic staff mem-
bers listed in national high-level talents programs, with
28 of them listed in the Recruitment Program of Global
Experts»(known as »the Thousand Talents Plan»),
6 listed in «Ten Thousand Talents Program», 14 listed in
«Cheung Kong Scholars Program», 7 listed in «The Na-
tional Science Fund for Distinguished Young Scholars»,
3 listed in «National Renowned Teachers» and 11 listed
in «The New Century National Hundred, Thousand
and Ten Thousand Talent Project».

The University owns 24 academic schools, 4 State
Key Laboratories, 8 State key Disciplines, 77 Doctoral
programs, 226 Master’s programs as well as 90 Bach-
elor’s programs. The Universityhas 54.986 students,
including 36.452 undergraduates, 17,224 postgraduates
(Master and PhD students), and 1.310 international stu-
dents. Besides, Material Science, Engineering Science
and Chemistry rank the top 5%o in ESI (Essential Sci-
ence Indicators) global discipline ranking list.

WUT owns 34 innovative research centers with inter-
national leading level including two State Key Laborato-
ries, one State Engineering Laboratory, one National En-
gineering Research Center and ministerial or provincial
level laboratories in the areas of new materials and build-

ing materials, transportation and logistics, mechatronics
and automobile, information technology, new energy,
resources and environmental technology as well as Pub-
lic Safety and Emergency Management. Meanwhile, the
University has established about 230 Joint Research Cen-
ters with local governments and enterprises. From 2010,
WUT has obtained 14 National Science and Technology
Awards, ranking in the forefront of Chinese higher educa-
tion institutions.

WUT has established cooperative relations for
students exchange and scientific research with more
than 190 foreign universities and research institutions
from USA, UK, Japan, France, Australia, Russia and
the Netherlands, etc. and invited over 300 interna-
tional famous scholars to be strategic scientist, guest
professors or honorary professors. From 2007, WUT
was authorized to establish 5 Bases of Foreign Out-
standing Expertise-Introduction for Disciplines In-
novation in China Leading Universities in Advanced
Technology for Materials Synthesis and Processing,
Advanced Technology for High Performance Ship,
Advanced Technology for Functional Film Materials
Fabrication and Its Application in Engineering, Key
Technology for New Energy Vehicles and Environ-
mental-friendly Building Materials. As well, the In-
ternational Joint Laboratory of Advanced Technology
for Materials Synthesis and Processing, the Base of
International Science and Technology Cooperation in
Environmental-friendly Building Materials, the base
of International Science and Technology Cooperation
on Smart Shipping and Maritime Safety. From 2009,
WUT has established 14 International Joint Research
Centers with internationally renowned institutions
from USA, UK, Italy and the Netherlands, including
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the «WUT-UM Joint New Energy Material and Con-
version Technology Key Laboratory» with the Univer-
sity of Michigan, the «<WUT-UoS High Performance
Ship Technology Joint Center» with the University
of Southampton andthe «Joint Research Center for
Intelligent Ship and Traffic» with Delft University of
Technology. In 2016, an international college initia-
tive — the UWTSD Wuhan Ligong College was estab-
lished in Swansea in partnership with the University of
Wales Trinity Saint David, UK.

In 2017, the University was listed in 7Times Higher
Education World University Rankings, QS Asia University
Rankings, U.S. News Best Global Universities Rankings
and ShanghaiRanking’s Academic Ranking of World Uni-
versities.

Overview of the International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Mate-
rials Science and Engineering (hereafter referred to as
ISMSE), Wuhan University of Technology (hereafter re-
ferred to as WUT) is aimed to build the top-notch innova-
tive talent training base and knowledge innovation centre
of Materials Science and Engineering.

WUT is one of the leading Chinese universities un-
der the direct administration of the Ministry of Educa-
tion and one of the universities constructed in priority
by the «State 211 Project» for Chinese higher education
institutions.

Since 1996, WUT has implemented the talent culti-
vation system reforms through setting up pilot classes,
including international cultivation programs, under-
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graduate-Master program and undergraduate-PhD.
program. In April 2014, ISMSE was founded and ap-
proved by the Hubei Provincial Department of Educa-
tion. In June 2015, ISMSE was selected into the list of
the «Network of International Centers for Education»
supported by the Ministry of Education of P. R. China
and the State Administration of Foreign Experts Affairs.
ISMSE is devoted to building the world-leading MSE
discipline through optimization of a high-level research
and teaching team and establishment of an innovative
talents training system, thereby to support the develop-
ment of materials industry as a technology platform as
well as a talent pool.

WUT’s Discipline «Material Science
and Engineering» enters Top 2%
in the Fourth China Discipline Ranking

China Academic Degrees & Graduate Education De-
velopment Center (CDGDC) has recently announced
the results of the Fourth China Discipline Ranking, with
WUT’s Discipline «Material Science and Engineering»
listed at the highest level: Level A+ (3 universities listed
in all, ranking Top 2% in China).

Among the evaluated disciplines, four disciples of
WUT including Mechanical Engineering, Transporta-
tion Engineering, Design Science and Marxist Theory
are listed at the Level B+ (ranking top 10%—20%),
and six disciplines are listed at the Level B (ranking top
20%—30%), including Applied Economics, Civil Engi-
neering, Information and Communication Engineer-
ing, Computer Science and Technology, Environmental
Science and Engineering and Management Science and
Engineering.
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Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

Since the merge of three schools in 2000, driven by
the national construction of significant projects such as
«State Project 211» and «985 Innovation Platform for Su-
perior Disciplines», WUT’s discipline of «Material Sci-
ence and Engineering» has witnessed a significant growth
in disciplinary connotations presented in high-level fac-
ulty, scientific researches, cultivation of innovative talents,
and international cooperation communications, etc. The
discipline’s overall strength and level have been boosted in
the past years, ranking rising from No. 22 in 2002 to No. 5
in 2012, and further up to No. 3 in this year. Over the past
70 years, the discipline has cultivated a large number of
high-level talents for our national building materials and
new materials industry with more than 100 significant
scientific and technological achievements. It has make
historic contributions to the development of the national
building materials industry, promoting the Chinese build-
ing materials industry to grow steadily to take the lead in
the world building industries now.

State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Materials Synthesis and Processing (short for SKL) is
a state key Laboratory in the area of advanced materials
which was funded by the National Planning Commis-
sion and established in Wuhan University of Technology
in 1987. The SKL is under supervision of the administra-
tion of the Ministry of Science and Technology of the
People’s Republic of China. Professor Gu Binglin, an
Academician of Chinese Academy of Sciences, is the di-
rector of the academic committee of SKL and Professor
Zhengyi Fu is the current director of SKL.

SKL aims at the frontiers of world materials science
and major national needs, builds a world-class material
composite and preparation technology platform, and
develops key new materials for the development of na-
tional sophisticated weapons and emerging industries
to support national strategies; SKL produces original
and systematic research results with international in-
fluence in transformative technology and frontier new
materials and their intersecting fields, leading interna-
tional development in the research of a number of stra-
tegic frontier new material; SKL leads in the training
of top-notch innovation talents in world-class disci-
plines of materials science and engineering with out-
standing scientific research, creating an international
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collaborative innovation culture, conducting «strong-
strong» international cooperation research to enhance
the laboratory’s international influence, attractiveness
and cohesion.

Focusing on the overall positioning and goals, SKL
will create and develop multi-component, multi-scale,
multi-level composite principle and material design
theory as important guides to build material gradient
composite technology, in-situ composite technology,
nano-composite technology and integrated innovation
platform as the core support, to study advanced com-
posite materials for advanced weaponry and equip-
ment for defense, efficient energy conversion and
storage materials for new energy technologies, nano-
composite biomaterials for life sciences, information
functional materials for information technology and
transformation-oriented technology. SKL has formed
the following five distinctive research directions: gra-
dient composite technology and new materials, in-situ
composite technology and new materials, nano-com-
posite technologies and new materials, transformative
technologies and cutting-edge new materials, material
composite principles and material design.

SKL employs 103 full time researchers, includ-
ing 1 academician of Chinese Academy of Sciences,
2 academicians of Chinese Academy of Engineering,
1 academician of Belgian Royal Academy of Sciences
and European Academy of Sciences, 1 academician of
World Academy of Ceramics, 12 Distinguished Foreign
Experts, 1 973 Program Chief Scientist, 5 winners for
Outstanding Youth Training Fund, 4 leading talents of
National Ten Thousand People Program, 7 winners for
Pacesetter Engineering in the New Century, 5 Cheung-
Kong Scholars, and 18 winners for the New Century
Excellent Talents Support Plan of the Ministry of Edu-
cation. It is a spirited team of innovation and creation.
SKL encourages young scholars to visit famous interna-
tional universities or research institutes for further im-
provement and cooperation. In recent years, the lab has
sent more than 20 young scholars to engage in studies
and research collaboration abroad.

SKL has accomplished win-win cooperation with
internationally renowned research institutes such as the
University of Michigan, the Japan Aerospace Technol-
ogy Development Agency, the Institute of Metal Mate-
rials of Tohoku University in Japan, the Material Re-
search Center of the University of Oxford in the United

Contact information
Postal Code: 430070

Kingdom, the Composite Materials Research Center
of the University of California, and the National Insti-
tute of Fuel Cell Research in Canada. Based on SKL,
the Ministry of Science and Technology has established
the International Joint Laboratory for New Materi-
als and Compound Technologies, which is one of the
first batches of 33 international joint laboratories in the
China. The State Administration of Foreign Experts Af-
fairs and the Ministry of Education established the In-
novation and Intelligence Base for Material Composite
new Technology and Advanced Functional Materials
and Advanced Preparation Technology and Applica-
tion Engineering of new Functional Thin Film Materi-
als. SKL has established the WUT — Harvard University
Nano Joint Laboratory, Joint Laboratory of New Energy
Materials and Technology of Wuhan University of Tech-
nology—University of Michigan, Wuhan University of
Technology—University of California, Davis, Multiplex
Multi-scale New Technology Laboratory for Compos-
ite Materials, Wuhan University of Technology—Ox-
ford Advanced Composite Ceramics Laboratory Etc..
Relying on those important international collaborative
research platforms, SKL has undertaken a number inter-
national cooperation projects.

With an area of 25350 m?, SKL possesses the re-
quired equipment for advanced materials synthesis and
processing, material structure analysis, characterization
and performance test, in total value of about 225.38 mil-
lion RMB.

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

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

6611 obpasoBaH 27 mag 2000 roma oT OBIBIIETO
YXaHbCKOTO YHHMBEpPCUTETAa TEXHOJIOTHI (OCHOBaH
B 1948 1.), YXaHBbCKOrO YHMBEpPCHUTETAa TPaHCIIOP-
Ta (ocHOBaH B 1946 T.) 1 YXaHBbCKOTO aBTOMOOMJIE-
CTPOUTENIPHOTO TIOJIMTEXHUYECKOTO YHUBEPCUTETA
(ocHoBaH B 1958 1.). YVYT sgBnseTcs OOIHUM W3 BEIy-
IMUX KUATANCKMX YHUBEPCUTETOB, IMOTYMHSIOIINXCS
MuHucTepCcTBY 00pa3oBaHUsI, M OMHUM U3 YHUBEP-
CHUTETOB, BXOISIINX B TOCYTapCTBEHHYIO ITPOrpaMMy
10 CO3IaHWIO YHUBEPCUTETOB MIPOBOTO YPOBHSI C BHI-
COKOITPOheCCHOHATBLHOI IOATOTOBKOM IT0 OCHOBHBIM
crenraabHOCTIM. YYT Takke COBMECTHO KypHpyeT-
cs1 MuHuctepcTBoM 0o0pa3zoBaHUs, MUHUCTEPCTBOM
TpaHCIopTa, locCymapcTBEHHBIM  OKEaHWYCCKUM
ympaBieHneM U locymapCTBEHHBIM VIIpaBJICHHEM
0 HayKe, TeXHOJOTHWSIM M HaIlMOHAJIbHOI Oe3omac-
Hoctu. B mpengpiaymue 70 met YYT BoImycTHi 6ojee
500 000 WHXEHEPOB M TEXHUYECKUX CITEIMAINCTOB,
CTaB, TaKUM 00pa3oM, KPYMHEHIINM YHUBEPCUTETOM
M0 TIOATOTOBKE KaIpOB B TpeX OO0JACTSIX ITPOMBIII-
JICHHOCTU — CTPOMTEIBHBIX MaTepHrajax, TPaHCIIOPTe
¥ aBTOMOOMIIeCTpoeHNH. [ToMIUMO TTOATOTOBKY BEICO-
KoIpoheCCUOHATBHBIX CIICIINAINCTOB IS BBINICYKa-
3aHHBIX 001acTeil mpoMbIlIeHHOCTH, ¥ YT Takxke m0-
CTHUTAeT 3HAYUTENBbHBIX HAYIHBIX M TEXHOJOTHMICCKUX
PE3YIbTATOB.

Ha ocHoBe miurtenbHOro o0ydeHus cTyaeHToB YYT
copMupoBal 00pa30BaTEIBLHYI0 MOACIb C OTINYHU-
TeJIbHBIMU OCOOEHHOCTSIMM: yIIeJisid MHOTO BHUMAHMSI
U CUJI BBICOKOMY Mjiealy pa3BUTUS YUPEKIEHUSI, KOTO-
pblii o6sanas O6bI BCEMUPHBIM YBaXKEHUEM W MpPU3HA-
HUEM, YHUBEPCUTET HECET UACIO0 «TBEPIOCTU B ITUKE,
BCECTOPOHHOCTU B 00pa30BaHUM U PA3BUTUU BBICOKOTO
MacTepCTBa» U CJAEAYET OCHOBHOMY MPUHLMITY: «pa3-
BUTHE CTYIEHTOB — 3TO Hallla CYyIIHOCTb, pa3BUTHE Ha-
yKu — npuoputet». YYT peanusyeT o6pa3oBaTeIbHYIO
KOHLEMLMIO «00eceueHUs TPeBOCXOAHOTO O0yUeHu s,
B3pallliBaHMUSI BHICOKOKBAIM(MUIIMPOBAHHBIX CITCIIN-
aJIUCTOB U CO3JIaHUS PEKpacHoM XXu3Hu». YYT HeceT
OTBETCTBEHHOCTb 3a CO3[aHUE YUpeXXAEHUsI, KOTOPbIi
o0ecneyuT KayecTBeHHOe 00pa3oBaHue C LeJIblo TOI-
TOTOBKU CTYIE€HTOB K XXM3HU C BOCTpeOOBAHHOU Mpo-
deccueil u OTIMYHBIMU HaBBIKAMU.

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

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

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

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

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

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

B 2017 YuwmBepcuTeT BolIe B TaKWe PEUTUHTH,
kak Times Higher Education World University Rankings,
0S Asia University Rankings, U.S.News Best Global
Universities Rankings and Shanghai Ranking’s Academic
Ranking of World Universities.

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

IIMPOBAHHBIX KAAPOB U MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNSI 1 WHXEHEPHOTO Jiea.

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

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJapoB TIyTeM TIPOBENCHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXTYHApOIHBIE TIPO-
TPaMMBI, TIPOTPAMMBbI MAaTUCTPATYPHI U ACTTUPAHTYPHI.
MIIMuW/I 66uta ocHoBaHa B amipesnie 2014 roga u yr-
BepxkreHa JlemapTaMeHTOM 0Opa3oBaHUST MTPOBUHIIAN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B niepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETbHBIX
IIEHTPOB», TOIEPXKUBAaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHusl KHP 1 MuHMCTEpCTBOM MeEXAyHApOAHOIO
cotpynHuyectBa. HearenbHocts MIIIMuM/l mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCT MaTepuajoBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONTUMU3AINY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBaTEIbCKOTO
COCTaBa, a TaKXKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTICIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUU MaTepUaIoB KaK TEXHOJOTUIYECKON TiaTdop-
MBI ¥ Ky3HUIIBI KaJIpOB.

Crneumuansaocth YYT «MaTepuanioseneHnne
¥ HHXKEHEPHOoe J1eJI0» BOIILIA B TONOBbIE 2%
B YeTBEPTOM peiiThHre cnenuaiabHocTeil Kuras

LleHTp pa3BUTHST KUTAICKOTO aKaleMUUECKOTO 00-
pa30BaHUsI HEMABHO OOBSIBUI PE3YJIbTaThl YETBEPTOTO
peiTHra crnenuaibHocTel Kwutas: crenmambHOCTh
VYT «MarepuanoBeneHre 1 MHXEHEPHOE IEJI0» 3aHSI -
JIa caMBIi BEICOKUI YPOBEHb — YpoBeHBb A+ (3 yHUBEp-
CUTETa 3aHUMAIOT 3TOT YPOBEHb, 006pa3ys TormoBbie 2%
B Kurae).

Cpenu olLEHMBAaeMBbIX CIielMaibHOCTE — 4 cre-
nranbHocTH YYT (MalmmmHOCTpOEHUWE, TPAHCIIOPTHAS
WHXEHepusl, NW3aliH W TEeOpus] MapKCU3Ma) 3aHsUIU
ypoBeHb B+ (10—20% BepXHUX MO3UIMN pPEUTUH-
ra) u 6 crelMaJbHOCTEN PACTONOXWINCh Ha YPOBHE
B (20—30% BepxHMX MO3UIMI PEUTUHTA), a 3TO: TIPH-
KJIagHass 9KOHOMMKA, TPaXIAHCKOE CTPOUTETHCTBO,
MHOOPMAIIMOHHBIE 1 KOMMYHUKAIIMOHHBIE TEXHOJIO-
TWU, TEOpUsI BEIUUCIUTEIHHBIX MAIIMH U CUCTEM, 3a-
IIMTa OKPYXKAIOMIeH Cpeabl U WHXEHEPHOE N0, Me-
HEDKMEHT U MHXXEHEPHOE NEJO.

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKM ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1m0 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBeeHUEe U WHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKcU3Ma U TMPUKIIAJIHAS SKOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yTbTaThI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TpU
IIKOJTBI B paMKaXx peajii3aiii rocy1apCTBEHHBIX KPYII-
HOMACIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 UHHoBanmonHas riatdhopma
JUTSL BBICIIMX CITEIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MartepuajioBeieHue U UHXKEHEPHOE NEJI0»
B paMKax (hakysibTeTa, HayYHBIX MU3BICKAHWIA, MOATO-
TOBKM WHHOBAallMOHHBIX KaIpoB M MEXIyHAPOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHIE
HECKOJIbKO JIET BAXKHOCTD CITEIINATbHOCTH U €€ YPOBEHb
OBUIM pacIIMpeHbl, TIOTHSB ee ¢ 22 MecTa B peHTUHTE
B 2002 romy mo 5 mecta B 2012 1 mo 3 MecTa B TeKyIIeM
romay. 3a 70 JieT 0GyJeHHUsI 110 3TO CIIeUaTbHOCTH ST
CTpaHbl OBUIM TOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC KaIphl JUIST CTPOUTEILCTBA U WHIYCTPUU TIPO-
M3BOJCTBA CTPOUTENIHBIX MaTephalioB U TOJTyYSHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTSI 3aHSITUSI BEAYIIETO TIOJIOKESHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIIBHBIX MATEPUATIOB.

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

T'ocynapcTBeHHast KJiouyeBas Jjaboparopus Iep-
CIEKTUBHBIX TEXHOJOTMU CUHTE3a U 00paboOTKU Ma-
tepuanoB (Kpatko I'KJI) — »3To rocymapcTBeHHas
JlabopaTopusi B 00J1aCTU MEPEIOBBIX MaTepUalioB, OC-
HoBaHHas1 ['ocynapcTBEHHBIM MJIAHOBBIM KOMHUTETOM
B YVYT B 1987 r. I'KJI HaxomuTcs 1o pyKOBOICTBOM
MunucrtepctBa Hayku U TexHosnoruit KHP. B Hacto-
S MoMeHT HaydyHbli KomuteT I'KJI BosriasisieT
yieH Kuratickoit akanemuu Hayk ripocdeccop I'y bun-
e 1 HetHemHui qupekTop 'KJI mpodeccop Doy
JIKeHbI'U.

HesitenbHoctb I'KJI HampaBiieHa Ha mepeaoBbIe 10-
CTUXXEHMS B MaTepUAJIOBEIEHUN W BBITIOJIHEHUE TOCY-
JIapCTBEHHbIX 3aKa30B B 310l oonactu. B I'KJI 3anuma-
JOTCSI CO3TaHUEM BBICOKOKAYECTBEHHBIX KOMIIO3UTHBIX
MaTepuaJioB M pa3pabOTKON CTpaTerMuyeCKU BaKHBIX
MaTepuaJioB C LIeJIbI0 MX HMCIOJIb30BaHUS B HALMO-
HaJbHOW cHUCTeMe OOOpPOHbI U PAa3BUBAIOIIMXCSI MPO-
MBIIUIEHHOCTSIX 111 o0ecTieyeHs TOJUTUKU rocyaap-
ctBa; I'KJI mpoBoouT HecTaHmAPTHBIC M CUCTEMHBIC
HCCIIEIOBAaHNS MHPOBOTO OMBITA B TpaHC(HOPMATHUB-
HBIX TEXHOJIOTUSIX U HOBEUIIMX MAaTepuaoB, a TakxKe
B MEXAVMCUUITIMHAPHBIX 001aCTSIX, BBITTOJHSISI MEXTY-
HapoJIHble Pa3pabOTKU HEKOTOPBIX KIIOUEBbIX HOBEW-
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mux marepuanon; ['KJI sBasercs Benyieit 1abopato-
pueil IO TIOATOTOBKE BBICOKOKBAIM(DUIIMPOBAHHBIX
CMELMATUCTOB M0 MaTepUATOBEAYECKUM CIEeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly ¢ HAyYHBIMU U3bICKAHUSI-
mu. I'KJI pa3zBuBaeT MexXnyHapoOaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHWYECTBA, MPOBOJIS COBMECTHbIE
MEXTOCYIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHUS
OTEYECTBEHHOI KYJbTYPbl M €€ MPUBJIEKATEIbHOCTHU
B MUpe.

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

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

KoHTaKkTHasa

nudopmauus Postal Code: 430070

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

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

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

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

Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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REVIEW OF NANOTECHNOLOGICAL INVENTIONS
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Inventions of scientists, engineers and specialists
from different countries in the area of nanotechnologies.
PartVv?"

Leonid A. lvanov'* (2}, Li D. Xu? (12}, Konstantin E. RazumeeV? (2}, Valentina M. Feoktistova* (), Petr S. Prokopiev®

' Russian Academy of Engineering, Moscow, Russia
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3 A.N. Kosygin Russian State University (Technology. Design. Art), Moscow, Russia
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*Corresponding author: e-mail: L.a.ivanov@mail.ru

ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materials,
methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological
inventions designed by scientists, engineers and specialists from different countries. Main part. The article provides an abstract
overview of inventions of scientists, engineers and specialists from different countries: Russia, USA, China, Belarus, Italy. The results
of the creative activity of scientists, engineers and specialists, including inventions in the field of nanotechnology and nanomaterials
allow, when introduced to industry, achieving a significant effect in construction, housing and communal services, and related sectors
of the economy. For example, the invention «Protective coating and method of its application» relates to the field of protecting
metals from corrosion. To obtain a protective coating, a composition containing an industrial oil with a powder of a phosphorus-
modified copper-carbon nanocomposite is applied to the surface of an unalloyed steel and subjected to thermochemical activation
by heating for 20 minutes at a temperature of 100-200°C. During the formation of the coating, strong donor-acceptor bonds of
iron atoms with phosphorus, which are in the composition of the copper-carbon nanocomposite, are formed. In the course of
experiments, it was found that heating samples with a coating of oil with the addition of a phosphorus-modified copper-carbon
nanocomposite to 100-200°C increases the chemical activity of the nanocomposite, as a result of which a protective coating forms
on the surface, which reduces the corrosion rate depending on the concentration of the modified metal-carbon nanocomposite.
by 70-95%. The following inventions in the field of nanotechnology are also of interest to specialists: a method for obtaining
a nanostructured surface of a metal workpiece by laser treatment, a device for producing nanodispersed metal oxides, a method
for producing a nanostructured composite material based on aluminum, a method for modifying the surfaces of plates of a brazed
plate heat exchanger, etc. Conclusion. One of the most challenging tasks the economy of every country face is to increase industrial
competitiveness through technological upgrade. From the side of the state and companies the principal object to control in this
process are the people and enterprises dealing with introduction of inventions and new technologies.

KEYWORDS: nanotechnologies in construction, nanoscale materials, nanocomposites, nanodispersed metal oxides, nanostructuring.

FOR CITATION: Ivanov L.A,, Xu L.D., Razumeev K.E., Feoktistova V.M., Prokopiev PS. Inventions of scientists, engineers and specialists
from different countries in the area of nanotechnologies. Part V. Nanotechnologies in Construction. 2021; 13(5): 311-318. https://doi.
org/10.15828/2075-8545-2021-13-5-311-318
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" Continuation. Part | - Part IV have been published in the journal «Nanotechnologies in Construction», volume 13, issues 1-4, 2021.
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MAIN PART

A method of obtaining a nanostructured surface
of a metal workpiece by laser processing
(RU 2752821 C1)

Nanoscale structures are characterized by the pe-
culiarities that the processes under consideration and
the actions performed take place in the nanometer
range of spatial dimensions, where the initial material
is individual atoms, molecules, and molecular systems.
Therefore, in contrast to traditional technology, nano-
technology is characterized by an “individual” approach,
in which external control reaches individual atoms and
molecules, which makes it possible to create nanoscale
materials from them with a controlled structure and
fundamentally new physicochemical properties - opti-
cal, electrical, magnetic, corrosion-resistant, including
those that improve the mechanical and tribotechnical
properties of the surface. Based on the foregoing, the
new achieved technical result of the proposed invention
is provided by the following technical advantages over
the prototype [1]:

1. Improved quality of joining of dissimilar (differ-
ent in chemical composition) metal workpieces during
diffusion welding is achieved - an increase by at least
14% of the ultimate strength of the welded joint due to
preliminary nanostructuring of the surface of the metal
workpiece is obtained.

