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ABSTRACT: Introduction. When using water suspensions of finely dispersed mineral systems of natural and anthropogenic origins
as active agents in the production of concrete composites, an important factor in their effective use is to ensure the aggregative and
sedimentation stability of solid phase particles before adding the solid phase into the reaction mixture. Methods and materials. The
paper provides an algorithm for quantifying stability criteria according to the DLVO theory provisions as exemplified by a suspen-
sion of fine polymineral sand powder from the Kholmogorskoye deposit in the Arkhangelsk region (average particle size is 195 nm).
In order to successfully assess the aggregative stability of this colloidal system, it is necessary to conduct experiments for determin-
ing the analogue value of the Hamaker constant, which was 0.5 +10-%° J for the mineral sand studied, in addition to experiments for
determining the zeta potential of particles. This paper presents the results of the analysis according to the criteria of the value of
the interaction energy (U, ) and the sedimentation rate (V) of a polymineral sand dispersed system (water suspension) calculated
taking into account the analogue value of the Hamaker constant, zeta potential and dimensional characteristics of its solid phase
particles, physicochemical properties of the dispersion medium. Results and discussion. It is shown that the determining factor of
the aggregative stability of the suspension is the electrostatic barrier for particle interaction. Theoretical calculation showed that the
aggregative stability of the system may be affected by its particles reaching their zeta potential of approximately 10-* mV (a nearly
isoelectric state). It is proposed to use the kinetic parameter of sedimentation - its velocity - to assess the kinetic (sedimentation)
stability of this suspension - resistance to gravity, i.e. the ability to resist the dispersed system stratification due to the difference
in particle densities between the dispersed phase and dispersion medium. Conclusion. The sedimentation rate is V,_, = 4 nm/sec
for the object under study in water dispersion medium with the averaged dimensional characteristics of 195 nm. At such a rate of
solid phase particle precipitation, a dispersed system based on finely crushed polymineral sand from the Kholmogorskoye deposit
can be considered sedimentatively stable.

KEYWORDS: concrete composite, aggregative and sedimentation stability, analogue value of the Hamaker constant, sedimenta-
tion rate.
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INTRODUCTION

Currently, processing methods associated with the
use of pre-activated highly dispersed systems as
additives have become widespread in the concrete
composite production industry. In this case, a fairly
wide range of materials of natural (mainly rocks of
various genesis) and anthropogenic (fly ash, waste
concrete scrap, etc.) origin is used as raw materials
[1-3]. However, the introduction of such additives,
the content of which in the cement-sand mixture

© Frolova M.A., 2022

usually does not exceed 10%, is associated with certain
process difficulties of their uniform distribution over
the entire composite volume. This problem is solved
quite simply by introducing highly dispersed systems into
the reaction mixture in the form of suspensions where
mixing water is a dispersion medium. However, in this
case it is necessary to solve the problem of providing the
aggregative stability of solid phase particles in mineral
suspensions. The simplest method in this case is to
introduce additional surfactants of different nature into
the colloidal solution. The consequence of this method is
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an inevitable decrease in the activity of highly dispersed
particles due to the formation of stabilizing surface
layers of surfactants. The intensity of interactions at the
interface leads to the formation of a “film phase” of the
matrix material (mineral particles) with the properties
that differ from the matrix ones [4]. Therefore, the state
of bordering surface layers formed on the dispersed
phase particles is critical for aggregatively stable colloidal
systems [5—7]. A modern theory of colloidal stability
(DLVO theory) has been developed based on the
concepts of surface forces and disjoining pressure in thin
films evolved by B.V. Deryagin [8]. This theory is based
on the energy balance of forces manifested between the
dispersed system particles spontaneously moving close to
each other. Thus, repulsive forces (F, o) of electrostatic
nature arise in an aggregatively stable system when the
surface layers of converged particles of the same nature
overlap. The dispersed system is aggregatively stable with
a sufficient value of the energy repulsion barrier. In this
case, the convergence of particles to a distance where
attractive forces (F,) prevail is impossible.

From the point of view of colloidal chemistry [9], the
surface of highly dispersed particles distributed in a liquid
carries a certain charge, due to which an electrical double
layer (EDL) is formed. According to the DLVO theory,
the presence of the EDL on the surface of particles creates
an electrostatic repulsion barrier ensuring the stability of
dilute colloidal systems.

The value of the interaction energy (U, ) between
two particles of a dispersed system is calculated using
the potential dependences of this total energy value on
the distance between the particles in the area where their
surface layers overlap (/), which does not exceed 20 nm.
Then

Uint = Urep — Uate, (1)

where Urep and U_ are the energies of repulsion and
attraction, respectively.

The dispersed system is aggregatively unstable at
U, <0, andstable at U_ > 0. In turn, the DLVO theory
[8, 9] provides the following equations for calculating the
energy of attraction and repulsion between interacting
particles:

Upep = 2megq@?rin(1 + ™), )
A
Uarr = EZI ) (3)

where r is the radius of particles; ¢ is the surface po-
tential (numerically equal to £ potential); v is the inverse
of the surface layer thickness (v=1/4),

_ (2F 1
9= (EEORT) ’ )

I'is the ionic strength of the solution, / ="/, ¥(c,z?),
¢,is the concentration of ions in the solution, zis the ion
charge value;

Fis the Faraday’s constant, F=9.65«10* C/mol;

R s the universal gas constant, R = 8.31 J/(mol-K);

¢ is the dispersion medium permittivity, F/m:;

g, is the vacuum permittivity, £, = 8.85¢ 107" F/m;

A — complex constant of molecular interaction forces
(Hamaker constant).

Therefore, based on equations (2), (3) and (4), the
sign of the dispersed system U o will be determined by the
nature of its constituent components. Thus, the nature
of the dispersed phase is determined by the value of the
A constant, and the dispersion medium is determined by
the value of the / characteristic. The dependent variable
associated with the nature of the dispersed phase and
the dispersion medium is the value of the electrokinetic
potential (€). The modern instrumental base of physico-
chemical analysis methods makes it quite easy to solve
the problem of zeta potential quantification, e.g. when
measuring the rate of particle electrophoresis. In addition,
when calculating the energy characteristics of mineral
particle interaction in the water dispersion medium only
(without the addition of electrolytes that change e.g. the
system pH), it is possible to simplify the U, o calculation
scheme by assuming /=0. Then we will obtain the follow-
ing equation for 20 °C:

_ A
Urep = (31.05-10710¢? -5 (5)

At the same time, it is known that the dispersion me-
dium pH can significantly change the T potential value,
up to the recharge of the particle surface. In this case,
the aggregative stability characteristics of the dispersed
system according to the U, criterion will need to be cal-
culated taking into account changes in the solution ionic
strength values:

Ut = 2meggp®rin(1+ e?) — %. (6)

The key element of this approach to the aggregative
stability assessment of dispersed systems consists in de-
termining the Hamaker constant value (4). The A value
for some substances (and systems) can be found in the
reference literature [10—13]. However, the developed
theoretical provisions of the physicochemistry of surface
phenomena [14] allowed us to apply the Hamaker con-
stant calculation method based on determining the equi-
librium contact angle (0) of the analyzed material surface
wetting with liquids having known surface tension values
(aj) [15] with the dependence proposed by B.V. Deryagin
as a basic equation:

A
cos =14+ ———— 7)

12moyhi,;,
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Where h . is the smallest film thickness that corre-
sponds to the van der Waals distance (0.24 nm) [16].

In this case, it should be noted that this experimental
approach makes it possible to determine not the absolute
value of the unknown quantity, but the possible analogue
value of the Hamaker constant (4*) [17, 18]. Therefore,
in our opinion, an urgent task is to create a database of
reference data related to the analogue value of the Ha-
maker constant for systems of various nature (natural and
antropogenic origin). A* can be a criterion for evaluating
the correctness of the choice of dispersed components
and the main conditions for their effective use determin-
ing the parameters under which the dispersed system is
aggregatively stable (unstable).

Another criterion used to assess the ability of par-
ticles to maintain distribution throughout the dispersion
medium is the sedimentation rate (V_,). In suspensions
with dispersed phase particles ranging in size from 10~7
to 10~* m, Brownian motion is practically absent, and the
sedimentation rate is determined by the equation [19—22]:

2

Vsea = W ) (8)

where p is the density of dispersed phase particles
(kg/m’); p, is the density of the dispersion medium (o =
998 kg/m? is assumed for water at 20 °C); g is the accelera-
tion of gravity, g = 9.81 m/s?; 5 is the dispersion medium
viscosity (7 = 8.9« 10~* Pa«s for water suspension at 20°C).

This paper presents the results of the analysis accord-
ing to the criteria of U_ and V_, of the polymineral sand
dispersed system (water suspension) (p = 2630 kg/m?)
calculated taking into account the analogue value of the
Hamaker constant, zeta potential and dimensional char-

acteristics of its solid phase particles, physical and chemi-
cal properties of the dispersion medium.

METHODS AND MATERIALS

The analysis of the results obtained by us earlier and
published in [16, 18, 19] was carried out according to
the above calculation scheme. The polymineral quarry
sand from the Kholmogorskoye deposit (Kholmogorsky
district, Arkhangelsk region) was chosen as the object of
research. Fine powder with the mean volume diameter
of 195195 nm was obtained by mechanical grinding
at the planetary ball mill. The zeta potential of solid
phase particles was determined by measuring the rate
of electrophoresis in a prepared water suspension at
pH in the range of 2.5—-9.5. Changes in the dispersion
medium pH were carried out by acidifying the solution
with hydrochloric acid or alkalizing the solution with
sodium hydroxide.

Energy parameters of particle interaction were
calculated using the analogue value of the complex
Hamaker constant (4*), which we determined for this
sand based on the results of experiments described in the
paper [21]. This value was A*= (0.5.10-2].

RESULTS AND DISCUSSION

Figure 1 shows the experimental results obtained in
the paper [21].

Table 1 shows pH values of the dispersion medium
selected (arbitrarily) for calculations, zeta potential of
particles, corresponding ionic strength of the solution and
U, values calculated according to equations (5) and (6).

40,00 A

20,00 -

7,62
5,58

0,00 A
-20,00 H

-40,00 -

Zeta potential (mV)

-60,00 -

y =-0.20x*+ 4.25x3- 29.91x? + 68.67x - 34.23

R?=0.99

-80,00 T
2,00 4,00

Fig. 1. Functional dependence of zeta potential changes on the dispersion medium pH [21]
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Table 1
pH, £ potential, 7 of the dispersed system and U, ,
pH 2.5 5.0 7.0 8.0 9.0
¢ potential, mV 7.62 —28.72 —31.58 —36.32 —37.39
1, mol/1 31073 10~ 0 10-3 10-*
U,J 1.2910-% 1.2910-% 1.2910-% 1.2910-% 1.29.10-%
U d 1.53+10°5 2581071 3.11.107* 412107 4.36.10~
U,.J 1.53+10°5 2.58+10° 3.11.10-* 4.1210-™ 43610

Particle interaction energy calculations (Table 1)
showed that the presence of an electrostatic barrier in
the suspension under consideration allows us to talk about
the aggregative stability of the system (U, > 0) over the
entire range of measured pH. The energy of van der Waals
attraction between particles is almost 10 orders of mag-
nitude lower than the energy of electrostatic repulsion,
i.e. the electrostatic factor contributes to the preservation
of aggregative stability in this system. Figure 2 shows a
dependence of U, o= f(&), which is described by a math-
ematical equation (R? is the approximation confidence,
0.99):

UI.ep =0.0027%12, )

Using this functional relationship, it can be concluded
that the suspension becomes aggregatively unstable only at
the € potential value of approximately 10~ mV U, o< U,
(the system nearly reaches its isoelectric state).

The calculations carried out showed that the water
suspension of particles of polymineral sand from the
studied deposit features by the ability of the dispersed
phase to maintain the degree of dispersion, i.e. particle
sizes, unchanged in time and resist their unification
throughout the studied pH range. It seems important
to assess the kinetic (sedimentation) stability of this
suspension — resistance to gravity, i.e. the ability to resist
the dispersed system stratification due to the difference
in particle densities of the dispersed phase and the
dispersion medium. As a quantitative criterion, we can
use the kinetic parameter of sedimentation — its velocity
calculated by equation (8). For the object under study
in an aqueous dispersion medium with the averaged
dimensional characteristics of 195 nm, the sedimentation
rate is V_, = 4 nm/sec. At such a precipitation rate of
solid phase particles, a dispersed system based on finely
fragmented polymineral sand from the Kholmogorskoye
deposit can be considered sedimentationally stable.

5
4,5
4 y = 0.002x22
- 3,5 Rz=0.99
5 3
S 2,5
g 2
215
1
05 |
. o
0 10 20 30 40
ZETA POTENTIAL, MV

Fig. 2. Functional dependence of the U__ = f(£) form
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CONCLUSION

In order to assess the aggregative stability of mineral
dispersed systems based on the comparison of particle
interaction energy in the classic case taking into account
the DLVO theory provisions, it is necessary, in addition to
studying their electrokinetic properties, to perform works
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AcnekTbl onpepeneHnsa arperatTuBHoN crabunbHocTn
BOAHbIX CYCMeH3ui MUHepasibHbIX NOPOLUKOB
ANA CTPOUTENIbHbIX KOMNO3UTOB

Mapwusa ApkagbeBHa @ponoBa
CeBepHbIl (ApKTUYecknin) dpegepanbHbii yHUBepcuTeT umeHun M.B. JlomoHocoBa, ApxaHrenbck, Poccua

ABTOp, OTBETCTBEHHDIN 3a Nepenucky: e-mail: m.aizenstadt@narfu.ru

AHHOTALINA: BeepeHme. [1py NCNONb30BaHNM BOAHbIX CYCMEH31N MUHepPanbHbIX TOHKOANCMNEPCHbBIX CUCTEM MPUPOJHOIO N TEXHO-
reHHOro NPOVCXOXAEHNA B KaueCTBE aKTUBHbIX 406ABOK NpU MostyYeHr 6ETOHHbIX KOMMO3MTOB BaXKHbIM GaKTOpOoM nxX dbdeKTus-
HOro NPYIMEHeHNA ABNAETCA COONIOAEHNE arperaTMBHON U CeMMEeHTaLMOHHON YCTONYMBOCTI YacTUL, TBepAol dasbl 4O BBeAeHNA
ee B peakUMoHHYyo cmecb. MeToabl n maTepuanbl. B paboTte nokasaH, Ha NnprMepe CycrneH3ny U3 TOHKOAMCNEPCHOro NOpoLLKa
NONMMMHEPasIbHOTO Necka MecTopoXaeHNsa «XonMoropckoe» ApxaHrenbckon obnactu (cpefHuii pasmep yactul, 195 Hm), anroputv
KONMYeCTBEHHO OLIEHKM KpUTEpPMEB YCTONYMBOCTM COrNacHoO nonoxeHuam Teopun AJ1OO0. [1nA ycnewHon oLeHKN arperatuBHom
YCTONYMBOCTU AAHHOW KOJTOUAHOW CUCTEMbI MOMMMO SKCMEPVMEHTaNIbHOMO OnpeaeneHna BeNMUMHbI A3eTa-NoTeHumana yactuy,
HeobX04MMbI SKCMEPUMEHTbI MO ONpefeneHno aHaIoroBoW BeNIMUMHbI MOCTOsIHHON [amakepa, KoTopas Ans nccnegyeMmoro Mu-
HepanbHOro necka coctaeuna 0,5+ 107° [Ix. B gaHHol paboTe npeAcTaBieHbl pe3ynbTaTbl aHann3a no Kputepuam U un Vce’l anc-
nepcHoOM cucteMbl (BOAHOWM CyCreH3nm) NOANMMHEPASIbHOTO NecKa, pacCUMTaHHble C yYEeTOM aHaNoroBon BeNUYNHbI NMOCTOAHHOW
lamakepa, BeNNUYMHbI f3eTa-NOTeHLMaNa U pa3MepHbIX XapakTepUCTUK YacTuL, ee TBephon ¢asbl, PU3MKo-XUMNYECKNX CBONCTB
AUCNEePCHOHHOM cpefbl. PesynbTaTbl n 06cyxpaeHue. [TokasaHo, YTo onpeaensawmm GakTopom arperatuBHoOn yCToONUnBOCTM
CycneH3un ABNAETCA SNEKTPOCTaTUYECKN 6apbep B3auMOAeNCTBMA YacTul,. NyTem TEOPEeTUYECKOro pacyeTta yCTaHOBIIEHO, YTO
HapyLueHne arperaTBHON YCTOMYMBOCTU CUCTEMbI MOXET HaCcTYNUTb, KOraa A3eTa-NoTeHuMan ee YyacTuy JOCTUTHET 3HaYeHunA
nopsagka 10~ MB (npakTnyeckn n3osnekTpryeckoe coCcTosiHUe). [1nA OLEeHKN KNHeTMYECKON (CeArMEHTaLNOHHOW) YCTOMYNBOCTHY
[aHHOW CyCneH3nmn — yCTONYMBOCTUN K AeNCTBUIO CUMbI TAXKECTH, TO eCTb CMOCOBHOCTY NPOTUBOCTOATb PACC/IOEHUIO ANCNEepPCHON
CUCTEeMbI 3a CHET Pa3NnynA B MIOTHOCTAX YacTUL, AUCNePCHON Gpa3bl 1 AUCMEPCMOHHON cpefbl — NpeAsiaraeTca NCNonb30BaTh Ku-
HeTUYeCKUii NapaMeTp CeAUMEHTALIMN — ee CKOPOCTb. 3aKioveHune. 1A nccneayeMoro Hamm o6beKTa B BOAHOW ANCNIEPCUOHHON
cpefe, yCpefHeHHbIe PasMepHbIe XapaKTePUCTVKI KOTOPOTO COCTaBAAOT 195 HM, CKOPOCTb ceiMmenTaummn V= 4 Hw/cek. lpu
TaKol CKOPOCTU OCaXKAeHMA YacTuL TBepAon dasbl MOXHO CUMTATb AUCMIEPCHYIO CUCTEMY Ha OCHOBE TOHKOPa3apoO6eHHOro no-
JIMMUHEPanbHOro Necka MecTopoXKaeHMA «X0NMOropckoe» ceUMeHTaLMOHHO YCTONYMBOWN.

KJTHOYEBDIE CJTOBA: 6eTOHHbII KOMMNO3UT, arperaTuBHas 1 CeAVMEHTaLMOHHaA YCTONYMBOCTb, aHaNoroBas BenyHa NoCTOAHHOM
lamakepa, CKOpPOCTb ceAMEeHTaLnNn.

BNIAFTOAAPHOCTMW: ViccnenoBaHmA NPOBOAUINCH Ha YHUKANbHOM HayYHOM o6opynoBaHum «Ousnyeckas XMmmnsa noBepxHoOCTel
HaHoAMCNepPCHbIX cMcTeM» NpU GHAHCOBON NofaepKKke rpaHTa Poccuinckoro HayuHoro dpoHaa N2 22-23-00047.

ANA UUTUPOBAHUA: ®ponosa M.A. AcnekTbl onpefeneHna arperaTMBHON CTabuibHOCTU BOAHbIX CyCrNeH3M MUHEPasibHbIX MOPOLL-
KOB A1 CTPOUTENbHbIX KOMMNO3UTOB // HaHoTexHonoruu B ctpoutenscTee. 2022. T. 14, N2 1. C. 5-10. https://doi.org/10.15828/2075-
8545-2022-14-1-5-10.

BBEJIEHUE COKOIMCIIEPCHBIX cucTeM. B KauecTBe ChIphbsI B 3TOM CIIy-
Yae MCITOIB3YIOT JOCTATOYHO IIMPOKYI0 HOMEHKIIATYPY

B Hacrosiee BpeMsI B ITpaKTUKE MOJMYUCHUSI OETOH-  MaTepHaJIOB IIPUPOTHOTO (B OCHOBHOM, TOPHEIC TTOPOIBI
HBIX KOMITO3UTOB IIIMPOKOE PAaCIIPOCTpaHEHNE TIOJYIMIN  pa3IMIHOIO TeHe3Mca) M TeXHOTEHHOTO (30J1a yHOca,
TEXHOJIOTMIECKIE TIPUEMBI, CBSI3aHHBIC C MCIIOJIB30Ba-  OTPaOOTAHHBINM OCTOHHBIN JIOM M TIP.) TIPOMCXOKICHUS
HIEeM J00aBOK TIpeIBAPUTEILHO aKTUBUPOBAHHBIX BBI- [1—3]. OmHako BBeAeHNE TAKNX T00ABOK, COIEpKaHNE
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KOTOPBIX B IIEMEHTHO-TIECYAHO CMeCH, KaK IpaBuUJIo,
He npesbimaet 10 %, cBsg3aHO ¢ OIpeae e HHBIMU TEXHO-
JIOTUYECKUMU CIIOXKHOCTSIMU MIX PABHOMEPHOTO paciipe-
IIEJICHUS TI0 BCeMy 00BbeMy KOMITO3UTa. DTa Impobiiema
pelraeTcss JOCTaTOYHO MIPOCTO ITyTeM BBEICHUS B pe-
AKIIMOHHYIO CMECh BRICOKOIMCITEPCHBIX CHCTEM B BUJIC
CYCITeH3Ui1, TUCTIEPCUOHHOM CPeIoil KOTOPBIX SIBIISIETCS
Boga 3aTBopeHMsI. OMHAKO B 3TOM CTydac TIPUXOIUTCS
peIaTh 3amavy 1o MPUIaHNUI0 arperaTUBHON yCTONIM-
BOCTH YaCTHUIIAM TBEpIOi (pa3bl MUHEPAIBHBIX CYyCIICH-
3uit. CaMBIM TIPOCTBIM IIPHUEMOM IIPH 3TOM SIBJISICTCSI
TOTIOJTHUTEIEHOE BBEICHIE B KOJUTOMIHBIN pacTBOP T0-
BEPXHOCTHO-aKTUBHBIX BEIIECTB Pa3IMIHON IIPUPOIEI.
CIrecTBAEM TaKOTO TIpHeMa SIBJISICTCS] HeM30esKHOE CHU-
JKEHME aKTUBHOCTH BBHICOKOAMCITCPCHBIX YACTHII 3a CUCT
00pa30BaHUs CTAOMIN3UPYIOIINX IIOBEPXHOCTHBIX CJIOCB
ITAB. UHTEHCUBHOCTbH B3aUMOICHCTBUI Ha TpaHULIE
pasnena a3 IpUBOIUT K (DOPMUPOBAHUIO «TITICHOUHOM
(ha3b» MaTpMYHOTO MaTepuraia (MUHEPATbHBIX YaCTHUII),
OTJIMYAIOIINXCS OT CBOMCTB MaTpulbI [4]. [ToaTomy mis
arperaTUBHO YCTOMYMBBIX KOJTIOMIHBIX CUCTEM OIIpe-
IeJsTolee 3HaYeHUEe MMEET COCTOSTHIE TpaHNJaIIX
TIOBEPXHOCTHBIX CJIOEB, C(DOPMHUPOBAHHEIX Ha YACTHUIIAX
nucrnepcHoi ¢asbl [5—7]. Ha ocHOBe mpeacTaBieHUit
0 MMOBEPXHOCTHBIX CHJIaX 1 paCKJIMHUBAIOIIEM JaBJie-
HMM B TOHKUX IJIeHKaX, pa3BuThiX b.B. epsrunbim
[8], paspaboTaHa coBpeMeHHasI TCOPHS YCTONINBOCTH
koyonmoB (teopus AJIDPO). DTta Teopust ocHOBaHa
Ha DHEPTeTUYCCKOM OajlaHCe CHJI, TIPOSBISIONINXCS
MEXIY YaCTUIIAMM AUCIIEPCHOI CUCTEMBI, CAMOIIPOM3-
BOJILHO COIDKAOIIMXCST Ha KOPOTKOE paccTosiHue. Tax,
B arperaTMBHO YCTOMUMBOI CHCTEME TIPH TIEPEKPBITUI
TTOBEPXHOCTHBIX CJIOEB COMM3UBIITNXCS YACTUI] OMMHA-
KOBOW NPUPO/IbI BO3HUKAIOT CUJIbI OTTaIKMBaHus (F )
3JIEKTPOCTATHYECKOM Mpupoasl. I1pu mocTaToaHOit Be-
JIMYMHE SHEPTeTUIECKOTo Oaphepa OTTATKMBAHMS THC-
TepcHas CUCTeMa SBJISICTCS arperaTUBHO YCTOMYIMBOIA.
B 3TOM cirydae cOmmKeHre YacTUII Ha pacCTOSHIUE, TIe
Ipeo0IamaroT CHIIBI TPUTSKCHUS (an), HEBO3MOXHO.
C TOUKM 3peHUS MPEACTABICHUN KOJIJIOMTHOMN X1~
MUH [9], TOBEpXHOCTH BEICOKOAMCIIEPCHBIX YaCTHII,
pacmpeneIeHHBIX B XKUIKOCTH, HECET OIpeaeICHHBIN
3apsia, 0rarogaps KOTOpoMy (OPMUPYETCS TBOMHOMN
anekrpudeckuii cioit (IDC). CormacHo Teopuu AJIDO,
Haymane JIDC Ha TOBEpXHOCTH YaCTHIL CO3MaeT Oapbep
3JICKTPOCTATHICCKOTO OTTAIKUBAHMS, 00eCIIeurnBast
YCTOMYIMBOCTD pa30aBICHHBIX KOJUIOMIHBIX CHCTEM.
Hnsa pacuyeTa BeTUUNHBI SHEPTUN B3aUMOICUCTBUS
(U,) Mexny AByMs 4aCTMLIAMU JUCIIEPCHOM CUCTEMBI
HCITOTB3YIOT MTOTCHIINATbHBIC 3aBUCUMOCTH 3TOM CyM-
MapHOM SHEPTeTUUYCCKOM BEIUUYMHBI OT PACCTOSHUS
MEXIY YaCTUIIAMH B 30HE TTePEKPBITHS MX IIOBEPXHOCT-
HBIX cJ1oeB (), KoTopoe He TipeBbimaet 20 HM. Torma

UEE = Ucrr'r - Ur[p, (1)

rie U, v U, — 9Hepruu OTTAIKMUBAHUS U IIPUTSIKE-
HUSI, COOTBETCTBEHHO.

I[Mpu 3navenusax U < 0 gucrepcHas cucrteMa sB-
JISIETCSI arperaTUBHO HEYCTOMYMBOIA, a IIPU 3HAYEHUSIX
U_, > 0 ona ycroitumsa. B cBoto ouepenn, reopus 1J1PO
[8, 9] maet cremyromIyie ypaBHEHMS TSI pacdeTa SHEPTUr
MPUTSKEHUS U OTTAIKMBAHUS MEXIY B3aMMOICHCTBY-
IOLIMMM YACTULIAMM:

U,.r = 2nceq@*rin(1+ M), Q)
__ Ar
mp T o (3)

L€ ¥ — paguyc YaCTHII;, ¢ — MOTEHIMAII [IOBEPXHOCTU
(IMCICHHO paBeH {-TIOTCHIINANY); U — BEJIMIMHA, 00-
paTHas TOJIINHE TTOBEPXHOCTHOTO cjiost (v=1/1),

8 — 2F%1 (172
= (ﬁ] , 4)

I —vionnas cuna pactsopa, ="'/, ¥(c,z?), ¢,— KOH-
LEHTPALKs MOHOB B PACTBOPE, Z,— BEJIMYMHA 3apsaia
HMOHa;

F — nocrosgnnas @apanest, F = 9,65« 10* Kii/moib;

R — yHUBepcanabHas ra3oBasl IMOCTOSTHHAsA, R =
8,31 Ix/(Momb « K);

€ — OUBJIEKTpHUIecKasl IIPOHUIIAeMOCTb TUCIICPCH -
OHHOI1 cpenbl, O/M;

€, — DNIEKTPUYECKas TTOCTOAAHHAS, £ = 8,85+ 1072 D /m;

A — cl0XHasT KOHCTaHTa MOJICKYJISIDHBIX CHJT B3aK-
MomeiicTBus (TTocTostHHAs ['amakepa).

Taxkum o6pasom, ucxons U3 ypaBHeHUM (2), (3)
u (4), 3HaK U J1UCIIEPCHOM cUCTEMBI OYIET Onpee-
JISIThCS TIPUPOIION €¢ COCTABJISIONINX KOMITOHEHTOB.
Taxk, mpupoma gucrepcHOM (Ga3bl OIpeaesIeTCs BeIr-
YUHOM TTOCTOSTHHOM A, a TUCTIEpCUOHHO cpellbl — 3Ha-
YeHUEM XapaKTepUCTHKHU /. 3aBHcHUMasl TIepeMeHHasl,
CBsI3aHHAS ¢ TIPUPOIOI TUCTIEPCHOM (ha3bl U TUCIIEP-
CHOHHOM Cpellbl, — BEeIMIMHA DJIEKTPOKMHETUIECKOTO
moteHnuana (). CoBpeMeHHass MHCTPYMCHTAJbHAS
6a3a (M3UKO-XMMIUIECKIX METOIOB aHAIN3a TTO3BOJISICT
IOCTaTOYHO IIPOCTO PEIINTH 3a0a9y KOJIMIECTBEHHOTO
OIIpenelIeHNsT BeIMIMHBI I3¢Ta-TTOTeHIINAala, HAaIlpH-
Mep, IpU U3MEPEHMSIX CKOPOCTH 3JIeKTpodopesa Ja-
ctuil. Kpome Toro, mpoBoIs pacueThl SHEPTeTUICCKUX
XapaKTEePUCTHUK TIPU B3aUMOACUCTBUY MUHEPaTbHBIX
YaCTHII TOJBKO B BOTHOU AMCIICPCHOHHOM cpeme (0e3
IO0aBJICHMS JICKTPOIUTOB, U3MEHSIOIINX, HATIpUMEp,
pH cucrembr), MOXKHO yIIPpOCTUTE cxeMy pacyeta U,
nmonyckas 3Hadenue [~0. Torma mia 20 °C monyuynm
cleaymolIee ypaBHEHUE:

27 (5)

12k

U,.. = (31,05-10"10¢? —

BwMmecrte ¢ Tem, m3BecTHO, uTO BeamumHa pH mucmep-
CHMOHHOM CpeIbl MOXKET CYIIIECTBEHHO M3MEHSITh 3Ha-
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YeHUe {-TIoTeHIIMAaIa BIUIOTh A0 Tepe3apsiaKy IIOBepX-
HOCTH JacTHIl. B 3TOM ciTydae pacdyeT XapaKTepUCTUKHI
arperaTMBHON YCTOMYMBOCTU TUCIIEPCHOM CUCTEMBI
1o kputepuio U HyXHO OyaeT MPOBOIUTE C Y4ETOM
W3MeHEHUs 3HaYCHUIT MIOHHOU CHJIBI pacTBOpA:

Ar

U,, = 2mego@rin(1+ ) — T

(6)

KifoueBBIM 3JIeMEHTOM 3TOTO MOAXOHA K OIIeHKE
arperaTUBHON yCTOMYMBOCTU OUCTIEPCHBIX CUCTEM SIB-
JIIeTCST YCTAaHOBJICHNE BETMUIMHBI ITOCTOSTHHOM ['amMakepa
(A). 3nauenue A nas HEKOTOPHIX BEIIECTB (M CUCTEM)
MOXHO HaliTh B cipaBouHO¥ tutepartype [10—13]. On-
HAKO pa3BUTHIC TEOPETUUECKUE TOTOXKECHMS (DU3UKO-
XVMUWM TTOBEPXHOCTHBIX SIBJICHU [14] MO3BONMMIN HaM
TIPUMEHSTh METOJ pacdeTa IMoCTOsTHHOM ['amakepa, oc-
HOBaHHBII Ha OIIPEACICHNI paBHOBECHOTO KPacBOTo
yriia cMaunBaHUS () TOBEPXHOCTH aHAIM3UPYEMOTO
MaTepHraa XUIKOCTSIMH ¢ M3BECTHBIMU 3HAUCHUSIMU
MOBEPXHOCTHOTO HaTskeHus (0,) [15], ucnonnb3ys B Ka-
YeCcTBC OCHOBHOTO YPaBHEHUS 3aBUCUMOCTD, TIPEIIO-
xkeHHy0 b. B. JlepsiruHbim:

A#

2
12w Py i

cosf =1+ , 7

rae h . — HauMeHbLIas TOJNIIMHA IIEHKHU, KOTO-
past COOTBETCTBYET BaH-IIep-BaaTbCOBOMY PaCCTOSTHUIO
(0,24 um) [16].

B 3TOM cityyae HE0OXOOUMO OTMETHUTh, UTO JAaHHBII
9KCITEpUMEHTAIbHBIN MTOIXO MO3BOJISICT OIPEICINTD
He abCOJTIOTHOE 3HAYCHNE MCKOMOI BEJIMUMHEL, a BO3-
MOXHOE aHaJIOTOBOE 3HaUYCHUE TTOCTOSTHHOM ["amakepa
(A*) [17, 18]. [ToaToMy co3maHme 0a3bl CIIPAaBOYHBIX
MAHHBIX, CBI3aHHBIX C BEJIMUYMHON aHAIOTOBOU BEJIH-
YMHBI TTOCTOSTHHO# ['aMakepa it cUCTeM pa3TndHOMN
TIPUPOIHI (€CTECTBEHHOTO M TEXHOTCHHOTO ITPONCXOXK-
IICHMWST), Ha HaIIl B3IJISA, SIBJISCTCS aKTyaIbHO 3amadeii.
A* MOXeT OBITb KPUTEPUEM, TTO3BOJISIONINM OILICHUTH
MIPaBIJILHOCTH BHIOOPA TUCTIEPCHBIX KOMITOHEHTOB M OC-
HOBHBIC YCIOBHS UX 3((PEKTUBHOTO ITPUMEHEHHSI, OITpe-
TIeJISIS TTapaMeTphl, TIPU KOTOPBIX AUCIIEpCHAs CUCTEMa
SIBIISICTCST arperaTUBHO YCTOMYMBOM (HE YCTOMIMBOIA).

HpyruM KpATEepHUeM, ITO3BOJISIONINM OIICHUTH CITO-
COOHOCTB YaCTHII COXPAHSITh pacIipee/icHIe TT0 BCeMY
00BbeMY OMCIICPCHOHHON CPEIbl, SIBJISICTCSI CKOPOCTh
cenuMeHTalmu (V). B cycrieH3usx ¢ 4acTUaMu nc-
niepcHoii a3l pasmepoM ot 107 o 104 M OpoyHOBCKOE
IBIDKECHHE ITPAKTUISCKH OTCYTCTBYET, a CKOPOCTh CEIIH-
MEHTAINU OIpeaesaeTcs ypaBHeHueM [19-22]:

v —2re=polg g

ceg — 9 > ( )

rjae 0 — TUIOTHOCTh YacTHUIl AUCTIEPCHOU (ha3bl
(kr/M%); 0, — TIUIOTHOCTb TMCTIIEPCUOHHOM Cpeaibl (st
Bonbl Tipu 20°C ipumeM p = 998 Kr/M?); g — yCKOpeHue

CUJIBI TSKECTH, g = 9,81 M/C?; i — BI3KOCTb AUCIIEPCU-
OHHOI cpenbl (Ij1 BogHOM cycneH3nu mipu 20°C n =
8,9¢10*TIla«c).

B nanHoi1 paboTe mpeacTaBlIeHbl pe3yIbTaThl aHA-
nm3a no kputepusm U u V. nucriepcHois cucteMbl
(BOIHOM CyCIIEH3MM) MTOJIMMMHEPAIbHOIO mecka (0 =
2630 kxr/m?), pacCUMTAaHHBIM C YYETOM aHAJIOTOBOI1 BeJIU -
YU HBI IOCTOSIHHOM ['amMakepa, BeJIMYMHBI 13eTa-I0TEH -
LMajia K pa3MepPHbIX XapaKTePUCTUK YACTHII €€ TBEPHOi
(a3bl, PU3NKO-XUMHUUECKUX CBOMCTB AUCIIEPCUOHHOM
Cpelbl.

METO/bI 1 MATEPHAJIBI

AHanm3 pe3yJabTaToOB, IMOJTYYCHHBIX HAMM paHee
1 onyO0JIMKOBaHHBIX B paboTtax [16, 18, 19], ocymect-
BJICH TI0 BBIIICIIPUBEACHHON cxeMe pacdeTa. B kxa-
yecTBe 00bEeKTa MCCIeN0BaHUI OB BRIOpAH IMOJIU-
MUHEPaIbHBIM KapbepHBIN MECOK MECTOPOXKICHUS
«XonMoropckoe» (XoJIMOTOpPCKUIT paitoH, ApXxaH-
reJIbcKast 00J1acTh). MeTOIOM MeXaHMIeCKOTO ITOMOoJIa
Ha IJTaHeTapHOM IIapoOBOI MEIbHUIIEC OBII MOJTYIeH
TOHKOIMCITIEPCHBIN ITOPOIIIOK CO CPETHUM OOBEMHBIM
nuaMmeTpoM yactul 195195 um. Beanuumny n3era-mo-
TEHIIMAJIa YaCTHII TBEPIOI (ha3bl OMPEaeISIIIN METOIOM
U3MEpPEeHUSI CKOPOCTHU 3JIeKTpodope3a B IIPUTOTOBICH-
HOI BOIHOI CYyCIIeH3UH IIpU 3HaUYeHUSAX pH B quama-
3oHe 2,5+9,5. U3meHeHust pH aucriepcMoHHOM cpeabl
IIPOBOIMIIMCH ITYTEM ITOOKUCICHUS pacTBOPA COJITHOMU
KHCJIOTOM WJIM TIOAIIeIadMBaHNEM PacTBOpa THIPOK-
CHIIOM HATPHUSI.

7151 pOoBeIEHNST pacIeTOB SHEPreTUICCKIX TTapaMe-
TPOB B3aMMO/IEMCTBUSI YACTHUII UCTTOIb30BAIM 3HAUCHUE
AQHAJIOTOBOW BEJIMUMHBI CJIOXKHOM MocTosiHHOM ["amakepa
(A*), onpenenacHHO HAMM IIJIsSI JTAaHHOTO TIecKa 110 pe-
3y/IbTaTaM dKCIIEpPUMEHTOB, M3JI0KEHHBIX B padote [21].
DOra BesmunHa coctaBmia A* = 0,5« 10-2°/1x.

PE3YJBbTATBI 1 OBCYKIEHUE

Ha puc. 1 mpencraBiieHBI pe3yIbTaThl 9KCIIEPUMEHTA,
MoJIydeHHEIe B padoTe [21].

B 1aba. 1 npuBeneHbl BblaeaeHHbIE (ITPOU3BOJILHO)
IIJIST TIPOBEICHMST pacueTOB 3HaueHUs pH mucnepcroH-
HOM cpembl, N3eTa-MOTeHIINA YaCTHII, COOTBETCTBYIO-
1ast MOHHAsI CHJIa pacTBOpa M pacCUNTAHHBIC 10 ypaB-
HeHusM (5) u (6) sHavenus U .

IIpoBeneHHBIC pacyeThl SHEPTUN B3aUMOICUCTBUS
yacTull (Tabj. 1) mokasanu, 9To B paccMaTpUBaeMoit
CYCIICH3UM HaJIW4YME BJIEKTPOCTaTUIECKOro Oapbepa
ITO3BOJISICT TOBOPUTH 00 arperaTUBHOM YCTOMUYMBOCTH
cucrembl (U > 0) Bo BceM anana3one uamepsembix pH.
DHeprust BaH-nmep-BaarbcoBOro mpuTSKEHUS MEXKIY
YaCcTUIIAMU TIpaKTUIeCKW Ha 10 MopsiAKoB HILKE, YeM
SHEPTUS MEKTPOCTATUICCKOTO OTTAIKMBAHUS, TO €CTh
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Puc. 1. OyHkumnonagpHast 3aBHCUMOCTb H3MEHEHUSI 13€Ta-NMOTEeHIHAA
ot pH mucnepcuonnoii cpenpi [21]
Tabauya 1
pH, {-norenman, I nucnepcHoii cucrembi u U,
pH 2,5 5,0 7,0 8,0 9,0
g-norenunai, MB 7,62 —28,72 -31,58 -36,32 -37,39
1, MoJb/11 3.10°° 104 0 10-3 104

U,,, Ax 1,29.10-% 1,29.10~% 1,29.10-% 1,29.10~% 1,29.10°%
U, dx 1,53410°5 2,58.10~ 31110 4,12 107 4,3610°
U, Ox 1,53¢10°5 2,58+ 1071 31110 4,1210° 4,3610°

B TaHHOM CHCTEMe COXpPaHCHUIO arperaTUBHOM YCTOI -
YUBOCTU CITOCOOCTBYET 3JIEKTPOCTATUUCCKUI (haKTop.
Ha puc. 2 npencrasnena 3aBucumocts Buna U = f(§),
KOTOpasT OIMACHIBACTCSI MaTeMaTUICCKUM YpaBHEHHUEM
(R? — mocroBepHoOCTh anmpokcumaiuu, 0,99):
Uyrr = 0,002¢%% )
HMcnmonb3yst 3Ty GYHKIMOHAIBHYI B3aMMOC-
BSI3b, MOXKHO 3aKJTIOYUTH, YTO TOJIBKO IIPW 3HAUYCHUM
£-noreHuuana rnopsiaka 10~ MB UOTr < U11p (TmpakTUYeCKu
TMOCTUTACTCS M303ICKTPUIECKOE COCTOSTHIE CHCTEMBI)
CYCTICH3USI CTAHOBUTCS arperaTMBHO HEYCTOMIMBOIA.
IIpoBemeHHBIE pacUeThl TOKAa3aln, YTO BOTHAS Cy-
CITCH3UsI YaCTUII TTOJIMMIHEPAIBHOTO TeCKa M3y4aecMOTo
MECTOPOKICHMS XapaKTePU3yeTCsl BO BCEM HCCIIeaye-
MoOM Juana3oHe pH crmocoOHOCThIO aucnepcHoO# (a3bl
COXpaHSITh HEM3MEHHO BO BPEMEHHM CTEIICHb IHMCITepC-

HOCTH, TO €CTh pa3Mepbl YAaCTHLI, U MPOTUBOCTOSITh UX
obbenuHeHuto. [IpencrasisieTcss BaXXHbIM OLEHUTh
KIMHETUIECCKYIO (CCAMMEHTAIIMOHHYI0) YCTOMIYNBOCTh
JIaHHOI CYCTMIEH3UU — YCTOMUMBOCTD K IEACTBUIO CUJIbI
TSIKECTU, TO €CTh TPOTUBOCTOSThH PACCIIOEHUIO TUCTIEPC-
HOI CHUCTEMBI 3a CUET Pa3JIMuus B TJIOTHOCTSIX YACTHUIL
JIUCTIEPCHOM (ha3bl M AUCTIEPCUOHHOM cpenbl. B KauecTBe
KOJMYECTBEHHOTO KPUTEPHUS MOXHO MCMOJIb30BaTh K-
HETUYECKUU MapamMeTp CEAUMEHTAIIMU — €€ CKOPOCTb,
paccuuThEIBacMyIo 1o ypaBHeHMIO (8). s uccmenye-
MOTO HaMU O00BbEKTa B BOJHOI AUCIIEPCUOHHOM cpefe,
yCpeaHEHHbIE pa3MepHbIe XapaKTEPUCTUKU KOTOPOTO
COCTaBIISIOT 195 HM, CKOPOCTh CeIUMEHTAIINN Vi
4 aM/cek. Ipu Takoit CKOpPOCTU OCaXKICHMS YaCTUIL
TBepIoil (pa3bl MOKHO CUYNTATh AUCIICPCHYIO CUCTEMY
Ha OCHOBE TOHKOPA3ApOOJIEHHOTO MOJIMMUHEPATLHOTO
rnecka MECTOPOXIEeHUST «X0JIMOTrOpCKOe» CelMMeHTa-
LUOHHO YCTOMYMBOM.
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3AKTIOYEHUE

71 OIIeHKU arperaTUBHON YCTOMIMBOCTA MUHE-
PaBHBIX TUCIIEPCHBIX CHCTEM, OCHOBAaHHOI Ha CpaBHE-
HUU SHEPTUH B3aMONCHCTBUS YACTHII B KIIACCHYECKOM
BapuaHTe, ¢ yueToM TojioxkeHuii teopuu J1JIDPO, Heob-
XOIUMO, TTOMUMO U3YYEHUST UX DJIEKTPOKMHETUYECKUX
CBOWICTB, BBITIOJTHUTH paOOTHI TI0 OMIPEIeICHUIO BEJI-

CIIMCOK NCTOYHUKOB

YMHBI aHAJIOTOBOI TTocTossHHOM ['amakepa. [TosaTomy
HCCIICIOBaHMSI, HaIIpaBJIICHHbIC Ha SKCIICPUMEHTAILHOE
oIpenesieHNe KOJTMUECTBEHHBIX 3HAUCHMI 3TOM XapaK-
TEPUCTUKM U COCTABJICHUS 0a3bl TAHHBIX IS TOHKOIM -
CITepCHBIX MUHEPAIBHBIX CUCTEM Pa3IMIHOTO TeHE3MCA,
MIPEICTABIISIIOT OMPEACICHHBIN MHTEpeC IIPU BBIOOpE
MIPUPOIBI MaTepHaia M YCTAHOBICHUH PELeITYPHO-TEX-
HOJIOTMYECKMX (DaKTOPOB €TO MCITOIh30BaAHUS.
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High-strength wall ceramics based on phosphorus slag
and bentonite clay
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, Zhangazy N. Moldamuratov (2},
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* Corresponding author: e-mail: ernur.abutalipov98@mail.ru

ABSTRACT: Introduction. One of the promising ways to get high-strength ceramics is the method of semi-dry pressing of the
"coarsely dispersed component - finely ground binder" formula. This method suggests using crushed industrial waste as the core,
and finely ground nanostructured fusible clay as the binder material. Methods and materials. In the research, bentonite clay of the
Darbazinsky deposit of the Turkestan region was used as plastic material, and dense crystallized phosphorus slag which is a waste
of phosphorus production was used as a non-plastic coarse material. The study of the prescription factors’ influence on the basic
physical and mechanical properties of ceramic wall materials was carried out by the simplex method characterized as lattice plan-
ning of experiments. The nanostructure of the phosphorus slag and bentonite clay formula was studied by the electron microscopic
analysis method. Results. The binder content in the amount of 25% guarantees the density of the packages, while the sintering
effect becomes sufficient and the strength of the samples is 27.1 MPa. If the amount of binder increases from 25% to 40%, the
sintering effect continues to grow and the strength of the samples reaches 54.3 MPa. Discussion. The results show that the most
active sintering effect and the dense structures forming in coarse-grained formulas with high-calcium phosphorus slag occur at
40-60% binder content. The presence of flux around slag grains in an amount of less than 30% contributes to obtaining less dense
samples, with a binder content of 40%, a density increase is observed, which corresponds to the mixed ceramic structures modeling.
Conclusion. To get high-strength ceramic bricks, the content of coarsely dispersed components in the form of phosphorus slag
with a fraction of less than 1.25 mm should amount to 60-70%, finely ground phosphorus slag should be 5-10%, and bentonite
clay is to be 20-30%. Optimum technological indicators are: calcination temperature 1050-1100°C, pressing pressure 20-25 MPa,
press powder moisture content 7-8%.

KEYWORDS: phosphorus slag, bentonite clay, nanostructure, semi-dry pressing, pressing powder.
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INTRODUCTION which does not allow obtaining high-quality bricks. The

maximum strength of products made of loam, fired at

One of the promising building materials with a variety
of colors, textures, and shapes that can develop the
quality of building cladding and improve the architectural
appearance of buildings is ceramic brick [1-3].

In Kazakhstan, the demand for high-quality ceramic
products, such as clinker, the facade facing bricks is in-
creasing. The limited raw material base of high-quality
clay raw materials hampers the production of the above-
mentioned efficient materials. The main raw materials
for the ceramic bricks manufacture are loams, which are
low-plastic raw materials with a short sintering interval,

a temperature of 1100°C, does not exceed 15 MPa. In this
regard, the transition to a semi-dry pressing method us-
ing industrial waste is relevant. To obtain high-strength
ceramic materials, it is of interest to use “coarse compo-
nent — finely ground binder” formula. With such a struc-
ture, the clay fraction consumption in the formula content
will be in the range of 25—30%, and 75—100% in tradi-
tional ceramics of plastic molding [4—6].

Nowadays, the attention of ceramic building materi-
als researchers is increasingly attracted by nanosized clay
binder usage [7, 8].
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Fig. 1. Micrograph (a, x100) and size distribution of bentonite clay particles (b):

m — distribution by fractions;
METHODS AND MATERIALS

Bentonite clay of the Darbazinsky deposit of the
Turkestan region was used as a plastic material for the
studied ceramic masses, and dense crystallized phospho-
rus slag was used as a coarse material.

Bentonite is a nanostructured material with a high
specific surface area, which has the property of self-dis-
persion, which helps to bind a large amount of non-plastic
material. It is well known that the clay mineral montmo-
rillonite consists of three store packages. Crushed particles
of the phosphorus slag, located in the interpacket layer
of montmorillonite form strong structures [4, 6, 8, 9].

Determination of the granulometric composition of
bentonite (Fig. 1) showed that the highly dispersed pow-
der is equally distributed over fractions from 1 to 32 mi-
crometers, with a predominant distribution in the range
from 1 to 12 micrometers. Particles form aggregates of
irregular shape [10].

Table 1 shows the chemical composition of clay and
phosphorus slag.

The slag is characterized by a high content of calcium
oxide (47.5%), as well as the phosphorus pentoxide pres-
ence and fluorine compounds up to 4.1%, which have
a fluxing effect and help to reduce the calcination tem-
perature of ceramic materials. In addition to basic oxides

Table 1
Chemical composition of raw materials

— cumulative distribution

of silicon, aluminium, and iron, clay contains low-melting
oxides such as CaO, MgO, Na,O and K,O [11-13].

According to the number of plasticities (38§—40), clay
belongs to highly plastic, according to the content of clay
particles (62.5%) to highly dispersed, according to the
index of refractoriness to fusible clays (1250°C).

The phase composition of bentonite clay is character-
ized by the quartz (d = 0.335; 0.425 nm), illite (d = 0.319;
0.256 nm), biotite (¢ = 1.000; 0.353 nm), montmoril-
lonite (d = 0.950; 0.225 nm), kaolinite (d = 0.709 nm)
presence. Carbonate inclusions are represented by calcite
(d = 0,303; 0.228 nm). Potassium feldspar and ferritic
phases are also present. The content of montmorillonite
is 80—85% [14—16].

Phosphorus slag from the Taraz phosphorus plant
is a dense, crystallized mass that melts at a temperature
of 1320—1350°C. The phase composition of phosphorus
slag is represented mainly by wollastonite and cuspidin
[17, 18].

Samples of wall ceramic bricks were made as follows.
The slag was subjected to crushing and screening through
a 1.25 mm sieve. To obtain a binder, slag and clay were
subjected to grinding in a ball mill until they completely
passed through a 0.063 mm sieve. Slag granules less than
1.25 mm in size were subjected to moisture until a mois-
ture content of 8% was reached, then a binder was applied

Composition, mass. %
Raw material F+ calcination
Si0, | ALO, | FeO. | CaO | MgO | Na,O o | so
2 P P 2 Ig 3 ons losses
Bentonite 60.51 | 16.06 | 643 | 127 | 223 | 241 | 28 13 _ 8.7
Clay
zzgsl’homs 413 | 28 | 04 | 475 | 12 | 03 | 01 | 06 | 41 0.2
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to their surface. The prepared press powder was poured
into a mold and subjected to pressing at a pressure of
15—25 MPa. The strength of the molded raw material is
0.35—0.4 MPa, which satisfies the requirements of the
automatic stacker. The sintering process of the composi-
tion was studied on cubes samples of 50X50X50 mm in
size. Samples were dried at a maximum temperature of
105°C for 3 hours; calcination was carried out in an elec-
tric muffle furnace at a temperature of 1050—1100°C with
an isothermal exposure of 30 min [19—21].

In order to determine the optimal ratio of the core and
the shell, the structures were modeled at a ratio of 5, 10,
20. The amount of the shell substance varied from 20 to
50%. The size of the core aggregates was changed from 0.5
to 1.25 mm, the thickness of the shell was changed from
0.05 to 0.3 mm. The strongest structures were obtained
at a ratio of their sizes equal to 10—20.

In the technology of semi-dry pressing, it is important
to establish the maximum grain sizes of the coarsely dis-
persed component. To do this, the temperature stresses
at the grain boundaries were calculated according to the
formula of W.D. Kingery [7]:

(maj{n&j
U= ) -

1=y ) 1=

where: 0 — stress in the contact layer, MPa; E, and
E, — moduli of elasticity, MPa; u,, u, — Poisson’s ratios;
Aa is the difference in the temperature coefficient of the
linear expansion of the phases; AT is the temperature

‘Aa-AT-d,

(1

interval in which stresses arise; d — grain size; V' — are the
volume fractions of the contacting phases.

From the analysis of changes in the thermal stresses
developing at the grain boundaries, the maximum sizes
of slag grains (1.25 mm) were selected.

Studies of the microstructure of ceramic samples were
carried out on a JEOL JSM7500 scanning electron mi-
croscope with an X-ray spectral analysis attachment [20].

RESULTS

The influence study of recipe factors on the basic
physical and mechanical properties of ceramic wall ma-
terials was carried out by the simplex-lattice planning of
experiments using the properties of an incomplete cubic
form model as a mathematical model [21]:

Y=A +A,+ A, +Axy + Axz+ Ayz+
+ Axyz + Apxy(x—y) + Axz(x—z) + A yz(y—2). (2)

The ultimate compressive (R ) and bending strength
(R,,.,), shrinkage (U, %), and water absorption (W, %)
were studied as Y response functions.

The followings were used as raw materials for the ce-
ramic bricks production:

X, — the content of phosphorus slag fraction less than
1.25 mm, 55-70%;

X, — the content of finely ground bentonite clay,
25-40%;

X, — the content of finely ground phosphorus slag,
5-20%.

The experiment planning matrix is given in the Ta-
ble 2.

Table 2
Experiment Design Matrix
Content of components,% Properties
Composition tPhos.phorus slag ) Finely ground
number raction less than | Bentonite clay, % | phosphorus slag, Reom, Rbend,
1.25 mm, % % U, % MPa MPa W, %
X, X, X,

1 70 25 5 0.9 26.1 2.8 13.8
2 55 40 1.9 54.3 4.7 5.2
3 55 25 20 1.6 36.7 3.6 8.2
4 65 30 1.2 32.3 34 11.8
5 60 35 1.6 51.5 3.7 10.4
6 65 25 10 1.4 30.8 3.2 11.8
7 60 25 15 1.5 34.7 3.7 11.2
8 55 35 10 1.1 45.3 3.6 7.4
9 55 30 15 1.2 38.6 3.7 8.6
10 60 30 10 1.4 43.4 39 10.9
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Fig. 2. Equal values lines of high-strength ceramics properties changes:
a — compressive strength; b — bending strength; ¢ — water absorption; d — shrinkage

The figurative points of the binder compositions based
on slag and clay are in the CaO—Al,0,-SiO, state dia-
gram and are located in the anorthite-wollastonite-quartz
triangle with eutectic at a temperature of 1165°C.

The regression equation of the compressive strength
dependence of ceramic bricks on the composition of the
charge has the form:

R =27,1x + 54,3x, +49,7x, — 17,1x x, +
+18,225x x, — 61,875x x, + 315x x,(x,—x,) +
+400,275x x,(x,—x,) + 282,375x x,(x,—x,) +
+228,15x x x,. 3)

The clay content in the amount of 25% guarantees the
packing density, the sintering effect becomes sufficient,
and the samples strength is 27.1 MPa (Fig. 1, b). If the
clay amount increases from 25% to 40%, the sintering
effect continues to grow and the samples strength reaches
54.3 MPa.

According to the obtained “composition-property”
diagrams (Fig. 2, a, b, c, d), ceramic bricks have low

shrinkage (0.9—1.6%), water absorption (7.4—12.1%),
high bending strength index (2.8—4.7 MPa).

DISCUSSION

The obtained results show that the most active sin-
tering and dense structures formation in coarse-grained
formulas with high-calcium slag occur at a binder con-
tent of 35—45% and core-to-shell ratios of 10—20 in
accordance with the mixed ceramic structures modeling
[17—19].

According to thermodynamic calculations, the most
likely anortite (CaO Al O, 2Si0,), quartz, and wollaston-
ite formation is in the calcination process at temperatures
of 400, 800, and 1000°C; such phases with the largest
negative values of the Gibss free energy (AZ), with densi-
ties that do not change during the synthesis process and
contribute to the increase in the brick strength.

The frame structure creation was ensured through the
use of a polyfractional composition (phosphorus slag)
and finely ground bentonite and phosphorus slag binder.
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Fig. 3. Frame structure model of ceramic materials according to the “core — shell” type:
1 — slag granule; 2 — binder; 3 — pores; 4 — binder and wollastonite and anorthite crystals

Figure 3 shows frame structure models of the material
constituent elements (crystal frame and binder).

The samples structure from the granular slag with
binders formula is the most pronounced variant of
“core — shell” type structures (Fig. 4, a, b). And the na-
ture of slag with binders structures most clearly reflects
the process of their formation. It can be seen from the
structure of the samples that the binder forms shells not
only around large grains but also around medium and
small slag grains located between them. It may be viewed
that the shells interact with the surface of the grains to

form the crystalline phases of wollastonite and anorthite.
The shell and grain interaction proceeds very actively. As
a result of this interaction, a fairly noticeable transition
zone is formed from the slag grain surface to the shell. The
transition zone formation determines the slag grain and
the shell consistency. Therefore, the samples strength is
high and amounts to 49—54.3 MPa in compression and
4.3—4.7 MPa in bending [15].

From the structure of the densely sintered samples,
achieved by using the maximum (40%) amount of clay
in the binder and after calcination at a high temperature

Fig. 4. Ceramics microstructure from the phosphorus slag and bentonite clay composition:
a — calcination temperature 1050°C; b — calcination temperature 1100°C
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(1050—1100°C), it is seen that the smallest slag grains are
involved in the liquid phase formation. The amount and
reactivity of the glass phase increases due to the influ-
ence of fluorine-containing components of the slag. As
a result, the thickness of the zone between the large slag
grains surface and the shells grows and the crystalliza-
tion of the new phases in the form of wollastonite and
anorthite became active in the shell. Furthermore, glass
phase viscosity decrease due to calcium ions, a growth in
its penetrating ability and the glass phase affinity for slag
grains contribute to its spreading over the samples’ surface
and the vitreous coating formation, which crystallizes
upon cooling [14].
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BbICOKONpPOUYHasA CTEHOBaA Kepamuka
Ha ocHoBe ¢$0ocPpOpHOro wiaka n 6eHTOHMTOBON MUHDbI

Kycyn6ek Tawmp6aesuny CyneiimeHoB
Manrasbl HypxxaHosny Mongamyparos

, Aimaxamb6et A6yTanunoBuy CarbiHabIKOB* (1),
, Tynbcapa MypaTtoBHa basanuesa (*), KaHHa basapTaeBHa Anumb6aeBa

Tapa3ckum pernoHanbHbi yHUBepcuteT nmenn M.X. lynaTtn, Tapas, KasaxctaH

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: ernur.abutalipov98@mail.ru

AHHOTALIUA: BBegeHne. OgHVM 113 NEPCMEKTVBHbBIX CNOCOOGOB MOyYeHNA BbICOKOMPOYHOI KepaMuKI ABAAETCA MeToZ, Nosy-
CyXOro NpeccoBaHNa KOMNO3MLUMK «rpy6oaMCEePCHbI KOMMOHEHT — TOHKOM3MeSIbYeHHas CBA3Ka» C UCMOb30BaHNEM B KauecTBe
Anpa Apob6seHbIX OTXOA0B NPOMbILLIEHHOCTY, CBA3YOLWMM MaTepUanom ABNAETCA TOHKOMONOTasa HAHOCTPYKTYPHas NierkonnaBKas
rnmHa. Metopbl n MaTepuanbl. B nccnepgoBaHusax B KauecTse MacTMYHOro MaTtepuana ncnonb3oBaHa 6eHToHNTOBanA rMuHa Jap-
6a3rHCKoro mectopoxgeHus TypkecTaHCKo 06nacTi, a HemnacTUYHoro rpyboancnepcHoro matepuana — NIOTHbIN 3aKpucTan-
JIN30BaHHbIN GOCHOPHDIN Wnak — oTxof GpocopHOro NponsBoAcTBa. VdyueHne BANAHMA peLenTypHbIX GpakTopoB Ha OCHOBHblE
bU3MKO-MeXaHNYECKME CBOMCTBA KePaMUUYECKUX CTEHOBbIX MaTePMaioB BbIMOJHAMN METOAOM CUMIUIEKC — PELIETYATbIM MlaHu-
pOBaHVEM SKCNepMEHTOB. MeToIoM 3N1eKTPOHHO-MUKPOCKOMNYECKOro aHanm3a nccsieoBaHbl HAHOCTPYKTYpa KOMMO3nunun 13
dochopHoro wnaka n 6eHToHMTOBON rMMHbLIL. Pesynbratbl. [py cofepxaHnm CBA3KM B Konmnyectse 25%, rapaHTupytoLLelt NioTHOCTb
ynakoBOK, 3 deKT cnekaHuA CTaHOBUTCA JOCTAaTOUYHBIM, U MPOYHOCTb 06pa3sLoB cocTaBnaeT 27,1 Mla. C yennueHmem Konmyectsa
CBA3KM € 25 po 40% 3ddeKT cnekaHmA NPOJOMKaeT BO3pacTaTb, M MPOYHOCTb 06pasuoB gocturaet 54,3 Mla. O6¢cy»xaeHue. Mpu-
BeAeHHble pe3y/bTaTbl MOKa3blBaloT, YTO Hanbosnee akT1BHOE CriekaHue 1 GOPMMPOBaHUE NMIOTHBIX CTPYKTYP B rPy603epHUCTBIX
KOMMO3MLUMAX C BbICOKOKanbLyeBbIM GOCHOPHbBIM LLTAKOM NPOMCXOAMT Npu cogepkaHnmn 40-60% cBAsku. Hannure nnasHA Bo-
KpYr 3epeH Lunaka B Konmyectse MeHee 30% cnoco6CTBYET NOyYeHNo MeHee MIoTHbIX 06pasLoB, Npu cogepkaHnn 40% CBA3KM
HabntofaeTca NoBbllIeHKEe NIOTHOCTY, YTO COOTBETCTBYET MOAENIMPOBaHMNIO CMELLAHHBIX CTPYKTYP KepamuKu. 3aknioueHue. [1ns
NonyyYeHUA BbICOKONMPOYHOIO Kepammnyeckoro KMpnuya cofiepxaHue rpyboamncnepcHoro KomnoHeHTa B suge ¢ocopHoro Lwnaka
dpakymm meHee 1,25 Mm JomxkHa cocTaBnAaTb 60-70 %, TOHKOMONIOTOro dpochopHoro wnaka 5-10 %, 6eHToHUTOBOM rnHbI 20-30%.
OnTuManbHble TEXHONOrMYeCKne Nokasartenn: Temnepatypa obxura 1050-1100°C, naBneHvie npeccoBaHus 20-25 Ma, BNaXKHOCTb
npeccrnopotka 7-8%.

KJTIOYEBDIE CJIOBA: dpocdhopHbiit Wwnak, 6eHTOHUTOBAA MNHA, HAHOCTPYKTYPa, NONyCyxoe NpeccoBaHune, Mpecc-rnopoLLIOK.

ONA UUTUPOBAHMUA: CynenmveHos XK.T., CarbiHabikoB A.A., Monpamypatos XK.H., Basnvesa I'M., Annmbaesa »K.b. BoicokonpouHas
CTEHOBas KepaMuMKa Ha 0CHOBe $OCHOPHOTO LuaKa 1 6EHTOHUTOBOM rMuHbI // HaHoTexHONOrMM B cTpouTtenibcTBe. 2022, T. 14, N2 1.
C. 11-17. https://doi.org/10.15828/2075-8545-2022-14-1-11-17.

BBEJIEHUWE

O JIHAM U3 NIEPCIIEKTUBHbBIX CTPOUTEILHBIX MaTepHra-
JIOB ¢ Pa3HOOOpAa3neM IIBETOBOM TaMMBI, (DAKTYPOit
¥ (popMOi1, TO3BOJISIONINM ITOBBICUTH KA4eCTBO OOJIH-
LOBKM 3JaHWI 1 yIYUYILIUTb apXUTEKTYPHbBIA OOJIMK 3a-
CTPOMKM, SIBIISIETCS KepaMUIeCKUit Kuprmd [1-3].

