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Nanomodification is an effective method
for forming the structure of the weld metal.
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ABSTRACT: The short-term existence of the melt in the weld pool and its overheating, a large temperature gradient near the inter-
face and two-dimensional crystallization centers, in the form of fused grains at the weld pool boundary, reduce the probability and
rate of formation of crystallization centers in the liquid phase. This leads to the formation of a coarse-grained columnar structure of
the weld metal, which, in combination with defects arising during crystallization, is less ductile than the fine-grained rolled metal
being welded, and often causes brittle fracture of the structure. Therefore, obtaining a fine-grained structure of the weld metal is
a constant problem in the welding industry.

It is now generally accepted that the most effective way to obtain a fine-grained weld metal structure is to modify the weld pool.
At the same time, micro- or nanoparticles of refractory metals or their chemical compounds (inoculators) are introduced into the
weld pool from the outside, as ready-made crystallization centers.

In a superheated melt, the rate of formation of crystallization centers, due to the deactivation of particles, decreases. It can be in-
creased in two ways: by slowing down the decontamination process and by increasing the number of modifying particles introduced
into the weld pool. The paper analyzes the factors that determine the modifying activity of inoculators and methods for maintaining
this activity in the weld pool. To ensure high activity of the inoculator, it is necessary to reduce the time of its residence in the high-
temperature zone of the weld pool; the material of the inoculator should have high values of temperature and heats of fusion, but
lower values of thermal and thermal diffusivity. A decrease in the rate of heating and melting of the inoculator particles is achieved
by introducing them into the weld pool, by passing the arc column and the high-temperature zone of the bath, in combination with
metal particulates that act as microcoolers and means of transporting the inoculator to the tail of the bath. Nanoscale inoculators
have a high thermodynamic potential and the associated high nucleating activity. Inclusions of oxides, carbides and nitrides, on the
basis of which crystallization centers are formed, in the solidified metal have strong interatomic bonds with the matrix, and due to
the fact that the coefficients of their thermal expansion are an order of magnitude lower than those of the matrix, after cooling the
metal, they experience all-round compression. Therefore, such inclusions are not dangerous, are not concentrators of tensile stresses
and centers of crack initiation. It is experimentally shown in this work that the introduction of carbon nanotubes with a specific
surface area of more than 270 m?/g into the weld pool contributes to the formation of a fine-grained structure of the weld metal.
KEYWORDS: nanomodification of the weld metal, preservation of the modifying activity of inoculators in the weld pool, modifica-
tion with nanocarbon tubes.
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INTRODUCTION

Features of the conditions of crystallization of the weld
pool: overheating of the melt, a large temperature
gradient near the interface and two-dimensional crys-
tallization centers, in the form of semi-melted grains at
the pool boundary, reduce the probability of the forma-
tion of crystallization centers in the liquid phase, and
cause the formation of a coarse-grained columnar struc-
ture in the weld metal. Such a structure in combination
with defects arising during crystallization is less ductile
than the fine-grained rolled metal being welded and, of-
ten, is the cause of brittle fracture of structures. There-
fore, obtaining a fine-grained structure of the weld metal
is a constant problem in the welding industry. It is now
generally accepted that the most effective and economi-
cal way to obtain a fine-grained weld metal structure is
to modify the weld pool [1].

Modification is the process of introducing into
the weld pool a small amount of modifiers-substances
that, without changing the chemical composition, slow
down the growth of crystals (inhibitors), or, as ready-
made crystallization centers, increase the rate of nucle-
ation (inoculators).

Inhibitors — surfactants (sfs), being deposited on
the faces of a growing crystal, slow down or stop its
growth for some time, during which, due to continu-
ous heat removal, supercooling of the melt and spon-
taneous endogenous nucleation of new crystals occur.
Modification of the weld pool with inhibitors has not
yet found application in the welding industry because
of the danger of hot cracks in the adsorbed intergranular
layers. Therefore, to obtain a fine-grained metal struc-
ture under conditions of fusion welding (arc, electron-
beam, laser), refractory inoculators are mainly used.
However, due to the specific conditions of solidification
of the weld pool, the modification of the metal in this
case turned out to be less effective than during casting.
This is due to the fact that when casting, the melt is
usually overheated before pouring by only 5—8% above
the liquidus temperature. And the theory of modification
and the practice of foundry production have shown that
with an increase in the overheating of the melt, a larger
grain is formed in the casting, because the inoculators
introduced into the melt lose their nucleating ability
(deactivate) with increasing temperature [2, 3]. Under
welding conditions, overheating of the melt in the weld
pool is 2—3 times higher than during casting (16—20%
of the liquidus temperature). In this re-gard, one of the
main problems of obtaining a fine-grained structure
of the weld is the problem of maintaining the modifying
activity of inoculators in the weld pool.

Factors determining activity of the inoculator in the
welding bath

Not all inoculant particles introduced into the weld
pool become crystallization centers. It depends on
the temperature of the weld pool, the residence time
of the particle in the hazardous high-temperature zone,
the degree of structural and dimensional conformity of its
crystallizing metal. Therefore, a probabilistic approach is
required to the question of the nucleation of new grains
when introducing inoculators into the melt.

If N particles of the inoculator are introduced per unit
volume of the melt per second, and the probability that
they can become the nuclei of new grains is equal to P,,
then the rate of nucleation n in this case will be equal to
the product of these quantities [1/m?>*s]:

n=N+P, (1)

Hence it follows that the rate of nucleation in the weld
pool can be increased in two ways:

1 — an increase in the number of modifying parti-
cles N, introduced, for example, in 1 second into the bath;
2 — increasing or maintaining the modifying activity
of these particles, i.e. increased likelihood P (0 < P, <1).

The modification of the crystallizing metal, in contrast
to alloying, does not change the chemical composition
of the crystallizing alloy. Therefore, in order to increase
the number of modifying particles N while the chemical
composition of the alloy remains unchanged, it is neces-
sary to reduce their size. In this case, not only the num-
ber of possible crystallization centers per unit volume
of the liquid phase increases, but also due to an increase
in the specific surface area of the particle, the probabi-
lity P, that the particle becomes an active germ of a new
grain. For example, when ceramic particles with a radius
of 0.05 um (50 nm) are introduced into the melt in steel
castings, a grain is obtained that is 1.5—2 times finer than
in castings without a modifier. And the use of particles
with a radius of the order of 0.005 microns (5 nm) pro-
vides structure refinement by 4—8 times [4].

The modifying particle on its way to the crystalliza-
tion zone, moving from the head of the bath with melt
flows, passes through sections with different tempera-
tures. For a while 7, , it is in the danger zone /,,, where
the melt temperature exceeds the melting temperature
of the particle T, and where deactivation processes
proceed vigorously, as a result of which the surface energy
of the particle decreases. When the particle is completely
melted, the interface disappears and its modifying role is
completely lost. Time 7,,,, determined by the length /, ,
the rate of melt flows from the head of the bath to the tail
V,, and welding speed V¢ (fig.)

TMOD = lM/ VWS+ VM' (2)
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Particle deactivation time 7, can be simplified as
the sum of three successive processes [1]:

T,=1,+1,t71, 3)

where 7, — heating time of the modifying particle from
the initial temperature 7, to the melting point of the in-
oculator 7', ; 7, and 7, — time of its melting and dissolu-
tion in the melt.

Obviously, in order to preserve the modifying activ-
ity of a particle, it is necessary that the time of its stay
in the hazardous zone 7, is less than the deactivation
time 7,

“4)

Based on the analysis of the heating, melting and
dissolution time of a spherical modifying particle with
a radius r in the melt with temperature 7', the particle
deactivation time can be expressed as follows:

2 2
_kr - (Tyop —Ty) n ky -7 Lyop * Puon

+

° %yop * AT yop AT vop * Arion
2
+ M, (5)
D-Cq

where k, k,, k, — dimensionless coefficients; L
A

MOD?

T, and AT, ,, — respectively — heat

’OMOD’ MOD’ aMOD’

Nanobm

of fusion, density, thermal and thermal diffusivity, ini-
tial temperature and overheating of the modifier; C,.and
C — concentration and limiting solubility of the modifier
in the melt.

If we assume that the particle is insoluble in the melt,
and the initial tem-perature of the particle 7, = 0, then

condition (4) takes the following form:

Ly

——<r
VWS+VM

2 ki - Tyop +k2'LMOD‘pMOD).(6)
AT o 'ﬂ’MOD

A yop AT, MOD

It follows from inequality (6) that the activity of the
modifying particle in the weld pool depends on the tech-
nological parameters of the welding process (left side)
and on its natural properties (right side of the inequality).
To increase the activity of the modifier in the weld pool,
it is necessary to strive to reduce the left and increase
the right parts of the inequality.

The technological parameters that can be used to
reduce the residence time of the particle in the hazard-
ous zone of the melt include: the speed of welding and
the movement of the particle into the tail part V,,, and
V.. length of dangerous overheated zone /,, and melt
temperature 7, determining the amount of overheating
AT, ,, =T, —T,,, From inequality (6) it follows that
to reduce the residence time of the inoculator particle in
the overheated zone, it is necessary to weld at maximum
speed and take measures to reduce the length /, and over-
heating AT .

T,=3145K

Ty =2173K

N

N

Fig. Change in the temperature of the melt along the axis of the weld pool during welding of low-carbon steel

with a metal-chemical ad-ditive (modifier TiO,) T}, T, ,,

T,T,

wop A0d T, , — boiling point of base metal, average melt

temperature, melting point of modifier and melting point of base metal. /, — modifier overheat zone length

http://nanobuild.ru

199 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (4):
197-203

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

APPLICATION OF NANOTECHNOLOGIES AND NANOMATERIALS

Particle speed with melt flows V,, increases pro-
portional to the welding speed, in addition, it can be
increased by external action on the weld pool (current
ripple, external magnetic field, arc oscillations, etc.).

Zone length /, with a temperature exceeding the melt-
ing point of the particle depends on the method and point
of introduction of the particle into the bath. The intro-
duction of an inoculator into the tail of the weld pool,
bypassing the arc column, minimizes the value of /,, and
the time of its stay in the danger zone 7.

It was noted above that a decrease in the size of a
particle, and the associated increase in the thermody-
namic potential, sharply increases its nucleation activity.
But, on the other hand, the time of heating and melt-
ing of a particle, according to (5), is proportional to
the square of the size of this particle. And this means
that the finer the particle, the higher the rate of its heat-
ing and melting, the faster the probability of the ap-
pearance of a new crystallization center in the melt will
disappear. In addition, the high surface energy of fine
particles contributes to clumping, and the low specific
gravity characteristic of oxides, carbides and nitrides
used in the modification of steels leads to their floata-
tion and prevents their uniform distribution in the melt.
Therefore, the direct introduction of the inoculator into
the weld pool is ineffective.

To ensure high modifying activity of the inoculator
particles, it is proposed to introduce them into the weld
pool in combination with macroparticles made of metal
of the same or similar composition as the metal being
welded. Such particulates act as microcoolers, serve as
a means of delivering the inoculant to the crystallization
zone, lower the melt temperature, and prevent clumping
and floating of modifying nanoparticles [5]. This idea was
developed and applied in practice in submerged-arc weld-
ing with the so-called metal-chemical additive (MHP)
[6]. MHP is a granular additive made from wire chips
(granulate), which passed mechanosynthesis together
with the particles of the inoculator in a high-energy plan-
etary mill. As a result of such processing, the proportion
of particles of nanoscale order increases, and due to strong
chemical bonds, heat transfer to granules improves. Weld-
ing of butt seams is carried out along the MHP layer,
poured into the joint gap, which ensures the introduc-
tion of modifying particles into the weld pool, bypassing
the arc column.

Good results in the modification of the weld met-
al were obtained when the inoculator was introduced
through an additional hot wire (DHW) into the tail part
of the weld pool [7].

Methods for introducing inoculators, bypassing
the arc column, although they allow obtaining welded
joints with high indicators of plasticity and toughness
of the weld metal, have a number of disadvantages.
Welding on the MHP layer cannot be performed in other

spatial positions, except for the lower one, and the in-
troduction of inoculators through the DGP requires
two sources of electrical energy and two wire feeders.
In addition, for high accuracy, the point of entry of ad-
ditional wire into the pool, high synchronization of the
wire feed mechanisms and the movement of the welding
head is required. Mismatching will lead to burning or
«freezing» of the wire.

In our opinion, further research should be focused
on finding ways to modify the weld metal through an
electrode wire. One of the promising directions in solving
this problem is the use of modern digital inverter power
supplies with ample opportunities to control the process
of transferring electrode metal and preserve the modifying
activity of inoculators. The program of operation of such
sources allows one to drop from the electrode single or
a series of drops of a given size, at specified time intervals,
to regulate the temperature and residence time of drops on
the electrode, the speed and time of their flight through
the arc, etc. [8].

The natural properties of the modifier determine
the time of retention of its activity in the weld pool. They
must be taken into account when choosing a modifier.
First of all, there should be an isomorphism between
the crystal lattices of the modifier and the base metal
(Dankov’s rule on structural and dimensional compli-
ance). Modifiers with the same type and close size pa-
rameters of the lattices have an advantage. In addition,
the criteria for the suitability of the modifier should be
its thermophysical properties. Modifiers with high values
of temperature and heat of fusion, but with lower thermal
conductivity and thermal diffusivity, retain their modify-
ing activity in the weld pool longer and, therefore, are
preferable.

The inoculators introduced into the weld pool, be-
ing the centers of crystallization, remain in the weld
in the form of non-metallic inclusions, which, from
the point of view of fracture mechanics, are stress con-
centrators and centers of crack initiation. Therefore, all
foreign inclusions in the seam, until recently, were con-
sidered harmful. Currently, the assessment of the role
of inclusions in the metal is approached selectively.

Of course, inclusions that violate the continuity of the
metal (slag particles, gas cavities and pores), or reduce
the forces of interatomic bonds at grain boundaries, such
as S and P, are harmful. And inclusions - centers of crys-
tallization, are currently considered as one of the control
levers for the formation of the optimal microstructure
of crystallizing metal [9, 10]. First, due to the small size
of the inoculant particles, inclusions formed on their ba-
sis are less dangerous as stress concentrators. Secondly,
the isomorphism of their crystal lattices with the matrix
provides a high level of interaction forces at the interface.
And due to the fact that the coefficient of thermal shrink-
age of oxides, carbides, nitrides and other nonmetallic
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inclusions is several times less than that of the matrix in
the cooled metal, they will experience all-round com-
pression. Therefore, under tensile stresses, a rupture at
the interface is less likely.

Prospects for nanomodification of welded joints with
carbon nanotubes

Nanomodification of the weld pool with carbon
nanotubes (CNTs) can become a new direction of oxide
metallurgy in the fight against brittle fractures of build-
ing metal structures. The unique properties of CNTs,
such as a fantastically huge specific surface area (up to
2000 m?/g), testifies to their colossal adsorption capac-
ity and refractoriness (up to 3000—4000°C), provid-
ing the presence of a CNT-melt interface [11], suggest
the possibility of using CNTs as active inoculators in
the weld pool.

At present, at the State Technical Universities of Vo-
ronezh (VSTU) and Tambov (TSTU), joint research is
being conducted on modifying the weld metal with carbon
nanotubes in arc welding of steels. Carbon nanotubes
of the Taunit-M series (outer and inner diameters, re-
spectively, 10—30 and 5—15 nm, length >2 um, specific
surface area >270 m?/g) were used as inoculators, devel-
oped and produced at OOO NanoTechCenter at TSTU,
bulk density 0.025—0.06 g/cm?).

The modifying activity of Taunit-M CNTs was com-
pared with the activity of known inoculators used in weld-
ing steels: TiO, — average particle size 374 nm, melting
temperature 1843°C, density 4.05 g/cm® and Al,O, — av-
erage particle size 141.8 nm, temperature melting point
2050°C, density 4.23 g/cm’.

Specimens 300%250% 10 mm of steel 09G2S were
butt-welded in one pass by automatic submerged arc
welding AN-47. Plates were collected with a gap 6> mm.
A granular metallochemical additive (MHP) from wire
chips was poured into the gap 2,5%1,5 and the investi-
gational inoculant synthesized in a planetary mill. Weld-
ing modes: constant welding current, reverse polarity —

650—750 A; arc voltage 36—38 V; welding speed 18 m/h;
wire feed speed SVO8GA ¥4 mm — 85 m/hr.

Evaluation of the effectiveness of inoculators in grind-
ing grain was given on the basis of counting the num-
ber of grains in photographs of the metal microstruc-
ture in the center of the cross-section of the weld.
The counting of grains was carried out in accordance
with STST 5639-82 on the area of the section bounded
by a circle @0,798 mm, which at X100 magnification
in the photograph corresponded to a circle 79,8 mm.
Count the number of whole grains inside the circle n,
and crossed by its border n,. The total number of grains
in the controlled area was calculated ny = n,+n,/2; aver-
age grain size da and the relative values of grain grinding
in the seam by the amount n)v_/n0 and medium size d /d,
grains (n, and d, — the number of grains and their average
size in a scam made without a modifier).

The results of measurements and calculations are pre-
sented in the table.

The results obtained indicate that TiO,, Al,O, and
Taunit-M, introduced into the weld pool, are active mod-
ifiers, which almost doubled the number of crystallization
centers. The greatest modifying effect was obtained when
Al O, was introduced into the weld pool. Taunit-M and
titanium dioxide showed approximately the same results
in terms of modifying activity.

It should be noted that the given comparative quantita-
tive assessment of the activity of inoculators is very rough,
since the equality of the conditions of their interaction
with the melt (inequality of particle sizes and concentra-
tion, adhesion forces with the granulate, etc.) is not main-
tained. This experiment searches, allowing to confirm or
disprove the possibility of CNTs to influence the process
of crystallization and formation of the weld metal struc-
ture. The experimental results allow us to conclude that
the introduction of carbon nanotubes into the weld pool
contributes to the formation of a fine-grained structure
of the weld metal, and research in the field of using such
nanoparticles to improve the structure and properties
of welded joints is relevant and promising.

Table
Number of grains, pcs STz, Relative fineness
Inoculator L

n, n, ny d n):/no d/d,
without inocul. 148 49 173 0.054 1 1
TiO, 307 49 332 0.039 1.81 1.38
AlLO, 372 54 399 0.035 2.2 1.54
Taunite-M 308 64 340 0.038 1.85 1.42
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CONCLUSIONS

1. Nanomodification of the weld pool, today, is
the most effective way to obtain a fine-grained structure
of the welded seam during factory and assembly welding
of large-sized structures that are not subjected to subse-
quent heat treatment.

2. To maintain the modifying activity of the inoculator
particles, it is necessary to reduce the time of their stay
in the high-temperature zone, and the material of the
particles must have high values of temperature and heats
of fusion, but lower thermal conductivity and thermal
diffusivity.

3. Inclusions of oxides, carbides and nitrides, on
the basis of which crystallization centers are formed, in
the solidified metal have strong interatomic bonds with
the matrix, and due to the fact that the coefficients of their
thermal expansion are an order of magnitude lower than
those of the matrix, after cooling the metal, they undergo
a comprehensive compression. Therefore, such inclusions
are not dangerous, they are not tensile stress concentrates
and crack initiation sites.

4. It has been shown experimentally that the intro-
duction of CNTs into the weld pool as inoculators pro-
motes the formation of a fine-grained structure of the
weld metal.

Part I of the paper « Nanomodification is an effective method for forming the structure of the weld metal> by Boldyrev
A.M., Sizintsev S.V., Sannikov V.G., Pershin V.F. has been published in the issue 3/2020 of the journal « Nanotechnologies

in Construction».
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HaHnomoaunduumnposaHmne - 3pPeKTNBHbIN CNOCOO6
dopmMmnpoBaHNA CTPYKTYpPbI MeTanna LWBa.
Yacrb Il. MoBbilweHne 3pPeKTnBHOCT
HAaHOMHOKYJIATOPOB B CBapPOYHOW BaHHe

A.M. bonppipes’ (2}, C.B. CusuHueB'* (=), B.I. CaHHukoB' (), B.®. Mepwun?

! BOpOHEXCKMI rocyAapCTBEHHbIV TEXHUYECKNI YHUBepcuTeT, . BopoHex, Poccnsa
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PE3KOME: KpaTkoBpeMeHHOCTb CyLLeCTBOBaHMsA pacniaBa B CBAPOUYHOMN BaHHE U ero neperpes, 60/bLON rpaieHT TemMnepaTypbl
BONU3M Mexda3HOI rpaHuLbl U ABYXMEPHbIE LIeHTPbI KPUCTANIM3aLun B BUEe OMIaBMEHHbIX 3ePeH Ha rpaHmLe CBapOUYHOMN BaHHbI
YMEHbLLAIOT BEPOATHOCTb 1 CKOPOCTb 06Pa30BaHUSA LIEHTPOB KPUCTANNM3aLMK B X1aKoi dpaze. ITo obycnosnnsaet GopmmnpoBa-
HMe KPYMHO3ePHUCTON CTONIGUATON CTPYKTYpbl MeTasfla WBa, KOTopas B COYETaHUM C AedeKTamu, BO3HUKAOLWMMM B NpoLiecce
KpucTannmsayum, MeHee niacTnyHa, Yem CBapriBaeMbli MENKO3EPHUCTbIN MeTa/lIONPOKaT, M YacTo ABNAETCA MPUUYNHON XPYNKOro
pa3pyLUeHMst KOHCTPYKUMK. [T03TOMY MosyYeHne MeJIKO3epPHUCTON CTPYKTYpPbl MeTasIa LWBA ABMSETCA NOCTOSHHONW Npobnemon
CBapOYHOro NPON3BOACTBA.

B HacTosee Bpemsa 06Lienpur3HaHO, YTo Harbonee 3GPGeKTUBHBIM COCOOOM MOJTyUYeHNA MENIKO3EPHUCTON CTPYKTYpPbl MeTasla
LIBa ABNAETCA MoAandULMPOBaHMEe CBAPOYHOI BaHHbI. [1py 3TOM B CBapOUHYI0 BaHHY U3BHE, B KQUECTBE FOTOBbIX LIEHTPOB KpUcTa-
NM3aumK, BBOAST MUKPO- UM HAHOYACTULbI TYTOMIaBKUX METASISIOB UMN UX XUMUYECKMX COeIHEHUI (MHOKYNATOPbI).

B neperpeTom pacnnase cKOpocTb 06pa30BaHNsA LIEHTPOB KPUCTANIN3aLuy, U3-3a Ae3akTMBaLUM YacTurL, CHUKAeTCs. YBENNUNTb ee
MO>HO ABYMs CMOCO6aMu: TOPMOXKEHNEM NPOoLecca e3akTBaLMM U YBEIMYEHNEM YMCTIa MOANOULIMPYIOLLMX YACTHL, BBOAUMBIX
B CBApPOUHYI0 BaHHY. B paboTe faH aHanu3 ¢pakTopos, onpeaensiiowmx MoaudrLmupyoLLyo akTUBHOCTb MHOKYATOPOB 1 CNoco6oB
COXPaHEHA 3TON aKTMBHOCTM B CBApPOYHO BaHHe. [1ns obecneyeHns BbICOKON aKTVBHOCTM UHOKYATOPa HEOOXOAMMO COKpa-
LaTb Bpems ero npebbiBaHUs B BbICOKOTEMMEPATYPHOW 30He CBapOYHON BaHHbI, MaTepUas MHOKY/IATOPA JOJIXKEH VMETb BblICOKME
3HaueHWs TeMnepaTypbl U TEMOTbI MIABNIEHUS, HO 6onee HU3KMe 3HAaUEHWs TEMMO- U TEMNEPaTYPONPOBOLHOCTU. YMeHbLUIeH e
CKOPOCTVM Harpesa v MaBfieHNs YacTULL MHOKYNIATOpa AOCTArAeTCA BBEAEHUEM NX B CBAPOUHYIO BaHHY, MUHYA CTONG oyru 1 BbICO-
KoTeMnepaTypHYI0 30HY BaHHbI, B KOMMJIEKCe C MeTa/lIMYeCKUMM MaKpoUacTLamMu, BbIMOMHAIOLMUN POJSib MUKPOXOOAUSIbHAKOB
1 CpeACTB TPAHCMOPTMPOBKIM MHOKY/IATOPA B XBOCTOBYIO YACTb BaHHbI. IHOKYNSATOPbI HAHOPAa3MepHOro Nopsaka 0611afatoT BbICOKUM
TEePMOANHAMUYECKMM MOTEHLMANIOM U CBSI3AaHHOW C 3TUM BbICOKOW 3apofbllleobpasytolei akTBHOCTbIO. BKloueHna oKCcuaos,
Kapbugos 1 HUTPUAOB, Ha 6a3ze KOTOPbIX GOPMUPYIOTCA LEHTPbI KPUCTA/IM3aLUny, B 3aTBEPAEBLLIEM MeTalle NMEIOT NPOYHble
MEXaTOMHble CBA3M C MAaTPULIE, @ B CUJTY TOTO, UTO KOIDDULMEHTBI X TEPMUYECKOTO PACLUVPEHNA HA NMOPAAOK MEHbLLIE, YEM
MaTpuLbl, NOC/IE OXNTaXAEHUA MeTasa NCMbITbIBalOT BCECTOPOHHee cxKaTue. [103ToOMy Takre BKIUEHNA He OMacHbl, He ABAAIOTCA
KOHLIEHTPATOPaMM PACTATMBAIOLNX HANPSXKEHUIA 11 0Yaramy 3apoXXAeHWs TpeLmH. B paboTe sKcnepumeHTanbHO NoKasaHo, YTo
BBeJleHVe B CBAPOYUHYIO BaHHY YriepofHbiX HAHOTPYOOK C yeNIbHO NOBEePXHOCTbIO 6onee 270 M?/r cnoco6CTBYET NOYUYEHMIO
MENKO3ePHUCTON CTPYKTYPbI MeTanna LWaa.