2. During nanostructuring, a change in the initial
physicochemical properties of the surface of a metal work-
piece is provided - adhesive, optical, electrical, magnetic,
corrosion-resistant, including those that improve the
mechanical and tribotechnical properties of the surface,
due to the formation of micron and submicron structures
with a single scanning focused laser beam. The resulting
surface structures have the form of micro-furrows, mi-
cropores, curved channels, microcones with transverse
dimensions from 1 to 5 um, as well as spherical structures
with a diameter of about 500 nm on cylindrical supports-
legs (microjets) with a width of about 300 nm.

Foam gel (RU 2753652 C1)

The invention relates to the field of obtaining a foamed
silica gel, structured with nanoadditives, which can be
used as a low-density stemming of blast holes or bore-
holes when crushing a rock mass in the extraction of solid
minerals [2].

A foam gel comprising aqueous solutions of liquid
glass, a coagulator and a foaming agent, mixed with com-
pressed air, and used in the construction of a borehole
charge as a dam, an inert gap and a bottom compensator,
characterized in that, in order to increase stability, it ad-
ditionally contains a silicasol nanoadditive “Nanosil-30”,

as a coagulator contains a mixture of iron chloride and
phosphoric acid, and as a foaming agent

The technical result is achieved by the fact that the
most accessible and cheapest component sodium silicate
10—15% of the mass is used as the starting materials; as
a nanoadditive is used “Nanosil-30” 0.05—0.15% of the
mass, which enhances the sol-gel process; orthophospho-
ric acid 5—8% of the mass; ferric chloride 0.1—0.3% of the
mass; foaming agent ABSK 3—5% of the mass and water
71.55—81.85% of the mass. Depending on the amount
of compressed air, the foam gel ratio varies from 5 to
15 units. Since it is known that foam gel of medium and
high expansion is not effective for stemming blastholes,
that is, it does not ensure the locking of the explosion
products.

High performance metal alloy for additive
manufacturing of machine parts (RU 2750946 C1)

Internal combustion engine parts such as gas turbine
parts (eg blades, nozzles, shrouds, combustion chambers)
must be made of metal alloys designed to withstand high
temperature operating conditions. This is especially true
for parts that are located close to the combustion cham-
bers of the gas turbine, such as the turbine nozzles. The
temperature of the working gas generated by the combus-
tion products in the first stage nozzles can be 1100°C or
higher, while in the downstream turbine stage the tem-
perature drops to about 650—700°C.

Special high-temperature nickel-based alloys are used
to produce rotating parts such as turbine first stage blades.
These alloys are costly, but are required in terms of the
need to withstand the combined stress of high temperature
and high dynamic stresses generated in the rotor part of
the turbomachine.

The invention relates to metallurgy, namely to a metal
alloy with high performance characteristics and can be
used for the additive production of machine parts, in
particular a gas turbine nozzle [3]. A metal alloy for the
manufacture of a gas turbine nozzle by the method of
additive production, consisting of, wt%: O 0.01-0.05,
N 0.005—0.025, S less than 0.003, C 0.005—0.07, Mn 0.6—
0, 8, Si 0.8—1.0, P less than 0.04, Cr 27—33, Ni 11—12,
W5-9, Fe 0.4—0.7, Taless than 0.001, B less than 0.003,
Cu less than 0.001, Zr less than 0.003, Co - the rest. The
alloy is characterized by high performance characteristics,
namely high resistance to high-temperature oxidation and
corrosion, high thermal fatigue resistance, and satisfac-
tory weldability.

Device for producing nanodispersed metal oxides
(RU 2752756 C1)

The invention relates to the chemical industry and
metallurgy [4]. The device for obtaining nanodispersed
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metal oxides (Fig. 1) contains a line 1 for the preparation
of precursors and a line 2 for hydrothermal synthesis,
equipped with reactors, centrifuges and containers. Line 1
includes the first reactor 3 — for preparing the precipitant
solution, connected to the second reactor 6 — for pre-
paring the precursor suspension. Reactor 3 is connected
to vessel 4 with a precipitant and vessel 5 with distilled
water. A measuring tank 7 with a nitrate salt solution is
connected to the reactor 6. Reactor 6 is connected to
decanter 8, which in turn communicates with tank for
decantate 9 and with first centrifuge 10. Line 2 is equipped
with reactor 11 for hydrothermal synthesis, connected by
means of elevator 12 to the first centrifuge 10. Tank 5 is
connected to the inlet of reactor 11. distilled water, con-
nected to the decanter 8, and to the outlet of the reac-
tor 11 is connected the second centrifuge 10, the outlet
of which is connected to the dryer 13. Reactors 3 and
6 are made in the form of closed containers, on the outer
sides of which are mounted heat exchange jackets, and
inside — anchor-type agitators. The reactor 11 is made
in the form of an autoclave, installed on a stirring device
and connected to the controller with the ability to set and
maintain a predetermined temperature regime. The device
allows you to obtain various nanodispersed metal oxides

Fig. 1. Technological scheme for obtaining nanodispersed
metal oxides by the method of hydrothermal synthesis,
where 1 — precursor preparation line, 2 — hydrothermal
synthesis line, 3 — first reactor, 4 — vessel with
precipitant, 5 — vessels with distilled water, 6 — second
reactor, 7 — measuring tank , 8 — decanter, 9 — con-
tainer for decantate, 10 — centrifuges, 11 — third reac-
tor, 12 — elevator, 13 — dryer.

without re-equipment, maintain optimal technological
modes and reliably control the process.

The technical result is achieved due to the fact that
tanks with a precipitant and with distilled water are con-
nected to the first reactor, a measuring tank with a solu-
tion of nitrate salt is connected to the second reactor,
while this reactor is connected to a decanter, which, in
turn, is connected to a tank for decantate and with the first
centrifuge, and the device additionally contains a hydro-
thermal synthesis line equipped with a third reactor — for
hydrothermal synthesis, connected by means of a lift with
the outlet of the specified centrifuge, a container with
distilled water connected to a decanter is connected to
the inlet of the third reactor, and a second centrifuge is
connected to the outlet of the third reactor, the outlet of
which is connected to the dryer. In particular, the first and
second reactors are designed as closed containers. In par-
ticular, heat exchange jackets are mounted on the outside
of the first and second reactors. In particular, anchor-type
agitators are mounted in the first and second reactors. In
particular, the third reactor is designed as an autoclave.
In particular, the third reactor is mounted on a mixing
device. In particular, the third reactor is connected to the
controller with the ability to set and maintain a predeter-
mined temperature regime.

Method of welding parts made of heat-resistant
nickel-based alloys using laser radiation
(RU 2752822 C1)

In power plants, two-layer welded pipes made of heat-
resistant nickel alloy and heat-resistant bronze with high
thermal conductivity are often used, and they are joined
together by diffusion welding. Although the implementa-
tion of diffusion welding in a vacuum or in an inert gas
atmosphere expands the technological capabilities of this
welding method, at present the problem of improving
the quality of the joint and expanding the permissible
temperature regime of welding is still urgent.

Improvement of the mechanical characteristics of
welded joints during diffusion welding is possible due to
the formation of various ordered structures on the sur-
faces to be welded, including the micron and submicron
scale. To create them, such technological methods as
laser modification of the surfaces of the workpieces being
welded can be used. Direct laser nanostructuring with
nanosecond pulses can become a promising method for
the formation of a nanostructure on a metal surface. The
ultraviolet region of the spectrum of laser radiation is
more preferable due to the higher absorption of radiation
by metals compared to the visible and infrared regions of
the spectrum. The effective effect of laser radiation on
a thin (~1 um) surface layer of a metal makes it possible
to obtain various micro- and nanostructures with speci-
fied parameters.
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The invention relates to a method for welding parts
made of heat-resistant alloys on a nickel base and can be
used in various sectors of mechanical engineering and
metallurgy [5]. The technical result of the invention is
to improve the quality of the connection of the parts to
be welded. The method includes processing with laser
radiation of a nanosecond pulsed laser at a cooling rate
of the nanostructured surface, providing the formation
of relief structures on it with a size of less than 100 nm.
The overlap ratio of the laser beam spots is defined as the
ratio of the area treated with two laser pulses to the area of
one laser beam spot. After nanostructuring the surfaces of
parts made of high-temperature nickel-based alloys, their
diffusion welding is performed in a sealed chamber by the
action of pressure and heating of the parts to be welded
from high-temperature nickel-based alloys in a vacuum
or in an inert gas environment.

A method for producing a nanostructured
composite material based on aluminum
(RU 2751401 C2)

The invention relates to a method for producing
a nanostructured composite material based on aluminum
modified with C60 fullerene, with improved physical and
mechanical properties, for use in mechanical engineering
and aerospace [6].

Aluminum-based nanostructured composite materials
modified with C60 fullerene demonstrate an increased
level of mechanical properties. For nanostructured com-
posites of this kind, it is known that with a decrease in the
average crystallite size of the matrix, the strength proper-
ties increase, while at the initial stages there is a laminar
decrease in plasticity proportional to the decrease in the
average crystallite size, and then, when the critical value
of the average crystallite size is reached, there is a sharp
decrease in plasticity almost to zero values. Therefore, the
control of the properties of bulk nanostructured compos-
ite materials only by reducing the structural elements of
the material is severely limited.

The problem to be solved by this invention is aimed
at creating a nanostructured composite material with
a duplex structure based on aluminum modified with
C60 fullerene, with improved physical and mechanical
properties for use in mechanical engineering and the
aerospace industry. The task is solved due to the precise
control of the chemical and phase composition of the
powders, ensuring the average size of aluminum crys-
tallites < 70 nm in a fine-crystalline powder and in the
range of 70—150 nm in a coarse-crystalline one, due to
strict adherence to the 1: 1 ratio of two types of powders
in the final material, as well as due to their mixing at the
level of individual crystallites. Powder of fullerene C60 in
crystalline form in an amount of 0.1—5—0.5 wt.% Is used
as a modifying carbon phase.

The technical result is to increase the plasticity of
a nanostructured composite material with a duplex
structure based on aluminum modified with C60 fuller-
ene, with insignificant losses in strength characteristics.
A method for producing a nanostructured composite ma-
terial with a duplex structure based on aluminum includes
several stages of component preparation: 1 — preparation
of coarse-crystalline powders; 2 — preparation of fine
crystalline powders; 3 — mixing coarse and fine crystal-
line powders; 4 — consolidation of the obtained powder
mixture by the method of severe plastic deformation —
direct hot extrusion.

A method for producing a composite material
with oriented carbon nanotubes (RU 2751882 C1)

The invention relates to the field of production of
composite materials, consisting of a reinforcing mate-
rial, a polymer matrix and a filler, in the role of which are
carbon nanotubes, and can be used to create composite
materials with increased strength due to the use of a uni-
form constant electric field that destroys agglomerates of
carbon nanotubes and orienting nanotubes [7]. A method
for producing a composite material with oriented carbon
nanotubes, which consists in creating a polymer com-
posite material with oriented nanotubes using an electric
field, where the reinforcing material is passed through
an impregnating bath containing a polymer binder and
carbon nanotubes in the direction of the intensity vec-
tor of a uniform constant electric field that occurs when
a constant electric field is applied. electric current, de-
stroying agglomerates of carbon nanotubes and orienting
the nanotubes along the direction of movement of the
reinforcing material.

The technical result is achieved by the fact that in the
method of producing a composite material with oriented
carbon nanotubes, which consists in creating a polymer
composite material with oriented nanotubes using an
electric field, the reinforcing material is passed through
an impregnating bath containing a polymer binder and
carbon nanotubes in the direction of the uniform constant
electric stress vector. field arising when a direct electric
current is applied, destroying agglomerates of carbon
nanotubes and orienting the nanotubes along the direc-
tion of movement of the reinforcing material.

The invention is illustrated in Fig. 2 and Fig. 3.

The method of producing a composite material with
oriented carbon nanotubes consists in creating a poly-
mer composite material with oriented nanotubes using
an electric field, while the reinforcing material 1 is passed
through an impregnating bath 2 containing a polymer
binder 11 and carbon nanotubes 10 in the direction of the
intensity vector of a uniform constant electric field, aris-
ing from the supply of direct electric current, destroying
the agglomerates of carbon nanotubes 10 and orienting
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Fig. 2. Schematic diagram of the installation, where

1 — reinforcing material, 2 — impregnating bath,

3 — covers, 4 — orienting block, 5 — rollers, 6 — man-
drel, 7 — container with a binder, 8 — creel, 9 — axes,
10 — carbon nanotubes, 11 — polymer binder

to the plates

12

Fig. 3. Schematic diagram of the orienting unit, where
12 — transformer, 13 — diode bridge

the nanotubes along the direction of movement of the
reinforcing material 1.

Protective coating and method of its application
(RU 2752488 C1)

The invention relates to the field of protection of met-
als from corrosion [8]. The protective coating of the sur-
face of unalloyed steel contains 5—75 wt.% Of the powder
of a phosphorus-modified copper-carbon nanocompos-
ite, distributed in industrial oil I-20. To obtain a protective
coating, a composition containing industrial oil I-20 with
5-75 wt.% Of powder modified with phosphorus copper-
carbon nanocomposite is applied to the surface of unal-
loyed steel, and subjected to thermochemical activation
by heating for 20 minutes at a temperature of 100—200°C.
During the formation of the coating, strong donor-accep-
tor bonds of iron atoms with phosphorus, which are in the
composition of the copper-carbon nanocomposite, are
formed, which, according to the X-ray electron spectros-

copy spectra, are stable at room temperature and when
heated to 500°C and above. The invention provides a high
degree of protection of the surface of unalloyed steel from
corrosion by obtaining strong chemical bonds between the
atoms of the anticorrosive coating and its strong chemical
adhesion to the surface of the steel.

The objective of the claimed invention is to simplify
the composition of the resulting coating as much as pos-
sible in terms of the number of components and to use
the high chemical and adsorption activity of phosphorus-
modified metal-carbon nanocomposites. To achieve this
task, we used a phosphorus-modified metal-carbon nano-
composite obtained by the method of mechanochemical
interaction of copper-carbon nanostructures with am-
monium polyphosphate. Copper-carbon nanocompos-
ite is a nanosized copper-containing cluster stabilized
by carbon fibers consisting of polyacetylene and carbine
fragments with unpaired electrons at the fragments’ joints.
Due to this structure, the initial nanocomposite easily re-
acts with ammonium polyphosphate, as a result of which
phosphorus is reduced and enters the carbon shell of the
copper-carbon nanocomposite between the fragments of
carbon fibers. In this case, phosphorus can be a linking
unit (linker) with substances on the metal surface.

The technical result is achieved by the fact that the
powder of this modified copper-carbon nanocomposite
was mixed with the base mineral oil 1-20, which in its
original state (in its pure form) does not have noticeable
protective properties.

By mixing the I-20 oil with the powder of a phospho-
rus-modified copper-carbon nanocomposite, oil compo-
sitions containing from 5 to 75% of the nanocomposite
were obtained. Preliminary experiments have shown that
the introduction of a phosphorus-modified copper-car-
bon nanocomposite into mineral oil, although it increases
the effectiveness of the protective coating, but it helps
to reduce the corrosion rate of steel by 10-30%. In the
course of experiments, it was found that heating samples
with a coating of oil with the addition of a phosphorus-
modified copper-carbon nanocomposite to 100—200°C
increases the chemical activity of the nanocomposite, as
a result of which a protective coating forms on the surface,
which reduces the corrosion rate depending on the con-
centration of the modified metal-carbon nanocomposite.
by 70—95%.

Semiconductor photoelectric converter
(RU 2750366 C1)

Solar energy is one of the fastest growing industries in
the world economy, with an average annual growth rate
of 20%. And since the cost of electricity generated by
photovoltaic modules is still quite high (installed power
~$1/W, electricity cost $ 0.07 1 / W), ways to make it
cheaper by increasing the efficiency of converting solar

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021; 13 (5):
311-318

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

radiation into electricity and increasing the generated
electricity are very urgent tasks.

The invention relates to the field of direct conversion
of light into electrical energy [9]. A solar cell is a multilayer
structure for converting light and a layer with nanopar-
ticles deposited on, or inside, or under an antireflection
coating layer, which have photoluminescence properties
under the influence of UV radiation. Since photolumi-
nescence occurs in the region of visible light with a lower
quantum energy, the flow of heat into the solar cell is re-
duced. To maintain or improve the efficiency of light con-
version, nanoparticles must have a quantum efficiency of
photoluminescence K > 1, where K is determined by the
proposed calculation formula, which relates the absorption
edge of the UV range by nanoparticles; the wavelength
of the photoluminescence spectrum at the half-width of
the photoluminescence peak, and the spectral response
of the semiconductor photoelectric converter at the light
wavelength A. The design of the solar cell according to the
invention increases the power generation of the solar cell
by reducing the operating temperature of the cell.

The technical result of the invention is to increase
the efficiency of conversion of light energy into electric-
ity under operating conditions when the temperature of
the solar cell rises and the conversion efficiency falls.
The technical result is achieved due to the fact that in
a semiconductor photoelectric converter containing a bar-
rier layer for separating charge carriers in the form of
a pn junction or heterojunction, an antireflection coat-
ing, a layer of nanoparticles and metallized contacts,
where nanoparticles deposited on, or inside, or under
a layer of an antireflection coating, have the ability to
photoluminescence under the influence of UV light with
a wavelength in the range of optimal sensitivity of the
photoelectric converter and the quantum efficiency of
photoluminescence K not less than 1, where K is deter-
mined by the proposed calculation formula.

Method for modifying the surfaces of plates of a brazed
plate heat exchanger (RU 2754338 C1)

The invention relates to nanotechnology and nano-
structures, in particular, to a method for producing
a modified layer containing nanosized diamond phases
and can be used for mechanical engineering and power
engineering [10]. The objective of the invention: opti-
mization of the parameters of the technical process for
improved modification of selective areas of the surfaces of
the BPHE plates by using stencils in a vacuum chamber
before further joining the plates to each other by solder-
ing or sintering.

The technical result is achieved by hardening the sur-
face and reducing hydrodynamic losses when the content
of diamond phases in the modified layer is from 5 to 15%,
which leads to an increase in the service life, a decrease in

the load on the hydraulic system and an increase in the
efficiency of heat transfer of the BPHE. The combination
of physical features of the interaction of laser radiation
with graphite makes it possible to form a modified layer
containing carbon and diamond phases. The presence
of diamond phases in the composition of the modified
layer determines its high wear resistance and a decrease
in hydrodynamic resistance.

A method for modifying the surfaces of plates of
a brazed plate heat exchanger includes placing a plate
and a carbon-containing target in a vacuum chamber,
pumping out the chamber to the required vacuum level,
laser processing the target, followed by condensation of a
modified layer containing diamond phases on the surface
of the plate. In this case, the application of the modified
layer on the surface of the heat exchange plates is carried
out by evaporation in a vacuum of 10—5 ... 10—7 mmHg of
a carbon-containing target with pulsed laser radiation, for
processing the target, laser radiation with a wavelength of
190 to 310 nm, a pulse duration of 1 to 100 ns with a rep-
etition rate from 10 to 100 Hz and an energy density on
the target surface from 1 to 10 J/cm?. The content of dia-
mond phases in the modified layer is from 5 to 15%, and
the thickness of the modified layer is from 30 to 300 nm.

The implementation of the invention is shown in
Fig. 4. A BPHE plate is installed in the vacuum cham-
ber 1. The laser beam 7 enters the chamber through the
vacuum window 6 and is focused on the target surface 9.
The target material evaporated as a result of laser action
is transferred in the form of an expanding plasma cloud 8
to the BPHE plate surface and condenses in the form of
a modified layer 3. Areas intended for applying solder
paste 4 are protected from applying a modified layer us-
ing a stencil 5. A stencil is placed above the surface to be
treated, the task of which is to protect the areas of the

Fig. 4. Schemes for applying a modified layer, where

1 — vacuum chamber, 2 — BPHE plate, 3 — modified
layer (ML), 4 — solder paste, 5 — stencil, 6 — vacuum
window, 7 — laser radiation, 8 — plasma cloud,

9 — target
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plate from applying MS to areas intended for subsequent
formation of a junction. Thus, the MS will be applied to
the surface areas of the PPTO plate that are in contact
with the liquid during operation.

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

« A method to modify concrete with complex additive
which includes hydrothermal nanoparticles SiO, and
multilayer carbon nanotubes [11].

« Method of obtaining gold nanoparticles [12].

« Vacuum gas oil hydrotreating method [13].

« Method of obtaining nanocrystalline epsilon phase of
iron oxide [14].

« A method to produce strengthened nanocomposite
with additional properties [15].

« Growing nanotubes from free atoms [16].

« Nanoscale pulse generator [17].

« An independent free-standing graphene film and
a method for its preparation [18].

« Nano-engineering of construction materials using
molecular dynamics simulations [19].

REFERENCES

Nanobm

o A method for transferring whisker nanocrystals to
a substrate [20].

« A method of obtaining an anticorrosive coating on
articles made of monolithic titanium nickelide [21].

« Integral optical sensor for the determination of impuri-
ties in gas-air environments [22].

« Development of Nanotechnology in the World and
Nanotechnology Standards in Turkey [23].

o Raw material mixture for the manufacture of large-
sized billets of superhard composite material [24].

CONCLUSION

One of the most challenging tasks the economy of
every country face is to increase industrial competitive-
ness through technological upgrade. From the side of the
state and companies the principal object to control in this
process are the people and enterprises dealing with intro-
duction of inventions and new technologies. Therefore,
we hope that the information published in this section
will be in demand and useful for specialists.
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PE3IOME: BBefieHme. BbicoKne TeXHONOIN NOpaxatoT BOOOpakeHve NIIoAe, AEMOHCTPYPYA BCE HOBbIE U HOBbIe JOCTVKEHNA
(maTepwanbl, CNOCcobbl, CUCTEMbI, TEXHOOT M, YCTPOWCTBA U AP.), KAPANHANIBHO MEHSIIOLLME OKPY»KatoLuida Mup. 3To, Npexae BCero,
MOHO OTHECTM K N300pETEHNAM YUEHbIX, UHXEHEPOB U CMEeLManCcToB 13 Pa3HbIX CTpaH B 06/1acTu HaHOTexHoornii. OCHOBHas
yacTb. B cTatbe B pedepatrBHOl dopmMe NPOBOAUTCA 0630p N306PETEHNIA YUEHDBIX, UHXEHEPOB 1 CNELMANINCTOB 13 Pa3HbIX
cTpaH: Poccnn, CLUA, Kutas, Benopyccun, tannn. PesynbtaTbl TBOPUYECKOW [eATENbHOCTM YUYEHbIX, UHXEHepPOB 1 CreunanncTos,
B T.U. M U306peTeHns B 0611aCT HAHOTEXHOMOTMIA U HAHOMATEPUMANOB MO3BOSAIOT MPU UX BHEAPEHMMN JOOUTHCA 3HAUNTENBHOTO
3bdpeKTa B CTPOUTENBCTBE, XUNLLIHO-KOMMYHANIbHOM XO35IMCTBE, CMEXHbIX OTPAC/AX SKOHOMUKM. Hanpumep, n3obpeteHne «3a-
LMTHOE NMOKPbITUE 1 CNoCcob ero HaHeCeHUA» OTHOCUTCA K 06NacTy 3alUTbl METANIIOB OT KOPPO3un. [AnA nonyyeHns 3almuTHOro
NOKPbITUA Ha MOBEPXHOCTb HENerMpoBaHHON CTaNM HAHOCAT KOMMO3MLMIO, COAEPKaLLyt0 MHAYCTPMUANbHOE Macno C MOPOLLIKOM
MoaudrLMpoBaHHOTO GochOPOM MefbyrepOAHOro HAHOKOMMO3UTA, U NMOABEPraloT TEPMOXUMUYECKON aKTVBALUM NMyTeM Harpesa
B TeueHue 20 MyH npu Temnepatype 100-200°C. B xone 06pa3oBaHs NOKPbITUS GOPMUPYIOTCSA NMPOYHbIE JOHOPHO-aKLEeNTOpHbIe
CBSI311 aTOMOB >keJie3a € GocHOpPOM, HAXOAALLMMCA B COCTaBE MeflbyrlIepOAHOro HaHOKOMMO3uTa. B xoae akcneprMeHTOB 6bIso yCTa-
HOBJIEHO, UTO HarpeBaHWe 06Pa3LOB C MOKPbLITUEM 13 Macha ¢ JobaBeHeM moanudrLnpoBaHHOro ¢ochopom MeabyrnepofHOro
HaHoKommno3uTa 10 100-200°C NOBbILAET XMMMYECKYIO aKTUBHOCTb HAHOKOMMO3WTa, B Pe3yibTaTe Yero Ha NoBepxXHOCTU 0b6pasyeTcs
3aLUMTHOE MOKPbITUE, CHXKAIOLLIEE CKOPOCTb KOPPO3MU B 3aBUCMMOCTY OT KOHLIEHTPaLM MOANPULIMPOBAHHOTO METANYTIEPOAHOIO
HaHOKOMMO3uTa Ha 70-95%. Tak>ke NpeCTaBAAIOT MHTEPEC AN CNELMaNMCTOB ClieaytoLye n306peTeHus B 0611acTi HAHOTEXHOJO-
rnii: cnoco6 NonyyeHns HAHOCTPYKTYPUPOBAHHOIN MOBEPXHOCT METANTMYECKO 3aroTOBKM NlazepHO 06paboTKoM, yCTPONCTBO
nosyyeHVsi HAHOAWCMNEPCHbBIX OKCUAOB METAIOB, CMOCO6 MNONMyYEHUA HAHOCTPYKTYPHOTO KOMMO3ULIMIOHHOTO MaTeprana Ha OCHOBe
anoMVHUA, CMOCO6 MOAVGUKALIMU MOBEPXHOCTEN NIACTUH MasHOTO NIaCTUHYATOrO TeNI006MeHHKKa 1 Ap. 3aknoueHue. OfHa u3
aKTyasnbHbIX 3a[la4 SKOHOMUKM 10601 CTpaHbl — MOBbILEHWE KOHKYPEHTOCMOCOOHOCTY MPOMbILLIEHHOCTU 33 CUET ee TEXHOornye-
CKOro nepeocHalleHus. M B 3ToM HanpasieHWM rMaBHbIM 06 beKTOM BHUMAHUS CO CTOPOHbI FOCYAapCTBa Y KOMMaHWIA CTAHOBATCA
JIOAU VN NPeAnpUATYS, Ubs OCHOBHas paboTa CBsi3aHa C M306peTeHMEM 1 BHEAPEHNEM HOBbIX TEXHONIOTUIA.

