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+  WHdbopmaumoHHaa noanepKKa 1 yyactme B MeponpuaTuax (bopymax, KoHbepeHUraAxX, CUMNo3uyMax, CEeMUHapax, BbiCTaBKax,
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ABSTRACT: To solve theproblems concerning moisture behaviour in the material of construction’s enclosure, especially at alter-
nating temperatures, is very important for the correct calculations of resistance to heat conduction of construction’s enclosure
and, ultimately, for comfortable living conditions. However, there are still no methods for building enclosure’s materials that could
determine the temperature of moisture crystallization in the material in solid phase. The premiseof the research is that water incom-
ing to the material of construction’s enclosure, presenting in the construction’s material in the form of oxides and salts, as a result
of hydrolysis process of some elements, is an eutectic solution with unstable composition and concentration. Thus, the research
of moisture crystallization process transfers from micro- area (when determining the temperature of crystallization by the size of
material’s pores) to the nano- area when researching the eutectic solution at the possible condition of hydrates formation.

The experimental technique was developed to perform laboratory research of the process of moisture freezing. The techniquetakes
into account that freeze-thaw process of moisture in solid body is studied at significant difference between mass of liquid phase
and mass of solid phase. The method was simplified for the broad use at working conditions.

The simplicity of the method aimed at obtaining experimental resultsis compensated by the developed mathematical method of
processing the results of the research. Mathematical solution of the problem based on the comparison of freezing curves behaviour
of the samples in dry and humidified samples.

Apart from the temperature of moisture freezing, the developed method allowed obtaining additional characteristics of moisture
states, such as amount of unfrozen moisture in construction’s material, supercooling temperature, heat capacity of moisture in liquid
and solid states, concentration of dissolved agents. Knowing the concentration of dissolved agents in the material, even without know-
ing the exact composition of these agents, allows manipulating the temperature of moisture freezing at the nanotechnology level.

KEYWORDS: pore structure of the material, moisture crystallization, supercooling temperature, mathematical modeling of the
heat exchange process.

FOR CITATION: Zheldakov D.Yu., Kozlov V.V., Kuznetsov D.V., Sinitsin D.A. Moisture crystallization in bricks. Nanotechnologies
in Construction. 2020; 12(6): 305-312. Available from: doi: 10.15828/2075-8545-2020-12-6-305-312.

INTRODUCTION

he subject of research is the study of moisture be-

haviour in enclosures with alternating load. The
object of research — structural ceramic material. The
question of material humidification in enclosures —
one of the main questions in structural physics that
is being solved. Durability, hygiene and energy effi-
ciency of enclosure based on its solution [1, 2, 3]. The
presence of moisture in brickwork material changes
the durability greatly [11, 12, 13]. It is necessary to
know the amount of unfrozen moisture in construct

© Zheldakov D.Yu., Kozlov V.V., Kuznetsov D.V., Sinitsin D.A., 2020

at every temperature when calculating humidity condi-
tions of enclosure.

The task of this work is creation of mathematical treat-
ment method for laboratory research results of moisture
freezing process in brick material.

There are no methods to determine moisture crystal-
lization temperature for enclosure materials in material
research practices up until now [4, 5]. The uniqueness
of this paper researches are:

— firstly, the freeze-thaw process of moisture studies in
solid with a substantial difference in mass of liquid and
solid phases;
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— secondly, moisture considered as electrolytes solution
with very low concentration [6, 7, 8];

— thirdly, constant change of dissolved elements com-
position in water is considered a subject to external
conditions and initial elements composition of solid
material [9, 10, 14, 15, 16].

When temperature of the construction’s enclosure
drops below zero, up until nowcrystallization process has
been considered as a process of water freezing in mate-
rial’s pores. Variation of the amount of unfrozen water in
material at different negative temperatures was explained
as pore sizes in the material. In this work, moisture in
the material isconsidered as eutectic solution that was
obtained in hydration process of some oxides and salts
from the material. This approach determines the re-
search of the water crystallization process from the so-
lution upon the condition of formation of nanoagents
as salt hydrates. If it is possible to determine salts con-
centration in the solution, one can control the process
of moisture freezing in construction enclosures based on
nanotechnologies of changing the initial composition
of the material.

The scope of this research is to design laboratory ex-
periment and mathematical method of treatment experi-
mental data for determination of moisture crystallization
temperature, supercooling temperature, concentration
of dissolved agents and moisture thermal capacity in lig-
uid and solid states.

This paper describes the mathematical treatment
method of experiment results only. Method and experi-
ment results description as well as the results obtained by
mathematical treatment method will be published later.

Mathematical formulation of the experiment

In general case, heat-conduction process in the sam-
ple represents as three-dimensional thermal conduction
equation with boundary conditions of the third kind:

at d at d at d at
5= (i)~ 55 (eg) —5 (sr) - O

where X, X, X, — coordinates, m;

A, A, A, — estimated thermal conductions for respec-
tive directions, W/(m  °C);

¢ — specific heat of material, J/(kg ¢ °C);

vy — material density, kg/m?,

z — time, s.

Heat exchange occurs between the edges of the sample
and air in freezer. It is suggested that sample has a paral-
lelepiped form and heat exchanges evenly on every edge
(there are no more detailed information about this pro-
cess). Therefore, following boundary conditions used for
one edge only.

If system axes positioned along sample’s edges,
boundary condition changes to:

A (0t/0x) = o (t —1), )

where t — temperature in freezer, °C;

o — thermal conduction coefficient in freezer,
W/(m+°C).

Actually, formulas (1) and (2) represents redistribu-
tion of heat in the sample due to heat conduction with
surroundings. Initial conditions in the sample are set to
evenly distributed temperature t,, measured in the experi-
ment.

On the edges of estimated section, which contact
with freezer, boundary conditions (2) would be applied.
On the samples cutting edges of estimated section, due
to symmetry of the task, boundary conditions of the sec-
ond kind would be applied, thermal flow equals zero,
i.e. temperature derivative by coordinate equals zero in
tasks conditions:

St _of ® 3)

dxq x,=0

Conditions for other coordinates are made in ana-
logue.

Due to symmetry of the system, solutions for equa-
tions and boundary conditions calculates with separation
of variables. For brevity, we would skip the course of solu-
tion and write down the final formula:

+12+
_Aﬂl N2 7l3z

t=t,+ Bcos(ﬁxl)cos(\/ﬂxz)cos(\/ﬁx3)e cp

where 1, 1,, n, — coeflicients are found from bound-
ary conditions;

B — coefficient is found from initial conditions.

For practical use, first component of series is enough,
i.e. formula (4), where coefficients n , n,, n, were defined
in equation (5) in the first period of tangent in positive
half-plane.

\/Edl tan(\/adl) = a’;dl. ®)

It is proved that temperature range on the sample
hardly influencing studied trends outside phase tran-
sitions. The only process when temperature range has
a distorting effect is phase transition. However, phase
transitions mostly appear in moistened samples that has
a much higher heat conduction than dry ones. Heat con-
duction significantly influence the temperature range on
the sample by smoothening it. Briefly, we would mention
that for the researched moistened sample the temperature
range from warmest to coolest points equals to 14% of the
overall temperature drop. Average temperature and tem-
perature in sensor’s spot has matched precisely.

Influence of the temperature range on measuring pre-
cision of phase transition requires additional research.
However, obtained results can point on organizational
measures to increase the measuring precision.

s (4
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Using a reasonably small and with high heat conduc-
tion researching samples allows to neglect temperature
deviations across sample’s spots from average value.

This allows to simplify mathematical formulation
of the task, reducing it to particle heat exchange with
defined heat exchange and thermal capacity properties.

Mathematical model for particle heat exchange reduc-
ing to linear differential equation of the first degree:

cm* (dt/dz) = Sa_(t —t), (6)

where m — sample’s mass, kg;

S — the total area of sample that involved in heat ex-
change, m?.

It is important to point out that cm in (6) equation
is generalized heat capacity of the sample that changes
because of phase transitions in the experiment process.
Analogously, San is generalized heat exchange coefficient
of the sample that can change due to specified work con-
dition of the freezer in the experiment process.

As a matter of convenience shifted temperature would
be used next:

T=¢ (7)

For the solution of equation (6) only one boundary
condition is required. It is initial condition:

t(0) =t,. (8)
Overview of the solution:
t(z) =t +(t,—t )e™, )

where k is an exponential parameter that is found by
formula:

v

k= Sa /cm. (10)

Temperature-time dependence (9) must be solved
by measurement of dry samples for which characteristic
changes of the sample and freezer are small in the experi-
ment period.

Statement and results of a laboratory experiment

For research, brick M100 with known elementary
chemical and crystalline composition was chosen. Experi-
ments were conducted with dry and 100% water-saturated
samples in accordance to developed research program.
Results of the experiment shown in Fig. 1 (for dry) and
Fig. 2 (for wet).

Fig. 1 shows the distribution of temperature from
the dry sample’s experiment. That figure shows
the charts of shifted temperature and exponential de-
pendency approximation. It is clear that experimental
points almost ideally fall on the exponent. Initial and
final point are excluded because process is severely dis-
torted at these moments. At initial point, warm sample’s
setting up distortion leads to significant change of tem-
perature in the freezer. While the temperature is restor-
ing, tn changes fast which means that formula (9) is
not the solution of equation (6) in that period. At final
period, an error is growing due to two factors. First,
temperature in freezer is not constant but changes pe-
riodically by £1.5°C (on a 44-minute period). Second,
rounding of an error. Sensors fixate temperature with
precision of a tenth of a second degree. It does not affect
overall temperature drops between sample and freezer
that makes up tens of degrees, but as those tempera-
tures converge, the rounding error becomes more and
more significant that leads to errors of tens of percent
on the last period.

45
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Fig. 1. Shifted temperature to time dependence for dry sample
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Fig. 2. Changing of temperature in freezer and temperature of water-saturated sample.
Chart shows the temperature in °C and timeline in minutes

For the wet sample, few changes would happen at
once in the chart. Continuous exponential chart would di-
vide into three periods. Two exponential periods more flat
than in dry sample due to lowering of exponential param-
eter by additional heat capacity of water (ice on the nega-
tive temperature period), and one period is horizontal on
the period of frozen water in material pores around 0°C.
This way the chart should look like for distilled water in
large spores. However, practically, water become a solu-
tion in most of building materials where pores are also
small, and there’s a dozen of factors that affect freezing.

Let’s evaluate the calculation error that appears when
finding an exponent parameter by formula (10). Following
values of initial errors are applied. Temperature measuring
has an error of 0.05°C, time error — 0.5 s. All the errors in
equations are marked with symbol “8”.

The result of this treatment helps finding local values
with higher definiteness. Deviation from an average value
is less than 2.5% when the temperature of the sample is
higher than 5°C and less than 4% when temperature of the
sample between —5°C to 5°C that is much precise than
the uncertainty in finding k by Fig. 1.

Mass of the sample and its size are known with high
precision. That’s why it’s possible to determine the heat
exchange coefficient in freezer if specific heat of sample’s
material is known. And vice versa it’s possible to deter-
mine specific heat of sample’s material if heat exchange
coefficient in freezer is known.

Wet sample research

The course of freezing process in combination with
temperature in freezer are shown in Fig. 2. Compensating

for a few minutes after set up of warm sample, tempera-
ture in freezer is changing sawtoothly with an amplitude
of 1.5°C and a period of approximately 45 minutes. Fluc-
tuations of temperature in freezer decrease the measuring
precision, especially with approximation of sample and
freezer temperatures. Thereby, the results were unused
when the difference between those temperatures was less
than 5°C.

Fig. 2 shows the change of freezer temperature (blue
markers) and sample temperature (red markers) in the re-
search of water-saturated sample.

It is clear that freezing of the solution doesn’t start at
0°C. Sample is cooling to —1.3°C first and then it instantly
warms up to —0.6°C.

First step of processing the results of experiment is to
make certain that sample’s temperature changing expo-
nentially on the periods outside phase transitions. Fig. 3
shows shifted temperature to time dependence in the ex-
periment. Approximate periods of exponential growth and
phase transition are marked with colors. Chart features
different temperatures in freezer tn for the positive and
negative temperature periods. It’s done for finding ex-
ponent parameter with higher precision due to changes
of temperature in freezer in the experiment process. Se-
lected tn are found by averaging respective chart periods.

Visually, the change of temperature in freezer in
the processing leads to vertical shift of chart at 128 min-
ute. This shift happened due to specifics of the results
processing and not the course of the process.

Aswe can see in Fig. 3, extreme periods are covered by
the exponent with high precision. Unlike the chart of dry
sample, here the exponent parameter is changing and
equals 0.0187 min~' before and 0.0204 min~! after phase
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Fig. 3. Shifted temperature of water-saturated sample to time dependence

transition. Obviously, the exponent parameter changes
due to change of heat capacity of the sample when solu-
tion freezes (heat capacity of the water approximately
twice as high as heat capacity of ice).

Since the temperature in freezer was constantly chang-
ing in the measuring process (for a several degrees in
total), it is necessary to use local values that defined in
formula (10) to find exponential parameter with higher
precision. This kind of processing made for periods with
positive temperatures (unfrozen solution) and negative
temperatures (completely frozen solution). Discovered
effect of heat exchange difference between working and
switched off freezer was used in processing.

Black dotted line in Fig. 3 shows exponential approxi-
mation of sample’s temperature values below —8°C. High-
lighted spot is the spot when exponential line diverge from
experimental results (—4.5°C) enlarged shown in Fig. 4.
This spot shows approximately the moment of complete
freezing of the solution. In fact, the 100% freezing of the
solution occurs on eutectic temperature and not affected
by initial concentration. Therefore, most likely, precision
become insufficient in that spot to determine the residual
phase transitions in material.

More complete and precise knowledge of the solu-
tion freezing process (including 100% freezing spot) can
be made by calculating the amount of unfrozen mois-
ture directly from heat balance on the phase transition
period. All the preparations has made, utility values are
found from experimental data with maximum available
precision.

In general case, solution’s mass is frozen in 1 minute
between sample’s temperature measures that we can find
by formula:

__ Sap(tp—1D)Az—(cpmy+cymy,+c(my,0—my,))At (11

Am,, 7

where A_is specific heat of solution’s fusion, J/kg.

Formula (11) is found by assumption that the whole
difference between given energy of the sample to the freez-
er and energy of sample cooling is found by solution’s
crystallization. Using this formula directly will lead to ad-
dition of an error of specific heat fusion and other minor
errors to the definition of heat exchange and specific heat
capacity coefficients. Because of this, result error would
be considerably large.

Formula (11) can be changed to exclude parameters
with the highest error:

cpmy +cwmyy+cy(my0—mwy)

th—t At
SanAz
Am,, = e ; (12)
SanlAz
1
tp—t————At
_ k(mw)Az
Am,, = ——*— (13)
SanlAz

Exponential parameter changes in solution freezing
process due to difference between specific heat capac-
ity of water and ice. The value reciprocal of exponent
parameter depend linearly to the mass of unfrozen water.
Thus, sufficiently knowing the exponent parameter in two
spots, we can draw the straight line and find reciprocal
value without precision loss.

Using experiment data it is possible to determine
the exponent parameter at 0°C — k, = 0.00031 s~' and
exponent parameter at —6°C — k, = 0.00035 s'. Then:
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Fig. 5. Mass of the unfrozen solution to temperature dependence

k(%w) = kiz + (kil - kiz);"—;: = 2857 + 6827m,,.  (14)

Formula (14) corresponds to working freezer. When
the freezer is switched off, values from formula (14) should
be multiplied by 1.1.

Formula (13) allows to draw the chart with unfro-
zen water to temperature dependence. The shape of the
curve is mostly known so drawing it helps to revise un-
known parameters. To draw the curve, it is necessary to
determine the value of A /Sa . Specifying the changes

of this parameter and temperature is too difficult and an
error would exceed our gain in precision by specifica-
tion. Based on the previously performed research for dry
sample and tabulated value of melting heat of pure ice
(330 kl/kg, A /So, = 1997000°C * s/kg), because of low
precision of heat exchange coefficient, preliminary error
of parameter A /So, can be evaluated as 10%.

The chart of mass of unfrozen water to temperature
dependence shown in Fig. 5. Red dotted line show ini-
tial mass of the solution. Asymptote lines up with zero.
Deviations of the dots from zero on the horizontal part
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of the chart shows the real error of calculations. Their
value equals 0.3 g and mostly occurs due to temperature
sensor precision.

It is clear that the main process of freezing ends at
—4.5°C. If the process continues, it is hardly distinguished
from the measuring error and its value less than 1 gram
(2%) of the agent.

CONCLUSIONS

1. Methodology of experiment to find temperature
of moisture crystallization in brick material has been de-
veloped. The significance of this method is determined
primarily by the fact that it enables the research of crystal-
lization process at significant difference of masses of solid
and liquid phases.It is developed with a possibility to be
performed with available laboratory equipment.

2. In the development of the method, the new ap-
proach was used that determines the research of the water
crystallization process from the solution at the conditions
of nanoagents formation as salt hydrates. Moisture in
the material considered as eutectic solution, obtained in
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WccnepgoBaHme npouecca Kpuctaaamsayum Bnarv
B Kupnuye

A.10. XKenpakoB'*

' OIbOY HayuHo-nccnenoBaTenbCKU MIHCTUTYT CTPOUTENbHOMN GU3NKM POCCUINCKON akageMny apXTeKTypbl
1 CTPOUTENbHbIX HayK, I. MockBsa, Poccua
2 OIrbOY BO YdumcKuii rocyaapCTBEHHbIN HEPTAHON TEXHUYECKNI YHBepCHTET, I. Yba, Poccua

, B.B. Koznos’ (), A1.B. KyaHeuos? (12}, 1.A. CUHULMNH?

*KoHTakTbl: e-mail: djeld@mail.ru

PE3IOME: PelueHune BONpoCoB NOBeAEHVA Baru B MaTepuase orpaxaalolmnx KOHCTPYKLMIA OCOBEHHO MpU 3HaKoMepeMeHHbIX
TemnepaTypax O4eHb BaXKHO AnA obecrneyeHra NpaBUIbHOMO pacyeTa CoNPOTUBIEHMUA TeMIonepesaye orpaxaatoLen KOHCTPYKLMM
1 B KOHEYHOM CYeTe CO3AaHNA KOMPOPTHDIX YCIOBUI NPoXKMBaHUA. OfHaKO [0 HaCTOALLEro BpeMeHN B NMPaKTVKe NCCiefoBaHuin
XapaKTePUCTIK MaTePasioB, MPMMEHAEMbIX B OFPaXAatoLLMX KOHCTPYKLMAX 3AaHNIA, HET METOAVKI onpefeneHrsa TemnepaTypbl Kpui-
CTannu3aumu Bnarv B matepuarne, HaxoasLiemcs B TBepfol dase. B ocHoBY ccnefoBaHMin MONTOKEH TE3MC, YTO BOAA, MOCTynatoLwas
B MaTepwan orpakaatoLel KOHCTPYKLMK, B pe3ynbTaTe npoLecca rMaposvsa HEKOTOPbIX SIEMEHTOB, HaXOAALLAACA B MaTepurane
KOHCTPYKLMM B BUAE OKCMIOB U CONelt, npeacTaBnfeT coboi SBTEKTNYECKNIA PAaCTBOP C HEMOCTOAHHBIM COCTaBOM U KOHLIEHTPaLW-
ein. Takum o6pa3om rccnefoBaHvie npoLecca KpUCTanavsauum Bnarv nepexogmT n3 061acti MyMKpo (npy paccMOTPEeHNUM Bonpoca
onpepeneHnsa TeMnepaTypbl KpUCTanIM3aLmm No pa3mepam nop mateprana) B 061acTb HaHO NPV NCCEe[OBaHUN SBTEKTUYECKOTO
pacTBopa npw yc/ioBmy BO3MOXXHOIO 06pa3oBaHus rmgpaTos.

na nabopaTopHOro nccnefoBaHus nNpoLecca 3aMmep3aHua Baru, C y4eToM Toro, YTo NPoLIeCcC 3aMep3aHnaA 1 OTTarBaHWA Biaru
B TBEPAOM Tesle 13yyaeTca Npu 3HaUYMTENbHOW Pa3HKLe B Macce XnAKon 1 TBepgoi ¢as, paspaboTaHa MeTOAVKA SKCNEPMMEHTA.
MeToarKa MakcMManbHO ynpoLeHa C y4eTOM LUMPOKOTO NMPYMEHEHUA B MPOWN3BOACTBEHHbIX YC/TOBUAX.

MpocToTa METOAMKM MONYYEHMA SKCNEPUMEHTANbHBIX PE3YNbTaTOB KOMMEHCMPYETCA pa3paboTaHHbIM MaTeEMATAYECKVM annapaTom
06paboTKM pe3ynbTaToB McCiefoBaHMn. MaTemaTnyeckoe pelleHe 3aa4m OCHOBAHO Ha CPaBHEHVM NMOBEAEHVA KPUBbIX 3amep-
3aHMA obpasLa B CyXOM 1 HacblLLEHHOM Bfiaro obpasuax.

Pa3paboTaHHbI METOA MO3BONNI KPOME TeMMEePaTypbl 3aMep3aHuA BIary NoyYmTb JOMONHUTENbHbIE XapPaKTePUCTMKN COCTOAHUA
BNlaruv, Takme Kak KonmyecTBO He3amepsLuel Barm B Matepuasne KOHCTPYKLMY, TeMrepaTypa nepeoxnakaeHvs, TennoeMKocTb
BNIaru B KMAKOM U TBEPLOM COCTOAHMAX, KOHLEHTPALMA PAaCTBOPEHHDBIX BELLECTB. 3HaHWE KOHLEHTPALUY PaCcTBOPEHHbIX BELeCTB
B MaTepuarne, Aaxe npu ycioBuUy OTCYTCTBMA TOYHOTO COCTaBa STUX BELLECTB, MO3BOMIUT YNPaBATb TeMNnepaTypol 3amep3aHns
BJIary Ha ypoBHe HaHOTEXHOMOT A

KNIOYEBbIE CJIOBA: nopoBas CTpyKTypa maTepurana, Kpuctannmsauma Bnarv, Temnepartypa nepeoxnaxaeHunsa, Matematmyeckoe
MoZenMpoBaHme npoLecca TennoobmeHa.

ANA UWMTUPOBAHUA: Xenpakos [.10., Ko3nos B.B., Ky3Heuos [1.B., CunmuuH [.A. iccnepgoBaHme npouecca Kpuctanansauum snaru
B Kupnuye // HaHoTtexHonorum B ctpoutenbctse. — 2020. — Tom 12, N2 6. - C. 305-312. - DOI: 10.15828/2075-8545-2020-12-6-305-312.

BBEJEHUE

HDCHMCTOM HCCIICAOBAHMS SIBJISICTCS M3YUYEHHE TI0-
BEICHUS BJIArd B OTpakHaloIINX KOHCTPYKIIUMA
TIpY 3HAKOIIepeMEHHBIX Harpy3kax. OObeKTOM Hccie-
MOBaHMS — MaTepHall CTPOUTETHHOI KepaMuKu. Borpoc
YBIIQKHEHUST MaTepUaia OTPAKIAOIIE KOHCTPYKIIUA —
OIVH M3 OCHOBHEIX BOIIPOCOB, peIIacMBIX B 00JIaCTH

© Xenpakos [.10., Kosnos B.B., Ky3Heuos [.B., CnHnumH J.A., 2020

cTpouTesibHOM hu3uku. OT ero peleHrs BO MHOIOM 3a-
BUCSIT JOJITOBEYHOCTD, TMTUEHUYHOCTh 1 DHEProaddex-
TUBHOCTb OTPAXKIAFOIIMX KOHCTpYKInii [1, 2, 3]. Hammaue
BJIary B MaTepHaie KUPIUYHOM KJIAAKKU 3HAYUTEIHHO
BIMSIET Ha ee MpouHocTh [11, 12, 13]. Cpenn npouero
IIPU pacueTe BIAXXHOCTHOIO PeKMMA OrpakIaroIeil KOH-
CTPYKLIMY HEOOXOAMMO 3HATh KOJIMYECTBO HEe3aMep3IiIeit
BJIary B KOHCTPYKLIUK ITpU J1I000i1 TeMIepaType.
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3agadeit TaHHOU PaOOTHI SIBIISICTCS CO3MAHNE METO-
IUKW MaTeMaTH4IeCcKoit 00pabOTKU pe3yIbTaToB Ja00-
pPaTOPHBIX MCCIIEIOBAHMUI TIpoliecca 3aMep3aHus BlIaru
B MaTepHaie KApITmJa.

0 HacTOSIIIEero BpeMEHM B IIPAKTUKE UCCICTOBAHMIA
XapaKTepUCTUK MaTEPUAIOB, TIPUMEHSIEMBIX B OTpaX-
AKX KOHCTPYKIUSX 30aHUI, HET METOIMKHU OTpe-
JIeJIEHUST TeMITepaTyphbl KpUcTaJlin3aunu Biaru [4, 5].
YHUKaTbHOCTh MOCTAaBJIEHHON 3aauu UCCIIeT0BaHUM
COCTOUT B CJICAYIOIICM:

*  BO-TMEPBBIX, U3YYAETCS MPOLECC 3aMEP3AHUS U OT-
TaWBaHWSI BJIaTH B TBEPIOM TeJIe IIPU 3HAYUTEITLHOMN
pasHHIIe B Macce XUIKOU 1 TBepIoi das3;

* BO-BTOpBHIX, BJara paccMaTpUBaeTCI KaK pacTBOP
CHJIBHBIX 3JICKTPOJIMTOB C OYeHbh HM3KOI KOHIICH-
Tpaumuei [6,7,8];

* B-TPETHUX, YYUTHIBACTCS, YTO COCTAB PACTBOPCH-
HBIX B BOJIE JICMEHTOB ITOCTOSTHHO MEHSICTCS B 3a-
BUCHUMOCTHU OT HapPYXHBIX YCIOBUI M MCXOTHOTO
3JIEMEHTHOT'O COCTaBa TBepmoro Marepuaia [9, 10,
14, 15, 16].

Jlo HacTos1Iero BpeMEHU Mpu IMepexoe TeMrepa-
TYypBI Orpakmaronieii KOHCTPYKIINY Yepe3 HOJIb IPo-
ecc KpUCTAUTN3aluK paccMaTPUBAJICS KaK IIPOIIecc
3aMep3aHUs BOIBI B ITopax MaTepuana. M3aMeHeHMe
KOJIMYEeCTBAa He3aMep3IIel BOMbI B MaTepuaje Impu
pPa3HBIX OTPUIIATEIBHBIX TEMIIEPATypaX OOBSICHSIIIOCH
pasMepaMu ITop MaTepuajia. B maHHoi1 padborte Biara
B MarepHaje pacCMaTpUBaeTCs KaK 3BTCKTUUECCKUMA
pacTBOp, MOJYICHHBIN B IIpoliecce THUApaTallny He-
KOTOPBIX OKCHUIIOB U COJIEN, BXOMSIIMMA B COCTaB MaTe-
puana. Takoit momxom oIpeaesieT u3ydeHue Impoliecca
KPUCTAJUTM3ALIMU BOIEI M3 pacTBOpPA IIPU YCIOBUH 00-
pa3oBaHMSI HAHOBEIIIECTB B BUIE TUAPATOB coeit. [1pn
YCIOBAHM BO3MOXHOCTH OITpeaeIeHUS] KOHIICHTpaIINT
COJICH B pacTBOPE BO3HMKAET BO3MOXKHOCTD yIIpaBJIe-
HUS TIPOIIECCOM 3aMep3aHMs BJIaTH B OTPaKIAIOIINX
KOHCTPYKIIMSIX Ha OCHOBE HAHOTEXHOJIOTHIT N3MEHEHUS
HMCXOTHOTO COCTaBa MaTepuraa.

Llenpro MccireqoBaHMS SIBIISICTCST pa3paboTKa METO-
IKHU JIA00PATOPHOTO 3KCIIEPUMEHTA M METOTUKI MaTe-
MaTHUIeCKOi 00pabOTKHU ITOTYICHHBIX B 9KCIICPUMEHTE
JNAHHBIX U151 OTIpeAeIeHUSI TeMIIepaTypbl KpucTaan3a-
WY BJIaTH, KOJTMIECTBA He3aMep3Ieil BIaru B MaTepra-
JIe, TEMIICPATYPHI IIePeOXTIaKICHNS, KOHLICHTPAIIUT pac-
TBOPEHHBIX BEIIECTB, TEIUIOEMKOCTH BJIaTH B JKUIKOM
¥ TBEPIOM COCTOSTHHUSIX.

B manHOIT cTaThe OMMCHIBACTCS TOJIBKO METOIUKA
MaTeMaTH4IeCcKOoil 00pabOTKM pe3yIbTaTOB 3KCIICpH-
MeHTa. OnrcaHne METOOMKH W pe3yIbTaTOB CaMOTO
SKCIEepUMEHTAa, a TaKXKe pe3yJbTaThl, TMOJyIYCHHBIC
¢ MMpUMEHEHNEM OIMCHIBAEMOM METOINKN MaTeMaTH -
yecKoi o0paboTKu, OyayT onmyO0JIMKOBAaHBI aBTOPaMU
TI03Xe.

MaremaTuyeckoe onucaHue JKCNepuMEeHTAa

B obmrem cirydae Tipoiiecc TeIIiorepeHoca B NCCIe-
IIyeMOM 00pasIic OIMMCHIBACTCS TPEXMEPHBIM YpaBHE-
HUEM TEIUIOMPOBOTHOCTU C TPAHUIHBIMH YCIOBUSIMU
TPETHETO poma:

at a at d at d ot
5 =5 () e () — 5 (Rag) - O

TIE X, X,, X, — KOOPIMHATHI, M;

A, A,, A, — pacyeTHbIE TETIONPOBOAHOCTH 10 COOT-
BETCTBYIOIINM HarrpaBieHusM, Bt/(m ¢ °C);

¢ — yaelbHAsI TEIJIOEMKOCTh Matepuana, JIx/
(kr*°C);

Y — IUIOTHOCTb MaTepuaja, Kr/Mm?>,

Z — BpeMd, C.

Ha rpanune oGpasua ImpoucxoauT TeIIooOMeH
C BO3IYXOM B MOpO3WJIbHOM Kamepe. [Ipemmomnaraer-
cs, 9TO obOpazell UMeeT hopMy HapaUlejeIuIieaa 1 Ha
BCeX IpaHsIX 00pa3iia TeII00OMEH ITPOTEKaeT OMMHAKOBO
(TTOCKOJIBKY Oo0Jiee MeTalbHOM MHGOPMAIIMK 00 3TOM
mmpoirecce HeT). [ToaToMy HIKe IIpUBeIeHO TPAHIYHOE
YCIIOBHE TOJIBKO JJISI OMHOM 13 TPaHei.

IIpu pacmoioXeHUM oceil CUCTeMBl KOOPAMHAT
BIOJIb peOep 0Opasia TpaHNIHOE YCIIOBHE TIPUHUMACT
BUII:

A (0t/0x) = o, (t —1), 2)

rie f — TeMIepaTypa B MOPO3MIIbHOM Kamepe, °C;

0, — KO3(OUIMEHT TETIIOOOMEHA B MOPO3UJIbHOM
kamepe, Br/(m?«°C).

ITo cytu popmyist (1), (2) OMMCHIBAIOT ITepepacIipe-
JIeJICHUE TETIOTHI IT0 00pa3Ily BCCICTBHE TEIUTOOOMEHA
C OKpyzKarolleil cpefoii. B kauecTBe HaYaIbHBIX YCIIOBUIA
IIPUHUMAETCS PaBHOMEPHOE pacipenesicHIe IT0 00pa3Iry
TeMImepaTypsl t0, I3MEpPeHHO B 9KCIIEPUMEHTE.

Ha rpaHsx pac4eTHOTO yJacTKa, KOHTaKTUPYIOIINX
C BO3IyXOM MOPO3WIIBHOM KaMepbl, OYIYT BEITTOTHSITHCS
rpaHUYHBIe yeroBys (2). Ha rpaHsx pacuyeTHOTo yJacT-
Ka, pa3pe3arlInx oopasell, BCJICACTBIE CUMMETPUH 3a-
JTA9M 3aITUCHIBAIOTCS TPAHMYHBIC YCIOBHS BTOPOTO PO,
ITOTOK TETUIOTHI paBEH HYJIIO, T.€. B YCIIOBUSIX UCCIICTye-
MO 3a1a4 IIPOU3BOIHAS TEMIIEPATyPHI IT0 KOOPAMHATE
paBHa HYJIIO:

at .
dxq - x1=0

3)

AHAJIOTUIHO 3aITMCHIBAIOTCS YCIOBUS IO OCTATTLHBIM
KOOpIMHATaM.

BcnencTtBue cuMMETpHUM CUCTEMBI PEIICHUE YpaB-
HEHUS ¥ TPAHUIHBIX YCIIOBUI UIITYTCS C TIOMOIIBIO pa3-
IeJIeHUS TIepeMeHHBIX. [JIsT KpaTKOCTH OITYyCTUM XOII
peIIeHNs U 3aIIUIIIeM cpa3y KOHECUHYIO (hOpMYIIy:
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N1tM24M3

t=t,+ Bcos(\/axl)cos(\/ﬁxz)cos(\/%xg)e_/1 w2 (4)

e Ko3(OULIMEHTBI 1, 1,, T, HAXOATCA U3 TPaHUY-
HBIX YCJIOBUI, a KOAOGULUEHT B — U3 HaYaJIbHBIX.

7151 mpaKTMIECKOTO MCIOIb30BaHMST JOCTATOYHO
TOJBKO TIEPBOTO WiIeHA psiaa, T.e. opMyIsl (4), B KO-
TOPOH KOO(DMUIMEHTHI N, M,, N, OBUIK ONIPENETEHBI
13 ypaBHeHUS (5) Ha IIepBOM IIepHUOIC TaHTEHCA B TI0-
JIOXKUTEITLHOU TTOTYTIOCKOCTH:

Jnidy tan(\fnrdy) = ““;‘1. (5)

Jloka3aHo, 4TO pa30dpoc TeMIlepaTyphl 10 00pa3iy
HE OKa3bIBaeT CYILIECTBEHHOTO BJIMSIHUS Ha UCCIIeaye-
Mbl€ 3aKOHOMEPHOCTH BHE y4acTKa (Da30BbIX MEPEXOA0B.
EnuvHCTBEHHBIN mpoliecc, Mpu KOTOPOM pa3zdpoc TeM-
rnepaTyp MOXeT oKa3aTb MCKaxalolllee BO3AECTBUE —
dazossrit mepexon. Ho dazoBrie mmepexoabl xapakTep-
HBbI TOJIBKO JIJIS1 YBJIaXKHEHHBIX 00pa31oB, TEIJIOMPOBO-
JMTHOCTb KOTOPBIX 3HAYUTEJILHO OOJIbIIIE, YEM Y CYXOTO
oOpasua. TenaonpoBOAHOCTD CYIIECTBEHHO BJIUSIET
Ha pa3dpoc TeMneparyp 1o obpasily, CriakKuBaeT ero.
He npuBons Bcex BbIKJIaI0K BHOBb, YKaXeM TOJILKO, UTO
JIJISI UCCJIEIOBAHHOTO YBJIaXKHEHHOTO 0Opasiia pazopoc
TEMIIEpATyp MEXIY CaMOM TeIUIOM W CaMOM XOJIOMHOM
TOYKAMM COCTaBUJI Bcero 14% ot ob1iero TemrepaTyp-
Horo niepernanga. CpenHsia TeMIiepaTypa 1 TeMIlepaTtypa
B MECTE PACIoOJIOKEHHUS 1aTYMKaA B TOUHOCTU COBITAJIMU.

Binusinue pazdpoca TeMmmneparyp Ha TOUHOCTb U3Me-
peHus $a3oBoOro nepexoaa TpedyeT NOMOTHUTEIbHOTO
usydeHus1. Ho 61aromapst mojiydueHHBIM PEIIEHUSIM YXKe
ceilyac MOXXHO yKa3aTb OpTaHU3allMOHHBIE MEPOITPUSI-
THSI, CITOCOOCTBYIOIIME TTOBBIIIEHUIO TOYHOCTU U3MeE-
pEeHUIA.

Wcnonw3ys ucnbiTyeMble 00pasiibl AOCTATOYHO Ma-
JIBIX pa3M€epOB M C BBICOKOH TEIIONPOBOAHOCTHIO, MOXK-
HO MpeHeOpeUb OTKJIOHEHWEM TeMIlepaTyphbl B pa3HbIX
TOYKax o0pasla OT CpeTHEro 3HAUCHMSI.

DTO TTO3BOJISIET YIIPOCTUTHh MAaTEMAaTHYECKOE OITHCa-
HHUE 3a/lauM, CBEs €ro K TeriooOMeHy MaTepuaJbHON
TOUKM C 3aJaHHBIMM CBOMCTBAMM TEILJIOOOMEHA U Te-
TUIOEMKOCTH.

MatemaTrueckast MOIeJb ISl TETIJI0O0OMeHa MaTe-
pUATBLHOI TOUYKM CBOJAUTCS K JIMHEHHOMY nuddepeH-
1LMaJIbHOMY YPaBHEHHIO TIEPBOI CTEIICHU:

cm = (0t/07) = Sau, (. —1), (6)

rae m — Macca obpasiia, Kr;

S — obmas TIomaab MOBEPXHOCTH obpasiia, yJa-
CTBYIOILICH B TETUTOOOMEHE, M2,

HyXHO TOTOJTHUTETbHO 3aMETUTh, YTO IO cm
B ypaBHeHUU (6) TOHUMAETCs 0000IIEHHAS TEILJIOEM-
KOCTb 00Opa3siia, KoTopasi 13-3a (a30BbIX TIEPEXOI0OB

B TIpoliecce dKCIepUMeHTa MeHSIETCsI. AHAJIOTUYHO
Sa, — 370 06001IEHHBIN KOI(DDULMEHT TETIIOOOMEHA
obpa3siia, KOTOPBIN MOXET MEHIThCS B TIpoliecce DKC-
MepUMeHTA 13-3a 0COOEHHOCTEN pabOTHI MOPO3MIHLHOM
KaMepHl.

W3 coobpaxeHuit ynoocTBa majaee 4acTo OyaeT uc-
MOJIb30BATbCS CABUHYTAsI TEMIEpaTypa

T=1 . 7

st perieHus ypaBHeHMs (6) TpeOyeTCst TOJILKO OIHO
IPaHUYHOE YCI0BUE. DTO HAYAJIbHOE YCIOBUE

#0) =1, )
OO1mWMii BUA pelIeHus:
Hz) =t +(1,—t1) e, )]

rae k — rokasaTesib SKCIIOHEHThI, OIPeAeIsieMblii
1o popMyIie

k= Sa,_/cm. (10)

3aBHCUMOCTB TEMIIEPATyphI OT BpeMeHU (9) moKHa
IIOJTy9aThCSI TIPU TIPOBEICHUH U3MEPEHMI Ha CYXHX 00-
paslax, ISt KOTOPBIX M3MEHEHUS XapaKTepPUCTUK 00-
pasiia 1 MOpO3MJIBHOI KaMephI 32 BpeMsI IIPOBEICHUS
WCTIBITAHWI MaJIbl.

ITocTanoBKa u pe3yJIbTaThl TA00PATOPHOTO IKCIEPH-
MeHTa

J11st poBeIeHUST UCClIeOBaHU ObLT OTOOpaH KUP-
ma Mapka M 100 ¢ ©3BeCTHBIM 3JIEeMEHTAPHBIM XIUMU-
YECKUM M KPUCTAIITTICCKIM COCTaBOM. B cOOTBeTCTBUI
C YCIIOBUSIMU pa3pabOTaHHOI IMPOrpaMMBI CCIIeI0Ba-
HUI NCITBITAHUS TTPOBOIMIIMCH Ha CYXUX 00pa3Iiax 1 00-
pasuax co 100% BomoHachbllieHEM. Pe3yibTaThl 9KCIIe-
PUMEHTA IUTSI CYXUX 00pa3IoB IIPeACTaBICHB Ha pucC. 1,
IIJIST BODOHACKHITIIEHHBIX 00pa3IioB — Ha puc. 2.

Ha puc. 1 moka3zaHo paclipeneicHue TeMIlepaTy-
PHI, TIOIyIeHHOE B 9KCITEpPUMEHTE ST CYXOT0 obOpasiia.
Ha puc. npuBeneH rpacduk CABUHYTON TeMIIEpaTypbl
1 aTIIpOKCUMAIINS 3aBUCMOCTH SKCITOHEHTOM. BumHo,
YTO 9KCIIEPUMEHTATBHBIC TOUKU TIPAKTUICCKI HICATEHO
JIOXXAaTcsT Ha BKCITOHEHTY. Ha rpacduke omymieHs! Ha-
YaJbHBIC M KOHCYHBIC TOUYKH, TaK KaK IIPOIIeCC B OTU
MOMEHTHI BpeMEHHM CUJIbHO MCKaXeH. B HauambHEII MO-
MEHT BO3MYIIICHIE, CBI3aHHOE C YCTAHOBKOM B Kamepe
TEIUIOro 00pasiia, IPUBOIUT K 3HAYUTEIIEHOMY M3Me-
HEHUIO TeMIIepaTyphl B Kamepe. [1oka aTa TemmiepaTypa
BOCCTAaHABJIMBAETC, f OBICTPO U3MEHSETCH, & 3HAYUT
Ha 9TOM y4dactke opmyina (9) He saBIsIeTCs pelieHu -
eM ypaBHeHUs (6). Ha KoHeYHOM y4yacTKe HapacTaeT
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4 Cyxoit obpasert

60 80 100
Bpewmsi, MmuH.

Puc. 1. 3aBHCHMOCTH CABHHYTOIi TeMIIEPATYPBI OT BPEMEHH JIJIsI CyX0ro o0pasma

MOTPEIIHOCTD, CBSI3aHHAS ¢ AByMs (pakTopamu. [lep-
BRIl — TeMIIepaTypa B KaMepe He ITOCTOSTHHA, a Tepe-
MEHHasI ¢ IeprHoaNIecKNM n3MeHeHneM Ha *1,5°C (1re-
puon u3MeHeHU 44 MIUHYTHI). BTOpoii — TTorpentHocTs
okpymieHus. TemiepaTypa hUKCHPYETCS TaTINKaAMK
C TOYHOCTBIO IO OTHOU IeCSITO rpamyca. DTo HE MMEET
3HAYCHMSI, KOTIa OO TIepera TeMITepaTyphl MEXKIY
00pa3IoM U KaMepoil COCTaBIISIET NEeCITKH IPaIyCcoB,
HO CO COMMXCHUEM 3TUX TeMIIEPaTyp MOTPEITHOCTD
OKPYTJICHNS HAYMHACT COCTABIISITH BCE OOJIBIIYIO YaCTh
OT OOIIIETO TIeperrafa M Ha TTOCICIHEM YIaCcTKe TIPUBOIUT
K TIOTPEITHOCTSIM B IECSITKU TIPOIICHTOB.

st BIaskHOTO 00Opasna IOKHO ITPOMCXOINTH Cpa-
3y HECKOJIPKO M3MeHeHUH B Tpaduke. CILTONTHOM 2KC-
TMOHCHIMAIBHBIN rpad¥K TOJLKEH pa3deInThCs Ha TPHU
yuacTka. JIBa ygacTKa TaksKe SKCIIOHEHIINAIbHBIC Ooee
TIOJIOTHE, YeM IIJIST CyXOro o0pasliia, TaK KakK IoKa3aTesb
9KCIIOHEHTHI YMEHBIINTCS 3a CYCT JOOABOYHOM TETIO-

€MKOCTH BOIBI (Ha Y9aCTKE OTPUIIATEIHHBIX TEMIICPATYP
JIbIIA), ¥ OMWH YIaCTOK TOPU30HTAIEHBIN BO BpeMsT 3aMep-
3aHUS BOIBI B ITopax MaTepraa okoio 0°C. Tak rpaduk
TTOJDKEH OBIT OBl BRITYISIICTD IUTS TUCTUJUTMPOBAHHOM BOIBI
B IOCTAaTOYHO KPYITHBIX TopaX. Ho Ha mTpakTiKe B 00JIb-
IIMHCTBE CTPOUTEILHBIX MATEPHAJIOB BOJA ITPEBPAIIacTCs
B pacTBOP, ITOPHI B TOM YHCJIC I MEJIKHX pa3MepOB, 1 BO3-
MOXKEH eIIIe psiz (haKTOpOB, BIMSIOIINX Ha 3aMep3aHMe.

OLIeHNM TTOTPEITHOCTh BEIYMCICHU, BO3HUKAIOIIYIO
TIPY HAXOXICHUN TTOKa3aTelIsT SKCITIOHEHTHI IT0 (hopMyJie
(10). ITpu 3TOM MPUHUMAIOTCS CIICTYIOIINE 3HAUCHMS
TIePBUYHBIX MOTpeITHOCTEH. TeMITepaTypbl U3MEPSTIOTCS
¢ orpemrHocThio 0,05°C, BpeMsT — ¢ MOrpeIrHOCThIO
0,5 c. Ilpn BEIUHUCICHMSIX BCE TIOTPEITHOCTH BEIMINH
0003HaUYeHHI J0OABIICHUEM CUMBOJIA O.

