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The main aim of electronic edition «Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»
Nanobuild.ru is to provide information support for
the process of invention and application in the world
of science intensive technologies (mostly nanotechno-
logical products) in construction, communal and housing
services, joint areas (industry, power et al.).

The Main Tasks of the Electronic Edition «Nanotechnol-
ogies in Construction: A Scientific Internet-Journal»:
1. Providing scientists and specialists from different coun-
tries with the opportunity to publish the results of their
research and receive information about modern tech-
nologies and materials, high-performance equipment in
construction, communal and housing services, joint areas
(industry, power et al.).

2. Popularization of achievements of leading scientists,
engineers, experts and researchers from different coun-
tries.

3.To provide information support and participate in the
events (forums, conferences, symposia, workshops, exhi-
bitions, round tables etc) devoted to nanoindustry and
problems of application of nanoindustry in construction
and housing and communal services, which are perspec-
tive and of great importance.

The electronic edition <Nanotechnologies in Construc-
tion: A Scientific Internet-Journal» Nanobuild.ru has
been published since 2009 and its periodicity is 6 is-
sues a year.

INTERNATIONAL ACADEMY
OF ENGINEERING

MEXAYHAPOAHOM
WHXXEHEPHOW AKALLEMUY

WUHAN UNIVERSITY
OF TECHNOLOGY (CHINA)

YXAHbCKOIO YHUBEPCUTETA
TEXHONOTUN (KUTAI)

N3OAATENbCKWE CBEOEHUA

(uenu n 3apaun; NepBbI rof BbIXOAA; NEPUOANYHOCTD;
TemaTrKa CTaTel 1 LeneBas ayauTopus; MEXXAYHAPOLHbIN
pPenaKLUMOHHbBIN COBET; MEXXAYHapOoAHasA pelaKkLOHHas
KOnnerns; pefakuus; yupeanTesb 1 n3gatesb; u3gatesb-
CKaf 3TMKA; KOHTAKTHbIE AaHHbIE; MUHUMaJIbHbIE CUCTEM-
Hble TpeboBaHNA, HeobxoaVMble A AOCTYNA K N3LaHUI0;
ApXMBMpPOBaHUE; rpadvik n3gaHusn)

OCHOBHOI LieN1blo 3N1eKTPOHHOro nsgaHusa «kHaHorex-
HOJIOrNM B CTPOUTENbCTBE: Hay4HbIll IHTepHeT-XKYyp-
Han» Nanobuild.ru aBnaerca nunpopmaumnoHHoe o6e-
cneyeHune npouecca co3faHnNA U BHeAPEHUA B Mupe
HaYKOEMKMX TEXHONOIUIA (Npexkae BCero — HaHOTEXHO-
NOrNYECKON NpoayKUMKM) B 06NACT CTPOUTENBCTBA, XKU-
JIMLHO-KOMMYHabHOMO XO3AMNCTBA, CMEXHbIX OTpacnemn
(MPOMBILLINEHHOCTN, SHEPTETUKU 1 Ap.).

OCHOBHbIE 3aaun 3N1eKTPOHHOro nsgaHusa «Havo-
TEXHONIOTMU B CTPOUTENbLCTBE: Hay4HbIN IHTepHeT-
KypHan»:

1.MpepocTaBneHne yyeHbIM 1 CneyuanncTamM U3 pasHbix
CTpaH BO3MOXHOCTU NyOMKOBATh pe3ysnbTaTbl CBOUX MC-
CnlefoBaHNiA 1 NoyYaTb MHGOPMALMIO O COBPEMEHHbIX
TEXHOJOMUAX 1 MaTepranax, BblcCOKo3$pheKTMBHOM 060-
pyZoBaHUM B 06/1aCTN CTPOUTENBbCTBA, XKUJNLLHO-KOMMY-
Ha/IbHOMO XO3ANCTBA, CMEXHbIX OTpac/en (MPOMbILLIEH-
HOCTW, SHEPTETUKM U Ap.).

2. [MonynAapm3auma SOCTUMKEHUI BeOyLWNX YUeHbIX, NHXe-
HepOB, KCNEPTOB U UCCNIEefOBATENEN M3 PA3NINYHbBIX CTPAH.
3. IHpopMaLMOoHHas noafepKa 1 yyactTue B Meponpu-
ATUAX (GopyMax, KOHPepeHUMAX, CUMMO3UYMaX, CEMUHA-
pax, BbICTaBKaX, KPYr/blX CTONax U T.4.) N0 HAHOUHAYCTPUN
N NPVIKNagHbIM BOMPOCaM HaHOTEXHOMOMMIA B 06/1acTn
CTPOUTENBCTBA U XKUIULLHO-KOMMYHaNIbHOIO X03ANCTBa,
MIMEIOLLMX aKTyaNlbHOE 1 MepPCneKTUBHOE NPaKTMYecKoe
3HaueHue.

dneKTpoHHOe n3paHne « HaHoTexHonorMm B CTpouTesb-
CTBe: Hay4HblIll THTepHeT-KypHan» Nanobuild.ru nuspa-
eTca ¢ 2009 roga, neprMognuYHOCTb — 6 HOMEpoB B rop,.
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The subject of the journal’s articles is given in Appen-
dix 2 (chapter «on the observance of publishing ethics
by the editors of electronic edition «<Nanotechnologies in
construction: A scientific internet-journal» and the state-
ment of prevarication absence»).

Every issue of electronic edition «Nanotechnologies in
Construction: A Scientific Internet-Journal» contains the
information about advanced materials and technologies
which are already in use or are about to appear at the
market in the near future. That is of great interest for many
specialists.

Therefore the edition’s readers and authors are:

- students, lecturers, post-graduates and people working
for doctor’s degree;

- scientists and specialists of research institutes and nano-
technological centers;

« heads and specialists of the institutions, organizations
and factories from the sphere of construction and housing
and communal services;

- scientists and specialists of the industries which are
adjacent to construction;

- experts of the enterprise-producers manufacturing na-
noindustrial output.

INTERNATIONAL EDITORIAL COUNCIL
(PUBLIC ADVISORY BODY)

Chairman of the international editorial council

Boris V. GUSEV - Editor-In-Chief of Electronic Edition
«Nanotechnologies in Construction: A Scientific Inter-
net-Journal», Corresponding Member of RAS, President
of Russian Academy of Engineering and International
Engineering Academy, Head of Department «Construc-
tion Materials and Technologies» Russian University of
transport, Honored Scientist of RF, Laureate of USSR and
RF State prizes, Doctor of Engineering, Professor, Russian
Federation

Members of the international editorial council

Evgeny M. CHERNYSHOV - Full member of RAACS,
Chairman Presidium of Central Regional Department of
Russian Academy of Architecture and Construction Sci-
ences, Director of Educational Creative Academic Center
«Archstroynauka» SUACE Department of Academic Scien-
tific and Educational Cooperation, Doctor of Engineering,
Professor, Russian Federation

Oleg L. FIGOVSKY - Full Member of European Academy of
Science, Forein Member of RAE and RAACS, Editor-in-Chief
of SITA, OCJ n RPCS, Director of «<Nanotech Industries, Inc.»
(USA), and Director of International Nanotechnological R&D

TemaTtuka cTaTen XKypHana npvsegeHa B [punoxexHnn 2
(pa3gen «o cobnofeHy pefakuyelt SNeKTPOHOro N3aHNA
HaHOTEXHONOMMN B CTPOUTENbCTBE: HAaYUHbIN UHTEPHET-
XKYpPHan» n3aaTeNibCKOM 3TUKM U 3asiBJieHMe 00 OTCYTCTBMM
3/10ynoTpe6eHNA CyXeBHbIM NOOKEHEMY).

B KaxkgoM HoMepe 31eKTPOHHOro U3faHna «HaHoTexHo-
IO B CTPOUTENbCTBE: HAyUHbIN VIHTepHeT-XypHan»
nybnukyetca nHdopmauus o nepefoBbiX MaTepuanax
1 TEXHONOTMAX, KOTOPbIE YK NCMOMb3YIOTCA NN JOMKHbI
NnosBUTbLCA B GnKallee Bpems, a 3TO Bbi3blBaeT 60sb-
IOV UHTepec y cneumanncTos.

MosTomy aBTOpPamMm 1 YnTaTenAMmN N3JaHNA ABNAIOTCA:
+ CTYAEHTbI, NpenofaBaTesny, acnMpaHTbl U JOKTOPAHTI
BY30B;

+ YUeHble 1 CneumnanncTbl Hay4YHO-UCCneaoBaTeNbCKUX
VNHCTUTYTOB 11 HAHOTEXHOIOTNYECKUX LIEHTPOB;

+ PYKOBOAMTENV 1 CNELMANICTbl YUPEXOEHUN, OpraHu-
3auUun 1 NpeanpuATUN CTPOUTENTIbHOTO KOMIMJIEKCa U XKU-
NINLLHO-KOMMYHaJIbHOTO XO3ANCTB3;

+ yYeHble 1 CeLmanmCTbl CMEXKHbIX CO CTPOUTENIbCTBOM
oTpacnen;

« dKCNepTbl GUPM-NPON3BOAUTENEN NMPOAYKLM HAHO-
NHAYCTPUN.

MEXAYHAPOOHbIN PEAAKLLMOHHbIA COBET
(OBLLECTBEHbIV KOHCYJIbTATUBHbIV OPTAH)

lMpedcedamenb mexx0yHAapoOHO20 pedaKYyUuOHHO20 cosema

F'YCEB Bopuc BnagnmmnpoBu4 — rnaBHbI pefaktop
3NIeKTPOHHOro M3gaHmAa «HaHOTexHoNnorum B CTPo-
NTEeNbCTBE: HayuHbI VIHTepHeT-XypHan», 4YieH-
kKoppecnoHngeHT PAH, npe3sungent PUA n MUA, 3aseny-
townin Kapeapon «CTponTesnibHbie MaTepuranbl U TEXHO-
nornmn» PoCCMCKOro yHmBepcuTeTa TPAHCNOPTa, 3acny-
XKeHHbI peatenb Haykn PO, naypeaT locygapcTBEHHbIX
npemun CCCP n PO, g-p TexH. Hayk, npodeccop, Poccuin-
ckaa Oegepauymn

YneHol Mexx0yHapoOHO20 pedaKyuoHHO20 cosema

YEPHbILLOB EBrenunin Muxamnosuu — akagemunk PAACH,
npeacepatens pesngnyma LleHTpanbHOro pernoHanb-
HOro oTaeneHma Poccnnckonm akageMmmn apxmTekTypbl
N CTPOUTENbHBIX HayK, ANPEKTOP 06pa3oBaTENbHOIO
TBOPYECKOro akaeMnyecKoro LieHTpa «ApXCcTporHayKa»
BopoHexckoro FACY, o-p TexH. Hayk, npodeccop, Poccuin-
ckaa Qepepauyusa

®UrOBCKUI Oner JIbBOBUY — [eICTBATENbHbIN UNeH
EBponenckon akagemun HayK, MHOCTPaHHbIN uneH PUA
1 PAACH, rnaBHbI pegakTop »ypHanos SITA, OCJ n RPCS,
anpektop komnaHuu «Nanotech Industries, Inc.», Kanu-
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Abstract: The paper shows the possibility to use hydrothermal nanosilica as a modifying additive to increase the strength of
concrete based on portland cement. The technology of obtaining hydrothermal nanosilica in the form of sols and nanopowders
by ultrafiltration membrane concentration and cryochemical vacuum sublimation is proposed. The results of increased strength
of concrete under compression by the addition of hydrothermal nanosilica Sol are presented. The experiments were performed
on highly mobile concretes (ST = 10-19 cm) on equal-moving mixtures with water-cement ratio W/C = 0.61-0.71 at a dose of SiO,
2 wt.% and the rate of superplasticizer polycarboxylate 0.95+0.05 mas.% by cement. At the initial stage of hardening when the
age is 1 day, the increase in the compressive strength of concrete reached 90-128% compared to the control sample. At the age of
28 days the increase in strength was 40%. High chemisorption activity of hydrothermal nanopowder with respect to Ca(OH), was
determined in the experiment with lime medium. This indicates that the amorphous nanoadditive SiO,, which has a high specific
surface area, causes the formation of high-strength hydrates of calcium silicates in the cement (lime) medium as a result of the
pozzolan reaction, and this causes an increase in the strength of concrete.
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Pe3tome: MoKa3zaHa BO3MOXKHOCTb MPUMEHEHNA TMAPOTEPMANIbHOTO HAHOKPEMHe3eMa Kak MoanduumpyoLlein fob6aBky Ana
MOBbILLEHVA MPOYHOCTY 6eTOHa Ha OCHOBe NopTiaHALeMeHTa. MpeanoxeHa TEXHONOMUA NONYYEHNA TMAPOTEPMaNbHOIO HaHo-
KpemHe3eMa B Bufe 30/1ei Y HAHOMOPOLLKOB C NMOMOLLbIO YNIbTPadUALTPaLUOHHOTO MEMOPAHHOTO KOHLIEHTPUPOBAHNA U KPUOXK-
MUYECKOW BaKyyMHOW cybnmaumu. MpriBefieHbl pe3ynbTaTbl MOBbILLEHUS MPOYHOCTY 6ETOHA NP CKaTny BBOAOM A06aBKM 30115
rMapoTePManbHOrO HaHOKPeMHe3ema. SKCNePUMEHTbI BbINMOMHEHbl Ha BbICOKOMOABVXKHbIX 6eToHax (OK = 10-19 cm) Ha paBHo-
MOABVKHbIX CMECAX C BOAOLEMEHTHbIM oTHoweHnem B/L| = 0,61-0,71 npu gose SiO, 2 mac.% v pacxofe cynepnnactudrkatopa
nonukapbokcunarta 0.95+0.05 mac.% no LuemeHTy. Ha HayanbHOW CTagun TBepheHUs B Bo3pacTe 1 CyTKM MNOBbILLEHNE NPOYHOCTH
6eToHa npu ckaTum gocTrrno 90-128% no cpaBHEHUIO C KOHTPOJIbHBIM 06pa3LoM. B Bo3pacTe 28 cyT NoBbilleHre NPOYHOCTU CO-
cTaBuno 40%. B skcnepriMeHTe C M3BECTKOBOW CPefioi yCTaHOBEHa BbICOKaA XeMOCOPOLIMOHHAA akTUBHOCTb MMAPOTEPMANIbHOrO
HaHOMopowKa Mo oTHoweHmio K Ca(OH),. 31o ykasbiBaeT, uTo amopdHas HaHogobaBKa SiO,, Melowas BbICOKYIO YAEbHYIO MOBEPX-
HOCTb, BbI3blBAaeT 06Pa30BaHMe BbICOKOMPOUHbIX MMAPATOB CUIMKATOB KaNbLnA B LEMEHTHO (M3BECTKOBOW) Cpefie B pe3ynbTaTe
MyLLONaHOBON peakLmu, 1 3To 06ycaBiMBaeT NOBbILEHNE MPOYHOCTU GeTOHa.

Knioueesle cnoea: FI/IApOTepMaﬂbeIVI PacTBOpP, 30J1b, HAHOMOPOLLOK, KPEMHE3EM, XeMOC0p6LlI/IOHHaﬂ CI'IOCO6HOCTb, nyyuona-
HOBaA peakyuAa, NPOYHOCTb 6eToHa npn CGKatun.

Ana yumupoeanus: Motanos B.B., Epumerko 0.B., Topes [.C. MognduumnpoBaHme 6eToHa rMapoTepmManbHbIM HAHOKPEMHe-
3eMom // HaHoTexHonorum B ctpouTenbctae. — 2019. - Tom 11, N2 3. — C. 248-265. — DOI: 10.15828/2075-8545-2019-11-3-248-265.

Machine-readable information on CC-licenses (HTML-code) in metadata of the paper

<a rel="license” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License” style="border-width:0" src="https://i.crea-
tivecommons.org/I/by/4.0/88x31.png" /></a><br /><span xmIns:dct="http://purl.org/dc/terms/” href="http://purl.org/dc/dcmitype/Text” property="dct:title”
rel="dct:type”>Modification of concrete by hydrothermal nanosilica</span> by <a xmlIns:cc="http://creativecommons.org/ns#" href="Nanotehnologii v

stroitel'stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3, pp. 248-265. DOI: 10.15828/2075-8545-2019-11-3-248-265" property="cc:attributionName”
rel="cc:attributionURL">Potapov V.V., Efimenko Y.V., Gorev D.S. </a> is licensed under a <a rel="license” href="http://creativecommons.org/licenses/by/4.0/">Creative
Commons Attribution 4.0 International License</a>.<br />Based on a work at <a xmIns:dct="http://purl.org/dc/terms/” href="http://nanobuild.ru/en_EN/na-
nobuild-3-2019/" rel="dct:source”>http://nanobuild.ru/en_EN/nanobuild-3-2019/</a>.<br />Permissions beyond the scope of this license may be available at <a
xmlns:cc="http://creativecommons.org/ns#" href="denis.goreff2015@yandex.ru"rel="cc:morePermissions”>denis.goreff2015@yandex.ru</a>.

Cmameosa nocmynuna e pedakyuio: 03.04.2019.
Cmameos nocmynusna e pedakyuio nocsie peyeH3uposaHus: 26.04.2019.
Cmameos npuHama K ny6nukayuu: 08.05.2019.

http://nanobuild.ru 249 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (3):
248-265

Nanobm

RESEARCH RESULTS OF THE LEADING SCIENTISTS « PE3YJIbTATbl UCCJIE[JOBAHUN BEAYIUX YYEHbIX

INTRODUCTION

owadays one can witness an increasing demand of

different kinds of amorphous silica, especially SiO,),
in nanodispersed form (sols, gels and nanopowders) in
various industries and construction. The new source for
them is hydrothermal solutions extracted in the regions
of active volcanism [1, 2, 3].

The methods used in nanotechnology resulted in
emergence of new ideas concerning the kinetics of the for-
mation and structure of the calcium silicate hydrate gel-
C—S—H (dimensions, shape, density, etc.) [4]. On a small
scale (1—5 nm) the C—S—H gel has a layer structure, and
layers tend to cluster into compact domains wherein the
distances between individual C—S—H layers are in the
order of several nanometers. On a larger scale (from 5 to
100 nm) domains form three-dimensional disc-shaped
structures of 60x30x5 nm? (5 nm of thick, length of disk
axis is about 60 nm), so-called C—S—H particles. During
the hydration process the amount of C—S—H particles
increases, the particles aggregate forming three varieties of
amorphous C—S—H gel at a micro level (1 um): 1) LD—
C—S—H low density gel; 2) HD—C—S—H high density
gel; 3) UD-C-S-H ultrahigh density gel.

Three varieties of the C—S—H gel show different
mechanical properties: a C—S—H-gel with a high and
ultra-high density possesses higher stiffness and hardness
compared to a low-density C—S—H gel. The C—S—H gel
lacks a fixed stoichiometry, the gel chemical composition
varies from point to point within the batch volume, so
the C—S—H gel is characterized by the Ca/Si ratio. Ac-
cording to the data of scanning electron microscopy and
transmission electron microscopy the Ca/Si ratio varies
within the C—S—H gel in the range of 0.6—2.0.

Nanoparticles with a large specific surface area (up
to 1000 m?/g) are distinguished by their chemical activity
[5—21]. They can act as centers accelerating hydration
reactions, as well as a nanofiller reducing porosity.

The goals of this paper were to show: 1) possibility
of applying nanoparticles of hydrothermal silica for ris-
ing compressive strength of Portland cement concretes;
2) that one of the main factors affecting increase of con-
crete strength under the introduction of hydrothermal
nanosilica is the reaction of the pozzolanic type between
the surface of SiO, nanoparticles and calcium hydroxide

Table 1

(Ca(OH), portlandite — the product of cement miner-
als hydration (tricalcium silicate — alateum, dicalcium
silicate — belite).

MAIN PART

Production of hydrothermal sols and nanopowders
and characteristics of them

The experiments on the membrane concentration
of nanosilica in the hydrothermal medium were car-
ried out at the sites of operating Mutnovsky geothermal
power plant (50 MWt) and Verkhne-Mutnovsky geo-
thermal power plant (12 MWt). At the flow rate of 1100—
1200 ton/h of the liquid phase of heat carrier and SiO,
content in the initial aqueous medium 400—800 mg/kg
the potential for SiO, production is 3—5 thousand tons per
year. Apart from silica there are some others components
in Initial aqueous solution (Table 1).

Productive wells of geothermal power plants bring to
the surface the heat carrier in the form of a steam-water
mixture with a steam quality of 0.2—0.3. In separators
steam is separated from water and fed to the turbine for
electricity generation. Water enters expanders where in
final steps pressure drops to 0.1 MPa (100°C). Then wa-
ter is fed into heat exchangers in which the temperature
is rised to 20—70°C, then it is transferred into a tank for
hydrothermal solution aging, polycondensation of the or-
thosilicic acid molecules and SiO, particles growth. After
the solution is taken out to the surface the pressure and
temperature decrease, the solution becomes supersatu-
rated respect to the amorphous silica solubility, hydro-
lysis and polycondensation of the orthosilicic acid OSA
molecules that lead to the formation of spherical SiO,
nanoparticles with diameters from 5—100 nm run in it.

The finite sizes of silica particles depend primarily on
the temperature and pH at which the polycondensation
of the OSA molecules takes place. The polycondensation
temperature increase and pH decrease lead to the raise of
the finite particle sizes. At the stage of polycondensation
the temperature was varied in the range from 20 to 70°C
at pH = 9.0-9.2 to form SiO, particles with specified sizes
and concentrations.

Aqueous silica sols were obtained from the separate af-
ter the completion of the OSA polycondensation by 3-step

The concentration of main components of the initial hydrothermal solution
(the separate of productive wells of Mutnovsky GeoPP), pH = 9.2

Component Na® | K* | Lit | Ca | Mg~ [Fe*| AP | c | sop [HCo, | cop [HBO| sio,
Concentration, | »¢5 | 4g1 | 15 | 2.8 | 47 | <01 | <01 | 2518 | 2209 | 452 | 618 | 918 | 780
mg/dm
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concentration of the SiO, particles with ultrafiltration
membranes of polyethersulfone with the parameter of the
minimum mass weight cut of particles MWCO = 50 kD:
at the 1st stage the SiO, content in the sol was increased
from 0.05 to 0.3—0.4 % wt., at the 2" — up to 10 % wt., at
the third stage — up to 20—30 % wt. and higher.

To obtain nanopowders the sols were dispersed, the
droplets were solidified in the liquid nitrogen at the temper-
ature of — 196°C and obtained cryogranules were sublimed
in a vacuum chamber at the pressures of 2.6—6.6 Pa. The
small size of the sol droplets, the high surface of heat trans-
fer made it possible eventually to achieve rapid hardening
and the absence of particles coalescence: the particle sizes
in powders did not exceed the particle sizes in sols. The
specific energy consumption during the sols production is
0.18—1.0 kWh/kg SiO,, the total energy consumption for
nanopowder production is 7.0—14.3 kWh/kg SiO,.

207
18
16

12}

10

Particle volume, %

[ -

0 1 10 100 1000
Range of particle sizes, nm

10000

Fig. 1. The distribution of nanoparticles sizes
of silica sol’s sample

Dynamic light scattering and electrophoretic light
scattering (Zetasizer, Mal-vern, Great Britain), scan-
ning electron microscopy (JEM-100CX, JEOL, Japan),
low-temperature nitrogen adsorption (ASAP-2010,
Micromeritics, USA), X-ray diffraction analysis (ARL
X’TRA, Thermo Scientific, Switzerland) were used to
study the characteristics of sols and powders.

The chemical composition of the samples was deter-
mined on the microanalyzer JXA 8100, GEOL, Japan,
equipped with three wave spectrometers and EMF prefix
INCAx-sight, Oxford, UK. Working voltage is 20 kV,
current is 1¥10-8 A. Identified elements are from B to U.

Thermogravimetric analysis (TGA) was performed in
closed Pt-crucibles on the derivatograph OD-102 (Hun-
gary) at TG — 50 mg and DTGA — 1/5 sensitivities to a
temperature of 920—940°C.

The distribution by sizes of silica sol particles was
determined with dynamic light scattering method, zeta
potential of the particles — by means of electrophoresis.
Fig. 1 shows the results for one sol sample with the follow-
ing characteristics: the sol density ps = 1080 g/dm?, the
content of SiO, = 150 g/dm’, pH = 8.6, the average SiO*
particle diameter d = 41.6 nm, the average zeta potential
of the SiO, particles surface § = —28.2 mV.

Table 2 presents the range of SiO, sol characteristic
values where their values can be varied by means of the
temperature at the stage of polycondensation of OSA and
ultrafiltration membrane concentration.

Fig. 2 shows TEM-images of nanopowder particles
obtained by cryochemical vacuum sublimation of the sol
sample.

The technological regime developed by us makes it
possible to vary the characteristics of mesoporous pow-
ders within the following limits: the specific surface arca

glffﬁcil and chemical characteristics of aqueous silica sols obtained by the ultrafiltration membrane concentration
Characteristics Values
pH 8.0-9.2
Total SiO, content, g/dm’ 3.0—-940.0
Sol density p, g/dm’ 1000—1510
Nanoparticles average diameters, nm 5—100
Salinity TDS, mg/dm? 800—2000
Specific electrical conductivity 6_, mS/cm (20°C) 0,8—1,56
Average Zeta-potential § of nanoparticles surface, mV —25.0...—56.0
Dynamic viscosity 1, mPa ¢ s (20°C) 1.0—120.0
SiO, content in the material precipitated from sol, % wt. up to 99.72
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Fig. 2. TEM-images of nanopowder particles

is from 100 up to 500 m?/g, the pore volume is 0.20—
0.30 cm3/g, the average powder pore diameter is from
2 to 15 nm, the average particle diameter is from 5 up
to 100 nm, the density of surface silanol groups is up to
4.9 nm~2, the residual moisture is up to 0.2 % wt., and
the bulk density is 0.02—0.30 kg/dm?>.

Application of nanosilica to improve concrete strength

The experiments were carried out to study the effect of
silica nanoparticles on the compressive strength of con-
cretes (cement—sand—water—crushed stone).

Portland cement (PC) of Korean production of 42.5R
class, which meets the standards of Russia for Portland
cements was used as a binder. According to GOST 31108-
2003 it is classified as a type of CEM-I based on clinker
with the content C3S = 55—-58%, C3A = 8.2—8.5% and
conventional chemical-mineralogical clinker quality in-
dicators (lime saturation coefficient KH = 90—91%, alu-
mina module p = 1.7, silicate module n = 2.3). Physical-
mechanical characteristics (brand, rest on a sieve No. 008,
setting time, compressive strength) are within the require-
ments of the standard for the fast-hardening Portland
cement of CEM I brand of 42.5B class. The fillers were
crushed stone of diorite fraction from 5 to 20 mm accord-
ing to GOST 8267 —State standard of Russian Federation
(bulk density is 1300 kg/m?, density is 2.73 g/cm?®) and
quartz-feldspar sand according to GOST 8736 (M, = 3.4
and 2.9, density is 2.62 g/cm?) in a mixture with standard
quartz monofractional sand. The additive/addition is a
superplasticizer from a series of highly effective water-
reducing ability of polycarboxylates (PCX). The density

of the aqueous solution of PCX was 1082 g/dm?, the solids
content was 412 mg/g.

The effectiveness of the silica sol addition (additive)
was determined by the concrete strength. The water-
cement ratio was within the limits of W/C = 0.61-0.71,
the sediment of the standard cone is ST = 12—19 sm,
the SiO, content is 2.0 % of the cement mass, the ad-
dition of the solution is PCX = 2.2—2.6 % of the mass
of cement. Concrete tests were carried out according to
GOST 30459-2003, item 7. The consumption of mate-
rials (kg/m?) is as follows: cement (PC 550) — 345+5;
sand quartz-feldspar — 400; sand standard quartz — 400;
crushed stone fraction 5—20 mm — 1060. The dosage of
the sol was calculated taking into account the fact that
there are 3500 g of cement and 2250 g of water in a batch
of 10 liters in addition to crushed stone and sand.

Sol volume (V) was calculated by the equation:

V,=C-Si0,/100+ K, (1)

where C is the cement consumption, g; SiO, — silica
concentration, %; K, is SiO, content in the sol, g/dm’.
Thus, the sol volume per 10 liters of batch is:

V, =3500+2/100 115 = 0.609 dm”’.

This volume of sol contains 0.609 [dm?|x15 [g/dm?]| =
70 g SiO,.The mobility of concrete mixtures was provided
by means of an appropriate dosage of PCX. Technologi-
cal and structural parameters of the quality of mixtures
and concrete were determined according to the following
standards: mobility, density of concrete mixture — GOST
10181; concrete density — GOST 12730.0; concrete com-
pressive strength at the age of 1, 2 and 28 days of normal
storage and after steam treatment (ST) in accordance with
GOST 10180. The efficiency criteria were calculated by
the Equation 2 GOST 30459-2003:

AR =100+ (R*—R®)/R?, Q)

where R" is concrete strength of basic composition
in the equivalent age, MPa; R ® — concrete strength of
the control composition in the equivalent age, MPa.
The results of concretes tests with the addition/additive
of silica sol in a combination with PCX are presented
in Table 3.

