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«HaHOTexXHONOrnN B CTPONTENbCTBEY — PELIEH3VPYEMbIN HAaYUHbI XKypHaJl.
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eMKUX TEXHONOruiA (Mpexae BCero — HAHOTEXHOOMMYECKON NPOAYKLMM) B 0611aCTU CTPOUTENBCTBA, XKUMLLHO-KOMMYHaNbHOTO
X03ACTBA, CMEXHbIX OTPACNEN (MPOMBbILLIEHHOCTH, SHEPTETUKM U Ap.).

OcHOBHbIe 3apaun:

« [pepocTaBreHrie yyeHbIM 1 CreumnannucTam 13 pasHblX CTpaH BO3MOXHOCTM Ny6MKoBaTb pe3ynbTaTbl CBOMX UCCIefoBaHUI
1 nosyyatb MHGOPMALIMIO O COBPEMEHHbBIX TEXHONOMMAX 1 MaTepurarax, BbiIcokoaddeKTrBHOM 060pyaoBaHMY B 0611acT CTPO-
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arnoB 1 HAHOTEXHONOIMI B CTPOUTENbCTBE U CTPOUTENbHBIX MaTepuanax; AMarHoCTkKa HaHOCTPYKTYP 1 HAHOMAaTepuanoB CTpou-
TeJIbHbIX CUCTEM; TEXHOOMM UCCNIeAOBaHNA CBOMCTB HAHOMATEPUANOB; TEXHONIOTMYECKME NMPUHLMIbBI CO3LaHUSA HAHOCTPYKTYP
(pacnnaBbl, 30Mb-reneBbivi CUHTE3 1 Ap.). TeMaTnKa cTaTeil MOXeT ObITb MHO, NPSIMO UM KOCBEHHO CBA3AHHOW C NepeYnCieHHbIMA
HanpaBneHNAMM.

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

A3bIK 3gaHMA: PyCCKNN; aHINNCKAIA.
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+  yueHble 1 CNeumnanucTbl HayYHO-1CCNef0BaTENbCKNX MHCTUTYTOB U HAHOTEXHONMOTMYECKNX LIEHTPOB;

«  PYKOBOAWTENU U CMELUanunCcTbl yYpexaeHunin, opraHmaumin u NnpeanpuaTuii CTPOUTENbHOIO KOMIIEKCA U >KUTULLHO-KOMMY-
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ABSTRACT: Introduction. The use of gypsum in construction systems exposed to atmospheric influences involves the introduc-
tion of modifying additives of various types: polymer compositions, mineral fine and nanodisperse components, which can also
be products of other industries. Methods and materials. To increase the weather resistance of gypsum stone, its strength char-
acteristics and water resistance, the research considered a complex method of modifying gypsum binder by introducing aqueous
solutions of polycondensation resins that harden in the material and nanocomponents. The experiment to assess the effect of the
composition of complexly modified gypsum on its properties was carried out on the basis of the matrix of a complete quadratic
three-factor experiment. Results. The strength of a complex modified gypsum stone during compression and bending increases
by 30% and 25%, respectively, during 80 days of storage in the air. The compressive strength is 60 MPa, and the bending strength
is 12 MPa. The samples can withstand 150 cycles of alternating freezing and thawing. Discussion. The introduction of polymer
additives into the composition of the gypsum mixture leads to the fact that the gypsum during hydration creates a framework of
crystalline aggregates of dehydrate, and the resin, when cured, forms a continuous polymer matrix. The polymer gypsum has the
property of increasing the strength over time due to the ongoing polymerization of the resin. Conclusion. A weather-resistant
gypsum-containing material was obtained. The use of man-made waste makes it possible to solve the problem of their disposal,
which determines the reduction of the negative load on the environment. The methodology for assessing the weather resistance
of gypsum stone, and, first, frost resistance, was tested.

KEY WORDS: gypsum stone, water-soluble polymers, techno-genic additives, nanotubes, water resistance, strength.
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INTRODUCTION

he use of gypsum-containing materials in facade sys-
tems is limited, first of all, by the low water resistance
of gypsum stone, while gypsum materials and products are
widely used in finishing works inside buildings. For this
purpose, plasterboard or gypsum-fiber sheets, stucco deco-
ration products, self-leveling floors, a variety of dry plaster,
putty and adhesive gypsum mixtures, wall stones are used.
In connection with the trend of expanding the scope
of application of products based on gypsum binders, not
only for interior decoration, but also for the facades of
buildings under construction and under reconstruction,
several areas of research have been formed.

First, it is the study of the possibility of using vari-
ous mineral additives, as well as the use of man-made
gypsum-containing products that form an increased re-
sistance of gypsum stone to atmospheric influences. Many
researchers propose to achieve an increase in the water
resistance of gypsum stone by modifying the binder com-
ponent with pozzolans, in particular, gypsum-cement-
puzzolane (GCP) and gypsum-slag-cement-puzzolane
(GSCP) were developed; technologies of composite
(DTC) and water-resistant gypsum binder of low water
demand (WRGB) were developed [1—3]. Secondly, it is
the development of scientific foundations for the directed
formation of the structure and properties of anhydrite,
gypsum compositions and stone under the action of
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micro — ultra — and nanodisperse systems. Third, these
are studies aimed at surface or bulk hydrophobization of
gypsum stone [4—6].

The range of technogenic gypsum-containing materials
is quite wide, but the largest amount of research was con-
ducted on phosphogypsum and its modifications. Energy-
saving technologies for processing phosphodihydrate and
phosphopolohydrate have been developed, as well as meth-
ods for its application in wall structures, stucco decorative
compositions made of gypsum and finishing compositions
of artificial marbles based on organic dyes [7, §8].

The possibility of using various mineral technogenic
additives on the properties of gypsum binders [9, 10], the
possibility of using hollow glass microspheres to obtain
lightweight gypsum material for restoration work [11], as
well as the possibility of modifying anhydrite and gypsum
compositions with ultra-fine-grained technogenic addi-
tives [12] were also studied.

Carbon nanotubes and fullerenes are promising both
in terms of their use as crystallization centers and as
objects that change the direction and speed of physico-
chemical processes in hardening materials [13, 14]. The
nanocarbon structures used to modify the gypsum binder
can be waste from other industries, in particular, ultrafine
dust from blast furnaces can be used [15, 16].

Nanotubes introduced into the mortar mixture rein-
force the gypsum stone. From the point of view of com-
mon sense, such a percentage of reinforcement seems
clearly insufficient to significantly affect the strength char-
acteristics. Nevertheless, a persistent effect is present, but
it occurs not due to direct reinforcement, which is really
insignificant, but due to the directed regulation of crys-
tallization processes. Nanotubes behave in the gypsum
solution as “embryos” of crystals, growing, the crystals
intertwine, partially grow into each other and form a spa-
tial network that permeates and binds the entire gypsum
stone into a single whole [17, 18].

It is possible to increase the water and weather resis-
tance of gypsum stone due to its volumetric or surface
hydrophobization. Surface treatment with hydrophobizers
tends to lose its effectiveness over time, and, for longer
use of products, it must be repeated periodically. The
frequency of treatment with hydrophobizers depends on
the operating conditions of the products.

Volumetric hydrophobization is carried out by the
introduction of various polymers in the form of aque-
ous solutions or emulsions, including aminoaldehyde
resins with non-linear monomers (melamine, resor-
cinol, benzoguanamine). Resins of this type belong to
polycondensation, i.e., during curing, low-molecular-
weight products, in particular water, are released. For
the chemical binding of the released water, a structuring
additive based on polyisocyanates was introduced into
the composition [19-21].

Taking into account the existing experience, a complex
method of modifying a gypsum binder by introducing
aqueous solutions of polycondensation resins that harden
in the material and nanocomponents is considered in the
research. It should be noted that the use of products based
on modified gypsum binder in facade systems is directly
related to the development of methods for assessing the
weather resistance of gypsum stone, and, first of all, frost
resistance.

METHODS AND MATERIALS

In the experiment, we used gypsum binder grades
G 7...G 10, melamine formaldehyde resin, carbon clusters
(nanotubes) Carbon clusters are hollow tubes made of one
or more layers of carbon atoms. They have a diameter of
one to several nanometers and a length of several diam-
eters to several microns, they are essentially hollow fibers.

The influence of the composition of the complex
modified gypsum on its properties was evaluated on
the basis of the matrix of a complete quadratic three-
factor experiment. The obtained regression equations
were checked against all statistical hypotheses and the
adequacy of the models was checked according to the
Fisher criterion.

In the experiment, the strength of the gypsum binder
(X,), the consumption of melamine formaldehyde resin
(X,), and the consumption of the nanoadditive (X,) were
taken as variable factors. The response function is the
strength of the gypsum stone after 7 days of hardening of
the samples (Y)), and the optimization parameter is the
softening coefficient of the gypsum stone samples accord-
ing to the results of climatic tests (Y,). The experimental
conditions are shown in Table 1.

Table 1
Intervals of variation of factors
Name of the factor Symbol X ENORERVEILD VA ECN Factor values at levels
Y i | of the factor, X. | interval, AX -1 +1
Gypsum strength, MPa X, 6 1 5 7
Resin expenditure, % X, 13 3 10 16
Nanoadditive consumption, % X, 0.04 0.01 0.03 0.05
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Along with conducting frost resistance tests on cube
samples, the effects of cyclical climatic influences on the
products themselves were studied. The test cycle con-
sists in the fact that one of the sides of the fragment was
directed to the cold zone of the chamber with a tempera-
ture of —18°C, and the second — to the warm zone with
a temperature of +18°C. For 2 hours, the side facing the
warm zone can be exposed to ultraviolet radiation, and
for the next 2 hours, it is irrigated with water in such a way
that the moistened surface of the sample is frozen during
rotation. The rotation of the clip, and, consequently, the
test fragments, is carried out every 4 hours.

RESULTS

Mathematical processing of the experimental results
allowed us to obtain regression equations for the compres-
sive strength of the gypsum polymer samples (Y,) and its
softening coefficient (Y,). The significance of the coef-
ficient was checked by confidence intervals, respectively,
the confidence interval for strength was Ab, = 0.01 MPa,
and the softening coefficient was Ab, = 0.04.

The following mathematical models (polynomials)
are obtained:

For compressive strength:

Y, =64+ 14X +9X, + 8X, +4X X, + 2X X,
For the softening factor:
Y, =0.84+0.03X, +0.09X, + 0.07X, + 0.04X X, — 0.05X2

The obtained models were checked for adequacy ac-
cording to the Fisher criterion. The calculated values of
the Fischer criteria are equal for the compressive strength
model F, = 15.2 and for the softening coefficient model
F, = 15.7. The tabular values of the criteria, respectively,
are 19.2 and 19.3. The calculated values of the F-criterion
do not exceed the tabular one, and with the corresponding
confidence probability (98%), the model can be consid-
ered adequate. This fact will be taken into account in the

analytical optimization of mathematical models.
DISCUSSION

Analysis of the coefficients of the equation Y, = £, (X,
X,, X,) shows that the strength of the composite modified
binder increases with an increase in the strength of the
stone without additives (gypsum grade), the consumption
of resin and nanocomponent at the intervals taken in the
experiment (positive coefficients at X, X, X,).

The analysis of the coefficients of the equation Y, =
J, (X, X,, X,) shows that the greatest influence on the
softening coefficient is exerted by an increase in the con-
sumption of resin and nanoderms. At the same time, at

high resin consumption, the strength growth slows down

(coefficient at X,?), which can be explained by the limited

access to the reaction surfaces.

Significant effects of pair interactions (in terms of
strength and softening coefficient at X X, and in terms
of strength at X,X,) have been established, which allows
us to assume the presence of synergistic effects of the
influence of resin consumption and nanoadditive on the
strength and softening coefficient of gypsum stone during
its complex modification. The function Y, =f(X , X,, X,)
(which is essentially a function of several variables) for one
of these variables, the resin consumption (X,), has a lo-
cal ex-tremum. Therefore, we can use the mathematical
apparatus of analytical local optimization..

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

— the algebraic polynomial Y, = f,(X,, X,, X)) is differ-
entiated by X, and equated to zero by determining the
extreme of the function Y, by X;

— solve the functions Y, = £,(X,, X,, X;) and Y, = (X,
X,, X,) for X, = opt and perform local optimization.
1) Analytical optimization involves the following se-

quence of actions:

We determine the value of the local extreme of the
function Y, by X,

9Y,/0X, = 0.9 — 1.0X,= 0~ X, = 0.09

2) We calculate the value of the natural value of the
resin consumption (corresponding to the possible obtain-
ing of the maximum compressive strength of the poly-
hypse) using the factor decoding formula:

X,=X,+AX,+09=13+3-0.9=157%

3) We calculate mathematical models (polynomials)
for the optimized value of the factor X, = 0.9:
- For compressive strength:

Y, =73+ 14X +8X, +4X X,
- For the softening factor:
Y,=0.89 +0.03X, + 0.07X, + 0.04X X,

The introduction of polymer additives (polycondensa-
tion resins) into the mixture leads to the fact that gypsum
during hydration creates a framework of crystalline ag-
gregates of bi-hydrate, and the resin, when cured, forms
a continuous polymer matrix. The pores in the plaster
body are filled with a vitreous substance. The perme-
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Fig. 1. Structure of gypsum stone: a — without additives; b — structure of modified gypsum stone

ability of the material to liquid moisture is significantly
reduced. The resulting protective screen of a polymer film
around the gypsum crystals prevents water from reaching
the highly soluble calcium sulfate.

The photos taken at a 2400-fold magnification on
a raster electron microscope (Fig. 1) show that the ma-
terial structure is a polymer grid, which is a continuous
phase located in a three-dimensional skeleton of crystal-
lized gypsum. Accretions of hydrate neoplasms, lamellar
in structure, permeate the polymer blocks. In the pores
there is a crystallization of small gypsum crystals of pris-
matic and needle shape.

When the age of the samples increases, there are no
significant changes in the characteristics of the composite.
The increase in strength over time can be explained by
the continued polymerization of the resin. The degree of
polymerization of the resin in the presence of a hardener
under natural conditions is almost the same as during
heat treatment.

The introduction of carbon nanosystems changes the
structure of gypsum crystals, as well as the phase com-
position, in the direction of increasing the content of
calcium sulfate dehydrate. The morphology of the crystals
is transformed from lamellar to diamond-shaped with
a denser packing of the crystals, while there is a decrease
in the defects of the crystals themselves. The use of modi-
fying additives in the form of carbon nanosystems in the
preparation of a fluorohydrite composition makes it pos-
sible to increase the physical and mechanical properties
of products based on it, to improve the thermophysical
characteristics of the composition by reducing its thermal
conductivity. It is noted that the introduction of carbon
nanosystems into porous fluorohydrite compositions re-

sults in the activation of anhydrite hydration, increases the
strength of the compositions, and improves the uniformity
and stability of the pores [9].

The anisotropy and high mechanical and thermo-
dynamic stability of the shape of most fulleroids deter-
mine the stability of their properties. The very large sizes
compared to ordinary organic molecules determine their
ability to transform into abnormally large dipoles in ex-
ternal fields. The induced dipole moment, for example,
of nanotubes, can reach several thousand Debye. It is
logical to consider fullerides as a potential tool for modify-
ing interphase boundaries in a wide variety of condensed
media, and with small amounts of nanomodifiers, which
is confirmed in practice.

The strength of kop — modified gypsum stone under
compression and bending during 80 days of storage in the
air increases by 30% and 25%, respectively. The com-
pressive strength is 60 MPa, and the bending strength is
12 MPa. The samples can withstand 150 cycles of alternat-
ing freezing and thawing. The vapor permeability of the
gypsum polymer is 0.092 mg/(m-h-Pa).

CONCLUSIONS

The expansion of the areas of application of gypsum-
containing materials is due, on the one hand, to the re-
quirements of the construction products market, and,
on the other hand, to the capabilities of gypsum itself,
which are currently still not fully implemented in modern
technologies.

The existing experience shows the possibility of using
gypsum-containing systems on the facades of buildings,
which makes it necessary to increase the frost resistance
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and moisture resistance of gypsum canvas to the level re- can be realized through the use of water-soluble polymers
quired for materials used in contact with the environment. that harden in the body of gypsum stone, mineral addi-
A significant role for the realization of such properties  tives of the micro-and nanoscale, nanosystems of the ful-
is performed by a complex modification of the gypsum  eroid type. Of particular interest is the possibility of using
binder as the basis of the material. The modifying effect = man-made waste to modify gypsum-containing systems.
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PE3IOME: BBegeHue. [prmMeHeHMe rirnca B CTPOUTENIbHBIX CUCTEMAX, MOABEPraeMbIX aTMOCPEPHbIM BO3LENCTBUAM, MPeAnosaraet
BBefleHne moaudruupyowmnx 4o6aBokK pasnMyHOro Tvmna: NoaNMEPHbIX KOMMO3ULMIA, MUHEPAbHbBIX TOHKO- 1 HAHOAWCNEPCHbIX
KOMMOHEHTOB, KOTOpPble MOTYT ObITh TakXKe NpoAyKTamu Apyrux npov3soacts. Metoabl u matepuanbl. C Lenbio NOBbILLEHNSA
aTMOCHEPOCTONKOCTY FMMCOBOIO KaMHsl, ero MPOYHOCTHbIX XapaKTEPUCTUK U BOAOCTONKOCTY B UCCNIEA0BAHNAX pacCMaTpuBancs
KOMMMIEKCHbIN cnocob moarduKaLmm runcoBoro BsXKyLLero nyTem BBefleHVsl BOAHbIX PaCTBOPOB MONMKOHAEHCALVMOHHbBIX CMOJT,
OTBEPXKAAIOLLMXCS B MaTepurasie I HAHOKOMMOHEHTOB. DKCMEPUMEHT MO OLIEHKE BIVSIHWSA COCTaBa KOMIMIEKCHO MOANGULIMPOBAHHOTO
rmnca Ha ero CBOMCTBa NPOBOAWIICSA HAa OCHOBE MaTPWLibl MOJIHOFO KBafipaTUYHOTO TPeXPaKTOPHOro 3KCcnepumeHTa. Pesynbrarbl.
MPOYHOCTb KOMMIEKCHO MOANGULIMPOBAHHOIO MMMCOBOrO KaMHs NMpW CXaThy 1 nNpuy n3rnbe 3a 80 CyTOK XpaHeHMs Ha BO3ayxe
BO3pacTaeT COOTBETCTBEHHO Ha 30% 1 25%. MpoyHoCTb Npu cxatum coctaBnseT 60 Mla, npu n3rnbe — 12 MIMa. O6pa3ubl Bbi-
aepxuBatoT 150 LUKNIOB NonepemMeHHOro 3aMopaxnBaHua 1 oTTauBaHusA. O6cyKaeHune. BeegeHue B cOCTaB rmrncoBoi cMecu no-
JIMMepPHbIX fOOABOK BefleT K TOMY, UTO FMMNC NP rmapaTaumm co3faeT KapKac U3 KpUCTaIMUecKx CPOCTKOB ABYr1ApaTa, a CMona,
OTBEpPX[asACb, 06pa3yeT HeMpepbIBHYO NONMMEPHYI0 MaTpuly. Monrmeprunc obnajaeT CBONCTBOM YBEIMUYMBATbL MPOYHOCTb BO
BPEMEHN 3a CYET NPOLOIKALENCA NOIMMepM3aLny cMosbl. 3akntoueHue. MNonyyeH aTMOCPepOoCTOMKNIA TMNCocomepKaLluii
MaTepwuan. icnonb3oBaHme TEXHOreHHbIX OTXOA0B NMO3BOMIAET peLlaTh 3a4avy UX YyTUAM3aUum, YTo onpeaenaeT CHUKeHMe oTpuLa-
TeNIbHOW Harpy3Ku Ha okpy»atoLlyto cpefly. OcyulecTsieHa anpobaLus MeETOAUKN OLEHKN aTMOCHEPOCTONKOCTM TMMCOBOrO KaMHsl
1, B NepByto oyepesib, MOPO30CTONKOCTH.

KJTIOMEBbIE CJIOBA: runcoBblii KaMeHb, BOLOPACTBOPVIMbIE MONIMMEPDI, TEXHOTEHHble J06aBKYM, HAHOTPYOKNM, BOJOCTONKOCTb,
NPOYHOCTb.

Ona UWATUPOBAHUA: XKykos A.l., BeccoHoB W.B., bo6posa E.l0., fTopbyHoBa 3.A., lemnccu b.A. MaTtepuarnbl Ha OCHOBe Moau-
duumpoBaHHoro runca ana gpacagHbix cuctem // HaHotexHonorum B ctpontenbcTse. — 2021, — Tom 13, N2 3. — C. 144-149. - DOI:
10.15828/2075-8545-2021-13-3-144-149.

BBEJIEHUE LITYKaTypHBIE, IIMAaKJIeBOUHbIC 1 KJI€EBbIe TUTICOBBIC
CMeCH, CTCHOBBIC KAMHM.

B cBs131 ¢ TeHIEHIIMEH pacIIMpeHUsT 00IaCTH TIPH-
MCHEHMS M3ICINI Ha OCHOBE THIICOBBIX BSIKYIIUX

HE TOJIBKO INIPU OTACJIKE BHYTPU HOMC]lIeHI/IfI, HO 1 1Jid

I ] CITIOJIB30BAHMUE TUIICOCOACPKAIIIUX MAaTECPpHUaJIOB
B (.JpaCElI[HI)IX CUCTEMaxX OrpaHMYNBACTCA, B IIEP-
BYIO O4U€pECab, HEBBICOKOU BOIOCTOMKOCTBIO TUIICOBO-

TO KaMHSI, TIPX 9TOM TUIICOBBIC MaTepHUAaIbl ¥ U3IEIIUS
IIIPOKO MCIIOIB3YIOT TIPU OTAEIOYHBIX paboTax BHYTPH
THoMeIIeHuit. IS 9TOM 1Ie I TPUMEHSTFOTCSI TUTICOKap-
TOHHBIC WA TUIICOBOJIOKHUCTHIC JIUCTHI, M3IEIIS JICTI-
HOTO JIeKOpa, HAJIMBHBIC TTOJIBI, Pa3HOOOpAa3HEBIC CYXHUE

dacamoB CTPOSIIIIUXCS W PEKOHCTPYUPYEMBIX 3MaHUI
chopMHUPOBAIOCHh HECKOJIBKO HaITpaBICHUI MCCIe-
moBaHWI. Bo-miepBhIX, 3TO M3ydeHNE BO3MOXHOCTH
HCITOJIb30BAaHUS Pa3IMIYHBIX MUHEPAJTBHBIX T00aBOK,
a TaKKe MPUMEHEHMST TeXHOTEHHBIX TUTICOCOIEPKAIIIIX
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MPOOYKTOB, (DOPMUPYIOIINX IMOBHIIIICHHYIO CTONKOCTD
TUIICOBOTO KaMHSI K aTMOC(HEPHBIM BO3ICHCTBUSIM.
MHorue nccienoBaTeNn IIpeaiararoT T0CTUTATh T10-
BBIIIICHUST BOOOCTOMKOCTH TUTICOBOTO KaMHSI 3a CUET
MOIU(UKAIINN BSOKYIIETO KOMIIOHEHTA MTYIIIIOJIAHAMH,
B 9YaCTHOCTH, OBITM pa3pabO0TaHBI TUTICOLIEMEHTHOITYII-
nonaHoBbie (I'LIITB) n ruriconmiakoeMeHTHOITYIIIIO-
sgaHoBblie (I'ITITIB); TexHOMOTUM KOMITO3ULIMOHHOTO
(KI'B) 1 BOIOCTOMKOIO TUTICOBOTO BSDKYIIETO HU3KOM
BomonorpedoHoctn (BITBHB) [1—3]. Bo-BTOpEHIX, 3TO
pa3paboTKa HAYIHBIX OCHOB HAIlpaBJICHHOTO (hOpMU-
POBaHUS CTPYKTYPHI U CBOMCTB aHTUAPUTOBBIX THIICO-
BBIX KOMIIO3UIWIT M KaMHS IO IeCTBUEM MUKPO-,
yIbTpa- U HAHOOWUCIIEPCHBIX CUCTEM. B-TpeTbux, 3TO
WCCIIeIOBaHYsI, HAIIpaBJICHHBIC Ha TIOBEPXHOCTHYIO MU
00beMHYI0 THAPO(GOOU3ALIIO TUIICOBOIO KaMHsI [4—6].

Kpyr TeXHOTeHHBIX TUTICOCOACPKAIINX MaTePHAJIOB
MOCTAaTOYHO IIMPOK, HO HANOOIBIINIA 00BEM UCCIICH0-
BaHUI mpoBoauics no ¢gocdorurncy u ero Mmoguduka-
nusM. Pa3paboraHbl sHeprocoeperaromne TeXHOIOT I
nepepaboTku pocomuruapaTta u Gocdorroayruapara,
a TaKXKe CITOCOOBI €T0 MIPUMEHEHMS B CTCHOBEIX KOH-
CTPYKIUSAX, JISTTHBIX TeKOPATUBHBIX COCTaBaX M3 THII-
Ca 1 OTAEJIOYHBIX COCTAaBaX MCKYCCTBEHHBIX MPaMOPOB
Ha OpTaHUYECKUX KpacuTessix [7, 8].

M3yuanack Tak:ke BO3MOXHOCTh IIPUMEHEHUS pa3-
JIMYHBIX MUHEPAJIbHBIX TEXHOTCHHBIX TOOABOK Ha CBOI-
CTBa TUTICOBOTO BsikyIero [9, 10], BO3MOXHOCTb HC-
MOJb30BAHUS TOJIBIX CTEKIITHHBIX MUKpocdhep s
TOJIyIeHHST 00JIETICHHOTO THIICOBOTO MaTepHaa JUIst
pecTaBpallMOHHBIX paboT [11], a Tak:ke BO3MOXKHOCTb
MOIUGMUIINPOBAHUS aHTUAPUTOBBIX W TUTICOBBIX KOM-
TO3UIINIA CBEPXMEIKO3ePHUCTEIMU TeXHOTCHHBIMU JI0-
6aBkamu [12].

YraeponHble HAHOTPYOKM U (PyJIJIepeHBI TTIePCHeK-
TUBHBI KaK ¢ TOYKU 3pCHUS NX NCITOTb30BaHUS B Kaue-
CTBe LIEHTPOB KPUCTAJUTN3AIINH, TaK M B KAYECTBE 00b-
€KTOB, M3MCHSIIOIINX HaIpaBJICHNE U CKOPOCTh (pU3M-
KO-XMMUYECKUX IIPOILIECCOB B TBEPACIOIINX MaTeprajIax
[13, 14]. HanoyriepomHble CTPYKTYPhI, MCIOIb3yeMbIe
IUIST MOTU(DUKAITAY TUTICOBOTO BSIKYIIIETO, MOTYT OBITH
OTXOHAMM APYTUX IIPOU3BOICTB, B YACTHOCTH, MOXKET
OBITH MICITOJIH30BaHA YJIBTAANCIICPCHAS TTBUTh TOMEHHBIX
neueii [15, 16].

BBeneHHbIE B paCTBOPHYIO CMECh HAHOTPYOKM ap-
MUPYIOT THIICOBBIN KaMeHb. C TOUYKM 3peHUST 30paBO-
IO CMBICJIa, TAKOW MPOLCHT apMUPOBAHUS KaXeTCs
SIBHO HEIOCTAaTOYHBIM, YTOOBI CYIIIECTBEHHO TTOBIIHSITH
Ha TIPOYHOCTHBIC XapaKTepUCTUKHU. TeM He MeHee, CTOM-
Kuii 3 eKT IprcyTcTByeT, HO BOZHUKACT OH HE 3a CUeT
HEITOCPEICTBEHHOTO apMUPOBAHMSI, KOTOPOE IEeUCTBHU-
TEJIPHO HMUYTOXHO, a 32 CYET HAIIPaBICHHOTO PETYINPO-
BaHMSI KPUCTAJUTM3AIIMOHHBIX IIporeccoB. HaHoTpy6-
KU BeAyT ceOsI B TUTICOBOM PacTBOPE KaK «3apOHBIIIII»
KPHUCTAJUIOB: pa3pacTasiCh, KPUCTAJLUIBI IIepeIUIeTaloTCs,

YaCTUYHO MPOPACTAIOT APYT B Ipyra U o0pa3yloT mpo-
CTPAHCTBEHHYIO CE€Th, MPOHU3BIBAIONIYIO 1 CBSI3bIBAIO-
IIYIO B AMHOE 11eJI0€ BeCh TUTICOBBIN KaMeHb [17, 18].

[ToBBICHUTB BOIO- U aTMOC(EPOCTOMKOCTH TUTICOBOTO
KaMHS$ MOXHO 3a CUeT ero 00beMHOM UM MTOBEPXHOCT-
Holi runpodoodbuzanuu. [loBepxHocTHast oOpadboTKa
ruapodobuzaTopaMu UMEET CBOMCTBO TEPSITH CBOIO
5 HEKTUBHOCTDL CO BpeMeHeM, U IS 60JIee TIPOmOII-
KUTEJbHOTO UCMOJIb30BAaHUS U3NEIUIN €€ HEOOXOIUMO
MepUoINYeCKU MOBTOPAITh. [leprnoanuyHOCTh 00paboTKU
ruapododbuzaTopaMu 3aBUCUT OT YCJIOBUM dKCILTyaTa-
LU U3OEITUNA.

O06BeMHYIO TUAPO(DOOU3ALINIO OCYIIECTBIISIOT BBEIE-
HUEM Pa3IMYHbIX TTOJMMEPOB B BUE BOAHBIX PACTBOPOB
WJIM SMYJIbCUI, B TOM YMCJIE aMUHOAIBAETUIHBIX CMOJI
C MOHOMEpaMU HeJIMHEHHOro Buaa (MeJaMHUH, pe30p-
MH, 6eH30TyaHaMiH). CMOJIBI 3TOTO BUIA OTHOCSITCS
K MOJIMKOH/IEHCALIMOHHBIM, T.€. [IPU OTBEPXKIECHUHU TTPO-
KWCXOAUT BbIICIEHUE HU3KOMOJIEKYJISIPHBIX TPOIYKTOB,
B YaCTHOCTHU, BOABI. JIJ1sI XUMUYECKOTO CBSI3bIBAHUSI BbI-
JIeJISIIoLIecsl BOAbI B COCTaB KOMITO3UIIMY BBOAMJIACH
CTPYKTypupylollas 1o0aBKa Ha OCHOBE MOJUU30L1A-
HaToB [19-21].

C yJeToM MMEIOIIETOCS OIbITa B UCCIICIOBAHUSIX PAC-
cMaTpuBaeTCs KOMIUIEKCHBIN cTocod MoaudUKauu
TUIICOBOTO BSIXKYIIETO MyTEM BBEIEHUS BOIHBIX pPACTBO-
POB MOJMKOHAEHCAIIMOHHBIX CMOJI, OTBEPXKIAIOIIX-
cs B MaTepualie, I HAHOKOMITOHEHTOB. OTMETHM, UTO
MpUMEHEeHUE U3 Ha OCHOBE MOAU(ULIMPOBAHHO-
TO TUIICOBOTO BSIXKYILETO B (pacamHbIX CUCTEMax Hemo-
CPENCTBEHHO CBS3aHO C pa3pabOTKON METOIMKM OLIEHKH
aTMOC(EepOCTONKOCTU TUIICOBOTO KaMH$I, 1, B TIEPBYIO
oyepeib, MOPO30CTOMKOCTH.

METO/bI 1 MATEPHAJIBI

B skcniepmMeHTe MCITOIb30BaIN TUTICOBOE BSLKYIIEE
mapok ['7...I'10, memaMuHO(MOPMATLIETUIHYIO CMOIY,
VIJIepOOHBIC KIIaCTephl (HAHOTPYOKHM). YTIepOIHbIC KiIa-
CTEpHI TIPEICTABIISIIOT COOOIH ITOJIBIC TPYOKM M3 OMTHOTO
WA HECKOJIBKHUX CJI0OeB aTOMOB yriiepona. OHM UMEIOT
IHUaMeTp OT OMHOTO JO HECKOJIBKMX HAHOMETPOB U IUTH-
HY OT HECKOJIbKUX TUAMETPOB 10 HECKOJIBKIX MUKPO-
HOB, OHU, TIO CYTH, SIBJISTIOTCSI TIOJIBIMU BOJIOKHAMH.

OlLIeHKa BJIMSHUS COCTaBa KOMIUICKCHO MOIU(DUIIN-
POBAaHHOTO T'MIICa Ha €TO CBOMCTBA IIPOBEIcHA HAa OCHOBE
MAaTPUIIBI TOJTHOTO KBAaAPaTUIHOTO TPpeX(pPaKTOPHOTO
sKcrepuMeHTa. [ToxydeHHBIC ypaBHEHUST PETPECCUN
IIPOBEPSIIN TI0 BCEM CTATUCTUIECKIM THITOTE3aM 1 OCY-
LLIECTBJISLIM TIPOBEPKY aeKBATHOCTU MOJEJIel M0 KpU-
tepuio Duirepa.

B skcriepuMeHTe B KauecTBEe BapbPYyeMBIX (PaKTOpOB
HPUMHATBI IIPOYHOCT TMIICOBOTO BSXKYIIETO (X ), pacXof
MeaaMUHO(GOPMaIbISTUIHOM CMOJIbI (Xz) U pacxoj Ha-
Homo6aBKu (X,). B KauecTBe (DYHKIIMK OTKIIMKA TPUHSATA
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Tabauya 1
NuTtepsassi BapbupoBanus (h)aKTOPOB

Cpennee 3HaYeHHE Hurepnan Juaienust aropa
HawnmenoBanue dakropa Cumson X, dakropa, X, papsupoaims, AX, lﬂa YPOBHHX+1
ITpounocts rurica, MIla X, 6 1 5 7
Pacxon cmousl, % X, 13 3 10 16
Pacxon Hanono6asku, % X, 0,04 0,01 0,03 0,05

TIPOYHOCTH TUTICOBOTO KaMHSI Yepe3 7 CYTOK TBEPICHUS
00pastos (Y)), a B Ka4ecTBe MapaMeTpa ONTUMHU3ALMI —
K03(pOUIIMEHT pa3MsITIeHUST 00pa3II0B TUIICOBOTO KaM-
HS TI0 pe3yJIbTaTaM KJIMMAaTUYECKUX UCTIbITaHui (Y,).
YcnoBus aKCriepuMeHTa MpuBeIeHbI B Ta0I. 1.

Hapsimy ¢ mpoBeneHeM UCITBITAHIIT MOPO30CTOMKO-
CTHU Ha 00pa3iax-KyOnKax NCCIICIOBANCH ITOCICACTBIUS
OUKINICCKUX KIIMMATHICCKIX BO3NCHCTBHIIT HAa CaMMX
manenuax. LMK uceITaHnil 3aKIIF09aeTcsl B TOM, UYTO
OoIHa M3 CTOPOH (hparMeHTa ObLJIa HaIIpaBJieHA B XO-
JIOOHYIO 30HY KaMephl ¢ TeMmIieparypoii —18°C, a BTO-
pas — B TCIUIYIO 30HY C TeMIteparypoii +18°C. B Teue-
HIE 2-X 9aCOB CTOPOHA, HAIIpaBJICHHAS B TCILIYIO 30HY,
MOKET ITOABEPraThCs YABTPA(hHOICTOBOMY OOJIYICHUIO,
CJICIYTOIIME 2 Yaca OpoIIacTCsT BOOOI TaKMM 00pa3oM,
YTOOBI TIPH TIOBOPOTE 3aMOPAXKMBAHUIO TTOIBEpTraaach
yBJIaXKHEHHAasI TOBEPXHOCTh 00pa3ua. [1oBopoT 000iiMbl,
a CJIeIOBaTeIbHO, UCTIBITYEeMBIX (DparMEHTOB OCYIIECT-
BIISICTCST Uepe3 KaKable 4 Jaca.

PE3YJIbTATbI

MareMatrdyeckast 00paboTKa pe3yIbTaTOB SKCIIEPH-
MEHTA I03BOJIMJIA TIOJTYIUTh YPaBHEHUS PETPECCUM TSI
MPOYHOCTH TIPU CXKaTHK 00pasLoB rurcononmepa (Y,)
u ero koo duumenTa pasmardenus (Y,). 3Ha4uUMOCTh
K03 PUIMEHTa TTPOBEPSIACh IO TOBEPUTEIBHBIM MH-
TepBajlaM, COOTBETCTBCHHO JOBEPUTEIBHBIN MHTEPBAJ
a1 mpoyHocTH cocrasui Ab, = 0,01 MIla, a koaddu-
ureHTa pasmardenus Ab, = 0,04.

[MoxydeHHI cleayolne MaTeMaTHIeCKIE MOICITN
(TTOTMHOMBI)

«  JUISI TIPOYHOCTH TP CKATUUI

VY, =64+ 14X + 9X, + 8X, + 4X X, + 2X X,

« s Koo duleHTa pa3MIrdeHusI:
V,=0,84+0,03X, + 0,09, + 0,07X, + 0,04X, X, — 0,05X,2
[TosryyeHHBIE MOAEIN TPOBEPEHBI HA AIEKBATHOCTU

o kputepuio Puinepa. PacueTHble 3HAUSHUST KPUTEPU -

eB Purepa paBHBI U] MOIEIN IIPOYHOCTH TIPU CKATUN
F, = 15,2 v nna Mmonenu KoshduimeHTa pasMAryeHus

F,=15,7. TabnuuHble Xe 3HAYEHUS KPUTEPUEB, COOT-
BETCTBeHHO, paBHHI 19,2 n 19,3. PaccuntaHHbIe 3HaUe-
HUSA F-XpuTepust He MPEeBHIIAIOT TAOJIMIHOTO, U C CO-
OTBETCTBYIOIIIEH JOBEPUTEIbHOI BEPOSITHOCTHIO (98%)
MOJIEITh MOXHO CUMTATh afeKBATHOM. DTOT (PakT OymeT
VUTCH MPU aHATUTUICCKON ONTUMMU3ALINA MaTeMaTH-
YEeCKUX MOJIEJICH.

OBCYXJIEHUNE

Ananus kospdunmeHTos ypaBuenus Y, = f, (X, X,,
X,) TIOKa3bIBaeT, YTO MPOYHOCTH KOMITO3ULIMOHHOTO
MOIUGUIINPOBAHHOTO BSIKYIIETO YBEIMUNBACTCS TIPH
ITOBBIICHUHM TIPOYHOCTH KaMHSI 0e3 M100aBOK (MapKu
TUIICA), PACXOI0B CMOJIBI 1 HAHOKOMITOHETa Ha MHTEp-
BaJIaX, TIPUHSITHIX B 9KCIICPUMEHTE (ITOJIOKUTCITLHBIC
Koaduiments ipu X,, X, X,).

Ananu3 kosdunmentos ypasaenus Y, = f,(X|, X,,
X,) MOKa3bIBAET, YTO HAMOOJIbIIIEE BIMSAHNE HA KOI(D-
GUIIMEHT pa3MsITYCHUS OKa3bIBAIOT YBEIMUCHUE pac-
X0Jla CMOJIbI 1 HaHOM00aBKU. [Tpu 3TOM Tpu GOILIINX
pacxomax CMOJIBI pOCT IPOYHOCTH 3aMemIsgeTcs (Koad-
(bunyeHt npu X,?), 4TO MOXET ObITh OOBCHEHO Orpa-
HUYCHUEM JOCTYIIAa K peaKIIMOHHBIM ITOBEPXHOCTSIM.

YcTaHOBIICHBI 3HAUMMBIC 3(D(EKTHI ITAPHBIX B3aTMO-
JercTBuii (1Mo MPOYHOCTU M KOA(PPULIMEHTY pa3msrye-
Hus 1ipu X X, ¥ 110 IpodHOCTH 1ipu X, X,), YTO MO3BOJISAET
MIPEITOIOXUTh HAIMINE CMHEePTeTHICCKIX 3(PDHEKTOB
BIIVISTHUSI pacXofla CMOJIbI M1 HAHOMOOAaBKM Ha TIPOYHOCTH
1 K03(POULMEHT pa3MITICHUS TUTICOBOTO KaMHS TP
€ro KOMITJICKCHOM MOI(bUKAITNH.

@Oynkuma ¥, =£(X, X,, X,) (110 cBoeii CyTH ABIsAI0-
masicst GyHKIIME HeCKOIbKIX MePEMEHHBIX) TI0 OMHOMN
U3 3TUX TIEPEMEHHBIX, 110 Pacxoay cMoubl (X,), umeer
JIOKAJIBHBIHN 3KCTpeMyM. [103TOMY MBI MOXKEM BOCITOJTb-
30BaThCSI MATEMATUIECKIM aIlllapaToM aHaTUTIICCKOMN
JIOKAJTbHOM ONTUMU3ALINH.

AHaTMTIYeCKasi ONTHUMM3ALINS OCHOBaHA HAa TOM, UTO
(GyHKUMKU 171 TPOYHOCTH M tioTHocTH Y| = f(X,, X,,
X)nV,=f(X,X,, X,) — MaTeMaTUYeCKKE, U K HUM J10-
IIyCTHMO TTPUMEHEHNE METOIOB MaTeMaTUIECKOTO aHa-
JIM3a TIPH YCIIOBUH, YTO He OyIeT HapyIIaThCsl YCIOBUE
aIeKBaTHOCTH. B paccmMarpmBaeMoM cirydae IpUHSITA
clienyioniasi cxema:
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Puc. 1. CrpykTypa runcoBoro Kamusi: a — 6e3 100aBoOK; 6 — CTPyKTypa MOAUMDUIIMPOBAHHOTO TUTICOBOTO KaMHSI

— anrebpanyeckuit momHom Y, = f,(X|, X, X,) mudde-
PEHLIUPYIOT 110 X, ¥ IPUPABHUBAIOT K HYJIIO, OIIPe-
nenss sKetpemyM GyHKuuu Y, mo X.;

— pemator ynkuuun Y, = £ (X, X,, X)) u'V, = f(X,,
X,, X,) mpu X, = opt ¥ OCYILECTBIAIOT JOKAIbHYIO
OTNITUMU3ALIUIO.