B KazaxcTtaHe yBe1numnBaeTcst Cpoc Ha BHICOKOMa-
pOYHbIE KEpaMUUECKHUe U3IeNINs, TAKKE KaK: KIMHKEP-
HBI, acamgHblil TeBOM Kupnnd. OTpaHUYeHHOCTh
ChIPbEBOU 0a3bl KAYECTBEHHBIM TJIMHUCTBIM ChIPbEM

CIEPKMBAET IIPOU3BOACTBO BhILIEYKa3aHHBIX 3 (OEKTUB-
HBIX MaTepuaioB. OCHOBHBIM ChIPbeM IS IPOMU3BOACTBA
KepaMUYECKOIo KUPITMYa SIBJISIIOTCS CYTJIMHKU, KOTOpbIE
OTHOCSITCSI K HU3KOILIACTUYHOMY ChIPbIO, C KOPOTKUM
MHTEPBAJIOM CIIEKAHUSI, HE MO3BOJISIOIIMM I10/Iy4aTh
BBICOKOMApOYHBIA KUpIU4. MakcuMajbHasi IPOYHOCTb
U3IEIUIA U3 CYTJIMHKA, 000XKEHHOTO P TeMIIepa-
type 1100°C, He mpeBbrmaeT 15 MIla. B aToii cBSI31
aKTyaJIbHBIM SIBJISIETCS IEPEX0/ Ha ITOJIYCYX0il METO.I
MPECCOBAHUS C UCIIOJb30BaAHUEM ITPOMbIILIJIEHHBIX OT-
X0m0B. 7151 IosTy4eHust BHICOKOIIPOUHBIX KEPAMUYECKIX
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MaTepualioB TIPEACTABISIET MHTEPEC UCITOTb30BaHME
KOMITO3HIIMH IO THITY «'PyOOMMCIIEPCHBIN KOMITOHEHT —
TOHKOM3MeJIbYeHHAsI CBsI3Ka». C TaKoii CTPYKTYpOii pac-
XOJI IJTMHUCTOM (hPaKIIMU B COCTaBE KOMITO3UIIMK OyIeT
COCTaBJIATh B mpexpenax 25—30%, a B TpaAULIMOHHOM
KepaMuKe riactTudeckoro popmosanus 75—100% [4—6].

B Hacrosiiee BpeMst BHUMaHKWE MCCienoBaTeseit
B 00JIACTU KepaMHUUYECKUX CTPOUTEIbHBIX MaTepUaIoB
Bce GoJIbIlle MMPUBJIEKAeT MPUMEHEHNE HAHOPAa3MEePHBIX
TJIMHUCTHIX CBS3YyOMMX |7, §].

METO/bI 1 MATEPUAJIBI

B kauecTBe ruiacTUUHOTO Matepuasa sl ucciemye-
MBbIX KEpaMMUECKMX MAaCC UCMOJIb30BaIM OEHTOHUTOBYIO
MIMHY 1apOa3uHCKOTo MecTopoKaeHUsT TypKecTaHCKOM
obactu, a TpyooaMCIIEpCHOrO MaTepyraia — MIOTHBIN
3aKPUCTAUIM30BaHHBIN (hoCcHOPHEIN IITaK.

BeHTOHUT SIBIIETCSI HAHOCTPYKTYPHBIM MaTepura-
JIOM C BBICOKOM yIeIbHOM TTOBEPXHOCThIO, 00J1agatolei
CBOWMCTBOM CaMOJMCIIepraliiu, KOTopasi CloCOOCTBYET
CBSI3BIBAHUIO OOJIBIIOTO KOJIMUECTBA HETUIACTUYHOTO
Mateprana. OOIIeN3BECTHO, YTO IIMHUCTBIN MIHEpas
MOHTMOPWJUIOHUT COCTOUT U3 TPEXATAXHBIX MAKETOB.
M3menpueHHBIC YaCTUIIBI (POCHOPHOTO IIJIaKa, paciio-

— HaKOIMMUTCJIIbHOC paCIpeacICHUC

Jlarasich B MEXIaKeTHOM CJI0€ MOHMOPUJUIOHUTA, 00-
pa3yioT IIPOYHLIE CTPYKTYpHI [4, 6, 8, 9].

OrnpeneneHne rpaHyJIOMETPUIECKOTO COCTaBa OeH-
ToHUTA (puc. 1) mokazano, 4TO BBICOKOAUCIIEPCHBIN
TOPOIIIOK PaBHOMEPHO pacripenesieH Mo Ghpakiusim
oT 1 1o 32 MKM, ¢ IPEMMYIIECTBEHHBIM pacrpenese-
HUeM B uHTepBaie oT 1 1o 12 mxm. YacTuiisl o0pasyoT
arperartbl HepaBWwIbHOM (hopmabl [10].

B Tabn.1 nmpuBeneH XMMHUYECKUN COCTAB TJIMHBI
u pocdopHoOroO HIIAKA.

[Inak xapakTepu3yeTcsl MOBBIIIEHHBIM COIEPXKaHU-
eM okcuaa KanbLus (47,5%), a Takke HATMYUEM TISITH-
okcunaa docdopa u GTOpUCTLIX coenuHenuit 10 4,1%,
KOTOpbIe 00JIaNaloT (DIFOCYIONTNM IEWCTBUEM U CTIOCO0-
CTBYIOT CHMXKEHUIO TEMTIEPATyPhl 00XKNTa KEPAMUIECKIX
MaTepuasoB. B rinHe KpoMe OCHOBHBIX OKCHIOB KPEM-
HUSI, ATIOMUHUS, XeJie3a MPUCYTCTBYIOT JIETKOTUIABKIE
okcunpl CaO, MgO, Na,O u K,O [11-13].

IMo uucny mmactuunoctu (38—40) oHa oTHOCUTCS
K BBICOKOTUTACTUYHOI, TT0 CONIEP>KAHUIO TTTMHUCTHIX Ya-
ctril (62,5%) — K BBICOKOIUCIIEPCHBIM, TTI0 TIOKA3aTeITto
OTHEYTMOPHOCTH — K JIeTKOTIaBKUM TiiuHaM (1250°C).

®a3oBbIil cocTaB OEHTOHUTOBON TJIMHBI XapaKTepH-
3yercst HaTmIueM kBapiua (d = 0,335; 0,425 um), wimuta
(d = 0,319; 0,256 um), 6uotuta (d = 1,000; 0,353 HMm),

Tabauya 1
XUMHYECKHIi COCTAB CHIPhEBBIX MATEPHAJIOB
Cocras, macc. %
Chipbe F+ | moTepH npu
SiO, ALO, | FeO, CaO MgO | Na,0 K,0 SO, PO TIPOKAJI -
2t BaHUU
bentornTo- | o1 | 606 | 643 | 127 | 223 | 241 | 28 1,3 - 8,7
Bad MIMHA
@ocoprptit |y, 5|5 04 | 475 1,2 0,3 0,1 0,6 4,1 0,2
LUTAK
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MoHT™Mopuiutonuta (d = 0,950; 0,225 HMm), KaOTUHUTA
(d=0,709 am). KapOoHaTHBIC BKITIOUCHHSI TIPEICTABICHBI
kanbpuToM (d = 0,303; 0,228 HM). Takske IIPUCYTCTBYIOT
KaJIMEeBHIN 1TOJIeBOIt mImat u deppuTHbie a3nsl. Comep-
JKaHre MOHTMOpMJUTOHNTA cocTasisieT 80—85% [14—16].

Ddocohopnrbrii nu1ak Tapasckoro ¢gochopHoOro 3a-
BOJIa TIPEACTABIISACT COOOM IUIOTHYIO, 3aKPUCTAIIA30-
BaBIITYIOCS MacCy, KOTOpasI IJIaBUTCS IIPH TEMIIepaType
1320—1350°C. da3oBblit cocTaB (pochopHOTO IITaKa
TIpeACTaBIicH, TJIaBHBIM 00pa30oM, BOJTACTOHUTOM U Ky-
crmaguHoM [17, 18].

OO0pa3Ibl IIsI CTCHOBOTO KePaMUUECKOTO KUPITIa
W3TOTaBIMBAIN ClIeayomuM oopaszom. Illnak monsep-
raju IpoOJeHUIO U TPOoceBy Yepe3 cuto 1,25 mm. JInsa
TIOJTYYCHMSI CBSI3KU IIUTAK U TJIMHY TTOABEPTAIN ITOMOJTY
B IIapOBOI MEJIBLHUIIE IO TTOJTHOTO ITPOXOXICHUS Ue-
pe3 cuto 0,063 mMm. I'paHyJibl IIJ1aKa pa3sMepoM MeHee
1,25 MM TIOmBepTraly yBIAXKHEHUIO IO TOCTHKCHUS
BIIaxXHOCTH 8%, 3aTeM Ha UX MOBEPXHOCTbh HAHOCHIIN
CB3KY. [10ATOTOBICHHBIN MPeCcC-MOPOIIOK 3aCHITaIN
B (hopMy ¥ mIomBeprajm MpecCOBaHUIO TIPU TaBICHUN
15—25MI1a. ITpoyHocTh OTHPOPMOBAHHOTO CHIpPIIA CO-
crasnster 0,35—0,4MT1a, koTopast yIOBIETBOPSIET Tpe-
OoBaHUSIM pabOTHI aBTOMATa yKiamguuka. [1ponecc crnie-
KaHUS KOMITO3UILINY MCCIeqOoBaI Ha 00pa3iiax Kybax
pazmepom 50x50x50mMm. Cymiky o6pa3oB MPOU3BOIVIN
Ipy MaKcuMaibHOM Temiiepatype 105°C B TeueHue 3 ya-
COB, OOXMWT OCYIIECTBIISIA B MY(DEITbHOM 3JICKTPOIICUN
npu Temriepatype 1050—1100°C ¢ n3oTepMrIeCcKoit BbI-
nepxkoii 30 mun [19-21].

C 11eJTBI0 OTIpeeICHIST ONTTUMAIBHOTO COOTHOIIICHUST
SIpa M 000JI0UKHY TTPOBEICHO MOICIMPOBAHUE CTPYKTYP
npu cootHomrenuu 5, 10, 20. KonnuecTBo BeliecTBa
0005109KM n3MeHs10ch oT 20 10 50%. Pasmep arperaTtoB
aapa u3MmeHs ot 0,5 1o 1,25 MM, TOMIIMHY 000JIOYKHA —
ot 0,05 mo 0,3mM. HanbGoree mpodHble CTPYKTYPHI ObUTH
TOJIYYCHBI TIPU COOTHOIICHUN UX Pa3MepoB, PABHOM
10-20.

B TexHOJIOTUM MOJTYyCYXOTo IIPECCOBAHUS BaXKHO
YCTaHOBUTH MaKCHUMAaJIbHEBIC pa3Mephl 3epeH rpyooI-
CIIEpCHOTO KOMITOHEHTA. [IJIsT 3TOTr0 pacuMTBhIBAIM TEM-
TepaTypHbIe HaIpsDKeHUsI Ha TpaHUIIaX 3¢peH COTTacHO
dopmyne V. J. Kunrepu [7]:

ViE, | [ VLE,
1= ) 1=
oo LAUTH ) AaAT-d, (1)
3 (WE | [ TE,
1=y ) 1=

rIe 0 — HamnpsoKeHUe B KOHTAKTHOM ciioe, MIla;
E n E, — momynu ynipyroctu, MITa; u,, u, — koaddu-
nueHTHl [lyaccoHa; A@ — pa3HOCTH TEMIIEPAaTyPHOTO
Koa(ddunmeHTa 1uHeMHOro pacimmpenus dasz; AT —
TeMIIepaTypHBI MHTEePBajl, B KOTOPOM BO3HUKAIOT

HanpspKeHust; d — pasMep 3epeH; V — o0beMHbIe 10U
KOHTAKTUPYIOLIUX (da3.

W3 aHam3a u3MeHEeHUsI pa3BUBAIOIIErOCs HA TPaHu-
LIaX 3¢peH TEPMUUYECKUX HAMIPSDKEHUI ObLIN BhIOPAHDI
MaKCHUMAaJIbHBIC pa3Mepsl 3epeH muiaka (1,25 Mm).

HccnenoBanust MUKPOCTPYKTYPBI 00pa3LioB KepaMu-
KU ObLIM MPOBEAEHBI HA CKAHUPYIOLIEM JIEKTPOHHOM
mukpockorne JEOL JSM7500 ¢ mpuctaBkoif peHTTeHO-
crnekTpaiabHoro aHanm3a [20].

PE3YJIbTATBI

M3ydeHne BIMSHUS peleTYPHBIX (PaKTOPOB Ha OC-
HOBHBIC (DM3MKO-MEXaHNUECKHE CBOMCTBA KepaMuye-
CKHUX CTEHOBBIX MAaTEPHAIOB BHITIOJHSIIN METOIOM CHUM-
IUIEKC — PEIIETIATOrO TIAHNPOBAHMST SKCIICPUMEHTOB
C MICTIOJTb30BaHMEM B KAUeCTBE MaTEMaTHUUECKOM MOIEIIH
CBOMCTB HEMOJIHOM KyOoudeckoii Momenn Buaa [21]:

Y=A +A,+ A, +Axy + Axz+ Ayz +
+ Axyz + Axy(x—y) + Axz(x—z) + A yz(y—2). (2)

B xauecTBe (pyHKLUUI OTKIMKA Y MCClIedOBaIun
npenest npoyHocTy npu cxartuu (R ) w marute (R, ),
ycanky (U, %) u BononornomeHue (W, %).

B kauecTBe CBIPHEBBIX MATCPHUATIOB IS TTOTYICHUS
KepaMHUUYECKOT0 KUPITMYa ObLTA UCTIOIH30BaHHI:

X, — conepxanue HochopHOro 1u1aka ppakuum Me-
uee 1,25 mm, 55-70%;

X, — conepxaHue TOHKOU3MEbYEHHO 6EHTOHUTO-
BOW TIMHBL, 25—40%;

X, — cofepXaHue TOHKOU3METbYEHHOTO (hochop-
HOro 1uiaka, 5—20%.

Marpulia TUTaHNPOBAaHUS SKCIIEPUMEHTA IIpUBeIcHA
B TaOII. 2.

durypatTuBHBIC TOUKM COCTAaBOB CBSI3YIOIINX Ha
OCHOBE IIITaKa W TJIMHBI HAXOISITCS B HUarpaMmme
cocrosauusa CaO—Al,0,—SiO, 1 pacrnojoxeHsl B 00-
JIACTHA TPEYTOJbHUKA aHOPTUT—BOJIIACTOHUT—KBaPII
C DBTEKTUKOM 11pu TeMmeparype 1165°C.

YpaBHeHNE perpecuy 3aBUCUMOCTH IIPOYHOCTH IIPH
CXKaTWU KEPaMUICCKOTO KMPITMYa OT COCTaBa IITUXTHI
AMECT BU:

R =27,1x, + 54,3x, +49,7x, — 17,1x x, +
+18,225x x, — 61,875x x, + 315x x,(x,—x,) +
+400,275x x,(x,—x,) + 282,375x x,(x,—x,) +
+228,15x x x,. 3)

Comep:kaHue IJIMHBI B KoJndecTBe 25% rapaHTupy-
€T TUIOTHOCTh YIIaKOBOK, 3(P(EKT CITIeKaH!sI CTAHOBUT-
¢Sl JOCTATOYHBIM, W TIPOYHOCTH 00Pa3IloB COCTABIISICT
27,1 MIla (puc. 2, B). C yBenmnueHIEM KOJINIECTBA TJT1-
HbI ¢ 25 10 40% >(pdexT cnekaHusT ITPOIOJIKAET BO3-
pacTaThb, ¥ IPOYHOCTH 00pa31oB gocTuraet 54,3 MI1a.
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Tabauuya 2
Marpuia niaHUpoBaHUs SKCIIePUMEHTA
ConepixaHue KOMIOHEHTOB, % CaoiicTBa
[ octommmnits| oo | Tocdor )
cocrasa 1,25 mm, % mna, % H3MeIIbYEeHHBI, % U, % Mcﬁ;l Mpﬁ’a W.%

1 70 25 5 0,9 26,1 2,8 13,8
2 55 40 5 1,9 54,3 4,7 5,2
3 55 25 20 1,6 36,7 3,6 8,2
4 65 30 5 1,2 32,3 3,4 11,8
5 60 35 5 1,6 51,5 3,7 10,4
6 65 25 10 1,4 30,8 3,2 11,8
7 60 25 15 1,5 34,7 3,7 11,2
8 55 35 10 1,1 45,3 3,6 7,4
9 55 30 15 1,2 38,6 3,7 8,6
10 60 30 10 1,4 43,4 3,9 10,9

X3

Puc. 2. JIunnu paBHbIX 3HAYEHWIT MI3MEHEHNS CBOICTB BHICOKONPOYHOI KEPAMHUKH: a — TIPEAeI IPOYHOCTH
TIpU CXaTuu; 0 — TIpeest TPOYHOCTH U3TM0e; B — BOMOIOTJIONIEHNE; T — ycaaKa
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CorjacHO MOJYyYeHHBIM AMarpaMMaM «COCTaB-
cBOMCTBO» (puC. 2 a, 0, B, T), KEpaMUYECKHE KUPITUYU
uMeloT Mainyio ycanky (0,9—1,6%), BomomoriomieHme
(7,4—12,1%), BbICOKMII OKA3aTeJIb IIPOYHOCTH IIPU U3~
rube (2,8—4,7 MIla).

OBCYXKIEHUE

[ToxydeHHBIE pe3yIbTAaThI TOKA3BIBAIOT, YTO HAM-
0oJree aKTUBHOE CIIeKaHNE M (DOPMUPOBAHNE TUIOTHBIX
CTPYKTYP B IpyOO3epHUCTHIX KOMIIO3UIINSIX C BHICOKO-
KaJIbIIMEBBIM IIJIAKOM IIPOUCXOINUT TIPY COACPKAHUM
35—45% cBSI3KM U COOTHOIIEHUI siApa U O0OJIOUKH
10—20 B COOTBETCTBUM C MOACIMPOBAHNEM CMEIIIAHHBIX
CTPYKTYp KepaMuku [17—19].

CorracHO TepMOIMHAMUIECKIM pacdeTaM B IPOIIEC-
ce ooxwra B Temirepatypax 400, 800 m 1000°C Hanbonee
BepoATHO obpaszoBanue aHoptuta (CaO Al O, 2Si0,),
KBaplla ¥ BOJUTACTOHUTA, T.¢. (pa3 ¢ HaMOOIBIIIMHI OTPH -
HaTeJbHBIMU 3HAUYCHUSIMU CBOOOIHO Heprum [ mocca
(AZ), He U3MEHSTIOITUMUCS TUIOTHOCTSIMU B TIpoIiecce
CHUHTEe3a U CITOCOOCTBYIOIINMU YBETMUCHUTO TIPOYHOCTH
KHApImJa.

Co3maHre KapKacHOM CTPYKTYPHI OBUIO obecriede-
HO 3a CYeT MPUMEHEHUS MOIN(PaKIIMOHHOTO COCTaBa
(cbochopHOTrO 1ITaKa) U CBI3KU M3 TOHKOMOJIOTBIX OCH-
TOHUTA U (hOCc(HOPHOTO IIJIAKA.

Ha puc. 3 mpuBeneHbI MoIeIM KapKacHOM CTPYKTY-
PBI COCTaBHBIX JIEMEHTOB (KPUCTAJUTMUECKOTO KapKaca
¥ CBSI3KWM) MaTepuala.

CTpyKTypa 06pa3iioB M3 KOMITO3UIINI 36pHUCTOTO
IIJTaKa CO CBSI3KaMU SIBJISIETCST HanboJiee SIpKO BEIpa-
JKEHHBIM BapMaHTOM CTPYKTYP IO TUITY «SIIpO — 000-
Jouka» (puc. 4 a, 0). A xapakTep CTPYKTyp ILIaKa
CO CBSI3KaMM HamboJjIee YeTKO OTpaxaeT IMPOoIecC UX
dopmuposanus. 1o cTpykrype 00pa3iioB BUAHO, UTO
CBsI3Ka 00pa3yeT 000JI0YKHM BOKPYT KPYITHBIX M pac-
TTOJIOKEHHBIX MEXIYy HUMM CPEIHUX U MEJIKHUX 3€PeH
1aka. BumHo, 9To 0007109KM B3aMMOIEUCTBYIOT C T10-
BEPXHOCTBIO 3¢peH ¢ 00pa30BaHUEM KPUCTAITMIECKIX
¢a3 BoutacToHUTa U aHOPTUTA. B3aumoneiicTBue 000-
JIOUKHU C 3¢PHOM IIPOTeKaeT OYeHb aKTUBHO, OT ITO-
BEPXHOCTH 3epHa IIIaka K 000JI0YKe 00pa3yeTcs Io-
CTaTOYHO 3aMeTHas TepexoaHas 30Ha KaK pe3ysIbTaT
5TOr0 B3amMoaciicTBusi. OOpa3oBaHME MEePEeXOTHOMU
30HBI 00YCJIaBIMBAET COIIACOBAHHOCTH IIIAKOBOTO
3epHa ¢ o6osioukoit. [ToaToMy mMpoyHOCTH 0Opa3LOB
BbIcOKas n cocTaBisgeT 49—54,3 MIla mipu cxatum
n 4,3—4,7 MIla nipu n3ru6e [15].

M3 cTpyKTYpHI IJIOTHO CIIEYCHHBIX 00pa3IoB, J0-
CTUTHYTOM MCIIOJIb30BaHMEM MakKcuManbHOro (40%)
KOJIMUYECTBA TJIMHBI B CBSI3KE U ITOCJIE 00KUTA TIpH 00-
Jee BeICOKOI Temmepatype (1050—1100°C), BumHO,
YTO MeJIbUaiillivie 3epHa IJIaka BOBJICKAIOTCS B IIPO-
Hecc obpa3oBaHus XKuakou dasnl. [ToBeiIaeTcs Ko-
JIMYECTBO U PeaKIIMOHHAST CIIOCOOHOCTD CTEKIO(ha3hI
3a cYeT BIAMSHUSA DTOpCcomepKAIMNUX KOMITOHEHTOB
InTaka. DTO BBIpPAXKAeTCsS B YBEIAMUCHUM TOJIIIITHBI
IIPOMEKYTOUHOM 30HBI OT ITOBEPXHOCTH KPYITHEIX 3¢€-
peH ITaKa K 000J109KaM BOKPYT HUX, B aKTUBU3AIIUN

Puc. 3. Mopeab KapKacHO#i CTPYKTYPbl KEPAMHYECKUX MATEPUAJIOB N0 THITY <SP0 — 000JI0YKA»:
1 — rpaHy”na 1uIaKa; 2 — CBA3yoIIee; 3 — IMOphI; 4 — CBI3YIOIIee M KPUCTAJUIBI BOJJIACTOHUTA U aHOPTUTA
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Puc. 4. MuKpocTpyKTypa KepaMuKku u3 KoMno3uimu ¢ochopHoro nuiaka u 6eHTOHUTOBO# TJIMHbBI:
a — remmneparypa ooxura 1050°C; 6 — temmiepatypa ooxwura 1100°C

KPUCTAJIN3AIIMY HOBBIX (Da3 B BUE€ BOJUIACTOHUTA
¥ aHOPTUTA B 000J10uKe. Kpome Toro, moHuxeHue Bs3-
KOCTU cTeKJI0(hAa3bl 32 CYET KAJIBIUEBBIX NOHOB, yBe-
JINYEHUE €€ MTPOHUKAIOIIEH CIIOCOOHOCTHU U CPOACTBO
crekodasbl ¢ 3epHAMH IIIJTaKa CTIOCOOCTBYIOT €€ pac-
TEKAHUIO IO MOBEPXHOCTU 00pa3L 0B U 0OPa30BAHUIO
CTEKJIOBUTHOTO TTOKPBITUSL, KOTOPOE MPU OXJIAKIACHUUN
kpucramnusyercs [ 14].

ITo kpasM 3epeH LuIaka U MeXAy HUMU, a TaKxke
Ha X MOBEPXHOCTU HAOIIONAIOTCS MPOLYKTHI B3aUMO-
NEeUCTBUS.

CIINCOK NCTOYHUKOB

3AK/IIOYEHUE

7151 moy4eHus BBICOKOITPOYHOTO KePaMUUIECKOTO
KUpIya coepkaHue rpyooarcIiepcHOrO KOMITOHEHTA
B Bune ocopHoro nuiaka dppakuuu meHee 1,25 Mm
JIOJIKHO COCTaBJISITh 55—65%, TOHKOMOJIOTOTO (hoc-
dopHoro nuraka — 5—10%, 66 HTOHUTOBOI TJWHBI —
30—40%. OnTuMa bHbIC TEXHOJOTMYECKUE TIOKAa3aTeIu:
temriepaTtypa ooxura — 1050—1100°C, naBieHue mpec-
coBanust — 20—25 MIla, B1aXHOCTh IMPECCITOPOIIKA —

7—8%.
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ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materi-
als, methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological
inventions designed by scientists, engineers and specialists from different countries. Main part. The article provides an abstract
overview of inventions of scientists, engineers and specialists from different countries: Germany, Irag, China, Russia, USA, Ukraine,
Sweden, Japan et al. The results of the creative activity of scientists, engineers and specialists, including inventions in the field of
nanotechnology and nanomaterials allow, when introduced to industry, achieving a significant effect in construction, housing
and communal services, and related sectors of the economy. For example, the invention «Nanomodified building mortar» refers
to construction materials and can be used in masonry of ceramic stones, ceramic bricks, hollow bricks in dry and hot climate. The
novelty, in respect to the existing construction mortars, is the combination of known components of Portland cement, sand for
construction works, amorphous nanomodified silica dioxide, superplasticizer C-3, cure retarders of Portland cement, air-entraining
resin. The given qualitative and quantitative composition of nanomodified construction mortar makes it possible to obtain the
mentioned mixtures in a simple way: for example, in gravity mixer, with evenly distributed components in volume, which is char-
acterized with specified flowability, water-retaining property, controlled hardening period and can be used in dry and hot climate
with air temperature up to 40-50°C. The following inventions in the field of nanotechnology can also be interesting for specialists:
a composition of self-compacting construction concrete on the basis of cement matrix, a method of producing polarization-sensitive
nanocomposite film on the basis of copper selenide, a method of producing porous moulded article in the form of insulation plaster
layer, a method to obtain amorphous nanostructured diamond-like coating, a method of cement surface modification, a system to
produce carbon nanotubes, et al. Conclusion. One of the most challenging tasks the economy of every country faces is to increase
industrial competitiveness through technological upgrade. From the side of the state and companies the principal object to control
in this process are the people and enterprises dealing with introduction of inventions and new technologies.

KEYWORDS: nanotechnologies in construction, nanomodified building mortar, nanostructured coating, nanotube, nanocomposite
film.
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INTRODUCTION

Q dvanced technologies impress people’s imagination
emonstrating the latest achievements (materials,
methods, systems, technologies, devices etc.) that dra-
matically change the world. This primarily concerns nan-
otechnological inventions designed by scientists, engineers
and specialists from different countries (Germany, Iraq,
China, Russia, USA, Ukraine, Sweden, Japan et al.).

© lvanov LA, Xu L.D., Bokova E.S., Ishkov A.D., Borisova O.N., 2022

MAIN PART
Nanomodified building mortar (RU 2759479 C1)

The invention refers to construction materials and can
be used in masonry of ceramic stones, ceramic bricks,
hollow bricks in dry and hot climate [1]. One of the most
challenging problems in masonry made of ceramic bricks
in dry and hot climate is to provide flowability and water-
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retaining property of the mortar under air temperature
more than 20°C and up to 40—50°C. Heated brick inten-
sively absorbs water from the mortar that leads to increase
of work labour input due to decrease of mortar flowability.

The task of the technical solution is to obtain build-
ing cement and sand mortar which is characterized by
specified flowability, water-retaining property, controlled
setting time and can be used in dry and hot climate with
air temperature up to 40—50°C. The technical result is the
increased water-retaining ability, provision of specified
flowability and controlled setting time of building mor-
tar. The technical result is achieved due to the following
technology: building mortar comprising Portland cement,
construction sand with fineness modulus 1.5—2.0, water,
additionally contains amorphous nanomodified silica di-
oxide, superplasticizer C-3, cure retarders of Portland
cement, air-entraining resin under the following ratio of
components, mass.%: Portland cement — 10.80—16.90;
sand for construction works — 69.50—80.70; amorphous
nanomodified silica dioxide — 0.01—0.12; cure retard-
ers of Portland cement — 0.002—0.05; superplasticizer
C-3 — 0.02—0.15; air-entraining resin — 0.02—0.15; wa-
ter — 8.5—13.0.

The novelty, in respect to the existing construction
mortars, is the combination of known components of
Portland cement, sand for construction works, amor-
phous nanomodified silica dioxide, superplasticizer C-3,
cure retarders of Portland cement, air-entraining resin.
The given qualitative and quantitative composition of
nanomodified construction mortar makes it possible to
obtain the mentioned mixtures in a simple way: for ex-
ample, in gravity mixer, with evenly distributed compo-
nents in volume, which is characterized with specified
flowability, water-retaining property, controlled hardening
period and can be used in dry and hot climate with air
temperature up to 40—50°C.

A new property emerges in the applied set of features:
increased water-retaining ability and, at the same time,
provision of specified flowability and controlled setting
time of building mortar.

A composition of light self-compacting construction
concrete on the basis of cement matrix
(RU 2758050 C1)

The invention refers to the industry of building materi-
als and can be used in civil and industrial construction as
well as in construction of special facilities. The aim of the
invention is to obtain light self-compacting construction
concrete (LCC) of high strength, high frost-resistance,
low product cost and low thermal conductivity.

The suggested composite material is a light concrete
with high thermal performance. The result is achieved
due to applying light cube-like filler with many closed
pores that provide high heat-insulating effect and low

density of the final product as well as high adhesion with
binding material. When density and thermal conductivity
are low, the concrete possesses high strength that is pro-
vided by creating high-strength cement matrix in concrete
due to rational packing of components and formation of
strong chemical bounds. The proposed concrete allows
constructing multi-storey buildings with high thermal
performance and strength characteristics, which meet
modern requirements [2].

A composition for production of self-compacting
construction concrete contains mechanically activated
Portland cement, foamed glass ceramic granules, rheology
active stone dust, water-retaining additive, micro- and
nanosilica, polyfunctional modifier on the polycarbox-
ylate basis, water, in the following ratio of components,
mass.%: mechanically activated Portland cement 15—25,
polyfunctional modifier 1—2.5, rheology active stone dust
10—25, water-retaining additive 0.003—0.02, micro- and
nanosilica 1.5—7, foamed glass ceramic granules, 30—50,
water — the rest.

The technology of the given composition includes the
following stages: mechanical activation of Portland ce-
ment jointly with polyfunctional modifier on the polycar-
boxylate basis and micro- and nanosilica, dosage of dry
components, water, mixing till formation of completely
streak free, formation of products and curing for 28 days
until to the moment when maximum strength is obtained.

A method of producing porous moulded article
in the form of insulation plaster layer (RU 2721612 C1)

The invention refers to porous moulded articles in the
form of insulation plaster layer or isolation slab, to the
methods of producing such porous moulded articles and
to the mortar mixes used in production of these porous
moulded articles. It is known that when applying layers
of insulation plaster and when producing heat-insulating
slabs, highly flammable materials, such as Styrofoam or
roamed polyurethane, are often used. The great disadvan-
tage of these materials is their high flammability.

The given invention is aimed at solving the problem
concerning development of insulation materials on the
basis of mineral light fillers. These materials could be
flexible and, at the same time, would possess better fire-
resistant properties [3].

The features of the method to produce porous mould-
ed article in the form of insulation plaster layer: the layer
contains either closed-porous or open-porous or mixed-
porous hollow bodies of inorganic materials and the
binder is composite particles which contain at least one
organic polymer as organic polymer phase and at least
one inorganic solid body, which particles are distributed
in organic polymer phase, at this, mass fraction of inor-
ganic solid substance is from 15 to 50 mass.% expressed
in terms of total mass of organic polymer and inorganic
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solid substance in composite particle, closed-porous or
open-porous or mixed-porous hollow bodies of inorganic
materials taken in quantity from 10 to 50 mass.%, com-
posite particles taken in quantity from 5 to 20 mass.%,
fillers taken in quantity from 40 to 80 mass.%, mineral
binders and/or polymer binders taken in quantity from
0 to 20 mass.% and, if necessary, extra additives taken in
quantity from 0,1 to 10 mass.%, in each case expressed in
terms of total mass of dry mixture without water, at this,
in each case summarized values mentioned in mass.% are
equal to 100 mass.%, then water is added and obtained
solution is applied on the substrate. The invention is de-
veloped in depending claims. The technical result is the
production of insulation material with flexible and, at the
same time, improved fire-resistant properties.

A method of cement surface modification
(RU 2715276 C1)

The invention refers to production of building materi-
als, in particularly, to cement production. The task of the
invention is to improve quality of cement, to prolong time
of its caking, to decrease specific surface by correcting
granulometric composition and, as a result, to decrease
its water demand [4].

The essence of the invention is that the method of
cement surface modification, comprising cement process-
ing, also comprises bipolar charging of cement in elec-
trization chamber under impact of high-voltage electric
field of crown discharge, bipolar charging is performed
by passing the first half of aerosol flow through positive
unit of charging station, and the second half of acrosol
flow — through negative unit charging station, then unipo-
lar charged particles get to the agglomerator with varying
high-voltage electric field.

The method is performed in the following way (fig. 1).
Under impact of electric field, which is generated in the
chamber of particle electrization 1 in the first section
between crown negative 4 and outer collecting positive
6 electrodes, the initial mineral elements adsorb ions from
interelectrode space and get negative charge. The similar
process between the electrode with positive charge 5 and
negative one 7 runs in the second section, but mineral
elements get positive charge. As a result, further bipolar
charged mineral dispersed elements get into agglomera-
tor 2, in which under the impact of high-voltage varying
electric field 9, variations with different amplitude and
frequency take place. Coarse particles are oscillated with
higher amplitude and frequency than fine particles, gra-
dient of frequency and amplitude of variations provides
increase of particle interference frequency, that leads to
formation of spheroidal cement 8. Ground bed is made
by means of electrode 10.

The technical result is the prolonged time of cement
caking, decreased amount of «free» high-dispersed par-

Fig. 1. A plant for surface modification of mineral
dispersed elements:

1 — particle electrization chamber; 2 — agglomerator;
3 — separation of dielectric material; 4 — crown elec-
trode; 5 — electrode with positive potential; 6 — outer
collecting electrode; 7 — negative electrode; 8 — spher-
oid cement; 9 — high-voltage varying electric field;

10 — electrode by which ground bed is performed.

ticles (diameter is less than 3 um), decreased coarseness
of «spheroids» surface and specific surface due to cor-
rection of granulometric composition, as well as slower
hydration of cement at the early stages, that improves
flowability of concrete mixtures, prepared on the basis of
such «spheroid» cement, and, as a result, its water demand
falls (water-cement ratio is decreased by 6—8%). When
superplasticizers are implemented in concrete mixtures,
their adsorption per unit of cement surface also decreases
(up to 20%).

Multilayer wear-resistant coating on the steel substrate
(RU 2759163 C1)

The modern machinery industry is widely using the
tools and the details of mechanical systems, on the work-
ing surface of which protective wear-resistant nanostruc-
tured coatings are applied. Application of protective coat-
ings on processing tools and equipment parts significantly
prolongs their service life. Moreover, metals and alloys
can be destroyed also by corrosion, for example, after
chemical, electrochemical, radiation and other types of
environment impacts. When equipment is operating, the
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processes of corrosion and mechanical wear can run si-
multaneously, for example, that happens with pumps,
mixers, male screws, etc. Therefore, wear- and corrosion-
resistant coating are badly needed.

Diamond-like carbon coatings (DCC) are well-
known due to their capability to provide, low friction,
high wear-resistance and high thermal conductivity. Ow-
ing to low friction coefficient and high hardness, they
are used in tribology as a protection from abrasive and
frictional wear. Nevertheless, their high hardness and
high inner stresses often lead to weak adhesion with steel
substrates, that is a problem for many high technological
industries. Hard, dense DCC are also used to protect
metal substrates from corrosion in different chemically
aggressive media. However, residual nanopores and
defects in coating are the initial sources of corrosion,
which causes emergence of defect network in DCC that
is a channel of corrosion impact on the substrate under
the coating from environment.

The mentioned technical problems can be solved by
designing technical solution as follows. The wear-resis-
tant multilayer coating on steel substrate which contains
a nanocomposite layer, comprising carbon, and a layer
of diamond-like carbon, with interchange of the given
two layers, according to the invention, in this coating,
a diamond-like carbon layer is hydrogenized, precipitated
by PACVD method, and a nanocomposite layer obtained
with combined method of physical precipitation from
vapor (PVD method) and plasma-chemical precipita-
tion from gas phase (PACVD method) includes chrome,
aluminum and their compound with carbon [5]. At this,
the total content of chrome in nanocomposite layer is
30—35 at. %, aluminum — 50—52 at. %, carbon — 13—18
at. % and the rest is oxygen. The coating is performed with
thickness 800—2500 nm with amount of the mentioned
layers from 20 to 50 and the thickness of each layer is
from 40 to 50 nm.

The invention can be used in metal processing, me-
chanical engineering, oil and gas industry, chemical in-
dustry, etc. to improve performance characteristics of the
units exposed to various performance conditions.

A method of producing polarization-sensitive
nanocomposite film on the basis of copper selenide
(2758150 C1)

The task of the invention is to develop a method of
producing polarization-sensitive nanocomposite film on
the basis of copper selenide with better efficiency of con-
version of laser light power into photoelectric current [6].

The essence of the invention is that, compared to the
known method of producing polarization-sensitive nano-
composite film on the basis of copper selenide in which
sequential application of layers of selenium and copper
on dielectric substrate, oriented perpendicular to current

of sprayed particles, is performed with vacuum-thermal
spraying method under room temperature, the obtained
nanocomposite film is annealed in vacuum under the
temperature in the range 120—217°C

The technical result is the increased efficiency of con-
version of laser light power into photoelectric current in
polarization-sensitive nanofilm on the basis of copper
selenide.

The method of producing polarization-sensitive
nanocomposite film on the basis of copper selenide is
performed as follows. Under the room temperature the
layers of selenium and copper are sequentially applied
on the dielectric substrate by the method of vacuum-
thermal spraying in a single vacuum cycle. At this, the
substrate is oriented perpendicular to the current of
spraying particles. Hot vapors and clusters of copper,
reaching low-melting layer of selenide, react with it,
that resulted in emergence of semitransparent electri-
cal conductive polarization-sensitive nanocomposite
film on the surface of substrate. This nanofilm consists
of polycrystalline copper selenide and amorphous sele-
nium. The obtained nanocomposite film is annealed in
vacuum, that causes crystallization of amorphous sele-
nium and coarsening of crystallites of copper selenide,
that results in increase of efficiency of conversion of laser
light power into photoelectric current.

In the experiments, formation of polarization-sensitive
nanocomposite film on the basis of copper selenide was
performed by the method of vacuum-thermal spraying on
rectangular quartz substrate which size is 17.5x34.5 mm.
Along short sides of the substrate two parallel thin-film
measuring electrodes which wideness is 5 mm were pre-
liminary applied. In the course of spraying, the substrate
was under room temperature and was at the distance of
0.12 m from evaporator plant perpendicular to motion
direction of sprayed particles. The ratio of selenium and
copper preforms in the evaporator was 19:5. The thickness
of the final film was 130 nm and resistance to the direct
current between measuring electrodes was 37.2 O.

The annealing of the experimental sample is per-
formed under the temperature 150°C for 30 minutes. The
resistance to the direct current current between measuring
electrodes in the annealed film was 25.7 O.

A method of obtaining ethenyl wallpapers
with bactericidal coating (RU 2758770 C1)

The invention refers to the methods of obtaining
ethenyl wallpapers with bactericidal coating, protecting
from emergence of bacteria and fungus on the surfaces
of paper-overlaid articles and it also makes possible to
eliminate pathogenic microorganisms from room air and
to repress their birth process. The invention can be used
to disinfect surfaces and air rooms, especially, in public
places and medical centers [7].
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It is known that one of the option to solve disinfec-
tion problem for surfaces and room air, in particularly, in
public places and medical centers, can become applica-
tion of wallpapers with bactericidal coating on the basis
of aqueous paints with nanosize particles of silver, copper
or gold with increased biocide activity. These wallpapers
can protect from emergence of bacteria and fungus on
the surfaces of paper-overlaid articles and it also makes
possible to eliminate pathogenic microorganisms from
room air and to repress their birth process.

The proposed method comprises some existing tech-
nical methods as stages but the new result is achieved,
namely, wallpapers with bactericidal coating possessing
high and long bactericidal activity in respect to stocks of
different microorganisms. The task of the given invention
is to develop a method of obtaining ethenyl wallpapers
with bactericidal coating, possessing high and long bac-
tericidal activity in respect to stocks of different microor-
ganisms which are pathogenic for mammals and human,
and these wallpapers should be applicable in production
and utility rooms, kindergartens and medical centers,
public places, etc.

The set task is solved as follows. The considered meth-
od of obtaining ethenyl wallpapers with bactericidal coat-
ing consists of these stages:

1. Obtaining of antibacterial agent, which is silver
nanoparticles on carbon matrix, by spraying composite
electrode in plasma of electric arc charge of direct cur-
rent in inert gas under pressure 1—500 torr, discharge
current 100—300 A and voltage on discharge 15—35V of
composite electrode which is a graphite core. The mix-
ture of silver and graphite dusts, in which silver content
is from 1 to 100 mass. % is pressed into drilled hole of the
graphite core.

2. Obtaining of biocide suspension by performing the
following steps:

— introduction of silver nanoparticles on carbon matrix
into basic liquid in such a way to provide concentra-
tion of silver nanoparticles on carbon matrix in basic
liquid would be from 1 to 5 mass.%. Basic liquid is an
aqueous paint diluted with water up to specific viscos-
ity which is no more than 35 Pa * sec;

— processing of obtained composition in ultrasound bath
with power 60—1200 Watt and frequency 15—40 kHz
for 10—600 minutes under continuous mixing with
rotation frequency 1-20 Hz;

— deposition for at least 4 hours;

— draining off without precipitation;

— dilution with basic liquid in such a way to provide
concentration of silver nanoparticles on carbon ma-
trix in the final product would be equal from 0.1 to
0.01 mass. %.

3. Application of obtained biocide suspension on
face surface of wallpapers and heat processing of ap-
plied layer.

A method of obtaining amorphous nanostructured

diamond-like coating (RU 2760018 C1)

The invention refers to the method of applying corro-
sion-resistant hard wear-resistant nanostructured coat-
ings made of amorphous nanostructured diamond-like
carbon and can be used metal processing, machinery,
medicine, electronics, solar energy, electrooptics, pho-
tonics, in production of liquid-crystal displays and other
areas to increase performace characteristics of surfaces of
articles of different purposes [8].

The technical result of the given invention is creation
of even dense structure, which does not pass moisture,
on the surface of diamond-like coating. The imposed
task is resolved as follows. The main stages of the given
method: preliminary plasma treatment of article surface in
vacuum chamber by means of accelerated ions, applying
an adhesive layer, and applying at least one layer of carbon
diamond-like film by means of graphite cathode spraying;
after the coating layer has been applied, it is taken from
the chamber and is polished, then it is again placed in the
chamber, it is exposed to the second coating, after that it
is secondly polished.

At the first stage, as usual, the article is thoroughly
cleaned from dirty and grease is removed. Then the ar-
ticle is put into the vacuum chamber and PVD- coating
is applied on its surface. The surface of the article is pre-
liminary exposed to plasma stripping with accelerated
ions, an adhesion layer is applied on its surface, and after
that a layer of carbon diamond-like film is applied with
graphite cathode spraying in the form of vapor phase and
it is gradually precipitated on the surface of the article.
This causes formation of amorphous nanostructured
diamond-like coating which thickness is 1—3 um. The
diamond-like coating of the bigger thickness becomes
fragile and it is not usable.

Having being obtained, the coating possesses a rough
layer cioit and uneven structure in the form of graphite
nanoparticles and other substances, also in the form of
micro- and nanopores. These defects on the surface act
as capillaries through which moisture penetrates inside
the coating and causes corrosion of article surface. To re-
move initial rough layer and, along with it defects of the
structure, the surface of diamond-like coating is polished
until seediness is Ra 0.04 um or lower. Only this value of
seediness makes it possible to cure micro- and nanopores.

After polishing the surface of the coating is cleaned
thoroughly and deoiled again, ant it is put into vacuum
chamber for the second time. The second layer of the
carbon diamond-like film with thickness 1—2 um fills
nano- and micropores. Further polishing of the surface
up to Ra 0.04 um and lower removes rough defect layer
forming the surface of even dense structure which does
not pass moisture. Low seediness of the surface also pro-
tects from moisture retaining on the surface and increases
its wear-resistance.
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A method of organized precipitation of nanostructured

carbon thin films in constant electric field

(RU 2761200 C1)

The technical result of the invention is the improved
quality of precipitated layer and possibility to control/
organize precipitation modifying the structure of pre-
cipitated layer due to possibility to control the obtained
high energy plasma by means of induced constant electric
field of high voltage in the area of its spread (between
conductive metal grid and substrate). This approach al-
lows focusing and scattering plasma beam, thus varying
strength of electric field and polarity of electrodes [9].

Description of the method (fig. 2): a metal grid (3)
with cell size 100 um is placed between transparent sub-
strate (2) (polished quartz glass and glass K8, seediness
of the surface Ra = 2.06 nm) and carbon target (4) (spec-
troscopically pure graphite of grade C3Y, glass carbon of
grade CY-2000, pyrographite IIT'M). Total distance from
the target to the substrate can be changed from 1 mm to
5 mm. The distance from metal grid to the target varies in
the range 0.5—2.5 mm. Conductive contacts are fixed to
the surface of the target and the metal grid. The negative
potential is delivered to the surface of the target, and the
positive one — to the grid, that creates braking difference
of potentials U for the flow of ionized atoms. Additionally,
the use of the grid allows dividing single flow of ablated
particles into a set of separate sources.

The performed measures allow us to show that mor-
phological properties of the precipitated layer strongly
depend on the distance between the substrate and the
target and accelerating voltage of the grid between them.
In all cases the usage of the grid leads to precipitation
with clear periodic structure, the step of which depends
on the distance between the substrate and the grid. The
structure of the precipitated layer varies in dependence on
the distance between the substrate and the grid and the

Fig. 2. A method of organized precipitation
of nanostructured carbon thin films in constant
electric field

Nanob%

difference of potentials between the grid and the target.
In the course of precipitation, when voltage is up to 800 V
and the distance between the substrate and the grid is
varied in the range 1.5—2 mm (and the distance between
the grid and the target is 1 mm) the carbon nanofibers are
formed. Increased voltage between the grid and target up
to U = 1000 V causes formation or precipitations from
carbon nanotube mass.

To explain the mechanism of control of laser-induced
plasma cloud, a mathematical modeling of precipita-
tion experiment was performed. Accordance of model
and experiment results is objective. Performed model-
ing demonstrates change of morphology of precipitated
layer in dependence on test conditions. The application
of methods of kinetics and molecule dynamics will make
it possible to model the process of formation of carbon
nanotubes in the future.

A system producing carbon nanotubes
(RU 2760734 C1)

The given invention proposes a system producing car-
bon nanotubes. The system comprises [10]:

— preliminary grown tube for initial preliminary reaction
of starting materials before obtaining carbon nano-
tubes;

— atomizer for atomizing starting materials of carbon
nanotubes and further spraying atomized starting ma-
terials in preliminary grown tube; the atomizer is in
the front end of the preliminary grown tube and it
possesses spraying exhaust pipe which is travel into
preliminary grown tube;

— the grown tube for production of carbon nanotubes
and continuous growing carbon nanotubes; at this, the
front end of the preliminary grown tube is hermetically
connected to the back end of the preliminary grown
tube;

— a generator of air curtain which provides air curtain
that surrounds atomizing air flow around discharge of
the spraying exhaust pipe, at this, air curtain is parallel
to direction of the preliminary grown tube extension;
and the generator of air curtain is inside of the pre-
liminary grown tube.

In the given system for production of carbon nano-
tubes air curtain is formed around spraying exhaust pipe.
On one side, in the preliminary grown tube laminar flow
is formed by air curtain to stabilize air flow and, on the
other side, sticking of carbon nanotubes or admixtures is
eliminated, all that provides continuous growth of carbon
nanotubes.

The specialists can also be interested in the following
inventions related to nanotechnologies:
* A method to produce metal-polymer nanocomposite
materials with metal nanoparticle [11];
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A method of producing textile material containing
nano- and microcapsuled bio-effecting agents with
sustained release [12];

Chemical compounds for covering nanostructures [ 13];
A device to obtain nanocrystalline titanium dioxide
with anatase structure [14];

A method to produce porous graphene membranes
and the membranes produced with this method [15];
A method of obtaining golden nanocores with speci-
fied position of plasmon resonance [16];

A method of electrolytic obtaining silica from melted
salts [17];

A method of obtaining nanotubes InSb by electropulse
method [18];

Innovative technology of municipal wastewater treat-
ment for rapid sludge sedimentation and enhancing
pollutants removal with nano-material [19];

A method of producing thermal conductive composite
material from powders of aluminum or its alloy with
graphene coating [20];

Modifiers for polymer-bituminous binder on the basis
of media II Vacuum cut and Extract selective purifica-
tion residual [25];

A method of obtaining nanopowder yttrium-alumin-
ium garnet [26].

A method of precipitation of composite coating [27];
Porous material on the basis of complex poliester [28];
A method of obtaining nanopowder vanadium trioxide
[29];

A method to obtain polymer-composite material and
a composite reinforcement [30].

CVD — reactor of rolled type [31]

Hybrid supercondenser on the basis of nanosize nickel
hydroxide [32];

Innovation complex of textile technologies used in
production of nanofibrous nonwoven fabric [33].

CONCLUSION

One of the most challenging tasks the economy of

every country face is to increase industrial competitive-
ness through technological upgrade. From the side of the
state and companies the principal object to control in this
process are the people and enterprises dealing with intro-
duction of inventions and new technologies. Therefore,
we hope that the information published in this section
will be in demand and useful for specialists.

A method of obtaining thin films of zinc oxide or tin

oxide, combined zinc oxide and tin oxide [21];

* A method of obtaining cobalt ferrite [22];

* Mesoporous carbon and a method of producing it as
well as fuel cell with polymer electrolyte [23];

« High RAP in WMA surface mixture containing nano-

glass fibers [24]

To be continued.
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O630pHas cTaTbs
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N306peTeHns B 06n1acTn HaHOMaTepunanoB
n HaHoTexHonormnm. Yacto |

Jleouunp AnekceeBuu MiBanoB™* (©), JIn fla Cioii? (=), EneHa CepreeBHa bokoBa® (©),
Anexkcanap Amutpuesny Nwkos* (), OkcaHa HukonaeBHa bopucosa®

! Poccuinckan nHxeHepHas akagemus, Mocksa, Poccna

2 YuusepcuteT Ong JomununoH, Hopdonk, BupaxumHua, CLLA

3 Poccuinckni rocynapctBeHHbIn yHBepcuTeT uM. A.H. KocbirnHa (TexHonoruu. iusaiH. ickyccteo), Mocksa, Poccusa
4 HaunoHanbHbIN nccnepoBatenbCckmini MOCKOBCKMI FOCYAapCTBEHHbIN CTPOUTENbHBIN YHUBepcuTeT, MockBa, Poccua
® POCCUINCKIMI roCyfapCTBEHHBIN YHBEPCUTET TYpr3Ma 1 CepBUCa, Noc. Yepkn3oso, MockoBcKas obnacTb, Poccus

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

PE3IOME: BBefieHue. BbicoKre TeXHONOrMy nopakatoT BOoGpa)KeHune filoAeil, AEMOHCTPYPYA BCE HOBbIE 1 HOBbIE [JOCTUXEHUA
(maTepuanbl, cnocobbl, CMCTEMbI, TEXHONTOMM, YCTPOWNCTBA U AP.), KapAMHANbHO MEHAIOLLME OKPYKaOLWMA MUP. DTO, MPEXe BCEro,
MO>XHO OTHECTU K N306PeTEHVAM YUEHbIX, NHXXEHEPOB 1 CNeLMauCcToB 13 Pa3HblX CTPaH B 061acTu HaHOTexHoorin. OCHOBHasA
yacTb. B ctatbe B pedepaTtriBHON popme NpoBoamuTca 0630p M306PETEHNI yUEHbIX, UHXEHEPOB 1 CNeLVannucToB 13 pasHbiX
cTpaH: lepmanun, Mpaka, Kutas, Poccun, CLUA, YkpanHbl, LWseuun, AnoHun n ap. Pe3ynbtaTbl TBOPYECKON AeATENIbHOCTYU YUEHbIX,
VH>XeHepPOB 1 CNeuranmncToB, B T.4. M M300peTeHra B 0611acT HAHOTEXHOOTNIA M HAHOMATEPMANoB NO3BOAIT NPW UX BHEAPEHUN
[061TbCA 3HAUNTENIbHOTO 3ddeKTa B CTPOUTENLCTBE, XKMINLLHO-KOMMYHA/IbHOM XO3ANCTBE, CMEXHbIX OTPacsiAX SKOHOMUKM. Ha-
npumep, nsobpeteHne <HaHOMOANOULMPOBAHHBIN CTPOUTESNbHBIA PAaCTBOP» OTHOCUTCA K CTPOUTESIbHBIM MaTepuranam v MOXeT
6bITb MCMOIb30BAHO NPV KAMEHHOW KNafKe 13 KepamnyecKrx KaMHel, KepaMmnMyecKoro K1prnuya, nyctoTenioro KMpnmnya B yCIoBrAX
CYXOrO XapKoro Kavmara. HoBbIM MO CpaBHEHMIO C U3BECTHbIMU CTPOUTESIbHBbIMU PacTBOPaMm ABAIAETCA COYeTaHMe N3BECTHbIX
KOMTMOHEHTOB MopTNaHALEMEHTa, Necka Al CTPoUTENbHbIX PaboT, aMopPHOro HaHOMOANPULIMPOBAHHOTO AVOKCMAA KPEMHMS,
cyneprinactudukatopa C-3, 3amMeanuUTens CPOKOB CXBaTblBaHWA 1 TBEPAEHVA NOPTIaHALEMEHTa, CMOJbl BO3yXOBOBJIEKAIOLEN.
YKa3aHHbIN Ka4eCTBEHHbIV 1 KOIMYECTBEHHbIN COCTaB HAHOMOAUDULIMPOBAHHOIO CTPOUTENIBHOTO PacTBOpa 06ecneyrBaeT BO3MOX-
HOCTb NMOJTyYeHMsA NPOCTbIM CNOCOOOM YKa3aHHbIX CMecel, HanprmMep B rpaBUTaLMOHHOM CMecuTeNe, C paBHOMEPHbIM pacnpefe-
NeHVeM KOMIMOHEHTOB M0 06beMy, KOTOPbI XapaKTepur3yeTca He06XOAUMOW NOABVXKHOCTBIO, BOAOYAEPKMBAOLLEN CMOCOOHOCTBIO,
perynnpyembiM CPOKOM CXBaTbIBaHUA 1 MOXKET ObITb 1CMONIb30BaH B YC/IOBUAX CYXOro XapKoro Kimmata ¢ TemnepaTtypoil Bo3ayxa,
pgocturatolenn 40-50°C. Takxke NpeACTaBAAIT MHTePeC AJA CNeLmanncToB cegytoLre n3obpeteHns B 0611acTyi HAHOTEXHOMOTUIA:
COCTaB NIErKOro CamMoyMIOTHAIOLLErOCA KOHCTPYKLVIOHHOTO 6€TOHa Ha OCHOBE LIEMEHTHOI MaTpULibl, CMOCO6 N3roTOBNIEHNA NONAPU-
3aLMOHHO-YYBCTBUTENIbHOWM HAHOKOMMO3UTHOW MIEHKM Ha OCHOBE CeNleHrAa MeAw, CNocob N3roToBAEHUA MOPUCTOro GOPMOBAHHOTO
U3p[enva B BUAE CJI0A U3ONALVIOHHOW LTYKaTYPKM, CNocob nosyyeHnsa amoppHOro HaHOCTPYKTYPMPOBaHHOIO animMa3onofo6Horo
MOKPbITA, CMOCO6 NOBEPXHOCTHOrO MOANPMLIMPOBaAHMA LieMeHTa, NPOU3BOAALLAA YrepoAHble HAHOTPYOKM crucTema 1 ap. 3a-
KnioyeHue. OfHa U3 akTyasibHbIX 3afa4 SKOHOMUKM JII060I CTPaHbl — MOBbILWEHNE KOHKYPEHTOCMOCOOHOCTM MPOMbBILLIEHHOCTA
3a CYET ee TEXHOJIOMMYECKOro nepeocHalleHus. /I B 3Tom HanpasfieHny rnaBHbIM O6BEKTOM BHYMaHWA CO CTOPOHbI rocyAapcTa
1 KOMMaHWI CTaHOBATCA N0 UM NPeANpPUATIA, YbA OCHOBHaA paboTa CBA3aHa C M306peTeHreM 1 BHEAPEHVEM HOBbIX TEXHOMOTUIA.

KJTIOMEBDIE CJIOBA: HaHOTEXHONO MY B CTPOUTENBbCTBE, HAHOMOAUPULIMPOBAHHbBIN CTPOUTESIbHBIN PAaCTBOP, HAHOCTPYKTYPUPO-
BaHHOE MOKpPbITME, HAHOTPYOKA, HAHOKOMMO3UTHAA MiEHKa.

ANnAa UMTUPOBAHUA: MeaHos J1.A., Cion J1.[., Bokosa E.C., Miwkos A.[l., bopucosa O.H. N306peTeHns B 061acT HaHOMaTepranos
1 HaHoTexHonoruin. YacTb | // HaHoTexHonornm B ctpoutenbctae. 2022. T. 14, N2 1. C. 18-26. https://doi.org/10.15828/2075-8545-
2022-14-1-18-26.

BBEIEHUE XKeHMs (MaTtepuabl, CIOCOObI, CUCTEMbI, TEXHOJIOTUH,
YCTPOMCTBA U MIp.), KapOUHATIBHO MEHSIOIINE OKPY-

BBICOKI/IC TeXHOJIOTUM ITOPaxaloT BOOOpaXeHHEe  KAIOIIWi MUp. DTO, IMpexkae BCETO, MOXHO OTHECTHU
JIIONei, IEMOHCTPHUPYS BCE HOBBIC M HOBBIC JOCTH- K M300pETEHUSM YUCHBIX, MHXKCHEPOB 1 CIICIINAIICTOB
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n3 pas3HbIx cTpaH (I'epmanum, Upaka, Kuras, Poccun,
CHIA, Ykpaunsl, HIBenumn, dmnonnu n np.) B 06J1acTi
HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

HanomoaudunupoBaHHbIi CTPOUTENbHBIA PACTBOD
(RU 2759479 C1)

M300peTeHre OTHOCUTCS K CTPOUTEILHBIM MaTepHa-
JIaM ¥ MOKET OBITh MCIIOJIB30BaHO ITPYU KaMEHHOM KJTa-
K€ 13 KepaMIUICCKIX KaMHEl, KepaMUIeCKOTO KMPII-
Ya, MyCTOTEJIOTO KUPITMYA B YCIIOBUSIX CYXOTO KapKOTO
kuMarta [1]. OmHoit 13 HanboJee 3HAYMMBIX IIPOOIEM
KaMEHHOI KJIaIK1 M3 KepaMUIeCKUX KUPIUIEii B yCII0-
BUSIX CYXOTO KapKOT0 KJIMMAaTa SIBJISICTCST 00CCITeUeHIE
TMOABMKHOCTH M BOIOYIEPXKUBAMOIIEH CIIOCOOHOCTH
pacTBOpa IpH TeMIIepaTypax OKPYKaIoIIeTo BO3ayxa
6onee 20°C, mocturarommx 40—50°C. Pa3orpeTslit Kup-
Y UHTCHCUBHO abCOpOMpPYeT BOMY M3 pacTBOpa, U4TO
TIPUBOIUT K TTOBBIIICHUIO TPYIOEMKOCTH pabOT M3-3a
CHIKCHMSI TIOABIKHOCTH PacTBOpA.

3amadeit TEXHMYCCKOTO PEIICHUS SIBJISICTCS TIOJIY-
YeHHE CTPOUTEIIFHOTO IIEMEHTHO-TICCIaHOTO PacTBOpA,
KOTOPBI XapaKTepU3yeTCs: HEOOXOAMMOI IMOABUKHO-
CTBIO, BOIOYIEPXKUBAIOIIEH CITOCOOHOCTRIO, PEeryINpye-
MBIM CPOKOM CXBaTHIBAHMS 1 MOXKET OBITh MCIIOJIb30BaH
B YCJIOBUSIX CYXOTO XapKOTO KJIMMaTta ¢ TeMIlepaTypoit
Bo3myxa, gocturaronieit 40—50°C. TexHnuecKuii pe3yib-
TaT 3aKJTI0YACTCS B TTOBBIIICHUN BOIOYICPKMUBAIOIICH
CIOCOOHOCTH IIpU 00eCIIeYeHMU HEOOXOIUMOI TTOIBIK-
HOCTH U PETryJIMPYyeMOT0o CPOKa CXBATBIBAHUS CTPOUTEThb-
HOTO pacTtBopa. TexHUUecKuil pe3yabTaT JOCTUTACTCS
3a CYET TOTO, YTO CTPOMTEIBHBIN pacTBOP, BKIIOYAIO-
WA TOPTIIAHAIIEMEHT, TIECOK CTPOUTETLHBIIN ¢ MOIYJIEM
KpyITHOCTH OT 1,5 mo 2,0, Bomy, JOTIOIHUTEIHLHO COIep-
KUT aMOPMHBINT HAHOMOIU(DUIIMPOBAHHBIN TUOKCUT
KpeMHUs, cyriepruiactudukarop C-3, 3aMenIuTeb Cpo-
Ka CXBaThIBAaHUS U TBepACHUS ITOPTIIAHALIEMEHTA, CMOJTY
BO3IyXOBOBJICKAIOIIYIO TIPU CJICAYIOIIEM COOTHOIIICHUN
KOMIIOHEHTOB, Mac.%: noptianaueMeHT — 10,80—16,90;
TECOK JIJISI CTPOUTEIBHBIX padoT — 69,50—80,70; amopd-
HBI HAHOMOIN(DUIIMPOBAHHBIN TMOKCHUI KPEeMHUSI-
0,01—-0,12; 3aMemIMTENb CXBAaTBIBAHUS W TBEPIACHUS
nopmiananemenTa — 0,002—0,05; cynepruractuduka-
top C-3 — 0,02—0,15; cMoa BO3MyXOBOBJIEKaIOIIAs —
0,02—0,15; Boma — 8,5—13,0.

HoBBIM ITO cpaBHEHMIO C U3BECTHBIMM CTPONTEITBHBI-
MU PacTBOPaMH SIBJISICTCSI COUCTaHNE M3BECTHBIX KOM-
TIOHEHTOB TTOPTIAHIIIEMEHTa, TTeCKa TSI CTPOUTETEHBIX
paboT, aMop(hHOTO HAHOMOIU(PUIIMPOBAHHOTO THMOKCH -
Jla KpeMHUsI, cyTieprutactTudukaropa C-3, 3amMeminTelrs
CPOKOB CXBaTBIBAaHUS W TBEPACHMS IMOPTIAHIAIIEMCH-
Ta, CMOJIBI BO3IYXOBOBJICKAOIIEH. YKa3aHHBIM Kaue-
CTBEHHBIN 1 KOJIMYECTBEHHBIN COCTaB HAHOMOIU (DU -

LIMPOBAHHOTO CTPOUTEIBHOIO pacTBOPa 00eCIIeUrBAECT
BO3MOXHOCTb ITOJIy4€HUSI IIPOCTHIM CIIOCOOOM yKa3aH-
HbBIX CMEeCeil, HalIpuMep B rPaBUTALMOHHOM CMECUTE-
JIe, ¢ pABHOMEPHBIM pacIiipefie/ieHreM KOMIIOHEHTOB
10 00bEeMY, KOTOPBI XapaKTepu3yeTcst HeOOXOAUMO
MOABMXKHOCTbBIO, BOIOYIEPXKUBAIOLIEH CITOCOOHOCTHIO,
PETyIMPYEMbBIM CPOKOM CXBAaThIBAHUSI M1 MOXET OBITH UC-
I10JIb30BAH B YCJIOBUSIX CYXOIO KaPKOIo KJIMMAaTa ¢ TeM-
Tepatypoii Bo3myxa, gocturarorieit 40—50°C.

3asBlieHHAs] COBOKYITHOCTh CYIIECTBEHHBIX IIPH-
3HAKOB IIPOSIBJISIET HOBOE CBOMCTBO: MOBBIIIEHUE BO-
JIOyIePKUBAIOLIE CIIOCOOHOCTU IIpU ODecIieueHUNn
HEOOXOIMMOI IMOABMKHOCTU M PETYIUPYEMOIO CPOKa
CXBaThIBAaHMS CTPOUTEILHOIO PACTBOPA.

CocTaB JIerKoro caMoyIUIOTHSIOIIET0CS
KOHCTPYKIIMOHHOTO 0€TOHA HA OCHOBE eMEHTHOIA
matpunbl (RU 2758050 C1)

M3o0peTeHre OTHOCUTCS K MPOMBIILIEHHOCTU CTPO-
WUTEJIbHBIX MAaTEPUAJIOB U MOXKET OBbITh UCTIOJB30BAHO
MpU BO3BEIECHUM 3IaHUN B TpaXkIaHCKOM, TTPOMBIIII-
JIEHHOM CTPOMTEJILCTBE U TTPY BO3BENEHUU COOPYKEHUM
crnenuraabHOro HazHaueHwus. Lleab nzodbpeteHuss — no-
JIy4€HME JIETKOTO CAMOYILJIOTHSIIOLIETroCst KOHCTPYKIIU-
oHHoro 6etoHa (JIKDB) BbICOKOI TPOYHOCTU, BBICOKOI
MOPO30CTOMKOCTU, HU3KOM ce0eCTOMMOCTU U HU3KOM
TeTJIONPOBOIHOCTH.