KJTIOYEBDIE CJIOBA: HaHOMOAMbULMPOBAaHME MeTasa LBa, COXPAaHEHNE MOANPULIMPYIOLLEN aKTUBHOCTU MHOKYNATOPOB B CBa-
pOUHOI BaHHE, MOANOULMPOBAHME HAHOYTNIePOAHbIMY TPYOKamu.

ONA UUTUPOBAHUA: bongbipes A.M., CusnHues C.B., CaHHukoB B.I., MepwwH B.®O. HaHomogudunumpoBaHue — 3dpeKTUBHbIN

cnocob popmMmnpoBaHNA CTPYKTYpbl MeTassa wea. YacTs Il. MoBbiweHne 3¢peKTMBHOCT HAHOUHOKYIATOPOB B CBAPOUYHON BaHHe //
HaHoTtexHonorum B ctpoutenbctee. — 2020. — Tom 12, N2 4. — C. 197-203. - DOI: 10.15828/2075-8545-2020-12-4-197-203.
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BBEJEHUE

O COOEHHOCTH YCIOBUI KPUCTAIIN3AINY CBAPOTHOM
BaHHBI: TIepeTpeB pacIiuiaBa, OOJBIION TPagUCeHT
TeMIIepaTypsl BOJIU3W MexK(ha3HOM IPaHUIBI U ABYX-
MEepHBIe IIEHTPBI KPUCTAIIIM3AIMY B BUJIE TTOJTyOIIaB-
JICHHBIX 3¢PCH Ha IpaHMIIe BAHHBI — YMCHBIIIAIOT Be-
POSITHOCTH 00Opa30BaHUS IICHTPOB KPUCTAUTA3AIINN
B XXHUIKOI (pa3ze 1 00ycIOBIMBAIOT (DOPMUPOBAHUE
B MeTaJllIe IIIBa KPYITHO3EPHUCTOM CTOJIOUATOI CTPYK-
Typbl. Takas cTpyKTypa B COUCTAaHUU C IedeKTaMu,
BO3HUKAIOIINMH B IIPOIIECCe KPUCTAIIN3AMUN, MEHEe
IUTACTUYHA, YeM CBapUBacMBI MEJIKO3CPHUCTHIN Me-
TaJJIOMPOKAT, W YaCTO SIBJISICTCS MPUINHON XPYIIKO-
To pa3pylieHUsT KOHCTpyKOuii. [ToaTroMy monyueHmMe
MEIKO3CPHUCTOI CTPYKTYPHI MeTajljla IIBa SIBJISICTCS
TIOCTOSTHHOI TIPO0JIEMOI CBAPOYHOTO ITPOM3BOACTBA.
B Hacrosiiee BpeMst o01IeTIpU3HAHO, YTO Hanboiee
3G GEKTUBHBIM I 9KOHOMUYIHBIM CIIOCOOOM TOTYICHUS
MEIKO3CPHUCTOI CTPYKTYPHI MeTajlla IIBa SIBIISICTCS
MoauGULIIPOBAaHNUE CBAPOYHOM BaHHBKI [1].
MonmnbunmpoBaHue — 3TO TIPOIIECC BBEACHNUS B CBa-
POUYHYIO BAHHY HE3HAUMTEITLHOTO KOJTMIeCTBa MOTU (-
KaTOpPOB-BEIIECTB, KOTOPHIC, HE MCHSISI XUMUYECKUI
COCTaB, 3aMEIJISTIOT POCT KPUCTAJIIOB (MHIMOUTOPHI ) MIH
B Ka4eCTBE TOTOBBIX [ICHTPOB KPUCTAJIIN3ALINY YBEIMUH -
BafOT CKOPOCTh 3apOIbIIIc00pa30BaHUsl (MHOKYIISITOPHI).
MHTIOUTOPHI — ITOBEPXHOCTHO-AKTUBHBIC BEIIe-
ctBa (ITAB), koTOpbIE, OCaXKIasiCh HA TPAHSIX PACTYILIETO
KpUCTalJIa, 3aMEJISIOT WM IIPUOCTAHABINBAIOT €TO
POCT Ha HEKOTOPOE BpeMsI, 32 KOTOPOE BCJICICTBHUE He-
MPEPLIBHOTO TEILJIOOTBOJA MPOMCXOAUT MEPEOXIaxKae-
HUE pacIjlaBa U CIIOHTAaHHOE YHIOTCHHOE 3apOKICHIE
HOBBIX KPHUCTAJLI0B. MomnduimpoBaHue cBapoOIHOI
BaHHBI MHTUOUTOpPAMH TI0Ka HE HAIJIO TIPUMEHEHUS
B CBApOYHOM IIPOM3BOICTBE M3-3a OITACHOCTH BO3HUK-
HOBEHUSI TOPSYNX TPEIIUH 10 aIcOPOMPOBAHHBIM MEX-
3¢pEeHHBIM ITpocIoKaM. [1osToMy TSI TTOTydeHMST MelT-
KO3CPHUCTON CTPYKTYPHI MeTallJIa B YCIIOBUSX CBapKHU
TUTaBJICHUEM (IyToBasi, 3JICKTPOHHO-JIy4YeBasI, JJa3epHast)
B OCHOBHOM ITPUMEHSIIOT TYTOIIABKIE MHOKYJISITOPHI.
OnHako n3-3a CIeUMMUKN YCIOBUI KPUCTAITA3AINT
CBapOYHOU BaHHBI MOIU(PUIMPOBAHUE METAJIA TIPUA
3TOM 0Ka3aJ0Cch MeHee 3P (PEKTUBHBIM, YeM IIPH JIUTHE.
DTO OOBSICHSIETCS TEM, UTO TIPH JIUThE pacIjiaB Iepe
3JIMBKOI OOBIYHO IIeperpeT Bcero Ha 5—8% Bhlllie TeM-
TepaTyphl JIUKBUAYC. A TCOpHUS MOOUMDUITUPOBAHUS
¥ TIPaKTHKAa JJUTCITHOTO TIPON3BOICTBA ITOKA3aH, YTO
C YBeIMUCHMEM TIeperpeBa paciuiaBa B OTIUBKe Ghop-
MUpyeTcs 00s1ee KPYITHOE 3¢pHO, IIOTOMY UTO BBOIVUMEIC
B pacIujIaB MHOKYJISITOPHI C TIOBBIIIICHUEM TEMIIEPaTyPhI
TEPSTIOT 3apOIBIIICO0PA3YIONIYIO CIIOCOOHOCTH (Ie3aK-
tuBUpyoTCcs) [2, 3]. B ycrmoBusIx cBapKu IIeperpeB pac-
TUIaBa B CBAPOYHOM BaHHE B 2—3 pa3a 0oJIbIlIe, YeM P
nutbe (16—20% oT TemmepaTypbl JUKBUAYC). B cBsizu

C TUM, OIHON M3 INIABHBIX ITPOOJIEM TTOTYICHUS Mell-
KO3EepHUCTOM CTPYKTYPHI CBAPHOTO IIIBA SIBJISIETCS TIPO-
O61eMa coXpaHeHUS MOIM(PUIINPYIOIIEH aKTUBHOCTH
WHOKYJISITOPOB B CBApOYHOM BaHHE.

DaxkTopbl, ONpeieAIoNe AKTUBHOCTh HHOKYJISITOPA
B CBaPOYHOI1 BaHHE

He Bce wacTuliibl MTHOKYIISITOpa, BBEACHHBIC B CBAPOY-
HYIO BaHHY, CTAHOBSITCS IICHTPaMU KPUCTAJI3AIINMN.
DTO 3aBUCUT OT TeMITepaTyphbl CBAPOYHOI BaHHEI, Bpe-
MEHM MpeObIBAHUS YACTHULILI B OITACHOU BHICOKOTEMIIE-
paTypHOIi 30HE, CTEIIEH! CTPYKTYPHOTO M Pa3MEPHOTO
COOTBETCTBHUS €€ KPUCTAJUIN3YIOIeMycsT MeTasury. I1o-
3TOMY K BOIIPOCY 3apOIBIIIc00pa30BaHUsI HOBBIX 36pCH
IIpY BBEICHNY MHOKYJISITOPOB B pacIiljlaB HEOOXOIUM
BEPOSTHOCTHBIN TTOIXO.

Ecnu B emuANIY 00BeMa pacIiiaBa 3a OOHY CEKYHIY
BBOIUTCSI N 4aCTUIl MTHOKYJISITOPA, a BEPOSATHOCTH TOTO,
YTO OHM MOTYT CTaTh 3apOABIIIAMI HOBBIX 36pEH paBHA
P,, TO CKOPOCTB 3apOIbILIEOOPA30BAHNS N B 3TOM ClIy4ae
OyIeT paBHA IIPOU3BEACHUIO TUX BeIUUMH [1/M3* c|:

n=N+P, (1)

Otciona ciaeayeT, 9TO YBEIUIUTh CKOPOCTD 3apo-
IBITIIe00pa30BaHUs B CBAPOYHOI BaHHE MOXKHO IBYMS
Ty TSIMM:

1 — yBeIMUeHNEM YrciIa MOTU(UITUPYIONTX YACTHUL
N, BBOIUMBIX, HAIIpUMep, 3a 1 ceK. B BAHHY; 2 — TTOBBI-
IIEHUEM WIN COXpaHEeHNEM MOITU(HUITNPYIONIEH aKTHUB-
HOCTH 9THX YaCTHIL, T.€. YBETUYEHUEM BEPOATHOCTH P,
O< P, <.

MomndunrpoBaHre KPUCTAUIN3YIOIIECTOCS METal-
J1a, B OTJIMYME OT JISTUPOBAHUS, HE M3MCHSICT XUMMIIC-
CKHI COCTaB KpUCTAJIU3YIOIIerocs cruiaBa. [loatomy
IIJIST YBEJTMUCHUS UM CIIa MOTUMDUIINPYIOMINX YacTHIl N
IIPpY HEM3MEHHOCTH XMMIUYECKOTO COCTaBa CIIaBa He-
00X0oImMMO YMEHBIIIEHNE X pa3MepoB. [Ipu aToMm yBe-
JIMYUBACTCS HE TOJBKO YHMCIO BO3MOXKHBIX IICHTPOB
KPUCTAJIN3AlIMNA B eANHUIIC 00beMa XXUIKOUN (hassl,
HO U B CBSI3U C YBEJIMYCHUEM YICIHHOM TTOBEPXHOCTH
YaCTHUIIbI BO3PACTAET BEPOATHOCTD P\ TOrO, 4TO YacTulia
CTaHeT aKTMBHBIM 3apOABIIIeM HOBOTO 3epHa. Hampu-
Mep, TIpM BBEICHUM B pacIijlaB KepaMUUECKUX YaCTHUI]
pammycom 0,05 MmxMm (50 HM) B OTJIMBKAX M3 CTaJIM II0-
JIy9aioT 3epHO B 1,5—2 pasa Merpue, 4eM B OTIMBKAX
0e3 moaudukaropa. A IpUMeHEeHNE YaCTULI C PAIUyCOM
ropstaka 0,005 MxM (5 HM) oOecITeurBaeT N3MEIbUYCHIE
CTPYKTYpHI B 4—8 pa3 [4].

Moauduimpyrolias 9acTUIIa Ha MyTH B 30HY KpH-
CTaJUTA3aIINN, TICpEMEIasiCh 13 TOJIOBHOM YacTH BaHHEI
C IOTOKAMH pAacIlIaBa, MPOXOIUT YYACTKHU C PA3TAYHON
TemIepaTypoii. Hekotopoe Bpems 7,, OHa HaXOIUTCA
B OIACHO¥ 30HE /,, TIe TeMIlepaTypa pacriaBsa Ipe-
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BBIIIAET TEMIIEPATYPy IIaBIeHUs YacTuubl 1, 1 rie
SHEPTUYHO MPOTEKAIOT JIe3aKTUBAIIMOHHBIC TIPOIIEC-
ChI, B pe3yJIbTaTe KOTOPBIX YMEHbBIIIAETCSI TIOBEPXHOCT-
Hast aHeprust yactuilbl. [1pu MoTHOM pacrutaBieHUN
YACTUIIBI MCYe3aeT MexX(a3Hasi TPaHUIIA U TIOJTHOCTHIO
yTpauMBaeTcs ee Moauduuupyomas poib. Bpems 7,
OnpeneNAeTCs JUIMHOM /,,, CKOPOCTBIO OTOKOB pacILIaBa
13 FOJIOBHO# 4aCTH BAHHBI B XBOCTOBYIO V/, M CKOPOCTBIO
cBapku V., (puc.):

TM = lM/ VCB+ VP' (2)

Bpemst resakTrBaLiiy 9acTULIBI 7, YIIPOIEHHO MOX-
HO TIPEACTAaBUTh KaK CYMMY TPeX ITOCIeI0BaTEIbHBIX
nporueccos [1]:

=Tt 3)

TJIe 7, — BPeMsl HarpeBa MOAMGUUMPYIONIEH YaCTULIBI
OT Ha4yaJIbHOM TeMIepaTyphl 1) 10 TeMIIepaTyphl IL1aB-
JieHust uHOKynaTopa 7T, ; 7, U T, — BpeMsl €€ TUIaBJIeHUs
¥ PaCTBOPCHMSI B pacIljiaBe.

O4YeBUIHO, YTO IJI COXpAaHEHUST MOTU(DUIINPYIOIIEH
AKTUBHOCTH YaCTUIIBI HEOOXOIMMO, YTOOBI BpeMsI ee
NpeObIBaHM B ONTACHOM 30HE 7, ObIIIO MEHBIIE BDEMEHU

JC€3aKTHUBAallN Tﬂl

T, < T, 4)

Ha ocHOBaHMM aHaM3a BpeMEHHU HarpeBa, TUIaBiIe-
HHS W pacTBOPEHUS cheprUIeCKON MOTUMPUIINPYIOIIEH
YaCTUIIbl PAMYCOM I B paciuiaBe ¢ Temmneparypoit 7,
BpeMsI Ie3aKTUBAIINH JaCTUIIBI MOXHO BBIPA3UTh ClIe-
JYIOLIUM 00pa3oMm:

zkl'rz'(TM _];))_’_kZ'rz.LM.pM +

o a,, -AT, AT, -2,
2
LGy (5)
D-Cp,

e K, k,, k, — 6e3pasmepHble Koo uimenTs; L,
0, Ay @ Ty AT, — COOTBETCTBEHHO, TEIUIOTA 1B~
JICHUS, TUTOTHOCTD, TEIIJIO- X TEMITepaTypOIIPOBOIHOCTb,
HayajibHas TEMIIEpaTypa u reperpes Mmoaudukaropa; C,,
u C,,, — KOHIIEHTpALUA U MPeeibHas paCTBOPUMOCTh
MoauduKaTopa B pacIliaBe.

Ecnu mpuHSITH, 9TO YacTHIIa HEpacTBOPHUMA B pac-
IIaBe, a HaYaJlbHas Temreparypa yactuiibl 7, = 0, To yc-
JoBue (4) MpUHUMAET CIICAYIOIINIA BHI:

Iy <1 ki -1, +k2'LM.pM).
VstV a, AT, AT, -2,

(6)

W3 HepaBeHcTBa (6) ciieayer, 4YTo aKTUBHOCTh MO-
ITUGUIAPYIONIEH YaCTUIIF B CBApOYHOI BaHHE 3aBUCHUT
OT TEXHOJIOTUIECKMX TTapaMeTPOB IIpoliecca CBapKy (J1e-

KamoOHoe MAMHO  \/

Puc. 3meHenne TemmnepaTypbl paciiiaBa mo 0CH CBApOYHOIl BAHHBI IPH CBAPKE HU3KOYTJIEPOIAUCTON CTAIH

C METALIOXUMUYECKOii mpucankoi (vomudukarop TiO,): T , T, T, unT, — TemnepaTypa KHNeHHs OCHOBHOIO
MeTalIa, CpeJHsAs TeMIIepaTypa paciuiapa, TeMIepaTypa IiaBjieHns MoAU(UKATOPa M TeMiepaTypa IJIaBJIeHus
OCHOBHOTO MeTajia; /| — [IMHA 30HbI eperpesa Moaugukaropa

M
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Basl YaCTh) U OT TIPUPOTHEIX €€ CBOMCTB (IIpaBast 4acThb
HepaBeHCTBA). J1JIsI MOBBIICHNUST aKTUBHOCTHA MOIN(DU-
KaTopa B CBApOYHOU BaHHE HEOOXOAUMO CTPEMUTHCS
K YMEHBIIECHUIO JIEBOM W YBEJIMYECHUIO ITPAaBOM YacTel
HEpaBEeHCTBA.

K TexHojornyeckum napameTpam, ¢ MOMOIIbIO KO-
TOPBIX MOXXHO COKPATUTb BpeMsI TPeObIBAHMS YaCTUIIbI
B OIACHOI 30HE pacIiaBa, OTHOCSTCS: CKOPOCTb CBApKU
U IBUKEHUS YACTHUIIBI B XBOCTOBYIO YacTh BaHHBI V,,
u V,; ninMHa onacHoii 1ieperpeToii 30HbI /,, ¥ TeMnepa-
Typa pacruiasa 1), onpeessiomas BeIMIMHY Teperpesa
AT, = T,—T,. V3 HepaseHCTBa (6) CIEAYET, 4TO 1JIs
YMEHbIIIEHUST BpeMEHM MPeObIBAHMS YACTULIBI MHOKYJISI-
TOpa B MEPErPETOit 30He HEOOXOAUMO CBAPKY ITPOU3BO-
JIUTb HA MAKCUMAJIbHOM CKOPOCTU U TPUHUMATh MEPHI
O COKpaIleHUH IIMHbI /, v ieperpesa AT,

CKOpOCTB IBIKCHUS YaCTUIIBI C TIOTOKAMM pacIliaBa
V, BO3pacTaet MponopLUrOHaTbHO CKOPOCTH CBApKH, KPO-
M€ TOTO €€ MOXXHO YBEJINYMBATh C TOMOIIbIO BHEIITHETO
BO3ICUCTBUS HAa CBAPOYHYIO BaHHY (ITyJIbCallMsI TOKA,
BHEIIIHEE MAarHUTHOE T10JIe, KOJIeOaHUsI IyTU U JIp.).

JlnvHa 30HBI /,, ¢ TEMIIEPATYPOiA, MPEBbILIAIOIIEH
TeMIepaTypy IaBJIeHUs YaCTULIbI, 3aBUCUT OT ciocoba
M TOYKU BBOJIA YACTUIIbI B BaHHY. BBeneHre MHOKYJISITO-
pa B XBOCTOBYIO YaCTh CBAPOYHOI BaHHBI, MUHYSI CTOJIO
Iy, COKPAILAET 10 MUHUMYMa BEJIMYUHY [, ¥ BpeMs
€ro npeObIBAHUA B OTTACHOM 30HE T,

Belllie oTMeUeHO, UTO YMEHbIIIEHUE pa3Mepa YacTU-
bl ¥ CBSI3aHHOE C ATUM MOBBIIIEHUE TEPMOIMHAMU-
YeCcKOro moTeHlrana pe3ko yBeJMUrMBaeT €€ 3apOobl-
111€00pa3yIolyI0 aKTUBHOCTL. HO, ¢ Ipyroit CTOpOHHI,
BpeMsI HarpeBa 1 TIaBJICHUS YaCTUIIBI, COTJIACHO ¢ (5),
MPOIOPIUOHAIILHO KBaApaTy pa3Mepa 3TOW YaCTULIbI.
A 3TO 03HAYaeT, YTO YeM MeJibue YacTHUlia, TEM BbIILIE
CKOPOCTb €€ HarpeBa u IiaBJeHUs, TeM ObICTpee hcue3-
HET BEpOSITHOCTD TMOSIBJICHUSI B pacrijlaBe HOBOTO LIEHTpa
Kpucraizauuu. Kpome Toro, BbICOKast TOBEPXHOCTHAs
9HEPTUST MEJIKMX YaCTHUIl CTTIOCOOCTBYET KOMKOBAHUIO,
a MaJIblii yAEJIbHBIN BeC, XapaKTepHbI 151 OKCUIOB,
KapOua0B U HUTPUIOB, UCHOIB3YEMbIX TIPU MOIUMU-
LMPOBAHUU CTajeii, MPUBOAUT K UX BCIUILITUIO W Mpe-
MSITCTBYIOT pABHOMEPHOMY pacIpe/ie/IEHUIO B pacrljiaBe.
[ToaTOMY HEemocpeAaCTBEHHOE BBEAEHUE MHOKYJISITOpa
B CBapOYHYIO BaHHY MaJ03()HOEeKTUBHO.

st obecrieueHusI BEICOKOM Moan(pULMpPYOLLIei ak-
TUBHOCTU YaCTULL MHOKYJISITOPA MPELTIOXKEHO UX BBOIUTH
B CBApOYHYIO BaHHY B KOMILIEKCE C MAaKpOYaCTULIAMU
M3 MeTajljla TOTO XK€ WM OJIM3KOTO COCTaBa, YTo U CBa-
puBaeMblii MeTaJl1. Takre MaKpo4acTUIIbl BBITOJIHSIOT
POJIb MUKPOXOJOAUIBHUKOB, CITYyKaT CPEICTBOM JOCTAB-
KM MHOKYJISITOpA B 30HY KPUCTA/UIM3ALMU, TOHUXKAIOT
TeMIeparypy pacrjiaBa, MpensITCTBYIOT KOMKOBaHUIO
¥ BCIUTBITUIO MOIU(PUIIUPYIOIINX HaHOUACTHII [5]. DTa
uies MoJlydyusia pa3BUTUE U MPAKTUYECKOE TPUMEHEHUE
TIpY cBapKe Tof (hJII0COM, ¢ TaK Ha3bIBAaeMOI MeTall-

noxumudeckoit npucaakoi (MXII) [6]. MXII — sto
rpaHyIUpOBaHHAs TIpHcagKa U3 IIPOBOJOYHON KPOIII-
KU (TpaHyJsIsATa), IMPOIICANIeii COBMECTHO C YaCTUIIAMM
WHOKYJIITOpa MEXaHOCHUHTE3 B BEICOKOYHEPTETUICCKOM
IUIaHeTapHOM MeJIbHUILIE. B pesynbrare Takoit 00padboTKu
YBEITMIMBACTCS JOJIST YACTUII HAHOPa3MEPHOTO TIOpsIIKa,
7 3a CUET MIPOYHBIX XUMUICCKUX CBI3CH YIyUIIIacTCs
TEIUTOOTHAaYa B TpaHybl. CBapKa CTBIKOBEIX IITBOB IIPO-
u3Boautcs no ciioro MXII, 3ackinaemMoii B 3a30p CThI-
Ka, 9YTO 00eCTeYnBaeT BBO MOIUMDUITUPYIOIINX YaCTHUII
B CBapOYHYIO BaHHY, MUHYSI CTOJIO OyTH.

Xopo1ue pe3yabTaTbl MOAUGULIMPOBAHUS MeTaJlIa
IIIBa TMOJTyYEHBI IIPH BBEACHNN MHOKYJISITOpA 9epes I0-
MOJIHUTEJIbHYIO Topsiuyto mpoBosoky (AI'TI) B xBocTo-
BYIO 4aCTh CBapOYHOI BaHHHI [7].

Crroco0bI BBOIA MHOKYJISITOPOB, MUHYSI CTOJIO IyTH,
XOTSI M TIO3BOJISIIOT MOJYIUTh CBAPHBIC COCIMHCHUS
C BBICOKMMM TTOKA3aTEeIISIMU TUTACTUYHOCTH M BI3KOCTH
MeTaJljIa IIIBa, HO MMEIOT U PSII HemocTaTKoB. CBapKy
1o cyioro MXI1 HeBO3MOXKHO BBITIOJIHSITH B IPYTUX IIPO-
CTPAHCTBEHHBIX ITOJIOKECHUSX, KpOME HIDKHETO, a BBe-
neHue nHoKyJsiTopoB uepe3 ATl TpeOyer Hammums AByx
HMCTOYHHUKOB 3JICKTPUYCCKOI SHEPTUH U IBYX MEXaHM3-
MOB TIOJAYH MTPOBOJIOKU. KpoMe Toro, a1 6oIbIIoin
TOYHOCTHU TOYKH BBOIA ITOMOJTHUTEIILHOMN IIPOBOJIOKHI
B BaHHY HEOOXOIMMa BBICOKAass CHUHXPOHHOCTh PaOOTHI
MEXaHM3MOB TIOIaY1 ITIPOBOJIOKY 1 ABIKCHUS CBApOU-
HOI TOJTOBKU. PaccoriacoBaHme puBeneT K 00ropaHuIo
WIN «IIPUMEP3aHUI0» IIPOBOJIOKM.

[To HameMy MHEHUIO, TaJIbHEUIIINE NCCIICIOBAHUS
CJIeMyeT COCPEIOTOYNTh Ha M3BICKAHUU CITOCOOOB MO-
INGUIIMPOBAHUS MeTallJIa IIBa Yepe3 3JICKTPOITHYIO
IMPOBOJIOKY. OTHUM M3 TIEPCIIEKTUBHBIX HAIIPABICHUI
B pEIICHUHU 3TOM 3a1auM SIBIISICTCST NCITOTb30BaHUE CO-
BPEMEHHBIX IN(PPOBBIX MHBEPTOPHBIX UCTOYHUKOB
IMUTAHUS ¢ MTUPOKUMHI BO3MOXKHOCTSIMU YITPABICHUS
IIPOIIECCOM TIepeHOCa IEKTPOTHOTO MEeTalJIa M COXpa-
HeHUsI MOAU(ULIMpPYIOLIEel aKTUBHOCTH UWHOKYJISITO-
poB. ITporpamma pabOTHI TAKMX ICTOYHUKOB TTO3BOJISICT
cOpachIBaTh C 3IEKTPOIA ONMHOUYHBIC WM CEPUIO KaIleIb
3aJaHHOTO pa3Mepa yepe3 3aIaHHbIC TPOMEXYTKH Bpe-
MEHH, PeTYIMPOBaTh TEMIICPATypPy W BpeMsI IIPECOBIBAHNS
Karejb Ha 3JIEKTPOIe, CKOPOCTh U BpeMsI MX IIpoJIeTa
yepe3 myTy u ap. [8].