IIpoBeneHHast 06paboOTKa MO3BOISIET HAUTU MECT-
HBIC 3HAUYCHMS C HAMHOTO OOJIBIICH OIpeaeIeHHOCTBIO.
OTKJIOHEHME OT CPEAHErO 3HAYEeHUsI MeHbIue 2,5%
pu TeMIlepaType obpasna Beime 5°C,
1 MeHblie 4% pu TemiepaType oopasia

oT —5°C mo 5°C, 4TO 3HAYUTEIBHO JIyd-

1lIe HEOIPEeAeIEHHOCT! B HAXOXICHUU
k o puc. 2.

Macca obpasua u ero pasMmepbl U3-
BECTHEI ¢ BRICOKOM TOYHOCTBIO. [103TO-

My, 3Hasl yIEJIBHYIO TeIIOEMKOCTh MaTe-
puasia obpasua, 1o dpopmyiie (11) MoxxHO

orpeneanTb Koa((UILMEHT TeII000MeHa
B MOpo3uJibHOU Kamepe. M1 HaobopoT,

3Hast KO3 PULMEHT TEIIO0OMeHa B MO-
PO3WIBHOI KaMepe, MOKHO OTIPEIEINTh

20 %
10 S
0 A
= X 5 100 150
o) 10
o
= . \\
5 .
=~ .
20 .\\___/\g
-30
B .
Temmneparypa: PEMiL, MUH
4 B MoposuibHoit kKamepe < O6pasia

YIETbHYIO TEIJIOEMKOCTh MaTepHalia 00-
pasia.

Hccaenosanue BIaXKHOIO 00pasna

Puc. 2. I3menenue TemnepaTypbl B Kamepe (CHHIE MapKepPbl) U TeMIie-
paTypbl 00pa3na (KpacHbI€ IOJIbie MapKephl) B X0/1e HCIIBITAHUIA TOJIHO-

CThIO YBJIAKHEHHOTO 00pa3na

I[Iporexanue mpormecca 3amMopa-
KUBaHUS COBMECTHO CO 3HAUCHUSIMU
TeMITepaTypbl B MOPO3MIbHOI KaMme-
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pe moka3aHo Ha puc. 3. Temmepartypa

B MOPO3MJIBHOI KaMepe, 3a HeCKOJIBKO O » )

MUHYT CKOMIICHCHPOBaB BO3MYIIICHNE ) :(5) "\

OT YCTAaHOBKHM TEIUIOTO 00Opasia, Janee E \ y = 287.9252¢0.0204x |
M3MEHSIEeTCS TMMIO00pa3sHO C aMILIM- s 30 \\ R2=0.9981
typoit B 1,5°C 1 meprogoM IpuMepPHO g 25 A~

45 munyt. Kojsebanug TemmepaTyphl e 20 -

B MOPO3WJIBHOI KaMepe CHIKAIOT TOU- é 15

HOCTb U3MEPEHUI, 0COOEHHO IIPU TEM- Z 10 1 y= 4%?1532;%'3 187x

nepatype obpa3sia, npubIMXKamIleics g 5

K TeMIlepaType KaMephl. B ¢Bs131 ¢ aTiM © 0

pe3YIIbTATHI, IIPH KOTOPBIX TEMIIepaTypa 0 50 100 150 200

o0pasia oTInJansach OT TeMIICPaTyPHI
B MOPO3MJIBHOU KaMepe, MeHEe 4eM
Ha 5°C He UCT0Ib30BaJINCh.

Ha puc. 2 mokazaHo u3MeHEeHUE TeM-

4 Hezamepaiiuii pactBop

Bpewmst, MuH.
Vuactok rpaduka, Ha KOTOPOM:
= [Tepexonnast pasa 4 3amep3iuuii pacTBOp

mnepaTypsl B Kamepe (CMHUE MapKephl)
¥ TeMIIepaTyphl 00pasna (KpacHBIE I0-
JIBIC MapKephl) B XOI¢ UCTIBITAHWI TT0JI-
HOCTBIO YBJIAXKHEHHOTO 00pa3iia.

BunmHo, 4TO 3aMep3aHMe pacTBOpa He HAUMHACTCS
npu 0°C. O6paselr cHavana oxjaxmaercsa no —1,3°C,
a 3aTeM IIPOMCXOIUT MOYTHU MTHOBEHHBINI OTCKOK
1o —0,6°C.

IlepBbIM 1IAaTOM 0OPAOOTKM PE3yJILTATOB SKCIEPU-
MEHTa HeOOXOIUMO yOeIUThCSI, YTO Ha yYacTKax BHe (a-
30BBIX IIPEBPAICHUI TeMIIepaTypa 00pa3iia M3MEHSICTCS
110 3KCIIOHCHIINAJIbHOMY 3aKoHYy. Ha puc. 3 mokasaHa
3aBHCHMOCTbH CIIBUHYTOIT TeMITepaTyphl 00pas3lia OT Bpe-
MEHH B XOJ¢ MCIBITaHN. OpHeHTUPOBOYHBIC YIACTKHI
9KCITOHCHIINAIBHOTO Pa3BUTHS M (a30BOTO IIepexoaa
BBIICIICHBI IBeTaMi. OcOO0eHHOCTH TpaduKa B TOM, UTO
IJIST SKCTIOHEHIIMAIBHBIX YIACTKOB C ITOJIOKUTEIBHOM
¥ OTPUIIATEIFHON TeMIIepaTypaMi BEIOpAaHBI pa3HbIC
TEMIIEPATYPbl MOPO3UIILHOM KaMepbl 7 . DTO CAENaHO
IUTSI TIOBBIIIICHUST TOYHOCTH HaXOXICHUS KO3 hUIIMeH-
TOB 3KCITOHEHTHI, TaK KaK IIPU MIPOBEACHUN SKCIICPHU-
MEHTa TeMIlepaTypa B KaMmepe N3MeHsIach. BEIOpaHHEIC
! HaiIEHbl OCPEIHEHNUEM COOTBETCTBYIOIIMX YYaCTKOB
rpacduka.

BusyanpHO cMeHaA TeMIlepaTypbl B MOPO3MIBHOM
KaMmepe TIpu 00paboTKe MPUBOIUT K BEPTUKAIIBHOMY
caBury rpaduka Ha 128 MuHYTE. DTOT CABUT O0YCIIOBIICH
He TIPOTeKaHWEM TIpoliecca, a 0COOCHHOCTIMU 00padoT-
KU pe3yJIbTaTOB.

Kak BumHO M3 puc. 3 KpailHUE YIaCTKHA C BBICO-
KO¥ TOYHOCTBIO OIMMCHIBAIOTCS 3KCIIOHEHTOM. 31ech
B OTJIMYMeE OT TpadpuKa IJIsI CyXoro odpasiia Imoxkasa-
TeJIb OKCIIOHEHTHI n3MeHseTcs u paseH 0,0187 mua™!
1o dazosoro nepexona u 0,0204 muu~! mocie ¢pazoBo-
ro nepexoma. M3aMeHeHMe TToKa3aTeNIsT SKCIIOHEHTHI,
OYEeBUIHO, CBSI3aHO C U3MCHEHUEM TEILIOEMKOCTH
oOpa3sma 3a cueT 3aMep3aHus pacTBopa (TEIJIOCM-
KOCTb BOIBI IPUMEPHO B 2 pa3a BBIIIIE TEIDIOEMKOCTH
JibAa).

Puc. 3. 3aBuCHMOCTD CABHHYTOI TeMIIEPATyphl 00pa3ia OT BpeMeH:
B X0/I€ MCTIBITAHUIA MOJHOCTbIO YBJIAKHEHHOTO 00pa3na

Tak kak TemmiepaTypa B MOPO3WIBHOM KaMepe B IIPO-
Imecce M3MEPEHUI MMOCTOSTHHO M3MEHSIJIACh B CYMMeE
Ha HECKOJIbKO TPaxycoB, IS IMMOBBIIICHUS TOYHOCTH
OIIpeIeIICHIS TTOKA3aTelIsI SKCITOHEHTBI HEOOXOMMO TTe-
PEUTH K MECTHBIM 3HAYCHUSIM, OTIPEACIISIEMbIM IT0 (hop-
myite (10). Takass 00paboTKa MpoBeIeHa OTACITHHO I
yJacTKa C MOJIOXUTEIbHBIMU TeMIIepaTypaMu (He3a-
MEp3IINM PacTBOPOM) U YIacTKa C OTPUIIATCIbHBIMU
TeMIepaTypamMu (TIOJTHOCTHIO 3aMep3IIMM PaCTBOPOM).
I1pu o6paboTke yuyuThiBajics OOHApy>KeHHBII paHee
3¢ deKT n3MeHeHuUsI TeruiooOMeHa IIpu padboTe U OT-
KJTIOYCHNY XOJIOAMILHOM MAIITHBEL.

Ha puc. 5 gyepHas IMyHKTUpHAS JTUHUS ITOKAa3bIBacT
SKCIIOHCHIIMATLHYTO aIlITPOKCUMALIIO 3HAYCHMIA TS TeM-
repaTyphl oopasma Hike —8°C. MecTo, Te IPOMCXOIUT
pacxoskIeHNe SKCTIOHCHITNATBHOM IMHUT U Pe3YJIbTATOB
n3mepeHust (—4,5°C), yKpyITHEHHO TT0OKa3aHo Ha puc. 4.
DTa ToYKa NPUOIN3UTEITHHO YKa3bIBacT Ha MOMEHT I10JI-
HOTO 3aMep3aHusI pacTBopa. Ha camoM zejie cTompoIeHT-
HOE 3aMep3aHre pacTBOpa IIPOUCXOINT IIPH SBTEKTUIC-
CKOI1 TeMITepaType U He 3aBUCUT OT HaJaThbHOM KOHIICH-
Tpaluu, TOATOMY CKOPEE BCETO B 3TOM MECTE TOUHOCTh
HICCIICIOBAHMIA CTAHOBUTCSI HEOCTATOYHOM IJIST CY>KICHUS
00 0CTaTOYHBIX (Pa30BBIX ITEPEX0OHaX B MaTepHaIe.

Bosee mosHO ¥ TOYHO M3YIUTH IIPOLIECC 3aMep3a-
HUS pacTBOpa, B TOM YMCJIE MECTO CTOIPOILIEHTHOTO
3aMep3aHus, MOXHO IIPSIMBIM PacuyeTOM KOJMYECTBa
He3aMep3IIell BJIary 13 TeIUIOBOTO OajaHca Ha yJacTKe
dazoBoro mepexona. Bce moaroroBuTeIbHBIE PAGOTHI
IIJIST 3TOTO MPOBEICHBI, BCIIOMOTATEIbHBIC BEINUNHBI
HalIeHbI TT0 AKCIIEPUMEHTAJbHBIM JAHHBIM C MaKCH-
MaJIbHOU TOCTMXKMMOW TOYHOCTBIO.

B o6miem ciiyyae 3a 1 MUHYTY MEXIy U3MEpPEHUEM
TeMmIiepaTypbl oOpasiia 3aMep3aeT Macca pacTBopa, Ko-
TOPYIO MOXKHO HalTH 0 hopMyJie

http://nanobuild.ru

309

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (6):
305-312

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

CTPOUTEJIbHOE MATEPUAJIOBEZJEHUE

Am, - Sa,(t, 1)z (e m, +c,m, +c (m,—m))At ,
7LF’

rme )\p — yIoelbHas TEIUIOTA TUIaBJICHUS pacTBoOpa,
K /KT.

®opmyna (11) HaXOOUTCS U3 MPEAITOTOXKCHUSA,
YTO BCS pa3HUIIA MEXKIY SHEPIUeil, OTHaHHOM 00pa3-
IIOM B MOPO3MWJIBHYIO KaMepy, U dHEepIrueil ocThIBa-
HUS 00pa3iia moIydeHa OT KPpUCTAUTU3allMy pacTBOpa.
Ecmm ncnonb30BaTh 3Ty (POPMYITy HETIOCPEIACTBECHHO,
TO TIOTPEITHOCTh HAXOXIeHUS KO3 puImeHTa Terio-
obOMeHa U yIeIbHOI TEIUIOEMKOCTH OyIeT CyMMUPO-
BaTbHCS C TIOTPEITHOCTBIO YIEIbHOM TEIIOTH TLIaBJIe-
HUS U IIPOYNMU 00Jiee MEIKUMU TTOTPEITHOCTSIMU.
M3-3a 3TOT0O MOTPEITHOCTh pe3yabTaTa OyIeT OYeHbB
BEJIMKA.

Dopmyny (11) MoxHO TIpeobpa3oBaTh TaK, YTOOHI
HMCKITIOUNTH TTApaMeTPhl ¢ HAUOOJIBIIIEH ITOTPEITHOCTHIO
HaXOXICHUS:

(1

_ CKmK + CBmB + Cn(mBO - ms)

=1 S Az At
Am, = % , (12)
;LP
Sa, Az
™
Am, = (m,) (13)
;\‘P
Sa, Az

IToxazarenb 3KCIIOHEHTHI U3MEHSIETCS B ITpo1ecce
3aM€p3aHus paCTBOpa, TaK KakK yac/JIbHad TCINIOCMKOCTDb
BOAbI 1 JIbAAa OTJINYAacTCAA. BCJ’II/I‘II/IHa, 06paTHa51 K I10-
Kas3aTeJIl0 OKCITIOHCHTHI, JIMHETHO 3aBUCUT OT MAaCCHI

He3aMep3ilei Boabl. TakuM 00pa3oM, JOCTATOYHO TOYHO
3Hasl ITOKAa3aTeIb SKCIIOHEHTHI B ABYX TOYKAX, MBI MO-
JKeM IPOBECTH IPSIMYIO JIMHUIO U HAXOAUTH 00OPaTHYIO
BEJIMYMHY 0€3 [IOTEPU TOUHOCTH.

Hcnonb3ys sKcrnepuMeHTaIbHbIE JaHHbIE, MOXHO
OMpPENENNUTh TI0Ka3aTeb 9KCoHeHThl nipu 0°C k, =
0,00031 ¢! 1 nokasarenb 5KCroHeHTh pu —6°C k, =
0,00035 ¢c~!. Torma

1 1 (1 1\m,
_=—+
k(m,)

k, \k Kk )my,

®opwmyna (14) cOOTBETCTBYET BKIIOUCHHON X0OJIO-
nuinbpHOM MamuHe. [1py BBIKIIIOUEHHOI XOJOAWIBHOMN
MaIllMHE 3HAaYeHUsI, MOJIyYeHHEIe 110 dhopmyie (14),
HY>KHO yMHOXaThb Ha 1,1.

®opmyna (14) TO3BOJISICT MOCTPOUTH I'pahUK 3aBH-
CHMOCTH He3aMep3IIeil BOIBI OT TeMIlepaTyphl. Bo MHO-
TOM HaM 3apaHee U3BeCTHA (popMa 3TOI KPUBOIA, TTO3TO-
MYy €€ TIOCTPOCHUE IIOMOTaeT YTOYHUTh HeOTIpeaeIcHHEIC
mmapaMeTphl. 7151 TOCTpOeHUsI KPUBOI HEOOXOIMMO 3a-
IAThCS 3HAUCHUEM )»p/ Sa, , meTanu3upoBaTh U3MEHEHUS
5TOTO MapaMeTpa M3MECHEHUEM TeMITepaTyphl CIIUIITKOM
CJIOXKHO, ¥ BOHUKAIOIIAS TIPY 3TOM ITOTPEIITHOCTB TIpe-
BBICUT BBIUTPHII, B TOYHOCTH TTOJTyIaeMBII TIPH ICTaIIH-
3aumu. Micxoms n3 paHee IIPOBEACHHBIX NCCICTOBAHIIA
IIJIST CYyXOTO 00pa3iia M TaOJMIHOTO 3HAYCHUS TETIIOTHI
IIABJICHUS YMCTOTO JIbIa, paBHOM 330 KK /KT, }\p/ Sa, =
1997000°C * c/kr. M3-32 HEBBICOKOI TOUHOCTH OTIpe/e-
JIeHHST K03 UIMeHTa TeII000MeHa IIpeIBapUTETHHYIO
MMOTPEITHOCTh HaXOXAEHUS mmapamMeTpa Xp/ So. MoxHO
oneHuTh B 10%.

I'pacduk 3aBUCUMOCTI Macchl He3aMep3Ieil BOIBI
OT TeMITepaTyphbl MoKa3aH Ha puc. 5. KpacHas myH-
KTHpHAsI JUHUS TT0Ka3bIBaeT HaYaJbHYIO MaccCy pac-
TBOpa. ACUMIITOTa coBHagaeT ¢ HyjdeM. OTKIOHEHHE

14

=2857+6827m,.
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Bpewmst, MuH.

¢ Temmeparypa obpasuia  ----- DKCIIOHEHIINATbHAST AaTIITPOKCUMAITHST

Puc. 4. Touka mo;iHOTO 3aMep3aHHs PACTBOPA B MOPAX MaTepuaja
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Puc. 5. Ipaduk 3aBuCHMOCTH MACChHI He3aMeP31Iero pACTBOPA OT TEMIEPATYPbI

TOYEK HA TOPU3OHTAILHOM y4acTKe TpadHKa OT HyJIs
[TOKA3bIBAIOT PEAIbHYIO MOIPEIIHOCTL pacyeToB. OHU
cocTapystioT £0,3 I 1 110 GOJbILEH YACTH BEI3BAHbI OTpa-
HUYEHUEM TOYHOCTH JaTYNKa TEMIIEPaTypHI.

BuiHO, 4TO OCHOBHOE 3aMep3aHKe PacTBOpa 3a-
KaHuuBaeTcd pu —4,5°C. Tlocie 3TOro mpoLece ecin
U IIPOIOJIKAETCS, TO OH TPYAHO OTIMYKUM OT IIOrPELI-
HOCTH U3MEPEHUI U 3aXBaThiBaeT He 6ojiee 1 rpaMma
(2%) BemiecTBa.

SAKTIOYEHHUE (BBIBO/bI)

1. PazpaboTaHa MeToauKa MpOBEACHUSI SKCIIEPU-
MEHTAa I10 OIpeIeICHUIO TeMIIepaTyphbl KpUCTA/UTM3aLIuK1
BJIATM B MaTepuaie KUpnnJa. 3HaYNMOCTh JaHHOM Me-
TOIMKMU OIPEAesIeTCs B IEPBYIO OYepelb TEM, YTO OHA
MO3BOJISIET UCCIIEIOBATH MTPOLECC KPUCTAIUIM3ALIUU ITPU
3HAYUTEJIbHOUN pa3HUIIE MacC TBEPAOU U XKUIKOM (a3s.
DKCNEepUMEHT pa3paboTaH C Y4€TOM BO3MOXHOCTH €TO
MpPOBEICHUS C UCIIOJIb30BAaHUEM JOCTYITHOIO Jlabopa-
TOPHOTO 00OPYIOBAHUSI.

2. Ipu pa3paboTKe MEeTOOUKU MTPUMEHEH HOBBIN
MOAX0Md, KOTOPBIN OIpenessieT u3ydeHue Ipoliecca
KpUCTaJIN3allM BOAbI U3 pacTBOpa IIpU YCIOBUU 00-
pa3oBaHusI HAHOBEILIECTB B BUIe TUAPATOB coJieii. Biara

CIIUCOK JINTEPATYPbI

B MaTepHaJjic paccMaTpUBaeTCsI KaK SBTCKTHMUCCKUI pac-
TBOP, MOJTYICHHBIN B IIpOLIecce TUAPATALINI HEKOTOPHIX
OKCHUIOB U COJICH, BXOISIINIA B COCTaB MaTepHraJa.

3. Pa3paboTtaHa MaTeMaTH4ecKast MeToIiKa o0padboT-
KU Pe3yJIbTaTOB KCIIepUMEHTA. Pe3yrbTaThl aHaM3a,
IIPOBEICHHBIC C MCITOJIb30BAaHNEM pa3pabOTaHHOI METO-
IIUKH, TIOKA3aJIA BEICOKYIO JOCTOBEPHOCTH PE3yIbTaTOB.
[MorpeiHoCTh pacyeToB He mnpeBbiiacT 1%.

4. AHamu3 pa3paO0TaHHON METOIMKM ITO3BOJISIET BBI-
SIBUTH HaIIpaBJICHNE YBEJIMICHMSI TOUHOCTH PACUCTOB.

5. IlpuMmeHeHUe pa3dpaboTaHHBIX JIaOOPATOPHOIO
SKCITEpUMEHTa M MaTeMaTUIeCKO METOIMKHU IT03BO-
JISTIOT OTIPEIENTD BaXKHBIC IJIST TETUIOTEXHMIECKUX pac-
YETOB M PACUCTOB JOJITOBCUHOCTH MAaTepHUAJIOB 3HAUCHUS
KOJIMYECTBA He3aMep3Iliell BOAbI B MaTepuase, TeMIle-
paTypsI Hayaia ¥ KOHIIA KPUCTAJUTM3AINY BIaTd B K-
IMMIe, KOHIICHTPAIIMIO 3JICKTPOJIUTA BO BJIare, a TakxkKe
IOKa3aTh MPUHIMNITNATBHBIN MEXaHU3M ITOBEICHUS
BJIaTM B MaTepHrajie KUPIIMIa ¢ TOYKH 3pCHUST (PU3UKO-
XUMHUUYECKHX IIPOIIECCOB.

6. Bo3MOXXHOCTB OIpe/ie/icHISI KOHLIEHTPALIMK COJIei
B PacTBOPE CO3IACT YCIOBUS I pa3pabOTKN HAHOTEX-
HOJIOTHH YIIpaBJICHUS IIPOIIECCOM 3aMep3aHus BIIaTh
B OIPaXKIAIOIINX KOHCTPYKIMSIX HA OCHOBE U3MEHEHMUS
HMCXOTHOTO COCTaBa MaTepuaa.
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ABSTRACT: In the areas of construction materials science, the most promising solution is a set of issues related to the study of the
influence of conditions for the formation of the material structure, including the possibilities of its self-organization, on its proper-
ties. The chemical and physical aspects of this influence are studied at the micro level, using the entire complex of “subtle” studies.
At the same time, there are methods that allow us to assess the possibility of nanoeffects in experiments carried out at the macro
level: in production or in the laboratory.

One of these methods is the method described in the article. The main provisions of the method-ology have been formed on the
basis of statistical methods for conducting experiments and stud-ying technological processes. This technique can significantly
reduce the number of experiments performed while maintaining the adequacy of the results obtained and makes it possible toper-
form further analytical optimization of the results and their engineering interpretation. In particular, application of this technique
allowsevaluating joint influence of various factors on the result, that makes it possible to identify synergistic and antagonistic effects
and then test them at the micro level by studying the nanostructure of materials.

The article, as an example, considers the technology of concrete, focused on the utilization of concrete scrap as a filler or filler in
building materials for various purposes. The results of research on the development of composite binder compositions based on
fine-ground concrete scrap waste, mineral binder, synthetic fibers and polymers cured as a result of chemical interaction with the
components of the concrete mixture are presented. This binder can be used for making various wall elements of buildings.

KEYWORDS: model, optimization, concrete, waste, nanostructures, composite material, technology.

FOR CITATION: Zhukov A.D., Bobrova E.Yu., Bessonov I.V., Medvedev A.A., Demissie B.A. Application of statistical methods for
solving problems of construction materials science. Nanotechnologies in Construction. 2020;12(6): 313-319. Available from:
doi: 10.15828/2075-8545-2020-12-6-313-319.

INTRODUCTION

he creation of effective materials and optimization

of technological processes involves the use of modern
methodologies for studying the conditions for the for-
mation of a material’s microstructure (including self-
organizing nanostructures), as well as the possibility
of evaluating its properties by conducting experiments
in production or in a technological laboratory. An obvi-
ous but implicit factor is the material and time spent on
conducting experiments that are the basis for creating
a material or optimizing its properties [1-3].

It is possible to optimize the number of experiments
and, consequently, the consumption of materials, energy,
and time using statistical methods for organizing and pro-
cessing experimental results, mathematical modeling,
and analytical optimization of the results obtained [4—5].

Mathematical planning of an experiment is an impor-
tant part of solving technological problems on a computer
for finding equations of mathematical models of techno-
logical processes or phenomena. The correct choice of a
model or simulation system is, in many cases, the basis for
making the right decisions on the implementation of the
experiment, both in terms of achieving its results and in
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terms of saving costs for its implementation. Methods
of organizing and planning a multi-factor experiment are
also essential: when constructing incomplete quadratic
and quadratic mathematical models, using full and frac-
tional factor plans that meet the optimality conditions
[6-—8].

The resulting dependencies (regression equations or
algebraic polynomials) allow us to evaluate the influence
of each of the factors on the result. In particular, the use
of such methods makes it possible to assess the joint influ-
ence of various factors on the result [9—11]. This makes
it possible to estimate the probability of synergistic and
antagonistic effects. As practice shows, it is these effects
(the effects of the joint influence of various process pa-
rameters) that underlie the emergence of self-organizing
nanostructures at the micro level, which are checked us-
ing “fine” research methods.

The resulting models and the developed research
methodology fully correspond to the development pri-
orities of the construction industry, including the recom-
mended development of digital technologies, the forma-
tion of analytical databases and computer visualization
of construction processes.

The use of digital methods can significantly increase
the reliability of obtaining results in the process and
during processing of experimental data, use statistical
methods to assess the reliability of models and the sig-
nificance of the influence of factors, and at the same time
significantly reduce the material costs of implementing
experimental studies. This is an indirect, but very sig-
nificant contribution to improving the energy efficiency
of construction technologies [12—14].

On the other hand optimization of material formula-
tions or manufacturing processes is also a form of energy
efficiency improvement and is already implemented in
applied tasks. An example of such an applied implementa-
tion of the developed methodologies is their application
to concrete technology and, in particular, to the disposal
of waste from the production of mineral binders, con-
crete, and construction scrap. The need to dispose of such
materials follows, firstly, from the fact that any waste from
concrete production contains a certain (or rather an in-
definite but definable) percentage of unreacted Portland
cement, and, secondly, the need to preserve such scrap
leads to the alienation of significant territories, which
negatively affects the environmental parameters of the
environment and reduces the possibility of useful use
of such territories.

The world and domestic experience of waste disposal
indicates the possibility of using concrete scrap in road
fillings, for leveling territories, or as a filler or filler in
construction materials for various purposes [15—17].
The article presents the results of experimental studies
aimed at developing a method for selecting composi-
tions of composite material based on fine-ground waste

of concrete scrap, mineral binder and super plasticizer,
carried out using statistical methods.

The basis of the experiment on the example of which
the implementation of statistical methods is considered
was the assumption that increasing the strength and dura-
bility of concrete can be achieved by improving the qual-
ity of the contact zone and using polymers that increase
the elasticity of the formed contacts. This is achieved by
pretreating the aggregate with a complex additive, as well
as using a polyurethane polymer group that is cured by
moisture vapors contained in the air.

METHODS AND MATERIALS

The methodology of the experiment is based on a sys-
tem analysis that includes the following elements:

— Research of technology and processes of its compo-
nents;

— Study of the formulations and formulations of the
compositions and raw materials;

— Situational analysis and model type selection;

— Development of an experiment planning strategy,
selection of factors, responses, and optimization pa-
rameters;

— Conducting and processing experimental results, as
well as testing statistical hypotheses;

— Optimization of experiment results;

— Engineering interpretation of the experiment results.
The research is based on the methodology of THE

NRU MGSU, which is based on conducting an experi-

ment in three stages with an analytical assessment of the

results (the fourth stage) [18, 19].

At the first stage, a comprehensive analysis of the re-
search object is carried out: the technology as a whole
or its individual components, including those related to
the solution of prescription issues (selection of the com-
position of the initial compositions, for example). Factors
of influence are divided into two groups: deterministic
(the value can be precisely set for each situation) and
variable (the change of which can be estimated by math-
ematical statistics).

At the second stage, an experiment is performed (ac-
tive, passive, or combined), in which all the established
variable factors are involved. The factors in the experi-
ment (X, X, ... Xj) are used in encoded form that is,
reduced to the interval [—1, +1]. For example, a frac-
tional replica from a full three-factor experiment (2%)
allows you to estimate the linear influence of 7 factors,
and a full four-factor experiment-the linear influence
of 14 factors.

A series of experiments is implemented according to
a plan, the matrix of which is a fractional replica of an
incomplete quadratic equation of a higher order. In this
case, the coefficients for mixed interactions are assigned
the value of variable factors.
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After conducting the experiment and processing
its results, regression equations are obtained, in which
the influence of each factor on the result is estimated by
the coefficient at X, X,,.... X.. As a result, a group of the
most significant factors with the highest coefficients in
absolute value (usually from three to five coefficients) is
determined.

At the third stage, a series of experiments is car-
ried out, the plan of which is based on the matrix of a
complete quadratic 3...5 factor experiment (according
to the number of selected most significant factors).The
obtained regression equations are checked for all statisti-
cal hypotheses and the models’ adequacy is checked by
the Fisher criterion. As a result of statistical checks, only
significant factors are left out as a result of comparison
with confidence intervals (Abj), and as a result of testing
using the Fischer criterion, a conclusion is made about
the adequacy (or inadequacy) of the obtained models.

At the fourth stage, the obtained equations are ana-
lyzed and the influence of various factors on the result
is estimated, analytical optimization of regression equa-
tions and engineering interpretation of the results are
performed.

Evaluation of the influence of each factor on the result
is carried out by the value and sign of the coefficient fac-
ing the factor (its linear value or quadratic function) or
their pair interaction. It should be noted that the experi-
ment is carried out in coded values of factors (reduced
to the interval [—1, +1], so the coefficients for paired
interactions allow us to conclude only about the joint
influence of these factors on the result and the direction
of this influence, as well as the possibility, but not about
the magnitude of synergistic or antagonistic effects. These
effects can only be detected by using the natural values
of the factors in the regression equation.

Interpolation of the results consists in calculating
the strength and average density of the material depend-
ing on the values of the variable factors and is carried
out by implementing computer programs. This program
includes the following blocks: input data (values of factors

in real terms), a block coding factors, calculation block,
and the output results on the display.

The equations are optimized using an analytical
method. Which is based on the following provisions:
the obtained regression equations adequately describe
the technological process under study; each equation is
an algebraic function of several variables (by the number
of significant variable factors) and mathematical analysis
methods are used to study this function.

RESULTS

Based on the results of the implementation of the
first and second stages, the costs of cement, fine-ground
waste, screening, plasticizer and reinforcing component
were taken as variable factors. Water consumption is set in
accordance with the w/c and is not an independent fac-
tor. The response functions are the compressive strength
of concrete (Y,) and its average density (Y,).

As an optimization parameter at the third stage of the
experiment, the coefficient of structural quality of con-
crete (KCC) was adopted, which is equal to the ratio
of the compressive strength of concrete (Y)) to its aver-
age density (Y,):

KCC = (Y))/(Y,)

The experimental conditions of the third stage are
presented in table 1. The consumption of the reinforcing
component is assumed to be constant and equal to 1.0%

Mathematical processing of the experimental results
allowed us to obtain regression equations for compressive
strength (Y,) and average density (Y,).The significance
of the coefficient was checked by confidence intervals,
respectively, the confidence interval for the density was
Ab, = 0.8 MPa, and for the average density Ab, = 3 kg/m’.

The following mathematical models (polynomials)
are obtained):

— for compressive strength
Y, = 32.7+3.7X +1.6X, +1.9X,+ 15X X,— 11X %

Table 1.
The intervals of variation of factors
Average value The range The values of the factor levels
I TG i Syl o of the factor, )_(i of variation, AX, -1 +1

Consumption of Portland
Cement, ke/m’ X, 450 50 400 500
The consumption
of plasticizer, kg/m? X, 2 0.5 15 2.5
Consumpt103n of fine milled X 650 50 600 700
waste, kg/m 3
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— formediumdensity:
Y, = 1930+52X +24X +32X + 11X X,—6X %

The obtained models are checked for adequacy by
the Fisher criterion. The calculated values of the Fischer
criteria are equal for the average density model F, = 15.2
and for the compressive strength model F, = 15.7.Table
of criteria values, respectively, equal to the 19.2 and 19.3.
The calculated value of F-test do not exceed the table, and
with the appropriate confidence level (98%) model can be
considered adequate. This fact will be taken into account
in the analytical optimization of mathematical models.

DISCUSSION

Analysis of the coefficients of the equation Y, =/, (X,
X,, X,) shows that the strength of the composite binder
increases with increasing costs of Portland cement, plas-
ticizer and fine-ground secondary bkton in the intervals
taken in the experiment (positive coefficients for X, X,,
X,).

When the polymer costs increase, first there is an
increase in strength, and then at high costs — there is
a decrease (coefficients at X, and X,?). This suggests that
the function Y, = f1 (X, X,, X,) has a local extreme in X,
and analytical optimization can be applied.

Analysis of the coefficients of the equation Y, = £, (X,
X,, X,) shows that the greatest influence on the increase
in concrete density is exerted by an increase in the con-
sumption of Portland cement and dropout (coefficients
at X, and X,). Analysis of the coefficients of the equation
Y, =/, (X, X,, X,) shows that the greatest influence on
the increase in concrete density is exerted by an increase
in the consumption of Portland cement and dropout (co-
efficients at X and X,).

Analysis of the coefficients of the equation Y, = £, (X,
X,, X,) shows that the greatest influence on the increase
in concrete density is exerted by an increase in the con-
sumption of Portland cement and dropout (coefficients
at X, and X,).Increasing the consumption of plasticizer
helps to increase the density: at first, intensive, and at
high costs — insignificant.

For the equations of both strength and average den-
sity, the pair interaction at X X, is significant. The “plus”
Sign for the value of the pair interaction factor suggests
the possibility of a joint strengthening effect on the result
due to the interaction of fine phases of the binder and
secondary concrete containing some unreacted clinker
minerals.

The technique under consideration, which is based
on a cybernetic system called “black box”, is limited only
to external interactions and obtaining dependencies that
link the result and variable factors, but does not consider
the internal processes occurring in such systems.

The results of research by Russian and foreign sci-
entists show that in such highly dispersed systems, ef-
fects can occur due to the interaction of components at
the micro level with the creation of organized structures.
If the effects are aimed at improving the properties of the
material, then the purpose of “fine” research is to study
the possibility of prescription or technological enhance-
ment of these effects by forming self-organizing nano-
structures. If the interaction effect is aimed at deteriora-
tion of properties, then research is needed that minimizes,
in this case, the negative influence factor. In this case,
it is already necessary to apply the entire apparatus and
methodology of nanostructure research.

We can say that the use of statistical methods perform
the function of “scissors” (or blades) Occam, allowing
you to cut off the excess at the technological stage without
resorting to “thin” expensive research.

In particular, according to experiments on modified
concrete using waste conducted in the technological labo-
ratory, it was found that for strength and average density,
the pair interaction at X X, is significant, which indi-
cates a possible synergistic effect due to the interaction
of fine-dispersed phases of the binder and concrete waste
containing some unreacted clinker minerals. Accordingly,
the directions of further scientific research are to study
the possibility of forming nanostructures in the interac-
tion of components of binder and fine-ground secondary
concrete.

Analysis of the polynomial describing the relationship
between compressive strength and variable factors shows
that this function (which is essentially a function of several
variables) for one of these variables, namely, polymer
consumption (X,), has a local extreme. Therefore, we
can use the mathematical apparatus of analytical local
optimization.

Analytical optimization is based on the fact that
the functions for strength and density Y, =/, (X, X,, X))
and Y, =1, (X,, X,, X,) are mathematical and mathemati-
cal analysis methods can be applied to them, provided
that the adequacy condition is not violated. In this case,
the following scheme is adopted:

— theequationY, =/, (X,, X,, X)) is differentiated by X,
and equated to zero, determining the extreme of the
function Y, by X,;

— solve the functions Y, =/, (X, X,, X,)and Y, =f, (X,
X,, X,) for X, = opt and perform local optimization.
Analytical optimization includes the following se-

quence of actions:

1. Analytical optimization includes the following se-
quence of actions: Y, = f, (X, X,, X,) by X,:

dY,/0X, = 1.6-2.2X, =0~ X, = 1.6/2.2 = 0.73.

2. We calculate the value of the natural value of the
plasticizer consumption (corresponding to the possible
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maximum compressive strength of polymer concrete)
using the decoding formula:

X,=X,+AX,+0.73=2.0+0.5+0.73 = 2.36£0.02 kg/m’.

3. We calculate mathematical models (polynomials)
for the optimized value of the factor X, = 0.73:

— for compressive strength: Y, = 33.5+3.7X +1.6X,+
L.5X X,;

— for medium density: Y, = 1944+52X +32X, +11X X..

The graphical interpretation of the received dependen-
cies consists in the representation of the received depen-
dencies Y, = £ (X, X,) and Y, = f, (X,, X,) with the op-
timized value of X, in the Cartesian coordinate system
(X, X,) and the response function as a variable param-
eter: X, = @, (X,, Y)) and X, = ¢, (X,, Y,). Then go from
the encoded values of the variable factors to the natural
values of the factors.

Interpolation solutions for the entire range of changes
in the consumption of Portland cement and the consump-
tion of fine-ground waste (factors X, X,) with an opti-
mized value of factor X, (optimal plasticizer consumption
2.36%0.02 kg/m?) are presented graphically (Fig. 1) in
the form of a monogram.

The Nomogram can be used for predicting properties
or selecting the composition of finishing concrete, solv-
ing direct (example I) or inverse problems (example 1I).

For example, to evaluate the properties of poly-
mer concrete with a fine-milled waste content
of 670 kg/m?3 and a Portland cement consumption

of 450 kg/m?, follow the steps shown in the red line
in Fig. 3 (example I); the compressive strength (R =
31.6 MPa) and the average density of concrete (p =
1864 kg/m?) are determined by interpolation. To get
the consumption of polymer concrete components with
the specified compressive strength R = 32 MPa and an
average density of 1870 kg/m?, you need to perform
the steps shown in the blue line in Fig. 1 (example II).
We get the consumption of Portland cement 472 kg/m?,
and the permissible consumption of fine-ground waste
645 kg/m3. Then we carry out control mixes and check
the experimental calculation data obtained.

CONCLUSIONS

The use of statistical methods, the methodology
of planning and processing the results of the experiment
allows us to obtain mathematical dependencies (models)
and involves checking both the main statistical hypotheses
and the significance of coefficients and effects from their
pair interactions, and thus makes it possible to predict
further research at all levels.

If the effects are aimed at improving the properties
of the material, the goal of the next stage of research is
to study the possibility of prescription or technological
enhancement of these effects by forming self-organizing
nanostructures. If the interaction effect is aimed at dete-
rioration of properties, then research is needed that mini-
mizes, in this case, the negative influence factor. In this
case, it is necessary to apply the entire apparatus and
methodology of research of self-organizing nanostruc-
tures, interactions at the level of which can be the cause
of the identified macro effects.
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Fig. 1. Nomo gram for evaluating the properties of concrete based on its waste composition
(example I) and determining the consumption of Portland cement and fine-ground waste for
concrete with a given strength and density (example IT)
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If the systems are highly dispersed, then such systems
may exhibit effects due to the interaction of components
at the micro level with the creation of organized struc-
tures. According to experiments on modified concrete using
waste, conducted in the technological laboratory, it was
found that for strength and average density, the pair inter-
action is significant, which indicates a possible synergistic
effect due to the interaction of fine-dispersed phases of the
binder and concrete waste containing some unreacted clin-
ker minerals. Accordingly, the directions of further scien-
tific research are to study the possibility of forming nano-
structures in the interaction of components of binder and
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of objects removed from the housing stock. The results
obtained and the databases generated at the same time
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The results of scientific research on the development
of composite binder compositions allow us to form the ba-
sis for selecting its composition of composite binder.
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PE3KOME: B o6nacTax HayKW, CBA3aHHbIX CO CTPOUTENIbHbIM MaTEpPUanoBefEHNEM, Haunbonee nepcneKTMBHbIM ANA peeHnAa ABNnA-
€TCA KOMIMJ1IeKC BONPOCOB, CBA3aHHbIN C n3yvyeHmnem BINAHNA yC}'IOBI/IVI CI)OpMVIpOBaHVIﬂ CTPYKTYpPbl MaTepurana, B TOM Yncne n BO3-
MOKHOCTEN ee camMmoopraHusaunmn, Ha ero CBOWCTBaA. XI/IMI/IKO-(I)I/BI/IHGCKVIE aACnNeKTbl 3TOro BIMAHUNA N3Yy4aloTCA Ha MUKPOYPOBHE,
C NpUMeHEeHNEM BCErO KOMMJIEKCA KTOHKUX» I/ICCJ'Ie,El,OBaHI/IIZ. I'Ipm 3TOM CYLEeCTBYIOT METOAUKN, MO3BOJIAKOLWNE OLUEHUTb BO3SMOXXHOCTb
BO3HMKHOBEHNA HaHOB(bd)eKTOB B YCNIOBUAX SKCNEPUMEHTOB, pealin3dyeMbiX Ha MaKpOYpPOBHE: Ha Npon3BOACTBE NN B na6opaTopV||/|.
OHHOVI n3 I'IOp,O6HbIX MeTOAUK ABNAETCA METOAMKA, N3NTOXKEHHAA B CTaTbe. OCHOBHble NONoXeHunA MeToANKN Cd)OpMI/IpOBaHbI Ha
OCHOBE CTaTUCTUYECKNX METOAOB NPOBeAEHNA SKCNEPUMEHTA N NCCIeA0BaHNA TEXHONOIMYeCKNX NpoLeccos. JTa MeToAVKa Mno-
3BONIAET 3HAUYNTENIbHO COKPATUTb KOJINYECTBO MPOBOAMMbIX OMbITOB NPU COXPaHEHUN aA€KBAaTHOCTM NOJTYYEHHbIX PEe3yJibTaTOB
n aoenaet BO3MOXHOM naanel?lLuy}o AHAJIUTNYECKYIO ONTMUN3aAUUIO PE3YNBbTATOB N NX NHXEHEPHYIO MHTEPMPEeTaLnto. B yacTHOCTM
C npuMeHeHnem 3TN METOANKN MOABNAETCA BO3SMOXHOCTb OLU€HKN COBMECTHOIO BIMAHNA BapbUpPyeEMbIX d)aKTOpOB Ha pe3ynbTar,
YTO AenaeT BO3MOXKHbIM BblAB/IEHNE CMHEPTETUYECKNX NN aHTAarOHUCTUYECKUX 3¢¢EKTOB C I'IOCﬂe,EI,yIOLLleVI nx I'IpOBepKOVI Ha MUKpPO-
YPOBHE C MOMOLLbIO NCCNIEfOBAaHUA HAHOCTPYKTYPbI MaTepranoB.

B cTtatbe B KauecTBe npmmepa pacCMOTpPEHa TEXHONOInA 6eTOHa, OPUEHTNPOBAaHHAA Ha yTUNM3auuto 6ETOHHOTO JIOMa B KauecTBe
3anoJIHUTENA NN HaNONMHUTENA B CTPOUTEJIbHbIX MaTepPUanax passiMyHOro Ha3Ha4yeHuA. rlpI/IBOp,FlTCﬂ pe3ynbTraTbl HAY4YHbIX NCCneno-
BaHUI Mo pa3pa60TKe COCTaBOB KOMMO3NUMOHHOIO BAXYLLEro Ha OCHOBE TOHKOMOJIOTbIX OTXO40B 6eTOHHOro JIOMa, MNHEpPaJIbHOIro
BAXKYLLETrO, CUHTETUYECKNX BOTOKOH U MONIMMEPOB, OTBEPKAAEMDbIX B pe€3yNbTaTe€ XUMNYECKOTo B3aI/IMOﬂeVICTBVIﬂ C KOMIMNOHEeHTamMun
6eTOHHOI cmecu. OTo BAXYLLEE MOXeET ObITb MCMNONb30BAHO ANA N3rotoBneHmA pasnmyHbiX CTEHOBDBIX 2/1IEMEHTOB 3ﬂaHI/IVI.

KJTIOYEBbIE CJIOBA: mogenb, onTumumn3auus, 6eToH, OTXOAbI, HAHOCTPYKTYPbl, KOMMO3MLNOHHbI MaTepuar, TeEXHONOrus.

ONA ULUTUPOBAHMUA: Xykos A.[l., bobposa E.l0., beccoHos W.B., Measepes A.A., lemuccm b.A. NpumeHeHne CTaTUCTUYECKMX
METOA0B ANA peLleHna 3aaay CTPOUTENIbHOro maTepuranoBefeHna // HaHotexHonornm B ctpouTenbctae. — 2020. - Tom 12, N2 6. —
C.313-319.-DOI: 10.15828/2075-8545-2020-12-6-313-319.

BBEJEHUE

COB,Z[&HI/Ie 3(HEKTUBHBIX MATEPUAJIOB Y ONITUMU3a-
LIMST TEXHOJIOTUYECKUX IIPOLIECCOB MpPeaIiojaraet
KCII0/Ib30BaHUE COBPEMEHHBIX METOAOJOIUI KaK UC-
CJIeIOBaHUsI YCIOBUI (OPMUPOBAHKSI MUKPOCTPYKTYPhI
Martepuaa (B TOM YKClie U CAMOOPraHU3YIOLINXCs Ha-
HOCTPYKTYP), TAK ¥ BO3MOXHOCTEI OLIEHKU €r0 CBOICTB
TIOCPEICTBOM TIPOBEACHUS SKCIIEPUMEHTOB Ha ITPOM3-

BOJICTBE MJIM B TEXHOJIOTHUECKOI TadopaTtopun. OueBu-
HBIM, HO HESIBHBIM (DAaKTOPOM SIBIISTIOTCSI MaTepUATbHEIC
1 BpeMCHHBIC 3aTPaTHl Ha TIPOBEICHNE SKCIIEPUMEHTOB,
TTOJIOKEHHBIX B OCHOBY CO3IaHMsI MaTepraja Uin OITH-
MU3aIMN ero CBOMCTB [1—3].