According to the results obtained SiO, nanoadditives
can be applied: first, to accelerate the strength of concrete
(more than twofold increase in strength after the first day
of hardening); secondly, to increase strength at the age
of 28 days — up to 40%. At W/C = 0.52—0.55 the silica
sol introduction resulted in an increase of compressive
strength of concrete at the age of 28 days at the cement
SiO, consumption: 0.5% — (+28), 1% — (+43%), 2% —
(48%), 3% — (58.5%).
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Table 3

Concrete test results with the addition (additive) of silica sol

(Ne 66 and Ne 69 compositions are control, criterion of efficiency is in the brackets)

PCX 5 «Early» strength
Compression strength, MPa
Com- | . (Svc Mixture P 8 (R,/R,), %
o Si0,,% Slump R
Set | position 2 5Neu), | W/C density, Stor:
from C test, cm : Srennl s
number % from kg/m l1day | 2days | 28 days (1 day) stan- | Steam
C V)| dard
66 — - 0.643 13 2345 6.8 12.0 26.6 — 26 —
12.7 19.8 33.6
1 67 2 0.95 0.715 10 2322 (+86%) | (+65%) | (+26%) — 38 —
15.5 36.4
68 2 1.06 0.643 | 18—-20 2320 (+128%) - (+37%) — 43 -
69 - - 0.62 16 2322 10.1 - 28.5 19.7 35 69
2 19.2 39.9 26.6
70 2 0.91 0.61 18 2335 (+90%) - (+40%) | (+35%) 48 67
=
%,, 40
o
% 33 P
g 30
% 25 /_.,-o
% 20 =t
o
g 10 4f
s 5
=
5 0
2 10 100
@] Time, lg day
—+— Control sample —=— Sample
with additive (Si03)=2%

Fig. 3. Concrete strength under the compression: W/C = 0,715 (with SiO, additive/addition = 2,0% wt.,
SiO, content in sol — 115 g/dm?), W/C = 0,643 (without additive/addition), superplasticizer —

polycarboxylate SVC 5Neu (1.06% wt.)

Chemisorption of Ca(OH), on amorphous
silica-containing materials

The calcium oxide was obtained by the thermal de-
composition of calcium carbonate (CaCO,, analytic
grade) at 1000°C in the muffle furnace MP-8. The so-
lution of hydrate of lime was obtained by resolution
of calcium oxide in the distilled water with the subse-
quence centrifugal process in the centrifuge Sigma 2-16P
(4500 rpm). The solution of calcium hydroxide was stored
in the plastic bottle filled with argon. The concentration
by CaO is 1.06 g/dm?. Characteristics of argon gas are
99.993%, superior grade, GOST 10157-79.

For the titrimetric determination of calcium, the
solution of sodium hydroxide (2 N), solution of Trilon
B (0.05 N), indicator murexide (high grade) were used.
For determination of Ca?* concentration, 1 ml of sample
solution was pipetted to the conic flask (100 ml) for titra-
tion, then 10 ml of water, 2 ml of the sodium hydroxide
solution and 20-30 ml of murexidev were added and the
obtained sample was titrated by the Trilon B solution.
A coloring at the final point of titration changed from pink
to violet. The molar concentration (mol/1) was calculated
by formula:

CCaO = Vl ) (:1/(2 ¢ VZ)’ (3)
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where V| is the volume of Trilon B solution, C1 is the
concentration of Trilon B solution and V, is the volume
of the sample solution.

Three different silica-containing materials (Geosil,
CSF, Bryansk tripoli) were examined. Into the conic flask
(250 ml, NS 29/32) with stir-bar Heidolph MR 3001, the
test material in amounts of 0.5 to 0.6 g was placed, 250 ml
of the calcium hydroxide solution with content by CaO
1.06 g/dm? were added; the flask was filled with argon
and plugged by a stopper. The experiment was executed
with a daily agitation (5—10 hours) using the stir-bar. The
samples with volumes of 1 ml were taken at intervals of
15 minutes, 5 h, 24 h, 3 days, 5 days etc.; at that, the solu-
tion of the calcium hydroxide in the flask was periodically
renewed by 60-80% after preliminary centrifuging and
the intermediate value of CaO in the renewed solution
was determined. Upon completion of the experiment,
the deposit was centrifuged (4500 rpm), and washed
(for removal of probable precipitates of Ca(OH), at the
surface of SiO,) by the cooled (8—12°C) distilled water
to neutral pH. Then the deposit was centrifuged (4500
rpm), washed three times with acetone (analytic grade)
for removal of water and dried in the vacuum cabinet
at 50°C, 10 mm Hg. The accepted procedure of clean-
ing preparations from free Ca(OH), was confirmed by

the absence of differencial thermogravimetry analyses
(480°C) and X-Ray analyses (2.63, 4.93A) reflexes. The
obtained samples were soldered into the ampoules with
argon atmosphere and analyzed.

The data on binding of Ca(OH), by the amorphous
silicon dioxides in the argon atmosphere (Fig. 4) were
obtained. In different papers it was shown that the reac-
tion between Ca(OH), and SiO, proceeds according to
a mechanism of chemisorptions [22, 23, 24] by secur-
ing the Ca?* cation on the ionized surface silanol groups
SiOH. A binding of Ca(OH), was faster realized on the
Geosil sample having the greatest specific surface. The
difference in binding of Ca(OH), between three samples
was expressed especially strongly during the first hours of
reaction. At a point in time of 200 h, a binding by CaO
was about 680 mg of CaO/1 g of SiO, for Geosil, 325 mg
of CaO/1 g of SiO2 for CSF, 200 mg of CaO/1 g of SiO,
for tripoli. With the course of time, a flattening of curves
in Fig. 4 took place.

Table 4 shows the final weight change of three dif-
ferent silica after the termination of the binding of CaO.
According to table 4, the mass increment of Geosil and
CSF samples after saturation was more than twice.

When increasing the mass after interaction with
Ca(OH), in the composition of the samples, the pres-

1200
[}
Q1000 e
o0 e | = —z‘,_,.‘f—l—""”_"""!"_"" R
@ 800 LI e
4 x x|
< ¥ .x/ .m
& 600 . x I—
= !/!/ a
2400 £ rx}!' | =
g ,v-- 35 _.-": ------ & - Brvansk terra silicea
2 200 Ao - _
,".!')T - —% . — Geosl
d | ! ! !
0 200 400 RO0 200 1000 1200 1400 1600 1800
Time, hour

Fig.4. Data on the kinetics of binding of CaO samples Geosil, CSF and Bryansk terra silicea

Table 4
Changes in the mass of drugs after saturation in lime water Ca(OH),
Sorbent Specific sgrface T e we‘lght after c9mple- the 1ncrez}se of mass,
area, m?/g tion of sorption, g time

Geosil 418 1.059 2.39 2.25
Microsilica CSF 20 0.53 1.17 2.21

Bryansk terra silicea 0.6 0.51 0.867 1.7
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Table 5

Nanobm

Chemical composition (oxides) of the Geosil sample after interaction with Ca(OH), for 8 days (wt. %)

0 20 40 6l

Intensity (cps)

26
c)
2000 ‘
1500 - l
1000 . |
L i 1
5000 | i |
| ] L\J\dl | U ) i
—— ,......»\H"‘ . PR
0 20 40 60
26

Fig. 5. Data of X-ray analysis of amorphous

SiO, nanopowder into hydrosilicate (0,9—1,3)
Ca0*SiO,* H,O during a long interreaction of SiO,
(am) with Ca(OH), in argon medium: a — initial SiO,
nanopowder; b — interreaction material at the age

of 8 days; ¢ — interreaction material at the age of 69 days

Spectrum In stats. Al Si Ca Total
Spectrum 1 Yes 29.83 26.15 55.98
Spectrum 2 Yes 27.08 22.29 49.38
Spectrum 3 Yes 26.77 22.71 49.47
Spectrum 4 Yes 26.84 21.42 48.26
Spectrum 5 Yes 0,33 30.82 26.74 57.89
Max. 0,33 30.82 26.74
Min. 0 26.77 21.42

a) , ence of significant amounts of Ca together with Si (Geosil
00+ . sample, table. 5) can be observed.
P [ ' X-ray diffraction analysis illustrates the transforma-
B s b tion of amorphous SiO, to the crystalline CSH(I). The
oy ‘ formation of Cao * SiO2 » H,O crystals from amorphous
§ 400 + Si0, in Ca(OH), medium was confirmed by x-ray phase
g ‘ analysis (Fig. 5).
200 M
[ CONCLUSION
L 10 20 30 40 L L 1. It was shown that sols and nanopowders SiO, can
25 be produced from hydrothermal solutions. Technological
b) processes of nanosilica obtaining on basis of hydrother-
mal solutions include solution cooling to the specified
00 - 1 temperature, polycondensation and nucleation of the or-
C [ thosilicic acid and silica particles growth, the membrane
i 400 | || concentration by the ultrafiltration and the cryochemical
fg ‘ vacuum sublimation.
5 200 . 2. Nanosilica obtained on basis of a hydrothermal
- i ) il Wombmmia  solution is applicable as an effective modifying additive/

addition for concretes: 1) to accelerate solidification; 2) to
increase the concrete compressive strength at the age of
28 days.

3. Amorphous powder of hydrothermal nanosilica
Geosil in lime medium has a high chemisorption activity
for the absorption of Ca(OH),, exceeding the chemi-
sorption activity of other amorphous silica-containing
materials (microsilica CSF, Bryansk terra silicea) with
a smaller specific surface area. The chemisorption activ-
ity established in the experiment is higher in materials
with a larger specific surface area: Bryansk terra silicea —
CSF-Geosil increases in the series. Pozzolanic reaction
is accompanied by very rapid emergence of nano-disperse
sedimentation stability of the particles hydrosilicate com-
position xCaO ySiO, * zH,O — as the product of the re-
action SiO,+Ca(OH), » CSH. The products of the Geosil
reaction with Ca(OH), contain a significant amount of
the element Ca together with Si. Measurements of the
mass of the reaction product before and after the pozzolan
reaction showed more than a twofold increment, which is
consistent with the scheme of the above reaction.
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BBEIEHUE

BHaCTOHH_Iee BpeMsI HaOJIFOMAaeTCsT POCT ITOTPEOICHNS
TIPOMBINIIJICHHOCTHIO 1 CTPOUTETBHON MHAYCTPUCH

Pa3IMIHBIX TUIIOB aMOP(HOT0 KpeMHe3eMa, B 4aCTHO-
cru, SiO,, B HaHOaUCIIEPCHOM (hopMe (30J1€H, reneit
¥ HAaHOTIOPOIIKOB). VX HOBBIIT UCTOYHUK — TUIAPOTEP-
MaJIbHBIE PacTBOPHI, M3BJICKaeMbIe HAa MTOBEPXHOCTH
B paiioHaX akKTUBHOTO ByJKaHu3Ma [1, 2, 3].

Pe3ynbrathl, IToydeHHBIC ¢ TIOMOIIBI0 METOIOB Ha-
HOTEXHOJIOTUIA, TTO3BOJIIIIN C(POPMUPOBATH HOBBIC ITPEII-
CTaBJICHUS O KWHETHUKE 00Pa30BaHUS U CTPYKTYPHI TeIIsT
runparoB crrkara Kanbiust — C—S—H (pa3mepst, dop-
Ma, TUIOTHOCTH 1 11p.) [4]. Ha maymom Macirtabe (1—5 HM)
retb C—S—H mMeeT c0eByio CTpYKTYpy, a CIION — TCH-
JEHITNIO K CKOTUICHUIO B KOMITAKTHBIC TOMEHEI, B KOTO-
PBIX PACCTOSIHUS MeXIy OoTAeNbHbIMU ciiosiMu C—S—H
COCTABIISIOT ITOPSIIKA HECKOBKIX HAaHOMETpoB. Ha 60716~
mreM MaciTaoe (ot 5 mo 100 HM) goMeHBI (POPMUPYIOT
TPEXMEpPHBIC CTPYKTYPHI, MMeIoIne (hopMy IMCKa, pa3-
mepamu 60x30x5 HM (5 HM — ToJIMHA, 60 HM — IJIu-
Ha OCH IMCKa) — TaK Ha3biBaeMbie C—S—H-yacTHib.
B xome mpomecca rumpaTaliiy yBeIMIMBaeTCs KOJTUC-
c¢tBo C—S—H 9acTull, 9acTUIIBI arpeTUPYIOT, 00pa3ys
TpH pasHOBUIHOCTH aMopdHoro C—S—H resa Ha MUKpo-
ypoBHe (1 MrMm): 1) C—S—H-resb ¢ HU3KOI ITTOTHOCTBIO;
2) C—S—H-rexb ¢ BeICOKOI TIOTHOCTEIO; 3) C—S—H-
TeJIb C YIIBTPaBBICOKOM ITIOTHOCTHIO. TpH pa3HOBUIHOCTH
res1st C—S—H neMOHCTpUpYIOT pa3TuIHbIC MEXaHIMUECKIIE
cBoiictBa: C—S—H-reb ¢ BBICOKOI 1 YIBTPAaBBICOKOI
TUIOTHOCTBIO MEET OOJIBINNE XKECTKOCTh U TBEPHOCTh
1o cpaBHeHMIO ¢ TejieM C—S—H ¢ Hu3KOI TUIOTHOCTBIO.
I'ens C—S—H He nMeeT (PUKCUPOBAHHON CTEXMOMETPUN,
XUMHWYIECKUI COCTaB TeJIsT MECHSIETCS OT TOYKU K TOUKE
BHYTpH 00BbeMa 3aMeca, moaToMy reib C—S—H xapakTe-
pusyrot otHomreHreM Ca/Si. [To maHHBIM CKaHUPYIOIICH
3JICKTPOHHON MUKPOCKOITMH 1 TPAHCMUCCUOHHOI 3JIeK-
TPOHHOM MUKpocKormmu, oTHomeHue Ca/Si BappupyeT
BHyTpu C—S—H-rens B ipenenax 0,6—2,0.

Hanouactuipl, o6iagatoiime 00JbIION yaeIbHOMN
moBepxHOCThIO (o 1000 M2/T), OTIMYAIOTCS BHICOKOM
XUMHMYECKOM aKTUBHOCTBIO [5—21]. OHM MOTYT AeiicTBO-
BaTh KaK IIEHTPHI, YCKOPSIIOIINE PeaKIIuK THAPaTaIiH,
a TaKkKe KaK HAaHOHAITOJTHUTEIb, YMEHbIIIAsI MEXK3epHO-
BYIO MUKPOITOPHCTOCTD IIEMEHTOB B OCTOHE.

Tabauuya 1

LenssMm maHHOI pabOTHI OBLIO MTOKA3aTh: 1) BO3MOXK-
HOCTb TpUMEHEHNST HAHOYACTUI TUIPOTEPMAJIBHOTO
KpeMHe3eMa JITS TTOBBIIIEHUS TTPOYHOCTH P CKATUU
MMOPTIAHALIEMEHTHBIX OCTOHOB; 2) OMHUM U3 TJIABHBIX
($aKTOpOB MOBHIIIEHUS TIPOYHOCTU OETOHA TIPU BBOJE
TUIPOTEPMATBHOTO HAHOKPEMHE3eMa SIBIISIETCST peaKIIs
MYIIIOJIAHOBOTO THUTIA MEXKIY TOBEPXHOCTHIO aMOP(PHBIX
HaHoyacTul SiO, ¥ TMAPOKCUIOM KalbLus (MOPTIaH-
ITAT Ca(OH)2 — TIPOAYKT TMIApATALN LIEMEHTHBIX MU~
HEpaJioB: TPEXKAJIBIINEBOTO (AJIUT) 1 IBYXKAIBIIEBOTO
(6eNT) CUJTMKATOB KaJIbIINS).

OCHOBHAA YACTb

Ilosy4yenne ruIpoTEPMAIBHBIX 30J1€i
¥ HAHOTOPOWKOB SiO, ¥ UX XapaKTePUCTHKH

DKCIepUMEHTHI IT0 MEMOpPaHHOMY KOHIICHTPHPOBA-
HUIO HAaHOKPEMHE3eMa B THIPOTEPMATbHOI cpeme ObUIHI
IIPOBEICHBI Ha TUIOMIAAKAX IeHCTBYIOIINX re0TepMab-
HBIX 3JICKTPUYCCKNX CTaHIMI — MyTHOBCKOI ['e0DC
(50 MBT) n Bepxae-MytHOBCcKOi1 ['e0DC (12 MBT).
IIpu pacxome XKuaKoit ¢a3bl TSIUIOHOCUTEIS TIPOAYK-
TUBHBIX CKBaxXXH MyTHOBCKOM ['e0DC 1100—1200 1/9
U colep>KaHUU SiO2 B MCXOJIHOI BogHOI cpene 400—
800 MT/KT TTOTEeHIIMAJ IO TIPON3BOJACTBY HAHOKPEMHE-
sema SiO, paBen 3—5 ThiC. T/TOA. Kpome KpemHeszeMa
B MCXOTHOM PAacTBOPE HAXOIUTCS PSII IPYTUX KOMIIO-
HEeHTOB (TabJr. 1).

ITponyKTUBHBIC CKBaXKMHBI T€OTEPMATbHBIX DJICK-
TPUUYECKUX CTAHIIMA BBIBOISIT HA MIOBEPXHOCTH TEILIO-
HOCHTEJISI B BUIEC TTAPOBOISHONM CMECHU C MAaCCOBBIM
napoconaepxanuem 0,2—0,3. B cemapaTopax nmaposas
daza otmengeTcs 1 momaeTcs Ha IapoOBYIO TYPOMHY I
BBIPAOOTKM 3JIeKTposHeprun. 2Knnkas dasza (cemapar)
HAIIpaBJISICTCS B PACIIMPUTEIIN, B KOHCYHBIX CTYIICHSIX
KoTophIX maBieHue namaet g0 0,1 MIIa (100°C), nanee
HaIIpaBIISIETCS B TEIDIOOOMEHHUKM, B KOTOPBIX TEM-
nepatypa goBoautcs 1o 20—70°C, 3aTeM IepeBOIUTCS
B TaHK IUTSI CTApEHMS TUIPOTEPMAJIBHOTO pacTBOpa 1 Mo-
JIMKOHACHCAIIMI MOJICKYJI OPTOKPEMHUEBOI KMCIOTHI
(OKK) u pocra yactun SiO,. [Tocie BbiBoma pactBopa
Ha ITOBEPXHOCTh JaBJICHUE U TeMIIepaTypa CHIDKAIOTCS,
pacTBOP CTAHOBUTCS MEPECHIIIICHHBIM OTHOCUTEIIBHO
pacTBOpMMOCTH aMOP(hHOTO KpeMHe3eMa, B HeM IIPo-

KoHueHTpanusi 0CHOBHBIX KOMIIOHEHTOB MCXO/IHOTO IHIPOTEPMAJILHOTO PACTBOPA
(cemapat npoayKTuBHbIX cKBaxuH MyTtHoBckoii IeoDC), pH = 9,2

KommnoHneHT Na* K* Li* Ca> | Mg* | Fe*3"| AP* Cl- SO,> |HCO, | CO,> |H,BO*| SiO,
Konuenmpauns, | yey | 4g1 | 15 | 28 | 47 | <01 | <01 | 2518 | 2209 | 452 | 61,8 | 918 | 780
MT/IM
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XOISAT TUIPOIN3 U TTOTMKOHAeHcamsT MoreKyn OKK,
MIPUBOISIIINE K GPOPMUPOBAHUIO ChepHMICCKIX HAHO-
YaCTULL SiO2 ¢ nuameTtpaMu ot 5—100 HMm.

KoHeuHBIe pa3Mephl YaCcTUIl KpeMHe3eMa 3aBUCST
B TIEPBYIO OUepenb OT TeMIIepaTyphl 1 pH, TIpu KOTOpEIX
npoxoauT nojukoHaeHcauys Monekysr OKK. IMosbre-
HUE TeMIIepaTypbl NOJUKOHACHCAUUU U cHUXeHue pH
TPUBOMIAIT K YBEJIMUCHIIO KOHCUHBIX pa3MepPOB YaCTHII.
s hopmuposanus yactuy SiO, ¢ 3a1aHHBIMU pa3Me-
paM® ¥ KOHIICHTpallnelt Ha CTaauy ITOJTUKOHICHC AT
TeMIIepaTypy BapbupoBain B mipeneiax ot 20 mo 90°C
npu pH =9,0-9,2.

BomHble 30111 KpeMHe3eMa IoIyJalr U3 cernapara
nocJe 3aBepireHus momukoHaeHcan OKK 3-cTymeH-
4aThIM KOHLUEHTPUPOBaHKUEM YacTull SiO, ¢ MOMOIIbIO
YIBTpaUIBTPAIIMOHHBIX MEMOpPaH 13 O3 (DUPCYITh-
(ona ¢ mapamMeTpOM MUHIMATILHOI OTCEKAEMOI MacChI

—
=

—_—
[

O0veMHaA 004 yacTuil, %
ok
(=]

LSS e ]

10 100 1000 10000

JlnameTp JacTHIl, HM

(=}
—

Puc. 1. Pacnipenenenne pa3mMepoB HAHOYACTHIL B 00pas3iie
3019 KpeMHe3eMa

Tabauya 2

gactur, MWCO = 50 x/la: Ha 1-if cTyneHU coaepka-
nue SiO, B 3071€ nosbimau ot 0,05 mo 0,3—0,4 mac.%,
Ha 2-ii — go 10 mac.%, Ha 3-it crynnenn — mo 20—
30 mac.% u BbIIIE.

1t moyueHUST HAHOTIOPOIITKOB 30JI1 TUCTICPIH-
pOBaJIi, MEJIKHE KaIUIM OTBEPXKIAIN B XKIUIKOM a30Te
rpu temneparype —196°C u nosy4daiyd KpUOIrpaHyIIbl,
KOTOpBIC CYOJMMUPOBAIN B BAKYYMHOI KaMepe IIpHu
nmasieHusx 0,02—0,05 MM pT. cT. Menkue pa3Mepsl Ka-
TIeJTb 307151, BEICOKAS IIOBEPXHOCTH TEIIO0OOMEHA T10-
3BOJIMJIN B UTOTE JOCTUYDL OBICTPOTO TBEPHACHUS 1 OTCYT-
CTBHSI CIIMITAHUS YACTHIL; pa3Mephl YJACTHII B TIOPOIITKAX
HE MPEBBIIIAIN pa3Mephbl YJACTHIL B 30JISIX. Y IEeIbHBIN
pacxof 3JIeKTPO3HEPTUM TIPU IIPOU3BOACTBE 30JICH CO-
craser 0,18—1,0 kBt u/kr SiO,, cyMMapHbie 3aTpaThl
5JIEKTPOIHEPIUH Ha MOJIyYeHNe HaHOTopomKa — 7,0—
14,3 kBt * u/kr SiO,.

7151 M3ydeHNsI XapaKTePUCTUK 30JIeii, MICXOTHBIX IT0-
POIIIKOB U IIPOAYKTOB WX B3aMMOJIEIICTBHS C M3BECTHIO
HCTIOb30BAI METOIBI TMHAMMYECKOTO PACCESTHIS CBe-
Ta v 3JeKTPoPOPEeTUUECKOro paccessHus cBeTa (Zetasizer
B, Malvern, BenmmkoOpuTtaHus), CKaHUPYIOIIEH 3JIeK-
TpoHHO# MuKpockonuu (JEM-100CX, JEOL, Smonus),
HU3KOTeMIlepaTypHOii amcopoimu azota (ASAP-2010,
Micromeritics, CIIIA), peHTreHO(Da30BOTO aHaIN3a
(ARL X’TRA, Thermo Scientific, IlIBefirapust) n Mu-
auandpakromerp Miniflex, Rigaku, Amonus.

XUMHWYECKU1 COCTaB 00pa3IIOB OIpeAeIIsICS Ha MU-
kpoaHamm3atope JXA8100, Ixxeon, SmmoHus, ocHaIIIeH-
HOM TpeMsI BOTHOBBIMU cItekTpoMeTpamu 1 D C mpu-
craBkoii INCAx-sight, Oxchopna, Bearnkobpuranms.
Pa6ouee nanpspokenue 20kV, Tok 1%10-8 A. Omnpenensi-
eMble 251eMeHTHI oT B o U.

Du3KMKO-XUMHYECKHEe XapaKTePHCTHKH BOIHBIX 30JIeil KpeMHe3eMa, MOJYJEHHbIX YIbTPa(QUIbTPAIMOHHBIM

MeMOPAHHBIM KOHIIEHTPHUPOBAHIEM

XapakTepucTUKu 3HaueHus
pH 8,0-9,2
O6wee conepxanue SiO,, r/am’ 3,0—-940,0
[TnotHOCTL 30114 O, T/0M? 1000—1510
CpenHue 3HaYeHUs JMaMeTpOB HAHOYACTHUILI, HM 5—100
Coneconepxanue TDS, mr/am3 800—2000
VienbHas 21eKTponpoBoaHOCTh 0, , MCMm/cM (20°C) 0,8—1,56
CpenHue 3HaUCHUS A3eTa-IOTEHIIMAA £ MTOBEPXHOCTH HAaHOJYACTHULI, MB —25,0...—56,0
JuHamuyeckast BI3KocTb 1, MI1a ¢ ¢ (20°C) 1,0—120,0
Conepxanue SiO, B BelIECTBE, OCAXIEHHOM U3 3014, Mac.% 10 99,72
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Puc. 2. TOM-u300pakeHnsi HAHOYACTHIL OPOIIKA
KpeMHe3eMa

TepmorpaBumetpuueckuii ananus (JJTT'A) mposo-
TN B 3aKPHITHIX Pt-Tursax Ha nepusarorpace OD 102
(Benrpust) mpu ayBctBUTETHHOCTSIX TI0 TT" — 50 MT 11 110
HOTTA — 1/5 mo temmiepatypst 920—940°C.

Pacnipenenenue yacTuil 30Jieii o pazMepam orpe-
JEJISUTU METOJIOM TUHAMUUYECKOTO CBETOpACCEsTHUS,
J3eTa-TIOTEHITMA YaCTUIl — METOOM 3J1eKTpodopesa.
Ha puc. 1 npuBeneHbI pe3yabTaThl OMpeaeIeHUH IS Ofl-
HOTO 13 00pa3110B 307151, UMEBIIIETO CIIEMYIONINE XapaKTe-
PUCTUKU: TUTOTHOCTB 30J1sT ps = 1080 r/mm3, comepkanue
SiO, = 150 r/nm*, pH= 8,6, cpenHee 3HaueHME IMaMeETpa
YaCTHULL SiO2 dm = 41,6 HM, cpenHee 3HAUYEHUE A3€Ta-
noTeHUMaa nopepxHoctu yacruu Sio, § = —28,2 MB).

B tabn. 2 npuBeneH Anana3oH XapakTepUCTUK 30JIeH
SiO,, B KOTOPOM MOTYT BapbMPOBAaTLCs MX 3HAYCHMS
C TIOMOIIIBIO TeMTIEPATypPhl HA CTAAUU TTOJTUKOHICHCA -
mun OKK u ynpTpacdunbTpalinioHHOTO MEMOPaHHOTO
KOHIIEHTPUPOBAHUSI.

Ha puc. 2 npusenersr TOM-n300pakeHUS JaCTHII
HAHOIIPOIIIKA, TOJIyIeHHOTO KPUOXUMUYECKUM BaKyyM-
HBIM CYOJIMMUPOBAHUEM 00pa3Iia 30Jsl.

Pa3zpaboTaHHBIlT HAMM TEXHOJOTUYECKUU pe-
KM TIO3BOJISIET BapbUPOBATh XapaKTePUCTUKU Me-
30MOPUCTHIX MOPOIIKOB B CIEAYIONINX Ipeaesiax:
yIeabHYyI0 oBepXHocTh — oT 100 1o 500 m2/T, 00b-
em nop — 0,20—0,30 cm3/r, cpemHUt AUaMeTp TIOP
mopoiinka — ot 2 10 15 HM, cpenHue TuaMeTphl da-
ctuil — oT 5 1o 100 HM, TUIOTHOCTH TOBEPXHOCTHBIX
CUJIAHOJIBHBIX TPYIIIT — 10 4,9 HM ™2, OCTaTOYHYIO BJIaXK-
HocTh — 10 0,2 Mac.%, HaChITHYIO IUIOTHOCTL — 0,02—
0,30 xr/om?>.

IIpuMeHeHne HAHOKPeMHe3€eMa /s IOBbIIIEHNST
MPOYHOCTH OETOHOB

Hamu mipoBeieHbl 9KCTIEpUMEHTHI TI0 N3YyYEeHUIO
BJIUSTHUST HAHOYACTUIL KpeMHe3eMa Ha TIPOYHOCTh TIPU
cxatun 6eTOHOB (1IeMEHT—IIeCOK—BO/Ia—I11e0eHb) BBO-
nom 30714 SiO,.

B kagecTBe BSKYIIETO MPUMEHSIICS TTOPTIAHIIIEMEHT
(TTLI) xopeiickoro mmpou3BoacTBa Kiacca 42,5R, coor-
BETCTBYIOIINI cTaHmaptaMm Poccuu mtst mopTiaHmiie-
meHTOoB. [To TOCT 31108—2003 on kiaccuduupyetcst
kak Tun HEM-1 Ha ocHOBe KIIMHKepa C U3MEPEHHBIMU
Hamu cogepxanrem C3S = 55-58%, C3A =8,2—-8,5%
¥ OOBIYHBIMU XMMUKO-MUHEPATOTUIECKUMHY TTOKa3aTe-
JISTMU Ka4ecTBa KIMHKepa (K03 MUIIMEHT HACHIIIIEHUS
n3Becthio KH = 90—91%, rmuHO3eMHBII MOIYJIb p =
1,7, cumuKaTHBINA MOIyTh n = 2,3). Gu3nKo-MeXaHnIe-
CKUE XapaKTepucTuku (Mapka, octatok Ha cute Ne 008,
CPOKM CXBATBIBAHWSI, TIPEIe TTIPOYHOCTH TIPU CKATUUN)
HaXOSITCS B TIpe/iesiax TpeOOBaHUl cTaHmapTa K Obl-
CTpOTBepAeuIeMy opTiaaHaeMeHTy Mmapku LIEM 1
Kiacca 42,5b. 3anmomHUTEe IS IMI CITYKIUIHN IIeO0eHb IO~
putoBbI pakimu ot 5 1o 20 mm o F'OCT 8267 (Ha-
chIMmHast IIOTHOCTH 1300 Kr/M3, MIoTHOCTD 2,73 T/cM?)
M TTeCOK KBapii-rojieornmatoBbliii o TOCT 8736 (MKp =
3,4 u 2,9, mioTHOCTh 2,62 T/cM?) B CMECH CO CTaH-
JMApPTHBIM KBapIeBIM MOHOMPAKIITMOHHBIM TIECKOM.
Hob6aBka — cymnepriactunKaTop U3 Cepur BHICOKO-
3¢h(HEKTUBHBIX TI0 BOAOPEAYIIUPYIONIEH CITOCOOHOCTH
nonukapookcunaros ([TKK). ImotHOCTS BomHOTO pac-
tBopa [NKK cocrasnsna 1082 r/nm?, conepkaHue cyxoro
BerecTBa — 412 mr/T.

