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«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.

OCHOBHOI1 LieNblo XXypHana ABnsaeTcA MHGpopMaLMOHHOe obecrneyeHne NpoLecca CO3faHNA U BHeAPEeHUA B Mpe HayKo-
eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3apaun:

« [pepocTaBreHrie yyeHbIM 1 CreumnannucTam 13 pasHblX CTpaH BO3MOXHOCTM Ny6MKoBaTb pe3ynbTaTbl CBOMX UCCIefoBaHUI
1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarax, BbiIcokoaddeKTrBHOM 060pyaoBaHMY B 0611acT CTPO-
UTENbCTBA, XUINLLHO-KOMMYHASIbHOTO XO3ANCTBA, CMEXHbIX OTpacsiel (MPOMbILLIEHHOCTH, SHEPreTUKN 1 Ap.).

+  WHdbopmaumoHHaa noanepKKa 1 yyactme B MeponpuaTuax (bopymax, KoHbepeHUraAxX, CUMNo3uyMax, CEeMUHapax, BbiCTaBKax,
KpYrblX CTONax U T.4.) 0 HAHOVHAYCTPUU U NPUKNAAHbIM BOMPOCaM HAHOTEXHONOTMIA B 061aCTV CTPOUTENBCTBA U XKUSULLLHO-
KOMMYHaNbHOTO X03ACTBa, UMeIOLMX akTyanbHOe 1 NepCcrneKTUBHOE NPaKTUYeckoe 3HaueHve.

MKypHan nspaetca c 2009 ropa. NeprnoanYHOCTb — 6 HOMEPOB B rop,.

B »KypHane ny6nukyioTca paboTbl No cnegylowmm TeMam: Co3aHne HOBbIX GYHKLMOHAMNbHbBIX MaTepPUanoBs; pa3paboTka Teo-
pun GOPMMPOBAHUA MPOYHOCTU Y HEMPOHMLLAEMOCTY HaHOCTPYKTYPUPOBAHHbBIX CUCTEM; NPO6NIEMbl MPYMEHEHUSE HAHOMaTEPU-
arnoB 1 HAHOTEXHONOIMI B CTPOUTENbCTBE U CTPOUTENbHBIX MaTepuanax; AMarHoCTkKa HaHOCTPYKTYP 1 HAHOMAaTepuanoB CTpou-
TeJIbHbIX CUCTEM; TEXHOOMM UCCNIeAOBaHNA CBOMCTB HAHOMATEPUANOB; TEXHONIOTMYECKME NMPUHLMIbBI CO3LaHUSA HAHOCTPYKTYP
(pacnnaBbl, 30Mb-reneBbivi CUHTE3 1 Ap.). TeMaTnKa cTaTeil MOXeT ObITb MHO, NPSIMO UM KOCBEHHO CBA3AHHOW C NepeYnCieHHbIMA
HanpaBneHNAMM.

KypHan npuHMMaeT K ny6aMKaummn: oprriHanbHble cTaTbi; 0630pbl; GUCKYCCUOHHBIE MAaTePUasbl, KOMMEHTApPUK, Apyrue nH-
dopmauroHHble MaTepuanbi.

A3bIK 3gaHMA: PyCCKNN; aHINNCKAIA.

ABTOpamu 1 YUTATENAMMN N3JAHUA ABNAIOTCA:

+  CTyHeHTbl, NpenogaBaTteny, aCnupaHTbl U JOKTOPaHTbl BY30B;

+  yueHble 1 CNeumnanucTbl HayYHO-1CCNef0BaTENbCKNX MHCTUTYTOB U HAHOTEXHONMOTMYECKNX LIEHTPOB;

«  PYKOBOAWTENU U CMELUanunCcTbl yYpexaeHunin, opraHmaumin u NnpeanpuaTuii CTPOUTENbHOIO KOMIIEKCA U >KUTULLHO-KOMMY-
HaJIbHOrO XO3ANCTBA;

+  yueHble 1 CNeLmnanucTbl CMeXHbIX CO CTPOUTENIbCTBOM OTpacsielt;
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TO THE AUTHORS AND READERS

Dear colleagues!

We are glad to inform you that the meeting of Presidium of All-Russia Public Organization “Rus-
sian Academy of Engineering” was held on the 2nd December 2021 in Moscow. The aim of this
meeting was to review the results of awarding professional I.A. Grishmanov prize in the area of
science, technologies, organization of building materials production, construction and promoting
innovations in construction in 2021.

Having considered proposals by the experts of the I.A. Grishanov contest and by the members
of the Presidium of Russian Academy of Engineering, the participant decided to award I.A. Grish-
manov prize 2021 and title “Laureate of I.A. Grishmanov prize” to electronic edition “Nan-
otechnologies in Construction: A Scientific Internet-Journal” for information support of
creating and applying science-intensive technologies (mainly nanotechnological products) in
construction, communal and housing service and joint fields (industries, energy development et
al.) and high publication activity (the journal is included in the List of Higher Certification Com-
mittee of the RF, Web of Science, Scopus et al.; (two-year impact-factor RIC-2020 - 1,507; 5-year
impact-factor RIC-2020 - 1,019).

More information is here — http://grishmanov.ru/laureaty-2021-g/

Organizing Committee of the professional contest for awarding I.A. Grishmanov prize con-
gratulates the editorial staff, authors and readers of the journal with this award and wish
them health and new creative success!
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K ABTOPAM U YATATEJIAM

YBaxkaembie konneru!

Coobuaem Bam, uto 2 gekabpsa 2021 roga B MockBe coctosanocb 3acepaHue MNpesngnyma O6-
LEePOCCUNCKOM 0OLLEeCTBEHHON OpraHmM3aunn «<PoCCUINCKOM NHXKEHEPHOWN akageMuniy», Ha KOTOPOM
nofseaeHbl UTorn NpodeccnoHanbHOro KOHKypca no NPUCYKAeHWI0 NpeMumn umeHu NpuiimaHo-
Ba M.A. B 06nacTn HayKn, TEXHUKN 1 OpraH3aunmn Npon3BoACcTBa NPOMbILLIIEHHOCTY CTPOUTENb-
HbIX MaTepPUaNoB 1 CTPOUTENBHOW UHAYCTPUM, NONYNApPU3aLmMmM JOCTUXKEHUA B 061acTn CTpou-
TenbcTBa no pesynbratam 2021 roga.

PaccmoTpeB npepnoXeHna 3KCNepTOB KOHKypCa MO NPUCYXKAEHUIO nNpemMun nmeHun pu-
MaHoBa W.A. n uneHoB lNpe3ngnyma POCCMNCKON NHXEHEPHOW akafemuu, yY4aCTHUKK NPUHANIN
pelleHVe npucyanTb npemuio nm. NpuwumaxHosa 2021 ropa n npucsonTb 3BaHue «Jlaypeat
npemun imeHu NpuwmaHosa U.A.» aneKTpoHHomy mnspaHuno «HaHoTexHonoruv B cTpou-
TeNbCTBE: Hay4YHbIl UHTEPHET-XKYpPHan» 3a MHGopMaLUoHHOe obecneyeHre Nnpouecca co3aa-
HWA N BHEJPEHNA HaYKOEMKNX TeXHONOInin (Mpexae BCero — HAHOTEXHONOMMYeCKOn NpoayKLmmn)
B 06N1aCTU CTPOUTENDBCTBA, XKUINLLHO-KOMMYHaNIbHOIO X03ANCTBA, CMEXHbIX OTpacel (NpoMmbiLu-
NEHHOCTU, SHEPreTUKM 1 AP.) N BbICOKYIO NyONMKaLNOHHYI0 aKTUBHOCTb XypHana (BKntoueH B [Me-
peueHb BAK P®, Web of Science, Scopus n ap.; (aByxnetHun nmnakt-paktop PUHL-2020 - 1,507;
NATUAETHUA nMnakT-pakTop PUHL-2020 - 1,019).

Bonee nogpobHaa nHdpopmauma - http://grishmanov.ru/laureaty-2021-g/

OpraHN3aunoHHbI KOMUTET NPo¢eCcCUOHANIbHOIO KOHKYpCa No NpUCyXAeHUI0 npeMmun
nmeHu MNpuwmaHoBa U.A. nosapaBnsaeT pefaKkuunio, aBTOPOB 1 YMTaTenen XKypHana ¢ 3Ton
3acNy»KeHHOW Harpapao u XenaeT BCeM 340POBbA 1 HOBbIX TBOPUYECKUX ycnexoB!
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ABSTRACT: Introduction. Impregnation with a solution based on calcium polysulfide showed excellent results in the hydropho-
bization of concrete, brick and shell rock due to the formation of a water-repellent coating of sulfur nanoparticles on the surface of
their pores. This paper presents the data of studying the properties of aerated concrete, widespread in construction practice, which
has a widely developed pore system. Materials and methods. The data on the penetration of water into the studied samples of
aerated concrete using the methods of visual examination, including electron microscopy, as well as methods for measuring the
water absorption and strength of the samples impregnated with a solution based on calcium polysulfide are presented. Results.
It is shown that aerated concrete impregnated with calcium polysulfide, despite the developed pore system, acquires pronounced
water-repellent properties. It was found that the optimal processing time is 20 minutes, and the increase in the water-repellent
properties of aerated concrete depends on the density of the impregnating solution. As a result of impregnation of aerated con-
crete by immersion in a solution with a density of 1.16 g/cm?, a decrease in 3.7 times occurs, and when treated with a solution with
a density of 1.25 g/cm?, it decreases 6.8 times and becomes equal to 6%. For samples processed with the use of vacuum, in the case
of processing a solution with a density of 1.16 g/cm?, water absorption decreases by 7.9 times, and when processing with a solution
using vacuum, it decreases 19.8 times, while the compressive strength increases by 1.7 once. Samples of aerated concrete, treated
with a polysulfide-based solution with a brush, showed that in this case, water absorption in the sprinkling mode decreases to values
of 1.5-2.0%. Discussion. It is noted that during the surface treatment of aerated concrete, a chemically resistant, water-repellent
layer 3-3.5 cm thick is formed, which reliably protects the material from the penetration of water and chemicals. The results of the
performed experiments give reason to believe that on the surface of the pores of aerated concrete treated with a solution based
on calcium polysulfide, as well as on the surface of the pores of previously investigated materials, a nanosized coating is formed of
sulfur particles that hydrophobic aerated concrete. Conclusions. Comparison of the results for aerated concrete with excellent data
for concrete, brick, shell rock shows that the efficiency for aerated concrete is no less and allows us to recommend the specified
solution for long-term protection of the surface of aerated concrete walls.

KEYWORDS: sulfur, nanoparticle, aerated concrete, water absorption, strength, hydrophobicity, protective coating.

FOR CITATION: Massalimov I.A., Massalimov B.I., Mustafin A.G. Improving the performance characteristics of gas concrete impreg-
nated with calcium polysulfide. Nanotechnologies in Construction. 2021;13(6): 343-349. https://doi.org/10.15828/2075-8545-2021-
13-6-343-349.

INTRODUCTION

he main reason for the degradation of porous build-

ing structures is the atmospheric-chemical factor.
The use of protective coatings makes it possible to in-
crease the durability of buildings and structures by reduc-
ing the amount of water penetrating into the pores, but
the main problem in this area is the service life of the coat-
ing itself, especially under conditions of constant exposure
to water and sign-changing temperatures. The problem

© Massalimov I.A., Massalimov B.l., Mustafin A.G., 2021

of long-term protection of concrete structures exposed
to intense exposure to moisture and groundwater has not
yet been resolved - the available deep penetration im-
pregnating compositions are quite expensive and cannot
be effectively used in all the cases. In this regard, it is ur-
gent to search for a new effective and convenient method
of long-term protection of building structures and prod-
ucts using various methods [1—2]. One of the methods
of protection is based on the creation of a water-repellent
effect in building materials by the use of impregnation
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with sulfur melt [3—4], however, the application of the
method is limited by the complexity of use associated with
obtaining a melt and the need for evacuation.

In works [5—8], a new method is proposed that allows
increasing the durability of buildings and structures by re-
ducing the amount of water penetrating into the pores.
The developed impregnating composition based on sulfur
provides protection of building materials from weathering
and corrosive environments for a long time. The technology
for processing structural elements and products is simple
and affordable: like most paints and varnishes, they are ap-
plied with a brush, pouring, spraying, dipping at any posi-
tive temperatures. The fundamental novelty of the proposed
solution lies in the fact that hydrophobization is achieved
using a material of inorganic nature — sulfur. The presence
of sulfur in the pores of building materials gives them water-
repellent properties for a long time — in contrast to organic
paints and varnishes. The uniqueness of the approach lies
in the fact that at the stage of impregnation a water-soluble
substance is used, within which sulfur molecules fall into
the smallest pores of the material.

During the drying stage this substance decomposes
and a water-insoluble (hydrophobic) layer of elemental
sulfur is formed on the surface of the pores. At the drying
stage, this substance decomposes and a water-insoluble
(hydrophobic) layer of elemental sulfur nanoparticles is
formed on the pore surface. The use of deep impregna-
tion allows, along with an increase in strength and frost
resistance, a decrease in water absorption, to significantly
increase resistance to atmospheric factors, chemical resis-
tance to acids, saline solutions, oil products. The mineral
nature of the coating, formed from sulfur nanoparticles,
ensures its durability, and the water-repellent proper-
ties inherent in elemental sulfur blocks the access of wa-
ter. The surfaces treated with the proposed composition
acquire not only hydrophobic properties, but also pro-
nounced bactericidal properties, as a result, the processes
of decay and mold formation are prevented.

This method improves the mechanical characteristics
of building structures (piles, bridges, floor arches, tunnels,
trays, culverts, wells, sidewalk and road slabs, curb stones,
etc.) operating in conditions of atmospheric factors and
groundwater. The method of hydrophobization with poly-
sulfide solutions is also protected by a Russian and Eur-
asian patent [9, 11]. Currently, the method has become
widespread and is used to strengthen wells [12—14].

At the same time, there are other building materi-
als (foam concrete, acrated concrete, wood, etc.), which
also need long-term and reliable protection from atmo-
spheric factors. For this purpose, aerated concrete was
investigated, which has a developed porous structure and
is exposed to water. Autoclaved aerated concrete is one
of the most popular building materials used in the con-
struction of individual houses. It is popular due to its
excellent consumer properties: low thermal conductivity

and environmental friendliness. But at the same time
aerated concrete is characterized by a high value of water
absorption (30—50%) and relatively low values of com-
pressive strength, which significantly limits its use. This
material is also popular abroad, work is underway to ob-
tain materials and methods for protecting aerated concrete
[15—22]. In this work, a composition based on calcium
polysulfide was used to modify the properties of aerated
concrete; the latter was impregnated with the material and
its properties were studied.

METHODS AND MATERIALS

To carry out the work, a solution based on calcium
polysulfide (calcium pentasulfide CaS5) with different
densities in the range from 1.16 g/cm?® to 1.25 g/cm? was
used, and aerated concrete with a density of 0.547 g/cm?
with dimensions of 16x4x4 cm was used as samples. Since
aerated concrete is mainly used as a wall material, it was
processed with a brush, in addition, it was also tested
by immersing the samples in a solution based on cal-
cium polysulfide. The impregnation of aerated concrete
samples was carried out by completely immersing them
in a bath with a polysulfide solution so that the solution
level exceeded the level of the upper edge of the samples
by at least 5 cm. The impregnation of aerated concrete
samples was carried out with various durations (from 10 to
80 minutes) 20 minutes.

Water absorption measurements were carried out
according to the method described in GOST 12730.3-
2020. Determination of water absorption with preliminary
evacuation of the samples was carried out in a chamber
from which air was evacuated and an impregnating so-
lution was supplied until the samples were completely
covered with the solution. The strength measurements
of the initial and impregnated samples were carried out
in accordance with GOST 10180-2012. The depth of pen-
etration of the impregnating solution into the depth was
checked by analyzing sections of freshly impregnated
samples. The analysis of the size of sulfur nanoparticles
and the distribution of the hydrophobizing material in
the pores was carried out by Shimadzu Wing SALD-7071
and an AXIOVERT.A1 microscope.

RESULTS

Since aerated concrete, like most building materials, is
an inorganic material and is wetted with water, and gradu-
ally water fills the pores of aerated concrete (Fig. 1a).
Treatment with a solution based on calcium polysulfide
leads to the coloring of aerated concrete in a light green
color, in addition, the appearance of sulfur nanoparticles
on the surface of aerated concrete leads to the appearance
of water-repellent properties (Fig. 1b), a drop of water on
the surface of the sample is not absorbed.
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Fig. 1. The appearance of aerated concrete: a — untreated; b — processed

The samples were processed by immersion in a solu-
tion based on calcium polysulfide of various densities for
1 hour; the results are shown in Fig. 2. The water absorp-
tion of the original non-impregnated samples was 35.6%.
The data presented in Fig. 3 show that water absorption
decreases when using a solution with a density equal to
1.16 g/cm?, water absorption decreases by 3.7 times, and
when treated with a solution with a density of 1.25 it de-
creases by 6.8 times. For samples processed with the use
of evacuation, in the case of processing a solution with
a density of 1.16 g/cm?, water absorption decreases by
7.9 times, and when processing with a solution with

a density of 1.25, it decreases 19.8 times. Thus, a solution
based on calcium polysulfide effectively hydrophobizes
aerated concrete and can be used to protect structures
made of this material. For example, the walls of low-rise
buildings that have water-repellent properties can be laid
out of aerated concrete blocks.

Samples impregnated under vacuum with different
duration of keeping in solution were tested for compres-
sive strength (Fig. 3). The data on the dependence of the
strength on the residence time in the solution show that
the residence time in the solution equal to 20 minutes
is sufficient for the solution to be absorbed. The results

10 A
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Fig. 2. Water absorption of aerated concrete samples impregnated by immersion in a solution based
on calcium polysulfide of various densities at atmospheric pressure (A) and using vacuum ()
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Fig. 3. Dependence of the compressive strength of aerated concrete samples impregnated
by immersion in a solution based on calcium polysulfide on the duration of holding in the solution

show an increase in compressive strength from 1.75 MPa
to 3 MPa when held in solution for more than 20 minutes;
further holding does not lead to a noticeable increase in
strength.

Since the main application of aerated concrete is
supposed to be the protection of walls that are exposed
to moisture in the sprinkling mode, the samples were
repeatedly brushed and dried under natural conditions.
The processing was carried out as follows. Repeated
brush strokes were applied layer by layer until the solu-
tion was absorbed by the aerated concrete. Then, after it
was absorbed, but not dried, a second layer was applied
in the same way. Then the process was repeated a third
time. Figure 4 shows sections of dried samples after three
brush treatments; it can be seen that the solution applied
with a brush successively penetrates into the depth of the
sample. The treatment was carried out with a solution

with a density equal to 1.24 g/cm?. The results showed
that after passing the hand three times, the penetration
depth exceeds 2 cm.

Samples treated with a brush were tested for water ab-
sorption, for this purpose they were processed in the spray
mode. For this purpose, the samples were exposed to
water droplets in a similar manner to rainfall for 1 hour.
It was found that water absorption does not exceed 1.5—
2.0% for those treated three times with a brush (Fig. 5).
Thus, brushing or spraying a solution based on calcium
polysulfide on a wall lined with aerated concrete can pro-
tect the material from water penetration, even without
using additional protection measures, by applying plaster
or other water repellents to the wall.

Samples soaked in a solution of calcium polysulfide
were examined by direct observation in reflected light on
an AXIOVERT.A1 microscope. Figure 6 shows the mi-

Fig. 4. Samples of aerated concrete cut impregnated with a solution based on calcium polysulphide with a density equal
to 1.24 g/cm?: a) initial non-impregnated; b) processing with a single pass of the brush; c¢) processing with a double
pass of the brush; d) processing by three passes of the brush
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multiplicity of processing

2 3 4

Fig. 5. Dependence of water absorption of aerated concrete
under sprinkling conditions, depending on the frequency of treatment

crostructure of aerated concrete samples impregnated
with polysulfide solutions. From Figure 6 it can be seen
that the voids between the grains of aerated concrete are
filled with a composite of sulfur nanoparticles and calcium
carbonate, as a result, the compressive strength increases
(Fig. 3) and water absorption decreases (Fig. 6).

DISCUSSION

The data obtained in the work show that aerated con-
crete is successfully hydrophobized by impregnation with
a solution based on calcium polysulfide, despite the fact
that it has a well-developed pore system, that is, there are
many voids inside aerated concrete. To find out at the ex-
pense of which particles the aerated concrete is hydropho-
bized from the polysulfide solution, after impregnation
and drying, particles were separated from the pore space

of the material. For this, the impregnated sample of aer-
ated concrete was dried and dissolved in a solution of hy-
drochloric acid. The dispersed powder that precipitated
was washed with distilled water and dried, then the coarse
fraction was separated from the fine fraction in a centri-
fuge. Then the fine fraction was analyzed using a laser
analyzer, as a result, differential and integral distributions
of the sizes of sediment particles were obtained, similar to
those in ([8], Fig. 2). They showed that the average par-
ticle size is 20 nm, and X-ray phase analysis showed that
the particles are elemental sulfur with an orthorhombic
crystal lattice structure similar to the results ([8], Fig. 3).

The impregnating solution in this case is a carrier of a
hydrophobizing agent (sulfur nanoparticles), which in
the composition of calcium polysulfide molecules, the size
of which does not exceed 0.5 nm, ecasily penetrates not
only into the pores, but also into the smallest capillary

Fig. 6. Image of the pore space of aerated concrete impregnated with a polysulfide solution:
a — an increase of 500 times; b — an increase of 1000 times
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tracts of aerated concrete. At the drying stage, the calcium
polysulfide molecule is destroyed, and sulfur nanoparti-
cles are formed, which are hydrophobic by their chemical
nature. Microscope data (Fig. 6) show how nanoparticles
crystallized from a polysulfide solution at the stage of aer-
ated concrete drying form a protective coating in the pore
structure, taking up free space in the pores.

Due to the low viscosity, the impregnating solution
easily penetrates deep into the material, if applied with
a brush, it penetrates to a depth of 3—3.5 cm (Fig. 4), when
immersed in the solution, it can completely impregnate
the sample, reduce it from 35.6% to a value equal to 5%,
and in the case of vacuumization, it reduces water absorp-
tion to 2% (Fig. 2). The fact that this material is excellently
hydrophobized by a polysulfide solution can be seen with
the naked eye: for an untreated sample, water immedi-
ately penetrates deep into the material, and in a processed
sample it lies in the form of a spherical drop until it evapo-
rates (Fig. 1). The data on water absorption are comparable
with the corresponding data for shell rock 2—3% |7, 8],
concrete 0.5—2.5% [6, 15], brick 4—5% [5]. An improve-
ment in the parameters of water absorption and strength,
as well as a slight change in color (acquiring a weak green
color) when modifying acrated concrete with a polysulfide
solution, make it possible to hope that this method of hy-
drophobization will be widely used. The presented data on
the penetration of water into the studied samples of aerated
concrete shows that the method of improving the properties
of aerated concrete by impregnating samples with a solution
based on calcium polysulfide works excellently in this case
and can be recommended for use in low-rise construc-
tion of cottages, as well as when using aerated concrete as
a material for internal partitions of buildings.
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YnyuyweHne sKcnyaTayMoOHHbIX XapaKTepuCTuK
raso6eToHa nponuUTKon nonncynbeuaom Kanbuma

Ucmaunn AnekcaHgposuy MaccanumoB™*
Axart lasusbaHosny Mycradpumn’
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AHHOTALIUA: BBegeHue. MponnTKa pacTBOPOM Ha OCHOBe nonucynbduia KanbLua nokasana npeBOCXOfHble pe3ynbTathl M-
Apodobrzaumm 6eToHa, KUPNUYa 1 pakyLleyH1Ka 3a cHeT 06pa3oBaHMA Ha MOBEPXHOCTU KX NMOP BOJOOTTaKMBAOLLEro NOKPbITUA
13 HaHouacTUL, cepbl. B gaHHoI paboTe npefcTaBnieHbl JaHHbIE N3YyYeHUA CBOWCTB LUMPOKO PacipoCTPaHEHHOro B CTPOUTENbHON
npaKTrKe ra306eToHa, KOTopbIi 061afjaeT WUPOKO pa3BuTol cnuctemoli nop. Matepmuanbl n metogpbl. [NpeactaBneHbl JaHHbIE MO
NMPOHNKHOBEHMIO BOAbI B MCCNeayemMble 06pasLbl ra306eToHa C NpYMEHeHNeM METOL0B BI3yanbHOro NCC/Ief0BaHNA, BKoYas
3NEKTPOHHYI0 MUKPOCKOMNIO, @ TaKXKe METOLI0B V3MEPEHNA BOJOMOIOLEHNA 1 MPOYHOCTM NPONMUTaHHbIX 06pa3LoB PacTBOPOM
Ha ocHoBe nonvcynbduaa Kanbuma. Pesynbratbl. [ToKasaHo, 4TO ra306€TOH, MPONUTaHHbIN NOAUCYIbGUAOM KanbLms, HECMOTPA Ha
pa3BuUTYIO CUCTEMY MOP NPUOGPETaeT APKO BbiparkeHHble BOAOOTTaNKMBaOLWMe CBOMCTBA. YCTaHOBMIEHO, YTO ONTUMANIbHOE BpeMA
06paboTkn paBHO 20 MUHYTaM, @ yBENIMYEHVE BOLOOTTANIKMBAIOLMX CBONCTB ra306€TOHa 3aBUCHT OT MIIOTHOCTW MPOMUTOYHOTO
pacTtBopa. B pe3ynbrate nponuTKy ra3ob6eToHa NorpyxeHrnemM B pacTBOp NAOTHOCTbIO 1,16 r/cM® NPONCXOANT CHUXEHME B 3,7 pas,
a npu 06paboTKe PacTBOPOM MAOTHOCTbIO 1,25 r/cv® CHKaeTCs B 6,8 pa3 1 CTAHOBUTCA PaBHbIM 6%. 118 06pa3LoB, 06paboTaHHbIX
C NPVIMEHEHNEM BaKyyMUPOBaHWA, B CJlyuyae 06paboTKM pacTBOpa MAOTHOCTbIO, paBHOM 1,16 1/cM®, BOROMOTOLWEHNE CHUPKaeTCA
B 7,9 pa3, a npu 06paboTke pacTBOPOM C MCMOMNb30BaHNEM BaKyyMVPOBaHUA CHUXKaeTcA B 19,8 pas, ofHOBPEMEHHO MPOYHOCTb Ha
CoKatue yBenuumsaetca B 1,7 pas. O6pasLpl ra3obeToHa, 06paboTaHHble PacTBOPOM Ha OCHOBe nonncynbduaa KNCTbIo, MoKasany,
4TO 1 B 3TOM CJTyyae BOLOMOITIOLEHNE B PEXMME AOXKAEBAHNA CHXKaeTCA A0 3HaueHni 1,5-2,0%. 06cyxaeHune. OTmevaeTcs, uTo
npv NOBEPXHOCTHOW 06paboTke razobeToHa 06pasyeTca XMMUYECKU CTONKNIA BOJOOTTANIKMBAIOLWMUIA CIION TONWMHON 3-3,5 cm,
HaflexHO 3alyMLLaloLWMiA MaTepran OT MPOHNKHOBEHWA BOAbI M XMMUYECKNX BellecTB. Pe3ynbTaTbl NPOBeAeHHbIX SKCMepPrMEHTOB
[T OCHOBaHUA Mosaratb, YTO Ha NOBEPXHOCTY NOpP ra3obeToHa, 06paboTaHHOro PACTBOPOM Ha OCHOBE Nonucynbduaa KanbLusa,
TaK »Ke KaK 1 Ha MOBEePXHOCTM MOP paHee NCCefoBaHHbIX MaTepuranioB 06pasyeTcs HaHOPa3MepPHOe NMOKPbITE U3 YacTUL, Cepbl,
ruapodobusnpyoLmx rasobetoH. BeiBogpbl. ConocTaBneHvie pe3ynsTaToB AnA ra306eToHa C IPeBOCXOAHbIMY AaHHbIMM 1A 6eTOHa,
KMpnunya, pakyLleyHnKa NokasblBaeT, YTo 3¢ PeKTVBHOCTb ANA ra306eTOHa He MeHblLUe, 1 MO3BONIAET PEKOMEHA0BATb YKa3aHHbIi
pacTBOp AN AONTOBPEMEHHON 3aLy1Tbl MOBEPXHOCTY CTEH 13 ra3obeToHa.

KJTIOYEBDIE CJTOBA: cepa, HaHOYacTNLa, ra306eToH, BOAOMOIOLWEHME, MPOYHOCTb, r’MAPOPpOOHOCTb, MOKPbLITHE.

ana UWUTUPOBAHUA: Maccanumos U.A., Maccanumos b./., MyctaduH A.l. YnyuweHne skcnnyaTaLMOHHbIX XapaKTepuUCTUK ra-
306eToHa nponuTkoi nonucynbdraom Kanbuma // HaHotexHonorum B ctpontenbctee. 2021. T. 13, N 6. C. 343-349. https://doi.
0rg/10.15828/2075-8545-2021-13-6-343-349.

BBEJIEHUE

OCHOBHOI‘/’I IIPUYUHOMN IeTpafaliiii IIOPUCTBIX CTPOM -
TETbHBIX KOHCTPYKIIUI SIBJITETCS aTMOC(EPHO-XM -
mmaeckuii (pakrop. [IprnMeHeHNe 3aIIUTHBIX TOKPHITHI
TIO3BOJISIET TIOBBICUTH JOJITOBEYHOCTD 3TaHMI 1 COOPY-
JKEHMH 33 CUeT YMEHBIICHHST KOJIMIECTBA BOIBI, TIPO-

© Maccanumos W.A., Maccanumos b.U., MyctaduH AT, 2021

HUKAIIEH B MOPHI, HO OCHOBHOI IIp00JIEMOIi B 3TOM
00JIaCTU SIBJISIETCSI CPOK CJIYKOBI CAMOTO TTOKPBITUS,
0COOEHHO B YCJIOBUSIX TTOCTOSTHHOTO BO3JEMCTBUS BOIbI
1 3HAKOTlEpeMEeHHbIX TeMmneparyp. [1pobdiema noiarospe-
MEHHOM 3a1IUThl 06 TOHHBIX KOHCTPYKIIWM, TOIBEPXKEH-
HBIX UTHTEHCUBHOMY BO3IIEMICTBUIO BJIaTM U TPYHTOBBIX
BO/I, HE pPelleHa 10 CUX ITOp — UMEIOLIIUECS TTPOIMUTOY-
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HbIE COCTaBbl ITYOOKOTO MPOHUKHOBEHHUS TOCTATOYHO
JIOPOTH M HE BO BCEX CIyYasiX MOTYT OBITh 3(P(heKTUBHO
HMCIMOJIb30BaHbl. B CBSI3U C 9TUM aKTyaJabHBIM SIBJISIET-
sl TIOMCK HOBOTO 3 (PEKTUBHOTO U YIOOHOTO METOIA
JTIOJITOBPEMEHHOM 3aIlIUThI CTPOUTENbHBIX KOHCTPYKIIMIA
¥ U3IETTNI ¢ TPUMEHEHUEM Pa3IMIHbBIX CIToco0oB [1-2].
OnuyH 13 METOIOB 3aIlIUTH OCHOBAaH Ha CO3MaHWUM BOMIO-
OTTaJIKUBaIoMero 3(pdeKxra y CTpOUTETBHBIX MaTepra-
JIOB ¢ IPUMEHEHNEM TIPOITMTKY paciuiaBa cepsl [3—4],
OJIHAKO MPUMEHEeHNE MeTOAa OTPAaHUYEHO CJIOKHOCTBIO
MCII0JIb30BaHUSI, CBSI3aHHOTO C MOJYYEHUEM pacruiaBa
1 HEOOXOAMMOCTbBIO BAKyyMUPOBAHUSI.

B pa6otax [5—8] mpenioxeH HOBBII METO, TTO3BO-
JISTIOLIMIA TTOBBICUTH JOJTOBEYHOCTh 3IaHUI U COOPY-
JKEHUM 3a CYET yMEHbIIEHUST KOJIMUYeCTBA BOIbI, TPO-
HUKamwIeil B mopsl. PazpaboTaHHbBIN NPONIUTOYHBIN
COCTaB Ha OCHOBE Ccepbl 00ECIIEUMBAET 3aLLIUTY CTPOU-
TeJIbHBIX MaTepUaaoB OT aTMOC(EPHBbIX BO3IEeCTBUI
M arpeCCUBHBIX CPel B TEUEHUE VIMTEJILHOTO BpeMe-
HU. TexHoorust 06padbOTKM 3JIeMEHTOB KOHCTPYKIIMIA
W U3AEUI MPOCTa U TOCTYMHA: KaK U OOJILIINHCTBO
JIAKOKPACOYHBIX MAaTEPUAIOB, OHU HAHOCSITCS KUCThIO,
HaJIMBOM, paclibLIEHUEM, TTOTPYXKEHUEM MPU JTIOOBIX
MOJIOXKUTEbHBIX TeMnepaTypax. [IpruHuMnuanibHast HO-
BU3HA MpeaiaraeéMoro peleHus: 3aKj4aeTcs B TOM,
9TO THAPO(GOOM3AIINST JOCTUTACTCS ¢ IPUMEHEHUEM Ma-
Tepuaja HeopraHUYeCKOM Mpupoabl — cepbl. Hanuune
cepbl B IOpaX CTPOUTEbHBIX MAaTEpUATOB MPUAAET UM
BOJIOOTTAJIKMBAIOLIME CBOMCTBA HA IJIUTEIBLHOE BpeMs
— B OTVIMYKE OT OPraHMYECKMX JJAKOKPACOUHBIX MaTe-
puanoB. OpUTHHATBLHOCTB ITOIXO0A 3aKTI0YACTCS B TOM,
YTO Ha CTaAUU MPOMUTKHU UCIOJIb3YETCS PAaCTBOPUMOE
B BOJIE€ BEILIECTBO, B COCTaBe KOTOPOTO MOJIEKYJIbI CEPbI
MoIagaT B MeJIbYailie mMopbl MaTepuraa.

Ha sTane cymku 3To BelIecTBO paclanaeTcs, U Ha
TMOBEPXHOCTHU TTOp 00pa3yeTcsi HepaCTBOPUMBI B BOJIE
(rumpooOHBII) CIol M3 HAHOYACTUIL SJICMCHTHOM
cepbl. [IpyuMeHeHMe TYOOKON MPONMUTKU TTO3BOJISIET
Hapsi1y ¢ TMOBBIIIEHNEM MPOYHOCTU U MOPO30CTOMKO-
CTU, YMEHBbIIIEHUEM BOAOIOTJIOIIEHUS CYIIECTBEHHO
MOBBICUTb CTOMKOCTb K aTMOC(hEpHbIM (haKTopam,
K KHACJI0TaM, COJIEBbIM pacTBOpaM, HEPTENPOIYKTAM.
MuHepaJibHasi TpUPoIa MOKPBITUS, CPOPMUPOBAHHOTO
M3 HAHOYACTULI Cepbl, 00ECTIEYMBAET €ro JOJTOBEUYHOCTD,
a TIpUCylIMe 3JIeMEHTHOM cepe BOAOOTTATKMBAIOIINE
CBOWCTBA MEePEKPHIBAIOT AOCTYN BOAbI. [ToBepxHOCTH,
00paboTaHHbBIE TIpeJIaraéMbIM COCTAaBOM, MIPUOOPETAIOT
He TOJBbKO TuAPOdOOHbIE CBOMCTBA, HO TAKXKE U SIPKO
BbIpaXk€HHbIC OaKTepULIMIHbIE CBOMCTBA, B pe3yJbTaTe
MpenoTBpalIaloTCs MPOLIECChl THUEHUST 1 00pa30BaHUsI
TUIECEHMU.

DTOT METOI MOBHIIIACT MEXaHUIECKIE XapaKTepH-
CTUKM CTPOUTEJbHBIX KOHCTPYKIMI, SKCILTyaTUPYIO-
IIMXCS B YCJIIOBUSX BO3IEUCTBUS aTMOCEPHBIX (DaKTO-
POB M ITPYHTOBBIX BoJ. MeTton ruapododu3anum moiam-

CYTh(UIHBIMI PACTBOPAMU TAKKe 3aIUIICH ITaTCHTaMHI
poccuiickuM 1 eBpasuiickuM [9, 11]. B HacTosee Bpe-
MsI METOJI TIOJIYUHJI PACTIPOCTPAHEHUE W MCTIONB3YETCS
JIJTST YKPETITIeHUsST CKBaKUH [12—14].

B T0 ke BpeMsT IMEIOTCS APYTHE CTPOUTEIBHBIC MaTe-
puaibl (TTeHOOETOH, Ta300€TOH, AEPEBO U Ap.), KOTOPHIC
TOXE HYXXIAIOTCS B T1OJTOBPEMEHHOM U HaleXKHOM 3a-
muTe OT aTMOochepHBIX (pakTOpoB. C 3TOi 1IeTbI0 OBLT
HCCIeI0BaH ra300€TOH, 00JIaMaloONMINii pa3BUTOM T10-
PUCTON CTPYKTYPOU U MOABEPKEHHBIN BO3ACHCTBUIO
BOIBI. ABTOKJIABHBIN Ta300€TOH — 3TO OIWH M3 CaMBIX
ITOTYJISIPHBIX CTPOUTEILHBIX MaTCPUAIOB, MCTIOIb3Y-
eMBIX TIPU CTPOUTEIIHCTBE MHAUBUAYAJIBHBIX TOMOB.
[TomymsipeH OH 3a CYET MPEeKPACHBIX OTPEOUTEITLCKIX
CBOMCTB: HU3KOM TEIUIOIIPOBOIHOCTH 1 9KOJIOTMIHOCTH.
Ho B T0 ke BpeMsI ra300eTOHY CBOMCTBEHHO BBICOKOE
3HaueHue BopononioiieHus (30—50%) 1 OTHOCUTEIBHO
HU3KWE 3HAYCHUS IIPOYHOCTH Ha cKaTue, YTO CyIIe-
CTBEHHO OTPAaHWYMBACT €ro IMIpUMEHEHME. DTOT MaTe-
pHA TTOIb3YeTCs TOIMYJIIPHOCTBIO 1 32 PyOEKOM, IIPO-
BOMSTCST paOOTEHI IO TTOIyYCHUIO MaTePUAIOB I METOIOB
3aIIUTHI Ta300eToHa [ 15—22]. B HacTogeit padoTe mist
MoIuUKAIINU CBOMCTB ra300¢TOHA MCITOJIb30BaH CO-
CTaB Ha OCHOBE MOJIMCYIb(MHIA KATbIINS, TIOCICTHIM
IIPOITUTHIBAIM MaTepyal U U3yJaIl eTO CBOMCTBA.

METO/AbI 1 MATEPHAJIBI

st mpoBeneHUST pabOT UCITOJIB30BATINCH PACTBO-
PHI Ha OCHOBE TTOJTUCYIb(1Ia KaTbIINS (TICHTACYIb(II
kanbuus CaS5) pa3Hoii IJIOTHOCTH B Axana3oHe ot 1,16
10 1,25 r/cM? u B KauecTBe 00pa3LIOB UCIIOIb30BaIM I'a-
300eTOH 110THOCTEIO 0,547 1/cM? pasmepamu 16x4x4 cm.
Tak Kak Ta300¢TOH UCIIOB3YeTCsI, B OCHOBHOM, B Kaue-
CTBe MaTepuaja CTeH, OH 00pabaThIBAJICS C TTOMOIIBIO
KHCTH, KpOME TOTO, OH TaK:Ke TeCTUPOBAJICS METOIOM
IIOTPYKEHMST 0OPa3IOB B paCTBOP Ha OCHOBE TTOJIACYJIb-
duna kanpuus. [IpornuTka o0pa3ioB ra300eToHa MpoBo-
IAJIACH TIOJTHBIM TIOTPY:KEHIEM MX B BAHHY C TTOJINCYITh-
(UIHBIM PacTBOPOM TaK, YTOOBI YPOBEHB pacTBOpA Mpe-
BBIIIIAJT YPOBEHB BEpXHEH KPOMKH 00Pa3IOB MUHUMYM
Ha 5 cM. [Iponutka 0Opa3110B ra300eToOHA MPOBOAMUIIACH
¢ pa3nmmuHOit mmTenpHOCTHIO (0T 10 mo 80 MUHYT), ycTa-
HOBJICHO, YTO ONTHUMAJIEHOE BpeMs ITOTPY:KEHUS B TI0-
JMCYTbOUIHBINA pacTBOP paBHO 20 MUHYTaM.

M3MepeHnsT BOMOITOTIIOMICHUS TIPOBOIMIIN IO METO-
nnke, n3noxeHHoi B TOCT 12730.3-2020. Onpenene-
HHE BOIOIIOIJIOIICHUS ¢ TIpeIBapUTEIbHBIM BaKyyMU-
poBaHUEM 00pa3IIOB IIPOBOIMIIN B KaMepe, M3 KOTOPOit
OTKAYMBaJIA BO3AYX U TTOIABAJIN IIPOITMTOYHEIN pacTBOP
IIO TeX TIOpP, TTOKa 00pa3Ilbl MOJTHOCTHIO TTOKPHIBAINCH
pacTBopoM. M3MepeHMsI TTIPOYHOCTH UCXOTHBIX M TTPOITH-
TaHHBIX 00pa31oB npooauau cormacHo F'OCT 10180-
2012. ITpoBepKa TTyOMHBI IIPOHUKHOBEHUS TTPOITUTOY -
HOTO pacTBOpa BIIIyOb IPOM3BOMMIN IIyTEM aHAIHU3a
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CpE30B CBEXETPONMUTAHHBIX 00pa3IoB. AHAIN3 pa3Me-
POB HAHOYACTUII CEPHI U pacTpeaesieHre THAPOhoOn3n-
pYIOIIETO MaTepHaia B Iopax IMpoBOAIIOCh Shimadzu
Wing SALD-7071 B mukpockorie AXIOVERT.A1.

PE3YJIbTATbI

Tak kak ra300€TOH, KaK 1 OOJILITUHCTBO CTPOUTEITb-
HBIX MaTEPUAJIOB, SIBJISIETCS HEOPTAHMYECKUM MaTepra-
JIOM ¥ CMauMBaETCs BOAOM, TTOCTETIEHHO BOJIA 3aTIOJTHSI-
eT Topsl razoberoHa (puc. 1a). O6paboTKa pacTBOpOM
Ha OCHOBE MOJUCYTh(hUIa KaTblINs TPUBOANT K OKpa-
IIWBAHUIO Ta300€TOHA B CBETJIO-3€JICHBIN 1IBET, KPOME
9TOTO, MOSIBJICHNE HAHOYACTHUIL CePbl HA TTOBEPXHOCTH
ra300eToHa MTPUBOMIUT K TIOSIBJICHUIO BOIOOTTATKUBAIO-
IUX CBOUCTB (puc. 10), Karist BOIbI HA TIOBEPXHOCTHA
00pasiia He BITUTHIBACTCSI.

O0pa3iibl 00padaThIBAIUCH TIOTPYKEHUEM B PACTBOP
Ha OCHOBE TOMUCYTh(MUIA Kbl PA3TUIHON TUIOT-
HOCTHU B TeueHue | yaca, pe3ynbTaTsl IPEACTaBICHBI
Ha puc. 2. BogonoriomneHne NCX0MHBIX HETIPOTTUTAH -
HBIX 00pa3LIoB paBHSIOCH 35,6%. JlaHHbIe, IIPEeaCTaB-
JIEHHBIE HA pUC. 3, TOKA3bIBAIOT YTO BOMOIIOTJIONIEHUE
YMEHBIIAETCS TPU UCTIOI30BAHUM PACTBOPA TJIOTHO-
CThI0, paBHOM 1,16 T/cM3, BOTOIIOTIOIIEHNE CHIKACTCST
B 3,7 pa3, a mpu 00paboTKe pacTBOPOM TUIOTHOCTHIO 1,25
cHUXaeTcs B 6,8 pa3. s 00pa3LoB, 06paboTaHHbIX
¢ IpUMEHEeHNEeM BaKyyMUPOBaHUsI, B CITydae 00pabOTKI
pacTBOpa IJIOTHOCTBIO, paBHOIi 1,16 T/cM?, Bomomorio-
IeHue CHIKaeTcs B 7,9 pas, a mpu 00paboTKe pacTBO-
pPOM TTOTHOCTBIO 1,25 cHmkaercs B 19,8 pa3. Takum
00pa3oM, pacTBOP Ha OCHOBE MOJINCYIb(MDUIA KaTbIIUS
ahbexTuBHO ruApohoOU3UpPyeT ra300€TOH U MOXKET

OBITH UCTIOTBH30BAH IS 3aIUTHI KOHCTPYKIIMI U3 3TOTO
Marepuana. Hampumep, 13 ra300e TOHHBIX OJIOKOB MOTYT
OBITH BEUTOXKEHBI CTEHBI MAJIO3TAXKHBIX TOMOB, KOTOPBIE
0071a/1a10T BOMOOTTAIKABAIOIIUMU CBONCTBAMU.