KJTKOYEBDIE CJIOBA: HaHOTEXHONIOMW B CTPOUTENbLCTBE, HAHOPA3MepPHble MaTepuasibl, HAHOKOMMO3UT, HAHOAUCNEPCHbIE OKCUbI
METasIoB, HAHOCTPYKTYPUPOBaHE.
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OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

AN MUpP. DTO, TIPEKIE BCETO, MOKHO OTHECTH K M300pe-
TEHUSM YICHBIX, MHXXEHEPOB U CIICLIMAINCTOB U3 Pa3HBIX
CTpaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Crnoco0 mosryueHusi HAHOCTPYKTYPHPOBAHHOI
MOBEPXHOCTH METAIMYECKOM 3ar0TOBKH JIA3ePHOI
obpadotkoii (RU 2752821 C1)

Hanopa3mepHBIE CTPYKTYPHI XapaKTepU3YIOTCSI 0CO-
OCHHOCTSIMU, 3aKTIOYAIOIITMICS B TOM, YTO pacCMaTpH-
BaeMBbIC TTPOLICCCHI 1 COBEPIIACMbIC ICHCTBUS TIPONCXOISIT
B HAHOMETPOBOM JHAala30He IPOCTPAHCTBEHHBIX pa3Me-
POB, TI¢ MUCXOMHBIM MaTEPHUAIOM SIBJISTFOTCS OTHCIIBHBIC
ATOMBI, MOJICKYJIBI, MOJICKYJISIDHBIE CHCTeMEL. [1oaTOMY,
B OTJIMYME OT TPATUIIMOHHON TeXHOIOTHUH, IJIT HAHOTEX-
HOJIOTUM XapaKTePeH «MHINBUIYATbHBIN» TTOAXO, TIPU
KOTOPOM BHEIITHEE YIIPaBICHUE TOCTUTACT OTHCIHHBIX
ATOMOB M MOJICKYJT, UTO TTO3BOJISICT CO3/1aBaTh N3 HUX Ha-
HOpa3MepHBIC MaTepUaITbl C KOHTPOIMPYEMOM CTPYKTYPOit
W IIPUHIIATIAATIEHO HOBBIMH (PM3UKO-XUMUICCKUMU CBOM-
CTBaMU — ONITHMYECKUMMU, SJICKTPIIECKIMI, MATHUTHBIMH,
KOPPO3MOHHOCTOMKMU, B TOM YHCJIe 00eCTICUMBAIOIITME
VAYYIICHUE MEXaHIUECKIX ¥ TPUOOTEXHIMIECKIIX CBOIICTB
moBepxHOCTH. Ha 0CHOBaHMM BBIIIICM3I0KEHHOTO HOBEII
MOCTUTAEMBIN TEXHUICCKUI pe3yIbTaT IIPEAIoIaracMoro
M300peTEHMS 00eCIIeYMBACTCS CICAYIOIINMU TI0 CpaBHe-
HUIO C IMMPOTOTUIIOM TEXHUUYECKMMU TIpeumMylecTBamu [ 1]:

1. JocTturaeTcs IMOBBIIIICHNE KaUYeCTBAa COCTUHEHUS
Pa3sHOPOIHEIX (Pa3HBIX IO XUMHUECKOMY COCTaBY) Me-
TaJUIMYECKUX 3aTOTOBOK TIpU TN GY3NOHHOI CBapKe —
MOBLIIIEHNE He MeHee yeM Ha 14% npenesia IpoYHOCTH
CBApHOTO COCAMHEHUS 3a CUCT IpeaBAPUTEILHOTO Ha-
HOCTPYKTYPUPOBAHUS ITOBEPXHOCTH METALIMICCKOMN
3aTOTOBKM.

2. ObecrieunBaeTCs IIPU HAHOCTPYKTYPHUPOBAHNH M3~
MEHEHHE MCXOMHBIX (PU3NKO-XUMUIECKIX CBOMCTB I10-
BEPXHOCTU METAJTMICCKON 3aTOTOBKU — aTC3MOHHBIX,
ONTUICCKMX, JICKTPUICCKIX, MATHUTHBIX, KOPPO3UOHHO-
CTOMKMX, B TOM YHCIIC 00CCITCUMBAIOIINX YITyIIIICHIE Me-
XaHWUYCCKHX ¥ TPUOOTEXHIMUCCKIX CBOMCTB TTOBEPXHOCTH,
3a cueT (OPMUPOBAHUS MUKPOHHBIX M CYOMUKPOHHBIX
CTPYKTYP ONMHOYHBIM CKaHUPYIOIINM C(hOKYCHPOBAHHBIM
JIA3epHBIM JIyIoM. [TomydeHHbIe ITOBEpXHOCTHBIC CTPYKTY-
PBI IMEIOT BUIT MUKPOOOPO3T, MIKPOIIOP, MCKPUBIICHHBIX
KaHaJIOB, MUKPOKOHYCOB C TIOIIEPEUYHBIMU pa3MepaMu
oT 1 1o 5 MKM, a TakKe 1Iapoo0pa3HbIX CTPYKTYp Iua-
MeTpoM 0koj10 500 HM Ha IUTMHIPUYECKUX TTONCTaBKAX-
HOXKaxX (MUKPOIKETaxX) IMMpHHOI 0Koj1o 300 HM.

Henoreas (RU 2753652 C1)

M3006peTeHne OTHOCUTCS K 00JaCTU MOJIY4YeHUS
BCIIEHEHHOTO TeJIsT KpeMHe3eMa, CTPYKTYPUPOBAHHOTO

HaHOH00aBKaMM, KOTOPKIIT MOXET OBITh MCITOJIb30BaH
B Ka4eCTBE HU3KOIJIOTHOM 3a00MKIM B3PBIBHBIX CKBAKIH
WJIY IIITYPOB TIPU IPOOICHUH TOPHOTO MacCHBa IIPH J0-
ObIYe TBEPIBIX TTOJIE3HBIX MCKOMAaeMBIX [2].

[leHOoTeMb, BKITIOYAIOIINIT BOTHBIC PACTBOPHI KUIKOTO
CTeKJIa, KOaryJIsiTopa v TIEHO00pa30BaTelIsl, CMEIIaHHbIC
CXXaTBIM BO3IYXOM, U MCTIOJIb3YEMBI B KOHCTPYKIIUH
CKBaXXMHHOTO (IIIITypOBOTr0) 3apsifa B KauecTBe 3a001KH,
MHEPTHOTO IIPOMEXYTKA U TIPUIOHHOTO KOMIICHCATOPA,
OTJIMYAOIIUNICS TeM, UTO C IICJIbIO TTOBBITIICHUS YCTOM-
YUBOCTHA OH IOMOJHUTEIBHO COMEPKUT HAHOTO0ABKY
KPEMHE3O0JIb — «HAHOCWII-30».

TexHmaeckuit pe3yIbTaT JOCTUTACTCS TEM, UTO B Kave-
CTBE MICXOIHBIX BEIIECTB MCIOJIB3YeTCsT HAanboJIee JOCTYTI-
HBII ¥ JELIeBbIii KOMITOHEHT crinkar Hatpus 10—15%
Macc; B Ka4eCTBe HAHOMOOABKH MCTIOIB3yeTCsS] «HAHO-
cui-30» 0,05—0,15% Mmacc, yCuIMBaIIUi 30/1b-rellb
rpoliecc; oprodochopHast Kuciora 5—8% macc; XJ10pul
xkenesa 0,1-0,3% macc; nenoo6pasosaresib ABCK 3—5%
Macc u Bozaa 71,55—81,85% macc. [lonyyeHue reHorest
OCYIIIECTBIIIETCS Ha MECTE €T0 IIPUMEHEHMS B KAUECTBE
3a00KM CKBaXXMHHOTO 3apsima Ha OTKPBITHIX TOPHBIX
paboTax WM B IIaxXTaX IIPH MEXaHUMIECKOM CMEIINBAa-
HHUU CKaThIM BO3IYXOM BOIHBIX PACTBOPOB YKa3aHHBIX
BeIecTB. B 3aBUCMOCTH OT KOJIMUECTBA CXKATOTO BO3MyXa
KpaTHOCTb TIEHOTeJIsI BApbUpPYeET OT 5 1o 15 equnui. U3-
BECTHO, UTO TICHOTE/Ib CPEIHEH 1 BEICOKOI KPaTHOCTH JIJIST
3a001KH1 B3PBIBHBIX CKBaXKMH HEAOCTATOYHO 3((PEeKTUBEH,
TO €CTh HEe 00eCITeYnBacT 3allMpaHye ITPOIYKTOB B3PHIBA.

MerannnyecKuii CILIaB C BBICOKUMH
3KCILTYyaTAMOHHBIMHI XaPAKTePHCTHKAMH

JUIS1 ATATHBHOTO MPOM3BOACTBA JeTajeii MAIIHH
(RU 2750946 C1)

Heranm mpuraTesicii BHYTPEHHETO CTOpaHUsI, AeTaIn
ra30BOI TypOMHBI (HAIIPIMED, JIOTTATKH, COTIA, KOXKYXH,
KaMephl CTOPAHMST) TOJKHBI OBITH M3TOTOBIICHBI M3 Me-
TAJUTMICCKUX CIIABOB, BBIMIOJTHEHHBIX C BO3MOXKXHOCTBIO
BBIIIEPKMBATh BEICOKOTEMITEPATYPHBIC paOOUe YCIOBHS.
DT0 0COOEHHO OTHOCUTCS K IETaJISIM, KOTOPEIE PACITONO-
JKEHBI PSIOM ¢ KaMepaMU CTOPaHUS Ta30BOM TypOWHEL,
TaKUMM KakK coria TypOuHbI. TemriepaTypa pabouero rasa,
00pa30BaHHOTO MPOXYKTAMU CTOPAHUS B COITIaX ITEPBOit
CTYITeHU, MOXeT cocTaBaTh 1100°C nu BeIIIIe, B TO Bpe-
MsI KaK B CAMOU HIDKHEH T10 TTIOTOKY CTYIICHU TYPOMHBI
TeMIIeparypa ragaer 10 nmpuoansuteasHo 650—700°C.

7 TIpon3BOACTBA IeTalleil BpallleHUsI, TaKUX KaK
JIOTIACTU TIEPBOM CTYIIEHW TYpOWHBI, UCIIOJIB3YIOTCSI
cIieInaIbHBIC BEICOKOTEMIIEpaTypHBIE CIUIaBB Ha OC-
HOBE HUKEIIS. DTU CIUIABHI SIBIISIIOTCS JOPOTOCTOSIIIIMH,
HO 00s13aTeJTbHBIMU C TOUKH 3pEHUSI HEOOXOTUMOCTH BBI-
JIePKUBaTh COBMECTHOE CTPECCOBOE BO3ICUCTBHIE BBHICO-
KO TeMITepaTyphl ¥ BEICOKUX TMHAMWYICCKIX HaTIpsKe-
HU, 00pa30BaHHBIX B POTOPHOI YaCTH TypOOMAIIIIHEL.
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M300peTeHNEe OTHOCHUTCS K METAITYPTHUM, 2 UMEHHO
K METaJUIMYECKOMY CIUIABY C BRICOKMMH 3KCILTyaTalli-
OHHBIMH XapaKTePUCTUKAMU, U MOXET OBITh MCITOIB30-
BaHO IUTS aIINTUBHOTO IIPOM3BOICTBA AeTajIcii MaIlllH,
B YaCTHOCTH COITJIa Ta30Boi TypOUHHEI [3]. MeTamummye-
CKUI CITJIaB IUTSI U3TOTOBJICHUS COTUIA Ta30BOM TYPOMHBI
METOIOM aIIUTUBHOTO IIPOM3BOIACTBA, COCTOSIIINIA 13,
mac.%: 0 0,01-0,05, N 0,005—-0,025, S menee 0,003,
C0,005-0,07, Mn 0,6—0,8, Si 0,8—1,0, P menee 0,04, Cr
27-33, Ni 11-12, W 5-9, Fe 0,4—0,7, Ta menee 0,001,
B menee 0,003, Cu menee 0,001, Zr menee 0,003, Co —
octaibHOe. CIUTaB XapaKTepHU3yeTCs] BBICOKIMMU SKCILTY-
aTaIlMOHHBIMU XapaKTEPUCTUKAMU, 3 MMEHHO BBEICOKOM
YCTOMYMBOCTBIO K BBICOKOTEMIIEPATYPHOMY OKMCIICHUIO
¥ KOPPO3UH, BBICOKOI CTOMKOCTBIO K TSPMHUUIECKOI yCTa-
JIOCTH, a TAKSKE YIOBIETBOPUTEILHON CBAPUBAEMOCTBIO.

YeTpoiicTBO MoJTydeHns] HAHOUCTIEPCHBIX OKCUIOB
merauioB (RU 2752756 C1)

M300peTeHre OTHOCHUTCS K XUMIUYECKOM TIPOMBITIIICH-
HOCTHU 1 MeTauTypruu [4]. YCTpoCTBO IS TTOTYYeHUS
HAHOAMUCIIEPCHBIX OKCUAOB META/LUIOB (puc. 1) cOaepXuT
JIMHUIO | TIPUTOTOBIICHUS TIPEKYPCOPOB U JIMHUIO 2 TH-
IPOTePMaTBLHOTO CHMHTE3a, CHAOXKEHHEIC peaKTOpaMH,
HeHTpUdYraMu 1 eMKOCTIMHA. JIMHUS | BKITIOYaeT mep-
BRI peakTop, 3 — IS IIPUTOTOBJICHUST PacTBOpa Oca-
JUTENIsI, COEAUHEHHBII CO BTOPBIM PEAKTOPOM 6 — UIst
TIPUTOTOBJICHMS CyCTIeH3UN MpeKypcopa. K peaktopy 3
TTOIKITIOYEHBI eMKOCTB 4 ¢ OcamuTeIeM M eMKOCTb S ¢ JIHC-
TWIIMPOBaHHOI Bomoii. K peakTopy 6 IOAK/IIOUEH Mep-
HUK 7 C pacTBOPOM HUTpATHOM coju. PeakTop 6 coemu-
HEH C IEKaHTaTOpPOM 8§, COOOIIIEHHBIM, B CBOIO OUEPEb,
C EMKOCTEIO JIJIST IeKaHTaTa 9 ¥ ¢ TiepBoii ieHTprdyToit 10.
JIvans 2 cHa6xeHa peaktopoM 11 17151 rTuIpoTepMabHOTO
CHHTE3a, COCIMHEHHBIM ITOCPEACTBOM ITOABeMHIKA 12
¢ nepsoii ueHTpudyroit 10. K Bxomy peakrtopa 11 1oza-
KJTI0YeHa €MKOCTh 5 ¢ TUCTWIIMPOBAHHOM BOHOIA, CO-
eNMHEHHAsI ¢ IEKAHTaTOpOM 8, a K BBIXOAY peakTopa 11
MOIKTI0UeHA BTopas meHTpudyra 10, BEIXOH KOTOPOt
COeIMHEH ¢ CylmIKoii 13. PeakTopbl 3 1 6 BBIIOIHEHBI
B BHIE 3aKPBITHIX eMKOCTE, ¢ HAPY>KHBIX CTOPOH KOTOPBIX
CMOHTHPOBAHKI TEIIOOOMEHHBIC PYOAIlIKN, a BHYTPH —
MeIllaJIKU SIKOpHOoro Tura. Peaktop 11 BbIMOJHEH B BUE
aBTOKJIaBa, YCTAHOBJICH Ha TIepEeMEIINBAIOIIEM YCTPOIi-
CTBE M MOIKITIOYEH K KOHTPOJIIEPY C BO3MOXHOCTBIO 3a/1a-
HUS ¥ TTOIIeprKaHUS 3a0aHHOTO TEMITEpaTypPHOTO PEXKIMA.
YCTpoIicTBO MO3BOJISET MOIYIATh pa3IMIHbIC HAHOIN-
CIIEPCHBIC OKCHIBI METAJUTIOB 0€3 eT0 TIepeo0opyIOBaAHNS,
MO PXXUBATH ONTUMAJIbHBIC TEXHOJIOTMUSCKIE PEXKIMBI
¥ HaZe>XHO KOHTPOJIMPOBATH ITPOIIECC.

TexHMIECKUIA pe3yIbTaT JOCTUTACTCS 33 CUYET TOTO, UTO
K ITIEpBOMY PeaKTOPY MOMKITIOYEHBI EMKOCTH C OCATUTEICM
¥ C TUCTWTMPOBAHHON BOIOI, KO BTOPOMY PEeaKTOpy
TIOAKITIOYEH MEPHUK C PACTBOPOM HUTPATHOM COJIU, TIPH

Puc.1. TexHojornyeckas cxeMa noJy4eHus: HAHOIU -
CIEePCHBIX OKCHIOB METAJIJIOB METOAOM IMAPOTEPMAJIbHO-
ro CMHTe3a: | — TMHUS IPUTOTOBJIEHUS TPEKYPCOPOB,
2 — TUHUS THAPOTEPMAILHOTO CUHTE3a,

3 — TIepBHIif peakTop, 4 — eMKOCTD C OCaIUTEIICM,

5 — eMKOCTH C JUCTHUJUTMPOBAHHOM BOIOI, 6 — BTOPOI
peakTop, 7 — MEpHUK, 8 — IeKaHTaTop, 9 — eMKOCTb
g gekanrtara, 10 — nentpudyru, 11 — TpeTnii peak-
TOp, 12 — MOOBEMHUK, 13 — cyImika

9TOM JIaHHBIA PeakTOp COEAMHEH C AEKAHTAaTOPOM, CO-
OOILIEHHBIM, B CBOIO OY€PE/b, C EMKOCTBIO /UISI IeKaHTaTa
U C TIEPBO LICHTPUDYTOI, TIPUYEM YCTPOMCTBO TOMOTHU -
TEJIbHO COAECPXXUT JIMHUIO TUIPOTEPMAJIbHOTO CUHTE3a,
CHa0XXEHHYIO TPETbUM PEAKTOPOM — JIJIsI TUAPOTEPMAIb-
HOTO CMHTE3a, COeIMHEHHBIM MTOCPEICTBOM MOIbEMHUKA
C BBIXOJOM yKa3aHHOM LIEHTPpU@YTu, K BXOIY TPETHETO
peaxkTopa MOAKII0YEHA EMKOCTb C TUCTULIMPOBAHHOMN
BOJIOH, COeMHEHHAs C IEKAHTAaTOPOM, a K BbIXOIY Tpe-
TBETO PEeaKTOpa MOAKITIOUCHA BTOpas ICHTPUQYTa, BBIXOM
KOTOPOIi COeINHEH C CYLIWIKO. B yacTHOCTH, TIepBhIi
1 BTOPOU peakTOphbl BHITTOJHEHBI B BUJE 3aKPBITHIX €M-
KocTteit. B yacTHOCTH, C HAPYKHOU CTOPOHBI TTEPBOTO
U1 BTOPOTO peakTopa CMOHTUPOBAHbI TEIJIOOOMEHHbIE
pyO6aiiku. B yacTHOCTH, B IEpBOM 1 BTOPOM peaKkTopax
CMOHTUPOBAHbBI MEIIAJIKU IKOPHOTO TUIa. B yacTHOCTH,
TPETUIi peakTOp BHITTOJIHEH B BUE aBTOKJIaBa. B yacTHO-
CTH, TPETUI peaKTOp YCTAaHOBJIEH Ha MEpeMEIIBAIOIIEM
ycTpoiicTBe. B yacTHOCTH, TpeTuii peakTop MOAKIIOUEeH
K KOHTPOJLIEPY C BO3MOXHOCTBIO 3a1aHUS U MOAAEePKAHUS
3aJJaHHOTO TEMIIEPATYPHOTO peXruMa.

Cnoco0 cBapku AeTaJieii U3 JKaponpoYHbIX CILIABOB
HA HUKEJIEBOii 0CHOBE C MCIOJIb30BAHIEM JIa3€PHOTO
usayuenns (RU 2752822 C1)

B sHEepreTMIeCKMX YCTaHOBKAX YaCTO UCTIONB3YIOTCS
IIBYXCIIOMHBIC CBApHBIC TPYOBI 13 XKAPOIIPOTHOTO HIUKE-
JIEBOTO CIUIaBa U XKapoOIIPOYHOI OpOH3bI, 00IamaroIeii
BBICOKO TETLIOTIPOBOIHOCTHIO, IIPUUIEM COCTUHSIOT-
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¢ OHM MeXay coboit mnddy3noHHo# cBapKoil. XoTsd
ocyIecTBieHre TN GY3NOHHOM CBAPKH B BaKyyMe TN
B MHEPTHOI Ta30BOI cpelie PacIIpsieT TEXHOIOTTIECKIE
BO3MOXKHOCTHU JAHHOTO CITOC00a CBapKH, B HACTOSIIICE
BpeMsI IIpo0JieMa TTOBBIIICHUS KadecTBa COeTUHEHUS
¥ pacIIpeHNe TOITYCTUMOTO TEMIIEPAaTyPHOTO PeXKmMa
CBapKU ITO-TIPEKHEMY OCTACTCST aKTYaIbHOIA.

VirydmeHrne MeXaHMIeCKIX XapaKTePUCTUK CBAPHBIX
coequHeHUH TIpu TG GY3NOHHONM cBapKe BO3MOKHO
3a c4eT (h)OPMUPOBAHMS Ha CBAPUBACMBIX TTOBEPXHOCTSIX
Pa3HBIX YIIOPSIOYCHHBIX CTPYKTYP, B TOM YMCJIC MUKPOH-
HOTO ¥ CYOMUKPOHHOTrO MaciuTaba. /11 ux co3paHust Mo-
TYT IPUMEHSTBCS TaKME TEXHOIOTMYCCKIE IIPUEMBI, KaK
Ja3zepHast MOOU(UKAIIAS CBAPMBAEMBIX ITOBEPXHOCTEH
3aroTOBOK. I1epCIIeKTUBHBIM METOIOM (POPMUPOBAHUS
HAHOCTPYKTYPHI Ha METAJUTTIECKOI ITOBEPXHOCTU MOXET
CTaTh MPSMOE Ja3epHOe HAHOCTPYKTYpHPOBaHNE HAHO-
CEKYHIHBIMH UMITYJIbCaMU. YIIETparoIeTOBast 00J1aCTh
CITEKTpa JIA3epHOTO M3TyUYCHUS O0JIee IIpeArIouTUTeIbHA
BCJIEICTBHE 00JIee BRICOKOTO MOTJIOIICHMS U3IyICHUS
MeTaJlJTaMH 110 CPAaBHCHUIO C BUIMMOM 1 MH(paKpac-
HOM obJracTamMu criekTpa. DhheKTUBHOE BO3IEeCTBIE
JIa3epHOTO U3JTyYEeHUsT Ha TOHKUI (~1 MKM) MpUItoBepX-
HOCTHBIN CJIOM MeTajljIa TI03BOJISICT TOIyJYaTh pa3HbIe
MHKPO- ¥ HAHOCTPYKTYPHI C 3aJaHHBIMU TTapaMeTpaMMu.