IIpuponnsie cBoiicTBa MoauGUKATOPA ONIPEICISIOT
BpEeMSI COXpaHEHMSI €T0 aKTUBHOCTY B CBAPOYHOIT BAaHHE.
Mx HeoOXxoauMo YYUTHIBATh IPU BIOOpE MOAM(UKATO-
pa. B iepBy1o ouepenb, 1oKHA ObITh U30MOP(GHOCTh
KPUCTAIUINUYECKUX PEIIeTOK MOmMpUKaTOpa U OC-
HOBHOTO MeTayuta (TipaBuiio JIaHKOBA O CTPYKTYPHOM
1 pa3MEPHOM COOTBeTCTBUM). [IpenMyIIecTBO MMEIOT
MOIN(PUKATOPH C OMMHAKOBBIM TUIIOM W OJIM3KUMU
pa3MepHBIMHU TTapaMeTpaMu pelneTok. Kpome toro,
KPUTCPUSIMUA MPUTOTHOCTA MOTMU(PHUKATOPA JOTKHBI
OBITh €T0 TeTuIou3ndecKe cBoiicTBa. MoanuuKaTo-
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PBI ¢ BEICOKMMM 3HAYCHUSIMU TEMIIEPATyPHI M TETLTOTHI
TUTaBJICHUSI, HO ¢ 00Jiee HU3KMMM TEIUTIO- U TeMIIepaTy-
POTIPOBOTHOCTHIO JOJIBIIIE COXPAHSIOT MOIU(PUIINPYIO-
Y10 aKTUBHOCTD B CBAPOYHOM BaHHE U, CJICI0BATEIHHO,
MPeAnOYTUTETbHBI.

BBenmeHHBIC B CBAPOYHYIO BAHHY MHOKYJISITOPBI, SIBJISI-
SICh IIEHTpaMU KPUCTAJIN3AINHI, OCTAIOTCS B IIIBE B BUIIE
HEMETAJUTMICCKIX BKITIOUCHUI, KOTOPBIC, C TOUKU 3PECHUS
MEXaHWKU pa3pylIeHUS, SIBISIIOTCS KOHIICHTPaTOpaMu
HaNpsDKeHWH 1 o9araMu 3apoXaeHUs TpeninH. [Toatomy
BCE MHOPOIHBIE BKITIOYEHMSI B LLIBE 10 HETABHETO BpEeMe-
HU CUMTATMCH BpemHbIMU. Celfdac K OIIeHKE POJIM BKITIO-
YeHMIT B MeTaJlIe IOAXOMAT N30 paTeIbHO.

Be3ycnoBHO, BKIITOUEHUS, HAPYIIAIOIINAE CIIJIOMI-
HOCTh MeTajula (YacTUIIBI IIJTaKa, Ta30BbIe TTOJIOCTHU
¥ TIOPBI) WJIM YMEHBIAIOMINE CHIBI MEXKaTOMHEBIX CBSI-
3¢l Ha TpaHUIIAX 3¢peH, TaKue KakK S 1 P, IBISroTCS
BPEIHBIMU. A BKITIOUCHUS — LIEHTPBI KPUCTAJUIM3AIIAN
B HACTOSIIIIEE BPeMsT pacCMaTPUBAIOTCS KaK OMUH U3 PhI-
JaroB yIIpaBlIeHUS (OPMHUPOBAHUEM OIITUMAaJbHOM
MUKPOCTPYKTYPHI KPUCTAJUTU3YIOIIErocsa MeTaa [9,
10]. Bo-nepBbIX, BCIEACTBHE MAJIbIX Pa3MepPOB YaCTUIL
MHOKYJISITOpA BKITIOUCHMSI, 00pa30BaBIIIecs Ha UX 0a3e,
MeHee OacHBI KaK KOHIIEHTPaTOPHI HaTIpsoKeHUi. Bo-
BTOPBIX, T30MOP(MHOCTH UX KPUCTAJUTMICCKIX PEIIETOK
C MaTpuIieit obecrieunBacT BEICOKHIT YPOBEHb CUJI B3au-
MOIEHCTBHUSA Ha MexX(a3HOM TpaHUIIe. A B CBSI3U C TEM,
YTO KO3 PUIIMEHT TEPMUIECCKOI YCaaTKi OKCUIOB, Kap-
O01I0B, HUTPUAOB U AP. HEMETAUIMYECKUX BKITIOUEHU I
B pa3bl MCHBIIIC, YeM Y MATPUIILI, B OCTBIBIIICM METaJlIe
OHU OYIyT UCITBITBIBATh BCeCTOPOHHEE cxkaTtue. [ToaTomy
TIPY pACTSITUBAIOIINX HATIPSTKEHUSIX Pa3phIB HA MexXKdas-
HOI TpaHMIIe MEHEE BEpOSTCH.

IlepcnekTBbI HAHOMOAM(PHUIMPOBAHKS CBAPHDIX IBOB
YIJIePOAHBIMA HAHOTPYOKAME

HoBwIM HampaBlieHMEM OKCHUIHOI METaJLIypruu
B 00pb0OE ¢ XPYIIKMMH Pa3pyIICHUSIMH CTPOUTETBHBIX
METAJUTOKOHCTPYKIINI MOXET CTaTh HAHOMOIN(DUII-
pOBaHUE CBAPOYHOU BaHHBI YIJICPOIHBIMUA HAHOTPYO-
kamu (YHT). YaukansHble cBoiicTBa YHT, Takue Kak
(aHTacTUUECKN OTpOMHAs yIOeJlbHasI IMTOBEPXHOCTh
(mo 2000 M?/T), CBUAETEILCTBYET O KOJIOCCAIbHOM UX
aICOPOLIMOHHOMN CITOCOOHOCTH U TYTOIJIABKOCTHU (110
3000—4000°C), obecrreunBamIeii HATUINE TPAHUIIBI
paznena YHT-pacmias [11], TO3BOJISIIOT TIPEAIOIOXUTh
0 BO3MOXHOCTHU ucIosb3oBaHust Y HT B kauecTBe aKTHB-
HBIX MTHOKYJISITOPOB B CBAPOYHOIT BaHHE.

B HacTosmee BpeMsI B TOCYIapCTBEHHBIX TEXHIIC-
ckux yHUBepcuteTax Boponexa (BI'TY) u Tamb6oBa
(TTTY) ipoBoasITCS COBMECTHBIC MCCICTOBAHUS MO-
IuUIIPOBaHNUS MeTaJlIa IIBa YIJIEPOTHBIMI HAHOTPYO-
KaMu TIpY OyTOBOM cBapKe cTayeil. B kauecTBe MHOKY-
JIITOPOB MIPUMEHSUTA pa3pabOTaHHBIC U TIPOM3BOIUMBIC

B OO0 «HanoTexllenTp» ipu TI'TY yriepoaHbie Ha-
HOTpyOKM cepun « TayHUT-M» (BHEIIHUI U BHYTPEHHUI
nuamMeTpnl, coorBeTcTBeHHO 10—30 1 5—15 M, mm-
Ha >2 MKM, yaeJIbHasl I0BEPXHOCTh >270 M?/T, HACHIII-
Hag rwioTHOCTh 0,025—0,06 r/cMm?).

Monmudunupytoiryio aktuBHocTh YHT «TayHur-M»
CPaBHMBAJIM C aKTUBHOCTBIO M3BECTHHIX MHOKYJISITOPOB,
NPUMEHSAEMBIX TIpU cBapke craneid: TiO, — cpennuii pas-
Mep vactull 374 HM, TeMmIteparypa TuiaBiaeHus 1843°C,
wI0THOCTH 4,05 1/cM* n AL O, — cpeHmii pa3Mep 4acTHIL
141,8 aMm, Temrieparypa riasieHus 2050°C, TIOTHOCTH
4,23 r/cm’.

O6passl 300x250% 10 mm u3 cranu 091 2C cBapuBa-
JIA BCTHIK 32 OJIMH ITPOXOJI aBTOMATHUUECKOM CBAPKOiA IO
dmocom AH-47. TTimacTrHBI COOMPAIIH € 3a30poM 612 MM.
B 3a30p 3achImany rpaHyIMPOBAHHYIO METAJUIOXUMM-
yecKyto mpucanky (MXII) 13 mpoBOJIOYHON KPOIIKHI
@2,5%X1,5 1 BcCcIemyeMoro MHOKYJISITOpa, CHHTE3UPO-
BaHHBIX B IUTAHETAPHOI MebHUIIEe. PeXXMBI CBapKuM:
CBapOYHEII TOK MIOCTOSTHHBIN, IOJIIPHOCTh OOpaTHAsT —
650-750 A; namnpskeHne Ha ayre 36—38 B; ckopocTb
cBapKu 18 M/4; CKOPOCTb MOIAaYM SJICKTPOTHON IIPO-
Bosioku CBOSTA ¥4 MM — 85 M/4.

O1ueHKy 3P (GEKTUBHOCTH WHOKYJISITOPOB B M3-
MEJIPUCHUM 3¢pHA TaBajyd Ha OCHOBE ITOACYCTA KOJIH-
yecTBa 3¢peH Ha (poTorpadusix MUKPOCTPYKTYPHI Me-
Tajijla B IIEHTPE TTOTIEPEIHOro ceueHus 1Ba. [lomcuer
3epeH nponspoanin B coorBercTtBru ¢ TOCT 5639-82
Ha TUTomany nuimda, orpaHMYeHHON OKPYXKHOCTBIO
20,798 mm, uto mipu yBemmueHn X 100 Ha poTorpadun
COOTBETCTBOBAJIA OKPYXXHOCTH 79,8 MM. TTomcumnThi-
BAJIM KOJMYECTBO LIEJBIX 36PEH BHYTPU OKPYXHOCTH 71,
U TEPECEYEHHBIX €€ TPaHuLIEl n,. Beruncisanm obuiee
KOJIMMECTBO 3¢PeH Ha KOHTPOJIMPYEMOA IUIOMIANH Ay =
n,+n,/2; cpennuii pasmep 3epHa d ., ¥ OTHOCUTENIbHbIE
BEJIMIMHBI U3METBUCHHS 3¢pHA B IIBE 110 KOJTUUECTBY
nz/n0 U cpeaHemy pasmepy d.,/d, 3epeH (n, u d; — Ko-
JIMYECTBO 3epeH U MX CPEAHUIT pa3Mep B IIIBE, BHITTOI-
HeHHOM 0e3 MoauduKaTopa).

Pesynpratel m3MepeHMit M BEIYUCIICHUI TIPEICTaB-
JIEHBI B Ta0JI.

[ToryuyeHHBIE PE3yIBTATH CBUACTEIBCTBYIOT O TOM,
uro TiO,, Al,O, u Taynur-M, BBeICHHBIE B CBAPOYHYIO
BaHHY, SIBJISTIOTCSI aKTUBHBIMA MOIU(DUKATOpaMMU, TI0Y-
TH B 2 pa3a YBeJIMUYMBAIOIINMU KOJMYCCTBO IICHTPOB
Kpuctayui3auuu. Hanbonbmmit Moguduumpyoumi
a¢dexT noayyeH nNpu BBEJEHUU B CBADOUHYIO BaHHY
AlLO,. TaynuT-M 1 IMOKCH]I TUTAHA 110 MOAMDUIIMPY-
foleit aKTMBHOCTH ITOKA3aJIy TIPUMEPHO OTMHAKOBEIC
pe3yIbTaThI.

Heobxommmo 3aMeTUTh, YTO TIPUBEICHHAS CPaBHM-
TeJIbHAsT KOJTMYECTBEHHAST OLIEHKA aKTUBHOCTH MHOKYJIS -
TOPOB SIBJISICTCST BeCbMa Tpy00ii, TaK KaK He BBIIEPKAHO
PaBEHCTBO YCIOBUIA X B3aUMOICHCTBUS C PACILIABOM
(HepaBeHCTBO pa3MepOB YACTHUIL M KOHIICHTPAIINU, CHIT

http://nanobuild.ru

201

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (4):
197-203

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPUMEHEHUE HAHOTEXHOJ10M U HAHOMATEPUAJIOB

Tabauuya
Pa3zmep OTHoOCHTEIbHAS CTENEeHb
KoanyecTBo 3epeH, mr.
3epHa, MM U3MeJTbYeHHUs
Nuokynarop
n, n, ny d., nz/n0 d../d,

06e3 UHOKYII. 148 49 173 0,054 1 1
TiO, 307 49 332 0,039 1,81 1,38
Al O, 372 54 399 0,035 2,2 1,54
Taynur-M 308 64 340 0,038 1,85 1,42

CLICTITICHUS C TPAHYJISITOM U 1Ip.). JJaHHEII 9KCIIepUMEHT
SIBJISICTCSI TIOMICKOBBIM, TTO3BOJISIIOIINM TTOATBEPIUTD WU
OINpPOBEPTrHYTH BO3MOXHOCTh YHT BiusTh Ha 1poiecc
KPUCTAJUTM3AINN 1 (DOPMHUPOBAHKE CTPYKTYPHI METall-
JTa 1mBa. Pe3ynbTaThl 3KCIIEpUMEHTA TTO3BOJISTIOT CIIe-
JIaTh 3aKJIIOYEHUE, YTO BBEAECHUE B CBAPOYHYIO BAHHY
YTJIEPOITHBIX HAHOTPYOOK CIIOCOOCTBYET MOTYUCHUIO
MEJIKO3epHUCTOM CTPYKTYPBI METaJlIa IITBa, a MCCIICIO-
BaHMS B 00JIACTH TIPUMEHCHUS TaKNX HAHOYACTHIIL TSI
VIIYYIIeHUST CTPYKTYPBI M CBOMCTB CBAPHBIX COCTMHEHMI
aKTyaJIbHBI 1 TICPCIICKTUBHEL.

BbBIBO/IbI

1. HanoMoaudunupoBaHue cBapoOuYHOl BaHHBI
Ha CeTOHSIIIHUNI IeHb SIBIsIeTCS Hanboee 3PPeKTuB-
HBIM CITOCOOOM TTOTYYeHUS MEJTKO3EPHUCTOM CTPYKTYPhI
CBAapHOTO IIBAa TIPU 3aBOJCKONM M MOHTAXXHOI CBapKe
KPYITHOTA0APUTHBIX KOHCTPYKIIMIA, He TTOABEPTaIOIINXCST
TocaeayIoneil TepMrUIecKoii 0opaboTKe.

2. st coxpaHeHUST MOTU(UIINPYIOIIEei aKTHBHOCTH
YaCTHIl MTHOKYJISITOPAa HEOOXOMMMO COKPAIIAaTh BpeMsI X
MPeOBIBAaHMS B BBICOKOTEMIICPATYPHOI 30HE, a MaTepHal
YaCTHII JOJDKECH MMETh BEICOKME 3HAYCHUSI TEMIICPATYPhI
1 TeTUTIOTHI TIABJICHMS, HO 00JIee HU3KME TEIUIO- 1 TeM-
IIepaTypOIPOBOTHOCTb.

3. BkiIoueHUsST OKCHAOB, KapOWIOB U HUTPUIOB,
Ha 06a3¢ KOTOPBHIX (POPMUPYIOTCS IIEHTPHI KPUCTAJLIN-
3alliH, B 3aTBEPACBIIIEM METaIe MMEIOT IIPOYHBIC Me-
JKaTOMHBIC CBSI3W C MaTPHUIICH, a B CHIIY TOTO, 9TO KO3(D-
(PULIMEHTHI NX TEPMUIECKOTO PACIIUPEHUS Ha TIOPSIIOK
MEHBIIIC, YeM MATPUIIBI, TTOCTIe OXJIAXKICHUS MeTajlia
HCITBITHIBAIOT BCECTOPOHHEe cxkaTre. [1oaToMy Takme
BKJTIOUCHMS HE OMACHBI, HE SIBJITIOTCS KOHIICHTpaTaMK
PACTITUBAIOIINX HATIPSKCHUI 1 OYaraMiy 3apOsKICHUS
TPEIINH.

4. DKcIepuMEHTAJIFHO TTOKAa3aHO, YTO BBEICHUE
B cBapouHyio BaHHY YHT B KauecTBe MHOKYJISITOPOB
CITOCOOCTBYET MOJYICHUTIO MEIKO3CPHUCTOMN CTPYKTYPHI
MeTaJjuia IIBa.

Yacmyo 1 cmamovu boaovipesa A.M., Cuzunueea C.B., Cannurosa B.I., Ilepmuna B.®D. « Hanomoouguuuposanue —
aghgpexmuenotit cnocob hopmuposanus cmpykmypot memaana wea» onybauxoeana ¢ nomepe 3/2020 ucypnasa «Hano-

mexHoaocuu 6 cmpoumenbcmee».
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ABSTRACT: The sewer of woodworking enterprises in the construction industry are characterized by a high content of suspended
and dissolved toxic substances, including phenol, and a high value of chemical oxygen consumption (COD). At the same time, some
enterprises do not have their own local treatment facilities and need to develop their own integrated treatment systems. One of the
effective methods for removing pollution is wastewater ozonation, used in three versions: flocculation with small doses of ozone
(pre-ozonation) at the initial stage to remove suspended substances, oxidative ozonation and decontamination. However, methods
for treating wastewater from wood processing plants using ozone have not been sufficiently studied. Therefore, we investigated
the flocculating effect of ozone in the process of cleaning the effluents of the plywood-plate mill, tested the effect of the dose of
ozone during flocculation in the presence of a small number of coagulants VPK-402 and Kaustamine-15 on the concentration of
suspended substances, phenol and COD value. VPK-402 and Kaustamine-15 - reagents of regional production, are low-toxic and
are allowed for use in the treatment of even drinking water. The results of the experiments on the pre-ozonation of wastewater
showed a high efficiency of this method, which allows reducing COD by 3.8 (VPK-402) and 2.3 times (Kaustamine-15), phenol
content by 2.9 (VPK-402) and 1.9 times (Kaustamine-15), suspended content by 4.0 (BMK-402) and 3.5 times (Kaustamine-15). The
use of pre-ozonation makes it possible to completely abandon flocculants in the physicochemical stage of wastewater treatment.
Coagulation-flocculation can be successfully carried out with ozone and coagulant in small doses of 2-5 and 40 mg/dm? (VPK-402)
or 50 mg/dm? (Kaustamine-15), respectively, for 5 minutes. Physicochemical indicators of water quality improved compared to treat-
ment with coagulant alone: COD decreased by 23%, phenol content by 55%, suspended substances by 22%. The use of ozone as a
flocculant in the clarification of wastewater reduces the cost of reagents, prevents secondary contamination of water, and increases
the efficiency of further oxidative treatment.

KEYWORDS: coagulant, flocculant, ozonation, wastewater from woodworking enterprises.

FOR CITATION: Mazitova A.K., Sukhareva L.A., Sidorov G.M., Abdrakhmanova L.K.,Kuznetsova E.V. Study of flocculating effects
of ozone on wastewater of woodworking enterprises. Nanotechnologies in Construction. 2020;12(4): 204-210. Available from:
doi:10.15828/2075-8545-2020-12-4-204-210.

INTRODUCTION

he production of wood chip materials is accompa-

nied by pollution of wastewater with a large amount
of suspended and dissolved toxic substances, including
phenol, leading to a significant increase in the indicator
of chemical oxygen consumption (COD), chromaticity
and turbidity. At the same time, some enterprises do not
have their own local treatment facilities and need to de-
velop their own integrated treatment systems. At the initial
stage of the technological scheme for the purification
of such effluents, the necessary process is the precipi-
tation of dissolved and suspended substances. We have
previously investigated this purification method using

various coagulants and flocculants [1—3]. The efficiency
and economy of the processes of coagulation treatment
of wastewater are determined by the stability of the dis-
persion system, which depends on a number of factors:
the degree of dispersion, the nature of the surface of the
particles, the value of the electrokinetic potential, the
chemical nature of impurities (the presence of electro-
Iytes, high molecular weight substances), the concentra-
tion of impurities, etc. In practice, water treatment uses
different coagulants [4—7]. The most widespread com-
pounds were aluminum, iron, magnesium and calcium.
A feature of the coagulation treatment of waste water is
the need to use coagulants that do not cause secondary
water contamination. We have selected the most effective
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coagulants and flocculants and their optimal doses for
treatment of waste water of plywood-plate mills. Solu-
tions of aluminum sulfate, iron (III) chloride, iron (II)
sulfate and aluminum oxychloride (AIOCI) were tested
as coagulants and their optimal doses were determined:
AL(SO,), — 268 mg/dm’, FeCl, — 80 mg/dm’, FeSO, —
180 mg/dm?, AIOCI1 — 165 mg/dm?. To maximize the re-
covery of contaminants, the coagulation process was car-
ried out in a range of optimal pH values that are directly
related to the pH of the existence of the corresponding
coagulant hydroxides. The greatest effect of wastewater
treatment when used as a coagulant based on aluminum
salts is achieved in the range of medium pH values from
6.5 to 8; when using iron salts — in the range of pH values
from 4.1 to 14.0 [8]. As flocculants, we tested 0.1% solu-
tion of polyacrylamide (PAA), 0.5% solution of activated
silicic acid (ASC), and 0.1% solution of cationic poly-
acrylamide brand REF FC. Optimal doses of flocculants
are: PAA — 45 mg/dm?, ACC — 53mg/dm?®, REF FC —
40mg/dm3.The results of the comparative analysis of the
effect of the nature of the coagulant and flocculant on the
degree of wastewater treatment of the plywood-plate mill
showed the best results with the combination of PAA and
AIOCI (COD decreases to 2100 mgO,/dm’), REF FC and
AIOCI (COD decreases to 2110 mgO,/dm’); when PAA
and Al(SO,),, REF FC and AIOCI are combined, the
formaldehyde content in water is reduced to 0.05 mg/dm?;
using AIOCI coagulant in combination with REF FC floc-
culant reduces phenol concentration to 1.0 mg/dm3. As a
result, the most effective coagulant is AIOCI in the pres-
ence of the flocculant REF FC: The phenol content de-
creased by 2.6 times, while COD decreased by 3.6 times.

It is known from the literature to use ozone at the
initial stage of water treatment at a dose causing floc-
culating action (pre-ozonation) [3, 9—19]. The use of
ozone as a flocculant avoids secondary contamination
of wastewater with traditional reagents — precipitators by
reducing their dose, or their complete withdrawal. How-
ever, methods for treating wastewater of wood processing
enterprises of the construction industry using ozone have
not been sufficiently studied. Therefore, we investigated
the flocculating effect of ozone on plywood-plate mill
drains in the presence of low-toxic coagulants in order
to precipitate suspended substances, reduce COD and
phenol content. Among the large number of foreign and
domestic coagulants represented on the Russian mar-
ket, the most attractive from an economic point of view
are the products of domestic companies: VPK-402 and
Kaustamin-15, produced by JSC «Bashkir Soda Com-
pany». It should be noted that these reagents are produced
at the enterprise for a fairly long time and are in stable
demand among consumers. Polyelectrolyte of water-
soluble cationic type VPK-402, or polyDADMAC, is a
high-molecular compound of linear-cyclic structure —
polydiallyldimethylammonium chloride [20]. Molecu-

lar weight from 10* to 10°, cationic charge is located on
secondary chain [21]. VPK-402 is available in various
versions: for the treatment of drinking and industrial wa-
ter. VPK-402 is used as a coagulant and flocculant for
intensification of waste water treatment processes in the
oil refining, pulp and paper, coal and chemical industries,
antibiotic solutions treatment in the medical industry,
the consumers of this product are also water utility com-
panies. The water-soluble cationic type polyelectrolyte
Kaustamin-15, or poly ECHDMA, is a quaternary poly-
amine polymer based on epichlorohydrin and dimethyl-
amine [22]. The relative molecular weight is from 10* to
10°; resistant to chlorination, compatible when mixed with
inorganic coagulants. Unlike other polyelectrolytes, the
cationic charge is located on the main molecular chain,
which creates a coagulating effect even in highly con-
taminated waters. It is used to purify drinking water in
household water supply systems, to intensify the processes
of precipitation of suspended particles, active sludge, dur-
ing dehydration of municipal and industrial wastewater, to
treat the waste water of coal processing plants, paint and
oil refineries, to treat industrial wastewater from mineral
contaminants, to treat paper and textiles, in processes of
rubber coagulation. In this regard, we conducted a study
of the efficiency of wastewater treatment of plywood-plate
plant by ozonation in the presence of a small number
of available low-toxic coagulants VPK-402 and Kausta-
min-15, stable at any pH.

METHODS AND MATERIALS

The composition of the initial investigated water is
given in the previous article [23], the temperature of the
water during experiments is 22—24°C. To clarify the waste
water of the plywood-plate plant, we tested aqueous solu-
tions of coagulants: Kaustamin-15 and VPK-402. It was
previously determined that the optimum concentration
should be 1% by weight. To do this, eight measuring cyl-
inders with a capacity of 0.5 liters were poured into the
tested water to the mark. Then, a different amount of mil-
liliters of 1% coagulant solution was added to the cylinders
with a dose of 5, 10, 20, 30, 40, 50, 60, 70 mg/dm? (based
on the preparation of various doses of the coagulant in
the range covering the intended optimal dose). The con-
tents in all cylinders were quickly mixed for 15 to 20 sec-
onds, then slowly for 3 to 5 minutes. Flake drop time
was measured, from which the optimal coagulant dose
was determined. For the production of ozone, an ozone
generator OGVK-02K was used to ensure the introduction
of an ozone-oxygen mixture into water and contact with
impurities — a reactor with a volume of 1 dm?; device for
monitoring ozone concentration in water — photometer
“Expert-003.” The treated water containing the optimal
dose of coagulant was supplied with ozone using a po-
rous ceramic dispersant. Flocculation was carried out in a
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non-precise mode, in an exhaust cabinet. Ozone was ad-
ministered at various doses (from 1.0 to 7.0 mg/dm?) with
vigorous stirring of waste water for 5 minutes. The treated
water reactor was then left alone, measuring the flake drop
time by which optimal ozone doses were determined.
The weight concentration of the suspended substances
was measured by gravimetric method (PND F 14.1: 2:4.
254-09). The mass concentration of phenol was measured
by a photometric method after steam distillation (PND
F 14.1: 2.105-97). COD (chemical oxygen consumption)
was determined by the titrimetric method (PND F 14.1:
2: 3.100-97).