AHanuTUYeCKasT OMTUMU3AINS BKITIOYAET CIIEeIYIO-

IIy10 TIOCJIEAOBATETbHOCTD IEUCTBUIA:

1) OmnpenensieM BeJIMYMHY JIOKATBHOTO SKCTPEMyMa

bynkuuu Y mo X,

9Y,/0X,=0,9 — 1,0X, = 0-X,=0,09

2) PaccunthiBaeM BeTMIMHY HATypATbHOTO 3HAYCHUST
pacxo/ia CMOJIBI (COOTBETCTBYIOIIETO BO3MOKHOMY TTOJTY -
YEHWIO MAaKCUMAJIBHOU MPOYHOCTH TIPU CKATUU TIOJTU -
TUTICA), UCTIONB3Ys (popMyITy meKoaupoBaHus hakTopa:

X,=X,+AX,:0,9=13+3.09=15,7%

3) PaccuuThiBaeM MateMaTuiecKue MOAEIU (TTOIH-
HOMBI) JJIsI ONITUMU3UPOBAHHOTO 3HAUYeHUS (hakTopa

X,=0.9:
+ JUISI IPOYHOCTHU MPU CKATUMU:
Y, =73+ 14X, + 8X,+4X X,
« Ui KO3 dULMEHTA pa3MITYeHUS:

V,= 0,89 + 0,03X, + 0,07X, + 0,04X X,

BBeneHue B coctaB cMecu ITOJINMMCPHBIX 100aBOK
(HOJ'H/IKOH,I[CHC&I_[I/IOHHLIX CMOJ'[) BCOCT K TOMY, YTO T'IIC

MPU TUAPATALIAU CO3[AET KapKac U3 KPUCTALTAYECKUX
CPOCTKOB IByTUAPATa, a CMOJIa, OTBEPXKIASICh, O0Opa3yeT
HETNPEPBIBHYIO MOJUMEPHYIO MaTpully. [1opbl B rurico-
BOM TeJi€ 3aMOJHSAIOTCS CTEKJIOBUIHOU CyOCTaHIIUEN.
I[IpoHunaeMocTh MaTepuana sl XKUAKOW BJIaru cy-
IIECTBEHHO TTOHMXaeTcst. OOpasyronuniics 3aluTHHIN
5KpaH U3 MOJUMEPHON IUIEHKU BOKPYT KPUCTAJIIOB
TUTICA TIPETSITCTBYET NJOCTYMY BOABI K 00JaalolIeMy
BBICOKOU PACTBOPUMOCTBIO CyIb(aTy KalbIIusl.

Ha dororpadusix, cnenraHHBIX TIpU YBETUUYECHUUN
Ha PacTpPOBOM 3JIEKTPOHHOM MUKpockore B 2400 pa3
(puc. 1), BUIHO, YTO CTPYKTypa MaTepuasa MpencTapsieT
c00011 ceTKy nmoaumepa, KOTopasi SIBJIsIeTCS HEMTPEPhIB-
HO1 (ha3oil, pacTONIOKEHHOU B TPEXMEPHOM CKeJleTe
3aKpUCTAIIIN30BAaHHOTO Ttutica. CpoCTKYU TUAPATHBIX
HOBOOOpPa30BaHUM, IJIACTUHYATHIX IO CTPYKTYPE, MPO-
HU3BIBAIOT 010KM nonuMepa. B mopax unet kpucra-
JIN3aLUS MEJIKAX KPUCTAJUIOB TUTICA MPU3MATUYECKON
U UTOJTHYATOUN (hOPMBI.

[Ipu yBenmueHnn Bo3pacta 06pa3iioB CYIIECTBEHHBIX
U3MEHEHUH B XapaKTEePUCTUKAX KOMITO3UTA HE TTPOUC-
xomuT. [1IprpocT mMpoYHOCTH BO BpEMEHU MOXKHO 00b-
SICHATB TTPOAOJIKAIOLIECS MoJIMMepU3alueid CMOJIBI.
CreneHb TOMMMEPU3AIINY CMOJTBI B TIPUCYTCTBUU OTBEP-
JIATEJISI B €CTECTBEHHBIX YCIIOBUSIX TPAKTUYECKU Ta XK€,
YTO U TIpU TepMOOOpabOTKE.

BBeneHue yrinepoIHbIX HAHOCUCTEM MEHSIET CTPYK-
TYpY KPUCTAJUIOB TUIICA, a TakXkKe (Da30BbIil COCTAB B CTO-
POHY YBEJTWYEHMUS COMep>KaHuUs ABYTUIpaTa cyibdaTa
Kasbiusi. Mopdosorust KpUCTajijioB U3 TJIACTUHIATON
TpaHchopMUpyeTcs B pOMOOBUIHYIO € O0JIee MIIOTHOM
YIAKOBKOW KPUCTAJJIOB, TIPU 3TOM OTMEUYAETCH YMEHb-
meHue 1eeKTHOCTA caMUX KpUCTayuioB. Mcronb3oBa-
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HUEe MOAUMDULIMPYIOLINX 100aBOK B BUIE YIIEPOTHBIX
HAHOCHUCTEM IIPU IIPUTOTOBIEHUU (PTOPAHTUIAPUTOBOIM
KOMITO3UIINHU TT03BOJISICT IMOBBICUTHh (DM3UKO-MEXaH! -
YyeCKuUe CBOMCTBA U3IE/INil Ha e€ OCHOBE, YIYYIIUTh Te-
w10hU3NYeCKIe XapaKTePUCTUKI KOMIIO3ULIMU 32 CUET
CHIDKEHUS e€ TeIUIoNpoBOAHOCTU. OTMEUEHO, UTO MIPU
BBEIECHUU YIJIEPOAHBIX HAHOCUCTEM B IIOPU30BAHHBIE
(bTOpaHrUAPUTOBBIC KOMIIO3ULIMN JOCTUIAETCS aKTHUBA -
LIS TUAPATALMY aHTUAPKUTA, IIPOUCXOIUT MOBBILICHKE
MPOYHOCTU KOMITO3ULIUH, YIydlIeHUEe OOHOPOIHOCTH
¥ CTaOMIBLHOCTH TIOp [9].

AHM30TPOIKS U BbICOKAsE MEXaHUUYECKast U TEPMO-
JMHAMUYECKasl YCTOMYUBOCTb (hOPMBI OOJIBIIMHCTBA
(bynneponaoB onpenesioT CTabUIbHOCTh UX CBOMCTB.
Becbma 3HaYMTEIbHBIE [0 CPABHEHUIO C OOBIYHBIMU
OpPraHMYEeCKMMU MOJIEKYJIaMK pa3Mepbl IpeIoIpeie-
JISIIOT UX CIIOCOOHOCTH IIpeBpaIlaThCs BO BHELIHUX
MOJISIX B aHOMaJIbHO OoJiblliKe AuIojin. HaBeneHHbIi
JIUTOJbHBIA MOMEHT, HAIIpUMEDP, HAHOTPYOOK MOKET
JOCTUTaTh HECKOJIbKO ThICSY Aebaii. JlormuHo paccMa-
TpUBaTh GYJIEPOUIbl KAK OTEHIUAIbHBIIA NHCTPY-
MEHT IJ1s1 MOIU(UKALIMY MeK(a3HbIX TPAHUL] B CAMBIX
pasIMYHbBIX KOHAEHCUPOBAHHBIX Cpenax, IIpuyeM Ipu
MaJlbIX KOJIMYECTBAX HAHOMOAU(HUKATOPOB, YTO MO/ -
TBEPXKIAETCS Ha IMPAKTUKE.

[IpoYyHOCTb KOIJIECHO MOAM(PULIMPOBAHHOTO TUII-
COBOI0O KaMHSI IPU CXAaTUU U npu u3rube 3a 80 cyTok
XpaHEHUsI Ha BO3IyXe BO3pacTaeT COOTBETCTBEHHO
Ha 30% u 25%. [1poYHOCTH IPU CKATHU COCTABJISIET

CIIUCOK JINTEPATYPbI

60 MIla, iput nzruoe — 12 MITa. OGpasiibl BeIIEpKIBa-
10T 150 LIMKJIOB OIIEPEMEHHOTO 3aMOPAXKUBAHUS U OT-
tauBaHus. [TaporpoHMIIaeMOCTb TMIICOIIOIMMEDPA paBHA
0,092 mr/(M-u-ITa).

3AKJTIOYEHHME (BBIBO/IbI)

Pacmmpenue obacteil IpruMeHEHMST TUIICOCOAEP-
JKaIIuX MaTepUaaIoB OOYCIIOBICHO, C OTHOM CTOPOHEI,
TpeOOBaHUSIMU PBIHKA CTPOMTEILHOW MPOIYKIIUM,
a ¢ Ipyroif CTOPOHBI, BO3MOXHOCTSIMI CaMOTO THIICAa,
B HACTOSIIICE BPEeMsI eIlle HEITOJHO peaM30BaHHBIMU
B COBPEMEHHBIX TEXHOJIOTHSIX.

Cy11ecTBYOIINI OTBIT CBUNECTETLCTBYET O BOZMOX-
HOCTH IIPUMEHEHUSI TUTICOCOACPKAIIMX CUCTEM Ha ha-
cagax 3mMaHWiA, 9TO IeJacT HeOOXOMMMBIM OBBIIIICHIE
MOPO30CTOMKOCTH U BJIATOCTOMKOCTH THTICOBOTO KaMHSI
IO YPOBHSI, TIPEIBSIBIISIEMOTO K MaTeprajiaM, NCIIOIb3Y-
e€MBIM B KOHTAaKTe ¢ OKpyKaroleit cpenoii. CyliecTBeH-
HYIO pOJIb IIJIST peaTu3allui TAKUX CBOMCTB BHITIOTHSICT
KOMITICKCHAST MOTM(UKAIIMS TUTICOBOTO BSDKYIIIETO KaK
OCHOBHI MaTepuraja. Monudumpyioliee Bo3AeiiCTBIE
MOXKET peaJM30BBIBATLCS 3a CUET IPUMEHCHUS BOIO-
pPacCTBOPUMBIX ITOJIMMEPOB, OTBEPKIAIOIINXCS B TeJIe
TMIICOBOTO KaMHSI, MIHEPaIbHBIX T0OABOK MUKPO- 1 Ha-
HOYpPOBHS, HaHOCHUCTeM (pyneponmHoro Tuia. Ocoboit
WHTEPEC MPEICTABISICT BO3MOXHOCTD MCITOIb30BaHUS
TeXHOTEHHBIX OTXOMOB IJIsI MOOU(UKAIINN THIICOCO-
IepKaIiX CUCTEM.
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ABSTRACT: Introduction. The most effective binding agents in wood-polymer composites based on polyvinyl chloride are carbon-
containing nanostructures, which improve the electrical, physical-mechanical, rheological properties, as well as the structure and
durability of the composites. Their main disadvantage is a high degree of particle aggregation, which makes it difficult to mix and
process them in polymer compositions. In this regard, an urgent task is to search for such carbon nanomodifiers that would have
a low degree of aggregation and low cost. Methods and materials. The paper studies the effectiveness of mechanically activated
petroleum cokes as binding agents in building wood-polymer composites based on polyvinyl chloride. Mechanical activation leads
to the functionalization of carbon particles of coke with the formation of oxygen-containing groups on the surface. The effect of
various amounts of coke (up to 10% of the mass of wood flour) is considered and the relationship between the nature of coke and
their concentration in the polymer compositions with the main technological (melt flow) and operational (tensile and bending
strength, high elasticity modulus, hardness, water absorption and thermal stability) indicators and supramolecular structure of wood-
polymer composites has been identified. Results and discussion. With the introduction of cokes, a high degree of orientation of
the supramolecular structures of the composites in the direction of extrusion of the samples is observed, which leads to an increase
in the breaking strength and bending strength, as well as the high elasticity modulus. The optimal concentration of additives was
determined from 0.1 to 5%. In relation to wood flour, the amount of which in the wood-polymer composition is 50 mass parts per
100 mass parts PVC. Conclusion. The introduction of mechanically activated petroleum cokes as binding agents in wood-polymer
composites based on polyvinyl chloride has been carried out. Mechanical activation made it possible to reduce the aggregation of
coke particles into larger agglomerates, which makes it possible to efficiently introduce the nanomodifier in dry form and to exclude
the introduction of nanomodifier in the form of aqueous dispersions, which is a rather energy-intensive production operation.
KEYWORDS: polyvinyl chloride, wood-polymer composite, binding agent, carbon nanostructures.
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INTRODUCTION absorption, uniformity of structure and good combinabil-
ity with other building materials [1].

‘ N Jood-polymer composites (WPC) are modern com- As a polymer in WPC, polyethylene (PE), polypro-

posite materials obtained by combining thermo-
plastic polymers with organic fillers. Of greatest interest
as a filler for WPC is wood flour, which makes it possible
to obtain profile molded products of various functional
purposes in construction. These products are character-
ized by high bioresistance, weather resistance, low water

pylene (PP) and polyvinyl chloride (PVC) are usually
used, however, from the point of view of performance
characteristics for the construction industry, the use of
PVC is most preferable [2—5].

The main way to reduce the cost of WPC products is
to increase the degree of filling of composites (up to and
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more than 50 mass parts). However, this often negatively
affects both technological and operational characteristics,
which is associated with a deterioration in the adhesion
between the filler and the polymer. The most effective way
to increase the degree of interaction between wood flour
and polymer matrix is the use of binding agents. Current-
ly, for polymers, binding agents in the form of nanosized
additives are widely used, mainly having a carbon base,
among which the most effective are carbon nanotubes
and nanosized technical carbon.

The effect of nanotubes on the properties of PVC
composites has been studied rather extensively [6—12].
These researches show in detail the improvement of elec-
trical, physical-mechanical, rheological properties, as
well as the structure and durability of such composites.

Known studies of the effect of nanosized carbon black
on various polymer composites [ 13—18]. However, the ef-
fect of carbon black on the properties of PVC composites
has been little studied; to a greater extent, such studies
were carried out on the basis of polyolefins. In [16], poly-
mer composite materials based on high density polyeth-
ylene and carbon black with a particle size of 20—35 nm
were obtained. Optimal improvement in properties (ten-
sile strength, fracture strain, melt yield point, electrical
conductivity) was observed in the range of 12—18%.

Compositions based on polyethylene filled with fuller-
ene-containing technical carbon were studied in [18].
Fullerenes of the C,—C, group were contained in the
filler in an amount of 10% of the mass. It was found that
the introduction of fullerene-containing carbon up to
1.5 mass parts significantly increases the tensile strength
(by 1.5 times), but at the same time, the melt flow index
decreases, which negatively affects the processability of
the compositions.

There are two main hypotheses [19] to explain the effect
of material enhancement upon the introduction of carbon
black. According to one of them, this effect is explained by
the presence of van der Waals forces of interaction between
carbon atoms in the particles of the modifier and polymer
chains; another hypothesis assumes interphase interac-
tion due to the presence of free radicals on the surface of
technical carbon particles capable of initiating the process
of chemical crosslinking at the interface.

As is known, the main disadvantage of nanosized ad-
ditives is their high tendency to aggregation, due to which
it is difficult to achieve their uniform distribution in the
volume of the polymer composite. To solve this problem,
nanoadditives are distributed in various media-carriers,
preventing their adhesion [20—22]. However, the addi-
tional distribution of nanostructures in media — carriers
leads to an even greater rise in the cost of already ex-
pensive nanoadditives, to the introduction of additional
equipment into the production technology.

Another way to prevent aggregation of nanostructures
is the functionalization of their surface, which has already

shown its effectiveness in comparison with native modi-
fiers [23—26]. The introduction of functionalized nano-
structures does not require the introduction of additional
technological operations, however, this nanoproduct itself
is quite expensive, which is a significant disadvantage for
manufacturers of polymer products and affects the cost
of production.

Thus, an urgent task is to search for such carbon nano-
modifiers that would have a low degree of aggregation,
low cost, and were also supplied in dry powder form to
exclude additional energy-intensive stages in the produc-
tion of WPC composites.

In this work, a mechanically activated product of
petroleum coke processing, which is a finely dispersed
black powder, was used as a nanomodifier. Mechanical
activation is accompanied by the appearance of oxygen-
containing groups on the surface of coke particles, which
impart a negative charge, due to which the Coulomb re-
pulsive forces between charged aggregates increase and,
accordingly, their aggregation into larger agglomerates
is prevented. We used coke with different degrees of
mechanical activation: 1.34 (coke 1) and 0.57 (coke 2).
If they are used in hydrophobic polymer compositions, it
is possible to expect an increase in the interaction at the
phase boundary.

The aim of this work was to study the effect of various
amounts of coke (up to 10 mass parts per 100 mass parts
PVC) on the performance properties of wood-polymer
composites based on PVC and to evaluate its effectiveness
as a binding agent in comparison with previously used
nanoadditives of a carbon structure.

MATERIALS AND METHODS

The compositions included PVC S-7059-M (100 mass
parts), stabilizer-lubricant calcium stearate (3 mass parts),
heat stabilizer dibasic lead stearate (5 mass parts), impact
strength modifier FM-50 (7 mass parts) and coke-modi-
fied wood flour grade 180 (50 mass parts). The introduc-
tion of cokes was carried out by adding and mixing them
in the required amount into a small part of the wood flour
(10% of the required amount), then the concentration of
cokes in the wood flour was gradually reduced by adding
and thoroughly mixing with the rest of the wood flour.

For the study of PVC composites, samples were ob-
tained in the form of films and extrudates. Film samples
were prepared by thermoplastication on laboratory rolls
LB 200 100/100 at a roll temperature of 160-170°C for
4—5 minutes. Each series of samples was prepared simul-
taneously at the same temperature regime and at the same
gap between the rolls ~0.010—0.020 cm.

The extrudates were produced by the extrusion meth-
od on a laboratory twin-screw extruder LabTechScientific
LTE 16—40 with a flat die (2x20 mm) at a temperature
in the forming zone of 210°C and a shaft rotation speed
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Table 1
Test methods for PVC samples
GOST Names of GOST and main characteristics to be determined
14236-81 Polymer films. Tensile test method
11262-2017 Plastics. Tensile test method
4650-2014 Plastics. Methods for determining water absorption
11645-73 Plastics. Method for determining the melt flow rate of thermoplastics
14041-91 Plastics. Determination of the tendency for the release of hydrogen chloride and other
acidic products at high temperatures in compositions and products based on vinyl chloride
homopolymers and copolymers. The kongo method is red
15139-69 Plastics. Methods for determining density (bulk density)
32618-2014 Plastics. Thermomechanical Analysis (TMA)

of 14 rpm for 10-15 minutes. All series of samples were
molded at the same extruder temperature profile.

The particle size distribution of cokes was obtained
on a Horiba LA-950 laser analyzer using ultrasonic treat-
ment.

The study of the microstructure of brittle cleavages
of the extrudates of WP C-compositions was carried out
by high-resolution scanning electron microscopy on an
AURIGA microscope, combined with an IncaEnergy 350
X-Max energy dispersion spectrometer (EDS).

Technological and operational properties of samples of
composites based on PVC were carried out in accordance
with the applicable standards given in Table 1.

RESEARCH RESULTS AND DISCUSSION

The study of the granulometric composition showed
that the average size of agglomerates of coke 1 particles
was 28 um, coke 2—35 um (Fig. 1). The large sizes of ag-
gregates of coke 2 in comparison with aggregates of coke 1
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are due to the fact that the latter has a higher degree of
mechanoactivation, which means that there is a greater
number of oxygen-containing groups on the surface of the
particles, leading to different morphologies of aggregated
coke particles and. It should be noted that the particle size
distribution of coke 2 has a rather pronounced bimodal
character.

The most important property of carbon structures
is the ability to form chain structures. If you look at the
distribution of coke particles with an electron microscope,
you can see a significant difference in the morphology of
the particles of the two cokes (Figure 2).

Fig. 2. Micrographs of coke 1 (a) and coke 2 (b)

Table 2

Nanob%

Agglomerates of coke 2 are lined up in the form of
chains, and coke 1 in the form of dispersed particles of
various sizes from 6 microns to single aggregates up to 100
microns in size. Due to the formation of chain structures,
a higher degree of hardening of the polymer composite
can be expected when they are introduced into the for-
mulation of the polymer composition.

The study of the effect of cokes on the properties of
the obtained WPC was first carried out on film samples,
for which such indicators as tensile strength, melt flow
index (MFI), and thermal stability were determined
(Table 2).

Dependences of strength (a), MFI (b) and thermal stability (c) for PVC film samples

on the concentration of the modifier

Concentra‘t)iif)]r;,l\? LT Tensile strength, M Pa Melt flow rate, g/10 min Thermal stability, min
Coke 1
0 32 0.49 225
0.1 40 0.31 238
0.35 38 0.76 210
1 36 0.47 226
5 31 0.47 240
10 32 0.42 197
Coke 2
0.1 37 0.15 211
0.35 34 0.52 232
1 36 0.82 241
5 35 243 253
10 36 1.41 234
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Table 3
Properties of extruded samples of PYC-WPC
Density, LTI L] Wate‘r Vitrification | Flow point, Hl gh elas-
Sample ke/m? strength, strength, absorption, interval. °C oC ticity modu-
g MPa MPa % ’ lus, N/cm?
Basic 1.156 32 85 1.68 89—125 238 17
0,1% coke 1 1.175 34 86 1.61 94—127 230 26
5% coke 2 1.320 40 94 1.41 87—120 236 28

It can be seen from the data that the extremum of
the tensile strength at break falls on 0.1%. In general, up
to 10% of modifiers, strength indicators remain stably
high. Coke 2 in the amount of 5 and 10% influences the
processability of the compositions to a greater extent,
while a significant decrease in the viscosity of the melts
is observed. Obviously, the chain structure and size of ag-
gregates of coke particles, close to the size of wood flour
fibers, facilitate the processing of the melt. The maximum
thermal stability time also falls on the composition with
5% coke 2.

Based on the results of testing film samples, the fol-
lowing optimal concentrations were selected for further

study: coke 1 — 0.1, and coke 2 — 5% of the mass of wood
flour. Samples for these compositions were made in the
form of extrudates.

The results of a number of operational and physical
properties of the extrudates are shown in table 3.

Indicators (vitrification interval, vitrification and flow
temperatures, high elasticity modulus) were obtained from
the analysis of thermomechanical curves shown in Fig. 3.

Tensile strength increases by 23% with 5% coke 2.
At these concentrations, coke particles apparently pen-
etrate into the interglobular space of PVC macromol-
ecules and wood flour particles, fill the voids and serve as
a compatibilizer for the polymer-filler interface.
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Fig. 3. Thermomechanical curves of PYC-WPC samples (rate of temperature rise 3°C/min,

specific compressive load 1N)
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200 nm

MDC AM

In WPC, in the presence of modifiers, the pour point
decreases in all cases. A decrease in the magnitude of the
highly elastic deformation is observed, and, accordingly,
an increase in the modulus of elasticity.

The water absorption of the samples decreases in the
presence of modifiers, which correlates with the data on
strength and density (Fig. 3c). The water absorption of
the composition with coke 1 is reduced by 17% and for
coke 2 by 20%.

To explain the peculiarities of changes in the prop-
erties of extruded composites upon the introduction of
cokes, the microstructure of the samples was studied.
As shown in Fig. 4 micrographs in the nanometer range
can be seen that for samples with 0.1% coke 1 and 5%
coke 2, a greater degree of orientation of supramolecular
structures in the direction of extrusion is observed as
compared to an unmodified sample (especially in the
presence of coke 2), which also causes a higher tensile
strength.

200 nm S EHT = 5.00 kv
X WD = 9.2 mm

MDC AM

Fig. 4. Micrographs of the surface of a brittle cleavage
of PVC-specimen extrudates:

a — without modifier;

b — with 0.1% coke 1;

¢ — with 5% coke 2 (scale 200 nm)

CONCLUSION

The introduction of mechanically activated petroleum
cokes as binding agents in wood-polymer composites
based on polyvinyl chloride has been carried out. Me-
chanical activation made it possible to reduce the aggre-
gation of coke particles into larger agglomerates, which
makes it possible to effectively introduce the nanomodifier
in dry form, and not in the form of aqueous dispersions,
which is a rather energy-intensive production operation.

The introduction of coke 1 in an amount of 0.1%
increases strength by 18%, density by 9% and reduces
water absorption by 17%. In compositions with a coke
content of 2 in an amount of 5%, strength increases by
23%, density by 12%, water absorption decreases by 20%;
in addition, the melt yield point increases by a factor of
5 in comparison with the base unmodified composition,
which is especially important for obtaining high-quality
samples when extruding profiles.
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D¢$pPeKTUBHOCTDb YrnepoAHbIX HAHOCTPYKTYP B COCTaBe
ApPeBeCHO-NONNMEPHbIX KOMMNO3UTOB HA OCHOBE
noANBUHUAXIOpUAA

J1.A. A6gpaxmaHoBa'* (o), P.P.Tanees? (), A.l. XaHTumupos’, B.I. Xo3uH'
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PE3IOME: BBegeHue. Hanbonee apdeKTMBHbIMY CBA3YOLWMMUN areHTaM1 B JPEBECHO-MOMMMEPHbBIX KOMMO3ULMAX Ha OCHOBE
MONMBUHWAXNOPUAA ABMAIOTCA YINIepOACOAepKaLL/ie HAHOCTPYKTYPbI, MPUBOAALLME K YNYULLEHWIO SNEeKTPUYECKUx, Grsnko-me-
XaHNYeCKUNX, PeosIornyecknx CBONCTB, a TakXe CTPYKTYPbl 1 JONTOBEYHOCTU KOMMO3UTOB. [MTaBHbIM HeJOCTaTKOM VX ABAAETCA
BbICOKas CTeNeHb arpernpoBaHnia YacTuL, YTo 00yCnaBnmnBaeT CIOKHOCTY CMELLEeHUA 1 NepepaboTKmM UX B COCTaBE MOJIMMEPHbIX
KOMMO31LUMiA. B CBA3M C 3TUM aKTyanbHOW 3afayeil ABNAETCA NOVCK TakMX YrNepogHbIX HAHOMOANDUKATOPOB, KOTOpble UMenu Gbl
HV3KYI0 CTEMEHb arpervpoBaHuaA 1 HEeBbICOKY cCTouMocTb. MeToAabl M maTepmanbl. B paboTe r3yyeHa 3GPeKTVBHOCTb B KauecTBe
CBA3YIOLMX areHTOB B CTPOUTESIbHbIX APEBECHO-MOANMEPHbIX KOMMO3MTax Ha OCHOBE NOIVBUHWIXI0PMAA MEXaHOAKTUBUPOBAHHbIX
HedTAHBIX KOKCOB. MexaHOaKTVBaLVsA NPUBOANT K GyHKLIMOHaNM3aLum yriepoaHbiX YacTuUL, KOKCa ¢ 06pa3oBaHMeM Ha MOBEPXHOCTU
K1cnopofcoaepxaLmx rpynmn. PaccMoTpeHo BAnaHME pas3nnyHbIX KONMYecTs Kokca (8o 10% oT MacCbl ApeBEeCHO MyKW), N YCTaHOB-
JleHa B3aMMOCBA3b MPUPOAbI KOKCOB 1 NX KOHLEHTPaLMM B COCTaBe NOIMMEPHbIX KOMMNO3ULMI C OCHOBHbIMY TEXHONOTMYECKUMU
(TeKyyecTb pacnnaBa) 1 3KCrIyaTaLMOHHbIMM (MPOYHOCTb Ha PacTAXeHWe U N3rnb, MOAY b BbICOKOIMACTUYHOCTY, TBEPLOCTD,
BOJOMOMIOLEHNE Y TEPMOCTabUNbHOCTD) NOKa3aTeNnAaMy 1 HAAMONEKYNAPHON CTPYKTYPOI APEBECHO-MONIMMEPHbBIX KOMMO3UTOB.
Pesynbratbl n 06cyxaeHue. MNpy BBeAeHUN KOKCOB HabnogaeTca 60bluas cTeneHb OpUeHTaLuy HaAMONEKYNAPHbIX CTPYKTYP
KOMMO3MTOB MO HaMpaBJIEHUIO SKCTPYAVPOBaHMA 06pa3LioB, YTO 00yCNaBNIMBAET MNOBbILWEHNE PAa3PbIBHON NPOYHOCTH U MPOYHO-
CTU Npwv 13rnbe, a TakKe MOAYA BbICOKOINMACTUYHOCTY. YCTaHOBNEHbI ONTUMAasbHble KOHLeHTpaummu aobasok ot 0,1 o 5 macc.%
MO OTHOLLUEHUIO K APEBECHOW MYKe, KONNYeCTBO KOTOPOro B APEeBECHO-NOIMMEPHON Komno3unumnmy coctasndaet 50 Ha 100 m.u. MBX.
3aknioueHue. OcyLiecTBNEHO BBEAEHNE MEXaHOaKTUBUPOBAHHbIX HEDTAHBIX KOKCOB B KaYeCTBE CBA3YIOLUX areHTOB B iPEBECHO-
NONNMEPHbIX KOMMO3MTax Ha OCHOBE NOANBUHUXNOPUAA. MexaHOaKT1BaLMA NO3BOJINSIAa YMEHbLUNTb arperrnpoBaHme YacTuL KOKca
B 60siee KpynHble arnomepaTbl, YTO AaeT BO3MOXHOCTb 3G (EKTVBHOrO BBeAieHNA HaHOMOAVbNKaTOpa B CyXOM BUAE U NCKITIOUNTD
BBeAieHVe HaHoMoAVdMKaTopa B BuAE BOAHBIX ANCMEPCHIA, ABAAIOLLErocA JOBOIbHO SHEProeMKo onepaLyel NponM3BoACTBa.

KJTIOYEBDIE CJIOBA: nonvBnHUAXN0PUA, APEBECHO-NONVMEPHbIA KOMMO3UT, CBA3YIOLWNIA areHT, yrinepoaHble HAHOCTPYKTYPbI.

BNATOAAPHOCTWU: NHcTtutyTy KaTanusa um. K. bopeckosa Cnbupckoro otaenenns PAH (Omckunin unman) B nuue baknaHosoi O.H.
3a NpefocTaBneHHble 06pa3L0B MEXaHOAKTMBMPOBAHHbIX HedTAHbIX KOKCOB YcTb-KameHoropckoro HedTesaBoga.

ANA ULUTUPOBAHUA: A6apaxmaHosa J1.A., Tanees PP, XaHTumunpos A.l., Xo3uH B.I. SdPeKTMBHOCTb yrnepofHbIX HAHOCTPYKTYP
B COCTaBe ApPeBeCHO-NOIMMEPHbIX KOMMO3UTOB Ha OCHOBE NoAMBUHUAXNOpuAA // HaHoTexHonornn B ctpouTenbcTee. — 2021, —
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BBEJIEHUE

MCEHHBIC KOMITO3NMIITMOHHBIC MaTEpHaJIbl, I10JIy4Yac-
MBIC ITYTEM COBMCIHICHHWA TCPMOIUIACTUYHLBIX ITOJIMMEPOB
C OPTaHNMYCCKMMU HAITOJITHUTCIISAMMU. HauGonpimuii nx-

Z[peBeCHO—HOI[I/IMepHBIe xommo3uTsl (JIT1K) — coBpe-

Tepec B KauecTBe HanomHuTe s mist JATTK mpencrasister
IpeBecHast MyKa, TT03BOJISTIONIAS TTOIyJaTh MPO(PUIHLHO-
ITOTOHAXKHBIC U3MEIINS CAMOTO pa3HOTro (PYHKIIMOHAIb-
HOTO Ha3HAYCHUS B CTPOUTEIBCTBE. JJaHHBIM M3IeIH -
SIM XapaKTePHBI BEICOKAsT OMO-, aTMOC(HEPOCTONKOCT,
HU3KOE BOIOIIOTJIOIICHIE, OMHOPOIHOCTD CTPYKTYPBI
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¥ XOPOoIIasi KOMOMHUPYEMOCTb C IPYTUMU CTPOUTEITb-
HBIMU MaTepuaiamu [1].

B xauectBe nmoniumepa B JII1K 0OBIYHO UCTIONB3YIOT
nommatwieH (I19), momunpormmieH (I111) n monmuBu-
auxinopun (ITBX), omHaKo ¢ TOYKM 3peHMST SKCITTya-
TAIIMOHHBIX XapaKTePUCTHUK IJIST CTPOUTEIBLHOM OTpac-
JIM HauboJiee TIpeanouYTUTEIbHO UcToib3oBaHue [1BX
[2—5].

I'maBHBIM CIOCOOOM CHMXKEHUSI C€0eCTOUMMOCTH
uznenuii u3 JAITK sBasgeTcs yBeinyeHue cTeneHn Ha-
TIOJTHEHMST KOMITO3UTOB (1o 1 6osee 50 m.4.). OmHAaKo
3TO 3aYacTyIO0 HETaTUBHO CKa3bIBACTCS KaK HA TEXHO-
JIOTUYECKNX, TaK U Ha 3KCILIyaTallMOHHBIX XapaKTe-
PUCTHUKAX, YTO CBSI3aHO C YXYAIICHUEM aare3ni MEXKIy
HaIIoJIHUTEIeM U rmojiuMepoM. Hanbomee ahdekTuBHBIM
CITOCOOOM YBEIIMICHUS CTCTICHN B3aMOICUCTBIS MEXKITY
IPEBECHOM MYKOI M MOJIMMEPHOM MaTPULIEH SIBISIETCS
HCTIOIb30BaHMe CBSI3YIOIINX areHTOB. B HacTosIee Bpe-
MSI IS TIOJTMMEPOB IIMPOKO PAaCIIPOCTPAHEHBI CBSI3YIO-
M€ aTeHTHI B BUIe HAaHOPa3MEPHBIX T00ABOK, TIIABHBIM
00pa3oM, UMEIOIINE YIIIEPOTHYIO OCHOBY, CpeIr KOTO-
pbIX Hanbo1ee 3POEKTUBHBIMU SIBISIIOTCS YTJIEPOIHBIC
HAHOTPYOKM 1 HAaHOPa3MEPHBIN TEXHUUCCKUN YITICPOI.

Bnusinue HaHoTpyOok Ha cBoiicTBa I1BX-komiIio-
3ULIMI U3YyYEeHO JOBOJBHO MMpPOKO [6—12]. B maH-
HBIX TPyIax MOAPOOHO MMOKa3aHbI YIYUYIICHUS 3JICK-
TPUIECKUX, (DU3UKO-MEXaHNICCKUX, PEOJTOTHICCKUAX
CBOWCTB, a TaKX€e CTPYKTYPbl U JOJTOBEYHOCTU TaKUX
KOMIIO3UTOB.

M3BecTHBI UCCIIeIOBAHNS BIUSHIS Ha pa3IMIHbIC
TOJIMMEPHBIC KOMIIO3UTBI HAHOPAa3MEPHOTO TeXHUYE-
ckoro yriepona [13—18]. OmHako BIMSHNE TEXHUYC-
cKoro yriaepoja Ha cBoiicTBa [1BX-komMmno3uTos Mano
HM3Y9IeHO, B OOJIBIIICH CTEIIEHN TaAKHE MCCIICTOBAHMS TIPO-
BEIEHBI Ha OCHOBE noJinoaeduHos. B [16] 66Ut moay-
YeHBI IIOJIMMEPHBIC KOMITO3UTHBIC MaTepHUaJibl Ha OCHO-
BE TOJINATUJICHA BBICOKOM INIOTHOCTU U TEXHUIECKOTO
yraepona ¢ pa3mepom yactuir 20—35 um. OnrrnmanbHOe
VIIy4IIIeHHEe CBOMCTB (IIPOYHOCTH Ha Pa3phiB, dedopma-
s pa3phiBa, IIpeaesl TeKyJyeCTH pacIuiaBa, dJIeKTpO-
MPOBOIHOCTD) HAOJII0AAIOCH B quana3oHe 12—18% macc.

B [18] ObIIM M3y4eHBI COCTABBI HA OCHOBE TTOJIND-
TWJICHA, HAIIOJTHEHHBIC (DYIITIepeHCOACPKAIINM TeXHU -
yeckuM yriaeponaom. Pymiepenst rpynms C,—C,, co-
JepKalnuch B HAMoJHUTEIe B KomuyectBe 10% Macc.
Bruto ycTaHOBIIEHO, UTO BBeAcHME (pyUIepeHCOomepkKa-
1ero yriepona a0 1,5 Macc.d. 3HAYMTEILHO TTOBHITIIACT
TIPOYHOCTB TIPH pa3phiBe (B 1,5 pasa), HO OMTHOBPEMEHHO
C 3TUM CHIKAeTCs IIpelesl TeKyJdeCTH pacIuiaBa, 4To
OTPUIIATEIFHO CKa3bIBacTCS Ha TIepepadbaThIBACMOCTH
KOMITO3ULIUA.

CyIIecTBYIOT IB€ OCHOBHBIE TUIIOTE3HI [ 19] it 00b-
sicHeHMS > deKTa YCHICHUS MaTepuajia IIpu BBele-
HUU TeXHIYECKOro yriaepoaa. CorjiacHO OMHOM U3 HUX,
TaHHBIN 3DdEeKT 0OBSICHSICTCS HATMIUEM BaH-Iep-

BaaJbCOBBIX CUJI B3aMMOJEHCTBUSI MEXAy aToMaMU
yrjiepojia B YacTUIaX MOoAMGUKaTOpa U MOJTUMEPHBIX
LieTIeit; Apyras TUIoTe3a MpearonaraeT MexxdasHoe B3a-
MMOIEHCTBUE 3a CUET HAJIMUUSI CBOOOIHBIX PaIKaIoOB
Ha TTIOBEPXHOCTH YaCTHUI] TEXHUYECKOTO YIIIepoa, CIo-
COOHBIX THUILIMAPOBATH ITPOLIECC XUMIWYECKON CITUBKI
Ha rpaHuIle pa3mena das.

Kak m3BeCTHO, OCHOBHBIM HEIIOCTATKOM HaHO-
pa3MepHBIX T00aBOK SBISETCS BHICOKAS CKIIOHHOCTh
K arperipoBaHUIO, 3a CYET YETO CJIOXKHO TOOUTHCS paB-
HOMEPHOTO pacIipeie/IEHNsI UX B 00beMe TTOJTMMEPHOTO
KoMmo3uTa. s penreHus JaHHOM mpobJjieMbl HAHOIO-
0aBKM pacIIpeIeIsTIOT B pa3IMIHBIX Cpelax-HOCUTENIAX,
MpeaoTBpamammmx nx caunanue [20—22]. OxHako 10-
MOJTHUTEILHOE pacripeelieHe HaHOCTPYKTYP B cpe-
JIaX-HOCHUTENISIX TIPUBOJINT K €Ille OOJIbIIEMY YIOpOKa-
HUIO 1 63 TOTO HeAeIeBbIX HAHOO00aBOK, K BBEICHUIO
B TEXHOJIOTHIO TIPOU3BOACTBA JOIOJIHUTEIBHOIO 000-
pyZIOBaHUSI.

dpyrum cmoco6oM IpemroTBpalllcHUs arpernpoBa-
HUS HAHOCTPYKTYP SBISIETCS (DYHKIIMOHATN3ALUS X
MMOBEPXHOCTH, KOTOpas yxKe TToKa3aja cBoIo 3P (PeKTUB-
HOCTb TT0 CPaBHEHWIO ¢ HATUBHBIMU MOIM(UKATOPAMU
[23—26]. BBeaeHue GyHKIMOHAIU3UPOBAHHBIX HAHO-
CTPYKTYp He TpeOyeT BBeIeHUS JOTIOJTHUTEIBHBIX TEXHO-
JIOTUIECKUX OTIepallnii, OMHAKO TaHHBI HAHOIIPOIYKT
caM T10 cebe IBIIeTCsT JOCTATOYHO JOPOTOCTOSIIINM,
YTO SBJISETCI CYIIECTBEHHBIM HEAOCTATKOM JIJISI TIPO-
W3BOIUTENEH TTOTUMEPHBIX U3AEIINA M CKa3bIBAETCS
Ha ce0eCTOMMOCTH MTPOIYKIINU.

Taxum o6pa3oM, aKTyaIbHOM 3a1aueii SBJIsIeTCs I0-
JCK TaKUX YIJIEPOIHBIX HAHOMOIU(UKATOPOB, KOTOPHIE
MMeIT ObI HU3KYIO CTeTIEHb arperipoBaHMsI, HEBBICOKYIO
CTOMMOCTD, a TAK3Ke MOCTABJISIICH B CYXOM ITOPOIIKOO-
Opa3sHOM BUJIE 1T UICKTIOUEHUS JOTIOJTHUTEIBHBIX SHEP-
roeMkux craguii B mpousBoactse JI1K-koMio3uTos.

B nannoi1 paboTte B KauecTBe HaHOMOAU(pUKATOpa
OBIJT UCTTOIB30BAaH MEXaHOAKTUBUPOBAHHBIN TTPOIYKT
nepepadoTKM He(PTIHOTO KOKCa, MPEeICTaBIISIONINIA
00011 METKOIMCIIEPCHBIN MOPOIIOK YEPHOTO IBETA.
MexaHnueckast aKTUBAIIVsI COITPOBOXKIACTCS TTOSIBIIEHU -
€M Ha MMOBEPXHOCTHU YaCTULl KOKCa KUCIOPOICOAEpXKa-
WX TPYIIT, KOTOPbIE TTPUIAIOT OTPUIIATEIBHEIN 3apsi,
3a CYET Yero BO3PacTalOT KYJIOHOBCKUE CUIbI OTTAJIKM -
BaHUs MEXIY 3apsLKeHHBIMM arperaTaMu, M, COOTBET-
CTBEHHO, TIPEeAOTBpAIllaeTCs UX arpeTupoBaHue B 0ojiee
KpYIHBIE arioMepathl. BBUT NCITOIb30BaH KOKC C pa3-
JIMYHBIMU CTETICHIMM MeXaHOoaKTUBauu: 1,34 M3KB/T
(xoxc 1) m 0,57 MaKB/T (KOKC 2). B cirygae mpuMeHeHUST
UX B cOCTaBe TUAPOGOOHBIX TTOJUMEPHBIX KOMIIO3U-
LN BOBMOXKHO OXMIATh YBEIMICHUS B3aUMOICHCTBUS
Ha rpaHuIle pa3mena das.