M3o0peTreHe OTHOCUTCS K CIIOCOOY CBapKM IeTalieit
13 XKapOITPOYHBIX CIIAaBOB Ha HUKEJICBO OCHOBE M MOXKET
HAWTU TIpUMEHEHNE B Pa3HBIX CEKTOPaX MAIIITHOCTPOE-
HUs1 1 MeTayutypruu [5]. Texnudeckuii pe3yabTaT U30-
OpeTeHMsI COCTOUT B ITOBHIIIICHNN KaueCcTBA COCTUHECHUS
cBapuBaeMBbIX AeTajeii. Crroco6 BKITIouaeT o0paboTKy
JIa3epHBIM M3Ty4eHHEeM HAaHOCEKYHIHOTO MMITYJTbCHOTO
Jla3epa co CKOPOCTHIO OXITAXKICHISI HAHOCTPYKTYPUPYEMOI
TIOBEPXHOCTH, ObecIeunBaronicii (hopMrpoBaHUe Ha Heit
penbeHBIX CTPYKTYP ¢ pazmepoM MeHee 100 am. Koad-
(bymeHT TIepeKPHITHS TISITEH JIa3ePHOTO JIyda OIPECISIIOT
KaK OTHOIIICHME TUIOIIANN, 00paOb0TaHHOI IBYMS J1a3ep-
HBIMU UMITYJIbCAMM, K IIOLLAAY OJHOTO IATHA OT JIa3ep-
Horo sryJa. [Tocite HaHOCTPYKTYpHUPOBAHKS ITOBEPXHOCTEH
JeTaeil 13 XKapoIIPOYHBIX CIIABOB Ha HUKEIEBOI OCHOBE
OCYIIECTBIISTIOT MX MU (DY3MOHHYIO CBAPKY B TePMETHUHOMN
KaMepe BO3ICHCTBIEM TaBJICHNS ¥ HarpeBa CBapMBacMbIX
JeTajieil 13 XKapoIIpOYHBIX CIIABOB Ha HUKEIEBOI OCHOBE
B BaKyyMe WM B Cpelic THEPTHOTO Ta3a.

Crnoco0 nosryueHusi HAHOCTPYKTYPHOTO
KOMIIO3UIMOHHOT0 MATEPHAJIA HA OCHOBE
amovunns (RU 2751401 C2)

M306peTeHre OTHOCUTCS K CIIOCOOY MOJTyYeHUsI Ha-
HOCTPYKTYPHOTO KOMIIO3UIIMOHHOTO MaTepuraja Ha OC-
HOBE AIFOMUHUS, MOTUGHUIINPOBAHHOTO (QyJIEpeHOM
C60, ¢ ynydmeHHbIMI (PU3UKO-MEXaHNIECKIMU CBOM-
CTBaMH, TSI IIPUMEHEHMS B 00JIACTH MAIITMTHOCTPOCHMST
¥ aBMaKOCMUYECKOI oTpaciu [6].

HaHocTpyKTypHBIe KOMITO3UIIMOHHBIC MaTePUAIBI
Ha OCHOBE aJTIOMUHUS, MOTUMDUIINPOBaHHEIC (yIIIepe-
HoM C60, 1eMOHCTPUPYIOT ITOBBILIEHHbII YPOBEHb MEXa-
HUYECKUX CBOICTB. J1JIT TAaKOTO poma HAHOCTPYKTYPHBIX
KOMITO3UTOB U3BECTHO, UTO IIPY YMEHBIICHUH CPEITHETO
pa3Mepa KpUCTAJUTUTOB MAaTPUIIBI TIPOYHOCTHBIC CBOM-
CTBa BO3pACTAaOT, IPU 3TOM Ha HAYaJIbHBIX CTaIMIX
IIPOMCXOINT JJAMUHAPHOE CHIDKCHUE TIJIACTUIHOCTH,
MIPOIIOPIIMOHAIBFHOE YMEHBIIICHUIO CPETHETO pa3Mepa
KPHMCTAJUTUTOB, a 3aTeM, TIPU JOCTIDKEHIN KPUTHICCKOTO
3HAYCHUS CPEIHETO pa3Mepa KPUCTAJUTUTOB, IIPOMCXO-
IIAT pe3Koe CHIDKCHNE TIAaCTHYHOCTH TTOUTH 0 HYJIEBBIX
3HaueHU. [ToaToMy yIipaBieHIe CBOIICTBAMI OOBEMHBIX
HAHOCTPYKTYPHBIX KOMIO3ULIMOHHBIX MATEPUAJIOB JIUIIb
3a CYCT YMEHBIIICHUS CTPYKTYPHBIX 3JIEMECHTOB MaTepH-
ajia CUIbHO OTpaHMYCHO.

3amaua, Ha pelIeHrue KOTOPOU HaIIpaBICHO TaHHOE
M300peTeHNE, HalleJIeHa Ha CO3IaHe HAHOCTPYKTYPHOTO
KOMITO3UIIMOHHOTO MaTepraa ¢ IyIJICKCHOM CTPYKTYpOit
Ha OCHOBE AJTFOMUHUST, MOTM(UIIPOBAHHOTO (DY TIEpeHOM
C60, ¢ yaydlieHHBIMU (PU3MKO-MEXaHUYECKUMU CBOI-
CTBaMMU JIJIST ICTIOJIB30BAHUS B MAIITMTHOCTPOCHIH 1 aBHa-
KOCMMUECKOM oTpacin. [loctaBieHHas 3amavya pemacTcst
Oraromapst TOYHOMY KOHTPOJTIO XUMHUIECKOTO 1 (Da30BOTO
COCTaBa ITOPOIIKOB, 00CCIICICHIIO CPEIHETO pa3Mepa KpH-
CTAJUTUTOB ATFOMIHUS < 70 HM B MEJIKOKPHUCTAIITITYECKOM
ropoike 1 B quara3one 70—150 HM B KpYITHOKPHUCTAJITN -
YECKOM, 3a CYET CTPOTO COOJIOACHUS COOTHOIIeHNUS 1:1
TTOPOIITKOB JBYX TUIIOB B KOHEUHOM MaTepHalie, a TakKe
3a CYeT MX CMEIIMBAaHUS Ha YPOBHE OTHCIBHBIX KPUCTA-
ymToB. B KauecTBe MoauuMpyolIei yriepoaHoi ¢ha3bl
HCIIONB3yeTcs Topoiok ¢ysurepena C60 B KpucTamimye-
ckoii popme B kommmuectse 0,1—5—0,5 Bec.%.

TexHMIeCKUM pe3yabTaTOM SIBJISICTCS YBETMUCHHUE
IUTACTUYHOCTH HAaHOCTPYKTYPHOTO KOMITO3UIIMOHHOTO
MaTepHraa ¢ IyIUIEKCHOM CTPYKTYpOIf Ha OCHOBE aTFOMH-
Hus, MonuduImpoBaHHoro gysepeHoM C60, mpy He3Ha-
YUTEIBHBIX TIOTEPSIX B IPOYHOCTHBIX XapaKTePUCTUKAX.
Crioco6 nory4eHrsI HAHOCTPYKTYPHOTO KOMITO3UITMOHHO-
TO MaTepHaa ¢ IyIJIEKCHOI CTPYKTYpOil Ha OCHOBE aJTio-
MMHUS BKJIIOUACT B 05T HECKOIBKO CTAIMIA TTONTOTOBKH
KOMITOHEHTOB: | — ITOATOTOBKA KPYITHOKPUCTATITTICCKIX
ITOPOIIIKOB; 2 — TIOATOTOBKA MEJTKOKPHUCTAIUTIMUECKIX T10-
POIIIKOB; 3 — CMeIIMBaHWE KPYITHO W MEJTKOKPHUCTAJLIH-
YECKUX ITOPOIITKOB; 4 — KOHCOIMIAIINS ITOTyYeHHOM T10-
POIIIKOBOI CMECH METOIOM MHTEHCUBHOM IIaCTUIIECKOM
nedopMaIiy — TIPSIMOI TOpSTIEii SKCTPY3UM.

Crnoco0 moryueHnsi KOMIIO3UIHOHHOT0 MaTepHaia
C OPMEHTHPOBAHHBIMY YTJIEPOTHBIMI HAHOTPYOKaAMHU
(RU 2751882 C1)

MN300peTeHrie OTHOCUTCS K 00JIaCTU TIPOM3BOACTBA
KOMITO3UIIMOHHBIX MaTePUAIOB, COCTOSIINX U3 apMU-
pyIoIIero MaTepraa, IoJIMMepHO MaTpUIIbl U HATION -
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HUTEIISI, B POJIM KOTOPOTO BBICTYITAIOT YIJICPOTHBIC Ha-
HOTPYOKH, ¥ MOKET OBITh UCIIOIH30BAHO TP CO3MAHNHI
KOMITO3UIIMOHHBIX MAaTepHAJIOB C IIOBHIIIICHHOM ITPOYHO-
CTBIO 32 CUCT MCIIOIH30BAHMS OMHOPOIHOTO TTOCTOSTHHOTO
3JIEKTPUIECKOTO TIOJISI, Pa3pyIIaoIIeTo arJIoOMepaThl yIje-
POIHBIX HAHOTPYOOK M OPUEHTUPYIOLIECTO HAHOTPYOKH
[7]. Ciocob moirydyeHrsT KOMITO3UIIMOHHOTO MaTepuaia
C OPMEHTHUPOBAHHBIMU YTJICPOIHBIMI HAHOTPYOKAMMU,
3aKITIOYAIOIINIACS B CO3MAHUN ITOIMMEPHOTO KOMITO3UIIN-
OHHOTO MaTepHajia C OpUCHTUPOBAHHBIMI HAHOTPYOKAMM
C TIOMOIITBIO JIEKTPUUYECCKOTO TIOJISI, TS apMUPYIOIITIIA
MaTepuaj IPOIyCKaeTcs yepe3 MPOIUTOYHYIO BaHHY,
COIepKaIIyio IMTOJTUMEPHOE CBSI3YIOIICEe U YTIIICPOIHBIC
HAHOTPYOKHM B HAIIPaBJIICHUH BEKTOpa HAIIPSIKCHHOCTH
OIHOPOIHOTO ITOCTOSIHHOTO SJIEKTPUIECKOTO TIOJIST, BO3-
HUKAFOIIETO IPH IToAaue TMTOCTOSTHHOTO JIEKTPUIECKOTO
TOKa, pa3pyIaloIIero arJIoMepaThl YIJICPOTHBIX HAHOTPY-
OOK 1 OPMECHTHPYIOIIETO HAHOTPYOKH BIOJTb HAITPABICHMS
IBIDKCHUS apMUPYIOIIETO MaTepraJa.

TexHmuecknii pe3yabTaT TOCTUTACTCS TEM, UTO
B CITOCO0€ TTOTYICHMST KOMITO3UIIMOHHOTO MaTepuaja
C OPUEHTHUPOBAHHBIMU YTJICPOIHBIMI HAHOTPYOKAMMU,
3aKJIIOYAOIIEMCST B CO3MaHUHU TTOJMMEPHOTO KOMIIO3H-
LIMOHHOTO MaTepurasa ¢ OpUeHTUPOBAHHBIMUA HAHOTPYO-
KaMH C TIOMOIIIBIO 3JICKTPUICCKOTO TTOJIST, apMUPYIOIII
MaTepuajl IMPOIyCKaeTCs Yepe3 MPOIUTOYHYIO BaHHY,
CoIepKaIIyio IMMOJTUMEPHOE CBSI3YIOIICe U YIIICPOIHBIC
HAHOTPYOKHM B HAIIPaBJIICHUH BEKTOpa HAIIPSIKEHHOCTH
OIHOPOIHOTO ITOCTOSTHHOTO 3JIEKTPUICCKOTO ITOJIST, BO3-
HUKAIOIIETO IIPH TTOIaYe ITOCTOSTHHOTO 3JIEKTPUIECKOTO
TOKa, pa3pyIaloIIero arJioMepaThl YIJIepOTHBIX HAHOTPY-
OOK 1 OPUEHTHUPYIOIIETO HAHOTPYOKH BIOJIh HAIIpaBIIC-
HUS IBVDKCHUST apMUPYIOLIETO MaTepHaa.

M3006peTeHme MOSICHSICTCS PUC. 2 U pUC. 3.

Cr1oc00 TIoIyJ4eHIST KOMITO3UIIMOHHOTO MaTepuaa
C OPMEHTHPOBAHHBIMU YIJICPOTHBIMI HAHOTPYOKaMM 3a-
KITIOYAETCS B CO3MAHNN TIOJTMMEPHOTO KOMITO3UITMOHHOTO

Puc. 2. Ilpuanunmansnas cxemMa yCTaHOBKH: | — apMu-
PYIOIINIT MaTepuai, 2 — MIPONUTOYHASI BAaHHA,

3 — o0KITaKu, 4 — OPUEHTUPYIONINIL OJIOK, 5 — pou-
KU, 6 — orpaBKa, 7 — eMKOCTb CO CBSI3YIOLIIM,

8 — mmynsIpHUK, 9 — ocn, 10 — yrimepoaHble HAHOTPYO-
Ku, 11 — moauMepHoe CBsI3yIolee

13
x obxnamxam

IZE/I

Puc. 3. IIpuanunuaibHas cxeMa OPHEHTHPYIONIEro 0J10-
Ka: 12 — tpancdopmatop, 13 — DTUOTHBII MOCT

MaTreprajia ¢ OpUeHTUPOBAHHBIMA HAHOTPYOKAMH C TIO-
MOIIIBIO SJIEKTPUICCKOTO MOJIST, TIPH 3TOM apMUPYIOIIHIA
Matepuai | mporrycKaeTcst uepe3 IIPOIMTOYHYIO BaHHY 2,
colepsKaIIyro IToJIMMepHOe CBsA3yIolee 11 1 yriuepoaHble
HaHOTPYOKM 10 B HampaBIICHNM BEKTOpa HAIIPSIKCHHO-
CTU OMHOPOTHOTO ITOCTOSTHHOTO 3JIEKTPHYECKOTO TTOJIS,
BO3HMKAIOIIETO MPU ITogade IMOCTOSTHHOTO 3JICKTpHYe-
CKOT0 TOKa, pa3pyllialoliero araoMepaThbl yIepoaHbIX
HaHOTPYOOK 10 1 OpUEHTUPYIOILIET0 HAHOTPYOKM BIOJH
HampaBJICHUSI IBVDKCHUST apMHUPYIOIIEro MaTepurana 1.

3amuTHOE MOKPHITHE M CIIOCO0 €r0 HaHEeCEeHH s
(RU 2752488 C1)

M3obpereHne oTHOCUTCS K 00J1aCTU 3alIUThl METaI-
JIOB OT KOppo3uH [8]. 3alIMTHOE ITOKPHITHE TIOBEPXHOCTH
HEeJIETMPOBAHHOM CTaJIA COAEPXKNT 5—75 mac. % mopoiika
MOIHGUIIMPOBAHHOTO (hochHOPOM MEIbYTICPOTHOTO Ha-
HOKOMITIO3MTa, pacIIpee]ICcHHOTO B MHIYCTPUAIHFHOM
Macie M-20. I moaydeHnsT 3alIUTHOTO TTOKPBITHUS
Ha ITOBEPXHOCTh HEJICTUPOBAHHOM CTAJIM HAHOCSIT KOM-
TTO3ULINIO, COAepKaIIyi0 MHAYCTpHaibHOEe Macio M-20
¢ 5—75 mac.% nopoika MoarubULMPOBAHHOTO hocdo-
POM MEIbYTICPOTHOTO HAHOKOMITO3UTA, 1 TIOABEPTAIOT
TEPMOXMMMUYCCKOM aKTUBALIMH ITyTeM HarpeBa B TCUCHIE
20 muH ipu Temneparype 100—200°C. B xome obpasoBa-
HUS TTIOKPBHITHST (DOPMUPYIOTCS TIPOYHBIC TOHOPHO-aK-
LIENTOPHBIC CBS3M aTOMOB Xele3a ¢ ¢ocopoM, Haxo-
ISIIIMCSI B COCTaBe MEAbYIJIEPOTHOTO HAHOKOMITO3HUTA,
KOTOpBIE, COTJIACHO CIIEKTPaM PEHTTEHO3JICKTPOHHOMK
CIIEKTPOCKOIINH, YCTOMYMUBEI IIPY KOMHATHOM TeMIIe-
patype n ipu HarpeBe 10 500°C u BreIlIe. M300peTeHne
obecrieunBacT BEICOKYIO CTCIICHB 3aIINTHI IIOBEPXHOCTH
HEeJICTUPOBAHHOI CTaJIA OT KOPPO3UH 32 CUET ITOTYUCHUS
MIPOYHBIX XUMIUIECKIX CBSI3ei MEXKIY aTOMAMU IIPOTHUBO-
KOPPO3MOHHOTO ITOKPHITHUS ¥ €T0 IIPOYHOTO XUMHIIECKO-
TO CIEIIICHMS C TIOBEPXHOCTHIO CTaJIN.

3amaueii 3asIBISIEMOTO M300PETCHUS SIBIISICTCST MaK-
CHMAJIBHO YIIPOCTUTD IO YUCITY KOMIIOHCHTOB COCTaB
ITOJIy9aeMOTO TOKPBITUS W MCIIOJIb30BaTh BBICOKYIO
XHUMMYECKYIO U aACOPOLIMOHHYIO aKTUBHOCTb MOIU-
ummpoBaHHBIX (HOCHOPOM METAILTYTIIEPOTHBIX HAHO-
KOMITO3UTOB. [IJIsT MOCTIKEHMS TTOCTAaBJICHHOI 3agaqn
HaMM OBIJT UCITOJIB30BaH MOAN(UIIMPOBAHHEIN Gocdo-
POM METaJUIyTJIEPOXHBII HAHOKOMITIO3UT, TTOTy4YeHHBII
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METOIOM MEXaHOXUMHUIECKOTO B3aNMMOICHCTBUST MEIb-
YIJIEPOTHBIX HAHOCTPYKTYP € TToochaToM aMMOHMSI.
MenbyTaepoaHbIii HAHOKOMITO3HUT IIPEICTaBIIICT COOOM
HaHOpa3MepHBIM MeIbComepKaIINii KJIacTep, CTaA0MIIN-
3UPOBAHHEIN YIIIEPOTHBIMUA BOJIOKHAMU, COCTOSITIIIMU
13 pparMeHTOB ITOIMAIICTIIICHA ¥ KapOWHA C HeCITapeH-
HBIMU 3JIEKTPOHAMM Ha CTBIKaX (parmeHTOB. biaroma-
PST TAKOMY CTPOCHUIO MCXOMHBIM HAHOKOMITO3UT JIETKO
BCTYIAET B peakInio ¢ moarpocdaToM aMMOHUS, B pe-
3yJIbTaTe KOTOPOii (hocop BOCCTaHABIMBACTCS M BXOIUT
B YIJIEPOIHYIO 000JIOUKY MEABYTIIEPOTHOTO HAHOKOMIIO-
3UTa MEXIY (DparMeHTaMM YTIICPOIHBIX BOJOKOH. [Tpm
3TOoM (pocop MOXKET OBITH CBA3BIBAIOIINM 3BEHOM (JTMH-
KepOoM) ¢ BeIlleCTBAMM IMTOBEPXHOCTH MeTajlia.

TexaUuecKnii pe3yabTaT JOCTUTACTCS TeM, UTO I10-
POIIOK JAHHOTO MOIU(PHUIIMPOBAHHOTO MEILYTIICPOITHOTO
HAaHOKOMITO3UTa CMEIINBAIN ¢ 0230BBIM MIHEPATLHBIM
MaciioM M-20, KoTopoe B ICXOMHOM COCTOSTHHH (B YACTOM
BHIC) He 00JIaacT 3aMETHBIMU 3aIIUTHBIMU CBOMCTBAMI.

[Tpu cMemmBanum Maciao M-20 ¢ TOpOITKOM MO-
nuuuIupoBaHHOTO (GochopoM MedbyrJIECPOIHOTO
HAHOKOMITO3UTA OBLIN ITOJIYIeHBI MACISTHbIC KOMIIO-
3ULMU, colepxkKallue oT 5 10 75% HAHOKOMITO3UTA.
[IpenBapuTenbHBIC OMBITH ITOKAa3aJIM, 9YTO BBEICHUE
MOIUPUIIMPOBAHHOTO (HocHOPOM MEIbYIICPOITHOTO
HAHOKOMIIO3WTa B MUHEPAIBHOE MACJIO XOTS U TTOBBI-
maeT 3pHeKTUBHOCTD 3aIIUTHOTO TTOKPBITHS, OMHAKO
CIIOCOOCTBYET CHIKCHUIO CKOPOCTH KOPPO3UH CTaJIA
Ha 10—30%. B xone 9KCrepuMeHTOB ObLIO YCTAHOBJIEHO,
YTO HarpeBaHMe 00pa3IoB ¢ TOKPHITUEM M3 Maciia ¢ 10-
OGaBieHueM MoIM(GUIUPOBAaHHOTO (PochOpPOM Meaby-
miepogHoro HaHokoMno3nuTa 10 100—200°C moBbIIIaeT
XUMUYECKYIO0 aKTUBHOCTh HAHOKOMIIO3UTA, B pe3yJIbTaTe
Yero Ha ITOBEPXHOCTH 00pa3yeTcs 3alllTHOE TTOKPHITHE,
CHITXAIOIIIee CKOPOCTh KOPPO3WH B 3aBUCUMOCTH OT KOH-
HEeHTPAINHA MOIU(PUIITPOBAHHOTO METAJUIYTICPOTHOTO
HaHokoMIto3uta Ha 70—95%.

IToaynpoBoauuKoBbIii GoTO3NEKTPUYECKHI
npeodpasosarean (RU 2750366 C1)

ComHeyHast pOTO3HEPIeTHKA SIBJISICTCS OMHOM 13 Hau-
0oJiee OBICTPOPACTYIINX OTPACICii MIPOBOI SKOHOMMU -
KU, CPEITHETOIOBEIE TEMITBI POCTa KOTOPOI OLICHIBAIOTCS
B 20%. Y OCKOJIBKY CTOMMOCTb TeHEpUPYeMOro (hoTo-
SIIEKTPUICCKIMHU MOIYJISIMU 3JICKTPUIECTBa TTOKa CIIe
OCTaeTCsl JOCTATOYHO BBICOKO (YCTaHOBIICHHASI MOIII-
HocTh ~$1/Bt, crommocTs anekrposueprun 0,07 $1/BT),
CITOCOOBI e¢ YICIIICBIICHNS 3a CYET YBEeTMICHUS d(D(PEKTUB-
HOCTH TIpe0Opa30BaHMST COTHEYHOTO M3TyUCHUS B DJICK-
TPUYECTBO W YBEIMUCHUSI TIPON3BEICHHOM 3JIEKTPOIHEP-
TUU SIBJISTIOTCST BEChMa aKTyaJTbHBIMU 3aadaMI.

M3o0pereHne 0THOCUTCS K 001aCTU TIPSIMOTO TTPeo0-
pa3oBaHUs CBeTa B JIeKTpuuecKylo sHepruio [9]. Coi-
HEUHBIN 3JIEMEHT IIPEACTaBIIICT CO00IT MHOTOCIIOMHYIO

CTPYKTYPY IS TTPeoOpa30BaHMS CBETA M CJION C HAHECEH -
HBIMW HAHOYACTUIIAMU Ha WJIA BHYTPU, WIN TIOJ CIIOEM
MPOCBETISIIOLIETO MOKPBITHS, 00JIaNal0OIIMMU CBOMCTBAMU
doTomomMuHecIeHINY nof, AeiictBueM Y® uzyueHus.
ITocKombKy (OTOTFOMIHECIICHIINST IIPOUCXOANT B 00IACTH
BUIMMOTO CBETA C MEHBIIIEH SHEPrUeii KBAHTOB, TO TIOTOK
TeIIa BHYTPb COJTHEUHOTO 3JIeMeHTa coKpamaercs. [
COXpaHeHUs W yIydlIeHus 3pPeKTUBHOCTU ITpeodpa-
30BaHMS CBETa HAHOYACTHUIIBI JOJIKHBI 00JIanaTh KBAHTO-
Boii a(ppexTnBHOCTLIO (hoToMoMMUHecHeHIMT K > 1, rie
K ompenensercs 1o rpeuIokeHHOI pacdeTHOM (hopMyIie,
CBS3BIBAIOLIEH Kpait momtomeHus Y@ nuamna3oHa HaHO-
YaCTULIAMM; ITTMHY BOJIHBI CITEKTPa (DOTOTIOMUHECIIEHIINN
Ha MOJIYITUPUHE IMMKa (DOTOIOMUHECLIEHIIUYN U CITEK-
TpaJbHBINA OTKJIMK ITOJYITPOBOIHUKOBOTO (hOTOIIEKTPH -
YeCcKOro Impeodpa3oBaTeis Ha ITMHE BOJTHEI cBeTa A. KoH-
CTPYKIIMS COJTHEYHOTO dJIEMEHTA COTTACHO M300PETEHUIO
obecrieunBaeT yBeIM4eHe BEIPA0OTKI 2JIEKTPOIHEPIU
COJIHEUHBIM 3JIEMEHTOM 3a CYeT CHIDKEHUS pabodeil TeM-
TepaTyphl dJIeMEHTAa.