OnNTUMU3UPOBATh KOJIUIECTBO IKCIICPUMEHTOB,
a clrlefoBaTeNIbHO, M PAcXOol MaTepHralioB, SHEPTUN 1 3a-
TpaT BpeMEHHU MOXKHO C MCIIOJIb30BAHNEM CTATHCTHYC-
CKHX METOIOB OpraHU3aINU 1 00pabOTKH pe3yIbTaTOB
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SKCIEPUMEHTa, MAaTeMaTUUYEeCKOTO MOACINPOBAHUS
¥ aHAJTUTHYECKON ONTUMU3AILINH TTOJTyJacMbIX Pe3yiIb-
TatoB [4—5].

MateMaTn4ecKoe IJTaHNPOBaHUE SKCIIEpUMEHTA
SIBJISIETCSI BaXKHOM COCTAaBHOM YaCThIO PEIICHUS TeX-
HOJIOTMIECKUX 3a1ad Ha DBM 1st HaxoXIeHUs ypaB-
HEHUI MaTeMaTUIeCKUX MOIENICH TeXHOJIOTMIEeCKIX
TIPOIIECCOB WK IBIeHUI. KOppeKTHBIN BEIOOP MOIETN
VUTH CUCTEMBI MOACIUPOBAHUS SIBISICTCS, BO MHOTHX
CIIyJasiX, OCHOBOU IIJIsI TIPUHSITHUS TIPaBUJIBHBIX pEIlie-
HUI IO peann3allni 3KCIepUMeHTa KaK B IJIaHe I0-
CTIKCHUSI €ro pe3yIbTaToB, TaK 1 B IJITaHE 3KOHOMUN
3aTpat Ha ero npoBeacHue. CylecTBEHHBI TAKKe CITO-
COOBI OpraHN3alINY 1 THTAHUPOBAHUS MHOTO(AKTOPHOTO
SKCIIEPUMEHTA: TIPU IIOCTPOCHUH HETTOJTHBIX KBaApaTHI-
HBIX ¥ KBaAPAaTUIYHBIX MATEMAaTHUECKHUX MOZEIICH, C 1C-
TIOJTb30BaHKMEM TTOJTHBIX M IPOOHBIX (PaKTOPHBIX TUIAHOB,
COOTBETCTBYIOLINM YCIOBUSIM ONTUMATIbHOCTH [6—8].

[Toygaembie B pe3ybTaTe 3aBUCMOCTH (YPaBHECHMS
perpeccy WIN ajire0pamdecKue IMTOJTMHOMEBI) TTO3BOJISIIOT
OIICHUTH BIMSTHUE KaXXIOTO 13 (haKTOPOB Ha pe3yiIbTarT.
B wactHOCTH, TpUMEHEHME TTOTOOHBIX METOIMK JAcIacT
BO3MOKHBIM OIIEHKY COBMECTHOTO BIIMSTHUSI BapbUPY-
eMBIX (DaKTOpOB Ha pe3yabTaT [9—11]. BTo Mo3BOJIICT
OLICHUTH BEPOSTHOCTh BOBHUKHOBEHUSI CHHEPTETHYC-
CKMX U aHTaroHuctuueckux apdexron. Kak noxkaspia-
€T TIpaKTHUKa, MMEHHO TTog00HBIe 3(PDEeKTH (3 PEKTHI
OT COBMECTHOTO BIIMSTHHSI pAa3IMYHBIX TTapaMETPOB IIPO-
mmecca) 1 JIeKaT B OCHOBE BOSHMKHOBEHUSI CaMOPTaHU-
3YIOIIUXCS HAHOCTPYKTYP Ha MUKPOYPOBHE, ITPOBEpKa
KOTOPBIX OCYIIIECTBIIACTCS YKe C TIPUMEHEHUEM «TOH-
KIX» METOIOB MCCJICTOBAaHNS.

[Momrygaemble Momenn 1 cchOpMHUPOBAaHHAS METOHO-
JIOTHSI CCIIEAOBAHMI BIIOJTHE COOTBETCTBYIOT IIPHOPH-
TeTaM Pa3BUTHUS CTPOUTEIBHOI OTpacian, B TOM YHCIE
¥ PEKOMEHIYEeMOMY Pa3BUTHIO IIN(POBBIX TEXHOJIOTHIA,
(bopMHpOBaHUIO aHATTUTUICCKIX 0a3 TAHHBIX U KOM-
TIBIOTEPHOM BU3YaIM3aIINNA CTPOUTEIIHHEIX ITPOIICCCOB.

Hcnonp3oBanne MUGPOBBIX METOINK ITO3BOJISICT
3HAYUTEJbHO MOBBICUTh HAIEXKHOCTh MOJIYUEHUS pe-
3yJITAaTOB B TIpoliecce U IIpU 00pabOTKe MaHHBIX IKC-
TIepUMEHTA, UCIIOJIB30BaTh CTATUCTHYCCKIE METOINKI
IIJISI OLICHKW TOCTOBEPHOCTU MOJIEICH W 3HAUMMOCTH
BIMSTHUM (paKTOPOB U IIPH 3TOM 3HAYUTEIEHO CHU3UTH
MaTepHabHBIC 3aTPaThl HA PeaM3aIiio SKCIIePUMEH-
TaJbHBIX CCICIOBAHUI. DTO SIBJISIETCS ITyCTh KOCBEH-
HBIM, HO BeChbMa 3HAUYMMBIM BKJIAJIOM B ITOBBIIIICHUE
SHEPreTHIeCcKOi 3((PEeKTUBHOCTA CTPOUTEIBHBIX TEX-
Honornii [12—14].

C mpyroii CTOPOHBI, ONITUMM3AIINS PELICTITYP MaTepH-
aJia WM TIPOLIECCOB €TO M3TOTOBJICHMS TAKXKE STBIISICTCS
(opMmoii TTOBEITIICHNST SHEPTO3Gh(MEKTUBHOCTH 1 peajI-
3yeTcs yKe B IPUKIATHBIX 3a/1a4ax.

[TprmepoM TTOa0OHOI MPUKIIATHON peaTn3alliy pa3-
pabOTaHHBIX METOMOJOTUI SBJISICTCS MX IIPUMEHEHUE

K TeXHOJIOTMY OE€TOHA WM, B YaCTHOCTH, K YTUIN3AIUN
OTXOIOB ITPOM3BOCTBA MUHEPATBHBIX BSIKYIIINX, OCTO-
Ha, a TakKe CTpOUTeIbHOTo JJoMa. HeobxomumocTs yTu-
JIU3alMy TOAOOHBIX MAaTepUaIOB CJIeyeT, BO-MEPBbIX,
W3 TOTO, 4TO JIIOO0H OTXOJ GETOHHOTO MPON3BOICTBA
COIECPXKUT OIIpee/ICHHBIN (a TOUHEee, HeOpeaeICHHBIN,
HO OITpenelIsieMbIil) TIPOLICHT HeIPOpearupoOBaBIIETO
MOpTJAaHALIEMEHTA, a, BO-BTOPbIX, HEOOXOIUMOCTb CO-
XpaHeHUS ITOTO00OHOTO JIOMa IMPUBOIUT K OTUYKICHUIO
3HAYUTEJIBHBIX TEPPUTOPUIL, YTO OTPUIIATEIIHFHO CKa-
3BIBACTCS Ha SKOJIOTMUECKUX ITapaMeTpaxX OKPYKafoIei
Ccpembl ¥ CHIDKAeT BO3MOKHOCTD TTOJIE3HOTO MCITOIb30-
BaHUs MOJIOOHBIX TEPPUTOPHIA.

MupoBoOit 1 OTEUECTBEHHBIN OITBIT YTUIU3ALNN OT-
XOIIOB CBHIICTEIIECTBYET O BO3MOXKHOCTHU MCTIOTb30BAHUS
OETOHHOTO JIOMa B JOPOXKHBIX OTCHIMKAX, 1J1s1 HUBEJIMU-
POBaHMS TEPPUTOPHUI WIIM B KAUSCTBE 3ATIOJTHUTEIIS MIN
HATIOJTHUTEJISI B CTPOUTEILHBIX MaTepHaiaX Pa3IMIHOTO
HazHaueHus [15—17]. B cratbe mpuBOASITCS pe3yabTaThl
SKCITepUMEHTAIbHBIX UCCICIOBAHNI, HaIIpaBICHHBIX
Ha pa3pabOTKy METOAMKH ITOI00pa COCTAaBOB KOMIIO-
3UIIMOHHOTO MaTepHajia Ha OCHOBE TOHKOMOJIOTBIX
OTXOZ0B OETOHHOTO JIOMa, MIHEPAIHLHOTO BSDKYIIIETO
U CyIIepIUTacTU(UKATOPA, OCYIIECTBISIEMBIX C IIPUMe-
HEHHUEM CTaTUCTUICCKUX METOIOB.

OCHOBOI1 3KCITepUMEHTA, Ha TIPIMepe KOTOPOTO pac-
CMAaTPUBAETCS peaM3allisl CTATUCTUUECKIX METOIOB,
CTaJIO TIPEAITOIOKEHHE, YTO TIOBBIIICHNUE ITPOIHOCTH
1 CTOMKOCTH OETOHOB MOXKET OBITh 00ECIICUCHO 3a CUCT
VAYYIIeHUS KaueCcTBa KOHTAaKTHOM 30HBI U IIPUMEHEHMS
ITOJIMMEPOB, TTOBHIIAOIINX 3JIACTUIHOCTH (hOPMUPYIO-
IIAXCST KOHTAKTOB. DTO JOCTUTACTCS IIPEIBaAPUTEITBHOMN
00pabOTKOM 3aMOJIHUTENISI KOMIUIEKCHOI H100aBKOIA,
a TaKXe MCITOJIb30BAHUEM ITOJIMMEP-TIOJIMYPETaHOBOM
TPYIIIBI, OTBEPKIAEMBIX ITapaMU BJIaTd, COOEPXKAIIl-
MICS B BO3IyXeE.

METO/bI 1 MATEPHAJIBI

MeTonoa0THsI SKCIICPUMEHTA 0a3upyeTcs Ha CUCTEM-

HOM aHaJIM3¢e,BKITIOYAIOIIEM CIICAYIOIINE JICMECHTHI:

— HCCeIOBaHME TEXHOJIOTUH, TIPOIIECCOB €€ COCTaB-
JISTIOTIINX;

— M3yYeHUE PeleNTyp U COCTAaBOB KOMITO3UIIMIT 1 CHI-
PBEBBIX MAaTEPHAJIOB;

— CHUTYallMOHHBIN aHAJIN3 ¥ BBIOOP THUIIA MOIEIIN;

— pa3paboTKa cTpaTeTHy IUIAaHUPOBAHMS SKCIIepH-
MEHTa, BEIOOP (PaKTOPOB, OTKIMKOB U ITapamMeTpa
OINTUMU3ALINN;

— TIpoBedcHUE 1 00pabOTKa pe3yIbTaTOB SKCIICPUMEH-
Ta, a TAaKKe TIPOBEepKa CTATUCTUICCKUX THITOTE3;

— ONTHUMM3ALMS Pe3yIbTaTOB 3KCIICPUMEHTA;

— WHXEHepHas WHTEPIIPETaIus pe3yJbTaTOB dKCIIe-
pHUMEHTA.
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3a OCHOBY UcceToBaHMiI mpuHATa MeTonuka HUY
MTI'CY, B 0OCHOBY KOTOPOIi1 TTOJIOXKEHO MPOBEIeHUE
9KCIIEPUMEHTA B TPU 3Tarna ¢ aHaJIUTUIYECKO OLIEHKOM
pe3ynbpTaToB (YeTBepTHIN 3Talr) [18, 19]. Ha mepBoMm
3Tare NpoOBOAUTCS KOMIUJIEKCHBIN aHalu3 00beKTa UC-
CJIeIOBAHUIA: TEXHOJIOTUM B 1I€JIOM WJIW OTIEJIbHbIE €€
KOMITOHEHTBI, B TOM YMCJIE CBSI3aHHBIE C PEILIECHUEM pe-
LENTYPHBIX BOIIPOCOB (IM0AO60POM COCTaBa UCXOIHBIX
KoMmo3uLmii, HarpuMmep). PakTopsl BIUSHUS pasme-
JISTIOT Ha IBE TPYIIIEL: AeTepPMUHNPOBAHHEIC (3HAUYCHIE
MOKET ObITh TOYHO YCTAHOBJIEHO JIJI51 KAXKIOW CUTYaIN )
U BapbUpyeMble (M3MEHEHUE KOTOPBIX MOXKET ObITh O11le-
HEHO METOIAMM MaTeMaTUICCKO CTATUCTUKH).

Ha BTOpOM 3Tane ocyuiecTBIsIeTCsI 9KCIIEPUMEHT
(aKTUBHBIN, TACCUBHBIN MM KOMOWHUPOBAHHBIN),
B KOTOPOM 3a[IeICTBOBaHbI BCE YCTAHOBJICHHBIE BApbU-
pyembie akropel. PakTophl B 3Kcnepumente (X, X,,
Xj) HCIIOJB3YIOT B KOIMPOBAHHOM BUJIE, TO €CThb MPU-
BeleHHBIMHU K nHTepBay [—1, +1]. Hampumep, npodHas
peruiMKa oT MOJHOTO TpeX(aKTOPHOTO 3KCIepUMEHTa
(2%) mo3BoJIsIeT OLEHUTH JIMHEHOE BiusHue 7 (HaKTo-
pPOB, a MOJTHOTO YeThIPEeX(PaKTOPHOTO IKCIIEPUMEHTA —
JMHetHoe BiusgHue 14 (hakTopoB.

Cepu OTIBITOB PeasT3yIOT T10 TIIaHY, MaTPHUIIa KOTO-
poro IpeacTapisieT co00i APOOHYIO PETUIMKY HEIOJIHOTO
KBaJpaTUYHOTO ypaBHEHUS 00jiee BLICOKOTO TMOpsiaKa.
I1pu 3ToM Koa(p puImeHTaM Npu CMEIIaHHbBIX B3au-
MOJIEICTBUSIX TTPUCBAMBAETCS 3HAUEHUE BapbUPYEMbBIX
¢axkTopoB.

ITo dakty mpoBeneHNs dKCIIeEpUMEHTa 1 00pabOTKI
€Tr0 pe3yJIbTaTOB MOJYJYaloT YpaBHEHUSI PETPeccCui, B KO-
TOPBIX BIMSTHIE Kaskmoro (pakTopa Ha pe3yIbTaT OIICHIBA-
ercd 1o KoadpuieHty mpu X, X, ... X.. B urore onpeze-
JITFOT TPYIITY HanOoJiee 3HAYNMBIX (haKTOPOB, MMEIOIIINX
HanOOJIbIINE 0 a0COJIIOTHOMY 3HAaUYEHUIO KO3 dUIIn-
€HTHI (KaK IIPaBUJIO, OT TPEX JI0 MATH KO3(MDGUIINCHTOB).

Ha tpeTbem aTare npoBOAsIT CEpUU OIbITOB, TLJIaH
KOTOPEIX TTOCTPOCH HAa OCHOBE MAaTPHIIHI ITOJTHOTO KBa-
IPaTUIHOTO 3...5 (haKTOPHOTO 3KCIIEpUMEHTa (110 YKC-
JIy OTOOpaHHBIX Haubosiee 3HAaUMMbIX (pakTopoB). I1o-
JIydeHHbIE YPaBHEHUSI PETPEeCCUM MPOBEPSIOT 10 BCEM
CTaTUCTUYECKMM ITMITOTE3aM U OCYLIECTBIISIIOT IMPOBEPKY
alIeKBaTHOCTH Mofesieli o Kputeputo Puriepa. B pe-
3yJIbTaTe CTAaTUCTUYECKUX ITPOBEPOK B pe3yJIbTaTe CpaB-
HEHMSI C TOBEpUTEIILHBIMI MHTEpBasIaMu (Abj) OCTaBIISTIOT
TOJIBKO 3HAYMMBbIC (haKTOPHI, a B PE3yJIbTaTe IIPOBEPKU
1o Kpurteputo Puiirepa AearoT BHIBOA 00 aleKBaTHOCTH
(WM HeameKBAaTHOCTH ) TIOJTYYCHHBIX MOJICTICH.

Ha yeTBepToM aTamne ocylilecTBIsIeTCS aHAINU3 TTOTy-
YEeHHBIX YPAaBHEHUN U OLIEHKA BJIMSIHUS BapbUPYEMBIX
(hakTOpOB HA pe3yNbTAT, aHATUTAYCCKAS ONITUMM3ALIIS
YpaBHEHUI perpeccuu U WHXKeHEepHasi MHTepIpeTalus
pE3YIbTaTOB.

O1eHKa BIMSTHAST KaXXIoro (pakTtopa Ha pe3yabTar
OCYILIECTBJISIETCS 110 BEJIMUMHE 1 3HAKY KO3 dULIMEeHTa,

CTOSIIETO Tepel (paKTOpoM (€T0 TMHEIHBIM 3HAYCHUEM
WJIY KBAIPaTUIHON (PYHKITMET) MJTN X ITAPHBIM B3arMO-
nmerictBueM. Heo0XoamMo OTMETUTD, YTO SKCIICPUMEHT
IIPOBOAUTCSI B KOMMPOBAHHBIX 3HAUCHUIX (PaKTOPOB
(TIpuBeAeHHBIX K MHTepBay [—1, +1]), mosToMy Koad-
(ULIMEHTHI TIPY MapHBIX B3aMMOICHCTBUSIX TTO3BOJISIOT
JIeJIaTh BBIBOJ TOJIBKO O COBMECTHOM BJIUSIHUM STUX
(axTOpOB Ha Pe3yIbTAT U HATIPABICHUH 3TOTO BIUSHUS,
a TaKKe BO3MOXKHOCTH, HO HE O BEIMYMHE CHHEPIreTHIe-
CKUX WJIM aHTaTOHUCTUYECKUX 3(P(DeKTOB. DT 3 HEKTHI
MOTYT OBITh BBISIBIICHBI TOJILKO TP MCIIOJIb30BAaHNM Ha-
TYpaJIbHBIX 3HAUCHUIA (DAKTOPOB B YPaBHECHUN PETPECCHUM.

HHTeproasams pe3yIbTaToB 3aKITI0YAeTCS B OIIPEIe-
JICHUW PacYCTHBIM ITyTEeM IIPOYHOCTH U CPEIHEH TIIOT-
HOCTH MaTeprajia B 3aBUCIMOCTH OT 3HAUCHMIT BapbUPY-
eMBIX (DAKTOPOB M OCYIIIECTBIISICTCS ITyTEM PeaT3allin
nporpammM 111 DBM. Takas mporpaMma BKITIoUaeT 0J10-
KU BBOJIA TaHHBIX (3HaUCHMIT (haKTOPOB B HATYPATEHOM
BBIPaXKCHNHN ), 00K KOTMPOBAHMS (PAaKTOPOB, PACUCTHBIN
0JIOK, OJIOK BEIBOZA PE3Y/IbTaTOB HA OUCILICH.

OnruMu3anms ypaBHEHII OCYIIIECTBIISICTCST aHAIH -
THYECKUM METOIOM, KOTOPBIiT Oa3upyeTcsl Ha CIICAYIO-
IINX TTOJIOXKECHUSIX: TIOJTYICHHBIC YPAaBHCHMS PETPECCUN
aZeKBaTHO OMHMCHIBAIOT M3YUYaeMbIil TEXHOIOTUICCKUIA
MpoLIeCC; KaXXa0€ YpaBHEHUE SIBJISIETCS aaredpanyeckoi
dyHKIMENH HECKOIBKUX TTIepeMeHHBIX (IT0 YMCTy 3Ha-
YUMBIX BapbUPYEMBIX (DAKTOPOB), 1 IUIST UCCIICIOBAHUS
5TOI (DYHKIIUH TIPUMEHUMBI METOIBI MATEMAaTUICCKOTO
aHa/Im3a.

PE3YJIbTATBI

ITo pesynbTaTaM peanusanviu IEPBOTO U BTOPOTO
9TaroB, B KAUYECTBE BapbUPYEeMBIX (haKTOPOB TTPUHSITHI
pacxofbl IIeMeHTa, TOHKOMOJIOTBIX OTXO/IOB, OTCEBa,
ractTudukaTopa U apMUPYIONIETo KOMIIOHeHTa. Pac-
XOJI BOJIbI YCTaHABINBAETCs B COOTBeTCTBUM ¢ B/l 11 He
SIBJISIETCS] HE3aBUCUMBIM (pakTOpoM. DYHKIIUAMU OT-
KJTMKa TIPUHATHI TPOYHOCTH GeTOHA Mpu cxatuu (V)
U €T0 CPEHss MIOTHOCTD (V).

B xauecTBe mapameTpa ONTUMU3ALNYU HA TPETHEM
aTare MPOoBeICHUS SKCTIEpUMEHTA TIPUHSAT Koddduim-
€HT KOHCTpYKTHUBHOTO KauecTBa 6eToHa (KKK), paBHbIii
OTHOILIEHUIO TPOYHOCTH MPU CKaTtnu 6eToHa (V) K ero
cpenHei mioTHocTH (Y,):

KKK = (¥)/(V,).

YcioBus 3KCIieprMEHTa TPEThETo 3Tara IpeacTaBIie-
HBI B Ta6:1. 1. Pacxon apMupymoliiero KOMIIOHEHTa Ipr-
HSIT IIOCTOSIHHBIM U paBeH 1.0%.

MareMatrueckass 00paboTKa pe3yJIbTaTOB SKCIICPH-
MEHTa IT03BOJIIIIA TTOJIYIUTh YPABHEHUS PETPECCUMN TS
NPOYHOCTHU TIpU cxXatuu (Y ) 1 cpeaHeit IoTHocTH (V).
3HAYMMOCTD KO3 HUIIMEHTA ITPOBEPSIACH IO JOBEPH-
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Tabauya 1.
NuTtepBassi BapbupoBanus (h)aKTOPOB

Cpennee Nutepnan 3Havyenus akTopa Ha YPOBHIX
Haunmenosanue pakropa | Cumson X 3HAYeHHe BapbUPOBAHMS, 1 N

¢akropa, X, AX - 1
Pacx?;[ MOpTJIaHALIEMEHTA, % 450 50 400 500
KT/M !
Pacx3ou miactTudukaropa, X ) 0.5 1.5 2.5
KT/M 2
Pacxon TOHKOI\}/IOJIOTLIX X 650 50 600 700
OTXOMOB, KI'/M 3

TEeJIbHBIM MHTEPBAJIaM, COOTBETCTBEHHO JOBEPUTEIbHbIIA
MHTEPBaJ Ul TPOYHOCTU coctaBui Ab, = 0.8 Mlla,
a T CpeIHel TIIOTHOCTH Ab2 = 3 kr/™m>.

[MonydeHs! ciaeaylolre MaTeMaTUYECKIE MOIEIN
(TTOTMHOMBI)

— IJI IIPOYHOCTMH IIPU CKATUU:
V, = 32.7+3.7X +L6X,+ 19X, +1.5X X,~ 11X %

— JUIS CpeNHEN TUIOTHOCTH:
Y, = 1930+52X,+24X,+32X,+11X X,—6X,2.

[TonyuyeHHbBIE MOIEIN IIPOBEPEHBI HA aleKBATHOCTHI
1o kputepuio Ouitiepa. PacueTHble 3HAUEHUSI KpUTEPUEB
@uiepa paBHbI U MOIEIM CPEIHEN MIOTHOCTH F, =
15,2 n nia Monenu npoyHoCcTy npu cxaruu F, = 15,7.
TabnuyHbIe Xe 3HaYCHUsI KPUTEPUEB, COOTBETCTBEHHO,
paBubI 19,2 n 19,3. PaccunTaHHbIe 3HAUCHUS F-KpUTEPHST
He IPEBBILIAIOT TA0JMYHOTO, U C COOTBETCTBYIOILIEH T0BE-
PUTEBLHOM BepOSTHOCTHIO (98 %) MOIeTh MOXXKHO CUMTATD
aleKBaTHOM. DTOT (hakT OyIeT yUTeH IPY aHATUTHYECKOM
ONTUMU3ALUKA MATEMATUYECKUX MOJIEICHA.

OBCYXKIEHUE

Ananus koadduimentos ypasuenus Y, = f, (X, X,,
X,) TIOKa3bIBA€ET, YTO MPOYHOCTH KOMITO3ULIMOHHOTO
BSDKYIIIETO YBEJIMUMBACTCS TIPY YBEIMICHUM PACXOIOB
TMOPTJIAHIILIEMEHTa, TacTUdUKaTOpa U TOHKOMOJIOTOTO
BTOPUYHOTO OKETOHA B MHTEPBajiaX, IIPUHSTHIX B 9KC-
MIEPUMEHTE (TTOJIOKUTENbHBIE KOG GUIMEHTHI Ty X,
X,, X,). Ilpn yBeIMYEeHUM pacXoioB MoJMMepa BHavaIe
MIMEEeT MECTO POCT IIPOYHOCTH, a 3aTeM IPU OOJIBIIINX pac-
Xo[ax HabJIoAaeTCsl CHIDKEHUE (KO UIMEHTsI Ipu X,
1 X,?). DTO NO3BOJIAET MPEANOIOXUTh, YTO GYyHKLHMA Y| =
S, (X, X,, X,) MMeeT JIOKaJIbHbIA 5KCTPEMYM 110 X, ¥ BO3~
MOKHO IIPUMEHEHNE aHATUTUYCCKON ONTTUMM3AIINH.

Ananus koahduureHTos ypaBuenua Y, = f (X, X,,
X,) TIOKa3bIBa€T, YTO HAUOOJIbILEE BIMSHKUE HA YBETYE-
HHE TUIOTHOCTY OETOHA OKA3bIBAIOT YBEIMUCHHE pACXoaa
MOPTJIAHALEMEHTA U OTceBa (KO3hGULMEHTHI TIpH X

1 X,). YBenmyeHue pacxoza riactudukaropa crnocoo-
CTBYET TIOBBIIIIEHUIO TUIOTHOCTH: CHavaJla MHTEHCUB-
HOMY, a TIpY OOJIBIITNX PACXO/IaX — HE3HAUUTEITbHOMY.

J11s ypaBHEHUIA ¥ TIPOYHOCTU U CPEIHEN MIIOTHOCTH
3HAaYMMBbIM SIBJIETCA MTAPHOE B3auMmoeiicteue npu X X.,.
3HaK «IUTIOC» TIpU 3HaYeHUU (haKTopa MapHOTO B3au-
MOJIEICTBUS TIO3BOJISIET TIPEITOIOXUTH BO3MOXHOCTh
Hanmnuus 3¢hGeKTa COBMECTHOTO YCUJICHUS BIUSTHUS
Ha pe3yJIbTaT, 00yCIOBIEHHOTO B3aMMOICICTBIEM MeJT-
KOJIMCTIEPCHBIX (ha3 BSKYIIIETO M BTOPUYHOTO OETOHA,
conepXkaliero B HEKOTOPOM KOJTMYeCTBE HEIpopearu-
pOBaBIIVE KITIMHKEPHbBIE MUTHEPAITHI.

PaccmaTtpuBaemast MeTonunKka, B OCHOBY KOTOPO
MOJIOKeHa KMOepHeTuYecKasi cucteMa, uMeHyeMast
«4EPHBIN SIIITUK», OTPAHNINBACTCSI TOJTHKO BHEITHM -
MU B3aUMOJIEVCTBUSIMU U TIOJTyYEHNEM 3aBUCUMOCTEN,
CBSI3BIBAIOIINX PE3YJIbTAT U BapbupyeMble (DaKTOPHI,
HO HE paccMaTpuBaloliasl BHyTPEHHUE MTPOIIECCHI, TIPO-
UCXOJISIINE B TIOTOOHBIX CUCTEMAX.

PesynbraThl vccaenoBaHU OTEUECTBEHHBIX U 3apy-
OE>KHBIX YIEHBIX TTOKA3bIBAIOT, YTO B TTIOMOOHBIX BHICO-
KOJMCTIEPCHBIX CUCTEMAX MOTYT TIPOSIBIISITHCS 9(h(PeKThI
3a cYeT B3aMMOJICCTBISI KOMITOHEHTOB HA MUKPOYPOBHE
C CO3IaHMEM OPTaHU30BaHHBIX CTPYKTYpP. Ecim adhdex-
THI HAIMpPaBJICHBI Ha YJIydllIeHUE CBOMCTB Marepuaa,
TO TIEIBIO «TOHKUX» UCCICIOBAHMI SIBIISICTCS U3yICHIE
BO3MOXHOCTHU PEIETITYPHOTO WU TEXHOJOTMIECKOTO
yewieHust otux 3¢hdeKToB 3a cueT hopMupoBaHUs ca-
MOOPTaHMU3YIOIIUXCST HAHOCTPYKTYP, eciu 2(hdeKT B3a-
VMOJIEICTBYSI HATIPABJICH Ha YXY/IIIEHUE CBOWCTB, TO He-
00XOIMMBI UCCIIeIOBAaHNE MUHUMU3UPYIOIINE, B JaH-
HOM citydae, (haKTop OTPUIIATEIbHOTO BIUSHUS. B aTOM
ciTy4ae yxXe SIBJISIETCSI HeOOXOMUMbIM TTPUMEHEHHUE BCETO
arrapara ¥ METO/I0JIOTUY UCCIIeNOBAHNI HAHOCTPYKTYP.

Mooicro ckazams, umo npumeHeHue CMamucmu4ecKux
Memo0ooe 8bINONHAIOM PYHKUUIO <HONCHULY (UAU Ae38Us1)
Okkama, no360AAOUUX OMCeUb AULUHee HA MeXHOA02UYe-
cKoll cmaduu 6e3 00pauerust K «<MoHKUM»> 00PO2OCHOSUUM
UCCACO0BAHUSIM.

B yactHOCTH, TTO TAHHBIM KCTIEPUMEHTOB TIO MOIH -
(putimpoBaHHOMY OETOHY C MCITOTH30BAHUEM OTXOJMIOB,
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MIPOBEICHHBIX B TEXHOJIOTMIECKOI TabopaTOpHH yCTa-
HOBJICHO, YTO JUISI IPOYHOCTH M CPEeIHEH TUIOTHOCTH
3HAYMMBbIM SIBJIAETCA MApHOE B3aumoneicTaue mpu X X,
YTO TOBOPUT O BOSMOXHOM CHHEPTETHUECKOTO 3 deKTe,
00YCIIOBJICHHOM B3aMMOICHCTBIEM MEIKOIUCIICPCHBIX
(a3 BsLXyIIEero M oTXOMOB OETOHA, COMEePKAIIEro B He-
KOTOPOM KOJIMYECTBE HEIpOpearupoBaBIINe KIWH-
KepHbIe MUHepabl. COOTBETCTBEHHO HAIIPaBICHUSIMUI
TalbHEHNIIIeTO HAYYHOTO ITOMCKA SIBIISICTCS U3yUYCHME
BO3MOKHOCTH (pOpMHUPOBAaHMSI HAHOCTPYKTYP TP B3au-
MOIEMCTBUM KOMITOHEHTOB BSKYIIIETO 1 TOHKOMOJIOTOTO
BTOPUYHOTO OETOHA.

AHaIM3 MOJIMHOMA, OIMCHIBAIOIIETO B3aMMOCBSI3hb
MEXKIY TPOYHOCTBIO MPU CKATUHM U BapbUPYCMBIMU
(hakTOpaMm, IMMOKA3bIBACT, YTO 3Ta (GYHKIINS (IT0 CBOCH
CYTH SIBISTIOIIASICS (DYHKITNEI HECKOJIBKIX TIEPEMEHHBIX)
TI0 OTHOI M3 3TUX IIEPEMEHHBIX, a UMEHHO T10 PACXOIY
noaumepa (X, ), UMEET JIOKaJIbHbI 3KCTpeMyM. [ToaTomy
MBI MOKEM BOCITOJIb30BaThCSI MATEeMAaTHICCKIM aImmapa-
TOM aHAJIUTUICCKOM JTOKAIbHOI ONITUMM3AIINH.

AHanUTUYeCKas ONTUMU3ALKS OCHOBAHA HAa TOM, UTO
(bYHKUIMM JUIA IPOYHOCTH U TioTHOCTH Y, = f, (X, X,,
X)uV,=f (X, X, X,) — MareMaTnyecKue, U K HUM J10-
MyCTUMO IIPUMEHEHIE METOIOB MaTeMaTUIECKOTO aHa-
JI3a TIPH YCIIOBUU, YTO HE OyIeT HApyIIaThCs YCIOBUE
aIeKBaTHOCTH. B paccmaTrpuBaeMoM cirydae IpUHSITA
CJICIyToIIasI CXeMa:
ypaBHenue ¥V, = f, (X, X,, X,) nuddepeHumpyior
1o X, ¥ PUPaBHUBAIOT K HYJIO, OMPENEIAA IKC-
TpeMyM pyHKIuu Y, 1o X,;
pemator ynkuun YV, = f (X, X, X)nY, =f, (X,
X,, X,) mpu X, = opt ¥ OCYILECTBIAIOT JOKAIbHYIO
OIITUMU3AIIHIO.

AHaIMTU4YeCcKask OIMITUMM3AIINS BKIIIOYACT CICIYIO-
YO TIOCJIEA0BATEILHOCTD NCCTBUIA:

1) OnpenesnsieM BeJIMYUHY JIOKAJIBHOTO 9KCTPEMyMa
byukumn Y, =f, (X, X,, X,) mo X:

9Y,/0X, = 1.6-2.2X, =0~ X, = 1.6/2.2 = 0.73.

2) PaccunThiBaeM BeIMIMHY HAaTypaJIbHOTO 3HAYEC-
HUS pacxoia IIacTuduKaTopa (COOTBETCTBYIOIICTO
BO3MOXHOMY TOJIYICHUIO MaKCUMAaTbHOM IIPOYHOCTH
MpU CXKaTuu MoJauMepOeToHa), UCIIONb3YsT (OPMYJTy
IeKOIMpOoBaHM pakTopa:

X, =X, +AX,+0.73 = 2.0+0.5+0.73 = 2.36+0.02 kg/m’.

3) PaccunThiBacM MaTeMaTUICCKIE MOICIH (TIOJIH-
HOMBI) IIJISI ONTUMU3UPOBAHHOTO 3HAaUeHUS (hakTopa
X,=0,73:

— Ui TIPOYHOCTH TIpU cxatum: Y, = 33.5+3.7X +

L.6X,+1.5X X;

— U1 CPEHEl TUIOTHOCTH: Y, = 1944+52X1+32X3+

X X..

I'padwaeckass mHTEepIIPEeTALINS TTOTYICHHBIX 3aBH-
CHMOCTEM 3aKITI0YAETCS B IPEICTABJIEHUU MOJTyYEHHBIX
sapucumocteit ¥V, = £ (X, X)) n'¥Y, =f, (X, X,) npu on-
THUMM3MPOBAHHOM 3Ha4eHUU X, B IEKAPTOBOI CHCTEME
koopauHar (X, X,) ¥ GyHKIMK OTKIMKA B KAYECTBE
usmeHsiemoro napamerpa: X, = @, (X,, Y) u X, = o,
(X, ¥,). [lanee niepexoar OT KOAMPOBAHHbBIX 3HAYEHU I
BapbUPYEMBIX (PAKTOPOB K HATYpPaJTbHBIM 3HAYCHUSIM
¢dakTOpOB.

Hrmepnoasuyuonnsvie peureruss Ha Bcelt 00JIaCcTH U3-
MEHCHMS pacxofa IMMOPTIAHAIEMEHTA 1 pacxona TOHKO-
MOJIOThIX OTXOI0B ((hakTopos X, X,) NP1 ONTUMU3UPO-
BAHHOM 3Ha4YeHUHU (akTopa X, (ONTUMAIbHbINA PACXO
miactudukaropa 2,36+0,02 kr/M*) mpeacTaBieHbI rpa-
¢uaecku (puc. 1) B BUIe HOMOTPAMMEI.

S00F 500
g \ R =34 MIla _
. 4804 480
« NI |
% i \|III p= lrll} K/
3 oo — P 460
L
- N D S IR S N A
g N R=3L6 p=1geIng = 185 KO
= 4404 440
=N
=) \
= q - \
= R =30 MIla
S anl ~ 2 ™, 420
3] o .
D‘: R =28 MIla "N-..\ \{’\1830 Kr/m \
a00l | | 400
600 620 640 660 680 700 680 660 640 620 600
Pacxox TOHKOMOJIOTBIX 0TXO00B, Kr/M3

Puc. 1. Homorpamma [ij1s1 OIIeHKH CBOWCTB 0€TOHA HA OCHOBE OTXO/IOB €T0 M0 COCTABY
(mpumep I) u onpenesieHus pacxona NOPTIAHILEMEHTA M TOHKOMOJIOTBIX OTXO0B /111
0eToHa C 3aJaHHOIi MPOYHOCTHIO U IIOTHOCTHIO (mpumep IT)
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HomorpaMMy MOXKHO MCITOT30BaTh JIJIST IIPOTHO3M -
POBaHUS CBOMCTB MJIM ITOAOOPA COCTaBa OTACIOUYHOTO
6eToHa, pemmas pssmyro (mpuMmep 1) mmm odpaTHyO 3a-
nmaqn (tipumep 11).

Hampumep, 9TOOBI OIEHUTHh CBOMCTBA ITOJM-
MepOeTOHA ¢ comep:KaHNEeM TOHKOMOJIOTBIX OTXOIOB
670 xr/M3 1 pacxogom noptiaaHaneMenTa 450 Kr/m3,
HEOOXOIMMO BBITIOJTHUTH IEUCTBUS, TIOKA3aHHBIC Kpac-
Holt muHMei puc. 3 (mpumep I); TpodHOCTH MPM CKa-
tuu (R = 31,6 MIla) 1 cpenHO0 TUIOTHOCTH GETOHA
(p = 1864 xr/m?%) onpeneisiem nHTepnoasuneir. Yto-
OBl MOJIYYUTH PAcXod KOMITOHEHTOB ITOJIMMepOeTOHA
C 3aJaBaeMbIMU IIPOYHOCTHIO pH cxkatu R = 32 MIla
U CpeJHe IIIOTHOCTBIO 1870 Kr/M3,HE0OX0AMMO BBIITOJ-
HUTb IE€UCTBUS, MOKAa3aHHbIE CUHEN JUHUEN Ha puc. 1
(mpumep II). IMomygaem pacxom IMOpTIaHAIEMEHTA
472 xr/m3, a IOIyCTUMBIi Pacxo TOHKOMOJIOTBIX OT-
X0moB — 645 kr/m3. Jlajiee ocyliecTBIsIEM KOHTPOJIbHBIE
3aMeCHl U TIPOBEPSIEM SKCTIEPUMEHTAIBHBIM ITyTEM ITOJTY-
YeHHBIC pacUCTHBIC TaHHBIC.

SAKTIOYEHHUE (BBIBO/bI)

[IpuMeHeHNEe CTATUCTUYIECKIX METOIOB, METOIOJIO-
TSI TUTAaHUPOBAHUS ¥ 00pabOTKH Pe3yIbTaTOB SKCIICPH-
MEHTAa MO3BOJISET ITOTyYaTh MaTeMaTUICCKIE 3aBUCHMO-
cT! (MOJIEININ ) ¥ TIPEIIoIaracT IIPOBEPKY KaK OCHOBHBIX
CTAaTUCTUYCCKMX TUTIOTE3, TAK ¥ 3HAUMMOCTH K03PDpu-
OUEHTOB 1 3(D(HEKTOB OT MX IMapHBIX B3aNMOICCTBHI
¥ TaKUM 00pa30M AesiaeT BO3MOKHBIM ITPOTHO3MPOBA-
HIE TaTbHENIINX UCCIeI0BAaHII Ha BCeX YPOBHSX.

Ecmm a¢pdexTrr HaTIpaBIeHBI Ha YIIYJIIICHIE CBOMCTB
MaTepuaa, TO LIeTbI0 UCCIeIOBAaHUI CIICMYIOIETO STalla
SIBIISICTCS M3YYCHNE BO3MOXKXHOCTH PELIETITYPHOTO MU
TEXHOJIOTUYECKOTO YCUICHUS 3TUX 3((HEKTOB 3a CUCT
opMmIpPOBaHUS CaMOOPTAaHU3YIOIINXCSI HAHOCTPYKTYP.
Eciu adpdexT B3auMoneiicTBs HarpapJieH Ha yXyIILIEHUE

CIIUCOK JINTEPATYPbI

CBOWCTB, TO HCOOXOIUMBI MCCIICIOBAHNS, MUTHUMU3H -
pyoIIne, B JaHHOM clIydae, (haKTOp OTPULIATSIEHOTO
BIUSTHUS. B aTOM Cityuae sIBJIsIeTCSI HEOOXOIUMBIM TTPH -
MEHEHHE BCETO allliapaTa ¥ METOIOJIOTUY MCCIICTIOBAHMIA
CaMOOPTaHU3YIOIINXCSI HAHOCTPYKTYP, B3aNMOICHCTBIS
Ha YPOBHE KOTOPBIX K MOTYT SIBJISIThCSI IPUIMHON BBI-
SIBJICHHBIX MaKpo3(PdeKTOoB.

Ecau cucteMBl BBICOKOIUCIIEPCHBIC, TO B TAKUX CH-
cTeMax MOTYT IIPOSBISTHCS 3G (MEKTHI 33 CUST B3aUMO-
IEUCTBUS KOMITOHCHTOB Ha MUKPOYPOBHE C CO3MaHNEM
OpPraHM30BaHHBIX CTPYKTYP.I10 MTaHHBIM 3KCIIEPUMEHTOB
10 MOIN(PUIIIPOBAHHOMY OETOHY C MCIIOIb30BaHNEM
OTXOIIOB, TIPOBEICHHBIX B TEXHOJIOTHYECKOIT TabopaTo-
pYH, YCTAHOBJICHO, YTO TS TIPOYHOCTH M CPETHEH TUTOT-
HOCTH 3HAUYUMBIM SIBJISICTCSI TTapHOE B3aMMOICIHCTBIEC,
YTO TOBOPUT O BO3MOXKXHOM CUHEPreTHUeCKOM d(pdeKTe,
00YCIIOBICHHOM B3aMMOIECTBIEM METKOIUCIICPCHBIX
a3 BSLXyIImero u OTXOO0B OETOHA, COMEepPKAIIEro B He-
KOTOPOM KOJIMYECTBE HENpOpearnpoBaBIINe KIMH-
KepHBbIe MUHepaabl. COOTBETCTBEHHO HAIIpaBJICHUCM
TaIbHEUIIIeTOo HAyYHOTO TTONCKA SIBIISICTCST U3YICHUE
BO3MOKHOCTH (POPMUPOBAHUSI HAHOCTPYKTYP TIPU B3aH-
MOIEHCTBIN KOMITOHEHTOB BSLKYIIIETO 1 TOHKOMOJIOTOTO
BTOPUYHOTO OETOHA.

M3noxkeHHas! B CTaTbe METOIOJIOTUS SKCIIEPUMEH-
Ta OoIpoOOBaHa MPU aHAJIM3¢ TEXHOJOTUA U TTOI00PY
pelIeIITYp Pa3IMYHBIX CTPOUTEIBbHBIX MaTCpPHAJIOB,
B TOM YHCJIC BSDKYIIUX M OETOHOB Ha OCHOBE BTOPHY-
HBIX TIPOIYKTOB M OTXOIOB, TTOJIyIaeMbIX B pe3yIbTaTe
PEHOBAIIMM BBIBEICHHBIX U3 KUJIOTO (POHIA 00BEKTOB.
[Tomygaemble pe3yabTaThl 1 (GOPMHUPYEMbBIC IIPU 3TOM
0a3bl TaHHBIX BIIOJTHE COOTBETCTBYIOT PEKOMEHIAIIMSIM
10 TN POBU3AINN CTPOUTEITHHBIX TEXHOIOTHIA.

Pe3ynbraThl HayIHBIX UCCIICIOBAHUI 110 pa3padoT-
K€ COCTaBOB KOMITO3UITMOHHOTO BSKYIIIETO TTO3BOJISIOT
copMmIpPOBaTH OCHOBBI TTOIOOPA €TO COCTaBa KOMITO3H-
IIMOHHOTO BSTKYIIETO.
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ABSTRACT: One of the most demanded materials on the planet is plastic, the excellent performance of which contributes to the ac-
cumulation of a significant amount of waste on its basis. In this regard, a new approach to the development of these materials has
been formed in scientific circles: the production of polymer composites with constant performance characteristics for a certain
period and then capable of destruction under the influence of environmental factors. Analysis of the current state of the industry
of polymeric materials shows that the most urgent is the use of such classical polymers as polyolefins and polyvinyl chloride. First
of all, the optimal solution to this problem due to the lack of a suitable replacement for traditional polymers is the development
of composites based on them with the use of biodegradable additives. In this case, a set of problems associated with waste disposal is
solved: the decomposition period of the recycled waste is significantly reduced, the territories required for plastic waste are reduced.
The paper outlines the preconditions for the emergence and further development of the field of biodegradable polymers. The main
quantitative characteristics of the production capacities of manufactured bioplastics by types, regions and industries of application
are given.