O06pasiibl, TPOTIUTAHHBIE TIOJ, BAKYYMOM C Pa3HOM
MPOMOJIKUTETLHOCTBIO BBIIEPXUBAHUS B pacTBOpE,
OBLTM UCITBITAHBI Ha TIPOYHOCTH Ha cxXaTue (puc. 3).
JlaHHbIe 3aBUCUMOCTU TIPOYHOCTHU OT TIPOIOJIKUTEb-
HOCTH BBIIEPKUBAHUS B PACTBOPE MOKA3bIBAIOT, YTO
BPEMEHU BBIIEPXAaHUS B pacTBope, paBHOTO 20 MUHY-
TaMm, JIOCTaTOYHO, YTOOBI PACTBOP BIUTANICS. Pe3ynbraTh
MOKA3bIBAIOT YBEJIMYEHUE TPOYHOCTU Ha cxxatue ¢ 1,75
1o 3 MTIla ripu BeinepkuBaHUM B pacTBope Oosee 20 Mu-
HYT, TaJIbHEHIIIast BEIIePKKa He TIPUBOIUT K 3aMETHOMY
YBEJIMUEHUIO TIPOYHOCTH.

Tak kak OCHOBHBIM HampaBIeHUEM MTPUMEHEHUS
ra3o0eToHa TIpeAIoaraeTcs 3alnTa CTeH, KOTOPhIe
TIOBEPraloTCsT BO3MEWCTBUIO BIIATH B PEXXUME TOK/IEeBa-
HUST, 00pasiibl ObITM MHOTOKPATHO 00pabOTaHBI KUCTHIO
¥ TIPOCYIIEHBI B €CTECTBEHHBIX ycimoBusix. O6paboTka
TMPOBOIMIIACH CIEAYIONIUM 00pa3oM. MHOTOKpaTHBI-
MU IBUXEHUSIMU KUCTHhIO HAHOCWIICS CJIOH 3a CJIOEM
IO TeX TOp, IMOKa PacTBOP BIIMTHIBAETCST TA300€TOHOM.
3aTem, TIocJie TOTO Kak OH BITUTAJICST, HO HE BBICOX, Ha-
HOCWJICSI aHAJIOTUYHBIM 00pa3oM BTopoii cioit. [Totom
TIPOIIECC TMTOBTOPSUTH B TpeTuii pa3. Ha puc. 4 mokazaHbl
Cpe3bl BBICYIIIEHHBIX 00Pa3IloB MOCe TpeX 00paboToK
KUCTBHIO, HA HUX BUTHO, YTO PacTBOP, HAHOCUMBIN KU~
CThIO, TIOCJIEIOBATEIHHO TIPOHUKAET B TJIyOh oOpasiia.
O06paboTka MPOBOAMIIACH PACTBOPOM TUIOTHOCTHIO,
paBHOU 1,24 t/cm3. PesynbraThl Mokasaiu, 9To MMocie
TPEXKPATHOTO MPOXOKACHUST KUCTH TITyOMHA TPOHUK-
HOBEHUSI MPEBHITIACT 2 CM.

Puc. 1. BHennuii Bua ra300eToHa: a — HeoOpabOTaHHBI; 6 — 00pabOTaHHbII

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2021; 13 (6):
343-349

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

TEXHOJ1IOMY NMPOU3BOJACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3JESTUNA

10 -
8
= 61 X
2, ]
2 -
0 T T T T )
1,15 1,2 1,25 1,3 1,35 1,4
NNOTHOCTL pacTBopa, r/cm®

npoyHocTb, MlMa
N
L

0 T T ]
0 20 40 60
NPOAO/MKUTENIBHOCTD MOTPYKEHMUA, MUH

Puc. 2. Bogonoriomenne 00pa3noB ra300eToHa,
NPONUTAHHDBIX MOrPyKEHUEM B PACTBOP HA OCHOBE
noymcyibuna Kaabiusi pa3JIHIHOi IJIOTHOCTH NPU
atMochepHoM nasieHnd (A) ¥ PH UCTIOIb30BAHUI

BAKYyMHPOBAHHA (*)

Puc. 3. 3aBucuMOCTb NPOYHOCTH HA CKATHE 00PA3IIOB
ra300eToHa, MPONUTAHHBIX MOTPY?KEHHEM B PACTBOP HA
OCHOBe TOJHCYJIb(UIA KAJTBIHSA, OT NPOIOKHTEILHOCTH
BbIIEPKUBAHKS B PACTBOpPE

Puc. 4. O6pa3upI cpe3a ra300eToHa, MPONUTAHHBIE PACTBOPOM HA OCHOBE MOJIMCY.Ib(hUIA
KAJIBIIKA € IVIOTHOCTBIO, paBHOii 1,24 r/cM3: a) MCXOIHBII HEMIPOIUTAHHbII; 6) 06paboTKa
OIHOKPATHBIM IMPOXOXIECHUEM KHCTH; B) 00pabOTKa IBYKPATHBIM IMPOXOXKICHUEM KUCTH;
r) 00paboTKa TpeXKPaTHBIM MPOXOKICHUEM KUCTU

OO6pa3iisl, 00paboTaHHBIE KUCTHIO, OB TTPOTE-
CTUPOBAHbBI HA BOAOIIOTJIONIEHUE, JIJIST ITOU 1EeTN OHU
ObLIM 00paboTaHbl B pexkXume noxaeBaHus. s aToi
11eJ11 00pa3IIbl TIOBEPTATMCH BO3ACCTBUIO KareTh BOIBI
aHAJIOTUYHO BO3JEHCTBUIO BO BPEMSI IOXKISI B TCUCHME
1 yaca. BbII0O yCTAaHOBJIEHO, YTO 11 TPEXKPATHO 00-
pabOTaHHBIX KUCTHIO BOAOTIOTJIONICHNE HE TIPEBBIIIIAET
1,5-2,0% (puc. 5). Takum o6pa3omM, 06paboOTKa CTCHBI
KWCTBIO WJIN PACITbUIEHUEM PAacTBOPA Ha OCHOBE TTOJTH -
cynbduna Kanabius, BBUIOXEHON Ta3006TOHOM, MOXKET
3alIUTUTh MaTepraa OT TPOHUKHOBEHUST BOMIBI TaXe
0e3 MpUMEHEeHUSI JOTIOJTHUTEIbHBIX CPEICTB 3aIUTHI,
MMyTeM HaHECeHUS Ha CTEHY INTYKATypKU WJIU JPYTUX
runpohodM3aTopoB.

OO0pa3siibl, MPONUTAHHBIE B PACTBOPE TOJUCYIb-
(bunma xkanpust, nUccaenoOBaIUCh METOJOM TIPSIMOTO

40

W, %
)
o

0 L Ll Ll
0 1 2 3 4
KpaTHOCTb 06paboTkuM

Puc. 5. 3aBucMMOCTD BOIONOIIONIEHHS Fa300€TOHA
B YCJIOBHSX JI0XKIEBAHUSA B 3aBUCHMOCTH OT KPATHOCTH
00paboOTKH
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Puc. 6. I300pazkeHue NOPOBOro MpOCTPAHCTBA ra300€TOHA, MPONUTAHHOIO NOJKCY.Ib(UIHBIM PACTBOPOM:
a — yBenmuenue B 500 pa3; 6 — yBenmuenue B 1000 pa3

HaAOTI0eHNS B OTPAKEHHOM CBETE Ha MUKPOCKOIIE
AXIOVERT.A1. Ha puc. 6 mpeacrasieHa MUKPOCTPYK-
Typa 00pasIioB ra306eToHa, MPOIMMMTAHHBIX PACTBOPAMU
MoIMCybbunoB. M3 puc. 6 MOXHO 3aMETUTh, YTO TTy-
CTOTBHI MEXTY 36pPHAMU Ta300€TOHA 3aTTOTHSIOTCS] KOM-
TTIO3UTOM HAHOUYACTHUI] CePhl M KapOOHATA KaJIbIIUS, B pe-
3yJIbTaTe YBEIMIMBACTCS IPOYHOCTH Ha cxkatue (puc. 3)
U YMEHBIIIaeTCsl BOAOIOMIONIeHUE (puc. 6).

OBCYXKJIEHUE

[MonydyeHnHsle B paboTe MaHHBIE TTOKA3BIBAIOT, YTO
ra300eTOH YCIEeNTHO TUAPO(pOoOU3UPYETCsT TPOTTUTKOMN
pPacTBOPOM Ha OCHOBE TMOJUCYTh(hUIA KATITUS HECMO-
TPSI HA TO, UTO ODOJIANAET MTMPOKO PA3BUTOM CUCTEMOIT
TOp, TO €CTh BHYTPU ra300€ToOHa MHOTO TTyCTOT. YTOOKI
Y3HATh, 32 CUET KAKUX YACTUI IIPOUCXOIUT TUAPODOOU-
3a1Msi Ta300€TOHA M3 TIOMHUCYTH(UIHOTO PACTBOPA ITOCIIE
TIPOTIUTKY ¥ BBICYIITMBAHUST, OBbIITU BBIIEIECHBI YACTUIIBI
13 TIOPOBOTO TIPOCTPAHCTBA MaTepuaa. st aToro mpo-
TMMUTaHHBIN 00pa3ell Ta300eToOHa ObLT BBHICYIIIEH U pac-
TBOPEH B PACTBOPE COJISTHOUM KUCIOTHI. JlucTiepCHBII
TIOPOIIIOK, BHITIABIIUI B OCAOK, OB MPOMBIT TUCTUI -
JIMPOBAHHO BOMION M BBICYIIIEH, 3aTeM Ha IIeHTpudyTre
OTJeJIeHBI KpyTTHas (hpakinst OT MEJTKOIA. 3aTeM MeKast
(pakimst aHATM3NPOBAIACH C TIOMOIITBIO JIA3EPHOTO aHa-
JIM3aTopa, B pe3yyibTaTe oJydeHbl muddepeHImaibHOoe
¥ MHTETPAIbHOE paCIIpeie/IeHUs TI0 pa3Mepam 4acTHUIl
ocazika, aHaJIOTUYHbIE pacripeneneHusM B [8] (puc. 2).
OHU MoKa3aJin, YTO CPETHUI pa3Mep YaCTUIL COCTABIISIET
20 1M, a peHTreHO(ha30BbBIN aHATTN3 TIOKA3aJT, YTO YaCTHU -
LIl IBJISIIOTCSI JIEMEHTHOM CEPOIi ¢ OPTOPOMONYECKOMN
CTPYKTYPOI KPUCTAJUTMUECKON PEIIeTKN, aHATIOTUIHBIC
pesynbTatam [8] (puc. 3).

ITponmuTOUYHBII paCTBOP B JTAHHOM CITy4yae SIBJISIETCS
HOCcUTeNeM TUAPOo(GOOU3UPYIONIEro areHTa (HaHova-
CTHUI] CEPBI) B COCTABE MOJIEKYJ MOJTUCYIb(rIa Kaah-

1us1, pa3Mep KOoTopbix He TipeBbimaeT 0,5 Hm. OH Jierko
TIPOHUKAET HE TOJILKO B TMIOPHI, HO U B MeJIbUaIINe Ka-
MWUISIPHBIE TPAaKTHI Ta3o0eToHa. Ha cranuu BhichIxa-
HUST MOJIEKYJIa TIOJIUCYJIb(rAa KA pa3pyIiaeTcs,
¥ 00pa3yloTcsl HAHOYACTUIIBI CEPhI, KOTOPHIE TI0 CBO-
eli XUMWYECKOU TIPUPOJIE SIBISIOTCS TUAPO(POOHBIMU.
JlaHHBIe MUKpOCKoTMa (pHc. 6) TOKa3bIBAIOT, YTO BbI-
KPUCTAJUTM30BaHHbBIEC M3 TTOJIMCYTLMOUIHOTO pacTBOpa
HAHOYACTUIIBI HA ATAre CYIIKN ra300eToHa (hOpMUPYIOT
3alIUTHOE TIOKPBITUE B TIOPOBOM CTPYKTYpE, 3aHUMAST
CBOOOTHOE MECTO B TTOPAX.

[Mo mpuurHe HU3KOI BI3KOCTH TMPOMTUTOYHBIN pac-
TBOp JIETKO TIPOHUKAET B TJyOb MaTepuasa, B ciydae
HaHECEeHWs KUCThIO OH TIPOHUKAET Ha TITyouHy 3—3,5 cMm
(puc. 4), ipu TOTPY>KEHUM B PACTBOP MOXKET MTOJTHOCTHIO
MPOIUTATh 06pasell, CHU3UTh eTo ¢ 35,6% 1o 3HaUYeHUs],
paBHOTO 5%, a B CJlydae MpUMEHEHUST BAKYYMUPOBaHUS
CHUXaeT BopornoriomieHue 10 2% (puc. 2). To, 9to 10T
MaTepua MPeBOCXOTHO TUAPO(GOOUZUPYETCS TTONUCYITb-
(buaHBIM pacTBOPOM, BUITHO HEBOOPY>KEHHBIM TJIA30M:
JUTS HETIPOTTMTAHHOTO 00pasiia Boia cpa3y MPOHUKAET
B INIyOb MaTepurana, a B 00paboTaHHOM 00pas3Iie JIEKUT
B BUJE cheprueckoil Kariu 10 TeX Top, TToKa He UcTa-
purtcs (puc. 1). JlaHHBIE TTO BOIOTIOTIONIEHUIO CPAaBHU-
MBI C COOTBETCTBYIOIIIUMU JAHHBIMU TSI PaKyIlIeUHUKA
2-3% |7, 8], 6etona 0,5-2,5% [6, 15], kuprmua 4—5%
[5]. Viry4iieHue napaMeTpoB BOIOIOIJIOIIEHUS U ITPOY-
HOCTH, a TaKXKe He3HAUMTEeTbHOE M3MEHEHUE 1BeTa
(mprobpeTeHue c1aboro 3eJeHOTo 1BeTa) TPU MOaudU-
Kaluy ra300eToHa TOJUCYT(DUIHBIM PACTBOPOM TIO3BO-
JISTIOT HANIESATHCS HA IIIMPOKOE PACTIPOCTPAHEHUE ITOTO
meTtona ruapododusanuu. [IpencraBieHHbIe JaHHbBIE
10 IPOHUKHOBEHWIO BOJIBI B MICCIIETyeMble 00pa3Iibl ra-
300€TOHA TTIOKA3bIBAIOT, YTO METOJI YITyUIIICHUsT CBOUCTB
ra300eToHa MPOIUTKON 00pa3iloB pACTBOPOM Ha OCHOBE
TMOTUCYNTb(UIA KATBIUS TTPEBOCXOIHO PAaOOTAET B 3TOM
CJTydae v MOXET OBbITh PEKOMEHIOBAH IS TPUMEHEHUST
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B MaJIOSTAKHOM CTPOUTENIBCTBE KOTTEKE, a TAKKE TIPH
HCITOJTb30BaHIHN Ta300€TOHA B KaUeCTBE MaTepHraia It
BHYTPEHHUX TIEPETOPOIOK 3MaHMIA.

SAKTIOYEHHUE (BBIBO/bI)

1. O6paboTKa ra3006eTOHA paCTBOPOM Ha OCHOBE 110~
JICYTh(UIA KaTbIINS IeMOHCTPUPYET SIPKO BBIPAKEH-
HBII THAPO(hOOHBIN 3 deKT (cM. puc. 1).

2. IIponuTka 0O6pa31oB ra3ob6eToHa pPacTBOPOM
Ha OCHOBE TTOJIMCYIb(raa KaablMs ITI0Ka3aia, 4To Ipu
YBEIMUCHUN TUIOTHOCTH pacTBopa 3(PheKTUBHOCTH TIPO-
TIUTKA YBEIIMUMBACTCST 0 3HAUCHUI TITIOTHOCTH, PAaBHBIX
1,25 r/cm?, 06paboTka mpu aTMOoC(hepHOM AaBICHUN
CHIXAET BOIOIOMIOLIEHKE B 6,8 pa3, Ipu UCIIOIb30Ba -
HUM pacTBOpa MOIUCYIb(UIA KaIbIINs BOIOIIOIIONIC-
HUe CHIKaeTcs B 7,9 pas, a mpr 00paboTKe pacTBOPOM
TOJIUCYNTb(UIA KAIBIUS ¢ IPUMEHEHNEM BaKyyMHUPO-
BaHUd cHIKaeTcd B 19,8 pas.

CIIMCOK NCTOYHUKOB

3. BomomoromieHre NCXOTHOTO Ta300eTOHA, PABHO-
ro 35%, cHuxkaeTcs B pe3yjbTare IOBEPXHOCTHOM 00-
pabOTKM pacTBOPOM Ha OCHOBE TOJIUCYIb(DIIA KaTbILIHS
1o BojonoryiomeHust 1,5—2,0% B pexXxuMe H0XKIeBaHMUSI,
YTO TTO3BOJISIET MCIIOJIB30BaTh Ta300CTOH IS YKIIAIKI
CTeH 0e3 TOMOHUTEILHOU THapododu3anuu (puc. 5).

4. UccnegoBanus Ha mukpockorie AXIOVERT.A1
(puc. 6) MO3BOJININ BBISICHUTD, UTO IIOCJIE MPOIMUTKU
ra300eTOHA €TO ITOPHI 3aOHSIIOTCS TUAPOPOOHOIL ce-
pOii, YTO OOYCJIOBIMBAET M BOAOTTAIKMBAIOIINI 3(PPEKT,
u yBemdeHue npouynoctu Ha 30% (puc. 3).

5. B pe3ynbTare mpoBeIeHHBIX SKCIICPUMEHTOB
YCTAaHOBJIEHO,UTO 3(h(eKT ruapododm3amy ra300eToHa
MOCTHTAECTCS 3a CYET 00pa30BaHMsI HAHOPA3MEPHOTO T10-
KPBITHSI, COCTOSIIIIETO U3 HAHOYACTHUII CepPHI pa3MepaMu
20 HM, KoTOpoe (opMHPYyeETCs B TIpo1iecce TpaHchopMa-
LMY TIOJTUCYIb(HIA KATBLNS B THAPO(POOHBIC YaCTHUITHI
CepHl, B pe3yIbTaTe CYIIeCTBEHHO CHIKACT BOIOTIOTIIO-
IIeHNE, 9YTO TIPUBOIUT K YBEIIMICHUTO JOJTOBEIHOCTH.

1. BaxkenoB KO.M. beronononumepsr // M.: Ctpoitusnar, 1983. 472 c.

2. Mokposckuit H.C. TIponutouHast ruapousosiius 6etoHa. M.: DHeprus, 1964. 112 c.

3. Pamauannpan B., ®enpaman P., boxysHu /Ixx. Hayka o 6etone. @u3nkoxuMmndeckoe beTtoHoBeneHue. [lep.
c anru. [Tox pen. Patunosa B.b. M.: Crpoiinsnat, 1986. 278 c.

4. ITatypoes B.B., Boaryuies A.H. OcHOBHbIE XapaKTepUCTUKU OETOHOB, MponuTaHHbIX cepoii. M.: HMHUC

T'occrpoit CCCP, 1976. 15 ¢.

5. Massalimov I.A., Yanakhmetov M.R., Chuykin A.E., Mustafin A.G. Protection of Building Constructions with
Sulfur Impregnating Solution. Study of Civil Engineering and Architecture (SCEA). 2013; 2(2): 19—24. Available from:
https://www. researchgate.net/publication/287432901 [Accessed 5" November 2021].

6. MaccanmumoB U.A., AnaxmetoB M.P., Uyiikun A.E. TIpouHOCTb 1 TOJTOBEUHOCTb GETOHA, MOAUDUIIMPOBAH-
HOTO MTPOMUTOYHBIMU COCTABAMM Ha OCHOBe cephl // HanotexHonmoruu B ctpoutenberse. 2015. T. 7, Ne 3. C. 61-75.
URL: http://www.nanobuild. ru/en_EN /journal/Nanobuild-3-2015/61-75.pdf (nata obpauierus 24.04.2017).

7. MaccanumoB M.A., MaccanumoB b.U., Axmetniun B.C., Ypakaes ®.X., bBypkutoaes M.M. YiyuieHue
AKCIUTyaTallMOHHBIX XapaKTEPUCTUK OTXOI0B TOOBIYM N3BECTHSIKA-PAKYIIIEUHUKA TTPOTTUTKON TTOUCYIbMUIHBIMUI
pactBopamu // Hanotexnomornu B crpoutenbeTBe. 2020. T. 12, Ne 2. C. 77—83. DOI: 10.15828/2075-8545-2020-

12-2-77-83.

8. MaccamumoB U.A., Yyitkun A.E., Maccaiumos b.U., Ypakaes ®@.X., Ypanbeko b.M., bBypkurbaes M.M.
VYiydiieHre 3KCIUTyaTallMOHHBIX CBOMCTB CTPOUTEIHLHBIX MAaTEPUAIOB U3 U3BECTHSIKA-PaKyIIeYHUKA MTPOTTUT-
KoO# nosucynbGuaHbIMU pacTBopamu // Hanorexnonoruu B ctpoutenbctse. 2017. T. 9, Ne 3. C. 66— 80. DOI:

10.15828/2075-8545-2017-9-3-66-80.

9. Maccanumos N.A., badkos B.B., Mycragun A.T'. CocTaB 1ist 00pab0OTKM CTPOUTEIbHBIX MAaTEPUAIOB U CITOCO0
ux obpabotku // [ateHt PD Ne 2416589. C04B 41/45. / No 2009135548/03; 3astBit. 23.09.2009; ony6.1. 20.04.2011.

Bron. Ne 11. 6 c.

10. MaccanumoB U.A., AnaxmeroB P.P., Yyiikun A.E., Xycaunos A.H., Mycradpun A.I'. Crioco6 o6paboTku
CTPOUTENIbHBIX MaTepUaJIoB MoiucyibuaHbiMu pacTBopamu // Tlatent 024383 EBpasutickuii, C04B 41/50. C04B
28/36 / Ne 201400277; 3asasi. 26.03.2014; ony6a. 30.09.2016. bron. Ne 9. 5 c.

11. I'annaxmetoB P.H., MaccanumoB N.A., Myctapun A.T'. Cnioco6 3amutsl apeBecuHbl. [1areHT Pocccuu

Ne 2481944 ot 17.10.2011.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2020/77-83.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-2-2020/77-83.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2017/66-80.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2017/66-80.pdf

Nanotechnologies in construction 2021; 13 (6): U/
HaHoTexHonorum B cTponTenbcTBe 343-349 NanObL" ]

TEXHOJ1IOMY NMPOU3BOJACTBA CTPOUTEJIbHbIX MATEPUAJIOB U U3JESTUNA

12. Agzamov FA., Tokunova E.F., Sabirzianov R.R. The application of calcium polysulfide to increase corrosion
resistance of the timbering of wells. Nanotechnologies in Construction. 2019; 11(3): 308—324. DOI: 10.15828/2075-
8545-2019-11-3-308-324.

13. CabupssHos P.P. YiyuiieHre KauecTBa TAMIIOHAXKHOTO KaMHSI B KOPPO3MOHHO-aKTUBHBIX cpenax / P.P. Ca-
O6up3siHOB // 75 net HedTsIHOMY 0O0pa3oBaHMio B Pecniydnuke baiikoprocraH: Te3. 1oki1. Beepoc. Hayu-TexH. KOHD.,
nocsgi. 70-netuto YTHTY, r. Yda, 29 Hos6. 2018 r. PocHedTs. — Ypa, 2018. C. 53.

14. ArzamoB @. A., Cabupssanos P.P., Kapumos M.H. Tamnonaxusbiii matepuai [latent PO No2 717 317,
o1 2019.06.14

15. MaccaimmmoB U A., fInaxmeroB M.P., Yyitkun A.E., Maccaimumon b.U., ¥Ypakaes ®@.X., YpaiodekoB b.M.,
Bypkut6aes M.M. I'mapodobu3aius mIOTHOTO M MEJIKO3EPHUCTOrO OETOHOB MOJIMCYTL(OUIHBIMUA pacTBOpaMHu //
Hanorexnosnorun B crpoutenbetse. 2016. T. 8, Ne 5. C. 85—99. DOI: 10.15828/2075-8545-2016-8-5-85-99

16. Struharova A. Chemical grouting method and its effectiveness for protection of autoclaved aerated concrete
masonry. Advanced Materials Research. 2014; 923: 112—116. https://doi.org/10.4028 /www.scientific.net/AMR.923.112

17. Xue Li Jin, Xiang Yu Luo, Qing Lin Meng. Effect of equilibrium moisture contents on insulating performance
of autoclaved aerated concrete blocks. Advanced Materials Research. 2011; 216: 479—484.

18. Fenglan Li, Gonglian Chen, Yunyun Zhang, Yongchang Hao, Zhengkai Si. Fundamental properties and ther-
mal transferability of masonry built by autoclaved aerated concrete self-insulation blocks. Materials (Basel). 2020:
13(7): p.1680. DOI: 10.3390/mal3071680

19. Narayanan N., Ramamurthy K. Structure and properties of aerated concrete: a review. Cement & Concrete
Composites. 2000; 22: 321—329.

20. CyneiimanoBa JI.A., JlecoBuk B.C. [a300eTOHbBI HEABTOKJIABHOTO TBEPJACHUSI HA KOMIO3ULIMOHHBIX BSDKYIIIMX.
benropon: Uzn-so BI'TY, 2013. 303 c.

21. Ahmed Ash, Kamau John. Sustainable construction using autoclaved aerated concrete (aircrete) blocks. Res
Dev Material Sci. 1(4). RDMS.000518. 2017. DOI: 10.31031/RDMS.2017.01.000518

22. Masodkar S.P. Vasatkar A.R. A study on properties of autoclaved aerated concrete for feasibility in construc-
tion. International journal of innovative research in technology. 2018; 5(7): 373—377.

NHOOPMALIVA OB ABTOPAX

Maccanumos Ucmann AneKkcaHApOBMY — JOKTOP TEXHNYECKUX HayK, podeccop, baluknpcknit rocynapcTBeHHbl yHBepcuteT, Yda, Pecnybnmka
BawkopTocTaH, Poccus, ismail_mass@mail.ru, https://orcid.org/0000-0002-4789-9469

MaccanumoB BypxaH McmannoBuy — mnagLimnii HayuHbiin cotpyaHuk Ousnueckoro nHctutyTa um. M.H. JlebefeBa, Poccminckan akagemma Hayk,
Mocksa, Poccus, burhan@mephist.ru, https://orcid.org/0000-0003-2456-5113

Myctadpun AxaT Ma3m3bAHOBMY — JOKTOP XMMNYECKMX HayK, Npodeccop, 3aBeaytowwuii Kadeapon Gusnyeckomn XMMmMm n XMMmM4eckor sKonornm
Balkmpckoro rocynapcTBeHHOro yHusepcuTteTa, Yoa, Pecnybnuka bawkoptoctaH, Poccna, agmustafin@gmail.com, https://orcid.org/0000-0002-
8342-8787

BKNAZL ABTOPOB

Maccanumos W. A. - nnyHbIN BKAA aBTOpa 3aK/ioyaeTcs B NPeasioReHUn naen, HanmcaHuy ctatbu, cbopa matepurana, o6paboTke maTepuana.
Maccanumos B.WU. - nuuHbIi BKNag aBTopa 3aK/oyvaeTca B MU3MepeHn Ha MUKPOCKONe, B M3MePeHU BOJOMOITIOLEeHN .

Mycradun A.T. — nuuHbI BKNaa aBTopa 3akiovaetca B cbope MaTepurana, HayYHOM peiakTMpPOBaHUK CTaTby 1 NMOArOTOBKE NybnuKauum.

ABTOpbI 3aABAAIOT 06 OTCYTCTBMMN KOH(IMKTa MHTepecoB.

CraTbs noctynuia B pegakuuio 05.10.2021; ogo6peHa nocne peueHsupoBaHus 30.10.2021; npuHaATa K ny6nukauum 03.11.2021.

http://nanobuild.ru 349 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2019/308-324.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-3-2019/308-324.pdf
http://nanobuild.ru/en_EN/journal/Nanobuild-5-2016/85-99.pdf
https://doi.org/10.4028/www.scientific.net/AMR.923.112
https://www.mdpi.com/1996-1944/13/7/1680
https://crimsonpublishers.com/rdms/fulltext/RDMS.000518.php

2021; 13 (6):
350-357

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobull

APPLICATION OF NANOMATERIALS AND NANOTECHNOLOGIES IN CONSTRUCTION

Original article
https://doi.org/10.15828/2075-8545-2021-13-6-350-357

Method of obtaining calcium silicate for construction

Evgeny V. Boev* (2}, Aigul A. Islamutdinova (>}, EImira K. Aminova

Ufa State Petroleum Technological University, Ufa, Russian Federation
* Corresponding author: e-mail: 9196011116@mail.ru

ABSTRACT: Introduction. Calcium silicate is one of the well-known building materials. Its structure determines the ability of such
nanostructured additives to form a secondary structure - a fractal (volumetrical) network with which cement grains interact. The
addition of nanomodifying additives to improve the technology of cement production will reduce the space dimension in which
molecules are sorbed on the cement grain, and, accordingly, increase the rate and efficiency of its blocking. Methods and materials.
The paper proposes a method for obtaining calcium silicate from soda ash production waste. The sol-gel method for the synthesis
of individual nanomodifiers in the silicate form will improve the technology for producing concretes by forming a solid phase state
of the modified structure of a cement stone. In the production of soda ash, the land plots (sludge accumulators) are allocated for
the collection of production waste (distiller liquid). In this regard, the acute problem is a disposition of industry waste, because the
area allocated for sludge accumulators is limited. Results and discussions. The study revealed that the addition of certain com-
ponents allows us not only to reduce the required firing temperature, but also to affect the nanostructure of the resulting product.
The range of values of the content of additives per 5 g of calcium silicate: C - 0.2+0.4; S - 0.3+0.5; ZnO - 0.1+0.3; P,0, - 0.3+0.5;
NH,CONH, - 0.3+0.3. According to the obtained matrix of conditions, 16 samples of substances were prepared. Nanomodification of
cement stone leads to its hardening in the early stages of structure formation. Conclusion. The addition of hydroperite to calcium
silicate significantly increases the hardness of the final product; when coal, sulfur, zinc oxide and phosphorus pentoxide are added
as components, the hardness and structure of the compound changes. Thus, the use of a nanostructured cement additive based
on calcium silicate obtained by qualified processing of the main waste that is part of the distiller liquid - calcium oxide, will improve
the quality of concrete by improving the technology of cement production.

KEYWORDS: distiller liquid, nanomodifier, calcium silicate, nanotechnology, nanostructure, cement stone, concrete.
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INTRODUCTION

In recent years, in the production of materials based
on portland cement, micro- and nanoscale silicon
compounds have been used in increasing volumes, along
with carbon nanosized particles. Silicate-based particles
are cheaper than carbon tubes. Particular attention is
drawn to ways of the development of the best possible
synthesis methods and the study of the possibilities of
practical application of calcium silicates such as wollas-
tonite and xonotlite, which is an intermediate product of
the hydrothermal synthesis of wollastonite. This is due
to the valuable physicochemical, physicomechanical,
thermal properties of xonotlite and wollastonite and a
variety of mineral raw materials, which are a potential
source for their production. In addition, in Russia, over

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

the years of operation of various industrial enterprises,
millions of tons of practically non-recyclable waste based
on silicon and calcium have been accumulated. Until the
early 90s there was a program of the State Committee
for Science and Technology, which provided for research
on methods of disposal of such waste. In subsequent
years, studies devoted to the “silicate problem” were
not carried out.

Currently, there are a large number of methods for
producing calcium silicates from various calcium and
silicon-containing compounds: melt methods for pro-
ducing wollastonite, hydrothermal (autoclave) synthesis
of calcium hydrosilicates, synthesis by direct solid phase
reactions at elevated temperatures. The most promising
method for producing calcium silicates is synthesis based
on the interaction of the initial components in an aqueous
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medium under normal conditions of 20°C and a pressure
of 1.013—105 Pa).

Fine-grained powders have found wide application
as a basis in the study of the processes of obtaining func-
tional materials for various purposes: sorbing agents,
solid extractants, compositeceramic and organomineral
pigments, hybrid phosphors, pigments, pharmaceutical
compounds, etc. [1—5]. In this case, the main task in
the selection of raw materials and methods for obtaining
hydrosilicates and calcium silicates is to increase the dis-
persion of powders down to nanometer sizes. Processes
for obtaining synthetic calcium silicates from a variety of
available raw materials are being investigated in various
organizations in our country [6—12]. The first studies in
this direction were carried out by Armenian scientists
[13]. The use of modern methods for the synthesis of
nanostructured calcium silicates, such as the sol-gel pro-
cess, hydrothermal-microwave synthesis, hydrothermal
processes using structuring agents, etc., allows the proper-
ties of the target products to be varied over a wide range
and thereby ensures their compliance with the require-
ments for a specific use. Technological processes have
been developed for the production of calcium silicates
(xonotlite and wollastonite) from technogeneous raw ma-
terials (phosphogypsum, silica gel), natural raw materials
(diatomite, calcium carbonate), industrial products (lump
silicate, calcium chloride), chemical reagents (chloride,
nitrate and calcium acetate, sodium silicate, (tetraeth-
oxysilane), established the chemical and technological
parameters of the main stages of the processes, devel-
oped basic technological schemes, proposed methods of
waste management. In case of use of the water-soluble
raw materials, processes have been developed for obtain-
ing nanopowders of calcium hydrosilicates using surfac-
tants, in particular, salts of quaternary ammonium bases
as structuring additives [14]. It is shown that the obtained
precursors with a particle size of 30—70 nm can be used
as sorbents of inorganic salts and organic compounds,
as well as for the production of TVEX, organomineral
pigments, as fillers in polishing pastes, acrylic paints,
etc. The obtained samples of fine-grained nanohydro-
silicates of calcium and wollastonite were used to obtain
composite ceramic pigments, hybrid luminophors and
other materials [15—20].

In the development of the chemical and technologi-
cal foundations of the processes of joint processing of
various types of natural and man-made calcium- and
silicon-containing raw materials, we formulated method-
ological principles and obtained experimental results that
allow, on the one hand, to develop rational technological
methods for processing specific types of raw materials
and to determine the areas of application of the resulting
products, and on the other hand, to carry out the choice
of raw materials and processing technologies to obtain
materials with a given structure and properties [21, 22].

It should be noted that the formation processes, phase
and elemental composition, and physicochemical proper-
ties of calcium silicates normally synthesized in various
systems remain understudied. Therefore, the problem of
developing and optimizing the synthesis of calcium hy-
drosilicates and wollastonite from available raw materials
is urgent.

METHODS AND MATERIALS

It is widely known that at enterprises for the produc-
tion of soda ash, land plots (sludge collectors) are al-
located for the collection of production waste for storing
distilled liquid. Similarly, JSC “Soda” in Sterlitamak
stores its waste. A territory with an area exceeding 5 mil-
lion square meters is allocated for sludge collectors. In
this regard, there is the acute problem of waste disposing,
since the area allotted for sludge collectors is limited. In
addition, the open storage of these wastes threatens the
surrounding flora and fauna, because it is located 30 me-
ters from the banks of the Belaya River. The volume of
stored waste is reduced by discharging the settled solution
into the Belaya River basin during flood periods, as well as
by spontaneous evaporation of water. As a result, “white
seas” are formed.

Characteristics of the distilled liquid produced by the
production of soda ash of JSC “Soda”:

Component Content, g/1
Liquid phase
CaCl, up to 120
NaCl up to 65
CaSO, upto 1.3
Ca(OH), + NH,OH up to 1.7
Solid phase
CaCoO, 4.3-5.2
Ca(OH), 0.5—1.6
CaSO, 0.8—1.8

Also, the distiller liquid has the following physi-
co-chemical characteristics: pH =11,0—11,6 at 20°C,
p about 1,12 g/cm? at 20°C, toging — 79795°C, e =
around —10°C.

The final volume occupied by the solid sediment after
settling process is up to 18% of the volume of the original
liquid.

Based on the composition of the distiller liquid, it is
obvious that the main components of the soda ash produc-
tion waste are calcium chloride and sodium chloride. Waste
storage problem has been partially resolved by JSC “Soda”,
area No. 2. The company sells the salts extracted from the
distilled liquid to municipalities as a means of de-icing on
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highways. But due to the fact that these products are haz-
ardous to the environment (for example, in Moscow and
the Moscow region, because of the use of these salts as an
anti-icing agent, about 250 thousand trees die annually),
the proposed processing method is of limited applicabil-
ity. In addition, the use of calcium and sodium chlorides
on roads and sidewalks leads, firstly, to corrosion of the
car body, and secondly, to damage of shoes and wear and
tear of car tires. Owing to the above problems, the demand
for these salts has recently dropped sharply. In addition,
they are used in this area only in the cold season. Despite
this use of soda ash production waste, with the current
production volume of approximately 1.7 million tons per
year, the problem of disposal remains unresolved. 1 ton of
soda ash accounts for about 9—10 tons of distilled liquid (or
1:0.5 tons in terms of pure calcium chloride and sodium
chloride, respectively). As a consequence, the amount of
distilled liquid stored in special tanks continues to increase.
Due to the fact that the disposal method proposed by the
enterprise itself does not allow solving the problem being
a threat to the environment, it is required to find a more
rational and acceptable solution from an environmental
and economic point of view.

Wollastonite is a mineral from the silicate class,
a natural calcium silicate with the chemical formula Ca,
(51,0,), which has a peculiar acicular structure, which
is widely used in industry. This mineral is widely used in
all industries. Wollastonite is used as a filler additive in
plastics, in nonferrous metallurgy, in the tire, asbestos-
cement and paint and varnish industries, and in the pro-
duction of ceramics. Tobermorite is a mineral, hydrous
calcium silicate [SiO,],Ca,H, * 3H,0. It is a degradation
product of wollastonite. Crystals are acicular, fine-needle
like to piliform; form radial-fibrous, stellate and parallel-
fibrous intergrowths, fine-needle bundles. There are also
fibrous-divers and fine-grained aggregates. An artificial
analogue of torbermorite is formed in portland cement.
Mineral compounds similar to those of the tobermorite
group are well known in the cement industry — they are
formed by the reaction of cement with water and play an
important role in the process of binding cement (con-
crete). Xonotlite is a product of wollastonite alteration,
Ca,Si O ,(OH),. The differential characteristic is in its
high hardness.

Amorphous calcium silicate does not contain impu-
rities and water of crystallization and is the main form
of calcium silicate obtained synthetically in an aqueous
medium.

As the main method for obtaining these compounds,
the interaction of calcium chloride from a distilled liquid
with sodium silicate from liquid glass is used:

CaCl, + Na,SiO, = CaSiO, + 2NaCl.

This reaction is carried out with thorough stirring
and slowly beating water glass to the distilled liquid. Ini-
tially, the distillation liquid is filtered, which precipitates
calcium carbonate and aqueous calcium sulfate. These
valuable products (chalk, gypsum, asbestos) can be used
in the preparation of building materials, for example, dry
building mixtures. Then to the resulting filtrate is added
in small portions, with stirring, a solution of liquid glass.
Due to the high temperature that the distilled liquid has
(up to 95°C) after passing through the production cycle
and entering for disposal, the above reaction will take
place with a high yield. The resulting colloidal solution is
concentrated, and calcium metasilicate settles in the form
of opalescence at the bottom. With the help of purifica-
tion, sufficiently pure sodium chloride can be isolated
from the resulting filtrate, the concentration of which
in the solution will be about 14.5%, which can later be
reused in the production of soda ash. The sediment is
purified by vacuum filtration and drying. Further, ad-
ditional components are introduced into it, affecting the
structure and quality of the final product. The resulting
mixture is sent for firing at an appropriate temperature
for 2.5 hours. Depending on the process conditions, we
obtain the following valuable products: amorphous cal-
cium silicate, wollastonite, tobermorite and xonotlite of
the corresponding structure.

Based on the literature review and patent study, we
concluded that the addition of certain components allows
us not only to reduce the required firing temperature, but
also to affect the structure of the resulting product. Such
components are, in particular, coal, microcrystalline sul-
fur, zinc oxide and phosphorus pentoxide.

Since elemental sulfur and carbon are good reducing
agents, we proposed hydroperite — urea with inclusions of

Table 1
Range of values of the content of additives per 100 g of calcium silicate
Chemical component Minimal value Maximum value
C 5.26 7.37
S 5.26 10.52
ZnO 1.052 1.578
PO, 2.63 3.16
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hydrogen peroxide molecules as a counterexample of the
presented components, the share of the latter being 35%.

Since the mass of calcium silicate after its precipita-
tion and drying is 5 g, the values of the mass of the added
components were respectively checked according to the
lower and upper limits. So, for coal it is 0.2 g and 0.4, for
zinc oxide it is 0.1 g and 0.3 g, for sulfur and phosphorus
pentoxide — 0.3 gand 0.5 g. It was decided to take hydro-
perite in an amount of 0.3 g per 10 g of calcium silicate.

To obtain representative data, the temperatures at
which the firing was carried out for 2.5 hours were taken
as follows: 8§00°C, 850°C, 900°C, 950°C and 1050°C.

RESULTS
According to the obtained matrix of conditions,
16 samples of substances were prepared. To determine

their composition, they were subjected to various studies.

Table 2

As can be seen from the first table, all samples at
a given firing temperature (800°C) are soft. Moreover,
their hardness does not depend on the added compo-
nents. Consequently, the metasilicate probably did not
pass into another modification. As it can be seen from
the following table, the samples obtained at a temperature
of 850°C differ from each other in hardness and struc-
ture. Consequently, starting from 850°C, the structure
of calcium metasilicate is modified with the formation,
presumably, of such minerals as tobermorite, wollastonite,
and xonotlite.

The addition of hydroperite to calcium silicate sig-
nificantly increases the hardness of the final product.
When coal, sulfur, zinc oxide and phosphorus pentoxide
are added as components, the hardness changes and the
structure of the compound decreases — the hardness de-
creases, and the microcrystals become more amorphous.
However, with a further increase in the proportion of ad-

The results of these studies of the physicochemical properties of the obtained samples

.. ) Average . . Microphotographs
Ne Additional compoyents Tempera Hardness | diameter of Whiteness, | Moisture, i (540 e
gper 100 g CaSiO ture, °C . L % .
3 particles, m fication)
1 |- 950 hard 10 90 0.09
CcC-03
S—-04 medium
2 7100 — 0.2 950 hard 10 90 0.09
P,O,-0.4
CcC-0.2
S—0.3
3 700 —0 1 800 soft
P,O,-0.3
¥
CcC-04 el i
S—-0.5 iR A
4 71003 800 soft ﬁ "
P,O.—0.5 IR I
s ﬁ-} it
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Table 2 (continued)
Additional components | Tempera- .Average Whiteness, | Moisture, Mlcrophotographs
Ne . Hardness | diameter of (at 640 magni-
gper 100 g CaSiO ture, °C . L % .
3 particles, m fication)
Q{“ .
rX
5 |— 800 soft o 4
‘ " L
C-0.2
S—-0.3
6 7100 — 0.1 800 soft
P,0,-0.3
C-04
S—0.5 medium
7 ZnO —0.3 850 hard
P,O,—0.5
8 |— 850 very hard
NH,CONH,*H,0, — medium
9 0.3 200 hard
10 |— 900 hard
C-0.2
S—0.3
11 700 — 0.1 900 soft
PO, -0.3
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Table 2 (continued)

Additional components
gper 100 g CaSiO,

Tempera-

b ture, °C

Hardness

diameter of
particles, m

Average Microphotographs
(at 640 magni-

fication)

Whiteness, | Moisture,
L %

C-04
S—-0.5
12 Zn0O —0.3 900

P,0,—0.5

hard

NH,CONH, * H,0, -

3103

1050 very hard

14 |— 1050 hard

C-02
S—0.3
15 700 — 0.1 1050

P,0,—0.3

medium
hard

C-04
S—0.5
16 700 — 03 1050

P,0,—0.5

hard

ditional components in the mixture, the characteristics of
the samples return to their original values.