TexHnyeckKnM pe3yabTaToOM M300peTeHUS SIBISIETCS
yBenmmueHre 3(pHeKTUBHOCTH TTPeoOpa30BaHUsT SHEPTUU
CBETOBOTO U3TYYEHUS B DIIEKTPOIHEPTHUIO B paOOUMX yC-
JIOBUSIX, KOTJIa TEMIIEpaTypa COJTHEYHOTO DJIEMEHTA T10-
BBIIIAeTCS M 3P PEKTUBHOCTH TPeoOpa30BaHM MamaeT.
TexHn4eckuii pe3yabTaT JOCTUTAETCS 3a CUeT TOTO, YTO
B ITOJTYIIPOBOTHUKOBOM (hOTORJIEKTPUUECKOM TTpeodpa-
30BaTesie, coaepKalleM 0apbepHBIN CIION I pasaese-
HUST HOCUTEJIEH 3apsiia B BUIE P—N Mepexo1a I TeTepo-
repexona, MpOCBETIISIONIee TOKPHITHE, CJIOM HAHOYACTUII
1 METaJUIM3MPOBAaHHBIE KOHTAKTHI, TIe HAHOYACTUIIHI,
HaHeCeHHbIe Ha WJIM BHYTPU, WIN TIOM, CJI0EM ITPOCBET-
JISIONIETO MMOKPBITUS, 00J1aAaI0T BO3MOXKHOCTBIO (DOTO-
JTIIOMUHECIICHITNY TI01 Bo3meiicTBreM cBeta YD muama-
30HAa C JJIMHOM BOJHBI B TUAMTa30HE ONTUMAIbLHON UyB-
CTBUTEJIBHOCTH (DOTORIEKTPUUECKOTO ITpeodpa3oBaTeIs
1 KBaHTOBOU 3(P(HeKTUBHOCTHIO (DOTOITIOMUHECIICHIIN
K He menee 1, rne K omnpenensiercs: mo npemioXeHHOMN
pacueTHOIT hopmyie.

Crnoco6 MoauduKamu noBepxXHOCTEl IIACTHH NASTHOTO
miacTuayaToro TemioodomMenauka (RU 2754338 Cl1)

M3006peTeHre OTHOCUTCST K HAHOTEXHOJIOTUU W Ha-
HOCTPYKTYpPaM, B YaCTHOCTH, K CIIOCOOY TTOTyYCHUS MO-
I(PUITIPOBAHHOTO CJI0S, COIEPXKAIIETO HAHOPa3MepPHBIC
aJIMa3HBIe (ha3bl, 1 MOXKET OBITH MCTIOTB30BAHO IJIST MAIIIH-
HocTpoeHus 1 sHepreTuku [10]. 3amaya n3obpeTeHUs —
OITUMU3AIINS TTApaMETPOB TEXIIPOIIeCca YIyUIIeHHOMN
MonuUKAIINY BEIOOPOUYHBIX 00JIaCTel MTOBEPXHOCTEH
mractuH ITITTO 3a cueT npuMeHeHUd TpadapeToB B Ba-
KYYMHO# KaMepe Tiepelt JaTbHEHIIINM COeIMHEHUEM TIa-
CTHUH JIPYT C IPYTOM ITAfKOI WJIN CTICKAaHEM.

TexamdecKuii pe3yIbTaT JOCTUTACTCS 3a CUCT YIIPOU-
HEHUS ITOBEPXHOCTH U CHIKCHMS TUAPOTNHAMNIECKITX
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ITOTeph IIPH COMCPKAHNH aIMa3HBIX (Da3 B MOTU(PHUIIIPO-
BaHHOM c¢J10€ OT 5 710 15%, 4TO IPUBOAUT K YBEJIUYECHUIO
CpoKa CIIy*KOBbI, CHUKCHHIO HATPy3KM Ha THApaBIAUe-
CKYIO CHCTEMY U TTOBBIIICHUIO 3(h(eKTUBHOCTH TETLIO-
oomena [TITTO. CoBOKyITHOCTh (DM3NUECKUX OCOOEHHO-
CTeii B3aMOIEHCTBHS JTa3¢PHOTO M3ITYICHMS C TpahuTOM
MO3BOJISIET C(HOPMUPOBATH MOIUMDUIIMPOBAHHEIN CIIOM,
comepXKalIunii yriaepomaHbie 1 anMasHble dha3el. Hammane
anrMasHbIX a3 B cocTaBe MOAU(DUIIMPOBAHHOTO CIIOST
00yCIIaBIMBACT €T0 BBICOKYIO M3HOCOCTONKOCTh M CHU-
JKEeHHE TUAPOTNHAMUIECKOTO COITPOTUBIICHUS.

Cnoco6 MommduKaluyd IMOBEPXHOCTEH TIACTUH
MasTHOTO TIJIACTMHYATOTO TEINIOOOMEHHMKA BKIIIOYACT
pa3MeIeHne B BAKYYMHOI KaMepe TUTACTUHEI 1 YIJICPOI-
comepKaleil MUIIICHN, OTKAYKy KaMepHI 10 TpeOyeMoro
YPOBHS BaKyyMa, JIa3epHYI0 00pabOTKy MUIIECHH C T10-
cJIeIyIolIeil KOHICHCAINE Ha TTIOBEPXHOCTD ITACTUHBI
MOIU(MUIMPOBAHHOTO CJIOSI, COIEePKAIIETO aIMa3HbIC
(azsb1. [1py aTOM HaHECeHNE MOTU(DULIMPOBAHHOTO CIIOSI
Ha MMOBEPXHOCTh TCITOOOMEHHBIX TUIACTAH OCYIIECT-
BJISIOT TIyTeM McrapeHus B Bakyyme 10—5...10—7 Topp
yIaepocoaepKaieil MUIIeHT UMITYJIbCHBIM JIa3¢ PHBIM
W3Iy9IeHUEM, IUISI 00pabOTKI MUIIICHHN MCIIOIB3YIOT JIa-
3epHOe U3JIydeHUe C UIMHOM BOIHBI OoT 190 mo 310 HM,
IUTUTEIIBHOCTBIO MMITYIThCOB OT 1 mo 100 Hc ¢ gacToToi
noBTopeHus ot 10 o 100 'l ¥ IJIOTHOCTBIO SHEPTUN
Ha noBepxHocTu Muiteru ot 1 go 10 [x/cm?. Coxep-
JKaHHMe aJIMa3HBIX (a3 B MOTU(UIIMPOBAHHOM CIIOE CO-
cTaBisieT ot 5 10 15%, a ToniumHa Moau(pUIMPOBAHHOTO
cios coctapiuget ot 30 mo 300 HM.

OcylecTBiIcHE N300peTeHUS MIPEACTaBICHO Ha
puc. 4. B BakyymHoOIt KaMepe 1 ycTaHOBJICHA TIIAaCTUHA
IITITO 2. JlazepHsIii 1y4y 7 monagaeT B KaMepy dyepe3
BaKyyMHO€ OKHO 6 1 (pOKyCHUpYeTCsl Ha ITIOBEPXHOCTH
MuIeHn 9. Martepua MUIICHN, UCTIApEHHBIN B pe3yIlb-
TaTe Ja3epHOTO BO3ICCTBYUS, IIEPEHOCUTCS B BUIIE pac-
IIHAPSTIONIETOCS TIa3MEHHOT0 00J1aka 8 Ha ITOBEPXHOCTh

Puc. 4. Cxembl HaHeCeHHsT MOIU(DHITMPOBAHHOTO CJIOS:

1 — BakyymMHas kamepa, 2 — miactuHa I[1I1TO, 3 — mo-
munuduposBaHHbIii cioit (MC), 4 — mastbHasI TacTa,

5 — TpadapeT, 6 — BaKyyMHOE OKHO, 7 — JIa3epHOE 13-
Jy4eHne, 8§ — Ira3sMeHHOe 00J1aKo, 9 — MUIIIeHB

ractTuHbl [TTITO 1 XoHgeHCcupyeT B BUIe MOIUDULIN-
POBAHHOTO cJ10s 3. Y9acTKu, IpeaHa3HaYeHHBIC TS Ha-
HeCeHUs TasTbHOU TACTHI 4, 3aIIUIIAIOTCS OT HAHECECHUS
MOAU(UIIUPOBAHHOTO CJI0SI ¢ ITOMOIIbIO TpadapeTa 5.
Hap o6pabatsiBaeMOil MOBEPXHOCTHIO pacroJiaraloT
Tpadaper, 3amadeit KOTOPOTO CIYKUT 3aI1Ta YIaCTKOB
IJIACTUHBI OT HaHeceHNsT MC Ha yJacTKH, IpeaHa3Ha-
YeHHBIE JIJIST TTOCIeIYIONIero 00pa3oBaHus crast. Takum
obpasomM, HaHecennto MC OyayT IoJaBepraThCs y4acT-
K1 moBepxHOCTH TutacTuHbI [TTTTO, KoHTaKTUpYIOIIe
B TIpOIIeCCe IKCILTyaTalluH C XKUIKOCTBIO.

Taxonce npeacmaexmlom unmepec 0as cneuuaaucmoes
cae()ylomue usoo'pemeuuﬂ 6 00aacmu HaHOMEXHOA0UTL:

« Criocob MonuduimpoBaHus 6eTOHA KOMITIEKCHOM 10~
0aBKOI, BKITIOYAIOIIEH TMAPOTepMaTbHbIe HAHOYACTUIIBI
SiO, 1 MHOTOCJIOMHBIE YITIEPOIHEIC HAHOTPYOKH [11].

o Croco0 1mosrydyeH:sI HAHOYACTHII 30510Ta [12].

o Crroco6 rumpoobaropaxkuBaHus BAKYYMHOTO ra3oiis [13].

«  Croco0 monmy4yeHrs1 HAHOKPUCTAITMIECKO STCUITOH-ha3bl
okcua xejesa [14].

«  Crnoco0 mory4eHus yITpOYHEeHHOTO HAHOKOMITO3UTA C 10-
MOJHUTEILHBIMU CBOMcTBaMHU [15].

«  BrIpammBaHue HaHOTPYOOK 13 CBOOOTHBIX aTOMOB [16].

« HaHopa3mepHblii reHepaTop UMIYJILCOB [17].

» HezaBucumas cBobogHOpacmonaraomascs rpadeHonast
IJICHKA 1 CITOco0 ee moryueHus [18].

« [IpoekTupoBaHME CTPOUTETHLHBIX HAHOMATEPUATIOB TIPU
TTOMOIIIY MOJIETMPOBAHMS MOJICKYIISIPHOM TMHAMUKY [19].

«  Crnocob nmepeHoca HUTEBUIHBIX HAHOKPUCTAJUIOB HA TIOM-
JTIOXKYy [20].

«  Croco0 mosydeHusI aHTUKOPPO3MOHHOTO TIOKPBITUS Ha 13-
TIETUSIX M3 MOHOJIMTHOTO HUKEIUIa TuTaHa [21].

o VHTerpanbHBI ONTUYECKUI CEHCOP ST OTIpeNeIeHUS
TpuMeceii B Ta30BO3MYIIHBIX cpenax [22].

« Pa3BuTHe HAHOTEXHOJIOTUI B MUPE U CTAHAAPTHI HAHOTEX-
Hojoruit B Typuum [23].

» ChpIpbeBasi CMeCh IJIsl U3TOTOBJIEHUSI KPYITHOPAa3MepHOU
3arOTOBKY CBEPXTBEPIOTO KOMIIO3UTHOTO MaTepuana [24].

3AK/IIOYEHUE

OnHa 13 aKTyaJIbHBIX 3aa9 9KOHOMUKH JII000M CTpa-
HBI — TTOBBIIIICHIE KOHKYPEHTOCTIOCOOHOCTH TTPOMBIIII -
JICHHOCTH 32 CUET €€ TeXHOJIOTHIECKOTO TIepeocHaIIe-
Hus. M B 95TOM HaIlpaBJICHNH TJIaBHBIM O0OBEKTOM BHU-
MaHHSI CO CTOPOHBI TOCYIAPCTBA Y KOMITAHUI CTAHOBSITCS
JTIOIY VUTH TIPEITIPUSITHS, IbsT OCHOBHAST paboTa CBSI3aHA
¢ M300peTeHeM 1 BHeAPEHEeM HOBBIX TexHoIormit. [1o-
5TOMY HalleeMcsl, 4TO ITyOIMKyeMasi B JaHHOU pyopuKe
nHdopMauus OyaeT BOCTpeOOBAHHON U MOJIE3HOM ISt
CITCIINAJICTOB.
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Obtaining the retainer for waterproofing road bitumens
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ABSTRACT: Introduction. Bitumen is a mixture of hydrocarbons and hetero-organic compounds. It is one of the most popular build-
ing materials today. Due to the growing consumption of bitumen for various purposes, the requirements for its quality characteristics
are increasing, which prompts a comprehensive study of the physical and mechanical properties and methods of its modification.
Currently, various additives are used, from inorganic materials to organic binders, including waste chemical, petrochemical and
household industries. These additives create a nanodispersed structure inside the bitumen, which provides a change in the physical
and mechanical properties in the required direction. Methods and materials. The work proposes a method for obtaining a fixer
for waterproofing road bitumen based on nitrogen-containing organic compounds. The goal of research is to study the effect of
the additive-derivative of triethylenediaminedicyan, which leads to the formation of a nanodispersed structure of bitumen of the
“sol-gel” type, the quality indicators of which will meet the requirements of the new standard GOST 33133-2014 “Viscous road oil
bitumen”. The object of the study is the bitumen production unit of workshop No. 14 of Gazprom neftekhimSalavat LLC, designed
to produce commercial bitumen: oil road grades CB 90/130 in accordance with GOST 22245-90, used in road, civil and industrial
construction as a binder and waterproofing material. Results and discussion. In the course of the study, the nature of the interaction
and the effect of the modifier on the properties of bitumen, which ensure the production of nanostructured bitumen of the “sol-gel”
type, were revealed. As a result of the study, a comparative assessment of the effect of the fixer on the properties of waterproofing
bitumen revealed a significant improvement in physical and mechanical properties in comparison with bitumen grade CB 90/130.
Conclusion. The obtained compound based on triethylenediaminedicyancan can be used as a fixing additive to road bitumen.

KEYWORDS: bitumen, tar, asphaltenes, oils, dicyandiammonium compounds, nanodispersed systems, fixing additive, physico-
chemical properties.
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INTRODUCTION

he use of high quality petroleum bitumen ensures

the durability of asphalt concrete pavements in con-
ditions of heavy traffic. The quality of bitumen as oil dis-
persed systems is directly related to their structure and
properties, which are determined by the quantitative ratio
of oils, resins and asphaltenes [1—3]. These three main
structural elements of bituminous binders interact with
each other and form one or another kind of microhetero-
geneousnanodispersed structure [4—6].

The physical and mechanical properties of bitumen
depend on the production technology and the nature
of the feedstock. The raw material source for obtain-
ing bitumen for various purposes is the residual prod-
ucts of oil refining. As practice shows, these residues are

© Boev E.V,, Islamutdinova A.A., Aminova E.K., 2021

subjected to all kinds of modification methods in order
to give them high quality characteristics. In connection
with the increase in the pace of construction in our coun-
try, the consumption of bitumen continues to grow, so
the production and improvement of their quality char-
acteristics is relevant [7, 8].

Modification of bitumen contributes to the expansion
of the temperature range of operability, increased heat
and frost resistance, ensuring the reliability and durabil-
ity of structures.

Obtaining high-melting bitumen by oxidizing raw ma-
terials does not allow achieving results in terms of quality
that meet the requirements of GOST. Therefore, com-
pounding is the most optimal method. To create high-
melting compositions, it is necessary to select certain
additives that act as astringents. Therefore, the first stage
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of the work was the study of the process of obtaining
a binder additive [9—11].

METHODS AND MATERIALS

A method of obtaining a waterproofing composition
by mixing bitumen, polymer additives and plasticizers,
characterized in that the process takes place in mild con-
ditions, the resulting bitumen is resistant at temperatures
from minus 20 to plus 80°C. Known modifications with
isoprene copolymers, oligomerizates. With the addition
of binders, no more than 5—7% of 100% by weight of the
waterproofing composition.

To increase adhesion, mastic is used, it additionally
contains waste from the production of butadiene-styrene
latex, with the following ratio of components,% wt.: bi-
tumen 20—25%, asbestos 20—25%, waste from the pro-
duction of butadiene-styrene latex 3—15%, sulfur sludge
2.0—5.5%, water — the rest. Various copolymers are used
for modification that increase plasticity, reducing water
absorption in the ratio of % wt: oil hydrocarbons 55—63%,
resins 12—15%, asphaltenes 25—30%, and as an addi-
tive — atactic polypropylene or a concentrate of rubber
isoprenes with bitumen in ratio 1:1 at the following ratio,
% wt.: oxidized residue of atmospheric distillation of oil
85—95%, polymer additive 5—15%.

Bituminous-latex emulsion composition containing
bitumen, an emulsifier based on sulfonal and synthetic
fatty acids, which increases weather resistance, at the fol-
lowing ratio, wt%: bitumen 100%, vat residue of synthetic
fatty acids 1—-2%, emulsifier 2.8—5.1%, synthetic latex
65—70%, 45—48% solution of lignosulfonates 2—4%,
hexamethyldisilazane 2—4%, water 55—65%.

In the work of obtaining a composition for waterproof-
ing, the filler is polyethylene, a plasticizer, extracts (waste
after selective purification of distillate oils, asbestos and
polypropylene glycol. This composition is distinguished
by high atmospheric resistance, the following ratio
of components, wt%: polyethylene 1.0-2.2%, asbestos
17—30%, extract 3.0—5.5%, propylene glycol 0.2—1.5%,
bitumen — the rest.

Bituminous composition for roofing and waterproof-
ing materials, containing bitumen and a mineral filler,
characterized in that in order to increase the biostability
of the composition, as a filler it contains a cake of copper
smelting production, with the following ratio of compo-
nents, wt%: bitumen 75—-90%, cake 10—25%.

It is known that styrene-butadiene rubbers are part
of the bitumen as a binder. Their use makes it possible to
improve the technical characteristics of the product, fill-
ers for bitumen — asbestos, white spirit, rubber (styrene
butadiene), oil (automobile) [12—14].

In order to increase the weather resistance, add to
bitumen: polyethylene, oil (automobile), oligovinyletha-
nolamine, talcomagnesite.

A method of obtaining waterproofing mastic. Mastic
contains 39—99% wt oxidized bitumen and 1—-8% oxi-
dized polyethylene. To regulate the viscosity, up to 40%
of a saturating substance is introduced into its composi-
tion — not oxidized bitumen. Mastics containing 71—89%
of oxidized bitumen, 1—-4% of polyethylene and 10—25%
of a saturating substance have optimal properties; 50—60%
of mineral chips are used as a filler. The mastic is prepared
by adding oxidized bitumen to oxidized polyethylene. Poly-
ethylene, molecular weight — 2000—6000, softening point
130—1500°C, Brookfield viscosity at 149°C 5000—30000 cP.

A waterproofing composition comprising bitumen,
a thermoplastic copolymer of ethylene, propylene, ethy-
lidene, characterized in that, in order to increase biosta-
bility, it contains a filler such as ash, asbestos, fiberglass,
polymer fibers, soot of silicate or carbonate mineral pow-
ders, with the following composition ratio, wt%.: bitumen
20%, ternary copolymer and polyethylene 20%, filler 60%
(polyethylene content is equal to 0.3% by weight of the
ternary copolymer weight).

The method of obtaining a bitumen composition for
priming steel pipes, which allows to increase the stabil-
ity of the material, is used as a binder CPL (50:50). It is
prepared by mixing at 200°C for 2 hours a mixture with
the following content of components, wt%: bitumen 45%,
a mixture of CPL 42%, 2-methyl-1-butene and 3-methyl-
1-butene 42%, high density polyethylene 5%, isobutyl rub-
ber 5%, epoxy 5%. Theflowcoatinghasahightearstrength.

Waterproofing material made of polymer bitumen,
characterized in that the cover layer consists of a mixture
of bitumen (penetration 70-420*0.1 mm, softening tem-
perature 20—50°C, 10—30% homo- and copolymers based
on atactic polypropylene, 5—20% isotactic polypropylene
(melt index 20—40).The outer surface of the cover layer
contains polypropylene crystals in the form of spherulites,
which improve adhesion and prevent oil components from
sweating out of bitumen.

Bitumen at a temperature of 160—200°C is mixed with
polymers, the mixture is homogenized under high gravity,
at 180—200°C it is cast in the form of a film and cooled at
a rate of 120 K/min.

Waterproofing composition, characterized in that in
order to increase the adhesion to concrete and metal,
as well as to increase the temperature range, add to bi-
tumen: polypropylene and plasticizers filtration waste.
The sludge contains 30—50% dialkyl phthalates, 2—7%
sodium salts of monoesters of phthalic acid, the rest is
activated carbon. The proposed composition has a soft-
ening temperature by ring-and-ball method 92—100°C,
heat resistance 85—95°C, adhesion to concrete and metal,
respectively, 0.61—0.86 and 0.7—0.9 MPa, water absorp-
tion 0.8—0.83%.

Currently, many researchers make a great contribution
to the selection of effective fillers, binders, etc., in order
to impart crack resistance, strength, adhesion and other
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performance characteristics to bitumen in various climatic
conditions [15]. When studying reagents that meet the re-
quirements of GOST, we were guided by the operating
conditions of the material and the design of the reaction
unit, as well as climatic influences (Table 1).

These properties were the main criteria when choosing
polymer additives for bitumen.

By the nature of the effect on bitumen, polyethylene
and EPC belong to additives that change the structure
of the product. Table 2 shows the composition of mastics
based on polymer additives to bitumen.

Currently, there are GOSTs for bitumen, which are
used as insulating bitumen. The characteristics of insulat-
ing bitumen are given in table 4 [16—17].

Synthesis of dicyandiammine is carried out in a reac-
tor, which is a four-necked round-bottom flask equipped
with a stirrer, thermometer, glycerin bath, separating
funnel, reflux condenser, thermostat. 46 g of ethylene-
diamineare poured into the reactor, the temperature in
the reactor is brought to 30°C and 0.23 g of the catalyst

Table 1

is tetracthylammoniumethoxide (alcohol solution). With
stirring, 106.0 g of propenenitrile (acrylonitrile) is added
dropwise to the reactor through a separating funnel and
the mixture is stirred for two hours.

The reaction of the synthesis of triethylenediamin-
edicyan:

2CH, = CH—C = N + H,NCH,—CH,—NH, +
+[(C,H),N]*+ O(C,H,) -

N = C—CH,—CH,~HN—CH,—CH,—NH—
—CH,~CH,~C=N

Next, a solution of methanal (37% aqueous solution)
was added to the reaction mixture, in a molar ratio to
ethylenediamine equal to 1:2. At a temperature of 30°C,
the mixture is stirred for two hours to obtain a compound
of structure:

N = C—CH,—CH,—N(CH,OH)—CH,—
—CH,—N(CH,0OH)—CH,—~CH,—C = N.

Basic technical requirements for waterproofing various structures

W e Hydraulic- Overground Underground Roofs
structures structures structures

Waterabsorption, %wt. 1.0 3.0 1.5 5.0
Swelling, %vol. 0.5 1.0 0.8 1.5
Heat resistance, not less, °C +40 +60 +40 +70
Brittlenesstemperature, °C —15 —40 -5 -50
Tensile strength at break, N/m, MPa 1.0 0,8 0.5 1,5
Resistance against aggression:
— Total acid, pH, less 5.0 4.0 4.0 6.5
— Alkaline, g/1 80 100 150 50
— Sulfate, mg/1 2000 5000 2000 1000
Decrease in elongation after 500 h, % 25 10 30 5
Minimumdurability, years 50 10 50 10

Table 2

Composition of mastics (polymer—bitumen), wt%

Component Bitudien-3 Bitudien-L Bitulen-90
Powderedpolyethylene — — 3
Polydiene 20 20 —
Petroleumbitumens for insulation
of oil-and-gas pipelines:

— BPI-1V — — 97
— BPI-V 80 80 —
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Table 3
Main technical properties of bitumen-polymer mastics
SPby ring-and- Elongation Penetration, Maximum tempera- Permissible ambient
Mastic ball method, K, g i 10! mm, ture of the transported temperature when
cm, notless . .
not less not less product, K applying mastic, K
Bitudien 3 343 4 30 293 253-278
Bitudien-L 363 3 20 308 263—303
Bitulen-90 363 2 15 308 268—308
Table 4
Characteristics of insulating bitumen GOST 9812-61
Insulating
Indicators
BPI-1V BPI-1V-3 BPI-V
1) Penetration,; 0.1 mm 25-40 30—40 not less 20
2) Elongation at 25°C, cm, notless 4 4 2
3) Softening point, °C, notless 75 65-75 90
4) Water resistance for 24 hours, % weight, no more 0.2 0.2 0.2
5) Content, %:
a) water-soluble compounds, no more; 0.2 0.2 0.2
0) asphaltogenic acids, not less; 1.25 1.25 1.25
B) paraffin, no more; — 4 —
r) sulfur, nomore - 2 -

Ethanic acid is added dropwise to the resulting com-
pound through a separating funnel (the molar ratio
of ethanic acid to ethylenediamine is 2:1). Stirring is carried
out at a temperature of 30--40°C for at least three hours.

During the study, the following methods were used:

1. Compounding of additives is the mixing of different
additives in different proportions in order to improve their
effect on the properties of bitumen. Additives in different
mass ratios were placed in a metal container, placed on
a hotplate, a stirrer was installed and stirred for 15 min-
utes, then the stirrer was turned off, and a sample was
taken to determine various properties. After that, the stir-
rer was turned on, and so every 15 minutes for two hours.

2. Compounding bitumen with additive

In a metal container, 100 g of bitumen was taken and,
depending on the ratio, the additive, a stirrer was placed
there and stirred for one hour, and a sample was taken for
analysis, turning off the stirrer.