Llenpro gaHHOI pabOTHI IBMJIOCH UCCIIETOBAHE BTV -
STHUST pa3IMIHBIX KOJTM4IecTB Kokca (mo 10 Ha 100 m.4.
I1BX) Ha skcnyaTalilMOHHbIE CBOWCTBA JIPEBECHO-
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TOJIMMEPHBIX KOMIIO3UTOB Ha ocHoBe [1BX 1 omeHka
ero 3(HEKTUBHOCTU B KAUECTBE CBSA3YIOIICTO arcHTa
10 CpaBHEHMIO C paHee MCITOIb30BaHHBIMI HAHOTO0AB-
KaM# YTIICPOTHOM CTPYKTYPHI.

METO/bI 1 MATEPUAJIBI

CocTaBbl KOMIO3ULIMI BKITIoYann B cebst [1BX mapku
C-7059-M (100 m.49.), cTabMIM3aTOp-CcMa3Ky creapar
KambLus (3 M.4.), TepMOCTAOMIN3aTOP IBYXOCHOBHBII
cTeapart CBMHIIA (5 M.4.), MOTU(UKATOP YIapHO ITpod-
HocTu FM-50 (7 M.4.) 1 MOTMDULIIMPOBAHHYIO KOKCOM
npeBecHyIo MyKy Mapku 180 (50 m.u.). BBemeHmMEe KOKCOB
OCYIIECTBIISUIOCH ITyTEeM MX TOOABICHUS M CMEIICHMUS
B HEOOXOIMMOM KOJIMYECTBE B HEOOJIBIITYIO YaCTh JIpe-
BecHOI MykH (10% OT HEOGXOIMMOTO KOJTMYECTBA), 3a-
TEM cofiepKaHe KOKCOB B IPEBECHOI MyKe TIOCTETICHHO
YMEHBIIIAJIN 3a CUeT TOOaBICHMS 1 TIIATEIEHOTO TIepe-
MEIIIMBAHUS C OCTABIIIEIICS YaCThIO IPEBECHOM MYKH.

Hnst uccnegopanus [1BX-koMmo3uiinii ObLIN MOTY-
YeHBI 00pa3Ibl B BUIE TUICHOK M 9KCTPyAaToB. I1neHou-
HBIC 00pa3Ibl TOTOBWJIMCH METOIOM TePMOIIJIaCTHKA -
Uy Ha JabopatopHbIX Baikiiax JIb 200 100/100 D npu
temrieparype BajakoB 160-170°C oOpa31oB B TeueHNE
4—5 muH. Kaxnasa cepust 00pa3ioB TOTOBWIACH OJHO-
BPEMEHHO IPU OOMHAKOBOM TEMIIEPATypPHOM PEsKIME
¥ IIpU OJWHAKOBOM 3a3ope Mexxay Baikamu ~0,010—
0,020 cm.

DKCTpyaaThl U3TOTABIUBAINCh METOIOM 3KCTPY-
3U1 Ha J1abopaTOpHOM IBYXITHEKOBOM 3KCTpYyIEpe
LabTechScientificLTE 16-40 ¢ dwibepoii Tutockoro ce-
geHus (2x20 MM) TIpu TeMITepaType B OpMYIOIICii 30He
210°C 1 cKOpOoCTH BpallleH!s BaJIKOB 14 06/MUH B Te-
yenne 10—15 muH. Bee cepuut 06pa3iioB ¢popMoBaInch
TIpY OTMHAKOBOM IPOGIIIe TEMIIEpaTyp 3KCTpyaepa.

Pacmipenenernne 9acTHII IO pa3MepaM IUIsI KOKCOB
MoJyJyeHo Ha jla3zepHoM aHanmu3aTope Horiba LA-950
C TIpUMEHEHNEM YIbTPa3BYKOBOIT 0OpabOTKM.

Tabauuya 1
Mertonp! ucnbitanmnii [IBX-o00pa3mos

M3yyeHre MUKPOCTPYKTYPbI XPYIIKUX CKOJIOB 9KC-
tpyaatos JITK-komMmo3uiinit ocyiiecTBIsIIOCh METOIOM
BBICOKOpPA3peIIaIOIIeii CKAHUPYIOIIEN 2JI€KTPOHHOMN
MuKpockonun Ha Mukpockorie AURIGA, coBmenieH-
HOM CO CIIEKTPOMETPOM DHEPIreTUUECKOU AUCIIePCUN
(EDS) IncaEnergy 350 X-Max.

TexHosornyeckre 1 aKCIuIyaTalliOHHbIE CBOMCTBA
00pa3uoB KoMITo3UuTOB Ha ocHOoBe [1BX npoBoaunuck
B COOTBETCTBUM C ICHCTBYIOIIUMU CTaHIApTaMU, TIPU-
BEIIEHHBIMU B TaOII. 1.

PE3YJBbTATBI 1 OBCYKIEHUE

HccaenoBanne rpaHyIOMETPUUYCCKOTO COCTaBa M0~
Ka3aJio, 4TO CPEeIHUE pa3Mephl arIoMepaToB YaCTHUI]
KoKca 1 coctaBmm 28 MKM, Kokca 2 — 35 MKM (puc. 1).
Bonpime pa3Mmepsl arperaToB Kokca 2 Mo CpaBHEHHUIO
c arperataMu Kokca 1 oOyCIIOBJICHBI TeM, YTO Y I10-
CJICITHETO CTETICHb MEXaHOAKTUBAIIMK BEIIIIC, a 3HAUNT,
nMeeTcsl OOJTbIIIee KOTMIECTBO KMCIOPOIOCOISPIKAIIIIX
TPYIII Ha TIOBEPXHOCTH YACTULI, IIPUBOISIINX K pa3HOMK
MOp(}OIIOrNH arpernpoOBaHHBIX YacTHUII Kokca. CreayeT
OTMETUTh, YTO paclpeaeicHe YacTUIl IO pa3MepaM
KOKca 2 mMeeT JOCTaTOYHO BBIPAXKCHHBIN OMMOIAITb-
HBII XapakTep.

BaxxHe#mM cBOMCTBOM YIJIEPOTHBIX CTPYKTYP SIB-
JISIETCST CITOCOOHOCTH 00Pa30BBIBATh LIETIOYHBIC CTPYK-
TypHel. Eci mocMoTpeTh paciipeneieHe 9acTUIl KOK-
COB B BJIEKTPOHHBIN MHUKPOCKOII, TO MOXHO YBHUIETH
3HAYUTEIBHYIO Pa3HUIY B MOP(MOIOTUM YaCTUI] ABYX
KOKCOB (puc. 2).

ArJToMepaThl KOKCa 2 BEICTPOCHEI B BUIE IIETIOYCK,
a Kokca 1 B BUIe OUCIIEPCHBIX YaCTHII Pa3HOTO pas-
Mepa OT 6 MKM [0 €AMHUYHBIX arperaToB pa3MepoM
1o 100 Mxm. 3a cueT 06pa30BaHUS LIETTOYEUHBIX CTPYK-
TYp MOKHO OXXUIATh IIPU BBEACHUHU UX B PEIETITYPY I10-
JIMMEPHON KOMITO3UIIVY OOJIBIIIEH CTETIEH! YITPOYHEHUST
ITOJTMMEPHOTO KOMITO3HTA.

IoCT Ha3zsanus IT'OCT u ocHOBHbIE onpeleliseMble XapaKTepUCTHKH

14236-81 [Inenku nmonuMepHsie. MeToa UCTIBITAHUST HA PACTsSKEHUE

11262-2017 ITnactmacchl. MeTon MCTIBITAHUST HA PACTSKEHUE

4650-2014 [Tnactmaccel. MeToabl onpeaesieHus BOAOMOIIOIIEHUS

11645-73 [Tnactmaccel. MeTon onpeneneHus mokasaressi TEKy4eCTH paciijiaBa TepMOILIacTOB

14041-91 ITnactmaccel. OnpeneneHue TEHASHIUU K BBIACIESHUIO XJIOPUCTOTO BOAOPOAA U APYTUX
KHCJIOTHBIX ITPOMYKTOB IPY BHICOKOM TeMmepaType Y KOMITO3UIIMIA U POAYKTOB Ha OCHOBE
TOMOTMOJMMEPOB U COMOJMMEPOB BUHUIXJI0pUIA. MeTon KOHIO KpacHbIi

15139-69 ITnactmaccel. MeTonbl onpeaeeHus MIOTHOCTU (00BEMHOI MacChl)

32618-2014 IMnactmaccol. Tepmomexannueckuii aHanus (TMA)
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Puc. 1. Pacnpenenenue yactun Kokca 1 (a) u kokca 2 (0) mo pa3mepam
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Puc. 2. MukpodoTtorpaduu kokca 1 (a) u kokca 2 (0)

W3 maHHBIX BUIHO, YTO SKCTPEMYM IIpeesia IIPOIHO-
CTU Ipu paspeiBe rnpuxoautcd Ha 0,1%. B uenom mouru
y 10% MonubuKaTopoB IoKa3aTe/Iu IPOYHOCTH OCTAIOTCS
CTaOUJIBHO BHICOKMMM. XapaKTEepHO, YTO B OOJIbIIIEH CTe-
TICHU Ha TiepepabaThIBAeMOCTh KOMITO3HUIINIT OKa3hIBacT
BIMSIHUE KOKC 2 B KosmuecTse 5 1 10%, npu 5ToM HabI110-
IAeTCsT 3HAUNTEIbHOE CHIDKCHIE BI3KOCTH PaCIlIaBOB.

OueBHIHO, LIETIOYHOE CTPOCHUE W Pa3Mephl arperaToB
JaCTUII KOKCa, OIM3KIE ¢ pa3MepaMi BOJIOKOH IPEBECHOM
MYKH, CITOCOOCTBYIOT 00JIETYeHUIO NIepepadOTKM pacriia-
Ba. MakcmMaabHOE BpeMsI TePMOCTAOMIBHOCTH TaKKe
MPUXOIUTCS Ha KOMITO3ULIMIO ¢ 5% Kokca 2.

ITo pe3ynpTaTaM UCIIBITAHWI TUICHOIHBIX 00pa3IioB
IUTSI TaThHEHIIeTo N3yIeHNST ObITN BEIOPAHBI CIICIYIOIIIC
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Tabauya 2

3apucumoctu npoynoctu (a), IITP (6) u tepmocraduabHoCTH (B) 1715 IUIEHOYHBbIX 00pa3nos [IBX

OT KOHIIeHTpauu MoauduKaTopa

Konuenrpanus B % IIpounocts IToka3aTenpb TeKyuecTu
OT MACChI IPEBECHOI MYKH Ha pacrsukenne, MIIa pacmiasa r/10 mun. LR RIS, LTI,
Koxce 1
0 32 0,49 225
0,1 40 0,31 238
0,35 38 0,76 210
1 36 0,47 226
5 31 0,47 240
10 32 0,42 197
Koxe 2
0,1 37 0,15 211
0,35 34 0,52 232
1 36 0,82 241
5 35 2,43 253
10 36 1,41 234
Tabauya 3
CaoiicTBa 3kcTpyaupoBanubix oopa3unos IIBX-JITTK
IIpounocts Monayan
Ilnor- IIpounocts | Bogonorio- | WutepBan | Temmepary-
Oopa3en HOCTb, TIpu pac- npu usruoe, | menue, % CTEKJIOBA- | pPa TeKyde- BICOKO312~
o TSKEHHUH, o . CTHYHOCTH,
KI/M MTla MiIla Macc. Hus, °C cth, °C H/em?
bazoBbrit 1.156 32 85 1.68 89—125 238 17
C0,1% xokca 1 1.175 34 86 1.61 94—127 230 26
C 5% xoxkca 2 1.320 40 94 1.41 87—120 236 28

ONTUMAJIbHBIC KOHIIeHTpaln: Kokc 1 — 0,1, a Kokc 2 —
5% ot macchel ApeBecHO# MyKu. OOpa3Lbl 1151 JaHHBIX
KOMIIO3WIINI OBUTM M3TOTOBIICHBI B BUIIE KCTPYIATOB.

Pe3ynbraThl psioa SKCIUTyaTallMOHHBIX 1 (PU3NIECKUX
CBOWCTB 3KCTPYIATOB IIPUBEICHBI B TA0II. 3.

IMoxazaTenu (MHTepBaJI CTCKJIOBAHMSI, TEMIICPaTyphl
CTEKJIOBAHUS U TEKYYECTU, MOIYJIb BBICOKORJIACTUYHO-
CTH) TOJTyYeHBI M3 aHAIN3a TePMOMEXaHMIECKIX KPH-
BBIX, IIPEICTABIICHHBIX HA pHC.3.

[Ipo4HOCTD MpU pacTSKEHUU HOBbILIAETCS Ha 23%
¢ 5% xoxkca 2. [1pu faHHBIX KOHLIEHTPALIMIX, OUEBUIHO,
YacTHUIIBI KOKCa IIPOHUKAIOT B MEXKTJIOOYIIPHOE TIPO-
ctpaHcTBO MakpoMmoJiekya I1BX u wactui npeBecHoit
MYKMH, 3aTIOJTHSIIOT ITyCTOTHI U CIIYy>KaT KOMITaTHOMITI3a -
TOPOM JIJIsT TPAHUIIBI pa3/ieia «TOJIMMeP-HAITOTHUTEIb> .

B ATIK B npucyTcTBUM MOAM(PUKATOPOB BO BCEX CITY-
Jasx YMEHBIIIaeTCs TeMIlepaTypa TeKydectu. Habmio-
IaeTcss YMEHBIICHNE BEIMUMHEBI BBICOKO3JIACTUUCCKOM

nmedopMallii M, COOTBETCTBEHHO, YBEIIMICHIE MOIYJIST
BBICOKORJIACTUYHOCTH.

Bomomoromenne 00pa3iioB YMEHBIIACTCS B IIPUCYT-
CTBUY MOIU(HUKATOPOB, UTO KOPPETUPYET C TaHHBIMHU
I10 IMIPOYHOCTU M TUIOTHOCTH (puc. 3B). Bomormorome-
HYEe KOMIIO3ULIMU C KOKCOM 1 cHuxkaetcst Ha 17% u mis
Kokca 2 Ha 20%.

J1J1s1 0OBsICHEHUSI 0COOEHHOCTE N3MEHEHUS CBOMCTB
9KCTPYAMPOBAHHBIX KOMITO3UTOB MPU BBEACHUM KOKCOB
OBIIO TIPOBEICHO M3YUYECHIE MUKPOCTPYKTYPHI 00pa3IIoB.
ITo mpencraBiacHHBIM Ha puc. 4 MUKpodoTorpadusm
B HAHOMETPOBOM [MAara3oHe BUIHO, IJIsI 00pa3IioB
¢ 0,1% xokca 1 u 5% xokca 2 HabaogaeTcs OOIbIIast
CTeTICHb OPMEHTALINY HAIMOJICKYJIIPHBIX CTPYKTYP B Ha-
MIpaBJICHUH SKCTPYINPOBAHMUS ITO CPABHEHUIO C HEMOI -
GuuMpoBaHHBIM 00pa3LOM (0COOEHHO B MPUCYTCTBUU
KOKca 2), 4TO 00yCIIaBIMBAaCT M OOJIBIIYIO Pa3phIBHYIO
IIPOYHOCTb.
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yaenabHas Harpy3ka cxkatusa 1 H)
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Puc. 4. MukpodoTtorpadun noBepxXHOCTH XPYNKOTO
ckoJa akcrpynaToB I1BX-o0pa3ios:

a — 0e3 monudukKaTopa;

6 —c0,1% xokca 1;

EHT= 5.00kV

Mag= 20.00KX WD =11.8mm Date 16 Oct 2020 B — ¢ 5% Kokca 2 (MaC].HTaG 200 HM)
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3AKTIOYEHUE

OcyImecTBIeHO BBEACHNE MEXaHOAKTHUBUPOBAH-
HBIX HE(PTSIHBIX KOKCOB B KaUeCTBE CBS3YIONINX arcH-
TOB B IPEBECHO-TTOIMMEPHBIX KOMITO3UTaX HA OCHOBE
MOMUBUHWIXJIOpHUIa. MeXaHOAaKTUBAlIMs IT03BOJIMIA
YMEHBIINTH arperupoBaHKe YaCTHII KOKCa B 00Iee Kpym-
HBIC arJIOMepaThl, 9TO JaeT BO3MOXHOCTH 3(D(heKTUBHO-
To BBeICHMST HaHOMOAM(UKATOpa B CYXOM BUIE, a HE
B BUJC BOIHBIX TUCIIEPCHUIA, SIBIISIONIETOCS JOBOJBHO
SHEPrOoeMKOM OIepalreii IIpoOn3BOACTBA.

CIIUCOK JINTEPATYPbI

Benenue kokca 1 B konnuectse 0,1% moBbllIaeT
IIPOYHOCTh Ha 18%, m10THOCTL Ha 9% U CHUXKAET BOHO-
roroiieHue Ha 17%. B KoMITO3ULIMSIX ¢ cofepKaHueM
KOKca 2 B KOJIMUeCTBe 5% yBeJIMYMBAETCS IIPOYHOCTh
Ha 23%, TUIOTHOCTh Ha 12%, CHIXaeTcsT BOIOTOTIIONIE-
nue Ha 20%; KpoMme TOro, mpeieli TEKy4eCcTH paciuiaBa
BO3pacTacT B 5 pa3 1o CpaBHEHUIO ¢ Oa30BOI1 HEMOIN-
pUIMpoBaHHON KOMITO3UIINEH, YTO OCOOCHHO BasKHO
IIJIST TIOJTyYeHUSI KaUeCTBEHHBIX 00pa31IoB IIPU 9KCTPY-
ITUPOBAHUM TIPOGUIICHA.
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ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materials,
methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological
inventions designed by scientists, engineers and specialists from different countries. Main part. The article provides an abstract review
of patents. The results of creative activity of scientists, engineers and specialists, including inventions in the field of nanotechnology
and nanomaterials, being implemented, allow achieving a significant effect in construction, housing and community services, and
related sectors of the economy. For example, the invention «Composite material with oriented carbon nanotubes» refers to the
area of composite materials which consist of polymer matrix and filler that is often presented by carbon nanotubes. The technical
result is increased tensile strength of composite material due to formation of structure of oriented carbon nanotubes in polymer
matrix. That is performed by means of flat-rate flow of direct current which destroys filler agglomerates. The specialists can also be
interested in the following inventions in the area of nanotechnologies: a method to produce powder containing nanocrystalline
cubic tungsten carbide; a method to produce porous graphene membranes and the membranes produced with this method;
suppressor coating on the basis of polymer matrix with inclusion of carbon nanotubes and a method to produce it; a method to
determine location of polyethylene gas pipeline and places of possible illegal tapping of those pipeline; a method to produce
biphasic thermoelectric ceramics; electron-beam system of 3D radiant nanomodification for materials and articles; lab-on-fruit
skin and lab-on-leaf towards recognition of trifluralin using Ag-citrate/GQDs nanocomposite stabilized on the flexible substrate:
A new platform for the electroanalysis of herbicides using direct writing of nano-inks and pen-on paper technology; and others.
Conclusion. One of the most challenging tasks the economy of every country face is to increase industrial competitiveness through
technological upgrade. From the side of the state and companies the principal object to control in this process are the people and
enterprises dealing with introduction of inventions and new technologies.
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MAIN PART

Composite material with oriented carbon nanotubes
(RU 2746103 C1)

It is known that carbon nanotubes possess high
strength characteristics and they can be used in produc-
tion of polymer nanocomposites (PNCM). However,
it is also known, large concentration of carbon nano-
tubes leads to their agglomeration, that decreases strength
characteristics of polymer composite materials. To solve
this problem different methods are used, for example,
application of surface-active agents (SAA), ultrasound
treatment et al. One of the ways to resolve this task is to
orient carbon nanotubes in polymer matrix.

The invention [1] refers to the area of composite ma-
terials which consist of polymer matrix and filler that is
often presented by carbon nanotubes (CNT). The com-
posite material possesses increased tensile strength due
to formation of structure of oriented carbon nanotubes
in polymer matrix. That is performed under uniform
constant electric field. The technical result is increased
tensile strength of composite material due to formation of
structure of oriented carbon nanotubes in polymer matrix.
That is performed by means of uniform constant electric
field which destroys filler agglomerates. The technical
result is achieved because the composite material contains
reinforcement which is impregnated with polymer binder
which forms matrix and carbon nanotubes oriented in
polymer matrix along reinforcement by uniform constant
electric field, and the content of carbon nanotubes is cho-
sen within the range 0,05—0,3 vol.%.

Dry sliding wear behavior of Fe—Cr—C—B hardfacing
alloy modified with nano-CeO, and its mechanisms of
modification

Wear is one of the most common failure forms of me-
chanical equipment. Some researchers proposed that wear
is a progressive loss of materials due to the mechanical
action of two bodies while in contact. The mechanical
parts suffering from wear damage lost the original size
and increased the downtime of equipment and the cost.
And the wear of heavy complicated machines may even
lead to production safety accident. To overcome different
kinds of wear problems means saving energy and reduc-
ing the discharge of CO, greenhouse gas. For example,
the racks on the legs of offshore wind turbine installation
platform suffered from serious wear damage during the
lifting and descending process because of bearing huge
loads. To repair the worn-out racks on the legs of offshore
wind turbine installation platform is beneficial for saving
steel materials and reducing the cost of exploiting and
utilizing offshore wind power which is non-polluting and
renewable [2].

In this work, hypereutectic Fe—Cr—C—B hardfac-
ing alloy was prepared. Nano-scaled CeO, was added to
improve the wear resistance of the hardfacing alloy. This
work was dedicated to studying the dry sliding wear behav-
ior of Fe—Cr—C—B hardfacing alloy modified with nano-
CeO, and revealing the mechanisms of modification of
nano-CeO,. WC-Co cemented carbides ball was chosen
as the counter body material. Both of the hardfacing alloy
and WC-Co cemented carbides were composed of carbide
with high hardness and metal matrix with low hardness.
The wear rates of the hardfacing specimens under differ-
ent wear loads were measured. The wear tracks and wear
debris were observed to study the wear mechanisms. The
rare earth compounds in the hardfacing specimens were
studied to reveal the mechanisms of modification of nano-
CeO, in detail. In conclusion, the mechanisms of modifi-
cation of nano-CeO, in the Fe—Cr—C—B hardfacing alloy
were favorable to sliding wear resistance improvement.

A method to produce porous graphene membranes and
the membranes produced with this method (RU 2745631 C2)

The invention refers to nanotechnology and can be
used in production of waterproof and airproof mem-
branes for textile materials, barrier membrane for water,
in cell phones and u portable electronic devices, filters
and gas-separation membrane [3]. Fig. 1 illustrates direct
formation of porous graphene. First, catalytically active
substrate (1) is chosen from Cu, Ni, Pt, Ru, Ir, Rh or
combination of them. Then catalytically inactive material
chosen from molybdenum, wolfram, gold, silver, zirco-
nium, niobium, chrome, or mixture/alloy of them, or
oxide systems of them, or aluminum oxide is precipitated
on it from vapour phase. After thermal annealing has been
completed, active substrate (1) with many catalytically
inactive domains (2) which sizes corresponds to sizes of
pores (6) in obtained porous graphene layer (5) is pro-
duced. Then thermal annealing is performed in medium
containing 50—-90 vol.% H,, in gas-carrier with content
Ar, He and Ne or N, under temperature 900—1200°C and
pressure 1—100000 Pa for 30—120 min. The porous gra-
phene layer (5) with thickness less than 100 nm and pores
(6), which average size is 5—900 nm and their density is
from 0,1 to 100x 1010 cm~2 is obtained on the surface (3)
of catalytically active substrate (1) by means of chemical
precipitation from gas phase, using carbon source, for
example, methane, ethane, ethylene, acetylene of mix-
ture of them, volume ratio of them is 1—1000 parts to
1 part of hydrogen, under temperature 300—1200°C for
1—12 hours. Pores (6) in graphene layer (5) are formed
in situ due to presence of catalytically inactive domains
(2). Obtained porous graphene layer (5) is removed (8)
from substrate (3) by means of Van der Waals flaking off,
electrochemical demixing, ultrasound and/or thermal
impact and is transferred to another substrate chosen
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Fig 1. Direct formation of porous graphene with pores
(or holes)

from woven, nonwoven or knitted structure, metal or
ceramic network or foam, fixing it on one or two sides of
the substrate, and the substrate (3) is reused for obtaining
porous graphene layer (5). The invention makes it pos-
sible to facilitate method for obtaining porous graphene
membranes, to improve their mechanical properties, to
control pore size as well as to set large-scale production
of such membranes.

A method to produce powder containing nanocrystalline
cubic tungsten carbide (RU 2747329 C1)

The invention refers to material science and nano-
technologies, in particularly, to the method to obtain
nanopowder containing nanocrystalline cubic tungsten
carbide [4]. The method comprises preliminary vacuum
pumping of the chamber and filling it with argon un-
der normal atmosphere pressure and room tempera-
ture. Tungsten and carbon-containing electric discharge
plasma is generated by means of coaxial magnetoplasma
accelerator with graphite core and with composite cen-
tral electrode of nipple made of graphite and steel tang,
with electrically fusible strap of pressed mixture of metal
tungsten and technical carbon, placed between graphite
core and nipple, when charge voltage of 6 mF capaci-
tor is 3,0 kV. The method is performed in three stages.
At the first stage electric discharged plasma is generated by
means of electrically fusible strap made of pressed mixture
of metal tungsten and technical carbon, which ratio W:C
is 0,70:0,30. Obtained powder-like material is collected,
pressed and used at the second stage as electrically fusible
strap. Having placed it between graphite core and nipple,
the chamber air is pumped out and the chamber is filled
with argon under standard atmosphere pressure and room
temperature and electric discharged plasma is generated
under charge voltage 2.5 KV of capacitor. Obtained at
the previous stage powder material is collected, pressed
and used at the third stage as electrically fusible bonding

strip, then having placed it between graphite core and
nipple, the chamber air is pumped out and the chamber
is filled with argon under standard atmosphere pressure
and room temperature and electric discharged plasma is
generated under charge voltage 2.0 KV of capacitor. The
proposed method allows producing the powder, contain-
ing nanocrystalline cubic tungsten carbide with particle
size up to 10 nm.

A method to produce tungstenless hardalloyed powders
from the waste of KNT-16 (KHT-16) alloy in ethyl alcohol
(RU 2747197 C1)

The invention refers to powder metallurgy, in particu-
larly, to the method to obtain powder of tungstenless hard
alloy and can be used to produce sintered articles, to apply
wear-resistance coatings for restoration and reinforce-
ment of engineering details [5]. The method to produce
tungstenless hardalloyed micro- and nanosized globular
powders from the wastes of tungstenless hard alloy com-
prises electroerosive dispergation of hard alloy wastes. The
wastes of tungstenless KNT-16 hard alloy are exposed to
electroerosive dispergation in ethyl alcohol under pulse
repetition rate 95—105 Hz, electrode voltage 195—205 V
and capacitor capacity 25,5 uF. Then obtained solution
which contains micro-, nano- and macrometric powder is
centrifuged to separate macrometric powder from it, after
that the solution with micro- and nanopowder is evapo-
rated and obtained micro- and nanopowder is dried. Pro-
duction of powder material is performed from tungstenless
hard alloy by means of electroerosive dispergation, there is
no need to sinter the components for further grinding and
obtaining final product, that significantly decreases energy
consumption and cost of the process. The invention can
be used for manufacturing sintered articles, application of
wear-resistant coatings for restoration and reinforcement
of the parts of engineering equipment in ore mining and
smelting industry, automobiles and ships.

Lab-on-fruit skin and lab-on-leaf towards recognition
of trifluralin using Ag-citrate/GQDs nanocomposite
stabilized on the flexible substrate: A new platform for the
electroanalysis of herbicides using direct writing of nano-
inks and pen-on paper technology

Pesticides are broadly used as a significant tool in ag-
riculture to control pathogens, weeds, and insects. These
chemicals are used to prevent, repel, or eliminate the oc-
currence or effects of organisms that have the potential
to harm agricultural crops. Herbicides are one type of
pesticides used for prevention or elimination of weeds.
Trifluralin, a pre-emergence and selective herbicide,
has been used since 1960s in the cultivation of diverse
plants including fruits, vegetables, nuts, and grain crops.
This herbicide causes cell death by interfering with the
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polymerization of microtubules. Overuse of it leads to
environmental pollution and affect human health. Triflu-
ralin leads to physiological changes including changes in
the liver and serum parameters, decreased fetal size and
weight and increased miscarriage, kidney damage, aller-
gies, etc. Also, trifluralin affects endocrine function and
is listed as an endocrine disrupter in the European Union
list. In addition to mammalian toxicity, there are concerns
about the impact of trifluralin on the environment [6].

In this work, an innovative conductive ink based on
Ag-citrate/ GQDs was synthesized and used to produce
a three-electrode sensor on the leaf and apple skin. The
properties of the synthesized ink were evaluated using FE-
SEM, TEM, EDS, XRD, ICP and Raman spectroscopy
techniques. According to the results of the ink study, FE-
SEM images confirm the presence of graphene quantum
dots in the ink sample. The ICP results also confirm the
presence of silver in the synthesized ink. TEM images
show the presence of graphene quantum dots and the
correct arrangement of the polymer plates. After identify-
ing the ink structure, its conductivity and resistance were
also investigated. The electrodes were made using ink and
direct writing method. Then, trifluralin was evaluated by
CV, DPV, and SWV electrochemical techniques. Based
on the results, it can be concluded that the proposed
three-electrode system has the potential to be used on-
site analysis of other herbicides.

A method to determine location of polyethylene gas
pipeline and places of possible illegal tapping of those
pipeline (RU 2745048 C1)

The invention refers to construction, gas pipeline
transport in gas industry and can be used to determine
position of polyethylene gas pipelines and places of pos-
sible illegal tapping of pipeline [7]. The essence of the in-
vention is that natural gas is marked with ferrous particles
pumped into distribution polyethylene pipeline prior to
sector of possible illegal tapping (Fig. 2). Then subsurface

Injection
of nanoparticles
into gas

Fig. 2. An example of how method to determine location
of polyethylene gas pipeline and places of possible illegal
tapping of those pipeline can be performed

exploration of streamline of gas flow with suspended par-
ticles is performed. Ferrous nanoparticles are pumped into
distribution pipeline by portions of different volumes with
specified period of supply. This technical solution expands
functionalities and makes it possible to use this method
for polymer unreinforced tubes or tubes reinforced with
synthetic fibers, enhances engineering applicability and
decreases cost of its production.

Suppressor coating on the basis of polymer matrix with
inclusion of carbon nanotubes and a method to produce it
(RU 2745976 C1)

The invention refers to composite materials which
can be applied on the surface of different parts to cre-
ate suppressor coatings [8]. A suppressor coating formed
on the surface of detail is characterized by the presence
of carbon nanotubes, at this, it comprises, at least, the
first layer of composite material which is polymer matrix
with inclusion of multi-wall oriented carbon nanotubes
with diameter from 8 nm to 250 nm. The thickness of the
layer is from 0.1 to Imm, its density of oriented carbon
nanotubes is from 0.5 to 1 g/cm?, the quantity of oriented
carbon nanotubes is from 5 to 20 mass.% of composite
material mass. A method to produce the mentioned coat-
ing has been applied too. The invention provides obtain-
ing high-quality suppressor coating on the details with
complex shape and enhanced method to apply this coating
as it does not require to use high-temperature processing
of the detail.

A method to produce biphasic thermoelectric ceramics
(RU 2745910 C1)

The invention refers to nanotechnologies, in particu-
larly, to the methods of obtaining new biphasic ceramic
materials used in thermal power generation [9]. A method
to produce biphasic thermoelectric ceramics comprises
preparation of powder system of initial strontium car-
bonate SrCO, and titanium dioxide TiO, powders by
joint high-energy grinding them in ethanol, annealing
and drying, after that obtained material is sintered under
mechanical load. Powder system is formed from submi-
cron strontium carbonate SrCO, powder and nanosized
titanium dioxide TiO, powder taken in quantity that pro-
vides ratio of formed after sintering phases of strontium
titanate SrTiO, and titanium dioxide TiO, in rutile shape
by volume 1:1. Drying is performed under the tempera-
ture 60—80°C for 24—48 hours with further granulation
of powder system through grading screen with efficient
size of combs 75 um and with further air annealing under
600—800°C for 2—4 hours. Obtained material is exposed
to reaction spark plasma sintering under outer pressure
21,5 MPa with heating rate 55°C/min up to 1200—1250°C
is kept under this temperature for 5 min. It is not neces-
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sary to perform annealing after sintering. The technical
result is production of biphasic thermoelectric ceramics
SiTiO,/TiO, with evenly distributed phases in the volume,
rich in boundaries between two phases, in which it is pos-
sible to form two-dimensional electronic gas.

Avidin-biotin technology to synthesize multi-arm nano-
construct for drug delivery

Targeted drug delivery to joint tissues like cartilage re-
mains a challenge that has prevented clinical translation of
promising osteoarthritis (OA) drugs. Local intra-articular
(IA) injection of drugs suffers from rapid clearance from
the joint space and slow diffusive transport through the
dense, avascular cartilage matrix comprising of negatively
charged aggrecan-glycosaminoglycans (GAGs). The high
negative fixed charge density (FCD) of cartilage provides
a unique opportunity to use electrostatic interactions for
enhancing transport, uptake, and retention of cationic
drug carriers [10].

This paper presents a protocol for synthesizing carti-
lage penetrating cationic multi-arm Avidin (mAv) nano-
construct that provides multiple sites for covalent load-
ing of Dex using hydrolysable ester linkers. A method
was developed for designing more stable ester linkers by
increasing carbon spacer length between the ester and
adjacent amide bond by replacing SA with GA or PA.
The controlled release mAv-Dex formulation contain-
ing ester derivatives from SA, GA and PA in 2:1:1 molar
ratio showed a release half-life of 38.5+1.5 h provid-
ing sustained drug release over at least 10 days. This
cationic multi-arm Avidin (mAv) nano-construct can
enable intra-cartilage delivery of a broad array of small
molecule OA drugs and their combinations to chon-
drocytes. Drug release rates can be modulated by us-
ing a combination of ester linkers with different rates of
hydrolysis based on the type of drug, its target sites and
state of disease. Avidin-biotin technology provides the
flexibility for biotinylating other similar sized drugs as
Dex that can then be conjugated with Avidin by simple
mixing at room temperature, which can be conducted
at the clinic prior to use.

Electron-beam system of 3D radiant nanomodification
for materials and articles in reverse-micellar solutions
(RU 2746263 C1)

The invention refers to the means of production in the
area of nanocomposite materials, catalysts, adsorbents,
nanofunctionalization of coatings as well as in the area of
radio electronics, electrical engineering, medicine, agri-
culture, agri- and biotechnologies [11]. Electron-beam
system of 3D radiant nanomodification for materials and
articles in reverse-micellar solutions contains two-level
production-technological unit with biological radiation-

proof protection and a system control panel, placed out of
two-level production-technological unit, and connected
to it by electric cables (Fig. 3). The top level of two-level
production-technological unit comprises a container for
preparation of reverse-micellar solution, a unit of reactor
washing, a unit of reagent regeneration and a cylinder with
inert gas, the bottom level of the unit comprises electron
accelerator and a system of reactors. The technical result
is the increased efficiency and safety of the processes con-
cerned radiation-chemical modification of the objects.

[t

Fig. 3. The scheme of 3D radiant nanomodification for
materials and articles in reverse-micellar solutions,
where:

1 — two-level production-technological unit;

2 — unit of dynamic modification in situ;

3 — electron accelerator;

4 — system of reactors;

5 — container for preparation of reverse-micellar
solution;

6 — unit of reactor washing;

7 — unit of reagent regeneration;

8 — cylinder with inert gas;

9 — system control panel;

10 — adsorber;

11 — pump for mixture pumping;

12 — backing pump;

13 — labyrinth of radiation protection of regeneration
supply line;

14 — labyrinth of radiation protection of the lines
supplying reagents and gases into reactor;

15 — labyrinth of radiation protection of electric cables
of the system.
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Nano-fertilizers and their impact on vegetables:
Contribution of Nano-chelate Super Plus ZFM and
Lithovit®-standard to improve salt-tolerance of pepper

Global warming, desertification and soil saliniza-
tion are currently occurring globally and affecting food
production by reducing the land capacity of cultivated
soil. Land salinization is happening mainly in irrigated
soils, where >45 million ha are salt affected. If no miti-
gation measures are taken, it is estimated that 50% of
agricultural lands will be similarly affected by 2050. The
implementation of nanotechnology for the amelioration
of plant tolerance against abiotic stress has been widely
reported in last years. In this study, the separate and com-
bined effects of Nano-chelate Super Plus ZFM (A) and
Lithovit®-standard (B) on salt-stressed chili pepper were
evaluated. Two different concentrations of each products
were tested (Al1,2.5gL—1,A2,5gL—1;B1,3gL—1and
B2, 5g L—1) on pepper irrigated by three NaCl solutions
(1.5dS m—1, 3dS m—1 and 6dS m—1. The control (no
treatment) experiments were only irrigated with the three
NaCl solutions. Spraying Nano-chelate Super Plus ZFM
in low concentration (Al) enhanced significantly iron,
zinc and manganese content in shoots and fruits. The
application of Lithovit®- standard at high concentration
ameliorated calcium and magnesium content in plant
parts. A1B2 caused the highest enhancement in leaf num-
ber, fresh and dry weights of plant parts. It also improved
fruit number significantly, fruit fresh and dry weight, yield
plant—1 and fruit dimension compared to control under
all NaCl solutions. All treatments improved carotenoids
content and reduced cellular electrolyte leakage and so-
dium content, as compared to control. Low concentration
of Nano-chelate Super Plus ZFM improved chlorophyll a
(Chl a), b (Chl b) and total chlorophyll (TChl) more than
the high concentration (A2). Photosynthetic pigments
were maximized by A1B2. Treating plants with A1B2 and
AlB1 improved the most nitrogen and potassium content
respectively in shoots and fruits compared to control at all
EC levels. Combining both products would be an efficient
method inducing salt-tolerance of pepper [12].

A method to produce an alloying composition for
preparing composite materials on the basis of aluminum
or aluminum alloys (options) (RU 2746701 C1)

Composite materials on the basis of aluminum are
known to be attractive due to their characteristics: specific
strength, resistance to friction and high temperatures. The
properties of aluminum composite materials depend on
size of the filler dispersed in it. Finer filler, for example,
carbon nanotubes provide better material properties, but
it is very difficult to disperse evenly such filler as its size
is extremely small.

The invention [13] refers to metallurgy and can be used
to produce strengthened aluminum materials by moulding
technologies. Alloying composition is obtained by plac-
ing carbon nanotubes into gas-tight aluminum envelope,
then by providing vacuum in gas-tight aluminum enve-
lope and heating it adsorbed gases are partially removed
from the surface of carbon nanotubes and provide mass
ratio between nanotubes and adsorbed gases to be not less
than 100. Then gas-tight aluminum envelope with carbon
nanotubes in it is deformed until incorporation of carbon
nanotubes into envelope material or mixture of carbon
nanotubes and metal powder is placed into gas-tight alu-
minum envelope, after that vacuum is provided gas-tight
aluminum envelope. Gas-tight aluminum envelope with
mixture is heated and deformed in such a way to obtain
alloying composition in the form of half-finished product
in which one part of nanotubes has no contact with outer
surface of the product and the pores linked with outer
surface of the product.

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

* Ferroelectric nanocomposite on the basis of porous
glass and monopotassium phosphate materials [14].

* Ceramic material and a method to produce it [15].

* A method to disperse flash-resistant nanoparticles
[16].

+ Aself-hardening composition based on polydimethyl-
siloxane [17].

*  Metal pigments with anticorrosion coatings on the
basis of aluminum and/or alloys of it [18].

* Nanosize logical inverter for digital devices [19].

* A method to modify carbon nanotubes for hydrophilic
or hydrophobic surfaces [20].

* A method to produce composite metal-dispersed coat-
ing, a dispersed system for precipitation of composite
metal-dispersed coating and a method to obtain it
[21].

* A method of adsorbtion refining for wastewater with
content of aromatic compounds of benzene series [22].

* A method to obtain multiferroic on the basis of fer-
romagnetic glass matrix [23].

CONCLUSION

One of the most challenging tasks the economy of
every country face is to increase industrial competitive-
ness through technological upgrade. From the side of
the state and companies the principal object to control in
this process are the people and enterprises dealing with
introduction of inventions and new technologies.