D deKTUBHOCTD NEHUCTBUS TOOABKU 307151 KpeMHe3e-
Ma OTIPENeJISUIH 110 TIPOYHOCTH OeTOHOB. BomorieMeHT-
Hoe oTHouleHKe ObL10 B mpeneiax B/1L = 0,61-0,71,
ocamka ctaHmapTHoro koHyca OK = 12—19 cm, co-
IepKaHue SiO2 = 2,0% ot Macchl IeMeHTa, Jo0aBKa
pactBopa [NTKK = 2,2—2,6% ot macchl niemeHTa. Mc-
nbiTaHus 6etoHa nposeneHsbl 1o FOCT 30459—-2003
. 7. Pacxon matepuaioB (Kr/M%) clIeaylomunii: IeMeHT
(TTLL 550) — 345+5; mecok KBapil-TT0JIeBOIIATOBBIN —
400; recok cTaHTapTHHIN KBapueBbiit — 400; mebdeHb
dpakumm 5—20 mm — 1060. J103UpOBKY 30J15T paCCUUTHI-
BaJIA C Yy94ETOM TOTO, YTO B 3aMec obobemMoMm 10 1 kpome
1me6Hs 1 recka BxoautT 3500 r memeHTa 1 2250 1 BOIBI.

O6bem ( 'V, ) 3014 paccuMTHIBAICS 110 (hopMmyJie:

V,=1-Si0,/100 - K, (1)
rae 1l — pacxon uemenTa, r; SiO, — KOHIEHTpaUus
kpeMHeseMma, %; K, — conepxanue SiO, B 301e, r/am’.

Takum o6pazom, oO6bveM 30518 B pacuete Ha 10 71 3a-
Meca COCTaBJIIsIeT:

V,=3500+2/100+115 = 0,609 mm’.
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Takoit o0beM 301 comepxut 0,609 [mm?] X
115 [r/om’] = 70 T SiO,.

PaBHOMOABUXHOCTb OETOHHBIX CMeceil obecrneun-
BaJIv C MOMOILbIO COOTBETCTBYIOMIEH n03upoBku TTKK.
OrpeneeHe TEXHOJTOTUIESCKUX Y CTPOUTEIIBHO-TEXHM -
YeCKUX IToKa3aTeIell KauecTBa cMeceil M OeTOHA TIPOM3-
BOIMJIOCH TTO METOIUKAM CIICAYIOIINX CTAHIAPTOB: IO~
BWZKHOCTD, TNIOTHOCTB OeToHHO# cmec — TOCT 10181
mtotHocTh 6eToHa — 'OCT 12730.0; mpoyHOCTh OeTOHA
TIpY CKaTWU B Bo3pacte 1, 2 1 28 cyT HOpMaJIbHOTO Xpa-
HEHMS U TIOCIIe TEIIOBIaXXHOCTHOM 00padoTku (TBO)
o 'OCT 10180.

Kputepun 3¢ deKTUBHOCTH paccUnThIBAIU 110 (hop-
myite 2 TOCT 30459-2003:

Tabauya 3

AR( = 100 . (RtOCH._RtKOHTp.)/RIOCH.’ (2)

rae R — npoyHoCTh 6€TOHAa OCHOBHOIO COCTaBa
B OKBMBaJICHTHOM Bo3pacte, MIla; R **"" — mpoYHOCTb
0cTOHA KOHTPOJIBHOTO COCTaBa B 9KBUBAJICHTHOM BO3-
pacte, MIla.

PesynbTaThl UCTIbITAHUIT OETOHOB C JOOABKOM 30151
kpemHe3eMa B couetaHuu ¢ ITKK mpencraBieHbl
B TaOI. 3.

CoracHo MOJIyJYeHHBIM pe3yiIbraTaM (puc. 3), HaHO-
no6aku SiO, IPUMEHUMBIL: BO-TIEPBbIX, LISl yCKOPEHUS
Habopa IMpoYHOCTH OeToHa (Dosiee YeM ABYKpaTHOE T10-
BBIIIICHME TIPOYHOCTH TTOCIIC TIEPBBIX CYTOK TBEPACHNS );
BO-BTOPBIX, IUIST TIOBHITIICHUS TIPOYHOCTA B MapOYHOM

Pe3syabraThl HCTIBITAHMIT 0ETOHOB C JI00ABKO#i 30J151 KpeMHe3eMa
(coctaBbl Ne 66 m Ne 69 — KOHTpOJIbHBIE, B CKOOKAX — KpuTepnu 3(pheKTUBHOCTH)

«Pannss»
N SIi0..% {g‘(}é ILror- IIpouynocts mpu cxkatun, MIla MPOYHOCTh
o i0,,% HOCTh R ) %
e e OTZH 5Neu), LEIL ) L cMecH, H( /Ry, %
%, ot 11 Kr/M* | 1 cyrkn | 2cyrok | 28 cyr | TBO X;:r' Ilap
66 — — 0,643 13 2345 6,8 12,0 26,6 — 26 -
12,7 19,8 33,6
| 67 2 0,95 0,715 10 2322 (+86%) | (+65%) | (+26%) — 38 —
15,5 36,4
68 2 1,06 0,643 | 18—20 | 2320 (+128%) — (+37%) - 43 —
69 — — 0,62 16 2322 10,1 — 28,5 19,7 35 69
2 19,2 39,9 26,6
70 2 0,91 0,61 18 2335 (+90%) — (+40%) | (+35%) 48 67
= 40
=E 35
o o
2 § 25 =T
g 5 15
a [} 10 /
(= 1
S 5
g o
1 10 100
Bpewms, lg cyTku
—+— KOHTPOIbHBIH -=— OGpasen P 8
obpaszen ¢ mobaekoii (Si07)=2%

Puc. 3. IIpenen npounoctu Gerona npu cxatun: B/I1 = 0,715 (¢ nodaskoii SiO, = 2,0 mac.%,
conepxanme SiO, B 3011e — 115 r/av’, cynepmiacrugpuxarop — nomkapookeunar SVC SNeu

(0,95 mac.%)), B/11 = 0,643 (0e3 n00aBkm)
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Bospacre 28 cyt — 10 40%. I1pu B/L] = 0,52—0,55 BBOA
30J151 KpeMHe3eMa IIPUBOIII K IOBBILIEHUIO [IPOYHOCTH
OeToHA MPU CKATUM B BO3pacTe 28 CyT IIpU pacxomax
SiO, o uementy: 0,5% — (+28%), 1% — (+43%), 2% —
(+48%), 3% — (+58,5%).

Xemocopouua Ca(OH), na amopdubix
KpeMHe3eMCO/IePKAINX MaTepuaiax

OKCcHI KaJIbIINS TTOTYJaIr TePMUISCKIM Pa3IoxKe-
HueM Kap6onara Kanbuus (CaCO,, yna) npu 1000°C
B MydenbHoIi teun MIT-8. PacTBop Tmapokcuia Kaib-
U TTOJIyJIaId PacCTBOPCHUEM OKCHIA KaJbLMS B IUC-
TIWITAPOBAHHOU BOIE C MOCICAYIOIMINM IIEHTPUQPYTH-
poBaHueM Ha LueHTpudyre Sigma 2-16P (4500 06/MuH).
PactBop rmnpoxcnna KaapUuys XpaHWJICS B TNIACTUKO-
BOI1 OYTBIJIKE, 3aIIOJIHCHHOIT aproHoM. KoHIieHTpas
o CaO 1,05 r/am3. T'a3 aprox (99,993%, copt BbICILIMIA
IOCT10157-79).

st TATPOMETPUUECKOTO OIIPEIeICHUS KaJIbIIUs
HCITOJIb30BAJINCh: PacTBOp ruapokcuma Hatpus (2 N),
pactBop TpuoHa b (0,05 N), mHIUKaTOp MypeKcu (X4).
It onpenenenust KoHueHTpauuu Ca*t orbupanu mnu-
TETKOU 1 MJT aHaJTM3UPYEMOTO PACTBOPA B KOHMIECKYIO
Ko0y (100 M) o TuTpoBaHus, TpudaBismm 10 Mo
BOJBI, 2 MJT pacTBopa ruapokcuaa Hatpus, 20—30 Mr My-
peKcuIa U TUTPOBaIX pacTBopoM TpuiioHa b. Okpacka
B KOHCUHOM TOYKE TUTPOBAHUS U3MEHSIIIACH OT PO30BOit
K (moneToBoit. MOISIpHYIO KOHIICHTPAUIO (MOJIb/M)
KaJIbLIMST PACCYMTHIBAIN 110 (hopMyIIe:

C.,=V,*C/Q2-V,, 3)

rae V, — o6beM pactBopa TpuiioHa b, C| — KoHLeH-
Tpanus pactBopa TpuioHa b, V, — 06bem aHaTM3UpY-
€MOTO pacTBoOpa.

W3yganm Tpu pasTUIHBIX KPEMHE3eMCOIePKAIIIX
marepuana: I'eocun, CSF, opsHckuit Tperen. B konmye-
cKy1o KoJioy (250 mu, NS 29/32) ¢ MarHUTHBIM Mellallb-
HukoM Heidolph MR 3001 momemanyu uccieayeMbIit
Marepuai B konmdectse ot 0,5 1o 0,6 1, HammBamu 240 Mo
pacTBoOpa TUIPOKCHIA KabIus ¢ comepxkaaueM mo CaO
1,06 r/nM?3, 3aM0JIHSIIM apTOHOM U 3aKPbIBAIA CTEKJISIH-
HOM TIPOOKO#. DKCIIEpUMEHT IIPOBOIVIIN IIPH CKETHEB-
HOoM (110 5—10 JacoB) mepeMeITMBaHNN Ha MAaTHUTHOM
mewmanke. [TpoOy orobupanu mo 1 MJI ¢ UHTepBajJaMu
15muH, 54,2449, 3 1, 5 1 ¥ T.1., IpA 5TOM pacTBOP T~
IPOKCHUOA KaJbILNS B KOJIOE ITepHOINIECKIA OOHOBJISITN
Ha 60—80% rociie peaBapUTEIbHOTO LHEeHTPpUDYTru-
pOBaHUS U YCTaHABIMBAJIN IIPOMEXYTOUHOE 3HAUYCHIE
CaO 06HOBIEHHOTO pacTBopa. [1o OKOHYaHWY 3KCIIe-
puMeHTa ocanok 1eHTpudyruposamu (4500 00/MuH),
IIPOMBIBAS (VTSI yIAJICHHS BEPOSITHBIX OCAIKOB Ca(OH)2
Ha noBepxHocTH Si0,), oxnaxneHHoi (8—12°C) nuc-
TUJIJTUPOBAHHOM BOIO¥ 1o HelTpambHoro pH. 3atem
ocanok neHTpudyruponann (4500 06/MUH), IIpOMBIBast
TPH pa3a alleTOHOM (41a) T YIaJIeHUS BOIBI, Y CYLITVIN
B BakyyMHOM kady ripu 50°C, 10 mm pr. ct. [IprHdTas
CXeMa OYMCTKHM npemnaparoB ot cBoboaHoro Ca(OH),
rmoaTBepamIachk orcyrctBreM pediekcon JITTA (480°C)
u PDA (2,63, 4,93A). BoinesneHHble 06pa3Lbl 3aMasuiy
B aMITyJIBI B aTMOC(epe aproHa 1 TTOIBEepraIi aHaI3aM.

[Tonyyennl nanHbpie no cBaspiBanuio Ca(OH),
aMop(HBIMU KpeMHe3eMaMU B aTMocdepe aproHa
(puc. 4). B paznmnuHbIX paboTax IMOKa3aHO, YTO peak-
LUST MEXIY Ca(OH)2 " SiO2 HET IT0 MEXaHU3MY Xe-
Mocopb6rumu [22, 23, 24] 3akperuiennemM karnoHa Ca’*
Ha MOHM30BAaHHBIX TOBEPXHOCTHBIX CHIIAHOJIBHBIX TPYII-
nax SiOH. CeaspiBanue Ca(OH), GpicTpee nmpoxoausio
Ha oOpasue ['eocw, nMmerolieM HanOOMbILYIO YAESTbHYIO
MMOBepXHOCTh. OCOOCHHO CHIIBHO Pa3HOCTh B CBSI3BIBA-
Huu Ca(OH), Mexuty Tpems 0OpasiiamMu ObLia BbIpakeHa
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4. lannbie no kuHeTHke cBa3piBanusg CaO odpasmamu Feocun, CSF u Tpenmen
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Tabauya 4
N3menenne Macchl npenapaTos nocjie Hachlenus B u3BecTkoBoii Boge Ca(OH),
ConGent Vnensnaa miomanp | Mcxonnas macca, | Macca nmociie 3asep- | IIpupaimenune Maccbl,
P MOBEPXHOCTH, M2/T r HIEHHs COPOIMH, T pa3
Teocun 418 1,059 2,39 2,25
MukpokpemHezeM CSF 20 0,53 1,17 2,21
Tpenen (OpstHCKMIA) 0,6 0,51 0,867 1,7

Tabauya 5

Xumugeckuii coctas (okcuabi) odpasua Feocun nocae B3aumoneiicteus ¢ Ca(OH), B Tevenue 8 cyTok (mac. %)

Spectrum In stats. Al Si Ca Total
Spectrum 1 Yes 29,83 26,15 55,98
Spectrum 2 Yes 27,08 22,29 49,38
Spectrum 3 Yes 26,77 22,71 49,47
Spectrum 4 Yes 26,84 21,42 48,26
Spectrum 5 Yes 0,33 30,82 26,74 57,89
Max. 0,33 30,82 26,74
Min. 0 26,77 21,42

B MepBbIe Yyachl peakuuu. Ha momeHT BpeMenu 200 g
cBs3eiBanme 1o CaO ma ['eocuia cocTaBmiIo mopsigKa
680 mr CaO/1 r SiO,, na CSF — 325 mr CaO/1 1 SiO,,
nns tpenena — 200 mr CaO/1 r SiO,. C teyennem Bpe-
MEHU IIPOMCXOIMJIO BEITIOIAXKMBaHNE KPUBEIX Ha pHC. 4.

B ta6i1. 4 Toka3aHo KOHEYHOE M3MEHEHME MacCCHI
TpeX pas3sINIHBIX KPEMHE3eMOB ITOCJIe TIPeKpaIeHUS
cBs3biBanms CaQ. CornacHO JaHHBIM TaOIULIEI 4, TIpU-
pamenne Macchl 00pa3noB 'eocrn u CSF 1mmocite HackI-
IIEHUSI COCTABIISLIO OoJiee, YeM B IBa pasa.

[Ipu yBeIWMIeHNN MAaCCHI ITOCJIE B3aMMOICICTBUS
¢ Ca(OH), B cocTaBe 06pa3LOB yCTAHOBJIEHO MPUCYT-
CTBHUE BMeCTe ¢ Si 3HAUUTENbHBIX KommdecTB Ca (00-
pazenr ['eocurt, Taor. 5).

PenTreHO(a30BBIM aHATN30M ITPOUIIITIOCTPUPO-
BaHO npeobpasoBaHue amopdHoro SiO, B KpucTa-
noruapatr CSH(I). ®akT o6pa3oBaHMUs KPUCTAJIOB
CaO - Si0, * H,0 u3 amopdnoro SiO, B cpene Ca(OH),
ITOATBEPXKICH C TIOMOIIBIO peHTTeHO(Aa30BOT0 aHAIM3a
(puc. 5).
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Puc. 5. /lanHbie peHTreHO()a30BOTr0 aHAIN3A MpeoOpa3oBanHusa aMopGHOro HAHOMOPOIIKA
SiO, B ruapocumkar (0,9—1,3) CaO ¢ SiO, ® H,O B npouecce 1IMTeabHOI0 B3aUMOIEHCTBHSA
SiO, (am.) ¢ Ca(OH), B cpeze aprona: a — ucxoaublii Hanonopomoxk SiO,; 6 — npoxyKT
B3aMMOJIENCTBUSA B BO3pacTe 8 cyT; B — MPOAYKT B3aMMOEHCTBHSA B Bo3pacTe 69 cyT.
SAKJITIOYEHUE crbio o norioueHuio Ca(OH),, mpeBblaronieii xemo-

1. ITokazaHo, YTO U3 TUAPOTEPMAJIBHBIX PACTBOPOB
MOXHO BBIAEJIATH 30711 M HaHomnopouiku SiO,. TexHo-
JIOTUYECKIE MPOLIECCHl MOTydeHUs HaHOKpeMHe3eMa
BKJTIOUAIOT OXJIAKAEHME pacTBOPA IO 3aJaHHOI TeMITepa-
TYpbl, HyKJI€ALIMIO U TTOJUKOHIEHCALIUIO OPTOKPEMHUE-
BOW KMCJIOTBI Y POCT YACTHUILl KpeMHe3eMa, MEMOPaHHOE
KOHIICHTPHUPOBaHNE YIbTpaPUIbTpaLIcii 1 KPHOXIMU-
YeCKYyI0 BaKYYMHYIO CyOIMMAIINIO.

2. HarokpeMHe3eM, TTOTydeHHBII Ha OCHOBE THUIPO-
TepMaJIbHOTO pacTBOpa, MPUMEHUM KakK 3(pGeKTUBHAS
MoauUIIMpyIoIIast modaBKa It 6eTOHOB: 1) ST yCKO-
pPeHUS TBEpACHUS; 2) TTOBHIIIICHUS TIpeIeia ITPOYHOCTH
OeTOHA TP CXXKATHU B MAPOYHOM BO3pacTe 28 CyT.

3. AMOp®HBII TOPOIIOK TUAPOTEPMATBHOTO Ha-
HOKpeMHe3eMma ['eocr B MI3BECTKOBOM M IIEMEHTHOM
cpeze ob1amaeT BLICOKOM XeMOCOPOIIMOHHO aKTUBHO-

COpPOILIMOHHYIO aKTUBHOCTH APYTUX aMOPMHBIX KPeM-
He3eMCcOoIepXKalluXx MaTepruaaoB (MIKPOKPEMHE3eM
CSF, OpstHCKUIA TpelTesT) ¢ MEHBIIEH yIeTbHOM ITOBepX-
HOCTBIO. YCTaHOBJICHHAS B 9KCIIEPUMEHTE XeMOCOPO-
IIMOHHASI aKTUBHOCTH BHIIIIC Y MATEPHAIOB C OOIBIICH
VICTBHOM TOBEPXHOCTBIO: BO3PACTACT B PSIAY OPSTHCKUIA
tperen-CSF-T'eocun. [lyimomanoBas peakiinst COIIpo-
BOXIAETCSI OUeHb OBICTPHIM BO3HMKHOBEHUEM HAaHO-
IHUCIIEPCHBIX CCAUMEHTAIIMOHHO YCTOMYMBEIX YaCTHUI]
ruapocuakaTHoro cocrasa XCaO < ySiO, » zH,0 — kak
nponykr peakuuu SiO,+Ca(OH),~» CSH. B nponykrax
peakuuu 'eocuna c Ca(OH)2 COJEPKUTCS 3HAUYNTEIb-
Hoe KoamdecTBO aieMeHTa Ca BMecte ¢ Si. UMepeHus
MAacCCHI TIPOAYKTa PEeaKIIN! 10 U TOCTIe TTPOXOKICHUSI
ITyLIIIOJIAHOBOM peaKIUM TOKa3alu 0ojiee YeM JIBYX-
KpaTHOE ee MpHupalleHNe, YTO COTIACYETCs CO CXEMOM
BBIIICYKA3aHHOM peaKIInm.
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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 7imes 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 Mectal 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

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

E-mail: skiwut@whut.edu.cn
Contacts: Zhao Xiang, Zhou Lihu
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00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpodeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00J1aCTH
MaTepUaIOBEACHUS W WHXXEHEPHOTO Iejla, MAaIIlHO-
CTpoeHMsI, MH(OOPMAIIMOHHBIX 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 BSKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSITH TBICSY CIIeIUanncToB, 14 — B IIporpammy
yuyeHblX Yenr Konr, 7 sBusitoTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA TSI MOJIOIBIX BBITAIOIITIX-
cs YUCHBIX, 3 BXOOAT B HalmmoHanpHYIO IporpaMMy 3a-
CITy>KeHHBIX Tpenoaasateieii u 11 — B HaunoHanbHbIH
TIPOEKT COTHH, THICSYU U JCCSITU THICSY CIICIIUATICTOB
HOBOTO BeKa.

YHUBEpCUTET BKIIOYAET 24 HaydHBIE IIIKOJIBI, 4 TO-
CyIapCTBEHHBIC KJTIOUEBBIC JabopaTopuu, § rocymap-
CTBEHHBIX KJIIOUEBBIX CIlelMajbHOCTEl, 77 oOpa3oBa-
TEJIbHBIX TIPOTPAMM aCIUPAHTYPBI U ITOKTOPAHTYPHI,
226 mporpaMM MarucTparypsl, a Takxke 90 mporpamMm
Oakamaspuara. B ynusepcurere 54 986 oOydaroimx-
cs1, cpeid KOTOpBIX 36 452 cTymeHTOB OakajiaBpua-
Tta, 17 224 cTymeHTOB MarucTpaTypbl M acITMpaHTOB,
a takke 1 310 MHOCTpaHHBIX CTyIeHTOB. boiee TorO,
MyOJIMKAIIUM TI0 MaTepUAIOBEACHUIO, MHKCHEPHOMY
JIeJly U XUMUU 3aHUMAIOT BepXHue 5% B HayKOMETPU-
yeckoit 6aze MHcTuTyra HayuHoit nHdopmatmu CIIA
(Essential Science Indicators) MexXXayHapOTHOTO peii-
TUHra obJyiacTeii 3HaHUM.

YVT pacnionaraet 34 ”THHOBAIIMOHHBIMU MCCIIEIOBA-
TEIBCKIMU LIEHTPAMH MEXKIYHAPOITHOTO YPOBHSI, BKITIO-
yasg IBE TOCYIApCTBCHHBIC KIIIOUEBEIC JIAOOPATOPHH,
OIHY TOCYIapCTBEHHBIN WHXEHEPHYIO J1ab0opaToOpHIo,
OIWH HAIIMOHAIBHBIN WHXKWHUPWHTOBBIA MCCIICIOBA-
TEIBCKMI IICHTP, a TaKKe JTAOOpAaTOPUM BEIOMCTBCH-
HOTO WM OO0JACTHOTO MOTYMHEHMSI B cdepe HOBBIX
MaTepUaIOB M CTPOUTEIIBHBIX MaTepHajIoB, TpaHCIIOpTa
¥ JIOTUCTHKM, MEXaTPOHUKN W aBTOMOOMJIECTPOCHUSI,
WH(MOPMAIIMOHHBIX TEXHOJIOTHI, HOBBIX BUIOB 3HEp-
TUU, PECYPCOB M TEXHOJIOTMI 3aIIUTHI OKPYXKAaroIeit
Cpenbl, a TaKKe YIPaBIICHMUST OOIIECTBEHHOI Oe3ormac-
HOCTBIO 1 YPe3BBIYaHBIMU CUTYalIusIMI. BMmecTe ¢ TeMm,
YHUBEPCUTET OCHOBaJI OKoJIo 230 mMccaemoBaTeIbCKIX
IEHTPOB COBMECTHO C MYHHIIWITAJGHBIMUA BIIACTSIMU
1 MecTHBIMM Tipennpugatuamu. Haumnasa ¢ 2010 rona,
VYT nonyuni 14 rocymapcTBEHHBIX MMPEMUIA TT0 HayKe
¥ TEXHOJIOTHSIM, 3aHSB TOIOBBIC IMO3UILINHN B PECUATUHTE
KHATAWCKMX BBICIINX YICOHBIX 3aBCICHUIA.

VVT yctaHOBWJI CBSI3U 151 CTYIEHUYECKOro ooMeHa
¥ HayYHBIX MCCIIefOoBaHMIi ¢ 0ojee, yeM 190 mHocTpaH-
HBIMUA YHUBEPCUTETAMH W HAYIYHBIMM WHCTUTYTAMU
n3 CIIA, Bemmkoopurtanum, Anonun, @Dpanumu,

Asctpanuu, Poccum, HunmepmanmoB m ap., a Takxke
npuntacuil 6onee 300 BceMMPHO M3BECTHBIX HCCIIE-
IoBaTesicii B KaUeCTBE CTPATETUUCCKUX YUCHBIX, TIPH-
[JIAIIEHHBIX U MOYeTHBIX Tpodeccopon. C 2007 roma
YVYT moxydmt ipaBo OCHOBATh B BEAYIINX KUTAUCKIX
VHUBEPCUTETaX 5 0a30BBIX IEHTPOB BHEAPCHUSI MHO-
CTpPaHHBIX MPO(eCCHOHATBHBIX HAIIPaBJICHU B Clle-
IYIOIIUX O0JIACTSIX: MEPCIIEKTUBHBIC TEXHOJIOTUM IIJIST
CHHTe3a W 00pabOTKM MaTepuajioB, IEPCICKTUBHBIC
TEXHOJIOTUU [JISI BBICOKOIIPOM3BOMUTEIBLHBIX KOpa-
0J1eit, mepCIeKTUBHBIC TEXHOJIOTUM MIJI TTIPOM3BOICTBA
(GYHKIIMOHANIBHBIX TJICHOYHBIX MAaTEPUAJIOB U €T0 UC-
TIOJIb30BaHNEC B WHXKCHEPUM, KITIOUEBBIC TEXHOJIOTUM
IIJIST TPAHCTIOPTHBIX CPEACTB C MCITOJIB30BAaHMEM allb-
TEPHATUBHBIX BUOOB SHEPTUU W 3KOJOTMIHBIX CTPO-
WUTEJTBHBIX MaTepuaaoB. KpoMe Toro, yHUBepCUTETOM
OBUIM OCHOBaHBI: MeXIyHapoaHasT COBMECTHAsI Jia-
OopaTopusl TIePCIIEKTUBHBIX TEXHOJIOTUN UIST CHHTE3a
1 00paboTKM MaTepuanos, baza MexxayHapomHOro Ha-
YYHO-TEXHUIECKOTO COTPYIHUYECCTBA B OOJIACTH KO-
JIOTUIHBIX CTPOMTEIBHBIX MaTepuaioB, baza mexmy-
HApOTHOTO HAYYHO-TEXHMYECKOTO COTPYTHHYECTBA
B 00JJaCTM WHTEIICKTYaJIbHOTO KOpabJIeCTpOCHUS
n mopckoit 6esonacHoctr. C 2009 roma YYT cosnman
14 MexXIyHapOTHBIX COBMECTHBIX MCCJICIOBATEIBCKIX
LIEHTPOB ¢ MEXIYHAPOIHO MPU3HAHHBIMU MHCTUTYTA-
mu 3 CIIA, Benmmkooputanum, Utanum nu Hunepnan-
OB, BKJIIOYAs KITIOUYEBYIO JIAOOPATOPHIO TEXHOJIOTHIA
HOBBIX 3HEPTOHOCHUTENIE M KOHBEpPCUU (COBMeECT-
HO ¢ MWYWTAaHCKMM YHHMBEpCUTEeTOM). B 3TOM ImIa-
HE C HUM aKTMBHO coTpymHmYaau CayTTeMOTOHCKUA
VHUBEPCUTET, LIEHTP TEXHOJIOTUI BHICOKOIIPON3BOIN-
TEJIbHBIX Kopabireii, a Takxke COBMECTHBIN MCCIIeI0Ba-
TEJIbCKUI LIEHTP MHTEIUICKTYaJIbHOTO KOopabjecTpoe-
HUS U OBIDKeHUS (BMecTe ¢ JdendTcKM TeXHUTIeCKIM
yHuBepcutetoM). B 2016 romy B mapTHepcTBe ¢ YHU-
BepcuteToM Yanbe Tpunutu Ceitnr JI3Bun (Bemmnko-
oputanmst) B CyoHCH OBIT OCHOBAH MEXIYHAPOIHBIN
UWTSD VYxaubckunii Jlurour Kosnemx.

B 2017 YuwuBepcuTeT BolIeJ 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 1 MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNUSI M WHXEHEPHOTO Jiea.

YVYT — onuH U3 BeoylUX KUTAUCKUX YHUBEPCUTE-
TOB TION yrmpaBiieHneM MUHHCTepCTBA 00pa3oBaHUS
¥ OIMH U3 YHUBEPCUTETOB, NMPUOPUTETHO MOCTPOCH-
HOTO B paMKax TOCyZapCTBEHHOTO TIpoeKTa «State 211
Project» 1151 KUTallCKMX BBICILIMX YYEOHBIX 3aBEICHUIA.