ITpenyaraeMblii KOMIO3ULIMOHHBIN MaTepua Mpe-
CTaBJIsIeT COOOM JIErKUii OETOH C BBICOKMMU TEIIOTEX-
HUYECKMMMU XapaKTepucTUKaMU. JlTaHHBII pe3ysibTaT
JIOCTUTAETCS MYTEM IMTPUMEHEHMSI JIETKOTO 3aMTOJTHUTEIIS
KyOOBUIHOU (hOPMBI C MHOXKECTBOM 3aMKHYTBIX TOD,
obecreuynBaloIMX BbICOKMUI TETIOM30JISILIMOHHbI
3 deKT U HU3KYIO TJIOTHOCTh KOHEYHOTO MPOAYKTa,
a TaK>Ke BBICOKYIO aJIF€3UI0 C BSIXKYIIMM MaTEepUaIOM.
I1Tpu HU3KKMX MOKa3aTeJisIX MIOTHOCTU U TEIJIONPOBO-
JTHOCTHU O0€TOH 00J1aJaeT BLICOKOI MPOUYHOCTBIO, YTO J10-
CTUTAeTCs MyTeM CO3JaHUsl B OETOHE BLICOKOIIPOUYHOI
LIEMEHTHOI MaTpUIIbI 32 CYET pallMOHAIbHOW YITAaKOBKH
KOMITOHEHTOB M 00pa30BaHUsI MPOYHBIX XUMUYECKUX
cBsa3eid. [Ipeanaraemblit 66TOH MO3BOJISIET BO3BOJAUTD
MHOTO3TaXKHbI€ 30AHMSI C BBICOKUMU TETLIOTEXHUYECKU -
MM U TIPOYHOCTHBIMY TTOKA3aTEISIMU, COOTBETCTBYIOLIM -
MU COBpeMEHHBIM TpeOoBaHUsM [2].

CocTaB I U3TOTOBJICHUST CAMOYIIOTHSIIOIIETOCS
KOHCTPYKIIMOHHOTO 0€TOHA CONEPXKUT MEXaHOAKTUBM -
POBaHHbBIN MOPTJIAHALIEMEHT, TIEHOCTEKIIOKEPAMUYECKIE
rpaHyJibl, PEOJIOTUYECKM aKTUBHYIO KAMEHHYIO MYKY,
BOJOYIEP>KMUBAIOIILYIO T0OABKY, MUKPO- U HAHOKPEMHE-
3eMbl, TTOJU(YHKIIMOHAJIbHBIA MOAU(UKATOP HA MOJIU-
KapOOKCWJIATHOM OCHOBE, BOLY, B CJIEAYIOLIEM COOTHO-
IIIEHUH KOMITOHEHTOB, Mac.%: MeXaHOaKTUBUPOBAHHBIIA
MopTIaHALeMeHT 15—25, mommdyHKIMOHAIBHBIIA MO-
mudukaTop 1—2,5, peoornuyecky aKTUBHASI KAMEHHAsT
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myka 10—25, BomoynepkuBatoias go6aska 0,003—0,02,
MUKpPO- U1 HAHOKpeMHe3eMbl 1,5—7, meHOCTeKI0Kepa-
Muueckue rpanyibl, 30—50, Boma — ocTaibHOE.

TexHOMOTHS 3asIBIIICMOTO COCTaBa BKITIOYACT CIICIY-
FOIIME TIepeIeIbl; MEXaHOAKTUBALIMS ITOPTIIAHAIICMEHTA
COBMECTHO C TTOIM(PYHKIIMOHATEHBIM MOIU(UKATOPOM
Ha TMOJIMKAapOOKCUIIATHOM OCHOBE M MUKPO- M HAHO-
KPEMHE3eMOM, T03MPOBKA CYXUX KOMIIOHCHTOB, BOIIHI,
TepeMeIIBaHNe 10 00pa30BaHUSI OMHOPOIHOM JINTOM
Macchl, (hOpMUPOBAHNE U3/ U BBIICPKKA B TCUCHIE
28 cyTOK 10 Habopa MaKCMMAaJTbHOI ITPOYHOCTH.

Crnioco0 u3rotossieHust NOpucToro (hOpMOBAHHOTO
W3eJHs B BUJIE CJI0S1 H30ISIUOHHOM IITYKATYPKH
(RU 2721612 C1)

M300peTeHre OTHOCUTCSI K TTOPUCTHIM (POPMOBaH-
HBIM M3IEIUSIM B BUIE CJIOST N30 ISIIIMOHHOM INTYKaTypKI
YUTA U30JISILIUOHHO TUINTHI, K CIIOCO0Y M3TOTOBICHUS
TaKUX MOPUCTHIX (P)OPMOBAHHBIX M3IEINIA U K pac-
TBOPHBIM CMECSM IJII U3TOTOBJICHUS 3TUX ITOPUCTHIX
(opmMoBaHHBIX M3nennii. MI3BeCTHO, UTO IIPH YKIIAIKe
CJIOEB M3OJIAIIMOHHOM ITYKATYPKH 1 IIPY N3TOTOBJICHUN
TEIUION30JISTIAOHHBIX TUTUT YacTO IIPUMEHSIIOT JIETKO-
BOCITTIAMCHSIOIIMECST MAaTePHAIIBI, TAKME KaK TICHOITOIH-
CTUPOJI WY TICHOTIONIMypeTaH. HemoctaTok Takux mare-
PHAJIOB COCTOUT IIPH 3TOM B UX JIETKOI BO3TOPacMOCTH.

B ocHoBy HacTos11ero n3oopeTeHus Oblia MmoJjo-
JKeHa 3a1ada MpeIjIoXUTh U30ISIINOHHBIC MaTepUAalIbl
Ha OCHOBE MUHEPAJIbHBIX JCTKUX 3aIlOJTHUTEIICH, Ta-
Kue Marepuaibl ObUI Obl TMHOKMMU U ONTHOBPEMEHHO
C 3TUM 00Iamany ObI JTYIIITUMU TTPOTUBOITOKAPHBIMH
cBolicTBamu [3].

C11oc06 M3rOoTOBJICHUSI TOPUCTOTO (POPMOBAHHOTO
W3ICINS B BUIE CJIOS M30JISIIIMOHHON IITyKAaTypKH, CO-
Jep>KaIiero 3aKPBITOITOPUCTBIC M OTKPHITOIIOPUCTHIC
MO0 CMEIIaHHOIIOPUCTHIC TTOJIBIC TejIa U3 HEOPTaHU-
YeCKMX MaTepHUAJIOB 1 B KAUECTBE BSKYIIIETO KOMIIO3H-
IMOHHBIC YaCTUIIBI, KOTOPBIC COMEPKAT, IT0 MEHBIIICH
Mepe, OIWH OPTaHMIECKUI TOJIMMEpP B Ka4eCTBE Opra-
HUYECKOM MOJIMMEPHOI (ha3bl M OMHO HEOPTaHMIECKOE
TBEepIO€ BEIIECTBO, YACTHUIIEI KOTOPOTO paCIIpenaeIeHbI
B OPraHMYCECKOI TTOIMMEPHOI (hase, TIPH 3TOM MaccoBast
TTOJIST HEOPTAaHWYECKOTO TBEPIOTO BEIIECTBA COCTABIISICT
ot 15 o 50 mac.% B mepecyere Ha OOLIYIO MAcCy Op-
TAaHWYECKOTO TTOJIMMepa M HEOPTaHMIECKOTO TBEPIOTO
BeIIIeCTBa B KOMITO3UILIMOHHOM YaCTUIIE, 3aKPHITOIIOPH-
CTBIC WJTA OTKPBITOIIOPUCTBIC TNOO CMEIIIAHHOIIOPHCTHIC
TIOJIBIC TeJIa M3 HEOPTraHMIECKUX MaTepHUaJiOB B KOJI-
yecTse oT 10 10 50 Mac.%, KOMITO3MLIMOHHbBIE YACTULIBI
B Kosim4ecTBe oT 5 10 20 Mac. %, 3anoIHUTE N B KOJIUYe-
ctBe ot 40 10 80 Mac.%, MyuHepaIbHbIE BSDKYIIME U/ WIN
MOJIMMEPHBIE BsLKyIne B Koamdectse or 0 1o 20 mac. %
¥ TIPY HEOOXOMMMOCTH JOTIOJTHUTEIbHEIC TOOaBKH B KO-
muuectse ot 0,1 10 10 mac.%, B KaXIoM ciydae B repe-

cueTe Ha OOIIYIO MaccCy Cyxoil cMecu 063 BOMIBI, TP
9TOM yKa3aHHbIE B Mac.% 3HaYCHMS B KaxKIOM ClIydae
B cymMe coctasiistioT 100 mac. %, 3aTBOPSIIOT BOIOM U T10-
JIy4eHHBIN pacTBOP HAHOCAT Ha OCHOBY. M300peTeHe
Pa3BUTO B 3aBUCUMBIX ITYHKTaX (DOpMYIIBL. TeXHIIeCKmit
pe3yabTaT — N3TOTOBJICHUE N30JIIIIMOHHOTO MaTepHraa,
00J1aIaroIIeT0 THOKMMU 1 OMHOBPEMEHHO YIIyUYIIICHHBI-
MM IIPOTUBOIIOXKAPHBEIMUA CBOMCTBAMM.

Crnoco0 moBepxXHOCTHOTO MOAM(HUIIMPOBAHNS IEMEHTA
(RU 2715276 C1)

M300peTeHe OTHOCUTCS K TIPOU3BOACTBY CTPOU-
TEJIBHBIX MaTePUAJIOB, B YACTHOCTHU K M3TOTOBJICHUIO
IIeMeHTa. 3amaducii 1300peTeHUS SIBJIICTCS TOBBIIIICHHE
KaduecTBa IIEMEHTA, YBEJIMUYCHHNE CPOKOB €TO CIICKU-
BAaE€MOCTH, CHUXKEHME YAECIbHOI MOBEPXHOCTU 3a CUET
BBIPAaBHUBAHMS TPaHYJIOMETPUUCCKOTO COCTaBa 1, Kak
CJICIICTBHUE, YMEHBIICHUE €TO BOIOITOTPEOHOCTH [4].

CyITHOCTh U300pETeHUS 3aKIIF0YACTCSI B TOM, UTO
CITOCO0 ITOBEPXHOCTHOTO MOIM(DUITMPOBAHNS IIEMEHTA,
BKJTIOUAFOIIMIT 00pabOTKY IIEMEHTA, TIPH 3TOM BKJTIOYACT
OUITOJISIPHYIO 3apSIAKY IIEMEHTA B KaMepe SJICKTPU3aIlN
TT0J] BO3IECICTBEM BBICOKOBOJIBTHOTO SJIEKTPUICCKOTO
ITOJIST KOPOHHOTO pa3psma, OUIIOISIpHAsT 3apsiaKa OCy-
LLIECTBJISIETCS MYTEeM MPOXOXIEHUS OAHOM MOJOBUHbI
ITOTOKA a3p030JIs Yepe3 MOJIOKUTEIbHYIO SANHUITY 3a-
PSITHOTO YCTPOMCTBA, a ApyTasl IIOJIOBMHA TTIOTOKA — 4e-
pe3 OTPULIATEIBHYIO EAUHULLY 3aPSIIHOTO YCTPOMCTBA,
3aTeM YHUTIOJISIPHO 3apssKeHHBIC YACTUIIBI TTOCTYITAIOT
B arJIoMeparop ¢ IIepeMEeHHBIM BRICOKOBOJIBTHBIM 3JICK-
TPUUYECKUM TIOJICM.

Cmoco0 ocyIlIecTBIsSIeTCS CIEOYIOIMNUM 00pa3om
(puc. 1). I1pu meiicTBUU 3IEKTPUUECKOTO MO, KO-
TOpOE CO3maeTcsI B KaMepe 2JIEKTPU3allMK JacTHIl 1
B IEPBOI CEKLIMU MEXY KOPOHUPYIOLIUM OTPULIATEb-
HBIM 4 ¥ BHEIITHUM OCaTUTEIILHBIM TOJIOXUTEIbHBIM
6 351eKTpOJAMU, UCXOIHbIE MUHEPAIbHbIE KOMIIOHEHTBI
ancopOMPYIOT MOHBI M3 MEXKAJIEKTPOITHOTO IIPOCTPaH-
CTBa U TIpHOOPETAIOT OTPULATSIBLHBIN 3apsm. Bo BTo-
pO¥i CEKLIMU MPOMUCXOIUT aHATOTUYHBIN TTPOLIECC MEXTY
5JIEKTPOIOM C TOJIOKUTEITLHBIM TTOTCHIIMAIOM 5 U OT-
pUIIATCIBHBIM 3JICKTPOIOM 7, TOJIBKO MUHEPaTbHBIC
KOMITOHEHTHI TIPHOOPETAIOT ITOJIOXUTEIBHBIN 3apsi.
B pesynbTaTe OUMONISIPHO 3apsoKeHHBIE MIHEPATbHbBIC
IHUCTICPCHBIC KOMIIOHCHTHI Jajiee ITOCTYITAal0T B arJioMe-
partop 2, Tae IomI IeCTBUEM BBICOKOBOJBTHOTO TIepe-
MEHHOTO 3JIEKTPUIECKOTO TIOJIST 9 OCYIICCTBIISIOTCS
KoJieOaHUsI C pa3HOI aMIIMTYI0 u yacTtoToit. Kpyri-
HbI€ YaCTULBl OCHUJIIUPYIOT ¢ O0JIbIIEH aMIUIUTYI0M
1 9aCTOTOM, YeM MEJIKIE YaCTHIKH, TPAINCHT YaCTOTHI
1 aMIUTATYIBI KOJIeOaHUI O0YCIOBIMBACT YBEIMICHIE
YaCTOTHI CTOJIKHOBCHHUI YaCTHUII, YTO IIPUBOAUT K 00-
pa3oBaHUIO cheponTaTHLHOTO IIeMeHTa 8. 3a3eMJICHIE
OCYIIECTBIISICTCS C TIOMOIIBIO 31eKTpona 10.
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Puc. 1. YcTanoBka 1jisi NOBepXHOCTHOTO MOAM(DUIUPO-
BaHMS1 MMHEPAJbHbIX JUCIEPCHBIX KOMIIOHEHTOB:

1 — KaMepa 3ICKTPU3ALNH YACTHUII; 2 — arJIoMepaTop;
3 — meperopoaKa U3 IU3JIEKTPUIECKOTro MaTepuaa;
4 — KOpOHMPYIOLINI 3JIEKTPOI; 5 — SJIIEKTPOI C TTI0-
JIOXXUTEIbHBIM IOTEHLIMAIOM; 6 — BHEIHUI OCaau-
TEJbHBIN 2JIEKTPOM;7 — OTPULIATEIbHBIN 2JIEKTPOI;

8 — cpeponmanbHBII IIEMEHT; 9 — BEICOKOBOJIBTHOE
TepeMeHHOe 3JIeKTpuIecKoe mmojie; 10 — amexTpor,

C TIOMOIIIBI0 KOTOPOTO OCYIIIECTBIISIETCS 3a3¢MIICHHE

TexHuueckuii pe3yibTaT — yBeJIWYECHUE CPOKOB
CIEXXKMBAEMOCTH IIeMEHTa, YMEHBIIIEHWE KOJMYeCTBa
«CBOOOJTHBIX» BBICOKOIMCIIEPCHBIX YaCTUIL (TMaMeTp
MeHee 3 MKM), CHUKEHHE IIIePOXOBATOCTH MIOBEPXHOCTH
«c(eporuIoB» U YIEIbHOM MTOBEPXHOCTH 3a CUET BbI-
paBHUBAaHUS TPAHYJIOMETPUIECKOTO COCTaBa, a TAKXKe
3aMeJIeHe paHHUX CTaIWi TUApATAlIMK LIeMEHTa, YTO
MOBBIIIACT MOABUKHOCTb GETOHHBIX CMECEH, TIPUTO-
TOBJIEHHBIX Ha OCHOBE TaKOIo «ChepOorIaIbHOIO» 1ie-
MEHTa, W, KaK CJIeICTBUE, IPOUCXOIUT YMEHBIIICHHE
€ro BOJIOIMOTPEOHOCTH (BOAOIIEMEHTHOE OTHOIIICHWE
cHmkaeTcst Ha 6—8%). [1pu UCITOIb30BaHUU B COCTaBe
OGETOHHBIX cMecei cymnepIiacTU(hUKATOPOB OTMEUYEHO
TaKXe CHUKEHUE WX alcopOLMK Ha eIUHUILY TIOBEepX-
Hoctu uemeHTa (1o 20%).

MHoroc10iiHoe H3HOCOCTONKOE MOKPBITHE
Ha crajbnoii momaoxkke (RU 2759163 C1)

B coBpeMeHHOM MaIIMHOCTPOSCHUH ITUPOKO TPH-
MCHSIIOTCSI MHCTPYMEHT U IEeTaIM MEXaHMICCKUX CH-
cTeM, Ha pabovyio TOBEPXHOCTh KOTOPHIX HAHECECHBI
3aIIUTHBIC U3HOCOCTOMKME HAHOCTPYKTYPHBIC TTOKPHI-
tus. HaneceHune 3allIMTHBIX MOKPBITUIT Ha 00pabaThI-
BalOIINEe MHCTPYMEHTHI M JCTAIN MAIllMH 3HAYNTEIIHHO
YBEJIMUNBACT UX CPOK CIYyKOBI. Kpome Toro, MeTaibl
¥ CIUIaBBI MOTYT Pa3pyIIaThCS U B pe3yaIbTaTe KOPPO3UH,
HaIpuMep, Iocje XUMIIECKOTO, SJICKTPOXUMHIUIECKOTO,
pagMaIIMOHHOIO M T.J. BO3ICHCTBUS BHEITHEI CPEIbI.

[Iporecchl KOPPO3UHM M MEXaHMICCKOTO M3HOCA TIPU
SKCIUTyaTalluy anIapaTypbl MOTYT IIPOTEKAaTh OITHO-
BpPEMEHHO, HaIpuMep, IIp1 paboTe HaCOCOB, MEIIIAJIOK,
BUHTOB U T.1. [To3TOMYy BOCTpeOOBaHBI M3HOCO- 1 KOP-
PO3MOHHOCTOMKIE TTOKPBITHSI.

Anma3zornono6Hble yriiepoaHbie mokpbitust (AYII) xo-
POIIIO M3BECTHHI TEM, YTO OHM 00ECIICYMBAIOT HI3KOE TPe-
HME, BEICOKYIO M3HOCOCTOMKOCTD 1 BBICOKYIO TETUIOIIPO-
BOJIHOCTb. biiarogapst Hu3Komy Ko3(OUIIMEHTY TPEHUSI
1 BBICOKOIT TBEPIOCTH OHU HAIILIN IIPUMEHCHNE B TPHU-
00JIOTMY B KAYECTBE 3AIIUTHBIX OT a0pa3BHOTO 1 (PPUK-
LIMOHHOTO M3HOoca. TeM He MeHee, MX BEICOKAs TBEPIOCTh
1 BBICOKHE BHYTPEHHIE HAIIPSLKEHUS 9acTO IIPUBOIST
K C1a00MY CIETUICHUIO CO CTATEHBIMU TOITOXKKAMU, UTO
MIPOOJIEMATUIHO IIJIT MHOTMX BBICOKOTEXHOJIOTUIHBIX
otpaciueil. TBepabie, ruiotHble AYI1 mpuMeHsIIOTCS Tak-
K€ JUTSI 3aIIATH METAITMIECKIX TTOUTOXKEK OT KOPPO3UH
B Pa3IMIHBIX XUMUIECKU arPeCCUBHBIX cpenax. OmHaKko
OCTaTOYHBIC HAHOTIOPHI 1 Ie(DEKTHI B TOKPBITUH SIBIISTIOT-
¢S HaYaTbHBIMH MICTOYHIUKAMM KOPPO3UOHHBIX SIBJICHUIA,
B pesyibTaTe KoTopbix B AYII o6pasyercs cetb 1eeKToB,
CITy>KaIIMX KaHaJaM1 KOPPO3UOHHOTO BO3IECMCTBUSI Cpe-
ITBI Ha TIOJTOXKKY IO TIOKPHITHEM.

YKazaHHBIC TEXHUUCCKIE ITPOOJIEMBI MOTYT PEIIaTh-
¢S TOCTYDKCHUEM TeXHIUECKOTO pe3yJIbTaTa, 3aKTI0Jaro-
IIETOCs B TOM, YTO M3HOCOCTOMKOE MHOTOCIIOMHOE TTI0-
KPBITHE Ha CTAIBHOM TIOIUTOXKKE, COMepIKaIiee HAHOKOM-
MO3UTHBINA CJI0M, BKIIIOYAIOIINN YIJIEepO, 1 CJION U3 all-
Ma30II0g00HOTO YIJIepoaa ¢ YepeIoOBaHUEM YITOMSHYTHIX
IIBYX CJIO€B, COTJIACHO M300PETCHUIO, B 3TOM ITOKPBITUH
CJIOM aJIMa30II0g00HOTO YIIepoaa BEITIOJHEH THIPO-
TeHU3UPOBAaHHBIM, ocaxaaeMbiM PACVD criocobowm,
a HAaHOKOMITO3UTHBIH CJIOM, TTOJTy4eHHBIIT KOMOMHUPO-
BaHHBIM METOIOM (DU3MUECKOTO OCAXKICHUS 13 TTAPOBOMA
das3bl (PVD) 1 1ia3aMeHHO-XUMHUYECKOTO OCaXKIAECHUS
n3 rasoBoii da3sl (PACVD), BKiIouaeT XpoMm, ajo-
MUHUHN U UX cOeIUHEHUs ¢ yriaepoaoM [5]. I1pu stom
ob1Iee comepkaHe XpoMa B HAHOKOMITO3UTHOM CJIOE
cocrasiuseT 30—35 ar. %, amomunus — 50—52 at. %,
yriepoaa — 13—18 ar. % u octanbHoe — Kuciopox. Io-
KpbITHE BHITIOTHsIETCS TonHoi §00—2500 HM ¢ Konu-
YeCTBOM YIOMSHYTHIX cjioeB oT 20 10 50 1 ToNmuHOM
Kaxxnoro ciiog ot 40 mo 50 HM.

M3o0peTeHre MOXeT ObITh UCITOJIb30BAHO B METAJI-
JI000paboTKe, MAIIMHOCTPOSHUM, He(hTera30BOM Mpo-
MBIIIJICHHOCTH, XUMUIECKOI TTPOMBIIILUICHHOCTH 1 T.1I.
JUISI TIOBBILLIEHUS 3KCIUTYyaTallMOHHBIX CBOMCTB IMOBEPX-
HOCTH M3ICINIA, pabOTAIOIINX B PA3TAIHBIX YCIOBUSIX.

Croco0 U3roToBJIeHUS MOISIPU3ANUOHHO-
YYBCTBHUTE/IbHOI HAHOKOMIIO3UTHOM IVICHKH
Ha ocHose cesienuna meau (RU 2758150 C1)

3amaueii n300peTeHNs SIBIISIETCS pa3paboTKa criocoda
M3TOTOBJICHUS MOJISIPU3allIOHHO-UYBCTBUTEIBHOM Ha-
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HOKOMITO3UTHOM TIJICHKN Ha OCHOBE CEJICHUIA MEIN
¢ OombiIeil 3(pPeKTUBHOCTHIO MPpeoOpa3oBaHUSI MOII-
HOCTH JIa3¢pHOTO U3JIydeHus B POTOTOK [6].

CyIIHOCTh M300pETEHUS 3aKIIF0YACTCS B TOM, UYTO
B OTJIMYME OT U3BECTHOTO CIIOCO0a M3TOTOBJICHUS TI0-
JISIPU3aIIMOHHO-9YBCTBUTEIbHOM HAHOKOMITO3UTHOM
TUICHKY Ha OCHOBE CeJICHUIa MeI, BKITIOYAIOIIETO I10-
CJIeI0BaTeIbHOE HAHECCHIE METOIOM BaKyyMHO-TEPMU-
YeCKOTO HAITBUICHUS B IMTHOM BaKyYMHOM ITUKJIE CIIOCB
ceJicHa U MeIW Ha HaXOISIITYIOCS TP KOMHATHOM TeM-
TepaType W pacIoIOKEHHYIO TIEPIICHINKYJIIPHO K Ha-
MPaBJICHUIO IBUKCHUS HANTBUISIEMBIX YaCTUII TUAJICK-
TPUUECKYIO TTOUIOXKKY, TIOJTYICHHYIO HAHOKOMIIO3UTHYIO
IUICHKY OTKUTAIOT B BaKyyMe IIPW TeMIIepaType BEIIIE
120°C n mHmke 217°C.

TexHUIeCKIM pe3yIBTaTOM SIBJISIETCS YBEIMICHIE 3 -
(bexkTMBHOCTH TIPEOOPA30BAHIS MOIITHOCTH JIA3EPHOTO 13-
JIy9eHUSI B (POTOTOK B MOISIPU3AIMOHHO-UYBCTBUTEIFHOM
HaHOKOMITO3UTHOM TIJICHKE Ha OCHOBE CEJICHUIA MEI.

CI10c00 M3rOTOBJICHUS TTOISAPU3ALIMOHHO-IYBCTBH -
TeJIbHOW HAaHOKOMITO3UTHON TUICHKM HAa OCHOBE celle-
HUIa MEIM 110 JTAaHHOMY M300PETCHIIO OCYIIEeCTBIIICTCS
caemyronM oopa3zoM. Ha HaxomsImyrocst Ipi KOMHAT-
HOI TeMITepaType TU3JICKTPUUCCKYIO TTOIJIOXKY TTOCIIe-
JIOBATEIbHO HAHOCSIT METOJIOM BaKyyMHO-TEPMHIUECKOTO
HAaITBIJICHNS B €IMHOM BaKyyMHOM IIMKJIC CJIOM CeJIeHa
u Meau. [1pn 3TOM OIJIOXKY pacIoiaraioT IepIeHIN-
KYyJISIPHO K HaIlpaBJICHUIO ABIKCHUS HAITBIISIEMBIX Ya-
ctuil. ['opstame mapsl ¥ KJIacTephl MEIM, ITOTIagast Ha JieT-
KOILTaBKU CJIO# celieHa, BCTYMAIOT ¢ HUM B XUMUYe-
CKYIO PEaKIInIo, B pe3yJIbTaTe KOTOPOIt Ha IIOBEPXHOCTH
TIOIJTOKKI 00pa3yeTcs MOTYIIPo3pavHast 3JIeKTPOIIPOBO-
ISIIIAs TTOJISIPU3alIMOHHO-UYyBCTBUTETbHASI HAHOKOMITO-
3UTHAasI IJICHKA, COCTOSIIAS M3 TTOJIMKPUCTATUIMIECKOTO
celleHnIa Meau 1 amopdHoro ceieHa. [TorxydeHHYIO
HAHOKOMITO3UTHYIO TUICHKY OT;KUTAIOT B BaKyyMe, B pe-
3yJIBTATEe YETO TIPOUCXOMNT KPUCTAIUIM3AIINS aMOP(PHOTO
ceJicHa U YKPYITHEHNE KPUCTAJUIMTOB CeJICHUIA MEIH,
YTO TIPUBOIUT K YBEIMICHMIO 3P (PEKTUBHOCTH TIPEOO-
pa30BaHUS MOIIHOCTH JIa3¢PHOTO M3TyYeHUS B (DOTOTOK.

B skcriepmmeHTax (hopMUpOBaHUE TTOJISIPU3AITNOH-
HO-9yBCTBUTEILHON HAHOKOMITO3UTHOM IJICHKH Ha OC-
HOBE CEJICHMIA MEIN OCYIICCTBISIIOCH METOIOM BaKy-
YMHO-TEPMHUYECKOTO HAITbIJICHUS Ha IIPSIMOYTOIHHYIO
KBapIIeBYIO MTOMIOXKKY pazMepoM 17,5%34,5 mm. Bnois
KOPOTKHX CTOPOH ITOIIOXKN OBLIN MPEABAPUTEIBHO
HaHEeCEeHBI IBa ITapaUIeIbHBIX TOHKOTUICHOUYHBIX W3-
MEpUTENIBHBIX 3JIEKTpoaa IMMprHOiT 5 MM. B mpomecce
HaITbUICHMS TIOUTOKKA MMeJIa KOMHATHYIO TeMITepaTypy
¥ Haxomujachk Ha pacctosHuu 0,12 M OT UCITapUTeIIsS
MEePICHINKYIISIPHO K HAIIPaBICHUIO OBIKCHUS HAITBI-
JgeMbIX yacTuil. COOTHOIIICHIE HAaBECOK CeJICHA T MEITN
B ucrnaputene coctasisuio 19:5. ['oToBas mieHka nmena
TommuHy 130 HM B COITPOTUBJICHNE TTOCTOTHHOMY TOKY
MEXIY U3MEPUTETHLHBIMU dJIeKTpoaaMu 37,2 Om.

OTXKUT 5KCIEPUMEHTAILHOTO 00pas3iia Iporu3BO-
nuncs rpu Temriepatype 150°C B teuenue 30 MUHYT.
ConpoTuBjieHHE ITIOCTOSTHHOMY TOKY MEXIY U3MEpH-
TEJbHBIMU 3JIEKTPOJAMU B OTOXKEHHOM IIJIEHKE CO-
ctaBuiio 25,7 Om.

Crnioco0 nmo;ryJeHrss BHHHJIOBBIX 000€B
¢ 0akrepummansiv nokpoituem (RU 2758770 C1)

MN3006peTeHre OTHOCUTCS K cToco0aM MOJTy4eHUsI
000¢B ¢ 0aKTepULIMAHBIM MOKPBITHEM, KOTOPOE TIpe-
MSITCTBYET 00pa30BaHUIO OaKTepuii U rPUOKOB Ha I0-
BEPXHOCTSIX OKJICCHHBIX U3HCINI M CIIOCOOHO TaKXKe
CaMOCTOSITEJTHO YCTPAHATh M3 BO3IyXa ITOMEIICHYS T1a-
TOTeHHBIC MUKPOOPTaHN3MBI 1 THTHOMPOBATH ITPOIIECC
nx pasmMHoxeHus1. MU300peTeHre MOXeT ObITh UCTIOJIb-
30BaHO T 00e33apakBaHMSI TTOBEPXHOCTEH 1 BO3MyXa
B ITIOMEIIEHUSX, 0COOCHHO, B MEeCTaX CKOTUICHMUS JIIOICH,
B MEIULIMHCKUX yUpexXaeHUsIX [7].

M3BecTHO, YTO OMHUM 13 BApUAHTOB PEIIICHMS TIPO-
611eM 00e33apaxkBaHUS IIOBEPXHOCTEH 1 BO3AyXa B I10-
MEIICHUSIX, OCOOCHHO, B MeCTaX CKOIUICHUS JIIOMICH,
B MEIMIIMHCKUX YUIPEKICHUIX, MOXET CTaTh OKJICHBa-
HHE TIOBEPXHOCTEI 000SIMU ¢ OaKTepUITMTHBIM TTOKPHI-
THUEM Ha OCHOBE BoAHO-aucriepcHbIX JIKM (J1akokpa-
COYHBIX MaTepHaIoB) ¢ HAHOPAa3MEPHBIMU YaCTUIIAMK
cepebpa, MeI1 WM 30J10Ta C OBBILLIEHHON OMOLIMIHOM
AKTUBHOCTBIO, KOTOPBIE TIPEIISITCTBYIOT OOPa30BaHUIO
OakTepuii ¥ IpPUOKOB Ha IMTOBEPXHOCTSIX, a TAKXKe CII0C00-
HBI CAMOCTOSITEILHO YCTPAHATh M3 BO3IyXa IIOMEIICHUS
IMaTOTeHHBIC MUKPOOPTaHU3MBI 1 MTHTHOMPOBATH TIPO-
1Iecc X pa3sMHOXCHUS.

[IpemmaraeMelit CII0cO0 BKITIOYACT B KAUECTBE 3TAIIOB
PSII U3BECTHBIX U3 YPOBHSI TEXHUKHU CITOCOOOB, HO TIpU
9TOM JIOCTUTAETCs HOBBIM pe3ybTaT, a UMEHHO 000U
¢ OAKTepUITMIHBIM TTOKPBITHEM, 00 IaIaloIIIe BEICOKOMN
1 IUINTEIbHON 0aKTepUIINIHON aKTMBHOCTHIO TIO OT-
HOIIIEHUIO K IIITaMMaM pa3HBIX KJIACCOB MUKPOOPTa-
HU3MOB. 3amadeii HaCTOSIIIETO M300PETCHMS SIBIISICT-
cs co3maHMe CIocoda MOyYeHUSI BUHUIOBBIX 000EB
¢ OAKTepHUITMIHBIM ITOKPHITHEM, 00 TamalOIINX BEICOKOMN
1 ITATEILHOU OaKTepUIIMIHON aKTMBHOCTHIO TT0 OTHO-
IICHWIO K IITaMMaM Pa3HBIX KJIaCCOB MUKPOOPTaHM3-
MOB, KOTOPBIC SIBJISTIOTCS TTATOTCHHBIMY 10 OTHOIIICHUTO
K MJICKOTIUTAIOIINM U K YEJIOBEKY, Y TIPUTOTHBIX IIJIsT
HCIIOJIb30BaHUS B TIPOM3BOICTBEHHBIX 1 OBITOBBIX IT0-
MEIIECHUSX, B JETCKUX M MEIUITMHCKUX YIPEKICHMSIX,
B MeCTax OOJIBIIIOTO CKOIIJICHMS JIFOCH W T.1.

IMocraBneHHas 3amava perraeTcs TeM, YTo TIpeiara-
eTCs CIIoco0 TTOTyIeHUS] BUHUJIOBEIX 000€B ¢ OaKTepH-
LIUIHBIM ITOKPBITHEM, BKITIOYAIOUIWNA CIIeAYIOIINE ITATbI:

1. IlonyyeHne aHTMOAKTEpUATIBHOTO areHTa, IIpe/-
CTaBJISTIONIETO COOOI HAHOYACTUIIHI cepedpa Ha yrJjie-
pOIHOIT MaTpwmIle, IyTEM PaCIbIICHUS B IIa3Me DJIeK-
TPUUIECKOTO TYTOBOTO pa3psiia ITOCTOSTHHOTO TOKA B aT-
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Mocdepe MHepHoro ra3za npu gasiaeHuu 1—500 Topp,
toke paspsama 100—300 A u HanpsoKeHWW Ha paspsize
15—35 B KOMIO3UTHOTO 3JIEKTPOJIA, TTPEICTABIIIIONIETO
c000i1 rpaUTOBEIN CTep:KEeHB, B IIPOCBEPJICHHYIO I10-
JIOCTH KOTOPOTO 3aIIpeccoBaHa CMeCh ITOPOIIKOB cepedpa
u rpadura ¢ comepkanrem cepeopa ot 1 1o 100 mac. %.

2. IMoxyuyeHne OMOIUIHON CYCIICH3UM ITYTEM BBI-
TIOJTHEHUS CIICAYIOIINX AeHCTBIIA: BBeIeHIE B 0a30BYIO
KHUIKOCTh, KOTOPAsT IIPEACTABIISICT COO0I BOTHO-IMC-
TIepCHBIN JITAKOKPACOYHEII MaTepral, pa3BeIeHHBII BO-
JIOI 10 YCJIIOBHOM BSI3KOCTH, COCTaBJISIIONICH He OoJjiee
35 I1a* c., HaHOYACTUII cepebpa Ha YIIIepOIHOIM MaTpU-
e, TakK, YTOOBl KOHIIEHTpAIINsI HAaHOYACTUII cepedpa
Ha yIJIepOTHOM MaTpHIle K 6a30BOi XKMIKOCTH COCTaB-
nsu1a ot 1 1o 5 mac. %; 06paboTKa IOJIy4eHHOTO COCTa-
Ba B YJIBTPa3BYKOBOM BaHHE MOIIHOCTHIO 60—1200 Bt
n yactotoit 15—40 kI' B reuenune 10-600 MuHyT 1pu
HETIPepBIBHOM IIepeMEIINBAHIT MEIIAIKOI C 9aCTOTOM
Bpamenus 1—20 I'r; oTcTarBaHMe B TCUeHNE HE MEHEE
4 gacoB; cIMBaHUE, HE JOITyCKasl IIepeTeKaHUsI OCanKa;
pazbaBieHue 0a30BOM KMUIKOCTBIO TaK, YTOObI KOHIIEH-
Tpalns HAaHOYACTHUII cepedpa Ha YIIIEpOIHOI MaTpuIle
B KOHEYHOM Tpoaykre coctasistia ot 0,1 1o 0,01 mac. %.

3. HaHeceHue MoIy4YeHHOI OMOIIMIHON CYCTICH3NHN
Ha JIMLIEBYIO MOBEPXHOCTb 000EB U TEPMOOOPAOOTKA Ha-
HECEHHOTO CJIOS.

Crnioco0 nosyuenusi amopgHoro
HAHOCTPYKTYPHPOBAHHOTO AJIMA30MOI00GHOTO
nokpsiTust (RU 2760018 C1)

MN300peTeHUEe OTHOCUTCS K CIIOCOOY HaHECEHUS
KOPPO3MOHHOCTOMKMUX TBEPIBLIX M3HOCOCTOMKMX Ha-
HOCTPYKTYPUPOBAHHBIX TOKPBITHUI 13 aMOp(GHOTO a-
Ma30IoJ00HOTO YIIEPOIa U MOXKET OBITh UCITOJIE30BaHO
B METAJITIOO0PAaOOTKE, MAITMHOCTPOEHUH, METUIIMHE,
SJIEKTPOHUKE, COTHEYHOI SHEPTEeTUKE, ONITORJICKTPOHM -
Ke, (DOTOHUKE, B IPOU3BOICTBE XKUIKOKPUCTAJUTMIECKIX
JIACTIIEEB W APYTUX OOJIACTSIX TS MIOBBIIIIEHNST 9KCIITya-
TALIMOHHBIX CBOMCTB ITOBEPXHOCTH MU3IEINIA Pa3TMIHOTO
(pyHKIIMOHAIBLHOTO Ha3HadYeHus [§].

TexHnuecKnM pe3yabTaToOM IIpeiIaraeéMoro crrocoda
SIBIISIETCS CO3JaHMe Ha TTOBEPXHOCTHU aJIMa30II0g00HO-
TO IIOKPHITUS OTHOPOIHON TUIOTHOM CTPYKTYPHI, Yepe3
KOTOpYIO He TIpoHMKaeT Biara. [ToctaBieHHas 3amada
pelraeTcst TeM, YTO B CITOCO0€ TTOJTydeHUsT aMOp(GHOTO
HAHOCTPYKTYPUPOBAHHOTO aJIMAa30II0T00HOTO TTOKPHITHS
Ha U3JEJINN, BKIIIOYAIOIeM MpeABapUTEIbHYIO TIIa3-
MEHHYIO OYHUCTKY MMOBEPXHOCTH M3MIE/INS B BAKYYMHOI
Kamepe YCKOPeHHBIMY MOHAMU, HaHECEHWE aire3MOH-
HOTO CJIOS M HaHEeCEeHUe, IO MEHBIIIE Mepe, OTHOTO
CJI081 YIJIEPOIHOI aTMa30M0J00HO TNIEHKH C TIOMOIIBIO
KaTOAHOT'O pacHblIeHUs rpaduTa, Imocjie HaHeCEHUS
CJI0SI TIOKPBITHUSI €r0 U3BJIEKAIOT U3 KaMephl U TTOIBEP-
TaloT MOJIMPOBKE, a 3aTeM CHOBA ITOMEIIAIOT B KaMepy,

MOABEPraroT MOBTOPHOMY MOKPBITHIO, TTOCJIE YETO CHOBA
MOJIMPYIOT.

Ha nepBoii ctanuu, Kak 0ObIYHO, U3/eI1e MOIBEP-
raloT TIATEJbHON OYMCTKE OT 3aTPsSI3HEHUI U 00€3KM-
puBaHuIo. Jlanee uzaesave moMenaoT B BAKYyMHYIO Ka-
MEpY, ¥ Ha eTo IOoBEepXHOCTh HaHOCIT PVD-nokpriTue.
IToBepxHOCTb U3ENNS PEIBAPUTEIbHO TTOABEPraeTCs
MJ1a3MEHHOM OYMCTKE YCKOPEHHBIMU MOHAMMU, Ha €€
MOBEPXHOCTb HAHOCAT aAre€3UOHHBIN CJION, a 3aTeM
HaHOCST CJIOM yTJIEpOAHOM aJIMa30Iog00HON MIeHKHU
C TIOMOILIbIO KaTOAHOTO pacmblIeHus rpaduTa B BUIE
ITapoBOii (pa3bl M TOCTETICHHOTO OCAXICHUS €TO Ha I10-
BEPXHOCTb u3aeaus. TeMm cambiM o0pasyeTcs aMopdHoe
HAHOCTPYKTYPHUPOBAHHOE aJIMa30II0J00HOE MOKPBITUE
TOMIUHOM 1—3 MKM. AJTMa30Iog00HOe TOKPHITHE OOJTh-
1€ TOJIIUHBI CTAHOBUTCS XPYIKUM W HEMPUTOIHBIM
IIJISI 9KCIUTyaTalluu.

ITokpbITHE TIOCE MOJIYYeHUSI UMEET 1IEepOXOBAThIN
CJIOW M HEOAHOPOAHYIO CTPYKTYPY B BUJI€ HAHOYACTUIL
rpacuTa U IpYTUX BENIECTB U B BUIIE HAHO- U MUKPOTIOP.
UYepes aTu nedeKThl MOBEPXHOCTH, KaK MO KalWLIspam,
MPOHMKAET BJlara v BbI3bIBA€T KOPPO3UIO MTOBEPXHOCTHU
uznenus. Jlist ynajieHust UCXOIHOTO IIEPOXOBATOrO CJI0,
a BMECTE C HUM U J1e(PEKTOB CTPYKTYpPhl IOBEPXHOCTH
aJIMa3010A00HOT0 TTOKPBITUS TTOABEPTAIOT MOJMPOBKE
1o mepoxoBaroctu Ra 0,04 Mxm 1 Hike. TonbKo mpu
TaKOM 11€POXOBATOCTU CTAHOBITCSI AOCTYITHBIMU IJIsI
3ajie4YMBaHUsI MUKPO- U HAHOTIOPHI.

IMocne MoaMpPOBKY MOBEPXHOCTh MOKPBHITUSI BHOBb
MOJBEPraloT TIIATEIbHON OUYUCTKE U 00E3XXKUPUBAHUIO
¥ BHOBb MOMEIIAIOT B BaKyyMHYI0 KaMepy. BTopoii
CJION YIJIEPOJHON aJIMa30MoJ00HOM MJIEHKU TOIIIM-
HOM 1—2 MKM 3am0JIHSIET MMEIOIINECST Ha TIOBEPXHOCTH
HaHO- U MUKpomnopkl. [Tocaeayromas noaupoBKa Mmo-
BepxHocTH 10 Ra 0,04 MKM 1 HIKe yaaisieT IIepoXo-
BaThIi AeheKTHBIN CI10ii, 00pa3ysl ITOBEPXHOCTh OJHO-
POIHON MJIOTHOM CTPYKTYPhI, Yepe3 KOTOPYIO HE MpPO-
HuUKaeT Bjiara. Huskas 1mepoxoBaToOCTb MOBEPXHOCTHU
TaKKe MPEISITCTBYET YAepKaHUIO BJIary Ha MOBEPXHOCTU
U MOBBILIIAET U3BHOCOCTOMKOCTD MTOBEPXHOCTH.

Croco0 ynopsimo4eHHOro OCaKIEHHUS
HAHOCTPYKTYPUPOBAHHBIX YTJIEPOJIHBIX TOHKUX
IUIEHOK B IOCTOSIHHOM 3JIEKTPHYECKOM I10J1€
(RU 2761200 C1)

TexHnuyeckuM pe3yabTaTOM U300PETEHUS SBIISIETCS
MOBBILIEHUE KaueCTBa OCAXIEHHOTO CJIOS U obecreye-
HIE BO3MOXXHOCTU KOHTPOJIMPYEMOTO/yIIOPSITIOYEHHOTO
OCAXKIIEHUS C UBMEHEHUEM CTPYKTYPBI OCAKIEHHOTO CJI0S
Giaromapsi TOMy, 4TO CO3IAHHYIO BBICOKOHEPTUUHYIO
IJIa3My MOXHO KOHTPOJIUPOBATH C MIOMOIIBIO HABEIEH-
HOTO MMOCTOSTHHOTO 3JIEKTPUYECKOTO TTOJIS BBICOKOH Ha-
TIPSTKEHHOCTH B 00JIaCTH €€ paciipoCTpaHeHUs (MeXIy
MPOBOJISIIEH METALIMYECKON CETKOM 1 MOAJI0XKO). Ta-
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KO crioco0 mo3BoJisieT (hoKyCHpOBaTh ¥ pacCeNBaTh I1IA3-
MEHHBIH ITy4OK, BApbUPYS CTEIIEHBIO HATIPSDKEHHOCTH
9JIEKTPUIECKOTO TIOJISI U TIOSIPHOCTHIO AJIEKTPOJIOB [9].

Omnucanue cnocoba (puc. 2): MexXIy Ipo3pavyHOi
MOIJIOXKOM (2) (ImolmpoBaHHOE KBapIeBOE CTEK-
1o u crekio K8, mepoxoBatocTh moBepxHoctu Ra =
2,06 HM) ¥ YrJIepOAHOM MUILIEHBIO (4) (CIIeKTpaabHO
qucTeiii Tpaput mapku COY, cTeKIIoyriiepoa MapKu
CV¥Y-2000, muporpacdut I1I'N) momemraercss MeTauim-
geckas ceTka (3) ¢ pasmepom ssaeitku 100 mxm. OO1ee
pacCTosTHUE OT MUIIEHU JIO TTOJIOXKHA BO3ZMOXKHO U3-
MEHSTh OT 1 10 5 MM. PaccTosiHue OT MeTalJInyecKoi
CETKM IO MUIIIEHU BapbupyeTcs B rpeaenax 0,5—2,5 M.
ITpoBoasire KOHTAKTHI TPUKPETIISUIACH K TTOBEPXHOCTH
MWIIIEHU W METAJUTNIeCKoii ceTku. Ha moBepxHOCTh MU-
IIEHY TIOJ]aBaJICSl OTPUTIATEIBHBIN MOTEHITNAI, HA CET-
Ky — TIOJIOXUTEIbHBIN, YTO CO3[aBAI0 TOPMO3SIITYIO
pa3HoCTh ToTeHInanoB U i TOTOKa MOHU3UPOBAH-
HBIX aTOMOB. JIOTIOTHUTENTHHO MCIIOb30BAaHUE CETKU
TO3BOJISIET OCYIIECTBIISITh pa30MeHne eMMHOTO TTOTOKa
abJIMPOBAHHBIX YACTUIL HA MHOXECTBO OTIETbHBIX UC-
TOYHUKOB.

IMpoBeneHHbIe U3MEPEHUS TIO3BOJISIIOT TIOKA3aTh, YTO
MOpPGhOIIOTUYECKHNE CBOMCTBA OCAKIIEHHOTO CJIOST CUJTh-
HO 3aBUCSAT OT PACCTOSTHUSI MEXIY TOIOXKON U MU-
MIEHBIO W YCKOPSIOIIETO HAMPSIKEHMST Ha CETKE MEXXITY
HUMU. Bo Bcex cityyasix NCTIOTb30BaHNUE CETKHU TTPUBO-
JIUT K OCAXKIEHUIO C SIPKO BIPAXKEHHOU TIEpUOINIECKOM
CTPYKTYPOI, IIIar KOTOPOIA 3aBUCEIT OT PACCTOSTHUST MEXITY
CEeTKOU 1 MOMTOXKOH. CTPyKTYpa OCaXKIeHHOTO CJIOST Me-
HSIETCSI B 3aBUCUMOCTH OT PACCTOSTHUSI MEXTY TTOMTOKKOM
¥ CETKOU 1 pa3HOCTHU MOTEHIINATIOB MEKILY CETKOI 1 MU -
menblo. [Tpu Hanpsckennu 1o 800 B u BapsupoBaHun
PACCTOSTHUSI MEXITy CETKOU U TOIOXKKOM B TIpeaerax
1,5—2 MM (4 pacCTOSTHUM OT CETKH IO MUIIICH! B 1 MM)
B TIpoIIecce OCAXICHMST (DOPMUPYIOTCS YIIIEPOIHBIC Ha-
HOBOJIOKHA. YBeJIMUEHNE HATIPSDKEHUST MEXITY CETKOM
u Mutiensio 1o U = 1000 B mpuBomnT K (hopMUpOBAHUIO
OCaXKIIEHUIT M3 MacCUBa YTIIEPOMHBIX HAHOTPYOOK.

Puc. 2. Ciocod ynopsioueHHOro OCazKIeHus1
HAHOCTPYKTYPHUPOBAHHBIX YIJICPOAHBIX TOHKUX
IIEHOK B IOCTOSIHHOM JJIEKTPHYECKOM MO0Jie

Nanob%

7151 TOosICHEHWST MeXaHU3Ma YIIpaBJIeHUs JIa3epHO-
WHIYIIMPOBAHHBIM TUIA3MEHHBIM 00JIAKOM OBLTO peasu-
30BaHO MaTeMAaTUIECKOE MOJIETMPOBAHNE IKCTIEPUMEH -
Ta ocaxaeHusi. COOTBETCTBUE MOMEIBHBIX U OKCITEPU -
MEHTAJIbHBIX PE3yJIbTaToOB 00beKTUBHO. [IpoBeneHHOE
MOJEIVPOBAHNUE NTEMOHCTPUPYET U3MEHeHre MOpPGhO-
JIOTUYM OCAXIEHHOTO CJIOST B 3aBUCUMOCTH OT YCJIOBU
skcnepumeHnTa. VMcrnonb3oBaHre METOI0B KUHETUKU
U MOJIEKYJISIPHOW TUHAMUWKY TTO3BOJIUT B TaJIbHEUIIIEM
MOJIEIMPOBATh TIpoliecc (POPMUPOBAHUS YTIEPOTHBIX
HaHOTPYOOK.

IIpousBoasmias yriepoaHbie HAHOTPYOKH CHCTEMA
(RU 2760734 C1)

B Hacrosiem n3o0peTeHru npeaioxeHa mpou3Bo-
JIS11Iast yIJIEPOIHbIE HAHOTPYOKU CUCTeMa, coepKaniast
[10]:

* TIpeNBAPUTENIBHYIO BBIPAIINBAIOLIYIO TPYOY TS Ha-
YaJIbHOU MpeaBapUTEIbHON pPeakKMU UCXOIHBIX
MaTepUaaoB IMepel MOJIy4YeHUEM YIJIepOIHBIX Ha-
HOTpPYOOK;

*  aTOMM3ATOP U AaTOMU3ALIMU UCXOIHBIX MATEPUAJIOB
YIJIEPOOHBIX HAHOTPYOOK U MTOCTEIYIOIIErO PACIIbI-
JICHUSI aTOMU3UPOBAHHBIX UCXOAHBIX MATEPUAIOB
B MIPEIBAPUTENBHYIO BBIPALIUBAOILYIO TPYOY; TIpU
5TOM aTOMU3ATOP MIPUCYTCTBYET HA MEPETHEM KOHLIE
MPEIBAPUTEILHON BhIPAIIMBAIOIIEH TPYObl U UMEET
PaCTBbUIUTENBHYIO BBITYCKHYIO TPYOY, KOTOpas Mpo-
XOIUT B MPENBAPUTEBbHYIO BBIPAIIUBAIOIIYIO TPYOY;

*  BBIPAIMBAIOLILYIO TPYOY VIS MPOU3BOJCTBA YIJIEPOI--
HBIX HAHOTPYOOK W HETIPEPBIBHOTO BBIPAIIIMBAHUS
MPOU3BOIUMBIX YIJIEPOAHBIX HAHOTPYOOK; TIPU 3TOM
MepeTHUI KOHELl BBIPAIIMBAOIIEH TPyObl TEpMETUY-
HO MPUCOEAUHSIETCS K 3aJHEMY KOHIly TIpeABapu-
TeJIbHOW BhIpallliBalolIe TpyOhl;

* TeHepaTop BO3AYIIHOW 3aBECHI U1 00pa30BaHUs BO3-
IYIITHOW 3aBECHI, OKPYXAIOIIEH aTOMUAZUPYIOIIANA
BO3AYIIHBINA MOTOK BOKPYT BBIMTYCKA PACIIBUIATEb-
HOM BBIITYCKHOM TPYOBI, MPUYEM BO3MIYIIIHAS 3aBECa
MPOXOAUT MapasuIeIbHO MO OTHOIIEHUIO K HampaB-
JICHUIO TIPOIOJKEHUS TIPeNBapUTEIbHOM BhIpall-
BarolIel TpyObl, X TIPY 3TOM T€HEPATOP BO3MYIIITHOM
3aBEChl HAXOOUTCS BHYTPU MPEABAPUTEIbHON BbI-
paluBaroIeil TpyosI.

B npencraBieHHON Bbllle TPOU3BOASIIIEH yTie-
pOOHbIE HAHOTPYOKHU CHUCTEME BO3MYIIHAS 3aBeca 00-
pa3yeTcs BOKPYT pACbUTATEIBbHON BBIITYCKHOU TPYOHI.
C omHOIi CTOPOHBI, 00pa3yeTcs TaMUHAPHBIN TTOTOK
B MIPeIBapUTEILHON BhIpallXBalOLIE TpyOe mocpen-
CTBOM BO3[IYIIIHOM 3aBECHI JJIS CTAOUIU3ALIMY BO3TYIII-
HOTO MOTOKA, U, C APYTOM CTOPOHBI, TPETOTBPALIAETCS
MPWIUIIAHUE YTJIEPOJHBIX HAHOTPYOOK VI MPUMECE,
U B pe3yJIbTaTe 3TOTO 00ECTIeUNBAECTCS HEMPEPHIBHBIN
POCT yII€POJHBIX HAHOTPYOOK.
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Taxoce npe@cmae/wlom unmepec dasn cneuuaaucmoes

cztet)ymmue u306pemenu;l 6 00aacmu HAaHOMEXHOA02UTL:

C110c006 TTOJTyIeHUSI METaJUI-TIOJIMMEPHBIX HaHO-
KOMITO3UIIMOHHBIX MaTepHaJiOB ¢ HAHOYACTUIIAMU
meTtayioB [11].

Crroco6 TTpon3BOACTBA TEKCTIJIHHOTO MaTepHraia,
coaepIKaIero HaHo- 1 MUKPOKAIICYJTUPOBaHHEIC
OMOJIOTMYECKI aKTUBHEIC BEIIECTBA C 3aMEIICHHBIM
BBICBOOOXAeHMEM [12].

XuUMHUYeCcKe COSOMHEHUS IJIST TTOKPBITUS HAaHO-
crpykryp [13].

YCTpoiCTBO WIS TTONYyIeHUS HAHOKPHUCTAITTIECKOTO
JIMOKCUJIAa TUTaHA CO CTPYKTYpOii aHaTtasa [14].
C11oco0 M3roTOBIICHMS ITOPUCTHIX TPaheHOBBIX MEM-
OpaH 1 MeMOpaHBI, N3TOTOBJIICHHBIC C MCITOIb30Ba-
HHEM 3TOro criocoba [15].

Cr10c00 MOIyIeHHST 30JI0THIX HAHOCTEPKHEH C 3a-
JAHHBIM TTOJIOKEHNEM TUTA3MOHHOTO pe3oHaHca [16].
C11oco0 3JIEKTPOTUTUICCKOTO ITOTYICHUS KPEMHUS
U3 pacIulaBJIeHHBIX coseit [17].

Crnioco6 1osrydeHusT HaHOTPYOoK InSb anekTponm-
MYJABCHBIM MeToIOM [18].

MHHOBaIMOHHAS TEXHOJIOTHUS OYMIIECHUS CTOTHBIX
BOJI C TICJIBIO OBICTPOTO OTCTAMBAHMS OCaIKa 1 YIIyd-
IICHWST OYMCTKA OT 3arpsI3HEHUI ¢ TIOMOIIIBI0 Ha-
HoMmaTepuaios [19].

CMech 111 HaHeCeHUs] (PUMHUIITHOTO ac(aIbTHOTO
IMOKPBITUSI. BicOKOpereHnpoBaHHOE ac(aabTHOE
nokpeitue PATIT [24].

MonudukaTopsl 4151 TOJIMMEPHO-OUTYMHOTO BSIKY-
mero Ha ocHoBe cpen 11 BakyymHEIl TOTOH 1 DKC-
TPAaKT CEJIEKTUBHOI OYMCTKY OCTAaTOUHBIN [25].
Crroco0 moIrydeHIsT HAHOIIOPOIIIKA NTTPUI-aTIOMM -
HHUEBOTo rpaHara [26].

Crroco6 ocaxXmeHNsT KOMITO3UIITMOHHOTO TTOKPBITHS
[27].

ITopucTerit MaTepra Ha OCHOBE CIIOXKHOTO TTOJIND-
dupa [28].

Crroco6 moTydeHUsI HAaHOIIOPOIIIKA TPHOKCHUAA Ba-
Hanmms [29].

C11oco0 MoJIyIeHNS TTOIMMEPHO-KOMITO3UTHOTO Ma-
Tepuaja M KoMrno3utHas apmatypa [30].
CVD-peakrop pynonHoro tumna [31].

I'mOpuOHEBII cynepKOHIEeHCAaTOp Ha OCHOBE HAHO-
pa3sMepHOTo TUAPOKCHIA HUKes [32].
MHHOBAaIIMOHHBIN KOMIUIEKC TEKCTUIBHBIX TEXHO-
JIOTUI TIPOM3BOICTBA HAHOBOJIOKHICTBIX HETKAHBIX
MaTepuaiios [33].

3AK/IIOYEHUE

O,Z[Ha N3 aKTyaJIbHbIX 3aJa4 3KOHOMMWKH 0001

CTpaHBI — MTOBBIIICHE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIJICHHOCTH 32 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHns. M B 3ToM HallpaBJIeHUU TJIaBHBIM O0BEK-
TOM BHUMAaHUS CO CTOPOHEI TOCYIapCcTBa M KOMIIaHUIA
CTaHOBATCS JIIOON WU TIPEATPUSITHS, IbsI OCHOBHAS
paboTa cBsI3aHa C BHEIPEHUEM HOBBIX TexHOJ0THiA. [To-
STOMY HaleeMcsI, 4TO ITy0IMKyeMas B JTaHHOU pyOpHrKe
nHMopMaIns OyaeT BOCTpeOOBAHHOU U TTOJIE3HOM It
CIICIIMAJIICTOB.

*  Croco0 M3roToBJICHUS TEIUIOIPOBOIHOTO KOMITO3M-
IMOHHOTO MaTepHalia U3 IMTOPOIIKOB aATIOMUHUS WITA
ero cruiaBa ¢ rpaeHOBBIM ITOKpBITHEM [20].

*  Croco0 TToIy9eHNST TOHKUX TUICHOK OKCHIA IIMHKA
WJTA OKCHZIa OJI0BA, MJIN CMEIIIAHHBIX OKCHIOB ITMHKA
u ojioBa [21].

* Crroco0 mronyueHus peppurta KodbanbTa [22].

¢ Me30TmopUCTHIN YIIEPOI U CITOCOO ero M3TOTOBJIC-
HUsI, a TaKKe TOTUIMBHBIN 3JIEMEHT C TTOJIMMEPHBIM
SIIEKTpOIUTOM [23].

IIponomkenue cienyer.
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INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

Nanobm

WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (hereafter referred

to as WUT) is a national key university under the
direct administration of the Ministry of Education. It is
one of the first batch of universities which have entered
the national “211 Project” and the national “Double-
Top” Plan for Promoting the Development of World-class
Universities and Disciplines. WUT is jointly constructed
by the Ministry of Education and the Ministry of Trans-
port. It is also the largest university inside the Ministry
of Education in talents cultivation for building materi-
als, transportation and automobile, WUT has become an
important base for the cultivation of high-level scientific
talents and technological innovation for the three major
industrial sectors.

The University has three main campuses, name-
ly, the Mafangshan Campus, the Yujiatou Campus
and the South Lake Campus, with a total occupying
land area of 267 hectares. Currently, WUT has over
5,400 staff and faculty members, over 36,000 under-
graduates, over 18,000 postgraduates and Ph.D. stu-
dents and about 1,700 international students. It owns
25 academic schools, 4 National Technology Innova-
tion Bases and 4 modern libraries with a collection of
3.2953 million books. Since 2000, WUT has been award-
ed 23 National Science and Technology prizes, ranking
in the forefront of all Chinese colleges and universities.
In 2019, WUT was listed in Times Higher Education
World University Rankings, QS Asia University Rank-
ings, U.S.News Best Global Universities Rankings and
ShanghaiRanking&rsquo;s Academic Ranking of World
Universities.

Since the funding of New China, WUT has cultivated
more than 600,000 senior professionals. Over the past
decade, the first-time employment rate of graduates has
remained above 95%, and about 55% of total employed
graduates join the world’s Top 500 enterprises and emerg-
ing industries.

Over the years, WUT has made rapid development
by following the spirit of “Sound in Morality, Broad in
Learning and Pursuing Excellence”; and the principle of
“Take the students’ cultivation as our essence, and take
academic development as our priority”;. The university
focuses on the lofty ideal of building an excellent univer-
sity to win worldwide recognition and admiration and

exercises the educational concept of “implementing ex-
cellent education, nurturing excellent talents and creating
an excellent life”. Guided by the WUT Charter approved
by the Ministry of Education, WUT is committed to the
modernization of the governance system and capability,
aiming to rank among the world-class universities with
distinctive features.

Introduction to MSE Discipline
of Wuhan University of Technology

1. Briefs of WUT’s MSE

Founded in 1958, the Materials Science & Engi-
neering (MSE) discipline of Wuhan University of
Technology (WUT) was supported in priority through
the “State 211 Project for Higher Education Universi-
ties” from 1995 to 2015, and has been supported via the
“World-Class University & World-Class Discipline”
development plan of China since 2016. WUT’s MSE
ranks A+ among 172 leading universities in China (No.1
alongside MSEs of Tsinghua University and Beihang
University) in the 4th round national discipline evalu-
ation organized by the Ministry of Education in 2017,
and is world top 1% in Clarivate Analytics’ Essential
Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineer-
ing, 3 members of Academia Europaea, 1 member of
the Royal Academy of Belgium, 1 member of the World
Academy of Ceramics, 1 fellow of the Australian Academy
of Technology and Engineering, 10 fellows of the Royal
Society of Chemistry, American Physics Society and
American Ceramic Society. It also owns 23 national high-
level talents including recipients of the National Natural
Science Foundation of China for Distinguished Young
Scholars (equal of NSF Career Awards), and 22 national
high-level young talents.

WUT’s MSE has established 2 state key laboratories,
the State Key Laboratory of Advanced Technology for
Materials Synthesis and Processing and the State Key
Laboratory of Silicate Materials for Architectures. The
State Key Laboratory of Advanced Technology for Ma-
terials Synthesis and Processingwas evaluated “Excel-
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lence” among 21 state key laboratories in MSE in 2018.
It also has built 2 state international joint-research labo-
ratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

2. Representative Achievements and Academics

Targeting the frontiers of global science and technol-
ogy, and striving to fulfill the significant needs of the
country, WUT’s MSE has invested 1.25 billion RMB
(190 million USD) in the past 5 years in 6 primary re-
search areas, including green manufacturing of envi-
ronmentally friendly building materials, key materials
serving in extreme environments, high-performance
energy conversion and storage materials, and frontiers
of interdisciplinary materials science. The representa-
tive achievements and academics during 2016—2020 are
briefed as follows:

(1) WUT’s MSE has been granted over 330 na-
tional key projects, with a total fund of 1.2 billion RMB
(185 million USD).

(2) WUT’s MSE has won 5 national science and tech-
nology awards, and has published over 4000 papers, in-
cluding 3 in Nature, 1 in Science, 46 in the sister journals
of Nature, Science and Cell, 69 in Advanced Materials.
Among these publications, 229 are highly cited or hot
papers.

(3) Prof. Qingjie Zhang was elected as member of Chi-
nese Academy of Sciences in 2017. Prof. Lianmeng Zhang
was elected as member of Chinese Academy of Engineering
in 2017. Prof. Zhengyi Fu was elected as member of Chi-
nese Academy of Engineering in 2021. Profs.Ligiang Mai,
Pei Cheng and Shaowen Cao were listed as Highly Cited
Researchers by Clarivate Analytics in 2020.

3. Talents Cultivation and Representative Graduates

WUT’s MSE aims at cultivating top-notch creative
talents with exceptional pursuit and ability, international
vision to lead the future development of materials science
and materials industry. Currently, there are 5418 students
in WUT’s MSE, among which 673 are PhD students and
2289 are master students.