Therefore, we hope that the information published in
this section will be in demand and useful for specialists.
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Tun ctatby: O630pHan cTaTbA

N306peTeHnsA yueHbIX, MTHXXEHEePOB 1 CNeLVanncToB
M3 pa3HbIX CTPaH B 06nacTn HaHoTexHonorum. Yacrs lli

JILA. UBaHoB™ (10}, 1.A4. Cion? (12}, E.C.bokoBa® (), A.B. lemeneB* (©}, B.A. UBaHOB*

' Poccuiickan nHxeHepHas akagemus, r. Mocksa, Poccua

2 YuusepcuteT Ong JomuHuoH, r. Hopdonk, Bupgxuxua, CLUA

3 POCCUNCKNI rocyaapcTBeHHBIN yHBepcnTeT UM. A. H. KocbiruHa (TexHonoruu. insaiiH. MickyccTBo)

(PTY um. A.H. Kocbirmna), r. Mocksa, Poccus,

4 PoccnincKnii rocyapCTBEHHbIN YHUBEPCUTET Typr3Ma 1 CepBUCa; Noc. Yepknsoso, MockoBckas obnacTb, Poccus

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

PE3IOME: BBefieHme. BbicoKne TexXHONMOrn nopaxatT BoobpaXkeHve Nofen, [EMOHCTPYPYA BCE HOBbIE U HOBbIE JOCTVIKEHNA
(maTepuanbl, cnocobbl, CUCTEMbI, TEXHONIOMU, YCTPOWCTBA U AP.), KAPAUHANIBHO MEHALLME OKPYXKaloLWMiA MUP. ITO, MPEXAe BCEro,
MOXXHO OTHECTU K N306peTEHNAM YUEHbIX, UHXXEHEPOB 1 CNeLManucToB 13 PasHblX CTpaH B 0611acTu HaHoTexHosorvi. OCHOBHasA
YyacTb. B ctatbe npoBoguTca B pedepatmsHoi popme 0630p 1306peTeHuit. Pe3ynbTaTbl TBOPUECKON AEATENbHOCTY YUEHbIX, UH-
KEHEePOB 1 CNeuranmncToB, B T.U. U N306peTeHns B 0611acTVi HAHOTEXHOMOT NI U HAHOMAaTePKaNoB MO3BOJIAT NPY UX BHEAPEHNM
[06MTbCA 3HaUNTENBbHOTO 3ddeKTa B CTPOUTENLCTBE, XKUNLLHO-KOMMYHaSIbHOM XO3ANCTBE, CMEXHbIX OTPac/AX SKOHOMUKM. Ha-
npumep, n3obpeteHne «<KoOMNO3MLMOHHbIN MaTepuan C OPUEHTUPOBAHHBIMU YIIEPOLHbIMU HAHOTPYOKaMMU» OTHOCKTCA K 06n1acTu
KOMMO3ULNOHHbIX MaTePranoBs, COCTOALLMX U3 NOIMMEPHON MaTPULIbl U HAaMOSTHUTENA, B POJIM KOTOPOTO BbICTYNatoT yriepofHble
HaHOTPYOKN. TeXHNYECKUNIA pe3ynbTaT 3ak/loyaeTca B MOBbILLEHWNN MPOYHOCTY KOMMO3MLMOHHOMO MaTepurasa Ha paspbiB 3a cueT
bopmMpoBaHMA B MONMMEPHO MAaTPULLE CTPYKTYPbI OPUEHTVPOBAHHDIX YIIEPOAHbBIX HAHOTPYOOK C MOMOLLbIO OLHOPOAHOIO MOCTO-
AHHOIO 3NEKTPUYECKOro Nons, paspyLUaloLLero arfiomepaTbl HanonHUTeNA. Takxe NpeAcTaBAT MHTEPeC ANA CNeLnanncToB cemy-
loLre n3o6peTeHnsa B 061acTi HAHOTEXHOMOMUIA: CMOCO6 NOYYEeHMA MOPOLLKA, COAEPKALLErO HAHOKPUCTANININYECKII KyOUuYecKuin
Kap6uva Bonbdpama; cnocob N3roToBneHMA MOPUCTbIX rpaPeHOBbIX MEMOPaH; aHTVAVHATPOHHOE NMOKPbITUE Ha OCHOBE MOIMIMEPHON
MaTpWLbl C BKIOYEHVIEM YTTIEPOAHbIX HAHOTPYOOK 11 CNOCO6 ero nosyyeHns; cnocob onpeneneHns NoNoKeHNA NoNM3TUIEHOBOrO
rasonpoBofa 1 MeCT BO3MOXKHbIX HECAHKLIMOHPOBaHHbBIX BPE30K; COCO6 NonyyeHns 61udasHoN TEPMOINIEKTPUYECKOW KEPaMUKN;
3M1EKTPOHHO-yYeBasn cnctemMa o6bemHoro (3d) paarauroHHOro HaHOMOANPULIMPOBAHUA MAaTEPUANOB 1 N3LENNIA; MUKPOCKONMYe-
CKMIN MeTop aHanu3a Koxypbl GpyKTa 1 IMcTa AN1A pacrno3HaBaHua TprdypanmHa C TOMOLLbo HaHoKoMMNo3nTa Ag-unTpata/GQDs,
CTabnnn3rpoBaHHOrO Ha r’MOKO NMOAOKKE: HOBaA Mnatdopma ANnA SNeKTpoaHanusa repbeLngos ¢ NPUMeHEHNEM TEXHONOTN
NPAMOTo 3KCMOHUPOBAHWA HAHOUYEPHWUA 1 ApP. 3aKnoveHmne. OfHa 113 aKTyasbHbIX 3afa4 SKOHOMVKU o0 CTpaHbl — MOBbILEHNE
KOHKYPEHTOCMOCOOHOCTY NMPOMBILLINIEHHOCTY 3a CYET ee TEXHONIOrMYeCKoro nepeocHalieHus. M B 3Tom HanpaBneHnm rnaBHbIM
06BEKTOM BHVYMaHWsA CO CTOPOHbI FOCY[AapCTBa U KOMMaHWI CTaHOBATCA NIOAN UV NMPeANPUATUA, YbA OCHOBHaA paboTa cBA3aHa
C u306peTeHremM 1N BHeJpEHNEM HOBbIX TEXHOMOT A

KJTKOYEBbBIE CJIOBA: HaHOTEXHONOIMU B CTPOUTENbCTBE, YrNePOAHble HAHOTPYOKM, HAaHOPa3MepPHble NMOPOLLKKU, HAHOUACTHULbI,
HaHoMOANPULMPOBaH/Ee MaTepUasnos.
ANnAa UWATUPOBAHUA: NeaHos J1.A., Cioin J1.[1., Bokosa E.C., lemeHes A.B., iBaHoB B.A. I306peTeHuns yueHbIx, UHXEeHepPOB U cre-

LManuncToB 13 pasHbiX CTpaH B 0651acTi HaHoTexHonoruin. Yacto lIl // HaHoTexHonorum B ctpoutenbcTee. — 2021. — Tom 13, N2 3. —
C. 158-165.-DOI: 10.15828/2075-8545-2021-13-3-158-165.

BBEJIEHUE YCTPOWCTBA U JIP.), KApAWHAIbHO MEHSIOLINE OKPYKal0-

Ui MHAp. DTO, TIPEKIE BCETO, MOKHO OTHECTH K M300pe-

B BICOKME TEXHOJIOTMH ITOPaKaIOT BOOOPaKEHME JII0-  TEHUSIM YICHBIX, MHXKEHEPOB 1 CIIEIIMAICTOB M3 pa3HBIX
e, IEMOHCTPUPYS BCE HOBBIE U HOBBIE TOCTU-  CTpaH B O0JIACTU HAHOTEXHOJIOTUIA.

KeHUs (MaTepHuabl, CIIOCOOBI, CUCTEMbI, TEXHOJIOTUH,
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OCHOBHAA YACTb

Komno3unyuonnblii MaTepua ¢ OpHEeHTHPOBAHHBIMH
yriaepoaubivu HanoTpyokavu (RU 2746103 C1)

M3BecTHO, UTO yriiepoaHble HAHOTPYOKM 00JIagaroT
BBICOKMMH TIPOYHOCTHBIMU XapaKTePUCTUKAMHI U MO-
TYT UCTIOJIB30BAThCS IJIST CO3MAHMS TTOTMMEPHBIX HAaHO-
komMmo3nToB (ITHKM). OmHako Tak:Ke U3BECTHO, UTO
YIJIepOIHBIC HAHOTPYOKHU B OOJIBIINX KOHIICHTPAIIASIX
CKJIOHHBI K arjioMepaluu, 4TO MPUBOJAUT K CHUXKEHUIO
MIPOYHOCTHBIX XapaKTEPUCTUK TTOTMMEPHBIX KOMIIO3H-
IMOHHBIX MaTepHuaiaoB. I pemeHnust 3TOM PoOIeMbI
HCIIONB3YIOT IIOBEPXHOCTHO-aKTUBHBIE BemiecTBa (ITAB),
00pabOTKY yIbTpa3ByKoM 1 ap. OTHUM U3 CTTIOCOOOB pe-
IICHUS TaHHOU MPOOJIEMEI SIBISICTCS OpHEHTUPOBAHNE
YIJIepOTHBIX HAHOTPYOOK B ITOJIMMEPHOM MaTpHIIe.

M300peTenne [1] oTHOCUTCS K 00J1aCTU KOMITO3U -
HUOHHBIX MaTePHAaJIOB, COCTOSIIINX M3 TTOJMMEPHOI
MAaTPHUIIBl ¥ HAIIOJTHUTEJISA, B POJIU KOTOPOTO BBICTY-
naioT yrieponHasie HaHOTPpYOKM (YHT). Texamaeckuit
pe3yIbTaT 3aK/IIOYacTCS B MOBBIIICHUU ITPOYHOCTH
Ha pa3phIB 3a cYeT c(HOPMUPOBAHHOU B ITOJIUMEPHOM
MaTpUIIE CTPYKTYPHI OPUECHTUPOBAHHBIX YTJIEPOIHBIX
HAHOTPYOOK IO ACHCTBHEM OTHOPOIHOTO ITOCTOSTHHOTO
3JIEKTPUYECKOTO T0JIs1, pa3pyllaionIero arioMeparhbl Ha-
moHUTeNA. TeXHUMIeCKUI pe3yIbTaT JOCTUTACTCS TEM,
YTO KOMIIO3UIIMOHHBIN MaTepHasl CONCPKUT apMaTypy,
IIPONUTAHHYIO TIOJTMMEPHBIM CBSI3YIOIINM, 00Pa3yIOIIIM
MaTpHUIy, YIJIepOIHBIe HAHOTPYOKM B TIpeaesnax oT 0,05
10 0,3 00.%., opreHTUPOBaHHbBIE B IIOJTMMEPHOI MATPU-
1Ie BIOJIb apMaTypbl OMHOPOIHBIM ITOCTOSTHHBIM BJICK-
TPUICCKUM TTOJIEM.

XapakTepuCTHKH U3HOCA CYXOr0 CKOJIbKEHHUS CIIaBa
1uist nokpoiTus Fe—Cr—C—B, MmoaudunupoBaHnbliii HAHO-
CeO, n ero Mmexanu3mbl MOUGUKAIMH

M3HoCc — omHa m3 Hambojee pacIpoCcTpaHEHHBIX
(bopMm paspyleHnit MeXaHUIECKOTO 000PYIOBAHUS.
HexoTtopbie nccemoBaTeIn IpeajiaraloT CYuTaTh, 9TO
M3HOC — 3TO MPOTrpecCUBHAs OTepsT MaTepraia 1u3-3a
MEXaHNYECKOTO B3aNMOACCTBYS IBYX TEIT, HAXOMSIIIAX-
CsI B KOHTaKTe. MexXaHmuecKre AeTalll, TIOABEePTaIoIIecs
HW3HOCY, YTPaunBaioT IIePBOHAYATBHBIN pa3Mep U YBEIIH-
YKBAIOT BPEMsI IIPOCTOSI 000PYIOBAHMS U CTOMMOCTb. 13-
HOC TSDKEJIBIX CJIOXKHBIX MEXaHU3MOB MOXKET JaxKe TIpH-
BECTH K IIPOM3BOACTBEHHOMY HECYaCTHOMY CiIydato. 1st
TIPEOIOICHUST PA3TMIHBIX IIPOOJIEM, CBI3aHHBIX C U3-
HOCOM, TpeOyeTcsl SKOHOMUS SHEPTUHU M COKpAIcHIE
BbIOpOCOB nMapHukoBoro rasa CO,. Hanpumep, onopst
w1aThopMBl Ha3eMHOM BETPOBOM TYpOMHBI ITOIBEPTa-
FOTCSI Cephe3HOMY M3HOCY BO BpeMs IIOTBEMHBIX U CITY-
CKOBBIX TIPOIIECCOB M3-32 OTPOMHBIX HECYIIINX HAIPY30K.
PeMOHT yKa3aHHBIX OITOP TIPEATOUTUTEIICH M3-3a SKOHO-

MWU CTaJTbHBIX MATEPUAIOB M COKPAIICHUS CTOMMOCTH
SKCIUTyaTallii Ha3eMHOM BETPOBOM TypOMHEI, KOTOpast
paboTaeT 1o BO30OHOBISIEMOM 1 He3arpsI3HSIOIICH TeX-
HoJioruu [2].

B nanHoli paboTe ObUT MPUTOTOBJICH 3a3BTEKTUYEC-
ckmii criaB st mokpeiTus Fe—Cr—C—B. Hanopas-
MepHblid CeO, ObUT 100aBJIEH UIA YIy4LIEHUS U3HOCO-
YCTOMYMBOCTH TTOTOOHBIX CIUTAaBOB. [IpeacraBieHHOE
HCCIIeIOBaHME N3YyYaeT XapaKTepUCTHKI N3HOCA CYyXOTO
CKOJIBXEHUS cTuTaBa Ij1st mokphiTust Fe—Cr—C—B, mo-
auunmposanHoro HaHoCeO, M OTKPHIBAET MEXAHU3-
Mbl MoaubuuupoBanus HaHoCeO,. B kayecTse cyer-
HOTO MaTepuaja ObUIM BHIOpAaHBI CIIEMEHTUPOBAHHBIC
kapoungnbie mapukn WC-Co. U criiaB mid MOKPBITHS,
1 CIIeMEHTHPOBAaHHBIC KapOMIHBIC IIAPMKHI OBIIN CO3/1a-
HBI U3 KapOnaa BEICOKOM KECTKOCTH M METAITTICCKOM
MaTpPUIIbI HU3KOM XXeCTKOCTU. brla m3amMepeHa cKopocThb
M3HOCA 00pa3IIoB CIDIaBa IO Pa3IMIHBIMU HATPY3KaMH.
Cirensl M3HOCA U TIPOMYKTHI M3HOCA OBUIM M3yICHBI IIJIST
YCTaHOBJICHMSI MEXaHM3MOB M3HOca. Penkue coemmHe-
HUs B 00pa3iiax CIUIaBOB M3YYaIUCh C IEJIbIO IeTalb-
HOTO YCTaHOBJICHUS MEXaHM3MOB MOIU(MUIINPOBAHUSI
nanoCeO,. B 3axkyoueHne HEOOXOIMMO OTMETUTD, YTO
MexaHu3Mbl MoardupoBanusa HaHoCeO, B CIuiaBe Uis
rmokpeIThii Fe—Cr—C—B sBsI0TCS TTPeATIOYTUTETHHBIMI
IIJIST U3HOCOYCTOMUMBOCTH IIPH TPEHUM CKOJIBXKCHUS.

Cnoco0 U3roToBIeHns MOPUCTHIX rpad)eHOBbIX MEMOPaH
H MeMOpPaHbl, MU3TOTOBJIEHHbIE C UCTOJb30BAHMEM ITOTO
cnocoba (RU 2745631 C2)

M300peTeHre OTHOCUTCS K HAHOTEXHOJIOTUN M MOKET
OBITH MCIIOJIb30BAHO MPU M3TOTOBJICHUU BOIOHEIIPO-
HUIIAEMBIX 1 BEICOKOBO3IYXOIIPOHUIIAEMBIX MEMOpaH
IIJIST TEKCTUIBHBIX MaTepHaloB, bapbepHBIX MeMOpaH
IIJIST BOIBI, B MOOMJIBHBIX Telle(hOHAX U TTOPTAaTUBHBIX
5JIEKTPOHHBIX YCTPOMCTBAX, (PUIBTPaxX 1 ra3opasueim-
TeJbHBIX MeMOpaHax [3]. CxemMa IpssMoro oopa3oBaHUs
ITOPHUCTOTO TpaceHa ¢ TopaMu (MJIU OTBEPCTUSIMU) TIPEI-
cTaBjieHa Ha puc. 1. CHavaja BRIOMPAIOT KATATMTHYCCKI
akTuBHBIN cyocTpart (1) 3 Cu, Ni, Pt, Ru, Ir, Rh i nx
KOMOMHAIIUM. 3aTeM Ha HEeTO M3 TTapoBoOii (ha3kl ocaxkma-
0T KaTaTUTUIECKN HEaKTUBHBIN MaTepral, BRIOpaHHBIN
13 MOJIOIEHA, BOJIb(paMa, 30J10Ta, cepedpa, IIMPKOHNS,
HHMOOMSI, XpOMa WM UX CMECH/CITIaBa, MJIN UX OKCUIHBIX
CHCTeM, WM OKcHia amoMuHus. [Tocae TepMmuaecko-
IO OTXKHTA TIOJYyYaroT KaTaJTUTUICCKA aKTUBHBIN CyO-
crpat (1) ¢ MHOXECTBOM KaTaTUTHYECKN HEaKTUBHBIX
IIOMEHOB (2), pa3Mep KOTOPHIX IO CYIIECTBY COOTBET-
CTBYET pa3Mepy op (6) B [1oJIiydaeMOM IIOPUCTOM rpade-
HOBOM cJioe (5), TToclie 9ero MPOBOASIT OTXKMUT B Cpele, CO-
nepxameii 50-90 06.% H,, B raze-HocuTese, BKIIOYA0-
wem Ar, He u Ne mim N, ipu remnieparype 900—1200°C
u gasineraun 1—100000 ITa B teuerue 30—120 muH. [To-
PUCTHIH rpadeHOBHII ¢10ii (5) TommuHOoM MeHee 100 HM
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Puc 1. Cxema npsiMmoro o0pa3oBaHusi IOPHCTOrO rpadenHa
¢ mopamMu (VI OTBEPCTHSIMH)

¢ mopamu (6), UMEIOLIMMHU cpeaHuii pazmep 5—900 HM,
npu ux mwiotHocty oT 0,1 7o 100X 1010 cMm~? rmosyyaioT
Ha TTOBEPXHOCTH (3) KaTaIUTUICCKN aKTUBHOIO CyO0-
ctpara (1) XuMIYIeCKIUM OcaxXIeHEM 13 Ta30BOIi (ha3kl,
HCTIOJB3YSI ICTOUYHMK YIJIepoIa, HallpuMep MeTaH, 3TaH,
STWJICH, alleTUJICH W X CMECH, TIPY MX 00BEMHOM COOT-
HomeHnuun 1—1000 yacTeif Ha OMHY YacTh BOAOPOIA, ITPU
temireparype 300—1200°C B reuenue 1—12 u. [Topsl (6)
B rpadeHOBOM citoe (5) 0Opa3yroTed in situ Garomapst
TIPUCYTCTBUIO KATATUTHUCCKN HEAKTHBHBIX TOMEHOB (2).
[ToryaeHHBII TTOPUCTHIH TpadeHOBBIN cioit (5) ymams-
1ot (8) 13 cyoerpara (3) BaH-Iep-BaalbCOBBIM OTCIIAN-
BaHHUEM, JICKTPOXUMUICCKIM PACCIIOCHUEM, VIBTPa3BY-
KOBBIM U/VUTA TEPMUICCKIM BO3ICHCTBIEM U TIEPEHOCSIT
Ha Ipyroi cyocTpar, BEIOpaHHbIN U3 TKAHOM, HETKAHOI
WUTH BSI3aHOM CTPYKTYPhI, METAJUTMIECKOM WIIN KepaMu-
YECKOI CETH WM TIEHBI, IIPUKPETTISIS K OMHOM WJIN 00eM
CTOpPOHAM yKa3aHHOTIO cybcTpara, a cyocrpar (3) 1mo-
BTOPHO MCTIOJIB3YIOT IJIST U3TOTOBJICHMS TIOPUCTOTO Tpa-
(erosoro cros (5). M300peTeHMe MO3BOJISET YIIPOCTUTH
CIT0CO0 TIOJIYUYEeHUS IMOPUCTHIX TpacheHOBBIX MEMOpaH,
VIYYIIATH UX MEXaHUIECKIE CBOMCTBA, KOHTPOJIMPOBATh
pa3Mmep Top, a TakKe 00eCIIeYnTh KPYITHOMACIITAOHOE
TIPOU3BOACTBO TAaKMX MEMOpaH.

Cnoco0d moayJyeHHs MOPOINKA, COAepKAMEro Ha-
HOKPHCTAIMYECKHIA KyOHMIecKHii Kapoua Bojabppama
(RU 2747329 C)

M3o0pereHne 0THOCUTCS K 00J1aCTU MaTepuaIoBee-
HUS ¥ HAHOTEXHOJIOTUIA, a UMEHHO K CITOCO0Y MOJTy4eHUS
TIOPOIIIKa, COIePXKAIIero HAHOKPUCTAJUTMIECKUI KyOn-
yecKuii Kapoum Boinbppama [4]. Criocob BKITIOYAET TpeI-
BapuUTEIbHOE BAKYYMHUPOBaHNE KaMEPhl, HATIOJTHCHHE
ee aproHOM ITpY HOPMAaJIbHOM aTMOC(epHOM JTaBIeHUN
¥ KOMHATHOM TeMmnepatype. Boibhpam- u yraepoaconep-
JKAIIYIO 3JIEKTPOPA3PSAHYIO TUIa3My TeHEPUPYIOT C TIOMO-
IIBIO KOAKCUAITbHOTO MAaTHUTOIIA3MEHHOTO YCKOPUTEIIS

¢ rpaUTOBBIM CTBOJIOM U C COCTABHBIM LIEHTPAJIbHBIM
9JIEKTPOJIOM U3 HAKOHEYHMKA, BBIIIOJIHEHHOTO U3 Ipa-
(buta, 1 XBOCTOBMKA U3 CTAJIHU, C DJIEKTPUUCCKHU IIABKOM
[ePEMBIYKOI U3 IIPECCOBAHHON CMECU METALINYECKOTO
BoJIb()paMa ¥ TEXHUYECKOTO YIepoda, pa3MelleHHOM
MeXay rpadUTOBBIM CTBOJIOM M HAKOHEYHUKOM, IIPU
3apsiaHOM HanpsikeHuu 3,0 KB koHmeHcaTopHOI 6ata-
pen eMKocThbio 6 MD. Crioco6 OCYILECTBIISIOT B TPU 9Ta-
rna. Ha mepBoM 3Tarne reHepupyoT 2JeKTPOPa3PIHYIO
I1J1a3MY, UCITOJIb3YSI JIEKTPUUECKU TUIABKYIO IIEPEMBIUKY
M3 MIPECCOBAHHOM CMECU METAJIMYECKOrO BOJb(pama
1 TEXHUYECKOTO YIIIEpOo/a, B3IThIX B cOOTHOLIeHU W:C,
paBHoMm 0,70:0,30. ITomydeHHBII TOPOIIKOOOpa3HBII Ma-
Tepual COOMPAIOT, IIPECCYIOT U UCIIOIB3YIOT Ha BTOPOM
JTaIe B KAUECTBE DJIEKTPUIYECKH IUIABKOI IIEPEMBIUKU,
roMelniast Mexny rpaUTOBbIM CTBOJIOM U HAKOHEYHU -
KOM, IPOU3BOASIT BAKYYMUPOBAHUE KAMEPHI, HATIOJIHSIIOT
€e aproHOM IIpY HOPMaJbHOM aTMOC(EPHOM IaBICHUN
M KOMHATHOI TeMIlepaType U T'€HEPUPYIOT IJIEKTPO-
PpaspsLIHYIO TIa3My IIPU 3apSiIHOM HampsikeHuu 2,5 kB
KOHIeHCcaTOpHOI 6aTapeu. [loaydeHHBI Ha MIPeabIIy-
LIEM 3Tale MOPOLIKOOOpa3HbIil MaTepuall COOUPAIOT,
IIPECCYIOT U UCIIOJIB3YIOT Ha TPEThEM 3Talle B KAYeCTBE
9JIEKTPUYECKHU TUIABKOM IIEPEMBIUKH, IIOMELLAST MEXIY
rpaUTOBBIM CTBOJOM U HAKOHEUHUKOM, IIPOU3BOIST
BaKyyMHUPOBaHME KaMephbl, HAITOJIHSIIOT €€ ApPTOHOM IIpU
HOPMaJIbHOM aTMOC(hepHOM HAaBJIEHUN U KOMHATHOU
TeMIIEpaType U TeHEPUPYIOT JJIEKTPOPA3PSIHYIO IIa3My
IpU 3apsigiHoM HanpspkeHuu 2,0 kB KoHIeHcaTopHOM
Garapeu. [IpemyaraeMblii Croco0 MO3BOJISIET MOJYYHUTh
IIOPOLIOK, COMEPXKAILIUI HAHOKPUCTAJUIMYECKUI KyOu-
4yeCKUii Kapou Bojibpama ¢ pazMepoM dactuil 10 10 Hm.

Crnioco6 mosrydenusi 6e3B0,Ib(h)PaMOBBIX TBEPIOCILIAB-
HBIX IIOPOIIKOB M3 0TXO/IOB CIIABA MAPKH KHT-16 B clpTe
arunooMm (RU 2747197 C1)

M300peTreHre OTHOCUTCS K 00JIaCTH MTOPOIIKOBOM
METaJUTyPTUH, B YJACTHOCTH CITOCOOY MOIYICHUS I10-
poIrka 6e3BoJb(PaMOBOTO TBEPIAOTO CITJIaBa, I MOXET
OBITb MCMOJIb30BAHO IJISI U3TOTOBJIEHMS CIIEUEHHBIX
W3O, HaHECeHNST M3HOCOCTONKMX MMOKPBITUIA IIJIsT
BOCCTAaHOBJIEHUSI U YIIPOUHEHMUS AeTajeil MaluH [5].
Croco0 nosydeHust 6e3B0Ib(PAMOBBIX TBEPIOCIIIABHBIX
MHUKpPO- ¥ HAaHOPa3MEPHBIX ITOPOIIKOB C(hepruIeCKOMi
(opMBI 113 0TXOIOB 6E3BOTBEMPAMOBOTO TBEPIOTO CILIaBa
BKJTIOUAET JIEKTPO3PO3NOHHOE TUCIIEPTUPOBAHUE OT-
XOIOB TBEPABIX CILIABOB. DJIEKTPO3IPO3NOHHOMY JUC-
TIePTUPOBAHUIO B STUJIOBOM CITUPTE MOABEPTAIOT OTXOIbI
6e3BoIb(ppaMoBOTO TBEPLOrO crtaBa Mapku KHT-16
MIPY Y4acTOTe ClIeNOBaHUS UMITYIbcoB 95—105 I', Ha-
MIpsDKeHUN Ha ayiekTponax 195—205 B m eMKoCTH KOH-
nIeHcaTopoB 25,5 Mx®, 3aTeM MPOBOAAT LIEHTPUPYTHPO-
BaHHE TIOJIyYEHHOTO PacTBOpa, COACPKAIIETro MUKPO-,
HaHO- ¥ KPYITHOPa3MEepHBII ITOPOIIOK, IS OTOCICHUS
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OT HETO KPYITHOPA3MEPHOTIO IMOPOIIIKA, IIOCTIe YeTO pac-
TBOP, COAEpXKaIIUil MUKPO- U HAHOpa3MEPHBIN IO-
POIIIOK, MOABEPraioT BhIIIAPUBAHUIO, a TTOJIYUYEHHBII
MUKpPO- U HaHOpPa3MEpPHBIN MOPOLIOK IMOABEPTAIOT
cyuike. [ToaydyeHue MopoILIKOBOTO MaTepualia IIpoOuc-
XOIUT U3 TOTOBOTO 0€3BOJIL(OPAMOBOTO TBEPAOTO CIIJIaBa
METOAOM 3JIEKTPO3PO3UOHHOTIO NUCTIEPTUPOBAHUSI, OT-
CYTCTBYET HEOOXOAMMOCTD CIIeKaHUsI KOMIIOHEHTOB JIJISI
JaJIbHEHMIIIETO pa3MasiblBAaHUS U TTOJYUYCHUSI KOHEUHOTO
NpPOIYKTa, YTO 3HAUYUTEIbHO CHUXXAET YHEpPro3arpar-
HOCTb 1 ce0ecTOnMOCTh Tipoliecca. M3o00pereHne MoxeT
OBITh UCITOJI30BAHO JJIS U3TOTOBJICHUS CIIEUEHHBIX U3-
eIV, HaHeCEHUSI N3HOCOCTOMKMX IMOKPBITUM — IJIS
BOCCTAaHOBJICHUS U YIIPOUHEHMS AeTajiell MalllH TOPHO-
METaJITypTUUeCKOM ITPOMBIIIUIEHHOCTH, aBTOMOOUIEHOTO
¥ CYyIOBOTO TpaHCIIOPTA.

MuKpoCKONMYECKHiA METOI aHAIN3a KOXKYPbI PpyKTa
M JICTA /IS PACHO3HABAHUSA TPUQIYyPAIHHA C OMOIIbIO
HaHoOKoMmo3uTa Ag-murpara/GQDs, cTadnImM3HpOBaHHOTO
Ha THOKOii MOAJI0KKe: HOBasA MmiIaTdopMa Ijis 3JIeKTPo-
aHAIN3a repoenuIoB ¢ NPUMEHEHHEM TEXHOJIOIUH MPSMOro
IKCIIOHMPOBAHMA HAHOYECPHUII

IMecTUIMABI IIMPOKO MTPUMEHSIOTCS B CETLCKOM XO-
3SACTBE B KQUeCTBE BaXKHOTO MHCTPYMEHTA JIJIsT KOHTPOJIS
3a 00JIE3HETBOPHBIMY OpraHU3MaMM, COPHSIKAMU 1 Ha-
CEeKOMBIMU. DTU XMMUUYECKUE BEIIECTBA MCIIOIb3YIOT-
csl TS TIPEeIOTBpAIlleHUs, OTPasKeHUS WA YCTPaHEHUS
TMOSIBJIEHUS WJINA MOCJEICTBUII OPTaHU3MOB, KOTOPBIE
MPEnCTaBISIOT MOTEHLIMAIbHYIO OTTACHOCTD CEIbCKOXO0-
3MCTBEHHBIM KyIbTypaM. ['epOMIIIIbI — 5TO BUIL TIECTH -
LUI0B, TPUMEHSEMBIX JUIS 3aIIUThI OT COPHSKOB WJIA IS
nx yctpaHeHus. TpudirypaluH — IpeBeHTUBHBIA U 13-
OupareabHbIA reponLnI, mpuMeHsiercs ¢ 1960-x rr. mpu
BBIpAIIBAHUN PA3TMIHBIX paCTeHWI, BKITIOYas (hDPYKTHI,
OBOIIIN, OPEXU U 3ePHOBBIE KYILTYPHI. [ epONIIIIBI you-
BaIOT KJIETKM, BO3IEHCTBYIO HA HUX MTOJUMEpU3alIneii
MUKPOTPYOOK. M3IuirHee MCITOIb30BaHNEe JTaHHOTO
repOuIMIa MPUBOAUT K 3aTPSI3HEHUIO OKPY>KAIOIIE
cpenl M BIMSIET Ha 310pOBLe YenoBeKka. TpudirypaanH
BBI3BIBAET (PU3MOJIOTMYECKIE M3MEHEHMST, BKITIOYAsT U3-
MEHEHMS B IIEYeHH U XapaKTEPUCTUKH TUTa3MBbl, CHIKAET
BeC ¥ pa3Mep SMOPHOHA 1 TTOBBIIIAET BEPOSITHOCTD BhI-
KHJIBIIIA TIpU 6epeMEeHHOCTH, TOBPEXKIEHME TTOYEK, TT0-
SIBJICHUE aJUIEPTUM U T.1I. Takke TpUhIypaTnH BIUSIET
Ha SHIOKPUHHYIO (DYHKIIMK U paccMaTpuBaeTcst EBpo-
TMEMCKUM COI030M KaK pa3pylinTeslb SHIOKPUHHOM CH-
cTeMbI. B TOTTOTHEHNM K TOKCUYHOCTH JIJTSI MJTEKOITUTA-
JOIIVX BBI3BIBAET OIaceHNE BO3IECTBIE TpUITypaIHa
Ha OKpYyXKarollylo cpeny [6].

B nannoii pabote ObUIM CUHTE3UPOBAHBI MHHOBALIM -
OHHBIC TIPOBOISIINE YSPHIJIA HA OCHOBEe Ag-1IUTpaTa/
GQDs 151 co3maHns TPEXdIeKTPOTHOTO JaTINKa Ha JIN-
CTe U KOXype s1610Ka. CBOICTBA CHHTE3MPOBAHHBIX Uep-

HUJI ObUIM OLIEHEHBI C UCITOJIb30BAHUEM TaKUX CITEKTPO-
ckormueckux MmeTonoB Kak FE-SEM, TEM, EDS, XRD,
ICP u pamanoBckuii. B pe3yibraTe cciaenoBaHTiz yep-
HWI ObLIO YCTAHOBJIEHO, UTO M300paXKeHUsI, TTOJTyYEHHbIE
ABTOSJIEKTPOHHOW CKaHUPYIOLLIE MUKPOCKOIIUEN, TTO -
TBEPKIAIOT HAJIMIME KBAHTOBBIX TOUCK TpacdheHa B 00pa3-
11e yepHuI. Pe3yabTaThl CIEKTPOMETPUM C UHIYKTUBHO
CBSI3aHHOM T1J1a3MO¥ Tak>Ke MOATBEPAUIN MPUCYTCTBUE
cepebpa B CMUHTE3UPOBAHHBIX YepHMIaxX. Pe3yibTaTsl
MPOCBEYMBAIONIEN 2JIEKTPOHHOU MUKPOCKOTIMU CBU-
JIETEIbCTBYIOT O HAJIMYMU KBAHTOBBIX TOUYEK TpadeHa
1 IIPaBWJIbLHOM MOPSIAKE TTOJMMEPHBIX I1acTuH. [1ocie
BBISIBJIEHUSI CTPYKTYPbI YEPHWII, aHATIM3Y ObLIY MTOABEP-
JKEeHBI X IIPOBOINMOCTD M COIIPOTUBIICHUE. DIEKTPOIBI
ObLIM U3rOTOBJIEHBI C UCTTOJIb30BAaHUEM YEPHWII U METO/IA
MIPSIMOTO 3KCIIOHUPOBAaHUS. 3aTeM TpUQIypalIrH OBLT
OIICHEH C TTOMOIIBIO IEKTPOXUMIIECKIX MeTomoB CV,
DPV u SWV. Pe3ynbraTsl McClieIoBaHMS TTO3BOJISIOT CHE-
JIaTh BBIBOJI O TOM, UTO TpejiaraeMasi TpexaJ1eKTpOoaHas
cHUcTeMa TakxXe MepcreKTUBHA 151 TPOBEACHUS aHaIu3a
Ha ApyTUX repounmaax.

Crioco0 ompezeieHHs MOJ0KEHHSA MOJIAITHICHOBOTO
rasonponojga i MECT BO3MOZKHbBIX HCCAHKIIMOHUPOBAHHBIX
Bpe3ok (RU 2745048 C1)

M306peTeHNE OTHOCUTCS K 00JIACTH CTPOUTEIIBCTBA,
TPYOOIIPOBOIHOTO TPAHCIIOPTA B TA30BOM ITPOMBIIILICH-
HOCTH ¥ MOXKET OBITh MCIIOJIB30BAHO IS OTIPEICICHUS
MECTOTIOJIOKCHHUS TTOJMATUIICHOBEIX Ta30IIPOBOIOB,
a TaKxKe MECT BO3MOXHBIX HECAHKIIMOHUPOBAHHBIX
Bpe3oK [7]. CylIHOCTb M300peTEHUST COCTOUT B TOM,
YTO IIPUPOTHBIN Ta3 MAPKUPYIOT XKeJIe30COACPKAIIIMUI
HaHOYACTUIIAMU, 3aKaUMBAEMBIMU B PacCIIpeIeINTEIIb-
HBII TTOJIMATIICHOBBIN Ta30IIPOBOI TIepell CEKTOPOM
BO3MOXKHBIX HECAHKIIMOHUPOBAHHBIX Bpe30K (puc. 2).
3aTeM IIPOBOIAT MOAITOBEPXHOCTHOE 30HANMPOBAHNIE Ha-
IIpaBJICHMS IBUIKCHUSI TIOTOKOB Ta3a ¢ B3BEIICHHBIMU
HaHouacTuIaMu. 2Keje3ocoaepKamme HaHOYaCTUIIBI

;) BeepeHune
B ra3oBylo cpepy
HaHoYacTuL

Puc. 2. IIpumep peanmsanum cocoda onpeaeeHust
M0JIOKEHUS MOJUITUIEHOBOTO ra30MpoBoAa U MECT
BO3MOZKHBIX HCCAHKIIMOHUPOBAHHBIX BPE€30K
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3aKauMBAIOT B paCIIpeIeTUTEIbHBIN Ta30IIPOBOI IIOPIIH-
SIMH Pa3JTMIHOTO 00beMa ¢ YCTAHOBJICHHBIM IIEPHUOIOM
ciemoBaHms. Takoe TEXHUUECKOE pEIICHNE PACIIIPSICT
(byHKIIMOHATBHBIE BO3MOXHOCTH IIPUMEHEHMSI CIIoco0a
UTSI TIOJTMMEPHBIX HeapMUPOBAHHBIX YT apMUAPOBAHHBIX
CUHTCTHYCCKIMU HUTSIMH TPYO, YIIPOIIACT TEXHIMUCCKYIO
peaNmn3almio U CHIKAET CTOMMOCTD €T0 NCITOJTHCHHUS.

AHTHIMHATPOHHOE MOKPbITHE HA OCHOBE TMOJUMEPHOI
MATPUIIBI C BKTIOYEHHEM YTJIEPOIHBIX HAHOTPYOOK 1 c1oco0
ero mosydenust (RU 2745976 C1)

M300peTeHNE OTHOCUTCSI K KOMITO3UTHBIM MaTepH-
ajiaM, KOTOpbIe MOTYT OBITh MCITOIb30BaHbI 1T HAaHeCce-
HUS Ha TTIOBEPXHOCTh PA3TMIHBIX AeTaJICH IUIsSI CO3MaHMS
AHTUIUHATPOHHBIX TTOKPBITUH [8]. AHTUAMHATPOHHOE
TOKPHITHE, CHOPMUPOBAHHOE HA TIOBEPXHOCTH JICTAIIH,
XapaKTepU3yeTCsT HATMINEM YIJIEpOTHBIX HAHOTPYOOK,
MIPU 3TOM ITOKPBHITHE BKIIIOYACT, IO MEHBIICH Mepe,
TIePBBIIA CT0I M3 KOMITO3UTHOTO MaTepuraa, IpeacTaB-
JISTIONIETO COOO0M MOIMMEPHYIO MAaTPUILY C BKIIFOUCHUEM
MHOTOCTCHHBIX OPHEHTUPOBAHHBIX YIJICPOTHBIX HAHO-
TPYOOK TMaMeTpoM OT 8 10 250 HM, BBITTIOJTHEHHBIH TOJI-
muHo# o1 0.1 10 1 MM, ¢ TJIOTHOCTBIO MacCHBa OPUCH-
TUPOBAHHbIX YIJIEPOAHBIX HAHOTPYOOK OT 0.5 10 1 r/cm?,
C KOJIMYECTBOM HAaHOTPYOOK OT 5 10 20 Macc.% OT Macchbl
KOMITO3UTHOTO MaTepHaa. TakKe 3asiBJIeH CITOCO0 IT10-
JIyIeHUsI YKa3aHHOTO MOKPHITHS. M300peTeHNne obecte-
YUBaCT MOJYyICHNE KaUeCTBEHHOTO aHTUINHATPOHHOTO
TTOKPBITHUS Ha AETAJISIX, MMEIOIINX CIOKHYIO (hopMy, TIPH
VIIPOIIEHUH CII0c00a ero HaHeCeHMS 0¢3 HEOOXOIMMO-
CTHU MCIIOJIb30BaHUS BEICOKOTEMITEPATypHOI 00pabOTKH
TIeTaJIH.

Crnioco® nosydenus 6uda3Hoii TepMOIIEKTPUIECKOi
kepamuku (RU 2745910 C1)

M300peTeHre OTHOCHUTCSI K HAHOTECXHOJOTHSM,
a UIMEHHO K c1riocobaM MoJy4yeHUsT HOBbIX OM(a3HbIX
KepaMUIECKUX MaTEePUAJIOB IUIST HYXKI TEPMOSJICKTPO-
rerHepannu [9]. Croco6 moaydeHust 6uga3sHoN TepMO-
3JIEKTPUIECKON KepaMUKHU BKITIOYACT IIPUTOTOBIICHUE
TIOPOIITKOBOM CUCTEMBI M3 NCXOIHBIX IIOPOIIIKOB KapOo-
HaTa CTPOHLIUS SrCO3 ¥ OTUOKCWIA TUTaHa TiO2 TIyTeM UX
COBMECTHOTO BBICOKOHEPIeTUIECKOTO TTOMOJIA B 3TaHO-
JIe, OTKWTA U CYIIKH, TIOCJIC YeTO IMOTyJYeHHBI MaTepral
CITeKaIOT MO MeXaHMUeCKOil Harpy3koii. [TopomkoByo
cucteMy (pOpMUPYIOT 13 CYOMUKPOHHOTO ITOPOIITKa Kap-
6onara ctpoHuus SrCO, ¥ HAaHOPa3MEPHOTO TOPOLIKA
nuokcuaa Tutana TiO,, B3ATBIX B KOJIMYECTBE, 0OECTIEYn-
BaroIlIeM COOTHOIIeHNUE (POPMUPYIOIINXCS TTOCIIE CTIeKa-
Hus (ha3 TuraHata ctpoHuua SrTiO, u aMokcuaa TuTaHa
TiO, B hopme pyruia o o6bemy 1:1. Cyiuky BeayT npu
temmneparype 60—80°C B reueHne 24—48 yacos ¢ mociie-
NYIOLIE! TpaHyJISILE MOPOIIKOBOM CUCTEMBI Yepe3 CUTO

¢ 9 PEKTUBHBIM pa3MepOM si9eeK 75 MKM U C TTOCTIeAy-
IOIMM OTKUTOM B aTMocdepe Bosmyxa mpu 600—800°C
B TeueHMe 2—4 gacoB. [TomyueHHBII MaTepra oaBepra-
0T PEaKIIMOHHOMY MCKPOBOMY ITUTa3MEHHOMY CITEKAHUIO
pu BHelTHeM jgaBiieHnu 21,5 MITa co cKopocThio Harpe-
Ba 55°C/muH 10 1200—1250°C 1 BBIIEp:KUBAIOT IIPU STOM
temmepaType 5 mMuH. [locite criekaHusa HeoOs3aTeIbHO
MIPOBOIST OTKUT. TeXHMIECKMIT pe3yabTaT - TTOJIyJYeHIE
oudasHoii Tepmosniekrpudeckoit kepamuku SrTiO,/TiO,
C paBHOMEPHBIM pacIipeneiacHreM (a3 Bo BceM 00beMe,
HACHIIIICHHON TpaHUIIAaMHU pa3ieia ABYX a3, TIe BO3-
MOXHO (hOpMHUPOBaHUE IBYMEPHOTO 3JICKTPOHHOTO rasa.