Modern methods of reducing and regulating the degradation time of polymer materials are presented. The main global and domestic
manufacturers of biodegradable polymers and their products are listed, as well as a list of the main manufacturers of biodegrad-
able additives for polymeric materials. Modern types of bioplastics based on renewable raw materials, composites with their use, as
well as modified materials from natural and synthetic polymers are listed. The main methods for determining the biodegradability
of existing bioplastics are described.

KEYWORDS: biodegradation, biodegradable additives, petrochemical raw materials, polymers, plasticizers, plant sources.
FOR CITATION: Vikhareva I.N., Zaripov LI, Kinzyabulatova D.F., Minigazimov N.S., Aminova G.K. Biodegradable polymer ma-

terials and modifying additives: state of the art. Part |. Nanotechnologies in Construction. 2020; 12(6): 320-325. Available from:
doi: 10.15828/2075-8545-2020-12-6-320-325.

INTRODUCTION Garbage patch, the area of which, according to experts,

is about 1.5 million square kilometers.

he global environmental problem of our time is

the accumulation of wastes of polymer materials in
the biosphere. Worldwide, nearly 380 million tons of plas-
tics are produced annually [1]. About 9% is recycled,
about 12% of polymer waste is incinerated [2—4]. The
remaining 79% end up in landfills that occupy huge ar-
eas and remove millions of hectares of fertile land from
agricultural circulation.

The problem is compounded by the fact that, due
to improper burial, almost 12 million tons of plastic are
carried annually by rivers into the seas and oceans [5].
As a result, the Pacific Ocean formed the Great Pacific

There are two main areas of solution: disposal of plas-
tic waste and creation of biodegradable plastics [6—8].

The main ways to reduce the volume of synthetic plas-
tic waste are incineration and recycling [9—11]. However,
burning does not fundamentally improve the environ-
mental situation. Moreover, the combustion of poly-
meric materials is an expensive process accompanied by
the release of highly toxic contaminants (dioxins, furans,
etc.) [12—15]. The processing of polymer wastes results
in a higher cost of the material, while the quality of the
obtained polymer decreases [13—18].

The development of new technologies aimed at
the production of environmentally sound materials and
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excluding emissions of pollutants, as well as integrated
waste treatment, are consistent with the concept of en-
vironmentally sound sustainable development of human
activities adopted by the UN at the Conference on Envi-
ronment and Development back in 1992 [19—20].
Giving traditional polymers the ability to biodegrade
under the influence of microorganisms and natural-cli-
matic factors will significantly reduce the volume of poly-

mer waste and, thereby, improve the environmental situ-
ation.

The optimal solution is the development of self-de-
structing polymer materials, especially for products with
a short life cycle (packaging materials, disposable uten-
sils, pens, razors, transport pallets), which must maintain
technological characteristics during storage and opera-
tion, after which, under the action of certain factors (mi-
croorganisms, light, oxygen air, water), must decompose
in a short period of time.

Existing biodegradable bio-based polymers are more
expensive than synthetic polymers [21—22]. Therefore,
biodegradable polymeric materials are mainly obtained by
mixing thermoplastic synthetic polymers and biodegrad-
able fillers of natural origin.

Currently, the production and consumption of bio-
plastics is only about 1% of the total amount of PM [23].
As demand and applications grow and new more complex
biopolymers emerge, the bioplastics market grows and
diversifies.

According to the latest data from the European Bio-
plastics Institute (European Bioplastics) and the nova-
Institute Research Institute (Hiirth, Germany), the global
production capacity for the production of bioplastics in
2019 amounted to 2,114 million tons (Fig. 1) [23].

The main applications in the bioplastics consump-
tion market are constantly changing. However, packaging
remains the largest field of application of bioplastics, in
2019 it accounted for more than 53% (1.14 million tons)
of the entire bioplastics market [23]. Segments, such as
automotive/transport and construction, significantly in-
creased their share in 2019 (Fig. 2).

663 v

700

in 1,000 tonnes

Bio-based/non-biodegradable

200000
o

PBAT

PLA

PHA

Starch blends
others

Fig. 2. Production capacity of bioplastics by application industry in 2019, thousand tons
Source: European Bioplastics Institute
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Table 1
Major producers of biodegradable PM

Ne

Producer

Product Name and Application

Archer Daniel Mildland Co.

1 (USA) Polylactides, polyhydroxybutyrates
Polyesters of Butane-1,4-diol, terephthalic and adipic acids Ecoflex, Eastar Bio, additives for
2 | BASF AG (Germany) the production of biodegradable plastics
3 | BAYER AG (Germany) Polye§ter am1de§ BAK — thermoplas’uc polymer, like conventional thermoplastics for injection
molding, extrusion, fiber production
4 | Biotec Gmb H. (Germany) Starch filled plastics “Bioplast” for compost bags, dishes, forks, spoons, cups
5 | Cargill Inc. (USA) Polylactides Eco-PLA for injection molding, thermoforming, production of nonwoven fabric
6 | Chronopol (USA) Synthesis of polylactic acid
CSM N.V. / Cargill Inc. .
7 (Holland) Polylactides
8 DAICEL Chem. Ind. Ltd Composites based on polylactide, cellulose acetate
(Japan)
9 | Du Pont Co. (USA) Polylactides from milk, cheese and corn ECO Chem., Copolymer with polyester — Biomax
10 | Ecolean (Sweden) Packaging and equipment for filling liquid food products into branded “jugs”
EPI Environmental . . . .
13 Technologies Inc. Raw materials for the production of oxo-biodegradable packaging
14 ((;tlZl];:/ ;ENSAN LIMITED Srls Compostable packaging for food and industrial products
Hoechst Trespaphan . . . .
15 (Germany) Biophan Poly-a-Hydroxypropionates for Film Materials
16 | Kanebo (Japan) Bellfree, Lacton poly-a-hydroxypropionates for granules, threads, film materials
17 | Mitsubishi Plastics (Japan) Ecoloju Poly-a-Hydroxypropionates for Film Materials
18 | Mitsui Chemicals (Japan) Lacea poly-a-hydroxypropionates for granules, film materials
19 Mitsui Toatsu Chem. Ltd Products based on starch and polylactide
(Japan)
Monsanto Co. (Italy) / ICI. .
20 Zeneto Ltd (Great Britain) Copolymer polyhydroxybutyrate-valerate for the production of bottles, toothbrushes
Ingeo™ polymers for products from coffee capsules and electronics to diapers and napkins.
21 | Nature Works (USA) Vercet™ lactides for CASE products (coatings, adhesives, sealants and elastomers),
toners and surfactants
NESTLE OY Chem. / Pri- . .
22 malco (Finland) Polylactides and starchy plastics
23 | Novamont (Italy) Produces "Mater Bi" for injection molding, obtaining films from starch
24 Planet Polymer / Nippon 20 types of Enviro Plastics water soluble, compostable, photodegradable injection molding
Mitsubishi (Japan) resins, Aquarbo — polyvinyl alcohol for medical blown films, waste vessels
25 | Procter & Gamble (France) Nodax polyhydroxyalkanoates for nonwovens, films and fibrous materials
26 | Roquette (France) More than 650 by-products from corn, wheat, potato and pea starch
27 | Rohm and Haas Co. (USA) Polyaspartates, water-soluble dispersants, biodegradable dispersants for washing powders
Shell Chem. Co. .
28 (Great Britain) Several biodegradable polyesters
29 | Shimodzu Co. (Japan) Transparent, colorless improved Lacty polylactides for injection molding
30 | Silbo (Poland) Cellulose packaging, new bio-compostable packaging standards
31 | Showa Denko (Japan) Blgnolle special aliphatic polyesters, polybutylene / succinate and polybutylene / succinate /
adipate copolymers
32 | Solvay S. A. (Belgium) Polylactides for a wide variety of applications
33 | Sukano (Switzerland) Masterbatches of additives and colorants for biodegradable polymers PLA and PBS
34 | Sunkyong Ltd. (Korea) Aliphatic polyesters Sky Green
35 Total Corbion PLA Luminy® PLA polylactic acid (PLA) and lactide monomers are high temperature and standard
(Netherlands) grades for a wide range from packaging to consumer products, fibers and automobiles
36 | Union Carbide Corp. (USA) Major supplier of high molecular weight polylactides for the production of films and sacks for

food waste, also high molecular weight, water-soluble and biodegradable polyester Polyox
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2PEF is currently in development and predicted to be available in commercial scale in 2023.

Fig. 3. Production capacity of bioplastics by type in 2019, thousand tons
Source: European Bioplastics Institute

Currently, non-biodegradable bio-based plastics ac-
count for up to 44.5% of the total bioplastics produced
(Fig. 3) [23].

In 2019, bio-based innovative polypropylene entered
the market on a commercial scale. PHA (polyhydroxy-
alkanoates) is the most developing class of polymers,
completely obtained from biomaterial and biodegradable,
has a wide range of physical and mechanical properties
depending on their chemical composition. PEF* (poly-
ethylene furanoate) is a new polymer, which is expected
to enter the market in 2023 [23].

Asian countries are leading as a major hub of the entire
bioplastics industry. In 2019, 45% of the total bioplastics
were produced there (Fig. 4) [23].

Initially, biodegradable PM was a mixture of con-
ventional polymers with starch. Now a whole spectrum
of new biodegradable plastics has appeared, differing in
production technologies and composition (Table 1).

Among domestic manufacturers of biodegradable
polymer products, the following can be distinguished [24]:

1) LLC “Company EuroBalt”, which launched
the production of oxo-biodegradable packaging in 2008;

2) JSC “TIKO-Plastik”, producing biodegradable
bags with a catalyst additive;

3) DAR PF, certified in October 2009 for production
of biodegradable packages;

4) LLC “Artplast”, which began production of biode-
gradable packaging in June 2010;

5) LLC “Biaxplen”, which launched in 2008 a line
capable of producing biodegradable packaging from bio-
raw materials (potatoes, corn, etc. — bio-materials with
a high starch content);

6) CJSC National Packaging Company “PAGODA”,
which has biodegradable bags in its range;

7) RT-Khimkompozit has developed the production
of biodegradable plastics based on lactic acid. The essence

Total:
2.11 miillion tonnes

¢

Asia
@ Europe
©® North America
® South America

¢

45

?

Fig. 4. Production capacity of bioplastics by region in 2019, %

Source: European Bioplastics Institute
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of this process is the synthesis of monomers by bacteria
from available sugars, the decomposition period during
composting is from 20 to 90 days.

Thus, the need for compostable bioplastics is growing,
as evidenced by the increase in the number of manufac-
turers of such materials and products based on them.
Natural polymers have high biodegradability, biocom-
patibility and safety. On the other hand, the use of syn-
thetic materials is due to the fact that they can be adapted
to obtain the necessary characteristics by using various
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Bbunopasnaraembie nonMmepHbie MaTepuanbl
n moanduumpyoume nobaBKn: COBpeMeHHOe COCTOAHME.
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PE3IOME: OfiviH 113 cambIx BOCTPe6OOBaHHbIX MaTEPMAIOB Ha MIaHeTe — MACTUK, OT/IMYHbIE SKCIUTyaTaLMOHHbIE XapaKTePUCTUKN
KOTOPOTO CMOCOGCTBYIOT HAKOMJIEHWIO 3HAUNTENIBHOTO KONMUYECTBa OTXOLOB Ha €ro OCHOBE. B CBA3U C 3TVIM B HayYHbIX Kpyrax
chopMupoBancs HOBbIV MOAXOA K pa3paboTke AaHHbIX MaTePUAIoB: NOJlyYeHre NOIMMEPHBIX KOMMO3UTOB C MOCTOSHHbIMM 3KC-
NiyaTaLyOHHbIMM XapaKTEPUCTUKaMI B TEUEHVE ONPefieNIeHHOro CpoKa 1 CMOCOOHbIX 3aTeM K eCTPYKLUMU Nof AeicTBreM dak-
TOPOB OKpY»KawLlel cpefibl. AHaNIN3 COBPEMEHHOTO COCTOAHMSA OTPAC/M MOJIMMEPHbIX MAaTepuanoB NMoKasbiBaeT, UTo Hanbonee
AKTyaJIbHbIM OCTAETCA MPUMEHEHUE TaKUX KJTAaCCMYECKMX NONIMMEPOB, Kak nonnonedriHbl 1 NOMBUHWUAXIOPYA. B nepByto ouepenb
ONTUMANbHbBIM PeLIeHEM AAaHHON NPO6NeMbl B CBA3M C OTCYTCTBUEM NOAXOAsALLEN 3aMeHbl TPAAULIMIOHHBIM NOSIMMEepPaM ABJIAETCA
pa3paboTka KOMMO3MTOB Ha X OCHOBE C MpUBNIeYeHNEM Bropa3naraLux aLaAUTUBOB. B Takom cnyyae peluaeTcs KoMniekc npo-
6n1em, CBA3aHHbIX C yTUIM3aLyel OTXOLO0B: 3HAUMTESIbHO COKPALLAETCA NEPUOA PA3NIOKEHUs YyTUITN3UPYEMbIX OTXOAO0B, COKPALLAoTCA
TeppuTopnm, HeEO6XoAVMbIE AJIA MIACTUKOBbIX OTXOM0B.

B paboTe n3noxeHbl NpefnocblIKi BO3HUKHOBEHMSA 1 AaNbHeNLWero pa3suTisa ob6iacTu 6ropasnaraembix nonumMepos. NprBeaeHbl
OCHOBHbIE KOJINYECTBEHHbIE XapaKTEPUCTUKN MPOU3BOACTBEHHbIX MOLLHOCTEN BbIMyCKaeMblX OUOMIACTKOB MO TUMAM, PErVIOHaM
1 OTpacNaM nNprmeHeHus. [NpeficTaBneHbl COBPEMEHHbBIE CMOCOObI CHUMEHMS U perflaMeHTalny BpeMeHy Aerpagalnm noavmMepHbixX
MaTepuranos. [NepeuncrieHbl OCHOBHbIE MUPOBbIE U OTeYECTBEHHbIE NMPOU3BOAUTENN GMOpa3araeMblx NOIMMEPOB U BbiMyCKa-
eMas VMU NPOoAYyKLUNMs, a TakKe CNCOK OCHOBHbIX NMpou3BoauTenei bropasnaraiowyx 4o6aBoK Ans NONMMEPHbIX MaTepranos.
MepeunicneHbl COBpeMeHHbIe BUbI GUOMIACTIKOB Ha OCHOBE BO30OHOBIIAEMOTO Cbipbs, KOMMO3MUTOB C UX MPUMEHEHNVEM, a TaKXKe
MOANPULIMPOBAHHBIX MaTEPMANIOB 13 NMPUPOAHBIX Y CUHTETUYECKUX NONMepPOoB. OnricaHbl OCHOBHbIE METObl onpefeneHus 6vo-
pasnaraemocTu CyLLeCTBYIOLLMX OG1OMNIACcTAKOB.

KNIOYEBDIE CJIOBA: 6rioperpagaums, 6riopasnaraeMble 06aBKN, HEGTEXMMMUECKOE Cbipbe, MONMMEPbI, MNACTUPUKATOPDI, pac-
TUTENbHbIE NCTOUHMUKM.

anAa UNTUPOBAHUA: Buxapesa W.H., 3apunos WN.W., Kunsabynatosa 4.0., MuHurasumos H.C., AMuHoBa I.K. bBuopasnaraemble
nosiMMepHble MaTtepurasbl 1 Mogudurumpyowme nobaBKu: COBpeMeHHoe cocToaHne. YacTb | // HaHoTexHonornm B ctpoutenbcTee. —
2020.-Tom 12, N2 6. - C. 320-325. - DOI: 10.15828/2075-8545-2020-12-6-320-325.

BBEJIEHUE MJIOIIAAN W BBIBOOSIIMX M3 CEIbCKOXO3SIMCTBEH-
HOTO 000pOTa MUJIJIMOHBI TEKTAPOB MJIOJOPOIHOM
3eMJIN.

IIpoGnema ycyryoisieTcs eie u TeM, 4TO u3-3a He-

100aJIbHOM 3KOJOTUYECKON Mpo0IeMoil coBpe-
MEHHOCTH SIBJISIETCSl HAKOTUJIEHHWE OTXOA0B IMOJIM-

MEPHBIX MaTepHajioB, aKKyMYJIHPYEMBIX B 61ocdepe.
Bo BceM MUpe eXerogHo Mpou3BoaUTCd oyt 380
MUJIJIMOHOB TOHH I1acTMaccsl [1]. BropuuHoii iepe-
paboTKe MmoaBepraeTcs 0Kojao 9%, cXXuraercst OKOJIOo
12% nonuMepHbIX 0TX0H0B [2—4]. OcraBuiuecs 79%
O0Ka3bIBAIOTCSI Ha CBAJIKaX, 3aHUMAIOIINX OIPOMHBIC

MIPaBWIHHOTO 3aXOPOHECHUS ITOYTH 12 MUJUIMOHOB TOHH
IUTIACTMACCHI €XXETOTHO BBIHOCUTCS peKaMU B MOPS
U okeaHHI [5]. B pesynbrare yero B Tuxom okeaHe 00-
pasoBajioch bobIroe THXO0KeaHCKOE MyCOPHOE IISITHO,
ILTOIIAIb KOTOPOTO TI0 OIICHKAM CITCIIMAIICTOB COCTAB-
JISIET OKOJIO 1,5 MUJUTMOHA KB. KM.

© Buxapesa W.H., 3apunos N.W., Kunzabynatosa J.0., Munurasumos H.C., AMuHoBa K., 2020
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CyIIeCTBYIOT IBa OCHOBHBIX HAIIPABJICHUS PEIICHMST
TaHHOM MPOOJIEMBI: YTHIM3AIUs OTXOIOB IIACTMACC
¥ cOo3IaHue OrMopasaaraeMbIX INIACTUKOB [6—8].

OCHOBHBIC CITOCOOBI COKpAIICHUST 00BEMOB CHH-
TeTUYECKUX TIJIACTUKOBEIX OTXOIOB — 3TO CXKHTaHUE
u niepepadoTka [9—11]. OgHaKo cXUTaHWe KapaIunHATIEHO
HE yIydIIaeT SKOJOoTHIecKylo cuTyauuio. boiee Toro,
CXXWTaHUE TMOJIMMEPHBIX MaTepHUaIOB — 3TO JOPOTO-
CTOSIIIIMI TIPOIIECC, COMTPOBOKIAIOIITNICS BEIICIICHUEM
BBICOKOTOKCHYHBIX 3aTPSI3HEHMI (IMOKCUHOB, (PypaHOB
u ap.) [12—15]. I[NepepadoTKa MOTMMEPHBIX OTXOIOB
TIPUBOINUT K YIOPOKAHWIO MaTepralia, IIpy 3TOM KaJe-
CTBO MOJIyYeHHOTO TToJInMepa cHKaeTcs [13—18].

Pa3paboTka HOBBIX TEXHOJIOTHI1, OPUEHTHPOBAHHBIX
Ha IMPOM3BOICTBO 3KOJOTHIECKHN YNCTBIX MaTepHAIOB
¥ UCKITIOYAIOIINX BEIOPOCH 3aTPSI3HSIONINX BEIICCTB,
a TaKKe KOMIUIEKCHasI TTepepaboTKa OTXOIOB COOTBET-
CTBYIOT KOHLIETLIMU SKOJOTMYECKH O€30I1aCHOTO YCTOM-
YUBOTO Pa3BUTUS AESITEIbHOCTU YEJIOBEKa, MIPUHSTON
OOH na KoHbepeHIIUM 1o OKpy:KaloIeil cpeae 1 pas-
BuTHIO etie B 1992 1. [19-20].

[Mpumanue TpamUIIMOHHBIM ITOJIMMEpaM CIIOCOOHO-
CTU K OMOIerpagalny Mo IeHCTBUEM MUKPOOPTaHI3-
MOB U TIPUPOTHO-KINMATUIECKIX (haKTOPOB ITO3BOJIUT
3HAYUTEIIFHO COKPATUTh OObEMBI IIOJIMMEPHBIX OTXOIOB
¥, TEM CaMbIM, YJIYUIIUTh SKOJIOTMIECKYIO OOCTaHOBKY.

OnTrMaNbHBIM pPellIeHUeM SIBJISIETCST pa3padoTKa ca-
MOpa3pyIIAIOIINXCS OJMMEPHBIX MaTePHAaIOB, B OCO-
OCHHOCTH, IUTSI U3NCNINI ¢ KOPOTKUM KMU3HECHHBIM -
KJI0M (YITAKOBOYHBIE MaTepHAaJIbl, OMHOPAa30Basl ITOCya,
aBTOPYYKM, OPUTBEI, TPAHCITOPTHBIC ITAJUIETHI), KOTOPHIE
TOJDKHBI COXPAHSTh TEXHOJIOTUUCCKIE XapaKTePUCTUKI
TIpY XpaHEHUHN W 3KCILTyaTalliy, TTOCJIe YeTo TIpU Acii-

2,500

2,011 2,114

Ha ocHoBe 6HOCBIpBS /
HebHopaaraemsle

. BuopaznaraeMsle

1,077 1,174
500

2018 2019

Puc. 1. IIpou3BoacTBeHHbIE MOIMIHOCTH OUOILIACTHKOB
B 2018-2019 r., THIC. TOHH
Hcmounux: Esponeiickuit uncmumym 0Uonaacmukos

CTBHUH OTIPEIEICHHBIX (PaKTOPOB (MUKPOOPTAHMU3MOB,
CBeTa, KMCIOpOIa BO3AyXa, BOIBI) JOJLKHEI pas3iaraTbCst
3a HEOOJIBIION IIPOMEKYTOK BPEMECHH.

CymecTByoImue OmopasjiaraeMbie TOJTUMEPH
Ha OMOOCHOBE ITOPOXKE CUHTETUUCCKUX ITOJIMMEPOB
[21—22]. TTosTOMYy OMOpa3iaraeMble MMOJIMMEpHBIE Ma-
TepHaIbl B OCHOBHOM TIOJTy9af0T CMEIIIEHIEM TepMOTLIAa-
CTUIHBIX CHHTETUIECKIX ITOJTMMEPOB U OOpa3/IaracéMbIX
HAITOJTHUTEJICH TIPUPOITHOTO TIPOMCXOKICHNS.

B HacTosiee BpeMs IpOM3BOICTBO U ITOTPEOICHIE
OMOILIACTUKOB COCTABIISIET TOJIBKO 0KOJIO 1% OT 006111ero
konnuectBa I1M [23]. TTo Mepe pocTta cipoca u cdep
MPUMEHEHUS, a TakKe OJaronapsi MOsIBJICHUIO HOBBIX
0oJree CIOKHBIX OMOIIOIMMEPOB PHIHOK OMOILIACTUKOB
IIOCTOSTHHO pacTeT U JUBEPCUDUIIIPYETCS.

CoracHO TocjieTHIM TaHHBIM EBporreiickoro mH-
ctutyTta omorutactukoB (European Bioplastics) m Ha-
YIHO-UCCIEA0BATEILCKOTO MHCTUTYTA nova-Institute
(X1opT, I'epmaHust) riaobdaibHble MTPOU3BOICTBEHHbBIE
MOIITHOCTH TTO TIPOM3BOACTBY OMOIIIacTKoB B 2019 romy
coctaBw 2,114 MmummnoHa ToHH (puc. 1) [23].

OCHOBHBIC TIPUJIOKECHUST Ha PHIHKE TTOTPEOICHUS
OMOIIIACTUKOB MOCTOSTHHO M3MeHSII0TCsI. OTHAKO yIIa-
KOBKa OCTaeTCsI KpyITHEHNIIe 00/1acThi0 IIPUMCHEHUST
OMOTLTACTHKOB, Ha e¢ moo B 2019 romy npuimiock 6oiee
53% (1,14 MuTMOHA TOHH) BCETO PhIHKA OGUOTLIACTH-
KoB [23]. CerMeHTHI, TaKie KaK aBTOMOOMJIECTPOCHIE,/
TPAHCIIOPT U CTPOUTEILCTBO, B 2019 romy 3HAUMTEIFHO
VBSIIMIIIIN CBOIO OO (puC. 2).

B Hacrosimee BpeMsT HEITOAIAIOIIECS OMOTOTIIe-
CKOMY pa3JIoKEHHIO TIaCTMACChI Ha OMOOCHOBE COCTAB-
Js110T 10 44,5% 0T 00111ero KOJIMYeCTBa BbIITYCKAEMBbIX
o6uorutactukoB (puc. 3) [23].

B 2019 rony MHHOBAIIMOHHBIN TTOJIUMIPOITMICH
Ha OMOOCHOBE BHIIIIC]I Ha PHIHOK B KOMMEPUYECKHX Mac-
mrabax. [1T'A (mommrunpokcuankanoatsl, PHA) — ato
HamboJIee pa3BUBAIOIINIICS KJIacC TTOJIMMEPOB, TTIOJTHO-
CTBIO TIOJTYYeHHBIN U3 OMoMaTepHaja U Omopasjara-
MBI, 001aJaeT IMUPOKUM CIIEKTPOM (PH3UICCKUX
1 MEXaHMIECKNX CBOMCTB B 3aBUCUMOCTHU OT WX XUMU-
yeckoro coctaBa. PEF* (momuatmnendypaHoar) — Ho-
BBII TTOJTMMEp, BBIXOI KOTOPOTO Ha PRIHOK OKMUIACTCS
B 2023 romy [23].

CtpaHbl A3UH TUOUPYIOT B KA4eCTBE KPYITHOTO IIEH-
Tpa Bcell MHIycTpuu onorutactukos. B 2019 romy Tam
6bUTO TIpou3BeneHO 45% OT 00I1ero KoJndecTsa ono-
IUTacTUKOB (puc. 4) [23].

IlepBonauansHO 6uopasnaraemeie [1M npencrapisi-
JI CO0OI CMeCH TPaIMIIMOHHBIX TIOJIMMEPOB C KpaxMa-
soM. Celifuac MOSIBWIICS TIEJIBIN CIIEKTP HOBBIX OMOpa3-
JIaTaeMBIX TUTACTUKOB, Pa3TNIAIONINXCS TEXHOJIOTUSIMU
TTOJTYICHMST U cocTaBoM (Tadi. 1).

Cpenn 0TeYeCTBEHHBIX IIPOU3BOIUTEIICH OMopa3-
JlaraeMOM TTOJTMMEPHOM TTPOIYKIINA MOXKHO BBIICIUTH
crenyomue [24]:
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Puc. 2. IIpou3BoacTBeHHbIE MOIIHOCTH OHOIIACTUKOB O OTPACJISIM NPUMEHEHNSI

B 2019 r., THIC. TOHH

Hcmounux: Esponeiickuit uncmumym 0Uonaacmukos

1) OO0 «Kommanus Espobant», 3amyctusiias
B 2008 romy mpon3BOACTBO OKCO-0MOpa3iaracMoii yIa-
KOBKH;

2) 3A0 «TUKO-I1nacTuk», BeIITycKaloLas 6uopas-
JlaraeMblIe MaKeThl ¢ T0OOABKOM-KAaTaIU3aTOPOM;

3) I1® JAP, npoiueniias B okTsaope 2009 roga cep-
TU(DUKAIUIO Ha TTIPOM3BOJCTBO MAKETOB C OMOI00ABKOIA;

4) 000 «Aptnnact», MPUCTYIMUBIIAs B HIOHE
2010 roma K BBIITYCKY OMOpa31aracMoil yIaKoBKU;

5) OO0 «buakcmien», 3amyctuimas B 2008 romy
JIMHUIO, CITIOCOOHYIO TTPOM3BOAUTL GHOpa3iaracMyto

VIIaKOBKY 13 OMOCHIPhs (KapToderb, KyKypy3a 1 Ip. —
OGroMaTepHallbl ¢ BBICOKMM COICPKaHMEeM KpaxmMaa);

6) 3AO HauunoHayibHasl yIIakOBOYHAasl KOMITaAHMS
«[laroma», MMeIoIIast B CBOEM acCOpPTUMEHTe OMopas-
JTaracMBIe TIaKEeTHI;

7) Komnanust PT-XuMKkoMITO3UT pa3zpabdoTraia
IIPOM3BOACTBO OMOpa3laTacMbIX IJIACTUKOB Ha 0a3e
MOJIOUHO# KucaoTE. CyTh 3TOTO Ipoliecca — CUHTe-
3MpOBaHNE 0AKTEPUSIMU M3 TOCTYITHBIX CaXapoOB MOHO-
MEpOB, TIEPHUO paciiafga Py KOMIIOCTUPOBAaHUM OT 20
110 90 mHei.

O 1.1% 13.4% PBAT
e HeOlopasyaraemele
prl;; ocnosep(iuompu ‘ 4.3% PBS ©
® PFE 11.8% 13.9% PLA ©
® PET 9.8% 1.2% PHA @
@ PA 11.6% 2.11 MuH ToHH 21.3% Kpaxmamsase g
e 0.9% aect
- e 1.4% °
© PEF* 0.0% / \ Tlpyrue 6HopasaraeMsle
@ PIT 9.2%
0000000 00000
Ha 6uoocsose / Hebuopazaraemelie Buopasnaraemsle
445% 55.5%

Puc. 3. IIpou3BoaCTBEHHbIE MOIITHOCTH OMOILIACTHKOB

mo tunam B 2019 r., TeiC. TOHH

Hcmounux: Eeponeiickuii uncmumym 6UOnAacmuxos
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Tabauya 1
OcHoBHbIe Npou3BoAMTEIN OHopa3aaraemMbix ITM

Ne | [Ipou3sBoauresn Ha3BaHue npoxyKiuu 1 npuMeHeHue
Archer Daniel Mildland Co.
1 TMonmnakTuabl, TOMUTUAPOKCUOYTUPATHI
(CIIIA)
TMonuacdupst 6yran-1,4-11nona, TepedraneBoit u anunuHoBoii kucaot Ecoflex, Eastar Bio, no6aBku
2 | BASF AG (Tepmarus) (bupui Gyran-1,4-1mona, reped a ' A
UTSI TIPOM3BOZICTBA OMOpa3iaraeMbIX IJIaCTUKOB
3 | BAYER AG (Fepmanms) Momadupamuasr BAK — TePMOMIACTIYHBII OTUMEP, KaK OOBIYHBIE TEPMOTUIACTBI JUTS JIUThSI
MO/ IaBJIEHUEM, DKCTPY3Ueii, MOTydeHUs BOJIOKOH
. KpaxmasoHamnosmHeHHbIe TacTUKN «BroriacT» 111 MEIIKOB 1O KOMIIOCT, ITOC BUWJIKHU, JIOKKHU
4 | Biotec Gmb H. (I'epmanust) P ¢ > AL o ’ YAY, ’ ’
Yanku
Cargill Inc. (CILIA) Monunakruael Eco-PLA m1st iuthst of naBiieHueM, TepMobOpMOBaHHUsI, OTyYeHUsI HETKAHOTO TIOJIOTHA
Chronopol (CIIA) CuHTE3 IMOJUMOJIOUHOM KHUCIOThI
7 CSM N.V. / Cargill Inc. MomuakTis
(Tonnannous)
DAICEL Chem. Ind. Ltd
8 Komno3utel Ha OCHOBE MOIMIAKTUAA, alleTaTa LeUTIoN03bl
(Aronus)
9 | Du Pont Co. (CILA) TMonunakTuabl 13 MoJIoKa, chipa 1 Kykypy3sl ECO Chem., cononumep ¢ nonuadupom — Biomax
10 | Ecolean (IlIBerust) YnakoBka 1 000pynoBaHue Il PO3JIMBA XUIKUX MULIEBBIX MPOLYKTOB B GUPMEHHbIE «KYBIIMHUUKW»
EPI Environmental Technologies .
13 Inc ChIpbe /TSI TPOM3BOJCTBA OKCO-0MOpa3iaraeMoii yrakoBKH1
GREENSAN LIMITED Srls
14 KomnocTtrpyemasi yrakoBKa JJIsi TUAIIEBBIX ¥ TPOMBIIIJIEHHBIX TPOLYKTOB
(Mranus)
15 | Hoechst Trespaphan (I'epmanust) | [Tonu-a-ruapokcunponuoHatsl Biophan aisi miieHOUHbIX MaTepraioB
16 | Kanebo (SmoHust) TMonu-a-runpokcunponuoHats! Bellfree, Lacton mist rpaHyst, HUTEH, MJIEHOUHBIX MATEPUATIOB
17 | Mitsubishi Plastics (AnoHus) IMonu-a-ruapokcunponuonarsl Ecoloju s TiieHOUHBIX MaTepUAIoOB
18 | Mitsui Chemicals (SImonmst) [Monu-a-ruapokcunponuoHats! Lacea mist rpaHys1, TUICHOYHBIX MaTepUaIOB
19 Mitsui Toatsu Chem. Ltd IIponykiiust Ha OCHOBE KpaxMaia U MOoJIWJIaKTUAa
(SInoHust) pony P b
20 Monsanto Co. (Mramus) / Comnonnmep MOJUTUAPOKCUOYTUpATBaJIepaT sl TPOM3BOACTBA OYTHUIOK, 3yOHBIX LIETOK
ICI. Zeneto Ltd (AHrmst) P P yTip P P y >3y
TMomumepst Ingeo™ mist mpomyKimu OT KOG EHHBIX Karcyl U JeKTPOHUKHU 10 TOATY3HUKOB U cal(eToK.
21 | Nature Works (CLLA) Jlaxtuasr Vercet™ mtst mponykToB TMHUM CASE (NTOKpBITHS, KJIeH, TePMETUKHU 1 JIaCTOMEPbI), TOHEPHI
1 TIOBEPXHOCTHO-aKTUBHbIE BEILIECTBA
22 NESTLE OY Chem. / TMonmnakTuabl 1 KpaxmaaocoaepKaliue miacTuku
Primalco (®unnstHIMS) A P Jepkaiil
23 | Novamont (Mranust) Brimyckaer «Mater Bi» u1st IuTbst IO/ JaBJeHUEM, TTOJIyYeHUSI IJIEHOK M3 Kpaxmasa
. 20 TunoB Enviro Plastics B TBOPUMBIX, KOMITOCTUPYEMBIX T TaeMBIX TIOJIMMEPOB JIJIST JIUThST
24 Planet Polymer / Nippon n(()m ﬂagﬂCHHCMO A aljtaftfo gﬂﬁgzsmnolfnﬂosm’ﬁ grm ()Tcun?l]'fneﬂo;(q;o ::ElaiaH:Ma;nﬂ Meuglinﬂi?ocozéﬂugs hin 01
Mitsubishi (Amonust) »Ad P pasiy > cocy
OTOpPOCOB
25 | Procter & Gamble (®paHiiust) TMonuruapokcuankanoatsl Nodax it HETKAHBIX, IJICHOYHBIX M BOJIOKHUCTBIX MaTEpUAIOB
26 | Roquette (Ppanims) Bosee 650 TOGOYHBIX TIPOAYKTOB U3 KpaxMalia KYKypy3bl, IIIIEHUIIBI, KapTOodelist ¥ Topoxa
Shell Chem. Co. .
L Several biodegradable polyesters
(Great Britain) g poly
TMonmacmaptaTbl, BOIOPaCTBOPUMbIE TUCTIEPTATOPBI, GUOpasiaraeMble TUCIIEPraToOPbI TSI CTUPATbHBIX
27 | Rohm and Haas Co. (CIIIA) PTATHL, BOTOPACTEOD AHCTIEPTATOPEL, BUOP JICTIEPTATOPLI LA CTHD
TOPOILKOB
Shell Chem. Co.
28 Heckomnbko 6uopasnaraeMbix oIM3OUPOB
(BenukobpuraHust)
29 | Shimodzu Co. (SInonus) IIpo3paunsble, GeclBeTHBIE YIyUllIeHHbIE TONUIAKTUABI Lacty [uist TNTbsl OA JaBIeHUEM
. VrakoBKa ¢ MPUMEHEHHEM LIEJUTION03bI, HOBbIE GMOKOMITOCTHPYEMbIE CTAHAAPTHI IPOM3BOACTBA
30 | Silbo (Monbia) P 1 ' Py AIAPTEI IPOH3BON
YITaKOBKU
neuuaabHble anudarnyeckue noauadupsl Bionoll ITOJIMMEPBI TIOJTMOYTUIICH/CYKIIMHAT
31 | Showa Denko (SIroms) Crieunan ¢ anmudarnyeckre noauaup onolle, cononuMepbl NOIMOYTHIIEH/CYyKIIMHA
M TIOIUOY TUIIEH /CYKIIMHAT/a MU T HAT
32 | Solvay S. A. (benbrust) TMonunakTuas! 1Jist CaMOTO Pa3IUIHOTO TPUMEHEHUS
33 | Sukano (IIBeiiapust) CynepKOHIIEHTpaThl J00aBOK M KpacuTenel Iuisi 6nopasnaraemMbix moaumepoB PLA u PBS
34 | Sunkyong Ltd. (Kopest) Anmudarunueckue nonuadups Sky Green
Total Corbion PLA TMonumonounast kuciota (PLA) u ntaktuaHbie MoHOMepbl Luminy® PLA BbicOKOTEMIIepaTypHbIe
35 M CTaHIAPTHBIE MApKU VIS IIMPOKOTO TUara30Ha OT YITaKOBKU 10 TTOTPEOUTEILCKUX TOBAPOB,
(Hunepnanmer) ~
BOJIOKOH Y aBTOMOOMJIE
KpyrmHblIit MOCTaBIIMK MOJIWIAKTAAOB C BHICOKOW MOJIEKYJISIPHOM MAcCO ISl TTOJIyYeHMSI TIEHOK
36 | Union Carbide Corp.(CIIIA) M MEUIKOB TOJI TTUILEBBIE OTXOMbI, TAKXKE BEICOKOMOJICKYISIPHBIN, BOZOPACTBOPUMBII 1 OMopa3iaraeMblii

noauapup Polyox
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Puc. 4. TIpou3BoacTBeHHbIE MOUIHOCTH OHOMIACTHKOB MO pernonam B 2019 ., %
Hcmounux: Esponeiickuit uncmumym 0Uoniacmukos

Takum o6paszom, pacTeT IMOTPeOHOCTh B KOMIIO-
CTUPYEMBIX OMOTUIACTUKAX, YTO TTOATBEPKIACTCS YBe-
JIMYEeHNEM KOJIMYECTBa IIPOU3BOAUTEICH TTOTOOHBIX
MaTepHaJioB U MPOAYKIINM Ha UX ocHOBe. [IpupomHbie
TOJIMMEPHI 00JIamaloT BEICOKOM OMOpa3IaracMoCThIO,
OMOCOBMECTUMOCTBIO 1 Oe301macHOCThI0. C IpyToiif CcTO-
POHBI, MCITOJIb30BaHNE CUHTETUICCKIX MaTePHAIOB 00-
YCJIOBJICHO T€M, YTO OHU MOTYT OBITh aZallTUPOBAHBI
IJIST TIONTYYeHUSI HEOOXOMUMBIX XapaKTePUCTHUK ITyTeM
TIPUMEHCHUS pa3IMIHBIX TEXHOJIOTUI TIPON3BOACTBA
IUTST BOCTIPOM3BEICHUS MOJICKYJISIPHOM CTPYKTYPHI U 13-

CIIUCOK JINTEPATYPbI

MEHEHUSI MEXaHNUECKIX CBOMCTB B 3aBUCHIMOCTH OT TIO-
TpeOHOCTEIA.

3amaveit HOBEUINMX Pa3pabOTOK B OOIACTH CO3MAHMS
KOMITOCTHPYEMBIX OMOTUIACTUKOB SIBIISICTCS YCTAHOB-
JICHHEe OOIMUX 3aKOHOMEPHOCTEH B MOI00pEe KOMITO-
HCHTOB M TEXHOJOTMYCCKUX ITapaMeTPOB JUIST TIPOU3-
BOJICTBA MaTEPHAJIOB, COUYCTAIOIINX BEICOKII YPOBEHD
SKCIUTyaTaIlMOHHBIX XapaKTePUCTUK CO CITIOCOOHOCTHIO
K OMOpa3JIoKEeHUIO, 1 OCHOBHBIX TIPABIIT PETYIMPOBAHUS
CKOPOCTHM MX 0€30TacHOM erpagaluvy o OKOHYaHUN
CpoOKa CJTy>KOBblI.

1. Geyer R., Jambeck J.R., Law K.L. Production, use, and fate of all plastics ever made // Science Advances. —

2017.—Vol. 3, Ne 7. — 82 p. DOI: 10.1126/sciadv.1700782.

2. BonkoBa A.B. PeIHOK yTHIM3auy oTX0H0B. — HalmoHanbHEIN McclieqoBaTeIbcKUi YHUBEpCcUTET BrIcias

1IKOJ1a SKOHOMUKHU. — 2018.

3. lIumonok M.B. CoBpeMeHHBIe TTOJTUMEPHBIE MaTepuanbl. — MH.: Beimaiiimas mxoja, 2017. — 278 c.
4. INotamosa E.B. [Ipo6iema yTum3anny IIacTHKOBBIX 0TX0moB // M3BecTnst baitkarbcKoro rocyaapcTBEHHOTO
yumBepcuteta. — 2018. — T. 28, Ne 4, — C. 535—544. DOI: 10.17150/2500-2759.

5. Van Sebille E. et al. The physical oceanography of the transport of floating marine debris // Environ. Res.

Lett. — 2020. — Vol. 15, Ne 2. — 023003.

6. [unusa JI.K., Exxun A.T. [lepepaboTKa rutacTMacc: OLieHKa pbhIHKA 1 ITepcieKTuBel // Hayka 3a pyGexxom. —

2018. — C. 1-33.

7. INoramosa E.B. [Ipo6iema yTiim3any IIacTUKOBEIX 0TX0n0B // M3BecTrst baiikaabCKoro rocymapcTBEHHOTO
yuuBepcuteta. — 2018. — T. 28, Ne 4. — C. 535—544. DOI: 10.17150/2500-2759.

8. P3aeB K.B. Ilepepabotka otxomos riactMace B Poccun // TBepabie ObIToBEIC 0TXOmBI. — 2017. — Ne 1. — C. 7-9.
9. byzosa O.B., Hosukosa B.O. [1epepaboTKa IIacCTUKOBBIX OTXOIOB // ATEHTCTBO MEXIYHAPOIHBIX UCCIICIO-

Banuii. — 2017. — C. 134—136.

10. ITetpoB A.B., Hopnomenos M.C., CkpunaueB C.}O. TexHomornn yruan3aluny MOJTMMEPHBIX KOMITO3UIIN-
OHHBIX MaTepuasioB (063op) // Tpynst BUAM. — 2015. — Ne 8. — C. 62—73. DOI:10.15593/24111678/2017.04.08.
11. Niaounakis M. Recycling of flexible plastic packaging. — Elsevier, 2020.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://advances.sciencemag.org/content/3/7/e1700782
http://izvestia.bgu.ru/
http://izvestia.bgu.ru/

Nanotechnologies in construction 2020; 12 (6): U/
HaHoTexHonorum B cTponTenbcTBe 320-325 NanObL" ]

PA3PABOTKA HOBbIX IMOJIMMEPHbIX MATEPUAJIOB

12. Madalina E.G. Methods of Recycling, Properties and Applications of Recycled Thermoplastic Polymers //
Recycling. — 2017. — Vol. 2, Ne 24, — P. 1—11.

13. Mehdi S.S., Bakhshandeh Gh.-R. Recycling of PVC wastes // Polymer Degradation and Stability. — 2011. —
P. 404-415. DOI: 10.1016/j.polymdegradstab.2010.12.001.

14. Hazrat M.A., Rasul M.G, Khan M.M.K. A study of Thermo-Catalytic Degradation for Production of Clean
Transport Fuel and Recycling Plastic Wastes // Procedia Engineering. — 2015. — Ne 105. — P. 865—876. DOI: 10.1016/j.
proeng.2015.05.108.

15. Ragart K., Delva L., Kevin V.G. / Mechanical and chemical recycling of solid plastic waste // Waste Manage-
ment. — 2017. — 69. — P. 24—58. DOI: 10.1016/j.wasman.2017.07.044.

16. IManbira P.B. [ToTeHLManbHbIe BO3MOXHOCTH IIepepabOTKu MMoauMepoB // TBepabie ObITOBbIE OTXOIBI. —
2017. — Ne 1 (127). — C. 26—29.

17. TTpokomuyk, H.P., Manynenko, A.®., Esceii, A.B. HekoTopble 0cOOEHHOCTY peIUKIIMHTA Y PeTYIUPOBaHIE
CBOWCTB BTOpUYHOTO TTouBuHMWIXIOpHaa // Tpymsl BI'TY. Xumust, TeXHOIOTHST OPTaHUISCKUX BEIIECTB 1 OHO-
texHomorus. — 2010. — Ne 4. — C. 112—114.

18. Maseimosa B.H., JIykacuk }0.B., ConoBbeBa B.A. PelIMKIIMHT TEpMOITIIACTOB M peaKTOIIacToB. — Bosrorpan;:
BonrI'TY, 2014. — 56 c.