RESULTS AND DISCUSSION

We have selected the most effective coagulant and its
optimal dose for treatment of waste water of plywood-
plate mill. Dependence of flake deposition time on co-
agulant dose is given in Fig. 1.

From the obtained data (Fig. 1), optimal doses of
coagulants were determined: VPK-402 — 40 mg/dm?,
Kaustamin-15 — 50 mg/dm?. These coagulants, unlike the
coagulants we have previously tested (Al(SO,),, FeCl,,
FeSO, and AlOCI), are in fact more adsorbents, and at
the same time adsorption of contaminants dissolved in

70 +
60 +
50 +
40 +
30 +
20 +
10 +

Deposition time, min

20

Coagulantdose, mg/dm?

30 40 50

Fig. 1. Dependence of flake deposition time on coagulant dose:

1 — Kaustamin-15; 2 — VPK-402
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Fig. 2. Effect of ozone dose on the concentration of suspended substances
in waste water: 1 — without coagulant; 2 — in the presence of Kaustamin-15
coagulant; 3 — in the presence of VPK-402 coagulant
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water occurs on the surface of the suspension particles.
Particles of the dispersed phase of the suspension are floc-
culation centers and simultaneously weighting agents,
due to which the coagulation process accelerates and, as
a result, the efficiency of treatment of waste water as a
whole increases.

At the second stage of studies, water was treated to-
gether with ozone and coagulant. The results of tests of
the flocculating effect of ozone in the presence of coagu-
lants (Fig. 2) showed a decrease in the concentration of

v

suspended substances by 3.5 times (Kaustamin-15) and
4 times (VPK-402) at a dose of ozone of 2—5 mg/dm?,
which confirms the effect of flocculation. In the absence
of a coagulant under the influence of ozone in the same
dose, the concentration of suspended substances de-
creases by 3 times. Ozone as a flocculant disrupts the
dynamic equilibrium in which impurities are in water,
allows you to convert solutes into colloidal form, promotes
the stratification of emulsions that were in a stable state
under the influence of surfactants, and the precipitation of

0.3
ma ——]
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=4
g 0.2 -
o
]
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S
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S
=
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=
~
0 I 1 1 I I 1 I
1 2 3 4 5 6 7
Dose O;, mg/dm?

Fig. 3. Effect of ozone dose on phenol content in wastewater:
1 — without coagulant; 2 — in the presence of coagulant VPK-402;
3 — in the presence of Kaustamin-15 coagulant
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Fig. 4. Effect of ozone dose on change in COD value of wastewater:
1 — without coagulant; 2 — in the presence of coagulant VPK-402;
3 — in the presence of Kaustamin-15 coagulant
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Table
Results of a study on the effects of the nature of coagulant

and the flocculating effect of ozone on the degree of purification

Sample No. | Flocculant Coagulant COD, mgO,/dm’? 1 Ogllelll;;l/séw subs ti llllscl::lifg /dm®
1 — Kaustamin-15 4400+660 2.5040.38 1090£59
2 0O, Kaustamin-15 3400+£510 1.40£0.21 893+48
3 — VPK-402 2600390 2.00£0.30 1000£54
4 O, VPK-402 2000314 0.90£0.14 782142
5 , — 5690894 1.50£0.23 1042156

impurities. As the ozone dose increases above 5 mg/dm?,
the concentration of suspended substances begins to in-
crease. This is probably due to the decomposition of large
contamination macromolecules.

In subsequent runs, the effect of ozone dose on phe-
nol content and COD value of wastewater was inves-
tigated (Fig. 3, 4). As the ozone dose increases from
1 to 7 mg/dm?, the phenol content decreases unevenly.
Presumably, this is due to the adsorption of dissolved
substances, including phenol, on precipitating flakes.
At a dose of ozone above 5 mg/dm?®, a more dramatic
decrease in phenol content is observed due to an increase
in the adsorption interface. In addition, the process of
oxidizing pollutants under the influence of ozone is
likely to begin.

From the results obtained (Fig. 4), it can be seen that
a sharp decrease in COD is observed at a dose of ozone
of 1-2 mg/dm?, and then a gradual decrease in the in-
dicator occurs.

The results of the comparative analysis of the effect of
the nature of the coagulant and the flocculating effect of
ozone on the degree of wastewater treatment are shown
in Table.

The best results are obtained with the combination of
ozone and VPK-402, since the most effective treatment
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UccnepgoBaHve ¢pnoKynupyowero AeficTBMUA O30Ha
Ha CTOUYHbIe BOAbl AepeBoobpabaTbiBalowmx npegnpuaTnin
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PE3IOME: Crokn fepeBoobpabatbiBalolynx NpeanpuaTAil CTPOUTENbHOW OTPAC/IM XapaKTEPU3YIOTCA BbICOKUM COAepKaHneMm
B3BELUEHHbIX 1 PACTBOPEHHbIX TOKCUYHDBIX BELLECTB, B TOM Yncie GeHona, 1 60bwmnm 3HaYeHNEM XMMUYECKOTro NoTpebneHns Kuc-
nopoga (XMK). Mpw 3Tom HekoTopble NPeANPUATAA He MEIOT CBOUX JIOKaIbHbIX OUMCTHBIX COOPYXKEHWI 1 HYKAAIOTCA B pa3paboTke
COOCTBEHHbIX KOMMIEKCHBIX CUCTEM OUNCTKU. OfHNM U3 3PHEKTUBHBIX METOAOB YAANEHVA 3arpA3HEHN ABNAETCA 030HMPOBaHNe
CTOYHbIX BOZ, NPVIMeHsAoLieecs B TPEX BapuaHTax: Gnokynauma HebonbLuMm fo3amy 030Ha (Mpefjo30HMPOBaHNEe) Ha HavaJlbHOM
3Tane ANA yAaneHus B3BeLUEHHbIX BELeCTB, OKUCIUTENIbHOE 030HUPOBaHMe 1 obe33zapaxnBaHre. OfHaKo METOAbl OUYNCTKY
CTOYHbIX BOA fepeB006pabaThiBaOLLMX KOMOVHATOB C MPUMEHEHEM 030Ha U3yYeHbl HEAOCTaTOYHO. [TO3TOMY HaMU 1CCNefoBaHO
dbnokynupywllee fencTerie 030Ha B MPOLIECCE OYNCTKY CTOKOB haHepPHO-MANTHOrO KOMOUHATA, UCMbITAHO BAAHME [03bl 030Ha
npwv GRoKynALMn B NPUCYTCTBIM HEOOMbBLIOTO KonmnyecTsa KoarynaHTos BMK-402 n KayctamuH-15 Ha KOHLEHTPALMIO B3BELLEHHbIX
BelecTs, deHona u 3HaueHve XIMK. BMK-402 n KayctammH-15 — peareHTbl MECTHOTO NMPOU3BOACTBA, MaNIOTOKCUYHDBI 1 Pa3peLLeHbl
K MCMOMNb30BaHMIO B OUMCTKE Aaxke NTbeBON BOAbI. Pe3ynbTaTbl NPOBeAEHHbBIX SKCMEePUMEHTOB MO NPEA030HNPOBAHUIO CTOUHbIX
BOZ MOKa3anu BbICOKYI0 3¢ PpeKTUBHOCTb JaHHOTO MeTofa, no3sonstowero cHu3utb XMK B 3,8 (BMK-402) n 2,3 pasa (KayctamuH-15),
copepxaHue peHona B 2,9 (BINK-402) n 1,9 pa3 (KayctamumH-15), conepaHue B3BeLLEHHbIX BelecTs B 4,0 (BIMK-402) u 3,5 pa3 (KaycTa-
MUH-15). icnonb3oBaHue Npefo30HUPOBaHNA MO3BOJIAET MOIHOCTbIO OTKa3aTbCA OT GIIOKYNAHTOB B GPU3NKO-XMMUYECKOI CTaanm
OUUCTKM CTOYHOW BoAbl. Koarynauuo-GprnoKynaymo MOKHO YCreLwwHo NPoBOAMTb C MOMOLLbIO 030Ha W KoarynaHTa B He60bLIMX
no3ax 2—5 1 40 mr/gm? (BIMK-402) unu 50 mr/gm® (KayctamuH-15) COOTBETCTBEHHO B TEYEHUE 5 MUHYT. YyuLwmamncb Gprsnko-xmmmye-
CKVe NnoKasaTesin KauecTsa BOAbl MO CPABHEHNIIO C OUYMCTKON TONbKO KoarynaHTom: XIK cHu3unocb Ha 23%, cofepaHue GpeHona Ha
55%, B3BeLLEHHbIX BellecTB Ha 22%. MpuMeHeHre 030Ha B KauyecTBe GNIOKYIAHTa NPY OCBETIIEHNN CTOYHBIX BO, CHUMKAET PacxoAbl
Ha peareHTbl, NpeaynpexXaaeT BTOPMYHOE 3arpA3HeHie BOAbI, MOBbIWaeT 3$GeKTVBHOCTb JaNbHENLWEN OKUCINTENbHOW OUYNCTKN.

KJTKOYEBDIE CJTOBA: KoarynsHT, GrIOKY/IsIHT, 030HMPOBaHKe, CTOYHbIe BOAbI AepeBoobpabaTbiBaloLmX NpeanpusTri.

OnAa UMTUPOBAHUA: Masutosa A.K., Cyxapea U.A., Cngopos M., AbgpaxmaHoBa J1.K., Ky3HeuoBa E.B. ccneposaHme Gpnoky-
NIMpYoLLero AecTBUA 030HA Ha CTOYHbIe BOAbl AepeBoobpabaTbiBatolmx npeanpuaTnii // HaHoTexHonorum B CTpoutenbCTee. —
2020.-Tom 12, N2 4. - C. 204-210. - DOI:10.15828/2075-8545-2020-12-4-204-210.

BBEJEHUE

POU3BOICTBO IPEBECHOCTPYKEUYHBIX MAaTEPUAIOB

COIMPOBOXIAETCS 3arpsI3HeHMEM CTOYHBIX BOJ
0OJIbIIMM KOJIMYECTBOM B3BEILIEHHBIX M PACTBOPEHHBIX
TOKCUYHBIX BEILIECTB, B TOM YKCIe (heHOJIa, IPUBOISAILIIM
K 3HAYMTETHHOMY ITOBBILLIEHHIO ITOKA3aTe ISl XUMUYECKO-
ro mrotpedaeHus kuciaopona (XITK), mBeTHOCTH 1 MyT-
Hoctu. [Ipyr 9TOM HEKOTOpPLIE MPEANPUITUS HE UMEIOT
CBOUX JIOKAJIbHBIX OYMCTHBIX COOPYKEHMI U HYXKIAIOT-
csl B pa3paboTKe COOCTBEHHBIX KOMIUIEKCHBIX CUCTEM

ouncTKH. Ha HauampHOM 3Tarre TeXHOJIOTMIECKOM CXeMBI
OUMCTKH TAaKMX CTOKOB HEOOXOMUMBIM ITPOIICCCOM SIBIISI-
€TCsI OCaKIIEHIE PACTBOPEHHBIX 1 B3BCIIICHHBIX BEIIICCTB.
Panee HaMU MiccITeOBaH JTaHHBIA METOM OYMCTKH C TIPH-
MCHCHHMEM Pa3JINYHBIX KOATYISTHTOB U (PIOKYJISTHTOB
[1-3]. DddeKTMBHOCTD 1 IKOHOMUYHOCTH ITPOIIECCOB
KOATyJISIIIMOHHON OYMCTKU CTOYHBIX BOM OTIpeaeiIs-
FOTCST YCTOMYMBOCTHIO TUCIIEPCHOM CUCTEMBI, KOTOpast
3aBUCHUT OT psifga (aKTOPOB: CTEIICHU AUCIICPCHOCTH,
XapakTepa ITOBEPXHOCTH YACTHII, BEJIMIMHBI 3JICKTPOKH-
HETMYECKOTO IMMOTEeHIINANA, XUMIUIECKOM TTPUPOIHI TIPH-
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Mecel (HaTMIusI 3JIEKTPOINTOB, BEICOKOMOJICKYIISIPHBIX
BEILECTB), KOHIICHTpAIIUK IIpuMeceii 1 T.0. Ha mpakTuke
BOJOOUYMCTKH MCTIONB3YIOT pa3Hble KOATyJISHTH [4—7].
Haub6onee mmpokoe pacipocTpaHeHNE TTOIYUIIIN CO-
eOIWHECHUS aJTIOMUHUS, Kejie3a, MaTHUSI U KaJIbIINsI.
OCOOCHHOCTBIO KOATYISIIIMOHHON OYMCTKI CTOYHBIX
BOJI SIBJIIETCSI HEOOXOMUMOCTD IIPUMEHEHUSI KOATyIIsSTH-
TOB, HE BBI3BIBAIOIINX BTOPUIHOTO 3aTPSI3HEHUSI BOIIHL.
Hamu nomo6panbl Hanbosee 3(ppeKTUBHBIC KOATYISTHTHI
¥ (DITOKYJISTHTBI ¥ UX OIITUMAJIbHBIC JO3BI TSI OUNCTKHI
CTOYHBIX BOJ (haHEPHO-TUIMTHBIX KOMOMHATOB. B Ka-
YeCTBe KOaTyJISTHTOB MCITBITAHBI pacTBOPHI CyIb(darta
amroMuHMS, Ximopuna xenesa (I11), cympdara xenesa (1)
n okcuxiopuaa amroMuHusS (OXA) u ompenesleHbl X
ontumaibHble 1036l AL(SO,), — 268 mr/nm*, FeCl, —
80 mr/am’, FeSO, —180 mr/am’, OXA — 165 mr/nm’.
J1s1 MAKCMMAJTbHOTO M3BIICUCHUST 3aTPSI3HEHMIA TTPOIIece
KOaTyJISIIIUK OCYIICCTBIISIM B IUAa30HE ONTUMANIb-
HBIX BeJIMIMH pH, KOTOphIe HEITOCPEICTBEHHO CBSI3aHbI
¢ pH cymecTBoBaHISA COOTBETCTBYIOIINX KOATYJISTHTAM
ruapokcuaoB. Hanbomnpmmii 3(p¢peKT 0OYMCTKU CTOU-
HBIX BOJ IIPH MCITOJIb30BAaHNUM B Ka4eCTBE KOATYJISTHTA
Ha OCHOBE COJIcH aTIOMUHMS TOCTUTACTCS B MHTEPBA-
ne 3HayeHuit pH cpensr ot 6,5 10 8; pu UCIOJIL30Ba-
HUU CoJIeii Xelle3a — B MHTepBasie 3HaueHui pH ot 4,1
1o 14,0 [8]. B kauecTBe (DJIOKYJITHTOB HAMU UCITBITAHBI
0,1% pactBop nonuakpuiaamuna (ITAA), 0,5% pactsop
AKTUBUPOBAHHOM KpeMHUeBo KuucaoTel (AKK), 1 0,1%
pacTBOp KaTMOHHOTO TTonakpuiiamuaa Mapkn REFFC.
OnTuMabHbIE T03bI (PIIOKYISTHTOB COCTABISIOT: [TAA —
45 mr/nm?, AKK — 53 mr/nm?, REFFC — 40 mr/nm3.
PesymbTaThl CpaBHUTEILHOTO aHAIN3a BIUSHUS TIPH-
POIBI KOATyJISTHTA M (PIIOKYJISTHTA Ha CTEIICHb OYMCTKH
CTOYHBIX BOJ (paHEePHO-IUIMTHOTO KOMOMHATA TIOKA3aJIN
JIyqIIve pe3yinbTaTel Ipu cogetaHny [TAA 1 OXA (XTIK
cHimxkaercd 10 2100 mr 02/11M3), REFFC u OXA (XITIK
cHmxaercsa 1o 2110 mr Oz/ﬂM3); npu coyetaHum [TAA
u Al(SO,),, REFFC u OXA conepxanue Gpopmaib-
neruna B Boge cHukaercs no 0,05 mMr/am?; ucrosn3o-
BaHme KoaryiasgsHta OXA B coueTaHnu ¢ (IIOKYITHTOM
REFFC 1103B0oJ1IeT CHU3UTh KOHILIEHTpaLWIio (heHoa
10 1,0 mr/om?. B urore Hanbosnee 3¢ GeKTUBHBIM KOa-
rynstHTOM stBiisieTcst OXA B TIPUCYTCTBUM (DIIOKYJISTHTA
REFFC: conepxanue (eHoIa MOHU3WIOCH B 2,6 pas,
XIIK 1iput aTOM yMeHbIIaeTcs B 3,6 pasa.

W3 nuTepatypbl M3BECTHO MCIOIb30BaHIE O30HA
Ha HavYaJIbHOU cTammu 00padOTKU BOIHBI B 03¢, BHI-
3pIBaOIICH QIOKyIMpYlolee NeiicTBrAE (ITPETO30HM -
poBanme) [3, 9—19]. [IpuMeHeHNEe 030HA B Ka4eCTBE
(roxyngHTa TTO3BOJISIET N30€KAaTh BTOPUYHOTO 3aTps3-
HEHUS CTOYHBIX BOI TPATUIIMOHHBIMU peareHTaMu —
OCAINTEIIIMU 3a CUET CHIKECHUS X TO3BI JIM0O MOJTHOM
nX oTMeHBI. OTHAKO METOOBI OUMCTKN CTOYHBIX BOI
IepeBO0OPAOATHIBAIOIINX TIPEATIPUSITHIT CTPOUTEIHHOM
OTpaciu ¢ IpUMEHEHUEM 030HA M3YYeHBI HeooCTa-

TouHO. [To3TOMY HaMM MCCIeA0BAaHO (DIOKYINPYIO-
mIee meiicTBME 030HA Ha CTOKU (paHEepPHO-TJIMTHOTO
KOMOMHATA B IIPUCYTCTBUU MaJJOTOKCHUIHBIX KOary-
JITHTOB C LIETbIO OCaXXICHUS B3BCIICHHBIX BCIIECTB,
cumxenud nmokazatenst XITK u conepkanus peHo-
nma. Cpenn OOJIBIIOTO KOJMYECTBA MPEACTaBICHHBIX
Ha peiHKe P® 3apy0OeXHBIX M OTeYEeCTBEHHBIX KOAry-
JISTHTOB HamOoJIee IMIPUBJICKATSIIbHBI C 9KOHOMUYECKOMN
TOYKH 3PCHUS IMPOIYKTHI OTEUYeCTBEHHBIX KOMIIAHUIA:
BITK-402 u KaycramuH- 15, Beimyckaembie AO «bari-
KHPCKast comoBast KoMIaHus». CiieyeT OTMETUTD, YTO
yKa3aHHBIC peareHTHI BRIITYCKAIOTCS Ha TIPEAITPUSITAN
IOBOJIBHO IJTUTEIIBHOE BPEMSI 1 TTOJIb3YIOTCSI CTAOMITh-
HBIM CIIPOCOM Y TToTpeouTeneit. [lommaieKkTpoanT Bo-
JIOpacTBOPUMEBI KaTuoHHoro tuna BITK-402, nian
nomnJAJIMAX, nipeacraBiasieT cOO0M BHICOKOMOJIE-
KYJISIpHOE COeIMHEHNE IMHEWHO-ITUKINICCKOM CTPYK-
TypBl — NOJUANATTAIAAMETAIAMMOHTN ximopwux [20].
MonekynspHas macca ot 10* mo 10°, KaTHOHHBII 3apsiz
pacmionoxeH Ha BropuuHoii 1ier [21]. BITK-402 BbI-
IyCKaeTCs B PAa3IMIHBIX MOTU(MDUKAIIUASIX: IJI OUMCT-
K1 MMATHEBOM M MTpoMbINLIeHHO# Bonbl. BITK-402
HCITOJIB3YeTCs B KAUeCTBE KOATYJISTHTA M (BJIOKYJISTHTA
JUI UHTeHCU(PUKAMU TTPOLIECCOB OYMUCTKU CTOYHBIX
Boa HedTenepepabdaThIBalOlIEH, LIeJUTI0JI03HO-0yMazK-
HOM, YTOJIbHOM M XMMHUYECKOM MPOMBIIIIEHHOCTH,
OYHCTKH PACTBOPOB aHTUOMOTUKOB B MEIUIIMHCKOM
IIPOMBIIIJICHHOCTH, TTOTPEOUTEISIMA JaHHOTO IIPO-
IYKTa SBJSIOTCS TaKKe TIPEeIIPUSTUS BOTOKAHAJIOB.
[MommaaeKTpOIUT BOOZOPACTBOPUMBIM KAaTHOHHOTO
tuna Kayctamuu-15, nan nonndXI' IIMA, aBisgercsa
YETBEPTUIHBIM ITOTMAMITHOM — ITOJTMMEPOM Ha OCHOBE
STUXJIOPTUAPUHA U JuMeTmnaMuHa [22]. OTHOCHUTEb-
Has MOJIEKYJISIpHas Macca cocrasisget ot 10% go 10°;
YCTOMYMB K XJIOPMPOBAHUIO, COBMECTUM IIPU CMEIII-
BaHUM ¢ HCOPTaHMYECKUMU KoaryjasHTaMu. B oTim-
Yyue OT IPYTUX MOJUAJIEKTPOIUTOB, KATUOHHBIN 3apsi
pacriojiaraeTcs Ha TJIaBHOM MOJICKYJISIPHOI IIeTIN, YTO
co3/IaeT KoarylIupymollee IeiicTBHE Jaxke B CUIIBHO 3a-
IPA3HEHHBIX BomaX. OH MIPUMEHSIETCS IJIsI OIUCTKH
IMMTHEBOU BOIBI B CHCTEMAaX XO3sTIICTBEHHO-OBITOBOTO
BOJIOCHAOXKEHMUS, TSI MHTCHCU(UKAIINT TIPOIIECCOB
OCaXXIeHUST B3BEIICHHBIX YaCTUIl, aKTUBHOTO MJIA,
IIpu 00e3BOKMBAHUN OCATKOB FOPOICKUX U IIPOU3-
BOJCTBEHHBIX CTOYHBIX BOM, IJISI OUYMCTKN CTOUHBIX
BOJI yTJI€000TaTUTEIBHBIX (hadpPUK, JTAKOKPACOUHBIX
"1 HedTemepepabaThIBAIOIINX 3aBOIOB, IUISI OUUCTKH
IIPOMBINIICHHBIX CTOYHBIX BOJ OT MUHEPAJIbHBIX 3a-
rpsI3HEHUH, 00pabOTKU OymMaru u TEKCTUJISI, B IIPO-
Ieccax KoaryJsainy KayqdyKoB. B ¢BsI3m ¢ 3TUM HaMu
MIPOBEICHO NcciaeaoBaHne 3P (GEeKTUBHOCTH OUNCTKH
CTOYHBIX BOJ (paHEPHO-TUIUTHOTO KOMOMHATa O30HU -
poOBaHMEM B MPUCYTCTBUM HEOOJIBIIOTO KOJTUIECTBA
JIOCTYITHBIX MAJIOTOKCUYHBIX KoaryiasHToB BITK-402
n Kaycramun-15, crabuiabHBIX Ipu 1100bIX pH.
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METO/bI 1 MATEPUAJIBI

CocTaB UCXOMHOM MCCIeAyeMOM BOABI TIPUBEICH
B IIpEeIbIOYIICH cTaThe [23], TemMIeparypa BOIbI IIPH IIPO-
BeIeHNU dKCIIepUMeHTOB 22—24°C. I OCBETICHUS
CTOYHOM BOIHI (haHEPHO-TUIMTHOTO KOMOMHATa HAMK
WCITBITAaHBI BOTHBIC PACTBOPHI KoaryiassHToB: KaycTa-
MmuH-15 1 BITK-402. I1penBapuTeabHO OBIIO YCTAHOB-
JICHO, YTO ONTUMAaJIbHAST KOHIICHTPAIINS JOJKHA OBITH
paBHa 1% macc. [1j1s1 3TOro B BOCEMb MEPHBIX LIJIMHAPOB
eMKOCTBIO 0,5 JT HaTMBaJIM UCCISAYEMYIO BOOY 10 METKH.
3aTeM B HUJIMHIPHI JOOABIISUIN Pa3IMIHOE KOJIMIECTBO
MWLIMIUTPOB 1% pacTBopa KoaryJistHTa ¢ 1030ii 5, 10,
20, 30, 40, 50, 60, 70 mr/oM® (13 pacyeTa MOJIyYEHUST pa3-
JIMYHBIX 103 KOATYJISTHTA B IMAIIa30HE, OXBATHIBAIOIIICM
TIpearnoaraeMyo ONTUMaIbHYI0 103Yy). ComepKumoe
BO BCeX MMJIMHAPAX OBICTPO TIEpEMEIINBAIA B TCUCHIE
15—20 cexyHp, 3aTeM MeIJICHHO B TedeHUe 3— 5 Mu-
HyT. M3Mepstin BpeMsl BBITTaIeHUS XJIOITBEB, 110 KOTO-
poMmy oIpeneieHa ONTUMAaJIbHAS 103a KoaryystHTa. s
TIPOM3BOACTBA 030HA MCIIOJIH30BAI O30HOTEHEPATOP
OI'BK-02K, ny1s1 obecrieueHunst BBoAa 030HOKUCIIOPO/ -
HO¥1 CMeCH B BOLY ¥ KOHTAKTa C IIPUMECSIMU — PEaKTOP
00beMoM | aM3; TIpUOOP KOHTPOJIST KOHLIEHTPALIMKU 030Ha
B Bome — porometp «DkcrepT-003». B 00padbaTeiBacMyro
BOIy, COIEpKaIlyio ONTUMATbHYIO 103y KOaryJsHTa,
TIOJaBaJI 030H C TTIOMOIIIBIO TIOPUCTOTO KEPaMHIIECKO-
ro mucriepraTopa. OIOoKyISLIIO TPOBOIIN B HEIIPO-
TOYHOM pEeXXMMeE, B BBITSDKHOM IIKady. O30H BBOIWIN
B pa3anyHbIX go3ax (ot 1,0 mo 7,0 Mr/am’) npu MHTEH-
CHBHOM IIepeMEIITNBAHNN CTOYHOI BOIBI B TCUCHUE
5 MUHYT.3aTeM peakTop ¢ 00paboTaHHO BOIOI OCTaB-
JISITTA B TIOKOE, M3Mepsis BpeMsI BBITTAICHMS XJIOIThEB,
10 KOTOPOMY OIIpeIe/IcHbI ONITUMAJIbHBIC O3Bl 030HA.