C 1996 roma YYT peanusoBajl U3MEHEHUSI B CH-
cTeMe TOATOTOBKM KaJpoB TIyTeM TMPOBEICHUS TH-
JIOTHBIX 3aHSTUM, BKIIOYAsT MEXIYHApOIHBIE TIPO-
TPaMMBI, TIPOTPAMMBbI MaTUCTPATYPhl U ACTTUPAHTYPHI.
MIIIMuW/I 66uta ocHoBaHa B ampesnie 2014 roga u yt-
BepxkreHa [lermapTaMeHTOM 0Opa3oBaHUST MPOBUHIIAN
Xy0sii. B utore 2015 roma MILIMuM/I 6n11a BHECeHA
B nepeueHb «CeTr MeXITyHapOIHBIX 00pa30BaTETbHBIX
IIEHTPOB», TOIIEPXKUBaeMbIii MUHUCTEPCTBOM 0O0Opa-
3oBaHusi KHP 1 MuHMCTEpCTBOM MeEXAyHApOAHOIO
corpynHuuectBa. HearensHocts MIIIMuM/l mocBs-
meHa pa3paboTKe 3HaHUI B 00JIaCT MaTepuajoBee-
HUST M UTHXXEHEPHOTO JIeJia 3a CYeT ONITUMU3AIUHY BBICO-
KOYPOBHEBBIX WCCJIEIOBAHUI U TIPETOAaBATEIbCKOTO
COCTaBa, a TakK¥kKe OCHOBAHWIO MHHOBAIITMOHHOW CHCTE-
MBI TIOITOTOBKY CTIEIIUATTMCTOB C LIETbIO Pa3BUTHUS WH-
JTYCTPUU MaTepUaIOB KaK TEXHOJOTUIECKON 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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YecKH ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1o 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEIMATbHOCTHU, KaK MaTepUaoBeeHUEe U UHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKCcuU3Ma U TMPUKIIAJAHAS KOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yJTbTATHI.

B cBs3u ¢ Tem, uro B 2000 romy MOSBUINCH TPU
IIIKOJIBI B paMKaX peain3aliiy TOCyTapCTBEHHBIX KPYTI-
HOMACIITaOHBIX TTPOEKTOB, TAKUX Kak «['ocymapcTBeH-
HbI TIpoekT 21 1» 1 «985 UHHoBanmonHas raTdhopma
JUTSL BBICIIMX CITEIIMATbHOCTE», 3HAYMMOCTh CITCIIN-
aTbHOCTU «MartepuajioBeeHuEe U UHXKEHEPHOE NEJI0»
B paMKax (hakyiabTeTa, HayYHBIX U3bICKAHMIA, MTOATO-
TOBKM WHHOBAallMOHHBIX KaIpoB M MEXIyHAPOTHOTO
COTPYIHMYECTBA 3HAYMTEIBHO BBIPOCIIA. 32 ITOCIICTHIE
HECKOJIbKO JIET BAXKHOCTD CITEIIUATbHOCTH 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 ieT 0GyJeHHUsI 110 3TO CIeUaTbHOCTH ST
CTpaHbl OBUIM TOATOTOBJIEHBI BBICOKOKBAIUMUIIUPO-
BaHHbBIC Kalphl JUISI CTPOUTEILCTBA U WHIYCTPUU TTPO-
WM3BOJCTBA CTPOUTENIHBIX MaTepUalioB U TOJTYyYSHBI
6onee 100 HAy9IHO-TEXHUYECKUX NOCTUKeHM. Bee 310
CTaJI0 UICTOPUYECKUM BKJIAZIOM B pa3BUTHE HAITMOHAITb-
HOW WHIYCTPUM CTpoiMaTepuasioB, obecrieuynBast ee
CTAOWJTBHBIN POCT JUTSL 3aHSITUSI BEAYIIETO TIOJIOKESHUST
B MUPOBOM ITPOM3BOJICTBE CTPOUTETBHBIX 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-
CTUXXEHUS B MaTepUaJIOBEIEHUN 1 BBIIOJHEHUE 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 MO0 MaTepUATOBEAYECKUM CIEeLMaTIbHO-
CTSIM U UHXXKEHEPHOMY JIeJly C HAyYHBIMU U3bICKAHUSI -
mu. I'KJI pa3zBuBaeT MexXnyHapoaHYIO KyJIbTypy UHHO-
BallMOHHOTO COTPYIHUYECTBA, MPOBOJIS COBMECTHbIE
MEXTOCYIapCTBEHHbIE HCCJENOBaHUS sl paclIupe-
HUS COTPYIHUYECTBA C APYTMMU CTpaHaMU, BIMUSTHMS
OTEYECTBEHHOI KYJbTYPbl M €€ MPUBJIEKATEIbHOCTHU
B MUpe.

Doxycupysich Ha 00ImMX Herax u 3agadax, ' KJI cos-
JlaeT U pa3pabaTbIBa€T MHOTOKOMIIOHEHTHYIO, pa3HO-
MaclTabHyI0 U MHOTOYPOBHEBYIO TEOPHUIO MPOEKTUPO-
BaHUs MaTeprajioB. OHa CTaHET BasKHBIM PYKOBOICTBOM
IJ1s1 pa3paboOTKX TEXHOJOTMU TPAAMEHTHBIX KOMITO3UT-
HBIX MaTepUaoB, TEXHOJIOTUM KOMIO3UTHBIX COOPHBIX
MaTepuajioB, TEXHOJOTMM HAHOKOMIO3UTOB U WHTE-
TPUPOBAHHOI MHHOBAIITMOHHOM TIIaT(OPMBI B KAUECTBE
1aBHOM omopbl. OHa TaKKe ITO3BOJIUT M3yJaTh Iep-
CMEKTUBHbIE KOMITO3UTHbBIE MaTEPUAIbI 1JIs1 YIYJILIEHUS
BOEHHOTO OCHAILIEHUS 1 BOOPYKEHUSI, MaTepUaJIbl, CIIO-
COOCTBYIOIIME PALlMOHATILHOMY MCITOJb30BAHUIO SHEP-
TEeTMYECKUX PECYPCOB TSI HOBBIX 3HEProdh(MeKTUBHEBIX
TEXHOJIOTMIA, HAHOKOMITO3UTHbIE OMOMaTepuabl st
MEIUKO-OMOJIOTMUECKIX HayK, (PYHKIMOHAIBHBIC Ma-
TepHUabl I THOOPMAIIMOHHBIX TeXHOJIOTHUIT U TpaHC-
(hopManmmoHHO-OpMEHTUPOBAaHHBIX TexHOMormit. ['KJI
OorpeAeawy 5 HaydyHbIX HaMpaBlIeHUN UCCIeOOBAHMIA:
rpaileHTHbIE KOMMO3UIIMOHHbBIE TEXHOJOTUU U HOBbBIE
MaTepuaibl, TEXHOJIOTUM KOMITO3UTHBIX COOPHBIX Ma-
T€pUaJoB, HAHOKOMIIO3UTHbBIE TEXHOJOTUM W HOBbIE
MaTepuaibl, MpeodpasyolIe TEXHOJIOTUM 1 TIEPEIOBbIE
MaTepuaibl, MPOEKTUPOBAHWE MATEPUATIOB U OCHOBBI
KOMIO3UTHBIX MaTEpPUAJIOB.

B I'KJI pa6oTatot 103 mTaTHBIX HAYYHBIX COTPYITHU -
Ka, |1 akamemmk Kwuraiickoif akameMnu HayK, 2 akazie-
muka Kuraiickoit ”HXeHEepHOM akaneMuu, 1 akageMuK
benbruiickoit KopoaeBckoil akagemun HaykK u EBpo-
MnecKol akanemMuu Hayk, 1 akamemMuk MexmyHapom-
HOT aKameMn KepaMUKH, 12 TOYeTHBIX MHOCTPAHHBIX
9KCIepTOB, 1973 HayIHBIX PYKOBOIMTEIICH ITPOTpaMM,
5 cruneannaToB MoHma IOATOTOBKU TaIAHTIMBOM
MoJofexu, 4 Beaynux crienranicra u3 Hanmonans-
HOH TIpOrpaMMBbI IECSITU THICSY CIICIIUATINCTOB, 7 TI0-
oenuteneil npemuun Pacesetter Engineering in the New
Century, 5 cturtenauaroB npemMun Yenr Konr u 18 no-
oenuteneil Ilpoekta nomaep>KKU BbICOKOKIACCHBIX

KoHTaKkTHasa

nudopmauus Postal Code: 430070

CHELMaJICTOB HOBOTO BekKa MuHMcTepcTBa 00pas3o-
BaHMS. DTO KOMAaHIa, BIOXHOBIICHHAs WHHOBAIIMSI-
MU U co3uaaresbHbiM npoueccoMm. I'KJI MoTuBupyert
MOJIOJBIX YYEHBIX MOCEIIaTh 3HAMEHMTBbIE MeXXAyHa-
pPOIHbIE YHUBEPCUTETbl WM MUCCIEI0BATEIbLCKHIE WH-
CTUTYTbl B LI€JISIX YCTAHOBJIEHUSI COTPYIHMYECTBA.
3a mocemHee BpeMs J1TabopaTopus OTIIpaBMjIa Oojee
20 MOJIOIBIX CTICIIMAIMICTOB IUISI Y4ACTHSI B COBMECTHBIX
KUCCIEA0BAHUSIX 3a TPAHULLY.

I'KJI ycTaHOBWJIO B3aMMOBBITOIHOE COTPYIHUYE-
CTBO CO BCEMHUPHO M3BECTHBIMM HAYYHBIMU WHCTU-
TyTaMu: MMUYUTAaHCKUM YHUBEpPCUTETOM, SATMOHCKUM
areHTCTBOM aBUAKOCMUYECKUX TexHosioruii, MHCTUTY-
TOM MeTaJljIoB yHUBepcutTeTa Toxoky B Amnonun, LleH-
TpoM MaTepranoBeneHIsT OKChOPICKOTO YHHBEPCUTETA
B BenmkoOpuranuu, HaydHbIM LIEHTPOM KOMITO3UTHBIX
matepuanioB KanmugopHuiickoro ynuepcurera u Ha-
LIMOHAJIbHBIM WHCTUTYTOM MCCJIETOBAHUS TOILJIMBHBIX
anemeHToB B Kanane. Ha ocHose I'KJI MunucrepcTBo
HayKM W TEXHOJIOTMII OCHOBaJl MeXXIyHapOmTHYIO Jia-
0OpaTOpHI0 HOBBIX MATEPUATIOB M KOMIUIEKCHBIX TeX-
HOJIOTUIA, KOTOpasl cTaja OJHUM W3 TEepBbIX (hUiIMa-
JI0B 13 33 MEXXIyHapOITHBIX COBMECTHBIX JJadOpaTopuii
B Kurae. PykoBomctBo MuHUCTEpPCTBA MEXXIYHAPOII-
HOTO COTpyaHUYecTBAa 1 MHUHHCTEpCTBA O0Opa30oBaHMUS
yupeauan basy nHHOBaLMA U 3HAHUWIA JISI HOBBIX TEX-
HOJIOTUIA CO3AaHMST KOMITO3UTHBIX MAaTEPUAJIOB U yJIyd-
IIEHHBbIX (DYHKIIMOHAJIBHBIX MAaTepUaJIOB, a TaKXKe IS
YCOBEPILIEHCTBOBAHHOW  TEXHOJIOTMU  TTPOM3BONICTBA
U pa3pabOTKU MHXKEHEPHBIX PEIIeHUH HOBBIX (DYyHK-
LIMOHAJIBHBIX TOHKUX TUIEHOYHBbIX Marepuajion. ['KJI
OCHOBaJI COBMECTHYIO HaHoJlabopaTopuio mexnay YYT
u ['apBapacKMM YHUBEPCUTETOM, COBMECTHYIO Jlabopa-
TOPHIO HOBBIX YHEPTOHOCUTENIEN 1 TEXHOJOTUN MEXIy
VVT u MuuyuraHcKuM yHUBEPCUTETOM, KOMIUIEKCHYIO
J1abopaToOpUIO pa3HOMACIITAOHBIX TEXHOJIOTUI KOMIIO-
3ULIMOHHBIX MatepuaioB Mexny YYT u JlabopaTopu-
el yIIy4IIeHHOW KOMIO3UTHOM KepamMuku Oxcdopra.
Ommpasich Ha yKa3aHHBIC MEXXIyHapOTHBIC MCCIIeI0BA-
tenabckue Tomanku, I'KJI npuHsiio yyactue B 1iey10i
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.
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Abstract: The problem of creating reliable protective coatings that increase the mechanical characteristics of concrete building
structures (piles, bridges, ceiling arches, tunnels, chutes, culverts, wells, paving slabs and curbs, etc.) operated under the influence of
atmospheric factors and groundwater is of great importance. Currently, the most effective way to prevent degradation of materials
is the application of various kinds of protective compounds. That protects against various factors of aggressive natural and man-
made impact and thus allows increasing the durability of buildings and structures by reducing the amount of water penetrating
into the pores. To provide long-term protection of building materials, it is proposed to treat porous surfaces of building materials
with a new sulfur-containing compound. The innovative developed impregnating composition is based on sulfur and it provides
protection of building materials of different nature from weathering and corrosive media for a long time. Modification of the pro-
posed composition can significantly improve performance and increase the service life of building materials.
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INTRODUCTION

he problem of creating reliable protective coatings

that increase the mechanical characteristics of con-
crete building structures (piles, bridges, ceiling arches,
tunnels, trays, culverts, wells, paving slabs and curbs,
curbstones, etc.) operated under the influence of atmo-
spheric factors and groundwater, is of great importance.
Increased durability and reliability of road structures,
operating under the influence of mechanical and atmo-
spheric factors, is usually achieved by using various types
of concrete modification [1] and the use of protective
impregnating compositions [2, 3]. The main disadvantage
of coatings is the fragility of the components the protective
coatings consist of. In all buildings and structures there
are structural elements exposed to intense moisture and
groundwater effects: foundation blocks, pillows and slabs,
piles; socle and subwindow sections of the walls, para-
pets, protruding elements of the facades (cornices, belts);
cover plates; trays, wells, curbstones, paving slabs; arches,
culverts, elements of bridges, etc. To protect them, it is
insufficient just to form of a thin film of protective coat-
ing on the surface of the material, as it is necessary to use
compositions that penetrate deeply into the material and
prevent it from penetrating water with its constant impact.
In these cases, various binders are applied (polymer, sili-
cone, liquid glass, molten sulfur, etc.). Each of the listed
materials has disadvantages. For example, organic and
organosilicon compounds, despite their high efficiency
at the beginning of their useful life, gradually undergo
destruction and lose their protective functions. Thus, at
present there is no universal method suitable for ensuring
the long-term protection of building materials from water
penetration in the conditions of its constant presence. The
problem is solved partially by impregnating compositions
like «Penetron», «Xypex», «Hydrotex» and others. They
present waterproofing material of deep penetration for
significant increase water resistance and prevention of
capillary penetration of moisture through concrete. Their
use allows you to protect the concrete from the effects of
corrosive environments: acids, wastewater and ground-
water, sea water. Processed concrete acquires resistance
to carbonates, chlorides, sulfates, nitrates, etc. The use
of penetron and others can improve the performance of
waterproofness, strength, frost resistance of concrete. But
their significant shortcomings that prevent the widespread
use in the market of the Russian Federation is the high
cost.

To provide long-term protection of building materi-
als, it is proposed to treat the surfaces of porous building
materials with a new sulfur-containing compound [4, 5].
The developed impregnating composition based on sulfur
ensures the protection of building materials from weath-
ering and corrosive environments for a long time. The
composition is a sulfur-containing liquid, which due to

its low viscosity during processing penetrates into the pore
structure of the material to a depth of more than 1 cm and
upon subsequent drying creates an insoluble protective
coating in the pores of the material [6].

The technology of processing elements of structures
and products is simple and accessible: like most paints
and varnishes, they are applied by brush, pouring, spray-
ing, dipping at any positive temperatures. The principal
novelty of the proposed solution is that the hydropho-
bization is achieved by using a material of inorganic
nature — sulfur. The presence of sulfur in the pores of
building materials gives them water-repellent properties
for a long time — unlike organic paints and varnishes.
The originality of the approach is in the fact that at the
impregnation stage a water-soluble substance is used and
its sulfur molecules fall into the smallest pores of the ma-
terial. At the drying stage this substance disintegrates and
a water-insoluble (hydrophobic) layer of elemental sulfur
is formed on the surface of the pores. The use of deep
impregnation makes it possible, along with an increase
in strength and frost resistance, to decrease water absorp-
tion, to significantly increase resistance to atmospheric
factors, chemical resistance to acids, salt solutions, and
petroleum products. The mineral nature of the coating
ensures its durability, and the water repellency inherent
in elemental sulfur prevents water from entering the pores
of the material. The surfaces treated with the proposed
composition acquire not only hydrophobic properties,
but also pronounced bactericidal properties, as a result,
the processes of decay and the formation of mold are
prevented. The composition is not washed out under con-
ditions of prolonged contact with water, it is effective as a
primer composition before treatment with organosilicon
compositions and solvent-based paints.

MAIN PART
Research results

To illustrate the possibilities of the proposed method
of protection of building materials, the following experi-
mental data obtained for materials tested in various condi-
tions are proposed. Since the main focus of application is
to protect building structures operating under conditions
of constant exposure to moisture, we present the results
of the study of the effect of impregnation of protective
compound on the properties of various types of porous
building materials.

It is known from [7, 8] that sulfur nanoparticles with
an average size of 20 nm are deposited from polysulfide
solutions, and sulfur nanoparticles observed in a probe
microscope are shown in Fig. 1a. What sizes of sulfur
particles are deposited on the walls of pores and capil-
lary tracts of porous materials from polysulfide solutions?
Particle sizing was carried out by examining the chip-
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Fig. 1. Image of sulfur nanoparticles deposited on the surface from a polysulfide solution, obtained by means of:
probe microscope (a); cleaving the concrete sample treated with polysulfide solution (b); sulfur particles
on the surface of the glass, obtained by means of optical microscope (c)

ping of samples of fine-grained concrete 2x2x2 cm in
size impregnated with a polysulfide solution for 4 hours
at atmospheric pressure. In Fig. 1b it can be seen that
the areas of chips with a hydrophobic coating have a dark
shade of color. Along the perimeter of the cleaved sample
is clearly visible the area into which the impregnating
compound has penetrated and, after drying, has formed
a water-repellent layer.

In order to analyze the character of the particles in
transmitted light, the distribution of the polysulfide solu-
tion on the glass after drying has been considered. Analy-
sis of the surface of particles on glass under an optical
microscope with a 100-fold increase showed the presence
on the surface of spherical formations resembling a collec-
tion of small spheres (Fig. 1c). The side of the square pre-
sented in Figure 1c is 500 microns. Thus, the polysulfide

D:\smm2000\0 anokparnas\TEMPAT497.ift
Size: [ 1.868 mkm x 1.868 mkm x 132.5 nm] (256 x 256 pt]

solution, as it dries, is crushed into many spheres, which
are distributed almost evenly over the surface. In the simi-
lar way the formation of solid particles proceeds in the
pores of materials. Sulfur nanoparticles are released from
a polysulfide solution that has penetrated the smallest
capillaries of a porous building material, are fixed on the
surface of pores and give a hydrophobic effect.

Using a scanning multimicroscope, a 3-dimensional
model was constructed and it was found out that as a re-
sult of processing porous material, a coating of sulfur
nanoparticles is formed on the surface of pores and cap-
illary tracts of the material (cross-sectional size is 20—
150 nm, height is 2—10 nm) (Fig. 2c), which prevents the
penetration of water. These plaques of sulfur nanoparticles
are clearly visible on the 3D image of the cleaved concrete
obtained with scanning multimicroscope (Fig. 2a).

):\emmZ2000\TEMPA1576.ift

Size: [ 1.868 mkm x 1.868 mkm » 130.8 nm] [256 x 256 pt]
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Fig. 2. Image of the cleaved sample of concrete: a) treated with a polysulfide solution; b) unprocessed
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Fig. 3. The influence of the mode of impregnation with
a solution of calcium polysulfide on water absorption
by weight (wm) of ceramic brick samples: 1 — initial
(non-impregnated); 2 — impregnated with a solution
of a density of 1.18 g/cm?; 3 — soaked with a solution
of a density of 1.25 g/cm?; 4 — impregnated with

a brush in three passes with a solution of a density

of 1.18 g/cm?; 5 — impregnated with a brush in three
passes with a solution of a density of 1.25 g/cm?

Figure 3 shows the dependence of water absorption by
mass (wm) of ceramic brick on the mode of impregna-
tion of samples. Usually water absorption by weight of
non-impregnated ceramic brick is 14—16%. The sample
presented in Figure 3 has a value of w equal to 15.4%. The
water absorption of a sample of a ceramic brick impreg-
nated with a polysulfide solution of a density of 1.18 g/cm?
is equal to 5.4%, thus, the value of this parameter de-
creased by 2.82 times. As a result of impregnation with
a solution with a density of 1.25 g/cm?, the water absorp-
tion of the sample decreased to a value of 4.5%, that is,
decreased by 3.5 times. Significant reduce of water ab-
sorption of the samples can be achieved due to application
of solution with brush. When used for processing faces
of solutions with a density of 1.18 g/cm? and 1.25 g/cm?,
the water absorption of the samples was 4.5% and 4.2%,
respectively.

The test results for ceramic brick samples impreg-
nated with a polysulfide solution show that full immer-
sion impregnation protects the wall product from water
penetration. The effectiveness of protection depends on
the density of the solution. The method of applying the
solution with a brush also effectively protects the walls of
ceramic bricks from water penetration.

Let us consider the possibilities of the method of pro-
tecting structures with polysulfide solutions on samples of
fine-grained concrete with an initial water absorption by
weight of 12.4%. Figure 4 shows the test data for samples

12

10 4+—

8

6

4 4

2 I

5 . . e
1 2 3 4 5 6

Sample number

Fig. 4. Influence of the mode of impregnation with

a solution of calcium polysulfide on water absorption

by weight (wm) of samples of fine-grained cement
concrete: 1 — water absorption of the non-impregnated
sample; 2 — water absorption of the sample impregnated
with immersion for 1 hour; 3 — water absorption

of the sample impregnated with immersion for 4 hours;
4 — water absorption of the sample impregnated with
immersion for 24 hours; 5 — impregnation in vacuum
for 0.5 hours; 5 — vacuum impregnation for 4 hours

of fine-grained concrete obtained with different process-
ing modes. In this case, impregnation for 1 hour provides
a significant reduction in water absorption from value
of 12.4% to 6.43%, treatment for 4 hours reduces water
absorption to value of 4.6%. Impregnation for 24 hours
allows to reduce water absorption to 1.4%, which is a good
result, since it corresponds to the level of water absorption
of heavy concrete.

A further reduction in water absorption can be
achieved by impregnating samples under vacuum, in this
case impregnation for 0.5 hours ensures a decrease in
water absorption of the sample to 0.75%, and aging under
vacuum for 4 hours to 0.25%. The data shown in Fig. 4
demonstrate that the treatment of fine-grained concrete
with an impregnating composition reduces its water ab-
sorption to a level corresponding to heavy concrete, which
leads to increase in frost resistance, water resistance and
durability of products and structures made of fine-grained
concrete and allows expanding the area of its use in manu-
facturing road products and designs, as well as front wall
cladding products.

The results of experiments to study the effect of im-
pregnation with a polysulfide solution on the compressive
strength of full-scale products (concrete paving slabs of
the Wave type) are shown in the table. The tests were car-
ried out at a temperature of 20°C, atmospheric pressure,
impregnation lasted 4 hours. The average strength of the
first series (6 samples) of non-impregnated concrete tiles
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Table.
Compressive strength of concrete pavement slabs impregnated with calcium polysulfide solution
Concrete paving slabs «Wave»
- The untreated
Name indicators sample Solution density | Solution density | Solution density
1.1g/cm? 1.23 g/cm® g/cm?

Tile Series Number 1 2 3 4
The strength of concrete slabs

in compression, kgf/cm? 465 478 496 482

(GOST 10180-2012)

in compression was 465 kgf/cm?. Processing the tiles of
series No. 2 with a solution of a density of 1.1 g/cm? leads
to an increase in strength up to 478 kg/cm?. Processing
samples of series No. 3 with a solution of a density of
1.23 g/cm? provided an increase in strength to values of
496 kg/cm?. A further increase in the density of the im-
pregnating solution is not advisable, since it does not in-
crease the strength of the concrete product (series No. 4),
since a high density of the solution equal to 1.28 g/cm?
leads to an increase in the viscosity of the solution, and it
does not penetrate into the smallest concrete capillaries
that ultimately leads to a decrease in strength. Thus, the
impregnation of concrete with a solution of a density of
1.23 g/cm? leads to a compaction of its structure, which
is manifested in an increase in the compressive strength
of concrete tiles by 3—7%.

CONCLUSION

Based on the above results, we can make the following
conclusions:

1. The impregnation of porous building materials with
polysulfide solutions creates the conditions for their
penetration into the thinnest capillaries and deposi-
tion of crystallizable particles on the surface of pores

BBEJEHUE

3az[aqa CO3IaHUs HAIEKHBIX 3allIUTHBIX TTOKPBITHIA,
TTOBBIIIAIOIINX MEXaHNIECKIE XapaKTECPUCTUKHU Oe-
TOHHBIX CTPOUTEIBHBIX KOHCTPYKIINIA (CBaif, MOCTOB,
apOK TIePEKPHITUI, TOHHEJICH, JIOTKOB, BOTOIIPOITYCK-
HBIX TPYO, KOJIOAIIEB, TPOTYapHBIX W TOPOXKHBIX TUINT,
OOpHIOPHBIX KAMHEIH U Ap. ), SKCILTYaTUPYIOIINXCS B yC-
JIOBHSIX BO3IECTBUS aTMOC(EpHBIX (DaKTOPOB U TPYH-
TOBBIX BOJ, aKTyaJlbHA. YBEJIWUCHNE TOJTOBEUHOCTH

in the form of sulfur nanoparticles, thereby ensuring
a hydrophobic effect;

2. The proposed method of protection of building ma-
terials is universal, can be used for concrete products
and structures, ceramic bricks, aerated concrete and
other porous materials, processing can be carried out
using a brush, dipping, spraying at room temperature
similar to the technology of using other paints and
varnishes, protection can be adjusted by the duration
of the impregnation and the number of repetitions of
the process [9—11].

3. The practical importance of the proposed method of
protection of concrete and reinforced concrete struc-
tures and products exposed to the direct impact of
groundwater is that water absorption by concrete mass
can be achieved within 1-3% and the waterproofing
grade W8-W10 at which water ceases to be filtered
through concrete surface.

4. The method considered in this article is promising for
the protection of external surfaces of masonry facades
of buildings from any small-piece wall products, as
well as wall and road concrete products. In addition,
the method can be used to maintain the operational
reliability of external walls and foundations of existing
buildings and structures that require major repairs.