19. Rio Declaration on environment and development. — June 14, 1992. — Available online: URL http://www.
wno.org/rio-declaration-on-environment-and-development.

20. Tappel L.J., Nomura R.C., Christopher T. Mini-Review: Biosynthesis of Poly (hydroxyalkanoates) // Polymer
Reviews. — 2009. — 49 (3) — P. 226—248. DOI: 10.1080/15583720903048243.

21. Kim Y.B., Lenz R.W. Polyesters from microorganisms. Advances in Biochemical Engineering // Biotechnol-
ogy. —2001. — Ne 71. — P. 51-79. DOI: 10.1007/3-540-40021-4_2.

22. Hong Chua. Accumulation of biopolymers in activated sludge biomass // Applied Biochemistry and Biotech-
nology. — 1999. — Vol. 78, Ne 1-3. — P. 389—-399. DOI: 10.1385/ABAB:78:1-3:389.

23. PerHOYHBIC TaHHBIE O OMoIIacTuKaM // EBporreiickas omormiacTika [DIeKTpoHHBIN pecype|. — Pexkxum
mocTytia: https://www.european-bioplastics.org/market/(03.02.2015).

24. TTapmyxuHa E.JI. Poccuiickmit pplHOK OMOpa3iaraeMoii yITakoBKH // DKoJIoTHIeCcKNi BeCTHUK Poccum;
HccnemoBarenbekast koMmnannst RESEARCH. TECHART. —2011. — Ne 2. — C. 32—-33.

Cmamesa « buopasnazaemeie nonuMepHsie Mamepuassi U Mooupuyupyowue 006asKku: cospemeHHoe cocmoaHue. Yacme Il» 6ydem
onyb1ukosaHa 8 xypHasne «<HaHomexHono2uu 8 cmpoumesiscmae» N° 1/2021

NHOOPMALINA Ob ABTOPAX

BuxapeBa MpuHa HukonaeBHa, accucTeHT Kad. «MpuKnagHble 1 eCTeCTBEHHOHAYYHble ANCLMMVHDIY,

OrbOY BO «YdUMCKMIA roCcyAapCTBEHHDIN HEDTAHON TEXHUYECKUIA YHBEPCUTET»; I. Yda, Pecnybnuka bawwkopTtocTtaH, Poccus,
ORCID: https://orcid.org/0000-0002-5681-2767, e-mail: irina.vikhareva2009@yandex.ru

3apunos nbHap Unbrusosuny, marnctpaHT Kad. «MprknagHble 1 ecTeCTBEHHOHAaYYHble ANCLMMIVHDIY,

OrBOY BO «YdprMcKmin rocyaapCcTBEHHbIN HePTAHON TEXHNYECKNIN YHBepCUTeT»; I. Yda, Pecny6nuka bawkopTtocTaH, Poccus,
ORCID: https://orcid.org/0000-0003-2594-3753, e-mail: ilnar.zaripov1998@mail.ru

Kunnsabynarosa [luana ®upgpatoBHa, ctygeHT OIBOY BO «YdumcKmii rocynapcTBeHHbIN HeGTAHON TEXHUYECKMI YHUBEPCUTETY;
r. Yoa, Pecnybnuka bawwkoptocTtaH, Poccua, ORCID: https://orcid.org/0000-0002-4442-9269, e-mail: dinkin567890@yandex.ru
MwuHurasumos Hann CyntaHoBuyY, A.T.H., Npod. Kad. «<OxpaHa OKpyKatoLer cpefbl ¥ paLMoHanbHOe NCMob30BaHNe MPUPOAHbIX
pecypco», OIBOY BO «YPrMCKMIA rocyaapcTBEHHbIN HePTAHOM TEXHUYECKUIA YHUBEpPCUTeT»; I. Yda, Pecnybnuvka bawkopTocTaH,
Poccua, e-mail: oosripr@rusoil.net

AmwuHoBa lNynua KapamoBHa, A.T.H., npod. Kad. «[prknagHble 1 ecTecTBEHHOHayuHble gucymnanHby, OFE0Y BO «Ydumckunin
roCcyfapCTBEHHbIN HeGTAHON TEXHNUYECKMI YHUBepCUTET»; I. Yda, Pecnybnuka bawkopTtocTaH, Poccus, e-mail: aminovagk@inbox.ru

ABTOpbI 3aABAAIOT 06 OTCYTCTBMMN KOH(IMKTa MHTEpecoB.

Cmames nocmynuna e pedakyutio: 15.10.2020.
Cmames nocmynusa 8 pedakyuio nocsie peyeH3uposanus: 26.11.2020.
Cmamesa npusama K nybnukayuu: 29.11.2020.

http://nanobuild.ru 325 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://www.sciencedirect.com/science/article/pii/S0141391010004556?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1877705815009054?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1877705815009054?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956053X17305354?via%3Dihub
https://www.tandfonline.com/doi/abs/10.1080/15583720903048243
https://link.springer.com/chapter/10.1007%2F3-540-40021-4_2
https://link.springer.com/article/10.1385/ABAB:78:1-3:389

5

=

Vis o= omy = w2

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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (6):
326-330

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanob

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

the «WUT-UM Joint New Energy Material and Con-
version Technology Key Laboratory» with the Univer-
sity of Michigan, the «<WUT-UoS High Performance
Ship Technology Joint Center» with the University
of Southampton andthe «Joint Research Center for
Intelligent Ship and Traffic» with Delft University of
Technology. In 2016, an international college initia-
tive — the UWTSD Wuhan Ligong College was estab-
lished in Swansea in partnership with the University of
Wales Trinity Saint David, UK.

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

Overview of the International School
of Materials Science and Engineering

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

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

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

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

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

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

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

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

akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpocdeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00IaCTH
MaTepUaIOBEACHUS] W WHXEHEPHOTO Iejla, MAaIlMHO-
CTpoeHMsI, MHPOOPMAIIMOHHBIX TEXHOJOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 Hux 28 BxomaT B [IporpaMmy 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 CIeUaTbHOCTH JJIST
CTpaHbl OBUIM TMOATOTOBJIEHBI BBICOKOKBAIM(MUIIUPO-
BaHHbBIC KaIphl JUIST CTPOUTEILCTBA U WHIYCTPUU TTPO-
M3BOJCTBA CTPOUTENIbHBIX MaTepUalioB U TOTyYCHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKIJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpOoiMaTepuasioB, obecrieuynBasl ee
CTAOWJTBHBIN POCT JUTSI 3aHSITUSI BEAYIIETO TIOJIOKCHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTEIBHBIX MATEPUATIOB.

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

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

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

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

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

KoHTaKkTHasa

nHdopmauus 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 JJadOpaToOpuii
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.
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ABSTRACT: The article provides an abstract review of patents. The results of creative activity of scientists, engineers and specialists,
including inventions in the field of nanotechnology and nanomaterials, being implemented, allow achieving a significant effect
in construction, housing and community services, and related sectors of the economy. For example, the invention «A method to
produce dry construction mixtures» refers to manufacturing of building materials, in particularly, to manufacture of dry construction
mixtures (DCM) by the method of joint mechanoactivation of cement and dolomite, with further modification of them with carbon
nanostructures (CNT). The technical result of the given method of mixing CNT and main component of dry construction mixtures -
cement - is that it makes possible to use microquantities (0.005%) of CNT in DCM. That allows decreasing product cost of obtained
mixture. Moreover, due to increased strength, faster hardening of materials one can reduce consumption of these mixtures. That is
additional factor affecting decrease of mixture product cost.

The results obtained after application of mechanoactivation of basic mixture components were different practically by all indicators
from the mixtures prepared by simple mixing. Compression strength and tensile strength increased by 10-15%, adhesion strength
increased too. Along with increasing of strength characteristics such an important indicator of DCM as air permeability has decreased.
Reduction of total volume of pores in dense structure of cement matrix caused dramatic slow-up of moisture diffusion rate.

The specialists can also be interested in the following inventions in the area of nanotechnologies: a method of laser building-up
welding for metal coatings, high RAP in WMA surface mixture containing nanoglass fibers, a device to apply nanoparticles of metal
oxides on metal surface under normal conditions, multifunctional nanostructured additive for coatings, experimental assessment
of cement mortar using nanooxide compounds, a composition for setting constructional layers of road pavements, a method to
obtain composite films of nanofibers, nano-engineering of construction materials using molecular dynamics simulations, cast and
self-compacting concrete mixture for cast-in-situ concrete and prefabricated reinforced units, a method to obtain photocatalyst
based on nanotubular titanium dioxide et al.
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INTRODUCTION MAIN PART
A dvanced technologies impress people’s imagination A method to produce dry construction mixtures
emonstrating the latest achievements (materials,  (RU 2735004 C1)

methods, systems, technologies, devices etc.) that dra-

matically change the world. This, first of all, concerns The invention refers to manufacturing of building ma-
nanotechnological inventions designed by scientists, en-  terials, in particularly, to manufacture of dry construction
gineers and specialists from different countries. mixtures (DCM) by the method of joint mechanoactiva-
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tion of cement and dolomite, with further modification
of them with carbon nanostructures (CNT) [1]. The aim
of the invention is to reduce quantity of chemical additives
keeping specified parameters of physical and chemical
properties and to improve mixture placeability. This task
can be solved by the method which is used to produce
dry construction mixtures and which comprises joint
mechanoactivation of cement or materials on its base
with dolomite additive 30% with the use of Hint disinte-
grator with further modification with carbon nanotubes
in multichamber mixer-dosing plant that operates ac-
cording the rule “from less to more”. The optimal con-
tent of nanotubes is 0, 005%, at this mixing of carbon
nanotubes with cement is performed in 4 stages: 0.005 g.
of CNT for 100 g of cement, 100 g of cement with CNT
for 1 kg. of cement, 1 kg of cement with CNT for 10 kg
of cement, 10 kg of cement with CNT for 100 kg of ce-
ment, obtained mixture as superconcentrate is used to
prepare main mixture: 100 kg of cement with CNT are
mixed with 2000 kg. of dry construction mixture in gen-
eral mixer, then new obtained mixter is mechanically acti-
vated in Hint desintegrator, in which its grinding and ho-
mogenization are performed. The technical result of the
given method of mixing CNT and main component of dry
construction mixtures — cement — is that it makes pos-
sible to use microquantities (0.005%) of CNT in DCM.
That allows decreasing product cost of obtained mixture.
Moreover, due to increased strength, faster hardening
of materials one can reduce consumption of these mix-
tures. That is additional factor affecting decrease of mix-
ture product cost.

The production of construction mixtures of this series
is based on two principles, consistently complementing
each other — mechanoactivation of basic mixture com-
ponents and further modification of them with carbon
nanostructures. Combination of two factors, determining
the structure and characteristics of the final product made
it possible to use maximum properties of components
which are the part of dry mixtures. The results obtained
after mechanoactivation has been applied to the basic
mixture components were different practically by all in-
dicators from the mixtures prepared by simple mixing.
Compression strength and tensile strength increased by
10—15%, adhesion strength increased too. Along with
increasing of strength characteristics such an important
indicator of DCM as air permeability has decreased.
Reduction of total volume of pores in dense structure
of cement matrix caused dramatic slow-up of moisture
diffusion rate.

A method of laser building-up welding for metal coatings
(RU 2735481 C1)

The invention is aimed at increasing efficiency
of building-up welding and performance characteristics
of iron carbon alloys, in particularly, at improving their

antifriction properties, wear resistance and hardness un-
der high and super high temperatures due to formation
of layer of boron and titanium mix nitrides with specified
thickness on the surface of alloys, serialized components
and industrial facilities are employed in this process [2].

The scope is achieved due to the following technol-
ogy: metal surface is covered with prepreg on the basis
of polyamide fabric, for example, caprone sort 22059,
impregnated with coking polymer composition. The fab-
ric is destructured and active nitrogen is formed, under
the temperature 140-+200°C the single macromolecule is
formed, it contains simultaneously atoms of boron, tita-
nium and nitrogen in stoichiometric ratio (two titanium
atoms and one boron atom have three nitrogen atoms) and
catalyst —carbon atom — when nitrides are formed. Un-
der the temperature 1250+1350°C, caused by laser beam,
prepreg is destructured giving liberate highly active atoms
of boron, titanium, nitrogen and carbon which enter into
reaction in porous coke forming a mixture of similar by
melting temperature nitrides of titanium and boron and
admixtures of heat-resistant carbides. Then the tempera-
ture is increased up to 1600-+1800°C. At this coke and
admixtures are distructured, and the lighter layer of solid
particles, which melting temperature is about 3000°C,
rests on the iron-carbon alloy. The thickness of the pro-
tection layer depends on the number of prepreg layers.
Application of the composition on the polyamide fabric
is regulated by viscosity of solution of composition and
the performance of impregnator.

High RAP in WMA surface mixture containing nano
glass fibers

In pavement engineering, there are some challenges
such as the energy consumption, emissions, and other
issues. Warm Mix Asphalt (WMA) technology is con-
sidered as a possible solution in pavement construction
[3]. In this invention, base binder was modified with
a wax compound (Sasobit) to reduce the overall toxic
emissions which also requires less energy consumption
in the pavement construction operations. Bituminous
Concrete mixture was used, and Bailey’s method of gra-
dation is also used. According to experiment, 3% sasobit
dosage blended to the base binder shows good results,
compared to other dosages that are used. A comparative
study has been conducted on volumetric properties, mix
stiffness, moisture susceptibility, and rutting character-
istics. Mix combinations have been conducted with con-
ventional and modified binders with different proportions
of Reclaimed Asphalt Pavement (RAP) and containing
Nano glass fibers. Higher percentage of RAP up to 80%
and with 5% rejuvenator as vegetable oil was employed in
the experiment. The experiments show that 70% RAP mix
causes a big increment in terms of performance proper-
ties up to 25%, comparing with the conventional mix.
Reinforcement in the form of Nano Glass Fibers is con-
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sidered in order to improve the properties of RAP mixes.
In the 70% RAP mixes case the performance properties
have increased up to 15% with the addition of 0.3% Nano
glass fibers. This invention is considered as new method
for pavement construction.

A device to apply nanoparticles of metal oxides on metal
surface under normal conditions (RU 2733530 C1)

The invention refers to mass-spectrometric measure-
ments and can be widely used in solving of analytical
problems in the area of organic and bioorganic chem-
istry, immunology, biotechnologies, criminal science,
proteomics, metabolomics and medicine, metabonomics
and post-translational modification. A device to apply
nanoparticles of metal oxides on metal surface under nor-
mal conditions is made in the form of coaxially placed
vertical capillaries. Solution (suspension of nanoparticles)
is supplied in the inner metal capillary, voltage from high-
voltage power source is applied to the same capillary.
Droplet-free electrospraying of nanoparticles is performed
from the end of the capillary under normal conditions.
Inner diameter of the outer coaxial capillary is bigger than
outer diameter of inner capillary. Surplus of non-sprayed
solution which wets down outer shell of inner capillary,
with laboratory air are pumped with air pump through
gap clearance between coaxial capillaries [4].

The technical result: a metal surface of target MALDI
is under room temperature, dissolvent vapour is efficiently
removed from the target area of nanoparticles applica-
tion, nanoparticle spots of specified size are formed on
the target without templet and their borders have strict
limits. Diameter of capillary through which the solution
is supplied became bigger, that allows using nanoparticles
with wide range of sizes. The absence of microdroplets
of solution in the spraying process makes it possible to ob-
tain applied metal oxides which are mechanically resistant
to coating abrasion. All this allows conducting numerous
experiments with the target.

Multifunctional nanostructured additive for coatings
(RU 2733526 C1)

The invention refers to compositions of multi-
functional nanostructured additive for coatings such
as lacquer, paints, enamels to protect from corrosion
and biofouling of underwater parts of ships and marine
structures. The novelty: multifunctional nanostructured
additive for coating contains, % mass.: corrosion inhibi-
tor and organic biocide in mole ratio 0,5—-2,0/5,0—10,0,
conducting polymer 10,0—40,0, nanoparticles of copper
and zinc 2,0—10,0, aluminosilicate nanotubes — the rest
up to 100. At this aluminosilicate nanotubes are inter-
calated with corrosion inhibitor and organic biocide
and are coated with a layer of conducting polymer with
nanoparticles of copper and zinc on the surface of poly-
mer layer [5].

Achieved technical result is intercalation of alumino-
silicate nanotubes with corrosion inhibitor and organic
biocide and covering of the nanotubes with a layer of con-
ducting polymer with nanoparticles of copper and zinc on
its surface. The given additive is similar to aqueous and
organic ambient, it is easily dispersed and can be used in
any kinds of coatings.

Experimental assessment of cement mortar using nano
oxide compounds

In construction industry, cement concrete and cement
mortar has been paid much attention by researchers to
improve its mechanical and other features and charac-
teristics, as such construction materials have been heavily
used in construction industry world-wide. Not only me-
chanical strength is important, but also other characteris-
tics and properties such as durability, chemical resistance,
weather resistance, are considered important in terms
of the quality of building materials. A strategy is to reduce
the consumption of cement quantity through improving
its characteristics/properties, or alternative materials can
be considered. This strategy to reduce the consumption
of cement quantity that will help natural resource sustain-
ability as well as reducing its impact on greenhouse effect
to protect natural environment. Nano materials is one
of the major considerations, including nano silica, nano
alumina, nano titanium oxides, although the results given
by experiments are still not matured. In this invention,
authors tried to find the optimum percentage of nano
materials with cement mortar for maximum compres-
sive strength. The cement sand proportion was kept 1:3,
water to binder ratio was kept 0.5, and no plasticiser was
used. The influence of nano-ZnO, nano Silica, and nano
Alumina on mechanical properties of cement mortar was
experimentally investigated. Compressive strength tests
were conducted to study the effects of nano particles on
mechanical properties of cement mortar. Results of this
study show that all the examined nano particles can im-
prove durability and mechanical properties of the con-
crete. Nano Zinc oxide improves strength can up to 1.0 %,
nano alumina and nano silica can be used up to 1.5 % [6].

A composition for setting constructional layers of road
pavements (RU 2726102 C1)

The invention refers to road construction and can be
used to set constructional layers of road pavements [7].
Composition for setting constructional layers of road
pavements contains components in the following ratio,
mass.%: sand screening dust of fraction 0—5 mm — 77—
81; Portland cement, as a mineral binder, with mineral
admixtures (strength class — 32,5, fast hardening) — 10—6;
water — 13. Content of polymer composite is more than
100%, mass.% — 0,3—0,5, which is a colloid solution
of high molecular surface active compound (product
of aldehyde condensation) with addition of potassium
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and sodium salts of metasilicate acid. The technical result
is increased critical compressive strength and bending
tension strength. This result is achieved due to formation
of complex compounds in the interaction process between
polymer composite and ions of liquid phase of cement-
polymer system. The use of polymer composite into
composition of road construction material allows rising
compressive strength and bending tension strength.

Characteristics of basic materials:

1. Sand screening dust according to GOST 31424-2010
fraction 0—5 mm

2. Mineral binder — Portland cement with mineral
additives according to GOST 31108-2016: type LIEM 11;
strength class — 32,5; fast hardening.

3. Polymer composite in the form of colloid solution
of high molecular surface active compound (product
of aldehyde condensation) with addition of potassium
and sodium salts of metasilicate acid (SAC is synthe-
sized in the water under 80°C; mass ration SAC: sodium
salt:potassium salt — 1:1:0,5).

4. Water according to GOST 23732-2011.

Development of composition for road construction
has been conducted according to GOST 23558-94 by
combining optimal amount of binder in percents of sand
screening dust mass taking into account its optimal hu-
midity. The main criteria of evaluation of composition
optimality are strength characteristics and freeze resis-
tance coefficients.

A method to obtain composite films of nanofibers
(RU 2733457 C1)

The invention refers to nanotechnology, material sci-
ence and can be used in designing of membranes, sub-
strates, filters [8]. The proposed method of obtaining
films from nanofibers consists of the following operations:
the solutions of two or more polymers are prepared, poly-
mer nanofiber spinning is conducted by means of electro-
spinning and a film of nanofiber combination is formed.
According to invention, to perform electrospinning one
should use a container with a liquid in which no polymer
cannot be dissolved, counter electrode is in the container.
Electrospinning is performed by applying a voltage be-
tween the container and electrode and spraying indepen-
dently each polymer solution from metal capillary into
container with formation of polymer nanofiber suspended
solids in the given liquid. Then suspended solids are mixed
with homogenizer, after that film formation is performed
by removing liquid. Spraying of polymer solutions into
container with liquid can be performed consistently or
simultaneously. Moreover, removing of the liquid can
be done by precipitating nanofibers in filter or by dry-
ing. The invention allows forming films from nanofibers
of polymers of different nature and chemical composition.

The technical result achieved due to this invention is
an opportunity to produce films consisting of combination

of different types of nanofibers, for example, nanofibers
of polylactide and polysaccharose which are insoluble in
one common dissolvent and which cannot be spinned
from solution of polymer mixture.

The given method makes it possible to produce multi-
component films from wide range of polymers. For each
polymer or polymer group a “bad dissolvent” (in which
the polymer is insoluble or almost insoluble) is chosen.
For example, for protein films “bad dissolvent” is alco-
hol — ethanol or isopropanol. Then each of polymer so-
lution in individual dissolvent (they can be incongruent)
are sprayed separately into the container with “bad dis-
solvent”, thus nanofibers and suspended solids of these
nanofibers are formed in “bad dissolvent”. After that sus-
pended solids after homogenization is used for nanofiber
film spinning.

Nano-engineering of construction materials using
molecular dynamics simulations

Research on molecular dynamics simulations of con-
struction materials have been paid much attention. The
purpose is to understand microscopic physical and chemi-
cal processes that is involved with the macroscopic per-
formance of construction materials. In this invention,
molecular dynamics simulations has been conducted to
understand the fundamental deformation mechanism
of various construction materials including concrete and
cement, fiber-reinforced polymers and related bonded
systems with nanoengineering approach. Using nano-
engineering approach, molecular dynamics simulations
reveal microscopic physical and chemical processes. The
molecular information and deformation mechanisms in
these construction materials and associated interfaces
with other materials can be revealed through simulations.
The integration of simulations in nanoscale and finite ele-
ment method in macroscale is explored, it is believed that
the impact of such integration is tremendous. The knowl-
edge regarding construction materials at the nanoscale
can be obtained using nano-engineering method, as such,
a thorough understanding of their structural properties
and mechanical behaviors can be made available. Mo-
lecular dynamics simulations especially the understanding
of structures and interactions are promising for construc-
tion materials improvement and upgrading [9].

Cast and self-compacting concrete mixture for
cast-in-situ concrete and prefabricated reinforced units
(RU 2725559 C1)

The invention refers to construction materials,
in particularly, to cast and self-compacting concrete
mixture and can be used in production of cast-in-situ
concrete and prefabricated reinforced units and articles
of widespread use, including high-density reinforcement
structures as well as massive concrete and reinforced
concrete structures and buildings with increased crack-
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resistance, low heat radiation, high rate of hardening,
specified strength, water permeability, frost resistance
and durability [10].

Cast and self-compacting concrete mixture for cast-
in-situ concrete and prefabricated reinforced units com-
prises nanocement of one of the following type 30, 35,
45, 55, building sand, ballast stone, water, ballast stone
with fraction 5—10 mm and additionally — stone screening
dust with fraction 2—5 mm and following ratio of com-
ponents, mass.%: the mentioned nanocement 12—20;
building sand 20—35; stone screening dust with fraction
2—5 mm 15-21; ballast stone with fraction 5—10 mm
20—29; water — the rest. Cast and self-compacting con-
crete mixture in which specific surface of nanocement
is 600—900 m?/kg, also contains antifreeze admixture,
its quantity is 1—2 mass.%. The technical result — high
consistency of concrete mix and preservation of it for one
or two hours with minimal water content.

Today production of cast and self-compacting con-
crete mixtures is considered to be the most promising
area in concrete industry as it makes possible to deliver
and cast concrete mixtures which will fill all space of re-
inforcement.

A method to obtain photocatalyst on the basis
of nanotubular titanium dioxide (RU 2732130 C1)

The invention refers to electrochemical technology
for production of titanium compounds, in particularly,
to technology of obtaining nanotubular titanium di-
oxide (TiO,-NT) with increased photocatalytic activity
by means of anodizing and can be used in photocatalytic
treatment of air from organic pollutants [11].

Titanium dioxide is a promising material as there is
a need to develop green technologies, i.e. eco-friendly
technologies. Moreover, titanium dioxide is a material
that could clean up environment from pollutants. Its pho-
tocatalytic and electrophysical properties are unique, that
fact makes it possible to purify water and air, to create
self-cleaning coatings, degrade bacteria, to produce solar
elements on the basis of it, lithium-ion accumulators as
well as to obtain hydrogen in water photolysis process.
Physical characteristics of anodized titanium dioxide
depend on structural and geometrical parameters which
can be varied when determining proper conditions for
anodizing process.

The use of corrosion steel allows prolonging operat-
ing time as well as significantly decreasing photocatalyst
cost. The process time has been 9 times shortened due to
combination of anodizing conditions: chemical composi-
tion of electrolytic solution, cathode material, voltage and
environment temperature. The initial roughness of indus-
trial titanium metal paper BT1-0 is acceptable to obtain
even oxide layer of titanium dioxide nanotubes, therefore
there is no need to polish mechanically titanium when
preparing it for anodizing.

Eco-Building Material of Styrofoam Waste and Sugar
Industry Fly-ash Based on Nano-Technology

The construction material manufacturing directly
affect environmental degradation that results in glob-
al warming and climate change. In addressing this,
the concept of sustainable green construction, especially
with concrete constituent materials modification has
been proposed. Research and development of green con-
struction material has attracted much attention. In this
invention, industrial waste of Styrofoam is applied to
manufacturing concrete which offers features such as
light weight and good resistance against seepage. The
fly ash’s intended use is to be used as cement substitute
material, thus the use of cement in the concrete mix can
be reduced. The use of fly ash from sugar mills Trangkil-
Pati, Indonesia, provides proof of increasing the com-
pressive strength of lightweight concrete. In this inven-
tion, nano technology concept is applied to improve
the quality of foam-brick performance. The advantages
of using Styrofoam include acrated light-weight concrete
and fly ash usage forming materials, offering eco build-
ing material. The benefits include: use of waste mate-
rials reducing manufacturing cost, increase the value
of industrial waste, reducing earthquake disaster relief
efforts as less relief work required due to lighter weight
of the structure, increasing structure residential safety
during disaster, and suitable for residential buildings in
the earthquake zone [12].

Alloying element for preparation of composite materials
on the basis of aluminum or aluminum alloys and a method
to obtain alloying element (RU 2734316 C9)

The invention refers to alloying elements for prepa-
ration of composite materials on the basis of aluminum
or aluminum alloys and can be used in non-ferrous in-
dustry to produce strengthened aluminum materials by
means of mould technologies. Composite materials on
the basis of aluminum are widely used as they are extra
strong, resistant to friction and high temperatures. The
properties of aluminum composite materials depend on
the size of filler dispersed in it. Filler of smaller sizes, in
particularly, carbon nanotubes provides better material
characteristics, however, it is very difficult to disperse
such filler as its size is too small [13].

The invention solves a problem of creation of alloy-
ing element for aluminum and aluminum alloys, that
will make possible to produce composite materials on
the basis of aluminum or aluminum alloys with carbon
nanotubes evenly distributed in them. The imposed task
can be solved in the following way: the proposed alloying
element for aluminum and aluminum alloys comprises
aluminum and carbon nanotubes surface of which con-
tains adsorbed gases in such a quantity that mass ratio
of the given nanotubes and adsorbed gases is less than
100. One should note that at least some nanotubes are
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located in aluminum volume in such a way they have no
contact with environment.

The proposed alloying element may contain single-
walled, and/or double-walled, and/or multi-walled car-
bon nanotubes. Alloying element can be made in the form
of metal cast with carbon nanotubes inside. Also, alloying
element can be metal pressed, rerolling feed or stamped
bank with carbon nanotubes inside. Composition of alloy-
ing element can contain at least one of the following metal:
copper, and/or zinc, and/or magnesium, and/or lead.

The specialists can also be interested in the following

inventions related to nanotechnologies:

* A method to obtain reinforced nanocomposite with
additional properties [14].

* A plant for synthesis of carbon-containing nanoma-
terials [15].

* A method to produce nanoporous ceramics on the ba-
sis of mullite [16].

* Graphene microspheres in the form of paper ball,
composite material of such microsphere and a method
to produce such microspheres [17].

* A method to obtain modified carbon nanotubes [18].

* A method to obtain electroluminescence mixed lead-
haloid perovskite materials with high phase stability
[19].

» Tools for detection of nuclear composition of atmo-
spheric emissions of nuclear atomic power stations [20].
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N306peTeHns, oCHOBaHHbIe HAa NCMOJIb3OBaHNN
HaHOTEXHONIOrMN, NO3BONAIOT MNONYUYNTb NPUHLNNVNANBHO
HOBble TeXHNn4YecKune pesynbrarbl. Hactb V

JI.A. UsaHoB™ (2}, J1.1. Cioi?, E.C. BokoBa?® (2}, A.[l. Nwmkos* (°), C.P. MymunHoBa®
' Poccniickaa nHxeHepHas akagemus, r. Mocksa, Poccua
2 YuuBepcutet Ong [lomuHuoH, r. Hopdonk, BupgkumHus, CLLA

3 Poccuincknin rocygapctBeHHbIn yHuBepcuTeT um. A. H. Kocbiruta (TexHonorum. qusaiiH. Uckycctso) (PTY um. A.H. KocbirnHa),
r. Mocksa, Poccus,

4 MOCKOBCKMIA rOCYlapCTBEHHbIN CTPOUTESIbHbIN YHUBepcUTeT (HaumoHanbHbI NCCNeAoBaTeNIbCKUI YHUBEPCHTET),
r. Mockea, Poccusa

* Poccuinckmin rocyfapCTBEHHBIN YHUBEPCUTET Typr3Ma 1 cepBurca; noc. Yepknsoso, MockoBckaa obnacTb, Poccun

*KoHTakTbl: e-mail: L.a.ivanov@mail.ru

PE3IOME: B cTaTbe npoBoauTcs B pedepaTiBHON Gpopme 0630p n306peTeHmn. Pe3ynbTaTbl TBOPUECKON AeATENBHOCTY YUEHbIX,
WHXXEHEPOB 1 CNeLranucToB, B T.U. U 306peTeHs B 06/1aCTV HAHOTEXHOMOMMIA U HAHOMATEPUASIOB NMO3BOJIAIOT NPY X BHEAPEHNN
[00OUTBbCA 3HAUUTENBHOTO 3dPeKTa B CTPOUTENBCTBE, XKUMMLLHO-KOMMYHAIbHOM X03AACTBE, CMEXHbIX OTPACNAX SKOHOMUKU. Hanpu-
mep, n3obpeTteHne «Cnocob NPomn3BOACTBa CYXMX CTPOUTENbHbBIX CMECen» OTHOCUTCA K MPOU3BOACTBY CTPOUTENbHbBIX MaTEPUASIOB,
KOHKpeTHee K Mpoun3BOACTBY Cyxux cTpouTenbHbix cmecert (CCC) MeToOM COBMECTHOM MEXaHOaKTMBaLUMy LeMeHTa 1 JONIOMUTa,
C nocnenytoulein MoanduUKaLumen Cyxux CTpOUTENbHbIX CMeCe yrnepoHbIMy HaHOCTpYKTypamu (YHT). TexHUYeCcKum pesynibTaTtom
JaHHoro cnocoba cmeleHns YHT ¢ OCHOBHbIM KOMIMOHEHTOM CYXUX CTPOUTESIbHBIX CMECei — LIeMEHTOM — YAANoCh AOCTMYb UCMOSb-
30BaHWsA MUKpocKonuyeckmx (0.005%) konnyects YHT B coctaBe CCC. Tem cambIM yanoch JOOUTbCS CHUKEHWSA NPOV3BOACTBEHHON
cebecTonMoCTU nonyyaemoit cmecu. bonee Toro, Gnarofaps NoOBbILEHWIO NPOYHOCTY, Gosiee ObICTPOMY TBEPAEHMIO MaTEPMAIOB
NoABIAETCA BO3MOXHOCTb COKPATUTb X Pacxop, YTo ABMSETCA JOMNONHUTENbHBIM GaKTOPOM CHUMKEHWA NPON3BOACTBEHHON cebe-
CTOMMOCTN CMeCen.

Pe3ynbTaThl, NonyyeHHble Nocsie NpYMeHeHNs MexaHoaKTUBaL M 6a30BbIX KOMIMOHEHTOB CMeCel, OT/INYaNNCh NPaKTUYeCKn
Mo BCeM MoKasaTensaiM OT CMeCel, MPUrOTOBAEHHbIX MPY MPOCTOM NepemeLllnBaHnn. YBenuumnucb Ha 10-15% 3HaueHna NpoYHOCTM
Ha CKaTuve 1 Ha 13rnb, agre3uoHHas NPOYHOCTb. TakKe NP YBENMYEHVN NMPOYHOCTHBIX XapaKTePUCTVK YMEHBLUMUIICA TaKOW BaXKHbIiA
noka3satenb ana CCC, Kak BO34yXONPOHMLLAEMOCTb. YMeHbLueHe obLero o6bema nop B MAOTHOWM CTPYKTYpPe LIeMeHTHOW MaTpuLbl
Pe3Ko CHU3MIIO CKOPOCTb Anddy3nn Bnaru.

Takke NpefCTaBNAT UHTEPEC 1A CNeUVancToB clelyiolme n3obpeTeHns B 06/1acT HAHOTEXHOMOMMIA: CNOCo6 Jla3epHOW HamnlaB-
KU METaNNIMUYECKNX MOKPbITUI, CMEChb /151 HAHECEHUs1 GUHMLLHOTO achasibTHOrO MOKPbITUSA, BbICOKOPEreHMpoBaHHOE achanbTHoe
nokpbiTre (PAI), ycTPONCTBO ANA HAHECEHNA HAHOYACTUL, OKCUOB METafIoB Ha MeTa/llINYeCKyo NOBEPXHOCTb NPU HOPMaNbHbIX
YCNOBUAX, MHOrOQYHKLNOHAIbHasA HAHOCTPYKTYPMpPOBaHHas obaBKa K MOKPbITUSAM, SKCMEPYMEHTaIbHas OLleHKa LIeMEHTHOTo
pacTBOpa C UCMONb30BaHNEM HAHOOKCUIHbIX COEAUHEHNIA, COCTaB AJ1A YCTPOMNCTBA KOHCTPYKTUBHbIX CJIOEB AOPOXKHbIX MOKPbITUN,
Cnoco6 nonyyeHns KOMMO3UTHBIX MJIEHOK, COCTOALLUX 13 HAHOBOJIOKOH, HAHOMPOEKTMPOBaHMEe CTPOUTENbHbBIX MaTepPUanoB Npwu
NMOMOLLM MOZENMPOBaHNA MONEKYNIAPHON ANHAMUKY, NATas U CAMOYMJIOTHAOLWAACA GETOHHAA CMeCh ANs NPOV3BOACTBA MOHO-
NIMTHOro 6eToHa 1 COOPHBIX U3EeNnii 13 xene3obeToHa, cnocob nonyuyeHnsa GoToKaTanrsaTopa Ha OCHOBE HAHOTYOYNAPHOro
AnoKcuaa TuTaHa u gp.

KNIOYEBDIE CJTIOBA: HaHOTEXHONOMMN B CTPOUTENBCTBE, HAHOYACTULIbI, HAHOCTPYKTYPbl, HAHOYACTULbl, HAHOBOMIOKHA, HAHOMa-
Tepuansl.
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OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

BBEJEHUE

BBICOKI/IC TEXHOJIOTUM ITOPaxaT BOOOpaxXkeHME
JIIONei, IEMOHCTPHUPYS BCE HOBBIC Y1 HOBBIC JOCTH -
JKeHUs (MaTepuajbl, CIIOCOOBI, CUCTEMBI, TEXHOJIOTUH,
YCTpOMCTBA U Ap.), KapAUHAJIBHO MECHSIOIINE OKPY-
JKAIOIMI MUAP. DTO, MpeXIe BCETO, MOXXHO OTHECTH
K M300pETeHUSIM YICHBIX, MHXKEHEPOB U CITCIINATNCTOB
W3 Pa3HBIX CTPaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Crioco0 mpon3BOICTBA CYXHX CTPOMTEJBHBIX CMeceil
(RU 2735004 C1)

M300peTeHre OTHOCUTCS K TTPOU3BOACTBY CTPOUTEITh-
HBIX MaTepHaoB, KOHKPETHEEe K IPOU3BOIACTBY CYXUX
CTPOUTEILHBIX CMECEI METOIOM COBMECTHOM MeXaHOaK-
TUBAIIMY IIEMEHTA W TOJIOMMTA, C TIOCIICIYIOIIei MOI-
(pukammeit Cyxux CTpOUTEIBHBIX CMECEH YIIIePOTHBIMI
HaHOCTpyKTypaMHu|[1]. 3amadeit n300peTeHUS SIBIISIETCS
COKpaIlleHIE KOIMUECTBA XMMUIECKIX T00aBOK TIPH CO-
XpaHCHUW HOPMUPYEMBIX MOKa3aTellel (hM3MKO-XUMH-
YECKMUX CBOMCTB U YIIyYIICHUU YIOOOYKIATbIBACMOCTH
cMecH. JlaHHas 3amada perraeTcs 3a cueT crocoba Ipo-
HM3BOJNICTBA CYXMX CTPOUTEIBHBIX CMeCeli, BKITIOYAOIIETO
COBMECTHYIO MEXaHOAKTHBALIMIO IIEMCHTA T MaTepHAIOB
Ha ero OCHOBe ¢ 100aBKoii mojomuta 30%, mpu MOMOLIM
Ie3UHTerpaTopa XMHTA ¢ TTOCCAYIONIeH MoIbUKaIIei
YIJIEPOMHBIMYM HAHOTPYOKAMU B MHOTOKAMEPHOM CMECH-
TeJie-103aTope, PAbOTAOIIEM TI0 TIPMHIIUILY <13 MEHBIIIETO
B OOJTBIIIEE» , ONTUMAIBHOE COIEPKAHIE KOTOPHIX COCTAB-
nset 0, 005%, pu 3TOM MepeMellIMBaHKe YIIEPOIHbIX
HAHOTPYOOK ¢ IIeMEHTOM Tiporcxonut B 4 atama: 0.005 r
VYHT na 100 r uemenTa, 100 r uementa ¢ YHT nHa 1 kT
nemeHTa, 1 kr nemenTa ¢ YHT na 10 xr nemenra, 10 xr
nemenTta ¢ YHT Ha 100 KT 1IeMeHTa, MojiydeHHast CMech
KaK CyIePKOHIICHTPAT UCTIOIB3YETCS IJIST IIPUTOTOBICHIST
ocHoBHO cMmecu: 100 xkr uemenTta ¢ YHT cmenmBarorcs
¢ 2000 KT cyXo0ii CTPOUTETLHOI CMECH B OCHOBHOM CMECH -
TeJie, Jajiee BHOBB IOTyICHHAST CMECh IIPOXOINT MEXaHOAK-
TUBALIMIO B Ie3NMHTETpaToOpe XMHTA, TIE OCYIIECTBIIICTCS e
M3MeJTbueHIE M TOMOTeHM3aIs. TeXHIUECKIM pe3yIIbTa-
TOM JaHHOTO criocoba cmereHuss YHT ¢ o0CHOBHBIM KOM-
TIOHEHTOM CYXHX CTPOMTEIBHBIX CMECEl — IIEMEHTOM —
yIaJI0Ch JOCTHYD MCIIOIb30BAHMS MUKPOCKOITIMTICCKIX
(0.005%) xommuectB YHT B coctaBe CCC. Tem cambiM
YIAJIOCh TOOMTHCS CHIKCHUSI TIPOM3BOICTBEHHOM cebe-
CTOMMOCTH TIOJIyJ9aeMoii cMecH. bosee Toro, 6maromapst
TIOBBIIICHUIO IIPOYHOCTH, 00JIce OBICTPOMY TBEPACHUIO
MaTepHraJIOB TOSBIISICTCS BO3MOXHOCTD COKPATUTh MX pac-
XO[I, 9TO SIBJISIETCSI MOTTOJTHUTETEHBIM (PAKTOPOM CHIDKCHUST
TIPOM3BOICTBEHHOI Ce0eCTOMMOCTH CMECEHA.

[Tpon3BOACTBO CTPOUTEITEHBIX CMECeit JaHHOM cepru
0a3mpyeTcs Ha IBYX OCHOBHBIX IPUHIIATIAX, TTOCTICIO-
BaTeJIbHO JOITOJHSIIOIINX OPYT Apyra — MEXaHOaKTH-

BaLusi 0a30BbIX KOMIIOHEHTOB CMECEM 1 IOCIeaYIOLIAsT
uxX MoauUKaLKs YIIePOIHBIMUA HAHOCTPYKTYPaMU.
Coueranue AByX (paKTOpOB, OMPEAEISIOIINX CTPYKTYPY
U CBOMCTBAa KOHEYHOIO MPOIYKTa, MO3BOJMIO MAKCH-
MaJIbHO KMCII0JIb30BaTh BO3MOXHOCTH KOMIIOHEHTOB,
COCTaBJISIIOILIUX CTPOUTEIbHBIE CMeCH. Pe3ynbTarthl, mo-
JIy4eHHbIE ITOCJIE IPUMEHEHUSI MEXaHOAKTHBALIMHI 0a30-
BBIX KOMITOHEHTOB CMeCeil, OTIMYAIUCh ITPAKTUYECKU
I10 BCEM I10KA3aTe/ISIM OT CMECEH, IIPUTOTOBIEHHBIX IIPU
IIPOCTOM TlepeMeInnBaHnu. YBeamdminch Ha 10—15%
3HAYEHMS [IPOYHOCTH Ha CXKATHE ¥ HA U3rU0, aAre310H-
Hasl IPOYHOCTb. Tak:Ke Py YBEIMYEHUH IPOYHOCTHBIX
XapaKTePUCTUK YMEHBIIWICS TAKOM BaXKHBII [TOKA3aTe b
st CCC, KaK BO3IyXOIIPOHUIIAEMOCTh. Y MCHBIIICHUE
o011ero oobemMa mop B INIOTHOM CTPYKTYpe LEMEHTHOM
MaTpPULBI PE3KO CHU3WIIO CKOPOCTh T dy3uu BIaru.

Cnoco0 J1a3epHoii HATUTABKH METAJUTMIECKUX MOKPITHIA
(RU 2735481 C1)

Lenbio n300peTe sl SIBJISIETCS TIOBBILLICHIE IIPOU3BO-
JUTEIHbHOCTH IIPOLIECCA HAILIABKY 1 9KCIUTyaTALIMOHHBIX
XapaKTePUCTUK XeJIe30yIJIEPOAUCTHIX CILUIABOB, B YaCT-
HOCTH YJIy4IlIeHUSI UX aHTU(PPUKLIMOHHBIX CBOMCTB, 13-
HOCOCTOMKOCTH U TBEPAOCTU B YCJIOBUSIX BO3IEICTBUS
BBICOKMX ¥ CBEPXBBICOKMX TEMITIEPATyp 3a CUeT 00pa3oBa-
HMSI Ha TTIOBEPXHOCTH CILUIABOB CJIOSI M3 CMECH HUTPUIOB
0opa 1 TUTaHa 3a0aHHOM PEeTYINPyeMOI TONIINHBI C UC-
10JIb30BAHUEM CEPUITHO BBIITYCKAEMBIX KOMIIOHEHTOB
U TIPOMBIIIJIEHHOTO 000pynoBaHus [2].

[MocraBieHHas LieJb JOCTUTAETCS TEM, YTO Ha Me-
TaJUIMYECKYIO [IOBEPXHOCTh HAHOCUTCS MPEIPEr Ha OC-
HOBE MOJMAMUIHON TKAHU, HAIIPUMED, KalIPOHOBOM
Mapku 22059, TponmUTaHHOM KOKCYIOIIIMCS TIOJIMMep-
HbIM cocTaBoM. [Ipemnper moa Bo3neiicTBUEM TeMIIepa-
Typhl 1250+1350°C, co3maBaeMoii Ja3epHBIM JTYy4OM,
JIEeCTPYKTYPUPYET, BHICBOOOXKIAsT BHICOKOAKTUBHEIE
aToOMbI OOpa, TUTAHA, a30Ta U YIJIepoaa, KOTOPhIE BCTY-
[al0T B peakinio B cpele MOPUCTOTrO KOKca, 0bpasys
cMecCh OJIM3KUX I10 TeMIIepaType IUIaBJICHUS HUTPUIOB
TUTaHA 1 60pa ¢ IPUMECSIMU TEPMOCTOMKUX KapOUIOB.
3aTteM TeMiiepaTypy nosbiiaioT 10 1600-+1800°C. [1pu
9TOM KOKC U MPUMECHU AECTPYKTYPUPYIOT, Ha ITOBEPX-
HOCTH KeJIe30YIJIEPOAUCTOrO CIIaBa OocTaeTcs Goliee
JIETKUIA CJIOM TBEPABIX YaCTHULI, TEMIIepaTypa IIaBICHMS
koTophix 6ymm3ka K 3000°C. TonmmHa 3aIUTHOTO CII0S
peryaupyercsl KOJUUeCTBOM CJIOEB Impenpera. Hane-
CeHME COCTaBa Ha IOJIMAMUIHYIO TKAHb PEryJInpyeTcs
BSI3KOCTBIO €r0 PACTBOPA U CKOPOCTHIO MPOTSIKKY TKAHU
Ha IIPOIUTOYHOM MAIIUHE.