Researches of the effect of the obtained nano-modi-
fied additive on the technological properties of concrete
have been carried out. The additive makes it possible to
increase the strength of concretes and mortars not by
40%, as suggested by other authors, but by 2 times, but
for cellular concrete by 3 to 4 times, and also to reduce the
cost of producing nanoadditives by 10 to 15 times in com-
parison with other modifiers and by 1.5 thousand times
compared to nanopowders. The additive is compatible
with plasticizers and other modifiers. The introduction of

a nanomodifying additive based on calcium silicate makes
it possible to eliminate the defectiveness of the concrete
structure by filling microcracks and micropores of fine-
grained concrete with microsilica and the products of its
interaction with minerals of cement clinker.

DISCUSSIONS

The use of elements of different valence and their
oxides as nanomodifiers in the production of siliceous
materials in various fields of industry, in particular in con-
struction, will make it possible to obtain silicate products
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with high performance characteristics using a simple and
affordable technology. All of the above nanomodifying
additives allow regulating the technological characteristics
of the target product with the desired properties that differ
in hardness and their microstructure.

Despite all the research carried out, there are still rea-
sons for our further work in this area. So, for accurate
identification and determination of the composition and
structure of samples, it would be desirable to photograph
them with a magnification of 5000 or more times, as well
as instrumentation for determining the hardness on the
Mohs scale. In addition, the average particle diameters,
whiteness and moisture content are not known for all
samples obtained. In this regard, our research in this di-
rection will be continued.

Studies in accordance with GOST Standard 5802-86
showed that water absorption with an increase in the
amount of silicate in concrete from 0 to 0.40% decreases
from 22 to 3%, while the pore size decreases. Physico-
chemical research methods have determined that in the
presence of calcium silicate, cement hydration is accel-
erated, and with the help of differential thermal analy-
sis, it has been established that in the presence of this
nanomodifying additive, the amount of chemically bound
water increases by 25%. This conclusion is confirmed by
the data of calorimetric studies, which showed that the
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total amount of heat released in 72 hours with calcium
silicate is 15% higher.

CONCLUSION

Therefore, our studies show that the effect of nano-
modification of cement stone is that it hardens faster in
the early stages of structure formation and becomes more
durable at the end of the hardening process. And this is
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I'Ionyqume CTPONTENIbHOIO CJINKaTa KaJibLinAa

EBrenunin Bnagumuposuy boes* (), Aiirynb AKpamoBHa UcnamytamnHoBa (), Snbmupa Kyp6aHranneBsHa AMUHOBa

YGUMCKNI rocyfapCTBEHHbIN HePTAHOM TEXHUYECKNI YyHUBepcuTeT, Yda, Poccuickaa Oepepauna
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AHHOTALIUA: BBegeHue. CunukaTt KanbLus — OAVH U3 U3BECTHbIX CTPOUTENbHbIX MaTepuanoB. Ero cTpykTypa obycnaBnusaeT
CNOCOOHOCTb TaKNX HAHOCTPYKTYPUPOBAHHbIX 406aBOK K 06pa3oBaHM0 BTOPUYHON CTPYKTYpbl — GpakTanbHon (06bemHom) ceT-
KW, C KOTOPOWA B3aMOLENCTBYIOT LieMeHTHble 3epHa. [lobaBneHne HaHomoanduuMpyowrx 4o6aBOK AnA ynyUlleHUa TEXHONOrnm
NPOV3BOACTBA LIeMEHTOB MO3BOJINT CHU3UTb Pa3MePHOCTb MPOCTPAHCTBA, B KOTOPOM NMPOVCXOANUT COpOLMA MOSIEKYN Ha LIeMEHT-
HOM 3epHe, U, COOTBETCTBEHHO, MPUBEAET K YBENTMUEHMIO CKOPOCTU 1 3GPeKTUBHOCTU ero 6nokmposku. Metogbl n matepuanbl.
B paboTe npennoxeH cnocob nonyyeHns cuamkaTa KanbLms 13 OTXOLOB NPOU3BOACTBA KaJlbLIMHMPOBAHHOM COAbl. 30/b-refb
MeTO[] CMHTE3a VHAVBYAYaNbHOrO HAHOMOAMPUKATOPOB B BUAE CUNMKaTa NMO3BOJIUT YCOBEPLUEHCTBOBATb TEXHOOMMIO MOYUYeHNs
6eTOHOB 3a cueT GOPMUPOBaHUA TBEpAOro $a3oBOro COCTOAHNA MOAUPULMPOBAHHON CTPYKTYPbl LLEMEHTHOIO KaMHs. B npo-
N3BOACTBE KaNlbLMHUPOBaHHOW COAbl Nof c60p OTXOAO0B MPOU3BOACTBA BbIAENAOTCA 3eMeNbHble YYacTKM (LnamoHaKkonuTenm)
ANA XpaHEeHUA OUCTUNNEPHON XUAKOCTU. B cBA3M € 3TUM OCTpO BCTaeT npobnieMa ee yTunAmM3aLum, Tak Kak nioLajb, OTBOAUMasn
noA WinamoHaKonuTenu, orpaHnyeHa. Pesynbratbl n o6¢cykaeHus. B xoae nccnegosaHua 6bino o6HapyeHo, 4To fobasneHve
onpeneneHHbIX KOMNOHEHTOB MO3BOJIAET HE TONIbKO CHU3UTb TpebyemMyto TemnepaTypy 06XKnra, HO 1 NMOBNUATb HA HAHOCTPYKTYPY
nosy4yaemoro npoaykTa. [lnanasoH 3HaueHUn copepaHunsa Jo6aBoK Ha 5 rpamm cunukata Kanbums: C — 0,2+0,4; S - 0,3+0,5; ZnO -
0,1+0,3; PZO5 -0,3+0,5; NH,CONH, - 0,3+0,3. [1o nony4eHHOM MaTpuLe YCI0BUI ObIny NPUroToBseHbl 16 06pasLoB BewecTs. Ha-
HoMOoZMbULMPOBaHNE LLIeMEHTHOIO KaMHA NMPUBOANT K €ro yNpoYHEHUIO B PaHHMWE CPOKM CTPYKTYpoobpa3oBaHMs. 3aKnoueHne.
[Job6asneHuve rugponepuTa K CUIMKaTy KanbLua 3HaUUTENbHO yBENNUYMBAET TBEPAOCTb KOHEYHOMO NPOoAYKTa, Npu fobaBneHnm
B KauecTBe KOMMOHEHTOB YrJiA, cepbl, OKCMAA LMHKa 1 NeHTaokcmaa docdopa n3meHAeTCA TBEPAOCTb U CTPYKTypa COeANHEHMA.
TakvM 06pa3om, NCMosIb30BaHNE HAHOCTPYKTYPUPOBaHHOM [06aBKYM K LIeMEHTY Ha OCHOBE CUMMKaTa KaslbLyis, MOMYyYeHHOro NyTem
KBanM@rLMpoBaHHO NepepaboTK OCHOBHOIO OTXOAA, BXOAALLETrO B COCTAaB ANCTUINIEPHON XUAKOCTU — OKCMAA KanbLys, MO3BOUT
MOBbICUTb KaueCTBO OETOHA 3a CUET YNyYLLeHUs TEXHONOM MK NMPOU3BOACTBA LIeMEHTa.

KJTIOYEBbBIE CJIOBA: pricTunnepHas }XuaKocTb, HaHOMOANOUKATOpP, CUIMKAT KanbLnsA, HAHOTEXHOMOMMA, HAHOCTPYKTYPa, LIEMEHT-
HbIi KAMeHb, GETOH.

ANA ULUTUPOBAHUA: boes E.B., icnamytanHosa A.A., AMuHoBa 3.K. [onyyeHre CTpouTenbHOro cununkata Kanbumsa // HaHoTtex-
Honoruu B ctpoutenbctae. 2021. T. 13, Ne 6. C.350-357. https://doi.org/10.15828/2075-8545-2021-13-6-350-357.

BBEJIEHUE

Hapsu[y C YINIepOTHBIMHU HAaHOPa3MEPHBIMU YacTHIIA-
MU B TTOCJICTHIE TOIBI TP ITPON3BOICTBE MaTepra-
JIOB HAa OCHOBE TTOPTIAHAIICMEHTA BO BCEBO3PACTAIOIINX
o0beMax CTaIN MCITOIb30BaTh MUKPO- 1 HAaHOpa3Mep-
HBIC COCIMHEHMS KpeMHMsI. YacTUIIBI Ha OCHOBE CH-
JINKATOB SIBJISIIOTCSI O0JIee NeNIEBBIMU 110 CPAaBHEHUIO
¢ yriepomHbIMU TpyoKamu. Ocodboe BHIMaHKE TIPUBIIC-
KaloT CITOCOOBI pa3pabOTKM ONMTUMATIBHBIX CITOCO00B
CHHTE3a ¥ BO3MOKHOCTEH MPAKTUICCKOTO ITPUMEHEHUS
TaKUX CUJIMKATOB KaJblMs, KaK BOJUTACTOHUT U KCO-

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

HOTJINT, KOTOPBIC SIBJISTIOTCS IIPOMEKYTOUYHBIMHU TIPO-
IYKTaMW TUAPOTEPMAIBbHOTO CMHTE3a BOJLUIACTOHUTA.
DT0 00YCI0BICHO IEHHBIMU (DM3UKO-XUMUIECKIMMU,
(pU3MKO-MeXaHMIECKUMU, TEPMUICCKIMU CBOMCTBAMM
KCOHOTJINTA U BOJIJIACTOHUTA M pa3HOOOpa3reM MHUHE-
PAaTbHOTO CHIPbSI, SIBIISIIONIETOCS TTOTCHIINATBHBIM HC-
TOYHHMKOM IS UX TtoaydeHust. Kpome toro, B Poccnm
3a TOOBI PAOOTHI Pa3IMYHBIX TTPOMBIIIIJICHHBIX TIpe/I-
MIPUSTUN HAKOIUICHBI MUJIJTUOHBI TOHH TIPaKTUICCKH
He mepepabaThIBaeMBIX OTXOIOB Ha OCHOBE KPEMHMUS
u Kanbiwst. o Hadaza 90-X IT. cylmecTBOBajIa IIporpaM-
Ma ['ocymapcTBEeHHOTO KOMHUTETA IO HAayKe W TEXHUKE,
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KOTOpasl IIpeAycMaTprBaja MpOBeICHIE NCCIeTIOBAHMIA
10 cIocobaM YTUIM3AINK TAKUX OTXOIOB. B mmociemyro-
K€ TOIBI MCCIIeIOBAHMS, TIOCBSIIICHHBIC «CUITNKATHOM
npobeMe», He TIPOBOIIIINCH.

B HacTosiImee BpeMsI CyIecTBYeT OOJIBIIOE KOIMIe-
CTBO CIIOCOOOB MOJTYYCHMST CUITMKATOB KAJIBIINS M3 pa3-
JINYHBIX KaJTbIN- M KpeMHUICOACPKAIINX COCIITHE-
HUIA: pacIIaBHBIC METOIBI TTOJTyYeHNS BOJUTACTOHUTA,
TUAPOTEPMANIbHBIN (aBTOKJIABHBIN) CUHTE3 TUAPOCHIIN-
KAaTOB KaJbIINS, CHHTE3 IIyTeM TIPSIMBIX TBEPIO(a3HbIX
peakIInii TIpy MOBBIIICHHBIX TeMItepaTypax. Hanbomee
MEPCIIEKTUBHBIM CITOCOOOM TIOJYYCHUST CHIMKATOB
KaJIbIINS SIBJISICTCSI CHHTE3, OCHOBAHHBIN Ha B3aNMO-
NIEHCTBUM MCXOMHBIX KOMITIOHECHTOB B BOIHOM Cpele Ipr
OOBIUHBIX ycIoBUgX: TeMItepatype 20°C n naBlIeHUN
1,013—105 ITa.

ToHKOmMCIIEpCHBIC MOPOIIKHU HAIIIHN IMHUPOKOE
MPUMEHEHNE B KaUYeCTBE OCHOBBI TP MCCICIOBAHUM
MIPOIIECCOB MOIydeHUs (PYHKIIMOHAIBHEBIX MaTepUAIOB
Pa3TMYHOrO Ha3HAYCHMS: COPOCHTOB, TBEPIBIX 9KCTpa-
TEHTOB, KOMITO3UIIMOHHBIX KEpaMUIECKUX U OPTaHO-
MWHEPaIbHBIX TUTMEHTOB, THOPUIHBIX JTJIOMIHO(GOPOB,
Kpacok, ¢apMaleBTUUYECKUX COCTaBOB 1 ap. [1—5].
B 3TOM cryuae oCHOBHOII 3amaueii Ipy BEIOOPE CHIPHS
¥ CITOCOOO0B TTOTYICHUS TUAPOCHINKATOB M CYUIMKATOB
KaJIbIUS SIBISCTCS MOBHIIICHNE TUCIIEPCHOCTH I10-
POIIKOB BIUIOTH 10 HAHOMETPOBBIX pa3zmMepoB. I1po-
LECCHI TTOTYICHUS CHHTETUICCKIX CYUTMKATOB KaJIbITHST
W3 UMCIOIINXCS B HATMIUN Pa3HOOOPA3HBIX CHIPhEBBIX
WCTOYHNKOB UCCIICAYIOTCS B pa3IMIHBIX OPTaHU3AIINSIX
Hamreii crpansl [6—12]. I1epBbie nCCIETOBAHNS B 3TOM
HAaIIpaBJICHUY OBLIN MPOBEACHBI apMSIHCKUMU YICHBI-
mu [13]. TIpuMeHeHMe cCOBpeMEHHBIX METOIOB CUHTE3a
HAHOCPYKTYPMPOBAHHBIX CYJIMKATOB KaJIBIINST, TAKMX
KAaK 30J1b-TeJIb IIPOLIECC, TUAPOTEPMAIbHO-MUKPOBOJI-
HOBOIT CHHTE3, THAPOTEPMAIbHBIC TTPOIIECCHI C IIPUMe-
HEHHEM CTPYKTYPUPYIOIINX BEIIECTB U AP., TTO3BOJISICT
BapbUPOBATh B IIMPOKUX IIpeeIaX CBOMCTBA IIEJIEBBIX
MPOIYKTOB U TEM CaMBIM 00CCIICUYMBACT UX COOTBET-
CTBHE TPeOOBAHMAM IIJISI KOHKPETHOTO MCITOIb30BaHNS.
Pa3paboTaHbl TEXHOJIOTMIECKIE ITPOLECCHI TOTYICHMS
CUJINKATOB KaJbIiNs (KCOHOTINTA U BOJUIACTOHMTA)
M3 TEXHOTEHHOTO CHIPb (hocdorurica, KpeMHETEIS),
TIPUPOTHOTO CHIPhS (IMATOMUTA, MeJIa), TPOMBIIIUICH-
HBIX MTPOIYKTOB (CUIMKAT-TJbIObI, XJIOpUAA KAJIbLIMS),
XUMUYECKUX PeaKTUBOB (XJI0puaa, HUTpaTa M alera-
Ta KaJbIINsI, CUJINKATa HATPHUSI, TETPASITOKCUCHIIAHA);
YCTAHOBJICHBI XUMUKO-TEXHOJIOTHICCKHE ITapaMeTpPhI
OCHOBHBIX CTaIWI MIPOIECCOB; pPa3pabOTaHBI IIPUH-
OUMIHATBHBIC TEXHOJOTUICCKIE CXEMBI, TIPEIIOKECHEI
CIIOCOOBI YTUIN3AaIlNU OTX0HO0B. B ciyyae mcmonab30-
BaHUS BOIOPACTBOPUMOTO CHIPhS pa3padOoTaHbI IIPO-
IEeCCHl MOIYYCHUST HAHOTIOPOIIKOB THAPOCHINKATOB
Kanbuus ¢ npumeHeHueM ITAB, B yacTHocTu coseit
YeTBEPTUIHBIX aMMOHHUEBBIX OCHOBAaHUI B Ka4eCTBE

CTPYKTypupylomux no6aBox [14]. [TokazaHo, 4TO Mo-
JIydeHHBIE ITPEKYPCOPHI ¢ pa3dmepoM yacTuil 30—70 Hm
MOTYT IIPUMEHSTHCSI B KaUeCTBE COPOCHTOB HEOPTAaHU -
YeCKUX COJICH M OPTaHMIECKUX COCTMHEHMI, a TaKKe
g monydenuss TBOKCos, opraHo-MuHepajaTbHBIX
IMMTMEHTOB, B KAYECTBE HATIOJTHUTEJICH B ITOJIMPOBAIb-
HBIX ITACTaxX, aKpWIOBBIX KpacKax u ap. IlomydeHHBIC
00pa3ibl TOHKOAUCIICPCHBIX HAHOTUAPOCUINKATOB
KaJIbIIMs W BOJUTACTOHUTA MCIIOJIb30BaHBI IS TTOJIY-
YeHUS KOMITO3UIIMOHHBIX KEPaMUICCKUX ITUTMEHTOB,
TUOPUIHBIX JIOMUHOGOPOB U APYTUX MaTepuaaoB
[15-20].

B pa3BuUTHN XUMUKO-TEXHOJIOTUIECKIX OCHOB IIPO-
IIECCOB COBMECTHOM MepepabOTKN Pa3IMIHBIX THUITOB
IIPUPOTHOTO M TEXHOTEHHOTO KaJbIINIi- 1 KPEMHUIICO-
Jep>KaIero CeIpbs HAaMU C(OOPMYJIMPOBAHBI METOIOJIO-
TMYeCKIe TIPUHITATIBL ¥ TTOJIyYeHBI 3KCITEPUMEHTATbHEIC
Ppe3yIIbTATHI, TI03BOJISTIONINE, C OMHOM CTOPOHEI, pa3pa-
OaThIBaTh pAllMOHAJIBHBIC TEXHOJIOTMYECKIE TIPOIIECCHI
IepepabOTKN KOHKPETHBIX BUIOB CHIPhS U OIIPEACIISITh
00J1aCTH TIPUMEHEHUSI TTOTYJYCHHBIX TIPOAYKTOB, a C IpY-
IOl — OCYIIECTBIISITH BBIOOP CHIPhS 1 TEXHOJIOTUM TIe-
pepaboTKM IS ITOJTyYeHUS MaTepUaiOB C 3aTaHHBIMU
CTPYKTYpOii 1 cBoiicTBamu [21, 22].

CiemyeT OTMETHTb, UYTO IIPOIECCH (POPMUPOBAHUS,
(a30BBIil 1 3JICMEHTHBII COCTaB, (PU3UKO-XUMHUICCKIEC
CBOWCTBA CHJINKATOB KaJIbIINSI, CHHTE3UPYEMBIX B pa3-
JINYHBIX CUCTeMaX MPU OOBIYHBIX YCIOBUSIX, OCTAIOTCS
majiondydeHHbIMU. [ToaToMy mpobiema pa3paboTKu
1 ONTUMU3AIINAN TIPOLIECCOB CHHTE3a THIPOCUINKATOB
KaJIbILINS ¥ BOJJITACTOHHUTA M3 JOCTYITHOTO CHIPhSI SIBJISI-
€TCS aKTyaJIbHOI.

METO/bI 1 MATEPHAJIBI

[IInpoko U3BECTHO, UTO Ha TIPEINPUITUIX 1O TIPO-
W3BOACTBY KAJILIIMHUPOBAHHOI COMBI MO cOOp OTXO-
JIOB TIPOM3BOACTBA BBLIIEISIOTCS 3eMeIbHBIE YIaCTKU
(IDTaMOHAKOTIMTEIN) JUIST XpaHEeHUST TUCTHJUICPHOM
xupkoctu. [TomodHBIM 06pa3om mpearnpusgatue OAO
«Coma» B ropone CrepimTaMake XpaHUT CBOU OTXOJIBI.
[Mon mutaMoHaKOMUTENN BBIAEISIETCS TEPPUTOPUS, TUIO-
IIaJb KOTOPOI TIPEBLIIIAET 5 MJTH. KB. METPOB. B cBS31
C OTUM OCTPO BCTAET MpobiIeMa ee YTIM3alu, TaK KaK
TUTOIIAb, OTBOAMMAS TTOJ, IIUIAMOHAKOITUTEIIN, Orpa-
HuyeHa. K ToMy Xe OTKpBITOe XpaHeHUEe 3TUX OTXOI0B
YIpoKaeT oKpyKarwleit ¢piiope 1 payHe, TaK KaK OHO
pacnionoxeno B 30 MeTpax ot 6eperos pekn benoii. Co-
KpallleHre 00beMOB XPAHUMBIX OTXOJ0B ITPOU3BOIUTCS
IyTeM cOpoca OTCTOSIBIIIETOCS pacTBOpa B OacCeiiH peKu
Benoii B maBoIKOBBIE TIEPUOIBI, a TAKKE 3a CYET CAMO-
IMPOU3BOJIBLHOTO UCITapeHus BoAbl. B pe3ynbrare 3T0TO
00pasyIoTCs «OeJIble MOpS».

XapaxkTepucTKa TUCTWIIEPHOM KUIKOCTHU TIPOU3-
BoJCcTBa KabIMHUpoBaHHOM coabl OAO «Coma»:
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KomnoneHnT | Conepxanmue, r/Ja
XKuodkas gaza
Ca(Cl, 1o 120
NaCl 1o 65
CaSO, no 1,3
Ca(OH), + NH,OH no 1,7
Tsepoas ¢haza
CaCO, 4,3-5,2
Ca(OH), 0,5-1,6
CaSO, 0,8—1,8

Takxe quctuiiepHast XKMIKOCTh UMEET CJIeIYIOIINe
dusnko-xummyeckne xapakrepuctuk: pH = 11,0—11,6
rpu 20°C, p okojo 1,12 r/cm? ipu 20°C, t =75—
95°C, tyepsannn — OKOIO —10°C.

KoHeuHbIi1 00beM, 3aHUMAaEMBbI TBEPIBIM OCAAKOM
IOCJIE OTCTOS, COCTABJISIET 10 18 % 0T 00BbeMa UCXOTHOM
KUIKOCTH.

Hcxonst uz coctaBa IUCTUIUIEPHOM XXUIKOCTU, OYe-
BUJIHO, YTO OCHOBHBIMU KOMITOHEHTaMU OTXOJIOB MPOU3-
BOJCTBA KAJIbLLIMHUPOBAHHOM COMbI SIBJISIIOTCS XJIOPUCTBIN
KaJblLWK 1 XJIOpUCTBIN HaTpuil. [Tpobaema xpaHeHUsT OT-
xonoB yactTnuHo pa3penreHa AO «bCK», mmonranka Ne 2.
JaHHoe mpearnpusTie peaausyeT COJIU, BbIACICHHbIE
U3 TUCTUIJIEPHON XUIKOCTU, B MyHUIIMIAJIUTEThl KaK
cpenctBa 00pbOBI C TOJIOJEIOM Ha aBTOMarucTpasx.
Ho B cBsI3u ¢ TeM, UTO TaHHBIE MPOMYKThI SIBJISIOTCS OIac-
HBIMU JIJIs1 3K0oJI0rnH (Harmpumep, B Mockse u [Tomvocko-
BbE M3-3a IPUMEHEHMS 9TUX COJIEl B KaUeCTBE aHTUTOJIO-
JICITHOTO peareHTa eXXeromHO MorndaeT okoo 250 ThIcSd
NIEPEBbEB), TIPEIOKEHHBIN METO/I epePadOTKH SIBISIETCS
OrpaHUYEHHO MPUMEHUMBIM. K TOMy e MCIoJIb30Ba-
HUE XJIOPUIIOB KaJblLKS U HATPUSI HA JOPOTax v TpOTya-
pax BelET, BO-TIEPBBIX, K KOPPO3UU Ky30Ba aBTOMOOWJIS,
BO-BTOPBIX — K MOpYe 00YBY U M3HOCY aBTOMOOUJIbHBIX
muH. BeneactBue BbllecKa3aHHBIX MPoOJIEM CIIPOC
Ha yKa3aHHbIE COJIM B TIOCJIEIHEE BPEMSI PE3KO CHU3UJICS.
K Tomy Xe oHM HaxoIsdT MpUMEHeHNe B JaHHON chepe
TOJILKO B XOJIONHOE BpeMs roga. HecMoTpst Ha 1mogo06Hoe
MpUMEeHEHUEe OTXOA0B MPOU3BOACTBA CObI, MIPU CYyIlIe-
CTBYyIOIlIEM 00bEME MPOM3BONICTBA, KOTOPbI COCTABIISIET
npuOAN3UTENLHO 1,7 MJIH. TOHH B TOf, TIpo0JieMa YTUIN-
3alMM OCTaeTcsl OTKPbITO. Ha 1 TOHHY KaJlblIMHUPOBAH-
HOM COIBI TIPUXOIUTCS 0KOJI0 9—10 TOHH TUCTHILICPHOI
xuakoct (vm 1:0,5 TOHH B TiepepacueTe Ha YMCTBIE XJ10-
PUCTbIN KaJbLWI U XJIOPUCTBIM HATPUI COOTBETCTBEHHO).
Kak cnenctsue Koau4ecTBO XpaHsIIencs: TUCTUILIEPHO
JKUJIKOCTH B CIIELIMAJIbHBIX pe3epByapax MpoaoKaeT yBe-
JIMUMBAThcs. B cuity Toro, 4to MeTon yTUiIn3aluu, Tpe-
JIOXKEHHBII cCaMUM TIPEANPUSITUEM, HE TIO3BOJISIET PEILIUTh
JIAHHYIO0 yTrpo3y [JIs1 9KOJOTUU, TpeOyeTcss HallTh 0osee
palMoHaIbHOE U MPUEMIIEMOE PELLIEHUE C IKOJIOTMUECKOM
1 9KOHOMUYECKOU TOUKHU 3PEHMUS.

KUTICHUA

BosutactToHUT — 9TO MUHEpaJl U3 Kjlacca CUIIMKATOB,
MNPUPOIHBINA CUIIMKAT KAJIbLIUS C XUMUYECKOU (popMysIoi
Ca,(51,0,), umeronmii cBOe0OPa3HyIO UTOJILYATYIO CTPYK-
Typy, LIUPOKO MPUMEHSIIOLIUIACS B TTPOMBILLIJIEHHOCTH.
DTOT MUHEpaJI HAXOIUT IIIMPOKOE IIPUMEHEHHE BO BCEX
OTpacysiX MPOMBIIUIEHHOCTU. BoiacTOHUT nmpuMeHsi-
eTcsl B KauecTBe J00aBKM-HAMOJHUTENS B IJIacTMaccax,
B LIBETHOI METaJIIypTUU, B IIMHHOM, acOOLIEMEHTHOM
U JIJAKOKPACOYHOU MPOMBIIILIEHHOCTH, B TIPOU3BOJICTBE
KepaMuku. TobepMOpUT — MUHEPaAJT, BOAHBIN CUIUKAT
kanbuus [SiO,],Ca,H,*3H,0. fBnsgercsa npoaykTom
paspyiieHus BojutlacToHuTa. KpucTamibl uroiapyaThle,
TOHKOUTOJIbYAThIE 10 BOJOCOBUIHBIX 0Opa3yIOT paau-
aJIbHO-JIYYMCThIE, 3B€314aThie U MapajuiebHO-BOJIOK-
HUCTbIE CpacTaHMsl, TOHKOMUTOJIbYaThie Mydyku. Takske
BCTPEYAIOTCS CIIYTaHO-BOJIOKHUCTbIE U TOHKO3EPHUCTHIE
arperatbl. ICKyCCTBEHHBIM aHaJIOT TOpOepMOpUTa 0Opa-
3yeTcsl B MopTJIaHaLeMeHTe. MuHepalbHble COEAUHEHUS,
aHaJIOTMYHbIE MMHEpaJiaM IpyMIibl TOOEPMOPHUTA, XOPO-
1110 U3BECTHBI B LIEMEHTHOW MPOMBILLIEHHOCTU - OHU
00pasyloTcs Mpy peakliMy LIeMEeHTa C BOJOW 1 UTparoT
BaXXHYIO POJIb B IIpoOILIecce CBI3BIBAHUS IIeMeHTa (0eTo-
Ha). KCOHOTIIMT — mpoayKT n3MeHEHUS BOJIIACTOHMTA,
CaSi O0,,(OH),. OTinyaeTcs BHICOKOM TBEPAOCTHIO.

AMOpPOHBIN CWIIMKAT KATBLIUS HE COAEPXUT TpUMeE-
CeU 1 KPUCTAJUTU3ALIMOHHOM BOJIBI U SIBJISIETCSI OCHOBHOM
dopMoii cunrkaTa KaJblus, MOJIy4yaeMOro CUHTETUYE-
CKM B BOIHOM cpene.

B xauecTtBe OCHOBHOTrO cioco6a MoJay4YeHusI HAHO-
MoauGUIMpYIONIei 100aBKY TPUMEHSIETCS B3aUMOJIEH-
CTBHE XJIOPHCTOTO KaJIbLXS U3 TUCTUIUIEPHOU XUAKOCTU
C CWJIMKATOM HaTpH$ U3 XXUAKOTO CTeKa:

CaCl, + Na,SiO, = CaSiO, + 2NaCl.

JlaHHy10 peakiiio MPOBOIST MPU TIIATEIbHOM T1e-
peMelIMBaHUY U MEAJIEHHOM MPUOMBAHUU XUIKOTO
cTeKJa K JUCTUUIEPHOM XuakocTu. [lepBoHavyaaibHO
IVCTWIICPHAS KUIKOCTD ITOABepraeTcs (PHIBTPOBAHMIO,
B pe3yJbTaTe KOTOPOTO B OCAIOK BhINMAAAIOT KapOoHAT
W BOOHBIN CylIbdar Kairblvsd. DTH IIeHHBIE TIPOIYK-
THI (MeJI, TUIIC, ac0ecT) MOXHO MCITOIb30BaTh B IIPH-
TOTOBJIEHUU CTPOUTEJbHBIX MaTepUaAJIOB, HATPUMED,
CYXUX CTPOUTENIBHBIX CMeceil. 3aTeM K MOIyIeHHOMY
dunabTpary 100aBIsIeTCS HEOOIbIIMMU IMTOPLUUSIMHU, TIPU
rnepeMelMBaHu1, PacTBOP KUIKOTO cTeKiia. biaromgaps
BBICOKOW TeMmepaType, KOTOPYIO UMEeT IUCTUJLIep-
HasT XXKUIKOCTh (1o 95°C) mocae MpoXoXKICHUS TIPOM3-
BOJICTBEHHOTO LIMKJIA U TTOCTYIJIEHUS Ha YTUJIU3A1IUIO,
BbILLIEyKa3aHHasl peakius OyaeT MpoXoauThb ¢ OOJb-
M BeIxonoM. O0pa3yrommuiicss KOJUIOUIHBIN pacTBOP
KOHLIEHTPUPYETCS, U METAaCUIMKAT KaJIblIMsl BbINaaa-
eT B BUJe onajeclueHuuu Ha agHo. M3 obpasyrolierocs
duibTpaTa ¢ MOMOIIBIO OYUCTKU MOKHO BBIIEIUTD 10~
CTaTOYHO YHCTBIM XJIOPUCTHIM HATPUIA, KOHLIEHTPALIWSI
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KOTOPOTO B paCTBOPE COCTABUT OKOJIO 14,5%, KOTOPbIit
BIIOCJICICTBUI MOXHO TTIOBTOPHO MCITOJIB30BaTh B IIPO-
M3BOJCTBE KAIBIIMHUPOBAHHOM combl. OcamoK e MoI-
BEpraeTcst OYMCTKE TP IIOMOIIM BAKyyMHOTO (DYIIBTPO-
BaHUS U OcyIIKe. Jlajiee B HETO BBOASTCS TOTTOTHUTEITb-
HBIC KOMITOHEHTEHI, BIMSIIONINE Ha CTPYKTYPY ¥ KAYeCTBO
KOHEYHOTO MponyKTa. [TomydeHHas cMech OTIIPaBIISICTCS
Ha OOXKUT IIPY COOTBETCTBYIOIICH TeMIIepaType B TeUe-
HUe 2,5 9acoB. B 3aBUCHMMOCTH OT YCIIOBHIT IIPOBEICHUS
mpollecca MmoIydaeM CAeayIoIIue IeHHBIC TTPOMTYKTHI:
aMOpP(HBIN KaJbIIUI KPEMHEKHUCIIBII, BOJUIACTOHUT, TO-
OepPMOPUT U KCOHOTJIUT COOTBETCTBYIOIICH CTPYKTYPHI.

Ha ocHoBaHMM ITPOBEIEHHOTO JIUTEPATYPHOTO 0030~
pa ¥ MMaTeHTHOM ITPOPaObOTKM MBI CACIAIN BBIBOI, UTO
nmobaBlIeHUE OIIpene/IeHHBIX KOMITOHCHTOB TTO3BOJISICT
HE TOJIbKO CHM3UThH TPEOYEMYIO TeMIIepaTypy O0Xura,
HO ¥ TIOBJIMSITh Ha CTPYKTYPY MOIYyJaIOIIETOCs ITPOIYKTA.
TakMy KOMIIOHEHTaMM SIBIISTIOTCS, B YaCTHOCTH, YTOJIb,
MUKPOKPHUCTAIIMYCCKAs cepa, OKCHI IIMHKA 1 TIeHTa-
okcu pocdopa.

Taxk Kak sieMeHTapHBIC cepa M YIJIEPO SBISTFOTCS
XOPOIIMMH BOCCTAHOBUTEISIMU, HAMU B KA4eCTBE KOHTP-
IprMepa MPeACcTaBICHHBIX KOMIIOHEHTOB OBLT TIPEIIO-
JKEH TUAPOIIEPUT — MOUEBHMHA C BKITIOUCHUSIMU MOJICKYJT
MepeKrCcH BOAOPOA, A0S MOCIeaHel cocTaBiseT 35%.

Tak KaK Macca CHITMKaTa KaJIbIIUsI TIOCTIe €TO OCaXKIC-
HUS ¥ OCYIIIKU COCTaBJISIET 5 T, TO, COOTBETCTBEHHO, TIPO-
BEPSUTHCH 3HAYCHUSI MACCHI JOOABISICMbIX KOMIIOHCHTOB
M0 HUXKHEMY U BepXHeMy TipeaesaM. Tak, It yIjst 9TO
0,2ru 0,4, nna okenpa nmaka — 0,1 T 0,3 T, 11T cephl
" TieHTaokcuaa gocdopa — 0,3 r u 0,5r. 'maoponepura
penieHo 6610 OpaTh B KonmmuectBe 0,3 T Ha 10 T cumkaTa
KaJIbLINSI.

st mory9eHusT peIrpe3eHTaTUBHEBIX TaHHBIX 3Ha-
YeHUS TeMIIepaTyp, IPU KOTOPBIX IIPOBOIUIICS OOXKUT
B TedeHue 2,5 yacoB, ObUIH B34TH clieayromue: 800°C,
850°C, 900°C, 950°C u 1050°C.

PE3YJIbTATbI

[To monmyyeHHO MaTpuie yCI0BAN OBUTH MIPUTO-
TOBJIEHBI 16 00pa31ioB BemecTs. s orpeneeHns ux
cOCTaBa OHM OBLIU TTOABEPTHYTHI Pa3IMIHBIM UCCIIC-
TOBAaHUSIM.

Kax BumHO 13 ta6. 1, Bce 00pasibl Ipy JaHHOM TeM-
rreparype ooxkura (800°C) sBistrorcst Markumu. [1pr sTom
HX TBEPAOCTh HE 3aBUCUT OT JOOABJICHHBIX KOMITOHCHTOB.
CremoBaTelIbHO, BEPOSITHO HAHOCTPYKTYPUPOBAHHBIN
METACWJIMKAT He TIepellesT B IpyTyio Monudukamio. Kak
BHUIIHO M3 CJICAYIOIICH TaOIMIIBI, 00pa3Ilhl, IIOJIyICHHEIC
npu temnepatype 850°C, oTiiMualoTcs Ipyr OT Apyra
10 TBEPIOCTU U CTpyKType. CaemoBaTeIbHO, HAUMHAS
¢ 850°C cTpykTypa MeTacriIrKaTa KaJIbIysl MOTUDUIIN-
pyeTcsi ¢ 00pa30oBaHNEM, TIPESIITOIOXKUTEIBHO, TAKIX MU -
HepaJoB, KaK TOOEPMOPHT, BOJUTACTOHUT M KCOHOTJIUT.

JobaBieHre THAPOIIEPUTA K CHJTMKATY KaJIbITUSI 3HAa-
YUTEJIEHO YBEJIMINBACT TBEPIOCTh KOHEYHOTO ITPOAYKTA.
[1pu nobaBIeHNM B KAUYECTBE KOMITOHEHTOB YIJISI, CEPHI,
OKCHIa IMHKA U TIeHTaoKcuaa ¢pochopa N3MEHSICTCS
TBEPIOCTb U CTPYKTYPa COCAMHEHUS — TBEPIOCTh YMECHbB-
IIAeTCsT, @ MUKPOKPHUCTAJIIBI CTAHOBSITCS 00s1ee aMopd-
HbeIMH. OTHAKO IIPH JaTbHEUIIIEM YBSIMUCHIH JOJIU 10-
TTOTHUTETFHBIX KOMITOHEHTOB B CMECH XapaKTePUCTUKH
00pa3II0B BO3BPAIIAIOTCS K MCXOMHBIM 3HAUCHUSIM.

[IpoBeneHBI McClIemOBaHNS BIUSHUS TTOJyIeHHOMN
HaHOMOAU(MUIINPOBAHHON MOOABKM Ha TEXHOJIOTH-
yeckue cBoicTBa 6eToHa. Jlo6aBKa MO3BOSIET MOBBI-
CUTD IIPOYHOCTL OETOHOB U pacTBOPOB He Ha 40%, Kak
IIpemIaraioT IpyThe aBTOPHI, a B 2 pas3a, a IS sSTIeH-
CTHIX 0eTOHOB B 3—4 pa3a, a TakKXKe CHU3UTh CTOUMOCTh
MMPOM3BOACTBa HaHOHoOaBKM B 10—15 pa3 1Mo cpaBHe-
HUIO ¢ IPYTUMU MoaudUKaTOpaMu 1 B 1,5 THICSIU pa3
10 CpaBHEHUIO C HAHOTOpOoITKaMu. JlobaBKa COBMeCTH -
Ma C MJIacTU(DUKATOPaMU U APYTUMU MOAM(PUKATOPAMMU.
Beengenue HaHomMoauULUMPYIOLIEH 100aBKI HA OCHOBE
CHJIMKATA KaJIbIIUSI TI03BOJISIET YCTPAHUTD Me(PEKTHOCTD
CTPYKTYPHI OCTOHOB 3a CYET 3aII0JTHEHMST MUKPOKpPEMHE-
3eMOM U IIPOIYKTaMU €TI0 B3aMOICHCTBHS ¢ MITHEpaIa-
MM IIEMEHTHOTO KJIMHKEpa MUKPOTPEIIINH 1 MUKPOIIOP
MEJIKO3epHUCTOTO OeTOHA.

OBCYXJIEHUNE

HpI/IMeHCHI/IC 3JIECMCHTOB paBHI/I‘IHOfI BaJICHTHO-
CTH 1 UX OKCHUIOB B Ka4€CTBEC HaHOMOI[I/I(bI/IKaTO]JOB
IIpn IMMpOMN3BOACTBE erMHHﬁCOHCp)KaH.IHX MaTr€puajioB
B pa3/IMYHbIX o0J1acTsIX IIPOMBIIIJIECHHOCTHU, B YaCTHO-
CTH, CTPOUTEILCTBE ITO3BOJIUT I1O H]:)OCTOfI n ,[[OCTYHHOfI

Tabauya 1
JInana3oH 3Ha4eHuii conepkanug 100aBoK Ha 100 r cuiMkaTa Kajabuus
KommonenT MuHuMAaIbHOE 3HAYEHHE MakcumaJibHOe 3HaYeHHe
C 5,26 7,37
S 5,26 10,52
ZnO 1,052 1,578
PO, 2,63 3,16
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Tabauuya 2

Pe3leI)TaTLI 3THX UCCJIEI0BAHUI (l)Pl3PlK0-Xl/lMl/l‘leCKl/lX CBOICTB MOJTYYCHHBIX oﬁpasuon

JlonosHuTebHbIE T Omnupnye- Cpenunii Buaa- Muxkpodortorpaduu
Ne | kommoHeHTsI, T Ha 100 r a. °C CKasl TBep- JHaMeTp bemsna, L HOCTH. % (yBesIMUeHHE
CaSiO, Pa, J0CTh 94ACTHI, MKM > 7 B 640 pa3)
1 |- 950 TBEPIbIA 10 90 0,09
Cc-0,3
S—-04 CcpenHet
2 Zn0O —0,2 950 TBEPAOCTHU 10 90 0,09
P,O,-0,4
Cc-0,2
S—0,3 .
3 7n0 —0.1 800 MSTKUI
P,0,-0,3
cC-04
S —0,5 .
4 7n0—0.3 800 MSITKUI
P,0,-0,5
5 |- 800 MSATKHIA
Cc-0,2
S—-0,3 .
6 Zn0 — 0.1 800 MSTKUIA
P,0,-0,3
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Tabauua 2 (npodonicerue)

JlonojHuTebHbIE T Omnupnye- Cpenunii Bua- Muxkpodororpadun
Ne | kommoHeHTsI, T HAa 100 r a. °C CKasl TBep- JHaMeTp bemsna, L HOCTH. % (yBeIMueHHE
CaSiO, pa, J0CTh YaCTHII, MKM > 77 B 640 pa3)
Cc-04
S—0,5 cpenHeit
7 Zn0O — 0,3 830 KEeCTKOCTH
P,0,-0,5
8 |- 850 M
TBEPIbII
9 NHZCONH2 . H202 — 900 cpenHen
0,3 TBEPAOCTHU
10 |— 900 TBEPIbIi
Cc-0,2
S—-0,3 .
11 Zn0 - 0.1 900 MSITKUI
P,0,-0,3
CcC-04
S—-0,5 .
12 Zn0 - 0.3 900 TBEPIbI
P,O,-0,5
13 NH,CONH,*H,O, — 1050 oqem,u
0,3 TBEPIbIA
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Tabauua 2 (npodoniceHue)

JlonosHuTebHbIE OmMnupnye- Cpennnii Muxkpodororpadun
Temnepary- Baax-
Ne | kommonentsr, r Ha 100 r CKas TBep- JuameTp benmu3sna, L (yBemmuenue
. pa, °C HOCTb, %
CaSiO, JI0CTh YACTHII, MKM B 640 pa3)

14 |- 1050 TBEPIbIi

Cc-0,2

S—-0,3 cpenHeit
15 Zn0O — 0,1 1050 TBEPAOCTHU

P,0,-0,3

C-04

S—0,5 .
16 7n0 — 0.3 1050 TBEPIbIiA

P,0,-0,5 (

TEXHOJIOTUM TTOJIYYUTh CHITMKATHYIO TTPOLYKIIAIO C BbI-
COKMMU 3KCITIyaTallMOHHBIMU XapaKTepUCTUKaMu. Bce
BBILIETIEPEUNCIEHHBIE HAHOMOIU(MULINPYIOIINE T00aBKI
TIO3BOJISTIOT PETYJIMPOBATH TEXHOJIOTMYECKUE XapaKTePH-
CTHMKH LIEJIEBOTO ITPOIYKTA C 3aJaHHBIMU CBOCTBAMHU, OT-
JIMYAIOIIMMUCS TTO TBEPIAOCTU Y CBOE MUKPOCTPYKTYPE.
Uccnenosanus mo T'OCT 5802-86 mokasanu, 4To BO-
JOTIOTJIONIEHNE TIPY BO3paCTaHUN B OETOHE KOJIMYECTBA
cunukara ot 0 10 0,40% caukaercs ¢ 22 10 3%, ipu 3ToM
yMeHBIIaeTcs pasMep mop. PU3NKo-XUMUIECKUMU M€e-
TOIAMHU VMCCIIEIOBAHNUSI ONPENEIEHO, YTO B IIPUCYTCTBUN
CHJIMKAaTa KaJbLUs YCKOPSIETCST TUApaTalus [eMEHTa,
a ¢ moMolIIbio 1uddepeHINaTBHO-TEPMUIECKOTO aHa-
JIN3a YCTAaHOBJIEHO, YTO B MPUCYTCTBUU YKa3aHHOMN Ha-
HOMOINGULIAPYIONIEH T00aBKN KOJMYECTBO XUMUUECKHU
CBSI3aHHOI BOIIBI yBEIMUIMBAETCS Ha 25%. DTOT BBIBO, TOJI-
TBEPKIAIOT TaHHbBIE KAJIOPUMETPUIECKIX UCCIIETOBAHIM,
ITOKAa3aBIIIE, YTO OOIIEE KOIMIECTBO TETIOTHI, BBIIEIISIO-
meecs 3a 72 Jaca, ¢ CHUIMKATOM KaJblus Ha 15% Bhllie.