1 HAJIeXKHOCTU MOPOKHBIX KOHCTPYKIIUI, SKCIUTyaTHPy-
IOIIMXCS B YCJIOBUSIX BO3IEMCTBUS MEXaHUUECKUX U aT-
Moc(pepHBIX (DAKTOPOB, OOBITHO TOCTUTACTCS IIPUMEHE-
HUEM pa3JIMYHOro pofa MmoauduLpoBaHus 6etoHa [1],
IIPUMEHEHMST 3aIIUTHBIX TTIPOITUTOYHBIX COCTABOB [2, 3].
CaMBIM TJIaBHBIM HEIOCTATKOM TTOKPBITHIA SIBIIICTCS He-
JIOJITOBEYHOCTH KOMITOHEHTOB CaMUX 3aIIIUTHBIX TTOKPhI-
Trii. Bo Bcex 3MaHMAX M COOPYKEHUSIX €CTh 3JIEMCHTHI
KOHCTPYKIIWIA, TOABEPXKEHHBIC MTHTCHCUBHOMY BO3IEH-
CTBHIO BJIATY ¥ TPYHTOBBIX BO: (PYHIAMEHTHEIC OJIOKH,
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MOAYWIKU U TUIMTHI, CBau; 1IOKOJIbHbIE U TTOJOKOHHbIE
Y4acTKM CTE€H, MapaneThl, BLICTYNAIOIINE 2JI€MEHThI
(acamoB (KapHU3HI, ITOSICKN); TUIMTHI TTIOKPBITHST; JIOT-
KM, KOJIOALbI, OOpAIOpPHbIE KAMHM, TPOTyapHasl TJIUT-
Ka; apKM, BOJOMPOINYCKHbIE TPYObl, 2JIEMEHTHI MOCTOB
u 1p. Jis UX 3a1IUTHI HEJIb3sI 000MTUCH 00pa30oBaHUEM
TOHKOM IJIEHKM 3alIUTHOTO MOKPBITHSI HA TOBEPXHOCTU
maTepuaia, a TpedyeTcsl IpUMeHEeHNe COCTaBOB, KOTO-
phie ObI IITYOOKO IPOHUKAJIN INIyOOKO BHYTPh MaTepuaja
W TIPEIOXPAHSIIM €r0 OT TPOHUKHOBEHUS BOIIbI MIPU €€
MOCTOSTHHOM BO3IEMCTBUU. B 3THX Cilydasix MCHoIb3y-
[OT pa3IMYHBIC CBS3YIONIME (TTOTMMEpHBIC, KPeMHMIA-
OpTraHWYEeCKIUe, XUIKOE CTEKJIO, pacIulaB Cephl U TIp.).
KaxnoMy u3 nepedyrcieHHbIX MaTEpUAIOB PUCYIIU
HenocTtaTku. Hanmpumep, opraHuyeckrue U KpeMHUI -
OpraHu4YecKMe COeIMHEHUSI, HECMOTPS Ha BBICOKYIO
3 OEKTUBHOCTH B HaUyajie cpokKa dKCIUTyaTalluH, I10-
CTEMEHHO TpeTepIieBaloT AECTPYKIIUIO U TEPSIIOT CBOU
3alIuTHBIE PyHKIUU. TakuM oOpa3oMm, B HACTOSIIIEE
BpEeMSsI OTCYTCTBYET YHUBEPCAIbHbII METOT, PUTOIHbII
JU1s1 OOECTIeYEHMST TOITOBPEMEHHOM 3aIIUThI CTPOUTEb-
HBIX MaTepUaIoOB OT MPOHUKHOBEHUS BOJbI B YCIOBMSIX
ee TTOCTOSTHHOTO MPUCYTCTBUS. OTYacTH IIpodiieMa pe-
111aeTCs MPOMUTOYHBIMU cocTaBaMU Tuta «[leHeTpoH»,
«Kcaitnekc», «'unporekc» v Apyrue, OHU NPeACTaBISIOT
€000 TMAPOU3OJIILMOHHBIN MaTepuai r1yooKoro mpo-
HUKHOBEHUS JIS1 3HAUYUTEJIbHOTO YBEJIUYEHUST BOJIO-
HEMPOHUIIAEMOCTH 1 TIPEAOTBpaIleHUST KATUJUISIPHOTO
MPOHUKHOBEHUS Bjaru yepe3 6eToH. Mx nmpuMeHeHue
MO3BOJISIET 3aAIIUTUTH OETOH OT BO3/IEHCTBHUS arpeCCUB-
HBIX Cpel: KUCIOT, CTOYHBIX M TPYHTOBBIX BOJI, MOPCKOM
Bombl. OOpabOTaHHBIN OETOH TTPUOOPETAET CTOMKOCTH
K BO3IEHCTBUIO KapOOHATOB, XJIOPUIOB, CYIb(aTOB, HU-
TpartoB u 1p. [IpruMeHeHre neHeTpoHa 1 Ip. TTO3BOJISIET
MOBBICUTH MMOKAa3aTeJIM BOJOHEIIPOHUIIAEMOCTH, TTPOY-
HOCTH, MOPO30CTOMKOCTH OeToHa. Ho ux cyliecTBeH-
HBIMU HEIOCTaTKaMU, MPENSITCTBYIOIIUMU IIUPOKO-
MY UCIIOJIb30BaHMIO Ha peIHKE PM, IBIIsSICTCS BRICOKAS
CTOUMOCTb.

B xaudecTBe cpencTBa MOJATOBPEMEHHOM 3alllUThI
CTPOUTEJILHBIX MaTepuayioB MpeajaraeTcs oopadoTka
MOBEPXHOCTEW MOPUCTHIX CTPOUTEbHBIX MaTEPUATIOB
HOBBIM cepocoaepKallnuM coctaBoM [4, 5]. Paspabo-
TaHHBIN MPOMUTOYHBIN COCTaB HA OCHOBE Cepbl 0becte-
YMBAET 3alUTy CTPOUTEIbHBIX MAaTePUAIOB OT aTMOC-
(bepHBIX BO3NCHCTBUI 1 aTPECCUBHBIX CPEIl B TCUCHUE
IJTATETLHOTO BpeMeHU. CoCTaB IpeIcTaBIIsieT COOO0M
cepocoaepXKallyo XXUIKOCTb, KOTopas 6iarogapst Hu3-
KOU BSI3KOCTU MpPU 00pabOTKe MPOHUKAET B TOPOBYIO
CTPYKTYpY MaTepuaja Ha riiyouHy 0ojee 1 cM u mpu 1mo-
CJIeIyIOIIEM BBICBIXaHUM CO3JaeT B MOpax MaTepuasa
HEpPaCcTBOPUMOE 3allIUTHOE IOKPHITHE [6].

TexHonorust 06pabOTKM 3J1€MEHTOB KOHCTPYKILIUH
W U3AEUI MPOCTa U TOCTYMHA: KaK U OOJIbILIMHCTBO
JIAKOKPACOYHBIX MaTePUaIOB, OHU HAHOCSITCS KUCThIO,

HaJIMBOM, paclblIEeHUEM, MOTPYKEHHUEM MPHU JTI00bIX
MOJIOXKUTETbHBIX TeMMepaTypax. [IpuHUMIIMaNIbHAS HO-
BU3HA Tpe1JIaraeMoro pelieHus 3aKI04aeTcs B TOM,
4YTO ruapododusalust 10CTUraeTcs MpUMeHEeHUeM Ma-
Tepuaja HeopraHU4eCKol npupoasl — cepbl. Hanuuue
cepbl B IMOpaX CTPOUTENIbHBIX MAaTepUaIOB MPUIAET UM
BOJOOTTAJIKMBAIOIIME CBOMCTBA HA IJTUTEILHOE BpEMS —
B OTJIMYME OT OpraHWYECKUX JJAKOKPACOYHBIX MaTepU-
anoB. OpUTUHAIBHOCTD MOIX0IAa 3aKJTI0UACTCSI B TOM,
YTO Ha CTaJWU MPOMUTKU UCIIOJb3YETCS PACTBOPUMOE
B BOJI€ BELLIECTBO, B COCTaBE KOTOPOTO MOJIEKYJIbI CEPbI
rnormanamT B MeJibuaiiiiine nopsl Matepuana. Ha atarme
CYIIKM 3TO BEIECTBO pacHagaeTcsl U Ha TTOBEPXHOCTU
ITop 00pa3yeTcst HepaCTBOPUMBIiA B Bozie (THIpPO(OOHEIIT)
clioit aneMeHTHOI cephl. [IpuMeHeHNe TIyOOKOI TTpo-
MUTKU MO3BOJISIET HAPsILy C TTOBBIIEHUEM MPOYHOCTHU
1 MOPO30OCTOMKOCTU, YMEHBILIEHUEM BOAOTOTJIOIIEHUS
CYLIECTBEHHO MOBBICUTb CTOMKOCTh K aTMOC(hEPHBIM
dakTopaM, XMMUYECKYIO CTOMKOCTb K KMCJIOTaM, CO-
JIEBBIM pacTBOpaM, HedTenpoaykTtaMm. MuHepaibHas
MpUpOo/IA MOKPBITUSI 0OECIIEUMBAET €ro JOJITOBEYHOCTD,
a TIpUCYIIME 2JIEMEHTHOU cepe BOAOOTTAIKUBAIOIIWE
CBONCTBA MPENOTBPALIAIOT TOCTYIT BOJIbI B TIOPHI MaTe-
puana. [ToBepxHocTtu, 06paboTaHHbIE TIpeaiaraéMblM
COCTaBOM, IPUOOPETAIOT HE TOJILKO TMAPO(POOHBIE CBOM-
CTBa, HO TaKXe U SIPKO BbIpaXKEHHbIE OaKTepULIUIHbIE
CBOWCTBA, B pe3yJbTaTe MpeloTBPaIalOTCs MPOLIECCHI
THUEHUS 1 o0pa3oBaHUs IieceHr. CocTaB He BEIMBIBA-
€TCs B YCJIOBUSIX NIMTEILHOTO KOHTAaKTa C BOIOM, (-
(deKTHUBEH B KauyeCTBEe 'PYHTOBOYHOTO COCTaBa Mepe/
00paboTKOM KpeMHUIMOPTaHNMYECKUMU KOMIO3ULIUSIMU
1 KpacKaMM Ha OCHOBE pPaCTBOPUTEIEN.

OCHOBHAA YACTD
Pe3yabTaTbl Hcce10BaHUIA

1t mumiocTpaliln BO3MOXKXHOCTEH IpemaracMo-
r0 METOMA 3aIIUTHl CTPOUTEIILHBIX MAaTePHUAIOB TIPE/I-
JIaTaroTCA CICAYIONINe SKCIIePUMEHTAIbHEBIC JaHHbIC,
IMOJTyYeHHEBIC IJI MaTepHaOB, NCIBITAHHBIX B pa3-
JINYHBIX YCIOBUSIX. TaK KaK OCHOBHBIM HaIlpaBJIeCHUEM
IIPUMEHEHUS TIPEIToIaraeTCs 3alliTa CTPOUTEIBHBIX
KOHCTPYKIMI, SKCIIYaTHPYEMBIX B YCIOBUSIX ITOCTO-
STHHOTO BO3IEMCTBHS BJIaTH, TIPUBOIUM PE3YIbTAThI UC-
CJIeIOBaHUS BIMSHUS TTPOMUTKHU 3alIMTHBIM COCTaBOM
Ha CBOIMCTBA Pa3IMYHBIX BUIOB IOPUCTHIX CTPOUTETHHBIX
MaTepHaioB.

W3 pabot [7, 8] u3BeCTHO, UTO M3 MOJUCYIbGUITHBIX
pPacTBOPOB OCAXKMAIOTCI HAHOYACTUIIBI CEPHI CPETHUM
pa3mepoM 20 HM, Ha prc. la n300paxkeHbl HAHOYACTUIIBI
cephl, HabogaeMbIe B 30HI0BOM MHUKpockorre. Kakmx
JKe pa3MEepOB YAaCTHUIIBI CEPBI OCAXKTAIOTCS Ha CTEHKAX
ITOp M KAIMMJLUISIPHBIX TPAKTOB ITOPUCTHIX MaTePHUAIOB
13 IONUCYIb(PUIHBIX pacTBOpoB? OTIpeneicHne pa3Me-
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Puc. 1. a — N300paxkeHne HAHOYACTHIL CEPbI M3 MOJMCYIL(UIHOTO PACTBOPA, MOJYYEHHOE C TIOMOIIbIO 30HI0BOTO
MHKPOCKOMNA; 0 — N300paxkKenne CKoJia 0eToHa 00pa3ia, 00padoTaHHOTO MOJNCYIb(HIHBIM PACTBOPOM;
B — H300paKkeHue HAHOYACTHIL Cepbl HA MOBEPXHOCTH CKOJIA OETOHA, MOJIyYeHHOE C IOMOMIbIO CKAHUPYIOLIETO

MYJIbTUMHKPOCKOMNA

POB YaCTUII TPOBOIWIOCH ITyTEM UCCIIEIOBAHUS CKOJIOB
00pa3I0B METKO3EPHUCTOTO OETOHA pa3MepoM 2X2x2 cM,
TIPOTIUTAHHBIX TIOJTUCYJIB(MUIHBIM PACTBOPOM B TEUCHUE
4 gacos nipu atMocchepHoM nasneHun. Ha puc.16 Bun-
HO, 9TO 00J1aCTU CKOJIOB, MMeoINe ruapohodoHOe To-
KPBITHE, UMEIOT TEMHBIN OTTEHOK 11BeTa. [1o mepumeTpy
CKOJIa 00pa3lia OTYETIAMBO BUIHA 00JIACTh, B KOTOPYIO
TIPOHUK MPOIMUTOYHBIN COCTaB U MOCJIE BBICBIXaHUS 00-
pa3oBaAJI BONOOTTAJIKUBAIOIINA CITOU.

J7151 TOro 4TOOBI MPOAHAIU3UPOBATH B TPOXOISIIEM
CBETE XapaKTep YacTUll, ObUIO PACCMOTPEHO pacmpe/e-
JieHUE TIONTUCYTL(UIHOTO PACTBOPA HA CTEKJIE TTOCIIE BhI-
ChIXaHUS. AHAJIN3 TIOBEPXHOCTHU YAaCTULL HA CTEKIIE MO
ONTUYECKUM MUKPOCKOTIOM co 100-KpaTHBIM yBemmue-
HUEM MOoKa3aJl IPUCYTCTBUE HA MOBEPXHOCTU cepu-

D:\smm2000\0anokparnas\TEMPAT497.ift
Size: [ 1.868 mkm » 1.868 mkm x 1925 nm| (256 » 256 pt]

YeCcKHUX 00pa3oBaHUi, HATTOMUHAIOIINX COBOKYITHOCTh
manieHbkux cdep (puc. 1B). CropoHa KBampata, mipen-
cTaBjieHHOTO Ha puc. 1B, paBHa 400 MmukpoH. Takum 006-
pazoMm, MOMNCYALMOUIHBIN PACTBOP IO MePE BHICHIXaHUSI
JPOOUTCS HA MHOXECTBO chep, KOTOPBIE pacTIpe/ieIeHbI
MPAKTUIEeCKN PAaBHOMEPHO TI0 TIOBEPXHOCTU. AHAJIO-
TUYHO TIPOUCXOIUT U (POPMUPOBAHKE TBEPABIX YACTHUII
U B TIopax Matepuaios. M3 nommcynshbumaHoro pactsopa,
TMPOHUKIIIETO B MeJIbUailiiime Kanuuisipbl TTOPUCTOTO
CTPOUTETIHHOTO MaTeprasia, B IPOIIECCE BhICHIXAHUSI BbI-
TIEJISTIOTCSI HAHOYACTHUIIBI CEPBI, KOTOPBIE 3aKPETUISIIOTCS
Ha IMOBEPXHOCTH TIOP U AAIOT TUAPOhOOHBII 3 DexT.
C MOMOIIIbI0 CKAHUPYIOIETO MYJTbTUMUKPOCKOTIA
TMOCTpOeHA 3-X MepHasi MOJIeJIb U YCTAHOBJICHO, YTO
B pe3yibTare 00pabOoTKM MOPUCTOTO MaTepuaia Ha To-

):\smm2000\TEMPA1576.ift

Size: [ 1.868 mkm x 1.868 mkm x 190.8 nm] (256 x 256 pt)
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Pexum nponuTku o6pasLios

Puc. 3. Bausinue pexuMa nponuTKA PACTBOPOM
MOJHMCYIb()H/IA KAIBIMS HA BOJAOMOTIONIEHNE TI0 Macce
(WM) 00pa3noB KepaMHIeCKOro Kupnmda: 1 — HeXoaHblii
(HenmpoNMTAHHDIIT); 2 — MPONUTAHHBIN PACTBOPOM
mwioTHoCcThIO 1,18 r/cM3; 3 — mponuTaHHBIA PACTBOPOM
IIOTHOCTBIO 1,25 r/cM3; 4 — NPONUTAHHBINA KHCTHIO

3a TPH MPOX0J1a PACTBOPOM IJIOTHOCTHIO 1,18 r/cm?;

5 — nponuTaHHBI KUCTHIO 32 TPH MPOXOJA PACTBOPOM
WIoTHOCTHIO 1,25 r/cm3

BEpXHOCTH IOP W KaMJUTIIPHBIX TPAKTOB MaTepraja 00-
pasyeTcs IMTOKPHITHE U3 HAHOYACTHUII CEPHI (TIOTIepeIHBII
pasmep — 20—150 uM, BeicoTa — 2—10 HM) (pHC. 2B),
KOTOpOE TIPEISITCTBYeT IPOHNKHOBCHUIO BOABI. DT
OJIAIIKY M3 HAHOYACTHII CEPBI OTUYCTIMBO BUIHBI Ha O0b-
€MHOM M300pakeHNH CKOJIa OETOHA, TTOIyIYeHHOTO C I0-
MOIIBIO CKAHUPYIOIIETO MYJIBTUMUKPOCKOITA (prc.2a).

Ha puc. 3 nmpuBeneHa 3aBUCUMOCTh BOTOIIOTJIONIC-
HUS 10 Macce (WM) KepaMIIeCKOTO KUPIIYa OT PeXKu-
Ma IIPONUTKU 00pa3iioB. OOBYHO BOMOIIOTIOMICHME
0 Macce HeIPONUTAHHOTO KepaMUIeCKOTr0 KHMPITH-
ya cocrapisieT 14—16%. O6pasell, mpeacTaBIeHHbIIA
Ha puc. 3, UMeeT 3HayeHue w paBHoe 15,4%. Boao-
TOTJIONIeHNe 00pa3iia KepaMUIeCcKOTo KUPITNJa, IIpo-
MUTAaHHOTO PAacTBOPOM ITOJMCYIb(GHAA TUNIOTHOCTHIO
1,18 r/cMm?, paBeH 5,4%, Takum 00pa3oM, 3HAYEHUE 3TO-
To TTapaMeTpa YMeHBIIMIIOCH B 2,82 pa3a. B pe3ynbrarte
MPOMUTKUA PACTBOPOM ILUIOTHOCTHIO 1,25 r/cm? Bogo-
MomIoLIeHne 00pa3la CHU3UIOCH 10 3HadyeHus 4,5%,
TO €CTh YMCHBIIIIIOCH B 3,5 pa3a.

3HAUNTEIIPHO CHU3UTH BOIOITOTJIONICHIE 00pa3IioB
TO3BOJISIET HAHECEHE pacTBOpa KUCThIO. [1pn mcmosb-
30BaHUU TSI 00PaOOTKM TpaHell pacCTBOPOB ITIOTHOCTHIO
1,18 r/cm3 1 1,25 r/cm? BoporioronieHe 06pa3LoB co-
ctaBuio 4,5% u 4,2% cOOTBETCTBEHHO.

Pe3ynbTaThl MCTIBITAHUNA IS 0Opa3IloB KepaMu-
YeCKOT0o KHPIHUYa, IPOIMUTAHHBIX MOJIUCYIbL(MUIHBIM
pacTBOPOM, ITOKA3HIBAIOT, UTO ITPOIMTKA ITOJTHBIM

12 o
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Puc. 4. Bausnne pexuMa nponuTKH PACTBOPOM TO-
Jucyabhuaa KaJbius HA BOJONOIJIONIEHHE 0 Macce
(WM) 00pa3noB MeJIKO3ePHICTOr0 IIEMEHTHOTO OeToHA:

1 — BojOMOIJIONIEHHE HEMPONMTAHHOTO 00pa3na; 2 — Bo-
JIOTIOTJIONIeHre 00pa3na, NPONUTAHHOTO MOrPyKeHneM
Ha 1 9ac; 3 — BogonorJIoNmenue 00pasna, NPOMUTAHHOTO
norpykenuem Ha 4 yaca; 4 — BOJONOIJIONIEHNe 00pa3ua,
MPONUTAHHOTO MOTPyKeHneM Ha 24 Jaca; 5 — nponuTka
B BaKyymMme B Tedenne (0,5 yaca; 5 — mponmuTKa B BaKyyme
B Teyenue 4 4acoB

ITOTPYKEHUEM XOPOIIIO 3alIHUINACT CTCHOBOE M3IEIIHE
OT TIPOHUKHOBEHUS BOABI. D(PGHEKTUBHOCTD 3aIIUThI
3aBHCUT OT TUIOTHOCTHU pacTBopa. Crrocod HaHECEeHUS
pacTBOpa KMCTHIO TAKXKe TO3BOJIICT 3 (HEKTUBHO 3a-
IIUIIATh CTEHBI U3 KePaMHIECKOr0o KUPIUYa OT IIPO-
HUKHOBCHHUS BOJIBL.

PaccMoTprM BO3MOXHOCTH METOMA 3aIIMTHI KOH-
CTPYKUWI TTOMUCYIb(MUIHBIMI pacTBOpaMH Ha 00pa3-
IIaX MEJIKO3epHHUCTOr0 OETOHA C MCXOMHBIM BOIIOIIO-
rionieHueM 1o macce 12,4%. Ha puc. 4 npuBeneHsl
MaHHBIC UCTIBITAHUI IJIT 00pa3oB MEIKO3ePHUCTOTO
0cToHA, TTOJIYIeHHBIC TIPU Pa3IMIHBIX peXKMMax oopa-
0otku. B 3TOM cityuae mpornuTka B TeueHue 1 yaca obe-
CIICYMBACT CYIICCTBEHHOE CHIKCHIE BOIOITOTIIOIICHIUS
co 3HaueHus 12,4% no 6,43%, o6paboTKa B TeUEHUE
4 yacoB CHIKAET BOOOMOIIOLIEHUE 10 3HaueHus1 4,6%.
[IporuTKa B TeUeHME 24 9aCcOB ITO3BOJISICT CHU3UTH BOMIO-
romtoieHue 10 1,4%, 9To SIBISIETCS] XOPOILUM Pe3yJIbTa-
TOM, TaK KaK COOTBETCTBYET YPOBHIO BOIOTIOTIOIICHUS
TSDKEJIOro OeTOHa.

JanpHeliniee CHIDKCHNE BOIOITOTIOIICHMS MOX-
HO 00eCIeUYnTh MIPU IIPOIMTKE 00pa3IoB MO BaKy-
YMOM, B 3TOM cllyJae IIpomnnuTKa B TeueHue 0,5 yaca
obecrneynBaeT CHIDKEHNE BOIOIOIIONMICHIS 00pasiia
10 0,75%, a BbIIEpXKKa IO BAKYYMOM B TeueHue 4 ya-
coB — 110 0,25%. JlanHble, IpuBeAeHHbIE Ha puc.4, Io-
Ka3BIBAaIOT, YTO 00pabOTKa MEIKO3EPHUCTOIO OETOHA
IIPOITUTOYHEIM COCTABOM ITO3BOJISICT CHU3UTH €TO BOIO-
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Tabauya

IIpounocTs Ha c:KaTHE OETOHHBIX TPOTYAPHBIX IUVIUTOK, MPONUTAHHBIX PACTBOPOM MOIUCY.Ib(UIA KATBIHS

ILuTel OeTOHHBIE TPOTYapHbIe «BoaHa»
HaumeHnoBanue Heo0padoTanHblii
oKasaTeleii obpasen IUIOTHOCTh PACTBOPA | ILIOTHOCTb PACTBOPA | IVIOTHOCTH PACTBOPA
1,1 r/cm? 1,23 r/cm? 1,28 r/cm?
Howmep cepuu miutok 1 2 3 4
ITpoyHOCTHL OE€TOHA TIJIUT
Ha cxkartue, Krc/cMm? 465 478 496 482
(F'OCT 10180-2012)

TIOTJIOLIECHME IO YPOBHS, COOTBETCTBYIOIIETO TSKEJIOMY
OCTOHY, YTO IPUBOIUT K ITOBBIIIICHUIO MOPO30CTOM -
KOCTH, BOIOHECTIPOHUIIAEMOCTH U TOJTOBCYHOCTH U3-
IeNiA 1 KOHCTPYKIINI U3 MEJIKO3epHUCTOrO OEeTOHA
¥ TI03BOJISIET PACIIMPUTH 00JIaCTh €ro MCIIOJIb30BaHUS
TIPY U3TOTOBJICHUN TOPOXKHBIX M3ICTNI 1 KOHCTPYKIIHIA,
a Takke (pacagHBIX CTCHOBBIX OOJIMITOBOYHBIX M3HCIIHIA.

Pe3ynpraTsl 5KCIIEpUMEHTOB IO MCCIICAOBAHUIO BIIH-
STHUSI TIPOTIMTKHY TTOJIACYTH(UIHBIM PACTBOPOM Ha TIPOY-
HOCTb Ha CXXaTWe HATYPHBIX M3IEIWN (TNTUTKU OCTOH-
Hble TPOTyapHble TUMa «BojiHa») mpuBeaeHbI B Tabl.
HcnbiTanus poBoauianchk npu temiepatype 20°C,
aTMoc(epHOM TaBJICHUHU, IIPOIMTKA IIUIach 4 Jaca.
CpenHsist IPOYHOCTD MePBOii cepuu (6 00pa3LoB) He-
TIPOITMTAaHHBIX OETOHHBIX IJTUTOK Ha CXXaTHe COCTaBUIIA
465 xrc/cm?. O6paboTKa IIMTOK cepuu Ne 2 pacTBOpOM
IUIOTHOCTBIO 1,1 r/cM® IpUBOAUT K BO3PACTAHMIO IIPOY-
Hoctu 10 478 kr/cm?. O6paboTka 06pa3LoB cepun Ne 3
PacTBOPOM ILUIOTHOCTBIO 1,23 r/cM? obecrieunsia MoBbI-
LIEHKE IIPOYHOCTU 10 3HaYeHuit 496 kr/cm?. JlanbHeit-
IIee yBeJIWYeHNE TUIOTHOCTH TIPOIMMTOYHOTO pacTBOpa
He IIeiecoo0pa3Ho, TaK KaK He IMPUBOAUT K TTOBHIIIC-
HUIO IIPOYHOCTU OeTOHHOTO M3nmenus (cepust Ne 4), n3-
3a BBICOKOM IUIOTHOCTU pacTBOpa, paBHoM 1,28 r/cm?,
MIPUBOIUT K YBEIMUCHHIO BI3KOCTH pPacTBOpa, U OH
He TIPOHUKACT B caMble MEJIKIE KalUJIJISIPEI OeTOHA,
YTO B KOHCYHOM MTOTE IIPUBOIUT K CHIDKCHUIO TTPOI-
HocTu. Takum o0pa3om, IIPONUTKa OETOHA paCTBOPOM
IUIOTHOCTBIO 1,23 r/cM® NPUBOIUT K YIUIOTHEHUIO €TI0
CTPYKTYPBI, UTO TIPOSIBIISICTCS B TTIOBBIIIICHU TIPOYHOCTH
Ha cxkaTure OETOHHBIX IUTMTOK Ha 3—7%.

3AKTIOYEHUE

Ha ocHOBaHUM NMpUBEAECHHBIX PE3YIBTATOB MOXHO
cIenaTh CIeyIONIe BEIBOJIBI:

1.

[Tpu mpoNUTKE MOPUCTHIX CTPOUTECITLHBIX MAaTEPH-
aJIOB TIOJIMCYIb(MUIHBIMUA PACTBOPAMHU CO3IAI0T-
Cs YCIIOBUS MX IIPOHNKHOBEHMS B CaMBle TOHKHE
KaIMJIJISIPBl M OCaXKICHUST KPUCTAILUIN3YIOIIAXCS
YaCcTUI] Ha TTOBEPXHOCTH ITOP B BUAC HAHOYACTHII
cephl, TeM cCaMbIM O0ecIieunBaeTcs: ruapoOoOHbII
3 dexrT;

IMpemnoxKeHHBI METOI 3aIIUTHl CTPOUTEIBHBIX
MaTepHaJIOB SIBISICTCS YHUBEPCAIBHBIM, MOXET
OBITH MCITOJIF30BaH JUISI OCTOHHBIX M3ICINI M KOH-
CTPYKIIM, KepaMUIECKOTO KMPpIHNYa, Ta300eTO-
Ha U APYTUX MOPHUCTBHIX MaTepraroB, 06padoTKa
MOXKET OBITH OCYIIECTBJICHA C TTOMOIIBIO KHUCTH,
IMOTPYKEHUEM, pacIbUICHUEM IIPU KOMHATHOM
TeMIIepaType aHAJOTUYHO TEXHOJOTUM IIPUMEHE -
HUS IPYTUX JAKOKPACOYHbBIX MaTepUaJIOB, YPOBEHb
3aIIUTHl MOXET PEeryJIMpPOBAThCS IIUTEILHOCTHIO
IIPOTIUTKY W KOJIMIECTBOM ITOBTOPEHUIA TIpoliecca
obpabotkm [9—11].

[IpakTryecKoe 3HaAUCHME TIpenjiaraeMoOro MeToaa
3aIIATHI OCTOHHBIX 1 3KeJIe300€TOHHBIX KOHCTPYK-
WA ¥ U3OCINIA, TTOABEPTAIOIINXCS IIPSIMOMY BO3-
IEWCTBHUIO TTON3EMHBIX BOII, 3aKJTI0OYACTCSI B TOM, UTO
MOXKHO TOOUTHCST BOIOTIOTJIOIICHMS TI0 Macce OeTOHA
B npeneiax 1—3 % u MapKu 110 BOAOHEIIPOHULIAEMO-
ct W8-WI10, 1py KOTOpBIX Boma IepecTacT (pHib-
TPOBAaThHCS Yepe3 OETOHHYIO TTIOBEPXHOCTb.
PaccMoTpeHHBII B JTaHHOI CTaThe METO TTePCIICK-
TUBEH IS 3aIIATHI BHEIITHUX TTOBEPXHOCTEI KITAIKH
dacanos 3maHMIT U3 TFOOBIX MEJTKOIITYIHBIX CTCHO-
BBIX M3MENINI, a TAKXKE CTCHOBBIX M JTOPOKHBIX 13-
nenuii u3 6eroHa. Kpome Toro, MeTom MOXeT ObITh
HCTIOTB30BaH IJIST IIOAIE PIKAHMS SKCILTYyaTallMOHHOM
HaIEeXXHOCTH HAPYKHBIX CTCH 1 (DYHIAMEHTOB CY-
IIECTBYIOIINX 3MaHUI W COOPYKEHMI, TPEOYIOIITNX
KaITMTaJIbHOTO PEMOHTA.
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Abstract: A brief review of patents is given. The research performed by scientists, engineers and specialists in the area of
nanotechnologies and nanomaterials resulted in increased efficiency of construction, housing sector and adjacent fields of economy.
For example, the invention «Construction structural element» refers to the field of construction. The building element is made of
a cured mixture containing the following components, wt. %: dispersed foamglass — 60-85; 25-30% alumina solution in phosphoric
acid — 13-34; basalt microfiber - 2-6; fulleroid type carbon toroid-like nanoparticles (fractions from 15 to 150 nm) — 0.009-0005.
The dispersed foamglass is made in the form of foamed glass beads, on the surface of which a layer of polyparaxilylene 2-5 microns
thick is applied. The mixture is cured at a temperature of 160-180°C. The technical result is increased strength, toughness, crack
resistance and durability at low density, that is important when building objects, for example, to create internal walls and cellular
partitions in rooms.