MaccoByI0 KOHIIEHTPALUIO B3BEIIEHHBIX BEIIECTB M3~
MepstTu rpaBuMeTprdecKuM MetonoM (ITHI @ 14.1:2:4.
254-09). MaccoBy1o KOHIICHTpaIINio (heHOJIa N3MEPSITA
(oTOMETPUYECKUM METOIOM I10CJIE OTTOHKU C BO/ISI-
oM tapoM (ITHJT @ 14.1:2.105-97).TTokazatens XITK
(xuMuyeckoe noTpebaeHre KUCIOpOoaa) Onpeae s
tutpuMeTpudeckuM merogoM (ITH @ 14.1:2:3.100-97).

PE3YJBbTATBI 1 OBCYKIEHUE

Hamu momo6pan Hauboiiee 3 peKTUBHBINA Koary-
JITHT ¥ €T0 ONTUMAaJTbHAS 1034 JIJIST OYMCTKI CTOYHBIX BOI
(haHEepHO-INIMTHOTO KOMOMHATA.3aBUCUMOCTh BPEMEHH
OCaXXIICHUS XJIOMbEB OT M03bI KOATYJISTHTOB IIpMUBEIcHA
Ha puc. 1.

W3 nosydyeHHbIX JaHHBIX (puc. 1) onpeneneHbl On-
TUMaJIbHbIe 103bI KoaryussHToB: BITK-402 — 40 mr/mM?,
Kaycramun-15 — 50 Mr/oM>. DTU KOaryjisiHTbI, B OT-
JIMYMe OT UCTIBITAaHHBIX Hamu paHee (AL(SO,),, FeClL,
FeSO, u OXA), hakTyecku ABIAIOTCA B OOJIbIIEH CTe-
TIeHU afgcopOeHTaMU, W TIPX STOM Ha TTOBEPXHOCTH Ya-
CTUII CYCTICH3MH TIPOVCXOIUT alCOPOIIHS PAaCTBOPEHHBIX
B BOJIC 3arpSI3HSIONINX BelIecTB. YacTHUIIBI AUCIIEPCHOM
azeI cycrieH3nu SIBIIOTCA IIEHTPAMU XJIOITbeoOpa3o-
BaHMS U OMHOBPEMEHHO YTSDKCIUTEISIMU, OJlarogapst
yeMy IIPOMCXOINT YCKOPEHME TIPOIIecca KOATYIISIIIAN 1,
KakK CJICACTBHE, B IICJIOM MOBHIIIAcTCS 3P (PEKTUBHOCTH
OYMCTKU CTOYHOM BOIHI.

Ha BTOpOM 3Tame mcciaemoBaHUil IIPOBOIUINA CO-
BMECTHYIO 00pabOTKy BOJbI 030HOM U KOaryiasiHToM. Pe-
3YJIBTATHI UCITBITAHMIA (DJIOKYJIMPYIOIIETO IeHCTBHS 030HA
B MIPHUCYTCTBUH KOATYJISTHTOB (pHC. 2) TTOKa3aJIi YMCHb-
IIeHNe KOHIICHTPAIIK B3BEIIICHHBIX BEIIECTB B 3,5 pa3a
(Kaycramuu-15) n 4 pa3za (BI1K-402) ipu mo3e o30Ha

Bpems ocaskaeHus. MHH

20

30

Jlosa koaryisgHTa, Mr/IM?

40 50

Puc. 1. 3aBuCHMOCTB BpeMeHH OCAXKIEHHS XJIOMbEB OT JA03bI KOATYJISTHTOB:

1 — Kaycrtamuu-15; 2 — BITK-402
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v

3000

2000 —

1000 —

KoHneHTpanus B3BEIICHHBIX
BEIECTB, MI/IM?

Hoza O, mr/am?

3 4 5 6 7

Puc. 2. Bausnue 10361 030HA HA KOHIEHTPANMIO B3BEIIEHHBIX BEIECTB
B CTOYHOI1 Bojie: | — Oe3 KoaryJsiHTa; 2 — B IPUCYTCTBUY KOATyJIsSTHTA
Kaycramuu-15; 3 — B mpucyrcTBuM Koarynsara BITK-402

2—5 mr/am3, uto noarBepxaaeT 3G deKT GIOKYIISIINN.
B otcyTcTBMM KOAryIIsiHTa IO AEMCTBIEM O30HA B TOM 3Ke
J103€ KOHLIEHTPALMS B3BELIEHHbBIX BEILIECTB YMEHBILIAETCS
B 3 pa3a. O30H Kak (DIIOKY/ISTHT HapyIIaeT TMHAMITICCKOE
paBHOBECHE, B KOTOPOM HAXOASTCsI IIPUMECH B BOJIE, I10-
3BOJISIET [IEPEBECTU PACTBOPEHHBIE BEILIECTBA B KOJUIO-
UIHYIO (DOPMY, CIIOCOOCTBYET PACCIIOCHUIO SMYJIbCUIA,
HAXOAMBLIMXCS B CTAOMJIBHOM COCTOSIHUM TIOJ IEACTBUEM
IMOBEPXHOCTHO-AaKTUBHBIX BEILIECTB, U BbIIAACHUIO [IPU-
Meceil B ocafok. I1pu yBennueHnun 10361 030HA BBILIE

5 Mr/mM® KOHLIEHTpALWsI B3BEIIIEHHBIX BELIECTB HAYMHA-
eT Bo3pacTaTh. BeposTHO, 3TO CBA3aHO C pa3yIoKeHUEM
KPYITHBIX MaKpOMOJICKYJT 3aTPSI3HCHUIA.

B mocnenyommx cepusix OIBITOB OBLIO MCCIICIOBAHO
BIIMSTHUE JTO3BI 030HA Ha colep:kaHue heHoIa v 3Hade-
aue XIIK crounoit Bompl (puc. 3, 4). C yBeIuueHUEM
J103bI 030Ha OT 1 10 7 Mr/am? comepkaHue (peHoa He-
paBHOMepHO yMeHbIaeTcd. [TpeanoaokuTenbHo, 3TO
CBSI3aHO C acopOLMel paCTBOPEHHBIX BEIIECTB, B TOM
yucie peHosa, Ha ocaxaaomuxcs xionbsx. [1pu nose
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Jloza O, mr/mm3

Puc. 3. Bausnue 10361 030HA HA coaepRaHue (heHoJIa B CTOUHOI Boje:
1 — 6e3 KoaryJIsiHTa; 2 — B MpUCYTCTBUM KoaryisiHTa BITK-402;
3 — B rIpucyTCTBUHM KoaryiasHra Kaycramua-15
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PELLEHUE 3KOJIOTMYECKUX [TPOBJIEM
8000
7000 -1
b
£ 6000 - -2
o 5000 — 3
N
g 4000 -
a 1
S 3000
© 2000 -
1000
0 : 1 1 : 1 : |
2 4 6 3
Dose O5, mg/dm?

Puc. 4. Bnusnue 10361 030Ha Ha u3menenue 3uauennst XI1K crounoii Boapr:
1 — 6e3 KoaryyisiHTa; 2 — B IpucyTcTBUM KoaryistHTa BITK-402;
3 — B rIpucyTCTBUHU KoaryissHta KaycrammH-15

Tabauya

Pe3ynsraThl ncciienoBanus BIAMSHUS PUPOIbI KOATYISHTA
U oKy MpYIOIIero 1eiicTBUs 030HA HA CTeNeHb OUNCTKH

Ne ipo6b1 | DAOKyasAHT Koarynsur XIIK, mrO,/am* 1 (;E(:[;J:;;’w Bezzzil::ﬂ;:;;w
1 - Kaycramun-15 44001660 2,50+£0,38 109059
2 0, Kaycramun-15 3400+510 1,401+0,21 893148
3 — BITK-402 2600+390 2,00£0,30 100054
4 O, BITK-402 2000+314 0,90+0,14 782142
5 s — 5690+894 1,50+0,23 1042156

030Ha BbILIE 5 Mr/nM® HabmogaeTcs 6ojiee Pe3Koe CHU-
JKEHMe conepkaHns (peHOJIa BBUOY YBETMICHUS aICOpO-
IIMOHHOM ITOBEPXHOCTHU pasnena ¢as. Kpome Toro, Bepo-
SITHO, HAYMHACTCS TIPOILIECC OKUCIICHMS 3aTPSI3HSTFOIIIX
BEIICCTB IO IeICTBUEM O30HA.

W3 m1oydYeHHBIX pe3yabTaToB (puc. 4) BUIHO, UYTO
pe3koe cHuxkeHue 3HaueHus1 XI1K HabmogaeTcs mipu
J03e 030Ha 1—2 Mr/am3, a 3aTeM MPOUCXOAUT ITOCTEIIEH-
HOE YMEHBIIIEHUE TTOKa3aTes.

Pe3ynbTaTel cpaBHUTEIFHOTO aHAIM3a BIIUSTHUS TIPH-
POIBI KOATyJISTHTA U (DIIOKYIMPYIOIIETO AeHCTBUS 030HA
Ha CTeTIeHb OYMCTKHN CTOYHBIX BOJ IPUBEACHEI B Ta0.

Jlyummme pe3yabTaThl MOJYYCHBI TIPU COYCTAHUM
o3oHa n BITK-402, Tak Kak mpoUCXOIUT HanboJiee
s dexTuBHAsg ouncTka ctouyHoit Boasl: XITK ot 7600

no 2000 mr O,/nm°, conepxanue denona or 0,263
10 0,090 mr/oM3, B3BelIeHHBIX BellecTB oT 3127 mo
782,0 mr/oM3. BeposiTHO, B JaHHOM CJIy4ae IIPOMCXO0-
IUT CUHEPru3M (JIOKYJIMPYIOIIEro ACUCTBUS 030HA
u BITK-402.

Takum o0pazom, GJIOKyIUpYIOlIee IeiCTBUE 030HA
Haubosiee 3GpPEKTUBHO B IPUCYTCTBUM KOATYJISIHTOB
BITK-402 u Kayctamus-15. Pe3ynbTaThl TpoBeIeHHBIX
SKCIIEPUMEHTOB IO MPEA030HUPOBAHUIO CTOYHBIX BOI
[OKa3ajJu BBICOKYIO 3 GEKTUBHOCTD JAHHOIO METO-
na, mmo3Bosstiomero cHu3uTh XI1K B 3,8 (BITK-402)
u 2,3 pa3a (KaycrammHu-15), comepxkanne ¢peHoja B 2,9
(BITK-402) u 1,9 pa3 (Kaycramun-15), conepxxanue
B3BelIeHHBIX BemecTB B 4,0 (BITK-402) u 3,5 pa3 (Ka-
ycTaMuH-15).
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BbBIBO/IbI

[TomyaeHHBIC Pe3yabTaThl ITO3BOJISTIOT YBEPEHHO
YTBEPKIATh, UTO IJIs MOBBIMICHUS 3D(PEKTUBHOCTHU
OYMCTKH CTOYHBIX BOX (DaHEpHO-TIUTHOTO KOMOMHATA
HEeOoOXOAMMO TTOCJIC MEXaHUIECKO OYMCTKM Ha Ha-
YaJIbHOM 3Tare MPOBECTH COBMECTHYIO KOATYIISIIINIO-

Nanobm

(GIIOKYJISIIUIO C TIOMOIIBIO 030HA 1 KoaryisHTa BITK-
402 B HeGoubIIuX H103ax (2 —5 u 40 mr/am® cooTBeT-
CTBEHHO) B TeueHue 5 MuHyT. MccmenoBaHHbIi criocod
OYMCTKH MO3BOJISIET CHU3UTD PACXOibl HA (DIIOKYJISIHTHI,
NpeaynpeanTb BTOPUUHOE 3arpsi3HEHUE BOJIbI, TTOBBI-
cuTh 3 HEeKTUBHOCTD AaJIbHEUILIEH OKMUCIUTEIbHOMN
OYMCTKH.
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

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

NIUNIVERSITY,
CHNOLOGY
E “‘T ADING}

RSITIES

.

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

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

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

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

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

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

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

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

Overview of the International School
of Materials Science and Engineering

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

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

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

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

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

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

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

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

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

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

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

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

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

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

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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IIMPOBAHHBIX KAAPOB U MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNSI 1 WHXEHEPHOTO Jiea.

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

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

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

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

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

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (4):
211-215

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

YecKM ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1m0 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBeeHUEe U WHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKcU3Ma U TMPUKIIAJIHAS SKOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yTbTaThI.

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

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

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

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

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

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

KoHTaKkTHasa

nudopmauus Postal Code: 430070

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

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

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

Address: 122 Luoshi Road, Hongshan District, Wuhan, Hubei, P. R. China R
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Tel: 86-27-87884448; Fax: 86-27-87879466
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Nanotechnologies for testing and diagnostics of materials,
constructions and elements of engineering systems
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ABSTRACT: Introduction. To determine the effectiveness of fire-retardant coatings (FRC), a system of methods for fire and
high-temperature testing of fire-retardant materials and structures made of themis being used. However, there are no methods
and means that could provide current effectiveness of fire protection, and existing methods cannot be applied to determine fire
resistance of building structures with fire protection, they set only a group of the effectiveness of the flame retardants. Therefore,
to assess the quality and durability of the FRC, in case they provide the parameters of thermal stability of the protected materials,
structures and elements of the engineering systems of the objects, it was necessary to develop a quickmethod and a portable
diagnostic complex of fire-retardant coatings (PDC FRC). Methods, models and tools. Based on a system analysis of the existing
fire protection technologies for building materials from wood, metals, rubber and polymers, a rapid analysis methodology and PDC
for thermo-electro-acoustic (TEA) sensing of FRCs using thermo-acoustic methods have been developed. That made it possible to
determine thermal conductivity, the ultrasound speed and its absorption coefficient in the FRC, as well as to conduct a comparative
analysis of the «FRC image» obtained on a BETA-analyzer with measured characteristics, based on which to calculate the time of its
operability. Results and discussion. The PDC of FRC consists of a case with a laptop, with the immitance meter and a two-channel
oscillographic attachment connected to the laptop, to the inputs of which a TEA-zonding unit is pressed, pressed to the FRC of the
tested object (structure, material, cable), by thermal, electrical and acoustic signals from which the laptop software identifies the
properties and stages of operational stability of the FRC. The PDC of the FRC and the proposed approach allowed us to synthesize a
model of the Internet system of TEA - diagnosis of FRC and of the monitoring of the operational stability of the protected materials.
The novelty of the study is protected by patents of the Russian Federation. Conclusion. The proposed approach and the PDC of
the FRC made it possible to implement a quickanalysis of the FRC at the facility and to synthesize a model of the Internet system of
TEA-diagnostics of FRC, which can become the basis of the national supervision system for the given area.

KEYWORDS: fire retardant coatings, degree of fire resistance, materials and structures, quality of fire retardant coatings, durabil-
ity of fire retardant coatings, thermo-electro-acoustic method, heat conductivity, thermal diffusivity, heat capacity, aging of fire
retardant coatings, dangerous factors of fire.

FOR CITATION: Belozerov V.V., Belozerov VI.V., Golubov A.l, Kalchenko LE., Prus Yu.V. Nanotechnologies for testing and diagnostics
of materials, constructions and elements of engineering systems of buildings from them with fire retardant coatings. Part 2. Nano-
technologies in Construction. 2020;12 (4):216-222. DOI: 10.15828/2075-8545-2020-12-4-216-222.

INTRODUCTION
To determine the effectiveness of fire-retardant coat-  temperature testing of fire-retardant materials and struc-
ings (FRC), a system of methods for fire and high-  tures made of them is being used [1, 2]. However, there
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are no methods and means that could provide current ef-
fectiveness of fire protection, and the existing assessment
methodology divides the FRC into seven groups, depend-
ing on the time of heating up to 500°C of an I-section steel
column of profile No. 20 or profile No. 20B1 with a height
of 1700 mm, coated with FRC [3]:

It group — at least 150 minutes;

2" group — at least 120 minutes;

3" group — at least 90 minutes;

4t oroup — at least 60 minutes;

5™ group — at least 45 minutes;

6" group — at least 30 minutes;

7™ group — at least 15 minutes.

Moreover, the methodology cannot be used to deter-
mine fire resistance limit of building structures with fire
protection, itsets only the efficiency group of the flame
retardants themselves. The same approach is applied for
FRC used to protect wood, cables, etc. [2—5].

Thus,the latent form of assessing the effectiveness of
the FRC is again evident: not by the thermal stability of
the material being protected, but by the indirect charac-
teristics of the FRC itself [6].

That is why, in order to assess the quality and durabil-
ity of the applied FRC, in case they provide parameters
of resistance to the impact of the protected materials,
structures and elements of engineering systems of ob-
jects (buildings, structures), it was necessary to develop
a quickmethod and portable diagnostic complex of fire
retardant coatings (PDC FRC).

METHODS, MODELS AND TOOLS

Based on a system analysis of the existing fire pro-
tection technologies for building materials from wood,
metals, rubber and polymers, a rapid analysis meth-
odology and a portable diagnostic complex (PDC) for
thermo-electro-acoustic (TEA) sounding of FRC using
thermo-acoustic methods were developed, which allowed
determine the thermal conductivity, ultrasound speed and
its absorption coefficient in the FRC at the facility, and
also conduct a comparative analysis of the «FRC-image»,
including its operational aging, obtained on a BETA-
analyzer, with the measured characteristics at the facility
during the test, by which to calculate its working time
[6—10].

The developed method of thermo-electro-acoustic
(TEA) sounding uses not only the method of acoustic
emission (AE), but also the method of molecular acoustic
analysis (MA), which allows you to determine the speed —
with (7) and frequency — w (T) of ultrasound in the FRC,
then calculate the absorption coefficient ac and check
the value of the £ — Young’s modulus obtained on the
BETA-analyzer [9—11]:

E=p-c, were o(T) = (2L +d/2)/(1—1), (1)

where /_is the length of the acoustic waveguide, d is
the diameter of the sample, T _is the time the first sensor
excites the pulse from the reference generator, T_is the
time the second sensor receives the pulse from the refer-
ence generator, p is the density of the sample, c is the
speed of sound in the sample, w is the circular frequency
sound wave, # is the shear viscosity coefficient, € is the
bulk viscosity coefficient, A is the heat conductivity coef-
ficient, C, is the heat capacity at a constant volume, C,
is the heat capacity at a constant pressure.

TEA sounding is carried out using a special board
(Fig. 1), which contains three metal probes mounted on
the plate from ftoroplast in a straight line at fixed dis-
tances, each of which has an acoustic sensor. The extreme
sensors are connected to the individual inputs of the oscil-
lographic set-top box through preamplifiers, registering
acoustic signals, and the central one — to the output of its
reference generator through a controlled electronic key,
operating as an emitter of ultrasonic signals [7, 9].

On each of the three probes, one thermal sensor is
installed, connected to the input of the emittance meter
through a managed switch, measuring the temperature
(by changing their resistances). Each of the three probes
represents a pointed thermo-electro-acoustic molybde-
num waveguide, connected to the input of the emittance
meter via a controlled switch, for measuring the electrical
and thermal parameters of the FRC between the probes,
and to an oscillographic prefix for measuring acoustic
signals [9].

When calibrating according to known parameters of
the body wall of the PDCFRC of an aluminum alloy:
density (p), heat capacity (Cp) and bulk modulus (K =
1/B), as well as calibrated distances between probes (li1
and IK), special software ( Fig. 2) controls the PDCFRC
and determines the following parameters [9, 12]:

— mechanical — Young’s modulus (E = pC?), shear
modulus (G = 3E/(9-E/K) and Poisson’s ratio (v =
E/2G-1);

— thermal — surface temperatures (Tc and Tk), ther-
mal conductivity (A) and thermal diffusivity (a = A/
(p+Cp);

— electrical — resistance (R), conductivity (G), imped-
ance (Z), loss tangent (tgo), dielectric (¢) and magnet-
ic permeability (W), solving the characteristic (surface
according to Leontovich) impedance equation (Z =
(u/e)1/2);

— acoustical — the intensities of the flow (quantity per
unit time) of acoustic emission (AE) events dNa/
dt, their total amount of Na, amplitude A and spec-
tral composition of radiation U(f), as well as sound
speed (C).
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Fig. 2. Block diagram of special software

RESULTS AND DISCUSSION

During the calibration, all measuring channels are
tuned to the parameters of the «case-shunt» made of alu-
minum alloy (Fig. 3), by calculating the corresponding

errors of the electric (Ae), temperature (At) and acoustic
(Aa) measuring channels and their correction.
PDCFRC consists of a housing (1) with a laptop
(2), with an imitance meter (3) and a two-channel os-
cillographic set-top box (4) connected to the laptop,
the inputs of which are connected with the appropri-
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Fig. 3. General view of the PDCFRC with options for execution

ate cables to the thermo-electro-acoustic (TEA) sens-
ing unit (5), pressed to the FRC of the tested object
(structure, material, cable), by thermal, electrical and
acoustic signals from which, the special software of the
laptop identifies the properties and stages of operational
stability of the FRC. In this case, the oscillographic
set-top box is connected and powered by the USB port

of the laptop (Fig. 4), and the imitance meter is pow-
ered by the built-in battery and connected to another
USB port. The TEA sensing unit is part of a portable
complex, consists of two preamplifiers (6), a switch (7),
a multi-core connecting cable (9) and a TEA probe
board (8), on which a reference probe (10), a central
measuring probe (11) are installed ) and the extreme

Aktakom 3002 Laptop
" Input2 output » USB2.0 E 7-25
Inputl gen USB 1.0 output
r b gen In-

Preamplifier 1

o©

Preamplifier 2

Thermo-electro-acoustic sounding unit

Switch

Q v v

Fig. 4. Block diagram of a portable diagnostic complex
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measuring probe (12). The reference probe contains
an acoustic sensor emitting an ultrasonic pulse, a ther-
mal sensor-heater of the molybdenum probe to a tem-
perature of 100°C. The central and extreme measuring
probes are the same and are pointed metal rods that act
as thermo-electro-acoustic waveguide probes on which
thermal and acoustic sensors are mounted. To measure
the temperature and resistance of the FRC between the
probes, an imitance meter with a switch is used, and
sensors that record acoustic signals are connected to
an oscillographic prefix [9, 12].

A laptop can be any two-processor computer with
at least 4 GB of RAM and Windows 7 OS, the software
(software) of which, in addition to the software module
packages (SMP) of the imitance meter and two-channel
oscillographic set-top box, includes special software
(SSW), which synchronizes the operation of all these
components of the PC and, processing the obtained TEA
data, calculates the current parameters of the FRC, which
identifies the stages of its operational stability and deter-
mines the effectiveness of protection [9, 12].

E7-25 with autonomous power supply was used as
an emittance meter, and the oscillographic set-top box
should be two-channel (for example, Aktakom 3002)
with the function of a spectrum analyzer and powered by
a laptop’s USB connector (Fig. 4).

PDCFRCis activated by turning on the laptop and
the emittance meter with the choice of the «calibration»
procedure from the «menu», after which the TEA-sensing
unit is removed from the PC case and pressed to the ob-
ject under test with the FRC (structure, cable, material),
after which the mode starts «Diagnosis of FRC» using the
same special software (Fig. 2). Moreover, to identify the
state of the FRC, i.e. stages of its operational aging, in the
PC database there should be an «FRC image», which is
its life cycle vector function in the temperature range from
minus 55°C to plus 65°C, obtained on a BETA analyzer,
by which the stability stage is determined and calculates
the update time of the FRC [12, 13].

PDCFRCand the proposed approach made it possible
to systematically synthesize a model of the Internet sys-
tem for thermo-electro-acoustic diagnostics of FRC and

[ MODEL OF AN AUTOMATED INTERNET-BASED CONTROL SYSTEM FOR FIRE-RESISTANT COATINGS ]

Performing measurements on
objects. Database of vector-
functions of the life cycle of a

Exporting data to the server ‘]

1

fire-resistant coating (FRC) on Register of certified FRC Analysis of Databases of normative
objects in the Subjects of the [ Rosstandart ] [ VNIPO ] and methodological documents (TR,
Russian Federation GOST, SP, NPB, etc.)

!

Subject of the Russian Federation Ne 1 |

Manufacturer Ne 1 F

Subject of the Russian Federation Ne 2

Subject of the Russian Federation Ne ...
Subject of the Russian Federation Ne ...
Subject of the Russian Federation Ne 85
Automated systems

Automated Systems
region supervision (TFL, CSMC)

; B

—

Manufacturer Ne 2
Manufacturer Ne ...
Manufacturer Ne.... [~

Manufacturer Ne N

Accelerated technological development
run-through FRC on portable diagnostic
system (APCS FRC)

Importing datato a Generating a report and N
measurement system and importing it Excel
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!
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Fig. 5. General view of the information exchange scheme
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operational stability of the protected materials (structures
and elements of engineering systems), which can become
the basis of the national surveillance system in this subject
area [12, 14].