3AKTIOYEHUE

Takum o0pa3oM, HAIIK UCCIICIOBAHUS TIOKA3BIBAIOT,
910 3(DheKT HaHOMOIU(UIIMPOBAHMS IIEMEHTHOTO KaM-

H$I 3aKJIIOYACTCS B TOM, UTO OH OBICTpEe YIIPOUHSIETCS
B paHHME CPOKM CTPYKTYPOOOPA30BAHUSI U CTAHOBUTHCSI
0oJ1ee MPOYHBIM IIPK 3aBEPLICHUY IIPOLIECCA TBEPACHHUS.
W 310 ABASIETCS OCHOBAHMEM TSI COKPAILIEHMS B LIEJIOM
CPOKOB TBEPAEHHUS U OTKa3a OT TeILJIOBO 00paboTKuU
TBepaeolero nemenTa. O0padboTKa MOJyYeHHBIX DKC-
MepUMEHTAIbHBIX JAHHBIX IPUBOIUT K CJIEIYIOLIEMY
BBIBOJY, UTO BBEIE€HUE B LIEMEHTHO-BOAHYIO CUCTEMY
HaHOMOAM(DUIUPYIOIINX J00ABOK B BUAE CUIMKATA
KaJIbLUSI U3MEHSIET KUHETUYECKIE TTapaMETPhl PA3BUTHS
SBOJIIOLIOHHOTO MAapILIPyTa X YCKOPSIET TMAPATALIAIO Lie-
MeHTa B 10 pa3, 4To 0OBSICHSAETCS CHUXKEHUEM S9HEPTUU
aKTUBALIMU IIpoliecca IpakThudecku B 2 pasa. [lomyue-
HUE METACUJIMKATA KaJIbLUs U ero aMOp(HBIX IPOU3-
BOJIHBIX 13 OCHOBHOM YaCTU AUCTULIEPHOM XUIKOCTH,
SIBJISIIOLLEIACST OTXOIOM COAOBOIO IIPOU3BOACTBA, MOXET
CTaTh IEPCIIEKTUBHBIM U aJIbTEPHATUBHBIM CIIOCOOOM €€
yrunu3anun. Mcrmonp3oBaHre HAHOMOTU(PUITNPYIOIITNX
KpeMHUIcomepKalIuX HAaHOL00AaBOK B IIPOLIECCE TEX-
HOJIOTUH TIPOM3BOICTBA IIEMEHTA TTO3BOJIUT MOJIyJaTh
Takue LIEHHbIE MPOAYKTHI, KaK BOJJIACTOHUT, TOOEP-
MOPUT U KCOHOTJIUT, YIOBIETBOPSIOLINE TEXHUYECKUM
yesroBusim 1o T'OCTy 4762-71, mupoBoe TtoTpediieHue
KOTOPBIX €XKEroAHO Bo3pacraeT Ha 5%.
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ABSTRACT: Introduction. The economic activity of a person entails environmental, economic and social damage to the environ-
ment. The production of goods or services is associated with the consumption of natural resources and emissions that negatively
affect the ecological state. Currently, there is an acute problem of the negative impact of man on the natural environment and is
the main source of deterioration in the health of living beings. In modern conditions, chemical safety is one of the priority tasks of
socio-economic development. To protect the environment, it is important to take appropriate measures and develop appropriate
mechanisms to promote sustainable development. For this purpose, an assessment of the environmental and economic damage
from human activities is required. Materials and methods. The work employs the method for determining the prevented envi-
ronmental damage, approved by the Chairman of the State Committee of the Russian Federation for Environmental Protection, to
perform ecological and economic assessment of the environmental impact of new environmentally friendly biodegradable addi-
tives for polyvinyl chloride based on adipic acid. Results and discussion. Polymeric materials, as the most popular and widespread,
make a significant contribution to the deterioration of the environmental situation. In this regard, the main values of the prevented
environmental damage from soil degradation were calculated when using new environmentally friendly additives for PVC based
on adipic acid. Conclusion. The introduction of the developed additives into the composition of the developed additives provides
economic and environmental efficiency in order to accelerate the biodegradation of polymer composite materials, protects against
chemical pollution by hazardous toxic compounds and helps prevent soil degradation.

KEYWORDS: adipate plasticizer, biodegradable, economic efficiency, environmental damage, polyvinyl chloride.
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INTRODUCTION In connection with the increasing volumes of produc-

tion and consumption of polymer materials and products,

A;l improvement in the set of properties of large-scale
ynthetic polymers was achieved due to an increase in
the efficiency of synthesis conditions, targeted regulation
of their molecular weight and molecular weight distribu-
tion at the nano-, micro- and macrolevels. An important
factor in solving this problem was the improvement of
the technology for the production of plastics based on
improved polymer components and the improvement
of methods for preparing raw materials, methods and
techniques for mixing compositions.

Since the 1950s, there has been a stable global growth
trend in the plastics market: from 1 million tons in 1950
to 348 million tons in 2017 year [1].

an important environmental problem is the constant in-
crease in the huge amount of plastic waste. Thanks to this,
a separate direction has been formed — the recycling of
plastics, in which specific combinations of technological
processes are used, which contributes to the solution of
environmental and raw material problems, in particular.
Chemical depolymerization processes make it possible
to produce raw materials for obtaining monomers, oligo-
mers, and other chemical materials using economically
viable methods [2—8].

However, to date, the disposal of polymer products
after operation most often occurs at solid waste landfills
or is spontaneous.
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Soil pollution leads to degradation of the soil cover,
withdrawal of land from agricultural use and significant
financial costs for the implementation of measures for the
remediation of contaminated land.

Soil contamination with waste polymer materials poses
a significant hazard due to the toxicity of some additives,
as well as the migration ability of individual components.

Thus, it is extremely important today to develop poly-
mer composite materials with a controlled service life,
which are characterized by the stability of operational
characteristics during the entire period of their use, and
then degrade naturally under environmental conditions
with the formation of non-toxic substances.

MATERIALS AND METHODS

Calculation of the prevented environmental damage
from soil degradation when using the developed adipate
additives

Economic damage to the environment is the actual
and possible losses caused to the national economy by
pollution, expressed in value terms, or additional costs
to compensate for these losses.

Economic damage from the deterioration and destruc-
tion of soils and lands under the influence of anthropo-
genic (technogenic) loads is expressed in land contami-
nation with chemicals; littering of land by unauthorized
landfills, other types of unauthorized and unregulated
disposal of waste and the accompanying degradation of
soil and land.

Degradation of soils and lands is a combination of
natural and anthropogenic processes leading to changes in
the functions of soils, quantitative and qualitative deterio-
ration of their properties and composition, and a decrease
in the natural and economic significance of lands. The
extreme degree of degradation is the destruction of soil
cover and damage to land.

These are the main types of soil and land degradation:
— technological (operational) degradation — mechanical

destruction of the soil cover due to open and closed

mining of minerals and peat, as well as construction
and geological exploration: disturbance of land, physi-
cal degradation, agrodepletion;

— erosion — destruction of the soil cover under the in-
fluence of surface runoff and wind, followed by the
movement and relocation of soil material: water and
wind;

— salinization — the accumulation of water-soluble salts,
including the accumulation of sodium and magnesium
ions in the soil absorbing complex: salinization and
alkalinization itself;

— waterlogging.

The degree of soil and land degradation is determined
using indicator indicators, for which threshold values have

been established to determine the loss of the natural and
economic significance of lands. Degradation of soils
and lands for each indicator is characterized by degrees
from 0 to 4.

Loss of annual income is taken into account when
calculating the amount of damage from soil and land
degradation inflicted on their owner. Its amount is cal-
culated at the current prices at the time of determining
the amount of damage.

Economic effect — the difference between the results
of economic activity (for example, a product in value
terms) and the costs incurred to obtain and use them.

Environmental-economic effect — the ratio of the size
of the positive effect (benefit) and harm (damage) caused
by the impact on the environment, as well as the amount
of costs required to compensate for such damage.

Calculation of the amount of damage caused to soils
as an object of environmental protection is carried out
according to a certain method. The methodology for
calculating the amount of damage caused to soils as an
object of environmental protection is intended for cal-
culating in value terms the amount of damage caused
to soils as a result of violation of legislation in the field
of environmental protection, as well as in the event of
emergencies and emergencies of a natural and man-
made nature.

The methodology calculates the amount of damage
caused to soils as a result of:

a) chemical contamination of soils as a result of the
ingress of chemicals or a mixture of chemicals into soils,
leading to non-compliance with environmental quality
standards for soils, including standards for maximum
(approximate) permissible concentrations of chemicals
in soils;

b) unauthorized disposal of production and consump-
tion waste;

¢) spoilage of soils as a result of unauthorized (illegal)
overlapping of the soil surface, as well as the soil profile
with artificial coatings and (or) linear objects.

Earlier in work, alkylbutoxyethyl adipates were ob-
tained, their characteristics, important for practical use
as PVC plasticizers, were investigated [9].

The assessment of the magnitude of the prevented
environmental damage from soil degradation when using
the developed adipate additives, namely, butyl, hexyl,
octyl and decyl butoxyethyl adipates, was calculated by
the formula [10]:

yr o o=yr x¥SxK,
Py va, © 5T nj

I

Y= 147 000 x 1 x 1.9 = 279.3 thousand rubles,

where Y"yﬂ — indicator of specific environmental dam-
age to land resources, thousand rubles; V" = 147 thou-
sand rubles / ha (Ufa c., Russia); )
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Sj — area of land of type j, preserved from degradation
as a result of environmental protection, ha; Sj =1 ha;

K, - coefficient of natural and economic significance
of land resources of the j-type, Km. =1.9.

The amount of prevented environmental damage when
using the developed additives is estimated by the formula:

yr o=yr x¥SxKexK
mnp Yoy i 1 nj

X

Y= 147 000 X 1 x 3 X 1.9 = 837.9 thousand rubles,

where Y“pr — prevented environmental damage from
pollution of land resources with a chemical substance of
the i-th hazard class during the reporting period, thou-
sand rubles;

Sj — area of land of type j that was prevented from
contamination by a chemical substance of the i-th hazard
class during the reporting period of time, ha; Sj =1 ha;

K — coeflicient taking into account the hazard class
of the i-th chemical that is not allowed to enter the soil
or eliminated pollution as a result of the implementation
of the corresponding direction of environmental protec-
tion, K°= 3.

The total amount of prevented environmental damage
to land resources in the region during the reporting period
is determined by the formula:

yro=yr 4 yr o
np np, Py
Y"np =1279.3 + 837.9 = 1117.2 thousand rubles.

If the biodegradation of a polymer material under
natural conditions takes more than 100 years, then the
environmental damage inflicted over a given period of
time will amount to 1,117,200 rubles.

Since the obtained composite PVC-plastic compound
with the content of adipate plasticizers degrades in the soil
in 0.5 years to 10%, the complete biodegradation will be
5 years. The environmental damage caused over a given
period of time will be 55860 rubles.

Thus, the prevented environmental damage during the
incorporation of biodegradable adipate plasticizers into
production for 100 years will amount to 1,061.34 thousand
rubles per 1 ha of land.

RESULTS AND DISCUSSIONS
Modern approaches to solving the problem of recycling

In recent years, biopolymers from renewable raw ma-
terials have attracted particular attention of researchers.
The main reasons contributing to the development of this
area: the ability to complete biodegradation in the envi-
ronment, reduction of hydrocarbon reserves, reduction
of waste and compostability in the natural natural cycle,

climate protection due to a decrease in the amount of
carbon dioxide emitted.

The production volumes of biodegradable polymers,
despite the constant growth of their production, are sig-
nificantly inferior to traditional polymers.

Currently, the production and consumption of bio-
plastics is only about 1% of the total amount of PM [11].

According to the latest data from the European Bio-
plastics Institute and the nova-Institute (Hiirth, Ger-
many), global production capacity for bioplastics in 2019
amounted to 2.114 million tons [12—13].

Originally biodegradable PMs were mixtures of tradi-
tional polymers with starch. Now a whole range of new
biodegradable plastics has appeared, differing in produc-
tion technologies and composition.

Biodegradable polymers are polymers that are prone
to degradation initiated by high humidity and microor-
ganisms. To ensure the biodegradation of such polymers,
certain conditions are required: pH, humidity and oxygen
saturation.

Promising biodegradable bio-based plastics such as
polylactides, polyesters, and polyhydroxoalkanoates are
currently expensive and not widely available.

One of the most promising methods for creating such
materials is the development and implementation of com-
posite materials based on traditional polymers with ad-
ditives that accelerate the decomposition of the entire
composition.

One of the directions of work on regulating the service
life of polymeric materials, in particular PVC, is to ensure
their biodegradability [14—15].

In [16—22], attempts were made to obtain polymer
composite materials with controlled biostability, basic
recommendations were given for the creation of biostable
polymer compositions that would expand the operational
capabilities of polymer materials and extend their service
life in different climatic zones.

For this reason, in connection with the increasing
environmental requirements, polymeric materials, along
with a high set of technological and operational param-
eters, must be biodegradable.

The development of polymer composite materials
that undergo accelerated physicochemical and biologi-
cal changes in the natural environment due to the intro-
duction of biodegradable additives is one of the potential
methods for the disposal of synthetic materials and en-
sures the release of significant areas of fertile soils and
lands from the constantly increasing amount of polymer
waste.

Today, polyvinyl chloride in terms of consumption
takes the third place after polyethylene and polypropyl-
ene, therefore, the development and use of biodegradable
additives for these polymers is relevant, which contributes
to solving the urgent problem of environmental pollution
with plastic waste.
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Renewable sources based on plant materials or their
production waste to be utilized as fillers for regulating
the biodegradability of polymer composite materials are
an alternative for the development of economically and
environmentally attractive technologies. However, such
composite materials are inferior in physical, mechanical,
technological and operational characteristics to traditional
polymers. For this reason, it is advisable to modify poly-
mer compositions using plasticizers capable of serving
as a source of organic substances for microorganisms-
destructors under ambient conditions.

The use of natural biodegradable plasticizers with
low toxicity and good compatibility with traditional
polymers is a growing trend in the development of bio-
plastics. Epoxidized triglyceride vegetable oils from soy-
bean oil, linseed oil, castor oil, sunflower oil, and fatty
acid esters are widely used as natural plasticizers [23].
However, in some applications, a complete replacement
with natural-based plasticizers is simply not possible, so
a wide range of commercially available biodegradable
synthetic plasticizers have been developed over the past
decades: esters of adipic, azelaic, sebacic, citric and
tartaric acids [24].

For this purpose, it is possible to use biodegradable
plasticizers in the formulations of PVC compositions,
for example, esters of adipic acid. In addition, PVC
composites containing adipates have reduced toxicity.
In numerous works, the biotoxicity and the period of
biodegradation of the industrial adipate plasticizer DOA
were investigated and it was shown that this additive for
PVC is non-toxic for various types of living microorgan-
isms and the period of its biodegradation is 6 months
[25-26].

Expanding the range of biodegradable additives is
a topical effective way to increase the biodegradation of
PVC composites. In [9], we described the preparation of
asymmetric esters of adipic acid and ethoxylated alco-
hols, namely, butyl, hexyl, octyl and decyl butoxyethyl
adipates. Their characteristics, which are important for
practical use as PVC plasticizers, have been studied, and
the possibility of their biodegradation under environmen-
tal conditions has been shown, the biodegradation process
and the main metabolites have been studied.

Plasticizers in PVC-based materials have different re-
sistance to microorganisms. The nature of the plasticizer
plays an important role in this. When microorganisms use
plasticizers as a carbon source in PVC materials, signifi-
cant changes in properties are observed.

It is known that, unlike phthalate plasticizers, adipate
additives are involved in the life of various microorgan-
isms, resulting in the formation of acidic products soluble
in water. For example, oxalic and succinic acids, which
accelerate the decomposition of the material [27—28].
Further weakening of the polymer structure leads to
changes in the molecular weight and mechanical proper-

ties of plastic compounds. Residues of polymer molecules
are perceived by microorganisms as nutrients, which leads
to an increase in their population.

Biodegradation of hybrid polymer composites based
on large-tonnage synthetic polymers and biodegradable
fillers under the influence of soil microorganisms consists
in the repeated passage of stages: surface biocorrosion, the
formation of a more porous structure (due to “negative
washout” and “consumption” of fillers), internal bio-
corrosion (due to fixation of micromycetes on internal
irregularities), the spread of erosion, fragmentation. As
a result, polymeric materials, being organic compounds,
are capable of biodegradation, i.e. disposed of.

The ability to accelerate biodegradation of PVC com-
pounds with developed adipate plasticizers is an indisput-
able advantage of the developed additives. The process
of destruction of material when it enters the soil occurs
under the influence of microorganisms and is accompa-
nied by a significant drop in its strength. The degradability
of polymeric materials in nature depends on the structure
of the polymer, the presence of a population of degrad-
ing microorganisms, and the environmental conditions
that favor their growth. Under the action of free radicals
and various microorganisms, the resulting fragments are
involved in hydrolytic and redox processes, which leads
to a decrease in molecular weight and further simplifies
and accelerates the process of biodegradation of polymer
plastic compound.

The existence of organisms capable of metabolizing
synthetic polymers has been of considerable interest in
recent years [29]. In general, studies of biodegradation
are focused on polymer composites containing a filler
[30—32], which has an accelerating effect on biodegrada-
tion, being a source of nutrition for microorganisms in the
external environment [33—35].

Despite the fact that polyvinyl chloride is a strong
polymer, resistant to abrasion and chemical action, char-
acterized by low moisture absorption, researchers note
that the lower the molecular weight of the polymer, the
more easily its biodegradation occurs [36—37]. Accord-
ing to Kirbas et al., Pure polyvinyl chloride with a low
molecular weight is biodegradable by white rot fungi [35].

Thus, certain types of microorganisms are able to
utilize polyvinyl chloride, and the additives present in
composite materials significantly accelerate this process
[38—40].

CONCLUSIONS

Biodegradation is the most convenient and smarter
solution for environmentally friendly and efficient disposal
of plastic waste. Currently, no technologies have been
developed that allow the utilization of materials based
on synthetic polymers by biodegradation on a commer-
cial scale. However, a large number of studies are being
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carried out in this direction and, taking into account the
huge metabolic potential of microorganisms, it is possible
to predict soon the development of acceptable, rational
and cost-effective technologies for the biodegradation of
plastic waste. To date, the prevention of environmental
damage directly contributes to the economic effect of the

development and introduction into production of biode-
gradable polymer composite materials. The conducted
environmental and economic assessment of the use of new
PVC adipate plasticizers shows the effectiveness of their
use to accelerate biodegradation processes and to protect
the environment from soil degradation.
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npobnema HeraTMBHOro BO3/eNCTBYA YeIoBEKa Ha MPUPOAHYIO0 Cpeay 1 NpeAcTaBnsaeT co60iM OCHOBHOW MCTOUYHWK YXYALIEeHWSA 3L0-
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BBEJIEHUE

YquLueHI/Ie COBOKYITHOCTH CBOCTB KPYITHOTOHHAX-
HBIX CHHTETUIECKUX TIOJIMMEPOB MOCTUTHYTO OJ1aro-
Iapst OBHITIICHNIO 3()(EeKTUBHOCTH YCIIOBUIA CHTE3a,
IeICHAIIPAaBICHHOTO PETYIMPOBAHMS UX MOJICKYIISIP-
HO1 MacChl M MOJIEKYJISIPHO-MAaCCOBOTO pacIipeleIeHUS
Ha HaHO-, MUKPO- ¥ MaKpOYPOBHSX. BaskHbIM hakTopom

IIpY peIllcHUM JaHHOU 3aJadyM OBIJI0 COBEPIICHCTBO-
BaHWE TEXHOJIOTUH ITPOM3BOACTBA TTACTUYECKIX MacC
Ha OCHOBE YJIYUIICHHBIX TOJIMMEPHBIX COCTABIISIIOIINX
1 YCOBEPIIIEHCTBOBAHNE METOIOB ITOATOTOBKHM CHIPHS,
CII0COOO0B 1 TIPUEMOB CMEIITUBAHNS KOMITO3UIIIA.

C 50-x romoB XX B. CYIIECTBYET CTAOMIIbHAS MUPOBAsT
TEHICHIINS pOCTa PhIHKA IIACTMACC: HAUWHAsI ¢ | MITH T
B 1950 . mo 348 Mmu T B 2017 1. [1].

© MasuToBa A.K,, bynatacos XK.®., 3apunos U./., CanoxHukos O.E., Buxapesa /.H., 2021

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0003-2304-1692
https://orcid.org/0000-0003-2594-3753
https://orcid.org/0000-0002-8947-7010
https://orcid.org/0000-0002-5681-2767

2021; 13 (6):
358-364

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

CUCTEMHDIE PELLIEHUA TEXHOJIOTUYECKUX ITPOBJIEM

B cBs13u ¢ Bo3pacTarommmum oobeMaMu IpOU3BOICTBA
¥ NoTpeOJIeHUs MOJIMMEPHBIX MaTepUaOB U U3ICIINMA,
BaxKHOM 3KOJIOTMYECKOM TTPOOJIEMOIA SIBIISIETCS [TIOCTOSIH-
HOE YBEJIMUYEHME OTPOMHOIO KOJIMNYECTBA MIACTUKOBBIX
oTxono0B. biaronapst aTomy chopmMupoBanoch OTAEIbHOE
HarpaBJieHUue — PEeLUKINHT MJacTMacc, Ipu KOTOPOM
UCIIOJIL3YIOTCS crieuduueckKre KoOMOMHALIMY TEXHO-
JIOTUYECKMX TIPOLIECCOB, UTO CIIOCOOCTBYET PEIICHUIO
9KOJIOTUUECKUX U ChIPhEBBIX MPO0OJIEM, B YUaCTHOCTHU.
XumMnyeckue AenojuMepa3allioOHHbIC TIPOLIECCHI T10-
3BOJISIIOT IIPOU3BOAUTH ChIPhE IJISI ITOJYYEHUSI MOHO-
MEpPOB, OJIMTOMEPOB U APYTUX XUMUUECKUX MaTepUajioB
C MCIIOJIb30BAaHUEM SKOHOMUUYECKHU BHITOJHBIX METOIOB
[2—8].

OnHaKo Ha CETOMHSAIIHUIA TeHb YTUIN3ALW TTOJIH-
MEPHBIX U3AEINI TTOCTIe SKCIUIyaTalliy Yallie BCETo Mpo-
ncxoaut Ha oaurodax ThO 11mbo HOCUT CITOHTAHHBIN
XapaxkTep.

3arps3HeHMe TTOYBBI TPUBOJIUT K IeTpagalluy MMo-
YBEHHOTI'O MOKPOBA, BHIBEICHUIO 3eMeJIb U3 CEJIbCKOXO-
39CTBEHHOTO 000pOTa ¥ 3HAYNTEILHBIM (PUHAHCOBBIM
3aTpaTaM Ha peaju3alliio MePOIPUSITUIA IO PEKYIbTU-
BallUM 3arpPsI3HEHHBIX 3eMeJlb.

3arpsi3HeHe TTOYBBI OTPAOOTAHHBIMHU ITOJIMMEPHBI-
MU MaTepuajiaMU IIPeACTaBIsIeT 3HAUYUTEIbHYIO OIac-
HOCTb B CBSI3U C TOKCUYHOCTbIO HEKOTOPBIX 100aBOK,
a Takke ¢ MUTPAallMOHHON CIIOCOOHOCTBIO OTHAEIbHBIX
KOMIIOHEHTOB.

Takum obpa3om, KpaitHe BasKHBIM Ha CETOIHSIIITHUN
JIeHb SIBJISIETCS pa3pabOTKa MOJUMEPHBIX KOMITO3UIIM -
OHHBIX MaTEPUAJIOB C PETyJIMPYEeMbIM CPOKOM CJIYKOBbI,
KOTOpPBIC XapaKTepU3YIOTCSI CTAOMILHOCTBIO SKCILTyaTa-
ILIUOHHBIX XapaKTEPUCTUK B TEUEHHUE BCETO IeprUoIa UX
WCTIOJIb30BaHMs, a Jajiee AeTPaIupyioT €CTECTBEHHBIM
00pa3oM B YCIIOBUSIX OKPYKalOIIel cpeabl ¢ 00pa3oBa-
HHUEM HETOKCUYHBIX BEIIECTB.

MATEPHAJIBI 1 METOZbI

PacueT npenoTBpallleHHOTo K0JI0TM4YeCKOro yiiepoa
OT Jerpagaiyu mouB Mpy UCITOJIb30BaHUM pa3padoTaH-
HBIX aIUMTMHATHBIX 100aBOK

DKOHOMMYECKHI yIiep0, HAaHOCUMBII OKpY>KaIOIIeit
cpelne, — BbIpaXKeHHbIE B CTOMMOCTHOM (hopMe (hakThye-
CKH€ 1 BO3MOXHBIE YOBITKY, IPUUUHSIEMbIE HAPOTHOMY
XO3SIMCTBY 3arpsI3HEHUSIMU, WJIM AOTIOJTHUTEIbHBIE 3a-
TpaThl HA KOMITEHCAILMIO 3TUX YOBITKOB.

DKOHOMUWYECKUI yIIepO OT YXYIIICHUS 1 pa3pylie-
HUS TIOYB U 3€MeJTb 110/ BO3AEHCTBUEM aHTPONOTEHHbBIX
(TeXHOTEHHBIX) HAIPy30K BBIPAKACTCS B 3aTPSI3HCHUU
3eMeJib XMMUYECKUMU BEILIECTBAMU, 3axJJaMJIEHUU 3€-
MeJib HECAHKIIMOHUPOBAHHBIMU CBAJIKaMU, IPYTUMU
BUIAMU HECAHKIIMOHUPOBAHHOTO U HEPETJIaMEHTUPO-
BaHHOTO pa3MeIIeHUs OTXOJA0B U COMYTCTBYIOLIEH ae-
rpajaluu MoYB U 3eMeb.

Jerpamarus IoYB 1 3eMeJTb IIPEICTaBISET COOOM CO-
BOKYITHOCTH ITPUPOIHBIX U aHTPOIIOTCHHBIX IIPOIIECCOB,
MIPUBOISIINX K U3MEHECHUIO (DYHKIIWIT TOYB, KOJIUYC-
CTBEHHOMY 1 KaYeCTBEHHOMY YXYAIIICHUIO X CBOMCTB
W COCTaBa, CHMKCHUIO IPUPOTHO-XO3SIHCTBEHHOMN
3HAYNMOCTH 3eMeib. KpaitHeil cTeleHbo nerpamgaum
SIBJIICTCSI YHUUTOXEHIE TIOYBEHHOTO TTOKPOBA 1 IopYa
3eMeJIb.

BrImensiioT OCHOBHBIC THUITHI IeTPagallii ITOYB U 3¢-
MeEJIb:

— TEXHOJIOTMYECKAsT (IKCIUTyaTallMOHHAsT) IeTpagamvs —
MeXaHMYIeCKOe pa3pylIeHNe TOYBEHHOTO ITOKPOBa
BCJICIICTBHE OTKPBITHIX 1 3aKPBITHIX pa3pabOTOK IT0-
JIE3HBIX MCKOITAeMBIX 1 TOp(a, a TAKIKE CTPOUTEITHHBIX
1 TEOJIOTOPAa3BEIOYHBIX pabOT: HapyIICHNE 3eMeJTb,
¢usmIeckas gerpagalisi, arpoOUCTOIICHNE;

— 3po3us — pa3pylIcHUE ITOYBEHHOIO TIOKPOBA IO
IeficTBHEM ITOBEPXHOCTHOTO CTOKA U BEeTpa C I10-
CJICIYIOIINM TIepeMEIICHIEM U TIePeIOKeHUEM T10Y -
BEHHOI'O MaTepuaJjia: BOJHas U BETpOBasi;

— 3aCcoJIeHHE — HAaKOTUICHHE BOIOPACTBOPUMEIX COJICH,
B TOM YHCJI¢ HAKOIUICHUE B IIOYBEHHOM ITOTJIOIIAI0-
IIeM KOMIUIEKCe MOHOB HATPYSI I MAaTHUSI: COOCTBCH-
HO 3aCoJICHIE 1 OCOJIOHIICBAHNC;

— 3a0boJlauMBaHUE.

CreneHb Aerpagalliyl TT0OYB W 3¢MeJTb OTIPeIeIsIeTCs
C TIOMOIITbIO MHANKATOPHBIX TTOKA3aTEIIeH, IO KOTOPBIM
YCTaHOBJICHBI IIOPOTOBBIC 3HAYCHUS TSI OTIPEACIICHUS
ITOTepU IPUPOITHO-XO3MCTBEHHOM 3HAYMMOCTH 3eMEJTb.
Herpamarus 1oYB 1 3eMeJTh IT0 KaXKIOMY HHINKATOPHO-
My TIOKa3aTelfo XapakTepusyeTcs crerneHssMu oT 0 1o 4.

[Ipu pacueTe pa3MepoB yiepoa OT AeTpagalliy II0YB
1 3eMeJTh, HAHECEHHOTO X COOCTBEHHUKY, YUUTHIBACTCS
noreps exerogHoro aoxona. Ero pazmep ucuucisiercs
I10 ICHCTBYIOIINM IIeHAM Ha MOMEHT OIIpeIe/ICHUS pa3-
MEpPOB y1epoOa.

DKOHOMMYECKUI 3 PEKT — pa3HUIIA MEXKIY Pe3yiTh-
TaTaMU KOHOMHMYECCKON IeITeIbHOCTH (HAampumep,
IIPOAYKTOM B CTOMMOCTHOM BEIPaXKCHUM ) U 3aTpaTaMH,
MIPOM3BEICHHBIMH IS MX TTOJTYICHUS 1 NCTIOJTb30BaHMS.

Db GEKT FKOII0r0-3KOHOMUIECKII — COOTHOIIICHIUE
pa3Mepa IMOJIOXUTETbHOTO 3(hheKTa (BRITOIOBI) U Bpeaa
(ymep6a), BEI3BAHHOTO BO3ICHCTBIEM Ha OKPYKAIOIIYIO
cpely, a TaKKe BEJTMUMHBI 3aTPaT, HCOOXOMMMBIX TSI
BO3MEIIIEHUSI TAKOTO yIIepoa.

Hcuncnenne pa3Mepa Bpena, IpUIMHEHHOTO II0YBaM
KaK OOBEKTY OXpaHBI OKPYKAIOIICH CPEIbl, TIPOBOIST
IO OTIpEIeNICHHON MeToanKe. MeTonnKa NCYUCIeHUS
pa3Mepa Bpena, IpUUYMHECHHOTO TTOYBAaM KaK 00BEK-
Ty OXpaHBI OKpPYXKaIoIIeil cpenbl, IpegHa3HauCHA TS
HWCYMCIICHUS B CTOUMOCTHOI (popMe pa3mepa Bpena,
HaHECEeHHOTO ITOYBaM B pe3yJbTaTe HapyIIeHHUS 3aKO-
HOIATEILCTBA B 00JIACTH OXPaHbI OKPYKAOIIEHt CpeIbl,
a TakKe TIPY BOSHUKHOBECHNY aBAPUITHBIX 1 Ype3BbIUali-
HBIX CUTyallii MPUPOIHOTO M TEXHOIEHHOTO XapaKTepa.
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MeTonrKoit ICUMCIsIeTCsT pa3Mep Bpena, IPUINHEH-
HOTO TI0YBaM, B pe3yJIbTaTe:

a) XIMUIECKOTO 3aTrPSI3HECHMS TIOYB B PE3Y/IbTATE T10-
CTYIUICHUSI B TTIOYBBI XUMUYCCKUX BEIIECTB I CMECH
XUMHIUYECKUX BEIIECTB, IIPUBOISINETO K HECOOTIONCHIIO
HOPMAaTUBOB KauyecTBa OKPYXaloIIel cpensl 1151 OYB,
BKJTIOYasi HOPMATUBBI TIpeaeIbHO (OPUEHTHUPOBOYHO)
TOTYCTAMBIX KOHIICHTPAIII XMMIIECKIX BEIIECTB B T10-
YBax;

0) HECaHKIIMOHUPOBAHHOTO pa3MEIICHMST OTXOI0B
MPOU3BOJCTBA U MOTPEOJICHMS;

B) TIOPYM IOYB B pe3yIbTaTe CAMOBOJIBHOTO (He3a-
KOHHOT0) TIEPEeKPHITUS ITOBEPXHOCTH ITOYB, a TaKXKe
TIOYBEHHOTO TTPOMUIIST UCKYCCTBEHHBIMU ITOKPBITUSIMU
¥ (WIN) TUHEHHBIMU 00 BbEKTaMU.

Panee B paboTax mojrydeHbl aIKWIOYTOKCUATUIAIM -
TIMHATHI, KCCIICIOBAHBI MX XapaKTePUCTUKY, BaXKHBIC TSI
MPaKTUIECKOTO MIPUMEHEHMS B KaUueCTBE TIacTU(UKa-
topos I1BX [9].

OLIEHKY BeJTMYMHBI TIPETOTBPAIICHHOTO 9KOJIOTHYC-
CKOTO yIep0a oT AeTpagaliii II0YB IIPH UCITOIh30BaAHNN
pa3pabOTaHHBIX ATUITMHATHBIX J00aBOK PaCCUNTHIBAIIA
o opmyie [10]:
yn 0 = ynyHX X ZJ: SJ. x K

11|

yn o =147000 x 1 x 1,9.=279,3 moic. py6.,

rme Y“yﬂx — TI0Ka3aTellb YACTbHOTO SKOJOTMIECKO-
ro yuep0a 3eMeJIbHBIM pecypcam, ThIC. pyoO.; Y"yﬂx =
147 ToIC. PYO. / Ta (T. Yba, Poccus);

Sj — IUIOIIANb 3eMeJb j-TOTO TUTIA, COXPAaHCHHBIX
OT ACTpaJaliy B Pe3ysIbTaTe MPUPOIOOXPAHHOM Iesi-
TeJIBHOCTH, Ta; Sj = 1ra;

K, — K03 UILIMEHT IPUPOTHO-XO3SIHCTBCHHOM 3HA-
YMMOCTH 3eMeJIbHBIX PeCypcoB j-Toro Tuia, K . = 1,9.

Pa3Mep mmpenoTBpaIieHHOro 3KOJIOTMYECKOTO YIIep-
0a mpu UCITOJIb30BaHUU pa3padOTaHHBIX J00aBOK Olle-
HUBaeTcs 1o hopMyJie:

yr o=yr x¥SxKexK
np Yoy i 1 nj

X

yr o =147000 x 1 x 3 x 1,9 = 837,9 moic. pyb.,

roe Y“npx — MPeOOTBPAICHHBIN KOJOTHYCCKUM
yIiep0 OT 3arpsI3HEHUS 3¢MEIbHBIX PeCYPCOB XUMMIC-
CKHM BEIIIECTBOM i-TOTO KJIacca OITACHOCTHU B TCUCHUE
OTYETHOTO IepHOoaa BpEMEHH, THIC. PYo0.;

Sj — IITOIIAIb 3¢MeJTh j-TOTO TUIIA, KOTOPYIO VIAIOCh
IPEIOTBPATUTH OT 3arpsSI3HCHUST XMMUICCKUM Bellle-
CTBOM i-TOTO KJIacca OITACHOCTHU B TCUCHHUE OTYCTHOTO
Teproaa BpeMeHN, Ta; Sj = 1ra;

K.° — KoabbuumenT, yauThIBalommii Kiacc onac-
HOCTH i-TOTO XMMHUYECKOTO BEIIIeCTBA, HEAOMYIIICHHOTO
K TOTagaHuio B oyBy, K° = 3.

OO111as BeJIMYMHA MPEAOTBPALLIEHHOTO 9KOJ0THYE-
CKOro yuiep6a 3eMeJIbHbIX PECYPCOB B PETHOHE B Te-
YyeHUe OTYETHOTO MEePUOJa BPEMEHU OIPENeIsieTCsI
1o ¢popMmyiie:

yio=yn o 4yn
mp npy Tp,

X

yr= 279,3 + 837,9 = 1117,2 meic. py6.

Ecnu 6uomerpamaiius mOJIMMEpPHOIO MaTepuaia
B €CTECTBEHHBIX YCIOBUSX ITpoTeKacT 6oiee 100 er,
TO HAHOCHMBI SKOJIOTUUECKU yiepO 3a JaHHBIN IPO-
MEXYTOK BpeMeHHU cocTaBuT 1117 200 py0.

ITockonbKy nony4yeHHbIN KOMITO3ULIMOHHBIN [TBX-
IUTACTUKAT C COIepKaHMEM aIWuIWHATHBIX TLIACTH-
(ukaTopoB gerpagupyet B rmouse 3a 0,5 roga go 10%,
TO TIOJTHAsI OMOAECTPYKLIMS cOoCcTaBUT 5 jieT. HaHocumblii
SKOJIOTUIECKHUI yIepd 3a JaHHBIN IPOMEXKYTOK BpeMe-
HU cocTaBuT 55860 pyo.

Takum 00pa3oM, IpeaOTBPAIICHHBII SKOJIOTHYIC-
CKMi1 yIep0 Ipy BHEIPSHUH B IIPOU3BOIACTBO OMOpa3-
JIaraeMBIX aIUIIMHATHBIX TTacTuduKaTopoB 3a 100 et
cocraBut 1061,34 TeIc. py0sieii Ha 1 ra 3eMu.

PE3YJBbTATBI 1 OBCYKIEHUE

CoBpemeHHbIe TOAXObI K PEIIeHUI0 MPOOJIeMbI yTH-
JIM3anuu

B nocneaHue ronbl 6MomnoJMmMepbl U3 BO3OOHOB-
JIIEMBIX CBIPHEBBIX ICTOUYHNKOB ITPUBJICKAIOT 0CO00E
BHUMaHUe uccienoBarencii. OCHOBHBIC ITPUIUHEI,
CIIOCOOCTBYIOIIME PAa3BUTUIO JAHHOTO HAIIPaBIICHMUS:
CIIOCOOHOCTH K ITOJTHOI OMOIECTPYKIINU B YCIOBUSIX
OKpYXKaIoIel cpembl, COKpalIeHINEe 3aIacoB YIJIeBO-
IIOPOITHOTO CHIPhSI, COKPAIIEHNE KOJIMICCTBA OTXOI0OB
1 KOMITOCTUPYEMOCTD B €CTECTBCHHOM IIPUPOTHOM 1T~
KJIe, 3aIlliTa KirMaTa 0J1aromapst YMEHBIIICHUIO KOJI-
YeCTBa BBIACIISICMOTO YIJIEKHCIIOTO Ta3a.

O0BeMBI TIPOU3BOICTBA OMOPA3IaTaCMBIX ITOJIMTME-
POB, HECMOTPSI Ha IIOCTOSTHHBIA POCT WX IIPOM3BOICTBA,
3HAYUTEIBHO YCTYMAIOT TPAAUIIMOHHBIM TIOJIME -
pam.

B HacTosmiee BpeMs IpOM3BOICTBO U ITOTPEOICHIE
OMOILIACTUKOB COCTABJISIET TOJILKO 0K0JI0 1 % OT 00111eT0
KOJINYECTBA MOJIMMEPHBIX MaTepuanosn [11].

CoracHO TocJieTHNM TaHHBIM EBporreiickoro mH-
ctutyTta omorutactukoB (European Bioplastics) m Ha-
YIHO-UCCIEA0BATEeILCKOTO MHCTUTYTA nova-Institute
(X1opT, I'epmaHus) riaodajibHble MTPOU3BOICTBEHHbBIE
MOIIIHOCTH TI0 TIPOM3BOACTBY OMoTIacTuKoB B 2019 T.
coctaBmwm 2,114 M T [12—13].

INepBoHavaIbHO OMOpa3IaraeMble IOJIMMEPHBIC Ma-
TepHaIbl TIPEACTABIISIN COOOM CMECH TPaOUIIMOHHBIX
IMoJIMMEpoB ¢ KpaxmasoM. Ceifyac MOSIBUICS IEIIBIA
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CITEKTP HOBBEIX OMOpa3iaraeMbIX TUIACTUKOB, pa3inya-
FOIIMXCS TEXHOJIOTUSMU TTOYICHUSI M COCTaBOM.

Buopaszmaraemple TOIUMEPHl — 3TO TOJUMEPHI,
MOIBepKeHHBIC IeTpamallnid, MHUIIUNPOBAHHON T10-
BBIIIICHHOHN BJIAXXKHOCTBIO M MUKpOOpraHu3Mamu. s
obecreueHNST OMOJIOTMYECKOTO paciiaga TaKMX ITOJIuMe-
POB TpeOyIOTCS OTpeneicHHBIC yeIoBHs: pH, BIaskHOCTh
¥ HACHIIIICHNE KUCIIOPOIOM.

IlepcniekTrBHBIE OMOpa3IaraeMble MJIACTUKU Ha OMO-
OCHOBE, HallpUMep, MOJUJIAKTUIbI, TOJUI(PUPHI U MO-
JIMTUIPOKCOATKAHOATHI HA JAHHBII MOMEHT OTIMYAOTCST
BBICOKOU LIEHOM 1 HE SIBJISIOTCS TOCTYITHBIMM TS TITH -
POKOTO MCITIOIH30BAHUS.

OmgHIM 13 HanboJIee ePCIIeKTUBHBIX METOIOB CO3-
IaHWS TOTOOHBIX MaTepHUAJIOB SIBJIsSIeTCS pa3paboTKa
¥ BHEIPEHNE KOMITO3UIIMOHHBIX MATEPHAJIOB HA OCHOBE
TPATUIIMOHHBIX TIOJIUMEPOB C TOOABKAMM, YCKOPSIOIIIN-
MU pa3JI0XeHUE BCC KOMITO3UIINM.

OmHUM 13 HaIlpaBJIeHU padOT IO PEeryIMpOBaHHIO
CpOKa CITy>KOBI IIOTMMEPHBIX MATCPHUAJIOB 1, B YaCTHOCTHU
I1BX, aBnsieTcsa obecrieueHre CIOCOOHOCTU UX K OMO-
nmerpamaumu [14—15].

B pa6Gorax [16—22] npeanpuHsThI IOIBITKY IOy~
YEeHUS MOJUMEPHBIX KOMIO3ULIMOHHBIX MaTepUaaoB
C PeTyIMpyeMOii OMOCTOMKOCTEIO, JaHBI OCHOBHEIC pe-
KOMEH/IAIIUM TI0 CO3TaHNI0 OMOCTOMKMX ITOJINMEPHBIX
KOMITO3UIIN, TTO3BOJISIIOIINX PACIIMPUTh 3KCILTya-
TaIlMOHHBIC BO3MOXHOCTH ITOJIMMEPHBIX MaTepHUaIOB
M TIPOIUTUTH UX CPOKM SKCILTYaTAIlNH B Pa3IMIHBIX KITH-
MaTHU9IeCKUX 30HaX.

ITo 3Toif mpUYMHE B CBA3M C BO3PACTAIOIINMH KO-
JIOTUYECKUMU TPeOOBaHMSIMHU TTOJIMMEPHBIC MaTEPHUAITHL,
HapsAy ¢ BEICOKUM HaOOPOM TeXHOJIOTUUCCKUX U IKC-
IUTyaTallMOHHBIX ITapaMeTPOB, TOJDKHEI OBITH OMOpa3-
JTaTacMBIMH.