The specialists can also be interested in the following inventions in the area of nanotechnologies: composite reinforcement,
a method of manufacturing composite powder material from alumina carbon nanotubes; the method of plasma deposition of
nanostructured heat-shielding coating; the method of degassing tungsten nanopowder; method to produce mixtures of highly
dispersed heterophase powders based on boron carbide, etc.
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N306peTeHns B 0611aCTN HAHOTEXHONOINNA,
HanpaBJieHHbIe Ha pelleHne NPaKTUYecKnx sagav.
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BuLe-npe3ngeHT, MexayHapoaHasa UHKeHepHaa akagemus,
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Mpokonbes MéTp CepreeBny,
CTyAeHT daKynbTeTa MexayHapoHbIX SKOHOMUYECKNX OTHOLWeHWI DUHAHCOBOro YyHUBEpCUTETa
npw MpaBuTenbcTBe Poccuiickon ®epepaunu, prokopiev2012@gmail.com

Pe3stome: B pedepatriBHOI popme NpoBoanTCs 0630p 1306peTeHUIA. Pe3ynbTaThl TBOPUYECKO AEATENIBHOCTY YUEHbBIX, UHXXEHEPOB
1 CNeunanuncToB, B T.u. U N3006peTeHnst B 06N1aCTVi HAHOTEXHOMOTUI U HAHOMATEPWASIOB, MO3BOJIAIOT B CTPOUTENIbCTBE, XUULLHO-
KOMMYHa/IbHOM X035I/ICTBE, CMEXHbIX OTPAC/IAX SKOHOMUKM AOOUTLCA 3HAUMUTENbHOro 3¢ dekTa. Hanpumep, nsobpeteHue «Ctpou-
TeNbHbI KOHCTPYKLUOHHbBIV 3NIEMEHT» OTHOCUTCA K 06N1acTh CTpouTenbcTBa. CTPOUTENbHbIV 3NIEMEHT BbIMOIHEH U3 OTBEPXKAEHHOM
cMecu, copepKallen cefytolie KOMNOHeHTbI, Mac. %: agucnepcHoe neHocTekno — 60-85; 25-30%-HbI pacTBOP OKCUAA antoMUHKA
B opTodochopHoi Kncnote — 13-34; 6azansToBas MUKpoPrbpa — 2-6; yrnepogHblie TOponofobHble HaHoUYaCTULbI GynnepongHoro
Trna (dpakumm ot 15 go 150 Hm) — 0,009-0005. iucnepcHoe NeHOCTEKIO BbIMOIHEHO B BUAE BCMEHEHHBIX CTEKITOLAPUKOB, Ha No-
BEPXHOCTb KOTOPbIX HAHECEH CNION NoniMnapakcunmnieHa TonwmnHom 2-5 mkm. OTBepXeHre cMecy MPon3BOAAT NpU Temnepartype
160-180°C. TexHMYECKMI pe3ynbTaT 3aKNioYaeTca B MOBbILWEHUN MPOYHOCTH, YAAPHOW BA3KOCTH, TPELMHOCTOMKOCTA U [ONro-
BEUYHOCTVM NP MAJION NIOTHOCTY N3AefNIA, YTO BaXKHO NPV CTPOUTENBCTBE OOBEKTOB, HANPUMED, AJ1A CO3AaHNsA BHYTPEHHWX CTeH
1 COTOBbIX MePeropofoK B NoOMeLLeHnAX.

TakXe NpeacTaBnAoT HTEPEC AN CNeuranncToB celylire n3o00peTeHrs B 0651acT HAHOTEXHONIOMUIA: apMaTypa KOMMOo-
3UTHas; CNocob M3roTOBNEHUSI KOMMO3MTHOTO MOPOLIKOBOrO MaTepuana 13 antoMOOKCUAHBIX YIepoHbIX HAHOTPYOOK; cnocob
Na3MeHHOro HAHECEHUSI HAHOCTPYKTYPUPOBAHHOIO TEMI03aLUMTHOTO NOKPLITYSA; CMOCO6 Aerasaumm HaHOMOPOLKa Bosibdpama;
CMocob nonyyeHna cMeceii BbICOKOAMCMEPCHbIX reTepodasHbIX MOPOLLKOB Ha OCHOBe Kapbuga 6opa u ap.

Knioyeesle ciosa: HaHOTEXHONOTN B CTpOUTENDbCTBE, yrnepoaHbie HaHOpr6KVI, HAHOKOMIMO3UTHbIN MaTepuain, HaHo4YacCTuubl,
HaHOCTPYKTYPMPOBAHHOE NMOKPbITUE, HAHO- N MUKPOYaCTULbl, HAHOKPUCTaJUTNYECKOE NOKPbITUE.
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INTRODUCTION

The practical application of the results achieved by
scientists, engineers and specialists can become efficient
tool to increase number of import-substituting goods and
to rise labor productivity. An invention is known to be
a new, with distinctive characteristics technical solution
with proved efficiency (new technologies, structures or
new substances). The paper reviews the essence, technical
result and practical value of some inventions concerning
nanotechnologies.

MAIN PART
Construction structural element (RU 2683836 C1)

The problem solved through the invention is the cre-
ation of a building structural element of arbitrary shape
with enhanced performance characteristics, in particular,
with increased strength, toughness, crack resistance and
durability with relatively low specific density, which is
important, for example, to create internal walls and cel-
lular partitions [1].

The problem is solved, and the required technical re-
sult is achieved by the fact that the construction structural
element is made of cured mixture with dispersed foam
glass. According to the invention, the mixture contains
additional components that are mixed with dispersed
foam glass before curing as part of a concentrated solution
of aluminum oxide in phosphoric acid, basalt microfiber
and carbon toropodobny nanoparticles with the following
mass ratio. %:

— dispersed foamglass — 60—85;

— 25-30% alumina solution in phosphoric acid — 13—34;

— basalt microfiber (fraction 80-600 microns) — 2—6;

— carbon toropodobnye nanoparticles of the fulleroid
type (fraction from 15 to 150 nm) — 0.009—0,0005.

The mixture is cured at a temperature of 140—180°C,
and before mixing additional components with dispersed
foam glass made in the form of foamed glass beads, a
layer of 2—5 microns of a chemically resistant polymer
(polyparaxilylene) which thick is 2—5 microns is applied
to them from the gas phase.

Composite reinforcement (RU 2684271 C1)

The invention provides an effective consumption of
nanocomposite in dependence on the diameter of the
produced reinforcement, thus providing the possibility of
obtaining reinforcement with a modulus of elasticity of
the order of Ep = 200000 MPa with reduced consumption
of nanomaterial [2].

The composite reinforcement contains a carrier core
of basalt or glass roving and high modulus fibers impreg-

nated with a binder that consists of epoxy resin, hardener,
plasticizer with the addition of carbon nanocomposite
containing multilayer carbon nanotubes in an amount of
at least 45—50% of its mass formed by pyrolysis sphagnum
brown with mechanical activation of pyrolysis products
for at least 8 hours. The content of carbon nanocom-
posite in% of the volume of epoxy resin depends on the
diameter of the supporting rod. When the diameter of
the supporting rod is 6 mm, the content of the carbon
nanocomposite is 0.3—0.4%; when the diameter of the
supporting rod is 8§ mm, the content of the carbon nano-
composite is 0.4—0.5%; when the diameter of the support-
ing rod is 10 mm, the content of carbon nanocomposite
is 0, 5—0.6%, when the diameter of the supporting rod
is 12 mm, the content of the carbon nanocomposite is
0.6—0.7%, and when the diameter of the supporting rod
is 14 mm, the content of the carbon nanocomposite is
0.7—0.8%, when the diameter of the supporting rod is
16 mm content of carbon nanocomposite is 0.8—0.9%:;
moreover, when the diameter of the supporting rod is
equal to and greater than 20 mm, the content of the car-
bon nanocomposite is 1.00%.

A method of manufacturing composite powder material
from alumina carbon nanotubes (RU 2683323 C1)

The purpose of the invention is to provide a meth-
od of manufacturing composite powdered material in
the form of alumina carbon tubes. In the course of the
method a carbon nanotube is placed on the surface of
a ceramic alumina powder. That results in generating
nickel, iron, cobalt and other metallic nanoparticles
(catalysts) on the surface of an alumina ceramic pow-
der by splitting the organometallic precursor. Due to
this carbon in the organometallic precursor and carbon
carbon gases, for example, methane, is cleaved and cata-
lyzed to generate a carbon nanotube, and the length,
diameter, and microstructure of the carbon nanotube
are controlled by changing several factors, including
the feed volume, the speed of rotation, and the reaction
temperature, which shortens the production period and
reduces costs, because the subsequent stage of the car-
bon nanotube production is lowered, and also improves
the dispersion uniformity and efficiency of the carbon
nanotube [3].

Moreover, since the carbon nanotube has the char-
acteristics of a one-dimensional nanostructure, the
ratio of length to diameter is large. At the same time,
due to the large van der Waals force and a large specific
area between carbon nanotubes, such a tube can eas-
ily exist as a complex filler. The method of obtaining
and distributing carbon nanotubes in alumina powder
can be a key factor in achieving high performance of
a carbon nanotube.
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The method of plasma application of nanostructured
heat-shielding coating (RU 2683177 C)

The invention relates to a method for the plasma ap-
plication of nanostructured heat shield [4]. At first a coni-
cal nozzle is installed on the section of the supersonic
plasma torch nozzle, the inner surface of which forms
a fracture with the inner surface of the nozzle, which al-
lows the plasma pressure with the sprayed substance in the
wall part of the nozzle to be set equal to the pressure in
the vacuum chamber after the fracture. The plasma torch
and the substrate is installed in the chamber with reduced
pressure. A dynamic vacuum is maintained in the cham-
ber, the plasma-forming gas and powder of the sprayed
substance are fed into the plasma torch and the substance
is sprayed with a supersonic plasma flow with the forma-
tion of molten particles of micron level and vapor phase
of the sprayed substance. Then, nanoparticles formed in
the wall part of the nozzle and particles of micron level
of the sprayed substance are deposited onto the substrate.
The substrate is moved in such a way that the layers of
nanoparticles and particles of micron level of the sprayed
substance overlap each other.

The technical result achieved by the claimed method
consists in simultaneously increasing the adhesive and
cohesive strength of the coating, increasing its heat re-
sistance when using the entire sprayed material falling on
the substrate in the form of particles of micron level and
in the form of nanoparticles.

The method of forming multilayer coating on particles
and device for its implementation (RU 2683115 C1)

The group of inventions relates to the field of chem-
istry, in particular to equipment for chemical or physical
laboratories and the method of their use, and can be used
to form multi-layer composite coatings on submicro- or
microparticles by the layer-by-layer adsorption method
[15]. The method of forming a multilayer coating on par-
ticles consists of following stages: alternate application
of layers of nanomaterial on submicro or microparticles,
washing the particles after each layer is applied in the
working module, which has two channels separated by
a filtration membrane, by supplying a stream of parti-
cles with a deposited layer of nanomaterial to one of the
channels and flushing fluid — to another channel. The
first application is carried out by feeding into one of the
channels of the nanomaterial, and in the other — the flow
of submicro- or microparticles. Each subsequent applica-
tion after washing is carried out by feeding submicro- or
microparticles with a deposited layer of nanomaterial into
one of the channels, and a flow of nanomaterial into the
other channel. The application and washing is carried out
at the same pressure and speed. The streams of particles
and nanomaterial are fed parallel to the surface of the fil-

tration membrane, which is permeable for the molecules
of the nanomaterial and impermeable for submicro or
microparticles.

The technical result of these inventions is increased
efficiency of the process of forming multilayer coating on
particles by the method of layer-by-layer adsorption due
to the implementation of the flow-through deposition
process while expanding the spectrum of nanomaterials
used and preserving automation.

The method of obtaining mixtures of highly dis-
persed heterophase powders based on boron carbide
(RU 2683107 C1)

The invention relates to ceramic technology and
powder metallurgy and is intended to produce highly
dispersed heterophase powder compositions that can be
used for the production of ceramic armor elements and
materials operating under conditions of abrasive wear,
products used in mechanical engineering, energy and
chemical technologies in aerospace engineering. The
required powders are obtained by reducing a mixture
of oxides of boron, silicon and/or d-metal with highly
dispersed carbon (soot) in a vacuum or in a protective
gaseous medium at temperatures of 1500—1800°C. Pow-
ders of boric acid, boric anhydride, silicon oxide, and
transition d-metal oxide of the secondary group IV—VI
of the Periodic Table of the Elements [6] can be used as
basic substances.

To ensure uniform distribution of components and
high dispersion of mixtures, the initial oxygen-containing
substances are pre-homogenized by melting them together
in air with the subsequent formation of precursors in the
glass-crystalline state containing oxide components nec-
essary for the synthesis, which are uniformly distributed
at the atomic-ionic level directly in the glass-ceramic
precursor. This homogenization prevents the formation
of agglomerates of particles of one of the components
by shielding the particles of the synthesized components
from each other, which increases the diffusion path of
the atoms and complicates the process of secondary re-
crystallization, which results in highly dispersed synthesis
products.

The method of obtaining composite lithium orthovana-
date / carbon (RU 2683094 C1)

The invention relates to a method for producing
composites in a finely dispersed state, in particular, the
lithium orthovanadate / carbon Li3VO4 / C compos-
ite, which can be used as an effective anode material
of chemical current sources [7]. The research problem
is solved in the proposed method of obtaining a com-
posite lithium orthovanadate / carbon composition
Li3VO4/C, including hydrothermal treatment of the re-
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action mixture containing vanadium compound, lithium
compound and glucose, followed by filtration, washing,
drying and annealing in an inert atmosphere, in which
ammonium metavanadate is used in vanadium, lithium
hydroxide monohydrate is used as a lithium compound,
and the molar ratio of the components of ammonium
metavanadate: monohydrate is lithium hydroxide: glu-
cose is 1:3:0.5+2, and the hydrothermal treatment is
carried out with microwave radiation of 17—19 W with
constant stirring at a speed of 100—300 rpm at a tem-
perature of 160—220°C and a pressure of 10—15 bar for
5—20 min, and the annealing is carried out at a tempera-
ture of 500—650°C for 1—2 hours.

Conditions of microwave processing with continuous
stirring promotes the homogenization of the final product.
This approach to the implementation of the process of
obtaining a composite Li3VO4 / C ensures the reliability
of the uniform distribution of the carbon component of
the composite. Homogeneous dispersion of carbon in the
composite prevents aggregation of the particles of the final
product, which ultimately increases the stability of various
devices made on the basis of the lithium orthovanadate /
carbon composite as a material.

Low-temperature plastic lubricant (RU 2682881 C1)

The invention relates to the creation of low-temper-
ature lubricant, which can be used in mechanisms for
various purposes, operating at temperatures from mi-
nus 60°C. Essence: low-temperature lubricant contains,
mass %: thickener 11.0—15.0, antioxidant amine and /
or phenolic type 0.3—0.5, nanostructured functional
additive — nanosized particles of halloysite or mont-
morillonite 0.5—5.0, an additive with anti-wear and /
or anti-scuff properties of 0.0—3.0, a corrosion inhibitor
0.0—2.0, base oil — the rest, up to 100. Moreover, when
forming a lubricant, the specified nanostructured func-
tional additive is used as a pre-mechanically dispersed
in base oil, and after mixing with the other components
is thermomechanically dispersed in a mixture of these
components [8].

If necessary, calculated amounts of additives (anti-
wear and / or extreme pressure, corrosion inhibitor) are
added to the cooled lubricant, and then they are subjected
to mechanical processing (in particular, homogeniza-
tion, filtration, deaeration). Thus, the nanostructured
functional additive is thermomechanically dispersed in
the mixture of these components. It is assumed that the
introduction of nanoscale particles into the composition
prior to the stage of thermomechanical dispersion has
a significant influence on the formation of the dispersed
phase due to their incorporation into the structural frame-
work of the thickener used. This process of modifying the
structural frame has a positive effect on the tribological
characteristics of the lubricant.

Effective spin-photon interaction when using a wave-
guide symmetric in the glide plane (RU 2682559 C2)

The group of inventions relates to optical devices con-
taining a waveguide for reading quantum emitters. The
optical device contains a planar waveguide and a quantum
emitter. The planar waveguide comprises a longitudinally
extending guide region with a first side and a second side.
The first nanostructure is located on the first side of the
guide region. The second nanostructure is located on
the second side of the guide region. A planar waveguide
includes a longitudinal region, where the first nanostruc-
ture and the second nanostructure are located essentially
symmetrically in the slip plane relative to the guide region
of the planar waveguide [9].

The quantum emitter is connected with the first lon-
gitudinal region of the planar waveguide. The quantum
emitter is embedded in the guide region of the planar
waveguide so that the emitter is a single photon emitter
and emits photons in a circularly polarized mode. The
longitudinal region of the planar waveguide supports the
modes when the electric fields are circularly polarized in
the plane of the planar waveguide in the position of the
quantum emitter. Thus, photons from a single photon
emitter are effectively introduced into a planar waveguide.
The technical result consists in obtaining a waveguide,
which ensures efficient reading of quantum emitters on a
crystal, having dipole moments of transitions with circular
polarization.

Method of degassing tungsten nanopowder (RU
2681962 C1)

The invention relates to the field of powder metallurgy,
in particular to the purification of tungsten nanopowder.
It can be used to remove sorbed gases and water from the
surface and from the volume of the powder during its
preparation for further use in the process. The degassing
is carried out by irradiating the sample with microwave
radiation in an atmosphere of air with pulses of duration
from 5 to 3000 ns, a wavelength of 10 cm, a pulse repeti-
tion rate of not more than 50 Hz for at least 1 minute.
The degassing of chemical compounds absorbed by the
powder is provided [10].

The proposed method allows solving the technical
problem of degassing molecules of chemical compounds
sorbed by tungsten nanopowder (H,0, CO,, O,, etc.), as
well as in the prototype, involves irradiating the sample
with electromagnetic radiation to ensure desorption of
sorbed chemical compounds.

The method provides degassing of tungsten nanopow-
der by desorption of 4.2 wt.% of chemical compounds
contained in the untreated tungsten nanopowder due to
rapid short-term heating of tungsten nanoparticles by
pulsed microwave radiation.
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These are inventions in nanotechnological area that can
be interesting for specialists:

* A method to produce nanoporous polymers [11].

» Technology for recycling valuable components of mu-
nicipal solid waste [12].

*  Wastewater treatment from heavy metal ions using
nanoactivated complexes of natural zeolite and diato-
mite [13].

* Detonation nanodiamond surface functionalization
method [14].

» Heat-shielding nanocomposite coating and method
of its formation [15].

* A method to introduce single-wall and/or two-wall
and/or multi-wall carbon nanotubes in composition
of adhesive additives for asphalt coating and applica-
tion of single-wall and/or two-wall and/or multi-wall
carbon nanotubes in composition of adhesive additives
[16].

* Natural gas storage method using adsorption in in-
dustrial gas cylinders [17].

* Method for the production of rubber ionomers and
polymer nanocomposites [18].

BBEJEHUE

B coBpeMEHHBIX YCITOBHSIX MCITOJIb30BaHME N300pe-
TEHUI YYEHBIX, UHXKEHEPOB U CIIELIMATUCTOB MOXET CIO-
co0CTBOBaTh 3(PHEKTUBHOMY PEIICHUIO 33124 MMITOPTO-
3aMEIeHUS 1 TIOBBIIICHUS IIPOM3BOAUTEIIEHOCTH TPYIA.
Kaxk n3BectHO, 1300peTeHNEe — 3TO HOBOE, 00JIamarolee
CYLIECTBEHHBIMU OTJIUYMSIMU PELICHUE TEXHUYECKON
3a7a4n, 00eCIICUYNBAOIIEEe TTOJIOKUTEIBHBIN 3DdeKT
(HOBBIC TEXHOJIOTUU, KOHCTPYKIIMH, HOBBIC BEIIICCTBA).
B cTaTbe paccMOTpeHBI CYIITHOCTD, TEXHUICCKHIA pe-
3yJIbTaT, IIPAKTHIECKass 3HAYMMOCTb HEKOTOPBIX M30-
OpeTeHUt, OTHOCSIIMXCS K 00J1aCTM HAHOTEXHOJIOTUM.

OCHOBHAA YACTb

CrpourebHblii KOHCTPYKIHOHHBIHA d1emMeHT (RU
2683836 C1)

3amadeii, perraeMoit B U300peTeHUH, SIBJISIETCSI CO3-
IaHWE CTPOUTEIILHOTO KOHCTPYKIIMOHHOTO 3JIEMEHTA
TIPOM3BOIBLHON (POPMEI C TTOBBIIIEHHBIMU SKCILTyaTa-
IMOHHBIMU XapaKTePUCTUKAMU, B YJACTHOCTH, C TTOBBI-
IIEHHOU MTPOYHOCTHIO, YIAPHOU BSI3KOCTBIO, TPEIIH-
HOCTOMKOCTBIO 1 JOJTOBEYHOCTBIO IIPH OTHOCUTEIIHHO
MaJIoit yIeJdbHOU IJIOTHOCTH, YTO BaXXHO, HAIIPUMED,

* Device and method for production of powder materi-
als based on nano- and microparticles through electric
explosion of wire [19].

Energy-saving technologies in the power supply of
smart buildings with artificial intelligence [20].

* New regional models of economic development [21].
+ Integration processes in energy markets [22].

CONCLUSION

It is known that it is popularization and introduction
of inventions that is an important factor for the success of
many successful companies. For example, General Elec-
tric, which entered world history as one of the most innova-
tive companies of the 20" century, is a company that was
originally listed in the Dow Jones index in 1896 and is still
there. Therefore, we hope that the information published in
this section will be useful for specialists. The high demand
for the articles from the «Invention Review» column is
proved by the number of views of materials, for example,
in the full-text database of open access scientific journals
Open Academic Journals Index OAJI (USA), link — http://
oaji.net/ journal-detail. html? number = 6931.

IUTSI CO3MaHMST BHYTPEHHMX CTEH 1 COTOBBIX ITEPETOPOIOK

B moMelneHusx [1].

IMTocTaBaeHHasT 3agada pelracTcs, a TpeOyeMBbIid
TeXHUYCCKUU Pe3yIbTaT TOCTUTACTCS TeM, UYTO CTPO-
UTEJBHBI KOHCTPYKIIMOHHBIN 3JIEMEHT BBITIOJTHCH
13 OTBEPXKICHHOUM CMECH, COAepKaIlei TUCIIepCHOE
rmeHocTekino. CormacHo N300peTEHUIO, CMECh COMEPXKUT
TOTIOJTHUTEIIbHBIC KOMITOHEHTHI, KOTOPBIC CMEIIIMBAIOT
C IVCTICPCHBIM IIEHOCTEKIIOM TIepeI OTBEPKIECHIEM B CO-
cTaBe KOHIIEHTPUPOBAHHOTO PACTBOPA OKCHIA aJTFOMU-
HHA B opTodocdopHOIt KICI0Te, 6a3aIBTOBOM MUKPO-
¢udpe 1 yriIepomHBIX TOPOIIOAOOHBIX HAHOIACTHUIIAX
1P CJIEAYIOLIEM COOTHOILIEHUU Macc. %:

— JIHCTIEpPCHOE TTeHOCTEKII0 — 60—85;

— 25-30%-i1 pacTBOp OKCHIA ATIOMUHUSI B OpTODOC-
¢opHoit kucimore — 13—34;

— GasanbproBas Mukpoduopa (bpaxius 80—600 MKM) —
2—6;

— yINIEpOIHBIE TOPOITOIOOHBIC HAHOYACTHIIHI (DyJLIEPO-
uaHoro tumna (dpakuuu ot 15 go 150 um) — 0,009—
0,0005.

OTBepXKIeHNE CMECH TIPOM3BOISIT IIPU TEMIIepaType
140—180°C, a mepea cMeIIMBaHUEM JTOTTOJTHUTEIBHBIX
KOMITOHCHTOB C TMCIICPCHBIM TTIEHOCTEKIIOM, BBITION -
HEHHBIM B BHUJIC BCTICHEHHBIX CTCKJIOIIAPUKOB, U3 Ta-
30BOM (Pa3bl HA HUX HAHOCST CJION TOJMIIMHOMN 2—5 MKM
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XMMHUYECKY CTOMKOTO MojiuMepa (IoJUIMapaKCUInICHa)
TOJILLIMHON 2—5 MKM.

Apmartypa komno3utHas (RU 2684271 C1)

M306pereHue odbecneunBaeT 3(hpGheKTUBHBIN pacxof,
HAHOKOMITO3UTa B 3aBUCUMOCTHU OT AUAMETpa IIpOu3-
BOJAMMOI apMaTyphl, IIPU 3TOM 00eCIIeYrBaeTCs BO3-
MOXHOCTbD IOJIyYE€HHS apMATyPhl C MOIYJIEM YIIPYTOCTU
TopsIIKa Ep =200000 MITa ripy TOHMKEHHOM pacxojie
HaHoMarepuaia [2].

ApMmatypa KOMIIO3UTHAsI COAEPKUT HECYLIUIA CTep-
KeHb U3 0a3aJbTOBOrO MM CTEKJISHHOIO POBUHIA
U BBICOKOMOJYJIbHBIE BOJIOKHA, IIPOMMUTAHHbIE CBSI3Y-
IOIKUM, BKJIIOYAIOIIUM 3IIOKCUIHO-AUAHOBYIO CMOILY,
OTBEPAUTEIb, IIACTU(UKATOP C T0OABKOI YIIIEPOIHOTO
HAHOKOMIIO3MTa, COAEPXKALLIErO MHOTOCIOMHEIE YIJIe-
pOIHbIE HAHOTPYOKHU B KOJM4ecTBe He MeHee 45—50%
OT €0 MaccChl, ChOPMUPOBAHHOTO MUPOJIU30M CharHy-
Ma Oyporo ¢ MeXaHOaKTHBALMEH MPOAYKTOB IUPOJIM3a
B TeueHue He MeHee 8 yacoB. ComepxKaHue yrIepoaHO-
ro HAaHOKOMIT03UTa B % OT 00beMa SIOKCUIHO-IUAHO-
BOI CMOJIBI 3aBUCUT OT IMAMETPA HECYILETO CTePKHSI.
[Ipu nrameTpe HECYLIEro CTEPXKHS 6 MM COIepXKaHue
yIJIepoaHOro HaHokKomIto3uta cocrasiset 0,3—0,4%,
TIpY THaMeTpe HEeCYIIero CTepKHS 8§ MM comepXKaHue
YIJIEpOAHOTO HaHOKoMMo3uTa cocTasiser 0,4—0,5%,
MIpU JUaMeTpe HeCyllero crepxkHs 10 MM cogepkaHue
yIJIepOaHOro HaHoKomIto3uta cocrasiset 0,5—0,6%,
IIpU JUaMETPe HECYIIETro CTepKHs 12 MM coaepKaHue
yIJIepOJHOro HaHoKomIto3uta cocrasiset 0,6—0,7%,
IIpU JUaMEeTpe HECYLIETro CTepKHs 14 MM coaepKaHue
yIJIepoaHOro HaHoKomIto3uta cocrasiuset 0,7—0,8%,
IIpU JUaMEeTpe HECYIIETo CTepKHs 16 MM coaepKaHue
YIJIEpOAHOTO HaHOKOoMIIo3uTa cocTasiseT 0,8—0,9%,
mpuYeM IpHU AUaMeTPe HECYIIEro CTePKHS, paBHOM
U npesbimaoiiemM 20 MM, comep:KaHue YIJIepOgHOro
HaHokoMmImo3uTa coctasisier 1,00%.

Cnoco0 M3roToBJIeHHSI KOMIIO3UTHOTO MOPOIIKOBOTO
MaTepHaia U3 aTIOMOOKCHIHBIX YIJIEPOIHBIX HAHOTPYOOK
(RU 2683323 C1)

Lems M300peTeHNs — TIPeIOCTaBICHIE METOIA IOy~
YeHUsI KOMITO3UTHOTO ITOPOIIKOOOPAa3HOTO MaTepraa
B BHUC aIIOMOOKCUIHBEIX YIJIEPOIHEIX TPYOOK, TIpeI-
CTaBJISTIOIIETO COOO0I METOM ITOMEIICHUS YTIICPOTHOMN
HaHOTPYOKM Ha ITOBEPXHOCTh KEPaAaMUIECKOTO TTOPOIITKa
OKCHa aTIOMUHMSI, BCJICACTBUC YETO Ha TIOBEPXHOCTU
KepaMMYeCKOTO IMOPOIITKa 13 OKCHUIA aTIOMUHUS TeHe-
PUPYIOTCSI HUKEIIh, 3KeJIe30, KOOAIBT M APYTHE MeTall-
JIMYECKME HAHOYACTUIIHI (KaTaIM3aTOPHI) TTOCPEICTBOM
pacIiernieHAsI OpraHOMEeTaJUTMUeCKOro IpeKypcopa,
BCJICIICTBHE UETO YIJIEPOd B OpTaHOMETAJUTMUYECKOM
TIpeKypcope M YIIepoIcoaepKalliX ra3ax, Hallpumep,

MeTaHe, pacIIEILISIETCS] M KaTAIM3UPYETCs 11 TeHepU-
pOBaHUs yIJIEPOIHON HAHOTPYOKU, U JUIMHA, TUAMETP
1 MUKPOCTPYKTYpa YIIAepOAHONM HAHOTPYOKU KOHTPOJIU -
pYIOTCS TTOCPENCTBOM U3MEHEHUSI HECKOIBKUX (DaKTO-
POB, BKJIIOUasi 00beM MoAauYM ChIpbsi, CKOPOCTh Bpallie-
HUS U TeMIIepaTypy peakluy, YTO COKpaIlaeT Mepuo/l
MOJTyYEeHUs] U CHUXKAET 3aTpaThl, TaK KaK MOCAEAYIOIIUIA
9Tarn NoJy4eHUs YIJIepOAHOU HAHOTPYOKHM OITyCKaeTcsl,
a TaKKe YJIydIIaeT OMHOPOIHOCTh TUCTIepCHy U 3(pdhek-
TUBHOCTD YIVIEPOJHOI HAHOTPYOKM [3].