Prof. Ce-Wen Nan, PhD graduate in 1992, was elected
as member of Chinese Academy of Sciences in 2011, is
now director of Research Institute of MSE in Tsinghua
University. Dr. ShouPeng, graduate in 1982, was elected
as member of Chinese Academy of Engineering in 2019,
is now chairman of the Advisory Committee of Inter-
national Commission on Glass. Prof. Yi-Bing Cheng,
graduate in 1983, was elected as fellow of the Australian
Academy of Technology and Engineering in 2007. Prof.
James ZhijianShen, graduate in 1978 and professor of
Department of Materials and Environmental Chemistry
at Stockholm University, was elected as member of the
World Academy of Ceramics in 2017. Dr. Yuxian Zhou,
graduate in 2003, is the president of China National
Building Materials Group Corporation, a leading com-
pany in materials industry that ranks No. 187 in Fortune
Global 500 in 2020. Dr. Yeqing Li, graduate in 1984, is
the president of Huaxin Cement Co., Ltd., cradle of the
Chinese cement industry.

4. Domestic and International Impacts

Prof. Qingjie Zhang, a member of Chinese Academy
of Sciences, has been selected as member of the 1st Na-
tional Basic Research Strategy Advisory Committee of
the Ministry of Science and Technology since 2020, and
panel chair of Major Research Plan of Materials Science
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of the National Natural Science Foundation of China
since 2019.

Prof. Qingjie Zhang received the 2017 Frontiers of
Science and Technology — Rustum Roy Lecture Award
from the American Ceramic Society, in recognition of
his contribution to global energy challenges and develop-
ments of thermoelectric materials and systems in China.
Prof. Zhengyi Fu, member of Chinese Academy of Engi-
neering, received the Samuel Geijsbeek PACRIM Inter-
national Award in 2019, for his contribution in the field
of ceramics technology that has resulted in significant
industrial and academic impact, international advocacy,
and visibility of the field.Prof. Ligiang Mai received the
Research Excellence Award in the International Confer-
ence on Electrochemical Energy Science and Technology
in 2018, for his contribution in advanced in-situ charac-
terization of single-nanowire devices for energy storage
and conversion. Asso. Prof. Wei Ji, received the 2019 Ross
Coffin Purdy Award from the American Ceramic Society
in recognition of his contribution to ceramic technical
literature in 2017.

16 world-recognized scholars, including 3 Nobel
Laureates, have been appointed Lecturing Professors by
WUT’s MSE since 2016. Faculty members in WUT’’s
MSE have collaborated with these scholars and obtained
19 key international cooperation research projects, as well
as published 256 joint research papers in top-level journals
including Nature and Science.

WUT’s MSE has organized 13 high-level international
conferences. Together with MSE of Tsinghua University,
WUT’s MSE hosted the 1st World University Forum on
Materials Science and Engineering Leadership in 2019,
and announced <Wuhan Declaration for the 21% Cen-
tury Materials Science and Engineering Sustainable De-
velopment>. The representatives of this forum include
heads of MSE of Northwestern University, UC Berkeley,
UC Los Angeles, UC Irvine, Pennsylvania State Uni-
versity, Georgia Institute of Technology, University of
Washington, University of Texas at Austin, University of
Central Florida,University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU, etc. from 15 countries
(USA, UK, France, Australia, Japan, Korea, Singapore,
Israel, India, etc.), deans of top 50 MSE schools in Chi-
na, and presidents of 5 world material research societies
(American Ceramic Society, European Ceramic Society,
Ceramic Society of Japan, Korean Ceramic Society, and
Colombian Materials & Minerals Society).

Overview of International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Ma-
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terials Science and Engineering (hereafter referred to
as ISMSE), WUT is aimed to building the top-notch
innovative talent training base and knowledge innova-
tion centre of Materials Science and Engineering. In
April 2014, ISMSE was founded and approved by the
Hubei Provincial Department of Education. In June
2015, ISMSE was selected into the list of the “Network
of International Centers for Education” supported by the
MinistryofEducation of P. R. China and the Ministry of
Science and Technology (former State Administration
of Foreign Experts Affairs).

ISMSE is devoted toeducate a unique class of profes-
sional leaders in materials science and engineering who
can push the boundaries of knowledge and technology
to serve the needs of the nation and the world by provid-
ing students with a comprehensive curriculum, which
is academically rigorous and provides students with
vital skills of critical thinking, communication, team
work and continuous learning, and also by exposing
all students to meaningful international experiences,
including lectures by distinguished visiting professors
from different countries, short term visits to high level
international universities and continuous engagement
activities with international students. ISMSE has es-
tablishedthefirst Material Advantage Chapter in China
in 2016.The chapter has won the Chapter of Excellence
Award four times from 2018 to 2021, among 102 chapters
all over the world.

ISMSE builds the platforms for academic exchang-
es and interdisciplinary promotions.The World Uni-
versity Forum on Materials Science and Engineering
Leadership was held in October 2019 in Wuhan. More
than 50 chairs of MSE department around the world
attended the forum. It was the first global MSE forum
and to discuss relevant issues and devise a strategy that
provided the global MSE community with a blueprint
for the future, which was announced as <Wuhan Dec-
laration>.
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State Key Laboratory of Advanced Technologyfor
Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Material Synthesis and Processing was approved by
the State Development Planning Commission in 1987.
After state inspection, it was opened for the public in
March 1990. The laboratory is under the direct admin-
istration of the Ministry of Science and Technology.
Currently, Professor GuBinglin, an academician of the
Chinese Academy of Sciences, is the Chairof the labora-
tory’s academic committee, and Professor Fu ZhengYi,
an academician of the Chinese Academy of Engineer-
ing, is the Director of the laboratory. The laboratory is
located in the Wuhan University of Technology, and it
is a state key laboratory that specializes in the field of
new materials. The Department of Materials Science
and Engineering at the Wuhan University of Technology
has been classified as a first-class State Key Discipline,
included in the national “985” project of “Build a world-
class discipline program,” and is ranked as A+ in the
fourth round of national discipline evaluation. Aiming
at the global frontier research of materials science and
addressing the primary national needs, this laboratory
provides a world-class platform for materials compound-
ing and preparation technology, for developing advanced
composite materials for national major projects and pil-
lar industries, and for providing support at the national
strategic level. Original and systematic research results,
with international impact in transformative technolo-
gies, frontier new materials, and interdisciplinary fields,
have been reported in this laboratory, and therefore, it
leads the international development in several strategic
frontier new materials. The laboratory fosters the de-
velopment of global first-class research talent through
advanced scientific research in the field of materials sci-
ence and technology. In addition, the laboratory has
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created a culture of international collaborative innova-
tion and has carried out “Win-Win” international co-
operative research, thereby enhancing the international
influence, attractiveness, and cohesion of the laboratory.
The laboratory has achieved a historic breakthrough in
the evaluation of the State Key laboratories in the field
of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and develop-
ment of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising mate-
rial gradient composite technology, in-situ composite
technology, nanocomposite technology, and their in-
tegrated innovations. Currently, research on five key
materials, including advanced composite materials for
national major projects and pillar industries, efficient
energy conversion and storage materials for new energy
technologies, nanocomposite biomaterials for life sci-
ences, information functional materials for information
technology, and frontier new materials for transforma-
tive technologies, is being carried out in this laboratory.
Therefore, the laboratory has established the following
five distinctive research directions: gradient composite
technology and new materials, in-situ composite tech-
nology and new materials, nanocomposite technology
and new materials, transformative technology and fron-
tier new materials, and material composite principles
and material design.

The laboratory has an active and innovative research
team that mainly comprise young and middle-aged re-
searchers. There are hundred permanent staff members,
including one academician of the Chinese Academy of
Sciences, two academicians of the Chinese Academy of
Engineering, one academician of the Royal Academies
for Science and the Arts of Belgium, two academicians
of the European Academy of Sciences and Arts, one aca-
demician of the Australian Academy of Technology and
Engineering, one academician of the World Academy of
Ceramics, twelve national level researchers, one chief
scientist of the National “973” program, five recipients
of the national “Outstanding Youth Science Fund,” and
thirtyrecipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstand-
ing scholars to visit and conduct collaborative research
worldwide in world-class universities and research insti-
tutions. In recent years, the laboratory has sent several
outstanding young scholars to world-class international
universities for more than one year to conduct visits and
collaborative research.

The laboratory emphasizes global academic exchange
and collaboration. In the last five years, we have hired
twenty-five international scholars as honorary and visit-
ing professors in the main research areas, with an aim to
create cordial working conditions for world-renowned

scientists to conduct collaborative research in the labo-
ratory.

The laboratory has carried out substantial “Win-
Win” collaborations with the University of Michigan;
Japan Aecrospace Exploration Agency (JAXA); the Insti-
tute for Materials Research, Tohoku University (Japan);
the Materials Research Center, University of Oxford
(UK); Composites Research Center, the University
of California (US); and the National Institute of Fuel
Cells (Canada), among other internationally renowned
research institutions. The Ministry of Science and Tech-
nology has established the “International Joint Labora-
tory of Advanced Technology for Materials Synthesis
and Processing,” which is one of the first thirty-three
international joint laboratories in China. Additionally,
the State Administration of Foreign Experts Affairs and
the Ministry of Education have jointly formed three
discipline bases supported by the Program of Innovation
and Talent Introduction, namely “New Material Com-
posite Technology and Advanced Functional Materials,”
“Advanced Preparation Technology and Application
Engineering of New Functional Thin Film Materials,”
and “Innovation and Talent Introduction Base of Life
Composites.” Relying on these important international
collaboration platforms, the laboratory has undertaken
several state key projects with international collabora-
tions and achieved fruitful results in international col-
laboration and exchanges.

Currently, the laboratory has a floor area of
25,350 square meters, with several advanced materials
synthesis and processing instruments, as well as state-
of-the-art instruments specializing in materials structure
analysis, characterization, and performance testing. The
total estimated value of the instrumentation asset is ap-
proximately 350.66 million RMB.

Introduction to Interdisciplinary Materials

The new scientific journal Interdisciplinary Materi-
als (ISSN: 2767-441X) has been launched by Wuhan
University of Technology and John Wiley & Sons, Inc
in Dec, 2021. The first issue will be published in Jan,
2022 and the journal is free for publication in the first
3 years.

Interdisciplinary Materials is an open-access, peer-
reviewed, and rapid-publication journal focusing on the
interdisciplinary researches between materials science
and other disciplines, such as physics, chemistry, math-
ematics, mechanics, biology, energy, environment, infor-
mation, engineering, etc. The journal aims at reporting
cutting-edge developments across science and technology
around the world.

Interdisciplinary Materials is expected to take an in-
terdisciplinary, frontier, and integrated approach to all
areas of materials research while cultivating the exchange
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of ideas between scientists involved in the different dis- Interdisciplinary Materials invites you to submit high-
ciplines. Readership will include physicists, chemists, quality, innovative full-length research articles, rapid
mathematicians, mechanics, biologists, and energy, en- communications, reviews, perspectives, comments, and
vironment, materials scientists, engineers from academia  other editorial content of general interest to the field of
and industry as well as policymakers. interdisciplinary materials.

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

Postal Code: 430070

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

VTVY) — HallMoHaJNIbHBIN CTpaTeTruyecKuit YHU-
BEPCUTET IO IIPSIMBIM yIIpaBlieHHeM MWHHUCTEPCTBA
o6pa3oBaHU. SBIsSeTCS OMHUM M3 IEPBBIX YHUBEP-
CHUTETOB, BOIICAIINX B TOCYIaPCTBEHHBIC ITPOTPaAMMBI
«211 Project» m »Double Top» mist comeiicTBus pa3Bh-
THSI YHUBEPCUTETOB U TUCUUTUINH MUPOBOTO YPOBHSI.
YTY 6511 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHHCTEPCTBOM TpaHCIIOPTa. Takke SIBIIS-
eTCS KPYITHEHIITM YHUBEPCUTETOM ITpr MUHUCTEPCTBE
00pa30BaHUS 10 TTOATOTOBKE CIICIIMAIICTOB B 00JIACTH
CTPOUTEILHBIX MaTePUAJIOB, TPAHCIIOPTA W MAIITHO-
ctpoeHus. YTV cranm BaxXXHBIM IIEHTPOM TI0 BBIpAIIIN-
BaHMIO HAYYHO-TEXHUUCCKUX KaJIpOB MHHOBAITMOHHBIX
Ppa3pabOTOK WIS TpeX KPYIMHENIINX cdep.

B yHMBepcuTeTe pacIiojiokeHbI 3 KamIiryca — Ma-
danrman, IOg3utay n CaydJleiik, B 00O1Ieil CI0KHO-
CTY 3aHMMAIOIIKX IUIOIaah 267 rektapoB. B HacTosiiee
BpeMs B YTV paboraet 6oiee 5400 yeoBeK rmepcoHaia
1 (aKyJIBTETCKUX COTPYIHUKOB, 0oJee 36 000 cTymeH-
TOB, cBhINIE 18 000 acTTpaHTOB U BHIITYCKHUKOB 1 OKOJIO
1700 MexXayHapOOHBIX CTYICHTOB. YHUBEPCUTETY TIPH-
HaAIJIEKUT 25 akameMUIeCKUX KO, 4 HaIlMOHAIBHBIX
TEXHOJIOTMIECKIX MHHOBAIIMOHHBIX IICHTPa U 4 COBpe-
MEHHBIX 01OaMoTeKn ¢ GOHIOM B 32 953 MUJUTMOHOB
kaur. C 2000 roma YTV ynocTtouics 23 rocymapcTBeH-
HBIX HAYIHBIX ¥ TEXHUICCKUX ITPEMUIA, 3aHIMast TIepBHIC
TO3WIINM B PEUTUHTE BCEX KUTAICKNX YHUBEPCUTCTOB
n Kojuremkeid. B 2019 rony YTV Obl1 BHECEH B peATUHTI
Times Higher Education World University Rankings,
QSA sia University Rankings, U.S. News Best Global
Universities Rankings m Shanghai Ranking & rsquos;
Academic Ranking of World Universities.

C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rorosut 6osee 600 000 BeICOKOMPO(heCcCHOHAIBHBIX CIIe-
LIUATUCTOB. B TeueHre mocieIHUX AECSATU JIET TPOLIEHT
BIIEPBBIC TPYIOYCTPOCHHBIX BBIITYCKHUKOB OCTACTCS
cBhilie 95% u cocTaBiIsieT 0KOJIO 55% OT BCex TPyIoy-
CTPOCHHBIX BEITTYCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBLIX OTpaciieii».

Ha npotsokenuu mHorux et YTV mpoiiien orpoMHoOe
pasBUTHE, CIEIYs IEBU3Y «ObITh HPABCTBEHHO HETIOKO-
JIEOMMBIM, PAa3HOCTOPOHHUM B YICHHUH, CTPEMSIIIIAMCS
K COBEPIIICHCTBY», a TAKXKe TIPUHITUITY «CIEJIaTh BOCIIN-

TaHHUE CTYICHTOB HAIIICH CYIITHOCTHIO, a aKaIeMIIeCcKoe
pa3BUTHE — MPUOPUTETOM». YHUBEPCUTET (DOKYCUPY-
eTCsI Ha BEICOKOM MIee pa3BUTHUsS HEIIPEeB30MICHHOTO
VHUBEPCUTETA IIJIST 3aBOCBaHMS BCEMUPHOTO TIPU3HAHUS
1 BOCXUIIEHUS 1 BOIIOIIACT 00Pa30BaTEeIEHYIO KOHIICTI-
LIMIO «BHEAPEHNE OTJMIHOTO 00OPa30BaHMsI, BOCITUTAHKE
TIePBOKJIACCHBIX KaIpOB M CO3TaHNE ITPEKPACHOMN KM3-
HU». PykoBoacTBysick Xaptueil YTV, yrBepaeHHOM
MunucrepcTBoM oO6pa3zoBaHusi, Y TY BoBieueH B Mozep-
HUM3aLMIO TTPAaBUTEIBCTBEHHOM CUCTEMBI C TICJIBIO 3aHSTh
CBOE MECTO CPeIr YHHUBEPCUTETOB MUPOBOTO YPOBHS
C OTJIMYUTEIbHBIMU TTPU3HAKAMMI.

3HaKOMCTBO € Hay4HbIM HanpaBJieHnem
MaTepuanoBegeHNA N NHXXeHepHoro gena
B YXaHbCKOM TeXHOJIOrn4eCcKom YHUBepcuTeTe

Kpatkoe onncanue

OcHoBanHoe B 1958 romy B YTY HaydHOe HaIIpaBiic-
HHe «MarepuanoBencHIe 1 HHxXeHepHoe ae1o» (M)
IIPUOPUTETHO TTOAIEPXKUBATIOCH TOCYIapCTBEHHO IIPO-
rpaMMoii «211 IPOEKTOB IJIT YHUBEPCUTETOB» B IIEPUOL
¢ 1995 o 2015 rompl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putus KHP «YHusep-
CUTEThl M HayYHble AUCUMUILUIMHBI MUPOBOTO YPOBHSI».
PeliTUHT 3TOrO HampaBICHUS cocTaBisieT A+ cpenu
172 Benymmx ynuBepcutetoB B Kurtae (Nel HapaBHe
¢ HampaBJIcHHEM B yHUBepcuTeTax TiumHxyan beiixan)
B 4-0M payHe, OpraHN30BaHHOM MUHUCTEPCTBOM 00-
pasoBanus B 2017 Tomy, a TakKske BXOIUT B TOITOBBI MEX-
nyHaponHbiii 1% B cucteme Clarivate Analytics’ Essential
Science Indicators.

B MU BoBneuensl: 1 unen Kuraiickoit akagemMun
Hayk, 3 wieHa Kuraiickoii MHXXKeHEpHOI aKaJleMuH,
3 ynena EBponeiickoii akagemuu, 1 uneH benbruiickoit
KOpPOJIEBCKOI AKanemuu, 1 wieH MexnyHapoaHoii aka-
IeMUM KepaMUKH, | 4jeH ABCTpaTUiiCKOM aKageMUun
TEeXHOJIOTUA 1 nHxKeHepun, 10 wienHoB KopoeBckoro
XUMMYECKOT0 00I1IeCcTBa, AMEPUKAHCKOTo 00111ecTBa (hU-
3UKM 1 AMEPUKAHCKOIO 00IIecTBa KepaMuKu. JlaHHoe
HampaBJIeHIEe TaKKe BKITIOYaeT 23 KUTAWCKIX BEICOKO-
mpodeCcCUOHANBHBIX COTPYIHUKA, HEKOTOPHIE M3 KOTO-
PBIX SIBIISTFOTCSI CTUTICHIMATaMI HaIlMOHAJILHOTO (DOHIA
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National Natural Science Foundation of Chinafor Dis-
tinguished Young Scholars (aranormueH rmpemun NSF
Career Awards), 11 22 KUTaliCKX MOJIOIBIX CTICITUANIICTA.

st comeiCTBUSI TUCHUIUINHE OBIIM OCHOBAHEI
2 TocymapCcTBeHHBIX JJabopatopuu: ['ocymapcTBeHHAs
cTpaTermyeckast 1adopaTopust TepeIOBBIX TEXHOJIO-
TU# IJ1sI CMHTE3WPOBaHUSA M 00pabOTKM MaTepraioB
n [ocymapcTBeHHas cTparerudeckasi abopaTopus
CHUTMKATHBIX MaTepUaJIOB IUIST apXuTeKTyphl. [lepBas
J1abopaTopus MOJy4YrsIa OLEHKY «IIPEBOCXOIHO» Cpe-
o1 21 rocymapCcTBeHHBIX CTPATeTUICCKUX JTa00paTOpuii
o MUJI B 2018 romy. IToMrMo 3TOTO OBIIN TTOCTPOCHEI
2 TOCYIapCTBEHHBIX MEXKIYHAPOIHBIX TA00PATOPUM IS
COBMECTHBIX MCCIICIOBAHUI 1 4 Oa3bl BHEAPCHMUS 3apy-
OCKHBIX KOMIICTCHITNI KaK MTHHOBAITMOHHOTO COCTABJIS -
FOIIIEeTO HAYIHO 00J1acTH (M3BECTHRI KaK «111 Project»).

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

CraBd 1IeJIbI0 TTOKOPUTH MEXKIYHAPOTHYIO HAyKy
W TEXHOJOTHWH, a TaKXKe Xejlas YIOBJICTBOPUTH Mac-
ITaOHBIC TTOTPEOHOCTH CTPAHEI, 3a ITOCICTHUE 5 JIeT
unBectuuuun YTV B pamkax Hanpasinenust MUJI co-
cTaBwd 1,25 MmmmmapaoB oaHeit (190 MUUTMOHOB TOJT-
JIapOB) B 6 OCHOBHBIX 00JIACTSIX MCCIIEAOBAHUI, TAKUX
KaK 3eJICHOE TPOM3BOICTBO SKOJIOTMYHBIX MATCPUAJIOB,
KJTFOUEBEIC MaTePHUAJIBI, IIOABEPKEHHBIC S9KCTPEMaTbHBIM
YCJIOBUSIM, BBICOKOIIPOM3BOINTEIBbHEIC SHEPIOIIPEO-
Opasyrolle U aKKyMYJIUPYIOIINEe MAaTEPUAJIbI, a TAaKXKe
B MEKIUCHUILTMHAPHBIX 00JIACTIX MaTepUAIOBEICHUS.

PenpesenTaTuBHbIE TOCTHKEHHUS U NPOdeCCOPCKo-
npenoaaBaTeIbcKuii cocras 3a 2016—2020

Hanpasnenune MWL nosyuyuso rpaHThl B OoJiee
330 HAIIMOHAJIBPHBIX KITIOUEBBIX ITPOEKTAX, CYMMapHOe

¢uHAHCUpPOBaHKME COCTABWIO 1,2 MUJUTMApHOB 0aHe
(185 MIJITMOHOB JOJIJIAPOB).

Hanpasnenne MU/ Beiurpano 5 HauMOHaJIbHBIX
HAYIHBIX ¥ TeXHOJOTHMUCCKMX IIPEeMUIi, OBLIO OITyOJIH-
koBaHO cBbIIe 4000 HaydHBIX padoT, 3 U3 KOTOPBIX
B XypHaie Nature, 1 B Science, 46 B 1o4epHUX XypHa-
nax Nature, Science u Cell, 69 — B Advanced Materials.
Cpenm TaHHBIX MyO KAl 229 — BEICOKO LIMTUPYEMBIC
paboTHI.

IMpod. Hyunsum dxxan Obl1 n30paH B uieHb Kurtaii-
ckoii akagemun Hayk B 2017. IIpod. JImarmen JIxkaH
ObLT 130paH B wieHbl KuTtaiickoii MHXEHEepHOI akaae-
muu B 2017. [Ipod. dxxenru Py ObLT M30paH B WICHBI
Kwuraiickoit nakeHepHoit akagemuu B 2021. IMpod. JIn-
uuaH Maii, 1511 Uxanru [llaoseH L[xao ObLIv pr3HAHBL
CaMbIMH LIMTUPYEMBIMH HUCCJICIOBATCISIMU B CCTEME
Clarivate Analytics B 2020.

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

CrrenmmansHocTh MU /I HatrpaBiieHa Ha ITOATOTOBKY
CIICIIMAJIICTOB BBICIIIETO KJIacca ¢ NCKITIOUUTCIHHBIMI
KOMIIETCHIIMSIMHU ¥ MEXIYHAPOTHBIM BUACHUEM OY-
IYIIETO Pa3BUTHUS MaTepUaIOBEICHUS U WHIYCTPUU
MaTepuanoB. B HacToSIIMiT MOMEHT Ha JaHHOM CcIie-
nraabHOCTH 00yJaroTcs 5418 ctynentoB WUT’s MSE,
cpenu KOTOphIX 673 — acriupaHThbl U 2289 — CTyIeHTbI
MarucTpaTyphbl.

ITpod. lixe-Ben HaH, moayuyuBLnii cTereHb KaH-
mumata HayK B 1992, 661 m30paH wieHoM Kuraiickoi
akamemMuu HayK B 2011, B HACTOAIIMIT MOMEHT SIBJISI-
eTcsa mupekropoM KcciemoBaTerbCcKOro MHCTUTYTA
MW B YHusepcutere Tumnxya. JI-p oy IIxaHr,
BRIMYCKHUK 1982 roma, OB m30paH B wieHbl Kuraii-
CKOI1 mHXeHepHo akagemuu B 2019, ceifgac apiseTcs
nmpencenateaeM KoHcyabraTuBHOro KoMureTa Mexk-
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nyHapogHoli Komuccuu 1o crekiay. [Ipod. M-bunr
UxaHT, BRITYCKHUK 1983roma, ObLI M30paH WICHOM
ABCTpanuiicKoi akageM1u TEXHOJIOTU U MHXEHEPUU
B 2007 romy. ITpod. Ixeitmc JIxunsuen LlleH, BBITyCK-
HUK 1978 Toma un mpodeccop denmapramMeHTa MaTepua-
JIOB I XMMHU OKpYyKaroIieil cpeasl B CTOKTOJIBEMCKOM
YHUBEpPCUTETE, ObI M30paH B WieHb MeXayHapoIHOMI
akagemun Kepamuku B 2017 roxy. I-p FOcuen [Ixoy,
BeITycKHMK 2003 Tona, saBisercsd npe3uaeHToM Kuraii-
CKOTO HaIlMOHAJILHOTO O0BEIMHEHUS CTPOUTEIIHHBIX
MaTepHralioB, BeAyIeil KOMITAHNY B MHAYCTPUM MaTe-
puanoB, 3aHsgBlIeit 187 mo3numio B periTuHre Fortune
Global 500 B 2020 rony. JI-p Memmnr JIu, BBITYCKHUK
1984 roma, nipe3unenT komnanun Huaxin Cement Co
Ltd., aBasonieiics, Mo CyTH, KOJbIOEIbI0 KUTAICKOMI
IEMEHTHOM WHIYCTPUM.

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

IMpod. Huunsn dxan, wien Kuraiickoii akageMnmn
HayK, SBJIsgeTcs yieHoM [lepBoro HalmoHaIBHOTO Oa-
30BOTO MCCIICAOBATEIBLCKOTO CTPATETNIECKOTO KOHCYITh-
TaTUBHOTO KOMUTETa MUHUCTEPCTBA HAYKH TEXHOJIOT U
¢ 2020 roga u mipeacegaTeaeM KomureTa [J1aBHOTO MC-
CJIeIOBATEIbCKOTO TIAaHA MaTePUAIOBEICHMST HAIO-
HaJIbHOTO (POHIA eCTeCTBEHHBIX HayK Kuras ¢ 2019 rona.

IMpod. Hunansu Jxan monxyunn B 2017 romy mpe-
muto Frontiers of Science and Technology — Rustum Roy
Lecture Award oT AMepruKaHCKOTo 00IlIeCTBa KEpaMUKU
B 3HAK IIPU3HAHMS €T0 BKJIaZa B pelIeHUe TTT00aTbHBIX
BBI30BOB IT0 SHEPTETUKE M pa3pabOTOK TEPMOIJICKTPH -
yeckux MaTepuanoB u cucreM B Kurae. [1pod. JIxxeHru
Dy, yren Kuraiickoii MH:XXeHEepHOM aKaJeMUu, TIOJTy-
g1 MexkayHapoaHblii pu3 Samuel Geijsbeek PACRIM
B 2019 romy 3a cBOIf BKJag B 00JIaCTh KEPAMUYECKUX
TEXHOJIOTHII, KOTOPBIC OKA3bIBAIOT 3HAUMTEIIHHOE BIIH-
STHUE Ha IPOMBIIIJICHHOCTD ¥ HAyYIHYIO cepy, a TaKKe
MeXIyHapoaHyto nomysgpusanuuio. [Tpod. Jiuuman Maii
noyania Harpany the Research Excellence Ha Mexy-
HapOIHOU KOH(EPEHIINH IT0 3JICKTPOXUMIICCKOU SHEP-
reTuKe u TexHojaorusaM B 2018 3a cBOIf BKI1a/ B IepCreK-
TUBHOE JIOKAJTbHOE MCCIICAOBAaHNE OMHOHAHOIIPOBOTHEIX
YCTPOMCTB IJIST XpaHEHUS 1 TIPeoOpa30BaHMsI SHEPIUMN.
Houent Beit I3u monyunn B 2019 rogy Harpamy Ross
Coffin Purdy Award ot AMeprKaHCKOTO 00IIIeCTBa Kepa-
MUKU 32 BKJIAI B TEXHMUECKYIO JTUTEPATypPy O KepaMUKe
B2017T.

16 yuyeHBIX ¢ MUPOBBIMM MMeHAMHU, BKJIIo4ast 3 Ho-
OeJIeBCKUX JlaypeaTa, CTaju IpodeccopaMu CIieiiaib-
Hoctu MUJL B YTV ¢ 2016 1. Corpyaunku dhaxkyibrera
coTpygHuyanu 1o nporpamme MU ¢ ykazaHHbBIMU
YYICHBIMHA 1 TIOTYYMIN 19 KITFOUeBBIX MEXKIYHAPOITHBIX
COBMECTHBIX IIPOEKTOB, a TAKXKE OIMy0IMKOBaIu 256 co-
BMECTHBIX HAYIHBIX paboT B 3KypHajaX BBICOKOTO YPOB-
HsI, cpeau KOTophIx Nature 1 Science.

B pamkax nporpammbl MWL Obu1u OpraHn30BaHbI
13 MexxIyHapOTHBIX KOH(MEPEHIINI BEICOKOTO YPOBHSI.
CoBmecTHO ¢ YHUBepcuTeToM LI1HXYa 110 HAIIpaBICcHUIO
MW YTY nposen 1-v1ii MexxayHapoIHbII YHUBEPCU-
TEeTCKUiIT POpyM TIO YIIpaBICHUIO MaTepPHUAIOBEICHUEM
1 MHXXEHEPHBIM AejioM B 2019 1 aHHOHCHPOBa «YXaHb-
CKYI0 IeKyaparnuio 21 BeKa o pa3BUTHIO MaTepHaioBe-
IIEHUS U YCTONIMBOTO CTPOUTEIBCTBA». YUaCTHUKAMU
TaHHOTO (popyMa OBUIM PYKOBOIUTEIIN HAIIPABIICHMUS
MMU]I B ynuBepcurerax: Northwestern University, UC
Berkeley, UC Los Angeles, UC Irvine, Pennsylvania State
University, Georgia Institute of Technology, University
of Washington, University of Texas at Austin, University
of Central Florida, University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU wu ap. u3 15 crpan
(CILA, Bemukobpuranusi, ®panmnus, ABcTpaius,
SAnonus, Kopest, Cunramyp, M3panis, Uagusa u ap.),
nekanbl 50 Bemynx HaydHbIX Ko no MUJI n3 Kuras
U TIPE3UACHTHI 5 MEeKIyHAPOTHBIX MAaTePUAIOBEIICCKITX
Hay4YHBIX 0011IecTB (AMEepHKaHCKOE 0OIIeCTBO Kepa-
Mmuku, EBporeiickoe o011ecTBO KepaMuku, SmoHcKoe
ob1IecTBo Kepamuku, Kopeiickoe 00IIecTBO KepaMUKHI
n KonymOuiickoe o0I1IecTBO 110 MaTepuajiaM U MUHE-
pajiam).

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

Jlns peanu3aluy HEOOXOAMMOM pedopMbl HAIIU-
OHAJILHOW CHCTEMBI BBICIIICTO 00pa30BaHUs B aIIpelie
2014 roma B YTV Oblia ocHOBaHa M yTBep:KaeHa Jlemap-
TaMEHTOM 00pa3oBaHus TPOBUHLNMU Xy02ii MexnyHa-
pOIHAs IITKOJIa MaTePUAIOBEICHIS M MHKCHEPHOTO JeITa
(MIIMM/), KoTopast HoJDKHA CTaTh 0a30#1 IIOATOTOBKU
BBICOKOKBATN(PUIIMPOBAHHBIX CITEIINAINCTOB U IICHTPa
¢opMupoBaHUS MHHOBaLIMIT 110 HanpaBiaeHuo MU/,
B mione 2015 roga M1 MU/ 6bi1a n3dpaHa Jij1st BHeCe-
HUS B CITACOK «CeTh MeXKIyHApOTHBIX 00pa30BaTeIbHBIX
LIEHTPOB», MOIIep>kUBacMasi MUHUCTEPCTBOM 00pa3o-
BaHusi KHP u MuHucTepcTBOM HayKM 1 TEXHOJIOTUIA.

MIL MW npegHa3zHavyeHa 111 00y4eHUs] YHUKaJIb-
HBIX TPO(PECCUOHATIOB-TNACPOB IT0 MAaTEPUATIOBEICHIIO
1 WHXXEHEPHBIM HayKaM, KOTOPbIe MOTYT U3MEHUTh
TPAHUIIBI 3HAHWI W TEXHOJIOTUIA TS peaanu3aliu I10-
TpeOHOCTEe CTpaHbl U MUpPa, 00y4asi CTyIEHTOB 110 00-
IMUPHOMY ¥ MHTCHCHUBHOMY YUYeOHOMY IUTaHY, TIPEIy-
CMAaTPUBAIOIIEMY Pa3BUTHE TAKMX KOMIICTCHIIN, KaK
KPUTUIECKOE MBIIIUICHIE, KOMMYHIUKATUBHBIC CITOCO0-
HOCTH, HaBBIK KOMaHIHOI paOOTHI M HETIPEPHIBHO-
ro 0Oy4YeHUs, a TaKKe ITyTeM BOBJICUCHUS CTYICHTOB
B CEpPbE3HBII MEXIYHAPOOHBIN OMBIT, BKIIOYAIOIIWNA
JICKITUHY TIPUTIIAIIICHHBIX TIPOECCOPOB M3 PAa3HBIX CTPaH,
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KPaTKOCPOUHBIE TTOCCIIICHNST YHUBEPCUTETOB MUPOBOTO
YPOBHSI ¥ TIOCTOSTHHOE B3aMMOJICHCTBHE C MEXKIyHAPOI-
HBIMU CTYICHTaMH.

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
JKEHEepPHOTO Jeja OTKPBIJIA IIepBOe OTAEICHUE TI0 T0-
CTIKEHUSIM B 00J1acTH MaTepuanoBeneHus B Kurae
B 2016 roay. C 2018 mo 2021 rox oTaeIeHME YETHIPE pas3a
TIOJTy4aJIO TJIaBHYIO HArpay 3a BHIIAIOIINECS TOCTIKE-
Hus cpenu 102 oTmereHUIA 110 BCeMy MUPY.

MIII MU ctpont tutatopMbI JUTS aKaIeMUIECKOTO
00MeHa 1 MEXKIUCITUTUIMHAPHBIX MEPOITPUSITHIAL. MexX-
IMYHApOIHBIA YHUBEPCUTETCKUI (DOPYM IO YIIPABICHUIO
MaTepHaJOBeICHNEM W WHXEHEPHBIM IeJIOM IIPOBO-
nnics B okTsiope 2019 roma B Yxane. bonee 50 kadenp
no MUJI co Bcero mupa noceTsi popyM. OH cTan
HepBBIM I100a1bHBIM (popymom 1o MU I, Ha KoTopoM
00CYXIATNCh aKTyaJIbHBIC BOIIPOCHI U CTPATETUH, KOTO-
pBIE TTO3BOJISIT IJTIOOAIBHOMY COOOIIICCTBY OHSITH OYIy-
L1 TIJ1aH pa3BUTUSI, aHHOHCUPOBAHHBIN B YXaHbCKOM
IeKIapalnm.

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

ANA CUHTE31POBaHNA 1 06paboTKN MaTepuanos
(YxaHbCKUI1 yHUBEPCUTET TEXHONOr i)

l'ocymapcTBeHHas cTpaTerudeckast rabopaTtopus
TIePEeIOBBIX TEXHOJOTHI IJIsI CHHTE3MPOBAHMS M 00pa-
OOTKM MaTepHraIoB OblIa yTBepkacHa ['ocymapcTBeHHBIM
KOMUTETOM TIJIaHUpOBaHUS pa3BuTUI B 1987. [Tocie
TIPOBEICHHOM MHCITEKIINY OHA OTKPBLIACKH JIJIST 00IIIecTBa
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B Mapte 1990 roma. JlabopaTtopust HaXOTUTCS IO, YIIpaB-
JleHneM MUHUCTEepCTBA HAYKU M TeXHOJIOTHIA. B HacTo-
Sl MOMeHT npogeccop I'y BuHbIMHB, akageMuK
Kwuraiickoit akageMun HayK, SIBIIICTCS IIpeAceaaTesieM
KoMHccUM tabopatopun, a rmpodeccop Dy JIxxenrn,
akagemMuk Kuraiickoil nHXXeHEepHOU akKageMUu — I1-
pexTop akagemuu. Jlabopatopust pacnonoxeHa B YTY
U SIBJISIETCSI CTpaTeTHMICCKOM TabopaTopueii, Criemu-
aJM3upymolIeiics Ha HOBBIX MaTepuaiax. JlermapraMeHT
MaTepuaaoBedeHUs U MHXKeHepHoro aeya B YTY ObL
oIpenelieH KaK IepBOKJIACCHBIN B pelituaTe State Key
Discipline, Bomeaimmit B rocygapCcTBEHHBIN «985» mpo-
eKT «Pa3paboTka mporpaMMbl HAYIHBIX TUCIIATIMH
MHPOBOTO YPOBHSI» W MOJXYYWI peUTUHT A+ B 4 Type
TOCyIapCTBCHHOM OlLIeHKM HarpaBicHMil. CTaBsl LIeTBI0
IOCTHYIh MUPOBOU YPOBEHDb MCCICIOBAHUI B 00IaCTH
MaTepUAaIOBEACHMS U TIOAePXKaTh TOCyIapCTBCHHBIC
WHTEPECH, TaHHAas JJabopaTopus 00ecIIeYnBaeT IUIAT-
dopmy mg pa3pabOTKM HOBEUIIIMX MAaTEPHUAIOB U TEX-
HOJIOTHIA, IIJT Pa3BUTHS TIEPEIOBBIX KOMITO3UTHBIX Ma-
TEePHAJIOB, HEOOXOMMMBIX B KPYITHEUIIIX HAITMOHAIBHBIX
IIPOEKTaX M BeIYIINX OTPACIISIX, a TAKKE IJIST BEITIOTHE-
HUS HAIIMOHAJIBHBIX CTpaTeTUUECKMX 3aad. B mabopa-
TOPHM TTOJTYICHBI Pe3yIbTaThl YHUKAIBHBIX U CUCTEMHBIX
KCCIeN0BaHUM, KOTOPbIE MOBIUSIN Ha OOILIEMUPOBbIE
IIpeoOpa3ymIne TeXHOJOTUM, HOBBIC MaTepPHAJIbI
1 MEXKIVCUUIIMHAPHBIC 00IaCTH, W, TAKMM 00pa3oM,
5TO IIPUBEIIO0 MIPOBOE COOOIIIECTBO K OTKPHITHIO HOBBIX
cdep a1 u3ydyeHust MmatepuaiioB. JlJabopaTopust akTUBHO
TOTOBHT HCCIIEAOBATEIHLCKIE KaIPhI ITyTeM BKITIOUCHUS
B HayuHyo pabory. bonee Toro, maboparopust oopa-
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30Bajia KyJIbTYypy MEXIYHApOJIHOT0 MHHOBALIMOHHOIO
COTPYJAHUYECTBA U MPOBeJia B3aUMOBBITOJHOE UCCIIE-
JIOBaHMeE, CITOCOOCTBYS1, TAKMM 00pa3oM, MUPOBOIi 3HA-
YMMOCTH, IPUBJIEKATEIbHOCTUA U CIIOUEHHOM pabdoTte
naboparopuu. JlabopaTopust JOCTUTIA UCTOPUUECKOTO
MpopbIBa B OLIEHKE TOCYIAPCTBEHHBIX CTPATETNUECKUX
JlabopaTopuii Mo MaTepUaJIOBEICHUIO.

OCHOBBIBaSICh Ha OOIIE KOHIETIINY 1 HesIX, Jia-
6opatopusa (OKyCHpPYyeTCs Ha CO3IMaHUU U Pa3BUTUH
MHOTOKOMIIOHEHTHBIX, KPYITHOMACILITAOHBIX 1 MHOTOY-
POBHEBBIX KOMITO3UTHBIX IIPUHILIMIIAX U TEOPETUYECKUX
000CHOBaHMSIX pa3pabOTKU MaTEepPUaJIOB, ITOCTPOECH-
HBIX Ha BaXKHEUIIINX UCCIIeA0BATEILCKUX IIaT(hOopMax,
BKJTIOYAIOIIMX TEXHOJOTUM TPAIUEHTHBIX KOMIIO3UTOB,
KOMIIO3UTHBIE TEXHOJIOTUM Ha MeCTaxX IPOU3BOACTBA
paboT, HAHOKOMIIO3UTHI 1 X coueTaHusl. B HacTosmii
MOMEHT B J1a0OpaTOPUU IIPOBOASITCS MCCIEI0OBAHUS
o 5 KJII0UYeBBIM HAIlpaBJIEHUSIM: HOBEHUIIINE KOMIIO-
3UTHBIE MaTEPUAJIbI AJIS TOCYAAPCTBEHHBIX KPYITHBIX
TMPOEKTOB M oTpaciieii, 3(pheKTUBHBIE IHEPTOIIPEO-
Opasymolle U 9HepProHaKOMNUTEIbHbIE MaTepUuasbl
U TEXHOJOTUM, HAHOKOMIIO3UTHBIE OMOMaTepUaibl
IIJIST €CTeCTBEHHBIX HayK, (DYHKIIMOHATBHBIC MaTepra-
JIBI 1711 UTH(POPMALIMOHHBIX TEXHOJIOTUI U TIEpEIOBbIE
MaTepuanbl IJIs1 IIpeo0pa3oBaTeIbHBIX TEXHOJIOTHUIA.
B cBs131 ¢ 3TMM TabopaTopust onpeaenuia 5 pa3IndHbIX
HaIlpaBJICHUI: TEXHOJIOTUU TPAgUEeHTHBIX KOMIIO3M-
TOB M HOBBIX MaTepUaJIOB, KOMIIO3UTHBIC TEXHOJIOTUM
Ha MecTax NPOU3BOJCTBA pabOT, HAHOKOMIIO3UTHEIC
TEXHOJIOTUU U MaTepUaJibl, IIPe0oOpa3yoIIe TeXHOIO-
TUM, a TAKXKe TIPUHLUIIBI IIPOeKTUPOBAHUS U CO3TaHUS
martepuajioB. B mabopaTtopuu paboTaeT MHHOBALIMOH-
Has ¥ aKTMBHAas KOMaHJa McciienoBaresieii, peumy-
IIECTBEHHO COCTOSILAs U3 CIIELUATUCTOB MOJIOAOTO
U cpeaHero Bo3pacTta. [ToCTOSTHHBIN 1ITaT COTPYIHUKOB
BKJIFOUaeT ogHoro yjaeHa Kuraiickoit akageMun Hayk,
IBYX ujleHoB Kuraiickoii MHXeHEepHOU akageMuw,
OIHOTO aKajJeMukKa benbruiickoii KOpojaeBCKOM aKa-
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IeMHUU HayK U UCKYCCTB, IBYX aKaJIeMUKOB ABCTpa-
JIMUCKOM aKaIeMU TEXHOJIOTUI U MHXEHEPHOTO JeNa,
OHOTO WieHa MeXXIyHapOoTHOM aKaIeMU KepaMUKH,
IBEHAIIIATh HAYYHBIX COTPYIHUKOB HAIIMOHAIBLHOTO
YPOBHSI, OTHOTO BEAYIIETO HAYIHOTO COTPYIHUKA IIPO-
rpaMMHI «973», IATh CTUIICHINATOB HAIIMOHAJIBHOTO
donma «Outstanding Youth Science Fund» u Tpuniats
CTUTIEHIMATOB HalloHaIbHOTO (hoHma «National Talent
Support Plan» u np. JlabopaTopus aKTUBHO MOAAEP-
JKMBACT BBITAIOIINXCS YICHBIX B TTOCECIICHUN U TIPO-
BEICHUN COBMECTHBIX HAYUHBIX pa0OT B BEAYIINX YHU-
BepCUTETaX M MHCTUTYTAX II0 BCeMy MHDY. B TeueHme
ITOCJICIHUX HECKOJBKUX JICT JJa00OpaTOpHsI HaIIpaBIIa
HECKOJIBKO TAJTAHTIMBBIX YUYCHBIX B Pa3IMYHbIC BEIy-
e YHUBEPCHUTETHI [JIST BEITIOJTHEHUSI COBMECTHBIX MC-
clIeqoBaHMIT CPOKOM OoJiee yeM Ha 1 Tof.

Jlaboparopus yaensieT ocodoe BHUMaHUE MEXIyHa-
POIHOMY aKaIleMIUIeCKOMY OOMEHY U COTPYIHUIECTBY.
3a rmocneaHue 5 JIeT OBIIO HAHSTO 25 YUSHBIX C MUPOBBIM
MMeHEM M CO3IaHbI KOM(OPTHBIC pabovre YCTOBUS IS
IIPOBEICHUS UCCIICIOBAHNIA.

Taxske n1abopaTtopusi B3AaMMOBBITOTHO COTPYIHM-
yaja co cieayomuMn opranu3auusamu: University of
Michigan; Japan Aerospace Exploration Agency (JAXA);
the Institute for Materials Research, Tohoku University
(SImonus); the Materials Research Center, University
of Oxford (Bemukooputanus); Composites Research
Center, the University of California (CLLIA); the National
Institute of Fuel Cells (Kanama) u apyrumMu 3HaMEHUTHI-
MM MCCIIeTOBATCIbCKUMU IIEHTPAMU M MTHCTUTYTaMMU.

MUHHUCTEPCTBO HAYKU U TEXHOJIOTUIT OCHOBAJIO
«MeXImyHapOoIHYI0 COBMECTHYIO JTJab0OpaTOPHUIO TIepe-
JTIOBBIX TEXHOJIOTUIA IJTI CUHTE3a M 00pabOTKM MaTepHa-
JIOB», KOTOPAst BXOIUT B TIEPBbIC TPUALIATH TPY MEXKIyHA-
POIHBIX COBMECTHBIX JTabopatopuii Kurast. bosiee Toro,
T'ocymapcTBeHHOE yIIpaBIeHNUE IO IejIaM MHOCTPAHHBIX
SKCIEPTOB 1 MUHUCTEPCTBO 00pa30BaHMUS BMECTE OC-
HOBaJIM TPU HAIIpaBJICHUs, TTomaepXaHHbIX [Tporpam-
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MOl pa3BUTHS MHHOBAIIMI M KaApOBOTO MOTCHIINAJA!
«HoBbIe TeXHOIOTMY KOMITO3UTHBIX MaTepHUAIOB 1 HO-
BelIIMX (PyHKIIMOHAIbHBIX MaTepuanioB», «Hoseliime
TIOATOTOBUTEILHBIC TEXHOJIOTHH 1 IIPUKIIATHOE TIPOCK-
THPOBaHME HOBBIX (DYHKIIMOHATBHBIX TUIEHOYHBIX MaTe-
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ABSTRACT: Introduction. Currently, one can witness a boom of renewable energy in foreign countries: zones with earth, coastal and
even offshore wind power plants are emerging, and the roofs of houses, hotels, schools and hospitals are being "dressed" by solar
batteries and by panels to generate electricity and water. At the same time, despite the fact that these installations are unreliable
and rare sources, many experts and politicians begin to mistakenly consider them as the basic ones. All that poses a scientific and
technical problem of determining the place of nature-like technologies in the structure of life support systems of the population.
Methods, models and tools. The paper analyzes the engineering systems of multi-apartment residential buildings and individual
residential buildings that deliver life support resources (electricity, gas, cold and hot water, etc.). But one should also note that the
engineering systems often keep potential fire-energy and environmental harm. To resolve the mentioned problems, some nano-
technologies and Russian patents concerning autonomous electricity, water, heat supply of individual residential buildings on them
were proposed. Results and discussion. Modeling has shown that the combination of "Shukhovskaya" and vortex wind turbines
with domestic hydraulic panels and solar panels makes it possible to create duplicated and tripled engineering systems of individual
residential buildings, which, in terms of quality, reliability and safety parameters, are several orders of magnitude higher than the
existing centralized resource supply systems for the residential sector of cities and rural settlements. Conclusion. The proposed
approach makes it possible to determine the place of the so-called renewable energy in the structure of the resource supply system
for cities and rural settlements, and it remains to assess its effectiveness, which is supposed to be done using the Leontiev-Ford
model and the retro-forecasting method.
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INTRODUCTION

For more than five years, a set of rules “Engineering
systems of high-rise buildings” has been in force,
which require [1]:

firstly, vertical zoning of high-rise buildings, i.e. their
separation by technical floors every 50 meters of height,
on which engineering equipment and communications
are located,

secondly, automation of engineering systems of high-
rise buildings to ensure the reliability and safety of their
operation.

© Belozerov V.V., Voroshilov 1.V., Oleinikov S.N., Belozerov VL.V., 2022

The conducted studies have shown [2, 3], in addition
to administrative high-rise buildings and multifunctional
residential complexes, these rules included typical multi-
apartment residential buildings with 25 floors and above,
behind which there is the future development of Russian
cities [1, 4, 5].

To improve the reliability and safety of engineering
systems of high-rise buildings, nanotechnologies and in-
novations were proposed, including the intellectualization
of household electrical appliances, which proved the pos-
sibility of achieving the required level of safety for living

in them — 0.999999 [6—8].
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Fig. 1. Dynamics of RES electricity generation in the world in 2000—2020 (%): 1 — Great Britain; 2 — Germany;
3 — Canada; 4 — China; 5 — Russia; 6 — USA; 7 — France; 8 — Australia; 9 — India; 10 — Novegia

However, all the proposed solutions to the problems
of safe life in high-rise buildings entailed significant ad-
ditional costs for their construction and operation, as
well as an increase in energy consumption in them [3,
7, 9]. In this connection, it was decided to return to the
problems of centralization and decentralization of gas-
energy-heat-water supply and wastewater disposal of
buildings and structures, which can remove almost all
existing problems, but requires a comparative analysis
of the costs of scientific and technical work (research,
design, manufacturing, testing) and construction (design,
construction, installation and commissioning) [2, 10, 11].

Moreover, despite the fact that renewable energy sourc-
es (RES) are unstable, low-concentrated and periodic en-
ergy sources, many experts and politicians, of course, mis-
takenly begin to consider them as the basic ones, because
over the past 15 years (Fig. 1), their installed capacity has
increased 10 times and by the end of 2019 exceeded the
output of nuclear power plants [12, 13].

As for Russia, the renewable energy industry, although
it has been very actively developing in recent years, still its
share is extremely small. So, for example, by 2020 wind
power plants (WPP) with a capacity of 184 MW and
1.4 GW — solar power plants (SPP) were put into opera-
tion, which is less than 1% of the capacity of the entire
energy system, since traditional generation still dominates
in our country: 66.8% is accounted for by thermal power
plants using coal and gas, 20.2% by nuclear power plants
and 12.3% by hydroelectric power plants (HPPs) [14].

At the same time, in our country, mostly in rural
areas, and also because of the huge undeveloped ter-
ritories, construction of individual residential buildings

and gasification of the rural settlements, in which these
buildings are located, are also being intensively devel-
oped [10].

Therefore, taking into account domestic inventions in
the field of autonomization of obtaining energy resources
(electricity, water, etc.) [14—22], a scientific and techni-
cal problem arises to synthesize a decentralized system of
safe life of the population, i.e. creation of an autonomous
engineering system of an individual residential building
(AES IRB).

METHODS, MODELS AND TOOLS

Partially, from the point of view of power supply and
heating / cooling of an individual residential building,
such a problem has already been solved by us and it can be
argued that the currently produced water, air or infrared
electric heating installations, in addition to the possibil-
ity of their independent installation and operation, have
significant advantages [9, 10]:

firstly, the simplicity of control and regulation of work,
by setting the required temperature (control of fuel con-
sumption is not required),

secondly, modern radiators, convectors and infra-
red emitters allow you to set a comfortable mode within
10 minutes after turning them on,

thirdly, electric heating makes it possible to exclude
explosions and fires from domestic gas leaks, which have
become more frequent in recent years in Russia.

A comparative analysis of the existing methods and
means of life support for individual residential buildings
led to the conclusion that it became possible to consis-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (1):
33-42

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

PROBLEMS OF USING NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

Fig. 2. Combined home heating / cooling system:

1 — Inverter; 2 — Controller; 3 — Remote control
access; 4 — Battery; 5 — Electricity meter-detector;

6 — Compensator reactive power; 7 — Household
electrical appliances; 8 — Washing machine;

9 — Dryer for clothes; 10 — Heat pump-vortex cooler;
11 — Electric boiler; 12 — Socket; 13 — Power grid;
14 — Router

tently increase the efficiency of the system (Fig. 3) of
electric heating / cooling (electric boilers, split systems,
etc.) by installing and integrating solar batteries (Fig. 2),
with a wind power plant (WPP), in particular with
a small-sized wind generator (Fig. 4, 5) and a source
for obtaining water from the air (Fig. 6), i.e. creation of
an autonomous and environmentally friendly automated
engineering system of an individual dwelling house (AIS
IRB) [7, 8, 10].

The weak point of electric heating systems, but quite
surmountable, as studies have shown, are electric boil-
ers, the fire hazard of which, for example, EPO-108, was
reduced by its intellectualization — the introduction of
thermoelectronic protection modules [9, 23], or by using
an electric boiler with induction heating (Fig. 3).

This type of heating boilers has a number of advan-
tages over traditional heating elements [9, 24]:

firstly, the complete absence of any heating elements,
as well as moving and highly loaded elements that are
subject to wear during operation and require periodic
replacement;

secondly, the ability to operate from a low voltage and
constant current power supply, which is usually unaccept-
able for other types of electric boilers;

thirdly, the boiler design does not contain detachable
connections, i.e. the likelihood of leakage is completely
excluded;

Fig. 3. External view of the installation with induction
heating

fourthly, significantly faster heating to operating tem-
perature, in comparison with any other types of heating
electric boilers, and low inertia allows you to save energy
due to effective control of the boiler using automation (by
maintaining the temperature at a strictly specified level,
i.e. when it rises, the power supply to the boiler is turned
off and resumed only when the temperature drops below
the one set by the user);

fifth, protection against scale formation due to the
small temperature difference between the heater and the
coolant, not exceeding 3°C, as well as due to high-fre-
quency vibrations caused by eddy currents that repel salt
ions from the inner walls of the pipe;

sixth, high fire resistance and electrical safety, since
the heating element (core) is not electrically connected
to the inductor (primary winding) directly, and the tem-
perature difference between the core and the coolant does
not exceed 30°C;

seventh, there is no need to install the induction boiler
in a separate room, because it is absolutely silent, and its
installation does not require the involvement of highly
qualified specialists;

eighth, like any electric heater, the efficiency of such
a boiler is close to 100% and does not change over the
years of its operation, unlike electrode boilers and with
heating elements, with an average service life of 25 years
and more (depends on the thickness of metal pipes form-
ing the core of the boiler), while no maintenance work is
required with this equipment;

ninthly, it allows you to use almost any coolant in the
heating system (water, antifreeze, oil, etc.), and with-
out any preliminary preparation and replacement of the
spent coolant in the system no more than once every
10 years and use for any closed heating systems, includ-
ing for warm floor and for baseboard heating, because
the minimum threshold for the heating agent heating
temperature is 35°C.
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Warm floors were developed almost half a century ago
for livestock farms [25], therefore, the use, along with
water batteries, of modern polymer structures of water
heat-insulated floors ensure their safety and high reli-
ability [26], and in the solar subsystem high indicators of
reliability and safety are provided by the controller and
the intellectualization of the inverter [9,12].

RESULTS AND DISCUSSION

Vane-type wind turbines with powers ranging from
1—-3 kW to 5—6 MW are currently the most widespread.
At the same time, hundreds of companies and firms
in Europe, USA, China, Japan, India, Brazil, etc. are
engaged in the production of wing-type wind turbines.

Such wind turbines generate exclusively direct current,
in connection with which, like solar batteries, they are
supplemented with batteries and converters (inverters)
of direct current into alternating current, and due to their
overall dimensions, they require special supports (Fig. 4).
At the same time, the boom of VEUization has reached
the point that they are beginning to be placed not only on
fields and roads (Fig. 4a), but also in the sea (Fig. 4b) [13].

In Russia, the production of wind turbines is in its
infancy [13, 27] and, unlike bulky vane wind generators,
there are developments of wind turbines with a vertical
axis of rotation (Fig. 5a), incl. small-sized with the origi-
nal “Shukhov” scheme (Fig. 5b) [28, 29].

So, for example, the head prototype with a longitu-
dinal rotaring type of blades (VES-15) “Wind-Rotor” of

Fig. 4. Placement of wind turbines

Fig. 5. Wind turbines with a vertical circuit
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Table 1
Comparative data of wind turbines
Wind generator Wind turbine Wind turbine
Parameters . .
vane type vertical axis «Shukhova»
Power, kW 1.0 1.0 1.0
. . Diameter — 2800 Diameter — 454, Diameter — 520,
Dimensions, mm (the circle described Blade heieht — 4000 Height — 850
by the blades) g &
Weight, kg (wind turbine+ 70 98 43
generator)
Wind force when starting, m/s 2.0 3.0 1.0
Rotation frequency, rpm 300...400 180...300 600...900
Wind turbine, Wind rotor,
Generator, Generator, Wind turbine,
Battery, Rectifier,
Complete set Generator,
Inverter, Controller, Transformer
Cable assembly, Cable assembly,
Guyed mast Guided mast
1300 3350 250
Cost, EUR (manufacturer China) (manufacturer Ukraine) | (manufacturer Russia)

the Design Bureau of the Research Institute of Mestprom
(Nizhny Novgorod) has a power of 15 kW and has the
following advantages over vane wind generators [28,29]:

firstly, effective work at low wind speeds (from 1 m/s
and above);

secondly, heir wind resistance, because with increas-
ing wind speed, stability increases (spinning top effect);

thirdly, work in any directions of wind speed;

fourthly, modular design, which allows you to gain the
required power due to the number of modules;

fifth, the ability to work in stationary and mobile ver-
sions.

The technical and economic data of the listed wind
generators (Table 1) indicate, firstly, the significant para-
metric advantages of the small-sized “Shukhovskaya”
wind power generating turbine, and secondly, its competi-
tive of quality price in comparison with vane and verti-
cal rotary installations — almost an order of magnitude
cheaper [28, 29].

Small-sized “Shukhovskaya” wind power generating
turbine (PGT) with a capacity of 1 KW (Fig. 5b) for do-
mestic use (design range 3.5 and 7 KW), has the following
characteristics [29]:

a) the largest rotor diameter — 550 mm, height —
850 mm;

b) the mass of the unit is 43 kg, the mass of the rotor
is 10.4 kg.

c¢) the line of contact of the active layer of the air
flow washing the hyperboloid is 1.6 times longer than
the similar line of the rotating cylinder of a rotary-type
wind generator with straight blades, and therefore, the

efficiency of the wind turbine will be higher in proportion
to the same value;

d) the total moment of inertia of the structure is deter-
mined as the sum of the products of the masses of mate-
rial points by the value of the square of the length of the
radius, that is

1= Zmn * an

whence it follows that the moment of inertia at rest
of the structure is at least twice less than the moment
of inertia of the rotating cylinder of a wind turbine with
straight blades, and, therefore, the required wind force at
the moment of the start of movement is two times less,
and also conditions of self-priming and self-support are
created as in helicoidal turbines;

e) the constructive structure of the working body,
combined with lightness, strength and balance, allows
the installation units (gearbox, electric generator, etc.)
to be placed inside the built-in volume, which reduces
the dimensions and weight of the entire installation as
a whole.

Thus, by installing PGT (Fig. 5b) on the roof ridge
(Fig. 2) of an individual residential building (next to so-
lar panels), we will get a duplicated system of its power
supply.

Many patents of the Russian Federation are devoted
to the production of water from atmospheric air [16—22].
However, from the point of view of the reliability of en-
gineering systems of buildings, in particular, the water
supply subsystem, the most effective is the use of a small-
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sized installation with a Venturi pipe (Fig. 6), which is
a device for obtaining water from atmospheric air and
generating electricity. The installation works as follows.
Atmospheric air enters the outer vertical cylinder 7 and
moves downward through the dry channel 9, cooling
due to contact with the cold wall of the inner vertical
cylinder 6 of the wet channel 10. Due to the evapora-
tion of water from the hydrophobic capillary-porous sur-
face 8 covering the inner side of the inner cylinder 6, the
temperature in the lower part of its cold wall drops to a
temperature close to the dew point temperature. In this
case, condensation of moisture vapor contained in the
atmospheric air occurs, drops of condensate of these va-
pors are collected on the droplet grid 12, and through
the moisture drain plates 13 the condensate flow enters
the water tank 14. A smaller part of this condensate is
pumped through the pipeline 11 to the upper part of the
hydrophobic surface 8 to wet it with water, and most of the
condensate from the water tank 14 is fed to the consumer
through the second pipeline for removing condensed fresh
water 15. The cooled air flowing around the plates 13 turns
and moves upward along the wet channel 10. Due to the
evaporation of water into the air from the moist hydro-
phobic capillary-porous surface 8, covering the inner side
of the inner vertical cylinder 6, the relative humidity of the
air approaches 100%. In this case, when the humidified air
moves along the wet channel 10, its mass increases and its
density decreases. Therefore, the pressure of moist air at
the exit from the wet channel 10 becomes lower than the
pressure of atmospheric air, which increases the vacuum
in the narrow section of the Venturi pipe 3. The increasing
difference in atmospheric air densities at the entrance to
the annular air nozzle 2 and in the narrow section of the
Venturi pipe 3 provides an increase in the speed of the
air flow in the dry 9 and wet 10 channels, and also leads
to an additional acceleration of the air speed into tube of
Venturi 3, that increase in the generation of electricity by
the electric generator 4 [22].

Thus, the use of the PGT design, which, in addition to
fresh water from the air, allows using a wind power plant
with a horizontal wind wheel and an electric generator to
also receive electricity, creates conditions for obtaining a
“triple power supply system” of an individual residential
building, as is customary at nuclear power plants [30],
i.e. with a probability of failure not higher than 10~7. This
means that over 100 years (8760 hours « 60 minutes «
100 years = 5.256 « 107 minutes), the permissible power
outage will be 5.3 minutes!

It is appropriate to compare the reliability of the exist-
ing system of centralized power supply of the residential
sector of cities and rural settlements, which is spelled out
by law in Article 38 of the Federal Law-35 “On Electri-
city” [31]:

“1. Subjects of the electric power industry that ensure the
supply of electrical energy to consumers of electrical energy,

4
2 1
3
A A
1\ '3
== b d-q —
1 6
5
]
7 _1 !
\ !
i
]
]
i
9 ~_ :
i ~ 10
I
i
i
13§
!
U RN S

~

15

Fig. 6. Vortex water-wind power plant: 1 — air vane;

2 — stationary annular air nozzle; 3 — Venturi pipe;

4 — wind power plant with a wind wheel and an electric
generator; 5 — bearing; 6 — inner vertical cylinder;

7 — outer vertical cylinder; 8 — hydrophobic capillary-
porous surface; 9 — “dry” channel; 10 — “wet”
channel; 11 — irrigation water pipeline with a pump;

12 — drip grid; 13 — plates of condensed moisture
drain; 14 — water tank; 15 — fresh water outlet pipeline

including energy sales organizations, guaranteeing suppliers
and territorial grid organizations (within the limits of their
responsibility), are responsible to consumers of electrical
energy for the reliability of supplying them with electrical
energy and its quality in accordance with the requirements
of technical regulations and other mandatory requirements....

2. The basis of the system for the reliable supply of elec-
tricity to consumers is a reliable power supply scheme and
the fulfillment of all the requirements of the rules for the
technical operation of power plants and networks, as well
as the presence of specialized organizations on the retail
markets — guaranteeing suppliers” .

However, the Technical Regulations for the electric
power industry do not exist — there is only Order of the
Ministry of Energy of the Russian Federation of Octo-
ber 25, 2017 No. 1013 “On approval of requirements for
ensuring the reliability of electric power systems, reli-
ability and safety of electric power facilities and power
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receiving installations” Rules for organizing maintenance
and repair of electric power facilities “, in which there is no
specific value of reliability and safety for the system [32].
And the only document remains — GOST 32144-2013
[33], from which it follows (clause 4.3 Random events
“and subclause 4.3.1” Voltage interruptions “) that “Ac-
cidental voltage interruptions are divided into long-term
(duration more than 3 minutes) and short-term (duration no
more than 3 minutes). The annual frequency of long voltage
interruptions (lasting more than 3 minutes) largely depends
on the characteristics of the power supply system (primarily,
the use of cable or overhead lines) and climatic conditions. “
Therefore, taking into account the climatic conditions
and almost 25% of losses in the existing “cable or over-
head lines”, the minimum probability of a power outage
is allowed — 5.7 « 10~° (3 minutes / 8760 hours), and
the maximum — 1.0 « 103 (9 hours / 8760 hours), if we
take into account the following “permit for poor quality
supply of electricity” [33]: “A.2 Overvoltage. On average,
about 30 overvoltage’s are possible at the point of connection
per year. ... The level of such overvoltage’s with significant
non-symmetry of phase loads can reach the values of line
voltage, and the duration — several hours” (i.e. less than 10).
Thus, the reliability, safety and quality of power supply
of the proposed replicated autonomous engineering system
of an individual residential building (AES IRB) is at least
60 times higher than the centralized power supply of the
residential sector, and taking into account overvoltages
that are excluded in the triple system by nanotechnology of
their suppression [6—8] — 10 800 times higher in AES IRB.
Duplication of the water supply subsystem of the AES
IRB can be carried out with 4 domestic hydropanels
(Fig. 7a), each of which can generate up to 5 liters of water

per day. The hydropanel (heliothermal adsorption genera-
tor of atmospheric water) works on the principle of physi-
cal adsorption on a daily cycle: at night at a temperature
of 20°C or less, the air flow passes through a nanoporous
adsorbent (Fig. 7b), which selectively absorbs moisture
from the air, and during the day solar energy heats up
a selective screen, which transfers heat to the adsorbent,
moisture is released from it, which condenses on the cold
screen and flows from it into the collector [34].