TexHomoTNs1 ABUIMH-OUOTHH /IJIsl CHHTE3a Pa3BETBJICH-
HOii HAHOCTPYKTYPBbI 151 I0CTABKH JIEKAPCTBEHHBIX CPECTB

LleneBast mocTaBKa JIGKAPCTBEHHBIX CPEICTB TSI CO-
eMIMHEHMST TAKMX TKaHEe, KaK HalIprMep, XPSIIITN, OCTaeTCs
HepelIeHHON TTPo0JIeMOil, KOTopas MPEIISITCTBYET KT -
HUYECKOMY TIepPeX0Iy Ha ITePCIeKTUBHBIC METUKAMEHTHI
mpoTtuB octeoapTputa (OA). DPheKTUBHOCTH MECTHBIX
BHyTprcycTaBHEIX (BC) MHBEKIINIA JIeKapCTB CHIKACTCS
3a CYET OBICTPOTO MPOXOXKICHUS Yepe3 MEKCYCTaBHOE
IIPOCTPAHCTBO U MeIJICHHYIO TU(P Y310 CKBO3b IIJIOT-
HYIO, XPSIIIEBYIO MAaTPUILY, BKIIOYAOIIIYIO OTPUIIATEIEHO
3apspKeHHBIe arrpeKaH-TmKo3aMuHorKaHb! (AL, Ber-
COKasl OTpHIaTeIbHAs TUIOTHOCTh CTATHUYECKOTO 3apsiia
(ITC3) xpsma odecreunBacT YHUKAIBHYIO BO3MOXKHOCTD
HCITONTB30BaTh 3JICKTPOCTATUUCCKIE B3aMMOICHCTBIS IS
VAYJIICHHS JOCTABKH, TIOTJIOIICHMS U YIS PKBAHUS TIe-
PEHOCUMKOB KaTUOHHBIX MeAMKaMeHTOB [10].

B manHOIf paboTe paccMaTpUBacTCsT IPOTOKON IS
CHHTE3MPOBAHUS XPSIICBOI MPOHUKAIOIIEH KATHOHHOMN
Ppa3BEeTBETBICHHOI HAHOCTPYKTYPHI ABUIMHA (pAB), KO-
Topas 00ecIeYBacT MHOXKCCTBEHHBIC TIIOIIAIKY TSI
KOBaJICHTHOI 3arpy3ku Dex ¢ MOMOIIbIO TUIPOJIN3Ye-
MBIX CBsI3ytoIIuX 3(pupoB. JlaHHbII MeTom ObLT pa3padbo-
TaH, YTOOBI CO3aBaTh 00JICC YCTOMUMBEIC CBSI3YIOIINE
3bupHI 33 cCUET YIJIUHEHUS YIJICPOTHOTO Pa3IeIUTEIIsT
MeXXIy 2(HUPOM 1 CMEKHBIX aMUIHBIX CBSI3CI, 3aMEHSIST
SA na GA i PA. YripasisieMoe ocBOOOXIEHIE COCTaBa
pAB- Dex, comepkaliero cioxxHo3(pupoBbIe TIPOU3BO-
nHble SA, GA u PA B MonsspHOM cooTHomeHnu 2:1:1
IIPOIEMOHCTPHUPOBAJTIO OCBOOOXKICHNE TTOJIOBIHBI XKM3-
HeHHoro 1uKia 38.511.5 (h) ¢ obecrieueHIIEM CTaOMITEHO-
T'O BBICBOOOXKICHMS JIeKapCTBa Ha TIPOTsoKeHnH 10 THE.
JlaHHass KaTHOHHAS pa3BeTBETBICHHAS HAHOCTPYKTYpa
AsunrHa (pAB) CITOCOOHA 00ECTICUNTh JOCTABKY IITNPOKO-
TO CITeKTpa MaguKaMeHTOB ITpoTuB OA 1 X COUeTaHUA
BHYTPbB XPSIIEBBIX KIeTOK. CKOPOCTH BHICBOOOXKICHMS
JIEKapCTBEHHOTO CPEICTBA MOXKHO PETYIMPOBATH 3a CUCT
couetaHus 3(PUPHBIX CBA3YIONINUX C PA3TIUYHBIMU CKO-
POCTSIMU TUAPOJIM3a Ha OCHOBE THIIA JICKapCTBa, €To 1Ie-
JIEBBIX TKAHEU M COCTOSHUS 3a00yieBaHUs. TeXHOIOTHS
aBUIMH-OMOTUH obecrieurnBaeT TMOKOCTb OMOTUHWIIN -
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POBaHUS IPYTUX CXOXKUX ITO pa3Mepy JeKapCTBEHHBIX
CpeACTB, TaKMX Kak Dex, KOTOpbIil MOXET ObITh 00beaU-
HEH ¢ ABUIMHOM ITyTeM IIPOCTOTO CMEIIMBAHMS TIPH KOM-
HATHOM TeMIIepaType, YTO BEITTOHICTCS B KITMHIYECKIX
YCIIOBUSIX TIepel HauaJIOM MCITOIb30BaHMSI.

DJIeKTPOHHO-JTy4eBas cucteMa 00bemHoro (3d) paaua-
IHOHHOTO HAHOMOIM(UIMPOBAHMS MATEPHAJIOB U W3IeJIHiA
B oOparHoMuIe/UIpHBIX pacTBopax (RU 2746263 C1)

M300peTeHre OTHOCUTCS K CPEICTBY IIPOM3BOACTBA
HAHOKOMITO3UTHBIX MaTePHAIOB, KaTaJIu3aTOPOB, aCcop-
0cHTOB, HAHOMYHKIIMOHAIM3AINHI ITOKPBITHIA, a TAKXKe
W3IEINI VTSI P03 IEKTPOHUKH, SIEKTPOTEXHUKH, Me-
IULIMHBI, CETCKOTO XO3SIMCTBA, arpo- M OMOTEXHOJIOTHIA

3 74

-

Puc. 3. Cxema 3/1eKTPOHHO-/Ty4€BOIi CHCTEMBI 00 BEMHO-
ro (3D) paauanuoHHOr0 HAHOMOIU(UIMPOBAHHUS MaTe-
PHAJIOB Y U3/IeJIHii B 00paTHOMUIIEJUISIPHBIX PACTBOPAX,
rae: 1— IByXypOBHEBBIN ITPOM3BOICTBEHHO-TEXHOJIO-
TUIECKUIT MOIYJIb; 2 — OJIOK TUHAMUYICCKOTO MOMIM -
utmpoBanus in situ; 3 — yCKOPUTETb 3JIEKTPOHOB,;

4 — cucTeMa peakKTopoB; 5 — eMKOCTb JUISI TIOATOTOBKH
00paTHOMMIIEILISIPHOTO pacTBoOpa; 6 — 0JIOK IIPOMBIB-
KU peakTopa; 7 — OJIOK pereHepalui PearcHTOB;

8 — 0aI0H ¢ MHEPTHBIM Ta30M; 9 — IIyJIbT yIIpaBie-
HUg cuctemoit; 10 — rmorotuTensy; 11 — Hacoc mid
TepeKayKy cMecH; 12 — moaKaunMBaoIil Hacoc;

13 — MabUpUHT panuallMOHHON 3aIIUTH MAaTUCTPaTN
pereHepannu; 14 — MTaOUPUHT pagualliOHHON 3aIUTHI
MarucTpaieil mogauYn peareHTOB U Ta3a B peakTop;

15 — 1abupuHT pagualiMOHHONM 3alLUTHI 3JIEKTpUYEC-
CKUX KaOeJel CUCTEMBI

[11]. BaekTpoHHO-Ty4YeBast cucTeMa 00beMHOTO (3D)
pamualMOHHOTO HAHOMOIM(DUIIMPOBAHNS MaTepHUAIOB
1 M3IEJIHMI B 00PaTHOMULICIUISIPHBIX PACTBOPAX COMEPKUT
JIBYXYPOBHEBBI IIPOU3BOICTBEHHO-TEXHOJIOTMICSCKIIA MO-
IIyJIb C OMOJIOTMYECKOM MPOTUBOPAAUALIMOHHONM 3aILUTOMN
1 TIyJI6T YIIPABJICHUST CUCTEMOI, BRTHECEHHBIH 3a TIPEIeIThI
IIBYXYPOBHEBOTO TTPOM3BOICTBEHHO-TEXHOJIOTUTICCKOTO
MOIYJISI, CBSI3aHHBIN ¢ HIM 3JICKTPHUCCKIMU KaOeIsIMI
(puc. 3). Ha BepxHEeM ypOBHE IBYXYPOBHEBOTO IIPOU3-
BOICTBCHHO-TEXHIUIECKOTO MOIYJIST PACTIONIOXKECHBI €M-
KOCTb IIJISI TTOATOTOBKY 00OPaTHOMMIIEIUIIPHOTO PacTBOpA,
OJIOK IIPOMBIBKH peakTopa, 0JI0K pereHepaliii peareHToB
1 OaJIJIOH ¢ MHePTHBIM Ta30M, Ha HIDKHEM YPOBHE IBYX-
YPOBHEBOTO TTPON3BOACTBEHHO-TEXHUUYECKOTO MOMIYJISI
PACIIONIOXKEHBI YCKOPUTEITh 3JIEKTPOHOB 1 CHCTEMA peak-
TOpoB. TeXHIMUCCKUM pe3yTbTaTOM SBIISICTCS TTOBBIIIICHIC
5(phHeKTUBHOCTI 1 OE30ITaCHOCTH ITPOIIECCOB pagraIliOH-
HO-XUMIYECKOTO MOIN(UIIIPOBAHNS OOBEKTOB.

Hanoyno0OpeHnus u ux B/HsiHIE HA OBOIM: BKJIaq Nano-
chelate Super Plus ZFM u Lithovit®-standard B npouecc
TIOBBIIIEHUS] YCTOWYNBOCTH K COJIM MEpHa

IIpoueccol 100anbLHOTO MOTEIUICHUS, Ae3epTU(dUKa-
LIMX ¥ 3aCOJICHUSI TTOYB CETOMHSI ITPOMCXOIST ITOBCEMECTHO
1 HETATUBHO BIMSIOT HA MPOU3BOICTBO ITUIIN, CHITKAS
IUTOMOPOTHOCTH TTOYBHI. 3aCOJICHUE BCTPEUYaeTCs TIaB-
HBIM 00pa30M B UPPUTHUPOBAHHEIX ITOYBAX, B KOTOPBIX
6oJee 45 MIJUTMOHOB TeKTapOB MTOIBEPKEHBI 3aCOJICHUIO.
Ecnmm He IpMMEHSITh HUKAKUX OTBETHBIX MEp, TO MOXHO
0XUAATh, 4TO 50% CEeNbCKOXO3IICTBEHHBIX YIOIUIA MO~
CTpagaroT MogoOHBIM 00pa3oM K 2050 romy. 3a rmocieaHue
TOIBI Bce OoJree MIMPOKO BHEIPSIIOTCSI HAHOTEXHOJIOTUN
IUTS YITYIIICHUST YCTOMIMBOCTH PACTEHUI K a0MOTHUECKO-
My cTpeccy. B maHHOI paboTe OLIeHMBAINCH OTHCIbHEIC
1 KOMOMHMpOBaHHbBIE 3 (eKThI TpoaykToB Nano-chelate
Super Plus ZFM (A) u Lithovit®-standard (B) Ha nepen
YMJIM Ha TI0YBaX, TIOABEPTIINXCS 3aCOICHIIO. brumm mpo-
TeCTUPOBAHBI 2 PA3TNIHBIX KOHIICHTPAIIUKM KaXKIOTO
n3 mponykrtoB (Al, 2.5t/n—1,A2,5t/n—1,B1,3r/n1—1
u B2, 51/1—1 ) Ha iepiie, OpOIIEHHOM TpeMsI pacTBOpa-
mu NaCl (1.5 cyxoro BemtectBa Ha m—1 , 3dS m—1 u 6dS
m—1). B paMKax IpoBepOYHOTO SKCIIEPUMEHTA TIeper]
opomranu pactBopamu NaCl. Pacrieinenne Nano-chelate
Super Plus ZFM B MabIX KOHIIEHTpanusax (Al) 3Haum-
TEJIBHO YIYYIIMIO COACpKaHMe Kele3a, IIMHKA U Map-
raHia B roderax u ¢gpykrax. [IpyuMeHeHre BEICOKOKOH-
LIEHTpUPOBaHHOTO Mpernapara Lithovit®- standard, yiy4-
IIUJIO COMepXKaHMe KaJIbIINsI M MAaTHUS B pa3HBIX YaCTSIX
pactenust. A1 B2 nmpuBen K cyIieCTBEHHOMY YBEIMYEHUIO
KOJIMYECTBA, a TAKXKE MACCHI B CBIPOM M CYXOM BHIE pa3-
JIMYHBIX YacTeit pacTeHns. OH TakKe 3HAYUTETHHO YBE-
JIMYIIT KOJIMYECTBO (PPYKTOB, X MACCHI B CHIPOM M CYXOM
BUIE, YpOXKaitHOCT—1 1 pa3mMep (PYKTOB IO CPaBHEHHIO
co Bcemu pactBopamu NaCl. Bce 00paboTKm yIrydim
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comep:KaHNe KapOTCHOMIOB M COKPATUIIN YTEUKY KITe-
TOYHBIX 3JICKTPOJIUTOB U colepKaHne HaTpusl. Huskue
koHueHTpauyu Nano-chelate Super Plus ZFM 3HaunTesnh-
Ho yiyummi xiopoguint a (Chl a), b (Chl b) u obmmmit
xmopodmmt (TChl) mo cpaBHEHHIO ¢ BRICOKOI KOHIICH-
tpauueii (A2). [InrMeHTH (hOTOCHHTE3a OBITN YBETUICHEI
3a cueT A1B2. O6paboTKa pacteHuii mpomyktamMu A1B2
u A1B1 ynyuymmio comep:kaHue a30Ta U Kajaus COOTBET-
CTBEHHO B mo0eTax 1 (hpyKTax Mo CPaBHEHMIO C U3Mepe-
HusIMH Ha BeeX ypoBHIX EC. CoueTaHne 000MX TTPOIyK-
TOB MOKET CTaTh 3(PHEKTUBHBIM METOIOM II0 CO3IAHIIO
Teplia, yCTOMIMBOTO K comsiM [12].

Cnioco6 moJiydeHusi JIMraTypsl JJjisl IPUTOTOBJIEHUS
KOMIO3HIIMOHHBIX MATEPHUAJIOB HA OCHOBE AJIOMUHUS WA
amovMunneBbix ciuiaBos (Bapuantsi) (RU 2746701 C1)

CrenyeT OTMETUTh, UYTO KOMITO3UIIMOHHEIC MaTe-
pHanbl Ha OCHOBE aJTIOMUHUS IIPUBJICKAIOT CBOUMU
KauyecTBaMU: CITEIIN(DUICCKON IMPOUYHOCTHIO, CTONKO-
CTBIO K TPEHUIO W BEICOKUM TeMItepatypaM. CBolCTBa
ATIOMIHUEBBIX KOMITO3UIIMOHHEBIX MaTEPUAJIOB 3aBUCST
OT pa3Mepa HaTOJHUTEIISI, TUCIIEPTUPOBAHHOTO B HEM.
HamosHuTeIh MEHBIINUX pa3MEPOB, B YACTHOCTH, YTJIC-
pPOIHBIC HAHOTPYOKHM, 00CCIICUNBAOT TOCTIKCHHE JTyd-
IIMX CBOMCTB MaTepHajia, OMHAKO paBHOMEPHO IUCIIep-
TUPOBaTh TaKOIl HATIOJIHUTEIb YPE3BEIYATHO CIIOKHO
M3-32a €TO CJIUIIKOM MaJIbIX Pa3MepOB.

M3obperenue [13] oTHOCUTCI K METAJLUTYPTUH U MO-
JKET OBITh MCITOJIb30BAHO IS TTOTYICHUS YIIPOUHCHHBIX
ATIOMIHUEBBIX MATEPUAJIOB ITyTeM JIUTCHHBIX TEXHOJIO-
ruii. JIuratypy moaydaioT IyTeM IMOMEIICHUS YIJIepOI-
HBIX HAHOTPYOOK B TIOJIOCTh TEPMETUIHOI aTFOMIUHICBOM
000JI0OUKHM, 3aTeM ITyTEM CO3TaHUS BaKyyMa B ITOJIOCTH
TePMETUIHOM aTIOMUHUEBOM 000JIOUKU U €¢ Harpesa
C TIOBEPXHOCTH YIJIEPOTHBIX HAHOTPYOOK YIAJISIOT YaCTh
anIcopOMPOBAHHBIX Ta30B C 00ECIIEYUCHNEM MacCOBOTO
COOTHOIIICHUSI HAHOTPYOOK 1 aliCOPOMPOBAHHEIX ra30B,
cocTasistionero He MmeHee 100, teopMHUpyIoT repMeThy-
HYIO aJTIOMIHHEBYIO 000JI0UKY ¢ HAXOISIINMUCS B Heit
YIJIEPOIHBIMI HAHOTPYOKAMU 10 BHEIPEHMS YITICPOTHBIX
HaHOTPYOOK B MaTeprajl 000JI0UYKY WIIM CMECh YIIepOI-
HBIX HAHOTPYOOK M ITOPOIITKA MeTalljIa IIOMEIIAOT B I10-
JIOCTh TEPMETUYHOI aTIOMUHUEBOI 000JIOUKH, 3aTCM
CO3IAI0T BaKyyM B IIOJIOCTU TePMETUIHON alFOMUHUE-
BOI1 000JIOUKHM 1 HATPEBAIOT, IIOABEPraroT AechopMaliin
TEepPMETUIHYIO aJTIOMIHUEBYIO 000JIOUKY ¢ HAXOISIIIECS

CIINCOK JIMTEPATYPLI

B HEW CMECHIO C O6p330BaHI/IeM JIMTaTypbl B BUJC 3aro-
TOBKU, B KOTOpOfI 4aCTb HaHOTDY6OK HCE MMECT KOHTAaKTa
C BHEIIHEN ITIOBEPXHOCTBIO 3aroTOBKM M C ITIOpaMH, CO-
OOILIAIOIIMMUCS C BHEIITHEN IIOBEPXHOCTBIO 3aTOTOBKMU.

Taxonce npeacmaexmlom unmepec 0as cneuuaaucmoes
cae()ylomue u306pemeuwl 6 00aacmu HaHOMEXHOA0UTL:

«  CerHeTo3IeKTPHUYCCKIIT HAHOKOMITO3UTHBIN MaTepH-
aJ1 Ha 6a3e TTOPHUCTOTO CTeKJIa U MaTePUAIOB TPYIIITHI
nurnapodocdara Kamus [14].

- Kepammueckuit MaTeprai 1 CIIoco0 ero IMOTyIeHUS
[15].

«  Croco0 mucreprupoBaHMS TPYIHOBOCILIAMEHSIEMBIX
HaHovacTuil [16].

«  CaMoOTBep:KIaroIIasicss KOMIIO3UIINS Ha OCHOBE T10-
JNMaUMeTUICUIoKcaHa [17].

«  MeTammaeckue MUTMEHTHI ¢ aHTUKOPPO3UITHBIMK
ITOKPBITUSIMHA Ha OCHOBE aJTIOMUHMS M/WJIN €0 CITIa-
BOB [18].

- Hanopa3MmepHBI# TOTUYECKUIT MHBEPTOP IJIST I -
POBBIX yCTpOiicTB [19].

«  Crtocob Moau(pUKALINK YIIIEPOIHBIX HAHOTPYOOK JIJISt
ITOJIYIeHUS TUAPODIIBHBIX WA TUAPOGOOHBIX TT0-
BepxHocTeii [20].

«  Croco0 moiaydeHns KOMIIO3UIIMOHHOTO MeTall-
IHUCTICPCHOTO MOKPHITUS, TUCIIEPCHAS CUCTeMa IS
OCaKIECHNSI KOMITO3UITMOHHOTO METalI-IACIIEPCHOTO
MTOKPBITUS U CITOCO0 ee momydeHus [21].

«  Cmoco6 amcopOLMOHHON OYMCTKY CTOYHBIX BOI, CO-
JIepsKaIIX apOMATHUCCKIE COSTUHEHNS OCH30IBHOTO
psana [22].

«  Cnoco06 moxy4eHnsT MyIbTH(hEepPONKOB Ha OCHOBE
deppOMarHnuTHOM CTEKJIOMaTpUIIHI [23].

3AK/IIIOYEHUE

OnHa 13 aKTyaJIbHBIX 3a1a9 9KOHOMUKH JIIO00I CTpa-
HBI — TIOBBIIIICHIE KOHKYPEHTOCTIOCOOHOCTH ITPOMBIIII -
JICHHOCTH 32 CUET €€ TeXHOJIOTHIECKOTO TIepeocHaIIe-
Hus. M B 9TOM HaIlpaBJICHNH TJIaBHBIM OOBEKTOM BHU-
MaHHSI CO CTOPOHBI TOCYIAPCTBA Y KOMITAHUI CTAHOBSITCS
JTIOIY VUTH TIPSATIPUSITUS, YbsT OCHOBHAS pabO0Ta CBSI3aHA
¢ M300peTeHeM 1 BHeAPEHNEM HOBBIX TexHojIormit. [1o-
STOMY HaleeMcsl, 4TO ITyOIMKyeMasi B JaHHOU pyopuKe
nHdopMauus OyaeT BOCTpeOOBAHHON U MOJIE3HOM ISt
CITCIINAJICTOB.
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

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

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

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

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

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

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

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

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

Overview of the International School
of Materials Science and Engineering

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

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

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

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

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

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

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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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-
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YecKM ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1m0 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBeeHUEe U WHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKcU3Ma U TMPUKIIAJIHAS SKOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yTbTaThI.

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

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

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

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

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

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

KoHTaKkTHasa

nudopmauus Postal Code: 430070

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

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

Ha mmmomagm 25 350 k.M. I'KJI pacmonoxeHo He-
obxoaumoe 00opynoBaHUE IJII CUHTE3a U 00pabOTKU
VJIYUIIEHHBIX MaTepUaJoB U i1 MPOBEACHUS CTPYK-
TYpPHOIO aHaJiu3a MaTepuajoB, UCHBITAHUNM UX 2KC-
TUIyaTallMOHHBIX XapaKTEPUCTUK OOIIEN CTOMMOCTBIO
OKoJIO 22 538 MJTH 10aHEH.
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Supporting Institution: Wuhan University of Technology
Tel: 86-27-87884448; Fax: 86-27-87879466
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Nanotechnology of “intellectualization” of energy
accounting and of suppression of fire-energy harm
in engineering systems of residential buildings. Part 2
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ABSTRACT: Introduction. At present, both abroad and in Russia, accidents, fires and explosions in the engineering systems of multi-
apartment residential buildings and individual residential buildings have become more frequent. At the same time, the "creators" of
automated systems for monitoring and accounting of energy resources (ASKUE) did not attend to the solution of the problems of
safety of engineering systems, since their goals were exclusively commercial tasks - "digitalization" of energy consumption meter-
ing and detection of illegal consumption of such sources. Therefore, in this article, an attempt is made to "eliminate clutter" in the
automation of engineering systems in the residential sector. Methods, models and tools. Based on the analysis of engineering
systems of multi-apartment residential buildings and individual residential buildings, as a result of the functioning of which not only
the delivery of life support resources (gas, cold and hot water, electricity, communications, etc.) is carried out, but also fire-energy
and environmental harm occurs, a methodology has been developed for the "intellectualization" of the means of accounting for
the supplied resources, for the purpose of diagnosing and suppressing fire-energy harm using modern nanotechnologies and, thus,
preventing accidents, explosions and fires in the residential sector. Results and discussion. The methodology of "intellectualization”
is based on the dialectical unity of benefits and harms from consumed energy resources (electricity, domestic gas, hot and cold
water), as well as to carry out a systemic synthesis of nanotechnologies and means of "detection and suppression" of fire-energy
harm. The novelty of the research is protected by RF patents. Conclusion. The proposed approach makes it possible to "eliminate
the disorder before the automation" of engineering systems of multi-apartment residential buildings and individual residential
houses, by "intellectualizing" metering devices and optimizing nanotechnologies for suppressing fire-energy harm which leads to
socio-economic losses.
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INTRODUCTION increasing (Fig. 1), and Rostekhnadzor blames the in-

cident on the human factor, dividing the consequences

n recent years, cases of natural gas explosions in resi-
dential buildings have become more frequent in Rus-
sia. Thus, according to Rosgazifikatsiya, about 200 dif-
ferent incidents related to the use of gas occur annually
in the residential sector. At the same time, the number
of explosions and socio-economic losses from them are

into the following categories — damage and collapse
of buildings (destruction of housing stock), death and
injury people, material damage, psychological impact
on the population, environmental pollution. In the over-
whelming majority of cases, the epicenters of the explo-
sions were located inside apartments. At the same time,
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Fig. 1. Graphs of the number of gas explosions, injuries, deaths and damage in the residential sector of Russia

about 80% of the victims were poisoned by combustion
products and 20% suffered from gas-air mixture explo-
sions and fires [1].

From a number of fire-technical examinations it fol-
lows that some explosions and fires in the residential sec-
tor occurred due to gas leakage from external gas pipe-
lines, by leaking into the apartments of the first and last
floors and subsequent explosion / ignition, from sparking
in wiring accessories [2].

An obvious solution to prevent domestic gas leaks is to
install a gas meter with a solenoid valve (Fig. 2) at the gas
inlet to an apartment or individual residential building,
which cuts off the gas supply in the event of a leak [3],

Kkeyboard

liquid crystal indicator

GSM-module
analog-
digital unit

shut-off
solenoid valve

SMART
card connector

meter body

Fig. 2. Gas meter Grand-SPI with a leak sensor
and a solenoid valve

as well as the addition of an electric meter — detector-
suppressor of fire-clectrical harm (EMDS FEH) with
a sensor for housechold gas [4], in order to detect such
a leak and prevent an explosion by turning off electricity
in an apartment / individual house using a reactive power
compensation unit (RPCI) EMDS FEH (Fig. 3), which
turns such a combination into an electric-gas-meter-
detector-suppressor FEH (EGMDS) [5]

Grand SPI (Fig. 2) is designed for commercial me-
tering of consumed natural gas by individual consumers,
and includes [3]:
gas flow converter — jet generator and piczoelectric
element;

— Dbuilt-in temperature sensor;

— Dbuilt-in pressure sensor;

— analog-digital unit;

— computing unit;

— interface block;

— an autonomous power supply element;

— GSM / GPRS modem (depending on the version);
— gas leakage sensor;

— shut-off valve (depending on the version);

— meter body with connecting pipes.

Data exchange of a gas meter and control of an elec-
tromagnetic shut-off valve from external devices, with
EGMDSFEH, in particular, can be carried out by means
of a built-in GSM modem or wires from a technological
connector [3].

In this case, it becomes possible to determine already
the fire-energy harm with the dimension MJ according
to the formula [5]:
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Fig. 3. Block diagram of EGMDS FEH with RPCI
FEH=k*(P,*W,+P W )++q. P, W, (1)

where FEH — fire-energy harm for time t, k;, — coef-
ficient of conversion of kilowatt / hour to Joule (3.6 mJ);
q,, — calorific value of gas (35 mJ / m’); P, — the prob-
ability of fire from gas appliances; W/, is the volume of con-
sumed gas, P, is the probability of a fire from electrical
appliances with high-quality electricity; W — the volume
of high-quality electricity consumed by electrical appli-
ances; R, — the probability of a fire from electrical ap-
pliances with low-quality electricity; W is the volume

ND
of low-quality electricity consumed by electrical appliances.

However, EGMDSFEH will not be able to pro-
tect an apartment or an individual residential building
from fire and explosion if they arose not from electrical
appliances and their own gas leak, but, for example,
from careless handling of fire or a smoldering cigarette
butt, as well as from the leakage of household gas from
the outside (external gas pipeline, neighboring apart-
ment, etc.). Only the use of gas fire extinguishing instal-
lations (not water!), Which lower the oxygen concen-
tration in the protected premises, allows suppressing
the fire without damaging furniture, appliances and
household items [6].

Fig. 4. Membrane separator of air (“a”) and thermomagnetic separator of air (“b”)
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Therefore, the idea arose to use the pipeline of the
aspiration system to supply nitrogen to the protected
premises, for example, by joining the EGMDSFEHwith
a membrane (Fig. 4 “a”) separatorof air (MSA) or with
a thermomagnetic (Fig. 4 “b”) separator of air (TMSA),
because such integration will allow for the complete sup-
pression of the determined FEN and to detected haz-
ardous factors of fire and explosion (HFFE), without
causing damage to devices and household items, which
was protected by RF patents [7, 8].

Thus, the final task in the “elimination of disorder” in
the automation of the life support of the residential sector
is the integration of EGMDSFEHwith nanotechnologies
for gas separation of air and with “smart” meters of hot
and cold water [9] into a local automated microsystem for
diagnostics and accounting of consumed energy resources
in the residential sector [5], incl. with the suppression
of communal accidents arising in this case, but also FEH
and HFFE with the help of an electric-gas-water-meter-
detector-suppressor (EGWMDS).

RESULTS AND DISCUSSION

The system synthesis of the optimal model of
EGWMDS led to the following obvious solutions.
Firstly, the devices “Grand SV TLM” were selected
as hot and cold water meters (Fig. 5), designed to mea-
sure volumes of cold drinking and hot water according
to the standards (SanPiN 2.1.4.1074-01 and SanPiN
2.1.4.2496-09 ) having [9]:
— flow-through measuring chamber with impeller and
temperature sensor;
— analog-digital unit with liquid crystal display (LCD),
keyboard, pulse input / output and GSM communica-
tion channel;

— external shut-off valve (controlled via interfaces:
MODBUS RTU, GSM, GPRS, Bluetooth).
Secondly, such an integration required the introduc-

tion of a more powerful controller (3) with modules (3.1—

3.3) and input-output ports (3.4—3.10) into the EGW-

MDS (Fig. 6).

Thirdly, EGWMDS can be easily unified with the help
of an external air separation unit (ASU), since consists
only of pipelines and solenoid valves [6]:
for apartments in high-rise residential buildings where
there is no gas supply and three-phase power supply
of apartments, and an MSA with additional solenoid
valves and a starting block for its electric compres-
sor, including a reserve diesel engine (Fig. 7 “a”),
is installed on the technical floor (Fig. 7 “b”) or in
the basement, with the appropriate“ wiring “of ni-
trogen and air pipelines in apartments in parallel with
the water supply pipes (Fig. 7c”),
for apartments in multi-apartment residential build-
ings, where gas supply and single-phase power
supply are used, and MSA can be used similarly to
high-rise buildings, or TMSA, which is installed
next to EGWMDS in the hallway, because algo-
rithms for its functioning and ASU operation re-
main unchanged,
for an individual dwelling house (Fig. 8), where TMSA
and / or MSA can be used.

Unification allows the production and installation

of the specified EGWMDS:

with a gas meter,

with one or more water meters,

with RPCI for three-phase and / or single-phase

power supply,

with TMSA for apartments and small individual

houses,

-
|

e

=

Fig. 5. Meters of cold and hot water with solenoid shut-off valves
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Fig. 6. Block diagram of EGWMDS

— with MSA for multi-apartment and high-rise residen-
tial buildings.

Thus, the structure and algorithms of the EGWMDS,
which are described below, do not depend on its speci-
fication.

At the entrance to ASU (2), which is powered by
EGWMDS (1) and its accumulator (9), solenoid valves
(2.4,2.5) are installed, through which pipelines (2.2,2.3)
are connected, going along the risers of the building next
to the water supply pipes and drainage from the MSA (11),
installed in the technical floor / basement and switched on
by the controller (3) through the input-output port (3.4),
upon detection of the HFFE in the protected premises
(12) using the EGWMDS (1).

At the same time, through the RPCI (4), the electric-
ity in the apartment / house is turned off and the camera
(1.1) with the electric fan (1.7) and sensors (1.2—1.6) with
the help of the electromagnetic valve (2.1) is switched
to detect the HFFE in the room where the EGWMDS
is installed, and also, the notification of residents about
evacuation through the liquid crystal indicator with piezo-
module of audio-video information (LCIP-module) (10)
is turned on.

From the air sucked by ASU (2) from the room where it
is installed, through the air duct (2.2), MSA (11) separates
oxygen, which is removed either into the ventilation system
or outside the building, and the separated nitrogen returns
into roome through the nitrogen duct (2.3) and pipelines
of the aspiration system (1.8), which ensures a rapid de-
crease in the oxygen concentration in the protected rooms
(12) to a level at which combustion or explosion is impos-
sible, and EGWMDS (1) continues to register the HFFE,
since the chamber (1.1) remains connected by means of the
solenoid valve (2.1) to the part of the pipeline of the as-
piration system (1.8), registering and storing in memory
the values from the sensors of temperature (1.2), of smoke
content (1.3), carbon monoxide concentration (1.4) and
domestic gas ( 1.5) and oxygen (1.6) in the room (as a rule,
in the hallway at the front door), where the EGWMDS
is installed, for comparison and identification of changes
occurring in the rooms (in the absence of the HFFE), and
the moment of the end of the HFFE suppression process,
at which the controller turns off the MSA [5.6].

The use of a GSM radio modem (5), connected
through the input-output port (3.10), makes it possible
to transfer data on the consumption of “quality resources”
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Fig. 7. MSA on the technical floor (a), section of a high-rise with nitrogen and air pipelines (b),

floor layout with EGWMDS (¢)

calculated by the controller (3), registered by the ADC
(3.2) with a channel switch (3.1), or received from external
counters, namely:

of electricity corresponding to the PQI,

of hot water (6) with “fair pay” in accordance with
the actual range of temperature and according to
the meter connected via the 1/0 port (3.9),

of cold water according to the meter (7) through
the same input-output port (3.9),

of domestic gas according to the gas meter (8) con-
nected through the input-output port (3.8).

Data transmission is carried out by the controller

(3) to the appropriate supplying organizations and / and
management companies, via a GSM radio modem (5),
connected via the input-output port (3.10).

The controller (3) through the LCIP module (10) and

the GSM radio modem (5) implements the following
types of alarms and algorithms for their functioning;:

— sound and LED flashing alert signals by the types

of HFFE or accidents at the location of the EGWMDS
(domestic gas leak, fire hazardous range of electric-
ity consumption, power outage, water outages, etc.),
which can be turned off with the “alert reset” button,
if someone from the persons in the protected premises
was able to take measures to eliminate the HFFE or
an accident, while an SMS message will be sent to
the owner of the protected premises and the manage-
ment company without fail;

audible and LED flashing warning signals by the types
of HFFE at the location of the EGWMDS and
the transmission of an SMS message with the receipt
of its delivery in memory, in the absence of a “notifi-
cation reset” after a set time interval (absence of per-
sons in the protected premises or insufficient measures
taken after the first “discharge”), in case of a domestic
gas leak — to the gas emergency service and the owner,
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Fig. 8. Individual residential building (a) and floor plans with EGWMDS and TMSA (b)

to the management company and the owner, in case
of a fire-threatening range of consumption / power
outages — to the energy supervision, to the energy
sales organization, to the management company
and the owner, in case of fire (ignition plus evacua-
tion) the fire brigade, the management company and
the owner.

It is easy to see that the use of TMSA instead of MSA
in an apartment or in an individual residential building
occurs in a similar way [6].

The fundamental difference in the use of EGWMDS is
the presence of an oxygen sensor in it, which allows moni-
toring its concentration, both in the absence of HFFE,
and after their detection and switching on the MSA or
TMSA to suppress them [4, 10].

It seems promising for further research and experi-
ments on supplementing EGWMDS with a carbon diox-
ide sensor, which is also included in the HFF (Table 1),
but not so much for detecting them [4], as for monitoring
the living environment in an apartment / individual resi-
dential building, in order to create optimal living condi-
tions, including control and management of heating [13,
14], as well as ventilation and air conditioning, taking
into account energy saving and self-organization of safe
life [12, 15].

From the point of view of the efficiency of using MSA
[16], including mobile membrane units of various ca-
pacities [17], it is interesting the practice of Krasnodar
Compressor Plant, LLC [18], in the provision of services
for the use nitrogen to enterprises and organizations of the
coal mining [19] and oil and gas industries [20], is inter-
esting, incl. on hard-to-reach objects [21].

The fact is that both abroad and in our country for
fire protection of various objects, incl. multi-apartment
and high-rise residential buildings, they use the so-called
dry pipes, which are a fire-fighting water supply system
installed for large areas and where it is appropriate to keep

the water pipe empty for reasons of economy, due to tech-

nical capabilities, or if the fire extinguishing composition

can freeze, leading to pipe ruptures, which allows you to
quickly, without laying hose lines, supply water from an
arriving fire truck. In this case, without fail, dry pipes are

installed [22, 23]:

— in multi-storey residential buildings with a height of 36
to 50 m or up to 75 m with fire hydrants in cupboards
on each floor;

— in multifunctional buildings up to 50 m high with fire
hydrants (libraries, administrative buildings, hotels,
hospitals);

— with shut-off valves in attics and stairwells in two-
storey buildings of the V degree of fire resistance with
4 or more apartments.

Taking into account the tendency for the construction
of high-rise residential buildings with their grouping into
microdistricts (Fig. 9), an idea arises,

firstly, instead of installing an MSA in every house,
bring the “air” and “nitrogen” pipelines to the facade
of the building, as is done for dry pipes [23];

secondly, to equip the fire brigades that guard such
microdistricts with mobile nitrogen plants (Fig. 10), so
that due to early and reliable detection of the HFF [10],
at comparable times of “launching the MSA” and riding
the combat crew to the object of the fire in the microdis-
trict, to save one-time and current costs for the installa-
tion and operation of “dozens of MSAs” in the buildings
of the microdistrict.

It should be noted that LLC Krasnodar Compressor
Plant jointly with the Don State Technical University,
within the framework of the RF Government Decree
No. 218, developed in 2013 a project for the production
separators of air and the production of stationary and
mobile fire protection equipment based on them, which,
however, did not found support in the indicated competi-
tion [24].
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Fig. 10. Nitrogen station TGA-5/10 (a) and fire engine of Krasnodar Compressor Plant (b)

CONCLUSION

As a result of a systematic analysis of the problems
of safe life in the residential sector (in apartments in
residential buildings, in individual residential buildings)
of cities and towns of the regions of Russia, fundamental
shortcomings have been revealed in the organization
and automation of accounting for consumed energy
resources (electricity, gas, hot and cold water) in resi-
dential sector.

Based on the developed probabilistic-physical ap-
proach to the occurrence of fire-energy harm in the resi-
dential sector when electricity and gas are consumed,
a consistent systemic synthesis of the methods and
means for diagnosing fire-energy harm with nano-
technology of its suppression was carried out using an
electric-gas-meter-detector-suppressor (reactive power
compensation unit and air separation unit), which, to-
gether with membrane or thermomagnetic air separators,
provide fire and explosion protection for an apartment /
individual house.

Optimization and automation of hot and cold wa-
ter metering was carried out, that resulted in developing
a model of a universal electric-gas-water-meter-detector-
suppressor (EGWMDS) and a scheme of its use in apart-
ments of residential buildings and in individual residential
houses.

The proposed approach, according to the authors,
is designed to “eliminate disorder” in the functioning
of engineering systems in apartment buildings and indi-
vidual residential houses, as well as to carry out optimal
automation of the life support of the residential sector,
regardless of the structures of resource-supplying / man-
agement companies and territorial emergency and super-
visory services.

The developed method and EGWMDS make it possible
in the shortest possible time to implement it using the re-
investment model of the system of adaptive fire and energy
taxation of individuals in the residential sector [6, 10, 11].

Studies have shown that the proposed approach can be
implemented at the objects of trade, health care, educa-
tion, science and culture [2, 12, 24].
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The paper “Nanotechnologies of “intellectualization” of energy accounting and of suppression of fire-energy harm in
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HaHoTexHONoOrun «MHTenNneKTyannsayum» yyera
SHepropecypcoB 1 NoAaB/ieHNA NOXKapPHO-3HepreTn4eckoro
BpeAa B MHXXeHEePHbIX cucTeMax »XKubix 3gaHuin. Yacrb 2

B.B.benosepos'* (>}, U.B. Bopowunos? (), A.H. fleHucos? (2}, M.A. Hukynun* (°}, C.H. OneiiHnkos?