I1pu 5TOM BBUIY TOTO, YTO YIJIEpOJHAsI HAHOTPYOKa
WMEEeT XapaKTEePUCTUKU OJHOMEPHOI HAHOCTPYKTYPHI,
OTHOILIEHWE IJIUHBI K TUaMEeTPY BeJIUMKO. B To Xe Bpems,
BBUAY OoJblIONi cuiibl BaH-nep-Baanbca u o0mmpHoOi
VAENbHOM IUI0IAaay MEXIY YIJIEPOAHBIMU HAHOTPYO-
KaMmu, Takas TpyOKa JIETKO MOXET CYIIIeCTBOBATh B BUIIE
citoxxHOTo HarojaHuTess. Crrocod ImoydeHnsT U pac-
npenesieHus yriepoaHbIX HAaHOTPYOOK B aJIIOMOOKCU/I -
HOM ITOPOIIIKE MOXET CTaTh KIIIOUEBBIM (DaKTOPOM JI0-
CTUXKEHMST BBICOKOU MPOU3BOAUTENLHOCTU YTJIEPOIHOM
HAHOTPYOKMU.

Crioco0 mi1a3sMeHHOro HaHeCeHHs] HAHOCTPYKTYpPHpPO-
BaHHOTO Temio3amuTHoro nokpeiTust (RU 2683177 C)

M300peTeHre OTHOCUTCS K CIIOCO0Y TJIa3MEHHOTO
HaHeCEeHMsI HAHOCTPYKTYPUPOBAHHOTO TEII03aIUT-
Horo TTOKpuITU [4]. [IpenBapuTeIbLHO HA cpe3e CBEPX-
3BYKOBOTO COTIJIA TIJIA3MOTPOHA YCTAaHABINBAIOT KOHU-
YyeCKUit HacaJoK, BHYTPEHHSS ITOBEPXHOCTH KOTOPOTO
00pasyeT ¢ BHYTPEHHEH MOBEPXHOCTHIO COTIIA U3JIOM,
YTO MO3BOJISET ITOCJIE U3JIOMa YCTAaHOBUTD JaBJIEHUE
MJa3Mbl C HAITBIJISIEMBIM BEIIECTBOM B ITPUCTEHOU-
HOM YacT! Hacajaka, paBHBIM JaBJICHUIO B BAKYYMHOI
KaMmepe. [11a3MOTPOH M MOAJIOXKKY YCTaHABINBAIOT
B KaMepy C MOHMXXEHHBIM naBieHreM. OcyliecTBis-
0T TToJIepKaHe TMHAMUYECKOTO BaKyyMa B KaMepe,
nojayvy Iuia3Moo0pa3yIollero ra3a u mopoirka Ha-
MBIJISIEMOTO BElIeCTBA B IUNIa3MOTPOH U pacIblIeHUe
BEILIECTBA CBEPX3BYKOBBIM MMOTOKOM IJ1a3Mbl ¢ 0Opa-
30BaHMEM paCIIaBJIEHHBIX YaCTUIL MUKPOHHOTO YPOB-
HS ¥ apoBoi1 (pa3bl HAITBUISIEMOTO BelllecTBa. 3aTeM
obecrneynBaloT BHITIaJeHNE Ha TTOMJIOXKKY HAaHOYACTHUII,
00pa3yoNIXcs B MPUCTEHOYHOM YacTH Hacaaka, 1 9a-
CTUI, MUKPOHHOTO YPOBHS HAMBIJIIEMOTO BellleCTBA.
IMonnmoxky repemeiiaoT TaKUM 00pa3oM, YTOOBI CJIOU
13 HAHOYACTUI M YaCTUL MUKPOHHOTO YPOBHS HaIThI-
JIIEMOTO BellleCTBa MEPEKPLIBAJIA IPYT APYTa.

TexHueckuii pe3yabTaT, JOCTUTAEMBII 3asIBJIEHHBIM
CITOCOOOM, COCTOUT B OMHOBPEMEHHOM ITOBBIIIICHUU
aJre3MOHHOM U KOTe3MOHHOM MPOYHOCTU ITOKPBITUS,
YBEJIMYEHUY €TO TEIUIOCTOMKOCTH, IIPY UCITOJIb30BAaHNU
BCETO HAITBIISIEMOTO MaTepralia, BEITTaJAoIIeTo Ha O -
JIOXKY B BUJE YaCTULl MUKPOHHOTO YPOBHS U B BUJIE
HAHOYACTUII.
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Cnoco6 ¢bopMHpPOBAHHS MHOTOCJIOWHOTO MOKPBITHS
HA YACTUIAX M YCTPOMCTBO s ero peasmsamun (RU
2683115 C1)

I'pyrnna n3zobpereHunii OTHOCUTCS K 00JIaCTU XUMUM,
B YaCTHOCTH K 000PYIOBAHMIO TSI XUMUUECKUX WIIN
(pm3mIecKux 1ab0paTOPMii 1 CITIOCOOY UX IPUMEHEHMS,
¥ MOXeET OBITh MCIIOIb30BaHa I (POPMHUPOBAHMS MHO-
TOCIOMHBIX KOMITO3UTHBIX TTOKPBITUI HA CYOMMKPO- MJTN
MUKPOYACTUIIAX METOJOM TTOCIOMHOM ancopouuu [15].
Cmoco6 hopMUPOBAHUSI MHOTOCITOMHOTO TTOKPHBITHS
Ha YaCTHIIAX 3aK/IF0YaeTCs B TI00YePEeTHOM HAaHECCHUH
CJIOEB HaHOMAaTepurajia Ha CyOMUKPO- MW MUKpOYa-
CTHUIIBI, TIPOMBIBKE YACTHII ITOCIIC KAaXKIOTO HAHCCECHUST
cJI0s B paboueM MoyJie, MMEIoIIeM aBa KaHaja, pa3Je-
JIEHHBIX (DUIBTPALIMOHHOU MeMOpaHOIi, MyTeM Moaauun
B OIMH M3 KAHAJIOB TIOTOKA YaCTHII C HAHECEHHBIM CJIOEM
HaHOMaTepuaia, a B Ipyroil — MpoMbIBOYHON XUIKO-
ctu. [lepBoe HaHEeCeHNE OCYIIECTBIISIOT IIyTEM ITOTaun
B OIWH 13 KaHaJIOB HAHOMAaTepHasa, a B Apyroi — I1o-
TOKa CyOMUKpO- Wi MuKpodactuil. Kaxkmoe mocie-
IyoIlee HaHeCEHHE TTOCIIe TIPOMBIBKH OCYIIECTBIISIIOT
MyTeM IOJauyM B OMH U3 KaHAJIOB MOTOKA CYOMMKPO-
YT MUKPOYACTHUII C HAHECEHHBIM CJI0eM HaHOMAaTepH-
aja, a B Apyroif — IMoToka HaHoMaTeprana. Hanecenue
¥ TIPOMBIBKY OCYIIECTBIISIIOT IIPY OMMHAKOBOM JaBJIc-
HUM U cCKOpocTH. [ToTOKM YacTuIl M HaHOMAaTepHaia
TOJAIOT MapaJlIeIbBHO TTOBEPXHOCTH (DIIBTPALIMOHHOMN
MeMOpaHBI, BRITIOTHEHHOM IIPOHUIIAEMOM JIJIT MOJICKYJT
HaHOMAaTepuajia U HEMPOHULIAEMO [T CYOMUKPO- WU
MUKPOYACTHII.

TexHmyecKnM pe3yabTaTOM TPYIIIIE U300PETCHUMA
SIBJISIETCSI TTOBBIIIeHNE 3 (PEKTUBHOCTH TIpo1iecca Ghop-
MUPOBaHUSI MHOTOCJIOMTHOTO ITOKPBITUS Ha YacTUIIAX
METOJ0M MOCTOMHOMN afcopOLM 3a CUET peaiu3alun
TIPOTOYHOTO IIpoIlecca HAHECEHUS TP PacIIUpeHUN
CITEKTpa HCITOIh3YeMbIX HAHOMATEPHAIOB M COXPAaHCHUN
aBTOMATH3aIINH.

Cnoco6 moyydyenusi cMeceii BhICOKOIHCIEPCHBIX
reTepo()a3HpIX MOPOIMIKOB HA OCHOBEe KapoOuga dopa
(RU 2683107 C1)

M3o0peTeHre OTHOCUTCS K KEpaMUUECKOM TEXHOJIO-
TUU Y TTIOPOILIKOBOM METAJLTypTUM U TIpeAHAa3HAYEHO JIJIsI
MOJTy4EHMST BHICOKOAMCIIEPCHBIX reTepoda3HbIX MOPOII-
KOBBIX KOMITO3ULIMI, KOTOPbIE MOTYT OBbITh UCIIOJIb30Ba-
HBbI J1JIS1 IPOU3BOCTBA KEPAMUYECKUX OPOHEIEMEHTOB,
MarepuaaoB, paboTalOIIUX B YCIOBUSIX aOPa3uBHOTO
W3HOCA U3AEIUN, MPUMEHSIEMbIX B MAIIMHOCTPOECHUH,
B DHEPreTUYECKUX U XMMUUECKUX TEXHOJIOTHUSIX, B a9PO-
KOCMMYECKON TexHuKe. TpedyeMble MOPOIIKH MOyJaroT
MyTeM BOCCTAHOBJIEHMSI CMECU OKCUIOB O0pa, KpEeMHMS
¥/mnm d-MeTajuia BEICOKOIUCTICPCHBIM YTIepoaoM (ca-
Keit) B BaKyyMe WJIM B 3allIATHOM Ta30BOit cpele Tpu

temrteparypax 1500—1800°C. B kauecTBe MCXOIHBIX
BEIIIECTB MOTYT OBITh MCITOJIb30BaHbBI ITOPOIIKK OOPHOIT
KHCJIOTHI, OOPHOTO aHTUIPUIA, OKCHOA KPEMHUS, OK-
cHIa TepexomHoro d-meTrajia MOO0YHOM TTOATPYIIITEI
IV—VI rpyrm INepuonnyeckoii cucTeMbl 3JIEMEHTOB [6].
st obecriedeHnsT OMHOPOTHOCTH pacIIpeneIeHUs
KOMITOHEHTOB U BBICOKOM TMCIICPCHOCTU cMeceit mc-
XOIOHBIE KHUCJIOPOACOAepKAIINE BeIlecTBa IIpeaBa-
PUTEIFHO TOMOTEHU3UPYIOT ITYTEM MX COBMECTHOTO
IUTaBJICHUS B BO3MYIITHON cpele C IMOCIeIyIOIINM 00-
pa3oBaHUEM IIPEKYPCOPOB B CTCKIOKPUCTATUTTICCKOM
COCTOSTHUH, COACPXKAIINX HEOOXOMMMEIS IS CUHTE3a
OKCHIHBIC KOMITOHEHTHI, PABHOMEPHO pacIIpeieICHHEIC
Ha aTOMHO-MOHHOM YPOBHE HETIOCPEACTBEHHO B CTPYK-
Type CTEKJIOKPUCTAIIMIECKOTO TIPeKypcopa. YKa3zaHHas
TOMOTCHM3AIMS IIPETISITCTBYET 00pa30BaHMIO arjloMepa-
TOB YaCTHIL OTHOTO M3 KOMITOHEHTOB 3a CUET SKpaHU-
pOBaHMS YaCTUIl CUHTE3MPYEMBIX KOMIIOHEHTOB IPYT
OT ZIpyTra, KOTopoe yBeamunBaeT nudy3noHHBIN MyTh
OIHOMMEHHBIX AaTOMOB 1 3aTPYIHSIET IPOILECC BTOPHUU-
HOW PeKPUCTAJUIN3AINN, YTO TIPUBOIUT K TTOIYICHUTO
BBICOKOIMCITEPCHBIX IMIPOAYKTOB CHHTE3A.

Crnoco6 mosrydeHnsi KOMIO3UTA OPTOBAHAIAT JIMTHS/
yroepon (RU 2683094 C1)

M30o0peTeHre OTHOCUTCS K CITIOCOOY MOJTyYeHUs KOM-
ITO3UTOB B MEJIKOIVCIIEPCHOM COCTOSTHMH, B YaCTHOCTH,
KOMITO3UTa opToBaHamat auTwst/yriepon Li3VO4/C, xo-
TOPEIIf MOXKET OBITH MCIIOIB30BaH B KauecTBe 3 (PeKTHB-
HOT'0O aHOIHOTO MaTepraia XMMIIECKIX NICTOYHNKOB TOKa
[7]. IlocTaBneHHas1 3amaya UCCIEAOBAHMSI pellieHa B IIPe/I-
JIaraéMOM CITOCOOE TTOTyJeHMST KOMITO3UTa OpTOBaHAAT
JuTHst/yraepon coctaBa Li3VO4/C, BKITIoUaromieM ruapo-
TepPMaJIbHYI0 00pabOTKY peaKIIMOHHOI cMecH, comepKa-
IIei coeMMHEHIe BaHAIMSI, COSIMHEHIE JINTHS 1 TITFOKO3Y
C TTOC/ICAYIOIINM (DHITETPOBAHIEM, TIPOMBIBKOI, CYIITKOM
1 OTKUTOM B MHEPTHOI aTMocdepe, B KOTOPOM B Kade-
CTBe COCOIWHEHUS BaHAIMs MCITOJIB3YIOT MeTaBaHamaT
aMMOHUSI, B KAUeCTBE COCAMHECHUS JIUTHUS UCIIOIB3YIOT
MOHOTHUIPAT TUIPOKCHUIA JTUTHSI, TIPH 3TOM MOJISIPHOE CO-
OTHOIIICHE KOMITOHEHTOB CMECH MeTaBaHAIaT aMMOHUS
: MOHOTHIpAT TUAPOKCHUIA JTUTHS : TIIOKO3a COCTABIISICT
1:3:0.5+2, a ruapoTepMaIbHYIO 00pabOTKY OCYIIIECTBIISI-
0T MUKPOBOJTHOBBIM M3JIyIeHIEM MOIITHOCTBIO 17—19
BT mpu mocTOSTHHOM TIepeMEeIIMBaHUN CO CKOPOCTBIO
100—300 06/muH mipu TeMiieparype 160—220°C u gasie-
Hun 10—15 6ap B Teuenue 5—20 MUH, a OTXKUT BeAyT IIPU
temmniepatype 500—650°C B reuenue 1—-2 4.

VcnoBust MUKpOBOJIHOBOM 00pabOTKM IIpU HeETIpe-
PBIBHOM TIepeMEITNBAaHNI CTIOCOOCTBYET TOMOTCHM3a-
MY KOHETHOTO MPOAyKTa. TaKoi MOAX0 K OCYIIeCT-
BJICHUIO IIpoliecca moirydeHust Komrmosura Li3VO4,/C
obecrieurBaeT HaIEKHOCTh PABHOMEPHOTO pacIipenciie-
HUS YTIICPOIHOI COCTaBIAIoNIe KomIto3nTa. ['omoreH-
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HOC€ IUCIIEPIUPOBAHUEC YIJIIEPOAA B KOMITIO3UTE MPEAOT-
BpalacT arperalinio 4aCTull KOHCYHOTO IMPOAYKTa, 4YTO
B KOHEUHOM MTOTE MOBHIIIAET CTAOMIBHOCTh pa6OTbI
Pa3JIMYHbIX YCT; pOﬁCTB, M3TOTOBJICHHBIX HA OCHOBE KOM -
I103UTa OpTOBaHaaar J'II/ITI/IH/YTI[@DOI[ KaK MaT€puaa.

Huskoremneparypnas miactuynas cmazka (RU
2682881 C1)

M3o0peTeHne OTHOCUTCS K CO3MaHMI0 HU3KOTEM-
nepaTypHOU TUIACTUYHON CMa3KHM, KOTOpast MOXET
OBITHh UCITOJIb30BaHA B MEXaHMU3MaX Pa3IMIHOTO Ha-
3HAYCHUS, pabOTAIONINX IIPH TeMIIepaType OT MUHYC
60°C. CyniHoCTb: HU3KOTEMIIEpATypHast TJIaCTUYHAs
cMa3ka comepxur, mac.%: 3arycturenn 11,0—15,0,
AHTUOKUCINTEIb aMUHHOTO W/MI1 (PeHOIHLHOTO TUIIA
0,3—0,5, HAHOCTPYKTYPUPOBAHHYIO (DYHKIIMOHATBHYIO
I00aBKy — HaHOpa3MepHBIC YaCTHUIIBI TaJlTya3nTa Win
MmoHTMopwuioHuTa 0,5—5,0, mpucagKy ¢ IpOTUBOU3-
HOCHBIMH W/WJIN MPOTUBO3aTNPHBIMHA CBOMCTBAMU
0,0—3,0, maruduTop Kopposuu 0,0—2,0, 6a3oBoe Mac-
JI0 — octanbHOoe, 1o 100. [Tpruem ripu hpopMUpoBaHUM
CMa3KM YKa3aHHYI0 HAaHOCTPYKTYPHUPOBaHHYIO (PYHK-
UOHAJIBHYIO 100AaBKY MCITOJIB3YIOT B BUIE IIpeaBapu-
TEJIPHO MEXaHWYECKHU IUCIICPTUPOBAHHOI B 0a30BOM
MacJie, a ITocJIe CMEIIeHUs ¢ OCTAIbHBIMU KOMITOHEHTA-
MU — TepMOMEXaHNIEeCKU TUCTICPTUPOBAHHOM B CMECH
YKa3aHHBIX KOMITOHEHTOB [8].

B oxmaxmeHHyI0 cMa3Ky IIpU HEOOXOIMMOCTH T0-
0aBJISTIOT pacYeTHBIC KOJIWYECTBa MPUCAToK (IIPOTH-
BOM3HOCHOH 1/WJIN TIPOTUBO3aTUPHON, MHIIONTOpA
KOPPO3WN), TIOCIIC YETO IMMOABEPTaIOT MEXaHMIECKOM 00-
paboTKe (B YaCTHOCTH, TOMOTeHU3AINHU, (DYIIBTPALINH,
neaspauun). TakuM o0pa3oM, HAHOCTPYKTYpUPOBaHHAs
(byHKIIMOHATRHAST MOOABKA TEPMOMEXaHIMUCCKY TUCTICP-
TUPOBaHa B CMECH YKa3aHHBIX KOMIIOHeHTOB. [Ipemrro-
JlaraeTcsI, YTO BBEACHNE HAHOPAa3MEPHBIX YACTHUII B CO-
CTaB JI0 CTATUY TEPMOMEXaHIMUICCKOTO TUCTICPTUPOBAHIIST
OKa3bIBacT 3HAUYNTEIbHOE BIMSIHIE Ha (DOPMUPOBAHIE
IUCITEPCHOM (Da3bl 3a CYET NX BHEAPCHUS B CTPYKTYPHBIN
KapKac MCITOJIb3YeMOT0 3aTyCTUTEIIS. YKa3aHHBIIN IPo-
necc MOOTU(pUKAIINN CTPYKTYPHOTO KapKaca OKa3bIBacT
TIOJIOXKUTEIFHOE BIMSTHIE Ha TPUOOIOTMIECKIE XapaK-
TEPUCTUKM ITUIACTUIHON CMa3KMU.

D¢ dexTnBHOE CIUH-()OTOHHOE B3aUMO/IEHICTBHE MPH
HCTMOJIb30BAHNM CHMMETPUYHOTO B IJIOCKOCTH CKOJIbXKEHUS
BosiHOBoAA (RU 2682559 C2)

['pyrma n306peTeHnit OTHOCUTCS K ONITHICCKUM
YCTPOMCTBAM, COMEPKAIINM BOJTHOBO UISI CUMTHIBA-
HUS KBAHTOBBIX M3ITyyaTeneil. OTmaeckoe yCTpoicTBO
COIEPKUT ITAaHAPHBI BOJTHOBOJ 1 KBAHTOBBIN M3/Tyda-
Tesb. [11anapHbBIN BOTHOBOI CONEPXKUT MPOCTUPAIONITY -
FOCSI B TIPOJIOJIBHOM HaIIpaBJICHUH HAIIPaBJISTIOIIYIO 00-

JIaCTh C TIEPBOI CTOPOHOI 1 BTOpPOi1 cTopoHoil. Ha mep-
BOIi CTOpPOHE HampasJsioneil 06J1acTu pacnoaoxeHa
nepsasi HAHOCTpyKTypa. Ha BTOpoii cTopoHe HampaB-
JISIOILIe 00J1aCTH pacIioioXeHa BTopasi HAaHOCTPYKTYpa.
I1naHapHbBI BOJIHOBOJ BKJIIOUAET B C€0S1 TTPOAOJIbHYIO
00J1acTh, Il MepBas HAHOCTPYKTYpa U BTOpasi HAHO-
CTPYKTYpa pacroyiOKEeHbI 1O CYIIECTBY CUMMETPUYHO
B IIJIOCKOCTU CKOJIbXXEHUSI OTHOCUTEIbHO HAIpaBJIsSIO-
1Ie#t obJ1acTy TJIaHapHOTO BOTHOBOIA [9].

KBaHTOBBIN M3Jy4yaTesib CBSI3aH C MEePBOM Mpo-
JIOJIbHOM 001aCThIO MJIaHAPHOTO BOJHOBOAA. KBaHTO-
BBIIi U3JydaTeb BHEAPEH B HAIPaBJSIONIy0 00J1aCTh
IUJIaHAPHOTO BOJHOBOJIA TaK, YTO U3JIydaTesb SIBJSIET-
csl OMHO(POTOHHBIM U3JTydaTeseM U u3iaydaeT (hOTOHBI
B MOJIe C KpyroBoii mossipusanueii. [IpomonbHast 061acTh
IJIaHApHOTO BOJHOBOMAA MOMAAEPKMBAET MOJIbI, KOTIa
2JIEKTPUYECKHUE TI0JISI UMEIOT KPYTOBYIO MOJISIPU3AIIAIO
B IJIOCKOCTHU TJIAHAPHOTO BOJIHOBO/A B MOJOXEHUU
KBAaHTOBOro uanyudaressi. Takum od6pa3om, (DOTOHBI
13 OMHOMOTOHHOTO M3IydaTerst 3 (PEeKTUBHO BBOISITCS
B TUIAaHAPHBIM BOJIHOBO. TeXHUUYECKUIA pe3yabTaT 3a-
KJII0YaeTCsl B TOJIyYEHUU BOJTHOBO/IA, 00€CTIeUBAIOLIETO
5(hGEeKTUBHOE CYNTHIBAaHNE Ha KPUCTAJUIe KBAHTOBBIX
u3jiydyaTesei, UMeInX IUIO0JIbHbIE MOMEHTHI Tepe-
XOIOB C KPYrOBOM MOJISIPU3ALIAEIH.

Crnioco0 nerazanum HaHOMOpPOmKa BoJb(ppama (RU
2681962 C1)

WN300peTeHre OTHOCUTCSI K 001aCTU MOPOIIKOBOI
METAJLUTypTUH, B YACTHOCTH K OYMCTKE HAHOIIOPOIIIKa
BoJib(ppaMa. MoxeT ObITh UCIHOJIb30BAHO IJISI yaaie-
HUS COPOMPOBAHHBIX Ta30B W BOIBI C ITOBEPXHOCTH
1 U3 00beMa ITOPOIITKa IIPU ¢ MTOATOTOBKE K TalbHEH-
IIeMy MCITOJIb30BaHUIO B TEXHOJIOTUUECKOM IIpOIIeC-
ce. llerazaluio oCyleCcTBIASIOT 00JlydeHUEM o0pasia
CBY-u3nyuyenneM B atMocdepe BO3IyXa UMITYJIbCaMU
JITATENTBHOCTBIO OT 5 10 3000 He, mmrHOoM BOJHEI 10 cM,
YacTOTOM CIIeAOBaHUS UMITYJILCOB He 60oitee 50 I't1 B Te-
yeHHe He MeHee | MuHyThI. O0eCcIieYnBaeTCsI era3alms
abCcopOMPOBAHHBIX TTOPOIITKOM MOJCKYI XUMHICCKIX
coenuHennit [10].

IIpennmaraemsbIit crIoco0 MMO3BOJISICT PEIITUTH TEXHU-
YECKYIO Ipo0JIeMy JeTa3alui COPOMPOBAHHBIX HAHOIIO-
POIIIKOM BOJIb(pamMa MOJIEKYJI XUMIUCCKIX COCTUHEHMI
(H,0, CO,, O, 1p.), ¥ TaK Xe, KaK B IIPOTOTHUIIE, BKIIIO-
yaeT 00JIydeHre oOpasna 3JIeKTPOMAarHUTHBIM U3JIyde-
HUEM IJIsT 00eCIIeUeHUs ISCOPOIIMKU COPOMPOBAHHBIX
XUMHWYECKNX COCTUHCHMIA.

Crroco6 obecrieunBaeT Iera3ainio HaHOIIOPOIITKa
BoJIb(ppama ImyTeM AecOpOLIM UMEIOLIMXCS B HE0Opabo-
TaHHOM HaHOIIOPOILKe BoJbdpama 4,2 mac.% MOJIEKYI
XUMHWICCKUX COCTMHEHUI BCIIEACTBIE OBICTPOTO Kpa-
TKOBPEMEHHOTO HarpeBaHUsI HAHOYACTHIL BOJIb(ppama
nMmyiabcHBIM CBY-n3nmydyennem.
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Taxoce npe()cmawuuom unmepec dasn cneuuaaucmoes
cztet)ymmue u306pememm 6 00aacmu HAaHOMEXHOA02UTL:

*  Crioco0 moJry4yeHHsT HAHOTIOPUCTBIX TOJIMMepOoB [11].

* TexHonorus yruianM3auuu LEHHBIX KOMIIOHEHTOB
TBEPIBIX OBITOBBIX OTXONOB [12].

*  OumcTKa CTOYHBIX BOI OT MOHOB TSIKEJIBIX METal-
JIOB C TIOMOIITBI0 HAHOAKTUBHUPOBAHHBIX KOMIUIEKCOB
TPUPOTHOTO IIeOINTa U AraToMuTa [13].

*  Croco6 (pyHKIIMOHATN3AIINN TTOBEPXHOCTH IETOHA-
IIMOHHBIX HAaHOAIMa30B [ 14].

* Temno3ammuTHOE HAHOKOMIIO3UTHOE ITOKPHITHE
U crioco0 ero ¢popmupoBaHus [15].

* Cnocob BBeIeHUST OMHOCTCHHBIX W/WJINA IBYCTCH-
HBIX 1/VJIA MHOTOCTEHHBIX YIJICPOTHBIX HAHOTPYOOK
B COCTaB aATre3MOHHBIX 100aBOK IJIST ac(albTOBOTO
TIOKPBITHS ¥ TIPUMEHEHNE OMHOCTCHHBIX 1/ WJIN ABY-
CTEHHBIX 1/WJI MHOTOCTCHHBIX YIJIEPOIHBIX HAHO-
TPYOOK B COCTaBe aIre3MOHHBIX 100aBOK [16].

* Cnoco0 xpaHeHUs MPUPOTHOTO ra3a IMPU IMTOMOIIN
ancopOUMY B MPOMBIIUIEHHBIX Ta30BbIX OalJIOHAX
[17].

* Crioco6 mpou3BOACTBA KAYIYKOBBIX HOHOMEPOB
¥ TIOTMMEPHBIX HAHOKOMTIO3UTOB [ 18].

*  YCTpOoKCTBO U CIOCOO 151 TTOJTYYEHMST TTOPOLIKOBBIX
MaTepHrayioB Ha OCHOBE HAHO- I MUKPOYACTHII ITyTeM
SJIEKTPUYECKOTO B3pBIBa MPOBOJIOKH [19].
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About the international Tang Prize

he international Tang Prize was established in Taiwan in 2012. The Tang Prize is the highest

scientific and social award for the outstanding contributions and achievements in the
following nominations: «Sustainable development», «Biopharmaceutical Science», «Sinology»,
«Rule of law» and it keeps the traditions of such events as Olympic movement, Nobel Prize and
other international rewards.

The founder of the Tang Prize The CEO of the Tang Prize Foundation
is Doctor Samuel Yen-Liang Yin is Professor Jenn-chuan Chern
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The Tang Prize Medal.

The Tang Prize Medal, designed by Japanese designer
Fukasawa Naoto, is a single piece of 214 g., 99,99 pure
gold. The spiral curves imply the structure of DNA,

a spiral galaxy, an image of a dragon, in addition to
speaking of one’s life force and expressing a dynamism
of movement. Although the spiral curves are based on
a circular structure, they never return to the same posi-
tion. What they express is a sense of infinity that applies
to our history, growth, and life.

2018 Tang Prize Diploma Design Concept
Tang Prize Diploma is a token for recognizing
the contribution of the laureates. 2018 Tang
Prize Diploma design has been commissioned
to the world renowned Dutch book designer
Irma Boom. Abstract and original, the diploma
design is paper art in its simplicity, reflecting
the philosophy of the Tang Prize. Vivid green,
yellow, red, and blue represent the four prize
categories, Sustainable Development, Biop-
harmaceutical Science, Sinology, and Rule of
Law, respectively.

The Prize has been given every two years since 2014. The fund of each nomination is about
1360 000 USD, and additional grants for further research are about 340 000 USD, the total amount
for winner is about 1,7 million USD.