It is advisable to organize the tripling of the engineer-
ing system of an individual residential building in terms
of water supply using the “AQUAMATIC” installation
(Fig. 8), in which air passing through an electrostatic
filter (1) enters the condenser (2), where it is cooled to
the dew point and the steam present in it turns into water.
The water flows into the water collection tray (3), and,
passing through the zeolite filter, enters the lower stor-
age tank. Here the water undergoes the first ultraviolet
sterilization. Then, the high pressure pump (4) pumps
water through the filter system (5) and it enters the upper
storage tank with a volume of 12.5 liters. (6), and from
it into the tank (7) of cold water (temperature 4—10°C,
volume 2 liters) and hot water (temperature 90—95°C,
volume 1.8 liters). The performance of the installation
(Fig. 8) depends on the humidity of the ambient air [35].

Calculations, by analogy with power supply, have shown
that the reliability, safety and quality of the proposed AES
IRB, in terms of water supply, is 10 000 times higher than
centralized water supply and heat supply for the residential
sector and 1000 times higher than borehole systems with
combined gas water heating devices (GWHD).

Consequently, the place of nature-like technologies,
alternative energy in particular, in the world energy sys-

Fig. 7. Hydro panels of “ITR UNISORB” LLC
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Fig. 8. Block diagram and performance diagram of “AQUAMATIC”:
1 — Electrostatic filter, 2 — Condenser, 3 — Lower tank with zeolite filter, 4 — Pump, 5 — Filter system, 6 — Upper
water tank (12.5 L), 7 — Tanks: for cold water (2L, 4—10°C) and hot water (1.8 L, 90—95°C)

tems of various states, including in our country, becomes
obvious. And it will remain to carry out a comparative
analysis, but not the socio-economic efficiency of the
proposed approach, as is customary in modern economic
theories, but taking into account the self-organization of
the received benefits and the harm produced (public, col-
lective and private), that is, by the method of retro fore-
cast of socio-economic losses in society, from the point
of view of life safety (fire, environmental, etc.) [36, 37].
This will be done in a separate article and, it is perti-
nent to note that of all the unnatural-mathematical mod-
els of economics for which the Nobel Prizes in economics
have been handed out over the past 45 years, will be used
the method of intersectoral balance of a Russian scientist,
Nobel laureate, foreign member of the Academy Sciences
of the USSR Leontiev V.V., in the form of the Leontiev-
Ford model adapted for these purposes [39], together
with the models of retro-forecast of noosphere [38, 39].

CONCLUSION
An analysis of the directions and rates of development

of renewable energy in the world has shown that these
installations are unstable, low-concentrated and periodic
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Kak nmoka3zanu uccnenoBanus [2, 3], KpoMe aiMUHU-
CTPAaTUBHBIX BBICOTHBIX 3MaHUIT 1 MHOTO(YHKIIMOHAIb-
HBIX KXIUTBIX KOMITIJICKCOB TIOI OIEMCTBHUE STUX ITPABUI
TIOITAJI TUTIOBEIC MHOTOKBAPTUPHBIC KIUTBIC 3TaHUS
B 25 aTaxei u BHIIIE, 32 KOTOPBIMU OYIyIIas 3acTpoiiKa
poccuiickux roponos [1, 4, 5].

7151 TTOBBIIIICHUS HaIesKHOCTH 1 0€30TTaCHOCTH MH-
JKEHEPHBIX CUCTEM BBICOTHBIX 3IaHMI OBUIH TIPEITOXKE -
HBI HAHOTEXHOJIOTUH 1 THHOBAIIUH, BKITIOYAsI MHTEJIICK-
TyaJTM3alliio OBITOBBIX JIEKTPOIIPHOOPOB, KOTOPHIE M0~
Ka3aJI BO3MOXHOCTb JOCTIDKEHUS TPeOYeMOTO YPOBHS
0€e30IacHOCTH MPOoXUBaHUA B HUX — 0,999999 [6—8].

OmHako Bce TIpeaiaracMble pelieHHs mpooieM 6e30-
TTaCHOM XXU3HECSTCIIHHOCTH B BEHICOTHBIX 3MaHUSIX BIIC-
KYT 3a COOOM CYIIIeCTBEHHBIC JOTIOJTHUTEIbHBIC 3aTPAThI
Ha MX CTPOUTEILCTBO U AKCIUIyaTaInIo, a TAKXKE TTOBBI-
IIeHUe HepromnoTpediienus B HUX [3, 7, 9]. B cBa3u
¢ 4eM OBLIO PEIIeHO BEepHYTHCA K IIpoOIeMaM IIeHTpa-
T3l 1 IEeLIEHTPaIM3alliN Ta30-39HEePro-TeII0-BOIO-
CHaOXeHUS 1 BOTOOTBEACHUS 3MaHUI U COOPYKCHUIA,
YTO MOXET CHSITh IIPAKTUUCCKU BCE CYIICCTBYIOIINE
poOJIeMBI, HO TpeOyeT KOMIapaTUBHOTO aHAIM3a 3a-
TpaT Ha HAyYHO-TEXHNIECKIE pabOTHI (MCCIeI0BAHNS,
KOHCTPYMPOBaHNUE, N3TOTOBJICHNUE, MCITBITAHNUS) 1 CTPO-
HUTEIBCTBO (IIPOCKTUPOBAHKE, CTPOUTEIHLCTBO, MOHTAXK
¥ Haymanky) [2, 10, 11].

Boiee Toro, HecMOTps Ha TO, 9YTO BO30OHOBIISICMBIC
UCTOYHUKHU 3Hepruu (BUD) aBAsIOTCS HEeCTaOMIbHBI-
MM, HI3KO KOHIICHTPUPOBAHHBIMU U TICPUOINICCKUMM
MCTOYHUKAMU SHEPTUM, MHOTHE CITCIIMAIMCTHI 1 TTOJIN-
THKH, KOHEYHO K¢, OIMMO0YHO HAYMHAIOT pacCMaTpH-
BaTh X B KauecTBe 0a30BHIX, T.K. 32 MMOCIeAHME 15 JeT
(puc. 1) ux yctaHOBJIEHHAsTI MOITHOCTH Bo3pocya B 10 pa3

u 110 uroram 2019 roma mpes3o1mia BEIpadboTKy ADC
[12, 13].

Uto kacaetcst Poccum, otpacis BUD XoTh 1 04eHb
aKTUBHO Pa3BUBACTCS B IOCJICTHEES BpeMsl, HO IO CHX
Top ee o KpaiiHe Maza. Tak, HanpuMep, K 2020 romy
OBLIO BBEIICHO B CTPOI BeTPSTHBIX 3J1eKTpocTaHIuii (BOC)
MOIIHOCTBIO 184 MBT 11 1,4 I'BT — COTHEUHBIX 271EKTPO-
ctanmit (COC), yTo MeHblIe 1% MOLITHOCTH Beelt aHep-
TOCHCTEMBI, T.K. Y HAaC MO-TIPEXKHEMY JOMUHHPYET Tpa-
JIULIMOHHAs reHepauust: 66,8 % NprUxoaUTCs: Ha TEIUIOBbIE
BJIEKTPOCTAHLIUK Ha yrie u rase, 20,2% — Ha aTOMHbIE
u 12,3% — na ruapoanekrpoctanunu (I'DC) [14].

B To Xe Bpems B Halleit ctpaHe, HaBepHOE, TPaIH-
IIMOHHO B CEJIbCKMX palfiOHaX, a TAaKXKe M3-3a OTPOMHBIX
«HEOCBOEHHBIX TEPPUTOPUI» HEe MEHEE OYPHO pa3BUBa-
eTCSI CTPOUTEILCTBO MHINBUAYATBHBIX KUJIBIX TOMOB
U «ra3uUKaLns cejlay, TIe PacloI0XEHO UX ITOIABIs-
fo1ee KommaecTso [10].

[TosToMy, YIUTHIBasE OTCUECTBCHHEBIC N300PETCHUS
B 00JIACTH «aBTOHOMM3ALIUY» TIOJYYEHUA SHEPTOPECYP-
COB (JIGKTPOIHEPTUH, BOIHI U 1Ip.) [14—22], BOBHUKAET
HayJYHO-TEXHMUYECKas 3aada 110 CHHTE3Y «IeIIeHTPaTH-
30BaHHOI CHCTEMbI OE30ITACHOM KU3HEACSTCTHHOCTH»
HACeJIeHUs, T.€. CO30AaHNA «aBTOHOMHOM WHXEHEPHON
CUCTEeMBl» MHAWBUAYAIbHOTO Xujaoro noma (AC

VIXKI).
METO/bI, MOJIEJIA U CPEJICTBA

I‘Ia.CTI/I‘IHO, C TOYKH 3pCHUA 3HeKTpOCHa6)KeHI/I$I
n OTOHJ'[CHI/IH/ OXJTaXXKACHWA MHANBUAYAJIbHOT'O 2KJIOT'O
JOoMa, TakKasd 3agada yxXKe ObL1a pe€I€Ha HaM1 1 MO2KHO
YTBEPKIAAaThb, YTO BBIITYCKA€MBbIC B HACTOAILLECC BPEMA
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YCTaHOBKY BOISTHOTO, BO3MYITHOTO MJIM MH(MDPAKPaCHOTO
SJIEKTPUUICCKOTO OTOIIJICHHUSI, TOMUMO BO3MOXHOCTHU MX
CaMOCTOSITEIbHOTO MOHTaXKa U SKCITIyaTalllnH, 001ama-
FOT CYIIECTBEHHBIMU TIpeuMyIiecTBaMu |9, 10]:

* BO-TICPBHIX, IIPOCTOTOM YIIPABICHNUS 1 PETYINPOBKHA
paboTHI, TTyTeM 3aJaHus TPEOYeMOil TeMITepaTyphl
(He TpeOyeTcss KOHTPOIb TOTPEOICHUS TOTLINBA),

*  BO-BTOPBIX, COBPEMEHHBIC paTUaTOPHI, KOHBEKTOPEI
¥ MHPpaKpacHBIe N3TyIaTeIN TO3BOJISTIOT YCTaHO-
BUTb KOM(MOPTHBIN peXXuM yxke depe3 10 MIHYT 110-
CJIe MX BKITFOUCHUSI,

* B-TPETHUX, DIIEKTPUICCKOE OTOIUICHUE TTO3BOJISICT
HMCKITFOUNTH B3PBIBEI U ITOKAPHI OT yTeUeK OBITOBOTO
rasa, KOTOpbIe YUYaCTWINCH B TTOCIIeqHEee ToabI B Poc-
CHM.

CpaBHUTEIBHBIN aHAJIA3 CYIICCTBYIOIINX METOIOB
¥ CPEICTB XXKU3HEO0CCITeYCHUST MHANBUAYATbHBIX SKIJTBIX
JIOMOB TIPUBEJI K BEIBOIY, YTO ITOSIBUJIACH BO3MOXKHOCTD
TIOCIIEA0OBATEIFHOTO TIOBBIMICHUS 3(P(PEKTUBHOCTH CH-
CTeMHI (pHC. 3) 3JIEKTPUICCKOTO 000TPeBa/OXITAKICHUS
(3JIEKTPOKOTIIA, CIUTUT-CUCTEM M T.II.) IIyTeM YCTaHOBKU
1 KOMIUIEKCUPOBAaHUS COTHEUHBIX OaTapeil (puc. 2),
C BETPOdHEPreTUIEeCKOM yctraHoBKoi (BDY), B wact-
HOCTH ¢ MaJIoTabapUTHBIM BETPOTEHEPATOPOM (pHC. 4,
5) 1 ICTOYHUKOM I10JIy4eHUS BOABI M3 Bo3ayxa (puc. 6),
T.C. CO3MaHMS AaBTOHOMHOMN M 3KOJIOTUYECKH YUCTOMU

Puc. 2. KomOuHMpoBaHHas cucTeMa 3J1eKTpoodorpea,/
OXJIAXKIEHHUS A0Ma: | — MHBEpPTOp; 2 — KOHTPOJUIED;

3 — myJabT YAAJEHHOIO AOCTYMNa; 4 — aKKyMYJISITOP;

5 — 2JIEKTPOCYETUMK-U3BEILATEb; 6 — KOMIIEHCATOP
pPEaKTUBHOIM MOITHOCTH; 7 — OBITOBBIE JEKTPOITPU-
0OpBHI; 8§ — cTUpabHAs MaIlIMHA; 9 — CyIIMIKA IS
6enbs; 10 — TerIoBoit HaCOC-BUXPEBOIT OXJIAIUTEND;
11 — snexTpokoTen; 12 — po3eTka; 13 — 3J1€KTpPOCETh;
14 — poytep

ABTOMATU3MPOBAHHOM MHXXEHEPHOI CUCTEMbI MHINBU -
nmyanmbHOTO kutoro moma (AVC M2KN) [7, 8, 10].
CnabbIM MECTOM CHCTEM 3JIEKTPOOOOrpeBa, HO BITOJI-
HE IIPEOJOIMMBIM, KaK ITOKAa3aJIi UCCIIEA0BAHUS, SIB-
JISIIOTCS DJIEKTPUYECKUE KOTJIbI, IOKAPHYIO OITACHOCTh

KOTOpEIX, HarpuMep, DI10-108, ymanock CHU3UTh ITyTeM

«MHTEJUIEKTYaIn3ali» — BBEACHUS MOMIYJIEH TepMO-

BJICKTPOHHOM 3a1muThI [9, 23] 1160 TTyTeM IpUMEHEHUS

5JIEKTPOKOTIIA C MHIYKIIMOHHBIM HarpeBoMm (puc. 3).
JlaHHBIIA BUI OTOIIMTEIbHBIX KOTJIOB UMEET PSLI, IIpe-

UMYIIECTB Tiepen TpanuiimoHHbiMu « TOHoBeiMu Ha-

rpesarersmMn» |9, 24]:

*  BO-IIEPBBIX, [TOJIHOE OTCYTCTBUE KAKUX-IM00 HArpe-
BaTe/IbHBIX 9JIEMEHTOB, a TAKXE IMOABUKHBIX 1 BbI-
COKOHArPYXXE€HHbBIX 3JIEMEHTOB, ITOJBEPralOLINXCs
M3HOCY BO BpeMsI DKCILIyaTalluy 1 TPEOYIOIIMX TIe-
PUOAMYECKOI 3aMEHBIL;

*  BO-BTOPLIX, BO3MOXHOCTb Pa0OThI OT 2JIEKTPOCETH
C HU3KUM HAIPSIKEHUEM U C TIOCTOSIHHBIM TOKOM,
YTO OOBIYHO HEAOIYCTUMO [UIS DJIEKTPOKOT/IOB APY-
'YX TUIIOB;

*  B-TPETbUX, KOHCTPYKLHMS KOTJIA HE COAEPXKUT Pa3b-
€MHBIX COCIMHEHUH, T.€. BEPOSITHOCTh IIPOTECYKHU
IMOJTHOCTBIO MCKIIIOUEHA;

* B-UETBEPTHIX, 3HAUUTEILHO O0Jiee OBICTPhIA HATPEB
10 paboueii TeMIepaTyphl 110 CPABHEHUIO C JIIOObI-
MU IPYTUMU BUIAMU OTOTTUTEIBHBIX DJIEKTPUUECKUX
KOTJIOB, @ HU3KAasl MHEPLIMOHHOCTD ITO3BOJISIET KO-
HOMUTD 3JIEKTPOIHEPIUIO 3a cueT 3P (PEKTUBHOIO
yhpaBlieHUsI pabOTOM KOTJIa IIPY MOMOILIY aBTOMa-
TUKHU (3a CYET MOIAEPKAHUS TEMIIEPATyPhl Ha CTPOIo
3alaHHOM YpPOBHE, T.€. IIpU €€ HapaCTaHUU DJIeK-
TPOMUTAHUE KOTJIA OTKJIIOYAETCS U BO3OOHOBIISIETCS
JIIID IIPY CHIDKEHUU TEMIIEPATyphl, HUXKE 3aJaHHOM
10JIb30BaTENIEM);

* B-IIITHIX, 3allIMIIEHHOCTh OT 00pa30BaHUS HAKK-
M 32 CYET MaJIOM pa3HULIbI TEMIIEPATYP MEXIY Ha-

Puc. 3. BHemHuMii BUJ YCTAHOBKH ¢ HHIYKIHOHHBIM
HaArpeBoM
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rpeBaTesIeM M TETDIOHOCHUTEJIEM, HE TIPEBHIIIAIONICH
30°C, a TakKe M3-3a BBICOKOYACTOTHBIX BUOpAINiA,
BBI3BAaHHBIX BUXPEBBIMU TOKAMU, OTTAIKMBAIOIINX
HMOHEI COJICH OT BHYTPEHHUX CTCHOK TPYOHI;

* B-IIIECTHIX, BBICOKAS ITOKAPOYCTOMUYMBOCTD 1 3JICK-
Tpo0OE30MacHOCTh, MOCKOJBKY HarpeBaTeIbHBIN
2JIEMEHT (CEepOCUYHMK) IJICKTPUICCKN HE CBSI3aH
C MHIYKTOPOM (TICPBUYHOI OOMOTKOIT) HAIIPSIMYIO,
a pa3HHUIIA TEMIIEPATyP MEXIY CepICIYHNKOM M Te-
TuIoHocuTeneM He npeBbimmaeT 30°C;

* B-CEIBbMBIX, HCT HCOOXOMMMOCTH YCTaHABIMBATh
WHIYKIIMOHHBIA KOTEJI B OTACIBHOM ITOMEIICHUN,
T.K. OH a0COJTIOTHO OCCIITYMEH, a €r0 MOHTaX He Tpe-
OyeT MpUBJICUCHUSI CIICIINATNCTOB BEICOKOI KBaJIM -
pukaumm;

* B-BOCBMEIX, KaK 1 y JJIOOOTO 3JIEKTPHUIECKOTO Ha-
rpesatesst, KITJ1 takoro kotia 6iusko K 100% u He
MEHSIETCS C TOJAMM ero 3KCIUTyaTallii, B OTINYNC
OT KOTJIOB 3JICKTPOIHBIX 1 ¢ TDHamu, mipu cpemHeM
CPOKE CITYKOBI — 25 JIeT ¥ BHIIIIE (3aBUCUT OT TOJIIIIH -
HBI METAJUTMYECKUX TPYO, 00pa30BBIBAIOIINX CepHCU-
HUK KOTJIa), IIPW 3TOM HUKAKHX ITPOMIIAKTHICCKIX
paboT ¢ 3TUM 000PYIOBaHUEM ITPOM3BOIUTH HE TPe-
oyercs;

* B-ICBSITBIX, TTO3BOJIICT UCITOIH30BaTh B OTOTIUTEb-
HOI crcTeMe MPaKTUIEeCKH JTI000I TeINIOHOCUTETh
(Bomy, aHTH(PHU3, MACTIO 1 T.1.), IIpAIeM 0e3 KaKOoi-
JI0O0 €TOo TIpeIBapUTEIEHOM TTOATOTOBKM, 3aMEHa OT-
pabOoTaBIIEeTO TEIIOHOCUTEIISI B CHICTEME He Jallle Ofl-
Horo pa3a B 10 J1eT, Ipy 3TOM IOITyCKAETCS UCITOhb-
30BaHUE IJIST TIOOBIX 3aKPBITHIX CUCTEM OTOTUICHUS,
B TOM YHCJIC IS «TETIIOTO TT0JIa» U ISt TUTMHTYCHOTO
OTOITICHUSI, T.K. MUHUMAJIBHBIN ITOPOT TEMIICPATYPhI
HarpeBa TeIIOHOCHUTENIsI cocTaBisieT 35°C.
«Terubie TIOJTBI» OBLTN pa3padoTaHbI TTOUTH TTOJIBE-

Ka Hazaj I XKMBOTHOBOTYECKMX (pepM [25], mosToMy

TIpUMEHEeHIE HaPSIIy C «BOMSTHBIMU OaTapesiMi» COBpe-

MEHHBIX TTOJIMMEPHBIX KOHCTPYKITUIA «BOISTHBIX TETUIBIX

TIOJIOB» O0ecTIeunBacT UX 0€30MMaCHOCTh 1 BEICOKYIO Ha-

JEXHOCTD [26], a B «COJIHEUHOI ITOICUCTEME» BBICOKIE

MoKa3aTeJIM HaAeXKHOCTU U 0e30IMacHOCTU obecIeun-
BAKOTCd KOHTPOJJIEPOM U «MHTEJIJICKTOM» MHBEPTOpa

[9, 12].
PE3YJBbTATBI 1 OBCYKIEHUE

B Hacrosimee BpeMsTt Hamboyiee MacCOBOE PacIIpo-
CTpaHEeHHE MOyYrsi BOY KpbuIh9aTOro THUIIA ¢ MOIII-
HOCTSIMU B nuanaszoHe ot 1—3 kBt 1o 5—6 MBr. I1pn
5TOM IIPOU3BOACTBOM BBY KpHIIbYaTOrO THIIA 3aHU-
MalTcsd cOTHU Kommanuit u ¢upMm Esponbr, CIIA,
Kuras, SAnonun, Uunuu, bpasunuum u t.0. Takue
B3BY reHepHpyIOT UCKIIOYNTEIBHO TTOCTOSHHBIN TOK,
B CBSI3U C YeM TaKKe, KaK COJTHEUHBIC OaTapeu, 10-
YKOMIUICKTOBBIBAIOTCSI aKKYMYJISITOPAMH U TIpe00-
paszoBaTeasIMu (MHBEPTOpaMHU) MOCTOSTHHOTO TOKa
B IIEPEMCHHEIN, a B CHJTy CBOMX Ta0AapUTHBIX pa3MepOB
TPeOYIOT cienaIbHBIX oItop (puc. 4). [Ipu aToM «Oym
BB YHwu3amum» mo1ies 10 TOro, YTO X HAaYMHAIOT pa3-
MeIIaTh He TOJIBKO Ha MOJISIX U Joporax (puc. 4 «a»),
HO U B Mope (puc. 4 «6») [13].

B Poccun npoussoactso BOY Haxomutcd Ha crta-
iy ctaHoByieHud [13,27] 11, B OTIIMYME OT TPOMO3IKHX
KPBUTBYATHIX BETPOTCHEPATOPOB, €CTh pa3padboTk BOY
C BepTUKAJIBHOIT OCBIO BpaIlleHUS (pHC. 5 «a»), B T.4. Ma-
JioradbapuTHas ¢ OpuUTHHATBHOU «I1lyXoBCKOI» cXeMO
(puc. 5 «6») [28,29].

Taxk, HarmpuMep, TOJTOBHOI OIBITHO-TIPOMBIIIIICH-
HBII 00pa3el] pOTOPHOTO THTIA C JIOTIACTSIMU, TIPOHOJIb-
HeIMU ocu (BOC-15) «Bunn-Porop» Kb HUUW Mecrt-
mpoMa (Hwxauit HoBropom) nmeeT MomrHocTh 15 KBT
1 00JamaeT CICeOYIIINMHI MPEUMYIIeCTBAMHA TIepe
KPBUIBYATBIMU BeTporeHeparopamu [28,29]:

*  BO-TIEPBBIX, 3((PEKTUBHOI PaObOTOM ITPU MAJIBIX CKO-
pocTsx Berpa (0T 1 M/ ceX 1 BHIIIIE);
* BO-BTOPBIX, BETPOYCTONIMBOCTEIO, T.K. TIPA YBEIIH-

YEHUU CKOPOCTH BETPa YCTOMUYMBOCTD TTOBHITIIACTCS

(3 dekT BoTuKa);

* B-TPETBHUX, paOOTOI IIPH JIFOOBIX HATIPABIICHMSIX CKO-
pOCTH BeTpa;

a

Puc.4. Pasmemenune BOY
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POy e
HMEC TN OMA

Puc. 5. BerporeHepaTopsl ¢ BepTHKAJIBHO# CXeMOii

* B-YETBEPTHIX, MOIYIHbHOCTHIO KOHCTPYKIIUH, UTO IT0-
3BOJISICT HAOMPATh HEOOXOTMMYIO MOIITHOCTD 3a CUCT
KOJIMYECCTBA MOJYJICIH;

* B-IISITBIX, BO3MOXHOCTBIO pa0OTHI B CTAIIMOHAPHOM
¥ TIepeIBIKHOM BaprlaHTaXx.
TexHUKO-3KOHOMUYECKHE HJaHHBIC TTePeUNCICH-

HEIX BETpOTreHepaTopoB (Tabia. 1) CBHIECTEIBCTBYIOT,

BO-TICPBBIX, O 3HAUUTEIBHBIX ITapaMeTPUIECKUX TIpe-

HMMYyILECTBaX MayoradaputHoii «LLlyxoBcKoii» BeTpoBOI

3JIEKTPOTECHEPUPYIOIIEH TYPOUHEBI, a BO-BTOPHIX, O €€

HEKOHKYPUPYEMOU 1IeHEe B CPAaBHEHNUM C KPBITbYATBIMU

¥ BEPTUKAIBHBIMHA POTOPHBIMU YCTAHOBKAMH — TTOUYTH

Ha TopsIoK memresie [28, 29].

MajnorabapurtHas «ILlyxoBckas» BeTpoBasi 3JIeKTPO-
reHepupytomas TyponHa (BOT) momrHocTeio B 1 KBT
(puc. 5 «6») J1sT OBITOBOTO ITPUMEHEHUS (TIPOCKTHBIN PSIIT
3,51 7 KBT) umeeT cliemyroIime XxapaKTepuCcTUKH [29]:

a) HaMOOIBIIMIA TramMeTp poropa — 550 MM, BEICO-
Ta — 850 MM;

0) macca arperara — 43 Kr, Mmacca poropa — 10,4 kT;

B) JTUHMS KOHTAKTa aKTUBHOTO CJIOSI TIOTOKA BO3-
JlyXa, OMBIBAIOLIEro Tumnepoosons, B 1,6 paza minHHee
AHAJIOTMYHOU JIMHUM BpallalolIerocs IIIMHIPa BETPO-
reHepaTopa pOTOPHOIO THUIIA C IIPSIMBIMU JIOMTACTSIMU,
B cBs13U ¢ yeM KIIJI BeTpoycTaHOBKY OYAET BBILIE MTPO-
ITOPLIMOHATILHO 3TO Xe BeJTMIMHE;

I) CYMMapHBII MOMEHT MHEPIUN KOHCTPYKIIUU
oIpenessieTcss KaK CyMMa IIPOU3BeACHUI MacC MaTe-
PUATBHBIX TOUCK Ha BEIMUMHY KBaapara JJIMHEI paauyca,
TO €CTh

I1=¥m «R?

OTKYyJa CJEIYeT, YTO MOMEHT MHEPLIUU ITOKOSI KOH-
CTPYKLMM, KaK MUHMMYM, BABOE MEHbIIIE MOMEHTa
MHEPLUU BPAIIAOIIErocs: HMINHIPA BETPOYCTAHOBKK
C MPSIMBIMU JIOMACTSIMU, U, CJIEIOBATEIbHO, HEOOXOIM-
Masl CiJjla BeTpa B MOMEHT Hayajia ABMXKEHUS B IBa pa3a
MEHBIIIe, a TAKKE CO3MAFOTCST YCIIOBUS «CaMOBCACBIBAHISI»
U «CaMOITOIEPKKI» , KAK M B TeIMKOUIHBIX TYpOMHAX;

1) KOHCTPYKTUBHOE YCTPOICTBO paboyero opraHa
B COYETAHMU C JIETKOCTBIO, IIPOYHOCTHIO U COATaHCH -
POBAaHHOCTbIO ITO3BOJISIET Y3JIbl YCTAHOBKU (PEIyKTOD,
BJIEKTPOreHEePaTop U Ap.) pa3MECTUTh BHYTPU BCTPOCH-
HOI0 00beMa, YTO yMEHbIIAEeT radapuThl U MacCy BCei
YCTAaHOBKHU B LICJIOM.

Takum obpasoMm, ycranasiausass BOT (puc. 5 «0»)
Ha KOHBbKE KPBIIHU (pUC. 2) MHANBUILYATbHOTO XWJIO-
ro goma (psimoM C COJTHEYHBIMU MMaHEISIMU), TIOIYIUM
«TYOJIMPOBAHHYIO CUCTEMY» €TI0 DIIEKTPOCHAOKEHNSI.

Tabauya 1
CpaBHuTe/IbHBIE TAHHbIE BETPOTeHEPATOPOB
I Betporenepatop Betporeneparop Betporeneparop
apamerp .
KPBLIbYATOrO THIIA C BEPTHKAJIbHOI 0CBIO «IIlyxoBa»
MoiHocTtb, KBT 1,0 1,0 1,0

nurametp — 2800

I'abaputsl, MM (KpyT, OMUChIBaEMbIit

nuamertp — 454,
BbIcOTa Jonacreit — 4000

nuametp — 520,
BbIcoTa — 850

KabeJibHas1 coOopka,
MauTa ¢ pacTsKKaMu

JIOTIACTSIMU)
Macca, Kr (BeTpoaBUratesb + 70 98 43
reHeparop)
CuJa BeTpa pu CTparuBaHUM, 2.0 3.0 1.0
M/ceK
Yacrota BpanieHus, 06/MUH 300...400 180...300 600...900

BeTpoBasi TypOUHa, BETPOBOI1 pOTOP,
reHeparop, reHeparop,
BETpoOBasi TypOMHa,

KoMrueKTars aKKyMYJISITOD, BBIIPSIMUATETD, reHepaTop

WHBEPTOP, KOHTpPOJIIED, i

TpaHcdopmaTop

KabeJibHas1 coopka,
MauTa ¢ pacTsSKKaMu

1300

CTOUMOCTB, €BpPO N
» CBD (nmpousBoautesb Kuraii)

3350 250
(Mpou3BOIUTENIb YKpanuHa) (nmpousBonuTtesib Poccust)
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[TomygeHnio Bompl M3 aTMOC(HEPHOTO BO3IyXa ITOCBS-
meHsl MHOTME mareHTsl PD [16—22]. OgHako ¢ TOYKU
3peHUS HAIeKHOCTU MHXKCHEPHBIX CUCTEM 3IaHMi1 B Ya-
CTU TIOJCUCTEMBI BOIOCHAOXKeHUs Hanbojee 3 dex-
THUBHBIM SIBIISICTCSI MCITOJIb30BAaHUE MajIoradapUTHOMN
YCTaHOBKU ¢ Tpy6oit Bentypu (puc. 6), T.K. SIBIsIETCS
YCTPOMCTBOM ITOTyYEHHUSI BOIBI 3 aTMOC(EPHOTO BO3IY-
Xa 1 BEIPaOOTKM 3JICKTPOIHEPTUU. Y CTaHOBKA paboTaeT
caeAyoummM oopazoM. ATMochepHbBI BO3AYX ITOCTYNAeT
BO BHEIITHWI BepTUKAJIBHBIN HUINHIP 7 U ITO «CYXOMY»
KaHaiy 9 IBIKeTCs] BHU3, OXJIAXKIasICh 3a CYeT KOHTAKTa
C XOJIOMHOI CTeHKO# BHYTPECHHETO BEPTUKAIBHOTO I~
JHOpa 6 «BiaaxHoro» kKaHama 10. 3a cyer ucrnapeHust
BOIBI M3 TUAPODOOHOM KaITMUISIPHO-TIOPUCTOM TTOBEPX-
HOCTH 8, TTOKPBIBAIOIICH BHYTPEHHIOIO CTOPOHY BHY-
TPEHHEro UMIMHOpa 6, TeMIlepaTypa B HIKHEN 4acTu
€ro XOJIOMHOM CTCHKM MOHMXKACTCS J0 TeMIIePaTypHI,
OJIM3KOM K TeMIIepaType TOYKU pockl. [1pu 3ToM TIpo-
WCXOIUT KOHIEHCAIINS ITapOB BJIATH, COIEPXKAIIIXCS
B aTMOCc(epHOM BO3Iyxe, KaIlIi KOHIEH aTa STHX ITapoB
cobuparoTcs Ha KaruieylaBIMBamoIIeii ceTke 12, u Mo
IUTACTMHAM CTOKa BJIarW 13 IMOTOK KOHIEHcATa ITOCTY-
TaeT B BOOSHYIO eMKOCTb 14. MEHBIITYIO YacTh 3TOTO
KOHJeHcaTa MoJalT HAacoCcoM 1o TpyOorposony 11
B BEpXHIOIO 9acTh TUAPO(POOHOI MOBEPXHOCTHU 8 IIJIST e
CMauYMBaHUs BOIOI, a 0OJIbIIIas 9acTh KOHIEHCATA M3 BO-
ISTHOM eMKOCTH 14 TTogaeT K MOTPeOUTETIO TI0 BTOPOMY
TPYOOIIPOBOIY OTBOIA CKOHICHCUPOBAHHON MPECHOI
BonbI 15. O0TeKamomMii MIaCTUHBI CTOKAa BIaru 13 ox-
JTAKIEHHBIN BO3AYX IIOBOPAYMBACTCS 1 IBIKETCS BBEPX
o «BiaxkHOMY» KaHaiy 10. 3a cueT McrapeHust BOIbI
B BO3IyX M3 BIAXHON ruapohoOHON KamWUIIPHO-TIO-
PUCTOM TTOBEPXHOCTH §, MOKPHIBAIOIIEH BHYTPEHHIOKO
CTOPOHY BHYTPEHHEr0 BEPTUKAJIBHOIO LIMIUHApPA 6,
OTHOCHTEJIbHAS BJIaXXHOCTh BO3IyXa IPUOIMXKACTCS
K 100 %, B cBSI3U C YeM IPU ABMKECHUM YBIIAXKHEHHOTO

Puc. 6. Buxpesasi BOIOBETPO3HEPreTHYECKASA YCTAHOBKA: 1 — BO3IYIIHBII
¢urorep; 2 — HEMOABUKHOE KOJIBIIEBOE BO3AYIITHOE COILIO; 3 — Tpyba BeH-
Typu; 4 — BETpOSHEpreTHYecKasi yCTaHOBKA C BETPOKOJIECOM U 2JIEKTpOre-
HepaTopoM; 5 — IMOILIUITHKUK; 6 — BHYTPEHHUI BEpTUKAIbHBIA LIMJIMHID;
7 — BHELLIHUI BEPTUKAIBHBINA HWIMHAD; 8 — ruApo(OoOHast KalULUISIPHO-
TMOPUCTAsT TIOBEPXHOCTD; 9 — «cyxoii» KaHalt; 10 — «BiaxkHbIii» KaHai; 11 —
TPYOOIIPOBOJ OPOCUTENIBHOM BOMIBI C HACOCOM; 12 — KaruieyaaBIuBaoIast
ceTka; 13 — maacTUHBI CTOKAa CKOHJIEHCUPOBAaHHOM Biiary; 14 — BonsiHas
€MKOCTb; 15 — TpyOOIpoBOI OTBOJA MPECHOI BOABI

BO3/yXa I10 «BJIaXKHOMY» KaHajy 10 mOBBILIAETCS €ro
Macca M CHIXaeTcs IJIOTHOCTh. [1oaToMy maBieHME
BJIAKHOTI'O BO3/IyXa Ha BBIXOJIE U3 «BJIaKHOro» KaHaja 10
CTaHOBUTCS HIDKE MABJICHUS aTMOC(HEpPHOI0 BO3IyXa,
YTO TOBBIIIACT pa3peKeHNEe B Y3KOM CEUCHUN TPYOBI
Bentypu 3. [ToBbImaromasics mpu 3TOM pa3HOCTh IUIOT-
HOCTeH aTMOC(epHOro Bo3ayXa Ha BXOA€E B KOJbLIEBOE
BO3IYIITHOE COILIO 2 M B Y3KOM CeUCHUHN TPYOHI BeHTy-
pu 3 obecIieurBaeT MOBHIIICHIE CKOPOCTH BO3AYIITHOTO
IIOTOKA B «CyXoM» 9 1 BiaxkHoM 10 KaHaax, a TakKxkKe
IIPUBOIUT K JOTIOJTHUTEIBHOMY YCKOPEHUIO CKOPOCTH
Bo3ayxa B Tpyoe BeHTypn 3 1 K yBeTMUEeHUIO BEIPAOOTKI
BJICKTPOSHEPTIUH JICKTPOTeHEPaTOPOM BETPOIHEPIeTH-
yecKoit ycTaHOBKHY 4 [22].

Takum obpaszom, mpuMeHeHre KOHCTpyKun BOT,
KOTOpasi, IOMUMO IPECHOM BOABI M3 BO3MyXa, IIO3BOJISICT
C TIOMOIIIBIO BETPOIHEPTETUUECKOM YCTAHOBKHU C TOPH-
30HTAJIbHBIM BETPOKOJIECOM U 3JIEKTPOTeHEPATOPOM
ITOJIy9aTh €Ie U 3JICKTPOIHEPTHUIO, CO3MACT YCIOBUSI
ITOJIYICHUST «TPOMPOBAHHOM CHCTEMBI 3JIEKTPOCHAOKE-
HUS)» WHIMBUIYAJBHOTO JKIJIOT0 I0MA, KaK 3TO MPUHSITO
Ha ATOMHBIX 3JIeKTpocTaHIMsIX [30], T.€. ¢ BepOSATHOCTHIO
o1Ka3a He Bbimie 10~7. A 5T0 3HAYUT, YTO HA MPOTSKEHUH
100 ger (8760 yacoB « 60 muHyT » 100meT = 5,256 «
10’MUHYT) IOMYCTHMOE MpoNaJaHue 3JIeKTPOCHAOKEHHS
COCTaBUT 5,3 MUHYTHI!

YMECTHO CpaBHUTH HANEXKHOCTH CYIIECTBYIOIICH
CUCTEMBI IIEHTPAIM30BAHHOTO 3JICKTPOCHAOXKCHMSI
KUJIOTO CEKTOpPa TOPOIOB M HACEICHHBIX ITYHKTOB,
KOTOpas TIpoTrcaHa 3aKOHoAaTeJIbHO B ¢T. 38 M3-35
«00 anexTposHepretuke» [31]: «1. Cybsexmot 3.14exmpo-
3HepeemuKu, obecneyusarouiue NOCMAasKu 1eKmpu4ecKoil
JHepeuu nompeoumensm MeKmpu4ecKoll sHepeuu, 8 mom
yucne aHepeocobIMosble 0PeaHU3ayUU, 2apaHmupyrujue
NOCMABUWUKY U MEPPUMOPUANbHbIE Cemesble OPAHU3AUUU
(6 npedenax ceoeii omgemcmeeHHOCMUL), OMEeHalom nepeo
nompefOumenamu I1eKmpusecKoil IHepeul 3a HaA0eICHOCHb
obecneyeHus ux 31eKmpuyeckoll Jnepeuell u ee Ka4ecmaeo
6 coomeemcmeuu ¢ mpebosanusmMu mexHu1ecKux peaia-
MEHmMO8 U UHbIMU 00513aMeabHbIMU MPEOOBAHUAMU. ..

2. OcHo80il cucmembvt HA0EHCHO20 00ecrneueHUs nompe-
oumeaeil 31eKmpusecKoil sHepauell A6AAMCA HA0eHCHAS
cxema IHepeOCHAOICeNUsL U 8bINOAHEHUE 6cex mpebosaHuil
npasua mexHu4ecKol 3KCnAYamayuu 3.1eKmpocmanyuil
u cemeil, a makice Haiu4ue Ha PO3HUYHLIX PbIHKAX CHe-
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YUANUBUPOBAHHBIX OP2AHUZAUUI — 2aPAHMUDPYIOUWUX NO-
CMAaBUUK06».

Opnnako TexHU4eCKOTO perjiaMenTa 1o 3JeKTPoIHep-
reTHKe He CYIecTBYeT — ecTh ToinbKo [Ipukaz Munu-
ctepcrBa 3HepreTKu PP ot 25 okTs16pst 2017 1. Ne 1013
«O0 yTBepXKIeHNH TPeOOBAaHMIT K 00CCIICYCHITO HAIeK-
HOCTH 3JICKTPOIHEPTETUUCCKUX CUCTEM, HAaIeKHOCTHU
1 6€30ITaCHOCTH OOBEKTOB 3JIEKTPOIHEPTETUKI U SHEP-
TFONMPUHUMAIOIINX YCTaHOBOK «IIpaBuiia opraHu3anumu
TEXHUICCKOTO OOCIYKUBAaHUS U PEMOHTa 00BEKTOB
9JIEKTPOIHEPTETUKN», B KOTOPOM HET KOHKPETHOIi Be-
JINYMHbI HAJIEXKHOCTH M 0€30MaCHOCTH ISl CHCTeMBI [32].

M octaeTrcs emmHCTBeHHBIN mokKymeHT — [[OCT
32144-2013 [33], u3 kotoporo cienyeT (11. 4.3 «CoyJaii-
Hble cOObITUS» 1 TOANYHKT 4.3.1 «[IpepriBanus HaTIpsI-
KEHUsT» ), uTO «Cayuaiinble npepuléanus HAnPANCeHUs N00-
pasdensiom Ha oaumensruie (0aumensHocms 6osee 3 MuH)
u KpamkogpemenHole (0aumeabHocms He Oonee 3 MUH).
Excecoonas wacmoma daumeavnolx npepvliéanuii Hanpsi-
Jcenus (OaumenvHocmolo 6oaee 3 MUH) 6 3HAUUMEALHOU
cmeneHu 3a6ucun om ocoferHocmell cucmemol I1eKmpo-
cHabxcenus (6 nepsyro ouepeds, npUMeHeHUs: KadeabHblX
UNU 8030V UHBIX AUHULL) U KAUMAMUMECKUX YCAOGUID>.

CrrefoBaTenbHoO, ¢ YIETOM «KIMMATHIECKUX YCIIO-
BMii» 1 TTOUTH 25% TIOTEPh B CYIIECTBYIOIINX «KaOeb-
HBIX WJIM BO3IYIIHBIX JIMHYSIX», OITyCKAETCS MITHIMAITb-
HasT BEpOSITHOCT ITPOTIATaHUS SJICKTPOIHEPTUHN — 5,7 o
10~ (3 MunyTHI/8760 YacoB), a MakcuMaabHasa —1,0 o
1073 (9 yacoB/8760 yacoB), eciiy y4ecTh Clenyolee
«paspelleHre Ha HEKAYECTBEHHYIO MOCTAaBKY 2JIEK-
TposHeprum» [33]: «A.2 Ilepenanpsicenus. B cpednem
3a 200 8 MouKe npucoeouHeHus 603M0XCHbL 0K040 30 nepe-
HanpaxjceHul. ...YposeHv MaKux nepeHanpsyiceHuil npu
3HAYUMENbHOU He CUMMempuu (YasHbiX Ha2py30K MoJcem
docmueams 3HaUeHUll NUHEIIHO20 HANPSIICEHUS, A OAUmeab-
HOCMb — HeCKoAbKuUX Hacoe» (T.e. MeHee 10).

Takum o6pa3omM, HaAeXXKHOCTh, 0€30MaCHOCTh U Kave-
CTBO 3JICKTPOCHAOXKEHMS TIpeUIaraeMOM THPAXKIUPYEeMOI
ABTOHOMHOI MHXKEHEPHOI CUCTEMbI MHINBUAYAIBHOTO
xkutoro noma (AUC M2XKJT), kak muHumyMm, B 60 pa3
BBIIIIC IICHTPATM30BAHHOTO SHEPTrOCHAOKCHISI JKIUJIOTO
CEKTOpa, a C yIeTOM TIepeHANPSLKEHMI, KOTOPHIC B TPOU-
POBaHHOI CHICTeMe MCKITIOUeHBI HAHOTEXHOJIOTUSIMU X
nogasienus [6—8] — B AWMC MK/, 8 10 800 pa3 Bbi1e.

HybaupoBaHue moacucTeMbl BogocHaoxkeHust AMC
M2K]JI MOXHO OCYIIECCTBUTH 4-MSI OTEUCCTBEHHBIMU
METPOBBIMU «THUAPOITAHEISIMI» (pUC. 7 «a»), Kaxmas
13 KOTOPBIX MOKET TeHepHUPOBATH 10 S JT BOIBI B CYTKH.
I'unponaHensb (reJiIMoTepMaIbHbIN a1COPOLIMOHHBIN Te-
HepaTop aTMochepHOit BOObI) paboTaeT Ha IMPUHITUATIC
pu3MIecKoit aICOPOLMH TTO0 CYTOUYHOMY LIMKITY: HOUBIO
mpu TemIiepaTtype 20°C 1 MEHBIIIe TOTOK BO3IyXa Mpo-
XOIINT Yepe3 HAHOIIOPUCTHII afncopOeHT (puc. 7 «0»), Ko-
TOPBIN CEJICKTUBHO COPOMPYET BJIary M3 BO3MyxXa, a JTHEM
OT COJTHCYHOM SHEPTUM Pa30TpeBaCTCs CEJICKTUBHBIN
9KpaH, TepeJalolIiii TSTIOTY Ha aICOpOCHT, U3 HEero
BBIIEIISICTCS BJlara, KOTopasi KOHICHCHUPYETCS Ha XO-
JIOMHOM DKpaHe M CTEKaeT ¢ HeTO B BOTOCOOPHUK [34].

«TpomnpoBanre» MHKCHEPHOU CUCTEMbI MHIUBUIY-
aJTBHOTO KWJIOTO OMAa B 9YaCTU BOTOCHAOKCHUS IIEICCO-
00pa3HO OPraHU30BaTh C MOMOIIIbIO YCTAaHOBKU «AKBA-
MATHK» (puc. 8), B KOTOpOIT BO3IYX, IPOXOAS Uyepes
BIICKTpOCTaTHUeCKUii OrIbTp (1), momamaeT B KOHICH-
catop (2), Tie OH OXJIAXKIACTCS IO «TOYKHM POCHI», U T1ap,
MIPUCYTCTBYIOIINII B HEM, TIpeBpalacTcs B Bomy. Boma
CTEKaeT B JIOTOK cOopa Boms (3), 1, IpOUIs depe3 1Ieo-
JIMTOBBINA (PUIIBTP, TTOMAAACT B HUKHUM HAKOIIUTEIbHbBIIN
6aK. 31ech BoIa IPOXOINT IIEPBYIO CTEPIUTM3AIINIO YIIETpa-
¢umomeTom. 3aTeM HaCOC BHICOKOTO IaBJieHUs (4) mpoKa-
YUBaeT BOMIY Uepe3 CUCTeMY (DIIBTPOB (5), 1 OHA TIOTAmacT
B BEPXHMUII HAKOITUTE/IbHBIA 0aK 00beMoM 12,5 11. (6), a u3
Hero — B 0aK (7) xomomHo Bombl (Temmieparypa 4—10°C,

Puc. 7. Tmnponanem OO0 «UTP IOHUCOPB»
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Puc. 8. CtpykrypHas cxema u nuarpamva npoussoautebHocTH «<xAKBAMATUK»: 1 — anekTpocTaTnyecKuii
bunbpTp; 2 — KOHAEeHCcaTopP; 3 — HIDKHUM 0aK C IIEOJUTOBBIM (DUIBTPOM; 4 — Hacoc; 5 — cucTteMa (UIbTPOB;
6 — BepxHUii pe3epByap st Boabl (12,5 11); 7 — 6aku 11t XomogHoi Boas (2 11, 4—10°C) u ropsueit Bonsl (1,8 1,

90—-95°C)

00beM 2 J1.) 1 ropsiueit Bozbl (Temmeparypa 90—95°C, 00b-
eM 1,8 11.). I[Ipon3BomUTEIFHOCTD YCTAHOBKH (pHcC.8) 3a-
BUICHUT OT BJIAXKHOCTH OKPY>KaroIero Bo3myxa [35].

PacdeTsl 110 aHaI0TUM C 9HEPrOCHAOXKEHUEM TTI0Ka-
3aJIM, 9YTO HAZIESKHOCTh, 0€30ITACHOCTD 1 KAU4eCTBO TIPeI-
Jnaraemoii Tupaxupyemoit AUC MXK]I, B vacti BoJo-
cHabxenud, B 10 000 pa3 BbIIIE LIEHTPATIU30BAHHOTO
BOIOCHAOXEHMS M TEIUIOCHAOXKEHMS XXIJIOTO CEKTOpa
u B 1000 pa3 BblIllle «CKBAXXKWHHBIX CUCTEM» C alllapa-
TaM1, KOMOMHNPOBAHHBIMU Ta30BBIMU BOIOHATPEBa-
tenbHBIMU (AKI'B).

CienoBaTelIbHO, CTAHOBUTCS OYCBUIHBEIM MECTO
«IIPUPOIOITOTOOHBIX TEXHOJIOTHI», aTbTepHATUBHOMN
SHEPTETUKHU, B YACTHOCTH, B MUPOBBIX SHEPrOCHCTEMAaX
Pa3IMIHBIX TOCYIApPCTB, B TOM UYKCIIC B HAIICH CTpaHe.
W ocraHeTCSI IPOBECTH CPaBHUTEIBHBIN aHAIN3, HO HE
COIMATbHO-3KOHOMMWYECKOM 3(pPEeKTUBHOCTH TIpe/I-
JlaraeMOTO TI0OAX0/Ia, KaK 3TO IIPUHSITO B COBPEMEHHBIX
9KOHOMMYECKUX TCOPHSIX, a C YICTOM CaMOOpPTaHM3a-
LAY TIOJyYaeMBbIX «0j1ar» ¥ MPOM3BOIMMOTO «BpeIa»
(TTyOIMYIHBIX, KOJUTEKTUBHBIX U YACTHBIX), T.€. METOIOM
«PETPONPOrHO3a» COLMATBHO-2KOHOMUYECKHUX ITOTEPD
B O0IIECTBE, C TOUYKHU 3PCHMST 0€30ITaCHOCTH JKU3HEes -
TeJIbHOCTU (IIOXKAPHOM, 9KOJIOrMYeCKo 1 T.1.) [36, 37].

DT0 OyIeT cielaHo B OTAEIBHOM CTaThe, M YMECTHO
OTMETHUTD, YTO U3 BCEX «HEECTECTBEHHO-MaTeMaTHUye-
CKUX MOJeNIeil 5KOHOMUKI», 32 KOTOPBIE MOCJIEIHIE
45 net «pa3ngaBann» HoOelleBckue TIpeMuu B 00J1acTH
9KOHOMMKM, OYIET MCIIOJIb30BaH METOI MeXOTpaciie-
BOTO OajlaHca PyCCKOro yUYeHOTO, HOOEJIEBCKOTO Jay-
peaTta, MHocTpaHHoro wieHa Akagemnu Hayk CCCP
JleonTneBa B.B. B Bue agantupoBaHHOM 7151 3TUX LIeJIei
momeiu JleontbeBa-Popma [39], COBMECTHO ¢ MOIEIIIMU
peTporporHosa st Hoocdepsr [38, 39].

3AK/IIOYEHUE

AHanmM3 HanpaBJICHUI ¥ TEMITOB pa3BUTHSI BO3OOHOB-
JISIEMOM DHEPTeTUKU B MUpPE TTOKAa3aJjl, UYTO yKa3aHHbBIC
YCTAaHOBKU SIBIISTFOTCS HECTAOMIBHBIMU, HU3KO KOH-
LIECHTPUPOBAHHBIMU U TIEPUOINICCKUMHI NCTOYHUKAMH,
B CBSI3M C UeM MX 0€CCUCTEMHOE TIPUMEHCHIE SIBISICTCS
CePBE3HOM OIMMOKOM YICHBIX, CITCIIMATCTOB U TTOJIUTH-
KoB. Ha ocHOBe aHanmmM3a MHXEHEPHBIX CUCTEM MHOTO-
KBapTUPHBIX KMJIBIX 3TaHUI M MTHIUBUIYATBHBIX XKITHIX
JIOMOB, a TAK3KE TTOKAPHO-3HEPTeTUISCKOTO M SKOJIOTH-
YeCKOT0 Bpella, BO3HUKAIOIIETO B pe3yabTaTe UX (PyHK-
IMOHUPOBAHUS, TIPEIJIOKECHB HAHOTEXHOJIOTUU 1 POC-
CHIICKUE TTATeHTHI, PeaIN3yIOINe «ITPUPOIOIIOI00HEIC
TEXHOJIOTHI» , KOTOPHIE TIO3BOJISIOT PEITUTH ITPOOJIEMBI
ABTOHOMHOTO 3JICKTPO-, BOIO-, TeIUIOCHAOXKECHMS MH-
IUBUAYyaJbHBIX XWIbIX TOMOB. [ToKa3aHo, YTO MHTE-
rpamus «IllyxoBcKo#i» 1 BUXpPEBOIl BETPOYCTAHOBOK,
OTCUYECCTBEHHBIX TUIPOTIAHEICH W COTHEYHBIX OaTapeit
TO3BOJISIIOT CO3MIATh TUPAKMPYEMYIO0 aBTOHOMHYIO MHXKe-
HEPHYIO CUCTEMY JUISI UHAWBUIYAJIbHBIX XXWIBIX TOMOB
(AC M2K1).

3a cuet myomuposanusg 1 TpoupoBanHnst AMC MK/
MOKET 00€CTICUNTh 3JICKTPOIHEPTUeii, BOTOUN U TETUIOM
WHOVBUAYaJIbHBIC XUIbIC TOMa ¢ TTapaMeTpaMi Kade-
CTBa, HAIEXKHOCTH U OE30ITaCHOCTH, KOTOPBIC Ha He-
CKOJIBKO TTOPSIIKOB MPEBHIIIAIOT CYIIECTBYIOIINE ICH-
TpaJM30BaHHBIC CUCTEMBI PECYPCOCHAOXKEHMS TOPOIOB
1 HACEJICHHBIX ITyHKTOB.

IIpennaraeMbIii TOAXOM ¢ TTOMOIIBIO Momenn Jle-
oHTheBa-Dopma 1 MeToma PETPOIIPOTHO3A TTO3BOJIUT
B OyIyIIIeM TOYHO OTIPEICINTh MECTO TaK Ha3bIBaeMOM
BO300HOBIISIEMOU HEPTETUKU B CTPYKTYPE CUCTEMBI
pecypcocHa0XeHUS TOPOIOB M HACEJICHHBIX ITYHKTOB.
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ABSTRACT: Introduction. Recent years have seen a pressing need to dispose of municipal solid waste due to rapid urbanization.
The municipal solid waste incineration fly ash (MSWIFA) produced from solid waste incineration power plant exhibits pozzolanic
properties and poses concern of toxicity leaching when used directly as building materials. This paper presents an alkali-activation
method to produce sustainable alkali-activated MSWIFA materials (AAFMs) with various MSWIFA dosages and investigate the cor-
responding fabrication and performance. Materials and Methods. Composited alkali activators activate the MSWIFA with constant
alkalinity of 5% and the molar ratio of Si/Na = 0.86. The resulting geopolymers' bulk densities, mineral composites, morphology,
and compression strength are thoroughly examined. Results and discussions. Results show that the use of MSWIFA may lead to
more loose structures because the bubbles are generated from metallic aluminum and alkali activators. Additionally, the produc-
tion of multiple crystals also accounts for increasing porosity. The generated multi-crystals such as Sylvite, Halite, Hydrocalumite,
Calcium Hydroxide, and Ettringite are further detected from the morphology and mineral analysis. Furthermore, compression tests
and toxicity characteristic leaching procedures (TCLP) are conducted to investigate the mechanical performance and heavy met-
als solidification performance of AAFMs, with an optimal compression strength of 19.99MPa at 28 days for AAFM-10 while toxicity
leaching is subject to regularity limits. Conclusions. This study shows that great potential of using the alkali-activation method to
recycle hazardous municipal solid fly ash into construction materials with both ecological safety and high performance.

KEYWORDS: Municipal solid waste fly ash; Alkali-activation; Mineral analysis; Morphography; Compression strength; Toxicity leaching.
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1. INTRODUCTION

unicipal solid waste has garnered widespread at-

tention, posing substantial environmental and eco-
nomic challenges [1]. Low disposal efficiency and high
ecological and economic costs impose a heavy burden on
waste management. Specifically, waste landfill exacerbates
land consumption and causes secondary land pollution |2,
3]. Meanwhile, biodegradation is considered as a limited
method since microbes are only active to partial wastes
in the short term and introduce more environmental risks
in an extended period. Compared with the above disposal

methods, incineration is considered as a great alternative
due to its effective mass/volume reduction of waste by
70/90%, respectively, and its more straightforward treat-
ment process, low cost and even the potential of power-
generation [4]. Besides, the incineration waste residue
shows excellent potential as a source of construction ma-
terials that may help mitigate carbon emissions caused by
cement production and further elevate the resource utili-
sation and revolution of green materials and construction.

The municipal solid waste incineration residuals are
generally composed of municipal solid waste incineration
fly ash (MSWIFA) and municipal solid waste incineration
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bottom ash (MSWIBA) [5]. Containing similarly fun-
damental chemicals such as Al,O,, CaO, and SiO, with
OPC, MSWIFA is expected as raw materials to agglom-
erate and burn clinker or play a role as supplementary
cementitious materials (SCMs) to produce other con-
struction materials such as Strain hardening cementitious
composites (SHCC) [6]. The MSWIFA also feature high
heavy metal leaching and high concentration chlorides,
which may have risks in contaminating groundwater and
soil if leached, although only approximately 20% of total
residual volume. Consequently, wise strategies are nec-
essary to solidify the heavy metals before direct using
MSWIFA as the ideal SCM. Various chelating agents are
well developed for heavy metal immobilisation, while the
MSWIFA after processing may still end up in landfill sites
rather than used as construction materials. It has been
reported that cement solidification/immobilisation can
effectively reduce the potential of heavy metal leaching
[7]. However, the extra consumption of cement may run
counter to reducing carbon emissions [8]. Conversely,
from current research, heavy metal solidification/im-
mobilisation of MSWIFA by the alkali-activation method
may present a possible solution to considering service
performance and environmental effects.

Alkali activation (Geopolymerization) is defined as
the reaction of a solid aluminosilicate precursor under
alkaline conditions or induced by the alkali activator to
produce a hardened binder based on a combination of
hydrous alkali-aluminosilicate and alkali-alkali earth-
aluminosilicate phases [9]. The general mechanism of
geopolymerization involves the dissolution, migration,
gelation, reorganization, polymerization, and harden-
ing of aluminosilicate precursors [10]. The final prod-
ucts mainly contain various disordered, high-molecular,
and well-connected sodium-aluminate-silicate-hydrate
(N-A-S-H) gels networks in which basic metal cations
(e.g., K*, Na* and Pb") are incorporated to balance the
charge in these structures. The most common precur-
sors used to produce alkali-activated materials (geopoly-
mers) are wastes or industrial by-products, which may
be derived from various resources and industrial activi-
ties such as Coal Fly Ash (CFA), Ground-granulated
Blast Furnace Slag (GGBS), Red Mud (RM) [11, 12]
and Municipal Solid Waste Ash (MSWA). The utilisation
and transformation of industrial by-products as renewed
raw materials significantly control emission footprint and
are promoted as an environmentally beneficial option in
engineering practice.

While alkali activation of high-pozzolanic solids such
as CFA and GGBS has received considerable attention,
the fabrication and performance of AAFMs, especially
in terms of mechanical performance and environmental
safety (heavy metal leaching behaviours), have not been
well-studied. Recently, some studies on AAFMs have
been conducted in conjunction with using MSWIFA as

an aluminosilicate precursor. The dehydrated cementi-
tious waste (DCW) is employed as a binder substitute to
produce a DCW-IFA paste that exhibits the anticipated
solidification/immobilization action on heavy metals such
as Pb [13]. AAFMs can also be synthesized using a ter-
nary binder composed of MSWIFA, OPC, and Metaka-
olin (MK). The presence of metakaolin significantly
reduced the amount of heavy metals released from the
binder matrix [14]. A composite binder comprising 50%
wt. MSWIFA, and 50% wt. OPC is intended to fabri-
cate AAFMs with a compression strength of more than
18.8 MPa at 28 days [15]. Moreover, existing metallic
aluminum in MSWIFA/MSWIBA has also garnered
considerable interest owing to its rapid burning of alu-
minum waste and formation of a protective oxidized coat-
ing [16,17]. Aluminum may result in a porous structure,
lowering the mechanical property. Additionally, the mi-
crostructure is discovered using a visual approach, which
reveals crystals with various forms and porous morphog-
raphy [18].

This research aims to investigate the alkali-activated
fabrication procedures and performance, which help reuse
the MSWIFA as sustainable construction materials with
high performance. In this study, the geopolymers made
by proper activators and gradient MSWIFA dosage are
firstly fabricated. Subsequently, the tests of morphology
and mineral analysis of pastes are conducted to show the
physical and chemical properties of AAFMs. Further-
more, the mechanical property is of primary concern and
determined by compression tests to examine the funda-
mental loading capacity as construction materials. Heavy
metal leaching tests are finally conducted to simulate so-
lidification performance in complex natural environments
for the sake of environmental safety.

2. MATERIALS AND METHODS
2.1. Materials

The municipal solid waste incineration fly ash is col-
lected from a waste incineration power station in Weifang,
Shandong Province, China. The solid precursors may also
contain Coal Fly Ash (CFA), Ground-granulated Blast
Furnace Slag (GGBS) and 42.5 MPa Ordinary Poland
Cement (OPC) as significant aluminosilicate resources
produced from a thermal power plant (Meizhou, China),
Wuxin Materials Company (Wuhan, China) and Huaxin
Cement Corporation (Wuhan, China), respectively. Fig. 1
presents particle distributions of MSWIFA. From the fig-
ure, most MSWIFA particles range from 0.93—103 um
with the average particle size of 9.87 um, while the mean
size of CFA and GGBS particles are 18.3 and 13.7 um,
respectively. The chemical compositions of these raw
materials are then determined by an X-ray fluorescence
spectrometer (XRF), as shown in Table 1. The alkaline
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Fig. 1. Particle size distribution of MSWIFA

activators used in this research are composited of analyti-
cally pure Sodium Hydroxide (NaOH, 99% wt.) and So-
dium Metasilicate pellets (Na,SiO,+ 5SH,0, 99% wt.), both
produced from Zhiyuan Chemical Company (Tianjin,
China). Additionally, deionised water is used to prepare
these geopolymers.

2.2. Mixture design

The mix design in this work contains a total of
12 groups of mixtures, as shown in Table 2. The alkali
activators are configured from the table by adjusting the
relative amounts of Sodium Hydroxide, Sodium Metasili-
cate, and deionised water. The solutions for all mixtures
are set as constant alkalinity of 5% with the same molar
ratio of Si/Na = 0.86. In binders, the dosage of GGBS ac-
counts for 50% weight of the binder (MSWIFA + CFA +
GGBSY) in each group, while CFA replaces the IFA from
0% to 50%. This water/solid ratio also keeps constant as
W/S =0.39.

2.3. Preparation process

The binder powders and corresponding solid al-
kaline pellets (NaOH + Na,SiO,«5H,0) are firstly
dry-mixed for 2 mins to reach a homogeneous state.
Subsequently, the deionised water is poured into the
homogeneous mixtures and blended in a low speed for
the 30 s, high speed for 1min, and finally 30s at a low
rate. After mixing, the fresh geopolymers are finally pro-

Table 1
Chemical compositions of MSWIFA (wt. %)
Composition Weight
CaO 49.34
Cl 19.40
Na,O 9.58
SO, 8.30
K,0 7.29
SiO, 2.34
MgO 1.06
Fe,O, 0.736
AlLO, 0.671
ZnO 0.420
PO, 0.263
TiO, 0.158
Br 0.101
PbO 0.100
CuO 0.0418
MnO 0.0355
SrO 0.0288
BaO 0.0267
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Table 2
Mixture proportions of AAFMs

Proportion by weight
MSWIFA CFA Slag Cement
AAFM-0 0 0.5 0.5 0
AAFM-10 0.1 0.4 0.5 0
AAFM-20 0.2 0.3 0.5 0
AAFM-30 0.3 0.2 0.5 0
AAFM-40 0.4 0.1 0.5 0
AAFM-50 0.5 0 0.5 0
CS-50 0.5 0 0 0.5

Water/Solid Ratio = 0.39; Si/Na = 0.86 in activators.

duced with proper workability and fluidity. The above
geopolymer pastes are then cast in molds with the size
of 50x50x50 mm and cured under the lab conditions
for 7 and 28 days after demolding.

2.3.1. Tests and Characterization

2.3.1.1. Bulk Density

Bulk density is a sufficient index of structure com-
pactness. A micrometer scale directly weights the mass
of geopolymers, while the volume can be measured by
the Archimedes drainage method. The bulk density is
finally calculated by dividing the mass of the sample by
the volume of displaced water.