3. Softening temperature according to GOST 11506-73

The temperature at which the bitumen in the ring
of given dimensions softens and, moves under the weight
of the ball, touches the disk of the device. Pour bitumen
with some excess into two rings, which are preheated.
After cooling the rings with bitumen, smoothly cut off

the excess with a heated knife flush with the edges of the
rings. Install a thermometer in the intermediate hole. Bi-
tumen research is carried out in a glycerin bath at a tem-
perature of 33—35°C. After 10 minutes, the suspension is
removed, a heated steel ball is placed with tweezers, and
placed back into the bath, set so that the plane of the rings
is horizontal.

For each ring and ball, we note the temperature at
which the bitumen squeezed out by the ball touches
the control disk of the apparatus.

4. Penetration according to GOST 11501-73. Es-
sence — measuring the depth of penetration of the pen-
etrometer needle into the test sample at a given load,
temperature and time. We place the cup with bitumen in
a bath filled with water. The water temperature in the bath
should be 25°C. The depth of penetration of the needle
is determined at 25°C and 0°C. Remove the cup with
the sample from the bath after 60 minutes, and place it
in a vessel with water with a capacity of at least 1 liter.
We put the container on one hundred of laboratory in-
stallation and bring the end of the needle to the surface
of the material under study so that the needle touches it
slightly. We set the reading to zero, turn on the stopwatch,
press the device button, allowing the needle to freely enter
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the test sample for 5 seconds. Releasing the button, write
down the readings (we take measurements 3 times). The
depth of penetration of the needle at 0°C is determined
with the changes indicated below.

Pour ice water into the bath. The water temperature
should be 0°C, the sample is kept for 60 minutes.

5. Adhesion

Essence — to determine the adhesion of bitumen to
a metal surface.

Heat 0.5 g of the test sample on a metal plate. Cover
with another hot plate and place a weight of 500 grams on
top. We make two samples. When the plates have cooled
down, we apply a tensile load and write down the read-
ings in kgf/cm.

6. Heatresistance

The essence is to determine the resistance to heat.

We weigh the plates and pour a certain amount
of heated bitumen onto them. After cooling, cut off
the edges and weigh the plate with bitumen.

Determine the mass of bitumen before heating (m, ).
We install the plate in a vertical position in a muffle fur-
nace and keep it at 125°C for 4 hours. After cooling, cut
off the edges of the plate and weigh it. Determine the mass
of the remaining bitumen (m,,). Heat resistance is deter-
mined by the formula, in%:

M5 100.
mg,

m
61
0% =

RESULTS

When performing the experiment, the optimal syn-
thesis parameters were selected, providing a high yield
of the fixer, such as temperature, reaction time, molar
ratio of reactants. The results of the experiment are shown
in Figures 1—3.

According to the presented graph, as the temperature
rises from 30° to 40°C, the yield of the reaction products

100 -
99 -
98 A
97 -+
06 -
95 -
94 4
93
92 4
91 -
90

Yield,% wt.

0

Molar ratio

2

Fig. 1. Influence of the molar ratio of reactantsto the output of dicyandiammonium compound:
ethylenediamine : propene nitrile : methanal : ethanoic acid
1-1,0:2,0:2,1:2,0; 2 — 1,0:2,0:2,0:2,0; 3 — 1,0:2,0:2,0:2,1

100

80

60

40

Yield, % wt.

20

10 20

Temperature, C

30 40 50

Fig. 2. Dependence of the yield of dicyandiammonium compounds from temperature

(* exposure duration 0.5 hours)
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Time,

3
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Fig. 3. Dependence of the yield of dicyandiammonium compounds onreaction time

increases. A further increase in temperature does not af-
fect the yield of the dicyandiammonium compound.

At a temperature of 40°C, the synthesis of the dicy-
andiammonium compound is completed in 5.0 h with
a yield of the reaction product of 99.0% wt.

The dicyandiammonium compound obtained was
identified by the elemental composition of the NMR'N
spectrum.

The obtained NMR'Nspectra confirm the proposed
structure of the synthesized dicyandiammonium com-
pound.

At a temperature of 40°C, the synthesis of the dicy-
andiammonium compound is completed in 5.0 h with
a yield of the reaction product of 99.0% wt.

The obtained dicyandiammonium compound was
identified by the elemental composition of the NMR'N-
spectrum, which is shown in Figure 3.13. The NMR'N
spectrum was recorded on a Bruker-AM-300 spectrom-
eter with an operating frequency of 300 MHz, the in-

ternal standard is TMS. The spectrum was recorded in
deutero-acetone (D-Ac), chemical shifts were measured
on the §-scale and given in ppm, and the spin-spin cou-
pling constant (SSCC) in Hz. NMR'N spectrum: 1.3 (s,
6H, CH3); 2.35 (m, 4H, CH2); 2.63 (m, 4H, CH2); 2.73
(m, 2H, CH2); 3.05 (m, 2H, CH2); 3.72 (d, 2H, CH2,
J=10); 3.8 (d, 2H, CH2, J = 10).

In the NMR'N spectrum, due to the presence
of symmetry in the molecule, only seven groups of peaks
are observed. Intensive multiplet 2.05 ppm. is the reso-
nance signal of the protons of the partially deuterated
acetone present in the deuteroacetone. Singlet 1.3 ppm
with an integrated intensity of six protons belongs to
the methyl protons of two equivalent acetate groups.
In the weakest field, the multiplet is 3.72+3.80 ppm.
(integrated intensity — four protons), two equivalent
methylene groups with nitrogen atoms and hydroxyl
groups in the a-positions resonate. Multiplet 2.35 ppm
(integrated intensity — four protons) refers to two methy-

Table 5
Physical and chemical indicators of dicyandiammine
Name Indicator
1. Appearance Syrupy mass from
colorless to yellow
2. Solubility in distilled water at 30°C complete
3. The relative viscosity of an aqueous solution 1.480
in a ratio of 1:1 vol. at 20°C, cPs '
4. Density at 20°C, g/cm? 1.0800
5.pH 7.0
6. Acidity, mg KOH 19.1
7. Stability, rpm Resilient
(3000 rpm, T = 15 min.) (does not delaminate)
8. Mass fraction of nitrogen, % wt. 15.0
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lene groups at C = N — group.The other three groups
of peaks 2.63 ppm, 2.73 ppm. and 3.05 ppm. belong
to four CH,-groups at nitrogen atoms (the integrated
intensity corresponds to eight protons).

The obtained NMR'Nspectra confirm the proposed
structure of the synthesized dicyandiammonium com-
pound.

The physicochemical parameters of the dicyandiam-
monium compound are shown in Table 5.

The dicyandiammine synthesized by us has high ef-
ficiency when added to bitumen as a fixing agent, is envi-
ronmentally safe during its synthesis and practical use due
to the complete binding of free ethanic acid and methanal
in the complex.

DISCUSSION

It follows from the literature review that at present
the production of nitrogen-containing compounds is used
in many areas of industry.

The current stage of development of the petrochemi-
cal industry is currently focused on obtaining products
of the main organic and petrochemical synthesis with
high technical and operational characteristics.

Table 6

In this direction, diamines are of scientific and practi-
cal interest, as the practical experience of their use con-
firms, they provide protection of polymer compounds
from abrasion, aging, exposure to an aggressive environ-
ment, improve their physical and mechanical properties,
and have a long service life.

In order to study the effect of the modifier (fixer)
synthesized by us on bitumen, the following methods
of analysis were carried out: penetration, softening tem-
perature (ring-and-ball method).

An increase in the concentration of the fixer in the test
samples did not lead to its stratification with bitumen,
which indicates their compatibility. The experimental
results are shown in table 6.

The presented data indicate an increase in the pen-
etration index with an increase in the mass fraction of di-
cyandiamine. That is, an excessive increase in the con-
tent of dicyandiamine leads to a decrease in the hardness
of the samples, which indicates a decrease in the value
of such an indicator as surface tension.

Measurements of the softening point (using the ring-
and-ball method) showed that with an increase in the
content of the fixer, an increase in the softening tem-
perature occurs, which means that the modified samples

Dependence of indicators on the concentration of the modifier

Qualitativeindicators

Nameofsamples
Penetration, mm Temperature softening (Ts), °C
Initialbitumen 3.1 95
Bitumen with 10% additive 3.3 98
Bitumen with 20% additive 3.6 100
Bitumen with 30% additive 3.9 102
Bitumen with 40% additive 4 103
Table 7
Research results at various concentrations
Concentration, % | Softeningpoint, °C Peznsité?tli?lﬁat Pe(r)nf (t:r,altlil?;lat Al(:lgl :/scizin, Heatre;i)stance,
10 160 3.3 6 41 16.7
20 163 3.6 6 39 16.0
30 165 3.9 6.3 35 15.7
40 167 4 6.5 32 15.0
50 168 Not a homogeneousmixture
60 169 Not a homogeneousmixture
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are not subject to softening at the temperature at which ~ Characteristics of the obtained samples: homogeneous
the initial sample softens and softens only with a further  structure, high softening point and good adhesion proper-

increase in temperature, and with an increase in the con- ties. It was also observed that an increase in the content
tent of the fixer, the difference is Ts only increases. of the fixer leads to the destabilization of the dispersed
Thus, the proposed bitumen fixer, at various ratios, structure of bitumen.
gives the product elasticity and increased resistance to
softening with increasing temperature. CONCLUSION
In order to study the operational characteristics of road
bitumen for its compatibility with the fixer, experiments Thus, the outcome of the study is a fixative based on
were carried out at higher softening temperatures. an additive, a derivative of triethylenediaminedicyan,

Compounding was carried out at a temperature  which led to the formation of a nanodispersed structure
of 210°C for 60 minutes. The resulting products have been  of bitumen of the “sol-gel” type, the quality indicators
tested to determine their physical and mechanical char- of which would meet the requirements of the new stan-
acteristics. The research results are presented in table 7. dard GOST 33133-2014 “Viscous road oil bitumen”. Its

According to the presented data in the table, the best  synthesis laws and physical and chemical parameters were
properties of bitumen with a modifier were found at  studied, the structure was proved.

a concentration of a fixer of 30—40% by weight. The proposed bitumen fixer, at various ratios, gives

It can also be noted that an increase in temperature the product elasticity and increased resistance to softening
contributed to an improvement in technical performance. with increasing temperature.
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MNonyuyeHune 3akpenutena gnsa ruaponsonAaLMOHHbIX
AOPOXKHbIX OUTYyMOB

EBrenunin Bnagumuposuy boes* (), Alirynb AKpamoBHa UcnamytanHoBa (), Snbmupa Kyp6aHranueBsHa AMUHOBa

Qununan yq)VIMCKOFO rocyfapCcrtBeHHOro He(I)TFlHOFO TEXHNYECKOIro yHUBEPCUTETA B T. CTeanlTamaKe, CTepn nTamak, Poccusa

*ABTOP, OTBETCTBEHHbI 3a Nepenuncky: e-mail: k.elmira.k@yandex.ru

PE3IOME: BBegeHue. britym npefctaBnsieT coboii CMechb yrineBogopOAOB 1 reTepOOPraHNYeCcKrX COeiUHEHWIA. ITO OAMNH 13 CaMbIX
MONyNAPHbIX CEroAHA CTPOUTENbHBIX MaTepuanos. B cBA3n ¢ pocTom notpebneHns 6TYMOB PasMYHOro Ha3HaYeHMA BO3pacTatoT
TpeboBaHMA K €ro KaueCTBeHHbIM XapaKTEPUCTUKAM, UTO MOATAIKMBAET K BCECTOPOHHEMY 3YYeHNI0 Gr3MKO-MeXaHNYEeCKX CBONCTB
1 cnocobam ero moandrKkauuy. B HacTosALlee Bpemsa NPUMEHAIOTCA pPa3finyHble 4O6aBKM, HaUMHaA C MaTeprianoB HeopraHNYecKo-
ro xapaKkTtepa 10 OpraHMyecKrx CBA3YLWYX, B TOM YMCIE OTXOLbl XMMUYECKUX, HePTEXMMMYECKNX 1 ObITOBbIX MPOU3BOACTB. ITU
A006aBKM co34atoT BHYTPY BMTYMa HaHOAMCTNEPCHYIO CTPYKTYpPY, 0b6ecneumBaiollyto n3meHeHne Gpr3nKko-mexaHnyecknx CBOMCTB
B Tpebyemom HanpasneHun. MeToabl n MaTepmanbl. B paboTte npennioxeH crnocob nosyyeHnsa 3akpenutens Ana ruapounsonau-
OHHBbIX JOPOXHbIX OMTYMOB Ha OCHOBE a30TCOAEPKaLLVX OpPraHNYecKnx coefHeHu. Lienbto nccnepoBaHua ABNAETCA nyyeHue
BIVAHNA J06ABKM-NPON3BOLHOIO TPMITUNEHANAMUHAKLMAHA, KOTOPOE NPUBOAUT K 06Pa30BaHNI0 HAHOANCNEPCHON CTPYKTYPbI
6UTYMa TUNa «30J1b-refb», MOKa3aTeNn KayecTBa KOTOPOro OyayT COOTBETCTBOBaTb TpeboBaHMAM HOBOro ctaHaapTa FOCT 33133-
2014 «brTymbl HedpTAHbIE JOPOXHbIe BA3KME». O6bEeKTOM NCCNefoBaHNA ABNACTCA yCTaHOBKa NPOM3BOACTBa OUTyMOB Liexa N2 14
000 «Ta3npom HedpTexrmCanaBaTy, NpeAHa3HauYeHHasA 4714 NOJyYeHNA TOBaPHbIX OUTYMOB: HEDTAHbBIX AOPOXKHBIX Mapok BHJ 90/130
no FOCT 22245-90, npuMeHAeMbIX B JOPOXHOM, FPaxAaHCKOM 1 MPOMbILLIIEHHOM CTPOUTENbCTBE B KaUeCTBe CBA3YIOLWEro 1 rm-
APOV30MALMOHHOTO MaTepurana. PesynbraTtbl n 06cyxaeHua. B xoae nccnefoaHva Obinv BbiBNIEHbl XapaKTep B3aviMOAeNCTBIA
1 BNUAHME MogndriKaTtopa Ha CBONCTBa bMTyMa, KoTopble 06ecneymBaloT NoslyyeHne HaHOCTPYKTYPUPOBaHHOMO 6rTyMa Tuna
«30Mb-renb». B pe3ynbrate nccnefoBaHUA CpaBHUTENbHAA OLIEHKA BIAHUA 3aKPEeNuTeNa Ha CBOMCTBA rMAPOU30AALMOHHbBIX OBUTYMOB
BbIABUIA 3HaUNTENbHOE ynyulleHne GU3nKo-MexaHNYeCKX CBOMCTB MO cpaBHeHMIo ¢ 6utymom mapku BHJI 90/130. 3aknioueHue.
MonyyeHHOe coeavHeHVIe Ha OCHOBE TPUSTUNEHANAMMHANLIMAHA MOXET ObITb NCMONIb30BaHO B KaueCTBe 3aKpennaoLen Jo6aBKn
K JOPOXXHbIM 6UTyMaM.

KJTIOMEBDIE CJIOBA: 6uTyMm, rygpoH, achanbTeHbl, Macna, AULUMaHAVaMMOHMEBOE COeAVHEHE, HAHOAUCTEPCHbIE CUCTEMDI, 3a-
Kpennstowas JobaBKa, PU3NKO-XUMNYECKE CBONCTBA.

ONA UUTUPOBAHUA: boes E.B., cnamyTanHosa A.A., AMrHoBa 3.K. lNonyuyeHune 3akpenuTena ANnA rmapon30nALMOHHbBIX JOPOXKHbIX
6vTymoB // HaHoTexHonorum B ctponTenbctse. 2021.T. 13, N2 5. C. 319-327. https://doi.org/10.15828/2075-8545-2021-13-5-319-327

BBEJEHUE

pUMEHEHNE BRICOKOKAUYeCTBEHHBIX HE(DTSHBIX O1-

TYMOB 00€CIIeUYnBaeT AJOJTOBEYHOCTh acaabTode-
TOHHBIX TTOKPBITHI B YCIOBUSIX MHTCHCUBHOTO IBIKE-
HUST aBTOTpaHCIIopTa. KagecTBo OMTYMOB KaK HE(hTSHBIX
IHUCIIEPCHBIX CUCTEM HEIIOCPEICTBEHHO CBSI3aHO C MX
CTPYKTYPOIi I CBOMCTBAMM, KOTOPBIC OIIPEICISIOTCS KO-
JIMYECTBEHHBIM COOTHOIIIEHNEM Macesl, CMOJI M acaib-
TeHOB [1—3]. DTH Tp¥ OCHOBHBIX CTPYKTYPHBIX 2JIEMEHTA
OUTYMHBIX BSDKYIINX B3aMMOICHCTBYIOT MEXKITy COOOM

© boes E.B., icnamyTtauHoBa A.A., AMuHoBa 3.K., 2021

¥ 00pa3yloT Ty WIN MHYIO pa3HOBUIHOCTh MUKpPOTETE-
POTeHHO HAHOAUCIIEPCHOM CTPYKTYPHI [4—6].
Du3nKo-MexXaHMIECKNE CBOMCTBA OMTYMOB 3aBH-
CSAT OT TEXHOJIOTHH TTOJYICHUS W TIPUPOIBI UICXOTHOTO
CBIpbsI. CHIPhEBOI NCTOYHMK MTOJTYICHMSI ONTYMOB pa3-
JIMYHOTO Ha3HAYCHUS — OCTAaTOYHBIC IIPOOYKTHI HepTe-
nepepadboTku. Kak moka3sIBaeT IMPaKTUKa, 3TU OCTATKU
TIOIBEPraioT BCEBO3MOXHBIM CIIOCO0AM MOIU(MDUKAIINHI
C LIEJTbIO TIPUIAHMS M BBHICOKMX KaueCTBEHHBIX XapaKTe-
PUCTHUK. B CBSI3M ¢ yBeIMUEHNEM TEMITOB CTPOUTEIHLCTBA
B HaIlleil cTpaHe MoTpebieHe OUTYMOB IIPOIOJIKACT
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pacT, IO3TOMY IIPOM3BOACTBO U YIyUIICHIE NX Kade-
CTBEHHBIX XapaKTePHUCTHK SIBIISICTCS aKTyaIbHBIM [7, 8].

Monaudukanuu 6uTyMa CocOOCTBYIOT paCIIUPEHUIO
TEMIIEPaTypPHOTO MHTEPBajIa pabOTOCIIOCOOHOCTH, TI0-
BBIIIICHHUIO TETUIO- M MOPO30CTOMKOCTH, 00eCIIeYnBast
HAIEKHOCTh U JOJITOBECYHOCTDH COOPYKCHMIA.

[MoyueHme BEICOKOIUIABKIX OMTYMOB OKMCICHUEM
CBIPbSI HE TI03BOJISIET TOOUTHCS Pe3yJIbTAaTOB IO MOKa-
3aTeJIsIM KauyeCcTBa, YIOBICTBOPSIOMINX TPECOOBAHMSIM
I'OCT, mosToMy KOMIIAyHIUPOBAHUE SIBJISICTCS HAM-
0oJiee ONTUMAJIBHBIM MeTOmoM. JIsl co3maHus BHI-
COKOIIJIABKUX KOMIIO3UIIUIT HEOOXOOUMO TTOI00paTh
oIpenelIeHHbIe T00aBKM, KOTOPHIC BBICTYMAIOT B POJIA
BSDKYIIIUX aTr€HTOB, TI0O3TOMY IIEPBBIM 3TAalloM padOTHI
OBLTO MCCICHOBAaHUE MIPOIlecca MOIYICHUS BSLKYIICH
mob6asku [9—11].

METO/bI 1 MATEPUAJIBI

Cr10c06 ToIydeHUSI TUAPON3OJISIIMOHHOTIO COCTaBa
IIyTeM CMEIIICHMS OUTYMa, IIOJIMMEPHBIX T00aBOK M TIa-
CTU(PUKATOPOB, OTIMYAOIIHIICS TEM, UTO IPOILIeCC IIPO-
TEKaeT B MITKMX YCIOBUSX, TIOJYICHHBIN OMTYM CTOEK
npu Temrnepartype oT MuHyc 20 no mmoc 80°C. M3BecT-
HBI MOOUGUKAIINN ¢ N30IIPESHOBBIMHU COITOJIMMEPaMU,
OJIMTOMEpU3aTaMH, C JOOABJICHNEM BSKYIINX He OoJee
5—7% ot 100% macc. rTuapOn30ISILIMOHHOIO COCTaBa.

151 MOBBIIIICHMST aATe3WH ITIPUMEHSIOT MACTHUKY, OHA
COIEPKUT TOITOTHUTEIBEHO OTXOM IPOMU3BOACTBA OyTa-
IHUEH-CTUPOIBHOTO JIaTeKca, TIPHU CICTYIOIMeM COOTHO-
LIEHUK KOMIIOHEHTOB, % Macc.: outym 20—25%, acbect
20—25%, orxon MpOM3BOACTBA OyTaaAueH-CTUPOJIBHOIO
narekca 3—15%, cepHblii utam 2,0—5,5%, Boia — OCTa/Ib-
Hoe. [IprnMmeHsroTCs M1t MOTU(UKALINHI Pa3IMIHBIC CO-
TOJIMMEPHI, TTOBBIIIAIOIINAE TIACTUYHOCTD, YMEHBIIIAST
BOJIOIIOIVIOLIEHUE B COOTHOILIEHUN % Macc.: Mac/IsiHbIe
yreBogopoant 55—63%, cmonbl 12—15%, acdanbreHb
25—-30%, a B KadyecTBe 100ABKM — aTaKTUYECKUIA TTIOJIH-
TIPOITJICH WJIM KOHIICHTPAT U30ITPEHOB KayJayKa ¢ OUTY-
MOM B COOTHOIICHUY 1:1 TIpH CIIeMyIOIIeM COOTHOIIICHNH,
% Macc.: OKUCJIEHHBII OCTaTOK aTMOC(HEPHOM ITEPEerOHKU
HedT 85—95%, nonmMepHas nobaska 5—15%.

butymHO-/1aTeKCHas SMYJIBCMOHHAS KOMITO3UIINS,
comepskaIast OMTyM, SMyJIbraTop Ha OCHOBE CyJIb(hoHaIa
¥ XXKUPHBIX CMHTETUIECKUX KUCIIOT, KOTOpAasl TTOBHITIA-
€T aTMOC(HEPOCTOMKOCTD, IIPU CAEIYIOIIEM COOTHOLIE-
HuH, % Macc.: 6utym 100%, KyOOBBIil OCTATOK XKUPHBIX
CUHTETUYECKUX KUCIOT 1—2%, amynbratop 2,8—5,1%,
cUHTeTUYeCcKuii atekc 65—70%, 45—48%-nrlii pac-
TBOD JIMTHOCY/Ib()OHATOB 2—4%, reKcaMeTWIIMCUIIA3aH
2—4%, Bona 55—65%.

B xone mmoryde st KOMITO3UITNH JIJIST TUAPOM3OJISITN
HAIOJTHUTEJIEM SIBIIICTCS TTOJIMATUIICH, TUTACTU(DUKATOD,
9KCTPAKTHI (OTXOBI ITOCIIE CEICKTUBHOM OUMCTKH AHC-
TIWIISITHBIX Macell, acOecT 1 MOJUITPOIICHTINKOID).

JarHast KOMITO3UIINST OTJIMYAETCsI BRICOKOM aTMocde-
POCTOMKOCTBIO, CICTYIOIINM COOTHOIICHUY KOMITOHEH-
TOB, % Macc.: monuatwieH 1,0—2,2%, acbect 17—30%,
aKcTpakT 3,0—5,5%, nponuieHraukoib 0,2—1,5%, 6u-
TyM — OCTaJIbHOE.

butyMHast KOMIIO3UIINS 71T KPOBETbHBIX ¥ THIPOM-
30JISIIIMOHHBIX MaTEPUAJIOB, COAepIKaIast OMTYyM 1 MU-
HepaJbHBIN HAIIOJHUTEIb, OTIMYAOIIASICS TEM, 9YTO
C IIEJIBIO TTOBBIIICHNS OMOCTONKOCTA KOMITO3UIINH B Ka-
YeCTBE HATTOJTHUTEIIS OHA COMEPKUT KK MeICTIIIaBIIIb-
HOTO TIPOM3BOJICTBA, TIPY CICAYIOIIEM COOTHOIIICHUN
KOMITOHEHTOB, % Macc.: outyMm 75—90%, kek 10—25%.

M3BecTHO B Ka4eCTBE CBSI3YIOIIETO BKITIOYCHUE B CO-
craB OuTyMa OyTagueH-CTUPOJIbHBIX KaydyKoB. VX mpu-
MEHEHME TT03BOJISICT YAYYIITUTD TEXHUYCCKIE XapaKTe-
PUICTUKY IIPONYKTA, HATIOJTHUTEIN TSI OMTyMa — acOecT,
YaWTCIIMPUT, KayuyyK (OyTaaueH-CTUPOJIbHbIN), MACI0
(aBTOMOOMIIBHOE) [12—14].

I'mapon3osIIMoHHAs KOMITO3UIINST, OTMYIAIOIIASICS
TEM, UTO C IIETbI0 TTOBBIIICHHST aTMOC(HEPOCTOMKOCTH
KOMITO3UIIMU B OMTYM ITOOABJISIOT TTOJIMATUAICH, MACIIO
(aBTOMOOWJIBHOE), OTUTOBUHWIATAHOJIAMIH, TaJTbKO-
MarHe3HT.