Pa3paboTka mmoImMepHBIX KOMITO3UIIMOHHBIX MaTe-
pUajoB, TIpeTepIeBalOIINX YCKOPEHHbIE (hU3UKO-XU-
MHUYECKHUE 1 OMOJIOTMIeCKIE N3MECHEHUS B TIPUPOTHOMN
cpeme 3a CUeT BBeIEeHMs OMopasiaracMbIX JOOABOK,
SIBJISIETCS OOHUM M3 ITOTCHIIMATBHBIX CITOCOOO0B YTH-
JIN3aIUNA CUHTETUYECKUX MaTepUaIoB 1 00ecTIcInBacT
OCBOOOXICHNE 3HAUNTEIHHBIX TIOMIANCH TUIOTOPOIHBIX
TIOYB M 3eMeJIb OT ITOCTOSTHHO YBEJIMUYMBAOIIETOCS KO-
JIMYECTBA ITOJTUMEPHBIC OTXOJBI.

Ha ceromHsIIHMI TeHD TOJIMBUHWIXIOPHI ITO 00h-
eMy IoTpeOJIeH!s 3aHUMAaeT TPEThe MECTO ITOCTIe T10-
JIMATUJICHA U TTOIMITPOITIIICHA, TIO3TOMY aKTyajlbHa pa3-
paboTKa 1 UCITOJIH30BaHME OMOpa3IaracMbIX aIIuTHBOB
IUIST JAHHBIX TIOJTUMEPOB, YTO CITOCOOCTBYET PEIICHHIO
HACYIITHOM TTPOOJIeMBI 3arPSI3HCHUS TIACTUKOBBIMU OT-
XOJlaMU OKPY>Kalollei cpeibl.

Bo0300HOBIsIEMbIC NICTOYHUKHN Ha OCHOBE PacTU-
TEJIBHOTO CHIPhS WJIM OTXOIOB UX IIPOM3BOACTB, MO~
JiexXalluxX YTUJIM3aluu, B KaueCTBE HaMOJIHUTEIEe
IJIST peTyIUPOBaHUS OMOpa3IaraeMOCTH TTOJTMMEPHBIX

KOMITO3UIIMOHHBIX MaTEPUAIOB SIBIISIIOTCST aJIbTepHa-
TUBOM IJIST pa3BUTHSI 3KOHOMHUYECKU U SKOJIOTUICCKHI
IIpUBJICKATEIbHBIX TeXHOJoTHi. OTHAKO TTOTO0HBIE
I[IKM ycrynamt 1mo (pu3nKo-MeXxaHu4eCKUM, TEXHO-
JIOTUYECKHAM ¥ 9KCIUTyaTallMOHHBIM XapaKTePUCTUKAM
TPagUILIMOHHBIM ITOJIMMepaM. 1o 3Toi TpuIrHe MOIN-
ummpoBaHUe TTOJIUMEPHBIX COCTAaBOB 1IeJIeCO00pa3HO
IIPOBOINTH, IPUMEHSIS TUTACTU(PUKATOPHI, CITOCOOHBIC
B YCJIOBMSIX OKPY>KalOIIEH Cpeibl CAYKUTh UICTOYHUKOM
OpraHUYEeCKUX BEUIECTB MIJISI MUKPOOPTaHU3MOB-JI€-
CTPYKTOPOB.

Hcmonp30BaHUe MPUPOMTHBIX OMOpa3aaraeMbIX
IUTaCTU(UKATOPOB, 00IaMaI0IINX HU3KON TOKCHIHO-
CTBIO U XOPOIIIei COBMECTUMOCTBIO C TPATNIITMOHHBIMU
IMOJIMMEPAMU, SIBJISCTCS pacTyIlel TeHICHIINEH TIpu
co3naHuu OuoriacTUKoB. B KauecTBe miactuduka-
TOPOB Ha HATypaJIbHOII OCHOBE IMMPOKO MPUMEHSIOT
SIIOKCUINPOBAHHBIC TPUTIUICPUIHBIC PACTUTECIID-
HBIC MacJia U3 COeBOr0 Maciia, JIbHIHOTO Maciia, Ka-
CTOPOBOTO MacJja, MOACOIHEYHOTO Macja U CIOXHBIX
3(upoB KUPHBIX KUCTOT [23]. OmHAKO B HEKOTOPHIX
MIPIJIOXKCHUSIX TTOJTHASA 3aMeHa TUTacTU(UKaTOpaMU
Ha HaTypaJbHOI OCHOBE IIPOCTO HEBO3MOXKHA, ITO3TO-
MY 3a TIOCJICTHNE AeCATUICTUS pa3padoTaH IIMPOKUIA
CIEKTp IOCTYITHBIX KOMMEPUYECKNX OMopa3iaracMbIX
CHMHTETUYCCKUX TUTACTU(PUKATOPOB: CIIOKHBIC S(DUPHI
aJIUIIMHOBOI, a3eJ1anHOBOM, ce0allMHOBOI, IMMOHHOM
1 BUHHOM KUCIIOT [24].

B peuentypax I[1BX-koMImo3aunuii ¢ 3Toi 1eIbIO
BO3MOXHO IPUMEHSITh OMOpa3iaraeMblie TIacTUhU-
KaTOPHI, HATIPUMEP, CIOXKHBIC 3(UPHI ATUITNTHOBOK
kucynoThl. K Tomy ke [1BX-KOMITO3UTHI ¢ comepKaHU-
eM amuIIMHATOB 00JIafal0T MOHMKEHHON TOKCUIHO-
CThI0. B MHOTOUMCIICHHBIX pab0oTax OBLIN MCCICIOBA-
HBI OMOTOKCUYHOCTD M TIePUOL OMOoIeTrpagallii IIpo-
MBIIIJIEHHOTO agfuIIMHAaTHOTrO Tactudukaropa JOA
U MOKa3aHo, YTo maHHas nob6aska mist [1BX ssisieTcs
HETOKCUIHOM JUIST pa3IMIHBIX BUAOB XXNBBIX MUKPO-
OPTaHU3MOB U TICPUOJ €€ OMOPA3IOKEHUS COCTABIISICT
6 Mmecsues [25—26].

PacmmpeHue accoptuMeHTa OMpasjaaraeMbix g00a-
BOK SIBJISIETCSI aKTYaJIbHBIM 3(D(MEKTUBHBIM CITOCOOOM
nosbieHus: ouopectpykuum [1BX-kommosuTos. B pa-
6oTax [9] HaMM OIMCAHO TTOIYICHHE CIOXKHBIX 3(DMPOB
AIMITMHOBOM KMCJIOTH ¥ OKCUATUINPOBAHHBIX CITMPTOB,
KUCCEI0BAHbI XapaKTePUCTUKM, BaXKHbIE JJISI TPAKTU -
YeCKOTO IMIPUMEHEHHUS B Ka4eCTBE IUIACTU(DUKATOPOB
I[1BX, a Takxxe mmoka3aHa BO3MOXHOCTh Ouoerpaua-
LMY B YCTIOBUSIX OKPYKAIOIIECH CpeIbl, M3YICHBI IIPOIICCC
O6uomerpamaiii ¥ OCHOBHBIC METAOOJIUTEHI.

[LractTrnuKaTopsl, BXOISIINNE B COCTaB MaTePHAIOB
Ha ocHoBe [1BX, oGnamatoT pa3nnyHoOii yCTOMYNBOCTHIO
K MHKpoopraHu3MaM. [1pr 3ToM BaxKHYIO POJIb UTPacT
mpupoaa miactTudukaTopa. Korma MUKpoopraHu3Mbl
HCTIONTB3YIOT TIACTU(UKATOPHI B KA4eCTBE NCTOUYHMKA
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yraepona B Mmatepuanax [1BX, HaOmona0Tcst 3HaUNUTE Ib-
HBbIC U3MEHCHMS CBOMCTB.

M3BecTHO, 9TO, B OTJIMYNE OT (DTATATHBIX IIACTUDH-
KaTOpOB, aTUITMHATHEIC T0OaBKM YIaCTBYIOT B IIpoliecce
KU3HEIESITSIbHOCTA Pa3IMIHBIX MUKPOOPTaHN3MOB,
B pe3yJIbTaTe Yero o0pa3yIoTcsl paCTBOPUMBIC B BOIE
KWCIIBIe TPOayKTH. Hampumep, maBeeBast, SHTapHast
KHCIIOTHI, IIPOBOLIMPYIOIINE YCKOPEHME TIpoIiecca pas-
JIoxXeHnsT MaTepuana [27—28]. JlanbHeliiee ocinadiaeHne
TIOJTUMEPHON CTPYKTYPBI IIPUBOIUT K M3MEHEHUSIM MO-
JICKYJISIPHOI MacChl I MEXaHMUECKIX CBOMCTB ITUIACTUKA-
TOB. OCTaTKU TTOJIMMEPHBIX MOJICKYJI BOCIIPUHUMAIOTCS
MMKpPOOPTaHM3MaMU B KaUeCTBE MMTATEIbHBIX BEIICCTB,
YTO IIPUBOMUT K POCTY UX ITOMYIISIINU.

Buonerpamanmsa THOpMIHBIX TOJIUMEPHBIX KOMIIO-
3UTOB Ha OCHOBE KPYITHOTOHHAXKHBIX CUHTETUYCCKIX
TMOJIMMEPOB U OMOpa3pylIaeMbIX HATIOJHUTEICH TIpU
BO3IECTBUY TTOYBEHHBIX MUKPOOPTaHN3MOB 3aKJTF0Ya-
€TCSI B TIOBTOPSIIOIIEMCST TTPOXOKICHIH 3TAIIOB; TIOBEPX-
HOCTHas1 OMOKOppOo3usl, 0Opa3oBaHUe Oojiee TTOPUCTOM
CTPYKTYPHI (32 CUCT «OTPHUIIATEIILHOTO BEIMBIBAHUS»,
¥ «PacXOIOBaHUS» HAIIOJTHHUTEIICH ), BHYTPECHHSST OHMO-
KOPpOo3us (3a CUeT aare3MOHHOTO 3aKPETICHIST MUKPO-
MMIICTOB Ha BHYTPEHHUX HEPOBHOCTSIX), PACIIPOCTpaHe-
HHE 3po3un, hparMeHTalns. B pe3ybrate mommMepHbIe
MaTepHabl, OYIyId OPTAHNICCKUMU COCTUHCHUSIMU
CIIOCOOHBI TTOABEPTraThCSI OMOJIOTUIECKOMY pa3pyliie-
HUIO, T.C. YTUIN3UPOBATHCS.

CIT0COOHOCTh K YCKOPEHHOMY OMOJIOTUICCKOMY
paznoxeHnuto [1BX-1mactukaroB ¢ pa3paboTaHHBIMU
AIUITMHATHBIMUY TUTaCTU(UKATOPAMU SIBISICTCS He-
OCIIOPUMBIM TIPEUMYIIECCTBOM pa3pabOTaHHBIX 100a-
BOK. IIpo1iecc pa3pyiieHrs MaTepraja IIpy IToMagaHn
B TIOYBY IIPOMUCXOINT ITOM IeHCTBUEM MUKPOOPTaHU3-
MOB U CONPOBOXIACTCST 3HAUMTEIBHBIM ITaIcHUEM €TO
IPOYHOCTHU. Pa3maraeMocTb B IpUPOIE TTOTUMEPHBIX
MaTepHayioB 3aBUCHT OT CTPYKTYPHI ITOJIMMEpa, HATMIST
TOMYJISIIIUN pa3araluX MUKPOOPTaHU3MOB 1 YCIIO-
BUI OKpyXKalolllei cpeibl, KOTOpbIe CIIOCOOCTBYIOT MX
pocty. ITon meiicTBueM CBOOOMHBIX pagulKallOB 1 pa3-
JIMYHBIX MUKPOOPTaHN3MOB 00Opa3yromuecs (pparMeHTs
BOBJICKAIOTCSI B THAPOIUTHUYCCKIE 1 OKUCIIUTEIIBHO-BOC-
CTAaHOBUTEIbHBIC IIPOIIECCHI, YTO IIPUBOINT K CHIDKCHHTO
MOJIEKYJISIPHOM MacChl M eIlIe 0oJiee YIIPOIIaeT M YCKOPsI-
€T IIpolIecC OMONECTPYKIINHI ITOJIMMEPHOTO TTACTAKATA.

CIIMCOK NCTOYHUKOB

Cy1iecTBOBaHNE OPraHU3MOB, CITOCOOHBIX METa00-
JIN3UPOBATh CHHTETUYCCKUE TTOJIUMEPBI, TIPEACTABIISICT
3HAYUTEIBHBIN MHTEpeC B ImociieqHue ronsl [29]. B oc-
HOBHOM HCCJICTOBaHNSI OMOPa3IOKEeHNUST COCPEIOTOUCHBI
Ha TTOJIMMEPHBIX KOMITO3UTAX, COACPXKAIINX HATIOTH -
Telb [30—32], KOTOpBIit OKa3bIBAET YCKOpSIOIIee aeii-
CTBHUE Ha OWomerpamalnio, SIBISISICh NICTOUYHUKOM ITH -
TaHWSI MUKPOOPTaHW3MaM BO BHellIHei cpene [33—35].

HecMoTpst Ha TO, 9TO MOMUBUHUIXJIOPUL — 3TO
OPOYHBIA MOJIMMEP, YCTOMUMBBINA K UCTUPAHUIO U XU-
MHYECKOMY IEeUCTBUIO, XapaKTepU3YIOIINICSI HU3KUM
BJIATOTIOTJIOIIEHUEM, MCCIICIOBATEIM OTMEYAOT, 9TO
YeM MEHBbIIIe MOJICKYJISIPHEIN Bec TTOIMMepa, TeM 0oJjiee
JIETKO TIPOMCXOIUT ero omopasnoxenue [36—37]. Co-
rracHo Kmpbacy m coaBTopaM YMCTHIN ITOJMBUHUIIX-
JIOPUJ C HU3KOM MOJIEKYJISIPHOU MacCOl MOABEPTacTCs
OMopa3IoXeHUIo TpudamMu 6es1oii THIM [35].

Takum 00pa3oM, OTIETbHBIC BUIBI MUKPOOPTaHN3-
MOB CITOCOOHBI YTHJIM3WPOBATh MOJMBUHWIXIOPHII,
a To0aBKM, IPUCYTCTBYIOIINE B KOMITO3UIIMOHHBIX Ma-
Tepyrajax, 3HaUNTEJIbHO YCKOSIOT 3TOT nporiecc [38—40].

3AK/IIOYEHUE

buonerpanauusi — Haubosiee ynoOHOEe U pa3yMHOE
peleHue I 9KOJIOTUYECKN YUCTOro U 3P PEKTUBHO-
TO yIaJieHusI OTXOJIOB ItacTMacc. B HacrogIee BpeMs
He pa3paboTaHbl TEXHOJIOTUH, TIO3BOJISIONIVE YTHITN3H -
poBaTh MaTepuaIbl HA OCHOBE CUHTETUYECKUX TTOJTIME-
POB IyTeM OMoerpagalid B KOMMEpPYECKIX MacIlTadbax.
OnHako TpUHUMAasE BO BHUMaHKE OOJIbIIIOE KOJTUYECTBO
HCCIIeTOBAaHUI OMOTEXHOJIOTUYECKOM HATIPpaBIeHHOCTU
B JAHHOM HaITIpaBJIeHNH, MOKHO ITPOTHO3MPOBATh B CKO-
POM BpeMeHHU pa3pabOTKy ITPHUEMIIEMBIX, PallMOHAIBHBIX
1 peHTa0eTbHBIX TEXHOJIOTUI OMoAeTrpaJaliiy TJIacT -
KOBBIX OTX00B. Ha ceromHsIIHmii AeHb MpeIoTBpallie-
HIE DKOJIOTUYECKOTO yIiepda HaIpsSIMyIO CITOCOOCTBYET
MOJIyYeHUIO0 SKOHOMHMYECKOTO 3hheKTa OT pa3padbOTKU
1 BHEIPEHMS B IPOU3BOICTBO OMOIETPAaPYEMBbIX TTOJIH -
MEPHBIX KOMITO3UIIMOHHBIX MaTepuasoB. [IpoBeneHHas
5KOJIOTO-9KOHOMUYECKAsl OLIEHKA UCITOJIb30BAHUS HO-
BBIX aIUINUHATHBIX T1acTudukaTopoB [1BX moka3siBaet
3((HEXTUBHOCTD UX IPUMEHEHUS 1T YCKOPEHUS TIPO-
1IECCOB OMONECTPYKIIMM U IS 3alIMTHl OKPYKatoIei
Cpelbl OT AeTpajalii TTOYB.
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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-
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trial sectors as well as providing significant scientific and
technological achievements.

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

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

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

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

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

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

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

Overview of the International School
of Materials Science and Engineering

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

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

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

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

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

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

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

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

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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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, Kazakhstan, Sweden.
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 «A method to obtain polymer-composite material and
a composite reinforcement» relates to construction materials and is designed to reinforce building structures, that allows obtaining
strengthened stressed composite reinforcement with improved physical-mechanical characteristics, increased resistance to aggressive
environments. A method to obtain polymer-composite material is a multi-stage production of colloid solution on the basis of epoxy
resin with addition of carbon nanotubes and applying heat and ultrasound impact. Introduction of modifiers (fillers) in polymer matrix
in a certain ratio and fillers orientation make it possible to create a polymer strengthened for mechanical loads and with increased
resistance to aggressive media (acid-resistance and alkali-resistance). The following inventions in the field of nanotechnology can
also be interesting for specialists: a method to obtain biocide suspension applied on wallpaper and wall finishings, a method of
aerosol spraying of nanoparticles in constant electric field, a method to obtain amorphous nanostructured diamond-like coating,
a polymer composite heat-conducting paste with nanofiber modifier, a plant to provide controlled electroimpulse obtaining of
nanoparticles of current conducting materials, etc. Conclusion. One of the most challenging tasks the economy of every country
faces 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, carbon nanotubes, nanoparticles, polymer composite material, nanostructured
coating, nanofiber modifier.
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MAIN PART

A method to obtain polymer-composite material
and a composite reinforcement (RU 2755343 C1)

The invention relates to construction materials and
is designed to reinforce building structures, that allows
obtaining strengthened stressed composite reinforce-
ment with improved physical-mechanical character-
istics, increased resistance to aggressive environments
[1]. A method to obtain polymer-composite material is
a multi-stage production of colloid solution on the basis
of epoxy resin with addition of carbon nanotubes (CNT)
and applying heat and ultrasound impact. Colloid solu-
tion is the basis for polymer composite material which
consists of epoxy resin, hardener, accelerator, plasticizer
and multi-layer carbon nanotubes. The polymer compos-
ite material obtained as a result of the described method
is used in production of stressed strengthened composite
reinforcement. It comprises (Fig. 1) stressed reinforc-
ing fibers of direct glass roving made of alkali-resistant
E-glass with drawing power 50—1500 kg, a polymer and
a twisted thread of direct glass roving made of alkali-
resistant E-glass.

Introduction of modifiers (fillers) in polymer matrix
in a certain ratio and fillers orientation make it possible
to create a polymer strengthened for mechanical loads
and with increased resistance to aggressive media (acid-
resistance and alkali-resistance). The most efficient ma-
trix is the nanomodified polymer matrix in which regular
epoxy resin is replaced with modified epoxy resin. Up to
the moment of hardening it is a colloid solution in which
dispersed medium is a regular epoxy resin and dispersed
phase is carbon nanomaterials: multi-layer carbon nano-
tubes, concentration of dispersed phase (carbon nano-
material) in dispersed medium is 0.001—5% of dispersed
medium mass. Optimal concentration of carbon nano-
material is 0.1% of dispersed medium mass.

Particles of carbon nanomaterials tend to form ag-
glomerates and aggregates. It is necessary to destroy them
and to distribute particles evenly in the whole volume
of polymer and to achieve its homogeneity. To prevent
formation of agglomerates and aggregates as well as to
distribute CNT evenly in the whole volume of polymer, it
is proposed to create consequently colloid compositions:
from 10% concentrated colloid solution to the solution
with use rate (up to 0.1% concentration) with concentra-
tion decrease step 10:1. If concentration decrease step is
more than 100:1, distribution of CNT is not sufficiently
even, and the step less than 10:1 is not cost-efficient. To
prevent formation of agglomerates and aggregates vacuum
dissolver with heating and ultrasound mixer are used.

Composite reinforcement is a beam of reinforcing
fibers safely packed in polymer matrix. Tensile strength
and modulus of elasticity of composite reinforcement

is determined by the threads of glass, basalt, carbon or
aramid reinforcing fibers which are a part of its loading
core (reinforcement trunk). Even strong tension (stress)
of these threads make them perform simultaneously as
single entity and significantly increases tensile strength
and modulus of elasticity of composite reinforcement.
Polymer matrix is used to joint these threads in a solid
durable bearing core as well as to provide protection
from extraneous impacts of aggressive media. Strength-
ened stressed composite reinforcement is applied for
reinforcing:

— regular building structures and products;

— prestressed building structures and products;

— monolithic concrete and precast buildings;

— thermal-insulating wall panels;

— marine and portside facilities;

— soil basements of buildings and structures;

— foundation of highways and roads;

— different soil nailings;

— anchorage in soil of retaining walls and facilities.

Fig.1. View of strengthened stressed composite
reinforcement in section:

1 — polymer composite material;

2 — twisted thread of direct glass roving;

3 — stressed reinforcing fibers.

A method to obtain biocide suspension applied
on wallpaper and wall finishings (RU 2757849 C1)

Today the task concerning disinfection of surfaces
and air in public rooms, especially in medical centers,
is of great importance. One of the ways to resolve this
problem is the application of lacquer coatings on the basis
of water-dispersed paints with nanosize particles of sil-
ver, copper or gold with increased biocide activity which
protect painted surfaces from formation of bacteria and
fungi as well as eliminate pathogenic microorganisms and
inhibit the process of bacterial growth [2].

The aim of the invention is to create a method to
obtain biocide suspension on the basis of silver nanopar-
ticles on carbon matrix and lacquer paints, possessing
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high bactericidal activity in respect to strains of differ-
ent classes of microorganisms which are pathogenic for
humans and mammals. The biocide suspension is to be
applicable as a coating with bactericidal and fungicidal
properties on the paper walls used in production and
personal service rooms, in childcare centers, as well as
in crowded halls, etc.

Imposed task is solved by developing method to obtain
biocide suspension. These are the stages of the method:

1. Addition of powder of silver nanoparticles on carbon
matrix with nanoparticle sizes 1—500 nm in basic liquid
in such a way to provide ratio between weight percentage
of silver nanoparticles on carbon matrix and basic liquid
to be equal 0—5%;

2. Ultrasound dispersion;

3. Preparation of biocide suspension by retention and
draining of obtained dispersion.

The invention can be used in construction and chemi-
cal industry. The invention provides high bactericidal
activity respect to strains of various classes of microor-
ganisms.

A method to obtain nanolithographic pictures
with ordered structure with hyperbranched surface
(RU 2757323 C1)

The invention refers to nanotechnologies, in par-
ticularly, to the methods used to form nanomaterials as
nanolithographic pictures with ordered structure with
hyperbranched surface and can be used to obtain new
generation of nano- and microelectronic devices [3].

At present, to form lithographic pictures, including
those with nanoresolution, two basic technological ap-
proaches are applied. The first one is a logical develop-
ment of classical microelectronic technology concept and
it is based on the usage of optical, X-ray or electron-beam
lithography. Shortened length of radiation wave mode
when exposing a photoresist makes it possible to create
pictures in which size of certain elements is less 100 nm.
The second technological approach, in its essence, is
a purely nanotechnological one and is based on a probe
that moves on the substrate surface and contacts with it in
local areas. That results in formation of a specified spatial
profile in the form of nano- or microrelief.

One of the important nanotechnological tasks is to
develop new methods aimed at obtaining nanomateri-
als with hyperbranched surface. Such materials possess
unique photocatalytic and adsorption properties, as well
as high specific surface of interaction with environment,
that determines their application in designing devices for
nano- and microelectronics, including highly efficient
gas and vacuum sensors. To obtain them, various physical
and chemical methods are applied, in particularly, sol-
gel technology. Combination of this technology with the
latest methods of forming nanolithographic pictures will

make it possible to produce nanomaterials with ordered
structure with hyperbranched surface.

The technical result of the invention is that due to
combination of probe lithography and sol-gel method
nanolithographic pictures with ordered structure with
hyperbranched surface are formed. That is achieved due to
the following: the known method used to form nanolitho-
graphic pictures employs method of probe lithography in
which mechanical impact of the probe on the substrate
leads to formation of spatial profile in the form of areas of
specified geometry. Additionally, sol-gel synthesis method
implies that substrate surface is covered with film-forming
sol on the basis of 2-aminoethanol, 2-metoxyethanol,
zink acetate and sodium acetate. After that, low-tem-
perature annealing under 80°C and photoannealing by
means of ultraviolet wave radiation are performed. The
result is that nanolithographic picture with ordered struc-
ture with hyperbranched surface emerges in the area of
spatial profile in the form of specified shapes that act as
growth points.

A method of aerosol spraying of nanoparticles
in constant electric field (RU 2756323 C2)

The invention refers to creation of nanostructured
coatings that consist of nanoparticles of different mate-
rials and can be used to obtain coatings with controlled
anisotropic properties. The invention can be also used to
design new components of photonics and optoelectro-
nics [4]. The method of aerosol spraying of nanoparticles
in constant electric field includes precipitation of col-
loid nanoparticles on hard substrates in constant electric
field which strength is 105-108 V/m and which is created
between focusing grid-cathode and heated metal anode
plate-base. Spraing on the substrate is performed under
the pressure 1—10 atm and coordinatewise scanning with
specified rate and distance of spraying nozzle — a substrate
with controlled surface area and possibility to form a thin
film or layered structure due to multiple precipitation.
The technical result is the improved method of aerosol
spraying of nanoparticles in constant electric field which is
different in the following way: when spraying colloid solu-
tions, it allows focusing drop flow by negatively charged
grid on the surface of heated substrate which efficient-
ly evaporates liquid and provides even precipitation of
nanoparticles without their further movement in a small
evaporating liquid drop.

Description of the method (Fig. 2): from the metal
spraying nozzle, fixed to L-shaped crossbar by means of
rectangular clamp (1), under pressure supplied by com-
pressor (1—10 atm), colloid solution with metal nanopar-
ticles is sprayed through focusing metal grid, to which
negative contact is attached to control course of projec-
tion of particles (2). The metal grid is placed under the
injector nozzle at the adjustable distance to the substrate
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Fig. 2. A method of aerosol spraying of nanoparticles
in constant electric field

through which sprayed colloid solution is precipitated on
the substrate, to which a positive charge is supplied, with
temperature set in the range 20—100°C due to thermal
element (3) located on positioning stage (4). This scheme
allows changing angles of projection of particles and drops
in precipitation process, as colloid particles possess nega-
tive charge. In this case, under electric field with strength
105—108 V/m, passing through the grid, all particles get
acceleration towards positive contact — anode — and get
focused in each cell owing to Coulomb repulsion from
negatively charged grid surface. In precipitation process
the particles, due to difference between their charges, are
fixed on the surface (Fig. 3).

Control of spraying is conducted by means of servo-
motor, programmed with microcontroller, that allows

Fig. 3. In precipitation process the particles, due to
difference between their charges, are fixed on the surface

manipulating consumption of sprayed colloid solution.
Selection of the pressure supplied by compressor is
due to the fact that efficient spraying without destroy-
ing nanoparticles and their agglomerates occurs in the
range 1—10 atmospheres. Rate of substrate displacement
by means of positioning table varies, in dependence on
the distance between spraying nozzle and the surface of
precipitated layer.

A method to obtain amorphous nanostructures
diamond-like coating (RU 2757303 C1)

The invention refers to technology of applying hard
durable nanostructured coatings of amorphous diamond-
like carbon and can be used in metal forming, mechanical
engineering, medicine, solar power engineering, optoelec-
tronics, photonics, production of liquid crystal display de-
vices, shields with high hardness to increase performance
characteristics of surface of the products used in various
areas. A method to obtain amorphous nanostructures
diamond-like coating consists of applying at least one
layer of carbon diamond-like film by means of cathode
spraying of graphite, at this, adhesive layer preliminary is
formed out of the vacuum chamber. The adhesive layer is
formed by applying powder of graphite, titanium, chrome,
aluminum or mixture of them on detail surface and by
exposing to ultrasound indentor [5].

Under the impact of ultrasound indentor the adhesive
material, preliminary applied on the detail surface, dif-
fuses through this surface, that provides high adhesive
durability of the coating.

Since the adhesive layer is applied on the surface of
detail out of the vacuum chamber, that reduces total time
of application of dimond-like coating in vacuum chamber,
rises its performance and pass-through capacity. When
a large amount of articles is produced, ultrasound pro-
cess of application of adhesive layer can be combined by
time with application of diamond-like coating in vacuum
chamber, that additionally increases pass-through capac-
ity of the whole technological system.

A polymer composite heat-conducting paste
with nanofiber modifier (RU 2757253 C2)

The preregistered technical solution refers to the field
concerning heat-conducting materials and can be used to
joint heat-stressed surfaces of different details and items.
The efficiency of thermal transfer depends on thermal
conduction coefficient as well as square of contacting
area in materials. Therefore, to provide maximum pos-
sible thermal conductivity one needs to provide dense
contact between surfaces. Since surfaces of any materials
are not absolutely flat, there are air gaps which dramati-
cally decrease thermal transfer in the system. Application
of heat-conducting pastes (thermal paste) is the optimal
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and widely used approach to solve this problem. In con-
crete terms, this application for an invention is related
to the method aimed at using certain composition of
nanostructured mixture which is compound of binder,
as a rule, organosilicic and filler (heat-conducting mate-
rial). At this, the mixture possesses a wide temperature
range of performance, it is incombustible, non-toxic, is
not electrically conductive, it does not decay after long
usage and it is cheap [6].

A modifier is preferably made of carbon nanotubes
(CNT) or fibrous silica, that possess high thermal con-
ductivity 150—3500 Watt/ (m * K), clearly defined aniso-
tropic structure which provides formation of “heat-con-
ducting bridges” between spherical particles and high
affinity to organic binder.

The polymer composite heat-conducting paste con-
tains heat-conducting non-organic filler in the form, for
example, of aluminum nitride particles and/or graphite,
and a filler in the form of organic polysiloxane. At this,
polydimethylsiloxane and nanofiber modifier, taken in
amount from 0.1 to 15% of mass of non-organic filler
powder, are used as organic polysiloxane. Increase of
content of fiber and nanofiber modifiers by more than
15% leads to the loss of mechanical characteristics and
impossibility to apply heat-stressed surfaces for jointing.

A plant to provide electroimpulse controlled obtaining
of nanoparticles of current conducting materials
(RU 2756189 C1)

An invention refers to powder metallurgy and pro-
duction of nanostructures which can be used to produce
equipment for quantum informatics, radiophotonics and
nanoelectronics, as well as to obtain coatings and can be
implemented in additive technologies [7]. A plant to pro-
vide electroimpulse controlled obtaining of nanoparticles
of current conducting materials (Fig. 4) contains a charg-
ing 3 and a discharging 8 circuit. The charging 3 circuit
consists of laboratory auto-transformer (LATR) 5, input
pins 1 and 2 of which are connected to electric network
of varying voltage power and output — to the primary
winding of high-voltage step-up transformer (HVST) 5,
the secondary winding of which is connected to high-
voltage electric condenser 7 via protective current-limiting
resistors 6. To control performance mode, there are volt
meters 14 and 15 on outputs of LATR 4 and HVST 5.
Discharging circuit 8, parallel-connected to high-voltage
electric condenser 7 by means of output pins of the lat-
ter, consists of electric-spark dispersion reactor 11, filled
with dielectric liquid in which working dispersed elec-
trodes with outputs 12 and 13 are immersed. The elec-
trodes rotate relative to each other, there is a working
inter-electrode gap 10 between them. The discharging
circuit 8 also comprises a variable air spark discharger 9
which breakdown voltage is more than that of working

Fig. 4. A functional configuration of the plant

for electroimpulse controlled obtaining of nanoparticles
and nanopowders of metal and semi-conducting
materials and alloys

inter-electrode gap 10. The technical result provides stable
generation of electric-spark discharge under small power
of discharge impulses less than 100 mJ and inter-electrode
gap more than 50 um in order to obtain nanoparticles of
current conducting materials, close to nanodispersed.

The technical result is achieved due to the follow-
ing: the plant for electroimpulse controlled obtaining
of nanoparticles and nanopowders of metal and semi-
conducting materials and alloys consists of rotating rela-
tive each other working dispersible electrodes, immersed
in electro-spark dispergating reactor filled with dielec-
tric liquid, charging and discharging circuits parallel-
connected to each other and high-voltage electric con-
denser, input pins to connect charging circuit to varying
voltage electric network, output pins of discharging cir-
cuit to connect to working disperse electrodes. At this,
charging circuit consists of laboratory autotransformer
which output is connected to the primary winding of
high-voltage step-up transformer, the secondary winding
of which is connected to high-voltage electric condenser
via protective current-limiting resistors. The discharging
circuit that consists of high-voltage electric condenser
and working inter-electrode gap between working dis-
perse electrodes also comprises a variable air spark dis-
charger which breakdown voltage is more than that of
working inter-clectrode gap.

Photoelectric converter (RU 2756171 C1)

The invention refers to solar energy, in particularly,
to photoelectric converters and can be used in electronic
industry to convert photo energy into electrical energy.
One of the main stages in production of photoelectric
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converter is a formation of ohmic contacts. Decrease of
transition contact resistance and increase of conductivity
in contact bars of front ohmic contact makes it possible
to significantly reduce ohmic losses and to rise efficiency
of emission conversion into electrical energy [8].

The task of the invention is to increase electrical
conductivity of contact bars of front ohmic contact due
to increase of adhesion of contact layers and reduction
of ohmic losses by decreasing transition contact resis-
tance. The imposed task is achieved due to the following:
photoelectric converter consists of a substrate of n-type
conductivity, photosensitive A3B5 heterostructure with
wide area window and a contact layer GaAs of p-type
conductivity, anti-reflecting coating on the surface of
wide area window in the areas free from front ohmic
contact, back ohmic contact and front ohmic contact
on the surface of contact layer GaAs, containing layers
Ag and Au. A novelty in the photoelectric converter is
that fron ohmic contact comprises successive located the
first layer of nickel and chrome alloy (NiCr) with content
of chrome (15—50) mass.% with thickness (5—25) nm,
a layer of Ag with thickness (500—5000) nm, the second
layer of NiCr alloy with content of chrome (15—50) mass.
% with thickness (50—100) nm and a layer of Au with
thickness (30—100) nm.

After the layers of front and back contacts have been
applied, photoelectric converter is exposed to thermal
treatment under the temperature (390—410)°C for (50—
70) seconds. The mode of thermal treatment for contact is
determined by the condition to minimize specific transi-
tion resistance as well as to provide not deep position of
metal-semiconductor interface.

A device to obtain nanoparticles from gases and liquid
vapors under ultra-low temperatures (RU 2756051 C1)

The invention refers to nanotechnologies, in particu-
larly, this device allows obtaining particles of small sizes
(nanoparticles) from materials, existing under room tem-
perature in the form of gases or vapors, condensation of
which takes place on the surface of superfluid liquid [9].

The invention contains cryostat with superfluid he-
lium as a low-temperature substrate for condensation of
nanoparticles, a pipe to supply mixture of helium and
required admixture, an ampoule to collect nanoparticles,
a device to maintain the level of superfluid helium higher
than pipe end to create low-temperature substrate for
condensation of nanoparticles on the surface of superfluid
helium and to prevent mixture losses in the process of
formation of nanoparticles.

When the device works (Fig. 5), a flow of admixture-
helium mixture (8) is supplied in condensation pipe (3) to
the surface of superfluid helium in ampoule (4). The level
of admixture-helium mixture in the ampoule is main-
tained to be constantly (10) higher than condensation
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Fig. 5. A device to obtain nanoparticles from gases

and liquid vapors under ultra-low temperatures:

1 — helium cryostat with vacuum isolation,

2 — windows, 3 — condensation tube, 4 — ampoule for
collecting nanoparticles, 5 — stick, 6 — cryopump,

7 — pouring tube, 8 — flow of admixture-helium
mixture, 9 — condensed nanoparticles, 10 — level

of helium in ampoule, 11 — level of helium in cryostat,
12 — flow of pouring superfluid helium, 13 — fine
powder, 14 — heater

pipe end in order to prevent losses of condensed mixture.
A mixture of small amount (order of several percents)
of admixture (for example, gases: deuterium, methane,
nitrogen or vapors of water, heavy water, spirit, etc.) and
gaseous helium while travelling in condensation pipe is
cooled from room temperature to helium one for several
tens of seconds and nanoparticles are formed (9). At this,
helium atoms prevent from forming big particles. In the
mixture cooling process an intensive evaporation of super-
fluid helium takes place, that decreases helium level in the
ampoule. If helium level is lower that bottom end of con-
densation pipe, condensation process stops. To maintain
the constant level of superfluid helium in ampoule higher
than the end of condensation pipe, a cryopump (6) was
used. The principle of cryopump is based on the ability of
superfluid component to flow through small gaps between
particles of fine powder (13), while normal component of
helium (after having been heated by heater (14) in upper
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part of cryopump and transition of superfluid component
into normal one) possesses big hydraulic resistance when
passing through the powder. Due to increased pressure in
cryopump superfluid helium raise up in pouring pipe (8),
that supplies helium in ampoule (4) despite of the fact
that helium level in cryostat (11) can be significantly lower
than in the ampoule (10). The application of such tool as
cryopump prolong time needed to accumulate nanopar-
ticles and increases the outcome of the final product.

An accumulative device and production system
(RU 2755803 C1)

A series of inventions refers to an accumulative de-
vice and production system to obtain material of carbon
nanotubes. The accumulative device to collect films of
carbon nanotubes or fibers of carbon nanotubes contains
preliminary adjusting mechanism to control orientation
of at least one beam of carbon nanotubes aggregates,
a winding mechanism to wind and collect aggregates of
carbon nanotubes extracted from preliminary adjusting
mechanism [10].

At this, the preliminary adjusting mechanism con-
sists of the first preliminary adjusting submechanism and
the second preliminary adjusting mechanism containing
at least the third wheel element to extract aggregates of
carbon nanotubes. The third wheel element is made in
such a way to rotate and is circled by numerous first col-
lar steps which are present on it to adjust orientation of
carbon nanotubes. The width of the first collar step is not
more than 10 um, at this, neighboring first collar steps are
separated from each other with gaps which are not more
than 100 um.

Production system to obtain material of carbon nano-
tubes fibers of carbon nanotubes contains synthesizing
device for flotation catalytic synthesis of carbon nanotube
aggregates, which contains a reactor possessing at least
one growing tube and the accumulative device, located on
the side of delivery end of synthesizing device to collect
aggregates of carbon nanotubes produced by synthesizing
device. A series of inventions makes it possible to adjust
mechanical, electrical and thermal properties of collected
materials of carbon nanotubes.

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

A method for producing a composite material with
oriented carbon nanotubes [11];

A method to produce polarization-sensitive nanocom-
posite film on the basis of cupric selenide [12];

A method to produce indicator microcapsules with
the use of magnetic and plasmon nanoparticles [13];
Chemical compounds for coatings of nanostructures
[14];

Phase change materials for building construction:
An overview of nano-microencapsulation [15];

A method to obtain antifriction polymer composite
[16];

Electrochemical method to obtain nanofibers of metal
copper [17];

A method to obtain thermoplastic non-woven mate-
rial on the basis of micro- and nanofibers from aroma
polyetherimide [18];

A method to determine location of polyethylene gas
pipeline and places of possible illegal tapping of those
pipeline [19];

A composition for coating of metal products [20];

A method to transfer graphene on polymer substrate
[21];

A method to obtain pyrocarbon coating from guanidin
derivative [22];

A sensitive element of luminous sensor and a method
to obtain it [23];

Experimental assessment of cement mortar using nano
oxide compounds [24];

A method to determine burning temperature of re-
action multi-layered nanofilms with the effect self-
propagating high-temperature synthesis [25];

A method of synthesis of antipathogenic carbon-silver
nanostructured powder [26];

A method to create suspension on the basis of detona-
tion nanodiamond [27];

A method to obtain modified lignosulphate agent to
treat boracic solution [28];

Evolution of PV technology from conventional to
nanomaterials [29];

A method to obtain nanopowder of iron carbide [30];
A method to obtain optical semi-conducting material
on the basis of nanodispersed cadmium oxide, doped
with lithium [31].