2.3.1.2. Morphography

The microtopography of geopolymers is obtained by
a Zeiss Merlin scanning electron microscope (SEM).
After pre-heating at 60°C to evaporate the inner water,
the specimens are cut into dimensions under 0.5 cm and
coated with Pt by a coating machine to enhance surface
charging. The accelerating voltage and current are 5 kV
and 5 mA under the SE2 channel pattern. Coupled with
SEM, element analysis is also conducted to characterize
the elementary composites of specific areas and points
in the images by an Apollo X energy dispersive system
(EDS).

2.3.1.3. Mineral analysis

X-ray diffraction (XRD) is carried out to reveal the
crystalline phases of MSWIFA-based geopolymers via
diffractometer (Bruker D8 Powder). The diffraction is
operated at 40 kV and 40 mA with a Cu Kp of 1.54056 A.
The diffraction range is set from 6.25 deg to 90 deg with
an interval of 0.02 deg per step. Powder samples for XRD
tests are crushed and sieved under 45um-sized sieves and
evenly laid on the slides.

2.3.2. Compression tests

The compression strength of MSWIFA-based geopoly-
mers is determined by an unconfined uniaxial compres-
sion test according to ASTM C109 [19]. The dimension of
samples is set as 50x50%50 mm. The prepared specimens
are then loaded in a multi-function mechanical testing
machine (Weeping brand, China) with a rate of 50 N/s.
An automation software records the loading force and the
displacements until failure. The compression tests are per-
formed at curing age of 7 day and 28 day, respectively.

2.3.3. Toxicity characteristic leaching procedure (TCLP)

The leaching test is conducted by the horizontal os-
cillation method to determine the toxicity of samples in
accordance with GB 16889—2008 [20]. The solid sam-
ples are firstly broken down and crushed into fragments
(< 9 mm). After that, the crushed chippings were dis-
solved and emerged in 5% glacial acetic acid at liquid-sol-
id ratio (L/kg) 20:1. Then all the suspensions are set into
conical flasks and shook at a vibration frequency of 110 £
10 times/min and an amplitude of 40mm under a hori-
zontal oscillation shaker. The mixtures were firstly shaken
for 8 hours under laboratory conditions and then kept
steady for another 16 hours. After filtering by a 0.45 um
filter in a Buchner funnel, the leachate was collected and
tested via an Inductively Coupled Plasma Optical Emis-
sion Spectrometry (ICP-OES, Perkin Elmer). The regular
limit of concentrations of leached heavy metals including
Zn, Pb, Cu, Ba, Cr, and Cd are 100, 0.25, 40, 25, 4.5, and
0.15 mg+ L, respectively.

3. RESULTS AND DISCUSSION
3.1. Bulk Density

Fig. 2 shows the bulk density of AAFMs. From the
result, the AAFMs’ bulk density is inversely related to
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Fig. 2. Bulk density of AAFMs

the MSWIFA dosage in precursors. As indicated, the
bulk density of AAFM-10 reaches around 1.55 g/cm?,
whereas it drops to 1.36 g/cm?at sample AAFM-50. The
decreased compactness of AAFMs may be attributed to
two main reasons. First, the bubbles generated in paste
lead to high porosities of AAFMs. The hydrogen releases
because of the reaction between the residual metallic
aluminum in MSWIFA and alkali [16,21], thus decreas-
ing the bulk density. The other reason is that more loose
interior structures are produced due to the generation of
multiple crystals. This point can be verified in Sections
3.2 and 3.3.

3.2. Morphography

The morphology of each AAFM sample at 28 days is
shown in Fig. 3, which consists of some typical shapes
of crystal such as needle-like crystals (Fig. 3(a)), flakes
(Fig. 3(b)) and fluffy-like crystals(Fig. 3(c)) [13, 15, 22].
Fig. 3 shows the morphology difference of AAFMs caused
by MSWIFA dosage in the same fabrication method. It is
easy to identify that Fig. 3 (d) has more unreacted par-
ticles while less amorphous C-(N)-A-S-H gel due to more
unreactive contents in MSWIFA than replaced CFA,
indicating that the alkali-activation reaction is almost
inadequate. From the chemical composites of MSWIFA
Fig. 4, the insufficient contents of silicate and aluminum
may help explain less geopolymerization production, mi-
crocracks, and low compressive strength.

3.3. Mineral analysis

The XRD spectrum of original MSIWFA powder and
AAFMs are presented in Fig. 4. The main crystal phas-
es of AAFMs are Calcite, Portlandite, Hydrocalumite,
Ettringite and Anhydrite. For the control group without
MWSIFA(ASTM-0), typical crystal phase hydration
products such as Calcium Hydroxide (Ca(OH),), Hydro-
calumite, and Ettringite (Ca,Al(SO4),(OH),*26H,0)
are detected (Fig. 4). Additionally, the presence of Cal-
cium carbonate (CaCO,) may be attributed to the car-
bonation of calcium hydroxide (Ca(OH),) during sample
preparation. New crystals such as Portlandite and Hy-
drocalumite are detected because MSWIFA was added
in [13], which is also identified in the original MSWIFA
in Fig. 4. Contrarily, the peak of Calcite and Hydrocalu-
mite tends to increase. Specifically, it is already reported
that the Hydrocalumite existed in the form of a chloride-
bearing phase, that is, C,H,,Al,Ca,Cl1,0,, [23]. The extra
chloride was introduced with high contents in MSWIFA,
and Hydrocalumite is one of the main crystalline chlo-
ride-aluminium-calcium products after geopolymeriza-
tion [24].

3.4. Compression Strength

Fig. 5 illustrates the compressive strength of specimens
at 7" days and 28™ days, respectively. As shown in Fig. 5,
the dosage of MSWIFA used in raw materials has a nega-
tive effect on the compression strength of geopolymers
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Fig. 3. Morphology of (a) Needle-like crystals (b) Flakes (c¢) Fluffy-like crystals (d) C(N)-A-S-H gels
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Fig. 4. Mineral analysis of MWIFA and AAFMs
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[6, 25]. The sample (AAFM-0) made without MSWIFA
gains the highest compressive strength at 28 days at
around 32.8 MPa while decreasing to 6.0 MPa at Sample
AAFM-50 with a mass fraction of 50% MSWIFA. There
are two primary explanations for the adverse effects, first
the quantity of active aluminosilicate in MSWIFA reduces
in comparison with the amount of CFA substituted in the
precursor, indicating that less N(C)-A-S-H gel is gener-
ated; the oher cause is that more residual aluminum in
high dosage MSWIFA reacts with alkali during geopo-
lymerization, generating hydrogen gas and reducing the
compactness of geopolymers, hence lowering compres-
sion strength.

3.5. Toxicity Leaching Performance

The toxicity leaching performance of raw MSWIFA
and AAFMs synthesised by different MSWIFA dosages
is shown in Table 3. The quantity of MSWIFA utilised
in AAFMs seems to be growing as the concentration
of hazardous heavy metals in AAFMs rises. Further-
more, samples generated using alkali-activated tech-
niques (AAFM-50) had a more significant solidification
impact on all heavy metals leaching behaviours than
cement-solidified samples (CS-50), indicating that
alkali-activation is a more effective way for heavy met-
als solidification [26, 27]. Alkali-activated technologies
improve solidification efficiency and expand the applica-

tion scope of AAFMs while lower emissions and cost as
structural materials.

In particular, the concentrations of Zn, Cu, Ba, and
Crin AAFMs and original MSWIFA are lower than the
GB 16889-2008 standard limitations [20]. Conversely,
Pb content fails to meet the standard criteria for samples
with MSWIFA dosages greater than 10% wt. Moreover,
the concentration of leached Cd in AAFM-50 exceeds
the limit of 0.15 mg/L in standard. When the MSWIFA
dose reaches 10% wt. in binders, the toxicity leaching
performance of AAFM-10 proves to be a sustainable
building material because of excellent environmental
safety.

4. CONCLUSION AND FUTURE RESEARCH

This paper has reported the fabrication and perfor-
mance of sustainable municipal solid waste incineration
fly ash alkali-activated materials (AAFMs) in construc-
tion. The following conclusions can be drawn from this
research.

« The feasibility of synthesizing AAFMs with compos-
ited activators of sodium hydroxide and sodium metasili-
cate has been experimentally validated in this study. The
inner structure of AAFMs containing MSWIFA is proved
to be loose, and the bulk density tends to be inversely
proportional to MSWIFA dosage. The bulk density of

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (1):
43-52

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

SYSTEM SOLUTIONS FOR TECHNOLOGICAL PROBLEMS

Table 3

Nanobm

Heavy metals concentrations in the TCLP leachates at 28 days

TCLP (mg* L)
Zn Pb Cu Ba Cr Cd
GB16889—2008 100 0.25 40 25 4.5 0.15
AAFM-0 0.068 0.02 0.041 1.82 0.044 0.001
AAFM-10 0.511 0.032 0.048 1.505 0.046 0.007
AAFM-20 1.601 0.364 0.064 0.779 0.053 0.011
AAFM-30 2.54 0.512 0.072 0.787 0.061 0.014
AAFM-40 5.159 0.756 0.097 0.851 0.062 0.036
AAFM-50 7.996 0.992 0.202 0.869 0.064 0.138
CS-50 9.645 1.298 0.594 1.007 0.091 0.428
MSWIFA 12.87 1.588 1.17 1.113 0.113 0.798

AAFM-10 is around 1.55 g/cm?®and falls to 1.36 g/cm?
when the MSWIFA dose reaches 50%.

« Multiple polymerization products have been ex-
plored in detail. According to mineral analysis and tomog-
raphy, many crystal phases and amorphous N(C)-A-S-H
gels are detected. In hardened AAFMs, KCl, Ettringite,
Ca (OH), and CaCO, are recognized from an XRD pat-
tern, while needle-like crystals, fluffy-like crystals and
flakes are observed using SEM.

« The AAFMs obtained a relatively high mechanical
performance. The compression strength of AAFM-10
reaches 19.99 MPa, whereas it decreases to 6.43 MPa at
the 28" day in the case of AAFM-50, which allows the
possible application as structural materials. In addition,
the MSWIFA dosage has detrimental influence on the
compression strength of AAFMs.
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AHHOTALIUA: BBegeHue. 3a nocsiefHME HECKOMNbKO NIET Ha3pesia cepbe3Has HeobXoAMMOCTb NepepaboTKn TBepAbIX ObITOBbIX
otxofoB (TBO) B €BA3M C MHTEHCMBHON ypbaHu3auyel. 30/1a-yHoC, nonyyaemas nytem coxxeHusa TbO Ha cneumanbHbIX 3aBoAax,
npoABAAeT NyLLI0NaHOBbIE CBOMNCTBA 1 Bbi3bIBaET OMaceHWs, CBA3aHHble C TOKCUMYHOCTbIO MPY HENoCpeaCTBEHHOM UCMOIb30BaHUN B
cTpouTenbcTae. B faHHOM cTaTbe NpeacTaBneH MeTOA LWeIoYHON akKTMBaLMM 418 NOSYyYEHNA SKOMOTNYHbIX, LEOYHbIX MaTepranos C
pa3nnyHbIM CofiepKaHmeM 3011bl-yHoca, fobblBaemol cxmraHnem ThO, a TakKe nccnefyioTca X NPOU3BOACTBO M SKCNyaTaLMOHHbIe
XapaktepucTtuki. Matepuanbl u metofbl. KOMNO3MTHbIE LeNoYHble aKTUBATOPbI aKTUBMPYIOT 301y-yYHOC 13 TBO ¢ noctosaHHOM 5%
LLeSIOYHOCTBIO U MoNAPHOM cooTHoLweHun Si/Na = 0,86. Moapo6HO 13yyeHbl 06beMHbIE MIIOTHOCTU, MUHEPASIbHBIN COCTaB, MOPdO-
JIOrVisi U MPOYHOCTb HA CKATVe MOJyUYeHHbIX reononnmepoB. Pe3ynbTaTbl  06cyKaeHNs. Pe3ynbTaThl MOKA3bIBALOT, YTO MPUMEHEHVE
30/1bl-yHOCa 13 TBO MoXKeT NpMBeCTN K MeHee MAOTHbIM CTPYKTYpaM, MOCKONbKY 13-3a LEeNOYHbIX aKTMBATOPOB U METaNNYeCcKoro
anloMUHMA BO3HMKAIOT My3blpbKK BO3Ayxa. bonee Toro, npon3BoACTBO CPOCLIMXCA KPUCTANIOB TakKe O3HaYaeT yBennyeHre nopu-
crocTu. Mpw npoeaeHUN MOPHONOrMYECKOro U MUHEPaIbHOrO aHanM30B Oblnv 0O6HapY»KeHbl TaKne MySIBTUKPUCTaNIbI, Kak CUNbBUH,
ranuT, ’MAaPOKaNioOMMIT, TMAPOOKNCH KanbLMA U STTPUHIAT. [lanee BbINONHANMCD UCMbITAaHUA MPOYHOCTN Ha CKaThe U ONpeaenannucb
XapPaKTEPUCTUKN TOKCUYHOCTM C MOMOLLbIO BbilwenaunsaHua (TCLP) ¢ uenbio n3yyeHnsa MexaHMYyeCKom NPOYHOCTY 1 XapaKTePUCTUK
KpUCTann3aunmy TaxesbiX MeTanioB MaTepUasnoB 13 30/1bl-yHOCa, C ONTUMaNbHOM NPOYHOCTbIO Ha cKaTue 19,99 MIMa 3a 28 gHen ana
matepuana AAFM-10 npu ycnoBmm, YTO TOKCMYHAA BbllLelayrBaeMoCTb NOCTOAHHA. BbiBogpl. VccnenoBaHmne nokasbiBaeT OrPOMHbIN
noTeHuMan BHepeHNA MeToAa LLEeNOYHON akTmBaLmmn Ansa nepepaboTku onacHol 3056l TBO B cTponTenbHble MaTepuarnbl, KOTopble
He TONbKO 6e30MacHbI /1A SKOSTOMMM, HO Take 06/1aiatoT BbICOKMMM SKCMITyaTaLMOHHbIMU XapaKTeprUCTUKaMM.
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Prescription and technological efficiency of sedimentary
rocks of various composition and genesis in cement systems
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ABSTRACT: Introduction. Active mineral additives that allow controlling the structure formation processes and properties of
cement systems are important components of modern modified concretes. Among the numerous types of modifiers for cement
composites, the most effective ones include siliceous and aluminosilicate additives containing a significant amount of nanoscale
particles, in particular, nanoparticles of silicon dioxides, clays, aluminum oxides and iron oxides. At the same time, common
sedimentary rocks, such as diatomites, trepels, opokas, polymineral clays, etc., along with industrial wastes (silica fumes, fly ashes,
metallurgical slags) can be promising raw materials for obtaining such modifiers. The purpose of this study was to establish the
influence regularities of mineral additives based on sedimentary rocks of various composition and genesis on the technological
and physico-mechanical properties of cement systems with the identification of the most effective modifiers. Methods and ma-
terials. Siliceous rocks (diatomite and opoka), calcined polymineral clays and carbonate rocks (dolomite and chalk) from several
deposits of the Republic of Mordovia were used as mineral additives. The study of the chemical and mineralogical composition of
sedimentary rocks was carried out using X-ray spectral fluorescence spectrometry and X-ray powder diffraction methods. In addi-
tion to the chemical and mineralogical composition, at the initial stage of the study, the specific surface area of mineral additives
and Portland cement was determined on the PSX-12 dispersion analysis device using the Kozeny-Carman method. Prescription and
technological efficiency of the applied mineral modifiers was evaluated by their effect on water demand, water-holding capacity,
flowability of cement paste and mixed cement binder activity. The physical and mechanical characteristics of cement systems were
determined using standardized and well-known authorial methods. Results and discussion. There were established correlation
dependences between indicators of water demand, water-holding capacity, flowability of cement systems and specific surface
of mineral additives used. In addition, relationship between the activity index of the studied modifiers and the content of silicon
dioxide in their composition was revealed. Conclusions. According to the totality of the conducted studies, diatomite, opoka and
calcined polymineral clay were identified as the most promising types of mineral additives. The increased effectiveness of these
modifiers in cement systems is due to the peculiarities of their chemical and mineralogical composition, in particular, the presence
of active silica-containing components (reactive minerals with an amorphized structure) such as opal-cristobalite-tridymite phase
in diatomite and opoka as well as products of partial thermal destruction (dehydroxylation) of minerals of kaolinite and illite groups
in the calcined polymineral clay.
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INTRODUCTION ous scale levels such as macro, meso, micro levels, up to

understanding the importance of the nanoscale level of

Currently, one of the priority areas of building mate-
rials science is the development of theoretical and
technological foundations for the design and synthesis
of high performance cement system structures at vari-

© Balykov A.S., Nizina T.A., Kyashkin V.M., Volodin S.V., 2022

the material structure organization. Structural modifica-
tion of the cement matrix through the use of micro or
nanoparticles and fibers provides a largely high level of
properties of such composites [1, 2, 3, 4].
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Among the numerous types of cement system nano-
modifiers, the most effective ones include:

« silicon dioxide (SiO,) nanoparticles with a high specif-
ic surface area (at least 180 m?/g), contributing to the
achievement of radically new physical and mechani-
cal characteristics of cement stone (strength, creep,
shrinkage, etc.) due to reduced structure porosity and
improved stacking of the structure components, and
also thanks to directional changing in the solid phase
quality, that it consist in replacing Portlandite crystals
and high basic calcium hydrosilicates of C-S-H(II)
type with low basic C-S-H(I) phases responsible for
the strength and durability of cement composites
S, 6];

« nanoparticles of clays (aluminosilicates), aluminum
oxides (AlL,O,) and iron oxides (Fe,0,) that improve
elasticity modulus and strength characteristics of ce-
ment stone, reduce shrinkage composite deformations
and their structure permeability for chlorides, and also
make it possible to monitor and record their own com-
pressive stresses of cement systems through change
assessment in the volumetric electrical resistance of
solutions with these nanoparticles [7, 8].

In addition to using nanomodifiers, the development
of physico-chemical and technological methods for con-
trolling the structure parametrs of cement composites
at the microscale level remains an important issue. The
increased efficiency of using highly dispersive siliceous
and aluminosilicate additives of natural and technogenic
origin, such as silica fumes, metakaolins, fly ashes, met-
allurgical slags, etc., in the cement system compositions
was established based on the numerous research results by
Russian and foreign authors [9, 10, 11, 12, 13] , including
their own [14, 15]. These mineral additives can have a no-
ticeable amount of nanoscale particles, although basically
their granulometric composition is in the micrometric
range (10°—10"" m).

At the same time, it is worth noting that the territo-
rial limitation, composition variability and often the high
cost of the above additives are the main constraining
factors of their use. In this regard, expanding the raw
material base for obtaining effective mineral additives
based on available natural raw materials is an important
task. One of the most promising in this respect for many
regions of the Russian Federation are common raw ma-
terials such as siliceous opal-cristobalite rocks [16, 17,
18], polymineral clays [19, 20, 21] and carbonate rocks
[22, 23, 24].

The purpose of this study was to establish the influ-
ence regularities of mineral additives (MA) based on
sedimentary rocks of different composition and genesis
(siliceous, clay and carbonate rocks) on the techno-
logical and physico-mechanical properties of cement
systems with the identification of the most effective
modifiers.

To achieve this objective, the following tasks were
solved:

 the chemical and mineralogical composition was stud-
ied for the initial sedimentary rocks;

« the effects of mineral additives based on sedimentary
rocks of different composition on the water demand,
water-holding capacity and flowability of the cement
paste were researched;

 the influence of mineral modifiers on the mixed ce-
ment binder activity was studied;

« the most effective sedimentary rocks have been estab-
lished which make it possible to directionally control
the technological and physical-mechanical properties
of cement systems.

METHODS AND MATERIALS
Materials

The main component of binder in the cement system
recipes was Portland cement 500-D0-N (PC) produced
by Mordovcement PJSC.

Several groups of sedimentary rocks, previously
crushed to different specific surface area, were used as
mineral additives:

1) siliceous opal-cristobalite rocks such as diatomite
from the Atemarsky deposit of the Republic of Mordo-
via (DTMT1, DTMT2 and DTMT3); opoka from the
Alekseevsky deposit of the Republic of Mordovia (OPK1
and OPK2);

2) clay rocks such as calcined polymineral clays from
the Nikitsky (CCN) and Staroshaigovsky (CCS) deposits
of the Republic of Mordovia;

Table 1
The types of mineral additives used in the cement system
compositions and the values of their specific surface area

Composition | Type of mineral | Specific surface
number additives area of MA, m%/g

1 — —

2 DTMTI1 2.40
3 DTMT?2 2.45
4 DTMT3 2.85
5 OPK1 0.70
6 OPK2 0.80
7 CCN 0.78
8 CCS 0.52
9 DY 0.45
10 CA 1.30

Note: the specific surface area of Portland cement used in the
experimental study was 0.32 m?/g.
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3) carbonate rocks such as dolomite from the Yel-
nikovsky deposit (DY) and chalk of the Atemarsky deposit
(CA) of the Republic of Mordovia.

The types of mineral additives used in the cement
system compositions, together with the values of their
specific surface area, are shown in Table 1.

Methods

The specific surface area of the used mineral additives
and Portland cement was determined on the dispersion
analysis PSKh-12 device by the Kozeny-Carman method
based on the air permeability and porosity establishment
of the powder compacted layer. The gas permeability of
the powder layer was measured according to the filtering
duration of given air volume through the device at fixed
vacuum in its working volume.

The research of the chemical composition of sedimen-
tary rocks was carried out by X-ray fluorescence (XRF)
spectrometry, based on the collection and subsequent
analysis of the spectrum that occurs when the material
under study is irradiated with X-ray radiation. The test
equipment used was sequential X-ray fluorescence wave
spectrometer ARL Perform'X 4200 (Rh Ka radiation),
designed for qualitative and quantitative analysis of the el-
emental composition of materials in the range of analyzed
elements from F to U. Based on the results of determining
the elemental composition of samples, the established
concentrations of individual chemical elements were re-
calculated to their oxides.

The phase composition analysis of sedimentary rocks
was done using X-ray powder diffraction (XRD phase
analysis). X-ray structural measurements were conducted
using an Empyrean automated diffractometer by PANa-
Iytical (Netherlands) with a vertical goniometer in the
radiation of a copper anode with a nickel filter ensuring
suppression of the background and spectral line Kf3 to-
gether with the monochromator on the secondary beam.
Shooting was done in the geometry according to Bragg-
Brentano (6—26 scanning) using a spectral doublet Cu
Kal,2 with weighted average wavelength A = 1.5406 A.
X-ray powder diffraction patterns were obtained using
PIXcel3D two-coordinate semiconductor detector operat-
ing in the linear detector mode.

In addition to the main crystalline phases, the crys-
tallinity degree was determined for samples of siliceous
opal-cristobalite rocks whose diffraction patterns contain
an amorphous halo (diatomite, opoka). The crystallinity
degree of these samples (ac) was calculated as the ratio
of the integral scattering intensity of crystallites to the
total intensity of the total scattering from amorphous and
crystalline regions:

a, = (L/(I+I))+100%, (1)

where /_is the integrated intensity (total area) of all
crystalline peaks; /_is the integral intensity of amorphous
halo.

The intensities of crystalline peaks and amorphous
halo on the diffraction patterns were calculated as areas
under the corresponding curves.

Prescription and technological efficiency of the used
mineral additives was evaluated by their influence on the
following cement system indicators: water demand, water-
holding capacity and flowability of cement paste as well as
the activity of mixed cement binder. The research subjects
were cement systems with total dosage of mineral addi-
tives equal to 10% by weight of the binder (PC+MA).
The composition without mineral additives was adopted
as a control composition.

The water demand of cement systems was estimated
in the mixed binder system (90% of Portland cement and
10% of mineral additive) by water/solid (water/binder)
ratio (W/(PC+MA)) of cement paste corresponding to
its normal density which was determined on the Vicat
apparatus in accordance with the method of the Russian
State Standard GOST 310.3.

The water-holding capacity of cement systems was
determined by the water separation values of cement paste
consisting of a mixed binder (90% PC+10% MA) and wa-
ter (water-binder ratio W/(PC+MA) = 1), when settling
the particles of the solid phase in a graduated cylinder in
accordance with the Russian State Standard GOST 310.6.
The volume of settled cement paste and water accumu-
lated on its surface was recorded every 30 minutes after
the first counting for 2 hours. The ratio of the volume of
water accumulated on the surface of the paste to the ini-
tial volume of the suspension, expressed as a percentage
(water separation coefficient by volume) was taken as the
water separation value.

The influence regularities of mineral additives on the
cement paste flowability were established in compositions
with a constant water content (water-binder ratio) using
the Hagermann cone (form-cone from the shaking table
according to the Russian State Standard GOST 310.4).

The selection of mineral additives was carried out
according to the results of the study of their effect on
the activity of cement binder with the definition of the
activity index of the modifier. The activity index of ap-
plied mineral additives was determined under the Rus-
sian State Standard GOST R 56178-2014 method by
comparing the results of compression strength tests after
steaming cement-sand samples-beams of 40x40X 160
mm, made using of modified binders consisting of 90%
Portland cement and 10% mineral additive (by weight
of the binder (PC+MA)), and control samples of un-
modified composition with a ratio of cement binder and
standard monofractional sand equal to '/,. The water-
binder ratio was taken the same for all compositions,
it equated to the value established for the most water-
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demanding composition when the flow spread diameter
of fine-grained concrete mixture from the Hagermann
cone was reached of 106—108 mm. The procedure for
manufacturing and testing of samples-beams adopted
following the requirements of the Russian State Stan-
dard GOST 310.4, the mode of heat and humidity treat-
ment is selected following the Russian State Standard
GOST R 56178-2014 equal to (3 + 3 + 6 + 2) hours at
isothermal holding temperature of 80°C.

Based on the results of determining the compressive
strength of steamed samples (the activity of cement bind-
ers), the activity index of applied mineral additives (C,,,)
was calculated using the formula

CMA = RZ/RI’ 2

where R, and R, are compressive strength of samples of
unmodified (control) and modified (main) compositions,
respectively, MPa.

RESULTS AND DISCUSSION

Chemical and mineralogical composition
of the initial sedimentary rocks

The chemical (oxide) composition of the studied sili-
ceous rocks (Atemarsky diatomite and Alekseevsky opoka)
as well as clays of the Nikitsky and Staroshaigovsky de-
posits is shown in Table 2.

Data analysis of data obtained by X-ray fluorescence
spectrometry showed the predominance of silicon, alu-
minum, and iron oxides in the chemical composition of
the studied siliceous and clay rocks (wt. %): 53.19—87.23
(8i0,); 5.15-15.78 (AL 0,); 3.41-17.28 (Fe,0,) (Table 2).

The diffraction patterns of the studied sedimentary
rock powders are shown in the Figure 1.

The results of qualitative and quantitative XRD phase
analysis to determine the main crystalline phases and their
relative concentrations for clays of the Nikitsky and Staro-
shaigovsky deposits are given in Table 3. It has been found
that the phase compositions of the studied clay rocks are

represented (Fig. 1) predominantly by minerals of the
kaolinite group (d = [...; 7.16—7.19; ...; 4.04—4.05; ...;
3.57-3.58; ...;2.34—2.35A; ..],20 =[...; 12.3; ...; 22.0;
...; 24.9; ...; 38.4° ...]) and illite group (hydromicas) (d =
[...; 10.02; ...; 4.48—4.49; ...; 3.79-3.80; ...; 3.49—3.50;
0 3.35-3.36; ...; 3.22—3.23; ...; 3.00; ...; 2.57; ...; 1.50 A;
], 20=1...;8.8;...;19.8; ...; 23.5 ...; 25.4 ...; 26.6; ...;
27.7;...;29.8; ...; 34.9; ...; 61.6°; ...]) as well as by quartz
modifications (d = [...; 4.27; ...; 3.35—3.36; ...; 1.82 A;
. ,20=1...; 20.8; ...; 26.6; ...; 50.1°; ...]), feldspars (d =
[...; 4.04—4.05; ...; 3.79-3.80; ...; 3.206; ...; 3.20—3.23;
w3 2.94; ...;2.46;...;2.29; ...;2.24; ...;2.13; ...; 1.98; ...;
1.67; ...; 1.54; ...; 1.38A; .1, 20 = [...; 22.0; ...; 23.4; ...;
27.4;...;27.7-27.9; ...;304; ...; 36.5; ...; 39.4; ...; 40.2; ...;
42.4; ...;45.7; ...;54.8; ...;59.9; ...; 67.7° ...]), and gyp-
sum (d=...;7.63; ...;4.27; ...; 3.80; ...; 3.07; ...; 2.87; ...;
2.69A;..1,20=1[...; 11.6; ...; 20.8; ...; 23.4; ...; 29.0; ...;
31.1; ...; 33.3°; ...]) at their relative content in the overall
mass of crystalline phases (wt. %): 18.0—39.8; 23.1-23.2;
19.8—46.9; 11.9—14.2 and 0—3.1, respectively, i.e. the rep-
resented clays are polymineral.

The mineralogical compositions of siliceous rocks (dia-
tomite and opoka) are represented (Fig. 1) predominantly
by crystalline quartz (d = [...; 4.27—4.30; ...; 3.35-3.37; ...;
1.824;...],20 = [...; 20.6-20.8; ...; 26.4—26.6; ...; 49.9—
50.1°; ...]) and partially crystallized opal-cristobalite- tridy-
mite phase (OCT phase) (206 = 18—25°) which is a mixture
of crystalline and cryptocrystalline varieties of silica such as
cristobalite, tridymite and X-ray amorphous opal. The vari-
ability of real structure and characteristic features of indi-
vidual natural siliceous phases such as the type of complex
diffraction profile, the broadening degree of main peak,
the resolution and relative intensities of its components,
and the migration of interplanar distance value are clearly
manifested in the diffraction patterns.

The crystallinity degree of the studied mineral additive
samples increases in the direction from diatomite to opoka
(from 21.9 to 36.5%) which was established from analysis
of the diffraction patterns of siliceous rock powders. The
high degree of material structure amorphization, the pres-
ence of active silica forms and the structural diversity of

Table 2
Chemical composition of the studied siliceous and clay rocks based on the XRF analysis results (converted to oxides)
Oxides [wt. %]

Sedimentary rock

SiO, | ALO, | Fe,0,| K,0 | Na,0| CaO | MgO | TiO, | P,O, | ZrO, | MnO | SO, | WO, | NiO | BaO | other
Atemarsky
. . 87.23 | 5.15 | 3.41 | 1.21 — 1.75 | 0.73 | 0.32 | 0.06 - — 0.03 — — — 0.11
diatomite
Alekseevsky opoka | 73.46 | 13.26 | 4.32 1.90 6.01 0.67 | 0.06 - - 0.09 — - - 0.23
Nikitsky clay 5319 | 15.78 | 17.28 | 6.17 | 0.34 | 1.60 | 1.26 | 1.52 | 0.25 — — 1.20 | 0.52 | 0.28 — 0.61
Staroshaigovsky
clay 66.12 | 13.72 1 10.90 | 4.32 | 0.55 | 1.68 | 1.12 | 0.64 | 0.26 | 0.18 | 0.13 — — - 0.07 | 0.31
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Fig. 1. Diffraction patterns of the studied sedimentary rock powders: Atemarsky diatomite (1); Alekseevsky opoka (2);

Nikitsky clay (3); Staroshaigovsky clay (4); Yelnikovsky dolomite (5); Atemarsky chalk (6)

siliceous substance cause improved physical and chemical
characteristics of diatomite and opoka, in particular their
increased pozzolanic activity in cement systems.

The mineralogical composition of the Yelnikovsky
dolomite is represented by phases of the dolomite
CaMg(CO,), (d = [...; 2.90; ...; 2.41; ...; 2.20; ...; 2.02;

o 1.82; . 1.80A; ...],20=1...; 30.8; ...; 37.2; ...; 41.0;

...;44.8; ...;50.2; ...; 50.8°; ...
[...;3.87;...;3.04; ...; 2.50; ...;

1.88A; ..., 20 =1...: 23.0; ...;

|) and calcite CaCO, (d =
2.29;...;2.10; ...; 1.91; ...;
29.3;...;35.9; ...;39.4; ..;

43.1; ...; 47.4; ...; 48.5% ...]) with the relative phase con-
tents of 52 wt. % and 48 wt. % for dolomite and calcite,

Table 3
Crystalline phase concentrations in the mineralogical compositions of the studied clays (before calcination)
Crystalline phases [wt. %]
Deposit .. Illite group Quartz
LEITT (hydromicas) modifications LT (B
Nikitsky 39.8 23.1 19.8 14.2 3.1
Staroshaigovsky 18.0 23.2 46.9 11.9 —
Table 4
Phase compositions of carbonate rocks
Crystalline phases [wt. %]
Carbonate rock - - - -
Calcite Dolomite Quartz modifications
Yelnikovsky dolomite 48 52 —
Atemarsky chalk 96 - 4
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respectively. The phase composition of the Atermarsky
chalk is represented predominantly by calcite CaCO, (d =
[...; 3.87;...; 3.04; ...; 2.50; ...; 2.29; ...; 2.10; ...; 1.92; ...;

43.1; ..., 47.4; ...; 48.4° ...]) with inclusions of quartz SiO,
(d=1...;4.31;..;3.36; ...; 1.82A; ...], 20 =[...; 20.6; ...;
26.5; ...; 50.1°; ...]) with the relative phase contents of

1.88A;...1,20=1...;23.0; ...; 29.3; ...; 35.9; ...; 39.3; ...; 96 wt. % and 4 wt. %, respectively (Table 4).
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Fig. 2. Correlation dependences between the water demand according to normal density (a), water separation (b),
flowability (c) of cement systems and the specific surface area of mineral additives
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Influence of sedimentary rocks of different composition
and genesis on the technological and physico-mechanical
properties of cement systems

Correlation dependences between the indicators of
water demand (W) (Fig. 2a), water-holding capacity (W)
(Fig. 2b), flowability (D) (Fig. 2¢) of cement systems and
the specific surface area of the applied mineral additives
(S.) were established by the study results. In addition, de-
pendence between the activity index of the studied modi-
fiers (C,,,) and the silicon dioxide content (wy,, ) in their
composition was identified (Fig. 3). It should be noted
that when establishing the last correlation dependence,
only two compositions with siliceous rocks (No. 3 and 6,
respectively) were included in the final selection.

From the analysis of obtained data (Fig. 2a), it was
found that there is close enough correlation dependence
(R*=0.934) between the water demand of cement bind-
ers according to normal density and the specific surface
area of studied types of mineral additives introduced in
an amount of 10% by the binder weight. Increase in the
specific surface area of mineral additives leads to increase
in the water demand of cement systems. At the same time,
it was found that binders with the milled diatomite addi-
tives (compositions No. 2, 3 and 4) have the highest water
demand indicator which is 1.5 times higher than the same
indicator for Portland cement.

The binder water separation values (the water separa-
tion coefficient of cement paste by volume), on the con-
trary, decrease with increase in the specific surface area
of mineral modifiers (Fig. 2b). The linear dependence
between the specified indicator of cement systems and the
specific surface area of MA studied types is characterized

by sufficiently high coefficient of determination (R?) equal
to 0.752. Analyzing the results of experimental studies, it
was found that Portland cement, carbonate rocks (DY and
CA) and calcined clay rocks (CCS and CCN) have the
lowest water-holding capacity from the investigated com-
ponents of cement systems, as evidenced by the increased
values of the water separation coefficient by cement paste
volume in the compositions Nos. 1, 7, 8,9, and 10 (25.3,
21.7,22.8, 24.8, and 21.7%, respectively (Fig. 2b)). The
lowest water separation is observed in binders modified
with MA based on diatomite (5.2—7.1%, compositions
Nos. 2, 3, and 4) and opoka (13.4 and 13.1%, composi-
tions Nos. 5 and 6, respectively).

The cement system flowability, measured by flow
spread diameter from Hagermann cone in the composi-
tions with constant water content, also decreases with
increasing specific surface areas of MA (Fig. 2c), while
the coefficient of determination (R?) is equal to 0.648. The
study showed that the mineral additives used have thick-
ening capacity which increases in sequence DY — CA and
CCS-CCN - 0OPK1-0PK2-DTMTI, DTMT2, and
DTMTS3. The flow spread diameter of modified cement
systems from the Hagermann cone is 100—123 mm, which
is up to 19% lower than that the composition without MA
(124 mm).

The activity index of mineral additives is to some ex-
tent dependent on the silicon dioxide content in their
compositions, which was established from the study re-
sults shown in Figure 3. Increase in the SiO, concentra-
tion in the sedimentary rock composition contributes
to increase in the modifier activity, as evidenced by the
corresponding correlation dependence with R? equal to
0.461. It was found that the siliceous opal-cristobalite

12
% T;..’. 1 /)’
g .2
2Z09 {__-;/ g
) Cizq = 0.002-00g50, + 0.884
o = 2 —
2T o0s R2=0.461
5
g B- 9
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Fig. 3. Correlation dependence between the activity index of mineral additives and the silicon dioxide content in their

compositions
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rocks (diatomite and opoka) are the most effective in
cement systems, in particular, the activity indices of
DTMT?2 (composition No. 3) and OPK2 (composition
No. 6) reach 1.13 and 1.05 rel. units, respectively. Mineral
additives based on the calcined Nikitsky clay also have
the chemical activity in cement systems, in particular,
the CCN activity index in composition No. 7 was 1.05
rel. units.

CONCLUSIONS

The following results were obtained from experimental
studies:

1) the chemical and mineralogical composition fea-
tures were established for the initial siliceous rocks (diato-
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were revealed;
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Atemarsky diatomite, Alekseevsky opoka and calcined
Nikitsky clay were selected as the most promising types
of mineral additives for further studies.
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PeuentypHo-TexHonornyeckas 3¢pPpeKTnBHOCTb
0Caf04YHbIX NOPOA PAa3/INYHOIO COCTaBa
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Aptemuin CepreeBuy banbikos* (), TaTtbAHa AHaTonbeBHa HusuHa (), Bnagumup Muxannosuy KawkuH (2},
Ceprein BanepbeBuy BonoguH
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PE3IOME: BBegeHue. BaxkHbiM KOMMOHEHTOM COBPEMEHHbIX MOANGULMPOBAHHbBIX GETOHOB ABNAIOTCA aKTVMBHbIE MUHEPAJbHbIE
[06aBKK, No3BONIAKLME YNPABAATb MPOoLeccaMmm CTPYKTYpOoo6pa3oBaHUs U CBOMCTBaMM LieMeHTHbIX cuctem. Cpeamn MHOroumc-
JIEHHBIX BUAOB MUHEPabHbIX MOANDUKATOPOB AN1A LLIEMEHTHbIX KOMMNO3MTOB K Hanbosnee 3GpeKTUBHbIM OTHOCAT KpeMHe3eMHble
1 antomocunKaTHble J06aBKU, cofepallme B CBOEM COCTaBe 3HAUNTENbHOE KOIMYECTBO HaHOPa3MepHbIX YacTuL, B YaCTHOCTY,
HaHOYACTMLbl AMOKCMAA KPEMHUA, [IVIH, OKCMAOB amioMUHKA 1 xene3a. Mpn 3TOM NepcneKTUBHbBIM CbipbeM A NOyYeHNsA Takoro
poaa MoAMdUKaTopoB, HapAZdy C OTXOAAMMN MPOMbILLIEHHOCTY (MAKPOKPEMHe3€eMbl, 30J1bl YHOCa, MeTannypruyeckmne LiaKkm), Mo-
ryT BbICTYNaTb U pacnpoCTpaHeHHble 0CafoYHble MOPOAbI — ANATOMUTbI, TPENesbl, ONOKU, MONNMUHEPasbHbIe MKHbI 1 Ap. Lenbto
[aHHOTO UCCNefoBaHNA ABUNOCh YCTaHOBNEHNE 3aKOHOMEPHOCTEN BANAHMA MUHEPanbHbIX JO6aBOK Ha OCHOBE OCAaA0UHbIX MOpos
pa3nMYHOro cocTaBa 1 reHe3uca Ha TeXHonornyeckre 1 GU3nKo-mexaH1YecKrne CBOMCTBA LLIeMEHTHbIX CUCTEM C BbIsiB/IEHEM Hau-
60nee 3¢ PexTMBHLIX MOAVdUKaTOpoB. MeToAbl 1 MaTepuanbl. B KauecTBe MHepanbHbiX 406aBOK MCMONIb30BaNIUCh KpEMHeBble
(AvaTomMuT 1 ONoKa), FMMHNCTbIE (MPOKaNieHHble NOIMMUHEPATbHbIE MMHbI) 1 KapOoHaTHble (0NOMUT 1 MeN) OCafoUHble MOPOZbI
pAafa mecTopoxaeHuin Pecnybnukn Mopgosusa. MiccnefoBaHWs XYMUKO-MVHEPANormyeckoro coctaBa 0CalouHbIX Nopog npoBo-
ONSINCb METOAMU PEHTTEHOCMNEKTPaNbHON GplyopecLIEHTHON CMEKTPOMETPMM U MOPOLLKOBOI PEHTFEHOBCKOM Andpakuun. lloMmumo
XVIMUKO-MUHEPanormyeckoro coctaBa Ha HayaslbHOM 3Tarne UCCieoBaHWsA onpeaensanach yaenbHas NOBEPXHOCTb MUHEPANbHbIX
[06aBOK 1 NopTNaHALemMeHTa Ha npubope AncnepcnoHHoro aHanmsa MCX-12 no metoay KoseHu-Kapmaxa. PeulientypHo-TexHonoru-
yeckan 3GdeKTVBHOCTb NMPUMEHAEMbIX MUHEpPanbHbIX MOANGUKATOPOB OLIEHMBANACh MO UX BAUAHMIO Ha BOJOMNOTPE6OHOCTb, BOJO-
YAEPXKMBaOLLYI0 CMOCOOHOCTb, MOABMMXHOCTb LIeMEHTHOTO TeCTa U akTUBHOCTb CMELLAHHOTO LIeMeHTHOTO BAxKyLero. OnpepaeneHne
3HaYeHUI yKa3aHHbIX PU3NKO-MEXaHNUYECKNX XapaKTePUCTUK LIeMEHTHbIX CCTeM NPOBOAUIIOCH C UCMONb30BaHEM CTaHAAPTA3U-
POBaHHbIX 1 N3BECTHBIX aBTOPCKUX METOAUK. Pe3ynbraTbl n 06CyKAeHMEe. YCTaHOBNEHDI KOPPENALVOHHbIE 3aBUCMMOCTY MEXY
rokasaTesiiMn BOAONoTPeOHOCTY, BOAOYAEPXKMBaIOLLE CMOCOOHOCTH, MOABUMXHOCTY LLIEeMEHTHBIX CUCTEM 1 YAEJIbHOV NOBEPXHOCTHIO
NpVMeHAeMbIX MUHepanbHbIX 06aBoK. Kpome 3Toro, BbiiBNEeHa CBA3b MeXAy MHAEKCOM akTUBHOCTU NccnegyemMbix MoaudrKaTopos
1 cofilepKaHneM B UX COCTaBe ANOKCMUAA KpeMHIA. 3aKntoueHue. Mo COBOKYNHOCTN NPOBEAEHHbIX MCCNeA0BaHWNA Obliv BbIABAEHbI
Havbornee nNepcrneKTUBHbIE BUAbI MUHEPaSbHbIX JOOABOK: AMATOMUT, ONOKa 1 NPOoKaNieHHaa MoNUMMHepanbHas rvHa. MoBbileHHasA
3$PEeKTVBHOCTb AaHHbIX MOANPUKATOPOB B LIEMEHTHbIX CUCTEMaX 00YCIOB/IEHA OCOBEHHOCTAMM UX XUMUKO-MUHEPANIOTMUYECKOTro
COCTaBa, B YaCTHOCTU, HANIMUMEM aKTUBHbIX KpEMHE3EMCOLEPKALLNX KOMMOHEHTOB (PeakLMOHHOCMOCOOHbBIX MUHEPANIOB C aMmopdu-
3UPOBAHHON CTPYKTYPOI1): ONan-kKpuctobanuT-TpnuanummnToBas Gpasa — B ANAaTOMUTE U OMOKE; MPOAYKTbl YaCTUYHOIO TePMUYECKOTro
paspyLieHua (BerMapoKCMInpoBaHnAa) MUHEPanoB KaoIMHUTOBOW 1 NAIMTOBOW rpynmn — B NPOKaIEHHOWN NONVMUHepanbHOW FnHe.

KJTIOYEBbDIE CJIOBA: LemeHTHana cnctema, HaHoMoanbUKaTop, MUHepanbHaa Jo6aBKa, 0CafoYHas NOPoAa, HaHOYACTMLA, XUMUKO-
MUHEepPanornyecknii coctas, pr3nKo-MexaHnyecKkme CBOMCTBA, PeLEenTypHO-TeXHONOrnYeckan 3GHeKTMBHOCTb.
BNIAFOAAPHOCTW: nccnenoBaHme BbIMOIHEHO 3a CYET rpaHTa Poccuinckoro HayyHoro ¢poHga (npoekT N2 21-73-00228), https://
rscf.ru/project/21-73-00228/.
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BBEJEHUE

BH&CTOHH_ICC BpeMsI OTHUM U3 IPUOPUTETHBIX Ha-

TIpaBIICHUI CTPOUTEIHEHOTO MaTepHUaIOBEICHUS SIB-

JIIeTCsT pa3paboTKa TEOPETUICCKUX M TEXHOJTOTMUECKUX

OCHOB KOHCTPYUPOBAHUS M CUHTE3a CTPYKTYP BBHICO-

KO(DYHKIIMOHABHBIX IIEMEHTHBIX CUCTEM Ha pa3iind-

HBIX MaCIITaOHBIX YPOBHSIX — MaKpoO-, Me30-, MUKPO-,

BIUTIOTH 1O TTOHUMAaHMsS BaXXHOCTH HAaHOPa3MEpPHOTO

YPOBHSI OpTaHU3AIIUM CTPOCHUS MaTeprana. Beicokmii

YPOBEHB CBOMCTB ITOIOOHOTO pOIa KOMITO3UTOB B 3HAUM-

TETBHOI CTeTICHN 00eCIIeUnBACTCS CTPYKTYPHOM MO -

(bmkanmei IeMEHTHOM MaTPHUIIBI 32 CYCT UCIIOTh30BAHUS

MUKpPO- / HAHOYACTHII M BOJIOKOH [1, 2, 3, 4].

Cpenu MHOTOYMCIIEHHBIX BUIOB HAaHOMOIUUKa-
TOPOB LIEMEHTHBIX CUCTEM K Hanbosiee 3(PPeKTUBHBIM
OTHOCHT:

*  HaHOYACTUIIBI TMOKCHUIA KPEMHUS (SiOz) C BBICOKOM
yIEJIbHOM MMOBEPXHOCTHIO (He MeHee 180 M?/T), cro-
COOCTBYIOIINE NOCTIKCHHNIO KapaIMHATIbHO HOBBIX
(bM3UKO-MeXaHMIEeCKIX XapaKTEePUCTHK IIEMEHTHO-
ro KaMHsI (IIPOYHOCTb, MOJI3Y9eCTh, ycauKa 1 IIp.)
3a CUeT YJAYYIICHHON YITAaKOBKM COCTaBIISIOIINX
CTPYKTYPHI M €€ MOHKEHHOI TTOPUCTOCTH, a TaK-
Ke Oyraromapst HallpaBICHHOMY M3MEHEHUIO Kave-
CTBa TBEPAOI (ha3bl MMyTeM 3aMEICHMS TTOPTIAHIM -
ta Ca(OH), 1 BICOKOOCHOBHBIX T'MIPOCUIIMKATOB
kanbumst turma C-S-H(II) 6o1ee mpoYHBIMI HU3KO-
ocHOBHBEIMU (hazamu C-S-H(I), oTBeTCTBEeHHBIMU
3a JJOJITOBEYHOCTD LIEMEHTHBIX KOMITO3UTOB [5, 6];

* HAHOYACTHUIHI IIWH (aTIOMOCUINKATHI), OKCUIOB
amomunus (ALO,) n xenesa (Fe,0,), cocobcTBy-
FOIIME TTOBBIIIICHUTO MOIYJIS YIIPYTOCTH Y IIPOYHOCT-
HBIX XapaKTepPUCTUK IIEMEHTHOTO KAMHSI, CHIDKCHUIO
yCamoOYHBIX AedopMaliiii KOMIIO3UTOB W TIPOHMIIA-
€MOCTH UX CTPYKTYPHI IUISI XJIOPUIOB, a TAKKE Taf0-
e BO3MOXHOCTH ITPOBOIUTH MOHUTOPHHT U PETH-
CTpaIINIO COOCTBEHHBIX CXKMMAFOIINX HATIPSKCHMI
IEMEHTHBIX CUCTEM 4Yepe3 U3MEHEHNE 00BEMHOTO
BJICKTPUIECKOTO COITPOTUBIICHUS pACTBOPOB C TaH-
HBIMU HaHOYacTHIIaMH |7, 8].

I[ToMuMO HMCITOIB30BaHUSI HAHOMOIU(UKATOPOB
BaKHBIM BOIIPOCOM OCTaeTCsl pa3padoTka (pU3UKO-XU-
MUYECKUX 1 TEXHOJIOTHIECKIX METOMIOB YIIPABICHUS
TmapaMeTpaMiy CTPYKTYPHI IEMEHTHBIX KOMITO3UTOB 1 Ha
MUKpopa3MepHOM ypoBHe. [1o pe3yirpraTaM MHOTOYNIC-
JICHHBIX UCCIICIOBAHNI POCCUICKUX 1 3apyOCKHBIX aB-
topoB [9, 10, 11, 12, 13], B TOM 4nclIe 1 COOCTBEHHBIX
[14, 15], ycTaHOBIeHA TTOBBIIEHHAS 2((HEKTUBHOCTD
MPUMEHEHNS B PEIETITYpe IIEMEHTHBIX CUCTEM TOHKO-
IHUCIIEPCHBIX KPEMHE3EMUCTHIX 1 aTFIOMOCUINKATHBIX
I00aBOK IIPUPOIHOTO ¥ TEXHOTEHHOTO ITPONCXOXKICHMS
(MUKpOKpEeMHE3eMbl, METAKAOJIUHBI, 30JIBI YHOCA, Me-
TaJUTypTrAYecKUe UTaKK U Ip.). JJaHHbIe MUHEpaIbHEIC
I00AaBKMA MOTYT UMETh 3aMETHOE KOJIMICCTBO YACTHII

HaHOPa3MEPHOTO YPOBHS, XOTsI, B OCHOBHOM, 3TO MO-
IGUKATOPHI C pacIipeeIcHUEM IPaHyJIOMETPIISCKOTO
cocTaBa B MUKpoMeTpudeckoM auarasone (10751077 m).

B TO Xe BpeMsI CTOUT OTMETUTh, YTO OCHOBHBIMU
cIepXKUBAOIINMU (PaKTOpaMU TIPUMEHEHUS TIPUBE-
MIEHHBIX BBITIE J00ABOK SIBJISIOTCS UX TePPUTOPHAIBHAST
OTPaHNYCHHOCTH, HETIOCTOSTHCTBO COCTaBa M 3a4acTyIO
BBICOKAsI CTOMMOCTD. B CBSI3M ¢ 3TUM BakKHOI 3amaucii
SIBJIIETCSI pACIIMPEHNE CHIPhEBOIT 0A3BI IS TTOTYICHUS
3¢ HEeKTUBHBIX MUHEPATBHBIX T00aBOK HAa OCHOBE J10-
CTYITHOTO MPUPOTHOTO CBIphs. OMHNMH U3 Hamboee
IICPCIICKTUBHBIX B JAHHOM OTHOIIICHUU JJIST MHOTHX
pernonoB Poccuiickoit Penepaiinm SBASIOTCS pacpo-
CTpaHEHHBIC OCATOUYHBIC TTOPOIBI: KPEMHEBBIC OIMal-
KpucrtobanmurTossie [16, 17, 18], TMMHUCTBIE TTOTUMU-
HepanbHBIe [19, 20, 21] 1 KapOoHATHBIC TOPOIHI [22,
23, 24].

Llepro MJAHHOTO MCCIICIOBAHMS SIBISUIOCH YCTAHOBIIC -
HHe 3aKOHOMEPHOCTEH BIUSHUS MIHEPATbHBIX T00ABOK
(M]I) Ha OCHOBE OCaIOYHBIX TTOPOJT PA3TMIHOTO COCTAaBa
1 TeHe3uca (KpeMHEBbBIe, TIIMHUCTHIC, KApOOHATHBIC T10-
pOIBI) Ha TEXHOJIOTMIECKUE U (DU3UKO-MEXaHMICCKIE
CBOICTBA IIEMEHTHBIX CHCTEM C BBISIBIICHHEM Hanboee
3 (HEKTUBHBIX MOTUMUKATOPOB.

7151 HOCTYDKEHMS TIOCTABJICHHOM 1IeJTH OBITN PEIICHEI
clenyonye 3agadu:

1) U3y4eH XMMUKO-MUHEPATIOTUICCKUI COCTaB MC-
XOITHBIX OCAIOYHBIX TTOPOT;

2) Bccaea0BaHO BIMSTHIE MAHEPABHBIX J00ABOK
Ha OCHOBE OCATOYHBIX ITOPOMA Pa3IMUYHOTO COCTaBa
Ha BOIOTIIOTPEOHOCTD, BOTOYICPKUBAIOIIYIO CITOCO0-
HOCTP U TTIOABIDXHOCTH LIEMECHTHOTO TECTa;

3) n3y4eHo BIMSIHIEC MIHEPATbHBIX MOIH(UKATOPOB
Ha aKTUBHOCTH CMEIIIAHHOTO IIEMEHTHOTO BSKYIIIETO;

4) ycTtaHOBJIeHBI HanboJiiee 3 (HEeKTUBHBIE 0CAT0Y-
HBIC TIOPOIBI, TIO3BOJISTIONINE HAIIPABJICHHO YIIPABIISITh
TEXHOJIOTUICCKUMH 1 (PU3UKO-MEXaHUICCKIMH CBOM-
CTBaMU IIEMEHTHBIX CHCTEM.

METOAbI 1 MATEPUAJIBI
Marepuasnbl

OCHOBHBIM KOMIIOHEHTOM BSIKYILIETO B PEIEIIType
LIEMEHTHBIX CUCTEM SIBIISUICSI TTOPTJIAHAIIEMEHT MapKH
111 500-40-H (II) mponsBonctBa ITAO «Mopmosiie-
MEHT». B KauecTBe MUHEpaIbHBIX 100aBOK MCIIOIb-
30BaJIMCh HECKOJIBKO TPYIII OCATOUYHBIX ITOPO, TIPeI-
BapuUTEIbHO U3MEITBLYCHHBIX IO Pa3IMIHON YIeIbHOMN
TTOBEPXHOCTH:

1) KpeMHeBbIe OMaI-KPUCTOOAIUTOBBIE: TUATOMUT
Atemapckoro MectopoxkaeHust Pecryonuku MopnoBust
(ATMTI1, ATMT2 u ATMT3); onmoka AJleKCeeBCKO-
ro MecrtopoxaeHust Pecmyoauku Mopmoosus (OITK1
u OIIK2);
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2) IIMHUCTBIC: TPOKaJeHHBIEC TTOJIMMIHEPaIbHEIC
rauael Hukurckoro (IT'H) m CrapomraiiToBcKoro
(II'C) mecTopoxaenuit Peciyommku MopmoBus;

3) xkapOoHaTHEIe: 1oJoMUT EnmpHMKOBCKOTO (IE)
u Men Atemapckoro (MA) MecTopoxaeHnit Pecryommku
Mopnosusl.

B Ta6xa. 1 mpuBeneHbl BUABI MUHEPAIbHBIX 100aBOK,
HCITOTb3YEMBIX B COCTaBaxX IIEMEHTHBIX CUCTEM, U 3Ha-
YeHUS NX YICTbHOU ITOBEPXHOCTH.

Tabauya 1

Buabi MUHEpaIbHBIX 100aBOK, HCIOIb3YEMBIX
B COCTABAX IIEMEHTHBIX CHCTEM, M 3HAYCHHS
HX yIEeJIbHOM MOBEPXHOCTH

ETaEn Bun ) VnenbHas
cocTaBa Ucnoan3yemoii | nmosepxHocts MJI,
M/ M2/t

1 _ _

2 ATMT1 2,40

3 ATMT?2 2,45

4 ATMT3 2,85

5 OIIK1 0,70

6 OI1K2 0,80

7 I[Ird 0,78

8 Inrc 0,52

9 OE 0,45

10 MA 1,30

TpumMeyaHue: yneabHast TOBEPXHOCTb MPUMEHSIEMOTO
B 9KCIEPUMEHTATLHOM MCCIIENOBAHUY MOPTIaHIIIEMEHTa —
0,32 M?/T.

MeTtonpl

OnpeneneHne yaeJbHOU ITOBEPXHOCTH ITOPOIIKOB
MOPTIAaHAIEMEHTa ¥ MUHEPAJIBHBIX J0OABOK IIPOBO-
JIAJIOCH Ha TIipubope aucnepcronHoro anamm3a [TCX-12
o metony Kozenn-KapmaHa, ocHOBaHHOMY Ha ycTa-
HOBJICHUH BO3IYXONPOHUIIAEMOCTH M ITOPUCTOCTH
YIUIOTHEHHOTO CJIOS TTIopoInKa. ['a30mpoHnacMocThb
CJI0SI TIOPOIITKA M3MEPSIIACh MO MIPOIOKATSITLHOCTH
umpTpanuu Yepe3 mpuodop 3aIaHHOTO 00beMa BO3Iyxa
npu (pUKCUPOBAHHOM pa3psLKEeHUM B pabouemM oObeMe
npudopa.

HccremoBaHme XUMUYECKOTO COCTaBa OCAIOUYHBIX
TIOPOJI IIPOBOAMIOCH METOIOM PEHTTEHOCTICKTPATbHOM
(brryopeciIieHTHOM CTIEKTPOMETPHH, OCHOBAaHHOM Ha cOO0-
pe U TOoCJIeNyolIeM aHaanu3e CIeKTpa, BO3HUKAIOIIETO
npu 00Jy4eHUN UCCIEeIyeMOro MaTepralia peHTT€HOB-
CKMM M3JTy4eHHEeM. B KauecTBe MCITBITaTEIbHOTO 000-
PYIOBaHUS MCITOIB30BAJICS TTOCICIOBATCIIBHBIA PEHT-
TeHO(JIyOpECIeHTHBII BOJTHOBOM crieKTpoMeTp ARL

Perform’X 4200 (Rh K _-u3nydyenue), npeaHasHayeH-
HBIN T Ka9eCTBEHHOTO 1 KOJIMYCCTBEHHOTO aHaIM3a
5JIEMEHTHOT'O COCTaBa MaTepPUAaJIOB B TMAITa30HE aHa-
nu3upyembix 3jeMeHTOoB oT F no U. Ilo pe3ynbTratam
oIpenesIeHUsI 3JIEMEHTHOTO COCTaBa P00 MPOBOIMIICS
IepecueT YCTAaHOBJICHHBIX KOHIICHTPALINMN OTASTbHBIX
XUMHWUYCCKHX DJIEMEHTOB Ha X OKCHUJIBL.

AHamm3 ($a30BOro cOCTaBa OCAaTOYHBIX ITOPOI IIPO-
BOIUJICS C TIPUMEHEHUEM MeToa ITOPOIITKOBOM PEHT-
TCHOBCKOM mudpakuun (peHTreHo(ha30BhIi1 aHAIN3
(P®A)). PeATreHOCTPYKTYpHBIC U3MEPEHUS TIPOBO-
IUINCh Ha aBTOMATHU3WPOBAaHHOM IMGpaKTOMETpe
«Empyrean» xkommannu PANalytical (Humepmanmosr)
C BEpPTUKAJIBHBIM TOHUOMETPOM B U3IYICHUU MEIHO-
TO aHOMIa C HUKEJIEBBIM (DUIBTPOM, 00ECTICINBAIOIITM
COBMECTHO C MOHOXPOMATOPOM Ha BTOPUYHOM ITyIKe
nofasieHue (GoHa 1 CrIeKTpaIbHOiM mHnn K. Cnemka
OCyIIeCTBIIsIIach B reomeTpuu 1o Bperry-bpeHrano
(6-26 ckaHMpOBaHME) C UCTIOIE30BAHNEM CIICKTPATTBHOTO
ny6nera Cu K, , co cpenHeB3BEIICHHON UIMHOIT BOTHBI
A = 1,5406 A. TudpakrorpaMMbl CHUMAJINCh C TIPH-
MEHEHHMEM IBYXKOOPIMHATHOTO TTOJIYIIPOBOTHUKOBOTO
nerektopa PIXcel’P, paboraroiero B peXXumMe JIMHEHOTO
IIeTeKTOpA.

Kpome ycTaHOBIEHNUSI OCHOBHBIX KPUCTAJTNICCKIX
da3 w1t 00pa3LoB KPEMHEBBIX OIA-KPUCTOOATUTOBBIX
rmopoxn, gudpakTorpaMMa KOTOPBIX COIEPKUT aMopd-
HOe rajio (IMaTOMUT, OMOKa), oIpeaelieHa CTeIeHb
KpUCTATTNIHOCTU. CTeIeHh KPUCTATIMIHOCTH yKa-
3aHHbIX 00Pa3LOB (C, ) PACCYMTHIBATACH KAK OTHOILEHKE
WHTETPAIbHON MHTEHCUBHOCTH PACCESTHUS KPUCTAJLUIN-
TOB K CYMMapHO#I MTHTCHCUBHOCTH OOIIETO PacCEesSTHUS
OT aMOp(HBIX U KPUCTAJUIMICCKIX 00IaCTel:

a = (I/(I_+1))+100%, (1)

rie / — uHTerpaabHas MHTEHCUBHOCTD (CyMMapHast
TUTOIIAIb) BCEX KPUCTAITMICCKIX TTMKOB;

1, — uHTETpaIbHAsA MHTEHCUBHOCTb aMOP(HOTO raio.

MHTEeHCUBHOCTH KPUCTAIITNICCKUX TTUKOB 1 aMOp(d-
HOTO Tajio Ha IrpaKTorpaMMax BEIYUCIISUINCH B BUIC
TUTOIIAEH TIOM COOTBETCTBYIOIIMMU KPUBBIMH.

PeuentypHo-TexHomornuyeckast 3(p(peKTUBHOCTD
IIPUMEHSIEMBIX MIHEPaJIbHBIX T00ABOK OIICHMUBAJIACh
10 MX BJIUSHUIO Ha CJICAYIOIINE MTOKa3aTeIN IIEMEHT-
HBIX CHCTEM: BOIOIIOTPEOHOCTD, BOAOYICPKIBAOIIIAS
CITOCOOHOCTH, MOABIKHOCTD IIEMEHTHOTO TECTa, a TaK-
K€ aKTUBHOCTH CMEIIAHHOTO IIEMEHTHOTO BSDKYIIETO.
HccaemoBanus MpOBOAMIINCH HA IIEMEHTHBIX CUCTEMaX
C CyMMAapHOU T03UPOBKOI MUHEPaIbHbIX 100aBoK 10%
oT Macchl Bsokyiero (LI+MJI). B kauecTBe KOHTPOJIbHO-
O TIPUHST COCTaB 03 MUHEPAIBHBIX T00ABOK.

BomomoTpeOGHOCTD IIEMEHTHBIX CHCTEM OIICHUBA-
JIach B CUCTeME cMellaHHOro Bskyiuero (90% mnoprt-
nangueMenTa u 10% MuHepaibHOM 100aBKM) 110 BOHO-
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TBeproMy (BomoBsikyieMy) otHomeHuto (B/(LI+M]))
IEMEHTHOTO TeCTa, COOTBETCTBYIOIIEMY BEJIMUMHE €TO
HOPMAaJIbHOM T'yCTOTEHI, OIIpeIesieMoil Ha mprudope Brka
B coorBeTcTBUU ¢ MeTonmkou [[OCT 310.3.

Bomoynep:kuBarotast CItoCOOHOCTb LIEMEHTHBIX CH-
CTEM OTIpEIeIsIach IO BEIMIMHE BOTOOTIACICHMS 1Ie-
MEHTHOT'O TeCTa, COCTOSIIIIETO 13 CMEIIIAHHOTO BSDKYIIIETO
(90% 11+10% M) v Boabl (BOMOBSDKYIIIEE OTHOIIIEHUE
B/(I+M/) = 1), ipu ocemaHNX YaCTUI] TBEPIOM (pasbl
Ha rpagynpoBanHoM tuanHape o F'OCT 310.6. O0b-
€M OCEBIIIETO IIEMEHTHOTO TeCTa ¥ BOIBI, CKOITUBIIICICS
Ha eTo MOBEPXHOCTH, GUKCUpoBaicd Kaxaple 30 MUHYT
TI0CJIC TIEPBOTO OTCUYCTA B TEUCHNE 2 YaCOB. 32 BEIMUMHY
BOIOOTACIICHNUSI IPUHUMAJIOCh COOTHOIIICHIE 00beMa
BOJIBI, CKOTIUBIIICICST HAa TIOBEPXHOCTH TeCTa K MCXOI-
HOMY 00BEMY CYCITCH3UH, BBIpAaskKeHHOE B TIPOICHTAX
(ko3 PULMEHT BOMOOTACICHNS IICMEHTHOTO TeCTa
10 00BEMY).