Such a national surveillance macro-system is an au-
tomated laboratory-operational Internet system (Fig. 5),
consisting of 3 separate, but functionally connected sys-
tems — test, control and information [14].

Testing system — should consist of BETA analyzers
with the proposed adaptation, which should be equipped
with all regional forensic institutions Testing Fire Labo-
ratories (TFL) EMERCOM of Russia and Centers for
Standardization, Metrology and Certification (CSMC) of
the Federal Agency for Technical Regulation and Metrol-
ogy (Rosstandart) [10, 15, 16].

The control system consists of the PDCFRC, which
with the help of TEA probes will allow to measure, pro-
cess and carry out diagnostics by the specialists of these
test divisions of the condition of the protected materials
and the FRC in the conditions of operation at the facili-
ties [8, 12, 14].

The information system (Fig. 5) will consist of servers
and sites of Rosstandart and VNIIPO EMERCOM of
Russia, with a bank of TEA-data of FRC and protected
materials filled by FMC and VNIIPO (FSBI SEU FPS
IPL) EMERCOM of Russia, as well as a database of the
current TEA-diagnostics FRC on the objects filled in

«on-line» mode through the specified sites by bodies for
certification of products, objects and bodies of supervi-
sion [14].

The solution of tasks in the information system can be
carried out using the available Internet portals [12, 14]:
— FSBI VNIIPO EMERCOM of Russia (http://www.

vniipo.ru),

— Rosstandart (http://www.gost.ru/wps/portal/).

CONCLUSION

The proposed approach and PDCFRCimplement
a quick analysis of the FRC at the facility, complement-
ing the known methods for determining fire retardant
efficiency, which are reflected in the relevant regulatory
documents [1, 3—5] and research [6—8], including ther-
mal [17] and thermo-electro-acoustic analysis [18, 19],
creating a «FRC image» for the subsequent identification
of the stages of its «aging», and, therefore, for determining
the actual time of its updating at any objects of supervi-
sion [12, 14, 15].

The proposed approach and PDCFRCallowed syn-
thesizing a model of the Internet system of thermo-elec-
tro-acoustic diagnostics of FRC and operational stability
of the protected materials (structures and elements of
engineering systems), which can become the basis of the
national surveillance system in this subject area [14].

Part I of the paper «Nanotechnologies for testing and diagnostics of materials, constructions and elements of engi-
neering systems of buildings from them with fire retardant coatings» has been published in the issue 3/2020 of the journal

«Nanotechnologies in Construction».
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HaHoTexHONOorMm NCNbITAaHV N AUAarHOCTUKN
MaTepuanoB, KOHCTPYKLNIA N 3/IeMEHTOB NHXXeHEepPHbIX
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PE3IOME: BeegeHue. [1ns onpeaeneHns 3pGEKTUBHOCTY OrHe3aLWuUTHbIX NoKpbITyi (O3M1) B HacTosILLee Bpems CyLLeCcTByeT cMCTeMa
MEeTO[O0B OFHEBbIX 1 BbICOKOTEMMEPATYPHbIX NCMbITaHNI OFHe3aLMLEHHbIX MaTePUANoB U KOHCTPYKLUUI N3 HUX, OfHAKO MeTOA0B
1 CpeacTB TekyLel 3PpEKTVBHOCTY OTHE3ALWNTbI HET, a CYLLECTBYIOLIME METOAUKIM HE PacnpOCTPaHATCA HAa ONpefeneHne npeaena
OTHECTOMKOCTN CTPOUTESIbHBIX KOHCTPYKLMUIA C OFHE3aLLMTOM, @ yCTaHABINBAIOT TOMbKO rpynny 3GGeKTVBHOCTU CaMMX OrHe3aluT-
HbIX COCTaBOB. [o3TOMY N5 OLeHKM KayecTBa 1 gonroseuyHoctn O3[1, npu ycnoBrmn obecrneyeHns MM napameTpoB TEPMOYCTON-
UMBOCTM 3aLMLIAEMbIX MAaTePUANOB, KOHCTPYKLWIA 1 SNIEMEHTOB MHXEHEPHbIX CCTEM 0ObEKTOB,HEOOXOAMMO 6bII0 pa3paboTaTb
SKCMpecc-MeToA U NePeHOCHOM KOMIIEKC ANarHOCTUKM OrHe3alwmnTHbIX nokpbituid (MK O3M1). MeTtoabl, mogenu n cpeactsa.
Ha ocHoBe cncTeMHOro aHanm3a CyLeCcTBYIOL X TEXHONOIMIA NPOTUBOMNOXAPHOW 3aLUMTbl CTPOUTENbHbIX MaTePUANoB 13 AepeBa,
METasIIoB, Pe3uHbI U NOMMEPOB Oblsla pa3paboTaHa METOLONOMMA SKCNPeCC-aHar3a U NnepeHOCHO ANarHOCTUYECKU KOMMIEKC
(NAK) Tepmo-anekTpo-akycTmnyeckoro (T3A) 3oHanposaHua O3M1, ncnonb3yowme Tepmo-akyCcTUYecKe MeToibl, YTO NO3BONNIO
onpeaensaTb TEMOMNPOBOLHOCTb, CKOPOCTb YNbTPa3BYyKa 1 Ko3ddurumeHT ero nornoweHus B O3I Ha 06beKTe, a TakKe NpoBecTn
CpaBHUTENbHbIN aHanu3 «obpasa O3M», nonyyeHHoro Ha B3TA-aHanM3aTope C 3MePEeHHbIMU XapaKTePUCTKaMM, MO pe3ynbTaTamM
KOTOpPbIX BbIUMCNIUTL Bpems ero pabotocnocobHocTy. Pesynbratbl u 06cyxaeHue. MK O3 coctout 13 Kopnyca ¢ HoyToyKom,
C M3MepuUTENeM UMMUTAHCA 1 ABYXKaHaNbHOW ocumnorpadrnyeckon NprucTaBKoM, MOAKIIOUEHHbIX K HOYTOYKY, Ha BXO[bl KOTOPbIX
nopaknouyaetca 650k TIA-30HaMPOBaHKA, NpwkMaeMblid K O3l npoBepsiemoro o6bekTa (KOHCTPYKLUUW, MaTepurana, Kabens) no
TEMNIOBbIM, SNIEKTPUYECKUM U aKyCTUYECKUM CMTHaJIaM, C KOTOPOro nporpammMHoe obecneyerue (MO) HoyTOyKa ngeHTudrumpyet
CBOWCTBA U CTaguuy 3KcnnyaTaunoHHon yctorumnsoctv O3M1. NMAK O311 n npeanaraemMbiii NOAX04 NO3BOMMAN CUHTE3UPOBATb MOAENb
NHTepHeT-cnctembl TOA arnarHoctrky O3 v Haa30pa 3a SKCnyaTauOHHOW YyCTONYMBOCTbIO 3alyuLaeMbix MaTepuanos. HoBusHa
nccnefoBaHvA 3awmweHa nateHTamm PO. 3akntoueHue. Mpegnaraembin noaxog v MNAK O3 no3sonunu peannsosBaTb SKCNpecc-
aHanu3 O3 Ha 06bEeKTe SKCMNIyaTaLmm U CUHTE3NPOBaTb Mogenb VHTepHeT-cnctemMbl TIA-guarHocTuky O3[1, KoTopas MOXEeT CTaTb
OCHOBOV HaLMOHAIbHOW CUCTEMbI Hafi30Pa B AAHHOW NpeMeTHO obnacTu.

KNTIOYEBDbIE CJIOBA: orHe3salwumTHble MOKPbITUA, CTEMEHb OrHECTOMKOCTY, MaTepuasnbl U KOHCTPYKLMW, KaUeCTBO OrHe3aLnTHbIX
MOKPbITWIA, AONTOBEYHOCTb OFHE3ALUTHBIX MOKPbITU, TEPMO-311eKTPO-aKyCTUUYECKUI MeTog, TEMIONPOBOAHOCTb, TEMMNepPaTypo-
NPOBOAHOCTb, TEMIOEMKOCTb, CTAPEHME OrHe3aLMTHBIX MOKPbITUIA, ONacHble pakTopbl Noxapa.
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N ANArHOCTUKIN MaTepPUanoB, KOHCTPYKLMI 1 SNEMEHTOB MHXKEHEPHbIX CUCTEM 34aHNI C OTHe3aLUTHbIMI NOKPbITUAMK. YacTb 2 //
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cTpykuuit u3 Hux [1, 2]. OmHaKO METOIOB U CPEICTB
TeKyIei 3 (PeKTUBHOCTI OTHE3AIINUTHl HET, a CyIIe-
CTByIOIIIAs MeToaMKa olleHKHU pasneister O3I1 Ha ceMb
TPYIII, B 3aBUCUMOCTH OT BpeMeHHU Tiporpesa 10 500°C
CTaJIbHOM KOJIOHHBI IBYTaBPOBOTO CEUCHUS TTPODUIIS
Ne 20 mmm ipoduasa Ne 2061 Beicotoit 1700 MM, 110-
kpoitoit O3IT [3]:

1-g rpymia — He MeHee 150 MuH.;

2-g Tpyniia — He MeHee 120 MuH.;

3-g rpymma — He MeHee 90 MUH.;

4-g rpymma — He MeHee 60 MUH.;

5-4 rpyrmia — He MeHee 45 MUH.;

6-s rpymia — He MeHee 30 MUH.;

7-s1 rpymIia — He MeHee 15 MuH.

[Tpu 5TOM MeTOIMKA HE paCcIIpOCTPAHICTCS Ha OIIpe-
IeJICHNE TIpeIeia OTHECTOMKOCTH CTPOUTETLHBIX KOH-
CTPYKIIMU C OTHE3aIINTOM, a YCTAHABINBAET TOJIBKO
rpyrmy addexTuBHocTH camux O3I1. Takoii sxe moaxo;s
uctonb3yetcst mist O3I1, TpuMeHSIeMBIX TS 3aIIUThI
JIpeBecUHBI, Kabeeit u T.1. [2—5].

Takum oOpa3oM, ONSITH HAJMIO JaTeHTHas ¢opma
onenku 3¢ dextusHocTd O3I1 — He IO paboToCTIOCO0-
HOCTHU (IIPOYHOCTH, TEPMOCTOMKOCTH, M30JINPYIOIICH
CIIOCOOHOCTH M T.J.) 3alIMIIIaeMOTO MaTepuaa, a Iro
KOCBEHHBIM xapakrepuctukam camoro O3IT [6].

MMeHHO TT03TOMY IJI OIIEHKM KadecTBa U IOJITO-
Beurocty O3I1 B pealbHBIX YCIOBUSIX 9KCILIyaTaIlNH,
TIPY YCJIOBUH OOCCITCUCHMSI UMM ITapaMeTPOB YCTONIM -
BOCTH K BO3IEHCTBUIO 3alIUIIIAEMBIX MAaTePHAIOB, KOH-
CTPYKIIMI 1 3JIEMEHTOB WHXKEHEPHBIX CICTEM OOBEKTOB
(3maHui, coopykeHMIt), He0OXOAMMO ObLIO pa3padboTaTh
9KCIIPECC-METO ¥ TIEPEHOCHOM TMAaTHOCTUIECKIIA KOM-
TUTeKC oTHe3amuTHEIX ToKpeIThil (ITAK O3IT).

METO/IbI, MOJEJIU 1 CPEJICTBA

Ha ocHoBe cucteMHOro aHaamnsa Cy€CTBYIOIIINX
TEXHOJIOTUIA HpOTI/IBOHO)KapHOfI 3alIUTBI CTPOUTEIIbHBIX

MaTepHalioB M3 IepeBa, METAJUIOB, PE3UHBI U TTOJTME-
pOB OBL7Ta pa3paboTaHa METOIOJIOTHST SKCITPeCC-aHaJI-
3a 1 nepeHocHoi nuarHoctuyeckuit komruiekc (IIK)
TePMO-3JIeKTpo-aKycTudecKoro (TDA) 3oHIMpoBaHUS
O3I1, UCITONB3yIOIINEe TEPMO-aKyCTUICCKIE METOIHI,
YTO MO3BOJIWIJIO OIPEAeISTh TEIIONPOBOIHOCTh, CKO-
pPOCTh yIIbTpa3ByKa U KOIMOUIIMEHT €TO ITOTIOMICHUS
B O3I1 Ha 00BeKTE, a TAKKE IPOBECTH CPABHUTEILHBIN
aHamm3 «o6pasza O3I1», BKIIFOYAOIIETO €T0 SKCIUTyaTa-
LIMOHHOE cTapeHue, moiaydyeHHoro Ha BOTA-ananmm3a-
TOpEe, ¢ U3MEPEHHBIMH XapaKTepUCTUKaMK Ha 0OBbEKTe
BO BpeMsI TIPOBEPKU, TT0 KOTOPBIM BEIYUCIUTH BPEMSI €TO
paborocrniocodbHocTH [6—10].

Pa3paboTaHHBIN CITOCOO TEPMO-3JIEKTPO-aKyCTH -
yeckoro (TDA) 30HIMpOBaHMUS UCIIONB3YeT HE TOJIBKO
METOJI aKyCTHUECKOI amMuccuu (AD), HO M METOI MOJIe-
KYJISIpHO-aKyCcTHIecKoro aHanm3a (MA), 4To TTO3BOJISIET
OIIpeNeNUTh CKOPOCTh — ¢(T) 1 yactoty — w(T) yabTpa-
3ByKa B O3I1, rmocJie 4ero BEMUCIUTDh KO3 GUIIUEHT eT0
TIOTJIOIIECHUSI — Ol¢ ¥ TIPOBEPUTH 3HAUCHME F — MOIYJIsT
IOnra, monyyennoro Ha BOTA-anamm3atope [9—11]:

E=p-c’, werec(T) = (2 +d/2)/(1-1), (1)
o’ |4 11

o, =—|-n+e+r: | —-——1], ()
2p-c’|3 c, C,

rie /, — JUIMHa aKyCTUYECKOro BOJIHOBOJA, d — 1ua-
METp 00pasua, T, — BpeMsl BO30YXKIEHHsI IEPBbIM JaT4u-
KOM MMITYJIbCa OT STaJIOHHOTO I'eHEPaTopa, T, — BPeMs
IIpreMa BTOPBIM TaTYMKOM MUMITYJIbca OT 3TAJIOHHOTO
reHepaTopa, 0 — ITIOTHOCTh 00pa3iia, ¢ — CKOPOCTh 3ByKa
B 00pasIie, @ — KPyroBasi 94aCTOTa 3BYKOBOU BOJIHEI, /] —
KO3 (PUIIMEHT CABUTOBOI BI3KOCTH, € — KOO(PPUIIMEHT
00BEMHOI BI3KOCTH, A — KOG GULMEHT TETIOMPOBO-
aHocty, C, — TEMIOEMKOCTb ITPU TIOCTOSTHHOM 00BbEME,
C, — TEeMI0EMKOCTb IPY TIOCTOSIHHOM JIaBJICHUU.
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TBOA-30HIUPOBAHNE OCYIIECTBIISIETCS C TTIOMOIIIBIO
CITeIIMANIBHOM TUTATHI (pHC. 1), KOTOpast COOCPXKUT TPHU
METaJUTMIECKIX 30HIa, YCTAHOBJICHHBIX Ha (DTOpoIIa-
CTOBOI1 TJTACTUHE TIO TIPSIMOI IMHUY Ha (DMKCHUPOBAHHBIX
PaACCTOSHUSIX, Ha KaKIOM M3 KOTOPHIX YCTAHOBJICH aKy-
CTUYCCKUI JaTdnK. KpaifHre JaTInKy IMOTKITI0YaloTCs
Ha OTIEIbHBIC BXOIBI OCIILIOrpachMIeCKOM ITPUCTaB-
KU 9epe3 TIPeAYCUIUTEIIN, PETUCTPUPYS aKyCTUIeCKIE
CHUTHAJIBI, a LIECHTPAIbHBI — Ha BBIXOI €€ 3TaJIOHHOTO
TeHepaTopa Yepe3 yIpaBIsIeMbIil 3JICKTPOHHBIN KITIOY,
paboTas KaK U3aydaTesTb YIbTPa3ByKOBBIX CUTHAJIOB |7, 9].

Ha xaxxgoM 13 TpeX 30HIOB YCTAHOBIICHO II0 OJI-
HOMY TCIUIOBOMY JaTUYMKY, MOIKIIOIacMOMY Ha BXOI
M3MEPUTEIIST MMMUTAHCA Yepe3 YIIPaBISIEMBI KOMMY-
TaTop, U3MepsIsl TeMIepaTypy (110 M3MEHEHHUIO UX CO-
MpOTUBIICHN ). Kaxkmplil 13 TpeX 30HI0B IPEICTABIISICT
3a0CTPEHHBIN TEPMO-3JIeKTPO-aKyCTUICCKIIT BOJTHOBO]I
13 MOJIUOACHA, TTOTKIIFOYaeMbIii Ha BXOI M3MEPUTEIIS
NMMHTAHCA Yepe3 YIIPaBISICMBINE KOMMYTATOP, IS M3-
MEpEHMSI SIIEKTPUIECKIX 1 TETUIOBBIX mapaMmeTpoB O311
MEXIY 30HIAMH, a K OCIIUIOrpadmIecKoil MprucTaBKe
— JUTSI I3MEPEHUS aKyCTUICCKIX CUTHAJIOB [9].

[Tpu KaTMOpPOBKeE IO N3BECTHOM IIJIOTHOCTU CTCHKU
koprmryca [TJIK O3I1 u3 amoMruHIEBOTO CIUIaBa (0), Te-
wroeMkocTH (Cp) ¥ MO0 00beMHOI yrpyroctn (K =
1//3), a Takke KaInOpPOBAHHBIX PACCTOSTHIIT MEXKITY 30H-

mamu (I 1 IK) cenmanbHOe IMporpaMMHOe odecTiede-

Hue (puc. 2) ynpasnsget I[TJIK n onpenenser ciemyrommme

mapameTpsr [9, 12]:

— MexaHudeckue — monyib lOura (E = pC?), Moayib
cnsura (G = 3E/(9-E/K) n xoaddunment [Tyaccona
(v=E/2G-1);

— TeIUIoBBIE — TeMIiepaTypsl moBepxHoctu (71 u 7TK),
K03(pOUIIMEHTHI TETUIOIIPOBOTHOCTH (A) M TeMIIepa-
TyporipoBogHocTH (a = A/(0 * Cp);

— DJIEKTPUYECKUE — MMPOBOAUMOCTS (), KOMIUIEKCHOE
COIPOTHUBIICHUE (Z), TAHTEHC yIJIa TTOTeph (tg0), A13-
JIEKTPUICCKYIO (€) U MATHUTHYIO IIPOHUIIAEMOCTB (L),
pelnasi ypaBHEHUE XapaKTePUCTUIECKOTO (ITOBEepX-
HocTHOTO 110 JIcoHTOBMUY) MMITenaHca (Z = (u/e)1/2);

— aKyCTUYECKMX — WHTEHCUBHOCTHU MOTOKA (KOJIM-
YeCcTBa B EAWHUILY BPEMEHM) aKTOB aKyCTUIECKOM
smuccuu (AD) dN /dt, ux obuiero xonuyectsa N,
aAMIUTATYABI AW CTIEKTPATBLHOTO COCTaBa U3TYIEeHUS
U(f), a takke ckopocTu 3ByKa (C).

PE3YJBbTATBI 1 OBCYKIEHUE

B xome xanuOpOBKU OCYIIECTBIISIETCS HACTPOIKa
BCEX MU3MEPUTEIbHBIX KAHAIOB Ha ITapaMeTPhl «KOPITY-
ca-IIyHTa» 13 aTIOMUHUEBOTO cIUIaBa (puc. 3), IyTeM
BBIYMCIIEHUSI COOTBETCTBYIOLIMX MOTPEITHOCTEN JTEK-

-I-I--..-III--- I.ll---.---I.---I‘-----.‘ :-----.-.----.--..---.I-.-----II-.-----.l.----l.----:
14. TIA-308 5 :3. Aktakom 3002 : : 1. Hoyr0yk ( Pentium Dual-Core) :
: : : : i |“ducneruep” “Basa 1aHHbIX” :
E 10 —|—q_ ¢ dNa,/dt, A;(u), U(f) _H_ IMporpamMmHbiii KoMruieke mporpamm, E
H 11 4__,: : fy; : s |Momyab  BBOMA- obecneynBaloWIMX 3a- .
- . . . = |BHIBONA, TPAHINTH MHCb MPOLIECCA HCMbI- H
- 12 .I > dNa,/dt, A; (u), Uz(f),: :|u 6“51"‘"‘""0“ 06+ —> 'raHuﬂm: peansHoM .
E . ‘llﬂ‘lllIllllllll'l.llll'f s |PabOTKH JAHHbIX] Mmacmrabe BpeMeHH, 5
: 11 P Ii (4700 100°C) s |(Bbiuscnenns XpaHeHHe K apXuBa- .
H P . | TEMnepaTyp, npo- LHIO JaHHBIX H «o6pa- .
: : LA AR IR R NRRNY] : HSBORHHX.’ “pH- Sa) 03“ :
H . - e » |pawenuii, napa- ’ H
H e — . = |metpor u kpute] :
E L E E Ipeaveuaurenn E E pueB nonobua “Ananusarop” E
. 12 —:—p:I ; t |«obpazos O3II»), TporpammHbIii MO- " .
: : SESESEESEEEEEEEEREES : am“me "x c aB- wﬂb. Bbl"[“mmlu" " :
: 5 N § e o I I e I
E 10 -ﬁ 2.E 7-25 G R Z’ IXBl,mBl 2’0031::;“:;::;:""” . JAMHATaX) napaMeTpsbl E
H : iD, L, 0, :4_? npuGopam 1 610Kky] npouecca u O3I1, ko- :
(12 bl o 1 t A TOpble BLIGHpaeT one- :
E : =.......--.......-..-?xo"(l)ol - wm“pona!i“s PaTDp M3 MOJHOTO E
: 10 == KommyTaTop :‘——' HaGopa npu 3anycke. :
. : : : 3 :
: 12 ﬁ : ‘Il.l.-.-- SN EENE NSNS NEERERENERASREREEEERERES
L] - -.---.--.-.-l-.--....-.
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TPUUIECKUX (A3), TeMIIepaTypHBIX (AT) 1 aKyCTHIECKIX
(Aa) u3MepUTETLHBIX KaHAJIOB 1 X KOPPEKTUPOBKA.
K O3II cocrout u3 Kopmyca (1) ¢ HOyroyKom
(2), ¢ m3mepuTeeM UMMHTaHca (3) U IBYXKaHATBHOMU
ocIUTOTr paMIeCKOM IIPUCTABKOM (4), TIONKITFOUCHHBIX
K HOYTOYKY, Ha BXOIBI KOTOPBIX COOTBETCTBYIOIINMM
Ka0eIsIMI TTOAKTIOUaeTCsI OJIOK TepMO-3JICKTPO-aKy-
ctuueckoro (TDA) 3oHmupoBanus (5), IPIKIMaEeMbBIA
K O3I1 mpoBepsieMoro 00beKTa (KOHCTPYKIINHI, MaTepH-
aJjra, KabeJIsT) TIo TETIOBBIM, 3JICKTPUICCKIM U aKyCTHYIC-
CKUM CHTHAJIaM, ¢ KOTOPBIX CIICIIMAIbHOE ITPOTPAMMHOE
obecreucHne (CIT1O) HoyTOYKa MICHTU(DHUIINPYET CBOM-
CTBa M CTaIWM KCIUIyaTalnoHHOM ycToitunBoct O3I1.
[Tpu sTOM ocumorpadmdeckas MprcTaBKa ITOIKITIO-
gaeTcs ¥ muTaeTcs ot pazbeMa USB HoyTOyKa (puc. 4),
a M3MEpUTEIb UMMHUTAHCA MMUTACTCS OT BCTPOCHHOTO
B HETO aKKyMYJIATOPA 1 IOIKITIOYACTCS K IPYTOMY pas3b-
emy USB. Biok TOA 30HAUpOBaHUS BXOINUT B Iepe-
HOCHOM KOMIIJIEKC, COCTOUT M3 IBYX IIPEIYCIIIUTEIICH
(6), kommyTaTopa (7), MHOTOXWIBHOTO COEAUHUTE b~
Horo Kab6esns (9) u matel TOA-30H10B (8), Ha KOTOPOit
YCTaHOBJICH 3TAJIOHHBIN 30HA (10), IIEeHTpadbHBIN N3-
MepUTeIbHBIN 30H (11) 1 KpaltHUIT M3MepUTETbHBIN
30H7 (12). DTaJIOHHBINA 30HI COOCPXKUT aKyCTUICCKUI
IATYNK, U3IIYIAIOIINI YITPa3ByKOBOM UMITYJIBC, TE-
TUTOBO# MaTYMK-HArpeBaTellb MOJIUOIEHOBOIO IIIyIIa
nmo temnepatypbl 100°C. LleHTpalbHBI U KpailHUA
M3MEPUTEIbHBIC 30HIbI OTMHAKOBHI U TIPEICTABISIOT
c00011 3a0CTpEHHBIC METAJUTMICCKIE CTEPKHU, BBITION -
HsTroIIMe (DYHKIIMT TePMO-3JIEKTPO-aKyCTHICCKUX IITy-
TIOB-BOJTHOBOIIOB, HAa KOTOPHIX CMOHTHPOBAHBI TEIIJIOBEIC