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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N306peTeHnsA yueHbIX, MTHXXEHEePOB 1 CNeLVanncToB
13 pa3HbIX CTPaH B 06n1acTn HaHoTexHonorum. Yacro VIV

JleoHunp Anekceesuny MBanoB™™ (), Jin [la Croin? (2}, KoHcTaHTUH DayapaoBuy Pasymees? (2,
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® POCCUINCKIMI roCyfapCTBEHHBIN YHBEPCUTET TYpr3Ma 1 CepBUCa, Noc. Yepkn3oso, MockoBcKas obnacTb, Poccus

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: L.a.ivanov@mail.ru

PE3IOME: BBegeHume. BbicoKue TEXHONOMN MOpaxatT BoobpaXkeHve Nofel, [eEMOHCTPHPYA BCE HOBbIE U HOBbIE JOCTVIXKEHNA
(MaTepuanbl, Cnocobbl, CUCTEMbI, TEXHONOMW, YCTPONCTBA U AAP.), KAPAVNHANbHO MEHSIIOLLME OKPY»KaOLLMIA MUP. ITO, NPEXae BCEro,
MOHO OTHECTM K N300PETEHNAM YUEHbIX, UHXEHEPOB U CMELManCTOB 13 Pa3HbIX CTpaH B 06/1acTy HaHOTeXHoorunii. OCHOBHas
yacTtb. B cTatbe B pedepatmBHOl dopme NPoBOAUTCA 0630p N306PETEHNIA YUEHDBIX, UHXEHEPOB 1 CNELMANUCTOB 13 Pa3HbIX
ctpaH: Poccnn, CLA, Kntan, KasaxctaHa, LUBeunn. Pe3ynbTraTbl TBOPUYECKOWN [eATENBHOCTM YUY€EHbIX, UHXEHEPOB 1 CNeuunanncTos,
B T.U. 1 M1306peTeHns B 061aCTV HAHOTEXHOJIOTMIA 1 HAHOMATEPUAJIOB NMO3BOJIAOT NPV X BHEAPEHWM AOOUTHCA 3HAUMTENBHOTO 3¢-
deKTa B CTPOUTENBCTBE, XKUTULLIHO-KOMMYHAIbHOM XO35IMCTBE, CMEXKHbIX OTPACNAX SKOHOMUKN. Hanpumep, nsobpeteHue «Cnocob
NoJslyYeHUs MOJIMMEPHO-KOMIMO3UTHOIO MaTepriana U KOMMO3UTHas apMaTypa» OTHOCUTCA K 06N1acTy CTPOWTENbHbBIX MaTepPUaNioB
1 NpefHa3HayeHo Ana apMMpPOBaHKA CTPOUTENTbHbIX KOHCTPYKLUI, MO3BOSIAA NOMYUYNUTb YCUNEHHYIO HanpPAMXeHHYI0 KOMMO3UTHYIO
apMatypy, o6nagaroLLyto yiyUleHHbIMU GU3NKO-MEeXaHNYECKMMI XapaKTePUCTMKAaMU, MOBbLILIEHHON CTOMKOCTBIO K arpecCcuMBHbBIM
cpepam. Cnocob nonyyeHnsi NOIMMEPHO-KOMMO3UTHOTO MaTepurana NpeacTaBseT cobo MHOro3TanHoe U3roToBeHUe Konouna-
HOro pacTBopa Ha 6a3e 3MOKCUAHON CMOJbI C J06ABNIEHNEM YTTIePOAHbIX HAHOTPYOOK C MPUMEHEHMEM HAarpeBa 1 YNbTPa3ByKOBOIO
BO3encTBus. BBegeHne moaudrkatopos (HanonHMTeNen) B NOANMEPHYIO MaTpULYy B onpefeneHHOM COOTHOLLIEHUN, OpUEHTaL s
HanosHNTeNnen NO3BONAT CO3A4aTb YCUEHHbIN K MEXaHNYECKUM Harpy3kam noavmep C NOBbILLEHHOW CTOMKOCTbIO K arpecCrBHbIM
cpefam (KMCNOTOCTOMKOCTb U LLEeNIoYeCTONKOCTb). TakkKe NpefCcTaBnAlT UHTEPEC As CNelrannucToB cleayiolme n3obpeTeHns
B 06/1aCTN HAHOTEXHOMOTUIA: CNOCO6 NOJNTyYeHUs BUOLMAHON CyCreH3uW AMs NOKPbITHA 060EB 1 HACTEHHBIX MOKPLITUIA, CNOCO6 a3po-
30/1bHOTO PaCMbUIEHNA HAHOUACTUL, B MOCTOSIHHOM 3/1IEKTPUYECKOM MOJIE, CNOCO6 MOyUYeHra aMOPGHOro HaHOCTPYKTYPUPOBAHHOTO
a/IMa30onofo6HOro NOKPbLITYSA, MONMMEPHas KOMMO3ULVOHHasA TeNIONPOBOAHasA NacTa ¢ HAHOBOJIOKHUCTBIM MOAUPUKATOPOM,
YCTaHOBKa J/1A 3N1eKTPONMIMY/IbCHOrO YMPaBAAeMoro nosy4YeHnsa HaHOYaCTUL, TOKONPOBOAALNX MaTEPUASIOB 1 Ap. 3aKnioueHune.
OfHa 13 aKTyasbHbIX 3afja4 SKOHOMUKM N06OV CTPaHbl — MOBbILLEHNE KOHKYPEHTOCMOCOOHOCTY MPOMBILZIEHHOCTU 33 CYET ee
TEXHOJIOrMYECKOro nepeocHatleHus. /I B 3ToM HanpaBneHUn rnaBHbIM 06 beKTOM BHYIMaHKA CO CTOPOHbI FOCYAApCTBa U KOMMaHui
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JKAIOMIN MUAP. DTO, IpeXIe BCETO, MOXXHO OTHECTH
K M300pETeHUSIM YICHBIX, MHXKEHEPOB U CITCIINATNCTOB
W3 Pa3HBIX CTPaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Crioco0 moJryJeHus moJMMepHO-KOMIIO3UTHOTO
MaTepHa/ia M KOMIO3UTHAS apMaTypa
(RU 2755343 C1)

M306peTeHne OTHOCHUTCS K 00JIaCTH CTPOUTEIHHBIX
MaTepHaJIoB 1 IIpeIHAa3HAYCHO ISt apMUAPOBAHUST CTPOU -
TETBHBIX KOHCTPYKIIVIA, TIO3BOJISIS TTOIYYUTh YCUICHHYIO
HAIPSCKEHHYI0 KOMITO3UTHYIO apMaTypy, 00JIagalonIyio
YIyIIIEHHBIMH (PU3UKO-MEXaHNICCKUMU XapaKTepH-
CTUKAaMH, TIOBBIIIEHHOMN CTOMKOCTBIO K arpeCCUBHBIM
cpenaM [1]. Crtoco6 monyyeHusT MOTUMEPHO-KOMITO-
3UTHOTO MaTepHaJja MPEICTaBISIeT COO0 MHOTO3TAITHOE
HM3TOTOBJICHIE KOJIJIOMIHOTO PacTBOpa Ha Oa3e SITOKCHUI-
HOI CMOJIBI ¢ MOOaBJICHUEM YIJICPOIHBIX HAHOTPYOOK
¢ IpMMEHEHNEM HarpeBa U yIbTPa3BYKOBOTO BO3IEii-
cTBUs. Ha 6a3e KoJIOMIHOTO pacTBOpa M3rOTaBIMBACT-
s TIOJIMMEPHBIN KOMITO3UTHBIM MaTepral, COCTOSIITNIA
W3 STIOKCUIHOM CMOJITBI, OTBEPAUTEIST, YCKOPHUTEJIS, TIIa-
cTU(HUKATOPa M MHOTOCIIOMHBIX YIJIEPOTHBIX HAHOTPY-
60k. C mpuMeHEHUEM TTOJIMMEPHOTO KOMIIO3UTHOTO
MaTtepHuaja, M3TOTOBIEHHOTO 110 OIIMCAaHHOMY CITOCO0Y,
TIPOU3BOINTCS HAIIPSDKEHHAST YCUIICHHAS] KOMITO3UTHAS
apMmarypa. OHa cocTouT (puc. 1) n3 HaIIpsDKeHHBIX ap-
MUPYIOIINX BOJOKOH IIPSIMOTO CTCKJITHHOTO POBHMHTA
W3 IIeJI0YecToKoro E-cTekia ¢ ycmneHneM HaTSKeHUST
50—1500 xr, momMepa U CKPYYeHHON HUTU TIPSIMOTO
CTEKJITHHOTO POBWHTA U3 IIejouecToiKoro E-cTexia.

Bsenenne MommduKaTopoB (HATIOTHUTEICH) B ITOIH-
MEpHYI0 MaTPHUIIy B OIIPEIeICHHOM COOTHOIIICHIN, OpH-
CHTAIIVS HATTOJIHUTEICH TTO3BOJISIIOT CO3IaTh YCHICHHBIM
K MEeXaHMYeCKUM Harpy3KaM MOJIUMEP C TTOBHIIIICHHOM
CTOMKOCTBIO K arpECCUBHBIM cpefaM (KICIIOTOCTOIKOCTh
M IIIeI09eCTOMKOCTh). Hambomee 3hpeKTUBHOI SIBISICTCS
HaHOMOIU(UIIMPOBaHHASI TIOJIMMEpHAast MaTPHUIIa, B KO-
TOPOI OOBIYHAS STIOKCHUIHAS CMOJIAa 3aMeHEeHa Ha MOV -
(pULIMPOBaHHYO SITOKCUIHYIO CMOITY IO OTBEPKICHMUS,
TIPEICTABIISIONIYIO COO0M KOIOMIHEIN pacTBOP, B KOTO-
POM IUCIIEPCUOHHAS cpelia — 3TO OOBITHAS STTOKCHIHAS
CMoOJIa, a MUCIepcHasI aza — 3TO YIJIEpOIHbIC HAHO-
MaTepHuajIbl: MHOTOCTIOMHBIC YIVIEpOIHBIC HAHOTPYOKH,
KOHIICHTpALMS TUCTICPCHOM (ha3bl (YIJIEPOTHOTO HAHO-
MaTtepuaja) B IUCTICPCUOHHON cpele HaXOMUTCS B MH-
tepBaie 0,001—5% ot Macchl AUCIEPCUOHHOM CPEbI.
OnrumabHasT KOHIICHTPAIs YIJIepOIHOTO HaHOMATe-
puaia coctapisteT 0,1% ot Macchl QUCIIEPCUOHHOI CPeIbl.

YacTuirsl yriiepomHbIX HAHOMATEPHAIOB CTPEMSITCS
00pa3oBaTh arJIoMepaThl 1 arperaTsl. Heobxommmo pas-
PYIINUTDH MX ¥ PABHOMEPHO PACIIpeIeTUTh HAHOYACTHIIEI
10 BceMy 00beMy TTOTMMepa U IOOUTBCS €r0 OMHOPOIHO-

Puc. 1. Bun ycuiieHHO#i HANPSKEHHO KOMITIO3UTHOM
apMaTypsl B paspese:

1 — moMMMepHBI KOMITO3UTHBIN MaTePUAI;

2 — CKpy4YeHHast HUTb TIPSIMOTO CTEKJITHHOTO POBUHTA;
3 — HaMpsTKEHHBIE apPMUPYIOIINE BOJTOKHA

ctu. J11st mpemoTBpalieHIs 00pa30BaHUS arJIoMepaToB
1 arperaToB, a TakKsKe 71T pPABHOMEPHOTO pacIipeae/ICHIS
VHT no Bcemy o0beMy IoMMepa npeajiaractcs uc-
ITOJIb30BaTh ITOCIICAOBATEIFHOE CO3MaHNE KOJUTOMIHBIX
Kommo3uLuii: oT 10% KOHLIEHTPUPOBAHHOIO KOJLIOUI-
HOTO pacTBOpA IO pacTBOpa ¢ pabodeit KOHIICHTpaIllei
(Brut0TH 10 KOHUEeHTpauuu 0,1%) ¢ 1arom yMeHbIIEHUS
koHueHTtpanun 10:1. ITpu mare 6omee yem 100:1 YHT
pacmpenensIioTcs HeOCTaTOYHO paBHOMEPHO, IIar
MeHee yeM 10:1 sKkoHOMUYeCcKH He BeIToneH. JIis mpe-
IOTBpAIIeHUs 00pa30BaHUS arIOMEepPaTOB M arperaToB
HCITOIB3YETCS BaKYYMHBIN THCCOIBBEP C ITOTOTPEBOM
1 YIBTPa3BYKOBOI CMECHUTETb.

ITo cBoeit CyTr KOMITO3UTHAST apMaTypa IpeICTaBIIsIeT
CO00I IyJYOK apMHPYIOIINX BOJIOKOH, HAIEXKHO 3aKITIO-
YEHHBIN B IIPOYHYIO ITOJIMMEPHYIO MaTpuiry. [IpodHOCTH
Ha pa3pbIB U MOAYJIb YIIPYTOCTA KOMITO3UTHOI apMary-
PHI OTIpeesiIeTCsT HUTSIMU CTeKJISTHHBIX, 0a3aTbTOBBIX,
VIJICPOIHBIX MU apaMUIHBIX apMUPYIOIINX BOJIOKOH,
13 KOTOPBIX COCTOMT €¢ HEeCYIINii CTepKeHb (CTBOJ ap-
Maryphbl). PaBHOMepHOE CUIbHOE HATSKEHUE (HampsiKe-
HME) 3TUX HUTEH 3aCTaBIIIeT UX pad0TaTh OMHOBPEMEHHO
KaK eIMHOE IIeJI0e 1 TTO3BOJISICT 3HAYNTEIIEHO TTIOBBICUTh
IIPOYHOCTH Ha Pa3pbIB M MOMYIb YIIPYTOCTH KOMITO3UTHOM
apMaTyphbl. 7151 CKpeTuIeHUST 3TUX HUTEH B MOHOJIMTHBINA
IIPOYHBII HECYIINI CTepKeHb, a TAKKE 3aIIUTHI OT He-
XKeJlaTeJIbHbIX BO3NEMCTBUM arpeCCUBHBIX CPEM, CIYKHUT
TTOTMMepHast MaTpUIIa. Y CHUICHHYIO HAITPSDKEHHYIO KOM-
TTO3UTHYIO apMaTypy NUCITOIB3YIOT TSI apMUAPOBAHMUS:

— OOBITHBIX CTPOUTEIBLHBIX KOHCTPYKIIMI 1 U3ICIUIA;

— TIpeaBapUTETHHO HATIPSTKCHHBIX CTPOUTEIBHBIX KOH-
CTPYKUUI U U3IEINIA;

— MOHOJIMTHBIX OCTOHHBIX I COOPHBIX 3MaHUIA;

— TEepMOM3OJISIIIMOHHBIX CTCHOBEIX TTaHEIICH;

— MOPCKUX W TIPUTIOPTOBBIX COOPYKCHMIA;

— TPYHTA OCHOBAHWM 3MAHUI U COOPYKECHUIA;

— OCHOBaHW aBTOMAaTHUCTPaJIeii U TOPOT;

— KpeIUTeHUs pa3IMIHbIX TPYHTOB;

— IS aHKEPOBKU B TPYHTE MOANOPHBIX CTEH U COOPY-

XKEHUM.
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Crnioco0 nmostyyenusi OMOIUIHO# CyCTieH3UH
JJIA MOKPbITHA 000€B M HACTEHHBIX lIOKpblTI(lﬁ
(RU 2757849 C1)

B Hacrosiee BpeMsT BechMa aKTyaJbHBIM SIBJISICT-
csI BOTIPOC 00e33apakiBaHUsI TOBEPXHOCTEH U BO3MyXa
B ITIOMEIIICHUSAX, 0COOCHHO, B MECTaX CKOTUICHMSI JIIOMICH,
B MEIUIIMHCKMX yupexkaeHnsIXx. OTHIUM 13 BapuaHTOB
peIIeHMsT JaHHBIX IIPOOJIeM MOXET CTaTh HaHECCHUE
Ha ITOBEpXHOCTH JIJAKOKPACOUHBIX TTOKPHITUI Ha OCHOBE
BOIHO-IHCITepCHBIX-JIKM (JTakOKpacOYHBIX MaTepura-
JIOB) C HAHOpa3MEePHBIMU YacTUIIAMH cepedpa, MU WITH
30J10Ta C TTOBHIIIICHHOI OMOMIHOI aKTUBHOCTBIO, KOTO-
pBIE TIPEITSITCTBYIOT 00pa30BaHUIO OAKTEPHil 1 TPUOKOB
Ha ITOBEPXHOCTSIX OKpaIIeHHBIX M3ICNINIA, a TAKXKE CITO-
COOHBI CAMOCTOSITEIIBHO YCTPAHSATh M3 BO3IyXa TTOMeIIIe-
HUS TTATOTEHHBIX MUKPOOPTaHN3MOB 1 MHTHOMPOBATH
TIpolecc NX pa3MHOXEHUS [2].

3agadeit m300peTCHMS ABISICTCS CO3MaHNe CIIoco0a
TIOJTYICHMST OMOIMITHON CYCIIeH3MM Ha OCHOBE HaHOYA-
CTHUII cepedpa Ha YIIepOTHOM MaTPUIIE U JTAKOKPacod-
HBIX MaTepHrajiax, 00J1agaronieii BEICOKOM OaKTePUIIHI -
HO¥1 aKTUBHOCTBIO 10 OTHOIIIEHUIO K IIITaMMaM pa3HbIX
KJIaCCOB MUKPOOPTaHN3MOB, KOTOPBIC SIBIISTIOTCS ITaTO-
TEHHBIMU 110 OTHOIIICHUIO K MJICKOIUTAIOIINM 1 K Je-
JIOBEKY, ¥ IIPUTOTHOM [IJIsT HAHECESHMS TTIOKPBITUI ¢ OaK-
TePULIMIHBIMU U (DYHTULIMIHBIMU CBOMCTBAMU Ha 000
JUTSI VICTTOJIB30BAHMSI MX B TIPOM3BOICTBEHHBIX I OBITOBBIX
TIOMEIICHUSIX, B IETCKUX U MEIUIIMHCKIX YIPEKICHUSIX,
B MeCTax OOJIBIIIOTO CKOIICHUS JTIOACH 1 T.10.

[MocTtaBieHHas 3amada pelraeTcst IyTeM CO3TaHuUs
croco0a Mojay4eHus OMOUUIHON CyCIEH3UU, BKITIOYa-
FOIIIETO CIICAYIONINE STAITHI:

1. BBemeHMe B 0a30BYIO XXMIKOCTb IMTOPOIIKA HAHO-
YacTull cepedpa Ha yIJIepoaHO MaTpulie C pa3MepaMu
HaHovacTul 1—500 HM Tak, YTOOBI MaccoBas JI0JII Ha-
HOYACTHII cepedpa Ha yIJIepOTHOM MaTpHUIle K 6a30Boit
KHUIKOCTH cocTasisiia ot 0 1o 5%;

2. MUCIIEpTUPOBAaHNE YIBTPAa3BYKOM;

3. IIPUTOTOBJICHUE OMOIMIHON CYCIICH3UH ITyTeM
OTCTaMBaHUS W CIIMBAHUS TTOJYICHHON TUCTICPCUM.

M300pereHne MoXKeT ObITh UCIIOJIb30BAHO B CTPOU -
TEJBLHOM OTPACIN Y B XUMHUUECKOU ITPOMBIIIIJICHHOCTH.
M30o6peTeHne obecrieunBaeT BEICOKYIO OaKTEpULIUIHYIO
AKTUBHOCTB 110 OTHOIIICHMIO K IITaMMaM pa3HbIX KJIac-
COB MUKPOOPTaHNU3MOB.

Crnioco06 mosryuennsi HAHOIUTOrpaUIECKNX PUCYHKOB
C YIOPAI0YEHHOM CTPYKTYPO# CO CBePXpPa3BUTOM
noepxnoctobio (RU 2757323 C1)

M3o6pereHne oTHOCUTCS K 00J1aCTH HAHOTEXHOJIOTHUI,
a MMEHHO K crocobam ¢opMHUpOBaHUsI HAHOMATepUaJIOB
B BUJIe HAHOJIUTOTPADUICCKNX PUCYHKOB C YITOPSIIO-
YEHHOI CTPYKTYpPOI CO CBEPXPa3BUTON ITOBEPXHOCTHIO,

U1 MOXET ObITb MCITOIb30BAHO J1JIs TTOJYYEeHHS yCTPONCTB
HaHO- ¥ MUKPO3JIEKTPOHUKI HOBOTO ITOKOJICHU [ 3].

B HacTos1ee Bpems mist popMUpOBaHUS JTUTOTpa-
(bmaecKmMx pUCYHKOB, B TOM YHCJIe C HAHOPa3peIIeHNEM,
KCTIOJIB3YIOT IBA OCHOBHBIX TEXHOJIOTMYECKUX TOIXO0AA.
IlepBblii moaxom SABASIETCS JIOTUUECKUM Pa3BUTUEM UACH
KJIACCUYECKOU MUKPORJIEKTPOHHOI TEXHOJIOTMU U OCHO-
BaH Ha MCMOJb30BaHUU ONTUYECKOM, pEHTTEHOBCKOI WK
3JIEKTPOHHO-JIYIeBOI TUTOrpadm. YMEHBIICHUE JJTNHEI
BOJIHBI U3Ty4EHUS PY SKCTTOHUPOBAHUU TOTO WJIM MOHHO-
r0 (hoTOpE3NCTa 00ECIICUNBACT BOSMOKHOCTD CO3IAHUS PH-
CYHKOB C pa3MepOM OTIEIbHBIX 371eMeHTOB MeHee 100 HM.
Bropoii moaxon 1o cBoeli CyTH SIBJSIETCS YUCTO HAHOTEX-
HOJIOTUYECKMM M OCHOBAH Ha UCTIOJIb30BAHUU HEKOTOPOTO
30H/1a, MEePEMEILAIOIIETOCS 10 MOBEPXHOCTU MOTOXKKHN
1 KOHTaKTUPYIOLIETO C Hel B JIOKAJIbHBIX 00J1aCTSIX, B pe-
3yJIbTaTe 4ero (popMupyeTcs 3aJaHHbII POCTPAHCTBEHHBII
npoduib B BUJE HAHO- WJIK MUKpopelibeda.

Pa3paboTka cmoco6oB 1oaydeHUs HaHOMaTepura-
JIOB CO CBEPXPa3BUTOM MTOBEPXHOCTBIO SIBJISIETCS OMHOMN
W3 aKTyaJbHbIX 3a1a4 HAHOTEXHOJoruu. Takue mare-
pHaIBl 00JIama0T YHUKAIBHBIMA (POTOKATATUTAICCKI -
MU, aICOPOLIMOHHBIMY CBOMCTBAMU, a TAKXKE BBICOKOI
yIEJIbHOW MJIOIAIbI0 TIOBEPXHOCTU B3aUMOIECTBUS
C OKpyXalollleil cpeaoit, UTo OonpenessieT ux NpuMeHe-
HUE ISl yCTPONCTB HAHO- U MUKPOBJIEKTPOHUKU, BKITIO-
Yast BEICOKOA((DEKTUBHBIC Ta30BbIC CCHCOPHI U TaTINKHI
BakyyMa. [t nx (popMUpOBaHMS UCIIONB3YIOTCST pa3-
JIMYHBIE (PU3NYECKHE Y XUMUYECKUE METOIbI, CPEAU KO-
TOPBIX 0CO00E MECTO 3aHUMAET 30J1b-TeJIb TEXHOJIOTUSI.
O0benMHEHNE TAaHHON TEXHOJIOTUM C COBPEMEHHBIMU
MeToJaMu (POpMUPOBAHUSI HAHOJUTOTpa(pUUECKUX pU-
CYHKOB ITO3BOJIUT IOJIy4aTh HAaHOMATEPHUAJIbI C YIIOPSIIO-
YEHHOU CTPYKTYpPOIl CO CBEPXPa3BUTOM MOBEPXHOCTHIO.

TexHuueckuii pe3yabTaT U300pEeTeHUS 3aKJII0YaeTCs
B TOM, 4YTO C IOMOILIbIO COBMEIIEHNS 30HI0BOI JIMTO-
rpaduu 1 30J1b-TelIb MeTona (hOPMUPYIOTCSI HAHOIUTO-
rpadruyeckue puCyHKU C YIOPSIIOYEHHOU CTPYKTYpOit
CO CBEPXpa3BUTOI MMOBEPXHOCTHIO. DTO HJOCTUTACTCS
Te€M, UTO B U3BECTHOM crloco0e (hopMUpPOBaHUSI HAHO-
JTOorpadMIeCKUX PUCYHKOB METOIOM 30HIOBOM JIUTO-
rpaguu, 3aKI04YaroeMcsl B TOM, YTO TyTeM MEXaHU-
YeCcKOro BO3AEHCTBUS 30Ha Ha TTOMIOXKY (hOPMUPYIOT
MPOCTPAHCTBEHHBIH MPOodWITH B BUJIE 00J1acTeii 3a1aHHOM
Te€OMETPUM, JOTIOJIHUTEIBHO Ha TIOBEPXHOCTD MOTOKKH
B paMKax MeTo/a 30Jib-TeJib CUHTE3a HAHOCST TIJIEHKOO-
OpasyroIuii 30J1b Ha OCHOBE 2-aMIHO3TaHOJIA, 2-METOK-
CU3TaHOJA, alleTaTa IMHKA U aueTata HaTtpust. [Tocie yero
napasiebHO MPOBOASAT HU3ZKOTEMITEPATYPHbBIN OTXKUT
rpu 80°C 1 (pOTOOTKUT U3TTyIeHUEM YIBTPa(PHOIETOBOTO
JMana3oHa JUIMH BOJIH. B pe3yabTare 3T0ro B 00JacTu
MPOCTPAHCTBEHHOTO MPOUJIsl B BUIE 00IacTeit 3aqaHHOM
T€OMETPHUH, BBITIOTHSIIONINX (DYHKIIUIO IIEHTPOB POCTA,
dopmupyeTcss HAaHOJIUTOrpahUIECKUA PUCYHOK C YITOPSI-
JIOYEHHOM CTPYKTYpPOIi CO CBEpXPa3BUTON MOBEPXHOCTHIO.
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Crioco06 a3p030/1bHOr0 pacublIeHHs HAHOYACTHII
B MOCTOSTHHOM 3jieKTprdeckoM moje (RU 2756323 C2)

M300peTeHre OTHOCUTCS K OOJIACTU CO3IaHUS Ha-
HOCTPYKTYPHBIX TOKPBITUI, COCTOSIIIINX U3 HAHOYACTUIL
pPa3TUYHBIX MAaTEPUATOB, U MOXET MCITOJIb30BATHCS
B TIOJIyU€HUU TIOBEPXHOCTEN C M3MEHSIEMBIMU aHN30-
TPOIMHBIMM CBoOMcTBamMu. M300peTeHre MOXET ObITh UC-
TIOJT30BAHO IS CO3MAHMST HOBBIX 2JIEMEHTOB (DOTOHUKH
u ontoaeKTpoHnKH [4]. Ctocob aspo30JIbHOTO pac-
MBIJICHUST HAHOYACTUIL B TIOCTOSTHHOM 3JIEKTPUYECKOM
ToJie BKJTIOYAET OCaXIEHNE KOJUIOUIHBIX HAHOYACTHUIL
Ha TBEPIIbIE TIOJUIOXKKY B TIOCTOSTHHOM 3JIEKTPUYECKOM
moJie HanpsikeHHOCThIo 105—108 B/M, co3maBaeMom
MexXny (hOKyCHPYIOIIEil CeTKON-KaTOIOM U HarpeBa-
eMbIM METAJNIMYECKUM OCHOBaHUMEM-aHomoM. Pac-
MbUICHWE Ha TTOJIOKKY TTPOBOAUTCS TIOJ JaBIEHUEM
ot 1 1o 10 aT™ ¢ MOKOOPAMHATHBIM CKaHUPOBAaHUEM
C 3a/IaHHOI CKOPOCTBIO U PACCTOSTHUEM PACTIBLISTIONICH
(bopcyHKM — TIOJIOKKY C PETYTMPYEMOIf 32 CUET ITOTO
TUTOMIAIbI0 TTIOKPBITUSI M BO3MOXHOCTHIO (hDOPMUPOBaA-
HUST TOHKOM TIJIEHKU WJTU CIOUCTOM CTPYKTYPHI 32 CUET
MHOTOKPATHOTO OCaX/IEHUsI. TeXHUIECKUM PE3yTbTATOM
n300peTeHNSI SIBIISIETCS] yCOBEPILIEHCTBOBAHHBIN CITOCO0
pacIbIJIEHUST HAHOYACTUIL B TIOCTOSTHHOM 3JIEKTpUYe-
CKOM TI0JI€, OTJTMYAIOIIUICS TEM, YTO TIPYU PACTIBIIICHUN
KOJIJIOUITHBIX PACTBOPOB MO3BOJISIET (DOKYCUPOBATH Ka-
TIEJTBHBIN TTOTOK C TIOMOIIIBIO OTPUTIATETBHO 3aPSKEHHOM
CETKM Ha TIOBEPXHOCTh HArPEeBAEMOT MOTOXKKU, KOTO-
past B cBoIO ouepenb 3(phHeKTUBHO UcTapsieT KUAKOCTh
1 obecTieunBaeT paBHOMEPHOE OCAKICHNE HAHOYACTUI]
0e3 UX NaTbHEHNIIeTo TIePeMEeIIEHNST B MAJIOW UCTIApSTIO-
elics Karwie KUAKOCTH.

Ornrcanue croco6a (puc. 2): 13 METaJUTMIECKOi pac-
MBUISTIONIEeH (POPCYHKM, MPUKPEIIEHHOH K T-00pa3Ho
YCTAHOBJIEHHOU IIITAHTE C TIOMOIIBIO TIPSIMOYTOJTEHOTO
3axkuma (1), moj naBneHneM, HarHETAeMbIM KOMITPEC-
copom (1—10 armocdep), pacTbuUIIeTCsT KOJUTOUTHBI
pacTBOp C HAHOYACTUIIAMU METAJIOB, Yepe3 (DOKYCHpy-
OIIYI0 METATMYECKYIO CETKY, K KOTOPOI TTPUKPETUICH
OTPUIIATENTbHBIN KOHTAKT JUISI KOHTPOJISI TPAEKTOPUI pa3-
nieta yactull (2), pacrioioskKeHHYIO o[ COTUTOM (hOPCYHKU
Ha PeryJIMpyeMOM PacCTOSTHUU 0 TIOJTOXKH, Yepe3 KO-
TOPYIO PACIIbUISIEMbIi KOJITIOUIHBIN PACTBOP OCAXKIAETCST
Ha TIOIJIOKKY, K KOTOPO# TTOAAETCST TTOJIOXKUTENIbHBIHN 3a-
psim, ¢ TeMIIepaTypoid, 3amaBaeMoii B mrartazoHe 20—100°C
3a c4eT TepModsieMeHTa (3), HaXOIIerocst Ha KOOP/Iu-
HaTtHOM ctosnuke (4). Takast cxema Mo3BOJISIET U3MEHSITh
YIJIBI pa3jieTa YacTUIl U Karelb B IPOIIecce OCaXKIeHNS,
TaK KaK KOJUTOMIHBIE YACTUIIBI UMEIOT OTPULIATeTbHBII
3apsin. B aTom ciydae mon aeiicTBUeM 2JIEKTPUIECKOTO
moJst HanpskeHHocThio 105—108 B/M, mpoxomst yepe3
CEeTKY, BCE YaCTHIIbI PUOOPETAIOT YCKOPEHWE, HATIPaB-
JIECHHOE B CTOPOHY TTOJIOKUTEIBHOTO KOHTAaKTa — aHO-
na — 1 (hOKyCUPYIOTCSI BHYTPU KaXKIIOW STYSHKM 3a CUET

Puc. 2. Cnoco6 a3po30JibHOTO pacmbLIeHHsI HAHOYACTHIL
B MOCTOSIHHOM 3JIEKTPUYECKOM T0JIe

KyJIOHOBCKOTO OTTJIKWUBAHUSI OT OTPUIIATEIIHHO 3apsi-
JKEHHOU TTOBEPXHOCTH ceTKu. [1pu ocaxknmeHun Ha mom-
JIOXKKY YaCTHUIIBI U3-32 Pa3HOCTH 3apsIIOB (PUKCUPYIOTCS
Ha TTOBepXHOCTH (puc. 3).

YmpaBiieHue poIeccCOM pacIbUICHUST BEACTCS TIPU
TTOMOIIIM CEePBOIPUBO/IA, TPOTPAMMUPYEMOTO MUKPO-
KOHTPOJUIEPOM, UTO TTO3BOJISIET MAHUITYTMPOBATH pac-
XOJIOM PacIbUISIEMOTO KOJJTIOUIHOTO pacTBopa. Beidop
JABJICHUST, TIOIaBAEMOTO KOMITPECCOPOM, OOYCTIOBJICH
TeM, uTo B nuama3oHe ot 1—10 atmocdep mpoucxoaut
a¢exTnBHOE pacrbuieHNE Oe3 TOBPEXIeHNSI HAaHOYA -
cTull 1 ux aroMepatoB. CKOpOCTh TepeMeIieH s IO -
JIOXKW TIPU TIOMOTIY KOOPAMHATHOTO CTOJIMKA BapbU-
pYyeTCsl B 3aBUCMMOCTH OT PACCTOSTHUST PACTIBIISIONICH
(hopcyHKM 10 TOBEPXHOCTH OCAKAAEMOTO CJIOS.

Puc. 3. Ilpu ocakaeHnu Ha MOIOKKY YACTHUIIBI U3-32
Pa3HOCTH 3apsI0B (PUKCUPYIOTCS HA MOBEPXHOCTH
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Crnioco0 nosyuenusi aMmopgHoro
HAHOCTPYKTYPHPOBAHHOTO AJIMA30M0I00HOrO
nokpeitus (RU 2757303 C1)

M300peTeHre OTHOCUTCS K TEXHOJIOTUM HAHECEHUS
TBEPIbIX U3HOCOCTOMKUX HAHOCTPYKTYPUPOBAHHBIX
MOKPBITUM 13 aMOP(HOI0 aJIMa30nog00HOr0 yriepoaa
Y MOXET OBITh UCITOJIb30BAaHO B METAJJIOOOPAabOTKE, Ma-
IIMHOCTPOCHUU, MEIULIMHE, 2JIEKTPOHUKE, COJTHEYHOI
SHEPreTUuKe, OMNTORJIEKTPOHUKE, (POTOHUKE, B TIPOU3-
BOJCTBE XKMAKOKPUCTAJUINUECKUX AUCTIJIEEB, 3aIIUT-
HBIX MMOKPBITUI C BLICOKOI TBEPAOCTHIO JJIsI TTOBKILIIE-
HUSI OKCITyaTallMOHHBIX CBOMCTB IMOBEPXHOCTU UBNEINIA
pa3IMYHOrO (PYHKIMOHAILHOTO HazHadeHus. Ciocob
nojaydyeHuss aMop(HOro HAaHOCTPYKTYPHUPOBAHHOTIO aJI-
Ma30MoI00HOTO TTOKPHITUS ASTaJIV BKIIIOUaeT HAHECEHNE
110 MEHBIIIEH Mepe OHOTO CJIOSI YTIIEPOAHON aJIMa30I10-
JIOOHO¥ TUIEHKU C ITOMOILbIO KATOAHOI'O PACIIBIICHUS
rpaduTa, Py 3TOM MPEeABAPUTEIHLHO BHE BaKYyMHOI
Kamepbl (hOPMUPYIOT aAre3MOHHBIN CJION IMyTeM HaHece-
HUS Ha TIOBEPXHOCTD JIETAJIM MTOPOIIIKA rpaduTa, TUTaHa,
Xpoma, aJIIOMUHUS WIX UX CMECU U BO3JICMCTBUSI HA HETO
YJIBTPa3ByKOBBIM UHAEHTOPOM |[5].

Ilox neiicTBrEeM yabTpa3ByKOBOTO MHAEHTOPA IIpe/l-
BapUTeJIbHO HAHECEHHBIN Ha ITOBEPXHOCTD JETaIN a[are-
3WOHHBIN MaTepyall 1 GYHINPYET B 3TY MOBEPXHOCTD,
4TO 00EeCIIeunBaeT BhICOKYIO aATre3MOHHYI0 MPOYHOCTh
MOKPHITUS. A TaK KaK aJre3MOHHBIN CJIOI1 HAHOCUTCS
Ha TTOBEPXHOCTH JETaIi BHE BAKYYMHOI KaMephl, TO 3TO
COKpalllaeT CyMMapHO€e BpeMsl HAaHECEHUS aJIMa30I0-
JIOOHOTO MOKPHITUS B BAKYYMHOI KaMepe, YBeJIMYUBaeT
€€ MPOMU3BOJUTEIIBHOCTD U IIPOMYCKHYIO CIIOCOOHOCTb.
I1pu n3roroBieHUN OONBILION MAPTUUN U3NCTUN YIlb-
TPa3BYKOBOI IIpO1IeCC HAHECEHUSI aAre3MOHHOTO CJI0SI
MOKET ObITh COBMEILIEH 110 BpEMEHU C HAHECEHUEM aJl-
Ma30mnog00HOr0 MOKPBITUSI B BAKYYMHOI KaMmepe, 4To
JIOTIOJTHUTEJILHO MOBBIIIAET MPOITYCKHYIO CIIOCOOHOCTh
BCEM TEXHOJIOTMYECKOU CUCTEMBEI.

IMomvepHasi KOMIIO3UIMOHHAS TETIONPOBOIHAS
NacTa ¢ HAHOBOJIOKHUCTBIM MOIM(PUKATOPOM
(RU 2757253 C2)

3asgBICHHOE TeXHUYECKOE pEIIeHNEe OTHOCHUTCS
K 00JIaCTH CO3MaHUS TEIJIOIIPOBOMSIINX MaTepHUAIOB
Y MOKET OBITh UCITOJIB30BAHO [IJIS1 COMPSIXKEHUS TETIO-
HaIPSDKEHHBIX TTOBEPXHOCTEH Pa3IMIHBIX YCTPOCTB
u peraneii. DHHOeKTUBHOCTD MepeHoca Teria 3aBUCUT
KaK OT KO3(P(PHUIIMEHTOB TEIUIOIPOBOIHOCTH, TaK 1 OT
TUTOIIAIEH COITPUKOCHOBEHUSI IIOBEPXHOCTE MaTepra-
710B. COOTBETCTBEHHO, IIJIST 00ECIIEUeHIST MAKCUMAaJTEHO
BO3MOXHOI1 TeIToIepeaadr HeoOXOIMMO 00eCTICUNTh
TUTOTHBIN KOHTAKT MEXKITY ITOBepXHOCTSIMHU. [10CKOIBKY
TOBEPXHOCTH JIIOOBIX MaTepHUAJIOB HE SIBIISIIOTCST a0CO-
JIFOTHO TUIOCKUMHM, TO 00pa3yioTcsl BO3AYIIHEIC TIPO-

CIIOMIKM, 3HAUYMTEIbHO CHIDKAIOIINE TCIUIOIIEPEHOC
B cucteMe. I8 peleHust 3Toi npo0eMbl HanboJiee
ONTUMAJIBHBIM U IMUPOKO MCIIOJIb3YEMBIM SIBIISICTCS
IIPUMEHEHNE TCIUIOTIPOBOASIINX ITacT (TepMOIIACT).
Boiee KoHKpeTHO, HACTOSIIIAS 3assBKA Ha M300peTeHUE
OTHOCHTCSI K CTIOCOOY MCTIOJIF30BaHUS OIIPEICIICHHOTO
cocTaBa HAaHOCTPYKTYMPOBAHHOM CMeCH, TIPeACTaBIsI-
olIeit coboil coemMHEeHNE CBS3YIONIETO, KaK IIPaBUiIo,
KPEMHHUIHOPTraHMIECKOTO ¥ HAIIOJTHUTENS (TSILIOIPO-
BOIHOTO MaTepHuaja), IIpUIeM CMeCh UMeeT IIMPOKUIA
TEeMIIepaTypPHBIN THaTa30H UCIIOIb30BaHMS, HEBOCILIA-
MeHsIeMa, HETOKCHYHA, He 3JIEKTPOIIPOBOIHA, HE TOp-
TUTCS IIOCJIE AJIUTEIBHOTO IIPUMEHEHUs U nelueBa [6].

MomuduKaTop BBHIIOJIHICTCS MIPEAIIOYTUTEITHHO
13 yIIepoaHbiXx HaHOTpyooK (YHT) uinu BoOKHUCTOTO
KPEeMHMSI, 00J1aIaf0IINX BEICOKOH TEILIOITPOBOTHOCTEIO
ot 150 mo 3500 Bt/(Mm* K), sspKO BBIpaskeHHOM aHM30-
TPOITHOM CTPYKTYpOIii, obecrieunBalonieii (hopMupoBa-
HHE «TETUTONTPOBOTHBIX MOCTHKOB» MEXKIY C(hepuIeCKU-
MM YaCTUIIAMU ¥ BEICOKUM CPOICTBOM K OPTaHUIECKOMY
CBSI3YIOIIIEMY.

[MommMepHast KOMITO3UITMOHHAS TEIUIOIPOBOTHAS
ITacTa COIEePsKUT TeTUIOIIPOBOIHBIN HEOPTaHMUCCKIIT Ha-
TTOJTHUTEITb B BUIE, HATIPUMED, YaCTULl HUTPHIA aTIOMHU-
HUS 1/WIH TpaduTa, CBSI3yIoIIee B BUIE OPTaHMICCKOTO
IMoJIMCcHiIoKcaHa. [IprmaemM B KauecTBe OPTaHUIECKOTO
ITOJIMCUJIOKCAHA UCITONB3YIOT MOJIUINMETHICUIOKCAH
1 BOJIOKHHCTBIN MJIM HAHOBOJIOKHUCTBIM MOIM(UKATOP
B KoamyectBe oT 0,1 10 15% oT Macchl TOpoLIKa HEOP-
TAaHWMYECKOTO HAITOJTHUTENIA. YBEIWMUCHUE CONEePsKaHUS
BOJIOKHHICTOTO ¥ HAHOBOJIOKHHCTOTO MOIN(DUKATOPOB
6ojiee 15% npuBOAKT K IIOTEPE MEXAHUYECKUX CBOMCTB
1 HEBO3MOXHOCTHU IIPUMEHEHMUS IIJII COTIPSKEHUST Te-
IUTOHATIPSKEHHBIX TTOBEPXHOCTEH.

YeTanoBKa 1151 QJIEKTPOHMITYJIbCHOTO YIPABJISIEMOTO
TOJIy4eHUs1 HAHOYACTHI] TOKONPOBOASIINX MATEPUATIOB
(RU 2756189 C1)

M300peTeHre OTHOCHUTCS K TIOPOIITKOBOI METAJLTYPIUAN
1 U3TOTOBJICHUIO HAHOCTPYKTYP, KOTOPBIE MOTYT OBIThH
HCTIOIB30BaHHI IJIST ITPOU3BOICTBA IIPUOOPOB KBAHTOBOM
nHOOPMATUKY, PaTO(POTOHNKHA 1 HAHO3JICKTPOHUKH,
a TaKsKe IUTS TTOJTYyYeHUs TTOKPHITUN M B aIIUTUBHBIX
TexHoJorusx [7]. YcraHoBka mist 371€KTPOUMITYJIBCHOTO
VIIPABIIIEMOTO TTOTYICHISI HAHOYACTHUIL TOKOITPOBOISIIITNX
MaTepHraioB (pHC. 4) COMEPKUT 3apSITHBIN 3 1 pa3psIHBII
8 KOHTYpBI. 3apsIHbBIN KOHTYP 3 COCTOUT U3 JTabopaTop-
Horo aBroTpaHcdopmaropa (JIATP) 4, BxomHBIe BBIBOIEI 1
1 2 KOTOPOTO TTOIKITIOYCHBI K SJIEKTPOCETH IIEPEMEHHOTO
HaMpsDKEHUS TTATAHUS, a BBIXOI — K IIEPBUYHON 0OMOT-
K€ BBEICOKOBOJIFTHOTO TTOBHIIIAIONIETO TpaHChopMaTopa
(BIIT) 5, BropmuHass 00MOTKa KOTOPOTO MOIKIIOYCHA
K BBICOKOBOJIbTHOMY 3JIEKTPUICCKOMY KOHICHCATOPY 7
yepe3 3alIUTHbIE TOKOOTPAHUYMBAIOLIIE PE3UCTOPLI 6.
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Puc. 4. @yHkumonaabHas cxeMa yCTAHOBKH ISt
3JIEKTPOUMITYJIbCHOTO YIIPABJISIEMOTO TIOJIyYeHHUS
HAHOYACTUIL M HAHOTIOPOIIKOB METAJUINYECKIX
¥ NOJIYTIPOBOTHMKOBBIX MATEPHAJIOB U CILIABOB

J111 KOHTpOJIS 3a pesXxuMoM padoThl Ha Beixoae JIATP 4
u BIIT 5 mpenycMoTpeHsl BOTbTMETpHI 14 n 15. Pa3s-
PSITHBIN KOHTYpP 8, MOIKITIOUCHHBIN TTapajuIeIbHO BHI-
COKOBOJIETHOMY 3JIEKTPUUICCKOMY KOHAEHCATOpY 7 TI0-
CPEICTBOM BBIXOTHBIX BEIBOJOB ITOCJICTHETO, COCTOUT
U3 peakTopa 3JIEKTPOUCKPOBOTO AUCIIeprupoBaHus 11,
3aMOJTHEHHOTO TUA3IEKTPHUUCCKOI XUIKOCTHIO, B KOTOPYIO
TIOTPYKEeHBI pab0ovre TUCIIePTUPYEMbIC SJICKTPOIBI C BbI-
Bomamu 12 u 13, BEITIOJTHEHHBIE BpaIAOIINMUCS APYT OT-
HOCHUTEJIBHO JIPyTa, MEXKIy KOTOPHIMI 00pa30BaH pabodmit
MEXX3JIEKTPOIHBIN 3a30p 10, a TAKKe IMepecTpanBacMoro
BO3IYIITHOTO MCKPOBOTO Pa3psimTHIKA 9, IMEIOIIETO HaTIpsI-
KeHue po0os1 00JIbIIe HAMIPSLKEHUS TIpo00si pabodyero
MEXaJIeKTpoaHOoTo 3a3opa 10. TexHnuecKuii pe3ynapTar
3aKJTI0YAeTCsI B 00CCIICUCHUN CTaOMJIBHON TeHepallnn
3JIEKTPOUCKPOBOTO pa3psiaa TIPU MaIbIX SHEPTUSIX pa3-
PSMHBIX UMITYThcOB MeHee 100 MK 1 MeX3JIeKTPOTHOM
3a3ope 6osee 50 MKM B ILIEJISIX TTOTYICHUS] HAHOYACTHIT
TIPOBOISIINX MAaTEPUAJIOB, OM3KIX K MOHOIHCIICPCHBIM.

YKa3aHHBII TEXHUICCKHUI Pe3yIbTaT JOCTUTACTCS
TEM, YTO YCTAHOBKA TS 3JIEKTPOUMITYJIbCHOTO YITPABJISI-
€MOTO TTOJTyJICHMSI HAHOYACTUII M HAHOITOPOIITKOB MeTaJI-
JIMYECKUX U TTOJIYTIPOBOTHIUKOBBIX MaTepUAJIOB 1 CILIA-
BOB, BKJTIOUAIOIIAs BPAIIaIOIINECsT OTHOCUTEIBHO APYT
Ipyra paboune TUCTIePTUPYeMbIC SJICKTPOIBI, IIOTPYKEH-
HBIC B 3aIIOJTHCHHBIN TUAJICKTPIICCKOM XKIIKOCTRIO pe-
aKTOP 3JIEKTPOUCKPOBOTO TVCIIEPTUPOBAHMS, 3aPSITHBIN
¥ Pa3psITHBIN KOHTYPHI, BKIIIOYCHHBIC TIapaJUIeIbHO IPYT
IPYTY ¥ BEICOKOBOJIFTHOMY 3JICKTPHUECKOMY KOHICHCA-
TOPY, BXOIHBIC BEIBOIBI [JIST TIOMKITIOUCHMST 3apSIHOTO
KOHTYpa K 3JICKTPOCETH ITUTAHUS TTIEPEMEHHOTO HaIIpsI-
JKEHMUSI, BBIXOMHBIC BBIBOABI Pa3psIAHOTO KOHTYpa IS
TMOIKITIOYCHUS K PaO0OYNM ITUCTIEPTUPYEMBIM 3JICKTPO-
IaM, TIpIIeM 3apSITHBINA KOHTYP COCTOMT U3 JJabopaTop-
HOTO aBTOTpaHC(hOpMAaTOpa, BBIXOA KOTOPOTO COSATMHEH
C TICPBUYHOI 0OMOTKOM BEICOKOBOJIBTHOTO IMOBBIIIIAIO-

1ero TpaHncgopmaTopa, BTOpUIHass 00MOTKA KOTOPOTO
IMOIKJTIOUYEeHA K BRICOKOBOJIBTHOMY 3JICKTPUUCCKOMY
KOHICHCATOPY Yepe3 3allIMUTHBIC TOKOOTPAHNINBAIOIINE
PE3UCTOPHI, a B pa3psITHBIN KOHTYP, COCTOSITITIA 13 BBI-
COKOBOJILTHOTO 3JICKTPUIECKOTO KOHIeHcaTopa 1 pabo-
Yero MEX3JICKTPOIHOTO 3a30pa, 00pa30BaHHOTO MEXKIY
pabouYnMU TUCTICPTUPYEMBIMH SJIEKTPOIAMH, BKITFOUCH
TepecTpanBacMbIi BO3AYIITHBIN MCKPOBOI pa3psiTHUK,
MMCIOIINI HapsKEeHUE TTPo00s OOJTbIIe HATIPSTKEHUS
IIpo60sT paboYETO MEXKIIEKTPOITHOTO 3a30pa.