Cwmech a1 HaHeceHus] GUHUITHOTO ac(haIbTHOTO MO-
KpbiTHS. BhicOKOperennpoBanHoe ac(haibTHOE MOKPITHE
(PAID)

B nanHOM M300peTEHMMY OCHOBHOE CBSI3YIOIIEe ObLIIO
MOIM(PUIIMPOBAHO BOCKOM (Sasobit) m1a CHUKeHUST
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00IIIeTO KOJIMYeCcTa TOKCUMYHBIX BRIOPOCOB, UTO TaKXKe
O3HAYaeT CHIDKCHHUE SHEPTOIMOTPEOICHMS B TIpoliecce
BBITTOJTHEHUS TOPOXKHBIX padboT. KommaecTBo Bocka B ac-
(barpTOBOIT cMecH BapbUPOBAJIN. YCTaHOBIICHO, YTO OII-
TUMaJIbHBIM KOJIMYECTBOM BOCKa Sasobit, 100aBICHHOTO
K cBsizytoliemy, sipisiercst 3%. [1pu aToM yBeTmanBaeTcst
BSI3KOCTh CMECH, THAPOMIIBHOCTD 1 CHJIA aTe3MOHHOTO
cueruieHus. B cocTaB cMecH BXOOMIIN KaK TPATUIINOH-
HBIC, TaK 1 MOAN(PUIIMPOBAHHEIC BOCKOM CBSI3YIOIINE,
pa3HOe KOJIMYECTBO PETreHEPUPYEMOTO achaabTHOTO
nokpeitus (PAII), a Takcke HaHOCTeKIOBOJIOKHA. Co-
nepxanne PAIT B cmecu cocrasisio 1o 80%. Beenenue
B cBSI3yIolIee TaKoro 0oJibiroro Konuuectsa PAIL mpo-
BOIWUJIA COBMECTHO C PACTUTCIIBHBIMU KMPAMM B KOJIH-
yecTBe 5% M0 OTHOLIEHUIO K CBsI3yIolleMy. Pe3ynbraThl
9KCIIEPUMEHTA MTOKa3aJid, YTO MCIIOJIH30BaHIE CMECH,
monudunupoBantoit 70% PAIl, npuBoAUT K 3HAYM-
TEJIbHOMY YBEJIWUCHUIO SKCIUTyaTAIIMOHHBIX XapaKTe-
PUCTHUK TI0 CPAaBHEHUIO C TPATUIIMOHHBIMH CMECSIMM.
HanocTeKI0BOIOKHA BBOIATCS IJIST apMUPOBAHUS CBSI-
3YIOIIETO W YIYIIIeHUs CBOMCTB cMeceil. OnTuMaabHOe
comepxkaHue HaHOBOJIOKHA cocTasisieT 0,3%. [laHHOe
M300pEeTEHNE MOKET CTaTh HOBBIM METOIOM B IOPOKHOM
CTPOUTEITBCTBE.

YeTpoiicTBO 1151 HAHECeHUs HAHOYACTUI OKCHIOB Me-
TAJJIOB HA METAJLIMYECKYIO TOBEPXHOCTh NMPU HOPMAJIbHBIX
yeaousx (RU 2733530 C1)

MN300pereHne OTHOCHUTCS K 00JacTH Macc-
CHIEKTPOMETPUH U MOXKET HAWTHU IIUPOKOE TTpUMEHE-
HUE TIPY pellleHNY aHATUTUYECKIX 3a1a9 OpraHNYeCKO
¥ OMOOPTaHNYECKOM XUMUU, UMMYHOJIOTUM, OMOTEXHO-
JIOTUU, KpUMUHAJIMCTUKE, TIPOTEOMUKE, METAOOJIOMUKE
W MEIULIMHBI, METAOOHOMUWKHU U TTOCTTPAHCIISIIIMOHHOM
MoauUKaIuu. YCTPONCTBO JJI HaHECEHHWsT HaHOYa-
CTUII OKCUI0OB METAJIJIOB Ha METAJINIMYECKYIO TTOBEPX-
HOCTB TIPU HOPMAaJTLHBIX YCJIOBUSX BBITIOJTHEHO B BHJIE
KOaKCUaJILHO PacHOJ0KEHHBIX KaITUJIJISIPOB, OPUEH-
TUPOBAHHBIX BEPTUKAILHO. [10 BHYyTpeHHEMY MeTal-
JIMIECKOMY KaITMJUISIPY TTOJAeTCs PacTBOP (CYyCIICH3MS
HAHOYACTHII), K 3TOMY K& KalJUISIpY IIPUKJIaIbIBACTCS
HAaTIpsLKEHNE OT BEICOKOBOJIETHOTO MCTOYHMKA TTUTAHWSI.
C Toplia 5TOro Kanujuisipa IMIPOUCXOAUT OecKarleJIbHOe
BJIEKTpOpACIIbIEHNIE HAHOYACTUIL TP HOPMaJIbHBIX
ycaoBugx. KoakcmalbHBIN BHEITHUN KaTAJUISIp Me-
€T BHYTPEHHUI AuaMeTp OOJIbIlle BHEITHETO JUaMeTpa
BHYTPEHHETO Karmmuisgpa. V3 TuimKky HepacnbUIEHHOTO
pacTBopa, CMAYMBAIOIINEe BHEITHIOI CTEHKY BHYTPEH-
HEro KanmuJiigpa, BMECTE ¢ JIaOOPAaTOPHBIM BO3TYXOM
OTKAYMBAIOTCSI BO3MYITHBIM HACOCOM Uepe3 3a30p MEXKITY
KOaKCUaJIbHBIMU Kanujuisipamu [4].

TexHuyeckuii pe3yabTaT — MeTaJJIndecKast IToBepX-
HocTh MulieHn MALDI HaxonuTtcs 1pu KOMHAaTHOM
TeMIlepaType, Iapbl pacTBOPUTENST dPPEKTUBHO yIalis-
JOTCSI U3 00J1aCTH HaHEeCeHNST HAaHOYACTUI] Ha MUIIIEHb,

IISITHA HAHOYACTUIl Ha MUIICHU TPEOYyeMBIX pa3mMe-
POB TIOJTyJatoTcsl 0e3 mpuMeHeHUs TpadapeToB, U UX
TPAaHUIBI CTPOTO OTPAHWICHBI, TMAMETpP KaILIsIpa,
IT0 KOTOPOMY IIOCTYITaeT PacTBOp, YBEJIMYCH, UTO II0-
3BOJISICT MCITOJIb30BaTh HAHOYACTHIIHI C ITMPOKHM pac-
IIpeaesieHrneM 1o pasMepaM. OTCYTCTBIE MUKPOKATICTh
pacTBopa B IIPOIIECCEe PACITBUICHMST TTO3BOJISICT ITOTYINUTh
MEXaHNYeCKH YCTOMYMBBIC K ICTUPAHUIO IIOKPBITHS Ha-
HOCHMBIX OKCHIIOB METaJIJIOB, YTO ITO3BOJISICT IIPOBOANTH
MHOTOKpaTHBIE 9KCITEPUMEHTEI ¢ MUIIICHBIO.

MHoro(yHKIMOHAJIbHAS HAHOCTPYKTYPUPOBAHHAS J0-
0aska k mokpeiTusiv (RU 2733526 C1)

M300peTeHrEe OTHOCUTCS K cOCTaBaM MHOTO(YHK-
IMOHAJIEHBIX HAHOCTPYKTYPHPOBAHHBIX J00ABOK K IT0-
KPBITUSIM, TAKUM KakK JIaK!, KPacKM, dMajid, C IeJIbI0
IIPETOTBPAIICHUS TIPOIECCOB KOPPO3UHM M OMO0OOpa-
CTaHWSI TIOABOIHBIX YaCTEH CYIOB U MOPCKHUX COOPY-
keHuii. CynrHOCTh: MHOTO(YHKIIMOHAIBHAS TO00aBKa
K TIOKPBITUSIM COJEPXKUT, % Macc.: MHTUOUTOP KOPPO-
31U U OpraHUYECKHi OMOLMT B MOJIbBHOM COOTHOILLIEHU N
0,5-2,0/5,0—10,0, mpoBomsumii moaumep 10,0—40,0,
HaHOYACTUIIBI Mean viu uuHka 2,0—10,0, amomocu-
JIMKATHBIE HAHOTPYOKM — ocTtaiabHoe 10 100. ITpu aTom
ATFOMOCHJINKATHBIC HAHOTPYOKHM MHTCPKAJIMPOBAHBI
WHTUOUTOPOM KOPPO3UU M OPTraHNIECCKUM OMOIIMIOM
1 TIOKPHITHI CJIOEM IIPOBOISIIIIETO TTOJIMMepa ¢ HaHOYa-
CTUIIAMH MEIW WJTH IIMHKA T10 TIOBEPXHOCTH TTOJIMMEp-
Horo cos [5].

JocTuraeMbIii TEXHIIECKUIA Pe3yIbTaT 3aKIII0YacTCs
B 00€CITeYeHUN MHTEPKAIMPOBAHNS MHTUOUTOPOM KOp-
PO3UM ¥ OPTAaHMIECKIM OMOIIMOIOM aTFOMOCHITNKATHBIX
HaHOTPYOOK ¥ TTOKPHITHS YKa3aHHBIX HAHOTPYOOK CITIOEM
IIPOBOISIIIETO TTOJMMepa ¢ HAHOYACTULIAMU M WA
IIMHKA 110 MOBepXHOCTU. OmuckIiBaeMas 1obaBKa 00-
JlalaeT CPOJICTBOM K BOJHBIM M OPTaHUYECKUM CpelaM,
JIETKO TUCIIEPTUPYETCS U MOXKET OBITh MCIIOIb30BaHa
B JTIIOOBIX BUAAX MOKPBITUA.

DKCrnepuMeHTAIbHAS OIeHKA IIEMEHTHOr0 PacTBOpa
€ HCII0JIb30BAHMEM HAHOOKCHIHBIX CO€eIMHEeHHId

HccnemoBaTe iy IPUCTAILHO U3Y4aloT IIEMEHTOOETOH
1 LIEMCHTHBIC PACTBOPHI C IIETBIO YAYIIICHUS UX MeXa-
HUYECKUX 1 IPYTUX XapaKTEPUCTHUK, TAK KaK CTPOUTETh-
HBIE MaTePHUAIbI IMMPOKO UCIIOIB3YIOTCSI B CTPOUTEIb-
CTBe BO BceM MHpe. BakHa He TOJIBKO MexaHMIecKas
IIPOYHOCTb, HO W IPYTHE CBOMCTBA M XapaKTePUCTUKH,
TaKe KakK: JOJITOBEYHOCTDh, XMMUICCKASI CTOMKOCTb,
CTOMKOCTh K aTMOC(EpHBIM BO3ICUCTBUSIM. Bce 3t
XapaKTepUCTUKN CUNTAIOTCS BaXKHBIMHU TIPU pACCMOTpE-
HUU Ka4eCTBa CTPOUTEIIHHBIX MaTepraioB. CTpaTerus
3aKJII0YAETCs B COKpAIEHUN pacxoa LEMEHTa 3a CYET
VAYJIIEHHSI €T0 XapaKTePUCTUK,/CBOCTB WM MCITONIB30-
BaHWUU aTbTePHATUBHBIX MaTepraIoB. JlaHHasI CTpaTeT s
OyIeT CIT0co0CTBOBATh COXPAaHEHMIO IIPUPOIHBIX PeCyp-
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COB, a TAKXE CHUXXEHUIO €T0 BO3AEICTBUA HA TAPHUKO-
BbIii 3(peKT 114 3aINUTHI OKpyKalowiei cpeasl. HecMo-
TPA Ha TO, YTO PE3YJIbTAThl SKCIIEPUMEHTOB JI0 CUX TI0P
He 06paboTaHbl JOCKOHAJILHO, HAHOMATEPUAIBI — OJHU
13 TJIABHBIX MTEPCIIEKTUBHBIX PELIEHUI, BKIIIOUAIOIINX
HAaHOKPEMHO3eM, HAHOAJTIOMUHUI, OKCUIBI HAHOTH -
taHa. B JaHHOM M306pETEeHNHN MONBITATUCH HATH OI-
TUMAaJILHBIA TIPOLEHT HAHOMATEPUAJIOB B LIEMEHTHOM
pacTBoOpe Ui MaKCUMaJIbHOM POYHOCTU Ha CXKATHE.
[pormopiust EMEHTHOTO ITeCcKa cocTaBisuia 1:3, oTHO-
LIEHKE BOABI K BAXYyIIeMy BelecTBy 0,5, miactuduka-
TOP OTCYTCTBOBAJI. DKCIIEPUMEHTAILHO UCCIIEN0BANNCH
BAMAHUE HAaHOZNO, HAHOKPEMHO3EMa U HAHOATIOMU-
HUS HA MEXaHUYECKME CBOICTBA LIEMEHTHOTO PACTBO-
pa. McnibiTaHMs TPOYHOCTH Ha CXAaTUE TTPOBOJUINCH
C LEJIbIO U3YYEHUS BIMAHUA HAHOYACTULL HA MEXaHU-
YeCcKMEe CBOMCTBA LIEMEHTHOIO pacTBopa. PesynbraTsl
JAHHBIX UCTILITAHUI MTOKA3aJIM, YTO BCE UCCIIELyeMbIE
HAaHOYACTULIBI CIIOCOOHBI YITYYIIUTh TPOYHOCTh U MEXa-
HUYeCKUe cBoiicTBa 6eToHa. HaHOOKCHIBI LIMHKA MOTYT
YBEJIMIUTH TIPOYHOCTH 10 1%, HAHOATIOMUHUI N HAHO-
KPEMHO3EM MOTYT ObITh UCTIONL30BAHbI IS yBEJIMYEHNS
npouHocty 10 1,5% [6].

CocraB 1J1 yCTpoiicTBa KOHCTPYKTHBHBIX CJIOEB JI0-
poxubix nokpsitii (RU 2726102 C1)

M300peTeHne OTHOCUTCS K 00JIaCTU JOPOXKHO-
TO CTPOUTEIBCTBA U MOXET OBITh MCITOJIB30BAHO JIJIST
YCTpPOMCTBA KOHCTPYKTUBHEIX CJIOEB TOPOXKHBIX ITO-
KkpbITuii [7]. CocTaB mIsl yCTPOMCTBA KOHCTPYKTUBHBIX
CJIOEB TOPOKHBIX TOKPBITUM COXEPXKUT KOMITOHCHTBI
B CJICIYIOLIEM COOTHOILIEHUM, Mac. %: TIECOK U3 OTCEBOB
npobnenus gpakoun 0-5 MM — 77—81; B KauecTBe MUHE-
PaTbHOTO BSTKYIIETO IMMOPTIAHILIEMEHT C MUHEPATBbHBIMIA
mobaBKaMM (KJTacc IMIPOYHOCTH — 32,5, OBICTpOTBEpIEe-
fommit) — 10—6; Boga — 13. Csepx 100% comepkutcst
MOJIMMEPHBII KOMIo3uT, Mac. %, — 0,3—0,5, KOTopblit
TPEACTaBISIeT COOOM KOJUIOMIHBIN pacTBOP BHICOKO-
MOJICKYJISIPHOTO TTOBEPXHOCTHO-aKTUBHOTO BEIIECTBA
(TIpoayKTa IMOJIMaIbI0IbHON KOHICHCAIINH alleTalb-
IeTruaa) ¢ mo0aBKaMU KaJUeBBIX U HATPUEBBIX COJICH
METaKpEeMHHEBOM KMCIIOTHL. TeXHIMUSCKII pe3yIbTaT 3a-
KJTFOUAeTCs B TIOBBIIIICHUHN TIpeesia IIPOYHOCTH TIPH CXKa-
THUM U TIpeiesia IIPOYHOCTH Ha pacTsKeHUe TIPU U3THOE.
HocTmKeHne yKa3aHHOTO TEXHMYECKOTO Pe3ybTaTa 00-
YCIIOBIIEHO 00pa30BaHMEM KOMIUIEKCHBIX COCTMHCHUI
TIpY B3aMOICHCTBUN TTOJIMMEPHOTO KOMITO3UTa C UO-
HaMU XHUIKOH (ha3bl IeMEHTHO-ITOJIUMEPHOM CUCTEMEL.
Hcnonp30BaHMe MOTMMEPHOTO KOMIIO3UTA B COCTaBE JI0-
POKHO-CTPOUTEIIFHOTO MaTepHaia IIO3BOJISIET ITOBLICUTh
Tpeaes IMPOYHOCTH TIPH CKATUM U TIpEIe]l IPOYHOCTH
Ha pacTsoKeHUe TIpU U3ruoe.

XapaKTepHCTHKa NCXOTHBIX MaTepHAIOB:

1. IMecok u3 orceBoB apodnenus nmo 'OCT 31424-
2010 dpakmm 0—5 Mm.

2. MuHepasibHOE BSDKYIIee — IMTOPTIaHAIIEMEHT ¢ MU-
HepaiabHbIMU go6aBkaMu 1o 'OCT 31108-2016: Tun
L EM II; xnacc mpoynoctrt — 32,5; OBICTPOTBEPICIOINIA.

3. ITomMepHBIf KOMITO3UT B BUIIE KOJUIOMIHOTO pac-
TBOpPAa BEICOKOMOJICKYJISIPHOTO TTOBEPXHOCTHO-aKTUBHO-
TO BelllecTBa (IIPOAYKTA ITOTNUATBIOIBHON KOHICHCAIINHT
aleTalbaeruaa) ¢ J00aBKaMM KaJIUEBBIX M HATPUEBBIX
coseit MetakpeMHueBoi KnucaoThel (ITAB cuATe3npoBaH
B Boze nipu 80°C; maccoBoe cooTHomeHne ITAB: Ha-
TpHeBasI COJIb: KajaueBast coib — 1:1:0,5).

4. Boma o 'OCT 23732-2011.

Pa3paboTka coctaBa IIjIsT TOPOKHOTO CTPOUTETHCTBA
npoBoauaack B cootBeTcTBrM ¢ TOCT 23558-94 nmytem
ITOI00pa ONTUMAIPHOTO KOJTMYECTBA BSKYIIIETO B IIPO-
IIEHTaX OT MACCHI TTecKa 13 OTCEBOB IPOOJICHMS C YICTOM
€ro ONTUMAJIbHO BlIaskHOCTH. OCHOBHBIMU KPUTEPH-
SIMH OLICHKY OTITUMAJIBHOCTH COCTaBa SIBIISUTMCH TTPOY-
HOCTHEBIC XapaKTepUCTUKU 1 3HAYCHUS KOA(P(HHUITNCHTOB
MOPO30CTOMKOCTH.

Crnoco0 no;ry4eHns: KOMIO3HTHBIX IJIEHOK, COCTOSIIINX
u3 HaHoBoyIoKoH (RU 2733457 C1)

M300peTeHne OTHOCUTCS K 00J1aCTU HAHOTEXHOJIO-
U1, MaTepHAJIOBEICHUS M MOXET OBITh UCIIOJIb30BAHO
IIpY KOHCTPYUPOBAHUM MEMOpaH, MOMIOXEK, (OUIb-
TpoB[8]. [IpemraraeMblii cIToco0 TTOJIyYeHUS TUICHKHA
13 HAHOBOJIOKOH 3aKJTI0YAeTCS B TOM, YTO TOTOBSIT pac-
TBOPBI IBYX W O0JIee TTOIMMEPOB, TIPOBOIST (hOpMOBa-
HII€ HAaHOBOJIOKOH TTOJIMMEPOB METOIOM DJIEKTPOCITH-
HUHTA 1 (GOPMUPYIOT TUICHKY U3 CMECH HAaHOBOJIOKOH.
CornacHo U300peTeHUI0, 7151 DJEKTPOCIIMHHUHIA UC-
ITOJIB3YIOT COCYII C XXUAKOCTBIO, B KOTOPOI HE PacTBO-
psieTcsl HY ONMH W3 IIOJIMMEPOB. B 3TOT cocyn morpy:keH
TaKXKe IMTPOTUBOJICKTPO. DICKTPOCITMHHIHT OCYIIIEeCT-
BIISTIOT IIyTEM TTOJAYM HAIIPSKCHUS MEXIY COCYIOM
1 3JICKTPOIOM M PaCITbUICHUS KaXKIOTo pacTBopa I10-
JIIMEpa OTACITHFHO U3 METAJTMIECKOTO KaITJUISIpa B CO-
CyI ¢ 00pa30BaHNEM B3BeCH HAHOBOJIOKOH ITOJIUMEPOB
B YKa3aHHOI XunKocTu. Jlasee B3BeCh IMepeMeIInBaioT
TOMOTEHHM3aTOPOM, TIOCJIC YETO OCYIIECTBISIOT (DOPMO-
BaHWE TUICHKY ITyTeM YIaJICHUS XKUIKOCTU. PacTibuieHme
pPacTBOPOB MOJMMEPOB B COCYII C XXKUAKOCTHIO MOXKET
OCYIIECTBIISITHCS TTOCIICIOBATEIHEHO WITA OTHOBPEMEHHO.
KpomMe Toro, ymaneHne XUIKOCTH MOXKET OCYIIECTBIISTh-
cs IIyTeM OCaXIeHUS HAHOBOJIOKOH Ha (PMIIBTPE MU
ITyTeM BBICYIIBaHMUA. M300peTeHNE TTO3BOISIET (POpMU-
pOBaTh IUICHKU 13 HAHOBOJIOKOH ITOJIMMEPOB Pa3TNIHOMN
MIPUPOILI U XUMIUYIECKOTO COCTaBa.

Texanmueckuii pe3yapTaT, JOCTUTAEMBIT U300pe-
TeHHEM, 3aKJTI0YacTCsI B 00CCIICYCHUHN BO3MOXHOCTH
MOJTYYEHUSI TUIEHOK, COCTOSIIMX U3 KOMOWHALIMA pa3-
JIMYHBIX TUTIOB HAHOBOJIOKOH, HAIIpUMEP, HAHOBOJIOKOH
MMOJIMJIaKTHAA U ITOJIMcaxapuaa, KOTOpbIe He pacTBOPSI-
I0TCSI B OITHOM OOIIIEM PaCTBOPHUTEIIC M KOTOPHIC HEb3s
copMOBaTh U3 pacTBOPa CMECH TTOJIUMEPOB.
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HaHHBIN cT10CO06 TTO3BOJISICT IMTOJIyIaTh MHOTOKOM-
TMOHEHTHEIC TIJICHKN U3 OOJIBIIIOTO YMCIIa Pa3TNIHBIX
nonnMepoB. g KaXXmoro moamMepa WJIN TPYIIITHI
MMOJIUMEPOB MOAOMPAIOT «IUIOXOM PaCTBOPUTEID»,
B KOTOPOM TOJIMMEP HEepacTBOPUM WJIH TIJIOXO pac-
TBOpUM. Hammpumep, m1st 0eTKOBBIX TJICHOK «IIJIOXUMU
PACTBOPUTEIISIMU» SBIISIFOTCSI CITUPTHI — 3TAHOJ WU
n3onporiano. Jlajgee B cOCy[ ¢ «IUIOXUM pacTBOPUTE-
JIeM» (B Ka4eCTBE IIPOTUBOJICKTPOIA) PACTIBIISIOTCS
OTIEIbHO KaXIBI M3 PAaCTBOPOB ITOJIMMEPOB B MHIM -
BUIYaJIbHOM pacTBOpHUTee (TIpMIeM OHU MOTYT OBITh
HECOBMECTUMBIMU) ¢ (pOopMHUPOBAHIEM HAaHOBOJIOKOH
u (hopMUpOBaHNEM B3BECH 3THX HAHOBOJIOKOH B «IIJIO-
XOM pacTBopuTelie». Jlajmee B3BeCh ITOCIE TOMOTEHU-
3alMK UCITOIb3YeTCS st (OpMHUPOBAHUS HAHOBO-
JIOKHUCTOM TNICHKH.

HanonpoekTupoBaHue CTPOUTEIbHBIX MATEPHUAIOB IIPH
MOMOIIH MOAETHPOBAHUS MOJIEKYIAPHOM AUHAMUKH

HccrnegoBaHusaM MOIETUPOBAHUS MOJIEKYIISIPHOM
OIUHAMUKH YIENSIETCS MHOTO BHMMaHWS. [TaBHAasI
LIEJTh — TIOHSITh MUKPOCKOITMUECKHE (DU3UUECKIE U XM -
MHYECKHE TIPOIECCHI, T.K. 3TO CBSI3aHO C MAKPOCKOITH -
YECKUM COITPOTUBJIEHNEM MaTepraioB. B manHoM uso-
OpeTeHUU MOAEINPOBAHKE MOJIEKYISIPHOM TMHAMUKI
BBITIOJTHSIETCS TS OTIpeneacHns (GyHIaMEHTAILHOTO
MexaHu3Ma Je(OpMaliy B Pa3ITMIHBIX CTPOUTETBHBIX
MaTepuajax, BKIoJast 0eTOH U LIEMEHT, BOJIOKHICTOHA-
ITOJTHEHHEBIE TIOJTUMEDHI U CBA3aHHEIE C HUMU CHCTEMBI
CBA3YIONINX C HAHOWHIKEHEPHBIM ITOAX0M0M. JlaHHBII
ITOAXOA B MOIEIIMPOBAHNY MOJIEKYISIPHON TUHAMUKN
BCKPBIBAET MUKPOCKOITMYECKIE (PUBUUECKIE Y XUMU-
YeCKHe TMPOIECCH. MoaeaInpoBaHue MO3BOJISAET 00-
HapyXUTh WHPOPMALIMIO O MOJEKYJIaX U MEXaHN3Max
neopMallii B YKa3aHHBIX CTPOUTEIBHBIX MaTepraax,
a TAKKe CBA3aHHBIX IIOBEPXHOCTSIX COMPUKOCHOBEHUS
¢ IpyruMu MaTtepuanaMu. Mccmemyercs MHTErpaims
MOIEPUPOBAHNS Ha HAHOYPOBHE C METOIOM KOHEU-
HBIX DJIEMEHTOB Ha MaKpOYPOBHE, IIPEIIIOIaraeTcs,
9710 3(PHEKT OT TAKOI MHTETPALINN JOCTATOUHO BEIUK.
3HaHWA O CTPOUTEILHEIX MaTepraiax Ha HaHOYPOBHE
MOTYT OBITE ITOJIYYEHBI C UCTIOIL30BAHNEM HAHOWHKE -
HEPHOTO METOJIA, BBUY STOTO, MOXET CTAaTh JOCTYITHOM
BO3MOXHOCTbH TIIATEILHOTO OMPEAEIEHUs UX CTPYK-
TYPHBIX CBOMCTB M MEXaHUYECKOTO IMOBEICHUS. DTO
MOJIEJIMPOBAHUE MOJIEKYIISIPHOM TMHAMUKK, 0COOEHHO
IMOHUMaHUe CTPYKTYP M B3aUMOIECHCTBUI, TIEPCIIEK-
TUBHBI JUIST YAYYIIECHNAS] U OOHOBIEHUS CTPOUTETHHBIX
marepuaos [9].

JIuTas ¥ caMOYIJIOTHAIOMASCSA O€TOHHASI CMeCh IS
MPOU3BOJICTBA MOHOJMTHOTO 0€TOHA M COOPHBIX M3IEHit
u3 xejne3oderona (RU 2725559 C1)

M300peTeHne OTHOCUTCS K CTPOUTEIbHBIM MaTEPH-
ajlaM, B YaCTHOCTH, K JINTBIM U CAMOYILIOTHSIIOILIMMCSI

OCTOHHBIM CMECSIM, I MOXET OBITh UCITOJIb30BaHO TP
M3TOTOBJICHIN MOHOJIUTHBIX I COOPHBIX OCTOHHBIX 1 Ke-
JIe300€TOHHBIX CTPOUTEIIBHBIX U3ISTNI M KOHCTPYKITUIA
I POKOTO Ha3HAYCHUS, B TOM YHCJIe TYyCTO apMUPO-
BaHHBIX KOHCTPYKIIHMIA, a TAKXKe MaCCUBHBIX OCTOH-
HBIX 1 KeJIe300eTOHHBIX KOHCTPYKIIUI M COOPYKEHUIMA
C TIOBBIIICHHBIMY TTOKA3aTeJISIMHU TPEIIMHHOCTONKOCTH,
IMOHIKCHHBIM TCIUIOBBIIEICHNEM, BBICOKIM TEMITOM
TBEPACHUSI, TPeOYEeMBIMHU TTOKA3aTeIIMHU IIPOYHOCTH,
BOJIOHEIIPOHUIIAEMOCTH, MOPO30CTOMKOCTH 1 JOJTO-
BeuHoctH [10].

Jlutas m caMoOyIUIOTHSTIOIIAsicsT OETOHHAsI CMeCh
TSI TIPOM3BONICTBA MOHOJIUTHOT'O OETOHA M COOPHBIX
W3IeIU U3 KeJIe300eToHa, BKIIIoUaloliasi HaHOoIe-
MeHT ogHoro u3 TumoB 30, 35, 45, 55, cTpouTeIbHBI
IIECOK, IeOeHb, BOAY, COMEPKUT IIcOCHb TPAHUTHBIN
dpakuun 5—10 MM 1 TOITOJTHUTEIILHO — OTCEB Ipa-
HUTHOTO MeOHT Gp. 2—5 MM IIpHU CICAYIOIIEM COOT-
HOIIIEHUX KOMIIOHEHTOB, Mac. %: yKa3aHHBI HaHO-
memeHT 12—20; mecok crponutelbHBI 20—35; oTceB
TPAaHUTHOTO IIeOHS ppakuny 2—5 MM 15—21; mebeHb
rpaHuTHBIN Ppakumn 5—10 mm 20—29; Boga — ocTaib-
Hoe. JInTas n caMOyIIOTHSOIIAsCI OSTOHHAST CMECh,
B KOTOPOIf HAHOIIEMEHT UMeEeT YACIbHYIO TTOBEPXHOCTh
600—900 M?/Kr, JOTOJIHUTEIBHO COAEPXKUT IIPOTUBO-
MOpPO3HYIO 100aBKy B KojnuecTse oT 1 1o 2-x mac. %.
TexHudeckuit pe3yapTar — obecIiedeHNEe BBHICOKOM
IMOABMXXHOCTH OCTOHHOI CMECH C €€ COXpaHCHUEM
B T€UYCHHNE BPEMECHU OT OJHOIO IO IBYX YacCOB IIPU
MHWHUMaJIbHOM BOIOCOICPKAHNIM.

B HacTosIIee BpeMsT IPOM3BOACTBO JUTHIX U CAMO-
VIIOTHSTIOIIUXCST OCTOHHBIX CMECei CYNTACTCS Hau-
boJiee TIepCIIeKTUBHBIM HAIIPABICHUEM B TEXHOJIOTUH
0eToHa, TaK KaK MO3BOJISIET ITONATh 1 YIIOKUTH OCTOHHEIC
CMeCH, XOPOIIIO TIPOHMKAFOIINE CPEIU apMaTypPHI B MEX-
maryOHOE IIPOCTPAHCTBO.

Crnoco6 moydeHus (pOTOKATAIM3ATOPA HA OCHOBE HA-
HoTyOysipHOTo muokcuaa turana (RU 2732130 C1)

M300peTeHre OTHOCUTCS K 3JICKTPOXUMIUYECKOM TEX-
HOJIOTUM TIOJIYICHUSI COCINMHEHNI TUTaHA, a MMEHHO
K TEXHOJIOTMH TOJTyYeHMST HAHOTYOYIIPHOTO TUOKCHIA
tutana (TiO,-HT) ¢ nosbimeHHoOM doToKaTanuTHye-
CKO¥I aKTUBHOCTBIO aHOAMPOBAHUEM, M MOXKET IIPH-
MEHSTBCS IS (DOTOKATATUTUYCCKON OUMCTKI BO3IMyXa
OT OpraHMYecKMX 3arpsisHuTesei[11].

Jwnokcua TUTaHa SABJISIETCS TIEPCITIEKTUBHBIM MaTe-
pHAaJIOM B CBSI3U C HCOOXOIMMOCTBIO Pa3BUTHSI 3€JICHBIX
TEXHOJIOTUI, TO €CTh TeXHOJIOTHI, HE 3aTrPsSI3HSIONINX
OKpyXalolymo cpeny. Kpome Toro, nMokcum TUTaHa
SIBJISIETCSI MaTepHUaIoOM, KOTOPBI MPU3BaH OYNCTUTH
OKpYXaIoIIyio cpeay ot 3arpsisHeHmnii. OH obamaeT
VHUKAJIBHBIMHA (DOTOKATATUTUYCCKUMHU 1 SJIEKTPODU-
3MYECKIMH CBOMCTBAMHU, YTO TTO3BOJISICT OUMIIATH BOIY
U BO3IYX, CO3aBaTh CAMOOYMIIAIONINECS TTOKPBITHS,
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pasaratb OaKTepHH, CO3IAaBaTh HA €T0 OCHOBE SJICMCHTEI
COJTHEUHBIX OaTapeil, TNTHI-MOHHBIX aKKYMYJISITOPOB,
a TaKKe MOJTyJaTh BOTOpPoH ImpH (poTtoiau3se Boabl. Du-
3MYECKIE CBOMCTBA aHOTUPOBAHHOTO JUOKCHUIA TUTaHA
3aBUCST OT CTPYKTYPHBIX U TEOMETPUICCKUX TTapame-
TPOB, KOTOPBIC MOXXHO BapbIPOBATh, IIOAOUPAsT YCIIOBUS
AHOIUPOBAHUS.

Hcmonp3oBaHne KOPPO3ZMOHHON CTAIN TTO3BOJISICT
YBEJIMYUTD CPOK IKCIIyaTallH, a TAKKE 3HAYUTEIHHO
CHITXaeT ce0ecTOMMOCTh (hoToKaTaau3aropa. Jmresb-
HOCTB Ipoliecca COKpaleHa B 9 pa3 3a cyeT momoopa yc-
JIOBUI aHOOMPOBAHMS — XUMHIUYECKOTO COCTaBa 3JIEKTPO-
JINTa, MaTepralia Katona, HalpsoKeHUST M TEMIIepaTyphl
cpenbl. McxomHast mepoxoBaTOCTh MPOMBIIIICHHOM
TUTaHOBOU (hoabru Mapku BT1-0 gomyctrnma mig mo-
JIYIeHUST pABHOMEPHOTO OKCHIHOTO CJIOST 13 HAHOTPYOOK
IUOKCHIA TUTaHA, TTO3TOMY OTCYTCTBYET HEOOXOIMMOCTD
MEXaHNYECKOM TMOMPOBKU MPHU IMOATOTOBKE TUTaHA
K aHogupoBaHuo [11].

DKOJIOTUYECKHIA CTPOUTETbHbII MATEPUA U3 TIEHOTO-
JINCTUPOJIBHBIX OTXOJ0B M 30JIbl YHOCA OT MPOM3BOACTBA
caxapa Ha OCHOBE HAHOTEXHOJIOTHIA

IIpoun3BOACTBO CTPOUTENbHBIX MaTEpUaJIOB Cca-
MBIM HETIOCPEACTBEHHBIM 00pa30M BJIMSIET HA YXY/I-
IIeHNe OKpPYXKaIoIIel cpelbl W, KaK CICICTBHAE 3TOTO,
Ha TJI00aIbHOE TTOTEIJICHUEe M M3MEHEHHNEe KIMarTa.
Jns peureHust JaHHOI MpoOJieMbl ObLIa MpeaioXeHa
KOHILEMIMS YCTORYUBOTO 3€JIEHOTO CTPOUTELCTBA,
TIpeIycMaTpUBaroIas UCII0Ib30BaHNEe MOIU(DUIIIPO-
BaHHBIX 0eTOHOB. MccliemoBaHWIO 1 pa3BUTHIO MaTe-
PHUAJIOB IJIST 3eJICHOTO CTPOUTEIBCTBA YACSICTCS MHOTO
BHUMaHUS. B mTaHHOM M300peTeHNH IIPOMBIIIUICHHBIC
TIEHOTOJIMCTUPOIBHBIC OTXOIBI MCITONIB3YIOTCS IJIsI
TIPOM3BOACTBA JIETKOBECHOTO OETOHA C BRLICOKMMU BO-
TOCTOMKMMM KadeCcTBaMHU. 30JIa YHOCA MCIOIb3yeT-
cs B KQ4eCTBE 3aMCHBI IIEMEHTA IJIST COKPAIIICHUS ero
pacxoma. Mcmomb30BaHmMe 3016l YHOCA, TTOTYIYCHHOM
OT caxapHBIX 3aBofoB Trangkil-Pati (MamoHE3MSsT), 00e-
CIICYMBACT PeaIbHOE YBEIMICHME IIPOUYHOCTU CKATHUS
JIETKOBECHOTO O0eToHa. B 1aHHOM M300peTeHuu ¢ Mo-
MOIIIBIO HAHOTEXHOJOTMUECKON KOHIICIIIINKA COBEP-
IIEHCTBYETCS KaUeCTBO IKCIUTyaTalluM TIEHOOJIOKOB.
ITpeumyliecTBaMyu NpUMEHEHUST MEHOIOJUCTUPOIIA
SIBJISIETCS JISTKOBECHBIN TIEHOOETOH, a 30JIbI YHOCA —
dopMupoBaHHE MaTepUAIOB, IIPUTOIHBIX ST 9KO-
JIOTUMYHOTO CTPOUTEIbCTBA. TakKe K JOCTOMHCTBAM
MOKHO OTHECTH CJICIYyIoIlee: CHIDKCHIE CTPOUTETbHBIX
M3ICPKEK 32 CIYCT BTOPUIHOTO MCTIOIH30BAHUS TIPOM3-
BOJICTBCHHBIX OTXOZIOB, IMTOBHIIIICHNE IIEHHOCTH TaKMX
OTXOIOB, COKpAIIIeHIE TPYIOeMKOCTH IIPH YCTPaHEHUM
TOCJEACTBUN 3eMJIeTpsSICEHUI Oraromapst 6oyee Jier-
KOMY BeCy COOPYKEHMSI, TTOBHIIIICHNE 0€30IMacHOCTH
KOHCTPYKLIMU XKUJIbIX 31aHuii Bo BpeMst Y11 1 ynoo6cTBO

HUCITIOJIb30BaHUA IIPU CTPOUTEIBCTBE KMUJIBIX 3TaHUIA
B CEICMOOMNACHBIX 30HAaX.

JluraTtypa AJisi (PUrOTOB/IEHUSI KOMIIO3UIIMOHHBIX MATe-
PHAJIOB HA OCHOBE AJIIOMUHUS WM ATIOMUHHEBbIX CILIABOB
u crioco0 moaydenus Juratypbl (RU 2734316 C9)

M3006peTeHre OTHOCUTCS K JIUratypam Jijisi Ipuro-
TOBJIEHUSI KOMITO3UIIMOHHBIX MaTeprlaioB Ha OCHOBE
AJTIOMUHMST WM AJIIOMUHUEBBIX CIIJIABOB M MOXKET ObITh
KCITOJIb30BAHO B LIBETHOM METAJUTYPTUM IS TOJTyYeHUS
YIIPOYHEHHBIX AJIIOMUHUEBBIX MATEPUAJIOB ITyTEM JIUTEH -
HBIX TeXHOJOTUi. KOMITO3UTHBIE MaTepralibl HA OCHOBE
AJIIOMUHMS TIPUBJIEKAIOT CBOMMU KaueCcTBaMU CrieliMpu-
YECKOM MPOYHOCTBIO, CTOMKOCTBIO K TPEHUIO Y BBICOKUM
TemriieparypaM. CBoO#icTBa aTFOMIHUEBBIX KOMITO3UT-
HBbIX MaTepUaJIOB 3aBUCST OT pa3Mepa HAMOJHUTENS,
NUCTIEpTUPOBAHHOIO B HEM. HamoaHUTE b MEHbIINX
pa3MepoB, B YaCTHOCTH, YIJIEpOAHbIE HAHOTPYOKHU, 00€e-
CTIIeYMBAET JOCTUXKEHHUE JIYUIIMX CBOMCTB MaTepuana,
OIHaKO PaBHOMEPHO IMUCIIEPTrMpPOBaTh TAKOW HATIOJTHU-
TeJIb YPE3BbIYATHO CI0XKHO M3-3a €ro CJIMIIKOM MaJIbIX
pa3mepos [13].

M300peTeHune peliaeT 3agady co3naHusl JUraTypbl
JUJISI QJTIOMUAHUS U aJTIOMAHUEBBIX CITJIABOB, MTO3BOJISIIO-
1IYIO TI0JIy4aTh KOMMO3UIIMOHHbIE MaTepUaIbl HA OC-
HOBE aJIOMUHUS WU aTIOMUHUEBBIX CILIABOB C YyIJie-
POIHBIMUA HAaHOTPYOKaMU, paBHOMEPHO paclipeaeeH-
HbIMU B HUX. [TocTaBieHHas 3amaya pemaercs TeM, 4To
npeajiaraeTcs Juratypa Jjisl allOMUHUS U aJIIOMUHUNT
conepxXallux CrJlaBoB, BKJIIOYAlOIIasl AIIOMUHUIA U yIJie-
pOIHbBIE HAHOTPYOKU, TIOBEPXHOCTb KOTOPBIX COIEPKUT
acopOMpPOBaHHbBIE ra3bl B TAKOM KOJIMYECTBE, YTO MaC-
COBOE COOTHOIIIEHNE Ha3BaHHBIX HAHOTPYOOK U afacop-
OMpPOBaHHBIX Ta30B cocTaBsieT He MeHee 100, mpryaeM,
10 MEHbIIIEeN Mepe, YaCTb HAHOTPYOOK pacriojiaraloTcs
B 00bEME aTIOMUHUS TAKUM 00pa3oM, 4YTO OHU HE UMEIOT
KOHTAaKTa ¢ OKPYKAIOIIEH CpeIo.

Ipennaraemas quratypa MOXeT COAEpKaTh OAHO-
CTeHHBIC, 1/WUJIN ABYCTCHHBIC, U/MI MHOTOCTCHHBIC
yIJepoaHble HAaHOTPYOKU. JIuratypa MoxeT ObITb BbI-
MoJjiHeHa B (popMe MeTaLTUYECKON OTJIMBKU, BHYTPU KO-
TOPOIi pacripeaesieHbl YIJepoaHble HAHOTPYOKU. Takxke
JIUraTypa MOXeT MpPeICcTaBIsITh COO0N METANIMYECKYIO
MPeCCOBaAHHYIO, MTPOKATAHHYIO WM IITAMIIOBAaHHYIO 3a-
TOTOBKY, BHYTPU KOTOPOU pacnpeesieHbl YIJIepOaHbIe
HaHOTpYyOKu. B cBoeM cocTaBe uratypa MOXeT Coaep-
KaTb, O MEHbIIIEH Mepe, OAMH METAJLT U3 psifa: Mellb,
1/WIH LIWHK, W/WIN MaTHUU, W/WJIHA OJI0BO.

Takxxce npedcmasastom unmepec 045 CReyUAIUCOB

caedyrougue u3obpemenus 8 0064acmu HAHOMEXHOA02UIL:

+  Crroco0 mory4eHUs YIIPOYHEHHOTO HAaHOKOMITO3UTA
C TOTIOTHUTEILHBIMA CBOMCTBAMU [ 14].

* YcTaHOBKA IJII CMHTE3a YIJIepOACOAepXKAIINX Ha-
HoMaTepuajos [15].
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Crioco6 TosTyIeHIST HAHOTIOPUCTOM KepaMUKH Ha OC-
HoBe mysummTa [16].

I'pacdeHoBBEIe MUKpOChepHI B BUIE KOMKa OymMarn,
KOMIIO3UTHBIN MaTeprajl TaKNX MUKpocdep 1 CIo-
co0 M3TOTOBJIEHUS TaKUX MuKpocdep [17].

Cr10c00 TToTy4eHIST MOTU(UITMPOBAHHBIX YTIICPOI-
HBIX HAaHOTPYOOK [18].

Cr1oc00 TOIydeHUST SIICKTPOTIOMIHECIINPYIOIITX
CMEIIIAaHHBIX CBUHIIOBO-TAJIOMIHBIX TIEPOBCKUTHBIX
MaTepHaioB ¢ BEICOKOIT (pa30Boii CTaOMIBHOCTHLIO [19].
Cpencrasa orpeneIeHIs paTiOHyKIMIHOTO COCTaBa
atMocdepHBIX BEIOpocoB ADC [20].

C110c00 TIOTYICHUST TePMOCTAOMIILHOTO MUKPOIIO-
PUCTOTO TTOKPHBITHS HA OCHOBE CMEIIIAaHHOTO OKCHIA

Jwon raHHa Ha OCHOBE HUTEBUIHBIX HAHOKPHUCTAII-
JIOB HUTpUAA Ty [25].

Teruron30ISIIIMOHHEIN MaTepHrall Ha OCHOBE a3pore-
JISI ¢ BO3MOKHOCTBIO BBEICHUS B COCTaB KOHCUHOTO
MPOAYKTa HAaHOMaTepuaaoB[26].