1 aKyCTUIECKME TaTINKH. JIJ1sT m3MepeHMsT TeMITepaTyphbl
u cortpotuBieHMsT Q311 MeXIy 30HIAMM UCITOIB3YETCS
M3MEpUTENIh UMMHUTAHCA ¢ KOMMYTaTOPOM, a TaTYNKH,
PETUCTPUPYIOIINE aKyCTUICCKIE CUTHAIBI, TIOAKITI0Ya-
JOTCS K ocLmyuiorpadrdeckoii mpucraske [9, 12].
HoyTtOyk mMoxeT npencraBisiTb cO00I JIT000M ABYX-
TporeccopHbIil KoMmmbiotep ¢ O3V He MeHee 4 [6aitT
n OC Windows 7, mporpammHoe obecnieueHue (I10)
KOTOPOTO ITOMUMO ITaKETOB IPOrPaAaMMHBIX MOIYJICit
(ITIIM), m3MepuTeIst IMMUTAHCA W IBYXKaHAIBHOI OC-
muTorpadIecKoi MPUCTaBKU BKITIOYACT B ceOs CITe-
mmabHOe porpaMMHoe obecrieueHue (CI10), koTopoe
CUHXPOHM3UPYET pabOTy BCEX YKa3aHHBIX COCTaBHBIX
yacreii [1K 1, oopabaTeiBast monydaembie TOA-1aHHbBIE,
BRIUMCIIsICT TeKymue mapameTrpsl O3I1, mo KoTopsIM
MICHTU(UILIAPYET CTAIUN €T0 SKCIUTyaTALIMOHHON YCTOM-
YUBOCTH U orpefieligeT 2 PeKTUBHOCTD 3aIUTHI [9, 12].
B xauecTBe M3MepuUTEIST UMMUTAHCA MCIIOIB30BaH
E7-25 ¢ aBTOHOMHBIM ITUTAaHUEM, a OCLIMJUIOTpadude-
CKas TIPHUCTaBKa TOJDKHA OBITh IByXKaHAIBHO (HAIIpH-
Mep, AktakoMm 3002) ¢ pyHKIIME# aHaIM3aTOpa CIIEKTpa
n rmutanneM ot USB — pazbeMa HoyTOYKa (puc. 4).
MAK O3I1 npuBoanTcs B IeHCTBAE BKIIIOUEHU-
eM HOYTOYKa M M3MEPUTENISI HUMMUTAHCA C BEIOOpOM
W3 «<MEHIO» TIPOLIETYPhI «KaJTUOPOBKa», IIOCJIE KOTOPOIA
610K TOA-30HIMpPOBAaHUS BEIHUMAETCI U3 KOpIHyca
IK u npumxumaeTcsd K nmposepsseMoMmy o0bekTy ¢ O3I1
(KOHCTpYKLIMHU, Kabesto, MaTepuaity), mocje 4ero 3a-
myckaeTcsl pexuM «auarHoctuka O3I1» ¢ moMomIbo
TOTO K€ CITeIIIAIBHOTO IIPOTPAMMHOTO O0eCIICUYCHUS
(puc. 2). IIpu 3ToM WIS MACHTUDUKAIINN COCTOSHHUS

3

BapwmaHTt 1 /

= NS

3ajHAA cTeHka npubopa. MacwTab 1:2

[_AQ/“J 6 7
Y — :
=

Puc. 3. O6mmii Bux ITK/T O3I1 ¢ BappaHTaAMH MCIIOTHEHHS
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HOYTBYK
Aktakom 3002
Input2  output USB 2.0
> <« > s E 7-2§
Inputl  gen USB 1.0 output
r B il gen In-

ITpenycunuTens 1

o BJiok TEPMO-IIEKTPO-AKYCTHIECKOT O

O @ hmmmra]
Q v v

30HAHPOBAHHHA

Puc. 4. Biok-cxemMa nporpaMMHO-TEXHHYECKOT0 KOMILIEKCA

O3I1, T.e. cTagum ero 3KCIUIyaTallMOHHOTO CTapeHMUS,
B 0a3e maaHBIX [1K gomkeH 661Th «00pa3 O3I1», KoTo-
PBII TIpECTaBISICT COOOIT eT0 BEeKTOP-(YHKIINIO K3~
HEHHOTO IIMKJIa B MHTEPBaJie TeMIIepaTyp OT MUHYC 55
1o runioc 65°C, monyyeHHbI Ha BOTA-ananusartope,
10 KOTOPBIM OIPEIeISICTCS CTAaINS YCTOMIMBOCTH 1 BBI-
yucaseTcs Bpems ooHosineHus O3IT [12, 13].

IMAK O3I1 u nipenmaraeMblii TTOIXOM, TTO3BOIVIIN
OCYIIIECTBUTHh CUCTEMHBIN cHTe3 Momenn MHTepHeT-
CHCTEMBI TEPMO-3JICKTPO-aKyCTUICCKON TUAarHOCTUKH
O3I1 1 3KCIUTyaTallMOHHOM YCTOMYMBOCTH 3aIIMIIAC-
MBIX MaTepHrajoB (KOHCTPYKIINI W 3JIEMCHTOB MHKe-
HEPHBIX CUCTEM), KOTOpPast MOXKET CTaTh OCHOBOI Ha-
LWOHAJIBHOW CUCTEMBI HaI30pa B JAHHOW MPEIMETHON
obmactu [12, 14].

Takas HalIMOHATbHASI MAKPOCHCTEMAa Hag30pa Ipel-
CTaBIISICT COOOI aBTOMATU3MPOBAHHYIO JIA0OPATOPHO-
orepatuBHy10 MHTEepHET-crucTeMy (pUc. 5), COCTOSIIILYIO
13 3-X OTIENBHBIX, HO (PYHKIIMOHAILHO CBSI3aHHBIX CU-
CTEeM — UCIBITATEIbHOM, KOHTPOJIBLHOM 1 MHMOpMAII-
OHHOIA[ 14].

HcmeITaTeIpHAsI CHUCTEMa HOJKHA COCTOSITH U3
BOTA-ananm3aTtopos ¢ TipeiaracMoii aganTaineit, Ko-
TOPBIMU JOJKHBI OBITh OCHAIIEHBI BCE pETMOHAIBHBIC
CcyneOHO-2KCIEepTHBIE yUpexXaeHUs1 «IcrbiTaTebHbIE
noxapHsie 1adbopatopu» (COY UILT) MUC Poccun
U LleHTphl cTaHAapTU3alMM, METPOJIOTUN U CEPTUDU-
kaunu (LHCM) PenepanibHOTO areHTCTBA MO TEXHUYE-
CKOMY peryaupoBaHMIo 1 MeTpojoruu (PoccranmapT)
[10, 15, 16].

KonTponbHas cucrtema coctout n3 ITKJI O3I1, xo-
TOpPBIC C TOMOIIEI0 TOA-30HIOB ITO3BOJISIT U3MEPSITH,
00pabaTHIBATh M OCYIIECTBIISTh CIICIINATNCTAMM YKa3aH-
HBIX UCIIBITATeIbHBIX MOAPa3AeICHII TMaTHOCTUKY CO-
CTOSTHUSA 3aIIuIacMbIXx MaTepruaiioB 1 O3I1 B yCIoBusIxX
SKCIUTyaTallMi Ha oObeKTax [§, 12, 14].

HNHubopmanmonHas cuctema (puc. 5) O6ymIeT cocTo-
SITh U3 cepBepoB U caiitoB Pocctanmapra mu BHUU T10
MUYC Poccun, ¢ 6ankom TDA-nanubeix O3I1 u 3amm-
IaeMbIX MaTepuaaoB, HamoaHsgeMbix HCM n UTIJI
MUYC Poccum, a takke 0a30il JaHHBIX TEKYIIei
TOA-mnarnoctuku O3I1 Ha 00BbeKTaX, HATOTHSIEMBIX
B «on-line» pexxnuMe yepe3 yKa3aHHBIC CAUTH OpraHaMK
10 cepTU(PUKAIIUN TIPOLYKIINH, OOBEKTAMU 1 OpTaHAMM
Hanzopa [14].

Pemrenne 3ama4y B mHOOPMAIIMOHHOM CHCTEME MOXKET
OBITh OCYILECTBIEHO C MOMOIIBIO nMerouxcst MHTep-
HeT-TopTajoB [12,14]:

— @®I'bY BHUM I1O MYC Poccun (http://www.
vniipo.ru),
— Poccranmapra (http://www.gost.ru/wps/portal/).

3AK/IIOYEHUE

Ipemmaraemerit moaxon u ITJIK O3I1 peanusyior
skcnpecc-ananmu3 O3I1 Ha 00beKTe SKCITyaTallnu,
IIOTIOJTHSISI I3BECTHBIC METOIBI OIPEACIICHMS OTHE3a-
IMATHOH 3(P(HEKTMBHOCTH, KOTOPBIE OTPAKEHBI B COOT-
BETCTBYIOIIMX HOPMATUBHBIX JOKYMeHTax [2—5] n nc-
ciaenoBaHusIX [6—8], B T. 4. METOJAMU TEPMUUYECKOIO
[17] u TepMo-35IeKTpo-aKycTUecKoro aHanm3a [ 18, 19],
cosnaBas «obpas O3I1» misg mocnenyiomeir UAeHTUGN-
KAl CTAIUI €TO «CTapeHUsI», a CIICIOBAaTEIbHO, 1 IS
orpenescHNs (haKTUIECKOTO BpeMEHH eT0 OOHOBIICHUS
Ha JIIoObIX 00beKTax Hag3opa [12, 14, 15].

Ipemmaraemerii moaxon n ITJIK O3I1 mo3Bonuim
CHHTE3UPOBATh MOAEIb MIHTepHET-CUCTEMBI TEPMO-
5JIeKTpo-aKycTrnaecKoil nuaraoctTuku O3I1 u skcrury-
aTallMOHHOM YCTOMYMBOCTH 3alIUIIIAEMbIX MATCPUATIOB
(KOHCTPYKILMI 1 3JIEMEHTOB MHXKECHEPHBIX CUCTEM), KO-
TOpast MOXeT CTaTh OCHOBOM HAIIMOHAIBHON CUCTEMBI
Ham30pa B JTaHHOM MpeaMeTHOM obmactu [14].
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MOAE/Nb ABTOMATW3WPOBAHHOW MHTEPHET-CUCTEMb! KOHTPOANA OTHESALLMTHBIX NOKPBITUA

3KCNOPT ABHHLIX HA CEPBEP )

t

Nposeenne usmepenui Ha Peecrp cepvdrumposaHHbix O3 AHaNK3 bas AAHHBIX HOPMATHBHDIX 1

obberrax 5aza fantibix pexTop- [ Poccramaapr | ( swmuno ] METOZUNETHX AOKYMEHTO!
GYHKUMA Hu3HeHHoro umkna O30 (TP, FOCT, €1, HNB u Ap.)
-
le
Cybvext PO Ne 1 | Mpoussogurens Nel [¢
CyGbekT PO Ne 2 I Npoussopgwrenn Ne 2 Iﬁl
Cybvexr PO No . I Npounzsopurens Ne... | .
Cy6uext PO Ne ... —— Mponssogmurens Ne ... |
Cy6bext PO Ne 85 Np auTens Ne . N
ABTOMATH3MPOBaHHbIE CUCTEMBI
Hag30pa pervora (MM, LICM) ABTOMATH3UPOBAHHbIE CHCTEMBI
YCKOPEHHOrO TEXHONOMHUECKOrO
nporoxa 03N Ha NKA (ACYTN 03M)

r

HMNOpT AaHHBIX B CHCTEMY Dopmuposatme oTera u N 4 DOpMHpOBaHHE N
M3MEPEHHIi M wmnopr B Exel OTUETA M KaPTOUKH
npeobpazoeanne B Tabanusl >
BA

}

GopmupoBaHue 5a3sl N
AMATPaMM MAEHTUOHKIAUMM

Puc. 5. O6umii Bua cxeMbl 00MeHA HH(pOPMAIIH

Yacmo I cmamou «Hanomexnoaozuu ucnvimanuti u OuazHOCHUKU MAMEPUAL06, KOHCHPYKUUI U I1€MEHN06 UHMCe-
HEePHBIX cucmem 30aHUIl ¢ 02HE3AUUMHBIMU NOKPoImusmwy» onyoauxosana é Homepe 3/2020 ucyprnasa « Hanomexnonoeuu
6 cmpoumeavcmee.
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ABSTRACT: The construction industry has long been regarded asenergy-intensive and high pollution industry. The emergence of
nanotechnology provides an ideal solution for the construction industry to energy saving and consumption reduction. The intro-
duction of nanotechnology has greatly promoted the development of new green building materials and brought huge economic
and social benefits. This paper applies bibliometric analysis to review the nanotechnology-construction research collected by Web
of Science database during 2000-2020, and further visualize their literature characteristics. At the global level, the number of lit-
eratures on nanotechnology-construction research has been on the rise in 2000-2019, although it has experienced a small decline
in individual years. At the national level, the United States has become the global leader in nanotechnology-construction research
with 63 articles, far more than other countries. Considering the income gap, developed countries play an indispensable role in
the global nanotechnology-construction research system, while the role of developing countries is relatively weak. We found that
the existing nanotechnology-construction research mainly focused on the fields of chemistry and materials science. According
to the frequency of keywords, the research focus of nanotechnology-construction research mainly focused on the development
and application of new building materials. It is concluded that with the extensive attention of researchers, the future research on
nanotechnology-construction will continue to appear and increase at increasing rate.

KEYWORDS: nanotechnology-construction research, bibliometrics, co-citation analysis, mapping knowledge domains.
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INTRODUCTION

anotechnology is an emerging technology that was

born in the late 1980s and is currently booming,
which can develop materials and products with specific
functional characteristics according to the expectations of
researchers|[1]. Nanotechnology is evaluated as a major
discovery in the history of science in recent years and
has become a research hotspot in many disciplines. The
unique structure, photoelectricity, mechanics and physi-
cochemical properties of nanotechnology make it widely
applied in industry and people’s livelihood [2, 3].

The construction industry has always been a high en-
ergy consumption and pollution-intensive industry. In the
future, low-carbon economy will become the mainstream
of social and economic development [4]. As a result, new

© Pisarenko Zh.V., lvanov L.A,, Wang Q., 2020

green building materials have very broad market develop-
ment prospects. Nanomaterials brought an unprecedent-
ed revolution to the development of building materials
with their unique properties of light, electricity, heat and
magnetism, which greatly promoted the development of
emerging building materials [5, 6]. Therefore, nanoma-
terials have a very broad market application prospect and
huge economic and social benefits in building materials.

By analyzing the evolution of nanotechnology-con-
struction research, we can obtain the current applica-
tion status and future trend of nanotechnology in the
construction field. Based on bibliometric analysis and
visualization tools, this paper provides a research profile
of nanotechnology-construction research, which reviews
the publications related tonanotechnology-construction-
collected in the Web of Science (WoS) database from 2000
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to 2020 and their literature characteristics. Our results can
identify the research hotspots of nanotechnology in the
construction industry and provide theoretical support for
further expanding the application of nanotechnology in
the construction industry.

MAINPART
Materials and Methods

The data in this papercomes from the Web of Sci-
ence Core Collection database of WOS database. WOS
is the global authoritative, high-quality citation data-
base, collecting a considerable number of publications
from the fields of natural sciences, social sciences, arts
and humanities, including books, journal articles, con-
ference proceedings [7]. We searched with “TOPIC:
(construction) AND TOPIC: (nanotechnology)” as
the search type, and the time span was from 1900 to
April 19, 2020. A total of 1204 records were obtained,
including 705 articles, 9 editorial materials, 1 letter,
2 meeting abstracts, 3 news items, 164 procedures pa-
pers, and 320 reviews.

This paper uses bibliometric analysis based on data
mining technology to investigate the current situation of
the application of nanotechnology in the construction
industry[8]. Furthermore, Mapping Knowledge Domains
is adopted to visualize the hot topics and innovation areas
in the existingnanotechnology-construction research.
The method framework of this paper is shown in Fig. 1.
Generally speaking, bibliometrics method contains three

steps: identification, screening and analysis. In order to
ensure the accuracy and validity of the data, the prelimi-
nary search results were deduplicated.

Bibliometric analysis allows us to systematically in-
vestigate the development of specific research field, and
through quantitative and qualitative analysis of external
features of the literature, such as author, keywords, ci-
tation, etc. [9]. This method can objectively evaluate
the research status and development history of differ-
ent countries, regions, scientific research institutions or
authors in a specific field, so as to obtain information on
the basic structure, frontier hotspots and development
trends in the field. In addition, Citespace is used to com-
plete the visual analysis of the data. Citespace software is
a classic visualization tool that is widely used to present
the structure, law and distribution of scientific knowl-
edge [10]. Visual analysis providesMapping Knowledge
Domains to help readers better understand the findings
of this paper. The visualization software analyzes the co-
citation of the literature, mines the knowledge clustering
and distribution of the citation space [11]. Moreover,it
provides the collinear analysis function between other
knowledge units, such as the cooperation of authors,
institutions, and countries.

Bibliometric analysis

This study comprehensively evaluates the development
status and future trends of nanotechnology-construction
research from four aspects: annual trend, cited authors,
active countries and keywords.

Searched in % Bibliometric analysis w8
database for Annual trend
construction Cited author
(n=392496) Sombog
" Searched i Publication
- carched in , . |
\ ‘ i Science mappin
database for Removed records M:::T_le;?;ﬁw N J : PRIE
construction and due to duplicates 4 '
nanotechnology (n=1199) n?_clolr 9; ® Conclusion &
L @=1204) G=180) ' '
Searched in
database for Research hotspot
A Development trend
(n=35699)
’ [ Identification I Screening l ‘ Analysis
Fig.1. Steps of bibliometric analysis
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Fig. 2. Annual trend of nanotechnology-construction research 2000—2020

(i) Annual trend

Overall, the WOS database collected the first article
related to nanotechnology-construction in 2000, mark-
ing the beginning of the application of nanotechnology
in the construction industry (Fig. 2). From 2000 to 2019,
the number of articles in this field has been showing an
upward trend, indicating that the application of nanotech-
nology in the construction industry aroused the interest
of scholars. It should be noted that due to incomplete
statistics in 2020, it has no reference significance. With
the passage of time, the popularity of nanotechnology-
construction research continues to rise, attracting growing
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number of researchers to pay attention to the innovative
application of nanotechnology in the construction field.

Focusing on individual years, nanotechnology-
construction research grew slowly during 2000—2012,
indicating that the application of nanotechnology in the
construction field is still at an early stage and its develop-
ment is relatively slow. In 2013, nanotechnology-con-
struction research experienced a significant drop, from
71in 2012 to 57 in 2013. Subsequently, nanotechnology-
construction research rebounded in 2014, an increase
of 68.12%. After 2014, nanotechnology-construction
research once again declined slightly, but overall it keeps
increasing year by year.

POLYMER SCIENCE

CONSTRUCTION BUILDING| BIOPHYSICS
TECHNOLOGY

53

BIOTECHNOLOGY APPLIED
MICROBIOLOGY
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In short, during the period 2000—2019, nanotechnol-
ogy-construction research showed an increasing trend,
although individual years experienced a small decline.
If according to the current development trend, nano-
technology-construction research will continue to rise
in the future. The emergence of nanotechnology has
greatly improved traditional building materials, not only
improving the performance of building materials, but
also reducing environmental pollution. In this sense,
nanotechnology-construction research will usher in a
period of rapid growth.

(ii) Hot topics

Fig. 3 shows the categories of disciplines involved in
existing nanotechnology-construction resecarch. Nano-
technology-construction research involves 25 disciplines.
Among the top 5 are chemistry multidisciplinary (338 ar-
ticles), materials science multidisciplinary (314 articles),
nanoscience nanotechnology (281 articles), chemistry
physical (153 articles), physics applied (140 articles). The
above data indicates that nanotechnology-construction
research is mainly concentrated in the fields of chemistry

and materials science. The application of nanotechnol-
ogy to improve traditional building materials is one of the
main applications of nanotechnology in the construction
industry. For example, nanotechnology can greatly im-
prove the antibacterial and antifouling performance, aging
resistance, hydrophilicity, and fire resistance of archi-
tectural coatings [12, 13]. New concrete developed using
nanotechnology can significantly improve the strength
and construction performance of cement concrete [14,
15].

In addition, nanotechnology-construction research
also appeared in biochemistry molecular biology, phys-
ics condensed matter, engineering electrical electronic,
optics, pharmacology pharmacy and other fields, which
means that nanotechnology has become a common con-
cern of many disciplines, and a lot of research is being
carried out from different perspectives. The search results
are in line with the development status of nanotechnol-
ogy. In fact, nanotechnology is a highly cross-cutting
comprehensive technology, covering many disciplines
such as nanophysics, Nano chemistry, nanomaterials,
Nano mechanics, nanobiology and so on. Because of this,
nanotechnology is widely used in construction materials,
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Table 1
The count of papers published by author

Nanobm

Order Author name Count Main research directions
BIOCHEMISTRY MOLECULAR BIOLOGY, GENETICS HEREDITY,
1 SEEMAN NC 265 CHEMISTRY
) ROTHEMUND 3 BIOCHEMISTRY MOLECULAR BIOLOGY, SCIENCE TECHNOLOGY
PWK OTHER TOPICS, GENETICS HEREDITY
BIOCHEMISTRY MOLECULAR BIOLOGY, GENETICS HEREDITY,
3 |WINFREEE 159 COMPUTER SCIENCE
4 |YANH 157 |ENGINEERING, CHEMISTRY, PHYSICS

5 |DOUGLAS SM 149

BIOCHEMISTRY MOLECULAR BIOLOGY, GENETICS HEREDITY,
BEHAVIORAL SCIENCES

ENGINEERING, CHEMISTRY, BIOCHEMISTRY MOLECULAR

CHEMISTRY

6 |CHENIJH 125 BIOLOGY

7 |KEYG 13 PHYSICS, MATERIALS SCIENCE, SCIENCE TECHNOLOGY
OTHER TOPICS

8 |HEY 108 ENGINEERING, BIOCHEMISTRY MOLECULAR BIOLOGY,

9 |[ANONYMOUS] | 105

HEALTH CARE SCIENCES SERVICES, ENGINEERING,
BUSINESS ECONOMICS

10 |MAOCD 104

BIOCHEMISTRY MOLECULAR BIOLOGY, CHEMISTRY,
GENETICS HEREDITY

optics, medicine, information communication, military
and other fields. Nanomaterials technology is considered
to be the only one that can be realized. With the continu-
ous maturity of nanotechnology, its wide application in
the construction field will become the development direc-
tion of new building materials [16, 17].

(iii) Cited Authors

Co-citation analysis means that two articles appear
together in the reference list of the third article, which we
call co-citation relationship. In this section, we conduct
Author Co-Citation analysis on the basis of Journal Co-
citation Analysis. The Author Co-Citation analysis can
not only obtain high-cited authors in a certain field and
identify influential scholars in this field, but also can un-
derstand the authors and their subjects of similar research
topics in this field through the author co-citation network.
Fig. 4 visualizes the results of the co-citation analysis.

As shown in Fig. 4, the area of concentric circles
represents the author’s central position. From purple,
red, orange, and yellow, it means that the document
time advances in turn. The observed data indicates that
549 authors participated in the nanotechnology-con-
struction study and there are 3250 co-cited relationships
among them. The dense connection in Fig. 4 shows that
the cooperation between the authors of nanotechnology-
construction research is relatively close, which is condu-

cive to promoting innovation and forward development
in this field. Furthermore, the cooperation of the authors
has increased over time, indicating that researchers in
nanotechnology-construction research have strengthened
their cooperation and are forming a stable cooperative
network.

Table 1 lists the top 10 authors by volume, including
their total citations and main research directions. From
the data in Table 1, the main research directions of these
highly cited authors are concentrated in the field of Bio-
chemistry Molecular Biology. In addition, Materials Sci-
ence, Genetics Heredity and Engineering are also their
main subjects. Nanotechnology is to study the properties
and applications of substances at the molecular and atom-
ic level (between 0.1—100 nm). Therefore, many scholars
conducting research on nanotechnology-construction are
gathered in these fields.

(iv) Countries

Fig. 5 depicts the path of cooperation between coun-
tries in nanotechnology-construction research system.
The area of the circle depends on the number of pub-
lications. From Fig.5, the United States is the global
leader in nanotechnology-construction research, be-
cause it has the most publications with 63 articles. China
ranked second, followed by Germany, Japan and the
United Kingdom. As far as the country is concerned,
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Fig. 5. National cooperation network
Table 2
Number of papers in countries
Order Country Count Continent
1 USA 63 North America
2 PEOPLES R CHINA 33 Asia
3 ITALY 18 Europe
4 GERMANY 15 Europe
5 IRAN 8 Europe
6 POLAND 6 Europe
7 FRANCE 6 Europe
8 JAPAN 6 Asia
9 SOUTH KOREA 5 Asia
10 ENGLAND 4 Europe
nanotechnology-construction research is distributed (v) Keywords

all over the world. In comparison, countries in North
America, Europe, Asia and Oceania are more active in
participating in nanotechnology-construction research.
Table 2 lists the number of publications in the top 10
countries, which are: the United States, China, Italy,
Germany, Iran, Poland, France, Japan, South Korea
and the United Kingdom. Considering the income gap,
most of these leading countries are developed countries,
which means that developed countries play an indispens-
able role in the global nanotechnology-construction
research system.

Fig. 6 summarizes the keywords that appear in nano-
technology-construction research according to the time
point of first occurrence. Keywords often condense the
central idea and research methods of an article. It can
help us quickly grasp the core content of an article, and
then understand the cutting-edge research direction in
a specific field. Table 3 lists the top 10 high frequency
keywords and their frequency.

The higher the frequency of keywords, the more in-
tensive the research. Due to the numerous disciplines
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Table 3
Top 10 high frequency keyword
Order Keywords Count Order Keywords Count
1 nanotechnology 104 6 carbon nanotube 16
2 nanoparticle 35 7 surface 15
3 construction 25 8 concrete 12
4 nanomaterial 21 9 performance 12
5 mechanical property 19 10 growth 10

involved in nanotechnology construction research, the
keywords are complex and widely distributed. In these lit-
eratures, the most frequent keywords are nanotechnology,
which has appeared 104 times; followed by nanoparticle
(appeared 35 times) and construction (appears 25 times).
It can be seen that the existing focus of nanotechnology-
construction researchconcentrated on the development
and application of new building materials.