DoT03/1eKTpIYECKHii Peodpa3oBaTeib
(RU 2756171 C1)

M300peTeHre OTHOCUTCS K COTHECUHOM SHEPTeTUKE,
B YaCTHOCTH, K (DOTOBJICKTPUICCKIM IIpeodpa3oBarte-
JISIM, 1 MOXET OBITh UCITOJIF30BAHO B 3JICKTPOHHO ITPO-
MBITIUICHHOCTH IIJIST TIPe0Opa30BaHMS CBETOBOM SHEPTUN
B 3JIEKTpHUeCcKyI0. [1pu m3rotoBiieHN (GOTO3ICKTpIIC-
CKOTO TIpe0dpa3oBaTesIsi OMHUM M3 OCHOBHBIX 3TAIlOB SIB-
nsgeTes (popMHUpOBaHME OMUIECKIX KOHTAKTOB. CHITKE-
HME TIePEXOTHOTO KOHTAKTHOTO COITPOTUBIICHMS 1 YBEJIH-
YeHME TTPOBOAUMOCTH KOHTAKTHBIX IMMH (PPOHTATILHOTO
OMIYECKOTO KOHTAKTa ITO3BOJISICT CYIIECTBEHHO CHU3UTh
OMMYECKHE MOTepU 1 YBEININUTD 3(PHEKTUBHOCTH ITPe00-
pa30BaHUS U3IYYCHUS B DJICKTPOIHEPTHIO [8].

3amaucit HaCTOSIIIETO TEXHIMYECKOTO PEIIICHHS SIBJISIET-
¢S yBeITMICHNE JICKTPUICCKOI TIPOBOAMMOCTH KOHTAKT-
HBIX ITMH (PPOHTATHLHOTO OMIYECKOTO KOHTAKTa 33 CUCT
YBEIMYCHUST aNre3ni KOHTAKTHBIX CJIOEB M CHIDKCHUS
OMMYECKUX ITOTEPh IyTeM YMEHBIIICHUS TIEPEXOTHOTO
KOHTaKTHOTO colpoTuBieHus. [locTaBieHHas 3agada
IIOCTUTAETCSI TeM, UYTO (POTOBICKTPUICCKUIT TIpeodpa-
30BaTelIb BKITIOYACT TTOMJIOXKKY N-TUIIA TIPOBOINMOCTH,
doTouyBcTBUTENBHYIO A3B5 reTepocTpykTypy € IIMpO-
KO30HHBIM OKHOM M KOHTaKTHBIM ciioeM GaAs p-Tuiia
IIPOBOIMMOCTH, aHTHUOTpaXKalollee MOKPHITHE Ha T10-
BEPXHOCTH IMMPOKO30HHOTO OKHA B MECTaX, CBOOOTHBIX
OT (PPOHTAIBHOTO OMHYECKOTO KOHTAKTa, ThIIbHBI OMH-
YeCKMI KOHTAKT Y (DpOHTAJIBHBIN OMUYECKNIT KOHTaKT
Ha TTIOBepXHOCTH KOHTAKTHOTO cJ1ost GaAs, comepKarmit
ciiou Ag 1 Au. HoBbIM B (pOTO3IEKTpHUUECKOM MTPEOO-
pasoBaresie SIBJISIETCS TO, YTO (DPOHTATBHBIN OMITICCKII
KOHTaKT COICPKUT MOCIICAOBATEILHO PACITOIOXKECHHEIE
TIePBBIiA cIoii cruraBa HuKe s v xpoma (NiCr) ¢ conepxa-
HMEM B cIuiaBe Xxpoma 15—50 mac. % ToniumHoi 5—25 HM,
cioit Ag TommmHOM 500—5000 HM, BTOPOI1 ¢JToii cIutaBa
NiCr ¢ conepxxanneM B criase xpoma 15—50 mac. % toi-
mHoi 50—100 aMm u cinoit Au Tommaon 30—100 HM.

IMocne HaHECeHNUS C10eB (DPOHTAIBHOTO M THTEHOTO
KOHTAKTOB ITIPOBOISAT TEPMOOOPAOOTKY (POTOITEKTPUYIC-
cKoro npeobpasosatesis mpu temrepaTtype 390—410°C
B TeueHure 50—70 cekyH. Pexxiim TepMo0oOpaboTKI KOH-
TaKTa BEIOMPAIOT U3 YCIOBUI MITHUMM3ALNHY YIETLHOTO
TIEPEXOMHOTO COIPOTUBJICHUS, a TAKXKe 00eCTICUCHUS
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HETITyOOKOTO 3aJIeTaHMsI TPAaHUIIBI pa3ziesia MeTaJlI-TI0-
JIyIIPOBOTHUK.

YeTpoiicTBO A5 MOJTyYeHHs] HAHOYACTHIL U3 Ta30B
¥ IAPOB JKUIKOCTEN MPH CBEPXHU3KUX TEMIEePaTypax
(RU 2756051 C1)

M300peTeHre 0THOCUTCS K 00J1aCTU HAHOTEXHOJIOTUH,
a IMEHHO TIpe/IjIaraeéMoe YCTPOICTBO TO3BOJISIET ITONTYIATh
YaCTUIIBI MAJIBIX pa3MepoB (HAHOYACTHIILI) M3 MaTepU-
aJIOB, CYIIECTBYIOIINX IPU KOMHATHBIX TeMIIepaTypax
B BUIIE Ta30B WJIM ITApOB, KOHICHCAIINS KOTOPBIX TTPOM3-
BOIUTCS Ha TIOBEPXHOCTH CBEPXTEKYUeit SKUIKOCTH [9].

YCTpOMCTBO CONEPKUT KPUOCTAT CO CBEPXTEKYINM
TeJIMeM B Ka4eCTBE HM3KOTEMITEPATyPHOM TTOMTOXKKHN TSI
KOHJICHCAIINM HAHOYACTHII, TPYOKY ITOTAYN CMECH TCITHST
¥ TpeOyeMOIt IpUMeCH, aMITyJIy IJIsT cOopa HAHOYACTHII,
YCTPOMCTBO IS IOAACPKAHUS YPOBHS CBEPXTEKYUYETO
reJvs Bblllle KOHLIA TPYOKH JUIsI CO3IaHMsT HU3KOTeMIIepa-
TYPHOU MOMJIOKKHN TSI KOHACHCAIINY HAHOYACTHUII Ha T10-
BEPXHOCTH CBEPXTEKYJETO IeJivs 1 IIPeI0TBpaIeHNS T10-
Tephb CMECH B TIpoliecce (hOpMUPOBAHMS HAHOYACTHII.

B mporrecce paboTHI yCTpoiicTBa (pHC. 5) TTOTOK IIpH-
MecCh-TeINeBOI cMecH (8) TmomaeTcst o TpyOKe KOHICH-
camu (3) Ha MOBEPXHOCTh CBEPXTEKYUETO TCIIUS B aM-
nyie (4), ypoBeHb KOTOPOIT B aMITyJjIe TIOIIEePKNBACTCS
nocTossHHEIM (10) BBIIIIe KOHIA TPYOKM KOHICHCAIIUN
IUTS TIPEIOTBPAIIICHUST TIOTEPh KOHACHCUPYEMOI CMECH.
CMech MaJIoTo KOJIMYECTBA (TTOPSIIKA HECKOIBKIX IIPO-
LIEHTOB) ITpUMecH (HaIpuMep, Ta30B: AeTepus, MeTaHa,
a30Ta WJIM TTapOB BOIBI, TSLKEIOM BOMBI, CITUPTA U T.1I.)
¥ Ta3000pa3HOTO TeJIMS B IIPOIIECCE IBIKCHUSI IO TPYOKE
KOHZIEHCAllMHY 3a BpeMeHa MopsiiKa HECKOIbKUX IECSTKOB
CEKYHII OXJTaKIaeTCsT OT KOMHATHOM TeMITepaTyphl IO Te-
JIeBO 1 (popMUpyeT HAHOYACTHUIIHI (9), TIPU 3TOM aTOMBI
TS TIPEIISITCTBYIOT 00pa30BaHUIO OOJIBIIMX YACTHUII.
B mpourecce oxnaxkmeHMWsT CMECH TIPOMCXOIUT MHTEH-
CHUBHOE MICTTAapeHNE CBEPXTEKYUETO TeNMS, UYTO TTOHIDKA-
€T YpOBEHB TeJivsl B amITysie. Ecim ypoBeHb remst OymeT
HIDKE HIDKHETO KOHIIA TPYOKM KOHACHCAITNH, TIPOIIECC
KOHIIEHCAIINHN TIpeKpamaercs. st mommepkaHus T10-
CTOSTHHOTO YPOBHSI CBEPXTEKYIETO IeJIvs B AMITYJIC BEIIIIC
KOHIIA TPYOKM KOHAEHCAIIUM HaMU NMPUMEHEH KprOHa-
coc (6). [IpuHLMT paGOTHI KPHOHACOCA OCHOBAH Ha CII0-
COOHOCTH CBEpPXTeKydUeid KOMITOHEHTHI IIPOTEKATh Yepe3
MaJtble 3a30pbl MEXITY YaCTUIIAMU MEJIKOTO roporika (13),
B TO BpeMsI KaK HOpMaJIbHasl KOMIIOHEHTA TeJIns (TI0cyie
HarpeBa HarpeBatesieM (14) B BepXHeli yacTh KpoHacoca
M TIepeXo/Ia CBEPXTeKyJeli KOMITOHEHTHI B HOPMAJTBHYIO)
nMeeT OOJBIIIOe TUAPABIMIECKOE COITPOTUBIICHUE TP
IBIDKCHUHN Yepe3 Topoinok. M3-3a Bo3pociiero gasie-
HUS B KPUOHACOCE CBEPXTCKYINI TeIUI TTOMHUMAETCS
BBEPX 110 TPYOKe MomIrBa (8), 9TO IMO3BOJISIET ITOIINBATh
TeJIUiA B aMITyJTy (4) HeCMOTpSI Ha TO, YTO YPOBEHB T'eJIHSI
B KprocTare (11) MoXeT OBITh CYIIICCTBEHHO HIDKE, YeM
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Puc. 5. YeTpoiicTBo 1151 mOTydeHNsi HAHOYACTHUI]

U3 MATEPUAJIOB, CYIIECTBYIOINX MPH KOMHATHOI
TeMIepaType B Bi/e ra30B U MAPOB KUIKOCTeEI:

1 — reaueBbIit KpUOCTAT C BAKYYMHOI M30JISILIUEH,
2 — OKHa, 3 — TpyOKa KOHJIeHCcalnu, 4 — aMITyJia
cOopa HAHOYACTHULI, 5 — LITaHra, 6 — KPMOHACOC,
7 — TpyOKa moInBa, 8 — IMOTOK IIPUMECh-TEINEBOI
cMecH, 9 — CKOHIEHCUPOBAaHHBIC HAHOYACTHIIHI,
10 — ypoBeHb renusd B ammyie, 11 — ypoBeHb
TeJInsT B KprocTare, 12 — IMOTOK ITOUTMBaeMOTO
CBEPXTEKyYero reius, 13 — MeIKuit TopoIIIoK,

14 — HarpeBarteiib

B ammyite (10). [IpmMeHeHMe TaKOTo IIPUCTIOCOOICHUS,
KaK KPMOHAHCOC, YBEIMYMBAET BpeMsI HAKOIUIEHUS Ha-
HOYACTULL ¥ YBEJIMYMBACT BBIXOJ TOTOBOTO IIPOAYKTA.

CoopHOe ycTpOiCTBO ¥ MPOU3BOACTBEHHAS CHCTEMA
(RU 2755803 C1)

I'pynmna mn3o0bpeTeHUin OTHOCUTCS K COOpPHOMY
YCTPOMCTBY U TIPOU3BOJACTBEHHOUN cucTeMe JJIsl MOy~
YeHHs MaTeprala yIiaepoaIHbIX HaHOTpyOoK. CoopHOE
YCTPOMCTBO 1711 cOOpa IJIEHOK YIJAepOAHbIX HAHOTPY-
0OK WJIM BOJIOKOH YTJIEPOAHBIX HAHOTPYOOK COAEPKUT
MpeaBapUTEIbHBIN PeryJIMPOBOYHbIN MEXaHWU3M JIJISI pe-
TYJMPOBAHMSI OPUEHTALIMU, TTIO MEHbBILENH Mepe, OMHOTO
My4yKa arperaTtoB yIJIepOIHbIX HAHOTPYOOK, HAMOTOYHBI
MEeXaHM3M JUIs HAMOTKU 1 cOOpa arperaToB YIJIEPOAHBIX
HaHOTPYOOK, BBITATMBAEMbIX U3 MPEIBAPUTEIHLHOTO pe-
rynupoBouHoro Mexanusma [10]. TTpu sTom nipeaBapu-
TeJIbHBII PeryJnupoBOYHBIA MEXaHU3M COIEPXKUT Mep-
BbI MpeaBapyUTEIbHbBIN PETYIUPOBOYHBIN CyOMeXaHU3M
1 BTOPOW TTpeIBApUTEIbHBIN PETYJIMPOBOYHBIN CyOMeXa-
HU3M, COACPKAIINIA, TI0 MEHBIIEH Mepe, TPETUI KOJIeC-
HBI 2JIEMEHT JJIS1 BBITSITUBAHUSI arperaTtoB YIJIEPOAHBIX
HaHOTPYOOK. TpeTuil KoJaeCHbIN 3J1€MEHT BbIITOJHEH
C BO3MOXXHOCTBIO BpallleHUsI U OKPYXKEH MHOXKECTBOM
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TIePBBIX KOJIBIEBBIX BRICTYIIOB, IIPUCYTCTBYIOIINX Ha HEM
IUTS PETYJIMPOBAaHMS OPMEHTAIINH arperaToB YIJIEPOIHBIX
HaHOTPYOOK. [TepBBIil KOTBIIEBOI BHICTYIT MMEECT -
PUHY, COCTABJISIONIYIO He 0osee 4yeM 10 MKM, TIprdeM
COCEIHUE TIePBHIC KOIBIIEBBIC BEICTYITHI OTACICHBI IPYT
OT ApyTa IMPOMEXKYTKaMM, COCTABISTIOIINMHA He Oolree
geM 100 mxm. [TpousBomcTBeHHAST CCTEMA TSI TIOJTY -
YeHMS MaTepyaia INICHKU YIJIEPOTHBIX HAHOTPYOOK MJTN
MaTepualia BOJIOKHA YIJIEpOIHBIX HAHOTPYOOK COMEPIKUAT
CHHTE3UPYIOIIEe YCTPOMCTBO IS (hIOTAIIMOHHOTO Ka-
TaJIUTAYECKOTO CMHTE3a arperaToB yIJIEpOTHBIX HAHO-
TPYOOK, comepKaliee peakKTop, MMEIOIINIA, TT0 MEHBIIIEH
Mepe, OIHY BbIPALIMBAIOLIYIO TPYOy, U BbILIEyKa3aHHOE
cOOpHOE YCTPOICTBO, PACIIONIOKEHHOE Ha CTOPOHE BBI-
IyCKHOTO KOHIIA CHHTE3UPYIOIIIETO YCTPOICTBA TSI COO-
pa arperaToB YIJIepOIHBIX HAHOTPYOOK, TTPON3BEICHHBIX
CHHTE3UPYIOIINM ycTpoiicTBoM. I'pyrima n3o0peTeHIIA
obecIieuBacT BO3MOXHOCTD PETyJIMPOBAHMST MEXaHU-
YeCKUX, JIEKTPUICCKNX U TEPMUICCKIX CBOMCTB CO-
OpaHHBIX MaTePHUAJIOB YIJIEPOTHBIX HAHOTPYOOK.

Taxouce npe()cmawuuom unmepec dasn cneuuaaucmoes
cztet)ymmue u306pememm 6 00aacmu HAHOMEXHOA02UTL:

«  Croco0 mosydeHrst KOMIIO3UIIMOHHOTO MaTepuaia ¢ Opu-
€HTHUPOBAHHBIMU YIJIEPOAHBIMU HaHOTpYOKamu [11].

»  Croco0 M3roToBIeHUS TTOISIPU3AIITOHHO-IyBCTBUTETHHOMN
HaHOKOMITO3UTHOM TJICHKKM Ha OCHOBE ceJIeHraa Meau [12].

«  Crnoco0 U3roToBIeHUST MHINKATOPHBIX MUKPOKATICYJT C IC-
TIOJTb30BaHNEM MAarHUTHBIX 1 TUTA3MOHHBIX HaHodacTull [ 13].

o XMMUYECKUE COCAMHEHUS TS TOKPHITUSI HAHOCTPYKTYD [14].

o Marepuainsl ¢ $Ha30BBIM TIEPEXOIOM IIJIST CTPOUTETHCTBRA:
0030p HAaHO- U MUKpOKaricyaupoBaHus [15].

« Cmocob monmyueHust aHTUGPUKIITMOHHOTO TTOJTUMEPHOTO
kommo3ura [16].

o DIEKTPOXUMUYECKUI CITOCOO TMOIyuYeHUs] HAHOBOJIOKOH
MeTajuinueckoit meau [17].

«  Crnoco0 moyueHust TepMOIIIIACTUIHOTO HETKAHOTO MaTe-
puajia Ha OCHOBE MUKPO- 1 HAHOBOJIOKOH M3 apoMaTuie-
CKUX O3 GUpuMuIos [18].

CIIMCOK NUCTOYHUKOB

«  Crocob ompeneeHusT TOJOXEHUS TTOTUITUIICHOBOTO Ta-
301MPOBOJA Y MECT BOBMOXKHBIX HECAHKIIMOHUPOBAHHBIX
Bpe3oK [19].

o KoMImo3utiyst U1t TOKPBITHSI METATMIECKUX n3menuii [20].

« Cmoco6 mepeHoca rpadeHa Ha TTOJIMMEPHYIO TTOTIOXKY
[21].

«  Crroco6 mosydeHust TUPOYTAEPOIHBIX TOKPBITUI U3 TTPO-
WU3BOIHBIX TyaHUIWHA [22].

o YyBCTBUTETHHBIN JIEMEHT JTIOMUHECIIEHTHOTO CEHCcopa
U CIToco6 ero mosrydeHus [23].

«  DKcIepuMeHTaTbHasI OlleHKa IIEeMEHTHOTO pacTBOpa C MC-
TTOJIb30BaHUEM HAHOOKCUIHBIX COeTMHEHMIT [24].

«  Crocob ompenenieHUsT TeMITepaTyphbl TOPEHUS peaKIIMOH-
HBIX MHOTOCJTIOWHBIX HAHOTUIEHOK ¢ 3(hdekToM camopac-
TIPOCTPAHSIONIETOCS BBICOKOTEMITEpaTypHOTO CHTe3a [25].

« Crnocob crHTe3a aHTUTIATOTEHHOTO YTJIEPOI-CePeOPSTHOTO
HaHOCTPYKTYpPUPOBAHHOTO Mopoiika [26].

«  Cnoco0 co3maHust CyCTIeH3UM Ha OCHOBE J€TOHAIIMOHHOTO
HaHoanMa3sa [27].

«  Crnoco0 momydeHus MOTUMUIIMPOBAHHOTO JIUTHOCYIb(HO-
HATHOTO peareHTa jist 00paboTKK OypoBOro pacTtBopa [28].

o Opomonus GOTORTEKTPUIECKON TEXHOIOTUY OT TPalu-
LIMOHHBIX 10 HAHOMAaTepuaios [29].

« Cnocob nojyyeH1sI HaHOITOPOIIIKa Kapouaa xkenesa [30].

«  Crocob moydeHusI ONTUYECKOTO MOJTYITPOBOIHUKOBOTO
MaTepurasia Ha OCHOBE HAHOIMCIIEPCHOTO OKCHIA KaJIMUsI,
TOMTUPOBAHHOTO JIuTHEeM [31].

3AK/IIOYEHUE

OnHa M3 aKTyaIbHBIX 3aJdad 9KOHOMUKU JII000it
CTpaHBI — MTOBBIIICHE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIJICHHOCTH 33 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHnsI. M1 B TOM HarpaBJIeHUH TJIaBHBIM OOBEKTOM
BHUMAaHMSI CO CTOPOHBI TOCYIAapCTBa U KOMITAaHUIA CTa-
HOBSITCSI JIIOIM WJIU TIPEATIPUSITHSI, Ibsl OCHOBHAsI paboTa
CBsI3aHA C M300peTeHNEM U BHEAPEHUEM HOBBIX TEXHO-
soruii. [ToaToMy HameeMcsI, YTO MyOIMKyeMast B JaHHOM
pyOpuke nHdbopmanus 0yaeT BOCTpeOOBAaHHOM U TTO-
JIE3HOM TSI CTICLIMAIMCTOB.
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ABSTRACT: Introduction. The increase in production volumes and the expansion of the scope of application of polyvinyl chloride
(PVC) compounds contributes to the development of new additives and the attraction of new sources of raw materials for their
production. The most important additives necessary for processing PVC are plasticizers. Plasticizers market is one of the largest seg-
ments of the global additives market. Since plasticizers are the most simple, cheap and affordable way to modify various properties
of the polymeric compositions, their role in processing polymeric materials has recently increased significantly. In application the
ester plasticizers, capable to plasticize almost all polymers, especially polyvinylchloride are considered as the most practical. Cur-
rently, the industry has mastered production of more than three hundred brands of plasticizers, most of which are esters of phthalic
acid. Traditional phthalate plasticizers are the most widely used all over the world. Materials and methods. The paper describes
the esterification reactions of phthalic anhydride with oxyethylated (degree of oxyethylation 1.2) and oxypropylated (degree of
oxypropelation 1.1) cresols. New symmetric and asymmetric phthalate plasticizers were obtained - dikresoxycresylphthalate,
butoxyethylcreoxyethylphthalate, cresylcresoxyethylphthalate and cresylcresoxypropylphthalate, optimum conditions for their
preparationare picked up, studied their physical and chemical properties. The obtained experimental data were used to identify
promising new phthalate-type plasticizers by the method of cluster analysis. Cluster analysis is the most effective method for solv-
ing this problem, because it is intended for combining some samples into classes (clusters) in such a way that the most similar in
properties fall into one cluster, but at the same time the samples of different clusters differ as much as possible from each other.
Clustering was carried out using the Statistica 10 program. Since at present the reference plasticizer is dioctylphthalate (DOP), the
test results of the samples were compared with those of PVC compositions containing DOP. Results and discussions. According
to the data obtained, it was found that butoxyethylcreoxyethyl phthalate has the best characteristics in terms of plasticizing ability.
The influence of the selected plasticizer on the technological characteristics of PVC-compounds has been studied. The efficiency of
the synthesized butoxyethylcreoxyethylphthalate in the PVC composition was evaluated by the indicator (index) of melt flow rate
(MFR) and by the indicators of “thermal stability” and “color stability”. Conclusion. Use of the developed additive contributes to the
production of PVC compounds with improved rheological characteristics, increased heat resistance and color stability.

KEYWORDS: cluster analysis, cresol, mathematical expectation, PVC plasticizer, distribution density, melt flow rate, data standard-
ization, thermal stability, oxyalkylated cresol phthalates, color stability.
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INTRODUCTION

Materials based on polyvinyl chloride are widely used
in practice. This is due to its ability to modify prop-
erties due to the introduction during processing of special
additives for various functional purposes — plasticizers,
fillers, lubricants, heat stabilizers, flame retardants, an-
tioxidants, dyes, etc. [1-7].

Plasticizers constitute the bulk of PVC compositions,
which are introduced to regulate the physicomechanical

and rheological properties of polymer compounds. The
correct choice of the plasticizer-polymer system facili-
tates the processing of the latter and improves many other
performance properties of soft products. The total annual
production of plasticizers in Russia is 4.5% of the world
level. More than 70 percent of plasticizers consumed in
Russia are phthalate plasticizers [8—15]. However, despite
the large number of compounds used as plasticizers, there
is a growth trend in their industrial use, and the increas-
ing requirements for plastic compounds stimulate the
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development of research in the field of synthesis and the
use of new functional additives that meet the increased
requirements of PVC materials consumers.

This work presents the results of studies of synthesis
methods and some properties of symmetric and asym-
metric phthalates of oxyalkylated cresols, a cluster analysis
of the experimental data obtained in order to identify
samples with high physicochemical parameters, and also
investigates the effect of plasticizers on the thermal sta-
bility, color stability of the polymer and the manufactur-
ability of PVC compounds.

MATERIALS AND METHODS

At the first stage, oxyalkylated cresols were obtained
and analyzed by the interaction of cresol and ethylene
oxide (propylene) at a molar ratio of reagents of 1:1.2 and
1:1.1, respectively, according to the following scheme:

Ry R,

R,O0H + n CH-CH; —= Ry(CH-CH)nOH ,
1 I
1-2)

where R, = H, R, = C.H,CH, — compound 1;
R, =CH,, R,=CH,CH, — compound 2.

The process of oxyalkylation of alcohols is studied
well [16—18]. The reaction is carried out at 110—180°C,
passing gasecous ethylene (propylene) oxide through the
reaction mass. The ethylene (propylene) oxide feed rate
is controlled so that unreacted oxide condenses in the
reflux condenser and flows back into the reactor without
flooding. Sodium hydroxide is mainly used as a catalyst
[19]. The yield of oxyalkylated cresols is quantitative.

The characteristics of the obtained compounds are
shown in Table 1.

At the second stage, symmetric and asymmetric
phthalates of oxyalkylated cresols were obtained. The
yield of target products is more than 90%. The general
scheme of obtaining are shown in Fig. 1.

The synthesis of dikresoxycresyl phthalate was carried
out by esterification of phthalic anhydride with oxyeth-
ylated cresols in an isothermal mode using p-toluene-
sulfonic acid (PTSA) as a catalyst. Phthalic anhydride
in an amount of 1 mol and oxyethylated cresols in an
amount of 2.2 mol were loaded into a reactor equipped
with a stirrer, a thermometer and a Dean-Stark trap.
The amount of PTSA during the experiment remained
constant and amounted to 1% (wt. from the load). To
remove the formed water, a xylene solvent with a volume
of 200 ml was used. After cooling, the esterificates were
washed in a separating funnel with 5% alkali solution and
warm distilled water, dried over freshly calcined sodium
sulfate, and the solvent was distilled off.

R,

Ry(CH-CH,)nOH+

I

where R, = H, R,= CH,CH,,
R,=(CH,CH,0)nCH,CH, — compound 3;
R,=H,R,=CH,CH,,

R,= CH,CH,0C H, — compound 4,

R, =H,R,=CH,CH,,

R,=CH,CH, — compound 5,

R =CH,, R,=CH,CH,,

R, = C,H,CH, — compound 6.

R,
COO(CH;J:HO)n R,
g
COOR,
3)
R,
COO(CH;&HO)n R,
/ +ROH
| -H,0
S
COOH
Ry
COO(CH;CHO)R;
S
COOR,
(4-0)

Fig. 1. The general scheme for obtaining phthalates of oxyalkylated cresols
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Table 1
Physical and chemical properties of oxyalkylated cresols

v

Ne of compound

Indicators

1

2

Density, d*,

0.9471-1.0767

0.9262—1.0558

Refractive index, n*

1.5319—1.5347

1.5308—1.5313

Ester number, mgKOH/g 679—689 644—-647
Molecular weight, found 163—165 173—174
Molecular weight, calculated 162 172
Butoxyethylcresoxyethylphthalate, cresylcresoxyeth- Table 2
yiphthalate and cresyl cresoxypropylphthalate were ob- ~ Names and numbers of compounds
tained by two-stage esterification of phthalic anhydride
in one reaction volume. Phthalic anhydride and oxy- Compound No. Compound name
ethylated (oxypropylated) cresols at an equimolar ratio 3 Dicresoxycresylphthalate
of tl.le startipg reagents 1:1 were loaded into a reactor 4 Butoxyethylcreoxyethylphthalate
equipped with a stirrer, a the.rmometer, and a Dean- 5 Cresylcreoxyethylphthalate
Stark trap, and the corresponding monoesters were syn-
thesized in the presence of PTSA at 110—140°C. The 6 Cresylcresoxypropyl phthalate

depth of esterification was controlled by the amount
of released water and the acid number of esterificates.
Without isolating monoesters, pre-esterification was car-
ried out with a 50% excess of the corresponding alcohol
(butyl cellosolve or cresol) at the boiling point of the
reaction mixture in the presence of PTSA, the amount
of which during the experiment remained constant and
amounted to 1% (wt. from the load). To remove the
formed water, a xylene solvent with a volume of 200 ml
was used. After cooling, the esterificates were washed
in a separating funnel with 5% alkali solution and warm

distilled water, dried over freshly calcined sodium sul-
fate, and the solvent was distilled off.

The obtained phthalates of oxyalkylated alcohols are
transparent, oily, yellowish liquids. The names of the
compounds are given in Table 2.

The characteristics of the synthesized compounds are
shown in Table 3.

Physicochemical indicators of the proposed plasticiz-
ers (Table 3) were analyzed according to GOST 8728-88
“Plasticizers. Technical conditions”.

Table 3
Physicochemical properties of symmetric and asymmetric phthalates of oxyalkylated alcohols
Compound No.
Indicators DOP*
3 4 5 6
Density, d*, 1.1267—1.1310 | 1.1105—1.1192 | 1.1077—1.1117 | 1.0812—1.0884 | 0.9750
Refractive index, n* 1.5156—1.5185 | 1.5318—1.5334 | 1.5246—1.5272 | 1.3098—1.3181 | 1.4871
Acid number, mgKOH/g 0.32—0.46 0.28—0.45 0.25-0.38 0.37—0.50 0.1
Ester number, mgKOH/g 247248 272274 279-281 273-275 287
Molecular weight, found 451454 409—412 399—-402 407-410 397
Molecular weight, calculated 452 410 399 404 390
Mass fraction of volatile
substances (100°C, 6 hours), % 0.08—0.27 0.10-0.15 0.05-0.30 0.09-0.34 0.10
* DOP — industrial plasticizer dioctylphthalate
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RESULTS AND DISCUSSIONS

Comparison of density and refractive index — the most
important characteristics necessary for the recognition
of ester plasticizers [12], (Table 3) in oxyethylated and
oxypropylated phthalates showed that these parameters
are slightly higher for oxyethylated phthalate. This is ap-
parently due to the presence of a side methyl group in
the alcohol part of the ether. In the presence of aromatic
radicals in the ester molecule, their density is higher and
the refractive index is lower than in the case of alkyl radi-
cals in the ester of the same acid. Therefore, a mixed ether
containing both alkyl and aryl radicals also has a tendency
to a decrease in density and an increase in refractive index
compared to an ether of symmetric structure containing
two aromatic radicals, which is explained by the difference
in their structure of alcohol radicals.

At the next stage, it was decided to pay special atten-
tion to the clustering of ester plasticizers and the identi-
fication of those that have optimal characteristics that are
not inferior to industrial plasticizers.

Cluster analysis [20], which is widely used in the study
and grouping of experimental data according to their simi-
larity, was chosen as a research method.

The first stage in processing the results obtained (Ta-
ble 3) is their standardization [21]. The physicochemical
properties of the plasticizer (X) take on values belonging
to a certain interval of finite length, characterized by the
fact that the probability density in this interval is almost
everywhere constant (Fig. 2).

I.e. it can be argued that the random variables X have
a continuous uniform distribution. The mathematical
expectation of this distribution is determined by the
formula:

Table 4

1/x,—x,

L it .
o Y

P
P

—_
(¥

Fig. 2. Probability density of the physical and chemical
properties of the plasticizer

X= 0,4 x)/2

where X — expected value; x,, — interval start; x,, —
interval end (Table 4).

The standardization of the numerical characteristics
in Table 4 was carried out by the minimax method.

At the second stage of processing the experimentally
obtained results, cluster analysis was applied. Cluster
analysis is most effective for solving this problem, be-
cause is intended for combining some samples into classes
(clusters) in such a way that the most similar in properties
fall into one cluster, but at the same time the samples of
different clusters differ as much as possible from each
other. Clustering was carried out using the Statistica 10
program; the results are shown in Fig. 3.

Calculated mathematical expectations of the physicochemical properties of symmetric and asymmetric phthalates

of oxyalkylated alcohols

Compound No.
Indicators DOP
3 4 5 6
Density, d*, 1.0718 1.1149 1.1097 1.0848 0.9750
Refractive index, n* 1.5171 1.5326 1.5259 1.3140 1.4871
Ester number, mgKOH /g 248 273 280 274 287
Molecular weight, found 453 411 401 409 397
Molecular weight, calculated 452 410 399 404 390
?ﬁﬁ:ﬁ;ﬁ?s“(’?o‘(’)fé‘?lgt}‘lfurS)’ o 0.18 0.13 0.18 0.22 0.10
Acid number, mgKOH/g 0.39 0.37 0.32 0.44 0.10
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Fig. 3. Dendrogram of clustering experimental data

According to the results of the analysis of the dendro-
gram [22], it can be argued that two main clusters have
been formed (Table 5).

The study of the numerical characteristics of the
properties of symmetric and asymmetric phthalates of
oxyalkylated alcohols showed that samples 3, 5, 6 belong
to cluster M, and sample 4 and the industrial plasticizer
DOP belong to cluster N. This suggests that sample 4
is comparable in properties with industrial DOP plas-
ticizer.

Table 5
Results of cluster analysis of samples by the complete
connection method

In order to study the effect of plasticizers on the
properties of the polymer composition, we obtained
PVC compounds (Table 6). The study of the plasticiz-
ing effect was carried out in comparison with a model
PVC composition containing an industrial plasticizer —
dioctylphthalate.

The efficiency of the synthesized butoxyethyl-
creoxyethylphthalate in the PVC composition was
evaluated by the indicator (index) of melt flow rate
(MFR) and by the indicators of “thermal stability”
and “color stability” (Table 7). The above indicators,
determined, respectively, according to GOST 11645-
73 and visually by the time before the appearance of
the film coloration during thermal exposure (180°C),
are key parameters that largely determine the manu-

a Cluster members / facturability of PVC compositions and the choice of
uster name sample number processing conditions for the polymer composition.
N DOP. 4 In addition, MFR can be used to control the quality
- of raw materials (components) of a polymer composi-
M 3,5,6 tion, and thermal stability allows assessing not only the
Table 6
Composition of PVC compositions formulations
.. Composition
Composition, pts. wt. =
model experimental
PVC 100 100
Dioctylphthalate 80
Butoxyethylcreoxyethylphthalate 80
Heat stabiliser 3 3
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Table 7
Indicators of formulations of PVC compositions

Indicators
Composition MFR T = 170°C, Thermal stability time, O
P = 16,6 kef, g/10 min min, 175°C Color stability, min, 180°C
Model 7.9 170 52
Experimental 8.2 243 58

manufacturability of PVC compositions, but also the
quality of mixing, as well as calculating the optimal
parameters of the manufacturing process and guaran-
teeing quality products [23—28].

From the experimental results it follows that the
proposed plasticizer, to a greater extent than DOP, in-
creases the thermal and color stability and fluidity of the
PVC-composition melt and reduces the temperature of
its manufacturing.

CONCLUSION:

— new symmetric and asymmetric phthalate plasticizers
were obtained — dikresoxycresylphthalate, butoxyeth-
ylcreoxyethylphthalate, cresylcresoxyethylphthalate
and cresylcresoxypropylphthalate, and their physico-
chemical properties were studied;
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PA3PABOTKA HOBbIX IMOJIMMEPHbIX MATEPUAJIOB
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MonyuyeHne HOBbIX ¢pTanaTHbIX NNACTUPNKATOPOB

lynua KapamosHa AmunHoBa, Anb6uHa PaputosBHa Mackosa* (o), lynbHapa YnbdaToBHa ApmyxamertoBa (2,
Hartanua BopucosHa lNapeesa (°), Anua KapamoBHa MasutoBa

YUMCKII rocyfapCTBEHHbIN HePTAHOW TEXHUYECKNI YyHUBepcUTeT, Yda, Pecnybnuka bawkopTtocTaH, Poccus

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

AHHOTALIUA: BBepeHune. YBennueHre 06beMOB NPOMN3BOACTBA U pacluvpeHvie chep NpUMeHeHra NOANBUHUAXNOPUAHbIX (MBX)
MaacTMKaToB CNOCO6CTBYET pa3paboTKe HOBbIX AO6ABOK U MPUBNEYEHNIO HOBbIX MICTOUYHWKOB Cbipbs Afs UX Npou3BoacTaa. Hanbonee
BaXkHbIMU fO6aBKaMu, HeobxoavmbiMu Ans nepepaboTku MNBX, senatoTca nnactuoukaTopbl. PbIHOK nnacTndurKaTtopos cocTaBnseT
OAVH 13 KPYMHENLLNX CEFMEHTOB M1POBOr0 pblHKa A06aBOK. BNAACh Hanbosiee NPOCTbIM, AELIEBLIM 1 AOCTYMHbIM CNOCO60M
MOANPUKALMUN Pa3NNYHbIX CBONCTB NOSIMMEPHbBIX KOMMNO3MLMIA, MNacTduKaTopbl 4nA 06paboTKy NOIMMEPHbIX MaTepranos B No-
CrefHee Bpema CTanum urpatb 6osee CyLecTBEHHY posib. Hanbonee npakTUUHbIMU B MPUMEHEHNN CUUTAIOTCA CITOXKHOIGUPHbIE
nnacTMPrKaTopbl, CNOCO6HbIE NNACTUPMLMPOBATL NMOYTM BCE MOIUMEPDI, 0COOGEHHO NONMBUHUNXIOPUA. B HacToALLee Bpema npo-
MbILLUIEHHOCTb OCBOWSIA BbIMYCK O0JIee TPEXCOT MapOoK NnacTMprKaTopoB, 60MbLLYI0 YaCTb KOTOPbIX COCTABAT 3GUpPbI hTanesom
Kucnotbl. TpaanLmoHHble, dTanatHble nnacTudukaTopbl Hanbonee WHPOKO NCMONb3yTCA BO BceM Mupe. MeToAbl 1 MaTepuanbl.
B paboTe onvcaHbl peakuun sTepudrkaumm ¢pTaneBoro aHrMapraa OKCUITUANPOBAHHbBIM (CTENEHb OKCUITUANPOBaHUA 1,2) 1 OK-
CUNPONUANPOBaHHBIM (CTeneHb okcunponuanpoBaHna 1,1) Kpesonamu. MonyyeHbl HOBble CUMMETPUYHbIE U HECMMETPUYHbIe
¢dTanaTHble NnacTUdUKaTopbl — ANKPE30KCMKpe3undTanat, 6y TOKCUITUNKPE30KCU3TUNdTaNaT, Kpe3nnKpesoKCnaTundTanat u kpe-
3unKpesokcunponundTanat, NogobpaHbl ONTUMabHbIE YCIOBUA VX MOSTyYEHUA, MCCNefoBaHbl UX GU3MKO-XMMIMYECKNe CBONCTBA.
MonyueHHble aKCnepuUMeHTasibHble AaHHbIE NCMOMIb30BaHbI /15 BblABEHNUA NePCNeKTUBHbIX HOBbIX MacTnduKaToB GptanaTHoro
TMNa METOAOM KJIaCTePHOro aHanu3a. KnactepHblil aHanvs ans pelleHna JaHHOW 3aaumn Hanbornee sbdeKTrBeH, T.K. NpefHa3Ha-
yeH Ana obbefuHeHNA HeKoTopbix 06pa3LoB B KNacchl (KnacTepbl) Taknm o6pa3om, UTobbl B OAUH KacTep nonanu MakcmMasnbHO
CXOXKe Mo CBOWCTBaM, HO Mpu 3ToM 06pa3Libl pPa3HbIX K1acTePOB MakCMManbHO OTIMYanuCh Apyr oT apyra. Knactepusauma npo-
BefieHa B nporpamme Statistica 10. [ockonbKy B HacTosALLee BpeMs 3TaIOHHbIM NnacTudrkatopom aenaetca guoktundrtanat (JOOD),
pe3ynbTaTbl UCMbITaHWI 06Pa3LOB CPaBHEHbI C Nokasatenamu MBX-nnacTrkaTos, copgepxawmux JOO. PesynbTaTtbl n 06cyxae-
Hue. 1o nonyyYeHHbIM JaHHbIM YCTAHOBJIEHO, UTO BYTOKCMITUIIKPE30KCU3TUNdTaNaT obnagaeT HauyULWMN XapaKTepucTukamm
no nnactuouympyoLen cnocobHocTn. M3yyeHo BnraHMe BblgeeHHOro nnactudrKaTopa Ha TEXHONOMMUYEeCKNe XapaKTepucTnky
MBX-komno3unumin. 3dPeKTMBHOCTb CUHTE3UPOBAHHOIO By TOKCUITUNKPe3oKcnaTundTanata B NBX-komno3uumm oueHeHa no no-
KasaTesnto (MHaeKcy) Tekyyectun pacnnasa (MTP) 1 no nokasaTtenam «TepmMoCcTabnnbHOCTb» 1 «LBETOCTabUNbHOCTLY. 3aKnloYeHne.
Mcnonb3oBaHune pa3paboTaHHOM fo6aBKM cnocobcTyeT nonyyeHuto MNBX-KoMmnayHA0B C yyyLleHHbIMY PEOSTOTMYECKUMM XapaK-
TePUCTNKaMK, MOBbILLEHHON TEPMOCTONKOCTbIO U LIBETOCTONKOCTbIO.

KMKOYEBBIE CJTOBA: KnacTepHbIii aHanun3, Kpe3oJ, MaTEMAaTUYECKOEe OXMAAHWUE, NNAcTUPUKATOP NONUBUHUAXIOPWAA, MIOTHOCTb
pacnpepeneHuns, NokasaTtesb TeKyyecTy pacniaBa, CTaHAapTU3aumna AaHHbIX, TEPMOCTabubHOCTb, GTanaTbl OKCUANKUANPOBAHHbIX
Kpe30/0B, LiBETOCTabUNbHOCTb.

ANA ULUTUPOBAHUA: AmnHosa K., Mackosa A.P, ipmyxameToBa IY., lapeesa H.b., Ma3utosa A.K. MonyyeHne HOBbIX GpTanaTHbIX
nnactudukatopos // HaHoTexHonorum B ctpontenbcte. 2021. T. 13, N2 6. C. 379-385. https://doi.org/10.15828/2075-8545-2021-
13-6-379-385.