! [loHCKOW rocyAapCTBEHHbIV TEXHUYECKNI YHUBepCHUTeT, . PocToB-Ha-[loHy, Poccna

2000 «KpacHofapcKuin KOMNpeccopHbIii 3aBoay, . KpacHomap, Poccus

3 Akagemna focyaapCTBEHHON NMPOTUBONOXKapHOW ciy»6bl MHncTepcTBa Poccuiickorn ®efepaLyv no genam rpaxaaHckom
060POHBI, Ype3BbIYANHBIM CUTYALMAM Y MIMKBUAALMUN MOCNeACTBMIA CTUXUIAHBIX 6eacTBri, T. MockBa, Poccua
“TocypapcTBeHHbIN arpapHbi yHuBepcuteT CeBepHoro 3aypanbs, . TiomeHb, Poccua

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

PE3IOME: BBegeHue. B HacTosiLLee Bpems U 3a pybexxoMm, 1 B POCCHM yUacTUIMCh ClydYan aBapuid, NMOXapoB 1 B3PbIBOB B MHXEHEP-
HbIX CMCTEMAX MHOFOKBAPTUPHBIX XKUJTbIX 30aHWUIA U UHAVBUAYaNbHbIX >KUITbIX JOMOB. [py 3TOM «co3aaTenv» aBTOMaTU3POBaHHbIX
CUCTEM KOHTPOJIA U y4eTa sHepropecypcoB (ACKY3) He 03a60oTunmch pelueHnemM 3aaad 6e30nacHOCTY MHXEHEPHbBIX CUCTEM, T.K. UX Lie-
JIAMU ABUNINCb UCKITIOUMTESTbHO KOMMEpPYEeCKUe 3afaun — «LUMppoBM3aLusy» yueTa NoTpebsieHns SHePropecypcoB 1 0OHAPYKeHME KX
XuLeHus. IMeHHO NO3TOMY B HACTOSLLEN CTaTbe NPeAnprHATa NOMbITKa «yCTpaHeHUs 6ecnopsaaka» B aBTOMATV3aLUN VHXEHEPHbIX
cucTem xunoro cektopa. Metogbl, mogenu u cpeacTBa. Ha 0CHOBe aHan3a MHXEHEPHbIX CUCTEM MHOTOKBAPTUPHbIX XWJIbIX 3[1a-
HWIA N UHAVBUAYANbHBIX >KUJTbIX [JOMOB, B pe3yrnbTaTe GpyHKLMOHMPOBaHSA KOTOPbIX OCYLLECTBAETCA HE TOIbKO AOCTaBKa PeCypcoB
XM3HeobecneueHus (ra3a, XONIOAHOW U ropsiveli BOAbI, NIEKTPOIHEPI N, CBA3M 1 T.4.), HO U BO3HVKAET NMOXaPHO-IHEPreTMyecKmi
1 3KONOTrNYecKnii Bpe, pa3paboTaHa MeTOLOIONUA «MHTENIEKTYaNM3aLUmm» CPEACTB yUeTa NOCTaB/IsIEMbIX PECYPCOB Ha NpeameT
ANarHOCTVIKM 1 NMOAABMEHNA NMOXAPHO-IHEPreTMyeckoro Bpeaa C MoOMOLLbIO COBPEMEHHbIX HAHOTEXHOJIOTUIA U NPeAOTBPaLLeHNs
TakuM 06pa3om aBapuii, B3PbIBOB U MOXAPOB B XKUJIOM cekTope. Pe3ynbraTtbl n 06cyaeHue. MeTofonorns «MHTeNNeKTyanmsa-
LuM» NOCTPOEHA Ha AManeKTYeCcKoM eAUHCTBe 6nar 1 Bpeaa OT NoTpebrisiemMbIX SHEPropecypCcoB (INEKTPO3HepPry, ObITOBOro
rasa, ropsiueit u XonoAHou BoAbl), @ TaKXKe OCYLLECTBIEHUSI CUCTEMHOTO CHHTE3a HAHOTEXHOJOTUIA 1 CPEACTB «OOHAPYKEHNWSA 1 Mo-
[aBJIEHUA» MOXapHO-3HepreTnyeckoro Bpesa. HoBr3Ha nccnefosaHma 3awmiieHa nateHtamu PO. 3aknioueHue. MNpegnaraembiii
MoAxof NMo3BONAET «yCTPaHUTb 6ECNOPAAOK Nepes aBToMaT3aLmnen» NHXEHEPHbIX CUCTEM MHOTOKBAPTUPHbIX XKUJTbIX 3[4aHWUIA
1 HAVBUAYANIbHbIX XKUSbIX JOMOB MYTEM «MHTEIEKTYanM3aummn» npubopoB yueTa v ONTUMMU3aLMN HAHOTEXHOOMMIA NOAABNIEHNA
MOXaPHO-3HEPreTMYeCKoro Bpeaa, NPUHOCALLEro CoLManbHO-3KOHOMUYECKKE NOTEPU.

KNIOYEBDBIE CJIOBA: aBTOMaTU3aUuA, UHXEHEPHbIe CUCTEMbI 3AaHNIA, MOXKAPHO-3HEPreTUYECKUin Bpesd, ANarHoCTKa OnacHbIX
baKTOpOB Noxapa 1 B3pbiBa, IN1eKTPOCUETUNK-N3BELLATENb, KOMMEHCATOP PeaKTUBHOW MOLLHOCTY, MEMOPaHHbIN cenapaTop BO3-
AyXa, TepMOMarHuUTHbIN cenapartop Bo3ayxa.

ANA UWUTUPOBAHWA: benosepos B.B., Bopowunos U.B., Aenncos A.H., Hukynuxs M.A., OneiHmkos C.1. HaHoTexHOnornm «mHTen-

neKTyanusauum» yyeTa SHepropecypCcoB 1 NOAABIIEHUA NOXaPHO-IHEPreTUUYeCKOro Bpeaa B UHXEHEPHbIX CUCTEMAX XIMbIX 30aHNA.
YacTb 2 // HaHoTexHonoruu B ctpoutenbcTee. — 2021. - Tom 13, N2 3. - C. 171-180. - DOI: 10.15828/2075-8545-2021-13-3-171-180.

BBEJEHUE

BHOCJ'ICI[HI/IC ronbl B Poccuyt y9acTriiCh CItydan B3phI-
BOB IIPMPOIHOTO T'a3a B XKIUIBIX JoMax. Tak, 1o maH-
HbIM OAO «Pocrasudukainys», eXXerogHo B XKUJIOM CeK-
Tope TporcxondT ropsiaka 200 pa3IMIHBIX MHIUIECHTOB,
CBSI3aHHBIX C MCITOJIb30BaHMEeM ra3a. [Ipu a3ToM 4mciio

B3PBIBOB M COIIMATBHO-3KOHOMMWUYECKIE TIOTEPH OT HUX
Bo3pacraioT (puc. 1), a «PocTexHam3op» Bo3maracT BUHY
3a IIPOM3OIIIEIIee Ha YeTOBEUSCKII (paKToOp, pa3mesis
TIOCJICACTBHS Ha CJICMYIONINE KaTeTOPUI — IIOBPEXKICHIE
1 OOpYIIIeHNE 3MaHNi (YHUYTOXEHUE KIUJIOTO (poHmIa),
ruOeTb U TPAaBMBI JIIOICH, MaTepHaIbHBIN yIIepo, TICH-
XOJIOTMYIECKOE BO3ICICTBIEC HAa HACEIICHHE, 3arPsI3HEHIIE
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2003 | 2004 | 2005 [ 2006 | 2007 | 2008 [ 2009 | 2010 | 2011 {2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
—8— B3PBIBBI 85 | 101 | 110 | 122 | 149 | 173 | 194 | 205 | 209 | 214 | 190 | 160 | 137 | 222 | 278 | 211 | 222 | 202
—o— rubern 33 51 87 99 | 103 | 124 | 149 | 146 | 163 | 178 | 167 | 188 | 193 | 281 | 272 | 255 | 270 | 233
—&— TpaBMbl 320 | 400 | 154 | 208 | 581 | 495 | 576 | 176 | 375 | 440 | 352 | 424 | 568 | 605 | 834 | 703 | 699 | 711
—a—yimep6 (wamp) | 212 | 301 | 404 | 423 | 515 | 610 | 556 | 702 | 677 | 699 | 584 | 604 | 615 | 769 | 888 | 967 | 906 | 971

Puc.1. Ipadmku unciia B3pbIBOB Ia3a, TPaBM, IOTHOMIKNX U yIIepda B KIIOM ceKTope Poccnu

OKpPYXKaIoIei cpenbl. DTUIICHTPHI B3PHIBOB B ITOIABISIO-
IeM OOJIBIIIMHCTBE CIy9aeB HAXOMWINCh BHYTPU KBap-
tup. [pu 31O0M 0KOJI0 80% TIOCTpANABIIMX OTPABWIUCH
npoaykraMu ropeHust u 20% — B pe3yibTaTe B3PHIBOB
ra3oBO3AYIIHOM cMecH 1 TToXkapos [1].

W3 psima moxkapHO-TeXHIUECKUX 9KCIIEPTU3 CIICAYeT,
YTO HEKOTOPBIC B3PHIBEI U MOXAPHI B KMJIOM CEKTOpE
BO3HHUKAaJIM M3-3a YTEUKH Ta3a N3 BHEITHUX ra30IIpOBO-
TTOB ITyTeM HaTeKaHUSI B KBAPTUPHI IIEPBBIX U TTOCICTHUX
aTaxel U IMOCIIeIYIOIIeTo B3phIBa/3aropaHus OT UCKPO-
00pa30BaHUs B BJICKTPOYCTAHOBOYHBIX U3IETUSIX [2].

OueBUIHBIM peIIeHUEM IS IPEeAOTBPAIICHUS YTe-
YeK OBITOBOTO ra3a sIBJIsSIeTCs YCTAaHOBKA Ha Ta30BOM BBO-
II¢ B KBapTUPY / MHINBUIYAIBHBIN XXIJION JOM CUCTINKA
ydJeTa IToTpeOJICHMS Ta3a C JICKTPOMAarHUTHBIM KJlaIa-
HOM (pHc. 2), OTKITIOUAIOIINM IT0Iavuy Ta3a B CIydae ero
yTeuku [3], a TakKe TOMOHEHUE 3JICKTPO-CUCTINKA-
M3BeIIaTe ISI-TIOAAaBUTENISI TTOXKAPHO-3JIEKTPUIECKOTO
Bpema (DCHUII I19B) matunkoMm Ha OBITOBOI Ta3 [4],
4TOOBI OOHAPYXKUTH MOTOOHYIO YTEUKY U MPEAOTBPATUTH
B3pHIB ITyTEM OTKITIOUCHUS 3JICKTPOIHEPTUH B KBAPTHU -
pe / THIUBUAYATIbHOM XWJIOM JOME C TIOMOIIIBI0 OJI0Ka
KOMITeHcamnu peakTuBHOM MomrHocTr (BKPM) BCHUIT
[19B (puc. 3), uyTo TIpeBpaIIacT TakKoe KOMIUIEKCHPOBa-
HUE B JICKTPO-Ta30-CUCTUNK-U3BEIIATCIb-TTONaBUTETh
[15B (I'CHII) [5].

I'parn-SPI (puc. 2) npengHasHaYeH TSI KOMMepUe-
CKOTO y4eTa pacxXomyeMOoTo IIPUPOTHOTO ra3a MHIUBH-
IyaJTbHBIMU TTOTPEOUTEIIMU 1 BKITIOYAET B cebs [3]:

— TIpeobpa3oBaTellb pacxoa rasa — CTpyMHBIN reHepa-

TOP U IThE303JIEMEHT;

BCTPOEHHBIN JaTYUK TEMIIEPATYPHI;

BCTPOEHHBIN JaTUYMK TABICHUSI;
aHayoTo-1M(hPOBOI OJIOK;

BBIYMCIIUTETHHBIN O0K;

nHTepheiCHBIN 0JI0K;

3JIEMEHT aBTOHOMHOTO TIUTAHUS;

GSM/GPRS MoneMm (B 3aBUCUMOCTH OT MCITOJTHE-
HUs);

JATYUK YTEUKU Ta3a;

3aMoOpHbBIN KJaraH (B 3aBUCUMOCTHY OT UCTIOJTHEHUS);
KOPITyC CUETIYMKA C TPUCOCTUHUTETbHBIMU TTATPyO-
KaMU.

Knasuatypa

KK

AHanoroso-

uMpoBoit
6ok

Pazbem GSM-aHTeHHbI

3anopHblii Knanau

Pazbem

/ JANA CMapT-KapTbl

Kopnyc cuetunka
C NIPUCOEAMHUTENbHBIMM
natpy6kamm

Puc. 2. T'a3ossiii cueTunk Ipana-SPI ¢ naTunkom
YTEUKH M C 3JIeKTPOMATHUTHBIM KJIATIAHOM
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ONACHYX OKIMGI00 NoXapa

BucaeHus noxapHo-

1011

b

Puc. 3. Baok-cxema DI'CU ¢ BKPM

OOMeH JTaHHBIMU Ta30BOTO CUETYNKA U YTIPaBIeHUE
9JIEKTPOMArHUTHBIM 3aIIOPHBIM KJIATTAHOM C BHEIITHUX
ycTpoiict, ¢ DT'CHUII [1DB B vacTHOCTH, MOXKET OCY-
IIECTBIISITHCS TMTOCPEACTBOM BCcTpoeHHOoTo GSM-Monema
WY TIPOBOJIAMU C TEXHOJIOTMUECKOTO pazbema |[3].

B aToMm ciryyae mosiBiisieTcst BO3MOKHOCTD OTpesiesie-
HHUSI yXe TI0XKapHO-3HEPreTUUECKOTo Bpea ¢ pa3MepHO-
cTbio Mx o dhopmyre [5]:

m9B =k, (P *W + P W) )+q-P- W, (1)

rae [19B — noxapHo-3HepreTMIeCKUil Bpen 3a Bpe-
Mtk — K02(hbUIIMEHT rTepeBoa KWIoBaTT/49ac B JIxko-

yma (3,6 MIIX); g, — TeMIOTBOPHAsk COCOOHOCTH rasa
(35 M/Ix/M?); P — BepOATHOCTB 1OXapa OT ra30BbIX ITPH-
Gopos; W, — o0bem notpebisiemoro rasa, P, — Beposit-
HOCTb TTOXapa OT JIEKTPOITPUOOPOB TTPU KAUECTBEHHOM
3J1eKTposHeprun; W, — 00beM Ka4eCTBEHHOI 9JIeKTPO3-
HEepruwu, MoTpebIeHHOM anekTporpubopamu; P — Bepo-
SITHOCTB TTOKapa OT 3JIEKTPONPUOOPOB TP HEKAUECTBEH-
HOIi a5iekTpooHeprun; W, — 00beM HeKayeCTBEHHOI
3JIEKTPOIHEPTUH, TIOTPEOIEHHOM IEKTPOTIPUOOpaAMMU.
Omnxako DI'CHUII I19B He cMoXeT 3aIlUTUTD KBap-
TUPY VIV WHAWBUAYATbHBIN XUJIOU JOM OT moxapa
¥ B3pbIBA, €CJTM OHU BO3HUKIIM HE OT 3JIEKTPOIIPUOOPOB
¥ COOCTBEHHON yTeUKH rasa, a, Halpumep, OT HEOCTO-

Puc. 4. Mem0OpanHblii cenapaTop Bo3ayxa («a») ¥ TEPMOMATHUTHBIIA cenapaTop Bo3myxa («0»)
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POXKHOTO O0pAIeHNS ¢ OTHEM VUIM TJICIOIIETO OKYpKa,
a TaKKe OT YTeYKM OBITOBOTO Ta3a M3BHE (BHEITHETO
ra3omnpoBoAa, COCeIHEe KBapTUPHI U T.A.). TOJIBKO
IpUMEHEHNE YCTAHOBOK Ta30BOTO MOXKAPOTYIICHUS
(a He BOIBI!), KOTOpBIC TMMOHMKAIOT KOHIICHTPAIINIO
KHCI0POJa B 3aIIMIIAEMBIX ITOMEIICHUSX, TT03BOJISICT
TOJABUTh BO3TOpaHMe 0e3 TTOBPEXKICHUS MeOeIH, TIPHU-
GOpOB U IpeaMeTOB ObITa [6].

[TosTOMY BO3HUKIIA MIEST NCIIOIH30BaTh TPYOOIIPO-
BOJI aCIIMPAIIMOHHON CUCTEMBI IIJIST TIOJAYM a30Ta B 3a-
IIHUIIacMbIe TIOMEIICHNS, HAIIpUMED, ITYTeM CTBIKOBKH
BI'CUII T1DB ¢ MemOpaHHBIM (pHC. 4 «a») cemaparo-
pom Bozayxa (MCB) wim TepMOMarHUTHBIM (pHC. 4 «0»)
cenapaTopoMm Bo3ayxa (TMCB), T.K. Takoe KOMITJICK-
CUPOBAHUE MO3BOJIUT OCYLIECTBUTH ITOJHOE MTOAaBJIe-
HuUe ornpenensgeMoro I[19B 1 o6Hapy>KeHHBIX OITACHBIX
(dakTopoB moxapa u B3peBa (OPIIB) 6e3 HaHeCCHMS
yiiep6a rpubopam U rpeaMeram ObITa, 4YTo 1 OBLIO 3a-
muireHo mareHtamu PO [7, §].

Takmm 06pa3oM, OKOHUYATEIHHOM 3aMaueii B «ycTpa-
HEHUU OecIopsaKa» IIpH aBTOMATU3ALNH XKIN3Heo0ecIIe-
YeHUS KIJIOTO CEKTOPa, SIBJIIETCS KOMITJICKCUPOBaHIE
OT'CUII I1DB ¢ HaHOTEXHOJIOTUSIMU Ta30pa3neaeHUS
BO3IyXa M C «MHTEJIJICKTYaIbHBIMI» CUCTUMKAMU TO-
psTueii M XOJIOMHOU BOMKI [9] B JIOKAIBHYIO aBTOMATH -
3MPOBAHHYIO MUKPOCHCTEMY OTUATrHOCTHKH U ydeTa
noTpebJIsIeMbIX SHEPropecypcoB B XUJIOM ceKTope [5],
B T.4. C TIOAABJICHUEM BO3HHUKAIOIINX ITPU TOM KOMMY-
HaJBbHBIX aBapuii, a Takke [19B u OPIIB ¢ moMonisio

QJIEKTPO-Ta30-BOAJO-CUCTYNKA-N3BCIIATCIA-TIOJaBUTEIA
(BTBCHI).

PE3YJIbTATBI 1 OBCYKJIEHUE
CuUCTeMHBII CHUHTE3 ONTUMaJbHOW MOJAEIHU

OT'BCUII npuBel K CIeAyIOIIUM OYEeBUIHBIM pellle-
HUSIM.

Bo-TIepBBIX, B KaUeCTBE CIYCTINKOB TOPSTICHT U XOJIOM -
HOI BoABI ObUIN BEIOpaHKI Tpubopsl «I'pang CB TJIM»
(puc. 5), mpenHa3HaYCHHBIC UIST N3MEPEHHUIT 00BEMOB
XOJIOTHOM MUTHEBOI M TOPsTYCii BOIHBI IO CTaHIAPTAM
(CaulluH 2.1.4.1074-01 u CaulluH 2.1.4.2496-09),
nmerommue [9]:

IIPOTOYHYIO M3MEPUTEIIBHYIO KaMepy C KPhIITbUATKOMN
1 JaTYINKOM TEMIICPaTypHI;

aHAJIOTO-IIM(PPOBOIL OJIOK C KUIKOKPHUCTAITNICCKIM
naanKatopoM (2KKW), KitaBuaTypoii, IMITyJTbCHBIM
BX010M/BbIxonoM 1 GSM KaHaioM CBSI3U;
BHCIITHMIT 3aITOPHBII KJlamnaH (¢ yIIpaBJICHUEM de-
pe3 unrepdeiicel: MODBUSRTU, GSM, GPRS,
Bluetooth).

Bo-BTOpEHIX, TaKOE KOMITICKCHPOBAaHKE TTOTPEOOBAIO
BBeneHust B D' BCUII (puc. 6) Gosiee MOIITHOTO KOH-
tpommepa (3) ¢ momyssmu (3.1—3.3) 1 TopTamMu BBOIA-
BeIBOA (3.4—3.10).

B-tpetbnx, DT BCUII ¢ moMoIIbI0 BHENTHETO 0J10-
Ka cenapannu Bo3ayxa (BCB) nerko yaudummpyercs,
T.K. COCTOUT TOJIBKO M3 TPYOOIIPOBOIOB M 3JICKTpOMATr-
HUTHBIX KJIAIIaHOB [6]:

ITOJI KBAapTUPHI B BEICOTHBIX KMJIBIX 3MAHUSIX, T
HET ra30CHa0XeHUS U TpeXda3zHoe SIIeKTPOIHUTa-
HUe KBapTtup, a MCB ¢ IOIOJHUTETLHBIMU 3JICK-
TPOMAarHUTHBIMH KJIallaHAMU W OJOKOM 3alTycKa
€ro 3JIEKTPOKOMITIpeccopa, BKIToUast TU3eiIb pe3epBa
(puc. 7 «a»), yCTaHABIMBACTCS HAa TEXHUIECKOM 3Ta-
XKe (puc. 7 «0») WIN B TIOABAJIC C COOTBETCTBYIOIICH
«Pa3BOIKOIT» a30THOTO M BO3IYIITHOTO TPYOOIIPOBO-
IIOB TI0 KBapTHpaM IapaijieIbHO C TPyOaMM BOIO-
CHaOXeHUs (pucC. 7 «B»),

ITOJT KBapTUPHI B MHOTOKBAPTUPHBIX XKIJTBIX 3TaHUSX,
IIIe MCITOJIb3yeTCsT Ta30cHa0XeHNEe M ogHO(ha3HOe
5JICKTPOCHAOKCHIE 1 MOXET MCITOIb30BaThcst MCB
AHAJIOTUYHO BBICOTHBIM 3gaHusaM mwim TMCB, ko-
TOpHIN ycTaHaBnuBaeTcd psaoM ¢ DT'BCUII B pu-

"
e

Puc. 5. CueT4nKu X0J10/1HO¥ U TOPsTIEii BOIBI C IIEKTPOMATHUTHBIMY 3aIMIOPHBIMH KJIATAHAME
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Puc.6. Biok cxema DTBCUIT

XOXEH, T.K. aiTOPUTMBI €TI0 (PYHKITUMOHUPOBAHUSI
¥ pabotel BCB ocratoTcs HeM3MeHHBIMU,

TIOJ MTHANBHUIYATbHBINA XKUJI0# oM (puc. 8), Toe Mo-
KeT OBITh ucnojib3oBaH TMCB u/um MCB.
YHnbUKALINS T03BOJISICT BBITYCKATh U YCTAaHABIIM -
BaTh crienndupoBandbie DI'BCUIT:

C Ta30BBIM CUCTUYMKOM,

C OTHUM WJIN HECKOJTbKUMHU BOISTHBIMU CYCTINKAMMU,
¢ BKPM mist tpexdaszHoro u/mian omHoGa3HOTO
BIICKTPOCHAOXKECHUS,

¢ TMCB mig xBapTép 1 HEOOIBITUX MHIANBUTYaTh-
HBIX JOMOB,

¢ MCB 111 MHOTOKBAapPTUPHBIX Y BBICOTHBIX JKIJTBIX
TIOMOB.

Takum o6pa3om, CTPYKTypa U aITOPUTMBI pabOThI
DI'BCUII, onrcaHme KOTOPBIX MPUBEIECHBI HITKE, HE 3a-
BUCST OT €T0 CIIeIn(bUKAIIAN.

Ha Bxome B BCB (2), KOTOpHIii TTUTAaeTCSI OT
DI'BCUII (1) u ero akkymyJsitopa (9), yCTaHOBIIEHbI
3JICKTPOMAarHUTHBIC KJ1amaHb (2.4,2.5), depe3 KOTo-
phI¢ MOIKITIOYAIOTCS TPYOOIIpOoBOIHI (2.2, 2.3), mmytmme
TI0 CTOSIKAM 3IaHUS PSIIOM C TpyOaMU BOTOCHAOXKECHUS
un BogooTBeneHuss or MCB (11), ycraHaBInBaeMoTro

B TTOMCIIEHNN TEXHUYECKOTO 3TaxXka,/TI0aBajla M BKITIO-
YaeMOTro KOHTpoJuIepoM (3) depe3 opT BBOIA-BBIBOIA
(3.4) ipu ob6Hapyxeaun OPIIB B 3amuIaeMbIX 1Mo-
MeteHusx (12) ¢ momomnisio STBCUII (1).

OnmnaoBpemeHHO Yepe3 BKPM (4) oTkimtogaeTcst sieK-
TPOSHEPTHUS B KBAPTUPE/IOME U «IIePEKITIOUACTCSI» Ka-
Mepa (1.1) ¢ anexkTpoBeHTHISITOPOM (1.7) M mMaTIMKaMM
(1.2—1.6) ¢ MOMOILBIO BJIIEKTPOMAarHUTHOIO KjalaHa
(2.1) Ha ooHapyxenne ODIIB B ToMemeHNN, TAE ycTa-
HoBJieH DI'BCUII, a Takke BKIIIOYAETCST OTTOBEIICHIE
JKIJTBILIOB 00 9BaKyallil Yepe3 XKUIKOKPHUCTAITMICCKIIA
UHIUKATop ¢ mbedomomynem (KKHWIT) (10).

M3 Bosmyxa, BeicackiBaemMoro BCB (2) u3 momere-
HUS, TIC OH YCTAHOBJICH, Yepe3 BO3MYIIHBIN KaHaT (2.2)
MCB (11) otmensier KAUCIOPOI, KOTOPHIiT BEHIBOTUTCS
WY B BEHTWISILIMOHHYIO CUCTEMY, WA HAPYXKy 30aHUSI,
a cermapupOBaHHBINM a30T BO3BpaIacTCsI 00paTHO Uyepe3
a30THBIN KaHal (2.3) 1 TpyOOIIPOBOALI aCTIUPAIIOH-
Hoi1 cucteMsl (1.8), yem obecrieunBaeTcs OBICTPOE TI0-
HIDKEHUE KOHIICHTPAIIUM KMCIOPOIa B 3alINIIaeMbIX
rmometeHUsX (12) 1o ypoBHS, TIpA KOTOPOM TOpEHUE
I B3PBIB HEBO3MOXHGEI, TiprdeM DI BCUII (1) mpo-
nmomkaet peructpanuio OPIIB, t.x.kamepa (1.1) ocTa-
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Puc. 7. MCB na Texanaeckom 3Taxke (a), pa3pe3 BBICOTKH C a30THbIM M BO3/IYIIHBIM
TpyoonpoBoaamu (0), miannposka 3taxka ¢ ST BCHUII (s)

eTCS TIOAKIIFOYCHHOM ¢ TTOMOIIBIO 3JIEKTPOMArHUTHOTO
kyarafa (2.1) K 9acTu TpyOOIIpoBOIa aCIUPALIMOHHOMN
cucteMsbl (1.7), perucTpupys ¥ 3aluchiBasl B IaMsITh 3HA-
YEHMS OT JATIUKOB TeMIlepaTypsl (1.2), 3aIbIMICHHOCTH
(1.3), XoHIIEHTpAaIIUM OKKUCH yriepona (1.4), OITOBOTO
raza (1.5) u xkuciopona (1.6) B nomelneHuun (Kak Ipa-
BUJIO, B IIPMXOXEH Y BXOTHOU IBEpH), TS YCTAHOBJICH
OI'BCUII, nig cpaBHeHUS U NIeHTU(MUKAIINY KaK BO3-
HUKAIOIINX N3MCHEHWI B 3aIMIIACMBIX TTOMEIICHUSIX
(ripu orcyrctBrm ODIIB), Tak 1 MOMEHTa OKOHYAHMS
npotecca momasiaeHnss OPIIB, mpu KoTopoM KOHTPOII-
sep orkmiodaeT MCB [5,6].

[Mpumenenne GSM-pagmomonema (5), TTOAKITIOYae-
MOTO Yepe3 TTopT BBoma-BeiBoma (3.10), To3BoIIsIeT peanm-
30BaTh Nepeady JaHHBIX O IIOTPEOICHUN BEIYUCICHHBIX
KOHTpOJUTEpOM (3) «KadeCTBEHHBIX PECYPCOB», PETUCTPH-
pyembix ALIIT (3.2) ¢ komMyTaTopom KaHaoB (3.1) wim
TIOJTy9aeMbIX OT BHEITHNX CYCTINKOB, 2 UMEHHO:

— BIeKTposHepruu coorercTBytomeil [TKD,

— TOpsiUeii BOMIBI IO CYETUYMKY (6) CO «CITpaBeTMBOIA
OTUTATOM» B COOTBETCTBUU C (DAKTUUESCKUM TUaTia-
30HOM TeMIIEpaTypbl, TOIKIIOUEHHOTO Yepe3 TopT
BBOAa-BhIBOAA (3.9),

— XOJIOTHO BOABI TIO CUETYUKY (7) Uepes TOT Ke MOPT
BBOAa-BhIBOAA (3.9),

— OBITOBOTO Ta3a IO CYCTUMKY Ta3a (8), MOIKIIIOUeH-
HOTO 4Yepe3 ITOPT BBoma-BeIBoza (3.8).

IMepenavya maHHBIX OCYIIECTBIISIETCSI KOHTPOJLIE-
poM (3) B COOTBETCTBYIOIINE CHAOXAIOIINE OpPraHu-
3allMU WJIW/H YIIPaBJISIome KoMInaHun dyepe3 GSM-
paguomozeM (5), TIOAKITIoUYaeMblil uepe3 MopT BBOJA-
BeIBOA (3.10).

Konatponnep (3) uepe3s KKHII-monmyns (10)
u GSM-pannomomneM (5) peaqn3yeT CACAYIOIINe TUITHI
TPEBOXKHBIX CUTHAJIOB M aJITOPUTMBI X (PYHKITMOHU -
pOBaHUS:
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Puc.8. MnnuBumyaasHblii XKu1oii oM (a) u manuposku 3taxeid c OTBCUITL u TMCB (6, B)

— 3BYKOBBIC W CBETOAMOIHBIC MUTAIOIINE CUTHAIBI
orroBetieHus 1Mo BumaMm ODIIB unu aBapuu B Me-
cte pacrionoxenuss DI BCUII (yreuka OGBITOBOTO
rasa, IoXapoOoIacHBI AWAana30H MMOTPeOICHUS
BIIEKTPOSHEPTUH, OTKIIOUCHIE BIICKTPOIHEPTUN,
BOJIBI U T.1I.), KOTOPBIE MOXHO OTKIIFOUNTH KHOITKOM
«COPOC OTOBENIECHUST», €CJTA KTO-TO U3 JINLI, HAXOJIs-
IIUXCS B 3aIIMIIAeMbIX TTIOMEIICHUSIX, CMOT TIPUHSITh
MepsI 1o ukBuaany OMI1B wmm aBapum, TIpy 3TOM
SMS-coo0I1eHre BIIaIeNbITy 3aIlUIIaeMbIX ITOMEIIe-
HUI U YIIpaBIISIONIeid KOMITAHUY OYIET OTIIPABIICHO
B 00513aTCIIHHOM TTOPSIIKE;

— 3BYKOBBIC W CBETOAMOIHBIC MUTAIOIINE CUTHAIBI
orroenieHUs o BugaM O®DIIB B mecTe pacmoso-
xenus D' BCUII n nepenagy SMS-coobiieHus ¢ co-
XpaHEHHEM KBUTAHIIMY €TO JOCTABKH B TTAMSITU IIPU
OTCYTCTBUHM YepPe3 YCTAHOBJICHHBIM MHTEPBAJ Bpe-
MEHHU «cOpoca OnoBelleHUsI» (OTCYTCTBUSI JIMII B 3a-
IIUIIAEMBIX TTOMEIICHUSIX WA HeIOCTaATOTHOCTHIO
TIPUHSTHIX MeP TIOCTIe TIEPBOTO «COpoca»), TIPU yTed-
Ke OBITOBOTO T'a3a — B ra30aBapHitHYIO CIIy:KOY 1 BJla-
IIEJTBbITY, B YIIPABJISIONIYI0 KOMITAHWIO U BIIAICbILY,
TIPH TTOKaPOYTPOKAcMOM THAra30He TTOTPeOIeHUS/
OTKJTIOUCHMUS JICKTPOSHEPIUU — B SHEPTOHAI30D,
B 3HEProCOBITOBYIO OPTaHM3AIINIO, B YITPABIISIONIYIO
KOMITAHUIO ¥ BIAICIBILY, IIPU MoXape (3aropaHue
TUTIOC 3BaKyalus) — B ITOKapHYIO OXpaHYy, B YIIpaB-
JISTIOIITYF0 KOMIIAHWIO 1 BJIaIeIbITy.

Jlerko BUIETH, uyTO Mcnoib3oBaHe TMCB BmecTo
MCB B KBapTHpe WIN B MTHIUBUAYAJIEHOM KUJIOM JIOME
IIPOUCXOIUT aHAJIOTMYHBIM 00pa3oM [6].

[IpuHIUTINATBLHBIM OTINYUEM IIPUMEHCHUS
DI'BCUII ipu 3TOM SIBISETCS HAJTMYNE B HEM TaTIMKa
KHCIIOPOIIa, YTO MO3BOJISIET KOHTPOJIMUPOBATH €T0 KOH-
neHTpannio Kak 1mpu orcyretuu OPIIB, Tak u mmocie
nx ooHapykeHus u BkmouyeHuss MCB unmn TMCB misa
ux rogasieHud [4, 10].

[IpencTaBasiIoTCS IEPCIIEKTUBHBIMU TaTbHEHIIITE
HUCCIeIOBAaHUS U SKCIICPUMEHTHI IO ITOTIOJTHCHUIO
OT'BCHUII ceHCOpOM Ha YIJIEKUCHIBIN Ta3, KOTOPHI
takxe Bxoaut B ODIT (Tabdm. 1), HO HEe CTOJIBKO IS UX
obOHapyxXeHUd [4], CKOJIBKO JJIsI MOHUTOPUHTA CPEIbI
0o0uTaHMSI B KBapTUPES/MHINBUIYATEHOM XUJIOM JIOME
Ha TIpeAMET CO3TAaHMS ONTUMAJIBHBIX YCIIOBUM KU3HE-
IeSITeIBHOCTH, BKITIOYast KOHTPOJIb M YIIPaBICHHUE OTO-
ienueM [13, 14], a Takke BEeHTUJISIIMEN U KOHIWIIN -
OHHMPOBAHUEM BO3IyXa C YUETOM DHEPTocOepeKeHUS
M CaMOOpPTraHU3aINY Oe30ITaCHOM KU3HEACSTCTEHOCTH
[12, 15].

C toukm 3peHUs 3P PEeKTUBHOCTH NCITOIH30BaHUS
MCB [16], B T.4. MOOWIIbHBIX MEMOPAHHBIX YCTAHOBOK
pa3inyHON Mpou3BOAUTENbHOCTH [17], mpencTaBis-
eTcs mHTepecHoU mpakTnka OO0 «KpacHomapckoro
KOMITPECCOPHOTO 3aBojaa» [18] mo okaszaHMUIO yCIyT
10 TIPUMEHEHNIO aTMOC(hEpPHOTO a30Ta MPEAIIPUITHU -
SIM M OpraHu3alusIM yriaenoobiBamomei [19] n nedpre-
ra3oBoit oTpaciueit [20], B T.4. Ha TPYTHOIOCTYITHBIX
obbekTax [21].

Hemo B TOM, 9TO 1 3a pyOEKOM, M B HAIllei CTpaHe
IIJIST TIPOTUBOITOKAPHOI 3aIIIUTHI PAa3IMIHBIX O0OBEKTOB,
B T.4. MHOTOKBAPTUPHBIX 1 BBICOTHBIX KIJIBIX 3MaHUA,
HCITOJIB3YIOT TaK Ha3bIBaeMbIe CYXOTPYOBI, KOTOPBIC
MIPEACTABIISIIOT CO00M CHCTEMY IPOTUBOIIOXAPHOTO
BOIOCHAOKEHMSI, YCTaHABIMBAEMYIO TSI OOJTBIITNX TUIO-
IIameit M rIe YMECTHO JIepxKaTb BOOOIIPOBO ITYCTHIM
B LIEJISIX 9KOHOMMU M3-3a TEXHUUECKNX BO3MOKHOCTEH
WIN €CIU OTHETYIIAIIUI COCTaB MOXET 3aMEp3HYTh,
MIpUBEIS K pa3pbIiBaM TPYyO, UTO TTO3BOJIAET OBICTPO, Oe3
MIPOKJIANKN PYKaBHBIX TMHUM ITOJATH BOLY OT IIPUOKIB-
11ero noxapHoro apromoousist. [1pu aToM B 06s13aTeb-
HOM TIOpSIIKE CYXOTPYOBI ycTaHaBIIMBatoTed [22, 23]:

— B MHOTO3TaXKHBIX XMJIBIX JOMax BBICOTO OT 36

110 50 M wi 1o 75 M ¢ moxkKapHBIMM KpaHAMU B IIIKa-

dax Ha KaXXIOM dTaxKe;
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— B MHOTO(DYHKIIMOHAIBHBIX 3MaHUSIX BBICOTOM 10 50 M
C TIOXKapHBIMH KpaHaMU (OMOIMOTEKH, aIMITHUCTPA-
TUBHBIC CTPOCHUSI, TOCTUHUIIBI, OOJIHBHUIIHI);

— ¢ 3aOpHBIMU BEHTWISIMA Ha YepIaKax M JeCTHUY-
HBIX IIPOCTPAHCTBAX B IBYXATaXKHBIX IIOCTPOMKAxX V
CTCTIEHU OTHECTOMKOCTH ¢ 4-MsI 1 00JIee KBapTHpa-
M.

[MprHMMAas BO BHIMaHUE TCHICHITNIO CTPOUTEIBCTBA
BBICOTHBIX JKIJTBIX 30aHUI C TPYIIITIPOBKOM MX B MUKPO-
paiioHHI (puc. 9), BOSHUKACT UIes:

— BO-TICPBBIX, BMECTO YCTAHOBKHU B KaXKIIOM JOME
MCB BBIBECTH «BO3IYIIHBIN» U «a30THBIN» TPYOOIIPOBO-
IBI Ha (pacam 3maHms, KaK 3TO AeJIaeTCs I CyXOTpyOOB
[23];

— BO-BTOPBIX, YKOMITJICKTOBATh MMOXapHBIC YaCTH,
KOTOPBIC OXPAHSIIOT TAKMEe MUKPOPaiOHbBI, MOOMIHLHBI-
MU a30THBIMU ycTaHOBKaMM (puc. 10), 9TOOHI 3a cueT
paHHeTo 1 focToBepHOTO oOHapykeHuss OPIT [10] pn
COM3MEPUMBIX BpeMeHax «3arycka MCB» u ciieqoBanus
060eBOTO pacyeTa K 00BEKTY ITOKapa B MUKpOpaiioHe

COKOHOMUTH €IMHOBPEMEHHbBIE U TEKYIIHUE 3aTPaThl
Ha MOHTaX M 3KCITIyaTanuio «iecatkoB MCB» B 31a-
HUSIX MUKPOpaoHa.

Craenyet orMeTtuth, 9To OO0 «KpacHomapckuit
KOMIIPECCOPHBbII 3aBOI» COBMECTHO ¢ JJOHCKMM rocy-
JAPCTBEHHBIM TEXHUYECKMM YHUBEPCUTETOM B paMKax
IMocranosienus [IpaButenscTBa PO No 218 pazpaboTai
B 2013 romy npoexT IOCTaHOBKU Ha IIPOM3BOACTBO Cerla-
paTOpOB BO3AyXa U BBIITYCK CTALIMOHAPHBIX M MOOMJIb-
HBIX CPEACTB IIPOTUBOIIOXAPHOI 3allUThl HA X OCHOBE,
KOTOPBbIii, OIHAKO, HEe HAIlleJI MOIIEPXKU B yKa3aHHOM
KOHKYypce [24].

3AK/IIOYEHUE

B pesynbTaTe cucTeMHOro aHaumu3a IpobiemM 6e30-
ITACHOM JKM3HEACSITeIEHOCTHU B 3KIJIOM CeKTOpe (B KBap-
THPAX XWIBIX 3MaHUI, B MTHIUBUAYATbHBIX SKUJIBIX TO-
Max) TOPOIOB U HACEIEHHBIX ITYHKTOB pernoHOB Poccum
BBISIBJIEHBI TPUHLIMIMAIBHBIE HEIOCTAaTKU B OpraHu3a-

Puc. 10. A3ornas cranmust TT'A-5/10 (a) n noxapubiii aBroMmoomin KK3 (0)
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UK U aBTOMAaTU3AlMU yIeTa ITOTPeOIIeMBIX SHEPTO-
pecypcoB (2JIEKTPOIHEPTUH, Ta3a, TOPSICH 1 XOJIOMHOMN
BOIBI) B SKUJIOM CEKTOpE.

Ha ocHoBe pa3paboTaHHOIO BEpOSITHOCTHO-(U3U-
YeCKOTO ITOIX0Aa B BO3HUKHOBEHUHN TTOXKAapHO-3HEpre-
THYECKOTO Bpela B JXKMUJIOM CEKTOpPE P IMOTPEOICHUN
3JICKTPOSHEPTUH ¥ Ta3a OCYIICCTBIICH IOC/ICIOBATEIEHEII
CHCTeMHBII CHHTE3 CII0Cc00a U CPEICTB AMATHOCTUKH T10-
JKapHO-3HEPTeTMUYECKOTO Bpela C HAHOTEXHOJIOTUSIMU €TO
TIOHABJICHUSI C TIOMOIIIBIO 3JIEKTPO-Ta30-CUCTUNKA-N3Be-
IaTessi-rmogaBuTelts (0710Ka KOMIIEHCAIIU PEaKTUBHOMN
MOIIHOCTH ¥ OJIOKa CeIapalliy BO3ayXa), KOTOPhIE CO-
BMECTHO ¢ MEeMOpaHHBIM WJIA TEPMOMATHUTHBIM Cella-
paTopaMH BO3oyXa 00eCIIeUNBAOT IT0KAPOB3PHIBO3AIINUTY
KBapTUPBl/MHIUBUAYATEHOTO XIJIOTO JOMA.

OcyIecTBIIeHa ONITUMM3AIIAS 1 aBTOMATU3AIIHST yUe-
Ta TOPSTYCH U XOJIOTHOI BOIBI, B pe3yJbTaTe KOTOPHIX
pa3paboTaHa MOACITb YHUBEPCATBHOTO 3JIEKTPO-Ta30-
BoIOcUeTUYMKa-13Bemares-mogasuteis (BT BCUIT)

1 CXeMa ero IMPUMEHEHUS B KBapTHUPaX MHOTO3TaXKHBIX
KVUTBIX 30aHUN Y MHINBUIYATBHBIX KUJIBIX JOMaX.

IIpenyaraemblit moaxom, MO MHEHUIO aBTOPOB, TIPU-
3BaH «yCTPaAHUTDH OECTIOPSIIOK» B (PYHKIIMOHUPOBAHUH
WHXEHEPHBIX CHUCTEM B MHOTOKBAPTUPHBIX 3TaHUIX
W WHINBUOYATbHBIX XXIJIBIX TOMaX, a TaKXKe OCyIIe-
CTBUTH ONTUMAJIbHYIO aBTOMATH3aIINIO XXI3HEo0ec ITe-
YeHUS XXUJIOTO CEKTOpa, He3aBUCUMO OT CTPYKTYp pe-
CypCOCHAOXKAIOIINX,/YIIPABJISIONINX KOMIIAHUI 1 Tep-
PUTOPUATIEHBIX aBApUIHBIX M HAI30PHBIX CITYKO.