C110c00 M3TOTOBIICHUSI KOMITO3UIIMOHHBIX MaTePH-
aJIoB Ha OCHOBE ti-b-fe, MmoguuIIMpPOBaHHBIX Ha-
Hopa3MmepHbIMU yacTuiiamu AIN [27].
DOuOPOIIOPUCTHIC CTPYKTYPHI U3 PACTBOPOB TTOJTIY-
peTaHa I IPOU3BOICTBA U3 [28].

3AK/IIOYEHUE

O,Z[Ha N3 aKTyaJIbHbIX 3aJa4 3KOHOMMWKH Jmoooi

CTpaHBI — MTOBBIIICHNE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIJICHHOCTH 32 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHnsI. M1 B TOM HarpaBJIeHUH TJIaBHBIM OOBEKTOM
BHUMAaHMS CO CTOPOHBI TOCYIAapCTBAa U KOMIIAaHUIA CTa-
HOBSITCSI JIIOIM WJIU TIPEATIPUSITHS, Ibsl OCHOBHAsI paboTa
CBsI3aHa C M300peTeHNEM U BHEAPEHNEM HOBBIX TEXHO-
soruii. [ToaToMy HameeMcsI, YTO MyOIMKyeMast B JaHHOM
pyOpuke nHbopmanus 0yaeT BOCTpeOOBAaHHOM U TTO-
JIE3HOM TSI CTICLIMAIMCTOB.

TUTaHa KpeMHusd [21].

* JI'OMUHECICHTHHIN CEHCOP KOHIICHTPAIIUN NOHOB
TSDKEITBIX METAJIOB (TIPEMMYIIIECTBEHHO KOOAIBTa)
B BOJIC Ha OCHOBE KBAaHTOBBIX TOUEK TPOHOIO CO-
craBa [22].

*  Paszmmmanbie a3p030JIbHbBIC (PMITBTPHI 71T HEHTPOHHO-
AKTUBAIIMOHHOTO aHaim3a [23].

* MomgudunupoBaHHas IMOJIUMEPHAsT KOMITO3UIIHS
¥ cII0c00 ee mmonydeHus [24].
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ABSTRACT: Introduction. To use natural sources in rational way,plantsof continuous cooling of closed systems of recycling water
supplyare used. The paper presentsdesigns of small-sized devices for recycling water cooling which are energy resource effective
due to twisted motion of air flow, moving countercurrent to the cooled water. Heat and mass transfer is a nanotechnological process
that occurs at the intermolecular level. Methods and materials. Countercurrent mini cooling towers are widely used in all industries,
but there are some disadvantages, the main of which is the insufficient interaction time of the moving phases. Screw motion of air
flow is created by the tangential supply of cooling air in the bottom part of cylindrical small-sized cooling tower. The rate of rotary
motion decreases as air flow moves up in cooling towers, and vertical parameter of the rate — increases. Such scheme of the air flow
motionmakes it possible to decrease average vertical parameter of the rate and to increase phases contact time. Laboratory research.
To determine the technological and hydroaerothermal characteristics, as well as to estimate the efficiency of cooling recycled water,
and to carry out mass-heat exchange at the intermolecular stagean experimental facility of small-sized cooling tower with twisted air
flow has been developed. Conclusions. In accordance with the exponential law it is shown that the rotational component decreases
atincreasing height, and in accordance with the power law the vertical component increases component with the exponent ~1,79. It is
determined that moisture content xand air temperature t in the volume of the height of the sprinkler varies according to a power law,
in particular for a screw cooling tower proportionally x ~ h°%, t_~ h'?. It was determined that the coefficients of mass transfer 8 and
heat transfer a of a mini cooling tower with twisted air flow at the intermolecular level with equal irrigation densities are 20% higher
than the coefficients of a mini cooling tower with counter-current flow. Also it has been determined experimentally a dependence of
aerodynamics resistance coefficient of the twisted irrigator of the cooling tower on criterium Refor air flow, and it was determined that
it decreases like Re™* as the exponent K, varies in the range 0.114+0.193 depending on the irrigation density.
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INTRODUCTION the help of cooling towers is the cheapest way to save at

least 95% of fresh water [2].

To provide rational use of natural resources under
scarcity of natural sources, one needs to use facili-
ties of continuous cooling of closed systems of recycled
water supply. To implement cooling towers is practically
the only method of dissipation of low-grade energy into
the atmosphere at growing concentration of industrial
production [1].

Cooling towers are used in almost all industries, es-
pecially its widely used at energy, chemical, oil refining,
metallurgical and other industries, since today the re-
moval of low-grade heat at the intermolecular level with

© Bondar K.E., Shulaev N.S., Ivanov S.P, Laponov S.V., 2020

Since “nanotechnologies are technologies for ma-
nipulating matter at the atomic and molecular stage”, and
the process of heat and mass transfer in cooling towers
runs at the intermolecular stage, it can be considered as
a nanotechnological process.

A cooling tower is a device that operates on the prin-
ciple of counterflow of water and atmospheric air [3]. It is
of great importance to search scientific and technical solu-
tions which would allow equipping industrial enterprises
with local systems of recycled water cooling (mini cooling
towers) which are more mobile, serve specific techno-
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logical installations or plants, are less energy intensive,
efficient and environmentally friendly. Application of local
systems removes the need of long pipeline, also bulkiness
of structures, minimizes emissions into the atmosphere.

METHODS AND MATERIALS

At the present several types of mini cooling towers are
available. They are being actively introduced into produc-
tion, however one should note some significant disadvan-
tages which don’t allow regarding them as a replacement
of large systems: low heat removal (due to the counter-
current interaction of the ascending steam-air flow and
the falling water flow, which does not provide sufficient

time for heat and mass transfer during phase contact);
low efficiency of contact devices (sprinklers); large drip-
nose [4—8].

The main reason of low efficiency of small-sized de-
vices is short contact time of the cooling air flow and
the cooled water flow, which leads to low heat removal
values. It is due to small parameters in comparison with
fan and tower cooling towers and counter-current mode
of interaction of heat exchanging phases.

It is proposed to use a twisted motion of the ascending
air flow, which will significantly increase the phase con-
tact time and increase the efficiency of the heat and mass
transfer process at the intermolecular stage. The spiral
interaction of water flow and air flow leads to increase
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\'V = | ‘ Fig. 1. Small-sized cooling tower with spiral air flow:
§ Y / & 1 — body; 2 — fan; 3 — tangential nozzle;
4 — spiral line of the sprinkler; 5 — tank; 6 — outlet

nozzle for water; 7 — water distribution system;
8 — water catchers; 9 — outlet nozzles for air
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of contact time of vapor and air phases and decrease
of cooled water. Figure 1 shows a diagram of a small-sized
cooling tower with a spiral air flow, where the sprinkler
is made of layers of cylindrical polymer cellular pipes
and laid along a spiral line 4 coaxially with the helical
air flow line.

The water, heated in the technological process from
closed system, is supplied to water distribution system,
and then it isevenly distributed in the volume of the spiral
sprinkler, where heat and mass exchange of the water and
air screw flow created by the fan runs at the intermolecular
stage.

The tangential supply of the cooling air flow causes
a spiral movement of the gas phase in the bottom part cy-

lindrical small-sized cooling tower. As the air flow moves
up, the speed of the rotational movement decreases, and
the vertical movement increases. In the upper part of the
cooling tower, there is almost no rotation of the air flow
and it moves progressively vertically upwards. Such pro-
vision of the movement makes it possible to decrease in
average the vertical parameter of the rate and to increase
phases contact time

The spiral small-sized mini cooling tower with fins is
a modification of this construction (Figure 2), which con-
sist of a body with consistently arranged air catcher, water
distributor and sprinkler of layers laid along a spiral line
of cylindrical polymeric cellular pipes, with a fan installed
in the bottom part, a drainage tank. On the inner side

Air ouflet

7.
—
Air inlef = I
_®_’ B
A
/A

Water ilet

Water inlet

Fig. 2. Small-sized cooling tower with screw air flow:
1 — housing; 2 — fan; 3 — tangential nozzle;

4 — gpiral line of the sprinkler; 5 — catchment tank;
6 — outlet nozzle for water; 7 — water distribution
system; 8 — water traps; 9 — output air nozzles;

10 — screw fins; 11 — polymer cellular pipes
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of the cylindrical surface of the cooling tower is installed
in the direction perpendicular to the lines of plastic pipes,
helical fin 10 consisting of an even number (four or more)
of helical strips of width 0.1 diameter towers, offset from
each other by the angle (27t/n) rad, where # is the number
of helical stripes, with a pitch of a spiral in two heights
of the cooling tower the cooling tower.

Water from recycled system, heated in the technologi-
cal process go to water distribution system 7, thanks to
which is evenly distributed over the cross-section of the
helical line of the sprinkler 4 and over the surface of the
cellular pipes 11 of the sprinkler, on which the heat ex-
change of the water flow with the helical air flow forced by
the fan 2 takes place. Water flows down on the sprinkler,
where it is cooled under the drip-film flow mode and then
enters the water catchment tank 5. The efficiency of the
proposed cooling tower is due to the fact that a screw fins
10 passes through the entire working volume of the cool-
ing tower, which helps to maintain the rotational move-
ment of the air flow, increasing the contact time of the
cooling air and the cooled water flows.

Thus, the proposed designs of small-sized devices
are an alternative to the existing bulky water circula-
tion systems and mini-towers with countercurrent phase
movement. The proposed designs will reduce drop loss
by increasing the efficiency of contact devices [9—13]
and the low temperature of the cooled water, increasing
the contact time of the phases.

To estimate the change in the rotational and transla-
tional components of the velocity along the height of the
cooling tower, we use the equation of continuity of the
flow [14] in a cylindrical coordinate system, the z axis
of which coincides with the axis of symmetry of the cy-
lindrical cooling tower. In a cylindrical coordinate system
with impenetrable walls, the radial component of the ve-
locity is negligible = 0.

18 3
—ogle T 0:=0, (1)

where r — is the distance from the axis of rotation, m;
#, — rotational component of the speed, m/s;

0, — vertical component of the speed, m/s.

The rotational speed is determined by the ratio:

0,=w-r, 2)

where w — is the angular velocity of rotation of the
air flow, rad/s;

Taking into account that ¢, component of air rate in
the inlet of the cooling tower is zero, and grows with in-
creasing altitude, we will seek a solution to equation (1)
in the form:

9, =22 ()" G)

mD® \H

where G — is the volumetric air flow, m’/s;

D — diameter of the cooling tower, m;

H — height of the cooling tower, m;

n — the exponent.

Substituting expressions (2) and (3) into the continuity
equation, we obtain:

n—i

fw  anGyz " 0. 4)
a8 mD* H"

By entering the notation A = 4G /nD, and taking into
account that 060 = wdr (7 — the time of the air flow in
the cooling tower), equation (4) takes the form:

1 dew An

100  dnpnt

w Bt Hm ©)

By solving equation (4), you can determine the change
in the angular velocity of the air flow along the height
of the cooling tower and the time spent in it:

_Anz“_iT
W = wye HY (6)

where @, — is determined by the design parameters
of the cooling tower:

46,

Wy = —in 7

where d — is the diameter of the inlet pipe, m;

R — radius of the cooling tower, m.

As can be seen from the last relation, as you move up
the cooling tower, the angular velocity of the air flow de-
creases exponentially. Taking in account that 7= Hw —~ 0,
will determine characteristic time of air flow staying in
the cooling tower [15].

In accordance with determination of time of transient
processes we will get:

= — %o
w(z=H) = = - 0. (8)
In this case, the characteristic residence time of the
air flow in the cooling tower is determined by the ratio:
_ 5H _ 5uD*®

T An 4Gym

&)

Knowing the staying time of the air flow in the cool-
ing tower, you can determine the average height of the
longitudinal speed of movement:

An

@) === (10)

On the other hand, the average altitude speed can be
calculated using the formula:

) =2 [ 9.(az =2 [ A(2) az =2 ()

n+1
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Comparing expressions (10) and (11), we obtain
the relation for determining the exponent of #:

n 1

—=—, (12)

3 n+1

from which it follows that n = 1.79.

Thus, in a cooling tower with tangential input of cool-
ing air, a “screw” movement of the air flow is realized,
while the angular speed of rotation decreases along
the height of the cooling tower according to the exponen-
tial law (6), and the linear speed increases with increasing
z coordinate according to the power law:

9, ~ 2 G)”g. (13)

D2

Taking into account that staying time of air flow in
cooling tower is connected with z coordinate by the for-
mula 7 = z/<, we can to convert the ratio (6) to deter-
mine the angular velocity of rotation:

¥4
W = mﬂe_E(E]n. (14)

LABORATORY RESEARCHES

To determine the technological and hydroaerother-
mal characteristics, as well as to evaluate the efficiency
of cooling recycled water, an experimental installation
“small-sized cooling tower” with a screw air flow was
developed [16, 17].

Aerodynamic tests were carried out to determine
the coefficient of aerodynamic resistance € of the sprin-

kler for a small-sized cooling tower with a screw flow
and a counter-current mini-tower, and depending on
the technological parameters.Hydroaerothermal tests
were performed to determine changes in the temperature
of circulating water and the coefficients of heat and mass
transfer at the intermolecular level.

The experiments were carried out at irrigation densi-
ties up to ¢ = 12 m*/(m?h), the speed of the ascending air
flow w varied from 0.5 to 3 m/s, and the water temperature
supplied to the installation #, reached 30°C.

The following method was used for hydroaerothermal
testing of the cooling tower sprinkler. Water was sent to
the hot water tank using a circulation pump, where it was
heated by electric heaters to a temperature of 40°Cx£1°C
and fed through electro acoustic flow converters through
a pressure pipeline to the water distribution system [ 18—20].

The water distribution system (irrigation density up to
g = 12 m3/(m?h)) distributed the water flow over the ir-
rigation area of the working section of the installation.
The air flow directed towards it at a speed of 0.5...3 m/s
was created by a centrifugal tangential fan. Air was sup-
plied to the experimental unit through a tangential pipe
located in the lower part of the body. The water, cooled in
the facility, went to water collecting tank 7 and was sup-
plied to tank 4 by the pump for next heating. The water
cycle was closing.

During the experiments, the water temperature was
recorded by a multifunctional device AMI-301 at the en-
trance and exit of the installation. During 15 minutes of op-
eration of the unit (to warm up the system), the following
parameters were set: water flow-by changing the speed
of the pump engine and throttling, air flow-by opening

x—x;, kg/kg
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Fig. 3. Change in moisture content by height
of the sprinkler

Fig. 4. Change in the air temperature drop along
the height of the sprinkler
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and closing the gate valve, the speed was determined by
the AMI-301 device. Atmospheric parameters, namely
humidity and air temperature, were constantly monitored.

To measure the water temperature with the AMI-301
device, it was taken directly under the sprinkler with addi-
tional control with a mercury thermometer (TGL 11 998,
accuracy class 1.66, scale division 0.2), at the specified
values of irrigation density g and air flow. Then the waste
water went to reservoir for heating, and the experiment
was repeated for the next parameters of the irrigation den-
sity and air consumption [21, 22].

Studies to determine the Aerohydrodynamic charac-
teristics were also carried out using the above method, but
with the addition of measurements for pressure losses in
the air flow before and after the sprinkler.

From the analysis of experimental data for the devel-
oped designs of cooling towers, it follows that the mois-
ture content x and the air temperature 7 in the volume
of the height of the sprinkler changes according to a power
law (and not according to a linear law, as was believed by
other researchers).

x(h) =x*k, h°, (15)
t (h)=0+k, h, (16)

where k, = (x,—x,)/H" k,= (¢ ,—0)/H",
0<h<H. (17)

Constants ¢ and b are found experimentally from

The curves in logarithmic coordinates represent
linear dependencies, and the tangent of the slope angle
corresponds to the exponents: a = 0.83, b = 1.25.

The mass transfer coefficient can be calculated from
the given formulas:

GJCJ.‘lt

.(18)

ng= (t; ) i
(tpa—6)[CpctCpiy) R R (2, =) (L —B)
47”2 ST (o 6) () oy )2y 2 ) }

The mass transfer B and heat transfer coefficients
a, can be estimated from experimental data (tables 1
and 2).

The analysis of obtained dependencies allows making
the following conclusions:

— mass 3 and heat transfer coefficient @, of the re-
searched twisted mini cooling tower at the equal densities
of irrigation and rates of upward air flow rates of 2 m/s
exceed the countercurrent coefficients by 20%;

Having starting since irrigation density ¢ =
8 m’/m’h, mass transfer coefficient 8 of twisted mini
cooling tower has the greatest value and is kept at
the same level.

To compare of recycled water cooling efficiency in
a mini cooling tower with twisted air flow and counter-
current cooling tower, there were built comparative
graphical ratios of the relative difference in water tem-
perature from the air flow rate (Figure 6). The relative
temperature drop of recycled water was determined by
the formula:

the dependencies x(h), ¢ (h) (Figures 3, 4) in logarithmic n=(t—1)/t,. (22)
interpretation (Figure 5).
Lg (W/H) Lg(h/H)
-2,5 -2 -1,5 -1 -0,5 -1,5 -1 -0,5 (l 1

ﬂ

N
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Fig. 5. Change in the difference in moisture content and temperature over the height of the sprinkler

in logarithmic interpretation
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Table 1

Results of research on a laboratory installation of a mini-tower with a screw air flow

Ne Experience’s 1 2 3 4 5 6
The density of irrigation ¢, m3/m?h 2 4 6 8 10 12
Inlet air temperature 9, °C 14.2 14.2 14.2 14.2 14.2 14.2
Outlet air temperature 7, °C 15.3 16.8 16.9 17.0 17.2 16.8
Ambient air humidity ¢, % 60 60 60 60 60 60
Humidity at the outlet of the cooling tower @,, % 77 78 79 79 80 80
Change in air enthalpy Ai, J/kg 15130.5 | 17150.3 | 17418.1 | 17611.7 | 18048.5 | 18048.5
Inlet water temperature 7, °C 27.5 27.6 27.5 27.5 27.6 27.5
Outlet water temperature 7,, °C 20.0 18.9 18.0 17.8 17.7 17.7
Thermal power Q, W 6930.0 | 7946.4 8778.0 8962.8 9147.6 9055.2
Heat transfer coefficient a, W/m’K 15344 1552.2 1688.3 1704.8 1708.5 1708.5
Mass transfer coefficient 8 _, kg/m’s 1.53 1.54 1.68 1.70 1.70 1.70
Table 2
Results of research on the laboratory device of a mini cooling tower with a counterflow current
Ne Experience’s 1 2 3 4 5 6
The density of irrigation ¢, m3/m?*h 2 4 6 8 10 12
Inlet air temperature 9, °C 14.2 14.2 14.2 14.2 14.2 14.2
Outlet air temperature 7, °C 16.3 16.3 16.4 16.5 16.6 16.4
Ambient air humidity ¢, % 60 60 60 60 60 60
Humidity at the outlet of the cooling tower @,, % 75 75 75 76 77 77
Change in air enthalpy Ai, J/kg 17168.9 | 17168.9 | 18028.5 | 18444.1 | 18366.6 | 18028.5
Inlet water temperature 7, °C 27.5 27.5 27.5 27.5 27.6 27.5
Outlet water temperature z,, °C 21.5 20.2 19.6 19.4 19.6 19.6
Thermal power Q, W 5544.1 6837.6 7392.1 7207.2 7114.8 7207.2
Heat transfer coefficient a, W/m’K 1081.7 1334.2 1359.4 1359.4 1356.7 1356.4
Mass transfer coefficient 8 _, kg/m’s 1.08 1.33 1.35 1.35 1.35 1.35

The analysis of the obtained dependences as a result
of experimental studies allows us to draw the following
conclusions:

— for the studied small-sized cooling towers in the range
of upward air flow speeds up to 0.7 m/s, the relative
difference in water temperature for screw and counter-
current cooling towers differs slightly;

— inthe range of air flow rates since 0.8 to 2.4 m/s, there
is an increase in the value of the relative temperature
drop of water in a mini-tower with a helical flow rela-
tive to the countercurrent;

— at the further increase of air flow rate, the efficiency
of the spiral mini cooling tower exceeds the counter-
current ~23%.

During aerodynamic tests, the coefficient of aerody-
namic resistance &: was calculated using the Weisbach
formula.

From experimental data, it follows that in the range
of air flow velocity of 0.5—3 m/s and irrigation density
of 0 — 12 m3/(m?h), the coefficient &: values for the in-
vestigated nozzle devices of a mini-tower with a screw
flow and a counter-current mini-tower are in the range
12to 24 m™'.

Thus, the dependence of the coefficient of aerody-
namic drag on the air flow velocity for the studied designs
of sprinklers can be represented as:

Ig&~ = K, —K, IgRe, (23)
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Fig. 6. Dependence of the relative temperature drop of recycled water on the air flow velocity

where &: — is the coefficient of aerodynamic drag
of the sprinkler, m~';

Re — Reynolds number;

K,, K, — coefficients.

The General formula for determining the coefficient
of aerodynamic drag depending on the Reynolds criterion
for irrigation densities of 0—12 m?/(m?h) is as follows:

& =e>Ki/ReX2, (24)
where e — is the base of the natural logarithm;

K,, K, — coefficients.

CONCLUSIONS

1. The designs of small sized devices of recycled water
cooling with drop-film sprinkler of polymeric materials
have been developed. The use of these devices will make
it possible to increase an efficiency of nanotechnological
process of mass-heat transfer on molecular stage

2. To carry out acrodynamic and hydro aero thermal
tests of screw of small-sized device for recycled water
cooling an experimental facility has been made. It was also
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DHepropecypcod3pPpeKTNBHbIE KOHCTPYKLMNN
MasniorabapuTHbIX annapaToB OXJIaXKAeHNA
o60poTHON BOAbI

K.E. Bonpapb* (), H.C. Wynaes (2}, C.IN. UBaHoB ('}, C.B. JlanoHoB
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PE3IOME: BBepeHue. [1na paurioHanbHOrO UCMOb30BaHUA MPUPOLHbIX PECYpPCOB NMPUMEHAIOTCA YCTAHOBKU HEMPEPBIBHOMO
OXMNaXAEHUA 3aMKHYTbIX CCTEM 060POTHOrO BOJOCHabXKeHWsA. B cTaTbe npefcTaBneHbl KOHCTPYKLMM ManorabapuTHbIX annapa-
TOB OXJaXkAeHNA 060POTHON BOLbl, OHN ABNAITCA SHepropecypco3ddeKTUBHBIMM 3a CHET OPraHU3aLyyi BUHTOBOTO ABVXEHUA
BO3AYLUHOIO MOTOKa, ABUKYLLErOCA MPOTUBOTOKOM K OX/axzaemoi Boge. TennoMaccoobmMeH ABAAETCA HAHOTEXHOOMMYECKMM
NPOLLeCCOM, KOTOPbIV OCYLLECTBAAETCA Ha MeXMONeKynapHOM ypoBHe. MeTozabl  maTtepuanbl. [TpOTYBOTOYHbIE MUHUTPAAUPHU
LUIMPOKO MCMOJb3YITCA BO BCEX OTPACAX MPOMbBILLIIEHHOCTU, HO OHW MMEIOT PAL HE[OCTaTKOB, OCHOBHbIM 13 KOTOPbIX ABAAETCA
HeoCTaTOYHOEe BPeMs B3aMMOAEWCTBMA ABMXKYLMXCA $a3. BUHTOBOe ABMMXKEHMe BO3AyLIHOMO NOTOKa CO3MaeTcsA NpW TaHreHUu-
anbHON nofaye oxfaXkAatLero BO3AYLWHOro NOTOKa B HUXKHEW YacTy LMAVHAPUYECKOR MaiorabaputHoi rpagupHu. Mo mepe
nepemeLleHra BO3YLIHOrO NMOTOKa BBEPX MO rpajripHe CKOPOCTb BPaLLaTeNbHOTO [ABVXXEHUA YMEHbLUIAETCA, a BepPTUKaibHasA
COCTaBnALLAA CKOPOCTN YBENNYMBAETCA. Takaa OpraHn3auma ABUKEHUA BO3AYLLIHOIO NOTOKA NO3BOJIAET YMEHbLUNTb B CPEAHEM
BEPTUKAJbHYIO COCTaBNAIOLLYIO CKOPOCTY 1 YBENMUUTbL BpeMA KOHTaKTa ¢a3. JlabopaTopHble nccnepoBaHuaA. [insa onpegeneHns
TEXHOMOTMYECKMX, TAPO0A3POTEPMUYECKUX XaPAKTEPUCTHIK, @ TakKe AnA OLLEHKM 3 dEKTVBHOCTM OXNlaxaeHUA 060pOTHOM BOAbI Obina
pa3paboTaHa 3KcneprMeHTanbHasA yCTaHOBKa ManorabaputHOM rpagripHy C BUHTOBbBIM BO3AYLLHBIM MOTOKOM AJ1A OCYLLEeCTBIEHNA
TennomaccoobmeHa Ha MeXMONeKyApHOM ypoBHe. BbiBoAbl. [ToKa3aHo, UTo BpallaTenibHas cocTaBnAoLas yobiBaeT C yBenuye-
HVIEM BbICOTbI MO SKCMOHEHLMaNbHOMY 3aKOHY, @ BepTMKalbHaA COCTaBNALLaA BO3pacTaeT Mo CTeNeHHOMY 3aKOHY C NMoKasaTtenem
cTeneHm ~1,79. YCTaHOBNEHO, UTO BarocofiepxaHue X 1 TemnepaTtypa Bofiyxa t B o6beme No BbiCoTe h OPOCUTENA N3MEHSAETCA MO
CTeMeHHOMY 3aKOHY, B YaCTHOCTM ANIAl BAHTOBOW rpaavpHu MPOMOPLMOHAbHO X ~ ho%, t ~ h'?, OnpeaeneHo, 4to KosddruneHTb
maccooTaaun B v Tenj00TAauM a, BUHTOBON MUHUTPAAMPHMI Ha MEXMOSIEKYIAPHOM YPOBHE MPU PaBHbIX MIOTHOCTAX OPOLIEHUS
60rnbLue K03$PMLMEHTOB MPOTVBOTOYHON MUHUTPAANPHM Ha 20%. DKCNEPUMEHTaNIbHO ONpeaeNieHa 3aBUCMOCTb Ko3ddurLreHTa
a3pOAMHAMMNYECKOTO COMPOTUBIIEHVA BUHTOBOTO OPOCUTENA FPAAUPHI OT KpUTepUA Re ANnA BO3AYLWHOMO NMOTOKa U YCTAaHOB/IEHO, UTO
OH yMeHbLIaeTcA Kak Re ™2, nokasatenb ctenenu K, nameHsetca B uhTepsane 0,114+0,193 B 3aBUCMMOCTY OT MIOTHOCTY OPOLIEHUA.

KNIOYEBDIE CJTOBA: HaHOTEXHOJIOT W, 0XNaXKaeHe 060POTHON BOAbI,FPaanpHsA, MUHUTPAAUPHS, OPOCKTeNb, a3POoANHAMIKA.

ONA UWUTUPOBAHMUA: bornpaps K.E., Lynaes H.C., iBaHos C.IM., JTanoHos C.B. SHepropecypcosdpeKTmBHbIE KOHCTPYKLMN Mano-
rabapuTHbIX annapaToB oxnaxaeHnsa 060poTHol Boabl // HaHoTexHonornn B ctpoutenbcrtae. — 2020. - Tom 12, N2 6. — C. 339-348. -
DOI: 10.15828/2075-8545-2020-12-6-339-348.

BBEJEHUE

pecypcoB IIPUMEHSIIOTCSI YCTAHOBKU HEITPEPHIB-
HOTO OXJIAXKICHUS 3aMKHYTBIX CUCTEM 000OpPOTHOTO BO-
MOCHAOXEHUS TIpHU AePUIINTE TPUPOTHBIX PECYPCOB.
B ycrmoBusIx pacTyieit KOHIIEHTPAIIUK ITPOMBIIIIICHHBIX
TIPOM3BOACTB MPUMEHEHNE TPaTupeH — MPAaKTUICCKU

I[IIH palOHaJIbHOI'O MCITOJb30BAHUA ITPUPOIHBIX

© boHpapb K.E., Wynaes H.C., BaHos C.., JlanoHos C.B., 2020

eIUHCTBEHHBIN METOM pacceMBaHUS HU3KOITOTCHIIN -
aJIbHOI sHepruu B atMocdepy|1].

I'panupHU TPUMEHSIOTCSI IPAKTHIESCKH BO BCEX
OTpACISIX IIPOMBIIIJICHHOCTHA, OCOOCHHO BEJINKO UX
HCITOJIb30BaHNE B 9HEPTETUUECKOM, XMMUIECKOI, He-
(drenepepabaThIBaIOIIC, METAJUTYPIUICCKOM 1 IPYTHX,
ITOCKOJIbKY Ha CETOTHSIIITHUN IeHb OTBOI HU3KOIIO-
TeHIINAIHLHOTO TeIJIa Ha MEXXMOJICKYISIPHOM YPOBHE
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C TIOMOIIBIO TPAIMpPeH — CaMBbIll ACIIEBHIN CITOCO0,
MMO3BOJISIONINI COKOHOMUTh He MeHee 95% cBexei
BOAHI [2].

Tak KaK «<HaHOTEXHOJIOTUM — 3TO TEXHOJIOTN MaHM -
ITyJIMPOBAHUS BEIIIECTBOM Ha aTOMHOM U MOJICKYJISIPHOM
YPOBHE», a TIPOIIECC TEIJIOMAacCOOOMeHAa B TPaIMPHSIX
MPOUCXOIUT HA MEXMOJIEKYJISIPHOM YPOBHE, TO OH $IB-
JISIETCSTI HAHOTEXHOJIOTMYCCKIAM TIPOIIECCOM.

I'panupHs npencrapiasgeT codoii yCTpoOcTBO, padbo-
TafoIIee o MPUHIIUITY IPOTUBOTOKA BOIBI K aTMOCdEp-
HOTO Bo3myxa [3]. AKTyaJIbHBIM SIBJISICTCSI IIOMCK Hayd-
HO-TEXHUYCCKUX PEIICHUI, TTO3BOJISIONINX ITIepEeBECTH
TIPOMBITIUICHHBIC TIPSIIIPUSITHIS Ha JTIOKATbHBIC CCTEMBI
OXJIaXKIeHMST 000POTHOI BOIBI (MUHUTPAIUPHN), KO-
TOpBIe 00JIee MOOMIIBHBI, 0OCTYKMBAIOT KOHKPETHEIC
TEXHOJIOTMYECKNE YCTAHOBKY WJIU amIiapaThl, MCHEe

9HEproeMku, 3¢ GEeKTUBHBI U 9KOJIOTUYECKU O€30ITaCHBI.
Ilepexon Ha JioKaJdbHbIE CUCTEMbI UCKJIFOYAET MPOTSI-
JKEHHBIC CETH TPYOOIIPOBOIOB, IPOMO3IKOCTh KOHCTPYK-
Ui, MUHIMHA3HUPYET BEIOPOCHI B aTMOC(hepy.

METO/bI 1 MATEPHAJIBI

B HacTos1IIeE BpeMSI IIPOU3BOIUTCS HECKOIBKO TH-
IT0OB MUHUTPagUpPeH, KOTOPBhIC aKTUBHO BHEIPSIIOTCS
B IIPOM3BOACTBO, OMHAKO OHU UMEIOT PSIA CYIIIeCTBCHHBIX
HEIIOCTAaTKOB, KOTOPHIC HE MOITyCKAIOT X IIPUMEHEHIE
KaK 3aMCHY TPOMO3IKUX CHCTEM: MaJIBIi TeTIJIOChEeM
(00yCIIOBIICH TPOTUBOTOYHBIM B3aMMOIEIICTBIEM BOC-
XOISIIETO TMTapOBO3IYIITHOTO ITOTOKA M HUCITaJaroIe-
TO BOITHOTO, KOTOPOE HE 00eCTIeUMBAaET TOCTATOYHOTO
BpEMEHH IIJIST TETUIOMAacCOOOMeHa MpY KOHTaKTe (pa3);
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Puc. 1. ManoraGapurHasi rpaupHs

C BUHTOBBIM BO3IYHIHBIM OTOKOM: | — KOPITYC;

2 — BEHTWISATOP; 3 — TAaHTCHIIMAJbHBII MaTPyOOK;
4 — BUHTOBASI JIMHUS OPOCUTEJISI; 5 —pe3epByap;

6 — BBIXOIHOI TTATPYOOK IS BOIBI; 7 — cHCTeMa
BOIOpACIIpeNeNIUTeIbHAST; 8 — BOIOYJIOBUTEIH;

9 — BBIXOIHBIE TIATPYOKM IIJIST BO3MyXA
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Masast 3(pHeKTUBHOCTh KOHTAKTHBIX YCTPOMCTB (0po-
chTeleii); 0obIoit KarieyHoc [4—8].

OCHOBHOI NPUYNHON HU3KOW 3(PGHEKTUBHOCTHU
MaJIOTabapUTHEIX aIlllapaToB SIBJISICTCS HEITPOIOJIKI -
TeJTbHOE BpeMsI KOHTAKTa OXJIAXKIAIOIIETO BO3MYIITHOTO
TTOTOKA U OXJIaKIaeMOT0 BOITHOTO ITOTOKA, YTO IIPUBOIUAT
K HEBBICOKMM 3HAUYCHMSIM TEIJIOCheMa. DTO CBSI3aHO
C MaJILIMU TabapUTHBIMU pa3MepaMHM 110 CPaBHCHUIO
C BEHTWISITOPHBIMU M OAIlIeHHBIMU TPaTUPHIMHM U TIPO-
TUBOTOYHBIM PEXMMOM B3aMOICIHCTBHS TETIIO00ME-
HUBawmxcs gas.

IIpemraraeTcss UCITOIB30BAaTh BUHTOBOE IBUKCHIE
BOCXOJISIIIETO BO3AYIIHOTO ITOTOKA, YTO 3HAYUTEITBHO
YBSJIMIUT BpeMsT KOHTaKTa (a3 1 IMOBBICUT 3(D(HEKTUB-
HOCTb TEIUIOMAaCOOOMEHHOTO TIpoIecca Ha MeKMOJIe-
KYJISIPHOM ypoBHe. BUHTOBOE B3amMOIECTBIE BOTHBIX

1 BO3IYIIHBIX [IOTOKOB IIPUBOANT K YBEIIMUCHUIO BpeMe-
HM KOHTaKTa ITapOBOI 1 BO3MYIITHOM (Da3 1 yMEHBIICHUIO
TeMIIepaTyphl oXJIaxkmaeMoii Bogbl. Ha prc. 1 mokaszaHa
cxeMa MajiorabapUTHOM TPpaIpHY C BUHTOBBIM ITOTOKOM
BO3MyXa, TJIc OPOCUTETh BHITIOJHEH M3 CJIOEB IIVIMHAPH-
YEeCKUX ITOJIMMEPHBIX STICHCTBIX TPYO 1 YIIOXKEH IT0 BUHTO-
BOI JIMHUY 4 COOCHO JIMHUH BIHTOBOTO TIOTOKA BO3IyXa.

B BomopacmpenemmTeIbHYIO CUCTEMY ITOTBOTUTCS
HarpeTtasl B TEXHOJIOTMIECKOM IIpoIlecce Boma M3 3aM-
KHYTOTO KOHTYpa CUCTEMEBI, KOTOpasi paBHOMEPHO pac-
IIpeaeIIsieTCs TI0 BceMy 00beMy YIIOXKEHHOTO IT0 CITHpa-
JI OPOCUTEIIS, TAC IIPOUCXOINUT Ha MEKMOJICKYJISIPHOM
YPOBHE TEIIOMAaCCOOMEH BOTHOTO 1 BO3MYIITHOTO BUH-
TOBOTO TTOTOKA, CO30aBaCMOTO BEHTUIIITOPOM.

[Tpu TaHTeHIINAIBHOI TTOIaYe OXJIAKIAIOIIETO BO3-
IIYIITHOTO TTIOTOKA B HIDKHEH 9aCcTH MVUTMHIPIICCKOMN Ma-
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0 Puc. 2. MaiorabaputHasi rpaiupHs ¢ BAHTOBBIM
Mo BO3JIYIIHBIM MOTOKOM: 1 — KOPITyC; 2 — BEHTIISITOD;
™ L —— 3 — TaHTeHIIMAJIBHBIN MaTPyOOK; 4 — BUHTOBAS
& JINHUSI OPOCUTENS; 5 — BONOCOOPHBINA pe3epByap;
Bxad bosdyxa L 6 — BBIXOIHOI NaTpy0OK IJIs1 BOAbI; 7 — BOAOpac-
2 MIpeaeTUTEIbHASI CCTEMA;, 8§ — BOMOYIOBUTEIN;
/ 9 — BBIXOITHBIC TTATPYOKU IIJIST BO3MyXa;
> / 3 / 10 — BUHTOBOE OpebpeHue; 11 — monmMepHbIe
d ' STYEUCThIE TPYObI
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JIorabapuTHOM rpafupHU CO31AE€TCS BUHTOBOE IBMXKEHUE
razoBoii (pa3bl. [To Mepe nponBuKeHMsT BO3AYLITHOTO T0-
TOKa BBEPX CKOPOCTb BpalllaTeJIbHOTO ABVKEHUST YMEHb-
111aeTCsl, a BEPTUKAJIbHOTO — YBeJIMUMBaeTcs. B BepxHei
YacTu TpaJpHU BpallleHHE BO3IYIITHOTO MOTOKA MpaK-
TUYECKU OTCYTCTBYET, U OH ABUKETCS IMTOCTYIIATEIIbHO
BepTUKaJIbHO BBepX. Takas opraHuzauus IBUXKEHUS
BO3IYIIIHOTO MOTOKA MO3BOJISIET YMEHBUIUTD B CPETHEM
BEPTUKAJIbHYIO COCTABJISIONILYIO CKOPOCTH 1 YBEJIMYUTH
BpeMsI KOHTaKTa ¢as.

Monudukaumeir 3Toli KOHCTPYKIIUH SBISICTCS
BUHTOBAas1 MajiorabapuTHas rpaiupHs ¢ OpedpeHueEM
(puc. 2), KoTopast COmepKUT KOPITYC C PaCIIOIOKEHHBIMU
MOCJeN0BaTEIbHO BOAOYJIOBUTENIEM, BOAOpACIIpEAeIUTe-
JIEM M OPOCUTENIEM U3 CJIOEB, YI0XEHHBIX TTO BUHTOBOM
JIMHUY TWJIMHIPUYECKUX MOJUMEPHBIX SUEUCTHIX TPYO,
C YCTAaHOBJICHHBIMU B HUKHEHW YacCTU BEHTUJISITOPOM,
BOIOCOOPHBIM pe3epByapoM. C BHYTpeHHEH CTOPOHBI
HAJIUHAPUYECKON TTOBEPXHOCTU TPAIUPHU B YCTAHOB-
JICHOM B HallpaBJIeHUU, TIEPIIeHAUKYISIPHOM JUHUU TT0-
JIMMEPHEBIX TPYO, BUHTOBOE opedbpeHue 10, cocTosiee
M3 YETHOTO KOJIMYECTBA (YEThIpeX U 00Jiee) BUHTOBBIX
nojioc mmpuHoi 0,1 mmamMeTpa TpagTupHH, CMEIIICHHBIX
OTHOCWTEJILHO JIPYT Apyra Ha yron (27/n) pan, toe n —
YKCJIO BUHTOBBIX TTOJIOC, C IIarOM CIIMPAJIM B IBE BbICOTHI
rpajupHU.

Harperasg B TeXHOJOrMYeCKOM Ipoliecce Bojna
13 000POTHOI CHUCTEMBI MOAAETCS B BOAOPACIIPENEIN -
TEJIbHYIO CUCTEMY 7, TIPY MIOMOILM KOTOPOI paBHOMEPHO
pacrpenesieTcs 1Mo nornepeyHoMy Ce4eH1I0 BUHTOBOM
JIMTHAY OPOCUTEJIST 4 U TI0 TIOBEPXHOCTH STICUCTHIX TPYO
11 opocuTensi, Ha KOTOPOI TIPOUCXOAUT TETUIOOOMEH
BOJAHOTO MOTOKA ¢ BUHTOBBIM BO3IYIIHBIM MOTOKOM,
HarHeTaeMbIM BEeHTWJISITOpOM 2. Boma cTtekaert 1o opo-
CUTEJIO, TNIe OXJIaXIaeTCsl TIPU KarneabHO-TIJIEHOYHOM
pexXuMe TeUeHMs U Aajiee MOoCTynaeT B BOJOCOOPHbI
pe3epByap 5. DbPEeKTUBHOCTD NPEUIOKEHHON TpafupHI
00ycIaBIMBaeTCs TEM, UTO I10 BceMy padbouemy oobemy
TpagupHU IIPOXOIUT BUHTOBOE opedpeHue 10, crioco6-
CTBYIOILIEE MOAIEPXKAHWIO BpalllaTeIbHOTO IBUXKEHUS
BO3IYIIIHOTO MTOTOKA, YBEJIMUMBAIOLIEMY BPEMSI KOHTAKTa
OXJIaX/1AI0IEer0 BO3AYIIHOTO M OXJIAXKIaeMOTO BOJHOTO
TMOTOKOB.

Takum 06pa3zom, peaIoKeHHbIE KOHCTPYKIIUKY Ma-
JlorabapUTHBIX aIlIapaToB SBISIOTCS aJibTEpHATUBOM
NeMCTBYIOIIMM TPOMO3AKUM CHUCTEMaM BOA00OOpOTa U
MUHUTPATUPHSIM C TIPOTUBOTOYHBIM OBIKCHHUEM (ha3s.
IIpenynaraemple KOHCTPYKIIMY MO3BOJISIT YMEHBIIUTD
KaIUIeyHOC 3a CYCT MOBBIICHMS 3 (GEeKTUBHOCTH KOH-
TaKTHBIX YCTPOMCTB [9—13] 1 HU3KOM TeMIIepaTypoii OX-
JTAXKICHHOU BOMBI, YBEIMICHUS BpeMeHI KOHTaKTa (a3.

J7151 OLIeHKY U3MEHEHUS BpalaTeJIbHOM U MTOCTyIa-
TEJbHOW COCTABJISIIOILIMX CKOPOCTU MO BBICOTE TPaupPHU
BOCMOJIb3YyeMCSl YpaBHEHMEM HePa3pbIBHOCTU MOTOKA
[14] B ummHAPUYIECKOM CCTEME KOOPINHAT, OCh 7 KO-

TOPOIT COBITAJIAET C OChI0 CUMMETPUHN LVITMHIPUUECKOMN
rpagupHu. B mMImMHIpUYecKoil cucteMe KOOpANHAT
C HETIPOHUIIAEMBIMH CTEHKAMHU pagyaibHas COCTaBIIsI-
foIasi CKOPOCTH TIpeHeOpexknmMo Maja = (.

18 3
~gs T5.9:=0, (1)

IJIe ¥ — PACCTOSTHIE OT OCH BpAIlICHUSI, M;

}, — BpallaTeIbHas COCTaB/IsAIIAsg CKOPOCTH, M/C;

., — BepTHKaJbHAsI COCTABJISIOIIAs CKOPOCTH, M/C.

CKOpOCTBh BpalllaTeJIbHOTO IBIDKCHUS OTIPEICIISICTCS
COOTHOIIICHUEM:

g,=wer, 2)

L€ @ — YIJ0Basi CKOPOCTh BPAalLlEHMSI BO3IYLIHOIO
IIOTOKa, pam/c.

YuutbiBasi, 4T0 J COCTABNAIONIAs CKOPOCTU BO3IYXa
Ha BXOJIe TpaIMpHU paBHA HYJIO, a C YBEIMUCHUEM BbI-
COTBbI HapacTaeT, OyJdeM MCKaTh pellieHue YpaBHEHUS
(1) B BUDE:

8, =e(2) ()

TD? \H

rae G, — o0beMHBI pacXol Bo3yxa, M*/c;

D— muameTp TpagvpHH, M;

H — BBICOTa TPaTUpHU, M;

n — TIOKa3aTellb CTCIICHN.

IMoncrapisst BeipaxkeHust (2) u (3) B ypaBHEHUE He-
IIPEePBIBHOCTH, TTOTYINM:

dw 4nG, z"m 1 -0 4
88  mD® H" )

BBons o6o3nauenue A = 4G /D, v yuuThIBasd, 9TO
00 = @it (T — BpeMsI IBUKCHUS BO3AYIITHOTO ITOTOKA
B I'pagvpHe), ypaBHEeHUE (4) TIPUMET BUI:

109 &1, ()
w Bt Hm
Pemrast ypaBHeHME (4), MOKHO OTIPEICTNTD N3MEHE-
HUE YIJIOBOM CKOPOCTH BO3IYIIHOTO IOTOKA 10 BBICOTE
TpagIvpHU W BPeMEHM IIPeOBIBAHUS B HEIA:
Anzl—1
W= wye HT | (6)

IJI€ @, ONPENENAETCA KOHCTPYKTUBHBIMY Mapame-
TpaMM TPamTupPHU:

46,

Wy = R 7

rae d — mImaMeTp BXOTHOTO MaTpyoOKa, M;

R — panuyc rpaiupHU, M.