AHanmmM3 N3MCHEHNS TMOABUKHOCTHA IIEMEHTHOT'O
TecTa B 3aBUCMMOCTH OT IIPUMEHSIEMOIT MIHEpaJIbHOM
I00aBKM OCYIIIECTBIISITICS C TIpMMEeHEHNEeM KOHyca Xe-
repMaHHa ((popMa-KOHYC OT BCTPSIXMBAIOIIETO CTOJIMKA
no 'OCT 310.4) mpu TTOCTOSTHHOM BOIOCOICPKAHUH
(BOIOBSIKYIIIEM OTHOIICHUM) UCCIIETYEMbIX KOMITIO-
3ULUN.

OT160p MUHEPATBHBIX T00ABOK IIPOBOIMIICS IIO pe-
3yJIbTaTaM MCCICAOBAaHMS X BIUSHUS Ha aKTUBHOCTD
LEMEHTHOTO BSTKYIIETO C OIpeaeIcHIeM MHICKCA aK-
THUBHOCTU Monmudukaropa. MHIEKC aKTUBHOCTH MIPH-
MEHSIEMBIX MUHEPaJIbHBIX JO0ABOK OIIPEIeIsICS B CO-
orBercTBUU ¢ Metoankoii TOCT P 56178-2014 nyrem
COITOCTaBJICHMS PE3yJIbTaTOB MCIBITAHNI TI0 TIPOYHO-
CTU Ha CXKaTue TIocIe TIPOITapKu MOITU(MDUIINPOBAHHBIX
IEeMEHTHO-TIECYAaHBIX 00pa3MoB-0aI0YeK pa3MepoM
40%40x160 MM, N3TOTOBJIEHHBIX C MCITOJIb30BAHUEM
90% nopmianauemenTa u 10% MuHepaabHOI 106ABKU
(1o macce Bsoxymero (LI+MJ1)), 1 cTaHTapTHBIX HE-
MOIUGUIUPOBAHHBIX 00Pa3L0B MPU COOTHOIICHUN
B COCTaBaX IIEMECHTHOI'O BSIKYIIETO M CTAHIAPTHOTO

Tabauuya 2

MOHO(PaKIMOHHOTO ECKa, paBHOM '/,. Bonosxyinee
OTHOIIICHNE TIPMHUMAJIOCH OMMHAKOBBIM IIJIST BCEX COCTa-
BOB, IIPUPABHUBAJIOCH K BEJIMUWHE, TTOTOOPAHHON I
HamboJiee BOIOIIOTPEOHOTO COCTaBa MPU JOCTIKCHUN
IraMeTpa pacIibiBa KOHyca XerepMaHHa MEIKO3ep-
HucTolt 6etonHoi cmecu 106108 mm. ITporenypa n3-
TOTOBJICHUS 1 UCTTBITAHUS 00pa3II0B-0a7104YCK TTPUHSITHI
¢ yuetoM TpeboBanmii TOCT 310.4, pexXuM TETIIOBIIAXK-
HOCTHOM 00paboTku BeiOpaH coracHo TOCT P 56178-
2014 — (3+3+6+2) 4 npu TemIepaType U30TePMUIECKOM
BeIIepKKH 80°C.

ITo pe3ynapTaTam oIpemesIeHUs ITPOYHOCTH Ha CXKa-
THE IIPOTIapeHHBIX 00Pa3IOB (AKTUBHOCTH IIEMEHTHBIX
BSDKYIIINX) BEIYUCIISIICS MHICKC aKTUBHOCTY TTPUMECHSI-
€MBIX MUHEPAJIbHBIX 100aBOK (K|, Zl) 1o popMyIie

Ky =R,/R,, )

rae R, 1 R, — MIPOYHOCTD Ha CXaTre 00pasiioB He-
MOIUGUIIMPOBAHHOTO (KOHTPOJIBHOTO) U MOIUMDUIIIPO-
BaHHOTO (OCHOBHOTO) COCTAaBOB COOTBETCTBEHHO, MI1a.

PE3YJBbTATBI 1 OBCYKIEHUE

XHUMMKO-MHHEPAJIOTHYECKHUIA COCTAB
HCXOIHBIX 0CAOYHBIX MOPOI

XuMuyecKnii (OKCUIHBIN) COCTaB MCCICTYyEMBIX
KpPeMHEBBIX TTopoa (ATeMapCKOro 1uaToMuTa U AJleK-
CEEeBCKOI OTTOKM), a TakKe TTmH Hukurckoro u Crapo-
IIAaTOBCKOTO MECTOPOXKICHMIT TIPUBEICH B Ta0I. 2.

AHam3 JaHHBIX, TOJTYIYCHHBIX METOIOM PEHTTECHO-
CITeKTpaIbHOU (hTyOpeCIEHTHOM CIIEKTPOMETPUH, TTOKA-
3aJ1 mpeodIamaHre B XMMIIECKOM COCTAaBE MCCIICTyeMBIX
KPEMHEBBIX W TIIMHUCTHIX TTIOPOI OKCUIOB KPEeMHUS,
amoMMHUA U kenesa (mac. %): SiO, — 53,19+87,23;
AlLO, —5,15+15,78; Fe, 0, — 3,41--17,28 (Tabax. 2).

Ha puc. 1 npencraBiaeHs AudpakTorpaMMBbl ITOPOLI-
KOB MCCJICIYeMbIX OCaIOYHBIX TIOPOI.

XuMHYECKHi COCTaB HCCIaeayEeMbIX KPEMHEBBIX U INMTMHUCTBIX MOPO 1O pe3yabTraTaM peHTl‘eHOd)JIyOpeCI[eHTHOFO

aHam3a (B mepecyeTe Ha OKCHIbI)

OKkcuaHblii cocras, Mac. %

Ocanoynas nopona

SiO, | ALO, | Fe,O0,| K,0 [ Na,0| CaO | MgO | TiO, | P,O, | ZrO, | MnO | SO, | WO, | NiO | BaO | other
Huatomnt 87,23 515 | 3,41 | 121 | — | 1,75 | 073 032]006| — | — |003] - — | = |on
ATteMapcKuit
Onoxa 73,46 | 13,26 | 4,32 1,90 6,01 0671006 — | = o009 | = | = | = 023
AJlekceeBcKast
I'muna Hukwurckas | 53,19 | 15,78 | 17,28 | 6,17 | 0,34 | 1,60 | 1,26 | 1,52 | 0,25 — — 1,20 | 0,52 | 0,28 — 0,61
Tuna Crapowaii- | ¢0 15 | 1395 11090 | 432 | 0,55 | 1,68 | 112 | 0,64 [ 026 | 0a8 | 013 | — | = | — |007] 031
TOBCKas
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Puc. 1. /lndpakrorpaMmbl NOPOIIKOB HCCIEAYEMbIX 0CATOYHBIX MOPOA: | — TMAaTOMUT ATeMapcKuii; 2 — Ooroka
AnexkceeBckasi; 3 — mmHa Hukutckasi; 4 — mimHa CrapolraiiroBekasi; 5 — mosoMuT ETBHUKOBCKUMIA; 6 — Mes

Atemapckuii

PesynbTaThl Ka4eCTBEHHOIO U KOJMYECTBEHHOTO
peHTreHo(ha30BOro aHAIN3A I10 OIPEIS/ICHNI0 OCHOBHBIX
KPUCTAJUIMYECKUX a3 U UX OTHOCUTEIbHBIX KOHLIEH-
Tpauuii g rand Hukurckoro u CTapoliaiiroBCKOTro
MECTOPOXKIEHUs IIpeacTaBIeHbl B Ta0. 3. BhIsiBiIeHO,
yTO (ha30BbIA COCTAB UCCIIEAYEMbIX [IMHUCTHIX ITOPOLI
npejacrasieH (puc. 1) mpeuMyleCTBEHHO MUHEpaIaMKi
KaoJMHUTOBOM (d = [...; 7,16+7,19; ...; 4,04+4,05; ...;
3,57+3,58;...;2,34+2,35A; ..., 20 = [...; 12,3; ...; 22,0;
..; 24.9; ...; 38,4° ...]) M WyUTMTOBOM (TMAPOCITIONEI) (d =
[...; 10,02; ...; 4,48+4,49; ...; 3,79+3,80; ...; 3,49-+3,50;
.y 3,35+3,36; ...; 3,22+3,23; ...; 3,00; ...; 2,57; ...; 1,50
A;..1,20=1.:8,8;..;19.8; ...; 23,5 ...; 25,4 ...; 26,6;
27,75 .., 29,8; ...;34,9; ...; 61,6° ...]) rpymi, a TaKKe
moaudukanusaymu kpapua (d = [...; 4,27; ...; 3,35+3,36;
L 1,82A;..],20 =1...;20.8; ...; 26,6; ...; 50,1°; ...]),
nojeBbeIMU ImaTamu (d = [...; 4,04+4,05; ...; 3,79+3,80;
.3 3,265 ... 3,203,23; ... 2,94; ...; 2,46; ...; 2,29; ...;
2,24; ..:2,13; .5 1,98; ...; 1,67; ... 1,54; ...; 1,38 A; ...,

Tabauuya 3

20=1...;22,0; ...; 23,4; ...; 27,4; ...; 27,7+27,9; ...; 30,4;
.3 36,5;...;39.4;...;40,2; ...;42,4; ..;45,7; ...; 54.8; ...;
59,9; ...;67,7° ...]) ururcom (d = [...; 7,63; ...; 4,27; ...;
3,80; ...;3,07; ...;2,87; ..; 2,69 A; .1, 20 =[...; 11.,6; ...;
20,8;...;23.4; ...;29,0; ...; 31,1; ...; 33,3°; ...]) Ipu UX OT-
HOCHUTEJILHOM COEPXKAHUU B O0IIeil Macce KpUCTaJLIU -
yeckux a3 (mac. %): 18,0+39,8; 23,1+23,2; 19,8+46.9;
11,9+14,2 m 0+3,1 COOTBETCTBEHHO, T.€. TIPEACTaBICH-
HbIE TJIMHBI SBJISIETCS MOJIUMUHEPAIbHBIMU.
MuHepalorM4ecKuii COCTaB KPEMHEBBIX ITOPOI
(mmaToMmWTa M OIOKHU) TpeacTaBieH (puc. 1) mpe-
UMYILIECTBEHHO KPUCTA/UIMYECKUM KBapLeM (d = |...;
4,27+4,30; ...; 3,35+3,37; ..; 1,82 A; ...], 20 = [...;
20,6+20,8; ...; 26,4+26,6; ...; 49,9+50,1°; ...]) u ya-
CTUYHO 3aKPUCTA/UIM30BAHHON OIal-KPUCTOOAIUT-
TpuoguMuToBOI azoit (OKT-daza) (260 = 18+25°),
MIPeACTaBISIONIeii cCO00M cMeCh KPUCTAIMIECKUX
U CKPBITOKPUCTAIUIMYECKUX PA3HOBUIHOCTEM KpeMHE-
3eMa: KpUCTOOAINTA, TPUAMMMUTA U PEHTIeHOaMOP(hHOTO

KoHueHnTpanumn KpucTaimyeckKux ()a3 B MUHEPAJIOTHYECKOM COCTaBe HUCC/IENYEMbIX IIMH (110 TEpPMOOOPaAGOTKH)

Kpucranmyeckue da3spl, mac. %
MecTtopoxnenue Monmudpukannm HMHTz;aﬂ Monmndpukanuu ITonessie T
KAOJIMHUTA rpyn KBapua HINATHI
(TEApOCITIONDI)
Hukwnrckoe 39,8 23,1 19,8 14,2 3,1
CrapolaifroBckoe 18,0 23,2 46,9 11,9 —
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onaja. XapakTepHble IPU3HAKU 1 U3MEHUYUBOCTh peallb-
HO# CTPYKTYPbI OTAEIbHBIX IPUPOTHBIX KPEMHUCTHIX
(a3 oTUETIIMBO MPOSIBIISAIOTCS Ha AU(paKTOrpaMMaXx:
BUJI CJI0XHOTO AU(PaKLMOHHOTO MpOoduiisl, CTeeHb
YILMPEHUS [JIABHOTO KK, pa3pellieHre U OTHOCUTE b~
Hble MHTEHCUBHOCTU €r0 COCTABJISIOLINX, MUATPALIMSI
3HAYEHUSI MEXKILJIOCKOCTHOTO PACCTOSIHUSI.

ITo pe3synbratam aHanu3a IMMPaKTOrpaMm MOPOILI-
KOB KPEMHEBBIX IIOPOJ] YCTAHOBJIEHO, YTO CTEIEHb KPU-
CTAJNIMYHOCTU MCCIIEAYEMBIX 00pa310B MUHEPAIbHBIX
J00aBOK IOBBIIIIAETCS B HAIIPABJIEHUHU JUATOMUT —~ OIIO-
Ka, ¢ 21,9 mo 36,5%. Boicokasi cterneHb aMOp(OU3NPOBaH -
HOCTY CTPYKTYPbI MaTepuasia, HaJlnuKe aKTUBHbIX (hOpM
KpeMHe3eMa 1 CTPYKTYPHOE pa3HOOOpa3re KPEMHUCTOIO
BellleCTBa 00YCIaBIMBAET YIyULIEHHbIEC (PU3UKO-XUMU-
YeCKUE XapaKTepUCTUKU IUATOMUTA U OIOKU, B 4acT-
HOCTH KX IMOBBIIIEHHYIO IYLIIOJIaHOBYIO aKTUBHOCTh
B LIEMEHTHBIX CUCTEMaX.

MuHepasToruuecKuii CocTaB 10JIoMUTa EIbHUKOB-
CKOT'O MECTOPOXIEHUSI IIpeACTaBieH (pa3aMu JOJOMUTA
CaMg(CO,), (d=]...;2,90; ...;2,41; ...; 2,20; ...; 2,02; ...;
1,82; ... 1,80 A; ...]1, 20 =1...; 30,8; ...: 37,2; ...; 41,0; ...
44.,8; ...; 50,2; ...; 50,8°; ...]) m kanbuura CaCO, (d = |...;
3,87;...;3,04; ...; 2,50; ...; 2,29; ...; 2,10; ...; 1,91; ...; 1,88
A;..1,20=1...;23,0;...;29,3; ...; 35,9; ...; 39,4; ...; 43,1;
.y 47,4; ..., 48,5% ...]) IpH clIeayIOIeM OTHOCUTEILHOM
comepxanuu ¢as (Mac. %): 1OJOMUT — 52; KaJIbLIUT —
48. da30BLBIil cocTaB Mejla ATeMapcKOro MECTOPOXKIIE-
HUS TIPEJICTABJIEH IPEUMYIIECTBEHHO Kasibiutom CaCO,
d=1...;3,87;...; 3,04; ...; 2,50; ...; 2,29; ...; 2,10; ...;
1,92; ...; 1,88A; ...1,20 =...; 23,0; ...; 29.3; ...; 35,9; ...;
39,3; ...;43,1; ...; 47,4; ...; 48,4° ...]) ¢ BKIIIOYCHUSIMU
xsapua Si0, (d =...;4,31; ...;3,36; ...; 1,82 A; ...],20 =
[...;20,6; ...; 26,5; ...; 50,1°; ...]) — 96 u 4 mac. % coor-
BETCTBCHHO (TabOI. 4).

Biusnuie 0cagouHbIX MOPO Pa3IndHOIO COCTABA
¥ TeHe3Uca Ha TEXHOJIOrn4ecKue u (pu3MKo-
MeXaHM4YeCKHE CBOICTBA IIEMEHTHBIX CHCTEM

[To pesynbpTataM nccaenoBaHUST yCTAHOBIEHBI KOP-
PENISIITMOHHBIE 3aBUCUMOCTH MEXKITy TIOKa3aTeJISIMU BO-
nonorpedHoctu (W) (puc. 2, a), BonoynepXuBaoIen
criocobHoctu (W) (puc. 2, 6), MOABMKHOCTU LIEMEHT-
HBIX cucTteM (D) (puc. 2, B) 1 yIeJIbHOI TOBEPXHOCTHIO
TPUMEHSIEMBIX MUHEPATbHBIX T00ABOK (Syﬂ). Kpome
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Puc. 2. Koppensuuonnbie 3aBUCHMOCTH MEXKITY
BOZIONOTPEOHOCTHIO 0 HOPMAJIBHOIA IycTOTE (a),
BOIOOTIEIEHHIO (0), MOIBHAKHOCTBIO 10 PACILIBIBY
KoHyca XerepMaHHa (B) IEMEHTHBIX CHCTEM U YAeIbHOI
TOBEPXHOCTHI0 MUHEPAIBHBIX 100aBOK

Tabauua 4
®a30Bblii COCTAB KAPOOHATHBIX MOPOJ
Kpucranmyeckue ¢a3sbl, mac. %
KapOonaTHas nopona
Kanpuur JlonomMut Monudukanuu KBapua
Jomomut EnbHUKOBCKMIT 48 52 -
Men Atemapckuii 96 - 4
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Puc. 3. Koppensumonnas 3aBUCHMOCTb MEKY HHIEKCOM aKTHBHOCTH MMHEPAJIbHBIX 100aBOK U conepxanuem SiO,

B UX COCTaBe

3TOTO, BBISIBJICHA CBSI3b MEXKIY MHICKCOM aKTUBHOCTHU
ucciesyeMblx MoanGuKaTopos (K| ) u coaepxaHuem
B MIX COCTaBe TMOKCHIA KPEMHUS (mSioz) (puc. 3). Crour
OTMETHTbh, YTO IIPU YCTAHOBJICHUM ITOCIICTHEH TpaIy-
MPOBOYHOI 3aBUCUMOCTH B UTOTOBYIO BHIOOPKY OBIIIO
BKJTFOUCHO TOJIBKO B COCTaBa ¢ KPEMHUCTHIMH TIOPO-
namu (Ne 3 1 6 COOTBETCTBEHHO).

M3 aHanm3a MOTyYeHHBIX OJAHHBIX YCTAHOBJICHO
(puc. 2 a), 9TO MEXKIY BOTOIIOTPEOHOCTHIO IIEMEHTHBIX
BSDKYIIIMX 110 HOPMAJIBHOM TYCTOTE M YACIBHO ITOBEPX-
HOCTBIO MCCIIEIyeMbIX BUIOB MUHEPATbHBIX T00ABOK,
BBOIMMBIX B KotmuecTBe 10% OT Macchl BSIKYIIETO,
HaAOJIIOMaeTCsT JOCTAaTOYHO TeCHasl KOPPeaSIIMOHHAs
3aBucuUMOCTh (R? = (0,934). YBennyeHue yaeabHO 1mo-
BEPXHOCTU MUHEPATbHBIX J00aBOK IIPUBOIUT K TTOBBI-
IIEHWIO BOIOIIOTPEOHOCTH IIEMEHTHBIX CHCTeM. [1pm
3TOM BBISIBJICHO, YTO HAaMOOJIBIIEH BOIOIIOTPEOHOCTEIO,
B 1,5 pa3a mpeBhIIaIIeli aHAJIOTUYHBIN TTOKa3aTeIb
IUTSI TIOPTJIAHIIIEMEHTA, 00JIadar0T KOMITO3UIINH C J00aB-
KaMU U3MEJTbYeHHOTO nruatoMuTa (cocTaBbl N 2, 3 1 4).

3HavYeHUS BOTOOTACICHUS BIKYIIETO (Koadduim-
€HTa BOIOOTACJICHUS IIEMEHTHOTO TeCTa 10 00beMy),
HAIIPOTUB, CHIKAIOTCS C TIOBBIIIICHUEM YIEIbHOM T10-
BEPXHOCTH MUHEPATBHBIX MOOU(PUKATOPOB (puc. 2 0).
JInHeiiHAs 3aBUCUMOCTD MEXIY YKa3aHHBIM ITOKa3a-
TeJeM IIEMEHTHBIX CUCTEM U YICIbHOU TTOBEPXHOCTHIO
HccIenyeMbIX BUIoB M/I xapakTepu3yeTcst JOCTaTOIHO
BBICOKMM K03 duimeHToM rerepmuHanmnu R2 = 0,752.
AHAIM3UPYS pe3yIbTaThl 9KCIIEPUMEHTAIBHBIX UCCIICIO0-
BaHWiA, BEIIBUJIN, 9YTO TTOPTIAHILIEMEHT, KapOOHATHBIC
(1E u MA) n npokaziennasie rmuHUCTRIC (ITI'C 1 TITH)
TOPOIBI OTINYAIOTCS HAaMMEHBIIICH BOIOYICPXKUBAIO-
el CITOCOOHOCTRIO U3 pacCMaTPUBACMBIX KOMITOHECH-
TOB IIEMEHTHBIX CHCTEM, O YeM CBHIETEIBCTBYIOT I10-

BBIIIICHHBIC 3HAYCHUS KO3(PDUIIMEHTa BOTOOTICTICHUS
LIEMEHTHOTO TecTa 10 00beMy y coctaBoB Ne 1, 7, 8, 9
u 10 (25,3, 21,7, 22,8, 24,8 u 21,7% cOOTBETCTBEHHO
(puc. 26)). Hammensbitiee BomooTaeaeHe HabTIOmaeTCst
y BSDKYIINX, MoauUIpoBaHHBIX M/l Ha OCHOBE aua-
tomura (5,2+7,1%, coctasbt Ne 2, 3 u 4) u oroku (13,4
u 13,1 %, coctaB Ne 5 11 6 COOTBETCTBEHHO).
[TomBIXHOCTH IIEMEHTHBIX CUCTEM, OLICHMBaeMasi
IIPY WX TTIOCTOSTHHOM BOIOCOIEPKaHWU 110 PACIIIBIBY
KOHyca XerepMaHHa, TaKXKe CHIDKACTCS TIPH YBEJIJe-
HUU yaeabHOU oBepxHoctr M/I (puc. 2 B), TIpA 3TOM
TECHOTA KOPPESILIMOHHOM cBsI31 cocTaBisieT R2 = (0,648.
ITo pe3ynpraTam McciieHOBaHUS YCTAHOBJICHA 3arylia-
oIIast CIIOCOOHOCTD TIPUMEHSICMBIX MUHEPAJIBHBIX 10-
6aBoK, moBeIaromas B psay AE - MA / III'C - IIT'H
- OIIK1-OIIK2-ITMTI1 / ATMT2 / ATMT3. [Ina-
METp pacILIbIBa MOIUMDUIIMPOBAHHBIX IIEMEHTHBIX CH-
cTeM 13 KoHyca XerepMmaHHa coctaBiigeT 100123 MM,
yT0 10 19 % Huxe, yeM y coctaBa 6e3 M1 (124 mm).
AHamm3upys puc. 3, yCTaAHOBIICHO, YTO MHICKC aK-
TUBHOCTH MHWHEPAIbHBIX T00aBOK B OMpeAceHHOMN
CTeTICHU CBSI3aH C COACpKaHMEM B MX COCTaBe TUOK-
cua KpeMHuUs. YBenryeHue KoHuenrpauuu SiO, B co-
CTaBe 0CaIOYHON ITOPOIBI CIIOCOOCTBYET TTOBHIIIICHUIO
AKTUBHOCTH MOIM(MUKATOPA, O UeM CBUICTEIBCTBYET
COOTBETCTBYIOIIAsI KOPPEIIIINOHHAS 3aBUCUMOCTh
(R? = 0,461). YcTaHOBJIEHO, YTO HAMOOJIbLIEH (-
(EKTUBHOCTBIO B IIEMCHTHBIX CHCTEMAaX OTIMYAIOTCS
KPEMHEBBIC OITAI-KPHCTOOATNTOBEIC TTOPOIBI (IMATOMUT
1 OTIOKA), B YaCTHOCTU, MHAEKCHI akTuBHOCTU I TMT?2
(coctaB Ne 3) u OITK2 (coctaB Ne 6) mocturatot 1,13
n 1,05 OTH. ell. COOTBETCTBEHHO. TakkKe XMMNYECKOM
AKTUBHOCTHIO B IIEMEHTHBIX KOMITO3UIIASIX 00JIagafoT
MUHepaJibHble 100aBKM HA OCHOBE 000X KeHHOU Hu-
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KUTCKOI MMHBI — nHAeKCe akTuBHOCTU [1T'H B cocTaBe TpC6HOCTL, BOOOYACPKMBAIOIIYIO CITOCOOHOCTD U TI0JI-

Ne 7 cocraBun 1,05 oTH. ex. BUKHOCTD LIEMEHTHOTO TECTA;
3) YCTaHOBJICHO BIWSHUE MUHEPATbHBIX MOIU(H-
3AKJIIOYEHUE KaTOpOB HAa aKTUBHOCTb CMELIAHHOTO LIEMEHTHOTO BSI-
XKYIIETO;
ITo nToram IpoBeACHHBIX SKCTICPUMEHTAIBHBIX HC- 4) BBIIBJICHBI Hanbosee 3(pPeKTUBHBIC OCATOIHBIC
CJICIIOBAHUIA TIOJTyYEHBI CICTYIOIINE Pe3YIbTATHI: TTOPOIIBI, TIO3BOJISTIONINE HATIPABJICHHO YITPABIIATH TEXHO-
1) ycTaHOBIIEHBI OCOOCHHOCTH XMMUKO-MUHEPAJIOTH-  JIOTUICCKUMH U (PM3UKO-MEeXaHNIECKIMU CBOMCTBaMU
YeCKOTO COCTaBa MCXOMHBIX OCAIOYHBIX TOPOM (KpeMHEe-  IIEMEHTHBIX CHCTEM.
BBIC (IMAaTOMMUT 1 OITOKA), TTIMHUCTHIC (ITOJTMMUHEPaThb- B xadecTBe HanboIIee MePCITIEKTUBHBIX TS JaJTbHE-
HBIC TJIMHBI) ¥ KapOOHATHBIC (IOJIOMUT U Me)); X padoT OBLIM BEIOPAHBI CICIYIOIINE BUIBI MUHE-
2) BBISIBJICHO BIIMSTHIE MIUHEPAIBHBIX J0OABOK Ha OC- pabHBIX 100aBOK: ATeMapCKUii TMaTOMUT, AJeKCeeB-
HOBE OCaIOYHBIX IIOPOJI PA3IMYHOTO COCTaBa Ha BOMOIIO-  CKasl OToKa U IpoKajieHHass Hukurckast rimHa.
CIINCOK UCTOYHHUKOB

1. YepnsimoB E.M., Apramonosa O.B., CnaBuesa I'.C. HanomomnduiimpoBaHme IeMEHTHBIX KOMITO3UTOB Ha
TEXHOJIOTMUECKOM CTaINy KU3HeHHOTO InKJia // HanoTtexHomoruu B ctponTebeTBe. 2020. Tom 12, Ne 3. C. 130—139.
https://doi.org/10.15828/2075-8545-2020-12-3-130-139.

2. MnozemiieB A.C., KoposeB E.B. CpaBHUTEIBHBII aHAIN3 BIUSTHUS HAHOMOIU(UITIPOBAHUS M MUKPOIMCITEPC-
HOTO apMHMPOBAHMS Ha MIPOIIECC U TTApaMeTPhl pa3pyIIeHUST BHBICOKOIIPOUYHBIX JIETKUX 0eTOHOB // CTpouTeIbHEBIC
matepuansl. 2017. Ne 7. C. 11—15.

3. ®urosckuii O.J1., beitnun J1.A., [TonomapeB A.H. Ycriexut mpuMeHeHNST HAHOTEXHOJIOTHI B CTPOUTEIIBHBIX
Matepuanax // HanorexHomoruu B ctpoutesbetse. 2012. Ne 3. C. 6-—21.

4. Nizina T.A., Balykov A.S., Korovkin D.I., Volodin V.V. Physical and mechanical properties of modified fine-
grained fibre-reinforced concretes containing carbon nanostructures. International Journal of Nanotechnology. 2019;
16: 496—509. https://doi.org/10.1504/1JNT.2019.106621.

5. Ghafari E., Costa H., Julio E., Portugal A., Duraes L. The effect of nanosilica addition on flowability, strength and
transport properties of ultra high performance concrete. Materials and Design. 2014; 59: 1-9. https://doi.org/10.1016/j.
matdes.2014.02.051.

6.Jacob J.D.S., Mascelani A.G., Steinmetz R.L.R., Costa F.A.D., Dalla Costa O.A. Use of silica fume and nano-
silica in mortars attacked by acids present in pig manure. Procedia Structural Integrity. 2018; 11: 44—51. https://doi.
org/10.1016/j.prostr.2018.11.007.

7. baxenos FO.M., ®anukman B.P., Bynrakos B./1. HanoMaTepuaibl 1 HAHOTEXHOJIOTUM B COBPEMEHHOM TeX-
Hojioruu 6eToHoB // BectHuk MI'CY. 2012. No 12. C. 125—133.

8. Manukman B.P., Co6ones K.I'. «IIpocTop 3a mpeneaom», Wil KaK HAHOTEXHOJIOTMU MOIYT U3MEHUTb MUP
6eronHa. Yactb 1 // HanotexHomornu B ctpoutenbetse. 2010. Tom 2, Ne 6. C. 17-31.

9. Paccoxun A.C., ITonomapes A.H., ®urosckuii O.JI. MUKpoKpeMHe3eMbl pa3IMIHBIX TUIIOB JIJISI BEICOKO-
IIPOYHBIX MEIKO3EPHUCTHIX 0eTOHOB // MHXeHepHO-CTpOoUTeIbHbIA XypHai. 2018. No 2 (78). C. 151—-160. https://
doi.org/10.18720/MCE.78.12.

10. Chand G., Happy S.K., Ram S. Assessment of the properties of sustainable concrete produced from quaternary
blend of portland cement, glass powder, metakaolin and silica fume. Cleaner Engineering and Technology. 2021; 4:
100179. https://doi.org/10.1016/j.clet.2021.100179.

11. Kocak Y. Effects of metakaolin on the hydration development of Portland—composite cement. Journal of Build-
ing Engineering. 2020; 31: 101419. https://doi.org/10.1016/j.jobe.2020.101419.

12. Mohammed A.M., Asaad D.S., Al-Hadithi A.I. Experimental and statistical evaluation of rheological prop-
erties of self-compacting concrete containing fly ash and ground granulated blast furnace slag. Journal of King Saud
University — Engineering Sciences. 2021. https://doi.org/10.1016/j.jksues.2020.12.005.

13. Nedunuri S.S.S.A., Sertse S.G., Muhammad S. Microstructural study of Portland cement partially replaced
with fly ash, ground granulated blast furnace slag and silica fume as determined by pozzolanic activity. Construction

and Building Materials. 2020; 238: 117561. https://doi.org/10.1016/j.conbuildmat.2019.117561.

http://nanobuild.ru 60 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.15828/2075-8545-2020-12-3-130-139
https://doi.org/10.1504/IJNT.2019.106621
https://doi.org/10.1016/j.matdes.2014.02.051
https://doi.org/10.1016/j.matdes.2014.02.051
https://doi.org/10.1016/j.prostr.2018.11.007
https://doi.org/10.1016/j.prostr.2018.11.007
https://doi.org/10.18720/MCE.78.12
https://doi.org/10.18720/MCE.78.12
https://doi.org/10.1016/j.clet.2021.100179
https://doi.org/10.1016/j.jobe.2020.101419
https://doi.org/10.1016/j.jksues.2020.12.005
https://doi.org/10.1016/j.conbuildmat.2019.117561

Nanotechnologies in construction 2022; 14 (1): U/
HaHoTexHonorum B cTponTenbcTBe 53-61 NanObL" ]

PE3Y/IbTATbI UCC/IE4OBAHUM YHYEHBIX U CMIELUAJINCTOB

14. Huznna T.A., Cenges B.I1., BaasikoB A.C., Bomomun B.B., Koposkun .M. OntnMu3anyst cocTaBOB MHOTO-
KOMIIOHEHTHBIX MEJIKO3CPHUCTHIX (POPOOETOHOB, MOTU(UIINPOBAHHBIX Ha PAa3IMIHBIX MACIITAOHBIX YPOBHSIX //
Hanorexnonoruu B crpouteiberse. 2017. Tom 9, Ne 2. C. 43—65. https://doi.org/10.15828/2075-8545-2017-9-2-43-65.

15. Nizina T.A., Balykov A.S., Korovkin D.I., Volodin V.V. Modified fine-grained concretes based on highly filled
self-compacting mixtures. /OP Conference Series: Materials Science and Engineering. 2019; 481: 012048. https://doi.
org/10.1088/1757-899X/481/1/012048.

16. Mota dos Santos A.A., Cordeiro G.C. Investigation of particle characteristics and enhancing the pozzolanic
activity of diatomite by grinding. Materials Chemistry and Physics. 2021; 270: 124799. https://doi.org/10.1016/j.match-
emphys.2021.124799.

17. Taoukil D., El meski Y., Lahlaouti M.L., Djedjig R., El bouardi A. Effect of the use of diatomite as partial re-
placement of sand on thermal and mechanical properties of mortars. Journal of Building Engineering. 2021; 42: 103038.
https://doi.org/10.1016/j.jobe.2021.103038.

18. Ahmadi Z., Esmaeili J., Kasaei J., Hajialioghli R. Properties of sustainable cement mortars containing high
volume of raw diatomite. Sustainable Materials and Technologies. 2018; 16: 47—53. https://doi.org/10.1016/j.sus-
mat.2018.05.001.

19. Sabir B.B., Wild S., Bai J. Metakaolin and calcined clays as pozzolans for concrete: a review. Cement and Con-
crete Composites. 2001; 23 (6): 441—454. https://doi.org/10.1016/S0958-9465(00)00092-5.

20. lNaitpyummn A.P., Paxumos P.3., PaxumoBa H.P. BiusiHre 106aBOK IITMHUTOB B MOPTIAHAIIEMEHT Ha ITPOY-
HOCTbD IPH CXKATUM LIEMEHTHOTO KaMHsl // HXeHepHO-CTpouTeIbHbIM XypHai. 2015. Ne 7 (59). C. 66—73. https://
doi.org/10.5862/MCE.59.7.

21. Balykov A.S., Nizina T.A., Volodin V.V., Kyashkin V.M. Effects of Calcination Temperature and Time on the
Physical-Chemical Efficiency of Thermally Activated Clays in Cement Systems. Materials Science Forum. 2021; 1017:
61—70. https://doi.org/10.4028 /'www.scientific.net/MSF.1017.61.

22. Celik K., Hay R., Hargis C.W., Moon J. Effect of volcanic ash pozzolan or limestone replacement on hydra-
tion of Portland cement. Construction and Building Materials. 2019; 197: 803—812. https://doi.org/10.1016/j.conbuild-
mat.2018.11.193.

23. Lin R.-S., Wang X.-Y., Yi-Han. Effects of cement types and addition of quartz and limestone on the normal and
carbonation curing of cement paste. Construction and Building Materials. 2021; 305: 124799. https://doi.org/10.1016/].
conbuildmat.2021.124799.

24. Lollini F., Redaelli E., Bertolini L. Effects of portland cement replacement with limestone on the proper-
ties of hardened concrete. Cement and Concrete Composites. 2014; 46: 32—40. https://doi.org/10.1016/j.cemcon-
comp.2013.10.016.

NHOOPMALI/A OB ABTOPAX

BanbikoB Apremuin CepreeBuY — KaHAMAAT TEXHUYECKNX HayK, CTapLUMI Hay4YHbI COTPYAHUK HayYHO-MCC/IeAoBaTeNIbCKOM NabopaTopriv SKOOro-
MeTEOoPONOrnYeCcKoro MOHUTOPUHIA, CTPOUTENbHbIX TEXHONMOIMIN U SKCNepTu3, HaumoHanbHbI nccnepgoBatenbckuii MopaoBCKuUiA rocyaapCcTBEHHbIN
yHuBepcuTteT um. H.IN. OrapeBa, CapaHck, Poccus, artbalrun@yandex.ru, https://orcid.org/0000-0001-9087-1608

HusuHa TaTbsiHa AHaTONIbeBHA — JOKTOP TEXHNYECKMX HayK, npodeccop, npodeccop Kadeapbl CTPOUTENbHbIX KOHCTPYKUMI, HaunoHanbHbIN
nccnepoBatenbCknii MopaoBcKuid rocyjapcTBeHHbl yHnBepcuteT nm. H.IM. Orapesa, CapaHck, Poccus, nizinata@yandex.ru, https://orcid.org/0000-
0002-2328-6238

KawkuH Bnagumup MuxaiinoBuny — KaHauzat Gr3nKo-maTeMaTnyeckmnx Hayk, JOLEHT, foLeHT Kadeapbl Gu3nky TBepaoro Tena, HauroHanbHbIn
nccnepoBaTenbckmin MophoBCKMin rocyAapCTBEHHbIN yHBepcuTeT nm. H.IN. Orapesa, CapaHck, Poccua, kyashkin@mail.ru, https://orcid.org/0000-
0002-3413-247X

BonoauH Cepreii BanepbeBuy - cTyfieHT, HaumoHanbHbIN nccnegoBatenbckuii MopaoBCKuiA FocyaapCcTBeHHbI yHuBepcuTeT um. H.IM. Orapesa,
CapaHck, Poccus, svolodin12@gmail.com, https://orcid.org/0000-0003-2018-4487

BKJTIA] ABTOPOB
Bce aBTOpPbI CANany SKBYBaNEHTHbIN BKMaJ, B MOATOTOBKY Ny6nnKaLuu.

ABTOpbI 3aABAAIOT 06 OTCYTCTBMMN KOH(NINKTa MHTepecoB.

CraTba noctynuna B pegakuuio 10.01.2022; ogo6peHa nocne peueHsnpoBaHus 01.02.2022; npuHaATa K ny6nukauum 04.02.2022.

http://nanobuild.ru 61 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://doi.org/10.15828/2075-8545-2017-9-2-43-65
https://doi.org/10.1088/1757-899X/481/1/012048
https://doi.org/10.1088/1757-899X/481/1/012048
https://doi.org/10.1016/j.matchemphys.2021.12479
https://doi.org/10.1016/j.matchemphys.2021.12479
https://doi.org/10.1016/j.jobe.2021.103038
https://doi.org/10.1016/j.susmat.2018.05.001
https://doi.org/10.1016/j.susmat.2018.05.001
https://doi.org/10.1016/S0958-9465(00)00092-5
https://doi.org/10.5862/MCE.59.7
https://doi.org/10.5862/MCE.59.7
https://doi.org/10.4028/www.scientific.net/MSF.1017.61
file:///E:/_WORKS-2/_%d0%9d%d0%a2%d0%92%d0%a1-2/77_(1)_2022/7_%d0%91%d0%b0%d0%bb%d1%8b%d0%ba%d0%be%d0%b2/ 
file:///E:/_WORKS-2/_%d0%9d%d0%a2%d0%92%d0%a1-2/77_(1)_2022/7_%d0%91%d0%b0%d0%bb%d1%8b%d0%ba%d0%be%d0%b2/ 
https://doi.org/10.1016/j.conbuildmat.2021.124799
https://doi.org/10.1016/j.conbuildmat.2021.124799
https://doi.org/10.1016/j.cemconcomp.2013.10.016
https://doi.org/10.1016/j.cemconcomp.2013.10.016

2022; 14 (1):
62-69

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

RATIONAL USE OF NATURAL RESOURCES

CCBY 4.0

Review article
https://doi.org/10.15828/2075-8545-2022-14-1-62-69

Overview of the instrumentation base
for monitoring greenhouse gases

Elena A. Muravieva (»), Ekaterina S. Kulakova*

Ufa State Petroleum Technological University, Ufa, Republic of Bashkortostan, Russia
* Corresponding author: e-mail: kulakova87@list.ru

ABSTRACT. Introduction. The article describes the results of a comparative analysis of three large companies presenting on
the market close control equipment for the control of climatically important parameters: LI-COR, Picarro and Gasera, and using
nanotechnologies; the urgency of the ecological problem of finding a technical solution for the control of climatically active gases,
including CO, in the atmospheric air, was studied. The aim of the work is to analyze the world leaders in the production of preci-
sion equipment for monitoring greenhouse gases in the manufacture of nanomaterials and in scientific centers for the study of
climate change. Methods and materials. The study is based on the information from open information sources, materials and
reviews of various fields of knowledge made by scientific researchers, who describe the features of the activities of these companies
or are directly involved in product development, and then compile a report on their work. The article contains information from
true sources, namely from the official websites of companies, which describes their history of creation and development process.
Research methods are benchmarking and SWOT analysis. Results and discussion. The study carried out a comparative analysis of
companies in terms of the duration of work in world markets and its impact on the quality and technical features of products. The
article provides information about companies that have achieved very good results from the beginning of their foundation to the
present. The species diversity of old and new generation quality control devices sold in markets around the world by the companies
in question is the same, which leads to very high competition. A description of the companies’ operations, their location, coverage
of consumers is given, as well as the annual income from the sale of products, the amount of work that they do in the course of
their activities. Conclusion. It was revealed that the companies LI-COR, Picarro, Gasera carry out the production of quality control
devices that reproduce the required measurement parameters. Gas-analyzers of the companies are in demand in the market of
precision control devices used to capture greenhouse gases in order to develop building nanomaterials, scientific research on the
climate problems of modern society.
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INTRODUCTION

he climate agenda is one of the global tasks of leading
environmental organizations. The climate pact was
signed in 1995 in Kyoto, where a decision was made on
the need to reduce emissions of greenhouse gases, includ-
ing CO,, from industrial sources, and a standard was set
for their emissions [1].
One of the following climate agreements within the
framework of the UN activities is an act signed in 2015
in Paris. According to this document, the countries that

© Muravieva E.A., Kulakova E.S., 2022

signed it commit themselves to taking measures to reduce
the concentration of CO, in the atmospheric air of the
region. Also, within the framework of the Paris Agree-
ment, the goal of the participating countries was set to
develop measures on a regional scale to prevent the global
air temperature from exceeding 1.5°C by 2100 [2].

The Glasgow climate pact 2021 set a goal for confer-
ence attendees to reduce carbon emissions to the lowest
possible level. The participants of the conference commit-
ted themselves to abandon the use of coal, which cannot
be used in carbon dioxide capture technology, in all in-
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Fig. 1. Temperature difference from 1850 to 2020, according to the World Meteorological Organization

dustries. In addition, a number of countries, including the
USA, have signed an agreement to reduce CH, emissions
by 30% by the end of 2100. According to the UN climate
report, for 2021 the air temperature has increased by 1.1°C
compared to the beginning of the century (Figure 1) [3].

Thus, the global climate agenda is designed to solve
the problem of global warming by 1.5°C by 2100. Effi-
ciency in taking measures to reduce the concentration of
greenhouse gases that trap solar radiation in the atmo-
sphere is scientifically substantiated.First, the measures
taken by world organizations to annually reduce the level
of emissions of climate-active gases have led to a decrease
in the growth of their concentration. This is due to the
remote influence of emissions from the early industrial
period.Secondly, an increase in the temperature of the
earth’s surface leads to tremendous changes in ecosys-
tems. Thus, according to the Intergovernmental Panel on
Climate Change (IPCC), by 2100 the level of the world
ocean will rise by 0.2 m. Due to the increase in air tem-
perature, processes continue to reduce the amount of
ice in the oceans. Every year, the likelihood of extreme
weather events increases. For example, in 2021, Hurricane
Ida was the most powerful hurricane, which was assigned
a fourth category of danger. Since 1980, 13 hurricanes of
the fifth hazard category have occurred in the Atlantic
Ocean (average wind speed is 270 km/h) [2].

According to UN conventions, the most common and
longest lived greenhouse gas is carbon dioxide (CO,). Its
concentration in the atmospheric air is the highest among
other greenhouse gases. According to the World Meteo-
rological Organization, in 2019 its concentration reached
410 ppm and amounted to 148% of the pre-industrial
period (1850—1900). In addition, over the past 25 years,
the concentration of CO, has increased by 20%.

The next most common greenhouse gas in the at-
mosphere is methane. The lifetime of the gas in air is
less than 10 years. As of 2019, its concentration in the
air was 1877 ppb. According to the World Meteorologi-
cal Organization, the concentration of methane has in-
creased by 260% compared to the pre-industrial period
(1850—1900). Over the past 25 years, the background
concentration of methane in the atmospheric air has
increased by 16% [3].

World climate organizations note the smallest increase
in nitrous oxide (N,0) in the atmospheric air. So, over
the past 25 years, its content has grown by 9%. As of 2019,
the concentration of gas in the air was 332 ppb, which is
123% higher compared to 1850—1900. Despite the low
concentration in the atmosphere compared to carbon
dioxide, nitrous oxide has a greater impact on the forma-
tion of the greenhouse effect. In addition, the lifetime of
a gas molecule in air is about 150 years [3].

The climate problem poses scientific challenges
for society related to the peculiarities of the behavior
of climatically active gases, including CO,, in the at-
mospheric air, as well as the study of possible ways to
reduce the concentration of greenhouse gases.A tool
for determining the concentration of substances and
solving environmental problems are systems for auto-
mated control of the content of substances in the air.
To this date, pollutant control devices are installed in
industrially loaded cities [1—2]. However, stations for
monitoring the chemical composition of urban air with
gas analyzers for carbon dioxide, methane, and nitrous
oxide are not widely used. Thus, the development of an
automated control system for greenhouse gases is one of
the main tasks of scientific research in the framework of
decarbonization projects.
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The solution of the scientific problem of studying
and analyzing the behavior of climatically active gases
in atmospheric air is based on the influence of various
factors on their momentary content. The main factors
affecting the change in the concentration of gases in the
air are meteorological conditions, such as air temperature
and humidity, wind direction and speed. In addition, due
to the deposition of carbon dioxide by plants, including
trees, the gas concentration depends on vertical air cur-
rents. Thus, the system for monitoring the content of
greenhouse gases, implemented to solve scientific prob-
lems, is a set of instruments, including sensors of meteo-
rological parameters, high-precision gas analyzers based
on nanotechnologies, anemometers, and other related
equipment. It should be noted that the range of changes
in the concentration of climatically active gases is small
and is calculated in ppm (parts per million). Thus, gas
concentration monitoring devices must have high ac-
curacy in the required measurement range.

Currently, a promising area of industry is the use of
greenhouse gases, namely CO,, as a raw material for the
production of nanomaterials used in various sectors of the
economy, including construction.

METHODS AND MATERIALS

As research methods in this work, the basics of build-
ing automated process control systems (APCS) are used.
APCS is based on the connection and coordination of
greenhouse gas control devices and control systems (stor-
age, processing, operations).

The choice of monitoring instruments is based on
benchmarking and SWOT analysis of global manufactur-
ers of precision greenhouse gas measuring instruments.
The SWOT analysis methodology is based on the study
of the strengths, weaknesses of gas analyzers of climati-
cally active gases; studying the opportunities and threats
of manufacturing companies. Benchmarking technology

allows you to evaluate the achievements of competing
companies in order to implement successful practices in
your own production.

The initial data were official sources and reporting of
the activities of the companies LI-COR, Picarro, Gasera.

RESULTS AND DISCUSSION

A scheme of the organizational structure for solving
a scientific problem has been developed (Fig. 2). The
scheme clearly shows that the success of the work of the
scientific team is laid at the initial stage of the develop-
ment of the control system.

In the modern market, devices for monitoring cli-
matically active gases are represented by three companies:
LI-COR, Picarro and Gasera. All of them are world lead-
ers in the production and sales of devices for controlling
gases in atmospheric air based on nanotechnologies.

As a result, may be said that the accuracy of mea-
surements of greenhouse gas concentrations around the
world depends on the result of the work of the teams of
the considered companies, since they produce products
that make it possible to measure, calculate and prevent
the threat associated with changes in global indicators of
the current climate situation.

Touching upon the topic of nanotechnologies, today
nanomaterials and nanotechnologies are used in almost
all areas of the national economy and the environment
as a whole. The use of nanopreparations as microfer-
tilizers for the scientific tasks of crop production is due
to an increase in the resistance of crops to unfavorable
weather conditions and an increase in crop productivity
(on average, by 1.5—2 times). Most food (potatoes, cere-
als, vegetables, fruits and berries) and industrial (cotton,
flax) crops are used as objects of study.

The obtained results of the study are the basis for the
creation of instruments for measuring the parameters of
the soil cover and other environmental components [4]

Gas analyzer CO,
Gas analyzer CH,
Gas analyzer N,O 5

Anemometer

Information
storage system

\/

Research team

Meteorological station

Fig. 2. Scheme of the organizational structure for solving a scientific problem

http://nanobuild.ru

64

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (1):
62-69

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

RATIONAL USE OF NATURAL RESOURCES

in the companies LI-COR, Gasera. Sensors allow you to
measure the parameters of the environment to obtain data
on its current state.

Technologies have been developed for the use of car-
bon dioxide as a raw material for the production of ce-
ment. In 2008, in the state of California (USA), Calera
developed a technology for capturing and processing CO,
into a target product. Namely, concrete, cement used in
construction technologies were obtained. Similar devel-
opments were obtained at CarbonCure Technologies,
America’s Carbon Sciences.

Japanese scientists have developed a way to process
CO, into nano-organic scaffolds used in various fields of
the economy. The basis of the methodology is the cap-
ture of carbon dioxide from atmospheric air and concrete
production waste. The basic component of the developed
methodology for the production of nanomaterials for con-
struction companies is the registration of CO, in the air.
Thus, the choice of quality control instruments is an im-
portant step in the process of atmospheric gas processing.

LI-COR. LI-COR head office is situated in North
Carolina, USA, with a very strong influence in the North
American mainland. The type of company is private, be-
cause the founder of the company himself, using personal
efforts and means, developed it into a world famous com-
pany. The company has been operating for 50 years, and
during this period it has expanded its consumer zone to
a large scale, so the company’s annual income reaches up
to €14 million.Products manufactured by a given com-
pany, are introduced by devices, measuring systems and
software for use in biological research instruments. They
are used in such areas as agronomy, ecology, plant physi-
ology, the study of the carbon cycle of climate change.
Score in the rating Expertology, the company received
a rating of 9.2, which is one of the highest ratings in the
rating of companies manufacturing products of this type.

The company produces portable process analysis
systems such as: LI-6800, LI-600, LI-7000, LI-7200,
LI-7500, LI-7550, LI-7700, LI-7810, LI-8100, Pearl ther-
mal imager. They are compact, high-precision, high-
performance analyzers that can be used in the most unfa-
vorable weather conditions, including rain, snow and fog.
These devices are characterized by low power consump-
tion, due to which they can be used in the field without
access to stationary AC power networks (power can be
supplied from a solar battery).

LI-COR gas analyzers, similar to other companies’
precision monitors, have high measurement accuracy
and can be used under unfavorable weather conditions.

A distinctive feature of the LI-COR instruments is
the use of infrared spectroscopy technology, which allows
density measurements using infrared rays.

These devices are currently used in almost all coun-
tries of the Eurasian continent, as well as in North and
South America, as well as in the research laboratories of

JCS SERVICES, Ormic, PolutionS.r.1., Armgate SIA,
Armgate UAB, The Dutch Scientist, ISOscience, Apel,
MIT, KNJ, Amiston, Massanalys Spectrometry Nordic
AB.

The strengths of this company are that it was founded
long before Picarro and Gasera. LI-COR has established
itself over the course of its existence as a company with
reliable, high-quality measurement products, which gives
it an edge over other, less well-known competitors that
were founded a little later. Also, the company annually
produces a large number of units of products, due to
which, the company feels confident in the competition
in the market, as they have a wide range of consumers.

The weak side of this company is that they have now
stopped producing new generation products, which allows
new young companies to gain a competitive advantage due
to the presence of innovative products.

The company has the opportunity to improve skills
and increase benefits for employees, thereby improving
their performance and the desire to work at 100%. The
company offers health and wellness benefits, including
health insurance, dental insurance and vision insurance,
to make life easier for employees and give them confi-
dence in their future. This also applies to advanced train-
ing, positions, depending on the volume and quality of
the employee’s work, which does not depend on the time
spent in the company.

Since the company occupies one of the first places
in the ranking of companies for the production of these
products, the threat is that a number of competitors have
a desire to bypass it and get higher positions in the rank-
ing.

Picarro. The company’s head office is located in Cali-
fornia, USA. The type of company is private, its founder
is a scientific researcher.

The company produces gas analyzers of models such
as: G2103, G2106, G2108, G2114, G2121, G2121-i for
accurate real-time measurement of ethylene vapor, water
and other substances with sensitivity to parts per billion
with negligible drift for agricultural and soil science ap-
plications, which is distinguishing feature of Picarro
control devices from sensors of other companies.

Picarro gas analyzers are currently used in such coun-
tries as: USA, England, France, Poland, Italy, in research
laboratories Sumasi, ISOscience, Bizaio, AlphaChrom,
HILGER, SISTEC.

Over the 23 years of its existence, the company has
managed to cover the western and eastern hemispheres,
and the geography of consumers covers the entire globe,
while the company’s income is €6.5 million, which is very
worthy compared to other similar companies. This com-
pany produces gas concentration analyzers, with a volume
of up to 35 million units per year, which are used in such
areas as ecology, plant physiology, measurement of gas
emissions in the air, leak detection for manufacturing
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Table

v

Comparative analysis of the activities of companies producing greenhouse gas monitoring devices

IToka3arenn LICOR Picarro Gasera
1. Head office Lincoln, North Carolina, USA | California, USA Turku, Finland
2. Type of company Private Private Limited Liability Company
3. Average income €14 M €6,5 MJIH €2,5 MITH

consumers

4. Scope Western and Eastern Western and Eastern Western and Eastern
Hemisphere Hemisphere Hemisphere

5. Duration 50 years 23 years 17 years

6. Geography of The whole globe The whole globe Europe, West and East Asia,

North America

7. Production

Instruments, measuring sys-
tems and software for biological
research

Gas concentration analyzers

Portable measuring devices, gas
analyzers

8. Quantity of work

Up to 80 million pieces of
equipment per year

Up to 35 million pieces of
equipment per year

Up to 10 million pieces of
equipment per year

9. Application area

Agronomy, ecology, plant
physiology, carbon cycle re-
search and climate change

Ecology, plant physiology,
measurement of air emissions,
leak detection for commercial
enterprises

Ecology, geology, photoacous-
tics, analysis of gases, liquids
and solids, industrial research

10. Rating

9.2

8.5

8.1

11. Quality control test
(QCT)

100%

100%

100%

12. Industry

Research, design, production

Research, industrial products

Manufacture of instruments
and devices for measurement,
testing and navigation

13. Influence

The whole globe

The whole globe

The whole globe

14. Peakdemand

From 2010 up to the present
day

From 2015 up to the present
day

From 2018 up to the present
day

15. Year of foundation

1971

1997

2004

enterprises. The rating of this company is 8.5, this figure
is very worthy and justified.

The strength of the company is that it is relatively
young and well-established in a fairly short period of its
existence. Picarro manufactures water and N,O isotopic
analyzers, 13C isotope composition systems, which is
a feature among its other competitors in this field.

The weakness of the company is that it produces
a rather small range of products, which significantly af-
fects the sales market, when compared with companies
that have a wider range of products.

The capabilities of this company lie in the fact that it
is located directly in California, the USA state, not far
from the center of all sales of other top-rated companies
in demand. This gives it the opportunity to save time on
the delivery of its products to consumers. Picarro also

has the opportunity to improve the skills of employees
for positions related to engineering. The development
of new competencies by employees will increase the
speed of intensive and financial development of the
company. Also for their employees, they provide an
opportunity for early retirement through the benefits
of this company.

The threat is that the company produces a small range
of products. This affects the sales market due to a small
selection of measuring instruments. Thus, at the moment
it is impossible to compete with higher and more devel-
oped companies of this type of production.

Gasera. The head office of the company is located in
Turku, Finland. The type of company is a limited liability
company, which distinguishes it from other similar com-
panies, because. its founder is a group of people.
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The company produces gas analyzers of the fol-
lowing models: Gasera ONE HF, Gasera ONE GHG,
Gasera ONE PULSE, Gasera ONE SHED, Gasera ONE
FORMALDEHYDE, Gasera OEM MODULE, Mul-
tipoint Sampler, Gasera ONE. They are photoacous-
tic gas analyzers that provide ppb sensitivity for reliable
measurement of background levels of greenhouse gases,
monitoring of hydrogen fluoride concentrations, and
measurement of background levels of formaldehyde in
various environmental components.

The difference between Gasera control devices and
other companies is that their principle of operation is
based on photoacoustic technology using tunable laser
radiation.

Basically, these devices are used in the countries of
Northern Europe, such as Iceland, Denmark, Sweden,
Norway, Finland, Latvia, Lithuania, in the countries of
Western and Eastern Asia, in the following research labo-
ratories: Nofima, Bruker, Woods Hole Oceanographic,
Fraunhofer, Leeden NOX.

Gasera is the youngest company compared to the other
two described above. In this regard, the consumers of its
products are mainly companies from Europe, Western and
Eastern Asia and North America. But at the same time,
over the 17 years of its existence, the company has raised its
income to €2.5 million, which is quite a significant amount
for a young company. Products supplied by Gasera are por-
table measuring devices and gas analyzers. The volume of
sales of measuring instruments is 10 million units per year.

The scope of the company’s products has been noted
in such types of research as ecology, geology, photoacous-
tics, in the analysis of gases, liquids and solid materials,
as well as in industrial research. The company’s rating is
8.1, which is a decent rating for the short period of the
company’s existence, against the background of older
companies.

The strength of the company is that it is a new genera-
tion company that was founded several years ago and at
the same time has a good reputation in the market, as the
quality of its products is on par with other higher-rated
companies.

The weak side of the company is that it was founded
17 years ago and the peak of demand for the company
began only in 2018. Gasera is little known on the market
due to the small volume of products produced. Thus, the
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0630p Npn60opHOI 6a3bl MO KOHTPOJIIO MAPHNKOBbIX ra3oB

Enena AnekcanpgposHa MypasbeBa (), EkatepuHa CepreeBHa Kynakosa*

YUMCKII rocyfapCTBEHHbIN HePTAHOW TEXHUYECKUI YyHUBepcUTeT, Yda, Pecnybnuka bawkopTtocTtaH, Poccus

* ABTOp, OTBETCTBEHHBIN 3a nepenuncky: e-mail: kulakova87@list.ru

AHHOTALINA. BBepeHue. B cTaTbe onmncaHbl pe3ynbTaTbl CPAaBHUTENbHOIO aHanm3a Tpex KPymnHbIX KOMMNaHWIM, MpeacTaBaaiowmx
Ha pblHKe BbICOKOTOUHOE 060py0oBaHME N0 KOHTPOJIO KIMMATUYeCK/ BaxkHbIX napameTpos: LI-COR, Picarro u Gasera — 1 ncnonb-
3YIOLMX HAHOTEXHONOIMK; NCCeloBaHa akTyallbHOCTb 3KOSIOrMYecKo Npo6semMbl MONCKa TEXHUYECKOTO pelleHns KOHTPonsA
KNMMaTUYeCKM aKTUBHbIX ra30B, B ToM uncie CO, B aTMochepHOM Bo3ayxe. Llenbio paboTbl ABAAETCA aHaNN3 MAPOBbIX NAEPOB
Nno NPoV3BOACTBY NPELM3NOHHOrO 060Py[O0BaHUA KOHTPONA NapHMKOBbIX Fa30B NPU M3roTOBAEHN HaHOMaTepuanoB 1 B Hayy-
HbIX LleHTpax Mo NcciefoBaHNMio n3meHeHNa knumata. Metogbl n matepuanbl. [1na nccnefoBaHna UCNonb3oBaHa MHGopmaLma
13 OTKPbITbIX MHGOPMALIMOHHBIX MCTOYHNKOB, MaTEPMANOB 1 0630POB HAaYUHbIX UCCiefoBaTeNell Pas3NMyHbIX 06acTel 3HaHWN,
KOTOpble OMMCbIBAOT OCOOEHHOCTY [EATENIbHOCTM 3TVX KOMMAHWI WY >Ke HeMOoCPeACTBEHHO NMPVHUMALOT yyacTue B pa3paboTtke
NPOoAYKLUMIN 1 NOCIEe Yero COCTaBAIT OTUET O cBoeil paboTe. CTaTbA cOAePKUT MHPOPMALIMIO U3 UCTUHHBIX UICTOYHVKOB, @ UMEHHO
C oprLManbHbIX CANTOB KOMMAHWIA, rae onvcaHa Ux NCTopUA CO3AaHNA U NpoLecc pa3BuTua. MeTogamm nccnefoBaHuA ABNAOTCA
6eHumapkuHr 1 SWOT-aHanu3. Pesynbratbl n o6cy»kaeHue. B nccnegosaHnm npoBefeH CpaBHUTENbHbIN aHanM3 KOMMaHui no
NPOAOCKUTENIbHOCTU PAabOTbl Ha MUPOBBIX PbIHKAX 1 €ro BIVSAHWA HA KaueCTBO U TeXHUYECKMe 0COOEHHOCTU BbiMyCKaemMom Npo-
aykuun. B cTaTbe npefcTaBneHa nHpopMaLmsa 0 KOMMNAHUSX, KOTOpble JOOMIMCh OYEHb XOPOLLUX Pe3ysbTaToB 3a MepPMof C Havasa
MX OCHOBaHVA A0 HACTOALLEro BpemeHu. BugoBoe pasHoobpasune nprbopoB KOHTPOSIA KauecTBa CTaporo U HOBOTO MOKOJIEHMS,
peanu3yemblx Ha pblHKaXx Nno BCeMy MUPY, pacCMaTPMBaEeMbIX KOMMAHWUI, OQUHAKOBOE, YTO 00YCIaBNNBAET OUYEeHb BbICOKYHO KOHKY-
peHumio. MpoBefeHO onncaHre [eaTenbHOCT KOMMAHUIA, X MECTOTMOJOXKEHNA, OXBaT NOTpebuTenen, Tak»Ke yKasaH rofoBo JOXon
OT NPOAAKN NPoAYKLUUK, 06bem paboTbl, KOTOPbI OHU COBEPLLAIOT B MpoLiecce CBOeN AeATeNIbHOCTU. 3aKiioueHme. BoianeHo,
uto komnaHuu LI-COR, Picarro, Gasera ocywecTBNAT NPOU3BOACTBO NPUOOPOB KOHTPOJIA KauecTBa, KOTopble BOCMPOU3BOAAT
Tpebyemble N3MepUTeNbHble NapaMeTpbl. [A30aHaNM3aTopbl KOMMAHUI ABNATCA BOCTPE6OBaHHbBIMY Ha PbIHKE MPEL3VOHHbIX
NprYBOPOB KOHTPOJIAA, MPUMEHSAEMbIX /1A YNaBBaHWA NapPHNKOBBIX ra30B C Liefbio Pa3paboTKm CTPOUTENIbHbIX HAHOMaTEPUASIOB,
Hay4HbIX MCCIefoBaHNIA KNMMaTUYeCKUX Npobnem coBpemMeHHOro obLecTsa.

KJTIOYEBDIE CJTIOBA: knumart, NapHUKOBbIN ra3, Nprbopbl KOHTPONA, 6eHUMapPKMHT, HAHOMaTepuran.

BJIATOAAPHOCTb. Pa6oTa BbinonHeHa Npu GpriHaHCOBOW NoaaepKke MUHMCTEPCTBa HayKu 1 BbiCLLEro o6pa3oBaHmnsa B paMKax
co3gaHms 1 GYHKLMOHUPOBaHMA KapOOHOBOrO NONUIoHa Ha Tepputopumn Pecnybnmkm bawkoptocTtaH «EBpa3ninckuii KapOOHOBBIN
MOSINFOH».

ANA UWUTUPOBAHUA: Mypasbesa E.A., Kynakosa E.C. 0630p nprnbopHOii 6a3bl Mo KOHTPOO MapHUKOBbIX ra3os // HaHoTexHonorvm
B cTpouTenbctae. 2022. T. 14, N2 1. C. 62-69. https://doi.org/10.15828/2075-8545-2022-14-1-62-69.

BBEJIEHUWE

KJ;I/IMaTI/I‘IeCKaH ITOBECTKA SIBJISICTCS] OMHOM M3 MUPO-
BIX 32124 BEAYIITNX 9KOJOTMICCKIX OPTaHM3aLIHIA.
Kiammarndecknii makr 3akimoded B 1995 r. B 1. Knoro,
rIe OBUIO TIPUHSITO PellieHe 0 HeOOXOIUMOCTH CHIDKE-
HUS BHIOPOCOB MapHMKOBBIX Ta30B, B ToM uucie CO,,
TIPOMBIIIUICHHBIMIA MUCTOYHUKAMM, a TAaKKe OBLT yCTa-
HOBJICH HOPMAaTUB MO 00beMaM UX BEIOPOCOB [1].
OmHUM U3 CICOYIONINX KITMMATHUeCKIX COTIAIICHII
B pamKax nesteabHoct OOH sgBisgeTcs akT, MOIMM-

© MypaBbeBa E.A., Kynakosa E.C., 2022

canubIii B 2015 rony B r. [Tapmxke. CorracHO JaHHOMY
TIOKYMEHTY, CTpaHBI, IIOAITMCABIINE €T0, HAKJIaIbIBAlOT
Ha ce0sT 00s13aTeTECTBA 10 TIPHHSITUIO Mep 10 CHIDKCHUIO
koHueHTpaimu CO, B aTMOC(HEPHOM BO3IyXe PETMOHA.
Taxxe B pamkax [lapukckoro coramieHus Obljia ycra-
HOBJICHA 1IeJTh CTPaH-YYaCTHUKOB IT0 pa3paboTKe Mepo-
MIPUSATHAIN PETMOHATLHOTO MACIITaba 1m0 HeAOITYIICHUTO
TIPEBHIICHUS TTI00aTBHOI TeMITepaTyphl aTMOC(hEPHOTO
Bo3myxa K 2100 romy 6omee, gem He 1,5°C [2].
Kmmataeckuii makT 1o kimmMary 2021 1. BT. [masro
ITOCTaBUJI LEIBIO IUTIST YIACTHUKOB KOH(EPEHIINN CHU-
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3UThb BLIOPOC yIiiepoaa B aTMochepy 10 CaMOIr0 HU3KO-
ro rnokasarejist. Y4aCTHUKU KOH(pEPEeHIUY IPUHSIIN
Ha ce0s1 00513aTe/IbCTBO OTKA3aThCsl OT IPUMEHEHMS
YIS, KOTOPBI HE MOXET ObITh UCIIOIb30BAaH B TEXHO-
JIOTUH YJIABIMBAaHMS YIJTIEKMCIIOTO ra3a, BO BCeX OTpacsxX
MPOMBIIIIEHHOCTH. KpoMe Toro, psii cTpaH, B TOM YUCIIe
CILA, noamucanu corjiaiieHle O CHIKEHUY BEIOPOCOB
CH ,Ha 30% x konity 2100 roma. CormacHo otuetry OOH
1o TIpobieMaM KiimMara, Ha 2021 rox TeMIiepaTypa Bo3-
JyXa 110 CpaBHEHMIO ¢ HayaJloM BeKa Bbipocia Ha 1,1°C
(puc. 1) [3].