It should be noted that materials published on the
Internet in free access, for example, in the journal «<Nano-

technologies in construction» [18-21] and others are of
great interest to scientists and specialists of the nanoin-
dustry.Articles from the journal (article metadata) are
available in open access:

« on the website of the electronic publication «Nanotech-
nology in construction: scientific online magazine»,
link — http://nanobuild.ru/en_EN/archieve-of-issues/;

+ in the full-text database of open-access scientific jour-
nals Open Academic Journals Index (OAJI), link —
http://oaji.net/journal-detail. html?number=6931;
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» on the website of the scientific electronic library, link —
http://elibrary.ru/contents.asp?issueid=1568760;

* in the database of scientific journals Directory of
Open Access Journals (DOAJ), link — https://doaj.
org/, next — thejournal is searched «Nanotehnologii
v Stroitel’stve»;

* in the database of scientific journals ResearchBib,
link — http://journalseeker.researchbib.com/view/
issn/2075-8545;

« on the Internet resource of scientists of all scientific
disciplines ResearchGate, link — https://www.re-
searchgate.net/journal/2075-8545 Nanotechnolo-
gies_in_Construction;

+ inthe international scientific base Readera — https://
readera.ru/nanobuild;

* in other citation systems (databases).

That allows scientists and specialists all over the world
to study journal’s materials and to use them in their work
as well as to cite them.

CONCLUSIONS

In this paper, we use bibliometric analysis to review the
literatures related to nanotechnology-construction record-
ed in the WOS database from 2000 to 2020 (the statistics
in 2020 are not complete yet). Moreover, this paper visual-
ized the literature characteristics of these studies from four
aspects: annual change, hot topics, distribution countries
and keywords, in order to fully understand the development
status and future trend of nanotechnology-construction
research. The main findings of this paper are as follows:

Globally, the number of literatures on nanotechnology
construction research has been on the rise in 2000—2019,
although it has experienced a small decline in individu-
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PE3IOME: CtpoutenbHasa oTpac/b ABMAETCA CPaBHUTENIbHO SHEProemMKO 1 3a4acTyto cam NPoLecc CTPOUTENIbCTBA XapaKTepusy-
€TCA BbICOKUM YPOBHEM 3arpsisHeHus1. [1oABNeHe HAHOTEXHOIOTUI U X MPUMEHEHME MOXET 06ecneunTb ufeanbHoe peLleHre
[Ns1 CTPOUTENbHON OTPAC/N B 061aCTy SHEProcOepeKeHUs 1 CHKEHUS SHepronoTpebneHns. icnonb3oBaHMe HAHOTEXHOMOT
TaKXe MO3BOJSIUT BHEAPATb HOBbIE SKOJIOMMUYECKM YMCTble CTPOUTESIbHbIE MaTepualibl C YHUKaNbHbIMU CBOMCTBaMM U CMOCOOGCTBOBATh
66MbLINM SKOHOMMYECKMM BbIrofjaM 1 06L1ecTBEHHON Mosib3e. B JaHHON cTaTbe NpoBefeH GMONMOMETPUYECKII aHanM3 1 0630p
nccnefoBaHUM B 0611aCT HAHOTEXHOMOIMI B CTPOUTENBCTBE, MHAEKCMPYEMbIX B MeXXAyHapoaHou 6a3e aaHHbIx Web of Science 3a
nepvop ¢ 2000 no 2020 rr. Ha rno6anbHOM ypoBHe KONMYeCTBO Ny6nvKaumi no gaHHom teme B 2000-2019 I, pocno, XoTsl B OTAeNbHble
ropabl Ny6/MKaLMOHHAsA aKTUBHOCTb HECKOJIbKO CHUKanach. Ha cTpaHOBOM ypOBHE M1POBBIM NNAEPOM B 0611aCTV UCCNefoBaHW MO
NPVIMEHEHWI0 HAaHOTEXHOMOI I B cTpouTenbcTae ABastoTca CLUA, ¢ 63 nybnmnkaymsmum, 4To HAMHOTO OoJblUe, YeM B APYrX CTPAHAX.
YuuTbiBasi pa3pbiB B JOXOAAX, Pa3BUTble CTPAHbl UMPAIOT BEAYLLYIO POJib B rN06anbHOM AaHHOWM CMCTEME UCCIefOBaHNIA, B TO BPeMs
KaK poJib pa3BMBAOLWMXCA CTPAH OTHOCUTENIBHO He BenuKa. Mbl 0GHapYXmu, UTo CyLlecTByloLe Ny6amKauum no npyMeHeHno
HaHOTEXHOJIOTUIA B CTPOUTENBCTBE B OCHOBHOM COCPeAOTOYEHbl Ha 06NacTAX XMMUW 1 MaTepuanoBeaeHus. Ha ocHoBe yacToTbl
MCMOJIb30BaHMA KIOYEBbIX CJIOB CAeNaH BbIBOJ, UTO MCCejoBaTeNbCKas HaMpaBieHHOCTb B 3TO 0611acTu CPOKYCUpoBaHa, npe-
X[le BCero, Ha pa3paboTKke 1 MPUMeHeHV HOBbIX CTPOUTENIbHBIX MaTepuanos. [lenaetcsa BbiBO, YTO NPY MPUCTaNbHOM BHUMAHUN
aKafleMUYEeCKUX KPYToB K JaHHOW TemMe KONmnyecTBo ny6nvKaLuuii B 0651acT NPUMEHEHUSI HAHOTEXHOMOTMIA B CTPOUTENbCTBE OyaeT
yBeNMUYMBaTbCA C HapacTaloLen CKOPOCTbio.

KNIOYEBDIE CJIOBA: nccnefoBaHusi B 0611acTi HAHOTEXHOSOI I B CTPOUTENCTBE, GBUOGNMOMETPIA, aHaNN3 COBMECTHOIO LIUTUPO-
BaHUA, MannviHr npegMeTHon obnactu.

ANA LUTUPOBAHMWA: MNucapenko XK.B., iBaHoB J1.A., BaHr L. HaHoTexHONOrMmn B CTponTeNbCTBE: COBPEMEHHOE COCTOAHME
1 TeHAeHUMM pa3BuTna // HaHotexHonorum B ctpoutenbcTae. — 2020. — Tom 12, N2 4. — C. 223-231. - DOI: 10.15828/2075-8545-
2020-12-4-223-231.
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1.The editors are personally and independently responsible for the content of the materials published and recog-
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in the decision to publish.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

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

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

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

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

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

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

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

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

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

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

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

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

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

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

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

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

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

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

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

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

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

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

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

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

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

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

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

3avmcTBOBaHMA U Naarvar

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

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

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU IS UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAtOT NpefblayLyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpurUaTeSIbHbIX pe3ysibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

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

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

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

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

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

Ha Bce npeTeH3ny aBTOPOB pefaKLA NpefoCTaBNAeT pa3BepHyTbie 1 000CHOBaHHbIE OTBETDI, MpuWaras Bce ycu-
s 4ns paspeLleHna KOHGINKTHBIX CMTyauni.
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The authors submit to the editors:
« electronic manuscript by e-mail: info@nanobuild.ru;
« accompanying letter (the editors send the sample of the letter to the authors on demand).

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

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

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

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

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

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

The journal can also publish: original papers; reviews; discussing materials, comments, other information materials.
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Manuscript text

File format
The editors accept texts saved using Microsoft Word in either the .doc or .docx format. If you are using Word 2007,
save the file only in the .doc format.

Text layout

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

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

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

Abbreviations
All abbreviations should be defined when first used. If the article contains a large number of abbreviations, a list
deciphering each of them can be included before the text of the article

Tables and Figures

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

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

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

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

References

The list of references includes sources used in the text.

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

References to non-Russian language articles:

Surname Intials, Surname Intials Article title. Name of journal. Year, Volume (Number): 00-00. DOI: 10.13655/
1.6.1234567.

Example: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020: 4(142): 49-51. DOI: 10.5604/01.3001.0014.0933

References to non-Russian language monographs:

With 1-3 authors:

Surname initials, Surname initials. Book title. Number of reprinting. City: Publisher; The year of publishing.

Indication to the editor or compiler:

Surname initials. Surname initials. Surname initials, editors. Title. Number of reprinting. City: Publisher; Year of
publishing.

Example: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

Journal title and the title of monographs and collections are written in italics. After the initials a period (.) is used.
Between the author’s name and initials no comma is used.
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Reference to Russian language sources:
Example: Lindorf L.S., Mamikoniants L.G. Operation of turbine-generator with direct cooling. Moscow: Energia;
1972. (In Russ.)

References to internet sources:

The name of the material on the site [site]. Name of the site; year [updated: date of update; date of citation]. Avail-
able: link to the site.

Note: preferably indicate a link to the material from the site, which is mentioned in the article. A link to your
homepage is not informative and does not allow for verification of the information.
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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
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Privacy Statement
Specified when registering the names and addresses will be used solely for technical purposes of a contact with

the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
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+  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbITAeT aBTopam 0bpaseL no nx npeiBapuUtesibHOMY 3anpocy).
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+  MOJMy4YeHO cornacue — HEABHOE N AIBHOE — OpraHr3aunm, B KOTOPOW ncciefoBaHvie 610 MpoBeaeHo.
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B cTaTbe cniepyet ykasaTb Ha peanbHblii UK NOTEHLMANbHBIA KOHGANKT NHTepecoB. Ecnn KoHbMKTa nHTepecos
HeT, TO ClleflyeT HanucaTb, YTO «aBTOP 3asBAAET 06 OTCYTCTBUN KOHPNIMKTA MHTEPECOBY.

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

OcHOBHbIe paspenbl XXypHana:
«  CTpoOWTeNbHOE MaTepuasioBeeHUe;
«  1CCNIeioBaHVe CBOWCTB HAHOMATEPAOB;
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+ B CME@XHbIX OTpacnax;
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Mbl MPUMEHEHUS HAHOMATEPVANOB Y HAHOTEXHOJIOT I B CTPOUTENBCTBE M CTPOUTESIbHBIX MaTepuasax; LLeMeHTHbIE U
Lpyrve BaXyLyue ¢ MMHepPanbHbIMU 1 OPraHNYeCcKUMU fobaBKaMu; AMArHOCTKA HAHOCTPYKTYP U HAaHOMaTepranos
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIeOBaHNA CBOWCTB HAaHOMAaTepPManoB; MoANdULMPOBaHNE CTPOUTENbHbIX
MaTepranoB HAaHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3MLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMUMPOBAHME Ha-
HOCTPYKTYPHbBIX MOKPbITUN Sla3ePHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJOI -
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KypHan npuHumMaet K ny6nnkaumm: opurrHasbHble CTaTbl; 0630pbl; AUCKYCCMOHHbIE MaTepuasbl, KOMMEHTa-
puu, apyrue nHbOPMaLMOHHbIE MaTepuarbl.

CTpyKTypa cTtatbm

Tun cTatby (Ha aHMMINCKOM A3blKe)

3arnasue (Ha aHMMUNCKOM A3bIKe)

ABTOPp(bI) (Ha AaHMIMICKOM A3bIKe): 06A3aTeNIbHOE YKa3aHve MecTa paboTbl KaXKAoro aBTopa, ropog, CTpaHa (He-
06xoanmo ykasbieaTb ORCID aBTOPOB — 3en1eHbI 3HAUOK PAAOM C baMuvelt C yKazaHHOW Mo HAM rMnepccbiikon Ha
cTpanuyy ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALMK, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTaMm caenatb BbIBOA4 O KAauyecTBe U COAepaHuy CTaTby (pestome [OKHbI OblTb MHPOPMALMOHHbBIMY,
OpPUrMHaNbHbIMK, cofepaTb HOBU3HY, OCHOBHble pe3ynbTaTbl MCCIe[OBAHUN, CTPYKTypupoBaHHbiMU no IMRAD
(Introduction, Methods and Materials, Results and Discussion), KoMnakTHbIMY — yKnagbiBatbcst B 200-250 coB) (Ha
AHINNNCKOM fA3blKe)

KJTIOYEBDIE CJIOBA: (Ha aHIMIMICKOM fA3blKe)

BJIATOOAPHOCTMU: (npy Hanuumnm) (Ha aHINNCKOM A3bIKe)

ANnAa UUTUPOBAHUA: (Ha aHMMNINCKOM A3bIKe)

CraTbA (Ha aHMNINCKOM A3blKke, 06bemM — 3—6 TbIC. C/TIOB):
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
o PE3YJIbTATDI
o OBCYXOEHUE
o 3AKJIIOMEHUE (BbIBOAbI)

CMUNCOK JINTEPATYPbI: (Ha aHrMunNCKOM si3blKe)

MHOOPMALIUA Ob ABTOPE(AX): (Ha aHrNMINCKOM A3bIKe)

Nms, otuectBo (Mpy Hanuumm), bamunus, yueHasa CTeNeHb, yYeHOE 3BaHUe, JOMKHOCTb, MecTo paboTbl, ropos,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa UHTEpPeCoB.

YOK

Tvn cTaTby (Ha PyCcCKOM A3biKe)

3arnaBue (Ha pycCKOM fA3bIKe)

ABTOPp(bI) (Ha PyCcCKOM fA3bIKe): 00A3aTeNIbHOE YKa3aHMe MecTa paboTbl KaXJoro aBTopa, ropof, CTpaHa (Ha pyc-
CKOM fA3biKe) (Heobxoaumo ykasbiBaTb ORCID aBTOPOB — 3e1eHblll 3HAUYOK PsAAOM € GaMunven ¢ yKasaHHOW Mo HUM
rmnepccbinkon Ha cTpanuly ORCID Ha orcid.org)

*KoHTaKTbI: e-mail:

PE3KOME: He3aBUCKMbIV OT CTaTbW MCTOYHMK UHPOPMALIMK, KOTOPBIN MO3BOJIAET POCCMIACKUM 1 3apybexHbIM
cneyunanncTam ciefiaTb BbIBOJ O KAaUeCTBE U coflepKaHUm CTaTby (pe3tome JOSKHbI 6bITb MHGOPMALMOHHBIMM, OpU-
rMHanbHbIMK, COAePKaTb HOBU3HY, OCHOBHbIE pe3yNbTaTbl NCCNeA0BaHNN, CTPYKTYpupoBaHHbiMK o IMRAD (BBe-
LEHVE, MeTolbl Y MaTepuarsbl, pe3ynbTaTbl, 06CyAeHre, 3aKoueHre (BbIBOAbl)), KOMMNAKTHbIMY — YKaAblBaTbCA B
200-250 cnoB) (Ha pycCcKoM A3bIKe)

KJTIOYEBDBIE CJIOBA: (Ha pycckom A3bIKe)

BJIATOOAPHOCTU: (npu Hanuumm) (Ha PyCCKOM A3bIKe)

ONA UUTUPOBAHUA: (Ha pycckom A3biKe)

CraTbs (Ha pycckom si3blKe, 06beM — 3-6 TbIC. CJIOB)
« BBEOEHUE
« METOAbI U MATEPUAIJIbI
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« PE3YJIbTATbI
o OBCYXAEHUE
« 3AKJITIOMEHUE (BbIBOAbI)

CNUCOK JIUTEPATYPbI: (Ha pycckom A3blke)

MHOOPMALUA Ob ABTOPE(AX): (Ha pycckom A3blke)

®amunus, Ms, OTYECTBO (NPU HaNMUUK), yY4eHasa CTeneHb, yYeHoe 3BaHue, AO/MKHOCTb, MecTo paboTsl, ropog,
CTpaHa, e-mail

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa MHTEpPECOoB.

OdopmneHme TeKcTa pyKkonucm

®opmar
Pepakuuma npuHUMaeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B ¢popmate .doc unu .docx. Ecnv Bbl
pabotaete ¢ Word 2007, coxpaHanTe dain Tonbko B dpopmaTe .doc.

OdopmneHne

« uncnonb3ynte wpndT 14 Times New Roman v uHtepsan 1,5 ctpoku;

+ He UCMOonb3ynTe NogyepKrBaHMe BHYTPU TEKCTa (419 MOA3arosoBKOB MCMOJb3yNTe MONY>KMPHOE HavepTaHume,
LNA BblAENEeHNA B TEKCTE — KYPCUB);

+  MHOCTPaHHbIe Ha3BaHMA (KypHasoB, OpraHnu3auui 1 T.4.) cnefyeTt OCTaBAATb B OPUTMHANeE, 3aK/ioyaTb B KaBblUKU.

A66peBuatypbli
Bce ab6peBmaTypbl 4OMKHbI ObITb paclundpoBaHbl NPy NepBoM ynotpebneHnun. Ecnn abbpesnatyp MHOFO, MOXKHO
caenatb C1CcoK ¢ pacdpOoBKOI KaxK4on U3 HUX Nepes TeKCTOM CTaTby.

Tabnuubl v pUCYHKN

Bce Tabnuubl 1 PUCYHKM BOMKHbI ObITb MPOHYMEPOBAHbI U HAa3BaHbI, Ha HYX JO/MKHA ObITb OTCbIIKA B TEKCTE CTa-
Tbu. B Tabnuuax He JOMXKHO GbITb NYCTbIX rpad. PUCYHKM AOMKHBI GbITb XOPOLLIEro KauecTsa, MPUroAHble 4fs nevaTtu.
MpurKnaabiBatoTCs K CTaTbe OTAeNbHbIMYK dannamu.

YT106bI NPOBEPUTH KAUECTBO 1300paXKeHNs, MOXKHO YBENNUUTb ero. XopoLuee n306paxKeHre He pa3mbIBaeTCA Npu
yBenmyeHuu.

CHoCKIn
Mpu HeO6XOAUMOCTI NCMONb3YIOTCA CHOCKM CO CKBO3HOW HymepaLuel (apabckre Lndpbl) No BCEMY JOKYMEHTY.
B cHockax MoryT 6bITb LUTaThl 13 PAbOT, KOTOPbIE YNTOMUHAKOTCA B TEKCTE, LOMONMHUTENIbHAsA nHbOpMaLus.

OdopmneHune uuTaT U CNNCKa NUTEpPaTypbl
B >KypHane npuHAT BaHKyBepCKMiA CTUIb LIUTUPOBaHKA (OTCbINIKA B TEKCTE B KBaAPATHbIX CKOOKax, mosHoe 6rbnu-
orpaduueckoe onricaHne NCTOUYHKKA B CMIMCKe IUTEPATYPbI B MOPALKE YNIOMVHAHWUSA B TEKCTE CTaTbM).

Cnucok nutepartypbl

B cnvicok nuTepaTtypbl BKNIOYAOTCA UCTOYHUKN, UCMOMb3yemMble B TeKCTe cTaTbi. CCbIIKM Ha MPUHATbIE K NybnuKa-
LW, HO eLle He ony6NIMKOBaHHbIE CTAaTbU, AOMKHbI ObITb MOMeUEeHbl CJIOBAMU «B MeYaTuy; aBTOPbl JOJIXKHbI MOYYnTb
NMMCbMEHHOE pa3pelleHmne AMs CCbISIKU Ha Takue JOKYMEHTbI U MOATBEPXKAEHME TOro, YTO OHUW MPUHATbI K NevaTu.
NHdpopmaLma 13 Heony6/IMKOBaHHbIX UCTOYHUKOB JOJIXKHA OblTb OTMEUYEHA C/IOBAMUW KHEOMYOJIMKOBAHHbIE AaHHble/
LOKYMEHTbI», aBTOPbI TaKXKe OJIKHbI MOJyYnTb MMCbMEHHOE MOATBEPXKAEHVE Ha UCMOJIb30BaHME TakMX MaTEPUANOB.

CcbINKM Ha CTaTbl U3 UHOCTPAHHbIX ICTOYHUKOB:

'®amunus N.0., 2Oamunua N.0. HassaHue ctatbun. Ha3saHue xypHana. lfog; Tom (Homep): 00-00. DOI: 10.13655/
1.6.1234567.

Mpumep: Bokova E.S., Kovalenko G.M. Electrospinning of Fibres Using Mixed Compositions Based on Polyetheru-
rethane and Hydrophylic Polymers for the Production of Membrane Materials. FIBRES & TEXTILES in Eastern Europe.
2020:4(142): 49-51. DOI: 10.5604/01.3001.0014.0933
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CcbIIKM Ha MOHOTrpadUM Ha MIHOCTPAHHOM Ai3blKe:
C 1-3 aBTOpamMu:
'®amunus N.0., 2Oamnnma N.0. HazsaHue KHuru. Homep nepensganus. lopona: Mi3gatenbctso; o nsgaHus.

YKasaHue Ha pefaKTopa Unv coctTaBuUTens:

'®amunus WN.0., 2Oamunus WN.0., *Oamunusa WN.0., pegakTtopbl. HazsaHue. Homep nepenspanusa. lopoa: N3patens-
cTBO; [oa n3gaHus.

Mpumep: Mehta PK., Monteiro PJ.M. Concrete: Microstructure, Properties, and Materials. New York: McGraw-Hill;
2006.

Harris B. Fatigue in composits. England: Woodheard Publish Lmt.; 2003.

MaBa ns moHorpadum nnm c6opHmnKa:

'®amunus M.0. 'HassaHue. B: Qamunusa UN.0., pegaktop. 2HazsaHure. Homep nepeusganus. lopopa: Mi3patenscTso;
[on n3pgaHus.

Ha3BaHue >kypHana 1 Ha3BaHVe MOHOrpaduin 1 COOPHUKOB BbIAENAETCA KYPCUMBOM, NMOC/E MHULMANOB CTaBATCA
Touku. Mexxgy bamunven aBTopa 1 MHMLManamy 3anaTas He CTaBUTCA.

CcbInKM Ha CTaTbll Ha PYCCKOM fi3biKe

'®amunus N.0., 2Qamunus N.0. HaszeaHwne ctatbu // HazsaHue xypHana. - log. — Tom (Homep):00-00. ['Familia 1.0.,
2Familia I.0. NepeBog Ha3BaHWA cTaTbU. TPaHCUT Ha3BaHUsA XypHana/OdurumnanbHoe Ha3BaHUE Ha aHTIMIACKOM A3bl-
ke. fop; Tom (Homep):00-00. (In Russ.)]]

Mpumep: NiBaHos J1.A., MymuHoBa C.P. HaHoTexHOnornm n HaHomaTtepurasbl: 0630p HOBbIX M306peTeHnin. YacTb 1//
HaHoTtexHonorum B ctpoutenbctee. — 2017. -9 (1): 88-106. — DOI: 10.15828/2075-8545-2017-9-1-88-106.

[lvanov L.A., Muminova S.R. Nanotechnologies and nanomaterials: review of inventions. Part 1. Nanotechnologies
in Construction. 2017; 9 (1): 88-106. DOI: 10.15828/2075-8545-2017-9-1-88-106. (In Russian)]

CcbInKuy Ha MOHorpadm Ha PyCCKOM A3bIKe:

'®amunus N.0. HassaHue moHorpadun. — fopog: M3patenbcTso, rog. — 000 c. ['Familia 1.0. MepeBop Ha3BaHWsA
MoHoorpaduu. Gorod: Izdatelstvo; god. (In Russ.)]

Mpumep: NMnHpopd J1.C., MamukoHwmaHTc J1.I. SkcnnyaTauus TypboreHepaTopoB C HEMNOCPEACTBEHHbBIM OXTaXAeHN-
em. — M.: DHeprusa, 1972. - 352c.

CCbINKM Ha MIHTepPHET-pecypcbl:

Ha3BaHue caiita [DnekTpoHHbIn pecypc] — URL. — (gaTta obpalleHns).

Mpumeyarue: NPeaNoOYTUTENBHO YKa3biBaTb CCbIIKY Ha MaTepua C canTa, KOTopbli yroMuHaeTca B cTaTbe. Ccbin-
Ka Ha rMaBHY0 CTPaHWLY He MHGOPMATMBHA 1 HE AAaeT BO3MOXXHOCTb MPOBEPUTb UHGOPMaLUiO.

ABTOpCKMe npaBa

ABTOpbI, NYOGNMKYIOLME B XKYpPHase, COrMaLLaloTCA CO Cefy oL nMm:

1. ABTOpPbI COXpaHsAIOT 3a cOOO aBTOPCKME NpaBa Ha paboTy 1 MPefOCTaBAAIOT XKypHany NpaBo nepBoi nybnvka-
umnmn paboTol.

2. ABTOpPbI COXPaHAIOT NPaBO 3aK/oYaTb OTAENbHbIE KOHTPAKTHbIE AOFOBOPEHHOCTM, KacatoLMeCs HEIKCKITIO3MB-
HOro pacnpocTpaHeHusa Bepcun paboTbl B onybnnkoBaHHOM 3fechb BuUAe (HanpuMep, pasmelleHre ee B UHCTUTYT-
CKOM XpaHunuuie, ny6nmKaLmnio B KHUTE), CO CCbISIKOM Ha ee OpUTMHanbHyo Ny6nmKaLmio B 3STOM XXypHare.

3. ABTOpbI MMEIOT MpaBo pa3meLLaTb Ux paboTy B ceTu IHTepHeT (Hanpumep, B UHCTUTYTCKOM XPaHWUANLLE UAN HA
nepcoHaibHOM caliTe) O 1 BO BpPeMs NpoLiecca pacCMOTPEHUA ee AaHHbIM XKYPHANOM, TakK KaK 3TO MOXeT NPUBECTM
K NPOAYKTMBHOMY 06CYXAEHMIO N 6OMbLIEMY KONIMYECTBY CCbISIOK Ha AaHHYI0 paboTy.

MpuBaTHOCTb

MmeHa n agpeca 3J'IeKTpOHHOVI NMoYTbl, BBEJEHHbIE Ha CalTe 3TOro KypHana, 6yp,yT MNCNob30BaHbl NCKNKOYNTENb-
HO AnA uenen, 0603HaY€eHHbIX 3TVM XKYpPHaJioM,  HE 6y,El,)/T MCcnosib30BaHbl AnA Kakux-nn6o Bpyrmnx uenem nnu npeno-
CTaBneHbl Apyrum nnuam 1 opraHn3saunAam.
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