Kak BUIHO M3 MOCIIeAHEro COOTHOIICHUS, TT0 Mepe
IBWKCHMS BBEPX IO TpagupHE YII0Basi CKOPOCTh BO3-
IIYIITHOTO TTIOTOKA YMEHBIIIAETCST TI0 9KCIIOHEHITNATEHOMY
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3aKOHY. YUUTHIBas1, 4To Ipu z = Hw — 0, ompeneanm
XapaKTE€pHOE BpEMA Hpe6bIBaHI/I$I BO3AYIIHOTI'O ITOTOKA
B rpaaupHe [15].
[1o ananornu ¢ OIMpeaCICHNUEM BPEMCHU MEPEXOIHDBIX
TIPOLIECCOB ITOJTYYUM:
wiEz=H)==2-0 8
o5 . (3)
H]JI/I OTOM XapaKTE€PHOC BPpEMA Hpe6LIBaHI/I$I BO34YyII-
HOTI0 IOTOKA B I'padAUPHE OIPCACINTCA COOTHOICHUEM

5H _ 5mD®
An  4Gyn’

)

3Has BpEMsA HpeﬁBIBaHI/IH BO3IYILIHOIO ITOTOKA B I'pa-
JUPHE, MOXKHO OINMPEACINTD CPCAHIOIO ITO BBICOTE ITPO-
JOOJIbHYIO CKOPOCTb OBVMKCHMUS:

(9,) =

C nmpyroit CTOPOHBI, CPETHIOI CKOPOCTH IO BBICOTE
MOXHO BBIYUCIIUTH TT0 (hopMyJIe:

@) =219, (az =27 A(2) az =2 )

H

T

An

= (10)

CpapuwuBas BeipaxkeHus (10) u (11), momxyauMm co-
OTHOIICHUE JIJIST OTIPEICIIEHUSI TTOKa3aTeIsl CTeTICHU 7:

n 1

, (12)
5 n+1l

13 KOTOPOTO CIIeAyeT, 9Tto # = 1,79.
TakuMm 00pa3oM, B rpailpHe ¢ TAHT€HLIMATbHBIM
BBOJOM OXJIAXIAIOLIETO BO3IyXa PEalU3yeTCs «BUHTO-

v

BOE» IBUKEHNE BO3MYIITHOTO MTOTOKA, TIPU 3TOM YTJIOBasT
CKOPOCTbh BpaIeHUST yMEHBIIIAETCS 110 BHICOTE TPAAVPHU
10 9KCITOHEHIIMATbHOMY 3aKOHY (6), a IMHeiHast CKO-
POCTb YBEIMUMBACTCS C YBETMUYEHUEM KOOPAMHATHI Z
10 CTETIEHHOMY 3aKOHY:

YUuThIBast, 4TO BpeMs IpeObIBAHNST BO3MYLITHOTO ITO-
TOKa B rpalupHe CBSI3aHO C KOOPIWHATOM Z TI0 hopmyJie
T = z/<0>, MOXHO IIpeoOpa3oBaTh COOTHOLIEHUE (6) IS
OTIpe/IeICHUST YTJIOBOM CKOPOCTH BpaIlleHUS:

P
z TD?

(13)

-4
W= moe_S(E]n. (14)

JIABOPATOPHBIE UCCJIEJOBAHUSA

7151 oTIpeieIeHNST TEXHOJIOTHUYECKIX, THAPOA3POTEeP-
MHUYECKUX XapaKTePUCTUK, a TAKKE MJIST OLICHKY 3P deK-
TUBHOCTHU OXJIaXKIEHMSI 000OPOTHOI BOAKI ObLjIa pa3pado-
TaHa SKCIIEPUMEHTAIbHAs YCTAHOBKA «MajiorabapuTHas
rpavpHS» C BAHTOBBIM BO3IYLIHBIM ITIOTOKOM |16, 17].

AspoamHaMUIeCKHe UCITBITAHUS TTPOBOIMIINCE C IIe-
JIBIO OTIpeieSieHrs KO3 duiimeHTa aapognHAMIIECKO-
TO CONPOTHUBJICHUS C OPOCUTEIS IIJIST MaJoTabapUTHOMN
rpagfupHU C BUHTOBBIM ITOTOKOM U ITPOTUBOTOYHOM
MWHHUTPAIUPHU U B 3aBUCUMOCTHU OT TEXHOJIOTMUECKIX
mapaMeTpoB. [ mapoaspoTepMmuIecKe NCITBITAHNS BBI-
TIOJTHSIIVCH C 1IEJIbIO OIIpeneICHUST M3MEHEHUS TeMIIe-
paTypHl TMPKYISIMAOHHONW BOAB M KO3(M(MUIINEHTOB
TEIUTO- ¥ MACCOOTIAYN Ha MEXMOJICKYISIPHOM YPOBHE.

X—X,, Ke/Kke

0,006

0,005

o

0,004

0,003

0,002

0,001

o o01020304050©06 07 0809 1

hWH

0

t—0,°C
2
1,8
1,6
1,4
1,2
1
0,8
0,6
0,4
0,2
0

Vd

o0 010203040506070809 1

hH

Puc. 3. VIameHneHne BIarocoaepkaHus M0 BBICOTE
opocureJisi

Puc. 4. Vi3MeHeHHe nepenana TeMIepaTypsl BO3ayxa
10 BBICOTE OPOCHTEJISA
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DKCIIEPUMEHTHI TTPOBOIUINCH MPH TIJIOTHOCTSIX
opoleHus 10 ¢ = 12 M*/(M?4), CKOPOCTb BOCXOISIIE-
TO BO3AYIITHOTO ITOTOKa W M3MeHsach ot 0,5 mo 3 m/c,
TeMmIiepaTypa BOIbI, T0JaBaeMasi Ha yCTaHOBKY, 7, 10~
xonmna 1o 30°C.

s mpoBeneHNs THAPOA3POTEPMUICCKIX MCITHITA-
HUI OpOCUTEIIS TPATUPHU HCIIOIh30BaIACh CACIYIOIasT
MeTonrKa.Boma ¢ moMonIbio MUPKYISIIMOHHOTO Hacoca
HaIIpaBJIsIach B 0aK IS TOpsTYeii BOABI, TaM OHA Ha-
rpeBajiach 3JeKTPOHATpeBaTEIIMM IO TeMIIEPaTyPhI
40°Cx1°C 1 mogaBajach 4epe3 2JIEKTPOaKyCTUUeCKIe
Ipeobpa3oBaTesI pacxoa o HallOPHOMY TPyOOIIPOBO-
Iy B BOIOpacTpeeTuTeIbHYIo cuctemy [18—20].

BomopacmipenenuTenpHas cucteMa (TUIOTHOCTD OPO-
meHus1 10 g = 12 M*/(M?4)) pacrpenesisiia BOAHbBINA IIOTOK
TI0 TIIOIIAAN OPOIICHUS pabodeit CeKIINM YCTaHOBKM.
HarpaBieHHBIN HaBCTpedy BO3MYIIHEII ITOTOK CO CKO-
pocthio 0,5...3 M/c co3maBajcs IEHTPOOEXKHBIM TaH-
TeHIIMAIBHBIM BEHTUJIATOPOM. BO3myx mmocTyIran B 5Kc-
TePUMEHTAIbHYIO YCTAHOBKY Uepe3 TaHTeHIIMATbHBIN
naTpyOOK, pacIoIOKEHHBIN B HIKHEI YaCcTH KOpITyca.
OxyaxXmeHHast Ha yCTaHOBKE Boa CTeKayia B BOIOCOOop-
HYIO eMKOCTh 7 1 HACOCOM IT0JaBajIach B eMKOCTD 4 IUTS
TIOCIICAYIONIETO ee HarpeBa. BomooOopOTHBIN ITUKIT 3a-
MBIKAJICS.

[Tpu mpoBeneHNH SKCIIEPUMEHTOB (PUKCHPOBaIach
TeMIIepaTypa BOIbIl MHOTOGYHKIIMOHAIBHBIM ITPU0O0-
poMm AMI-301 Ha BXoze 1 BBIXOJe U3 YCTAaHOBKHU. B Te-
yeHHne 15 MUHYT Ipu paboTe YCTAaHOBKM (IJISI TIpOTpe-
Ba CHCTEMBI) IIPOU3BOMMIACH HACTPOIKA CIICIYIOIINX
mapaMeTpOB: pacXod BOABI — U3MEHEHUEM JaCTOTHI
BpallleHMsT ABUTATEJII Hacoca M IPOCCEINPOBAHUCM,

pacxom Bo3ayxa — OTKPBITUEM U 3aKPBITHEM IITuOep-
HOM 3aCJIOHKH, CKOPOCTb OIIpeAesiiiach IPUOOPOM
AMI-301. [TocTOSTHHO KOHTPOJMPOBAINCH aTMOChep-
HBIE TTapaMETPhI, a UMEHHO BJIAXXHOCTH U TeMIIepaTypa
BO31yXa.

Jlnsa 3amepa TeMIiepatypbl Boasl ipruoopom AMI-301
OHa OTOMpajach HEIIOCPEACTBEHHO IO OPOCHUTEIICM
C IOTIOJTHUTETbHBIM KOHTPOJIEM PTYTHBIM TEPMOMETPOM
(TGL 11 998, knacc TounocTu 1.66, nejneHue IIKaIbl
0,2), Ipu yKa3aHHBIX 3HAYCHUSX TNIOTHOCTHA OPOIIIe-
HUS ¢ U pacxola Bo3myxa. 3aTeM oTpaboTaHHasI Boma
ITIOCTyTIajla B eMKOCTh IUISI HarpeBa, M SKCIIEPUMEHT
TIOBTOPSUICS JUTST CIICAYIOIINX TTOKAa3aTe/Ieil ITNIOTHOCTH
OpOIIIEHUS M pacxoja Bo3myxa [21, 22].

HccnenoBaHus 110 ONIPEICICHUIO a3pOTUIPOINHA-
MHMYECKUX XapaKTepUCTUK TAKKe TTPOBOIMIINCH IO BBI-
IIeyKa3aHHOM METOIMKE, HO C JOITOJTHEHUEM 3aMepOB
Ha TIOTePH JaBJICHUS B BO3AYIITHOM ITOTOKE IO OPOCH-
TEJIST U TIOCTIC HETO.

W3 aHanmm3a sKCTepUMEHTAIBHBIX TaHHBIX IJIST Pa3-
paboTaHHBIX KOHCTPYKIMWI TpagvpeH CIEOyeT, 4YTO
BJIArOCOMEPXKaHUE X U TEMIIEPATypa f, BO3yXa B 00b-
€Me IT0 BBICOTE OPOCHUTEJIST U3MEHSICTCS TTO CTETICHHOMY
3aKOHY (a He 10 TMHEWHOMY, KaK CUNTAIOCh IPYTUMH
WCCTIEIOBATENSIMU).

x(h) =x+k, h, (15)

1 (h)=0+k, I, (16)

e k, = (x,—x)/H*; k, = (t ,—0)/H"; 0 < h < H. (17)

Lg (WH)

g

-2,5

-2

N

N
g

Lg (x—x,)

Lg(/H)

-1,5

D

-1 -0,5

H
(€]

N

7

No
(€]

Lg (t-0)

Puc. 5. I3MeHeHne nepenaja BJIarocoaepKanus U TeMnepaTypbl o BbICOTE OPOCHUTEIS

B JIorapu)MUIECKOii HHTEPIPETAIIUN
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KoHCTaHTHI a 1 b HaXOISITCS OIBITHBIM ITyTEM M3 3a-
BUCUMOCTE x(h), £ (h) (puc. 3, 4) B TorapupMuyecKoi
WHTepIIpeTannu (puc. 5).

Kpwussle B morapruMUIecKUX KOOpAMHATAX TIpe-
CTaBIISIIOT JIMHEHBIC 3aBUCUMOCTH, M TAHTCHC yIia
HAKJIOHA COOTBETCTBYET ITOKA3aTEISIM CTCIICHE: a =
0,83, b =1,25.

W3 ipuBeneHHBIX (hOPMYJT MOXKHO BBIYMCIUTH KO-
3 GULMEeHT MacCOOTIAYN:

W3 skcnepuMeHTaIbHBIX JaHHBIX MOXHO OLIEHUTb
K03(D(PUIMEHTH MaccOOTAa4YM 5 U TEIUIOOTAAYHM Q,
(Tabm. 1 u 2).

AHaJIN3 [MOJTy4eHHBIX 3aBUCUMOCTE ITO3BOJISIET ClE-
JIaThb CJICAYIOIIKE BHIBOIBIL:

— KO3(M(PUIMEHTBI MACCOOTIAYH 5 ¥ TETUIOOTIAYHM «,
HCCIIEIyeMOI BAHTOBOM MUHUTPAAUPHHU IIPU PABHBIX
IJIOTHOCTSIX OPOLIEHUS K CKOPOCTSIX BOCXOMISIILIErO
BO3IYIIHOIO IOTOKA 2 M/C IIPEBBILIAIOT KOA(DDUIII-
€HTHI IIPOTUBOTOYHOM Ha 20%;

Bev = o oo Y ———— . (I8)  — HauMHas C IUIOTHOCTH OPOIIEHHs ¢ = § M’/MPuac,
R SR RO B o K03(DGULMEHT MacCOOTAauM 3 BUHTOBOM MUHM-
rpagdpHu UMeeT HauOo Ibliee 3HaYeHUE U JePXKUTCSI
Ha OJHOM YPOBHE.
Tabauya 1
Pe3syabraThl Hccen0BaHMil HA Ta00PATOPHOIl YCTAHOBKE MHHUTPAJMPHH ¢ BUHTOBBIM IIOTOKOM BO31yXa
Ne ombiTa 1 2 3 4 5 6
[l1oTHOCTH OpOLIEHMS ¢, M3/M>Uac 2 4 6 8 10 12
Temmneparypa Bo3myxa Ha Bxoze 6, °C 14,2 14,2 14,2 14,2 14,2 14,2
Temnepatypa Bo3yxa Ha BbIxoze 7 ,, °C 15,3 16,8 16,9 17,0 17,2 16,8
BriaxkxHOCTB OKpy>Xaromero Bo3uyxa @,, % 60 60 60 60 60 60
BraxxHocTh Ha BbIXOIE U3 TPAUPHU @, % 77 78 79 79 80 80
W3meHeHMe sHTaIBINN Bo3ayxa Af, I3K/Kr 15130,5 | 17150,3 | 17418,1 17611,7 | 18048,5 | 18048,5
Temmneparypa Bonsl Ha Bxozne 7, °C 27,5 27,6 27,5 27,5 27,6 27,5
Temmeparypa Bozbl Ha BbIxoze £,, °C 20,0 18,9 18,0 17,8 17,7 17,7
Temnosast momHocTs Q, Bt 6930,0 | 7946,4 | 8778,0 | 89628 9147,6 9055,2
Kosdduument remnoornaun a,, Br/m’K 1534,4 1552,2 1688,3 1704,8 1708,5 1708,5
Kosdduument maccoornauu 3, kr/m’c 1,53 1,54 1,68 1,70 1,70 1,70

Tabauya 2

Pe3yabraThl Hccie10BaHuii HA TA00PATOPHOI YCTAHOBKE MUHUIDAMPHHU C IPOTHBOTOKOM

Ne onbiTa 1 2 3 4 5 6
[l1oTHOCTH OpOLIEHMS ¢, M3/M>Uac 2 4 6 8 10 12
Temmneparypa Bo3myxa Ha Bxoze 6, °C 14,2 14,2 14,2 14,2 14,2 14,2
Temnepatypa Bo3nyxa Ha BbIxoze 7 ,, °C 16,3 16,3 16,4 16,5 16,6 16,4
BriaxxHOCTB OKpy>XaroLero Bo3uyxa @,, % 60 60 60 60 60 60
BraxxHocTh Ha BbIXOIE U3 TPAUPHU @, % 75 75 75 76 77 77
HsmeHeHue sHTanbIMK Bo3ayxa Ai, JIx/kr 17168,9 | 17168,9 | 18028,5 | 18444,1 | 18366,6 | 18028,5
Temneparypa Bonbl Ha BXoze £, °C 27,5 27,5 27,5 27,5 27,6 27,5
Temnepatypa Bozibl Ha BbIxOJIE 7,, °C 21,5 20,2 19,6 19,4 19,6 19,6
Temnosast momHocTs Q, Bt 5544,1 6837,6 7392,1 7207,2 7114,8 7207,2
Kosdduument remnoornaun a,, Br/m’K 1081,7 1334,2 1359.4 1359.4 1356,7 1356,4
Kosdduument maccootnauu 3, kr/m’c 1,08 1,33 1,35 1,35 1,35 1,35
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Puc. 6. 3aBUCHMOCTb OTHOCHUTEILHOTO Niepenaa TeMnepaTypbl 000POTHOM BOIBI OT CKOPOCTH BO3AYHIHOTO MOTOKA

Hnst cpaBHEHNS 3(PDEKTUBHOCTH OXJIaXICHNUS 000-
POTHOI BOIBI B MUHUTPAIPHE C BUHTOBBIM ITOTOKOM
BO31IyXa U IPOTUBOTOYHOM TPagvPHU OBLIN IIOCTPOCHEI
CpaBHUTEIbHBIC TpapUIecKe COOTHOIICHNSI OTHOCH -
TEJILHOTO TIepelrama TeMIepaTypbl BOOLI OT CKOPOCTH
BO3IYILIHOrO MoToka (puc. 6). OTHOCUTEILHBIN Iepena
TeMIepaTypbl OOOPOTHOI BOABI Ompenessics mo Gop-
MyJIe:

n=(t—-1)/t,. (22)

AHaI13 MOJIyIeHHBIX 3aBUCUMOCTEH B pe3ysbTaTe
SKCIIEPUMCEHTATBHBIX MCCIICIOBAHUI TTO3BOJISICT CAC/IATh
CJICITYTOIINIC BEIBOMIBL;

— JUTSI ICCIIeAYeMBIX MaJIorabapuTHBIX TPaTUpPEH B MH-
TepBaJie CKOPOCTEM BOCXOMSIIIETO BO3MYIITHOTO ITOTOKA
1o 0,7 M/C OTHOCUTEIBHBIN TIepenan TeMITepaTyphl
BOIBI IUTSI BAHTOBOM 1 IIPOTUBOTOYHOM I'pallpeH OT-
JIMYAETCST He3HAYNTEIIBHO;

— B MHTEpBaJie CKOPOCTEH BO3MYIIHOTO IToToKa oT 0,8
1o 2,4 M/c HaOIromaeTcs MOBBIIICHUE 3HAYCHMST OT-
HOCHUTEJILHOTO TIeperana TeMIlepaTypbl BOIBI B MU-
HUTpagupHE C BUHTOBBIM ITOTOKOM OTHOCHUTEIBHO
MPOTUBOTOYHOM;

— TIpU JaJTbHEHIIEeM ITOBBIIICHUN CKOPOCTU BO3IYIII-
HOTO TTOTOKA 3(PHEeKTMBHOCTh BUHTOBOM MUHUTPA-
JIUPHU IIPEBBIIIAET IIPOTUBOTOYHYIO ~23%.

[1pu asponHAMIYECKIX UCITHITAHUSIX PACCUNTHIBAII-
¢ K03 PUIIMEHT a3pOINHAMIICCKOTO COITPOTUBICHUS
Eop no popmyne Beiicoaxa.

M3 sKcnepuMeHTaJbHBIX JAaHHBIX CICOYEeT, 9TO
B MHTEPBaJie CKOPOCTH BO3AYIIHOTO ImoToka 0,5—3 M/c
U IUIOTHOCTU opoiueHus 0 — 12 m3/(M?4) 3HaYeHUS

Ko pumreHTa Eop IJTST MCCIIeIyEeMBbIX HacaIOIHBIX
YCTPOMCTB MUHUTPAOTUPHU C BUHTOBBIM ITOTOKOM
1 TIPOTUBOTOYHON MUHUTPAIUPHU HAXOISITCS B TIpeIe-
nax ot 12 o 24 M.

TaxkuM 06pazoM, 3aBUCUMOCTh KO3 dUITMEHTa a3po-
ITUHAMHIYECKOTO COITPOTUBIICHUS OT CKOPOCTHU BO3MYIII-
HOTO TTOTOKA ISt UCCIIEAYEMBIX KOHCTPYKIIMI OPOCHTe-
JIeii MOKHO TIpEACTaBUTh B BUIIE:

lg’éop =K,—K, IgRe, (23)

e Eop — K03 DUIIMEHT a3pOINHAMIYECKOTO COITPO-
TUBJIEHUSI OPOCUTENIST, M}

Re — yucno PeitHonbaca;

K,, K, — KoahbuimeHTsI.

Oo6masg hopmyia 1Is oripeaeeHust KoadUuiineHTa
a3POINMHAMUYICCKOTO COIPOTUBJICHUST B 3aBUCIMOCTH
oT Kkputepus PeliHobACa MPU MIOTHOCTSIX OPOLLIEHUS
0—12 mM*/(M?4) umeeT BUA:

& =e23kK1/Ref2, (24)
e e — OCHOBaHME HaTypaJbHOTO JIoraprudma;

K,, K, — KoahbuimeHTsI.

BbIBO/IbI

1. PazpaboTtaHbl KOHCTPYKILIMU MajorabapuTHBIX
aImapaToB OXJIAXKICHUSI 000POTHOM BOIKI C KaIleJIbHO-
IUICHOYHBIM OPOCUTEJIEM U3 TIOJMMEPHBIX MATCPUAJIOB,
IIPUMEHEHNE KOTOPBIX IIO3BOJIMT ITOBEICUTH 3(D(EKTUB-
HOCTh HAHOTEXHOJIOTMIECKOTO TIPOIIeCcca TEIIOMACCOo-
0o0MeHa Ha MEeKMOJICKYJIIPHOM YPOBHE.
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2. Co3gaHa KCIIepMMEHTaIbHAST yCTAHOBKA IS ITPO-
BEICHUS a3pOIMHAMUYCCKIX U THAPOA3POTEPMIUCCKIX
KUCIIBITAHUI BUHTOBOTO MajorabapuTHOrO amiapara
oxJIaxaeHus1 060pOTHOM BoAbl. OmpeneieHa TeOpeTu -
YyecKas 3aBUCUMOCTh M3MEHEHUSI BpallaTeJIbHOM 1 Bep-
TUKAJbHO MOCTYNATEIbHO! COCTABJISIOIINX CKOPOCTH
BO3IYILIHOIO ITIOTOKA I10 BhICOTE rpanupHu. [lokasaHo,
YTO BpalllaTe/IbHAsl COCTABIISIONIAs yObIBAET C yBeInde-
HHUEM BBICOTHI [10 9KCIIOHEHLIMAJIbHOMY 3aKOHY, a Bep-
THUKaJIbHAsI COCTABIISIONIAS BO3PACTAET 10 CTEIIEHHOMY
3aKOHY C TToKa3artejieM crerieHu ~1,79.

3. YcTaHOBIIEHO, YTO BJIAroCOAep:KaHue X U TEM-
nepaTypa BO3yXa f B 00beMe IO BBICOTE /& OpOCHUTe-
Jisl U3MEHSIETCS 110 CTEIIEHHOMY 3aKOHY, B YaCTHOCTHU

CIIUCOK JINTEPATYPbI

JIUIS1 BAHTOBOM rpaflpHU IPOHOPLIMOHAIBHO A% (st
BJIarocoaepxaHus), A2 (11s1 TeMiepaTypbl BO3Iy-
xa). OmpeneneHo, 9TO KO3(PPUIIMEHTHI MacCOOTIauN
B, ¥ TEMIOOTIAYU @, BUHTOBOM MUHUIPAIUMPHU Ha
MEXMOJICKYISIPHOM YPOBHE ITPU PaBHBIX TIOTHOCTSIX
opoiteHus 60JbIe Ko3(QdUIMEHTOB NPOTUBOTOUHOM
MuHurpaaupHu Ha 20%.

4. DKCIIepUMEHTAILHO OIpeeicHa 3aBUCUMOCTh
K03 PUIIMeHTa a3pOINHAMIYECKOTO COTIPOTUBIICHUS
BUHTOBOTO OPOCHUTEJIS TPagTupHU OT KpUTepus Re st
BO3IYITHOTO MTOTOKA 1 YCTAHOBJICHO, YTO OH YMEHbB-
1maetcs Kak Re~ 2, mokasarenb crenenu K, nusmensercs
B uHTepBaie 0,114--0,193 B 3aBUCUMOCTH OT INTOTHOCTH
OPOIIICHUS.
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als for review only if the reviewer is able to allow for sufficient time as to ensure the quality his or her work.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

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

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

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

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

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

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

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

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

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

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

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

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

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

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

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

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

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

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

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

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

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

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

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

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

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

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

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

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

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

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

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

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

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

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KeHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

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

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

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX y>Ke COBEPLUEHHOIO W NOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

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

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.
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AUTHOR GUIDELINES

Admission of articles

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

The authors of the materials published in the journal permit using their content according to the license Creative
Commons 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 include 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 papers; reviews; discussing materials, comments, other information materials.
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The structure of the paper

Article type (In English)

Title (In English)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In English) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

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 English)

KEYWORDS: (In English)

ACKNOWLEDGMENTS: (if available) (In English)

FOR CITATION: (In English)

Text of the paper: (In English, number of words 3000-6000)
o INTRODUCTION
e METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In English)

INFORMATION ABOUT THE AUTHOR(S) (In English)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.

Article type (In Russian)

Title (In Russian)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In Russian) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

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 Russian)

KEYWORDS: (In Russian)

ACKNOWLEDGMENTS: (if available) (In Russian)

FOR CITATION: (In Russian)

Text of the paper: (In Russian, number of words 3000-6000)
o INTRODUCTION
« METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In Russian)

INFORMATION ABOUT THE AUTHOR(S) (In Russian)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.
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Manuscript text

File format
The editors accept texts saved using Microsoft Word in either the .doc or .docx format. If you are using Word 2007,
save the file only in the .doc 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.

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.

References to non-Russian language articles:

Surname Intials, Surname Intials Article title. Name of journal. Year, Volume (Number): 00-00. DOI: 10.13655/
1.6.1234567.

Example: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020: 4(142): 49-51. DOI: 10.5604/01.3001.0014.0933

References to non-Russian language monographs:

With 1-3 authors:

Surname initials, Surname initials. Book title. Number of reprinting. City: Publisher; The year of publishing.

Indication to the editor or compiler:

Surname initials. Surname initials. Surname initials, editors. Title. Number of reprinting. City: Publisher; Year of
publishing.

Example: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

Journal title and the title of monographs and collections are written in italics. After the initials a period (.) is used.
Between the author’s name and initials no comma is used.
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Reference to Russian language sources:
Example: Lindorf L.S., Mamikoniants L.G. Operation of turbine-generator with direct cooling. Moscow: Energia;
1972. (In Russ.)

References to internet sources:

The name of the material on the site [site]. Name of the site; year [updated: date of update; date of citation]. Avail-
able: link to the site.

Note: preferably indicate a link to the material from the site, which is mentioned in the article. A link to your
homepage is not informative and does not allow for verification of the information.

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 MPUMEHEHUS HAHOMATEPVANOB Y HAHOTEXHOJIOT I B CTPOUTENBCTBE M CTPOUTESIbHBIX MaTepuasax; LLeMeHTHbIE U
Lpyrve BaXyLyue ¢ MMHepPanbHbIMU 1 OPraHNYeCcKUMU fobaBKaMu; AMArHOCTKA HAHOCTPYKTYP U HAaHOMaTepranos
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 npuHumMaet K ny6nnkaumm: opurrHasbHble CTaTbl; 0630pPbl; AUCKYCCMOHHbIE MaTepuasbl, KOMMEHTa-
puu, apyrue nHbOPMaLMOHHbIE MaTepuarbl.

CTpyKTypa cTtatbm

Tun cTatby (Ha aHMMINCKOM A3blKe)

3arnasue (Ha aHMMUNCKOM A3bIKe)

ABTOPp(bI) (Ha AaHMIMICKOM A3bIKe): 06A3aTeNIbHOE YKa3aHve MecTa paboTbl KaXKAoro aBTopa, ropog, CTpaHa (He-
06xoanmo ykasbieaTb ORCID aBTOPOB — 3en1eHbI 3HAUOK PAAOM C baMuvelt C yKazaHHOW Mo HAM rMnepccbiikon Ha
cTpanuyy ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALIMY, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTaMm caenatb BbIBOA4 O KAauyecTBe U COAepaHuy CTaTby (pestome [OKHbI OblTb MHPOPMALMOHHbBIMY,
OpPUrMHaNbHbIMK, cofepXaTb HOBU3HY, OCHOBHble pe3ynbTaTbl MCCIe[OBAHUN, CTPYKTypupoBaHHbIMKU no IMRAD
(Introduction, Methods and Materials, Results and Discussion), KoMnakTHbIMY — yKnagbiBatbcst B 200-250 coB) (Ha
AHINNNCKOM fA3blKe)

KJTIOYEBDIE CJIOBA: (Ha aHIMIMICKOM fA3blKe)

BJIATOOAPHOCTMU: (npy Hanuumnm) (Ha aHINNCKOM A3bIKe)

ANnAa UUTUPOBAHUA: (Ha aHMMNINCKOM A3bIKe)

CraTbA (Ha aHMNINCKOM A3blKke, 06bemM — 3—6 TbIC. C/TIOB):
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
o PE3YJIbTATDI
o OBCYXOEHUE
o 3AKJIIOMEHUE (BbIBOAbI)

CMUNCOK JINTEPATYPbI: (Ha aHrMunNCKOM si3blKe)

MHOOPMALIUA Ob ABTOPE(AX): (Ha aHrNMINCKOM A3bIKe)

Nms, otuectBo (Mpy Hanuumm), bamunus, yueHasa CTeNeHb, yYeHOE 3BaHUe, JOMKHOCTb, MecTo paboTbl, ropos,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa UHTEpPECoB.

YOK

Tvn cTaTby (Ha PyCcCKOM A3biKe)

3arnaBue (Ha pycCKOM fA3bIKe)

ABTOPp(bI) (Ha PyCcCKOM fA3bIKe): 00A3aTeNIbHOE YKa3aHMe MecTa paboTbl KaXJoro aBTopa, ropof, CTpaHa (Ha pyc-
CKOM fA3biKe) (Heobxoaumo ykasbiBaTb ORCID aBTOPOB — 3e1eHblll 3HAUYOK PsAAOM € GaMunven ¢ yKasaHHOW Mo HUM
rmnepccbinkon Ha cTpanuly ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALIMK, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTam ciefiaTb BbIBOJ O KAaUeCTBE U coflepKaHUm CTaTby (pe3tome JOSKHbI 6bITb MHGOPMALMOHHBIMM, OpU-
rMHanbHbIMK, COAePKaTb HOBU3HY, OCHOBHbIE pe3yNbTaTbl NCCNeA0BaHNN, CTPYKTYpupoBaHHbiMK o IMRAD (BBe-
LEHVE, MeTolbl Y MaTepuarsbl, pe3ynbTaTbl, 06CyAeHre, 3aKoueHre (BbIBOAbl)), KOMMNAKTHbIMY — YKaAblBaTbCA B
200-250 cnoB) (Ha pycCcKoM A3bIKe)

KJTIOYEBDBIE CJIOBA: (Ha pycckom A3bIKe)

BJIATOOAPHOCTU: (npu Hanuumm) (Ha PyCCKOM A3bIKe)

ONA UUTUPOBAHUA: (Ha pycckom A3biKe)

CraTbs (Ha pycckom si3blKe, 06beM — 3-6 TbIC. CJIOB)
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
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« PE3YJIbTATbI
o OBCYXAEHUE
« 3AKJITIOMEHUE (BbIBOAbI)

CNUCOK JIUTEPATYPbI: (Ha pycckom A3blke)

MHOOPMALUA Ob ABTOPE(AX): (Ha pycckom A3blke)

®amunus, Ms, OTYECTBO (NPU HaNMUUK), yY4eHasa CTeneHb, yYeHoe 3BaHue, AO/MKHOCTb, MecTo paboTsl, ropog,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa MHTEpPECOoB.

OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuuma npuHUMaeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B ¢opmate .doc unu .docx. Ecnv Bbl
pabotaete ¢ Word 2007, coxpaHanTe dain Tonbko B dpopmaTe .doc.

OdopmneHne

« uncnonb3ynte wpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMOoNb3ynTe NogyepKrBaHMe BHYTPU TEKCTa (419 MOA3arosoBKOB MCMOJb3ynTe MONY>KMPHOE HavepTaHue,
LNA BblAENEeHNA B TEKCTE — KYPCUB);

+  MHOCTPaHHbIe Ha3BaHMA (KypHasoB, OpraHnu3auui 1 T.4.) cnefyeTt OCTaBAATb B OPUTMHANeE, 3aK/ioyaTb B KaBblUKU.

A66peBuatypbli
Bce ab6peBmaTypbl 4OMKHbI ObITb paclundpoBaHbl NPy NepBoM ynotpebneHnun. Ecnn abbpesnatyp MHOFO, MOXKHO
caenatb C1CcoK ¢ pacdpOoBKOI KaxK4on U3 HUX Nepes TeKCTOM CTaTby.

Tabnuubl v pUCYHKN

Bce Tabnuubl v PUCYHKM BOMKHbI ObITb MPOHYMEPOBAHbI U HAa3BaHbI, Ha HYX JO/MKHA ObITb OTCbIIKA B TEKCTE CTa-
Tbu. B Tabnuuax He JOMXKHO GbITb NYCTbIX rpad. PUCYHKM AOMKHBI GbITb XOPOLLIEro KauecTsa, MPUroAHble 4f1s nevaTtu.
MpurKnaabiBatoTCs K CTaTbe OTAeNbHbIMYK dannamu.

YT106bI NPOBEPUTH KAUECTBO 1300paXKeHNs, MOXKHO YBENNUUTb ero. XopoLuee n306paxKeHre He pa3mbIBaeTCA Npu
yBenmyeHuu.

CHoCKIn
Mpu HeO6XOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW HymepaLuel (apabckre Lndpbl) No BCEMY JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PAbOT, KOTOPbIE YNOMUHAKOTCA B TEKCTE, LOMONHUTENIbHAsA MHbOPMaLus.

OdopmneHune uuTaT U CNNCKa NUTEpPaTypbl
B >KypHane npuHAT BaHKyBepCKMiA CTUIb LIUTUPOBaHKA (OTCbINIKA B TEKCTE B KBaAPATHbIX CKOOKaXx, mosHoe 6rbnu-
orpaduueckoe onricaHne NCTOUYHKKA B CMIMCKe IUTEPATYPbI B MOPALKE YNIOMVHAHWUSA B TEKCTE CTaTbM).

Cnucok nutepartypbl

B cnvicok nuTepaTtypbl BKNIOYAOTCA UCTOYHUKN, UCMOMb3yemMble B TeKCTe cTaTbi. CCbIIKM Ha MPUHATbIE K NybnuKa-
LW, HO eLle He ony6NIMKOBaHHbIE CTAaTbU, AOMKHbI ObITb MOMeUEeHbl CJIOBAMU «B MeYaTuy; aBTOPbl JOJIXKHbI MOYYnTb
NMMCbMEHHOE pa3pelleHmne As CCbISIKU Ha Takue JOKYMEHTbI U MOATBEPXKAEHME TOro, YTO OHUW MPUHATbI K NevaTu.
NHdpopmaLma 13 Heony6/IMKOBaHHbIX UCTOYHUKOB JOJIXKHA OblTb OTMEUYEHA C/IOBAMUW KHEOMYOJIMKOBAHHbIE AaHHble/
LOKYMEHTbI», aBTOPbI TaKXKe OJIKHbI MOJyYnTb MMCbMEHHOE NOATBEPXKAEHVE Ha UCMOJIb30BaHME TakUX MaTEPUANOB.

CcbINKM Ha CTaTbl U3 UHOCTPAHHbIX ICTOYHUKOB:

'®amunus N.0., 2Oamunua N.0. HassaHue ctatbun. Ha3saHue xypHana. lfog; Tom (Homep): 00-00. DOI: 10.13655/
1.6.1234567.

Mpumep: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020:4(142): 49-51. DOI: 10.5604/01.3001.0014.0933
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CcbIIKM Ha MOHOTrpadUM Ha MIHOCTPAHHOM Ai3blKe:
C 1-3 aBTOpamMu:
'®amunus N.0., 2Oamnnma N.0. HazBaHue KHuru. Homep nepensganus. lopon: Mizgatenbctso; o nsgaHus.

YKasaHue Ha pefaKTopa Unv coctTaBuUTens:

'®amunus WN.0., 2Oamunus WN.0., *Oamunusa WN.0., pegakTtopbl. HazsaHue. Homep nepenspanusa. lopoa: N3patens-
cTBO; [oa n3gaHus.

Mpumep: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

MaBa ns moHorpadum nnm c6opHmnKa:

'®amunus M.0. 'HassaHue. B: Qamunusa UN.0., pegaktop. 2HazsaHre. Homep nepeusganus. lopopa: Mi3patenscTso;
[on n3pgaHus.

Ha3BaHue >kypHana 1 Ha3BaHVe MOHOrpaduin 1 COOPHUKOB BbIAENAETCA KYPCUMBOM, NMOC/E MHULMANOB CTaBATCA
Touku. Mexxgy bamunven aBTopa 1 MHMLManamy 3anaTas He CTaBUTCA.

CcbInKM Ha CTaTbll Ha PYCCKOM fi3biKe

'®amunus N.0., 2Qamunus N.0. HazeaHwne ctatbu // HazsaHue xypHana. - log. — Tom (Homep):00-00. ['Familia 1.0.,
2Familia I.0. MNepeBog Ha3BaHWA cTaTbU. TPAHCUT Ha3BaHUsA XypHana/OdurumnanbHoe Ha3BaHUE Ha aHTIMIACKOM A3bl-
ke. fop; Tom (Homep):00-00. (In Russ.)]]

Mpumep: NiBaHos J1.A., MymuHoBa C.P. HaHoTexHOnornm n HaHomaTtepurasbl: 0630p HOBbIX M306peTeHnin. YacTb 1//
HaHoTtexHonorum B ctpoutenbctee. — 2017. -9 (1): 88-106. — DOI: 10.15828/2075-8545-2017-9-1-88-106.

[lvanov L.A., Muminova S.R. Nanotechnologies and nanomaterials: review of inventions. Part 1. Nanotechnologies
in Construction. 2017; 9 (1): 88-106. DOI: 10.15828/2075-8545-2017-9-1-88-106. (In Russian)]

CcbInKuy Ha MOHorpadm Ha PyCCKOM A3bIKe:

'®amunus N.0. HassaHue moHorpadun. — fopog: M3patenbctso, rog. — 000 c. ['Familia 1.0. MepeBop Ha3BaHWsA
MoHoorpaduu. Gorod: Izdatelstvo; god. (In Russ.)]

Mpumep: NMnHpgopd J1.C., MamukoHwmaHTc J1.I. SkcnnyaTauus TypboreHepaTopoB C HEMNOCPEACTBEHHbBIM OXTaXAeHN-
em. — M.: DHeprusa, 1972. - 352c.

CCbINKM Ha MHTepPHET-pecypcbl:

Ha3BaHue caiita [DnekTpoHHbIn pecypc] — URL. — (gaTta obpalieHns).

lMpumeyarue: NPeaNoOYTUTENBHO YKa3biBaTb CCbIIKY Ha MaTepua C canTa, KOTopbIi yroMuHaeTcAa B cTaTbe. Ccbin-
Ka Ha rMaBHYI CTPaHWLY He MHGOPMATMBHA 1 He AAaeT BO3MOXHOCTb MPOBEPUTb UHGOPMaLUiO.

ABTOpCKMe npaBa

ABTOpbI, NYOGNMKYIOLME B XKYpPHase, COrMaLLaloTCA CO Cefy oL nMm:

1. ABTOpPbI COXpaHsAIOT 3a cOOO aBTOPCKME NpaBa Ha paboTy 1 MPefOCTaBAAIOT XKypHany NpaBo nepBoi nybnvka-
umnmn paboTol.

2. ABTOpPbI COXPaHAIOT NPaBO 3aK/oYaTb OTAENbHbIE KOHTPAKTHbIE AOFOBOPEHHOCTM, KacatoLMeCs HEIKCKITIO3MB-
HOro pacnpocTpaHeHusa Bepcun paboTbl B onybnnkoBaHHOM 3fechb BuUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6nmKaLmnio B KHUTE), CO CCbISIKOM Ha ee OpUTMHanbHyo Ny6nmKaLmio B 3STOM XXypHare.

3. ABTOpbI MMEIOT MpaBo pa3meLLaTb Ux paboTy B ceTu IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWUANLLE UAN HA
nepcoHaibHOM caliTe) O 1 BO BpPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXeT NPUBECTM
K NPOAYKTMBHOMY 06CYXAEHMIO N 6OMbLIEMY KONIMYECTBY CCbISIOK Ha AaHHYI0 paboTy.

MpuBaTHOCTb

MmeHa n agpeca 3J'IeKTpOHHOVI NMoYTbl, BBEJEHHbIE Ha CalTe 3TOro KypHana, 6yp,yT MNCNob30BaHbl NCKNKOYNTENb-
HO AnA uenen, 0603HaY€eHHbIX 3TVM XKYpPHaJioM,  HE 6y,El,)/T MCcnosib30BaHbl AnA Kakux-nn6o Bpyrmnx uenem nnu npeno-
CTaBneHbl Apyrum nnuam 1 opraHn3saunAam.

http://nanobuild.ru 362 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

NANOTECHNOLOGIES IN CONSTRUCTION: PJ k)
2 0 2 1 A Scientific Internet-Journal ano u

n3 HAHO cTtpowntca FN'MIrAycnex!
GlGAsuccess is built from NANG!

The editors are pleased to invite you to publish your materials in the Internet-Jounal

www.nanobuild.ru e-mail: infofdnanobuild.ru
JANUARY FEBRUARY MARCH

Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su

17 2 3 1 2 3 4 5 6 7 1 2 3 4 5 6 7

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

25 26 27 28 29 30 31 29 30 31
APRIL MAY JUNE
Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa Su
1 2 3 4 1 2 1 2 3 4 5 6

5 6 7 8 9 10 1 3 4 5 6 7 8 9 7 8 9 10 11 12 13
12 13 14 15 16 17 18 0 11 12 13 14 15 16 14 15 16 17 18 19 20
19 20 21 22 23 24 25 ho
26 27 28 29 30

JULY

Mo Tu We Th Fr Sa Su
1T 2 3 4

5 6 7 8 9 10 M
12 13 14 15 16 17 18
19 20 21 22 23 24 25
28 29 30

AUGUST
We Th Fr

SEPTEMBER
We Th Fr
1T 2 3
8 9 10
17
24

4 5 6
1M 12 13
18 19 20

25 26 27

OCTOBER
We Th Fr
1
8

NOVEMBER
We Th Fr
3 4 5
10 11 12
17 18 19
24 25 26

DECEMBER
We Th Fr
1T 2 3
8 9 10
17
24
31

22
29

e \suecess is built from NANGC



HAHOTEXHOJ1IOTMU B CTPOUTEJIbCTBE: N b
2 0 2 1 Hay4HbIA UHTEPHET-)XYpPHan ano u
n3 HAHO cTtpowntca FN'MIrAycnex!
GlGAsuccess is built from NANG!

Pepakuus npurnawaet K ny6nukaumm matepuanos B UHTepHeT-)XypHane

www.nanobuild.ru e-mail: infofdnanobuild.ru
AHBAPb ¢ JANUARY ®OEBPAJIb « FEBRUARY MAPT ¢ MARCH

MH BT Cp yT aT C6 BC MH BT Cp yT nTt C6 BC MH BT Cp yT nTt C6 BC

17 2 3 1 2 3 4 5 6 7 1 2 3 4 5 6 7

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

25 26 27 28 29 30 31 29 30 31
ATIPEJTb » APRIL MAI ¢ MAY NHOHb » JUNE
MH BT cp 4T nT cb BC mH BT cp 4T nr cb BC MH BT cp 4T nT cb BC
1T 2 3 4 T 2 1T 2 3 4 5 6

5 6 7 8 9 10 1 3 4 5 6 7 8 9 7 8 9 10 11 12 13
12 13 14 15 16 17 18 0 11 12 13 14 15 16 14 15 16 17 18 19 20
19 20 21 22 23 24 25 ho 19 20 21
26 27 28 29 30 26 27 28

NIOJIb e JULY

MH BT cp yT nt cb BC

ABTYCT e AUGUST

MH BT cp yT nTt cb BC

CEHTABPbL « SEPTEMBER

MH BT cp yT nTt cb BC

T 2 3 4 1T 2 3 4 5
5 6 7 8 9 10 11 3 4 5 6 7 6 7 8 9 10 11 12
12 13 14 15 16 17 18 10 11 12 13 14 L 13 14 15 16 17 18 19

17 26

24

20 21 22 23 24 25
27 28 29 30

19 20 21 22 23 24 25
26 27 28 29 30 31

18
25

19 20 21
26 27 28

OKTABPb « OCTOBER

MH BT cp yT nrt cb BC

HOABEPb « NOVEMBER
MH BT Ccp 4T nT cb BC
3 4 5
10 11 12
18 19
25 26

I EKABPb « DECEMBER

L 6 7 8 9 10 11 12
13 14 15 16
20 21 22 23
27 28 29 30

24

, AH erpormes MHFAYemeE