Takum 06pa3oM, MUPOBasi KIIMMaTUYECKast TIOBECTKA
MpU3BaHa PEIIUTh IIPOOJIEMY [I00AILHOTO ITOTEIICHUS
Ha 1,5°C k 2100 rogy. OriepaTUBHOCTh MIPUSATUS MeP
10 CHIMKEHUIO KOHIEHTPALMU [TApHUKOBBIX Ta30B, 3a-
JIEPKUBAIOIIMX COJIHEYHYIO paaualuio B atmocdepe,
SIBJISIETCS. HAYYHO OOOCHOBaHHOM. Bo-TIepBbIX, peanpu-
HSIThIE MUPOBBIMU OPraHU3aLUSIMU MEPBI 10 €XXErOIHO-
MYy CHIKEHUIO YPOBHSI BEIOPOCa KJIIMMATUYECKU AKTUB-
HbIX Ia30B, IIPUBEJIU K CHIDKEHUIO POCTA MX KOHLIEHTpA-
LK. DTO OOYCIIOBIEHO OTAAJICHHBIM BIMSIHUEM BbIOPO-
COB paHHETO MHIYCTPUAIbHOTO Ilepuona. Bo-BTophIx,
yBeJIMUEHKE TEMIIEPATYPhI 36MHOM IOBEPXHOCTU BEIET
K KOJIOCCAJIbHBIM M3MEHEHMSIM B dKocucTeMax. Tak,
COIJIACHO MEXITPaBUTEILCTBEHHOM TPYIIIIE 9KCIEPTOB
o m3MeHeHmo kinmaTta (MI'BUK), k 2100 1. ypoBeHB
MMPOBOIo oKeaHa noBbicutcst Ha 0,2 M. BenenctBue 1mo-
BBILLIECHMS TeMITEpaTyphl BO3AyXa IIPOIOJIKAIOTCS IIPO-
LIECCHI, CITOCOOCTBYIOLIKME YMEHBIIEHUIO KOJIUYECTBA
J1bI0B B MupoBoM okeaHe. C KaxXXIbIM TOIOM ITOBbI-
LIAETCS BEPOSITHOCTh BOBHMKHOBEHMS 9KCTPEMaIbHbIX
MOromaHbIX ABIeHni. Hammpumep, B 2021 romy caMbIM
CUJIbHBIM SIBJISLICS yparaH Mma, KoTopoMy IIpucBoeHa

yeTBepTas Kateropus ormacHocTu. C 1980 1. Ha TeppuTO-
puK ATJIaHTUYECKOIo OKeaHa Ipou301LIo 13 yparaHoB
IISITOM KATETOPUU OMACHOCTH (CPeIHsIsi CKOPOCThb BeTpa
cocrasysger 270 km/q) [2].

B coorBetctBrM ¢ KoHBeHLIssMu OOH, cambIM pac-
IIPOCTPAHEHHBIM U TOJTOXUBYLIUM ITAPHUKOBBIM [a30M
SIBIIIETCS TUOKCUT yTIiepoaa (COZ). Ero koHneHTpamnus
B aTMOC(EPHOM BO3IYyXe SIBISICTCS HANOOIBIICH Cpenm
JIPYrUX MapHUKOBBIX ra3oB. CormiacHo naHHbIM Beemup-
HOI MeTeopOoJIornueckoi opranusauuu, B 2019 romy ero
KoHueHTpauwms gocturiaa 410 ppm u cocraBuia 148%
oT nonHIycTpraabHoro nepuona (1850—1900 rr.). Kpo-
Me TOTO, 3a ITOCJIeTHNE 25 JIeT KOHIIEHTpaIs CO2 BBI-
pocia Ha 20%.

CilenyioumM o pacipoCTPAaHEHHOCTU MapHUKO-
BBIM Ta30M B aTMOC(EPHOM BO3IyXe SIBJSIETCS METaH.
Bpemst xk13HM ra3a B Bo3ayxe cocTaBisgeT MeHee 10 JieT.
ITo coctostmio Ha 2019 r. ero KOHIIEHTpAIMs B BO3IyXe
coctaBuiia 1877 ppb. CormacHo maHHBIM BcemupHoit
METEOPOJIOTUYECKON OpraHu3aluy, KOHLIEHTPaLlKsI
MeTaHa Bo3pocia Ha 260 % 1o cpaBHEHUIO € JTIOWHIY-
ctpuanbHbIM TiepronoM (1850—1900 rr.). 3a mocnenHue
25 nteT (hoHOBAsI KOHLEHTpALMsI METaHa B aTMOC(HEPHOM
Bo3ayxe Bo3pocia Ha 16 % [3].

MupoBble KIMMAaTUYECKKME OPraHM3allii OTMEYAIOT
HaMMEHbILNI IPUPOCT B aTMOCHEPHOM BO3IYXE 3aKUCH
asora (N,0). Tax, 3a mocjeaHue 25 JIET €ro CoaepKaHue
BeIpOCyIO HA 9 %. ITo manHbIM Ha 2019 1., KOHLIEHTpALMs
rasa B Bo3ayxe coctaBuiia 332 ppb, uro Ha 123% Beile
o cpaBHeHMIO ¢ 1850—1900 rT. HecMoTpst Ha HU3KYIO
KOHIICHTPAIIIIO B aTMOCc(epe 0 CPaBHEHMIO C YIIICKHC-
JIBIM ra30M, 3aKKCh a30Ta B OOJIbLIECH CTEIIEHN OKa3bl-
BaeT BIMsIHUE Ha 00pa3oBaHue IapHUKOBOTO d(pdeKkTa.

2

—

08

0.6

0.4

Degrees (°C)

0.2

1860 1880 1900 1920

1940 1960 1980 2000 2020

Year

Puc. 1. Pa3nuna remnepatyp ¢ 1850 mo 2020 roxa, mo nanabiM BecemMupHoii MeTeopoornuecKoii opraHu3anun
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Kpome Toro, BpeMsI KM3HU MOJICKYJIBI Ta3a B BO3IYXE
cocrasisieT okoso 150 et [3].

Kimvatnaeckast ipo6ieMa CTaBUT Tiepe 00IIeCTBOM
HayJIHEBIC 3a1a41, CBSI3aHHBIC C 0OCOOCHHOCTBIO TIOBEIC-
HYsl KIIMMAaTUYeCKU aKTUBHBIX ra30B, B ToM uncie CO,,
B aTMOC(epHOM BO3IyXe, a TAKXKE N3yICHNUEM BO3MOXK-
HBIX CITOCOOOB CHUXKEHUSI KOHLIEHTPALUU MTAPHUKOBBIX
ra3oB. MHCTpyMEHTOM OIIpenesIeHNs KOHIICHTPpaIlun
BEIICCTB M PEIICHUS 9KOJIOTMICCKUX 3amau SIBJISTIOTCS
CHCTEMBI aBTOMATHU3MPOBAHHOTO KOHTPOJIS COIEPKAHS
BEIIeCTB B Bo3ayxe. Ha ceromHsmramit 1eHb TIpHOOPHI
KOHTPOJIS 3aTPSA3HSIIONINX BEIIECTB YCTaHABIMBAIOTCS
B TEXHOT€HHO Harpy:KeHHBIX ropoaax [1—2]. OmHako
CTAaHIIMM KOHTPOJISI XMMUUECKOTO COCTaBa BO3MyXa
TopoaoB, UMEIOIINE Ta30aHATN3aTOPHl YTIECKUCIIOTO
rasa, MeTaHa, 3aKMCH a30Ta, He MMEIOT ITUPOKOTO pac-
npoctpaHeHus. TakuM 00pa3oM, pa3padboTKa CUCTEMEBI
ABTOMATU3MPOBAHHOTO KOHTPOJISI ITAPHUKOBHEIX Ta30B
SIBIISICTCST OMHOI M3 OCHOBHBIX 3a1a4 HAyJYHBIX UCCIIE-
IOBaHUI B paMKax IPOCKTOB JcKapOOHM3AIINN.

Pemrenme HayJHOI 3amayy M3ydeHUs W aHAJIM3a
MOBEICHUS KIMMaTUUEeCKN aKTUBHBIX Ta30B B aTMOC-
(epHOM BO3IyXE OCHOBAHO HAa BIMSHUM PA3IMIHBIX
(haxkTOpOB Ha X MOMEHTHOE cofepkaHne. OCHOBHBIMU
IpUINHAMU, BIUSIONINMI Ha M3MEHEHNE KOHIICHTpAa-
UM Ta30B B BO3IYXE, SIBIISIIOTCS METCOPOJIOTUICCKIE
YCIIOBHSI, TAKME KaK, TeMIIepaTypa U BIaXKHOCTD BO3IyXa,
HaIIpaBJICHNE W CKOPOCTh BeTpa. Kpome Toro, Been-
CTBUE ICTIOHNPOBAHUS THOKCHUIA YIJICPOIa PACTCHUSIMH,
B TOM YHCJIC AePEeBbIMU, KOHIICHTPAIIMS Ta3a 3aBUCUT
OT BepTUKAIBHBIX TTOTOKOB BO3ayxa. TakuM 00pa3oM,
crcTeMa KOHTPOJS COAePsKaHUS TTapHUKOBBIX Ta30B,
peanusyemasi ¢ LeJIblo pelleHUsT HAyYHbIX 3a1a4, pe-
CTaBJISIET COOOM KOMITJIEKC TIPHUOOPOB, BKIIFOYAIOIIINX
JaTYNKN METEOPOJIOTUUECKUX ITapaMeTPOB, Ta30aHa-
JIN3aTOPHI BBICOKOM TOYHOCTH HA OCHOBE HAHOTEXHO-
JIOTUi1, aHEMOMETPBI, a TAK:KEe MHOE COITYTCTBYIOIIICE
obopymoBanme. CiremyeT 3aMeTUTh, YTO TUAITa30H M3Me-
HEHMS KOHIIEHTPAIINY KIMMAaTHIeCKH aKTUBHBIX Ta30B
MaJI M UCUMCsieTcss B ppm (partspermillion — «gacteit
Ha MWIINOH»). TakuMm o6pa3om, IprOOPEI KOHTPOJIS
KOHIICHTPAIINU Ta30B MOJKHBI UMETh BBICOKYIO TOU-
HOCTb B TpeOYyeMOM JIMaIla30He U3MEPEHMSI.

B HacrosImiee BpeMs TiepCIIeKTUBHBIM HarpaBIcHUEM
TIPOMBIIIUICHHOCTH SIBJISIETCS TIPUMEHEHNE TAPHIKOBBIX
rasos, a uMeHHO CO, B KaueCTBE ChIPbsI [Is1 IIPOU3BOJI-
CTBa HAHOMATEPHUAJIOB, IIPUMEHSIEMBIX B Pa3IMIHBIX
OTpACIISIX 9KOHOMUKH, B TOM YHCJIC M B CTPOUTEIIHCTBE.

METO/bI 1 MATEPUAJIBI

B xauecTBe METOMIOB MCCIIeNOBAHMST B TAHHOM paboTe
KCITOJTb30BaHbI OCHOBBI TTOCTPOEHHST aBTOMATU3UPOBaH-
HBIX CUCTEM YITPaBJICHUsI TEXHOJOTUIECKUMU TTPOILIeC-
camu (ACYTII). ACYTII ocHOBaHO Ha TTOAKITIOUCHUN

U COMIaCOBAHUM MPUOOPOB KOHTPOJISI MAPHUKOBBIX r'a-
30B 1 YIIPABIISIONINX YCTPOMCTB (XpaHEHUsI, 00pabOTKH,
BBITIOJTHCHUST OTICPAIIMif).

Br160p 11pub0OpoB KOHTPOJISI OCHOBAH Ha OeHYMap-
kuHTe 1 SWOT-aHanm3e MUPOBBIX IIPOU3BOIUTEIICH
MPELIM3UOHHBIX CPEACTB UBMEPEHU I TAPHUKOBBIX Ta30B.
Mertononorug SWOT-ananm3a ocHOBaHa Ha UCCIENO-
BaHUU CUJIbHBIX, CJIA0bIX CTOPOH ra3oaHaan3aTopoB
KJIMMaTUY€CKM aKTUBHBIX Ta30B; U3yYEHUU BO3MOXHO-
CTeil ¥ yrpo3 KOMIIaHU-TIpou3BoauTeseid. TexHoorust
OeHUYMapKMHTa MO3BOJISIET OLIEHUTb JOCTHXKEHUST KOM-
MaHU-KOHKYPEHTOB C 1LI€JIbI0 BHEIPEHUS YCIEIIHbBIX
MPaKTUK B COOCTBEHHOM IPOU3BOACTBE.

M cxomHBIMY TaHHBIMHA TTOCTYKUINA O(UIIHATbHEIC
WCTOYHUKHM 1 oT4eTHOCTHU JesareabHocTi pupm LI-COR,
Picarro, Gasera.

PE3YJBbTATBI 1 OBCYKIEHUE

PaspaboTtana cxema OpraHM3alIMOHHON CTPYKTYPHI
pellleHns HaydHOi1 TIpobiieMsl (puc. 2). 3 cxembl Ha-
[JISIAHO BUIHO, YTO YCIIEX pabOTHl HAYIHOTO KOJIICK-
THBA 3aKJIaAbIBACTCS HAa HAaYaJIbHOM 3Talle pa3paboTKu
CHCTEMBbI KOHTPOJIS.

Ha coBpeMeHHOM pBIHKE IIPUOOPHI KOHTPOJIS KITH-
MAaTHYECKHN aKTUBHBIX Ta30B IIPEACTABICHBI TPeMsT Dup-
mamu: LI-COR, Picarro n Gasera. Bce onu sBisiorcs
MMPOBBIMH JIMIEPAMU TI0 BEIITYCKY 1 IIPOIaskaM ITpruoo-
POB KOHTPOJISI Ta30B B aTMOC(EPHOM BO3IyXe HAa OCHOBE
HaHOTEXHOJIOTHIA.

B pe3ynbraTe MOXXHO CKa3aTh, YTO OT pe3yJIbTaTa pa-
OOTHI KOJIJICKTUBOB paccMaTpUBacMbIX KOMITAHMIA 3aBH-
CHT TOYHOCTh N3MEPEHUIM KOHIICHTPAIINIA ITapHUKOBBIX
ra3oB BO BCEM MUpE, TaK KaK OHU IIPOU3BOISIT ITPOIYK-
1110, TTO3BOJISIONIYIO UBMEPUTH, BBIYMCIUTD U TIPEIOT-
BPaTUTh YTPO3Y, CBI3aHHYIO C MI3MCHEHNEM MUPOBBIX
TMOKa3aTeJiel TEKYIIEeH KITIMMaTUIeCKOU CUTYallnu.

3arparmuBas TeMy HaHOTEXHOJIOTHI, HA CETOMHSIIII-
HUIA IeHh HAaHOMAaTepUAaIbl 1 HAHOTEXHOJIOTUM HaXO-
IISIT TIpUMEHEHMEe TIPaKTUIEeCKU BO BCEX 00JIACTSIX Ha-
POITHOTO XO3SIMICTBA M OKPYKAIOIIEH CPEeIbl B LICIOM.
I[IpyMeHeHNE HAaHOIIPENapaTOB B KAUeCTBE MUKPO-
YIOOpPEHUI 71T HAayJYHBIX 3a1ad pacTeHNEBOACTBA 00-
YCIIOBJICHO TTOBHITIICHNEM YCTOMUYMBOCTHU KYJIBTYpP K He-
0JIaTOIIPUATHBIM ITOTOTHBIM YCIIOBUSIM M YBEJTMUCHUTO
ypoxaitHocTH (B cpemHeM B 1,5—2 pa3a). B kauecTBe
00BEKTOB MCCIICAOBAHMS MCITOIB3YeTCs OOIBIIMHCTBO
IIPOIOBOJIBCTBEHHBIX (KapTodesb, 3¢pHOBBIC, OBOITHEIC
1 TUIOJOBO-SITOOHBIC) M TEXHUIECKMX (XJIOIMOK, JICH)
KYJBTYD.

[ToryueHHBIC pe3yabTaThl UCCICIOBAHMS SIBIISIOTCS
OCHOBOI1 IIJIsSI CO3MAaHUS TIPUOOPOB M3MEPEHUS Mapa-
METPOB MOYBEHHOT'O TTOKPOBA U APYTUX KOMIIOHEHTOB
okpyxartomieii cpensl [4] B kommanusax LI-COR, Gasera.
JaTInKy TO3BOJISTIOT U3MEPSTh TTapaMeTPhl OKpPYyKaro-
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lasoananusarop CO,

lasoaHanusarop CH, .

Fasoananmsatop N,O .| Cncrema xpaHeHuA .| HayuHbIiA
nHpopmauuu KONNEeKTUB

AHemomeTp

MeTteocTaHunsA

Puc. 2.Cxema opraHu3aiMoHHOI CTPYKTYPbI PelIeH!sI HAYIHOM 3a1a4i

el Cpenbl I TOIyYeHUsI TaHHBIX O ¢ TEKYIIIEM CO-
CTOSTHUH.

Pa3paboTaHbI TEXHOJIOTUH 1O TIPUMEHEHUIO U MC-
TIOJIE30BAHMIO YIJIEKHUCIIOTO Ta3a B KAYE€CTBE CHIPhS IS
npon3BoacTBa nemeHTa. B 2008 1. B mrare Kaymdopruus
(CIIA) xommanueit Calera pazpaboTaHa TeXHOJIOTHS
ynapiuBaHus 1 niepepabotku CO, B LEIEBO# IIPOIYKT.
A MMEHHO TIOJTyYeHBI OCTOH, IIEMEHT, MCIIOIb3yeMBIC
B TEXHOJIOTHSIX CTPOUTEIHCTBA. AHAIOTMIHEIC Pa3paboT-
ku mrorydeHbl B Carbon Cure Technologies, America’s
Carbon Sciences.

SlnoHckue yueHble pa3padoTalii CIoco0 rmepepadoTKu
CO, B HAHOOPTaHUYECKKE KAPKACHI, UCTIOJIb3YEMbIE B pa3-
JIMYHBIX 00JIaCTSIX 9KOHOMMKHN. OCHOBOM METONOJIOTUN
SIBJISIETCS YIaBIIMBaHUE THOKCHA YIiepoaa U3 atMocdep-
HOTO BO3/yXa M OTXOIOB ITPOU3BOACTBA OeTOHA. ba3oBbIM
KOMITOHEHTOM Pa3pab0TaHHOU METOIOJIOTHH ITPON3BOI-
CTBa HAHOMATEPHUAJIOB IJISI CTPOUTEILHBIX KOMITAaHUMA
asnstercs peructpauus CO, B Bosnyxe. Takum o6pasom,
BBIOOD ITPHOOPOB KOHTPOJISI KAUeCTBA SIBIISICTCS BaXKHBIM
3TAIIOM TIpoliecca ImepepadboTKI aTMOC(HEPHOTO rasa.

LI-COR. I'onoBHoit oduc kommannu LI-COR Haxo-
nuted B mTaTte CeBepHag Kaponuna, CIIIA, nMest oueHb
OospIIoe BIMSHHUE Ha MaTepuke CeBepHass AMepuKa.
Twum KoMnaHWM — YacTHas, T.K. OCHOBATeIb KOMITAHUM
caM, MCIIOJIb3YsI IMIHBIC YCUJIUSI ¥ CPEIICTBA, PA3BUII €€
IO BCEMUPHO U3BECTHOI KoMmaHNU. CpoK JesITeTbHO-
¢ty KommtaHun — 50 JIeT, ¥ 3a 3TOT IIepHO OHA PaCIII-
pujia 30HY CBOMX ITOTpPeOHUTEIICH 1O OOTBIINX MACIITa-
00B, TTOATOMY €KETOTHBIN TOX0H KOMIIAaHUU TOCTUTACT
€ 14 vurH. TIpongyKmust, KOTOPYIO BBIITyCKAaeT MaHHAs
KOMITaHWSI, IIPEACTaBIIeHa TIpUOOpaMu, N3MEPUTEIIb-
HBIMU CUCTEMAaMHM U TIPOTPAMMHBIM 00CCITCeUYCHUEM TSI
OMOJIOTUYECKUX McclienoBaHit. OHU UCITOIB3YIOTCS
B TaKMX 00JIACTSIX, KaK arPOHOMUSI, SKOJIOTHSI, (PU3UO0-
JIOTUSI pacTeHUI, MCCIIeTOBaHNE YIJICPOIHOTO IIMKJIa
n3MeHeHns KimMarta. O1ieHKa B peiituHre Expertology:
TaHHAsT KOMITAHWS TIOJTYIIIIa peUTHUHT 9,2, 9TO SIBJISIETCST
OIHOI M3 CaMbIX BHICIIINX OLICHOK B PEHTHHTE KOMITAHMIA
TI0 TIPOM3BOACTBY MPOAYKIINY JaHHOTO TUTIA.

KomaHusI Ipon3BOANT OPTATUBHBIC CUCTEMBI aHa-
JI3a mporieccos, Takue Kak: LI-6800, LI-600, LI-7000,

LI-7200, LI-7500, LI-7550, LI-7700, LI-7810, LI-8100,
termioBu3op Pearl. OHu mipencTaBiIsiioT CO00M KOMIIAKT-
HBIE, BEICOKOTOUYHBIC BHICOKOIIPOM3BOIUTEIBHBIC aHa-
JIN3aTOPBI, KOTOPBIE MOTYT IIPUMEHSITHCS B CAMBIX HE-
0JIAaTOTIPUATHBIX ITOTOIHBIX YCIIOBHSIX, BKITIOUAST TOXKIb,
CHET ¥ TyMaH. DTH MPUOOPHI XapaKTePU3YIOTCS MaTIbIM
SHEPTOITOTPEOICHNEM, OJIarogapst YeMy MOTYT IIpUMe-
HSTCS B TIOJIEBBIX YCIOBUSIX 0€3 TOCTyIa K CTallioOHap-
HBIM 3JIEKTPOCETSM ITEPEeMEHHOTO TOKa (ITUTaHUE MOXET
OCYIIECTBIISITHCSI OT COTHEYHOM OaTapen).

Tl'azoananmu3aropsl LI-COR, aHaIornyHo mpenn3u-
OHHBIM IIPUOOPaM KOHTPOJIS APYTUX KOMIIAHUH, IMEIOT
BBICOKYIO TOYHOCTb M3MEPEHUST U MOTYT OBITH UCIIOJb-
30BaHbI IIPU HEOJIATOIIPHUSATHBIX TIOTOTHBIX YCITIOBHSIX.

OTunTeNbHOI 0c00eHHOCTRIO TTprdopoB LI-COR
SIBJIICTCS MCTIOJIB30BAaHUE TEXHOJIOTUHN MH(MpaKpacHO
CITEKTPOCKOITIH, YTO TTO3BOJISICT IIPOBOANTH M3MEPECHUS
IUTOTHOCTH C TIOMOIIBI0 MH(MPPaKpaCHBIX JTyUICHA.

JlaHHBIe TIPUOOPHI B HACTOSIIIEE BPEMSI HCTIONB3YIOT-
¢S IIPaKTUIEeCKU BO BCeX cTpaHax MaTtepuka EBpasms,
a Takke B CeBepHoil 1 FOxxHOIT AMepuKe U B MCCIe-
noBatenbeknx Jadopatopusgx JCS SERVICES, Ormic,
Polution S.r.I., Armgate SIA, Armgate UAB, The Dutch
Scientist, ISO science, Apel, MIT, KNJ, Amiston,
Massanalys Spectrometry Nordic AB.

CuIIbHBIC CTOPOHBI JAaHHOI KOMITAHUH B TOM, YTO OHA
ObuIa ocHoBaHa 3amoiro 1o Picarro m Gasera. LI-COR
3a BpeMsI CBOETO CYIIIeCTBOBAHMSI 3apeKOMEHIOBaJIa CeOsI
KaK KOMIIaHMSI ¢ HaIeXKHOM, BRICOKOKAYECTBCHHOM M3-
MEPUTEJIBHOU MPOIYKIIMEN, UTO TAET € MPEUMYIIIECTBO
Cpenmu IPYTHX, He TAKMX ITMPOKO M3BECTHBIX KOHKYPEH-
TOB, KOTOpBIC OBUTM OCHOBAaHBI HEMHOTO TT03kKe. Takke
KOMITaHUS €XETOTHO BBITyCKACT OOJIBIITOE KOJTMICCTBO
SIVHUI] TIPOAYKIINHU, 3a CUET YeTO KOMITAHUS YYBCTBYET
ce0s1 yBepeHHO B KOHKYPEHTHOI OOphOe Ha PhIHKE, TaK
KaK OHA MMeeT OOIMPHBIN KPYT OTPEOUTEICIA.

Cmaboii cTOpOHOI JaHHOW KOMIAHUM SIBJISIETCS
TO, YTO OHA B HACTOSIIECE BpeMsI TIepecTaia BBIITYCKATh
IIPOIYKIINIO HOBOTO MOKOJICHUS, YTO ITO3BOJISCT HO-
BBIM MOJIOOBIM KOMITAHUSIM ITOJTYIUTh KOHKYPEHTHOE
IIPENMYIIECTBO OIaromapst HATMINIO MHHOBAITMOHHBIX
IIPOOYKTOB.
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KoMmanus nMeeT BO3MOXHOCTD TTOBBITIICHUS KBa-
T(UKAIINT U YBEIMUCHUS TIPEUMYIIECCTB IIJIST COTPYI-
HUKOB, TEM CaMbIM YIIy4dIllas UX pabOTOCIIOCOOHOCTh
u cTpeMiieHne padoraTh Ha Bee 100%. Kommanus mipe-
JIaraeT JIbTOTHI, HallpaBJIeHHBIC Ha TTOIAepKaHNe 3I0P0-
BbSI ¥ XOPOIIIETO CAMOYYBCTBHSI, BKITFOUAsT MEINITTHCKOE
CTpaxOBaHME, CTOMATOJIOTHIECKOE CTPaXOBaHUE U CTpa-
XOBaHUE 3pEHMUSI, YTOOBI YIIPOCTUTH JKM3Hb pAOOTHUKOB
¥ 00eCTICUNTh UX YBEPEHHOCTh B CBOEM OyIyIIeM. DTO
TaKKe KacaeTcs TTOBBIIICHUST KBaTU(UKAIIIN, TOJK-
HOCTHU B 3aBUCHUMOCTHU OT 00beMa M KauyecTBa pabOTHI
COTpPYIOHUKA, KOTOPOE HE 3aBHUCHUT OT BPEeMEHHU, ITIPO-
BEICHHOTO B KOMITAHUH.

Taxk Kak KOMITaHUS 3aHUMAEeT OTHO M3 ITIEPBEIX MECT
B pEUTUHIe KOMITAaHWI I10 IIPOMU3BOJICTBY JAHHOM IIPO-
IYKIINHM, TO YTPO30il SIBIISIETCS TO, YTO y IIEJIOTO Psiaa
KOHKYPEHTOB €CTh CTPEeMJICHIE O0OMTH ¢¢ 1 TTOTYINTh
0oJree BEICOKIE TTO3UIINHI B PETHHTE.

Picarro. ['ooBHOII orc KOMIAaHUU HAXOOUTCS
B Kaimdopuun, CIIIA. Turr KoMImaHUM — YaCTHBIN,
OCHOBATEJIEM €€ SIBIISICTCST YICHBIN NCCIICI0BATEITb.

KoMnaHus npou3BOAUT ra3oaHain3aToOpbl TAKUX
mozeneit, kak: G2103, G2106, G2108, G2114, G2121,
G2121-i — 11 TOYHOTO U3MEPEHMS B PeaIbHOM BpeMe-
HU TIapOB 3TIJICHA, BOIBI M APYTUX BEIIECTB C YYBCTBU-
TEJIBHOCTBIO 10 MUJUTMAPIHBIX TOJICH ¢ He3HAYNUTEIb-
HBIM JIpeiioM IJIsI MPUIIOKEHUI CEJIbCKOTO X03sICTBa
¥ TIOYBOBEICHUS, UTO SBJISICTCS OTIUIUTEIBHOM 0CO-
OEHHOCTHIO TIPUOOPOB KOHTPOJIST KoMItaHuu Picarro
OT JaTYNKOB IPYTUX KOMITAaHUHA.

l'azoananu3zatopsl Picarro B HacTosiee BpeMs 1c-
MOJIL3YIOTCI B TaKMX cTpaHax, Kak: CIIIA, AHraus,
®panuus, [onpma, Mtanus, B nccienoBaTeIbCKIX
nmabopartopusix Sumasi, ISO science, Bizaio, Alpha
Chrom, HILGER, SISTEC.

3a 23 roma CyliecTBOBaHNUS KOMITAHUS YCIIeNIa OXBa-
THTH 3aITaTHOE W BOCTOYHOE TIOJYIIApHs, a Teorpadust
ToTpeOuTesIeit OXBaTHIBACT BECh 3eMHOM IIap, IIPU 3TOM
JI0OXOII KOMIIAHUU COCTaBiisieT € 6,5 MJIH, 4TO SIBJISIET-
csl OYCHBb TOCTOMHBIM Ha (hOHE APYTUX aHATOTHMIHBIX
KoMITaHmit. JlaHHass KOMITAaHWS TIPOM3BOIUT aHAIM3aTO-
PBI KOHIICHTPAIINHI T'a30B, B 00beMe 10 35 MITH eIUHUIT
B TOII, KOTOPBIC IIPUMEHSIIOT B TAKMX 00JIACTSIX, KaK KO-
Jorus, GU3NOJIOTUS PACTCHUI, N3MEpPEeHUS BRIOPOCOB
ra3oB B BO3Ayxe, OOHapyXXeHUe yTeueK IJIsl MPOU3BO/I-
CTBEHHBIX NpeaAnpUITUii. PERTUHT 3TOi KOMIAHUU —
8,5, 9TOT TToKa3aTelb SIBISIETCSI BeChbMa JOCTOMHBIM
¥ OTIPAaBIAHHBIM.

CUIIbHOM CTOPOHOI KOMIIAHWH SIBJISIETCS TO, YTO OHA
OTHOCHTEIHLHO MOJIOZASI I XOPOIIIO 3apeKOMEHIOBABIIIAS
ce0sT 3a TOCTAaTOYHO HETIPOIOJIKUTEIHHBIN PO CBO-
ero CyIIeCcTBOBaHUS. Picarro BEITTyCKaeT aHATM3aTOPEI
M30TOITHOTO cocTaBa Bobl U N,O, CHCTEMBI U30TOITHOTO
cocrtaBa 13C, 4To ABIIIETCSI 0OCOOCHHOCTBIO CPEIN APYTIX
ee KOHKYPEHTOB B TAaHHOM cdepe.

Cirabast ctopoHa KOMITAHUM COCTOUT B TOM, YTO OHA
BBIITYCKAET TOBOJIHHO HEOOIBIION aCCOPTUMEHT IIPO-
IYKIIMH, 9TO OIIYTHMO CKa3bIBaeTCsI Ha PHIHKE TTPOIAXK,
B CPaBHCHMM C KOMITAHUSIMU, IMEIOIITIMHM O0JIee IITPO-
KU1 aCCOPTUMEHT BBIITyCKaeMOt TIPOTYKIINH.

B03MOXKXHOCTH 5T0i1 KOMITAHIY 3aKITIOUAIOTCSI B TOM,
YTO OHA HaXOOUTCS HemmocpencTBeHHO B Kanmmdopaun,
mrate CIIA, HermomajaeKy OT IMeHTpa BCeX IPomaxk
OCTaJIbHBIX PEUTHHTOBBIX BOCTPEOOBAHHBIX KOMIIAHMIA.
DTO maeT eif BO3MOXKXHOCTh SKOHOMUH BPEMEHHM Ha T10-
CTaBKY CBOEl MpoayKLuu rmorpeduresMm. Taxkske Picarro
AMEeT BO3MOKHOCTD ITOBBIIIICHUS KBaTM(UKALINU CO-
TPYIHUKOB TSI TIO3UIINI, CBSI3aHHBIX ¢ MHXKCHEPHUEIA.
OcBoeHNE pabOTHUKAMM HOBBIX KOMIICTCHIINI TT03BO-
JIAT TIOBBICUTH CKOPOCTh MHTEHCUBHOTO M (PMHAHCOBOTO
pa3BUTHUS KOMITAaHWU. TakKe IJIT CBOMX COTPYITHUKOB
OHH TIPEIOCTABIISTIOT BOSMOXHOCTD [UISI pAHHETO BBIXOIa
Ha IIEHCHIO 3a CUYET ITOCOOMIA JaHHOI KOMITaHWU.

YTpo3sl B TOM, 9TO KOMITIAaHUS BEIITYCKAeT HEOOb-
IO aCCOPTUMEHT IPOAYKIIMHU. DTO CKa3bIBACTCS
Ha pBIHKE ITPOIaXK BCICACTBUE HEOOIBIIOTO BEIOOpA
npubopoB u3MepeHust. Takum obpa3om, Ha JaHHBINA
MOMEHT KOHKYPHUPOBaHUE ¢ 00jiee BRICOKUMH M pPa3-
BUTBIMUA KOMITAHUSIMU JAHHOTO TUIIA ITPOMU3BOICTBA
HEBO3MOXHO.

Gasera. ['oroBHOIT 0(b1IC KOMIAHUKA HAXOTUTCS
B T. Typky, ®@unngauons. Tun KoMITaHUM — OOIIECTBO
C OTrpaHUYCHHOU OTBETCTBEHHOCTBIO, UTO OTIMYACT €€
OT IPYIUX aHAJIOTMIHBIX KOMITAHUM, T.K. OCHOBAaTEIIEM
ee SIBIISICTCS TPYTITIA JIFOICH.

Kowmmmanus pon3BOINT ra3oaHajn3aTOPEl TAaKUX
mogmeneii: GaseraONE HF, GaseraONE GHG,
GaseraONE PULSE, GaseraONE SHED, Gasera-
ONE FORMALDEHYDE, GaseraOEM MODULE,
Multipoint Sampler, GaseraONE. Onu gapnsiorcsd
doToaKyCcTHICCKMMU Ta30aHAIN3aTOpPaMM, KOTOPHIC
00¢eCIIeunBalOT YyBCTBUTEIILHOCTh HA YPOBHE MUJII-
apIOHBIX JOJICH IJII HAIeXXHOTO M3MEpPeHUS (hDOHOBBIX
YpOBHEI MapHUKOBEIX Ta30B, KOHTPOJIST KOHIICHTPALIHI
¢ropucToro Bomopona, n3MepeHNs: (HOHOBBIX YPOBHEH
dopmanpaernma B pa3IUIHBIX KOMIIOHEHTaX OKPYKa-
IOIEH Cpembl.

Otnmure mprudoopoB KOHTpoJsS Gasera OT IPYyTUX
KOMITAaHWIT B TOM, UTO IIPWHIIUIT X ICUCTBUS OCHOBAH
Ha (POTOAKYCTHUECKOU TEXHOJIOTUH C UCITOIb30BaHUEM
HACTPanBaeMOTO JIa3ePHOTO M3ITyUYCHUS.

B ocHOBHOM maHHBIE TIPUOOPHI MCIOIB3YIOTCS
B cTpaHax ceBepHOIt EBporbl, Takux Kak Mcnanaus, [da-
nus, lseuns, Hopserus, ®unnsauous, Jlatsus, JIuTsa,
B CTpaHax 3aIlagfHON 1 BOCTOYHOI A3MHU, B CICAYIOIINX
HcclenoBaTelIbcKux Jabopatopugx: Nofima, Bruker,
Woods Hole Oceanographic, Fraunhofer, Leeden NOX.

Gasera gBJgeTCcd caMOil MOJOILON KOMIIaHUEN
0 CPABHEHMIO C IBYMSI IPYTUMU, ONTMCAHHBIMU BBILIIE.
B ¢Bs131 ¢ 3THM, TTOTPEOUTEISIMHU €€ TIPOMYKIIAN SIBJISTIOT-
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Cs1 B OCHOBHOM KOMIMaHuY U3 EBporibl, 3araaHoii 1 Boc-
TouHOI A3um u CeBepHoii AMepuku. Ho mipu atowm,
3a 17 JeT cyliecTBOBaHWSI KOMMAHUS TOAHSJIA CBOM
moxon o € 2,5 MJTH, 9TO SIBJIICTCSI TOBOJIBLHO 3HAUMMOI
CYMMO 119 MoJ1IoA0# KommiaHuu. [TpomyKiiusi, KOTOpyto
nocraBisieT Gasera, — 3TO MOPTaTUBHBIC N3MEPUTEITb-
HBIC YCTPOMCTBA M razoaHann3atopbl. O0beM IIpomax
CPEICTB U3MEPEHUS cocTaBIsieT 10 MIH ¢IMHMIL B TOII.

0O061aCcTh IPUMEHEHUS IIPOAYKIINY KOMITAHUM ObLITa
OTMEYeHa B TaKUX BUIAX UCCIENOBAaHUI, KaK 2KOJIO-
TUsl, Te0JI0TUsI, (DOTOAKYCTUCTUKA, TIPU aHAJIM3€E ra30B,
JKMIKOCTE! U TBEPIBIX MAaTEPUAJIOB, a TAKXKE B IPOMBbIIII-
JICHHOM McciieoBaHUU. PEATUHT KOMIIAaHUM COCTaBIIS-
eT 8,1, 4TO ABNSIETCS TOCTOMHOM OLIEHKO 332 KOPOTKMIA
TIEPUO CYIIIeCTBOBAaHMUS KOMITAaHUH, Ha (hoHE ¢ Oosee
«CTapbIMU» KOMIAHUSIMU.

Tabauuya

v

CunbHasI CTOpoHA KOMITAHWH B TOM, UYTO OHA SIBJISI-
eTcsT KOMIaHNel HOBOTO ITOKOJICHUSI, KOTopast OblIa
OCHOBaHa HECKOJBKO JICT Ha3am W IIPU 3TOM XOPOIIIO
ce0s 3apeKOMEHI0Bajla Ha PhIHKE, TaK KaK KauyeCTBO
IIPON3BOIMMON €10 IMIPOAYKIINU CTOUT Ha OMHOM YPOB-
HE ¢ IPYTUMHU 0oJjice BEBICOKOPEUTUHTOBBIMU KOMTIA-
HUSIM.

Cirabast ctopoHa KOMITAHUM COCTOUT B TOM, YTO OHA
ObL1a OcHOBaHa 17 JieT Ha3aj, U MUK BOCTPeOOBAaHHOCTHU
KOMITaHUM Havajics ToJbKo ¢ 2018 roma. Gasera Ha pbIH-
Ke SIBJISIETCSI MaJIOU3BECTHOM BCIIEACTBHE HEOOJBIIIOTO
o0beMa BBIITyCKaeMou MpoayKiuu. Takum oopasom,
OXBaT KOMITAHWE MUPOBBIX PEIHKOB, TI0 CPaBHEHUIO
C IPYTUMH KOMIIAHUSIMU, TIPOU3BOASIIINMHI TTPOIYKITIIO
MaHHOTO THUTIA, TTOKa He3HaunTesleH. OmHAaKo, HECMO-
TpsI Ha OTPAaHMYCHHOCTDb KOJIMYCCTBA TTOTPEONTEIICH,

CpaBHUTETbHBII AHATN3 IEATEIHBHOCTHA KOMIAHUIA N0 MPOU3BOICTBY MPUOOPOB KOHTPOJISI NAPHUKOBBIX Ta30B

IToka3zarem

LICOR

Picarro

Gasera

1. TonoBHoOI1 opuc

JInukonbH, mwrtat CeBepHast
Kaponuna, CILIA

Kanudpopnus, CILHA

Typky, @uHIIHINAS

2. Tun komMmaHun YacrHas YacTtHasa OO11eCTBO ¢ OrpaHUYEHHOM
OTBETCTBEHHOCTbHIO
3. CpenHuii 1oxom € 14 mn €6,5 MiH €2,5 muH

4. OxBart 3amnagHoe U BOCTOYHOE 3anajaHoe U BOCTOUHOE 3amnagHoe U BOCTOUHOE
ToJymapue ToJIyIapue ToJymapue
5. Cpok gesarenbHoct | 50 et 23 rona 17 ner

6. I'eorpacdust mmorpe-
ouTteneit

Becw 3emHoI1 11ap

Becnb 3emHoI1 map

EBpona, 3ananHas
U1 BOCTOUHAast A3usl,
CeBepHast AMepuKa

7.I1ponykimst

WMHCcTpyMeHTHI,
M3MEPUTETbHBIC CUCTEMBI
u ITO st Guonoruyeckux
WCCIIeNOBAHUI

AHaM3aTOpbl KOHIICHTPAIIUU
rasza

ITopTaTtuBHbBIE U3MEPUTEIbHBIE
YCTPOMCTBA, Ta30aHAIN3aTOPbI

8. O0beM paboOThI

Jlo 80 MJIH equHUIL
0060pyIOBaHUS B TOIT

J1o 35 MuTH. enuHuUIL
060opynoBaHUs B TOI

Jlo 10 MJTH. eauHuIL
000pyIOBaHUs B TOIT

9. O6nacTh MpUMeHe-
HUS

ArpoHOMUSI, 9KOJIOTHS,
(u3noaOrUsI pacTeHuit,
HCCIeIOBaHUE YIJIEPOIHOTO
LIMKJIa ¥ U3BMEHEHME KJIMMara

Dkosiorus, GU3MOIOTHS
pacTeHuii, U3MepeHue
BBIOPOCOB Ta30B BO3MIyXE,
oOHapyXeHUe yTeuek
IIJIST KOM. TIPEIITPUSITUIA

DKoJiorusl, reoJIorusl,
(oToakycTUCTUKA, aHAIU3
ra3oB, XKUIKOCTEH U TBEPIBIX
MaTepuajIoB, TPOMBIIIJICHHOE
HCCIIeN0BaHNE

10. PeiiTuHr 9,2 8,5 8,1

11. KonTpons kayectBa | 100% 100% 100%

12. TlpompiuenHocts | McenemoBanue, nu3aiit, Wccnenosanue, mpomblinieH- | [IpoM3BOICTBO MHCTPYMEHTOB
NPOU3BOACTBO HBbIE MTPOLYKLINU 1 puOOPOB /I U3MEPEHMH,

TCCTUPOBAHUA U HABUTalIUU

13. Bausgxue

Becw 3emHoi1 11ap

Becn 3emHoI1 1m1ap

Becw 3emHoi1 11ap

14. TTuk C 2010 roma 1 mo HacTosIIee C 2015 rona v 1o HacTosIIee C 2018 roga u mo HacrosiIee
BOCTpeOOBaHHOCTH BpeMmsI BpeMsI BpeMsI
15. Ton ocHOBaHMs 1971 ron, 1997 ron 2004 rox
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IpUOOPHI KOMIIAHUY UMEIOT TTOJIOKUTEIBHBIC OT3BIBEI
¥ pEKOMEHIAIIN.

BcaencrBue TOoro, 9To KOMITAHUS HAXOTUTCSI B BOC-
TOYHOM TIOJIyIIIApUH 3¢MHOTO IIapa, OHa MMEET BO3MOXK-
HOCTB IT0 CPaBHEHUIO C IPYTUMHU CO3IATh JIJIST ce0sT 00IIb-
IO OXBAaT IMOTPeOUTENIeH B 3TOM pernoHe. Kommanust
reorpamIecKy pacIioaracTcs B O4eHb OIarompusiTHON
CTpaHe I YCJIOBHUI MPOXWBAHMUS, UTO JACT BO3MOXK-
HOCTb HAHIMATh TSI Ce0sT BRICOKOKBATM(DUILIMPOBAHHBIX
CITCIINAJIICTOB.

M3-3a Toro, uro Gasera MaJon3BeCTHA HA MUPOBOM
PBIHKE, CHIIPHBIC KOMITAHWH, KOTOPBIC ORI OCHOBAHBI
yKe IeCSITKH JIeT Ha3ad M XOPOIIIo cedsl 3apeKOMEHI0-
BaJIM, UMEIOT BO3MOXHOCTD BHITECHSITh M BJIUATH Ha €€
00BeM peanm3aluy. DTO SBISICTCS OCHOBHOI yTpo30id
IUIST MTAaHHOM KOMIIaHWH.

[IpoBeneH GeHUMAPKWHT JIYUYIINX IIPAaKTUK MUpa
TI0 TIpEACTABICHUIO Ta30aHAIM3aTOPOB Ha phIHKaX. Pe-
3yJIbTaThI aHAJIN3A TIPEACTABICHEI B Ta0.

3AKTIOYEHUE

LI-COR, Picarro, Gasera IBISTIOTCSI MUPOBBIMU JI-
JepaMHu 110 IIPOM3BOICTBY U pealn3aliiK IPELU3MOHHbBIX

CIINCOK NCTOYHUKOB

cpencts u3Mmepennst. Omnako LI-COR u Picarro — xom-
ITAaHUH, KOTOPhIe OBIIM OCHOBAHKI paHblle, yeM Gasera,
CMOTJIM 3a BCe BpeMsI KM3HU Ha MIPOBOM PBIHKE 3ape-
KOMEHIOBATh CeOsI KaK HaIeKHBIC TTpon3BoanTe . OHI
SIBJISTIOTCSI HanOOJIee YCIICIITHBIMU ¥ BOCTPEOOBAaHHBIMM.
B ciryuae, ecimm HayIHBIM TTOTEHIIMAI KAaXKIOM 13 paccMa-
TpUBaeMbIX KOMIIAHUI B OJivkaiiiem OyayiineM He OyaeT
OOHOBJISITECS HA OCHOBE MHHOBAIIMOHHEIX pa3padoToK,
TO TTOTeHIIMAIbHEIC TTOTPEOUTEITN TIEPEUIyT Ha KOMIIA-
HUHU, BHITYCKAIOIINE ITPOAYKIINIO, COOTBETCTBYIOIIYIO
ITOCTaBJICHHBIM OOIIIECTBOM 3aavyaM.

CpaBHUTECIBHBIN aHAINU3 KPYHNHBIX KOMITaHUM
TTO TIPOM3BOICTBY BRICOKOTOUHBIX IIPOOPOB KOHTPOJISI
ITOKa3aJl, YTO HEeCMOTPSI Ha pa3Indrs B aCCOPTUMEHTE,
IIPUHIINIIC OEeHCTBUS BHIITYCKaeMOTO 000pYIOBaHUS,
reorpacmIeCKOM OXBaTe, BO3pacTe, BCE OHU SIBJISTIOT-
¢Sl BOCTpeOOBAaHHBIMM Ha PBIHKE ITPOM3BOIUTEIISIMI.
TakuM o06pa3zoM, IPOLYKIHUS, KOTOPYIO BBIITYCKAIOT
LI-COR, Picarro, Gasera, BOCIIpOM3BOIUT ITapaMeTPhI
U3MEpPEeHUs, TpeOyeMBblIe TS pelllcHUS HayYHBIX 3a1a4
pa3paboTKK HaHOMAaTepHaJIOB Ha OCHOBE yJIaB/IMBa-
HUST aTMOC(hEPHOTO TMOKCHUIA YTIIepoaa, Pa3BUTHSI
npubopHOU 6a3bl KAPOOHOBBIX MTOJTUTOHOB HOBOTO
ITOKOJICHUSI.
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6. The reviewer does not make conclusions about the quality of the article on the basis of subjective data, e.g. the
personal relationship to the author, gender, age, religion, etc.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

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

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

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

2. PeLieH3eHT ncnosb3yeT pa3paboTaHHyto pefakumeit )XypHana ¢popmy, KOTOPYIO OH MOJTyYaeT BMecTe CO CTaTbel.
PeueH3eHT BNpaBe fatb 60siee paclUMPEHHYI0 peLeH3NIo.

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

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaET B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOB».

4. PeLleH3€eHT He nepefaeT CBeAieHMA O CTaTbe U JaHHble, KOTOPbIE B HEl COAep»KaTca, TPETbUM NLaM.

5. PeuieH3€eHT He ncnosnb3yeT MHGOpPMaLUIo, MOYUYEHHYHO U3 CTaTbl, B IMYHBIX 1 KOMMEPUECKUX LieNAX.

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

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

OTBeTCTBEHHOCTb U3gaTtens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

1. Mi3patenb He TONbKO NOAAEPKMBAET HayUHble KOMMYHVKALWW 1 MIHBECTMPYET B JaHHBIN NMPOLIECC, HO TaKXKe He-
CeT OTBETCTBEHHOCTb 3a COOMI0AIEHNE BCEX COBPEMEHHbBIX PEKOMeHAaLUMI B Nybnmkyemon paborte.

2. V3paTtenb He BNMAET Ha pefaKUMOHHYIO MOSIUTUKY XKYPHana.

3. Mi3paTtenb oKa3blBaeT OPUAMYECKYIO MOAAEPKKY PeflakLmu XKypHana npy HeO6XO[UMOCTU.

4. /13patenb obecneurBaeT CBOEBPEMEHHOCTb BbIXO[A OUepPeiHbIX BbIMYCKOB XypHarna.

5. V3patenb ny6nunkyeT NpaBKu, MOSICHEHUSA 1 OT3bIBAET CTaTbl, B KOTOPbIX Oblfiv BbISBIEHbI HAPYLLIEHWA HAyYHO
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 cnefyeT onybnnKoBaTb. TO peLleHre BCeraa AOoMKHO NPYHUMATbCA Ha OCHOBE NMPOBEPKM JOCTOBEPHOCTM pa-
60Tbl U ee BaXKHOCTU /151 UCC/iefoBaTene 1 untatenei. [MaBHbI pegakTop MOXET PYKOBOACTBOBATbCA MeToauue-
CKUMW pPeKOMEHZALMsAMM, pa3paboTaHHbIMU PefIKOMNIEren XypHana, U TaKUMy I0pUANYECKMU TPeOoBaHUAMM Kak
HeomnylleHVe KNeBeTbl, HApYLIeHUs aBTOPCKOro Npaga v niarvata. Takxke Npu NpUHATAM pPeLLeHns no nybnukauum
rNaBHbIN pefakTop MOXET COBETOBATLCA C UIeHaMU PeACcOBETa, PeAKONErnn, peLeH3eHTaMu.

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENIEKTYaNIbHOMY COfepPKaHuIo, HEB3Mpas
Ha pacy, NoJ, CeKCyanbHY OPUEHTALUIO, PENUTNIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MOAUTUYECKME
B3rnAAbl aBTopa.

3.naBHbI pefakTop, COTPYAHUKMN pefaKLUnK, YNIeHbl PELKONNErin He JOJXHbI PacKpbiBaTb MHPOPMALMIO O Npea-
CTaBJIEHHOW PYKOMMCU KOMY-NINOO0 APYromy, 3a NCKIOYEHNEM aBTOPa, PELIEH3EHTOB, MOTEHLMANbHBIX PELIEH3EHTOB,
a TaKkXe nspatens.

4. CBefieHNs, copgepKalymecs B NpeacTaBleHHON CTaTbe, He IO/KHbI CMOJIb30BaTbCA B KAKOW-NTNMOO COOCTBEHHOM
paboTe rnaBHOro pefakTopa 1 YIeHOB peacoBeTa 1 pegkonnernn 6e3 nucbMeHHOro paspelleHns aBTopa. KoHdu-
LeHLUManbHas MHGopMaLMa NN NIewn, NOJyYeHHble NPU PeLLEH3UPOBAHUN, LOMKHbI XPAaHUTLCA B CEKPETE U HE UC-
NoJsib30BaTbCA ANA NOMYYEHUA INYHOWN BbIrOAbI.

5.naBHOMY pefiaKTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTUA B PeLeH3MpPOBaHUM B ClyyYae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPeCOoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA UM APYIMX OTHOLEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATh CBEAEHMA O COOTBETCTBYI0-
LMX KOHKYPUVPYIOLWMX MHTEPEecax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOOXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyYato AeCTBME, Takoe Kak nyo6-
NYIKaLUsi ONPOBEPKEHMA UV BbIPaXKeHNA 03a00YEHHOCTU.

7. TnaBHOMY peflakTopy crieflyeT NprHMMaTb Pa3yMHO ObICTpble Mepbl NPU MOCTYMIEHWM »Kanob 3TUYECKOro Xa-
paKkTepa B OTHOLUEHUW NpeAcTaBiIeHHOV PYKOMWUCU Ui OMy6SIVIKOBAHHOWM CTaTbU, UMEA KOHTAKT C pefaKkumen, 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 MaTepnanoB OONXKHbl MMETb BO3SMOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'IVIKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPuHTOB N NOCTNPUHTOB

B npouecce nogaur ctatby aBTOPY HEOOXOAMMO MOATBEPAMNTD, UTO CTaTbsA He Oblnia ONy6/IMKOBAHA MK He Oblia
npuHATa K Ny6nmKaLmm B ApYyrom HayuHoM >KypHarne. [pu ccbinke Ha onybnmKoBaHHYI0 B XypHarne «HaHoTexHonorum
B CTPOVTENbCTBE» CTATbIO U3[AaTENbCTBO MPOCUT pa3mellatb cCbifiky (MonHbii URL maTepurana) Ha odurLmanbHblii caT
XypHana.

K paccmoTpeHnto onycKalTCs CTaTby, Pa3MeLLEHHbIe paHee aBTOPaMM Ha JINYHbBIX UK MYBNYHbIX CalTax, He
OTHOCALLMXCA K APYTM U3LaTe/IbCTBaM.

O npoueaypax B ciyyae 310ynorpebneHuin (HapyweHuin)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obA3aHbl COO6MIOAATb STUKY HayUHbIX MYOGAVKaLniA B XKypHase AeNCTBYOLNX 3aKOHOB, MPaBUIT UV MOJIO-
XeHuiA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX y>Ke COBEPLUEHHOIO W NMOTEHLMANbHOTO 3/10yrnoTpe-
6neHnA (HapyLweHus).

Pepakuuei )XypHana HesameanuTebHO MPOBOAUTCSA pacc/iefoBaHE MO BCEM COODOLLEHUSAM O 3/10ynoTpebeHnaAxX
(HapyLweHusx) n, ecnv MHGOPMaLMA NOATBEPKAAETCA, MPUHVMAIOTCA Mepbl MO YCTPAHEHNIO 3710ynoTpebneHnii (Ha-
pyweHuin). Ecnu 310 TpebyeTcsi B COOTBETCTBMM C 3aKOHOAATENIbCTBOM, MaTepuasibl NepefaTcs B COOTBETCTBYOLME
rocyfapCTBeHHbIe OpraHbl.

Ha Bce npeTeH3ny aBTOPOB pefaKLMa NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETbI, MpWaras Bce ycu-
A 4na paspeLleHna KOHGINKTHBIX CUTYyauni.
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The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

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

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

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

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

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

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

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

NAME OF THE SECTION (In English)

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

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

Title (In English)

Authors’ first name and last name (In English)

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

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

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

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

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

Keywords: (In English)

Acknowledgments: (if available) (In English)

For citation: (In English)

Example.

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

© authors, 2021

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

« METHODS AND MATERIALS

« RESULTS

- DISCUSSION

- CONCLUSIONS

References (In English) (Vancouver Style)

Information about the author (authors) (In English)

— first name, last name (full);

- academic degree;

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

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

- authors’ e-mail address;

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

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

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

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

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

Contribution of the authors (In English):

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

Example.

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

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

The authors declare no conflicts of interests.

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

IN RUSSIAN

NAME OF THE SECTION (In Russian)

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

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

Title (In Russian)

Authors’ first name and last name (In Russian)

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

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

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

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

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

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

Keywords: (In Russian)

Acknowledgments: (if available) (In Russian)

For citation: (In Russian)

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

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

« METHODS AND MATERIALS

- RESULTS

- DISCUSSION

- CONCLUSIONS

References (In Russian) (Vancouver Style)

Information about the author (authors) (In Russian)

— first name, last name (full);

- academic degree;

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

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

— authors’ e-mail address;

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

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

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

Example.

MucapeHko XKaHHa BUKTOpPOBHa — [-p 3KOH. HayK, AOLEHT Kadenpbl yNpaBneHns prckaMn U CTPAaxoBaHMWs
3KoHOMUMYecKoro ¢akynbteta CaHKT-IeTepbyprckoro rocyfapctBeHHoro yHmsepcuteta, CaHKT-TeTepbypr,
Poccus, z.pisarenko@spbu.ru, https://orcid.org/0000-0002-9082-2897

Contribution of the authors (In Russian):

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

lMpumep.

Mopo3soBa M.C. - HayuyHOe PYyKOBOACTBO; KOHLENUWA WCCNefOBaHWUSA; pa3BUTUE METOAOJSIOTnKY; yyacTne
B pa3paboTke yueOHbIX MPorpamMm 1 nx peanmsaunm; HanMcaHne NCXOAHOTO TEKCTA; NTOrOBbIe BbIBOAbI.
bokoBa E.B. - yuyacTie B pa3paboTke yueOHbIX MpoOrpaMm 1 Ux peanvsauun; [opaboTka TEKCTa; UTOroBble
BbIBOADbI.

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

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

Manuscript text

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

Text layout

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

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

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

Tables and Figures

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

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

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

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

References

The list of references includes sources used in the text.

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

Copyright Notice

Authors who publish in journal agree to the following:

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

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

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

Privacy Statement

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

Mpuem craTten

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

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

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

Mpwu npeacTaBneHNN PyKONuCK B }KypHaJl aBTOpbl JOMKHbI Y6eAUTbCA, UTO COAEP>KaHNE CTaTbll COOTBECTBY-
eT TeMaTUuKe XypHarna; CTPyKTypa CTaTb 1 opOpMIIEHNE COOTBETCTBYIOT TPEOOBaHUAM peflakLmy; BCe LMTUPOBAHNA
obopMIEHbI KOPPEKTHO, YKa3aHbl MCTOUYHVIKYM /st TabnuL, U pYCYHKOB (eC/Y He YKa3aHO MHOE, NPeAnonaraeTcs, 4to
TabnULbI U PUCYHKU CO34aHbl aBTOPOM).

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

B xxypHane ny6aunKyiotca paboTbl nNo cnepylowWwym TeMam: Co3faHne HOBbIX GYHKLMOHaNbHbIX MaTepPUasos;
pa3paboTka Teopun GOPMUPOBaAHNUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPMPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUSI HAHOMATEPMASIOB U HAHOTEXHOMOMMIA B CTPOUTENIBCTBE U CTPOUTENbHBIX MaTepuanax; LLeMeHTHble
N Apyrvie BsXyLve C MUHEePanbHbIMU 11 OpraHMYecKMy fo6aBKamuy; AVArHOCTVIKA HAHOCTPYKTYP M HAaHOMATepuasnoB
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIefOBaHNsA CBOWCTB HAaHOMATEPUANOB; MOANDULNPOBAHNE CTPOUTENBHbBIX
MaTepranoB HAHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3VLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMMPOBAHME Ha-
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OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuua npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

« uncnonb3ynte wWpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMonb3ynTe NoaYepKrBaHUe BHYTPY TeKCTa (4NA Nof3arofioBKOB MCMOMb3yTe MOMY>KUPHOe HavepTaHue,
LA BbljeNeHnsA B TEKCTe — KYpCuB);

+  VMIHOCTpaHHble Ha3BaHMA (KypHanoB, opraHu3auuin 1 T.4.) cnefyeT OCTaBNATb B OPUTMHANeE, 3aKNoYaTh B KaBblUKU.

A66peBuaTypbli
Bce ab6peBmaTypbl AOMKHbI 6bITb paclundpoBaHbl NPy NePBOM ynoTpebneHnn. Ecnn abbpeBnatyp MHOFO, MOXKHO
cZienatb CrUCOK C PacIMPPOBKOI KaXKA0M U3 HUX Nepe[] TEKCTOM CTaTbMu.

Ta6nuubl U pUCYHKN

Bce Tabnuubl U pUCYHKIM JOMXKHbI OblTb MPOHYMEPOBaHbl 1 Ha3BaHbl, Ha HUX JOMIXKHa OblTb OTCbISIKA B TEKCTE CTa-
TbW. B Tabnuuax He JOMKHO 6bITb NYCTbIX rpad. PUCYHKN BOMKHBI ObITb XOPOLLIEro KauecTBa, MPUroaHble Ans neyatu.
MpriknagblBaloTCA K CTaTbe OTAENbHbIMU paiinamu.

YT06bI NPOBEPUTL KAUECTBO N30OPAXKEHUS, MOXKHO YBENMUMTL ero. XopoLluee n306pakeHne He pa3MblBaeTcsA npu
YBE/IMUEHUN.

CHOCKIn
Mpn HeobXOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW Hymepauuen (apabckre Lmdpbl) No Bcemy JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PaboT, KOTOPble YNOMUHAKOTCA B TEKCTE, JONONHUTENbHaA nHbopMauma.

OdopmneHne UUTaT 1 CNNCKa NUTEPaTypbl
B >KypHane npuHAT BaHKYBEPCKMiA CTUMb LUTMPOBaHNWSA (OTCbINIKa B TEKCTE B KBaAPATHBIX CKOOKaX, MonHoe 61bnu-
orpaduyeckoe onmcaHne UCTOUHKKA B CMICKE IMTepaTypbl B MOPALKE YNOMUHAHNWSA B TEKCTE CTaTby).

CnMCOK NCTOYHUNKOB

B cnncok nuTepatypbl BKMOUYAKTCA MCTOYHUKM, UCMONb3yemble B TeKCTe cTaTbh. CCbINIKU Ha NPUHATbIE K My6-
NMKaLmMK, HO elle He onybiMKOBaHHbIe CTaTby, JO/KHbI ObITb MOMEUYEHbI C/IOBaMU «B MevaTh»; aBTOPbl AOMKHbI
NonyynTb MMCbMEHHOE pa3peLleHne AA CCbINIKA Ha Take [OKYMEHTbI 1 MOATBEPXKAEHME TOr0, UTO OHU NMPUHATDI
K nevatn. MHdopmaums n3 Heony6IMKOBAHHbIX UCTOYHUKOB LOJIKHA ObITb OTMEUEHA C/I0BaMU «HeOMNybnMKoBaH-
Hble JaHHble/LOKYMEHTbI», aBTOPbI TaKKe JAO/MKHbI NMONYYUTb MMCbMEHHOE NOATBEPXKAEHME Ha NCMOMNb30BaHMe Ta-
KX MaTepranos..

OdopmrieHne CCbifIOK Ha UCTOYHUKK, Brbnmorpaduyecknx ccbiiok ocyllectsiseTca B cootsetcteum ¢ FTOCT P
7.0.7-2021.

ABTOpCKMe npaBa

ABTOpbI, Ny6NIVKyIOLLME B KypHase, COrNaLlaloTcsa CO Cleayowym:

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

2. ABTOpPbI COXPaHSAIOT NPABO 3aK/oUaTb OTAE/bHbIE KOHTPAKTHbIE 4OrOBOPEHHOCTM, KacatoLWMeCcs HEIKCKI031B-
HOro pacnpocTpaHeHusa Bepcur paboTbl B OnybnnKOBaHHOM 34eCb BUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6amKaLmio B KHUATE), CO CCbISIKONM Ha ee OpUTrMHanbHyo Ny6nmKaLmio B 3TOM XXypHare.

3. ABTOpPbI MMEIOT MPaBOo pa3meLlaTb Ux paboty B ceTv IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWNLLE U HA
nepcoHaibHOM caliTe) 1O 1 BO BpPeMs NpoLiecca pacCMOTPEHNUA ee AaHHbIM KYPHANOM, TakK KaK 3TO MOXeT MPUBECTM
K NPOAYKTMBHOMY O6CYXXAEHMIO N 6OMbLIEMY KONMYECTBY CCbISIOK Ha AaHHY0 paboTy.

MpuBaTHOCTb
MimeHa n agpeca 3ﬂeKTpOHHOI7I NMoYTbl, BBejeHHble Ha caunTe 3Toro XKypHana, 6yp,yT MCNob30BaHbl NCKOUYNTENb-

HO A Lernel, 0603HaUEHHbIX STVM >KYPHasioM, 1 He ByZlyT UCMOMb30BaHbI sl KAKUX-MOO0 Apyrux Lenen nimn npego-
CTaBJIEHbI APYTVIM JINLIAM Y OPraHM3aL1saM.
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