Paspaborannsiii Mmeton u DI'BCUII no3ponsgior
B KpaTJaiIime CpoKH peayn30BaTh €ro BHEAPEHME C TI0-
MOIIIBIO PEMHBECTULIMOHHOI MOIEIN CUCTEMBI alaIITHB-
HOTO TTOKapHO-3HEPreTUUECKOTO HAIOTOOOIOXKCHMS
GU3MYECKNX JIUIL B XKUI0M cektope [6, 10, 11].

IIpoBeneHHBIC MCCIeIOBAHMS ITOKA3aJIH, YTO TIPEI-
JlaraeMblii TTOAXO/I MOXKET ObITh peaan30BaH Ha OOBbEK-
Tax TOPTOBIIN, 3IPAaBOOXPAHEHUSI, 00pa30BaHMsI, HAYKU
U KYJIBTYDHI [2, 12, 24].

Cmamos « Hanomexnonoeuu «<uHmMeAIeKmyanu3ayui» yuema sHepeopecypcos U no0aaeHus HONCAPHO-IHEPLeMU1ECK020
6peda 6 UHIICEHEPHbIX cUcmeMax Jcunsvix 30anuil. Yacmo 1» onybaukosana 6 scypHane « Hanomexuonoeuu 6 cmpoumenscmee»
2021, Tom 13, Ne 2. DOI: 10.15828/2075-8545-2021-13-2-95-107.
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ABSTRACT: The Introduction argues that interdisciplinary research relies on shared knowledge. When knowledge is shared, a fun-
damental shift can occur over time, and a new interdisciplinary field can emerge. For example, nanoscience, quantum computation
emerges as interdisciplinary fields that eventually grew to become their own disciplines. Main part. The article provides a review
of extant papers on management analytics. The field of management analytics is a newly developing interdisciplinary field that is
attracting more and more attention. In this study, overall, 201 papers were examined. The results show that that the field of manage-
ment analytics is emerging. Two main aspects of the field are investigated: application-based research and theory-based research.
This study aims at providing a status of the area called Management Analytics for academia and practitioners. Conclusion. This paper
focuses on the emerging interdisciplinary field called Management Analytics, based on an analysis of 201 published articles on the
subject. For the first time, this study provides a comprehensive literature review of the emerging field of management analytics.

The developing trends, characteristics, and related applications are introduced.
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INTRODUCTION

Interdisciplinary research is one of the most predomi-
nant research approaches. Interdisciplinary research
relies on shared knowledge. When knowledge is shared,
a shift may occur over time, and a new interdisciplinary
field can emerge. For example, nanoscience, nanotech-
nology [1—13], quantum computation all emerges as in-
terdisciplinary fields that grow and develop. Management
Analytics is an emerging interdisciplinary subject in which
analytics interfacing with multiple sub-disciplines. Na-
noscience is a subfield of physics dealing with measuring
1—100 nanometers. Nanotechnology requires technology
management such as techno-economic management.
Management Analytics may have its applications in tech-
nology management of nanotechnology.

©Lu,Y. 2021

MAIN PART
The Analysis of the Extant Literature
Source of Publications on Management Analytics

Management analytics-related research is an interdis-
ciplinary study that is not limited to the scope of a specific
discipline. This study focuses on management analytics.
The papers were retrieved from five major databases as
Web of Science (WoS), Ei Compendex, Scopus, IEEEx-
plore, and Inspec. The selected articles were distributed
among five academic journals, seven conference pro-
ceedings, and one dissertation database. Specifically,
the academic journals include the Journal of Manage-
ment Analytics, European Journal of Information Systems,
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Journal of Business Logistics, Journal of Applied Research
in Higher Education, and Indian Journal of Science and
Technology. The conference proceedings include the 2007
Winter Simulation Conference, Proceedings of 2014 IEEE
Enterprise Systems Conference, 2009 IFIP/IEEE Inter-
national Symposium on Integrated Network Manage-
ment, 2019 IEEE PES Asia-Pacific Power and Energy
Engineering Conference, 27" European Conference on
Operational Research, 46" Hawaii International Confer-
ence on System Sciences, and International Conference
on Convergent Cognitive Information Technologies. The
dissertation database includes the Walden Dissertations
and Doctoral Studies. The keywords “Management Ana-
Iytics” were used to search for papers from the targeted
sources published between 2000 and 2021.

In total, 188 papers were selected. The following figure
(Fig. 1) shows the statistics of the papers’ distribution
among these journals, conference proceedings, and dis-
sertation databases. In which, Journal of Management
Analytics has published the most articles. Journal of Man-
agement Analytics is the primary publication outlet for
management analytics and attracts attention from readers
and authors globally.

Judging from the papers’ publication and distribu-
tion, the study of management analytics is still in an early
phase. Between 2007 and 2021, there are 188 published
papers (Fig. 2). Since 2014, the number of documents
started to increase. The overall trend shows that the pub-
lication number is rising, as Management Analytics is
becoming more and more popular.

Among these 188 papers, this study categorizes these
papers into two main categories, with reference infor-
mation. One is management analytics in applications
(Table 1). The other category is the theoretical develop-
ment in management analytics (Table 2).

History of Management Analytics
The Origin of Management Analytics

Management Analytics is interdisciplinary in which
analytics interfacing with multiple sub-disciplines in
business and other social science research areas. Sub-
disciplines in business include accounting, finance, man-
agement, marketing, production/operations management,
supply chain management; social science research areas

Journal of Management Analytics

Journal of Business Logistics

European Journal of Information Systems

Journal of Applied Research in Higher Education

Indian Journal of Science and Technology

Hawaii International Conference on System Sciences (HICSS)

International Conference on Enterprise Systems

Winter Simulation Conference

IFIP/IEEE International Symposium on Integrated Network Management

IEEE PES Asia-Pacific Power and Energy Engendering Conference (APPEEC)

European Conference on Operational Research

International Conference on Convergent Cognitive Information Technologies

Walden Dissertation and Doctoral Studies
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Fig. 1. The Distribution of Publications
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Table 1
Publications in the application of Management Analytics

Publications

15,17, 18, 19, 21, 22, 24, 25, 26, 28, 29, 31, 32, 33, 34, 35,9, 40, 42, 44, 45, 49, 50, 51, 52, 53, 54, 57, 69, 70, 71,
73,74,75,77,79, 80, 83, 88, 90, 91,93, 106, 112, 114, 115, 116, 117, 118, 119, 123, 124, 125, 126, 131, 132, 133,
136, 138, 139, 142, 143, 144, 145, 147, 148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 162, 165, 167, 168, 169,
170, 171, 172, 173, 174, 176, 177, 178, 179, 180, 181, 182, 183, 187, 189, 190, 191, 192, 193, 194, 195, 200, 201

Table 2

Publications in theoretical development in Management Analytics

Publications

185, 186, 188, 196, 197, 198, 199

14, 16, 19, 20, 23, 27, 30, 36, 37, 38, 41, 43, 46, 47, 48, 55, 56, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 72, 76,
78, 81, 82, 84, 85, 86, 87, 89, 92, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 107, 108, 109, 110, 111,
113,120, 121, 122, 127, 128, 129, 130, 134, 135, 137, 140, 141, 146, 158, 159, 160, 161, 163, 164, 166, 175, 184,

include energy policy research, healthcare cost analysis,
healthcare policy making, IoT information security policy
study, etc. In 2019, Haenlein et al. [68] wrote, “business
and management analytics as a field is rapidly evolving.”

According to Peruzzini & Stjepandi¢ [134], “The term
‘Management Analytics’ was coined at the beginning of
2014 when Journal of Management Analytics was initially
launched. Management analytics are increasingly being
embedded within key business processes. In the leading

companies, business is heavily dependent on analytics
in the underlying technology and process infrastructure.
In regard to enterprise diagnostics, the procedure and
methodology have been developed to evaluate the perfor-
mance of enterprise business processes, and main factors
for the assessment include consumed resources, cost,
durations of business processes, and information con-
straints (Kataev, Bulysheva, Emelyanenko, & Bi, 2016).
Convinced through the benefits of the management ana-
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Iytics, the only problem with this broad-scale consensus
is that many managers and organizations still lack the
skills and understanding to make analytics work for them
(Chen et al., 2016). Therefore, this is a tremendous driver
for research and education. We observe a broad move in
education. Educational institutions extend their offering
in management analytics and provide corresponding stud-
ies (Lin, 2015). University of Toronto (2017) and Queens
University (2017) have recently launched Master Program
in Management Analytics.”

In 2021, Gurusinghe et al. wrote [66]: “Management
analytics is a rapidly evolving field that can be used to
achieve competitive differentiation in the market. The
management analytics applications in different areas such
as marketing, finance, accounting, supply chain manage-
ment make a better impact on a firm’s business. To gain
better accurate insights, management analytics is required
to closely link with business strategies and embedded
within key business processes. Human Resource Man-
agement (HRM) is a part of the management discipline
and HR analytics is part of management analytics. How-
ever, HRM is a latecomer to the management analytics
bandwagon.”

Worldwide Educational Response about Management
Analytics

Educational institutions have started offering pro-
grams in Management Analytics. The University of To-
ronto in Canada offers a Master of Management Ana-
Iytics Program (https://www.sgs.utoronto.ca/programs/
management-analytics/). This program’s overview is that
Management Analytics involves understanding the fac-
tors influencing managerial decisions. It encompasses the
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skills needed to extract insights from business data. The
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SUMMARY

It is evident that, since the launch of the Journal of
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developed into a new subject for business and interdis-
ciplinary study. Currently, master's level education pro-
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job markets. Furthermore, Management Analytics has
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This paper focuses on the emerging new interdisciplin-
ary field of Management Analytics, based on an analysis
of 188 published articles on the subject. The study, for the
first time, provides a literature review on Management
Analytics. The relevant publication outlets, the history
of the subject, and the developing trends are introduced.
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TexHonornyeckune MHHOBaUuun n BO3SHNKHOBeéHune HOBON
ME)KAI/ICIJ,I/II'IHI/IH3PHOI7I 06nacTN - aHANNTUKN MeHeAXMeHTa
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PE3KOME: Bo BBeieHUM 060CHOBbBIBAETCSA TOT $aKT, UTO MEXANCLMTIIMHAPHbBIE NCCNeOBAaHUA OCHOBbLIBAIOTCA Ha OOLLEN3BECTHBIX
3HaHuAX. Koraa 3HaHve JOCTYMHO KaXXgoMy, TO C TeYEHUEM BPEMEHUN MOXET NPOV30NTY GyHAAMEHTaNbHbIV CABUT U BOSHUKHYTb
HOBas MeXANCUUMIrHapHas obnacTtb. Hanprmep, HaHOHayKa 1 KBAaHTOBbIE BbIUMC/IEHWSA BOHUKIIN Kak MeXAUCLUMIMHAPHble 06-
N1acTu, KOTOpble B KOHEYHOM UTOre 0PpOPMUNUCH B CAMOCTOATENbHbIE ANCLUNINHBI. OCHOBHaA YacTb. B cTaTbe npriBeseH 0630p
COBPEMEHHbIX MaTEPVANOB, MOCBSALLEHHbIX aHANIUTUKE MEHeAPKMEHTA. AHANIUTVIKa MeHeXXMeHTa — 3TO HOBasi Pa3BMBaloLLancs
MeXIMcuMnIvHapHas 061acTb, KOTOpoW yaenseTcs Bce 6onblue 1 60sblie BHUMaHUA. B jaHHOM uccnepgoBaHmy 6bina usyyeHa
B 06LLei cnoXHOCTY 201 cTaTbs. Pe3ynbTaT AEMOHCTPUPYET TOT GaKT, UTO aHANIMTUKA MEHEPKMEHTa HAaXOAMTCA B NPOLecce CTaHOB-
NeHus. AHaNM3POBANMCh [1Ba MaBHbIX acNekTa JaHHOW 06N1acTh: NPAKTUKOOPUEHTUPOBAHHOE 1 TEOPETNYECKOE NCCIIEfOBaHNS.
Llenb gaHHo paboTbl — onpefeneHmne NONOXeHUs aHAMUTUKN MEHEAPKMEHTA B [1€ATESIbHOCTU HAYUHbIX COTPYAHUKOB U MPAKTVKOB.
3aknioueHume. B ctaTbe, NOCBSALEHHON HOBOW MEXANCLMIIIVHAPHON 0611acTV aHaNUTUKN MeHeIXKMeHTa, NPUBOANTCA aHann3
201 neyaTHOI paboTbl MO AaHHOW Teme. BrnepBbie npuBeaeH 0630p OOLIMPHOMO CNCKa UCTOYHNKOB MHdOopMaumu. MNprusoaaTca
COBpPEMEHHbIe TPEH[IbI, XapPaKTEPUCTUKUN U CBSI3aHHbIE C HUMIK Chepbl MPUMEHEHWS.

KJTIOYEBDIE CJTIOBA: aHanUTKa MeHeg>KMeHTa, 60/bLuvie AaHHble, OM3HeC-aHaNNTUKA, MEXANCUUNIMHapHasa 06nacTb.

ONA LUTUPOBAHUA: Ny A. TexHonornyeckne MHHOBaLUM 11 BO3HVKHOBEHWE HOBOW MEXANCLUMANHAPHOW 06/1aCTV — aHaNUTUKK
MeHe[XMeHTa // HaHoTexHonorum B ctpoutenbcTee. — 2021. — Tom 13, N2 3. - C. 181-192. - DOI: 10.15828/2075-8545-2021-13-3-
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ABSTRACT: Introduction. Unauthorized dumps are territories that are not permitted and not equipped in accordance with the
current legislation of the territory, where waste products are disposed of. Most of the unauthorized dumps, both industrial and
municipal solid waste (MSW), are objects of accumulated harm. In connection with the increase in the use of nanoparticles of vari-
ous genesis in engineering materials, there is a need to assess their impact on environmental components and human health. One
of the main marker substances that determine the ecotoxicological effect of dumps are heavy metals, including those entering the
environment in the form of metal-containing nanoparticles. Their identification, determination of the processes of horizontal and
vertical migration of pollutants (P), identification of the intensity of negative processes are necessary information for making deci-
sions on the choice of methods and technologies for recultivation of disturbed areas. Currently, there are no legislative acts (LA) that
take into account the specifics of such objects in the study of territories within the framework of environmental surveys (ES), which
necessarily precede the implementation of project documentation for recultivation. A vital task is to develop a methodological ap-
proach to diagnosing the state of territories disturbed as a result of waste disposal, and to reliably determine the boundaries of soil
pollution, taking into account modern trends in the development of nanotechnology. Methods and materials. The analytical study
was based on the results of environmental surveys at four unauthorized dumps of the Republic of Bashkortostan (three dumps for
municipal solid waste (MSW) and one dump for industrial waste), carried out in 2019-2020. Results and discussion. A study of the
reliability and completeness of determining the level of soil pollution in the territory of the dumps was made. Deviations from the
requirements of CS 11-102-97, GOST 17.4.3.01-83 in terms of the number of sampling points and their spatial location were revealed.
It was found that the requirements of Article 1 and Article 80.1 of the Federal Law of 10.01.2001 No.7-FL “On Protection of Environ-
ment” on identifying negative environmental changes and establishing the ability of pollutants to migrate to other components of
the environment were not taken into account. Conclusions. The existing methodological approaches to establishing the boundaries
of soil pollution in the areas where unauthorized dumps are located require revision and specification.
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INTRODUCTION to eliminate which were not fulfilled or were not fulfilled
in full) and sources of a whole spectrum of pollutants

Unauthorized dumps are one of the most common ob- entering the environment [1—4].
jects of accumulated harm (negative impact resulting According to the Federal Target Program “Elimi-

from past economic and other activities, the obligations  nation of Accumulated Environmental Damage” for
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2014—-2025 [5], as a result of economic activity, 31.6 bil-
lion tons of waste have been accumulated in the Russian
Federation by now, of which 2—2.3 billion tons are toxic.
Of the 121 particularly hazardous objects of accumulated
environmental harm on the territory of the Russian Fed-
eration included in the register, 69 are dumps and waste
landfills [6].

The specificity of unauthorized dumps as objects of
pollution, first of all, is the lack of information about
the waste disposed on them, and, as a consequence, the
unpredictability of the nature and levels of impact. On the
territories of unauthorized dumps, the status and com-
position of MSW is not monitored, and the established
period for the placement of MSW is not observed [7].

In this case, the main component of the environ-
ment, experiencing a negative effect, are soils in which
the morphological and physical properties deteriorate, the
water, air, thermal and redox regimes are disturbed, the
conditions necessary for the existence of soil animals and
microorganisms, the growth and development of plants
change.

As studies show [8], under soil pollution, the soil
matrix system and the associated work of all nanoreac-
tors are significantly affected. At the same time, nano-
technological processes in soils (the formation of aggre-
gates, humus, litter, etc.), which are directly related to
soil fertility, are not taken into account in the system of
environmental regulation, although they could provide
decisive information about the degree of degradation of
soil ecosystems.

The soil is the main accumulator of technogenic
nanoparticles entering the environment as a result of eco-
nomic and other activities. Technogenic metal nanopar-
ticles in soil are mainly represented by the following com-
pounds TiO,, ZnO, AlO, CuO, Ag, MgO, FeO_, NiO,
MnO_ [9—-13]. The sources of their entry from dumps
into soils are waste of packaging materials, household
chemicals, agrochemicals, spent industrial catalysts, ash
from thermal waste disposal, etc.

In the structure of normative legal acts [ 14—18], regu-
lating the scope of research to determine the admissibility
of negative impact on soils, we are faced with the tradi-
tionally accepted definition of the degree of degradation
by the level of chemical pollution.

This approach does not take into account the possibil-
ity of joint action of harmful factors, the dependence of
the impact on the symbaticity of factors, and the deter-
mination of environmental risks, and, moreover, the de-
termination of the form of chemical compounds (mobile,
immobile, macrodispersed, nanoparticles, etc.).

And while chemical pollution of soils and grounds
within the framework of ES is assessed by the total in-
dicator (Zc), which takes into account the additivity of
pollutants, it is an indicator of the adverse impact only
on the health of the population.

This methodological approach is complicated by the
lack of requirements to the scope of research during sur-
veys (the number of samples) for such complex objects as
unauthorized dumps, accordingly, it becomes difficult to
determine the zones of influence of objects and the degree
of soil degradation.

According to RP 1.2.2639-10 “Use of methods for
quantitative determination of nanomaterials at nanoin-
dustry enterprises” [19], it is recommended to determine
the presence of nanoparticles in environmental compo-
nents (atmospheric air, water bodies, soils) in a number of
controlled objects. The presence of this document reflects
the importance of an integrated approach to identifying
the degree and nature of contamination.

Within the framework of the state environmental ex-
pertise, all the above points are of particular importance,
since materials on environmental impact assessment
should be scientifically substantiated, reliable and reflect
the results of research carried out taking into account the
relationship of various environmental factors [20].

METHODS AND MATERIALS

This work was based on the results of the ES analysis
for 2019—2020 in terms of the reliability and complete-
ness of determining the level of soil pollution in the ter-
ritory of the location of four unauthorized dumps of the
Republic of Bashkortostan. The study of the compliance
of the ES materials with the requirements of the current
regulatory documentation for geoecological soil testing
was carried out.

Dump Ne 1 is an unauthorized MSW dump. The year
of the beginning of the exploitation of the dump is 1993.
The landfill body is a mixture of MSW covered with layers
of insulating soil. The proposed waste storage system is
based on the maps using the thrust method.

Dump No 2is an unauthorized MSW dump. The dump
body is an embankment with steep slopes, partly over-
grown with weeds. There are no intermediate layers of
insulating primer in the body of the dump.

Dump No 3 — Industrial waste dump. The beginning
of waste storage — 1970s. The dump is an open pit where
solid and resinous wastes (various spent catalysts contain-
ing heavy metals) were stored and liquid heavy hydrocar-
bons were placed in technological maps.

Dump No 4is an unauthorized MSW dump. The dump
body is an embankment of garbage, mainly covered with
soil and overgrown with weeds of the grass layer.

RESULTS AND DISCUSSIONS

The first question that we face when assessing the suf-
ficiency of the ES materials is the number and spatial
location of the samples taken (determining the complete-
ness and representativeness of research results).
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In clause 4.19 of the Code specification CS 11-102-
97 [14], a reference is provided to GOST 17.4.3.01-83
“Environmental protection. Soils. General requirements
for sampling” [15], which contains the following rec-
ommendation on the number of samples: at least one
combined sample per 0.5—1.0 hectares with a heteroge-
neous soil cover and at least one combined sample per
1.0-5, 0 ha — with uniform. Scope [15] — for general and
local pollution.

Further, according to the text of clause 4.19 [14], it
is indicated that the number and location of samples, as
well as the distance between samples, are set in the survey
program depending on the type and purpose of the pro-
jected object, the natural and technogenic conditions of
the research area and the stage of design and survey work.

Table 1 shows the features of the dumps under con-
sideration that affect the spread of pollutants in the soil
profile and the possibility of the occurrence of foci of
secondary soil pollution.

Clause 4.16 [14], which establishes the requirements
for assessing pollution in the zone of influence of eco-
nomic objects, also gives a reference to the survey pro-
gram: “The location of sampling points is established in
the survey program depending on the expected structure

Table 1
General data on research objects

of the pollution field, the geological structure of the ter-
ritory.”

Thus, the quality of the work is directly related to the
responsibility of the Customer, who draws up the Terms
of Reference for the ES. In ES, for all objects in the survey
programs, the scope of work is limited and/or tied to the
“territory of the object location” in accordance with the
data of the development plan for a land plot [21].

In this context, many legal restraints arise, and sam-
pling in adjacent areas is, at best, carried out only within
the sanitary protection zones (SPZ) of the facilities. Al-
though soil pollution at landfill sites is often secondary,
some of the pollutants are washed out with precipitation
and groundwater, ensuring the accumulation of pollutants
at a certain distance from the objects [22—24].

The same clause 4.16 [14] regulates that “the adopted
sampling system should ensure the study of the pollutional
zone in plan and in vertical section by the main com-
ponents of the environment, identification of pollution
sources, migration routes, areas and fluxes of dispersion
and accumulation of pollutants™.

As you can see from the table 2, the number of sam-
pling points (sites) does not meet the requirements of [ 14,
15] in terms of completeness of research: the sampling

accumulated waste

Indicator name Dump Ne 1 Dump Ne 2 Dump Ne 3 Dump Ne 4
Dump area, ha 18,12 12,05 4,13 10,07
Volume (mass) of 1434 369 m? 442 472 m? 30000t 850 000 m?

Features of hydro- Wetland area

geological conditions

Wetland area

— Wetland area, confined
groundwater

Existence of exceed- | Not available
ing the MAC for
pollutants in ground
(underground wa-

ters)

Sulfate ion, calcium,
magnesium, lithium

Benz (a) pyrene,
phenol, nickel

BOD, dry residue, chloride
ion, chromium, lead, iron,
cadmium, magnesium,
mercury, barium, lithium,
petroleum products

Existence of exceed- | BOD, suspended

Copper, arsenic,

Benz (a) pyrene, | Copper, arsenic, chromi-

ing the MAC for solids chromium, mercury, | phenols, nitrate | um, mercury, lead, petro-
pollutants in surface lead, petroleum ions leum products
water bodies (includ- products
ing bottom sedi-
ments)
The presence of Yes No No Yes
leachate in the body
of the dump
Soil type of the sur- | Urbanozems, Urbanozems, cher- | Urbanozems, Urbanozems, leached cher-
rounding area carbonate cher- | nozems, leached leached cherno- | nozems
nozems medium humus me- | zems
dium thick
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Table 2

v

The scope of research within the framework of the ES to establish soil pollution in the areas of dumps

points and/or sam-
ple ares (SA)

rimeter of the dump
body, 4 SA within a
radius of 50 m from
the dump body

of 50 m from the
dump body

dius of 100 m from
the dump body

Indicator name Dump Ne 1 Dump Ne 2 Dump Ne 3 Dump Ne 4
Study area Within the SPZ Within the SPZ Within the SPZ Within the SPZ
boundaries (500 m from the bor- | (115 m from the bor- | (1000 m from the (320 m from the bor-

der of the dump) der of the dump) border of the dump) | der of the dump)
Number of sampling | 5 wells along the pe- | 3 SA within a radius | 3 wells within a ra- 5 wells along the pe-

rimeter of the dump
body, 3 SA within

a radius of 50 m from
the dump body

Number of samples

20 well samples layer
by layer

4 pooled samples
(envelope method
with SA)

3 pooled samples
(envelope method)
with SA

18 well samples layer
by layer

20 well samples layer
by layer

4 pooled samples
(envelope method
with SA)

fertility

Vertical depth survey | 0.0—3.0 m layer by 0.0—0.2 m on SA 0.3—15.0 m layer by | 0,0—3,0 m layer by
layer in wells layer in wells layer in wells
0.0—0.2 m on SA 0,0—0,2 m on SA

Presence of abase- | No No No Yes

line sample taken

outside the sphere of

local anthropogenic

impact

Assessment of soil No No No Yes

Analysis of pollution
by toxic-chemical
indicators

Nickel, copper, zinc,
lead, cadmium, arse-
nic, mercury, cobalt,
manganese, chro-
mium, petroleum
products, benz (a)
pyrene

Nickel, copper, zinc,
lead, cadmium, arse-
nic, mercury, cobalt,
petroleum products,

benzo (a) pyrene

Nickel copper, zinc,
lead, cadmium, arse-
nic, mercury, petro-
leum products, benz

(a) pyrene

Nickel, copper, zinc,
lead, cadmium, arse-
nic, mercury, man-
ganese, chromium,
cobalt, petroleum
products, benzo (a)
pyrene

Determination of
mobile forms of
metals

No

No

Determination
of nanoparticles,
including metal-
containing ones

Dump base soil sur-
veys

Absent

Absent

4 points

2 points

depth was chosen incorrectly. In case of chronic anthro-
pogenic impact (from 30 to 50 years for research objects),
which develops at unauthorized dumps, it is unacceptable
to analyze only the surface layer, soil sampling should be
carried out in each engineering-geologic element.
According to the table 1, pollution of surface and
ground waters is present in all objects, which, when ana-
lyzed together with soil research data (table 2), can only

indicate that the soil control points were chosen incor-
rectly, and migration routes and reliable depth of pollutant
accumulation have not been established.

An important point showing the quality of research
work is the definition, along with the bulk forms of met-
als, their mobile forms. The amount of mobile metal
compounds is used to assess the amount of trace ele-
ments available to plants, as well as the ecological state
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of contaminated soils. The main mechanisms of the ac-
tion of mobile forms on the soil are complexation and
ion exchange. It has been established that the form of
input of heavy metals into the soil significantly affects
the transformation of technogenic compounds and their
distribution [25], namely, heavy metals are the main pol-
lutants entering the environment components from waste
disposal facilities [26].

Currently, there are not many studies to determine
the migration paths of nanoparticles in soils and to de-
termine their role in the degradation of soil ecosystems.
However, it was established [9] that natural soil colloids
are carriers of metal nanoparticles through soil profiles.
The main trends in the distribution of metal-containing
nanoparticles have a similar picture with the distribution
of other pollutants in soils, while the nanoparticles have
a higher migration ability and bioavailability.

Soil quality control by chemical parameters and de-
termination of the degree of hazard was carried out in
accordance with SanPiN 2.1.7.1287-03 “Sanitary- epi-
demiological requirements for soil quality” [27], which
set requirements for the quality of soils in populated areas
and agricultural land (table 3). An additive assessment
of the degree of chemical pollution of soil and ground at
the survey sites was carried out on the basis of the total
indicator of chemical pollution (Z ), which is an indicator
of adverse impact on the population.

In the context of unauthorized dumps, it is important
not only to comply with hygienic standards, but also to
take into account other criteria for the functioning of
ecosystems: the enzymatic activity of soil microbiota,
potential fertility, potential phyto- and zootoxicity of soils,
and the intensity of nanotechnological soil processes. It is
they which can provide reliable information on the mag-
nitude of environmental risk and a long-term forecast for
the restoration of territories, that can directly affect tech-
nological solutions for eliminating the negative impact
on the environment and reclamation of disturbed lands.

Another approach to comparing and assessing the lev-
els of chemical pollution is to compare the concentrations
of pollutants with “background” values — the content of
analyzed substances in anthropogenically undisturbed
natural objects-analogues. However, this approach was
not reflected in the ES for three objects out of four ana-
lyzed.

Another requirement of CS 11-102-97 [14] in terms
of the analyzed pollutants was not taken into account in
research at unauthorized dumps: Clause 4.29 regulates
soil testing for the content of volatile toxicants (benzene,
toluene, xylene, ethylbenzene, chlorinated hydrocarbons,
oil and oil products ) and other pollutants that penetrate
into subsoil horizons to a depth of 3.0—3.5 m.

In dumps Ne 1 and 4, studies on petroleum products
were carried out to a depth of up to 3.0 m in wells and up

Table 3
Category of soil pollution according to SanPiN 2.1.7.1287-03 [27]
Pollution category according to SanPiN 2.1.7.1287-03
Research area “Sanitary-epidemiological requirements for soil quality”
Dump Ne 1 Dump Ne 2 Dump Ne 3 Dump Ne 4
Dump base soils — — Permissible Permissible
Adjacent area Wells: SA: Wells: SA: permissible
0.00—0.20 m (moderately | moderately | 0,3—1,0 m; 1,0—2,0 m;
dangerous); dangerous 2,0-3,0m; 3,0-5,0m
0.2—3.0 m (permissible) permissible | (permissible);
5,0—10,0 m; 10,0—15,0 m
SA: (clean)
moderately dangerous
permissible 1,0—2,0 m; 5,0—10,0 m
(permissible);
0,3—1,0 m; 2,0—3,0 m;
3,0—5,0 m; 10,0—15,0 m
(clean)
1,0—2,0 m; 3,0—5,0 m
(permissible);
0,3—1,0 m; 2,0—3,0 m;
5,0—10,0 m; 10,0—15,0 m
(clean)
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to 0.2 m at the SA, and at dump Ne 2 — only at the SA
up to 0.2 m. At the industrial waste dump, where organic
pollutants could have been disposed of, all petroleum
hydrocarbons were accounted for as “petroleum prod-
ucts”, although in the context of toxicity and impact on
soil processes, aromatic hydrocarbons (benzene), unlike
petroleum products, have established MAC values and
a higher hazard level [28].

CONCLUSIONS

Currently, a large scientific and practical experience
has been accumulated in the diagnosis of soil ecosys-
tems exposed to unauthorized disposal and disposal
of waste. However, the requirements of environmental
regulatory documents that determine the composition
and structure of research within the framework of ES
are more focused on construction objects (rather than
elimination of accumulated harm) and compliance with
the requirements of hygienic standards in the light of
the impact of pollutants on human health. At the same
time, the term “negative impact on the environment” in
the legislation is defined much broader — as “the impact
of economic and other activities, the consequences of
which lead to negative changes in the quality of the
environment” [29].

With the development of scientific research, new tech-
nologies and industries, the list of substances required
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AHanuns cywecTBYyOLWNX MeTOZ0NIOrNYeCKNX NOAXOA0B
K npo6neme ycTaHOB/IEHNA rPaHNL, NOYBEHHOI0
3arpA3HeHNA OCHOBHbIMM NOJIIIOTaHTaMM
M MeTaJUicofeprKalMmn HaHoOUYacTULAMIN B palloHaXx
pacnosioXeHns HeCaHKLNOHNPOBaHHbIX CBAaJIOK
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1 YOUMCKIMI rocyfapcTBeHHbI HeTAHON TEXHUYECKUIA yHBepcuTeT, I. Yda, Pecnybnvka bawkopTocTtaH, Poccua
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PE3IOME: BBefeHue. HecaHKLOHMPOBaHHbIE CBAJKVM — 3TO HE pa3peLUeHHble 1 He 06YCTPOEHHbIE B COOTBETCTBUN C [ENCTBYOWMM
3aKOHOAATENbCTBOM TEPPUTOPUM, Ha KOTOPbIX Pa3MeLLaloTCA OTXOAbl. BOMbLIMHCTBO HECAaHKLMOHNPOBAHHbIX CBAJSIOK, Kak Npo-
MbILLIEHHBIX, TaK 1 TBEPAbIX KOMMYHanbHbIX 0Tx0f0B (TKO), 0OTHOCATCA K 06beKTaM HaKoMeHHOro Bpefa. B cBA3m ¢ yBennyeHvem
UCMOJb30BaHVIA B MHXEHEPHbIX MaTepuranax HaHOYacTyL, Pa3NMYHOrO reHe3rca BO3HNKAEeT MOTPEOHOCTb B OLIEHKe NX BO3AENCTBNA
Ha KOMMOHeHTbI oKpy»atowein cpeapl (OC) n 3gopoBbe yenoseka. OfHNMM U3 OCHOBHbIX MapKePHbIX BeLLecTs, OnpeaensatoLmnx
SKOTOKCMKONOrMyecKoe BO3LeNCTBIUE CBANOK, ABNAITCA TAXKesble MeTassbl, B TOM Yncnie noctynatwme B OC B dopme meTanico-
AepaLmx HaHouacTul. Vx ngeHTMdrKauma, onpegeneHe npoLeccoB ropusoHTanbHOW 1 BEPTUKANIbHOM MArpaLuu, BbiBIeHNe
WHTEHCVIBHOCTY HEraTVBHbIX NPOLIECCOB ABNAIOTCA HEOOX0AUMON MHdopMaLmelt AnA NPUHATIA pPeLleHni No Bbi6opy crnocobos
1 TeXHOMOT I PEKY/BTBALIMMN HapYLUEHHbIX TepPUTOPUIA. B HacToALLee Bpemsa OTCYTCTBYIOT HOPMaTVBHbIe MpaBoBble akTbl (HI1A),
yunTbIBaoLWe CneyndrKy Takux 06bEKTOB NPV UCCIE[OBAHNN TEPPUTOPUIA B PaMKaxX NHXKEHEPHO-IKOMOrMYECKNX N3bICKaHN
(M3W), koTopble B 06A3aTENBHOM MOPAAKE NPEALWECTBYIOT BbINMOMHEHMIO MPOEKTHON JOKYMEHTaLMU MO PeKynbTMBaLUy. AKTyanbHOM
3afjauen ABnAeTcA pa3paboTka METOLONIOMMYECKOTO NOAXOAA K ANArHOCTVIKE COCTOAHUA TePPUTOPWIA, HaPYLLEHHbIX BCIEACTBUE
pa3meLleHna OTX040B, U JOCTOBEPHOMY OnpeaeneHnto rpaHinL, MOYBEHHOIO 3arpA3HEHMA C Y4eTOM COBPEMEHHbIX TeHAeHLNN
pa3BuTUA HaHOTexHonornii. MeToAbl U MaTepuanbl. B 0CHOBY aHanMTUYECKOro NCCIeA0BaHUA OblIN MONTOXEHbI pe3ynbTaTbl SN
Mo YeTblpeM HeCaHKLMOHMPOBaHHbIM CBanikam Pecny6nuku bBalukopTocTaH (Tpu cBanku TBepabix 6biToBbix 0Tx0f08 (TBO) 1 ogHa
CBaJika MPOMBbILLSIEHHbIX OTXOAOB), NpoBeAeHHbIX B 2019-2020 rogax. PesynbraTbl 1 06cyaeHme. bbino nposeeHo nsyyeHne
[OCTOBEPHOCTU M MOJSIHOTbI OnpefeneHnsa YyPOBHA NOYBEHHOrO 3arPA3HEHNA Ha TEPPUTOPUN PACMONOXKEHNA CBaSIOK. BbiaBneHb!
OTKNOHeHusA oT TpeboBaHui CM 11-10-97, TOCT 17.4.3.01-83 No KonnyecTBy ToUeK OTOOPA 1 UX MPOCTPAHCTBEHHOMY PACMoso-
MKEHUI0. YCTAaHOBIIEHO, UTO He OblIn yuTeHbl TpeboBaHuaA ctatby 1 1 ctatby 80.1 OepepanbHoro 3akoHa ot 10.01.2001 r. N 7-03
«O6 oxpaHe oKpy»atoLLei cpeabl» O BbIABNEHUN HEraTUBHbIX M3MEHEHWU OKPYKatoLeln cpeabl 1 yCTaHOBAEHNW CMOCOOHOCTM
3arpAsHALWYX BelwecTs (3B) K MUrpaumm B MHble KOMMOHEHTbI NPUPOAHON cpefbl. BbiBoabl. CyliecTByloLe MeTogonornyeckmne
MOAXOAbl K YCTaHOBNEHNIO FPaHNL, MOYBEHHOTO 3arpA3HEHNA B paliloHax PacnonoXeHra HeCaHKLMOHPOBaHHbIX CBANIoK TpebyoT
AOPabOTKM N KOHKPeTU3aLmn.

KNIOYEBDBIE CJIOBA: 0TX0bl, HECAHKLMOHMPOBAHHbIE CBaJIKU, MOYBbI, 3arpA3HaAWMe Bewectsa (3B), HaHOYACTMLbI METaNNOB,
VNH>KeHepHOo-3Konornyeckne msbickaHusa (M3U), okpyxatowan cpega (0OC).

Ana UWATUPOBAHUA: Tyktaposa W.0., Bonotos P.A. AHann3 cyuecTByoWMNX METOJOSIONMYECKMX NOAXOA0B K Npobneme ycTa-
HOBNEHWA rPaHNL, MOYBEHHOTO 3arPsA3HEHNA OCHOBHbLIMY MOJUTIOTAHTAMM U METaNICOAEePXKaLMMM HaHOYACTLIAMI B PaioHax
pPacnonoXeHna HeCaHKLMOHNPOBaHHbIX CBaNOK // HaHoTexHonoruu B ctponTenbctae. — 2021. — Tom 13, Ne 3. - C. 193-200. - DOI:
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BBEJEHUE

€CaHKIIMOHNPOBAHHBIC CBAJIKM SBJISIOTCS OXHM-

MU U3 HanboJiee pacIIpoCcTpaHEHHBIX 00BEKTOB
HaKOIUICHHOTO Bpena (HeTaTHBHOTO BO3IEiCTBUS,
BO3HUKIIIETO B pPe3yJIbTaTe MPOIUION SKOHOMUYECKOM
¥ UHOU MEeSITeTbHOCTH, 00SI3aHHOCTHU I10 YCTPaHCHUTO
KOTOPOTO He OBLTH BHITIOJTHEHBI JIMOO OBITN BBHITTOTHEHEI
HE B ITOJIJHOM 00beMe) M UCTOYHUKAMU TTOCTYIIICHUS
B OKPYKAIOIIYIO CPEIY 1IEJIOTO CIICKTPa 3aTrPSI3HSIOIINX
BemecTs [1—4].

ITo manupM PemepadbHON IEJICBONM MPOrPaMMEI
«JImkBUIanss HAKOTJICHHOTO 3KOJOTMIECKOTO YIIep-
6a» Ha 2014—2025 roxanl, B pe3yJbTaTe XO3siICTBEHHOI
NIeITeIBHOCTH K HACTOSIIeMY BpeMEHH Ha TCPPUTOPUN
Poccuiickoit @enepauuu HakorieHo 31,6 Miapa T OT-
XOIOB, U3 KOTOPBIX 2—2,3 MIIpI T SIBIISIOTCS TOKCUY-
HBIMU [5]. 13 121 BHECEHHBIX B peeCTp 0CO00 OITaCHBIX
00BEKTOB HAKOIUICHHOTO Bpeda OKpYXKaroIIeil cpee
(OC) na reppuropuut PO 69 — 370 cBajKK U MOJIUTOHBI
0oTX0I0B [6].

Crrenindrka HECAaHKIIMOHUPOBAHHBIX CBAJIOK KakK
OOBEKTOB 3aTPSI3BHEHUS, B TIEPBYIO OUEPEIb, 3aKITI0UACTCS
B OTCYTCTBUY MHMOPMALIMK 00 OTXOHaX, pa3MeIIaeMbIX
Ha HUX, 1, KaK CJIeACTBIE, HEITPEACKa3yeMOCTH XapaKTepa
¥ YypOBHe# Bo3neiicTBrsl. Ha TeppuTOprsax HeCaHKIINO-
HUPOBAaHHBIX CBAJIOK HE BEIETCS KOHTPOJb COCTOSTHUS
1 KOMITOHeHTHOTO coctaBa TKO 1 He cobmomaeTcs ycTa-
HOBJIEHHBII Tiepron pa3menienus TKO [7].

IIpu 3TOoM ocHOBHBIM KoMmoHeHTOM OC, MCIIBI-
THIBAIOIIMM HETaTUBHOE BIWSIHUE, SIBIISIIOTCST ITOYBHI,
B KOTOPBIX IIPOUCXOOUT YXYAIICHNE MOP(DOIOTUICCKIX,
(bm3MICCKUX CBOMCTB, HAPYIIAIOTCS BOTHBIN, BO3MYII-
HBI, TCTIOBO, OKMCIUTEIFHO-BOCCTAHOBUTETLHBIN
PEXMMBI, U3MEHSIIOTCS YCIIOBUSI, HCOOXOIUMBIE IS
CYIIIeCTBOBAHMSI IIOUBEHHBIX SKUBOTHBIX 1 MUKPOOPTa-
HU3MOB, POCTa W Pa3BUTHS PACTCHMUIA.

Kax mmokaspIBaloT ucciaenoBanus [8], mpu 3arpsi3He-
HUSIX TTOYBBI 3HAYNTEIIPHOMY BO3ICHCTBUIO TTOIBEPTa-
€TCS CHCTeMa MIOYBEHHOM MAaTPHIIEI M CBSI3aHHAS C HEl
paboTa Bcex HaHOPeaKTOpoB. I1pn 3ToM HAHOTEXHOJIO-
TUIECKIE TIPOIICCCH B TTOUBax (0O0pa3oBaHME arperaTos,
Tymyca, TIOICTWIKH U JIP. ), KOTOPHIC HATIPSIMYTO CBSI3aHbI
C ee TUIOMOPOINEM, He YIUTHIBAIOTCS B CUCTEME SKOJIO-
TUIEeCKOTO HOPMUPOBAHUS, XOTSI UMEHHO OHU MOTJIN OBl
JaTh PEIIAIOLIYI0 MH(DOPMALIMIO O CTENIEHU AeTpanaluu
TIOYBEHHBIX SKOCHCTEM.