Crnioco0 nory4eHus THAPON30ISIIHOHHON MACTHKH

Macruka conepxut 39—99% macc. OKMCIEHHOTO O1-
tyma u 1—8% okucieHHOro nonuatiiieHa. s peryaupo-
BaHUSI BI3KOCTU B e COCTaB BBOAUTC 10 40% HacChIIIalo-
1LIErO BEILEeCTBA — HEOKUCIEHHbIM OUTyM. OnTUMab-
HbIE CBOMCTBA MMEIOT MAaCTUKU, copepxaiune 71—89%
okucjieHHoro ouryma, 1—4% nonustuineHa u 10—-25%
HACBIIIAIOLLETO BEIIeCTBA, B KAYECTBE HAITOJIHUTEIIS HC-
nonb3yercst 50—60% MuHepaabHOI KpOoLIKu. MacThKy
FOTOBSIT J00aBIeHIEM OKUCIICHHOIO OUTYMa K OKUCIICH -
HOMY nojmaTwieHy. [1oanaTuieH, MOIEKyJIIpHast Mac-
ca — 2000—6000, Temneparypa pasmsardenus 130—150°C,
BI3KOCTH 110 bpykcduabmy ipu 149°C 5000—30000 cIT.

I'uapoun3oasLroHHasE KOMITO3ULIKS, BKJIIOYAOIIast
OUTYM, TEPMOIUIACTUYHBIN COMOJIMMEDP TUJIEHA, IPO-
MuieHa, STUIKAeHA, OTIMYAOIASICS TEM, YTO C LIEJIBIO
ITOBBILIEHUSI OMOCTOMKOCTU OHA COAEPKUT HAIIOJIHUTEb
THUIIA 30JIbI, acOECTa, CTEKIIOBOIOKHA, IIOJIMMEPHBIX BO-
JIOKOH, CaXXU CHJIMKATHOTO MJIM KapOOHATHOTO MUHE-
PaJbHBIX IOPOLIKOB, MPU CJIEAYIOIIEM COOTHOILIEHUN
Kommo3uiuii, % macc.: ouryma 20%, TpOMHOIO COIIO-
numepa u nojustuieHa 20%, Hanoanureis 60% (co-
JaepxkaHue nmonuatuieHa pasHo 0,3% Macc. OT MaccChl
TPOIHOTO COIMOJIMMEDA ).

Cnoco6 mojiydeHUsT OMTYMHOM KOMIIO3UILINU JIJIST
IPYHTOBaHMUS CTAJIbHBIX TPYO, IMO3BOJISIOLINX YBE/IU-
YUTh CTAOMILHOCTh MaTepraja, IPUMEHSIOT B KAUeCTBE
Bsexymero CITJI (50:50). I'oToBUTCS TIyTeM CMEIICHUS
ripu 2000°C B TeyeHME 2 YaCOB CMECH CO CIIEIYIOIINM CO-
JepkaHreM KOMIIOHEHTOB, % Macc.: 6utym 45%, cMech
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CI1142%, 2-meTtun-1-0yreH u 3-metui-1-6yren 42%,
MOJUATWIEH BBICOKON ILUIOTHOCTU 5%, M300yTUI0BO-
ro Kayuyka 5%, snoxkcunaHoi cmoibl 5%. HanecenHoe
CTPYIHBIM OOJIMBOM MOKPBITHE UMEET BBICOKYIO IIPOY-
HOCTb Ha pa3phIB.

I'apon30ISLMOHHBIM MaTepHal U3 MOJUMEPHOTO
OuTyMa, OTJIUYAIOLIMIACS TEM, UTO TTIOKPOBHBIN CJIOM CO-
cTouT u3 cMecu obutyMa ( meHerparusg 70—420%0,1 MM,
Temrieparypa pasmsarderHust 20—50°C, 10—30% romo-
U COITOJIMMEPOB Ha OCHOBE aTAKTUYECKOI'O ITOJIUIIPOII -
neHa, 5—20% N30TaKTUYECKOrO MOIUIIPOITIeHA (MHAEKC
pacrutaBa 20—40)). HapyxHast ToBepXHOCTB ITOKPOBHOTO
CJI0SI CONEPXKUT KPUCTAJUIbI MOJUIIPOITIEHa B (hopMe
chepoIUTOB, YIYULIAIOIINX CKIICMBAHKE U IIPETISITCTBYIO-
LLMX BBIIOTEBAHMIO 13 OUTyMa MACJISIHBIX KOMITOHEHTOB.

Burym mipu temrieparype 160—200°C cMmemmBaroT
C IIOJIMMEPAMHU, CMECh TOMOI'€HU3UPYIOT IIPU BHICOKOM
rpaBuTaumu, mpu 180—200°C oTIMBaIOT B BUJIE TNIEHKN
¥ OXJIAXKIAI0T cO cKopocThio 120 K/MuH.

I'uapoun30IsanoHHAS. KOMITO3ULIMS, OTIMYAIOIIASICS
TEM, YTO C LIeJIbIO ITOBBILLIEHUST CIIOCOOHOCTU HAIMITAHUS
K 0ETOHY U MeTajlly, a TAaKXKe ITOBBILIEHUS TeMIlepa-
TYPHOI'O MHTEPBaJIa K OUTYMY JOOABJISIOT HOJUIIPOIIL-
JIEH U OTXOIbl (huIbTpanuu miactudukaropos. Hliam
Bkiovaet 30—50% nuankundranaros, 2—7% HaTpue-
BBIX COJIEi MOHOR(UPOB (PTAIEBOI KMUCIIOThI, OCTAILHOE
AKTUBUPOBAHHBINA yrojb. [Ipemiaraemas KOMIIO3ULIMS
nMeeT TeMIteparypy pasmsraenus mo Kulll 92—100°C,
TEIIOCTOMKOCTH 85—95°C, aare3nio K OCTOHY I METAJLTy
cootrBercTBeHHO 0,61—0,86 1 0,7—0,9 MIla, Bogoro-
mronienue 0,8—0,83%.

Tabauya 1

B Hacrosimee BpeMsT MHOTHE MCCICIOBATEIN BHO-
caT OOJIbILION BKJAM B mogdoope 3¢ ¢GeKTUBHBIX HATIOJI-
HUTENEH, BSCKYIINX U T.1., C LIEIbI0 IPUAAHUSI OUTYMY
TPEIIUHOCTOMKOCTH, TIPOYHOCTH, anTe3Nn U APYTUX
SKCIUTyaTAlIMOHHBIX XapaKTePUCTUK B PA3TMIHBIX KITH-
MaTtudeckux ycnoBusx [15]. [Ipu nzyyeHun peareHToB,
yaosieTBopstionux TpedoBanusM 'OCT, pyKoBOACTBO-
BaJIMCh YCIOBUSIMU pabOTHI MaTeprajia i KOHCTPYKIINHI
PeaKIIMOHHOTO y3/Ia, a TAKXKe KIIMMaTHICCKIMH BO3-
IeUcTBUSIMH (TaOII. 1).

DTH CBOICTBA 1 OBUIM OCHOBHBIMU KPUTEPHUSIMHU TIPH
BBIOOpE TOJIMMEPHBIX JO0OABOK K OUTYMY.

[Moaustmnen n COII mo xapakrepy BO3ACUCTBUS
Ha OMTYM OTHOCHTCS K JOOaBKaM, N3MCHSIIOIINM CTPYK-
Typy TIpofyKTta. B Tabi. 2 mpencraBieH cOCTaB MaCTUK
Ha OCHOBE ITOJIMMEPHBIX T00aBOK K OUTYMY.

B nacrostimee Bpems cymectByior [OCToI Ha OUTY-
MBI, KOTOPBIE TIPUMCHSIIOTCSI B KAUeCTBE M30JISIIIMOHHBIX
OUTYMOB. XapaKTepUCTUKA U30JISIIIMOHHBIX OUTYMOB
npuBeneHa B Tadm. 4 [16—17].

CuHTe3 TMIIMaHINaMMUH IIPOBOIST B PeaKTope,
MIPEICTABIISIIOIIEM COOOI YeTBIPEXTOPITYIO KPYTTIOMOHHYIO
KOJIOY, CHAOXKEHHYIO MEIIIAJIKOI, TEePMOMETPOM, TJIUIIC-
pUHOBOI OaHell, JeJUTEILHON BOPOHKOI, 00OpaTHLIM
XOJIODWJIBHUKOM, TepMOCTaTOM. B peakTop 3a1mBaioT
46 r sTUIICHAMAMMWHA, JOBOAST TEMIIEPATYPY B PEaKTOpe
110 30°C un mob6asistioT 0,23 T Kataau3aTopa — TeTpasTH-
JIAaMMOHUI 3TOKCcHaa (CIUPTOBBIN pacTBop). [1pu nepe-
MEIIMBAaHUK B PEAKTOP Uepe3 ACTUTEIHHYI0 BOPOHKY
KarisiMu 106aBistior 106,0 T mporneHHUTPpUI (aKpUjIo-
HUTPWI) U TICPEMEIIINBAIOT CMECh B TEUCHHE IBYX YACOB.

OcHoBHbIE TeXHHYECKHE TPeOOBAHMUS, NPENbSIBIIsieMbIE K THAPOU3OISIMA PA3IMIHBIX COOPYKEHHI

CBoiicTBa MaTepHaIoB Thpo- BERERIIED | LLOTESEe Kposm
COOpPYXKEHHSI | COOPYXKEHHSI | COOpYKeHHS
Bonomnornonienue, % macc. 1,0 3,0 1,5 5,0
Hab6yxanue, % 00. 0,5 1,0 0,8 1,5
TemmocroitkocTh, He MeHee, °C +40 +60 +40 +70
Temnepatypa xpynkocTu, °C —15 —40 -5 -50
Ipenen mpouHocTu mipu pa3pwiBe, H/M, MITa 1,0 0,8 0,5 1,5
CTOIKOCTb IPOTUB arpecCcum:
— OowexkwuciorHoii, pH, meHee 5,0 4.0 4,0 6,5
— Ilenounoit, r/n 80 100 150 50
— CynbatHoii, Mr/a 2000 5000 2000 1000
CHIMXeHHEe OTHOCUTEIBHOTO YIJTMHEHUST ’5 10 30 5
yepes 500 4, %
MuHuUMaIbHasA 1OJATOBEYHOCTD, JIET 50 10 50 10
http://nanobuild.ru 321 info@nanobuild.ru
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Tabauya 2
CocraB MAKCTHK (IIOJIMMEPHO-OMTYMHBIX), % Macc.

KomnoneHT Burymuen-3 Burynuen-JI Buryaen-90
ITopoikoo6pa3HbIil MOJTUITUIEH - - 3
TMonuauen 20 20 -
butymbl HeTSIHBIE 1151 U30I AN
HedTera3onpoBOIOB:

— BHU-IV — - 97

—BHU-V 80 80 -
Tabauuya 3
OcHOBHbIE TEXHUYECKHE CBOWCTBA OMTYM-TIOJIMMEPHBIX MACTUK

Pacraxu- Ilenerpamusi, | MakcuMaJbHAs TeMIie- e
Tp mo Kulll, _ paTypa OKpyKammiero
Mactuka MOCTb, CM, 10-1 mm, paTypa TpaHCIOpTHpYye-
K, He menee BO3/IyXa NMpU HAHECEHUH
He MeHee He MeHee Moro npoaykra, K
macTuki, K

butynuen 3 343 4 30 293 253-278

Burynnen-J1 363 3 20 308 263—-303

burynen-90 363 2 15 308 268—308
Tabauya 4
Xapakrepucruka usossiuonsbix outrymoB FOCT 9812-61

N3onsmmonnbie
IToxka3zaTenn
BHU-1V BHU-1V-3 BHU-V

1) Menerpanwus,, 0,1 MM 25-40 30—40 He meHee 20

2) Pactsoxumocts nipu 25°C, cM, He MeHee 4 4 2

3) Temnepatypa pa3msirueHus, °C, He HUXe 75 65—75 90

4) BomoHenpoHULIAeMOCTh 3a 24 4, % Bec, He OoJee 0,2 0,2 0,2

5)Conepxanue, %:

a) BOIOPACTBOPUMBIX COeAMHEHMI, He OoJiee; 0,2 0,2 0,2

0) ac(anbTOreHOBbIX KMCJIOT, HE MEHEE; 1,25 1,25 1,25

B) napacduHa, He 6oJee; — 4 —

T) cephl, He Oosiee — 2 —

Peaxkuus cunresa TPUITWJIICHIMAaMUHINIIIaHA:

2CH,=CH-C = N + H,NCH,—~CH,—NH, +
+ [(C,H),N]*+ O(C,H,) -
N = C—CH,—CH,~HN—CH,—~CH,—~NH—

OTHOLLIEHUM K DTUJIEHINAMUHY, paBHbIM 1:2. [1pu Tem-
repatype 30°C cMech ITepeMeIIMBaIoT IBa Jyaca, IOIydast
COeIMHEHUE CTPYKTYPHI:

N = C—CH,—CH,—N(CH,OH)—CH,—CH —

—CH,~CH,~C =N

Jajiee B peakKIIMOHHYIO CMeCh TOOABIISTIOT PacTBOP
MeTaHanst (37 %-Hblil BOTHBIM pacTBOP) B MOJILHOM CO-

—N(CH,0H)—CH,—CH,—C = N.

K OJIy4CHHOMY COCIMHCHUIO YCPE3 NACIUTCIIbHYIO
BOPOHKY KaIllJIAMHN I00aBIISIIOT 9TAaHOBYIO KUCIJIOTY
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(MOJIbHOE COOTHOIICHHNE 3TAHOBOUW KUCIOTHI K 3TH-
JIeHmMaMuHy paBHO 2:1). [lepemernmBanme BeIyT IIpu
temrtepatype 30+40°C He MeHee Tpex 4acoB.

B xome mccienoBaHUS MCIIOIb30BAIN CICAYIONINE
METOIBI:

1. KomnayHnupoBaHue 106aBOK — 3TO CMEIlIMBaHUE
Pa3IMIHBIX TOOABOK B Pa3HBIX COOTHOIICHUSX C IEJIBIO
VAYUIIeHUS UX BIVSTHUS Ha CBOMICTBa OuTyMa. B MeTam-
YECKYI0 EMKOCTh TIOMEIIAIN JOOABKH B pa3HBIX MAaCCOBBIX
COOTHOIIICHMSIX, CTABWIM Ha TUINTKY, YCTaHABIMBAIII Me-
IIAJIKy W TIepeMeIBaId B TeUeHHe 15 MUH., 3aTeM BBI-
KJTIOYaJTA MEIIAJIKY, OTOMPAJIN IIPO0Y I OIIpeIeIcHUS
pa3IMIHBIX cBOMCTB. [Tocie 3Toro BKIToYaim MeIanKy,
¥ TaK KaXaele 15 MUHYT B TeUCHUE IBYX 9aCOB.

2. KommayHaupoBaHue OUTyMa ¢ 100aBKOI

B metannnueckyio eMkocTh Opanu 100 T 6utyma
¥, B 3aBUCUMOCTHU OT COOTHOIIICHUSI, JOOABKY, TylIa K¢
TOMEIIAIN MEIIAIKy U TIepeMEIINBAIN B TCUCHHE OJI-
HOTO Yaca 1 OTOMpau Mpooy I aHATU30B, BBIKITIOYAs
MeIIIaKy.

3. Temmneparypa pasmsraerus o T'OCT 11506-73

TemmepaTtypa, Ipu KOTOPOI OMTYM, HAXOMSIIITAACS
B KOJIBbIIE 3aJaHHBIX pa3MepoB, pa3MsTryacTcs U Iepe-
MeIaeTcs o1 BECOM ITapuKa, KacaeTcs AucKa Ipu-
6opa. butym HanuBaeM ¢ HEKOTOPBIM M30BLITKOM B JIBa
KOJIbIIa, KOTOPKIC TIpeaBapuTeIbHO HarpeBaeM. ITocie
OXJTAXKICHUSI KOJICIT ¢ OUTYMOM M30BITOK IJIAIKO Cpe3aeM
HarpeThIM HOXOM BPOBEHb C KpassMM KoJjell. B mpo-
MEXKYTOUHOE OTBEPCTHE YCTAaHABIMBAEM TEPMOMETP.
HccnenoBanne Outyma IpoBOIST B INIMLIEPUHOBOI OaHe
npu Temrieparype 33—35°C. Uepes 10 MUHYT OIBECKY
BBIHMMAIOT, KJIAAYT TMHIICTOM HarpeThIil CTAaThbHOM II1a-
PHK 1 TIOMEIIAIOT 00paTHO B 0aHIO, YCTAHOBIICHHYIO TaK,
YTOOBI TTIOCKOCTH KOJIEI] ObLIa TOPM30HTAJIBHOIA.

15T Kaxkmoro KoJIblla U IaprKa OTMeUaeM TeMIlepa-
TYpY, TIPA KOTOPOl BEIIABIUBACMBIN IIIAPUKOM OUTYM
KOCHETCSI KOHTPOJIBHOTO AMCKA aIllrapara.

4. IMenerpanus mo F'OCT 11501-73. CyniHocTb — n3-
MepeHUe TIIyOWMHBI TPOHUKHOBEHMS UTJIHI TICHETPOME-
Tpa B UCIIBITYEMBII 00pa3ell MpU 3aIaHHbIX HATPY3KaXx,
TeMIepaTrype 1 BpeMeHHU. Yaiky ¢ 6GuTyMOM IToMeIa-
eM B 0aHIO, 3aIIOTHEHHYI0 Bomoii. TemIreparypa BOIBI
B 6aHe JomkHa ObITh 25°C. [NMyOMHY NPOHUKHOBEHUS
uribl onpeaensieM mipu 25°C n 0°C. Yamky ¢ o6pa3iioMm
BbIHMMAaeM 13 6aHu yepe3 60 MUHYT U IIOMEILAaeM B CO-
CYI C BOIOI eMKOCThIO He MeHee 11. EMKOCTh cTaBuM
Ha CTOJI JTabOpaTOPHOI YCTAHOBKYU U MIOJBOAMM KOHEIT
WTOJIKUA K TTOBEPXHOCTU MUCCIIENyeMOro MaTepuaa Tak,
YTOOBI UTOJIKA CJIerKa Kacaiach ee. CTaBUM IOKa3a-
HIUE Ha HOJIb, BKJIIOYAEM CEKYHIOMED, XKMEM KHOIIKY
npubopa, JaBast UTJIe CBOOOTHO BXOIUThH B MCITHITYE -
MBIiT 00pa3ell B TeueHue 5 cekyHn. OTIyCTUB KHOIIKY,
3aMMCchIBacM ITOKa3aHMs (3aMephl IIPOBOIUM 3 pasa).
I'my6uHy mpoHUKHOBeHMS UTIH pu 0°C ompenesieM
C U3MCHEHUSIMU, YKa3aHHBIMU HITXKE.

B 6anio HaauBaeM Bomy co JbaoM. Temmepartypa
BOIBI TOJKHA OBITE 0°C, 00pasell BeiaepkuBaeM 60 M-
HYT.

5. Anre3ust

CyIIHOCTh — OMpPEeNeNTh CIEIUIIEMOCTh OMTyMa
C METAJUTMIECKOU TTOBEPXHOCTEIO.

Ha mertammmueckoil turactuHke HarpeBaeM 0,5 T
UCHOBITYyeMOro oopasua. Apyroi ropsyeil miacTUHKON
HaKpbIBacM M yCTaHABJIMBaeM CBEpXY IPy3 Maccoil
500 rpamMm. denaeM nBe nmpo6nl. Korma miacTUHKU
OCTBIHYT, TIpUIAaeM Harpy3Ky Ha pa3pbIB U 3aIIMCHIBACM
ITOKAa3aHUSI B KTC/CM.

6. TertocToiIKOCTD

CyYIMHOCTb — OIIPENEIUTh CTOMKOCTh IIPOTHUB Ha-
TpeBaHMSI.

B3BemmBaeM mIacTMHKY M HaJIMBaeM Ha HUX He-
KOTOpOE€ KOJIMIECTBO Harpetoro 6uryma. [locie ox-
JIAXXIEeHUST o0pe3aeM Kpasl ¥ B3BEIIMBAeM ILUIACTUHKY
¢ OUTYMOM.

Ornpenensiem mMaccy GuTyma 10 HarpeBaHus (m)).
YcraHaBnuBaeM B BepPTUKAJIbHOM ITOJIOXKCHUM TIjIa-
CTUHKY B My(eTbHO neuy M BeiaepxXuBaeM Tipu 125°C
B TeueHUE 4 gacoB. [Tocie oxmaxkmeHns oope3aeM Kpas
IJIACTUHKMY 1 B3BeImmBaeM ce. OmpenesisieM Maccy OCTaB-
werocs ouryma (mg,). TemnocToikocTs onpenensiemM
o popmyiie, B %:

0 = Mg — My,
Mg

o

x100.

PE3YJIbTATBI

[1pu BBITIOJTHEHUM SKCIIEPUMEHTA ObIIN IMTOI00paHbI
OITUMAaJTbHEIC TTapaMeTPhl CUHTE3a, 00CCIICYNBAIOIINEC
BBICOKUI BEIXOII 3aKPETIUTEIIS, TAKKe KaK TeMIIepaTypa,
BpeMsI peaKIIni, MOJIbHOE COOTHOIIICHNE PearnpyOIINX
BellecTB. Pe3yabTaThl SKCIIEpUMEHTA TIPEICTaBICHBI
Ha puc. 1-3.

CornacHoO IIpeacTaBIeHHOMY TpadUKy C TOBBIIIIE-
HueM Temrieparypbl oT 30 1o 40°C BbIXOA MPOAYKTOB
peakuuu yBeqmumBacTcs. JlampHeilnee MOBBIIICHIE
TeMIIepaTyphl He BIUSICT Ha BBIXOI TUITNaHINAMMOHN-
€BOTO COCTMHCHUSI.

ITpu Temmeparype 40°C cuHTE3 AUIITAHITAMMOHM -
€BOT0 COCTMHECHMST 3aKaHUYMBaeTCs 3a 5,0 9 ¢ BEIXOIOM
rponykra peakuuu 99,0% mac.

W neHTnhUKALIIIO TOIYyICHHOTO TUITNAHINAMMOHM-
€BOTO COCIMHEHYS TTPOBOIMIIN IT0 3JIEMEHTHOMY COCTaBY
SMP'H — criekrpa.

IMMonyuennnie AMP'H — crieKTpbl TOATBEpKIAIOT
IIpeAIIoIaracMylo CTPYKTYPY CHHTE3UPOBAHHOTO THIIN-
AHINAMMOHMEBOTO COCTMHECHUS.

ITpu Temmeparype 40°C cuHTE3 IUIIMAHITAMMOHM -
€BOT0 COCTMHECHMST 3aKaHUYMBaeTCs 3a 5,0 9 ¢ BEIXOIOM
rponykra peakuuu 99,0% mac.
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100 +
99 -
98 -
97
96 -
95
94 -
93
92 -
91
920 T

Bbixoa, % mac.

MornbHOe COOTHOLLEHNE

2 3 4

Puc. 1. BausiHnue MOJIbHOTO COOTHOIIEHHUST PeArHpPYIONINX BEIEeCTB
HA BBIXOJI IMIMAHIMAMMOHUEBOTO COEINHEHHUS:

STUJICHAMAMUH : IIPOIIEHHUTPUII | METaHAJIb | TAHOBAsI KMUCJIOTa
1-1,0:2,0:2,1:2,0; 2 — 1,0:2,0:2,0:2,0; 3 — 1,0:2,0:2,0:2,1

100 -

80 -

60 |

40 -

Bbixoa, % mac.

20 -+

Temnepartypa, °C

Puc. 2. 3aBucumMocThb BbIX01A IUIMAHIMAMMOHUEBOIO COEINHEHMS
OT TeMmepaTypbl (ITPOIOJLKUTEIbHOCTh dKcro3uiuu 0,5 yaca)

100 +

80

40

Bbixoa, % mac.