BBEJIEHUE BOK Pa3IMYHOTO (PYHKIIMOHAIEHOTO HA3HAYCHUS — TUIa-
CcTU(DUKATOPOB, HATIOJTHUTEIICH, CMa30K, TePMOCTAOMITH -
aTepraIbl Ha OCHOBE MMOJIMBUHIIXJIOPHIA HAXOMAT  3aTOPOB, aHTUIIMPEHOB, aHTUOKCUIAHTOB, KpaCUTEICH

IIMPOKOE MTPAaKTUUECKOoe TTpUMeHeHe. DTo 00y- ur.a. [1-7].
CJIOBJICHO CITOCOOHOCTBIO €TI0 K MOIM(DUKAIINN CBOMCTB IMnacTrUKATOPE COCTABISIOT OCHOBHYIO YacTh
3a CYeT BBEICHMS ITPU TIepepaboTKe CIeIIUaIbHBIX 100a- I[IBX-KoMIT03UIIii, KOTOPBIC BBOIST IS PETYIMPOBa-
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HUS (PUBUKO-MEXaHUUECKUX U PEOJIOTMYECKHUX CBOMCTB
MOJIMMEPHBIX KOMITayHA0B. [TpaBuIbHBI BEIOOP cUCTe-
MBI TUIaCTU(UKATOP-IOAUMEP 00JIeTyaeT nepepadoTKy
MOCJEIHEro U yJIydlllaeT MHOTHE IPYyTUe SKCILTyaTalu-
OHHBIE CBOMCTBA MATKUX M3nenii. OOIINIA TOI0BOMI
00beM ITPOM3BOICTBA TUTACTU(PUKATOPOB B Poccuu co-
crapiseT 4,5% ot mupoBoro ypoBHsi. bosee 70 mpo-
LHEHTOB TTOTpebIIsieMbIX B Poccnu tracTdmukaTtopon
TIPUXOINTCS Ha (prajlaTHBIE TIacTudUKaTopsl [8—15].
OnmHako, HECMOTPS Ha OOJIBIIIOC KOJIMICCTBO COCIM -
HEHU, UCTOJIb3YEMBIX B KaU€CTBE IIACTU(HUKATOPOB,
HabJogaeTcsl AMHaAMUKa pocTa UX MPOMBILLIEHHOTO
MpUMEHEHHUs, K TOMY K€ Bo3pacTaloline TpeboBaHUsI
K TJIaCTUKAaTaM CTUMYJIMPYIOT pa3BUTHE UCCIIETOBAHU
B 00JIaCTU CMHTE3a U UCIMOJIb30BAaHME HOBBIX (DYHKIIM-
OHAJIbHBIX 100AaBOK, YIOBJIETBOPSIIOLINX MOBBILIEHHBIM
TpeboBaHusM notpeduteneii [1BX-marepuanos.

B nanHoit pabote npuBeaeHbI pe3yabTaThl UCCIEI0-
BaHUI1 METOOB CUHTE3a U HEKOTOPBIX CBOMCTB CUMMeE-
TPUYHBIX 1 HECUMMETPUYHBIX (PTAaTaTOB OKCUATKWUIM -
POBaHHBIX KPE30JIOB, MPOBEACH KJIACTEPHbIM aHaIN3
MOJYYEHHBIX DKCIEPUMEHTAIbHBIX JAHHBIX C 1LIEJIbIO
BBISIBJIEHUSI 00pa3110B ¢ BBICOKUMU (PUBUKO-XUMUYE-
CKMMM TT0Ka3aTeJIsIMU, a TAKXKe UCCIIETOBAHO BIUSHUE
m1acTU(UKATOPOB Ha TEPMOCTAOMUJIBHOCTD, 1IBETOCTA-
OMJIBHOCTD TMOJMMEpa U TEXHOJIOTUYHOCTD MOJyYEeHUS
I1BX-komnayHao0B.

METO/bI 1 MATEPHAJIBI

Ha nepBom 3Tarie OBLIM TTOIyYeHBI U aHAJTM3UPOBa-
HBI OKCUATKIIMPOBAaHHBIC KPE30JIBl B3aMMOICCTBIEM
Kpe3oJ1a 1 OKCHUIa 3TUjIeHa (TIPOTMjIeHa) TP MOJTEHOM
cooTHomeHn peareHToB 1:1,2 1 1:1,1 cOOTBETCTBEHHO
IO CXEMe:

R, R,

R,O0H +nCH-CH, —= R,(CH-CH,)nOH ,
1 N
(1-2)

e R, =H, R, = C6H4CH3 — coenuHeHue 1;
R, =CH,, R,= CH,CH, — coenunenue 2.

[Ipouecc OKCHATKUIUPOBAHUSI CIIUPTOB XOPOILIO
n3ydyeH [16—18]. Peakumio niposomar ripu 110—180°C,
MIPOIIyCKast Ta3000pa3Hblil OKCHI dTUIeHA (IIPOIMJIeHA)
yepes peakLMoHHYI0 Maccy. CKOpOCTh MOJAYM OKCH-
Ja 9TrieHa (IIPOMMIeHa) PeryIupyoT TaKUM 00pa3oM,
4yTOOBI HEe BCTYIMMBIINKA B PEaKLIMIO OKCUI KOHIEHCHU-
poBaJicsl B 00OpaTHOM XOJOAMILHUKE U CTEKaI 00paTHO
B peakTop 0e3 3axieObiBaHUs. B KauecTBe KaTaiu3aropa
B OCHOBHOM MCITOJIb3yeTCd TUAPOKCH I HATpus [19]. BoI-
XO[I OKCHAJIKWJIMPOBAHHBIX KPE30JI0B KOJIMYECTBEHHBIIA.

R,
coo(cngéﬂo)n R,
o] e |
R, 4 COOR,
\ 3)
R,(CH-CH;nOH+ o)
\({ / -HyO — —
Y n
COO(CH;J:HO}n R,
= + RSOH
~ | “H0
=
COCH
rme R, =H, R,=CH,CH,, =
R, = (CH,CH,0)nCH,CH, — coenuneHue 3; o -
1
R,~H R,~CHCH, COO(CH;CHO)R
R, = CH,CH,0OC H, — coemnnenue 4; (GHaCHOMn R
R, =H,R,=CHCH, “~ |
R,= CH,CH, — coenunenue 5; COOR,
R,=CH,, R, = CH,CH, “4—6)
R, = C,H,CH, — coenunenue 6

Puc. 1. O6mas cxema noiydenusi GranaToB OKCHAJIKIIMPOBAHHBIX KPe30JI0B
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Tabauuya 1

Du3nK0-XUMHYECKHE CBOMCTBA OKCHAJIKWIMPOBAHHBIX KPE30J10B

Ne coenuHenust

TToka3zarenn

2

[notHocTs, d*,

0,9471—1,0767

0,9262—1,0558

IMokazarens mpenomaenus, n*

1,5319—1,5347

1,5308—1,5313

DoupHoe uncio, mr KOH/r 679—689 644—647
ModnekynsipHast Macca, HaliZeHO 163—165 173—174
MonexynsipHasi Macca, BEIYMCIIEHO 172
XapakTepuCTUKHU TTOJYICHHBIX COCTUMHECHUN TIPU- Tabauya 2
BelIcHBI B Ta0I. 1. Haspanusi 1 HoMepa coeIuHeHHiA
Ha BTOpOM 3Tarie ObUIH TTOIYyIeHBI CHMMETPUIHBIC
U HECUMMETPUYHBIE (PTAIAThl OKCUAIKIIMPOBAHHBIX Ne coenunenns Hassanme coenunenns
Kpe30J10B. BeIxos 1eneBoIX TIpoayKToB — 6osee 90%. 3 Jukpe3okcukpesuwidranaT
Oo61m1as cxema MoJlydeHHUs IIpeacTaBiIcHa Ha puc. 1. 4 BYTOKCH3TUIKPE30KCHATUI(TATAT
CuHTE3 OTMKPEe30KCHKpe3mIdTanaTa oCyIecT-
o 5 Kpesunkpeszokcuatuindranat
BIISITN 3TepuduUKanneii GTajseBoro aHTuAPUIA OKCH-
STUJIMPOBAHHBIMU KpPe30JaMU B M30TEPMUYECKOM 6 Kpesuikpesokcunpornuidraiar

peXMMe ¢ MCITOJb30BaHMEM B KaUueCcTBE KaTajanu3aTopa
n-tonyosncyiabdokuciaoTsl (IITCK). B peakrop, cHab-
JKEHHBI MEIIAJIKON, TEpMOMETPOM U JIOBYLIKOI JnHa-
Crapka, 3arpyaiu hTajaeBbIif aHTUAPUI B KOJTUIESCTBE
1 MOJIb ¥ OKCUATHJIMPOBAHHBIC KPE30JIbI B KOJIMUECTBE
2,2 monb. KomuectBo IITCK B xome skcniepuMeHTa
0CTaBajIOCh IOCTOSIHHBIM U cOCTaBJIsLIo 1% (Mac. oT 3a-
rpy3ku). s ynaneHust oopasyrolieiicst Boabl TpUMeHsI -
JIM pacTBOPUTETH KCioll oobeMoM 200 M. Dtepudu-
KaThl TIOCJIC OXJIAXKICHMS IIPOMBIBAIN B ACIUTCIBHOMN
BOPOHKE 5 %-HbIM paCTBOPOM ILEJIOYM U TEIUIOW AUC-
TIWITMPOBAHHOM BOIOM, OCYIIIAIM HaJl CBEXKEITPOKAICH-
HBIM CYNIB(AaTOM HATPHUSI, PACTBOPUTEIIH OTTOHSIIIN.
ByToKcUaTHIKpe30KCHATUII(TAIAT, KPE3UIKpPe-
30KCUATUI(TAIAT U KPE3WIKPE30KCUIIPOTIIII(DTATIAT
MOJIyYau AByXCTaAuHON sTepudukanmneit hraaeBoro
AHTUAPUIA B OMHOM peaKIIMOHHOM o0beMe. B peakTop,
CHAOXXEHHBIN MEIIaJIKOW, TEPMOMETPOM U JIOBYIIIKOM
Jwuna-Crapka, 3arpykain (prajeBblii aHTUIPUI U OK-
CHSTIJINPOBAaHHBIC (OKCUTIPOIIMIMPOBAHHEIE) KPE30JIbI
TIPY SKBUMOJIIPHOM COOTHOIIIEHUH MCXOIHBIX pearcH-
TOB 1:1 ¥ CMUHTE3UPOBAIM COOTBETCTBYIOILINE MOHO3(U -
pol B ipucyretBuu [ITCK npu 110—140°C. I'myouny
aTepuPUKAINNT KOHTPOIMPOBAIN 10 KOJIUICCTBY BBI-
JETUBIIEICST BOIBI M KUCIIOTHOMY YHMCITY 3TeprU(PUKATOB.
He Boinensist MOoHO3(hUPHI, TPOBOAWIN 103TeprUPUKa-
o 50 %-HbIM U30BITKOM COOTBETCTBYIOLLIEIO CIIUPTA
(OyTIIIIIEII030/IbBa TN Kpe30ja) TIpH TeMIIepaType
KUTIEHNS peaKIIMOHHOM Macchl B ipucytetBun [TTCK,
KOJIMYECTBO KOTOPOTO B XOIIe SKCIIEpPUMEHTa OCTaBa-
JIOCh TIOCTOSTHHBIM 1 COCTaBJISLIO 1% (Mac. OT 3arpy3Ku).
151 BBIHOCA 0Opa3syroleiicss BOIbI TPUMEHSIIA PACTBO-

puTelb Keuiosl oobemMoM 200 M. DTepu@uKaThl 1Mo-
CJIe OXJIAKICHMST TIPOMBIBAJIN B IEIUTCIILHOM BOPOHKE
5%-HBIM PaCTBOPOM ILIEJIOUN U TEIUION JUCTUILIMPOBAH-
HOI{ BOIOM, OCYIIIAJIA HaJ CBEXKEITPOKAJICHHBIM CYIIh(a-
TOM HATpUsI, PACTBOPUTEITb OTTOHSIIIM.

IMonygeHHBIe (hTATATHI OKCUAIKMINPOBAHHBIX CITHP-
TOB TIPEACTABIISIIOT COOOM TTPO3pavHbIe MACISTHUCTEHIC
KMIKOCTH XKeJITOBATOTO IBeTa. Ha3BaHMS coemMHEeHMIA
IIpUBeACHEI B Ta0. 2.

XapakTepuCTUKN CUHTE3UPOBAHHBIX COCTMHCHUI
IIpUBeACHEI B Ta0. 3.

DPU3NKO-XUMHIECKIE TTOKa3aTeId TIPEITOKECHHBIX
TacTuUKaTopoB (Tabia. 3) aHATU3WUPOBAIIN COTJIacC-
Ho 'OCT 8728-88 «ITnactudukatopsl. TexHnyeckue
YCIIOBUST».

PE3YJBbTATBI 1 OBCYKIEHUE

CpaBHeHME IUIOTHOCTU Y MOKA3aTeIsl IPeIoMIIe-
HUS — BaXXHEUINX XapaKTEPUCTUK, HEOOXOIUMbIX IIPH
pacrno3HaBaHUU CIIOXHO(UPHBIX IIACTU(GUKATOPOB
[12] (Tabm. 3) , Y OKCUSTUIMPOBAHHBIX M OKCUTIPOII-
JINPOBAHHbIX (hTAIATOB ITOKA3aJI0, YTO Y OKCUITUIAPO-
BaHHOTO (hTajiaTa JaHHbIE [TapaMeTPhl HECKOJIBKO BhILIIE.
DT0, MO-BUAMMOMY, OOBSICHSIETCSI HAIMYUEeM OOKOBOM
METWILHOM TPYIIIIbI B CIIMPTOBOIA yacTul adupa. [1pu Ha-
JIMYMY ApOMATUYECKHX PAIUKAIOB B MOJIEKYJIE CIIOXKHBIX
5¢UPOB IJIOTHOCTD UX BHILIE, a ITOKA3aTellb IIPeIoMIIe-
HMS HIKE, YeM B CJIydae aJKWIbHBIX paIuKaaoB B 3(u-
pe OOHOI U TO 3Ke KUCIOTHL. [1oaToMy y cMellaHHOToO
adupa, comepKallero U aaKWIbHbIA, U apUIbHBIIA pa-
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Tabauuya 3

Du3NK0-XUMHYECKHE CBOMCTBA CUMMETPUYHBIX 1 HECUMMETPHUYHBIX (l)TaJ]aTOB OKCHAJIKWJIMPOBAHHBIX CIIMPTOB

Ne coenuHeHHns

TToka3zaremm 3

JOD*
4 S 6

[notHocTs, d?, 1,1267—1,1310

1,1105—1,1192 | 1,1077—1,1117 | 1,0812—1,0884 | 0,9750

IMoxasatenb npeaoMaeHus, n* 1,5156—1,5185

1,5318—1,5334 | 1,5246—1,5272 | 1,3098—1,3181 | 1,4871

KwucnorHoe yucio, mr KOH/r 0,32—0,46

0,28—0,45 0,25-0,38 0,37-0,50 0,1

Ddupnoe uncio, mr KOH/r 247-248

272274 279-281 273-275 287

MonekynspHas Macca, HAalAeHO 451-454

409—412 399—-402 407—410 397

MornekynsipHasi Macca, BEIUUCIIEHO 452

410 399 404 390

Maccosas nomst JICTYUMX BECILICCTB

(100°C, 6 uac.),% 0,08-0,27

0,10—-0,15 0,05-0,30 0,09-0,34 0,10

* IO® — npOMBIILIEHHBI TUIacTU(UKATOP THOKTUI(TATAT

IVKAJIBI, TOXe HAOJTI0MaeTCsI TCHACHINS K YMEHBIIICHUTO
TUIOTHOCTHY M YBEJIMYCHUIO TTOKA3aTeIsT TIPETOMIICHUS
IO CPaBHCHUIO C 3(UPOM CUMMETPUYHOTO CTPOCHMS,
comep:KalliM IBa apOMAaTUICCKUX paarKaia, 9To 00b-
SICHSICTCSI pa3INIieM B MX CTPYKTYPE CIUPTOBBIX pa-
ITUKAJIOB.

Ha cnemyiomem aTame pelIeHo yOeJauTh 0coboe
BHMMAaHME BOIIpOCAaM KJIACTEpHU3AILINU CIOXKHO3(DUP-
HBIX TJIaCTU(PUKATOPOB U BBISIBJICHUIO M3 HUX TEX, UTO
MMEIOT ONTUMAJIbHBIC XapaKTepUCTUKI, HE YCTYTIAIOIIIE
TIPOMBINIJICHHBIM TIIaCTA(UKATOPaM.

B xadecTBe MeTOma MCCIeIOBaHMS BEIOpAH KJIACTeP-
HbI aHanmu3 [20], IIMPpoKo TTPUMEHSIEMBI B UCCIICIO-
BaHUM U TPYIITMPOBKE SKCIIEPUMEHTABHBIX TaHHBIX
110 X ITOIO0OUIO.

IlepBbIM 3TarioM B 06paboOTKe MOJYUYEHHBIX pe-
3yIbTATOB (Ta0. 3) SIBISIETCS MX CTaHOapTU3anys [21].
DusmKo-XUMUYECKHe CBo¥icTBa TacTudukaropa (X)
MPUHUMAIOT 3HAYECHUS, MPUHAJIEXKAIINE HEKOTOPOMY
TIPOMEXKYTKY KOHCUHOM IJTMHBI, XapaKTePU3YIOIINECs
TEM, UTO TUIOTHOCTB BEPOSITHOCTH Ha 3TOM ITPOMEXKYTKE
TIOUYTH BCIOMY TTIOCTOSTHHA (pHC. 2).

T.e. MOXHO yTBEepKIATh, UTO CIIyYaHBIC BEJTMIMHBI
X IMEIOT HETIPEePHIBHOE paBHOMEPHOE pacIipeie/icHIE.
MartemaTiaeckoe OXUIaHWe TaHHOTO pPacIipeae/ICHUs
orpenesieTcst (PopMyIIoii:

X=(x, 4572

rae X, — MateMaTM4eCcKoe OXUIAHUE; X,, — Ha4yaJlo
MHTEPBaJIa; X,, — KOHEL MHTepBasa (Tadi. 4)

CraHgapTh3alys YMCIIOBBIX XapaKTEPUCTHK B Ta0IT. 4
poBeIeHa METOIOM MIUHUMAKC.

Ha BTOpoMm sTarne o0paboTKU MOJTYYEHHBIX 3KC-
TMEepUMEHTAIBLHBIM IIyTeM Pe3yIbTaTOB IIPUMEHUIN

1/x,—x,

L it .
o Y

»
»

-
(¥

Puc. 2. I1noTHOCTD BepoATHOCTE! (PU3NKO-XUMHIECKUX
cBoiicTB miactudgukaTopa

KJactep-aHanm3. KiracTepHBIN aHAIN3 11 PEIICHUST
TaHHOM 3amaun Hanbosee 3 PEeKTUBEH, T.K. IpeaHA3HA-
YeH UIST 00beIMHEHMST HEKOTOPHIX 00pa3IioB B KJIACCHI
(KJracTepsl) TAKMM 00pa30M, YTOOKI B OIMH KJIacTep I10-
ITaJTM MAKCUMAJIbHO CXOKIE TI0 CBOMCTBAaM, HO TIPU 3TOM
00pa3IIbl pa3HbIX KIIACTePOB MAKCUMAIBLHO OTINIAIICH
IpyT oT apyra. Kitactepusaliiio mpoBOIIINA B TIPOTPaM-
Me Statistica 10; pe3yJIbTaThI IpeaCTaBICHBI Ha pHC. 3.

ITo pe3ynbTaTam aHaAIN3a ISHIPOTPAMMEI [22] MOXK-
HO YTBePXKOaTh, 4TO C(HOPMUPOBAHBI IBA OCHOBHBIX KJIa-
crepa (Tadm. 5).

HccnenoBaHme YHUCIIOBBIX XapaKTEPUCTUK CBOMCTB
CHMMETPUYHBIX 1 HECUMMETPUIHBIX (PTAJIaTOB OKCHAII-
KWJIMPOBAHHBIX CITMPTOB ITOKA3aJI0, YTO 00pa31isl Ne 3,
5, 6 mpuHamexar kKiactepy M, a oopasen; Ne 4 u rpo-
MBIIIIEHHBIN TactudukaTop JOD — ximactepy N. D10
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Tabauuya 4

PaccuuTannbie MaTeMaTHYECKHE OXKUAAHUS (l)l/l3l/[KO-Xl/IMl/l‘leCKl/lX CBOJCTB CUMMETPHUYHBIX H HECUMMETPHUYHBIX

(l)TaJlaTOB OKCHAJIKWJIMPOBAHHBIX CIIMPTOB

IToka3zaremm e coemmiernis p1[00))
3 4 5 6

[MnotHocTs, d?, 1,0718 1,1149 1,1097 1,0848 0,9750
IMoxasatenb npeaoMaeHus, n* 1,5171 1,5326 1,5259 1,3140 1,4871
BDdupHoe yuciao, mr KOH/r 248 273 280 274 287
MounekynsipHasi Macca, HailieHO 453 411 401 409 397
MornekynsipHast Macca, BEIYUCIIEHO 452 410 399 404 390
?fégfg?z"qi‘gf;?;j”mx BEICCTB 0,18 0.13 0,18 0.22 0.10
Kucnornoe uncio, mr KOH/r 0,39 0,37 0,32 0,44 0,10

JlenaporpamMma s 5 nepemMeH.
Meron nosHoi cBsI3u
EBKimzoBo paccrosinue

C 1enbio N3ydeHUs BIUSTHUS TIIa-
CTU(DUKATOPOB Ha CBOICTBA TIOJIIMEP-

1.2

o
=]

o
=]

Paccrosinne o0ben
i=]
o

o
F'Y

0.2

0.0 -

HOI KOMIIO3WIINM HAMW OBLIH TTOJY-
yenbl [1BX-mnactukartel (Tabi. 6).
N3yyeHue miuacTuGULUPYIOIIETO
IEeCTBUSI IPOBOIWINA B CPAaBHCHUH
¢ monenbHo# IT1BX-komno3uuueii,
COJZIepKalle MPOMBIIIIJIEHHBIN TLIa-
ctTuuKaTop — AUOKTUII(PTAIAT.
DPhHEeXTUBHOCTL CUHTE3UPOBAH-
HOTO OYTOKCUATHIIKPE30KCUATUI(TA-
nata B [I1BX-kKoMITO3U1IMM OLIEHUBAJIN
TI0 TI0KAa3aTelo (MHACKCY) TeKyJeCTH
pacmaBa (ITTP) m mo mokasarenssM
«TEPMOCTAOMIBHOCTE» M «IIBETOCTA-
OunbHOCTb» (Tabn. 7). Brinieyka-

3 3aHHBIC ITOKAa3aTCJ/In, OIIPEACIACMbBIC

coorBerctBeHHO 110 [OCT 11645-73

Puc. 3. JlennporpaMMa KjaacTepu3aniuy SKCIEePUMEHTATbHBIX TAHHBIX

Tabauya 5
Pe3yibraThl KJIaCTEPHOTO aHAJIM3a 00PA3I0B METOIOM
MOJIHOM CBA3M

Ynensl K1acrepa /

HNwmsa knactepa
HOMeED oOpa3na

N JIOD, 4

M 3,5,6

TOBOPHT O TOM, 4TO obpa3elr N 4 cormocTaBuM 10 CBOM-
CTBaM C TIPOMBINIITICHHBIM TuTacTudukaTopom J1OD.

¥ BU3YaJIbHO TI0 BPEMEHH JIO TTOSIBIIC-
HUSI OKpAIIMBaHUS TIJICHKU TIPU TEP-
moakcmosunuu (180°C), aBasgroTcs
KJTIOYeBBIMU TTapaMeTpaMi, BO MHOTOM OITPEIEIISTIO-
IMMHU TexHoaornuHocTh [1BX-komMmno3uuuii u BEIOOP
YCIIOBUI TTepepabOTKM MOJNMEPHOM KOMITO3UIINH.
Kpowme toro, ITTP MoxeT ObITh UCITOJIB30BaH IJISI KOH-
TPOJISI KauyeCcTBa CHIPhS (KOMITIOHEHTOB) ITOJIMMEPHOMN
KOMITO3UIINH, a TEPMOCTAOMILHOCTD MTO3BOJISIET OIle-
HUTB HE TOJIBKO TEXHOJIOTMYHOCTh [1BX-kKoMmo3uumii,
HO M Ka4eCTBO CMCIICHMS, a TAKKE PACCUNTATh OTTH-
MaJIbHBIC TTapaMeTPhI TIpoliecca IepepadboTKM 1 rapaH-
THPOBATH MOJTYICHNE KaUeCTBCHHBIX M3aemii [23—28].

W3 sKcrieprMeHTaIbHBIX PE3Y/IBTaTOB CICAYET, YTO
MIPeUTOKEHHBIN TUTACTU(DUKATOP B OOJIBINEH CTEIICHH,
yeMm J1O® moBHIIIIaeT TEPMO-, IIBETOCTAOMITEHOCTD U TE-
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Tabauya 6
Cocras penentyp II1BX-koMno3ummii
Komnoszumms
Cocras, Mac.4.
MoelbHas 3KCHEePUMEHTAJIbHAS
IMBX 100 100
JwvokTundranar 80
ByTokcuatunkpe3okcuaTuadTagaT 80
TepMocTabunuzaTop 3 3
Tabauya 7
IToxa3aTtenu penentyp IIBX-komno3umuii
IToka3aTenn
Komnosunust IITP T =170°C, Bpems TepMocTaOHIbHO- IIBeToCTa0MIBHOCTD,
P = 16,6 krc, r/10 muH. ctH, MuH, 175°C MHH., 180°C
MognenbHas 7,9 170 52
DKcrepuMeHTallbHast 8,2 243 58

KyudecTb paciuiaBa [IBX-KoMNo3ulIMKM U CHUZKAET TeM-

neparypy ee mepepadoTKU.

KayeCTBa, COITIOCTaBMMBIMHU C ITOKA3aTCIAMU ITPO-

MBIIIJICHHOTO TUIACTU(UKATOPA;

3AKTIOYEHHME (BBIBO/bI):

TTOJTy9ICeHBI HOBBIE CHMMETPUYHBIC M HECUMMETPUYHEIC
(branmaTHBIC TIACTU(MOUKATOPHI — TUKPE30KCUKPE3UII-
(Tanar, OYTOKCUATUIKPE30KCUATIII(DTANIAT, KPE3HJI-

I1BX-xoMno3unumu Ha OCHOBE OYTOKCUITUIIKpPE-
30KcUATWI(TANaTa 001aa10T 00Jiee BbICOKOI TeX-
HOJIOTUIHOCTBIO, YeM aHAJIOTUIHBIC KOMITIAyHIHI,
conepxarrre JO®, yTo MO3BOISICT TPOBOAUTD UX
IepepaboTKy IIpH OoJiee HU3KMX TeMIIepaTypax.

Takum oOpa3zom, UCIIOIb30BaHUE (PTATATOB OKCHUAJI-

KPE30KCUATII(PTATIAT U KPE3MIKPE3OKCUTIPOITHII(PTA-
JIaT ¥ M3Y4YEHBI X (DM3UKO-XUMHIIECKIE CBOMCTBA;

— Ha OCHOBAaHUM aHalm3a (GU3NKO-XUMHICCKIX Xa-
pPaKTepPUCTUK MPOBeIeHa CpaBHUTEIbHAS OllCHKA
CBOWCTB TIpeUTOKEHHBIX HOBBIX TIACTU(NKATOPOB
MeToIaMH1 KJIaCTepHOTO aHaJIN3a 1 YCTAaHOBJICHO, YTO
ob6pa3zerr Ne 4 obyramaeT BEICOKMMH TTOKa3aTeISIMI

KIJIMPOBAHHEIX KPE30JI0B B KAUECTBE TIACTU(DUKATOPOB
IIpU IepepadoTKe MOTMBUHWIXJIIOPHUIA CTIOCOOCTBYET
YBSIIMICHUIO TEPMOCTAOMIIBHOCTH, TIOBBIIICHUIO TEKY-
YeCTHU ITOJMMEPHOTO pacijiaBa U YIIYIIICHUIO YCIOBHI
IepepadboTKH TTOJIMMEPHOI KOMITO3HUIINAN, UYTO TIO3BOJISICT
PEKOMEHIOBATh MX IS IIPAKTUIECKOTO MCITOIb30BAHUS
B coctaBe [1BX-marepuanos.
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8.The editors of the journal do not publish the final version of the article without the consent of the authors.
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The responsibility of the reviewers of the journal <Nanotechnologies in construction»

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

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

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

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

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

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

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

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

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

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

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

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

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

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

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

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

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

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

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

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

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

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

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

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

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

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

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

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

3avmcTBOBaHMA U Naarvar

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

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3daTenemM npu yperynmpoBaHumM CilydaeB BO3MOXHbIX HAapPYLLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB 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.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

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

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

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3patenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 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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Admission of articles

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

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

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

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

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

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

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

The journal can also publish: original article, review article, editorial, discussion paper, individual bibliography, edi-
torial notes, book reviews, article reviews, etc.
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The structure of the paper
IN ENGLISH

NAME OF THE SECTION (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In English)

Authors’ first name and last name (In English)

place of employment of each author, city, country (In English)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
*Corresponding author: e-mail: XXXXXXXXXX

ORCID author:
first name and last name — https://orcid.org/xxxx-XXxx-XXXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows Russian and foreign
specialists to make conclusion about the quality of the content of the paper (extended abstracts must be informative,
original, novelty, contain main results of research, structured according to IMRAD (Introduction, Methods and Materi-
als, Results and Discussion), compact — 200-250 words) (In English):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In English)

Acknowledgments: (if available) (In English)

For citation: (In English)

Example.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko I.V. Nanostructured
foam ceramics for building purposes: production technology and applications. Nanotechnologies in Construc-
tion. 2021; 13(4): 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Text of the paper: (In English, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

« RESULTS

- DISCUSSION

- CONCLUSIONS

References (In English) (Vancouver Style)

Information about the author (authors) (In English)

— first name, last name (full);

- academic degree;

—-name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

- authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.
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Example.

Zhanna V. Pisarenko - Dr. Sci. (Econ.), Assistant Professor, Saint-Petersburg State University, Economic Faculty,
Department of Risk Management and Insurance, Saint-Petersburg, Russia,

z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In English):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

Example.

Marina S. Morozova - scientific management; research concept; methodology development; participation in
development of curricula and their implementation; writing the draft; final conclusions.

Elena V. Bokova - participation in development of curricula and their implementation; follow-on revision of
the text; final conclusions.

The authors declare no conflicts of interests.

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.

IN RUSSIAN

NAME OF THE SECTION (In Russian)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
article reviews, etc.) (In Russian)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

Title (In Russian)

Authors’ first name and last name (In Russian)

place of employment of each author, city, country (In Russian)

(name of institution (organization) at which the author works or studies is given without legal form: Ltd, SOE, etc.)
* Corresponding author: e-mail: xxxxxxxxxx

ORCID author:
first name and last name (In Russian) - https://orcid.org/xxxx-XxxX-XxXX-XXXX

Abstract: the source of information, which is independent on the paper and which allows

Russian and foreign specialists to make conclusion about the quality of the content of the paper (extended ab-
stracts must be informative, original, novelty, contain main results of research, structured according to IMRAD (Intro-
duction, Methods and Materials, Results and Discussion), compact — 200-250 words) (In Russian):

Abstract: Introduction... Methods and Materials... Results... Discussion... Conclusion...

Keywords: (In Russian)

Acknowledgments: (if available) (In Russian)

For citation: (In Russian)

Example.
Ona yntuposaHua: CunnuuH [.A., Laaxmetos Y.LU., Paxumosa O.H., Xannkos PM., Hegoceko /.B. HaHocTpyk-
TYpUpPOBaHHasA NeHOKepaMurKa CTPOUTENbHOIO Ha3HaYeHNA: TEXHONOMMA NPOU3BOACTBA U NpMeHeHua // Ha-
HoTexHonoruu B ctpoutenbctae. 2021. T. 13, N2 4, C. 213-221. https://doi.org/10.15828/2075-8545-2021-13-4-
213-221.

© authors, 2021
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Text of the paper: (In Russian, number of words 3000-6000)
- INTRODUCTION

« METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)

Information about the author (authors) (In Russian)

— first name, last name (full);

- academic degree;

—name of institution (organization) and its department at which the author works or studies is given without legal
form: Ltd, SOE, etc.;

- address of the institution (organization), its department at which the author works or studies (city and country);

— authors’ e-mail address;

- Open Researcher and Contributor ID (ORCID) (if available).

E-mail address is given without word “e-mail” and is not followed by dot. ORCID is given as an electronic address
in Internet and is not followed by dot. Name of institution (organization), its address, e-mail address and ORCID of the
author are separated with a comma.

The editors can give additional information about the author: position, honorary title, membership in organiza-
tions, etc.

Example.

MucapeHko XaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl ynpaBneHus prckaMm U CTPAaxoBaHMWsA
3KkoHOMUMYecKoro ¢akynbteta CaHKT-IeTepbyprckoro rocyfapctBeHHoOro yHmsepcuteta, CaHKT-Tetepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In Russian):

author’s last name and initials; author’s personal contribution in article writing is briefly described (concept, col-
lection of materials, analytical work, article writing, scientific editing of the text, all authors made equal contribution
to preparation of the article, etc.).

lMpumep.

Mopo3oBa M.C. - HayyHOe PYKOBOACTBO; KOHLENUUA UCC/IefOBaHUA; Pa3BUTME METOAONOrMK; ydyactue
B pa3paboTke yueOHbIX MPorpamMm 1 nx peannsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBble BbIBOAbI.
bokoBa E.B. - yuyacTve B pa3paboTke yueOHbIX MporpaMm 1 Ux peanvsauuu; [opaboTka TEKCTa; UTOroBble
BbIBOADbI.

The authors declare no conflicts of interests. (In Russian)

The article was submitted XX.XX.202X; approved after reviewing XX.XX.202X; accepted for publication XX.XX.202X.
(In Russian)

Manuscript text

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

Text layout

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

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

Non-Russian languages titles (journals, organizations, etc.) should be left in the original, enclosed in quotes.
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Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

All tables and figures must be numbered and identified, they should be a reference in the text. The tables should
not contain empty columns. Figures should be of good quality, suitable for printing. Figures should be submitted
together with the article, with each figure submitted as an individual file.

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.

Footnotes
If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
can be quotes from the works mentioned in the text, for more information.

Citations and bibliography
The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

References accepted for publication but not yet published articles must be labeled with the words “in press”;
authors should obtain written permission to refer to these documents and evidence that they are accepted for pub-
lication. Information from unpublished sources must be marked with the words “unpublished data / documents,” the
authors must also receive written confirmation of the use of such materials. The journal adopted the Vancouver style
of reference design and citation.

Copyright Notice

Authors who publish in journal agree to the following:

1. Authors retain copyright of the work and provide the journal right of first publication of the work.

2.The authors retain the right to enter into certain contractual agreements relating to the non-exclusive distribu-
tion in the published version of the work here form (eg, post it to an institutional repository, the publication of the
book), with reference to its original publication in this journal.

3.The authors have the right to post their work on the Internet (eg in the institute store or personal website) prior
to and during the review process of its data log, as this may lead to a productive discussion and a large number of
references to this work.

Privacy Statement

Specified when registering the names and addresses will be used solely for technical purposes of a contact with
the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

ABTOpbI NpeaCTaBnAIOT B pefakuuio:
«  PYKOMUCK B 31eKTPOHHOM BuAe no e-mail: info@nanobuild.ru;
+  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbITAeT aBTopam 0bpaseL no nx npeiBapuUtesibHOMY 3anpocy).
ABTOpPbI NYGNVKYeMbIX B XypHasie MaTepuasnioB AOMYyCKaloT UCMOb30BaHNE KOHTEHTA B COOTBETCTBMM C JINLIEH-
3uen Creative Commons CC-BY «Attribution» («ATpubyLna»); cornacHbl ¢ pasmelleHnem B OTKPbITOM JOCTYre nos-
HbIX TEKCTOB CTaTel (MX COCTABHbIX YacTel UK MeTafaHHbIX) B VIHTepHeTe Ha canTe n3gaHua (www.nanobuild.ru),
B CYCTeMax LUMTUPOBaHMA (6a3ax faHHbIx). O6 3TOM aBTOpPbI YKa3blBAKOT B COMPOBOAUTENIbHOM nicbme. MoapobHo o
nuueH3nmn Creative Commons CC-BY cmoTpute 3gech http://creativecommons.ru/.

MpeacTaBneHne cTaTby B XKYypHan nogpasymeBaert, yTo:
+ pabota He Obina onybMKoBaHa paHee B APYrOM XXypHase;
+  He HaxoAWTCA HA PAaCcCMOTPEHUN B APYFOM XKypHane;
+  BCe COABTOpPbI COrnacHbl ¢ NybavKaumen cTaTby;
+  MOJMy4YeHO cornacue — HEABHOE N AIBHOE — OpraHr3aunm, B KOTOPOW ncciefoBaHvie 610 MpoBeaeHo.

NHdopmauna o KOHGNNKTE MHTepPecoB
B cTaTbe cniepyet ykasaTb Ha peanbHblii UK NOTEHLMANbHBIA KOHGANKT NHTepecoB. Ecnn KoHbMKTa nHTepecos
HeT, TO ClleflyeT HanucaTb, YTO «aBTOP 3asBAAET 06 OTCYTCTBUN KOHPNIMKTA MHTEPECOBY.

Mpw npeacTaBneHNN PpyKoNucy B XKypHas aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAep>KaHMe CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 0pOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM A5t TabnuL, 1 pYCYHKOB (eC/IM He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).

OcHOBHbIe paspenbl XXypHana:
«  CTpoOWTeNbHOE MaTepuasioBeeHUe;
«  1CCNIeioBaHVe CBOWCTB HAHOMATEPAOB;
«  pe3ynbTaTbl UCCNIELOBAHMI YUYEHbIX 1 CNELNANCTOB;
+  TeXHOMNOry NPOV3BOACTBA CTPOUTESIbHBIX MAaTePUasioB U U3LENUIA;
+  MEXZYHAapOAHOEe HayYHO-TEXHNYECKOE COTPYAHMNYECTBO;
«  0630p 13006peTeHUN B 061aCTU HAHOVHAYCTPUN
+ pa3paboTka HOBbIX MaTepUasos;
+  pauVOHaNibHOe UCMOJb30BaHMe NPUPOLHbIX PECYPCOB;
«  3dpPeKTUBHOE UCMOTb30BaHNE BTOPUYHOTO ChIpbS;
«  MPUMEHEHME HAHOTEXHOJIOTMIA 1 HAHOMaTEPUATOB;
+  CUCTEMHblE peLleHUsi TEXHOMOTMYeCKmX npobnem;
+ B CME@XHbIX OTpacnax;
«  ¢dopyMmbl, BbICTaBKM, KOHbEPEHUMY, MEPONPUATUS CTPOUTENIbHON OTPACN U HAHOUHAYCTPUN.

B »XypHane ny6nukyioTca pa6oTbl No cneaywowWmnmMm TeMmam: Co3faHne HOBbIX QYHKLMOHANbHBIX MaTepuasnos;
pa3paboTka Teopun GOPMUPOBAHUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPUPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOMMIA B CTPOUTENBCTBE U CTPOUTENbHBIX MaTepranax; LLeMeHTHble
N Apyrvie BsXyLiye C MUHePanbHbIMU 11 OpraHMyeckMmy fo6aBKamu; VArHOCTVIKA HAHOCTPYKTYP M HAaHOMATepuanos
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIeOBaHNA CBOWCTB HAaHOMAaTepPManoB; MoANdULMPOBaHNE CTPOUTENbHbIX
MaTepranoB HAaHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3MLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMUMPOBAHME Ha-
HOCTPYKTYPHbBIX MOKPbITUN Sla3ePHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJOI -
yeckre NPUHLMIbI CO34aHNA HAHOCTPYKTYP (pacnnaBbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C NepPEeUYNCTIEHHBIMU HanpPaBaeHUAMU.
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>KypHan MPUHNMaET K I'Iy6J'II/IKaL|,VIVI2 Hay4Hble CTaTbH, o63opr|e CTaTbW, pefakuMOHHbIe CTaTbN, ANCKYCCUOHHbIE
CTaTbW, PeAAKTOPCKNE 3aMETKU, PeLeH3N Ha KHUTY, peleH3UN Ha CTaTblo U T. M.

Crpykrypa cratbu (B coorBercTtBuum ¢ FOCT P 7.0.7-2021)
HA AHITTUNCKOM A3bIKE

HA3BAHWE PYBPUKWN U PA3LENA XKYPHAJA (In English)

Original article (review article, editorial, discussion paper, individual bibliography, editorial notes, book reviews,
paper reviews, etc.) (In English)

https://doi.org/10.15828/2075-8545-202X-X-X-X-X

3arnaBue ctatbu (In English)

Umsa OtuectBoO (Npu Hannuum) @®amunusa asropa (-os) (In English)

06s3aTeNIbHOE yKa3aHUe MecTa paboTbl KaXAoro aBTopa, ropog, ctpaHa (In English)

(HaumeHogaHue opzaHu3zayuu (yupexoeHus), 20e pabomaem usu y4umcs asmop ykassigaemcs 6e3 0603Ha4yeHus
0pedHU3ayUOHHO-NPAsosouU (opmsl opuduydeckozo nuya: ®FbYH, ®I6OY BO, [1AO, AO um.n.)

* Corresponding author: e-mail: XXXXxXxxxxx

ORCID aBTOpa (-0B):
Oamunua n nHnLManbl — https://orcid.org/Xxxx-XxXX-XXXX-XXxx

Abstract: He3aBMCKMbIN OT CTaTbW MCTOYHUK MHPOPMALLMK, KOTOPbIV MO3BOMSIET YYEHbIM 1 CMELMANNCTAM cLenaTb
BbIBO[ O KauecTBe U COAepKaHuM CTaTby (pe3tome A0MXKHbI ObiTb MHPOPMALIMOHHbBIMM, OPUTMHAMNBbHbBIMM, COAEPKATb
HOBW3HY, OCHOBHbIE pe3y/bTaTbl UCCNefoBaHUI, CTPYKTypupoBaHHbiMy Mo IMRAD (Introduction, Methods and Mate-
rials, Results, Discussion, Conclusion), KoMnakTHbIMY — yKnagpbiBaTbcs B 200-250 ¢10B) (Ha aHIIMINCKOM AI3bIKe):

Abstract: Introduction... Methods and Materials... Results... Discussion...Conclusion...

Keywords: (In English)

Acknowledgments: (npu Hannunu) (In English)

For citation: (In English)

lMpumep.

For citation: Sinitsin D.A., Shayakhmetov U.Sh., Rakhimova O.N., Khalikov R.M., Nedoseko L.V. Nanostruc-
tured foam ceramics for building purposes. Nanotechnologies in Construction. 2021;13(4):213-221. https://doi.
org/10.15828/2075-8545-2021-13-4-213-221.

© authors, 2021

Cratbs ((In English) o6bem - 3-6 TbiC. C/10B):
- INTRODUCTION

- METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSION

References (In English) (cornacHo Vancouver Style)

Information about the author (authors) (In English)

- IM#l, 0TYECTBO, pamMunns aBTopa (NOJIHOCTbIO);

— yuyeHoe 3BaHUe;

— yUeHasi CTerneHb;

— HaMMeHOBaHUe opraHn3auun (YUpexkaeHus), ee nogpasgeneHns, rae pabotaet nnm yuntca aBtop (6e3 o603Ha-
YyeHUs opraHn3aLoHHO-NpPaBoBol Gpopmbl topuanueckoro nuua: GreyYH, ®re0y BO, MAO, AO u T. n.);

— agpec opraHusauuu (yupexzaeHus), ee nogpasgeneHus, rae paboTaeT unv yumnTcs aBTop (ropog v cTpaHa);
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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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18 19 20 21 22 23 24 | 18 19 20 22 23 24 25
25 26 27 28 29 30 25 26 27 29 30

NIOJIb e JULY

ABI'YCT e AUGUST CEHTABPbL « SEPTEMBER
MH BT cp 4T nT cb BC MH BT cp 4T nT cb BC MH BT cp 4T nT cb BC
1T 2 3 3 4 5 6 1 3 4

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

10
17
24
31

M 12 13
18 19 20
25 26 27

5 6 7 8 (N
L 12 13 14 15 16 17 18
19 20 21 22 25
26 27 28 29

HOABPb « NOVEMBER
nH BT cp yT nrt cb BC
T 2 3 4 5
8 9 10 11 12
14 15 16 17 18 19 20
22 23 24 25 26
29 30

OKTABPb « OCTOBER
nH BT cp yT nr cb BC
1
3 4 5 6 7 8
10 11 12 13 14 15 16
17 18 19 20 21 22
24 25 26 27 28 29
31

BC
4
(N
12 13 14 15 16 17 18
19 20 21
26 27 28

3

M DGAKO erponesn MAMAYEREX