[TouBa sIBNIIETCSI OCHOBHBIM aKKYMYJISITOPOM TEXHO-
TeHHBIX HaHOYACTHII, TTocTynaomux B OC B pe3ynbraTe
XO3SIMCTBEHHON M WHOM MEeSITeIbHOCTUA. TeXHOTEHHBIC
HAHOYACTHUIILI METAJUIOB B ITOYBE B OCHOBHOM IIpe/I-
CTaBJICHBI CJICAYIOIIUMU COCANHEHUSIMU: TiOz, ZnO,
AlO, CuO, Ag, MgO, FeO_, NiO, MnO, [9—-13]. Hc-
TOYHUKAMU UX ITOCTYIICHUS M3 CBAJIOK B TIOYBHI SIB-
JISTIOTCST OTXOIBI YIIAKOBOYHBIX MaTepPUaJioB, OBITOBOM

XUMHH, aTPOXUMUICCKUX TIPEIIapaToB, OTPaOOTaHHBIX
IIPOMBIIIUICHHBIX KaTaJInN3aTOPOB, 30J1a TCPMHUIECKOTO
00e3BpeXXMBAaHMSI OTXOIOB U TIP.

B cTpyKType HOpMAaTUBHEBIX ITPABOBBIX aKTOB [14—
18], perlaMeHTUPYIOIUX OOBEMBI MCCIIETOBAHUI
IO OTIPENEICHUIO JOITYCTUMOCTH HETaTUBHOIO BO3-
IEeMCTBUS Ha TIOYBBI, MBI CTAJIKMBAacMCs C TPAIUIIN-
OHHO TIPUHSATBIM OIIpeIeSICHNEM CTeIICHH AeTpagallii
10 YPOBHIO XUMHMYECKOTO 3aTPSI3HCHMUS.

B 3TOM ITOIXOMIE HE YUTEHBI BO3MOXHOCTH COBMECT-
HOTO IeMCTBUS BPEIHBIX (PaKTOPOB, 3aBUCHMOCTD BO3-
IEeHCTBUSI OT CUMOATHOCTU (PAKTOPOB, OIpPEIcICHIE
SKOJIOTMICCKUX PUCKOB U, TeM OoJice, ompenacacHue
GopMBI XUMUYECKUX COCTMHEHUM (ITOOBMKHO, He-
TTOOBIKHOM, MaKpOMMCIIEPCHOM, HAHOYACTHIIL 1 TIP.).

XoTs XMMHUUYeCKoe 3arpsi3HEHUE ITOYB 1 TPYHTOB
B paMKax MDU oneHmBaeTcs Mo cyMMapHOMY IToKa3a-
Temo (Z ), yY9UTHIBAIOIEMY aIIMTUBHOCT 3B, OHO 51B-
JISICTCST MTHOIUKATOPOM HeOJIarOIPUSITHOTO BO3ICHCTBUS
TOJIBKO Ha 30pOBbE HACEIEHUSI.

JaHHBI METOMOIOTUICCKUI TTOAXO OCIOXKHSICTCS
OTCYTCTBHEM TPeOOBaHMIT K 00beMaM MCCIIeIOBAaHNMA
IIPY U3BICKAHUSX (KOJUYECTBY IIPO0) ST TAKUX CIOXK-
HBIX 00BEKTOB, KaK HECAHKIIMOHUPOBAaHHBIC CBAJIKM.
CoOOTBETCTBEHHO, BOBHUKAIOT CJIOXKHOCTH C OTIpeIeie-
HHEM 30H BIMSTHUAS OOBEKTOB M CTETICHEH AeTpamaiiim
ITOYB.

CornacHo MP 1.2.2639-10 «Mcrnionb3oBaHre METO-
IIOB KOJIMIECTBEHHOTO OITpeAe/ICHUSI HAHOMATePHAaJioB
Ha TIPEOIPUATUSIX HAaHOMHIYCTPUN» [19] B psime KoH-
TPOJIUPYEMEIX 00BEKTOB PEKOMEHIOBAHO OIIPEICIISITh
Hanmare HaHodacTHll B KommoHeHTax OC (atMocdep-
HOM BO3IyXe, BOIHBIX 00BeKTaxX, mouBax). Hammuue
MaHHOTO TOKYMEHTa OTpaxkaeT BaXKHOCTh KOMIIJIEKC-
HOTO TIOIX0Ia K BEISIBJICHUIO CTEIICHM M XapaKTepa 3a-
TPSI3HEHUIA.

B pamkax mipoBeieHISI TOCyTapCTBEHHOM 9KOIOTIC-
CKOM 9KCITEPTU3HI BCE BBIIICYKAa3aHHBIC MOMEHTHI ITPHO0-
PETaIOT 0OCOOCHHYIO BAXKHOCTD, T.K. MATePHAJIBI ITO OIICHKE
BO3ICHCTBUS Ha OKPYKAIOIIYIO CPEIy TOJLKHBI OBITh Ha-
YYHO 00OCHOBAHBI, TOCTOBEPHBI 1 OTPAKaTh Pe3yIbTaThl
HCCIIEAOBAaHN, BEITTOJTHEHHBIX C YIETOM B3aMMOCBSI3HN
PAa3IMYHBIX 9KOJIOTMYEeCKIX (pakTopoB [20].

MATEPHUAJIBI 1 METOABI

B ocHOBY 1aHHOI pa®OThI OBLIM MOJI0XKEHBI PE3Yb-
tathl aHam3a UOU 3a 2019—2020 roasl B 4acTU 1OCTO-
BEPHOCTH 1 TIOJTHOTHI OIIPEICIICHIST YPOBHSI ITOYBEHHOTO
3arpsI3HEHNS Ha TEPPUTOPUM PACIIONOKCHMS YETHIPEX
HEeCaHKIMOHUPOBAHHBIX cBajoK Pecrybnnku bamkop-
TocTaH. [IpoBegeHO M3yIeHNEe COOTBETCTBUS MaTepra-
0B DU TtpeboBaHUSIM IECTBYIONIE HOPMATUBHOM
MTOKYMEHTAILIMU K T€03KOJIOTMICCKOMY OIPOOOBAHUIO
ITOYB.
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Csanxa Ne 1 — HecaHKmoHnpoBaHHas1 cBajika TKO.
I'ox Havasa sKcrutyaraunu cBajiky — 1993 r. Tero ca-
KU nipescTaBisieT coboit cmech TKO, mepeKphIThIX CIT0-
SIMU U3oMpyroniero rpyHra. [1peamonoxureabHast Cu-
cTeMa CKJIaAupOBaHUs OTXOJIOB — IT0 KApTaM METOAOM
HaJBUTA.

Csanxa Ne 2 — HecaHKIIMoHnpoBaHHas1 cBajika TKO.
CBaJIoyHOE TeJIO TIpeCTaBIIIeT COOOI HACKIb C KPY-
TBIMU CKJIOHAMM, YaCTUYHO 3apOCIIMMU COPHOI pac-
TUTETLHOCTBIO. B Telle ¢cBaIK1 OTCYTCTBYIOT ITPOMEXKY-
TOYHBIE CJION U30JIMPYIOIIETO TPYyHTA.

Csanka No 3 — cBaJjika MPOMBIIIIJIEHHBIX OTX0MOB. Ha-
YaJio CKJIagupoBaHus otxonoB — 1970-e roapl. CBanka
TPENCTaBIISIET COOOI OTKPBITBII KOTIOBAaH, B KOTOPOM
TMPOU3BOIMIOCH CKIIAAUPOBAHNE TBEPABIX M CMOJIOO-
Opa3HBIX OTXOIOB (Pa3IMYHBIC OTPpaOOTAaHHBIC KaTar3a-
TOPBI, COMEPKAIINEC TSKETBIC METAJLUIBI) ¥ pa3MEIICHIE
KUAKNAX TSOKETBIX YTIIEBOJIOPOJIOB B TEXHOJIOTUYECKIX
KaprTax.

Csanxa No 4 — HecaHKIIMoHMpoBaHHas cBajika TKO.
CBaJIOUHOE TeJIO TIPEACTABIISIET COOOI HACKITIhL Mycopa,
B OCHOBHOM TIEPEKPBITYIO TPYHTOM U 3apOCIIYIO COPHOI
PaCTUTETLHOCTBIO TPABSTHOTO SIpyca.

PE3YJIbTATBI 1 OBCYKJIEHUE

[TepBHIif BOIIPOC, ¢ KOTOPBIM CTAaJIKMBaeMcCs TP
OIICHKE JOCTAaTOYHOCTH MaTepuaioB UBU, — 310 KO-
JIMYECTBO M MIPOCTPAHCTBEHHOE PACITOJIOKEHHE OTO-
OpaHHBIX P00 (OIIpeaeIeHNE TIOJTHOTHI M PEIIpe3eHTa-
TUBHOCTH PE3YJIBTATOB UCCICIOBAHMIA).

B nynkre 4.19 CIT 11-102-97 [14] mana cchuika
Ha 'OCT 17.4.3.01-83 «Oxpana nipuponsr (CCOII).
ITousnl. O61IME TpebOBaHUS K OTOOPY Ipod» [15], B KO-
TOPOM MMEETCS CIIeAyIoNasl peKOMEHIAIIMS 10 KOJI-
YecTBY IIPO0: He MeHee OOHOM O0ObeIMHEHHOU ITPOOBI
Ha 0,5—1,0 ra mpy HECOTHOPOTHOM ITOYBEHHOM ITOKPOBE
¥ He MeHee OJHOM 00beIMHeHHO ITpoOkl Ha 1,0-5,0 ra
npu omHOpomHOM. O06JIacTh TpuMeHeHus [15] — mpu
OOIIMX 1 JIOKATBHBIX 3aTrPSI3HCHUSIX.

Hainee mo Tekcery mmyHkTa 4.19 [14] yka3aHo, 9TO
KOJIMUYECTBO U PACITOJIOKCHME P00, a TaKKe PaccTo-
STHUE MEXIy TIpo0aMU YCTaHABIUBAIOTCS B npoepamme
U3bICKAHUL B 3aBUCUMOCTH OT BUIa I HA3HAYCHUSI IIPO-
€KTUPYEMOTO 00bEKTa, MPUPOTHO-TEXHOTEHHBIX YCIIO-
BUI pailOHa UCCIEIOBAHUNA U CTAAWUU TTPOCKTHO-MU3bI-
CKaTEeIbCKUX PadoT.

B t1a6n. 1 mpencraBieHbl 0COOCGHHOCTU pacCMaTpU-
BacMBIX CBAJIOK, BIUSIONINE HA pacripocTpaHeHne 3B
B TTIOYBEHHOM TTpO(IIIe ¥ BOBMOXHOCTH BO3HUKHOBCHUS
09aroB BTOPUIHOTO 3arpsi3HCHUS TTOYB.

ITynakr 4.16 [14], ycraHaBauBamonnii Tpe0OBaHUS
10 OILICHKE 3aTrPSI3HCHUS B 30HE BIMSTHUS XO3SIMCTBEH-
HBIX 00BEKTOB, TaKXKe HACT OTCHUIKY Ha IIPOTPaMMYy
M3bICKaHWiT — «Pa3MeleHre To9eK OImpoOoOBaHUs yCTa-

HaBJIMBAETCS B IIPOrpaMMe U3bICKAHWI B 3aBUCUMOCTH
OT OXUAACMOU CTPYKTYPHI TIOJIST 3arpsI3HEHUIA, TeOJI0-
TUIECKOTO CTPOCHMUS TEPPUTOPUM».

Takum oOpa3oM, KauecTBO MPOBEACHUS pabOT Ha-
MIPSIMYIO CBSI3aHO C OTBETCTBEHHOCTHIO 3aKa349nKa, CO-
CTaBJISIONICTO TEXHUYECKOE 3alaHue Ha IIPOBeAcHUE
NBU. B UDU o BceM 00BbEKTaM B IIpOrpaMMax U3bI-
CKaHWI 00BEMBI padOT OrPAaHMINBAIOTCS W/VITH TIPH-
BSI3aHBI K «TEPPUTOPUM pa3MEIIeHUST 00bEeKTa» B CO-
OTBETCTBUHU C TaHHBIMH | pagoCcTpOUTEILHOTO TIaHa
3eMeJIbHOTO yyacTka [21].

B 3TOM KOHTEKCTe BOZHMKACT MHOXECTBO IOPHIM-
YeCKUX OTpaHNYCHMI, ¥ OTOOP MPOO HA CMEXKHBIX Tep-
PUTOPUSIX B CAMOM JIYUIIIEM CITydac OCYIIECTBIISICTCS
TOJIBKO B TIpeesiaX CaHUTapHO-3anTHEIX 30H (C33)
00BEKTOB. XOTsI ITOYBCHHBIC 3aTPSI3HEHUS B MECTax pac-
ITOJIOKEHUSI CBAJIOK YaCTO OBIBAIOT BTOPUIHBIMU, BCE
K€ 9acTh MTOJUTIOTAHTOB BBIMBIBACTCS C aTMOC(EPHBIMU
ocagKaMU ¥ TPYHTOBBIMM BOIAaMU, 0OCCITEUNBAsT aKKY-
MYJISIIIAIO 3aTPSI3HEHWI Ha PAcCTOSTHUU OT OOBEKTOB
[22—-24].

Tor xe nyHKT 4.16 [ 14] perimaMeHTHPYET, YTO «IIPU-
HsITasI CUCTeMa OIPOOOBaHUS TOJKHA 00ecIIeunBaTh
U3y4eHNe 30HBI 3arPSI3HCHUS B IJIaHE U B BEpTUKAJb-
HOM pa3pe3se 0 OCHOBHBIM KOMITOHEHTaM OKPYKaroIIei
Cpenbl, BEISIBIICHIIE UCTOYHUKOB 3arpsI3HCHMS, ITyTei
MUTPAIN, apeajioB 1 MIOTOKOB PACCeSHUS M aKKyMy-
JISIIIMY BEIIECTB-3aTPSI3HUTEIICTH».

Kak BumHO 13 TabJI. 2, KOJIMYECTBO TOUYEK (TLIOIIA-
IIOK) 0TOOpa HE COOTBETCTBYET TpeboBaHUIM [14, 15]
B YaCTH IOJTHOTHI MCCJICIOBAaHUII: HEBEPHO BhIOpaHa
n1yorHa otoopa 1mpo0. [1pu xpoHUYeCcKOM aHTPOTIOTeH-
HoM BoznelictBuu (o1 30 mo 50 et mo o0beKTaM nccire-
IIOBaHMIT), KOTOPOE CKJIAIBIBAeTCS Ha HECAHKITMOHUPO-
BaHHBIX CBAJIKAX, HEIOIYCTUMO aHATM3UPOBATh TOJIBKO
ITOBEPXHOCTHBHIN CJI0i. OpoOoBaHNE TPYHTOB MOJKHO
IIPOBOIUTHCS B KAXKIOM MHKECHEPHO-TEOJIOTMICCKOM
SJIEMEHTE.

CortacHo Ta6J1. 1, BO Bcex 00beKTaxX MPUCYTCTBYET
3arpsiI3HEHNE TOBEPXHOCTHBIX U TTOA3EMHBIX BOI, UTO
IIPY COBMECTHOM aHaJIN3¢ C TaHHBIMU ITOYBEHHBIX 1C-
cliemoBaHU (Ta0JI. 2) MOXET TOBOPUTH JIMIITH O TOM,
YTO HEBCPHO BBIOpPAHBI TOYKUA KOHTPOJISI ITOYB M HE
YCTAHOBJIEHBI MYTU MUTPALIMKA U JOCTOBEpHas IiyOrMHa
akkymysguunu 3B.

BaskHBIM MOMEHTOM, TTOKA3BIBAIOIIM Ka4eCTBO HC-
CJIeIOBATEIIECKIX PAOOT, SIBJISICTCS OTIpeIeICHUE, HAPSIIY
C BAJIOBBIMU (pOpMaMM METAJIOB, MX ITOABIZKHBIX (DOPM.
ITo KonmmuecTBY MOABIKHBIX COCAUHECHNI METAJIOB
OLICHMBAIOT KOJIMYECTBO TOCTYITHBIX TSI PACTCHHUI MU~
KPO3JIEMEHTOB, a TAK3KE 9KOJIOTMUECKOE COCTOSTHUE 3a-
IPA3HEHHBIX TTOYB. OCHOBHBIC MEXaHU3MBI BO3ICHCTBHUS
TTOABIKHEIX (POpM Ha TIOYBY — KOMIIEKCOOOPa30BaHME
1 MIOHHBIM OOMEH. Y CTaHOBJIEHO, U4TO (popMa IMOCTYILIE-
HUS TSDKEJIBIX METAJIJIOB B ITIOYBY CYIIICCTBEHHO BIIUSICT
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Tabauya 1
OO0mue JaHHBIE 0 00BEKTAM HCCJIEI0OBAHUS

HaunmenoBanue
Caska Ne 1 Canka Ne 2 Canka Ne 3 Canka Ne 4
noKa3areis
IMnowans Tepputo- | 18,12 12,05 4,13 10,07
pHM CBAJIKH, Ta
O0beM (Macca) Ha- | 1434 369 M* 442 472 m? 30000 T 850 000 M3
KOITJICHHBIX OTXOIOB
OCco0EeHHOCTH T~ [Monromnsiemass | [TonToruisemast - IMonrormsiemast TeppUTO-
IIPOTEOJIOTUIECKUAX | TEPPUTOPUS TepPUTOPUS p¥sI, HAITOPHBIE TTOI3eM-
YCJIOBUN HBIE BOJIbI
Hanuuue npeBbI- JlaHHbIe CynbdaT-uoH, bens(a)nupeH, BIIK, cyxoit ocTaTok, XJ10-
wenwuit MK 3B OTCYTCTBYIOT KaJIbLIMIA, MAarHU, ¢deHon, HUKeNb | pUA-UOH, XPOM, CBUHEII,
B I'PYHTOBBIX (MO~ JIUTUR JKEJ1e30, KAAMUIA, MarHui,
3eMHBIX BOJaX) pPTYTb, Oapuii, TUTUH, He-
GbTenpoayKThl
Hanuuue npeBbI- BIIK, Menp, MBILIBSIK, ben3s(a)nmupeH, Menp, MBILIBSIK,
wenwuii ITJIK 3B B3BELLIEHHbIE XpOM, PTYThb, CBU- ¢eHonml, XpOM, PTYTh, CBUHEII,
B ITOBEPXHOCTHBIX BelllecTBa Hell, HeTeNpoayK- | HUTPaT-UOHBI HeTENMPOTYKTHI
BOJHBIX 00BEKTaX ThI
(B T.4. IOHHBIX OT-
JIOXKEHMUSIX)
Hanuuue ¢punsrpata | Jla Her Her Ha
B TeJIe CBAJIKU
Tun noun VpbaHozeMbl, VYpbaHo3eMbl, yep- | YpOaHO3eMBI, VYpbaHo3eMbl,
MpuJieraroein KapOOHATHBIX HO3eMbI, BBIILIEIOY- | BBILLIEIOUYEHHbIE | BBIIICJOYEHHbIE
TePPUTOPUU YepHO3eMOB HbIE€ CPEAHETyMYC- | YepHO3EMbI YepHO3EeMbI
HbI€ CPETHEMOIIIHbIE

Ha TpaHCc(OpPMAIINIO TEXHOTCHHBIX COSIMHECHUI 1 Ha UX
pacripeaesieHue [25], a MMEHHO TSIKeJTbIe METAJIITBI STBJIS -
FOTCST OCHOBHBIMU 3B, TTOCTYITafoIMMy B KOMITOHEHTEI
OC ¢ 00BEKTOB 3aXOPOHEHUS OTXOIOB [26].

B HacTos1IIeE BpeMSI CYIIECTBYET HE TaK MHOTO HC-
CJICIIOBAHUIA TI0 OTIPEIeICHMIO ITyTe MUTpaIli HAaHO-
YACTHII B TTOYBAX 1 OIIPEIEICHUIO MX POJIU B IeTpagalii
TMOYBEHHBIX 9KocucTeM. OIHAKO yCTaHOBJIEHO [9], 4TO
TIPUPOIHBIC TTOYBCHHBIC KOJIJIOUIBI SIBJISTIOTCS TIepe-
HOCYMKAMU HAHOYACTHUII METAJIJIOB Uepe3 IIOUYBCHHBIC
npodunr. OCHOBHBIC TCHICHIIUHM PAaCIIPOCTPAHEHUS
MeTaICOIepKaIINX HAHOYACTUI UMEIOT CXOTHYIO
KapTUHY C pacIpOCTpaHEHUEM APYTUX 3arPSI3HSIIOIINX
BEIIECTB B IMMOYBAX, IPX 3TOM HAHOYACTHIIBI 00JIagaioT
00J1ee BLICOKOI MUTPALIMOHHON CITOCOOHOCTBIO 1 OMO-
TOCTYITHOCTBIO.

KoHTpoIb KayecTBa IMOYB 110 XUMHUECKIM ITOKa3aTe-
JISIM 1 OTIpeNieICHUE CTETICHU OITACHOCTHY OBLT BBITTOTHEH
B cootBeTcTBMM ¢ CanlluH 2.1.7.1287-03 «CannutapHo-
SMUICMUOJIOTHYECKIE TPeOOBAHUS K KAUECTBY ITOUBEI»
[27], B KOTOPBIX YCTAaHOBJIEHBI TPEOOBAHMS K KA4eCTBY
TOYB HACEJIEHHBIX MECT M CEJIbCKOXO3SMCTBEHHBIX
yromuii (Tabi. 3). AIIUTUBHAS OLICHKA CTETICHN XUMHU-

YeCKOTO 3aTrpsSA3HCHUS ITOYBBI M TPYHTOB Ha yJacTKax
M3BICKAHMI IIPOM3BOAMIACH HA OCHOBAaHUM CYMMAapHOTO
TIOKa3aTeJisl XAMUYECKOTO 3arpA3HEHUs (Z, ), ABJIAIOLIe-
rocs MTHIUKATOPOM HEOJIAaroNpHUsITHOTO BO3ICUCTBUS
Ha HaceJIeHHUe.

B KoHTeKCcTe HeCAaHKIIMOHUPOBAHHBIX CBAJIOK MME-
eT 3HaUCHME HEe TOJBKO COOMIOACHNE TUTHCHUICCKIX
HOPMAaTUBOB, HO 1 YUET IPYIMX KPpUTEepHUeB (PYHKIINO-
HUPOBAaHMS SKOCUCTEM — (DePMEHTATUBHOI aKTHBHOCTH
ITOYBEHHOM MUKPOOMOTHI, TTOTCHIINATLHOTO TUIOI0PO-
WS, TOTeHINATBHOU (PUTO- M 300TOKCUIHOCTH TTOUB,
WHTCHCUBHOCTH HAHOTEXHOJOTMUECKUX ITOUYBCHHBIX
mpoireccoB. UMeHHO OHM MOTYT IaTh TOCTOBEPHYIO MH-
dopMaImio o BeIMInmHaX 9KOJOTHIECKOTO pICKa 1 JaTh
TIOJITOCPOYHEII IIPOTHO3 BOCCTAHOBJICHUS TEPPUTOPHIA,
YTO HETIOCPEACTBEHHO MOXKET ITOBJIHSITH HA TEXHOJIOTH-
YeCKME PEIIeHNS 10 TUKBUIAIINY HETaTUBHOTO BO3IEH-
CTBUSI I PEKYJIBTUBALINY HAPYIIICHHBIX 3¢MEJIh.

JpyruM moaxomoM K CpaBHEHUIO 1 OIICHKE YPOBHEH
XUMHUYCCKOTO 3aTPsSI3HEHUSI SIBIISICTCSI COTIOCTABIICHUE
KOHILEHTPALIMIA ITOJUTIOTAHTOB C «(DOHOBBIMU» 3HAUCHU-
SIMU — COIIEP>KaHNEeM aHATN3UPYEeMBbIX BEIIECTB B aHTPO-
IIOTEHHO He HapyIICHHBIX ITPUPOTHBIX O0OBEKTaX-aHa-
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Tabauya 2

v

Oo0bem uccienopanuii B paMkax MO nmo ycraHOBIEHHIO IOYBEHHOTO 3arPsA3HEHNS B PAOHAX PACIIOJI0KEHHS CBAJIOK

MOW TEPPUTOPUU

(500 M oT rpaHMIIBI
CBaJIKM)

(115 M oT rpaHulIbl
CBaJIKM)

(1000 M oT rpaHULIbI
CBAJIKM)

[ ETLEIEAT Caska Ne 1 Canka Ne 2 Casika Ne 3 Casika Ne 4
NmoKa3areJis
I'panuubl uccnenye- | B npenenax C33 B npenenax C33 B npenenax C33 B npenenax C33

(320 M OT rpaHULIBI
CBAJIKM)

KonuuecTBo TOUEK
oTOOpa u/unm
MPOOHBIX IMIOIIAT0K
(TT11)

5 CKBaXXUH MO Mepu-
METpY TeJia CBaJIKH,
4 TITI B panuyce

50 M OT Tesa CBaJIKu

3 II1 B panuyce
50 M OT Tena cBaJIKu

3 CKBaXXWHBI
B paguyce 100 m
OT TeJla CBaJIKU

5 CKBaXXWH MO Mepu-
METpY TeJla CBaJIKH,
3 I1I1 B paguyce

50 M OT Tesa CBaIKU

KoauuectBo npood

20 po0 U3 CKBaxKUH
MOCJIOMHO,

4 0ObeAMHEHHbIE
MpoObI (METOAOM
koHBepTta c I1I1)

3 0O0beIMHEHHbIE
MpoOkl (METOIOM
koHBepTa) ¢ 11

18 Mpo6 u3 cKBaXXUH
MOCJTIOMHO

20 1po06 U3 CKBaXXUH
TTOCJIOMHO,

4 00beIHEHHbIE
npoOkl (METOIOM
koHBepTa c ITIT)

BeptukanbHoe
obcenoBaHre Ha
IyOUHY

0,0—3,0 M moca0iitHO
B CKBaXKMHAaxX
0,0—0,2 M Ha ITIT

0,0—0,2 m Ha I1I1

0,3—15,0 M mtocnoii-
HO B CKBaXXMHAaX

0,0—3,0 M 1TOC/I0IAHO
B CKBaXKMHAaxX
0,0—0,2 m Ha ITI1

Hanuuue poHoBoIk
npoObl, 0OTOOpaHHO
BHeE cepbl JIOKaJb-
HOTO aHTPOIIOTeH-
HOTO BO3ICUCTBUS

Her

Her

Her

Ja

O1eHKa TI0a0po-
JYsI TIOYB

Her

Her

Her

Ja

AHanu3 3arpsi3He-
HMUSI TI0 TOKCUKO-

Hukenpb, Menb,
LIMHK, CBUHELI,

Hukens, menp,
LIMHK, CBUHEII,

Hukenb, menp,
LIMHK, CBUHELI,

Hukens, menp,
LIMHK, CBUHEII,

TPYHTOB OCHOBAHUS
CBaJIKU

XUMUYECKNUM TI0OKA- | KaAMUWI, MbILIbSIK, KaJIMUWI, MbILIbSIK, KaaMui, KaJMUM, MbILIbSIK,

3aTeNIsIM PTYThb, KOOAJIBT, DPTYTb, KOOAJIBT, MBIIIBSIK, PTYTh, DPTYTb, MapraHell,
MapraHell, XpoM, He(PTENPOaYKTHI, HepTEeNPOAYKTHI, XpOM, KOOAJIET,
He(PTENPOaYKTHI, OeH3(a)mupeH OeH3(a)nmupeH He(PTENPOaYKTHI,
OeH3(a)mupeH OeH3(a)mupeH

OmnpeneneHue Her Her Her Her

TOIABMKHBIX (hOpM

METaJIJIOB

Omnpenenenue HaHo- | Her Her Her Her

YaCTUll, B TOM YHCJIE

MeTaJIJICOmepKaIIX

Hccnenosanus OTCyTCTBYIOT OTCYTCTBYIOT 4 TOuKN 2 TOYKU

sorax. OMHAKO W JTaHHBIN TTOIXO. HEe HaIleJl OTPasKCHMS
B DU 110 TpeM 00BeKTaM 13 YEThIPEX aHATN3UPYEMBIX.

Emte omnno tpedosanue CIT 11-102-97 [14] B wactn
aHAIM3NPYyeMbIX 3B He MpUHSATO BO BHMMAaHUE TI0 MC-
clIemoBaHUSIM Ha HECAHKIIMOHMPOBAHHBIX CBaJIKaX:
OYHKT 4.29 perilaMeHTHPYET OIpOoOOBaHNE TPYHTOB
Ha cofeprKaHMe JICTKOJETYUYNX TOKCUKAHTOB (O€H30II,
TOJTYyOJI, KCHJIOJ, 3TIJIOCH30JI, XJIOPUPOBAHHBIC YIJIE-

BOIOPONIBI, He(Th M HE(TEIIPOMYKTHI) U IPYTUX 3arpsi3-
HUTEJIEH, TPOHUKATOIINX B TTOATIOUYBEHHBIC TOPU30HTHI
Ha r1youny 1o 3,0—3,5 m.

ITo cBankam Ne 1 u Ne 4 nccnenoBaHus o HedTe-
IIPOAYKTaM IIPOBOAMIINCH Ha IIyonHy 10 3,0 M B CKBa-
xuHax 1 10 0,2 m Ha I1I1, Ha cBamke Ne 2 — TOJIBKO
Ha ITIT mo 0,2 M. Ha cBajke TIpOMBIIIUIEHHBIX OTXOIOB,
IJIc OPTaHMYECKUE 3aTrPSI3HUTEIIN MOTJIN OBITh B COCTaBe
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Tabauya 3

Kareropus 3arpsiznenus rpynros no CanlluH 2.1.7.1287-03 [27]

Kareropus 3arpsiznenus no CanllnH 2.1.7.1287-03

Obnacrs . «CaHHTApPHO-3NIIEMHOIOTHYECKIE TPEOOBAHHS K KAYECTBY NOYBbI»
HCCJIEIOBAHMIA
Caanka Ne 1 Canka Ne 2 Cpanka Ne 3 Caanka Ne 4

I'pyHTBI OCHOBaHUST | — — Homyctumast Homyctumast
CBaJIKH
IIpuneraromas CKBaXXUHBI: IIT: CKBaXKUHBI: TIT: normyctrmast
TepPUTOPUS 0,00—0,20 M (ymMepeHHO nporyctumas, | 0,3—1,0 m; 1,0—2,0 Mm;

oracHas); YMEpPEHHO 2,0-3,0 m; 3,0-5,0 ™

0,2—3,0 M (nomyctumast) oracHas (morryctumasi);

5,0—10,0 m; 10,0—15,0 m

I1IT: (amcTas)

YMEPEHHO OITacHasl,

JIOIyCcTUMAast 1,0-2,0 m; 5,0—10,0 m

(morryctumasi);

0,3—1,0 m; 2,0—3,0 Mm;
3,0—-5,0 m; 10,0—15,0 m
(amcTas)

1,0—-2,0 M; 3,0-5,0 m
(morryctmmasi);

0,3—1,0 m; 2,0—3,0 Mm;
5,0—10,0 m; 10,0—15,0 m
(amcTas)

pa3MenIaeMbBIX OTXOIO0B, Bce HE(PTIHBIC YTICBOIOPO-
JIbl YYTEHbI KaK «HEe(TENPOAYKThI». XOTSI B KOHTEKCTE
TOKCUYHOCTH U BO3ICHCTBYS HAa TIOYBCHHBIC TTPOIIECCHI
apoMaTUYECKHE YTICBOXOPOIBI (OCH30I), B OTIIMYNE
OT He(TEIIPOMYKTOB, UMECIOT YCTAaHOBJICHHBIC 3HAUCHUS
ITJIK 1 6o5ee BEICOKMIT YpOBEeHB oItacHOCTH [28].

BBIBO/IbI

B HacTosiee BpemMst HaKOMJIeH OOJbIION HAyYHO-
MPAKTUYECKUIA OMBIT MO IMAaTHOCTUKE IMOYBEHHBIX KO-
CUCTEM, MTOABEPKEHHBIX BO3AECHCTBUIO IIPU HECAHKIIM-
OHUPOBAHHOM pPa3MEIIeHUM U 3aXOPOHEHUN OTXOJIOB.
OnHako TpeOOBaHMS MPUPOIOOXPAHHON HOPMATUBHOI
JIOKYMEHTAIIUU, OTIPEAEIISIIOIINE COCTaB U CTPYKTYPY UC-
caegoBaHuit B pamkax MDU, 60mbliie OpueHTUPOBAHBI
Ha 00BEKTHI CTPOUTEIBCTBA (2 HE JIMKBUAAIINN HAKO-
TUIEHHOTO Bpena) U cobioneHrne TpedoBaHU TUTUEHU -
YyeCcKIX HOPMATUBOB B cBeTe BIUSHUI 3B Ha 3m0poBbe
yenoBeka. [Ipu aToM «HeratuBHOE Bo3nelicTBre Ha OC»
B 3aKOHOJATEJILCTBE OMNpPEeaesIeHO Topas3ao Mrpe — Kak
«BO3IEMICTBUE XO3SIMCTBEHHOM W MHOM OESITEJIbHOCTH,
MOCJEICTBUSI KOTOPOU MPUBOAST K HETaTUBHBIM 13-
MeHeHusM KadectBa OC» [29].

C pa3BuUTHEM HaYIHBIX MCCIIETOBAHNI, HOBBIX TEXHO-
JIOTUIA U TIPOM3BOJICTB PACILIUPSIETCS U TIepeueHb BEILIEeCTB,
HEOOXOIMMBIX [IJIsl AUAarHOCTUKU U KOHTpoJIs. B cBsI3u

C HaJIMYMeM Ha CBaJIKaX Pa3sHOPOIHBIX MHXKEHEPHBIX

MaTepuaaoB U GOpMHUPOBAHNEM 0COOOTO 3arpsI3HEHUS

3a CYET MUTPALIMU TSIKEJTBIX METAJIIOB peKOMEHIYETCS

pacmmpsTh ITOIXOIBI K OIIeHKE BO3IEICTBUS TaHHBIX
00bekToB Ha OC, B TOM YHCIIE U C YYETOM DKOTOKCUKO-

JIOTMYECKOTO ACMCTBUS MeTaJICOIEpKAIX HAHOYACTHII.
B HacTosmee BpeMst MOJTHOTA U JOCTOBEPHOCTD UC-

cJIEJOBAHMI HATIPSIMYIO 3aBUCUT OT KBaJU(pUKALIUU

pa3pabOTUYNKOB U3BICKAHWI U TpeOOBaHMIT 3aKa3unKa

IIPOCKTHOM TOKYMEHTAIINU 10 JUKBUIAINN (PEKYIIb-

THBALINN) HECAHKIIMOHUPOBAHHBIX CBAJIOK.
CyniecTByIOIIME METOIOJOTUYECKME ITOIXOIBI

K YCTaHOBJICHUIO TpaHUIL MOYBEHHOTO 3aTrpsI3HEHUS

B paifoHax pacIToJ0XeHUsT HeCAaHKIIMOHUPOBAHHBIX

CBAJIOK TPEOYIOT TOPAOOTKM M KOHKPETU3ALWHN B YACTU:

— TpebOBaHMI K KOJIMYECTBY 1 TTPOCTPAHCTBEHHOMY
pacmpeneseHrIo TOUeK 0TOopa Ipod, YUNTHIBAIOIINX
cnen@uKy 00beKTOB pa3MeIIeHUS OTXOJIOB;

— TpebOBaHMIi K TIepEeUHI0 aHAJIM3UPYEMBIX BEIIIECTB
C YCTaHOBJIEHEM MapKePHbBIX BEIIIECTB IS KaXKI0TO
00BEKTa;

— yd4eTa CTPYKTYPHBIX, TEHETUYECKNX, OMOXMMUYeE-
CKMX 0COOEHHOCTEN TTOYB, 71T KOTOPBIX TIPOBOIUTCS
oleHKa Bozaeiicteust Ha OC;

— ydYeTa OLEHKM DKOJIOTUYECKOIO TTOTeHIAaa MoYB,
YCTOMYMBOCTHU K BO3JEHCTBHIO M CITOCOOHOCTH K BOC-
CTaHOBJICHUIO.
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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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AUTHOR GUIDELINES

Admission of articles

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

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

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

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

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

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

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

The journal can also publish: original papers; reviews; discussing materials, comments, other information materials.
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The structure of the paper

Article type (In English)

Title (In English)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In English) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

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

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

KEYWORDS: (In English)

ACKNOWLEDGMENTS: (if available) (In English)

FOR CITATION: (In English)

Text of the paper: (In English, number of words 3000-6000)
o INTRODUCTION
e METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In English)

INFORMATION ABOUT THE AUTHOR(S) (In English)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.

Article type (In Russian)

Title (In Russian)

Author(s): Place of employment for each author (university (institute), enterprise or other companies, city, coun-
try (In Russian) (it is necessary to link author’s profile on ORCID website orcid.org)

*Corresponding author: e-mail:

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

KEYWORDS: (In Russian)

ACKNOWLEDGMENTS: (if available) (In Russian)

FOR CITATION: (In Russian)

Text of the paper: (In Russian, number of words 3000-6000)
o INTRODUCTION
« METHODS AND MATERIALS
o RESULTS
o DISCUSSION
o CONCLUSIONS

REFERENCES (In Russian)

INFORMATION ABOUT THE AUTHOR(S) (In Russian)

Name, patronymic name (if available), last name, academic degree, academic status, position, employment, city,
country, e-mail

All authors declare the absence of any competing interests.
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Manuscript text

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

Text layout

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

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

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

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

Tables and Figures

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

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

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

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

References

The list of references includes sources used in the text.

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

References to non-Russian language articles:

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

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

References to non-Russian language monographs:

With 1-3 authors:

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

Indication to the editor or compiler:

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

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

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

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

References to internet sources:

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

Note: preferably indicate a link to the material from the site, which is mentioned in the article. A link to your
homepage is not informative and does not allow for verification of the information.

Copyright Notice

Authors who publish in journal agree to the following:

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

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

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

Privacy Statement
Specified when registering the names and addresses will be used solely for technical purposes of a contact with

the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
individuals and organizations.
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MPABWUJIA AN1d ABTOPOB

Mpuem craTten

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

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

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

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

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

B »XypHane ny6nukyioTca pa6oTbl No cneaywowWmnmMm TeMmam: Co3faHne HOBbIX QYHKLMOHANbHBIX MaTepuasnos;
pa3paboTka Teopun GOPMUPOBAHUA MPOUYHOCTV U HEMPOHULLAEMOCTN HAHOCTPYKTYPUPOBAHHbBIX CUCTEM; Npobne-
Mbl MPUMEHEHUS HAHOMATEPVANOB Y HAHOTEXHOJIOT I B CTPOUTENBCTBE M CTPOUTESIbHBIX MaTepuasax; LLeMeHTHbIE U
Lpyrve BaXyLyue ¢ MMHepPanbHbIMU 1 OPraHNYeCcKUMU fobaBKaMu; AMArHOCTKA HAHOCTPYKTYP U HAaHOMaTepranos
CTPOVTENbHBIX CUCTEM; TEXHOJIOTMU NCCIIeOBaHNA CBOWCTB HAaHOMAaTepPManoB; MoANdULMPOBaHNE CTPOUTENbHbIX
MaTepranoB HAaHOBOJIOKHAMY; ANCNEPCHbIE KOMMO3MLMOHHbIE MaTeprarbl C HAHOMOKPbITMEM; GOPMUMPOBAHME Ha-
HOCTPYKTYPHbBIX MOKPbITUN Sla3ePHbIM HarblIEHWEM; CUCTEMbI MPENOAaBaHNA OCHOB HAHOTEXHOOMMIA; TEXHOJOI -
yeckre NPUHLMIbI CO34aHNA HAHOCTPYKTYP (pacnnaBbl, 30/b-refeBblil CMHTE3 U Ap.). TeMaTrKa cTaTell MOXeT ObITb
WHOW, MPAMO UM KOCBEHHO CBA3AHHOW C NepPEeUYNCTIEHHBIMU HanpPaBaeHUAMU.
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KypHan npuHumMaet K ny6nnkaumm: opurrHasbHble CTaTbl; 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 npuHUMaEeT TeKCTbl, COXpaHeHHble B nporpamme Microsoft Word B popmare .rtf.

OdopmneHne

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

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

+  MHOCTPaHHbIe Ha3BaHMA (KypHasoB, OpraHn3auui 1 T.4.) cnefyeTt OCTaBAATb B OPUTMHANeE, 3aKioyaTb B KaBblUKU.

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

Tabnuubl v pUCYHKN

Bce Tabnuubl v PUCYHKM BOMKHbI ObITb MPOHYMEPOBAHbI U HAa3BaHbI, HA HYX JO/MKHA ObITb OTCbIIKA B TEKCTE CTa-
Tbu. B Tabnuuax He JOMXKHO GbITb NYCTbIX rpad. PUCYHKM AOMKHBI GbITb XOPOLLIEro KauecTsa, MPUroAHble 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 LUTaThbl 3 PAbOT, KOTOPbIE YNTOMUHAKOTCA B TEKCTE, LOMONMHUTENIbHAsA MHbOpMaLus.

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 cnucok nuTepaTypbl BKIKOUYATCA UCTOYHUKM, UCMOJIb3yeMble B TeKCTe CTaTbh. CCbIIKM Ha MPUHATbIE K My-
65Kauuu, HO elle He onybMKOBAHHbIE CTaTbl, AOMKHbI ObITb MOMEYEHbI C/IOBAaMM «B MevaThy; aBTOPbl JOJIKHbI
MoJlyYnTb MMCbMEHHOE pa3peLleHne ANiA CCbIIKM Ha Takne JOKYMEHTbI I MOATBEPXKAEHWE TOTO, UTO OHW NMPUHSATHI
K nevyatn. IHpopmauus 13 Heony6nMKOBAHHbIX ICTOYHUKOB JOJIKHA ObITb OTMEUYEHa C/I0BaMu «Heony6nMKOBaH-
Hble JaHHble/QOKYMEHTbI», aBTOPbI TAKXKe JOKHbI MOYYNTb MUCbMEHHOE NMOATBEPXKAEHVE HA UCMONIb30BaHMe Ta-
KX MaTeprasnos.

CcbINKM Ha CTaTbll 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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