3 4 5 6

Bpewms, 4

Puc. 3. 3aBucumMocThb BbIX01A IMIMAHIMAMMOHHUEBOIO COEINHEHMS

OT BPeMeHH pPeaKiun

M meHTH(UKALINIO TTOIYYeHHOTO TUITMaHINAMMOHM-
€BOTO COCIMHECHUS TIPOBOIMIIN IT0 3JIEMEHTHOMY COCTaBY
SAMP'H — criexrpa, KOTOpBIN TIpUBEIEH Ha puc. 3.13.
Cnextp SIMP'H 3ammcan Ha criektpomeTpe «Bruker-
AM-300» ¢ padoueiif vactoToit 300MI'11, BHYTpeHHMIA
craggapt TMC. CrnexkTp CHSIT B IeUTepoO-alleTOHE

(I1-Ac), xuMm4YecKre COIBUTHA M3MEPEHBI B O-IIIKale
1 JaHBI B M.1., 8 KOHCTAHTA CITMH-CITMHOBOTO B3aNMO-
nevictBust (KCCB) B I'u. Crexrp IMP'H: 1,3 (c, 6H,
CH,); 2,35 (m, 4H, CH,); 2,63 (M, 4H, CH,); 2,73 (M,
2H, CH,); 3,05 (m, 2H, CH,); 3,72 (1, 2H, CH,, J = 10);
3,8 (m, 2H, CH,, J = 10).
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B cniekTpe AMP'H n3-3a Hammuuss CMMMETPUH B MO-
JIEKyJIe HaOJIIomaeTCs BCETO CeMb TPYIIT ITMKOB. MH-
TEHCUBHBI MyJIbTATUIET 2,05 M.J. — 3TO PE30HAHCHBIN
CHUTHAJ IIPOTOHOB YaCTUIHO AEUTEPUPOBAHHOTO aIle-
TOHA, MPUCYTCTBYIOLIETO B AeiiTepo-ateToHe. CUHIIIET
1,3 M.I. ¢ MHTETpaJbHON MHTEHCUBHOCTHIO B IIECTh
TIPOTOHOB MPUHAIJICKUT METUIBHBIM ITPOTOHAM JIBYX-
SKBHMBAJICHTHBIX alleTaTHBIX Tpymm. B Hanbomee cna-
60M moire myabTuruieT 3,72-+3,80 M.a. (MHTETpabHAS
WHTEHCUBHOCTh — YETBIPE TIPOTOHA) PE30HUPYIOT IBE
SKBUBAJICHTHBIC METUJICHOBBIC TPYIIIIBI C aTOMaMU a30-
Ta ¥ TUAPOKCUJIBHBIMH TPYIIIIAMU B O— TTOJIOKCHUSIX.
Mynetrmuret 2,35 M.4. (MHTeTpaIbHasI THTCHCUBHOCTD —
YeThIpEe TIPOTOHA) OTHOCUTCS K IBYM METUJICHOBBIM
rpymmaMm 1ipu C = N — rpymrte. OcTaqbHBIC TPH TPYIIITHL
MUKOB 2,63 M.1I., 2,73 m.i. 1 3,05 M.JI. OTHOCATCS K 4e-
ThipeM CH,-rpynmnam rnpu atomMax a3ora (MHTerpaibHas
MHTEHCUBHOCTb COOTBETCTBYET BOCEMH IIPOTOHAM).

IMonyuenasie AMP'H-crieKTpbl MOATBEPXKIAIOT
TIPEAIIoIaraeMyo CTPYKTYPY CUHTE3MPOBAHHOTO M-
MaHINAaMMOHNEBOTO COCTMHCHUS.

Du3nKo-XUMIUIeCKIe IMoKa3aTeId TUITNaHITaMMO-
HUEBOTO COCAMHEHUS TIPUBEICHBI B TA0I. 5.

CHHTe3UpOBaHHBIM HAMU TUIIMAHINAMMUH 00JIa-
JIaeT BBICOKOI 3(P(PEeKTUBHOCTHIO IPU JO0OABKE B OUTYM
B KaueCTBE 3aKPEITUTEIST, SKOJIOTMUCCKI OE30ITaceH TP
€r0 CHHTEe3¢ 1 IIPAKTUICCKOM IMPUMEHEHNH 3a CUET ITOJ-
HOTO CBSI3BIBAHUS B KOMILIEKCE CBOOOMIHOI 3TaHOBOI
KWCIIOTHI M METaHAJIS.

OBCYXKJIEHUE

W3 mutepaTypHOTO 0030pa ClIeyeT, YTO B HACTOSIIIIEe
BpeMsI TIPOM3BOICTBO a30TCOAEPXKAIINX COCTNHCHUMA
HCITIONIB3YETCSI BO MHOTHUX 00JIACTSIX TIPOMBIIIICHHOCTH.

Tabauya 5
Du3uKo-XMMHYECKHE MOKA3aTe I JUIHAHINAMMHHA

CoBpeMeHHBIN 3Tan pa3BUTUS HEPTCXMMHUIECKOM
MPOMBIIIIJIEHHOCTU B HACTOSIIIIEE BPEMST OPUEHTUPOBAH
Ha TI0JTy4YeHUEe TIPOIYKTOB OCHOBHOTO OPraHUMYECKOTO
1 He(PTEXUMUIECKOTO CUHTE3a, 00JIaTarOIINX BEICOKIMI
TeXHUIECKUMU 1 SKCIUTyaTallMOHHBIMU XapaKTePUCTH-
KaMH.

B sTOM HampaBIeHWU HayYHBINA U MIPaKTUICCKUI
WHTEPEC MPEACTABIISIOT IMAMUHBI, KaK MOATBEPKIACT
MIPAaKTUYECKUI OIBIT UX IIPUMEHEHNSI, OHI 00eCITeyn-
BAafOT 3aIIUTY MOJMMEPHBIX COSAUMHEHUI OT UCTUPAHUS,
CTapeHMsI, BO3ICCTBHS arpeCCUBHOM CPEIbI, YIIyUIIIaloT
nX QU3NKO-MeXaHNIeCKHIE CBOMCTBA, UMEIOT JOJTHIA
CPOK CITY>KOBI.

C menpro M3yYeHUST BAUSHUSA Ha OUTYM CUHTE3U-
pOBaHHOTO HaMU MoaudUKaTopa (3aKperuTelis) ObUTH
IIPOBEACHHI CIICAYIONINEe METOIBI aHAIM3a: TICHETPAIH,
TeMmepaTypa pasmsraeHust (meton Kulll).

VYBenmueHne KOHICHTPAIINKU 3aKPETTUTEIST B OITBIT-
HBIX 00Opa3iax He IPUBOOMIIO K €T0 pacCIOCHUIO ¢ OM-
TYMOM, UTO CBUACTCIBCTBYET 00 MX COBMECTUMOCTH.
Pe3ynbraThl 9KCIIEPUMEHTOB IIPUBEAEHbI B TA0JI. 6.

[IpencraBieHHbBIC JTaHHBIC CBUICTEIBCTBYIOT 00 YBE-
JIMICHUY TTOKa3aTesIsd TIEHEeTPAuy 110 Mepe YBeJImIe-
HUSI MacCOBOM IOY mULMaHauaMuHa. T.e. upe3mep-
HOE TIOBBINICHNE CONEPKaHUS TUIIMAaHINAMUHA BEACT
K YMCHBIIICHUIO TBEPAOCTH 00PA3IOB, YTO CBUIETEIIb-
CTBYET O CHIDKCHWH BEJIMUMHBI TAKOTO TTOKA3aTeIsT, Kak
ITOBEPXHOCTHOE HATsSDKCHUE.

3aMepsl TeMIepaTyphl pa3MITIeHHS (IT0 METOLY
Kwulll) moka3anm, 9T0 TIpH YBEIUYCHUM COMCPKAHMUS
3aKpEMUTEIIS] IPOUCXOIUT YBEIUUICHHUE TeMITepaTyphl
pa3MsITYCHUS, a 3HAYUT MOIU(PUITIPOBAaHHBIE 00Opa3-
IIBI He TIOABEPKEHBI pPa3MSITICHHIO IIPU TeMIIEpaType,
IIPU KOTOPOI TIPOMCXOAUT pa3MsITICHHE MCXOTHOTO
oOpasiia, M pa3MATJIaloTCs JUIIb IPU TadbHEHIIEM

HaumenoBanue

TToka3arein

1. BHemrnuit Bu

Cupomnoobpa3Hast Macca OT OECIIBETHOTO
IO KEJITOTO 1[BeTa

2. PacTBOpUMOCTH B AMCTUJUTMPOBaHHOM Boxe rpu 30°C MOoJIHAS
3. OTHOCUTENbHAS BI3KOCTh BOTHOTO pacTBopa

1,480
B cooTtHomeHuu 1:1 06. mpu 20°C, cn3
4. InotHocTth mipu 20°C, r/cm? 1,0800
5.pH 7,0
6. Knciornocts, Mr KOH 19,1

7. CrabuinbHOCTh, 00/MuH (3000 06/MUH., T = 15 MUH.)

YcToituuB (He paccianBaeTcs)

8. Maccosas goJist azora, % mac.

15,0
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Tabauya 6

3aBHCHMOCTD MOKa3aTeleii 0T KOHIEHTPAu| MoauduKaTopa

KauyecTBeHnnble mokasarem

Haunmenosanue o0pa3nos
Ilenerpanus, Mm Temnepatypa pasmsardenus (Tp), °C
WUcxonHelii 6UTYM 3,1 95
Butym ¢ 10%-Hoii no6aBKoOi 3,3 98
butym ¢ 20%-Hoi1 no6aBKoit 3,6 100
Bbutym ¢ 30%-Hoi1 no6aBKoi 3,9 102
Butym ¢ 40%-Hoit no6aBKoii 4 103
Tabauya 7
Pe3ynsraThl Hccie10BaHMIA IPH PA3TMYHBIX KOHIEHTPAIMSX
Koy 7| Tomemmm | o | ewpuon | Ao, | Tenegiocn,
10 160 3,3 6 41 16,7
20 163 3,6 6 39 16,0
30 165 3,9 6,3 35 15,7
40 167 4 6,5 32 15,0
50 168 HeromorenHnast cmech
60 169 HeromorenHnast cmech

TMOBBIIICHUY TEMIICPATYPHI, IIPUIYEM C YBEIUICHUEM
colepKaHUS 3aKpeNnuTesIsl pa3Huna Tp TOJIbKO BO3-
pacTaer.

Takum 006pa3zoM, IpeIIoXKeHHBIN 3aKpeTUTeIb OUTY-
Ma TIpX PA3TNIHBIX COOTHOIICHUSX, TIPUAACT IIPOIYKTY
3JIACTUYHOCTH U TTOBBIIIICHHYIO YCTONYMBOCTD K pas-
MSITYCHUIO TIPH YBEIMICHUM TEMIICPATypPHI.

C mebro M3ydeHUs SKCIUTyaTallMOHHBIX XapaKTe-
PHUCTUK JOPOXHOTO OMTYyMa Ha COBMECTUMOCTD €TI0
C 3aKpenuTeieM OBLUIH IIPOBEICHBI OITBITHI IIPU O0JIee
BBICOKMX TEMIIEpaTypax pa3MsaTdcHMSI.

KommayHnouposanue Benu Tipu Temmepatype 210°C
B TeueHue 60 MmunyT. [logydyeHHbIE IPOMYKThI IIPOLUIK
aHaAJIM3Bl Ha OIpenesieHre (hM3NKO-MEeXaHMIECKNX Xa-
pakTeprCcTUK. Pe3ybTaThl MccienoBaHMIt IIPeICTaBICHE
B TabJ. 7.

CorracHo IIpeICcTaBIcCHHBIM JaHHBIM TaOJIUIIEI HaM-
JIYYIIIFe CBOMCTBAa OMTyMa ¢ MOTM(PUKATOPOM BBISIBIICHBI
pu KoHUeHTpauuu 3akpenurens 30—40 % macc.

Taxke MOXHO OTMETUTD, YTO TTOBBIIICHIE TEMIIC-
paTypsI CITIOCOOCTBOBAJIO YIYUIICHIIO TEXHIIECKIX T10-
Kaszareeit. XapaKTepuCcTHKa MOTYICHHBIX 00pa3IloB:
TOMOTEHHAas CTPYKTypa, BEICOKas TeMIleparypa pas-
MSTYCHUS W XOPOIIIMe aare3nOHHBIe CBOMCTBa. Takke

HaOJIIOIAIOCh YBEIMUCHUE COMEPKAHUS 3aKPEITUTEIS
1 IeCTaOMIN3AIsI TUCTICPCHOM CTPYKTYPHI OMTyMa.

3AK/IIOYEHUE

[TomygyeHO HOBOE COCTMHEHME Kilacca TUITMAHIA-
MHWHOB U M3Y9YeHO ero IIpUMEHEHNE B KaueCTBe HAHO-
CTPYKTYPUPOBAHHOM J00ABKM K HE(PTSIHBIM OUTYyMaM.

M3ydeHbl 3aKOHOMEPHOCTH CUHTE3a JOOABKU U €TO
pm3UKOo-XMMIYeCcKue TT0Ka3aTeIn, JoKa3aHa CTPYKTypa
ITOJTYIYCHHOTO 3aKPEITUTEIS.

3aKkpenuTesb Ha OCHOBE TPUATUICHINAMUHIAIIN -
aHa o0JamaeT MOJIUMEPHO-BSIKYIIUMI CBOMCTBAMMU,
00€eCIIeYMBAIOIINMI BEICOKHM CIICTITICHUEM C OCHOBOM
IIOPOKHOTO MOKPBITASI M CTOMKOCTBIO K arpeCCUBHEBIM
KIIMMaTUYEeCKUM YCIIOBUSAM 3a CUeT 0Opa3oBaHUS Ha-
HOIMCITEPCHOI CTPYKTYPBI OMTYMa THUIIA «30JIb-TEIIb»,
COOTBETCTBYIOIINE ITOKa3aTeIsIM KadecTBa COTJIACHO
TpeboBanugaM HoBoro ctaHgapta TOCT 33133-2014
«BUTyMBI HE(TSHBIC TOPOKHBIC BI3KIEC».

[IpennoxXeHHBIN 3aKpeTUTe b ONTYMa IIPHU pa3Ind-
HBIX COOTHOIICHUSX IIPUIACT IIPOAYKTY SJIACTUIHOCTh
7 TOBBIIICHHYIO YCTOMYUBOCTD K Pa3MITUYCHUIO TIPHU
VBSIIMICHUH TEMIIEPaTyPhI.
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MPUMEHEHWE HAHOMATEPUAJIOB U HAHOTEXHOJ1IOTVi B CTPOUTE/IbCTBE
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

In response to all author’s claims the editors give full and substantiated replies and make great efforts to resolve
any conflicts.
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3TUKA HAYUYHbIX NYBNIMKALUN U NPELOTBPALLEHUE
HEAOBPOCOBECTHOW MPAKTUKU NYBJIMKALUNA

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

5. PepakTopbl He paboTaloT CO CTaTbAMM, B OTHOLUIEHUN KOTOPbIX Y HUX €CTb KOHQNIMKT MHTEPECOB.

6. PeflakTopbl >KypHana paspeluatoT KOHGANKTHbIE CMTYaLuUK, BO3HMKAlOWYeE B NpoLecce paboTbl, 1 MCMONb3yioT
OJ1A X paspelLLeHns BCe AOCTYMHble CpeAcTBa.

7. Pegaktopbl )KypHana ny6nukyoT nHbopmaLuio 06 MCnpaBieHrAX, ONPOBEPXKEHWAX 1 OT3bIBaxX CTAaTeN B CJlyyae
BO3HWKHOBEHMS TaKO HEOOXOAMMOCTN.

8. PelakTopbl XKypHana He Ny6vKyT KOHEUHbI BapMaHT CTaTby 6e3 ero cornacoBaHus ¢ aBTOpamu.
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OTBeTCTBEHHOCTb PeLeH3eHTOB XXypHana «HaHoTexHonorum B CTponTenbCcTBE»

1. PeLieH3€eHT oLeHBaeT CBOIO 3aHATOCTb Nepes Corflaciem Ha SKCNepTU3y PyKOMUCK 1 COrnaLlaeTca Ha peLieH3n-
pOBaHMe TONbKO MNP HANIMYUMN JOCTAaTOYHOTO BPEMEHM HA KaueCTBEHHYI0 paboTy.

2. PeLieH3eHT ncnosnb3yeT pa3paboTaHHyto pefakuyei XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMeCTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee pacluMPEHHYI0 peLeH3NIo.

3. PeuleH3eHT npegynpexgaeTt pefakumio 0 HaMuMm KOHGIMKTa MHTEPECOB (eC/v OH BO3HKK) 10 Havasna paboTbl
CO CcTaTben.

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIEH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U laHHble, KOTOPbIE B HEl COfep»KaTca, TPETbUM NInLaM.

5. PeuleH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX M1 KOMMEPUECKUX LieNfAX.

6. PeLieH3eHT He ilenaeT BbIBOAOB O KAaUeCTBe CTaTbll HA OCHOBE CYObEKTUBHbIX JAHHBIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

7. PeLieH3eHT 1Cnosib3yeT TONIbKO KOPPEKTHbIE BbIPAXKEHMA 1 OObACHEHUS B OTHOLLIEHWY CTaTby, HE MEePEeXoauT Ha
JINYHOCTMN.

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. i3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AEHNE BCEX COBPEMEHHbBIX PEKOMeHAALMI B Nybnmkyemon paborte.

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

3. M3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTH.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXOZA OUepPeHbIX BbIMYCKOB XypHana.

5. V3gatenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHOW
STUKU WU KPUTUYECKNE OLLINOKN.

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

1. [NaBHbIV pegakTop OTBEYAeT 3a MPUHATME pPELLEHUA O TOM, Kakne 13 NpeacTaB/ieHHbIX B pefakumio XXypHana
paboT cnenyeT onybnnKoBaTb. ITO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM Pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTeNen 1 untatenei. [MaBHbI pefakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHAALMAMM, pa3paboTaHHbIMU PefIKOIEren XXypHana, U TaKUMy I0pUANYECKMU TPe6oBaHUAMM Kak
HefonylleHVe KNeBeTbl, HApPYLUeHNA aBTOPCKOro NpaBga v niarvata. Takxke Npu NpUHATAM peLueHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONNErnn, PpeLLeH3eHTaMI.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COLepKaHuIo, HEB3Mpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTNIO, STHMYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.[naBHbI pefakTop, COTPYAHUKU pefaKLUnK, YNIeHbl PELKONErv He OJXKHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMWCU KOMY-NINOO APYromy, 3a NCKIIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, cogepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTMO0 COOCTBEHHOM
paboTe rmaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pepkonnerny 6e3 NMcbMeHHOro paspelueHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMA NN NIewn, NOJyYeHHblE NPU PELLEH3UPOBAHUN, LOMKHbI XPAHUTLCA B CEKPETE U HE 1C-
NnoJib30BaTbCA ANA NONYYEHUA IMYHOW BbIFOAbI.

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

7. [NaBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHNM »Kanob 3TUYECKOoro xa-
paKkTepa B OTHOLUEHWUW NpeAcTaBieHHOW PYKOMMUCU Ui OMy6SIIKOBAHHOWM CTaTbU, UMEA KOHTaKT C pefaKumen, us-
JaTtenem.
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O6paboTKa Kanob 1 anennaumin

B cnyuae noctynneHus xanob 1 annensynii Ha3HavaeTcs KOMUCCKSA, B COCTaB KOTOPOI MOTYT BXOAUTD: U3faTenb,
rMaBHbI PeAAKTOP, 3aMeCTUTE b FMTABHOrO PefakTopa, YieHbl pefaKLNOHHONW KOMMeruun, aBTopbl U CneuuanmncTbl,
KOMIMETEHTHbIE B PacCMATPMBaeMbiX Bonpocax. [IpoBoanTca paccnefoBaHue, pesynbTaTbl KOTOPOro AOBOASATCS BCEM
3aMHTEPEeCcoBaHHbIM Nnuam. MNpu HeobXo[MMOCTM 1 B COOTBETCTBUM C 3aKOHOAATE/IbCTBOM MaTepuasbl NepeaatoTcs
B COOTBETCTBYIOLLME FOCYAAPCTBEHHbIE OPraHbl.

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

HeonybnukoBaHHble faHHble, MONyYeHHbIe 13 NPEACTABEHHbIX K PACCMOTPEHUIO PYKOMUCEN, HeJlb3s UCMOJb30-
BaTb B JINYHbIX NCCIeOBaHNAX 63 NMMCbMEHHOro cornacus ABTopa.

NHpopmaLmsa nnm ngeun, nonyyeHHble B X0fe PeLeH3MpPOBaHA 1 CBsA3aHHbIE C BO3MOXHbIMY NMPeuMyLLecTBamMu,
LOJIXKHbI COXPaHATbCA KOHPUAEHLMANbHBIMY 1 HE NCMOMb30BaTbCA C Liefibio MOSyYeHWA TMYHON BbIFOAbI.

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
NHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBUI U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOJIAET APYIIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUNE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

MonuTrKa )ypHana B OTHOLEHW OOMeHa faHHbIMM 1 BOCMPOV3BOAMMOCTY B KOHEYHOM UTOre CroCcoOCTBYET Gonee
«OTKPbITON» HayKe, @ OTKPbITOCTb HAYYHOU MHGOPMALIMM €CTb FAPaHT MCCIIeA0BaHMIN U MHHOBALMIA BbICOKOTO KauecTBa.

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

W3paTtenb v rnaBHbIf pefakTop AOMKHbI paboTaTh Haf 3aLMTON penyTauum ony6/IMKOBAaHHbIX MaTEPUANOB MyTeM
N3YYeHUsi N OLIeHKU 3asABJIEHHBIX MU NPeAnosiaraemMblX HapyLeHUi (MccnefoBaHnie, Ny6nvKaumi, peueHsni n pe-
LAaKTOPCKOW AeATeNIbHOCTN) COBMECTHO C HayUYHbIM COOOLLECTBOM.

370 BK/IOYAET B Ce0s B3aNMOAENCTBYIE C aBTOPOM PYKOMUCH U TLLATENIbHOE PaCCMOTPEHVE COOTBETCTBYHOLLEN
»asnobbl NN BbICKa3aHHbIX NPETEH3U. 1A BbIABNEHWA TaKNX HAapYLUEHWU, KaK Miaruat, pejakTop JOJIXKEH NoJib30-
BaTbCA COOTBETCTBYOLUMMY JIMLEH3VIOHHBIMY CCTEMAMU.

[naBHbIV pefakTop, NONyuMBLINIA YyOeauTenbHOe CBUAETENbCTBO HapPYLUEHUs, AOMKEH COOOLWMTb 06 STOM 13ga-
Teso, YieHaM peKoIerny, OpraHn3ys HeMelIeHHOe YBeJOMJIEH e aBTOPa O HEOHXOANMOCTY BHECEHUS MOMNPaBOK
WY OT3bIBa Ny6AMKaLuUy, B 3aBUCMMOCTU OT CUTYaLN.

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOTUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTU NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KEHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube aBTOPCKOE MPaBo OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XKepTBOW Nyarnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNeHna MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.

http://nanobuild.ru 330 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://www.antiplagiat.ru/
http://publicationethics.org/files/u7140/plagiarism%20A.pdf

Nanotechnologies in construction 2021; 13 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 328-331

ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

B npouecce nogaur ctaTby aBTOPY HEOOXOAMMO MOATBEPAMUTD, UTO CTaTbsA He Oblfia ONy6/IMIKOBAHA MK He Oblia
npuHATa K NybnmKaLmm B 4pyrom HayuHoM >KypHane. [pu ccbinike Ha onybnnmKoBaHHYIO B XypHarne «HaHoTexHonoruu
B CTPOVTENbCTBE» CTATbIO U3[ATENbCTBO MPOCUT pa3mellatb ccbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caiT
XypHana.

K paccmoTpeHnio fonyCcKalTCs CTaTby, Pa3MELLEHHbIE paHee aBTOPaMM Ha JINYHbBIX UK NYGAMYHBIX CalTax, He
OTHOCALLMXCA K APYTMM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3patenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX Y>Ke COBEPLUEHHOIO W NMOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

Pepakuuei )XypHana HesameanuTenbHO MPOBOAUTCS pacc/iefOBaHME MO BCEM COOHOLLEHUAM O 3/10yNoTpebieHnAX
(HapyLweHusx) n, ecnv MHGOPMaLMA NOATBEPKAAETCA, MPUHVMAIOTCA Mepbl MO YCTPAHEHWIO 3710ynoTpebneHnii (Ha-
pyweHuin). Ecnun 310 TpebyeTcsi B COOTBETCTBMM C 3aKOHOAATENIbCTBOM, MaTepuasbl NepefatTcs B COOTBETCTBYOLIME
rocyfapCTBEHHbIE OpraHbl.

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.
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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).
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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
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can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
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Copyright Notice
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2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
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book), with reference to its original publication in this journal.
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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
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MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWs
3KOHOMUMYecKoro dakynbreTa CaHKT-IeTepbyprckoro rocynapCcTBeHHOrO yHMBepcnTeTa, r. CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Bknag aBTOpPOB (Ha pyCcCKOM A3bIKe):

— pamunus HUUKManbl aBTopa;

— B KpaTKoW GpopmMe OnmCbIBAETCA NIMYHbIN BKNAaZ aBTOPa B HanucaHume cTatbu (nged, cbop matepmana, obpaboTka
MaTepwuana, HarnMcaHue CTaTbl, HAy4YHOE pefaKTMPOBaHVEe TEKCTA, BCe aBTOPbI CAeNanu SKBMBANIEHTHbI BKNag (paB-
HbI1 BKNag) B MOATOTOBKY Nybnukauum u T. g.).

lMpumep.

Mopo3soBa M.C. - HayYHOe PYKOBOACTBO; KOHLIENUUA NCCNef0BaHNSA; pa3BUTE METOLONOMMY; yYacTue B pas-
paboTKe yuebHbIX MPOrpamm 1 UX peanu3aunm; HanvcaHue NCXOLHOro TEKCTA; UTOrOBbIE BbIBOADI.

BbokoBa E.B. - yuacTue B pa3paboTke yueOHbIX MPOrpamMm 1 Nx peannsauuu; oopaboTka TeKCTa; UTOrOBbIE Bbl-
BOAb.

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNNKTa UHTEpPECoB.

CraTtbs nocTtynuna B pegakuuio XX.XX.202X; ogobpeHa nocne peueHsnpoBaHna XX.XX.202X; nprHaATa K nybnrka-
uum XX.XX.202X.
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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, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

1. ABTOpPbI COXPaHSIOT 33 COBOI aBTOPCKME NPaBa Ha PaboTy 1 MPefOCTaBAAIOT XKypPHany NpaBo nepBon nybnvka-
umnm paboTbl.

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa 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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