For more detailed information see website
www.tang-prize.org
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O mexxgyHapoaHoun npemum TaH

M exxgyHapogHaa npemua TaH yupexaeHa B 2012 r. Ha TaneaHe. [1pemua TaH ABnAeTCA BbiCLLEN
Hay4YHOW 1 0OLLeCTBEHHOW Harpazou 3a BblAalowmeca AOCTUXKEHUA U 3aCyT B HOMUHAL M-
AX: «<YCTONnunBoe passutume», «<bnomeguumHa», «CuHonoruay», «lOprucnpygeHuyma», n NpogoKaet
TPaauLMn, KOTOpble MMEKTCS B MUPOBOW NPAKTUKe, Takue Kak OnMMnuninckoe apmxkeHue, Hobe-
neBcKasa NpeMua 1 gpyrne MexxayHapofHble KOHKYPCbl.

OcHoBatenb lMpemun TaH - PykoBoputenb ®oHaga npemun —
poktop Camyan Nen-Jlan UH npodeccop MxeHH-YyaH YepH
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Ouvnnom Mpemun TaH 2018 aBnaeTca 3HaKom
NpY3HaHWA BbIAALWNXCA JOCTVKEHNI naype-
atoB. Aunnom Mpemun TaH 2018 pa3paboTan
BCEMMVPHO U3BECTHbI FONTAHACKNN KHUKHbIN
ausaiiHep Mipma Bym. AGCTpaKTHbI 1 opurn-
HaNbHbIN AN3alH AUNJIOMA — 3TO UCKYCCTBO
CoBMeLleHMA Ha bymare NpPoCTbIX LiBETOBbIX
coyeTaHul, oTpakatowwmx ¢punocoduto Mpe-
mun TaH. ApKO-3eNneHbli, XKenTbiil, KpaCHbIN

1 CUHUI NPeACTaBNAIOT YeTblpe NpPU3oBble
KaTteropum: «<YcTonumsoe pa3sutune», «<bnome-
AunumHar, «<CuHonorua» n «lOpucnpyaeHumna»,
COOTBETCTBEHHO.

Nanob%

Mepanb pa3spaboTaHa ANOHCKNM gusaniHepom HaoTto
(dykacaBa 1 npeacTaBnaeT LesibHbIN Kycok 2141
yucToro 30s510Ta 99,99 NpPo6bi, BbINOMHEHHDbIN B BUge
cnupanu. Cnupanb nogpasymeBaeT co60l CTPYKTYpyY
LOHK, cnupanbHble ranakTuku, o6pas ApakoHa, roBOpuT
O CuJ1e XN3HU 1 BblpaX<aeT AVHaMU3M ABUKeHMA. XOTA
cnupany UMeIOT He KOJIbLEBYIO CTPYKTYPY, OHN HNKOT-
[a He BO3BpalLalOTCA Ha Ty e nosuyuio. OHu Bbipaxa-
10T 6€CKOHEYHOCTb, UTO OTHOCUTCA 1 K HaLlel ncropuu,
K TEHAEHL MW POCTa HaLLEen XU3HN.

Mepanb npemun TaH

MNpemuna BpyyaeTca pa3 B ABa roga, HaumHaa c 2014. Ee pa3mep B Ka)KAow M3 HOMUHaLWN
coctaBnaet okono 1 360 000 gonn. CLUA, a Takke gononHuTenbHble rpaHTbl okono 340 000 gonn.
Ha NpoBeAeHNe AanbHENLWINX NccnenoBaHun, ntoro okono 1,7 mnH gonn. CLUA gns nobegutens.

bonee noppo6Haa nHpopmauma Ha canTe
www.tang-prize.org
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The application of calcium polysulfide to increase
corrosion resistance of the timbering of wells
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Abstract: The cement slurries used in well casing should ensure the tightness of the lining and protect the casing from aggres-
sive formation fluids. At the same time, cement and water based solutions are used for cementing, with a water-cement ratio of
0.45-0.9, which predetermines their high porosity and low corrosion resistance.

The technologies for increasing the durability of concrete used in con-struction practice when fixing wells are not acceptable.

One of the most aggressive components of reservoir fluids is hydrogen sulfide, depending on thermodynamic conditions, can
be both dissolved and gaseous.

The analysis of various types of corrosion of cement stone shows the ki-netics is determined by the diffusion of aggressive ions
into the stone.

To reduce the porosity of the cement stone, calcium polysulfide has been proposed, which can precipitate in the pores of the
stone during hardening of the cement slurries, clogging the pores, reducing their size, slowing down the diffusion rate of aggres-
sive ions into the cement stone. In addition, calcium polysulfide adsorbing in the pores on cement hardening products will ensure
the inhibition of pore space.

Three methods of calcium polysulfide injection into the cement slurries were tested: into the tempering fluid (water), directly into
the prepared cement slurry and dry method, through cement powder, which was subsequently subjected to disintegrator treatment.

The results of the experiments showed calcium polysulfide make an impact on the rheological properties and pumpability of
cement slurries, increasing the strength of the obtained stone and reducing its permeability.

The stability of a stone in an acidic environment was estimated by its corrosion by one molar hydrochloric acid. The depth of
stone corrosion with increasing concentration of PSS decreased from 30 to 6 mm in 21 days.

When testing the cement stone under the action of dissolved hydrogen sulfide for 45 days, it was shown that the increased
concentration of calcium polysulfide from 0 to 5% reduced the corrosion depth from 5.0 to 0.3 mm, depending on the technology
of adding the reagent.

Micrographs of cement stone samples proved that calcium polysulfide, being distributed in the pore space, blocks the surface
of the cement stone, limiting the contact of aggressive ions with hardening products.

Keywords: Cement stone, hydrogen sulfide, increase in corrosion resistance, calcium poly-sulfide.
For citation: Agzamov F.A., Tokunova E.F, Sabirzianov R.R. The application of calcium polysulfide to increase corrosion resistance

of the timbering of wells. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3, pp. 308-324. DOI:
10.15828/2075-8545-2019-11-3-308-324.

http://nanobuild.ru 308 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (3):
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 308-324 NanObL" )

CONCRETE AND MORTARS MODIFIED BY NANOSIZE ADDITIVES « BETOHbI U PACTBOPbI, MOAN®ULNPOBAHHbBIE HAHOPA3SMEPHbIMU JOBABKAMU

Machine-readable information on CC-licenses (HTML-code) in metadata of the paper

<a rel="license” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License” style="border-width:0" src="https://i.crea-
tivecommons.org/I/by/4.0/88x31.png" /></a><br /><span xmIns:dct="http://purl.org/dc/terms/” href="http://purl.org/dc/dcmitype/Text” property="dct:title”
rel="dct:type”">The application of calcium polysulfide to increase corrosion resistance of the timbering of wells.</span> by <a xmlns:cc="http://creativecommons.
org/ns#” href="Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3, pp. 308-324. DOI: 10.15828/2075-8545-2019-11-3-308-324."
property="cc:attributionName” rel="cc:attributionURL">Agzamov F.A., Tokunova E.F,, Sabirzianov R.R. </a> is licensed under a <a rel="license” href="http://crea-
tivecommons.org/licenses/by/4.0/">Creative Commons Attribution 4.0 International License</a>.<br />Based on a work at <a xmIns:dct="http://purl.org/dc/terms/”
href="http://nanobuild.ru/en_EN/nanobuild-3-2019/" rel="dct:source”>http://nanobuild.ru/en_EN/nanobuild-3-2019/</a>.<br />Permissions beyond the scope of
this license may be available at <a xmIns:cc="http://creativecommons.org/ns#" href="faritag@yandex.ru” rel="cc:morePermissions”>faritag@yandex.ru</a>.

Cmameosa nocmynuna e pedakyuio: 21.04.2019.
Cmameosa nocmynuna e pedakyuio nocse peyeHsuposanus: 17.05.2019.
Cmameos npuHama K ny6nukayuu: 26.05.2019.
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Pe3tome: LlemeHTHbIe pacTBOPbI, MPVYIMEHSEMbIE NMPY KPEMNIEHNN CKBAXKVH, AOMKHbI 06eCrneunTb repMeTUYHOCTb Kpenu 1 3a-
WUTUTb 06CAZIHYIO0 KOMTOHHY OT arpeccrBHbIX MAcTOBbIX GnongoB. [py 3TOM Ans LeMeHTUPOBaHKA UCMOJb3YIOTCA PAaCcTBOPbI HA
OCHOBe LieMeHTa 1 BofAbl, Npy BOAOLEMEHTHOM OTHowweHuun 0,45-0,9, uTo npepgonpenenaeT Ux BbiICOKYO MOPUCTOCTb Y HU3KYIO
KOPPO3MOHHYI0 CTONKOCTb.

TexHONOrvvi NOBbIWEHNs AOJITOBEYHOCTN GETOHOB, NMPUMEHSIEMbIE B CTPOUTENIbHOM NPAKTUKE, MPY KPEMIEHUN CKBAXWNH He
npuemnembl.

OfHUM 13 Hambornee arpeccMBHbIX KOMMOHEHTOB MIACTOBbIX GNIOUAOB ABMSETCS CEPOBOAOPOS, KOTOPbIN B 3aBMCUMOCTU
OT TEPMOANHAMUNYECKUX YCJIOBUI MOXET HaXOAUTbCSA Kak B PaCTBOPEHHOM, TaK Y ra3006pa3HOM COCTOSHMM.

AHanu3 pasnnyHbIX BULOB KOPPO3MM LIEMEHTHOTO KaMHS MOKA3bIBAET, YTO KMHETNKA MHOTUX U3 HUX onpeaenseTtca auddy-
311el arpecCcUBHbIX MOHOB BHYTPb KaMHS.

[ns CHUXKEHUS MOPUCTOCTY LIEMEHTHOTO KaMHsA NPeASIOXKEHO NPUMeEHEHWE NoAncynbduaa KanbLus, KOTOPbIA MOXET OCaX-
[aTbCA B NOpax KaMHA Npu TBEPAEHUN LLeMEHTHOFO PacTBOPa, KOJIbMaTUPYA NOpPbl, yMEHbLIAA UX pa3mep, 3aMmefnas CKOpoCTn
Andody3nn arpeccuBHbIX MOHOB BHYTPb LIEMEHTHOTO KaMHsA. Kpome Toro, nonucynbdup Kanbuuns, ancopbrpysacb B mopax Ha
npoAyKTax TBepAEeHUs LieMeHTa, OyaeT obecneunBaTb MHIMOMPOBAHVIE MOPOBOrO NPOCTPAHCTBA.

Bbi1o onpo6oBaHo Tpu cnocoba BBeAeHUst NONUCYNbOUAa KanbLus B LLEeMEHTHbI PacTBOP: B XKUAKOCTb 3aTBOPeHNUs (Boay),
HEenocpeACTBEHHO B NMPUIOTOBJIEHHDBIN LIEMEHTHbIV PAacTBOP U CYXOW CMocob, uepes NopoLIOK LieMeHTa, MoABEPraeMblil BMO-
CNeACTBMM fe3UHTErpaTopHol obpaboTke.

Pe3ynbTaTbl 3KCNEPVMEHTOB MOKasanu, YTo Nonucynbdua KanbLus He OKa3blBaeT BAUSAHUS Ha Peosiormyeckne CBOMCTBa
1 MPOKaYMBaeMOCTb TaMMOHaKHbIX PaCTBOPOB, MOBbILIAA MPOYHOCTb MNOYYEHHOTO KaMHA 1 CHUXKaA ero NPoHMLAaemMoCTb.

CTOMKOCTb KaMHs B KACJIOM cpefie OLleHUBanach Nno ero Koppo3snv OAHOMOJIAAPHON CONsiHOM KucsnoTe. My6uHa Koppo3unn
KaMHA ¢ noBblleHnem KoHueHTpauum MNCC cHusmnnacb ot 30 fo 6 Mm 3a 21 cyTKM.

Mpw NCNbITaHNY LEMEHTHOTO KaMHs NMof AeNCTBMEM PACTBOPEHHOTO CEPOBOAOPOAA B TeUeHUe 45 CyTOK OblsIo MOKa3aHo, uTo
yBenMUYeHne KoOHUeHTpauumu nonucynbduga kanouus ot 0 go 5% cHu3uio rny6buHy kopposuu ot 5,0 o 0,3 MM, B 3aBUCMMOCTU
OT TEXHOJIOTMM BBOJA 10OaBKN.

MukpodoTorpaduy 06pa3LoB LEMEHTHOIO KaMHsA NMOATBEPAWUN, YTO Nonucynbdua Kanbuus, pacnpeaenssacb B NOPOBOM
NPOCTPaHCTBe, BNIOKMNPYET VX MOBEPXHOCTb, OFPaHNUYNBasA KOHTAKT arpecCMBHBIX IOHOB C MPOAYKTaMy TBEPLAEHNS.
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INTRODUCTION

ggressive effects on cement stone exhibit, without
xception, acids and numerous salts. Formation
waters of many deposits contain various dissolved salts
and are extremely aggressive with respect to the cement
stone [1, 2].

The analysis of various types corrosion of cement
stone [3—8] shows the kinetics is determined by the dif-
fusion of aggressive ions into the stone. This refers to cor-
rosion under the action of acidic environments, sulfate,
magnesia corrosion. During leaching corrosion, the ki-
netics of diffusion of calcium ions from the cement stone
also has diffuse control.

The dense aggregate concrete with a low water-ce-
ment ratio (W/C) or im-pregnation of products with
special compositions [9—11] is known to be used to in-
crease the durability of structures in industrial and civil
construction.

In the construction of wells, these technologies are
unacceptable, since cement and water-based solutions
are used for cementing with W/C = 0.45—0.9, sometimes
containing modifying additives. Reducing the water-ce-
ment ratio of cement slurries leads to an increase in the
density of the solution and can cause complications or
accidents when cementing. In addition, a decrease in the
W/C solution leads to a loss of mobility, and the use of
plasticizers can cause sedimentation separation of the
cement solution [1, 12].

The application of impregnating materials to improve
the durability of cement stone in downhole conditions is
impossible, because the cement-water slurry used in ce-
menting wells is pumped for 1—4 hours inside the casing

and in the annulus with small diameters of pipes and small
(15—20 mm) annular gaps at depths a few kilometers away.

For timbering of the wells that consist of a casing and
a cement sheath of small thickness, the most weak ele-
ment is a cement stone that works in constant contact
with aggressive formation fluids and is vulnerable to their
effects.

The article presents the results of a studies of the influ-
ence of nanosized particles of calcium polysulfide on the
properties of cement stone used in the timbering of oil
and gas wells. As part of the research, experiments were
conducted to assess the effects of calcium polysulfide on
cement slurries and the resulting stone, its durability in a
hydrogen sulfide environment. Electron microscopy made
it possible to evaluate the role of nanosized particles of
calcium polysulfide to increase the corrosion resistance
of cement stone.

MAIN PART

Theoretical aspects of hydrogen sulfide corrosion the
cement stone

Hydrogen sulfide, the amount of which in gas reservoir
can reach up to 25% is the most aggressive component of
reservoir fluids [13, 14, 15]. The mechanism of damage
and the factors determining the kinetics of the process
are described in detail in [1, 2, 7, 13—15]. The conditions
for the destruction of the stone during gas hydrogen sul-
fide aggression are the high porosity of the stone, which
ensures the penetration of the aggressor deep into the
stone, and the high pH of the hardening products, ensur-
ing the formation of slightly soluble calcium sulfide. The
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accumulation of the latter leads to the development of
tension stresses in the cement stone. A secondary factor
in the appearance of tension stresses may be the forma-
tion of ettringite during the transition of sulfide sulfur to
sulfate. The most vulnerable to hydrogen sulfide gas is
the stone from Portland cement, whereas stone samples
with pH < 11, obtained from scoriaceous binders at high
temperatures, proved to be resistant [14, 16].

Under the action of dissolved hydrogen sulfide on
cement stone, corrosion of the first type is observed (ac-
cording to V.M. Moskvin) [3, 4, 13, 14], and sam-ples of
stone from all types of binders, with the exception of acid-
resistant cement, are destroyed, and that concerns only
rate of the process. At the same time, the defeat process
is stratified inherent in acid corrosion.

The kinetics of the corrosion process is determined by
the concentration of the corrosive medium at the border
with the cement stone, the composition and density of
the corrosion product layer, the reaction capacity of the
cement stone, and can be described by various Kinetic
curves [17].

For cement stones in deep wells, when the rate of sup-
ply of an aggressive agent to the sample surface is greater
than its diffusion in the pores of the stone, the most effec-
tive way to slow down corrosion is to control the structure
of the pore space, which has become the main task of
research.

Unfortunately, the technological methods widely used
in construction are practically impossible to use when
cementing casing strings in deep wells, although work has
been done in this direction. In particular, it is possible
to note the work [18], which describes the experience of
using the method of chemical condensation of micro-
disperse particles in stone pores. A similar effect is also
observed when using nanosilica additives [19].

To reduce the porosity of the cement stone, we have
proposed the use of calcium polysulfide, solutions of
which are successfully used in construction as an im-
pregnation, and acting as a protective film. Calcium poly-
sulfide in the processing of concrete products reduces

permeability, increases the strength of concrete and frost
resistance, which is convincingly shown in [20, 21].

The idea of using calcium polysulfide in cement slur-
ries was that when depositing in the pores of the stone,
it forms a protective coating of hydrophobic sulfur
nanoparticles, which will ensure the inhibition of pore
space. In addition, the rate of diffusion of aggressive ions
inside the cement stone will slow down.

During the experiments, three methods were tested
to introduce liquid calcium polysulfide into the cement
slurries: into the tempering fluid (water), directly into the
prepared cement slurry and dry method, through cement
powder, which was subsequently subjected to disintegra-
tor treatment.

The effect of calcium polysulfide on the rheological
properties of cement slurry and stone

At this stage of the study, calcium polysulfide at a con-
centration of 0—5% by weight of cement was injected
directly into the cement slurry prepared from the plugging
Portland cement PCT-I-50, with a water-cement ratio of
0.45. To determine the rheological properties of cement
slurries (plastic viscosity 1 and dynamic shear stress to),
the atmospheric OFITE Model 900 viscometer was used.
In addition, taking into account the technological features
of cement slurry injection, they determined the static
shear stress (SNS) after 10 seconds and 10 minutes [1,25].
The spreadability of the cement slurry (2R), measured by
the AzNII cone, was also monitored (Table 1).

Experiments show of that calcium polysulfide has no
significant effect on the rheological properties of cement
slurries.

Since the time of the moveable state of the cement
slurry during the ce-menting of wells can reach up to
4—5 hours, for these systems the most important indica-
tor is the pumpability determined by the consistometer
[1]. In this case, the effectiveness of various methods for
the input of calcium polysulfide into cement slurries were
tested (Table 2).

Table 1
The effect of calcium polysulfide on the rheological properties of cement slurry
Weight indices
Ne Calcium
0 polysulfide, % | 1 mpa-s . dPa Gel strength ;. | Gel strength .. 2R. em
i o dPa dPa ’

1 0 68,5 10,0 8 10 22

2 1 63,5 10,8 9 12 22

3 3 63,1 10,5 9 14 24

4 5 62,6 10,6 8 15 24
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Table 2
The effect of calcium polysulfide on the pumpability of cement slurry
The pumpability of the cement slurry, hour,
. Calcium with the input of calcium polysulfide
o
B polysulfide, % i i i
it (b (i | into the cement slurry through cement powder
(water)
1 0 4 4 3
2 1 5 5 4
3 3 5.9 6 4,5
4 5 6,4 6,5 5

Increased concentration of calcium polysulfide in ce-
ment slurry rises the time of its pumpability. When the
additive is introduced into the tempering fluid or in the
cement slurry, the allowable pumping time the solution is
almost the same, but when input the reagent through the
disintegrator, this value is already 1—1.5 hours less. The
processes occurring with cement during its disintegrat-
ing treatment play an important role in accelerating the
structure formation of solutions [22].

The effects of calcium polysulfide on the strength
characteristics of cement stone are given in table 3.

Introduction of the calcium polysulfide to the com-
position of the cement slurry increases the strength of
the cement stone. Moreover, with increased concentra-
tion of it in the solution, the compressive and flexural
strength becomes significantly higher. For example, in the
sample with a 5% additive, the flexural strength increased

Table 3

by 2 times compared with the original sample, and the
compressive strength increased by 1.23 times. The reason
for increasing the strength of cement stone, perhaps, is
the clogging of its pores.

This assumption was proved by the results of the evalu-
ation of the permea-bility of cement stone at the age of
three days, given in Table 4.

When calcium polysulfide was added to the cement
mortar, the permea-bility of the cement stone dropped
sharply (more than 2 times for the sample from 5%) com-
pared to the control sample, which proves a change in the
structure of the pore space of the cement stone.

Since most types of corrosion of cement stone under
the action of aggressive fluids are controlled by the diffu-
sion of the aggressor deep into the stone, the change in
the structure should significantly affect the rate of cor-
rosion processes.

The effect of calcium polysulfide on the strength of cement stone

The strength of the stone, MPa, with the addition of calcium polysulfide, %
Weight indices
0 1 3 4 5

Flexural 1,16 1,16 1,29 1,41 2,14 2,32
strength

Compressive 20,9 212 21,8 24.5 25,0 25,6
strength

Table 4

The effect of calcium polysulfide on the permeability of cement stone

The permeability of cement stone, mD, with the addition of calcium polysulfide, %

1

3

0,34

0,2

0,18

0,14
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Effect of calcium polysulfide on acid corrosion of ce-
ment stone

In the experiments, the aggressive medium was rep-
resented by a one-molar solution of hydrochloric acid
(HCl) with a ratio of the volumes of the acid so-lution
to the volume of cement stone samples 10: 1. The water-
cement ratio of the solution is 0.4, the cement grade
PCT-I-50, the age of the samples prior to installation
in an aggressive environment is three days. Replacement
of the corrosive medium was carried out in three days
with the duration of the experiment of 35 days. Every 7
days from the corrosive environment there were selected
samples for research.

It was also assumed as the temperature of sample
formation increases, calcium polysulfide may melt and,
spreading, will cover a large surface of the pores, increas-
ing the degree of their inhibition. For this, a part of the
samples with the concentration of the additive of 3% and
5% were subjected to boiling in water for two hours. This
experiment partially modeled the working conditions of
cement stone in wells at bottomhole temperatures close
to 100°C, corresponding to depths of more than 4000 m.

After the end of the experiment, the following results
were obtained.

1. Samples of additive-free cement during the test com-
pletely collapsed.

Fig. 1. Cement stone samples after acid corrosion:
a — the content of calcium polysulfide — 3%;
b — the content of calcium polysulfide — 5%

2. Samples of cement with the addition of 1% calcium
polysulfide were almost completely destroyed during
the test.

3. Samples of cement with the addition of 3% calcium
polysulfide during the experiment were partially de-
stroyed (Fig. 1a). The corner of on one sample a «cor-
roded» layer broke off.

4. Samples of cement with the addition of 5% calcium
polysulfide were practically not corroded during the
test, except for the breakaway angle (Fig. 1b).

5. Samples of cement with the addition of 3% calcium
polysulfide, subjected to two-hour boiling, after
35 days of testing did not collapse and practically did
not undergo corrosion. Cracking and delamination
were not observed (Fig. 2a).

6. Samples of cement with the addition of 5% calcium
polysulfide, sub-jected to two-hour boiling, after
35 days of testing did not collapse and did not undergo
corrosion (Fig. 2b).

Prior to placing the samples in an aggressive environ-
ment, the permeability of the cement stone was measured,
and during the experiment the corrosion depth of the test
samples was determined (Table 5).

The experiments carried out confirmed both the posi-
tive effect of calcium polysulfide on the kinetics acid cor-
rosion of cement stone. And the assumption of inhibition
of the surface of the pores with molten sulfur.

Fig. 2. Cement stone samples boiled after acid corrosion:
a — the content of calcium polysulfide — 3%;
b — the content of calcium polysulfide — 5%
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Table 5
Summary of acid corrosion research
No Calcium Permeability of the stone Depth of corrosion, mm through, days
polysulfide, % at the age of 2 days, mD 7 14 21 35

1 0 0,35 5 8 30 -
2 1 0,2 5 10 18 30
3 3 0,18 3 5 6 10
4 5 0,14 3 5 6 9
5 3 + boiling 0,14 2 3 5 7
6 5 + boiling 0,12 2 3 5 6

The effect of calcium polysulfide on hydrogen sulfide
corrosion of cement stone

The final stage of the experiments was the studies
of corrosion of a cement stone when exposed to hydro-
gen sulfide dissolved in water with a concentration of
3000 mg/1.

In the experiment, seven cement slurries were used:
without additives; with calcium polysulfide at a concen-
tration of 1%, 3%, 5% input method — in the ce-ment
slurry; with calcium polysulfide in the same concentra-
tions, the input method is through the cement pow-
der. Cement grade PCT-1-50, W/C = 0.4, sample size
40x40x40 mm.

Fig. 3 and 4 show photos of the samples after 45 days
in an aggressive environment.

In tab. 6 the results of hydrogen sulfide corrosion of
cement stone samples are summarized.

The results of the experiment, confirmed that calcium
polysulfide has anti-corrosion properties against aggres-
sive media. With an increase in the concentra-tion of
the additive in the solution, the penetration depth of ag-
gressive components decreases, therefore, the corrosion
process is significantly slowed down.

Micrographs samples of cement stone, presented in
Fig. 5. It was shown that calcium polysulfide, being dis-
tributed in the pore space, blocks their surface, limiting
the contact of aggressive ions with hardening products.

Micrographs clearly show that calcium polysulfide fills
the pore space of the cement stone during its hardening
and does not allow components of the corrosive medium
to penetrate into the stone and destroy it.

Fig. 3. Samples of cement stone after corrosion in dissolved hydrogen sulfide:

a — a sample of additive-free cement;

b — a sample of cement with 1% calcium polysulfide, input additives in the solution;
¢ — a sample of cement with 3% calcium polysulfide, input additives in the solution;
d — a sample of cement with 5% calcium polysulfide, input additives in the solution
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Fig. 4. Samples of cement stone after corrosion in hydrogen sulfide dissolved in water:

a — a sample of cement with 1% calcium polysulfide, the input of the additive through a disintegrator;
b — a sample of cement with 3% calcium polysulfide, the input of the additive through cement powder;
¢ — a sample of cement with 5% calcium polysulfide, the input of the additive — through cement powder

Table 6

Generalized data on the study of hydrogen sulfide corrosion

Calcium polysulfide, % Input method of calcium Depth of corrosion, mm Volume of corrodegl cement
polysulfide stone, mm
0 — 6 324
1 in cement slurry 5 270
3 in cement slurry 4 216
5 in cement slurry 4.5 243
1 through cement powder 3 162
3 through cement powder 2 108
5 through cement powder 0,3 16,2

Fig. 5. Micrographs

of cement stone samples:
a — pore space near the
grain of cement x 500;

b — time of cement stone
x 2000;

¢ — pore space filled with
calcium polysulfide x500;
d — calcium polysulfide
crystals x 2000
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CONCLUTION

1. The use of calcium polysulfide in cement slurries is an
effective way to increase the durability of cement stone
when exposed to aggressive fluids, due to clogging of
the pores and inhibiting their surface.

2. Calcium polysulfide does not impair the rheologi-
cal properties of cement slurries and their pump-
ability, allowing for normal casing cementing pro-
cesses.

BBEJEHUE

A;pecanHoe BIMSTHUE Ha IIEMEHTHBIN KaMeHb IIPO-
BIISTIOT BCe 0¢3 MCKITFOUCHMST KUCIIOTHl 1 MHOTO-
qurcjieHHBIe coiu. IlmacToBbie BOOBI MHOTUX MECTO-
POXIECHUI comepsKaT pa3IMIHBIC PACTBOPEHHBIC COJIN
W SIBIISIFOTCS KpalfHe arpeCCUBHBIMU IO OTHOIICHUIO
K TaMITOHaXKHOMY KaMHIo [ 1, 2].

AHaJm3 pa3INnIHBIX BUIOB KOppo3nu [3—8] moka-
3bIBAaCT, YTO KMHETHKA MHOTUX X HUX OIIPEACIISICTCS
nnddy3ueit arpecCUBHBIX MOHOB BHYTPb KaMHS. DTO
OTHOCHUTCSI K KOPPO3UU IO NEUCTBUEM KUCIBIX CPEN,
cynb(haTHOI, MarHe3UaIbHOM Kopposun. [1pn Koppos3nm
BBIIIEIAYNBAHNS KMHETUKA TUDDY3UN MOHOB Kajlb-
us U3 IIEMECHTHOTO KaMHS TakxKe mMeeT Tudy3HbII
KOHTPOJTb.

W3 mpaKTUKH MPOMBIIIVIEHHOTO W TPasKIaHCKOTO
CTPOUTEILCTBA IIJIST TTOBBIIICHUS JOJTOBSYHOCTH KOH-
CTPYKIMI U3BECTHO MPUMEHEHNE TUIOTHBIX OETOHOB
C TIOHIKECHHBIM BOIOIIEeMEHTHBIM oTHOIIeHreM (B/11)
VUTU TIPOTIMTKA M3IEINI CIICIINAIbHBIMHI COCTaBAMU
[9—11].

[Tpu cTpouTenbCTBE CKBAXWH NaHHBIE TEXHOJIOTUHT
HEIMpUEeMJIEMBI, TTOCKOJIbKY I HEMEHTUPOBAHUS UC-
TIOJTE3YIOTCSI PACTBOPHI HA OCHOBE IIEMEHTA W BOIBI, TIPU
B/11 0,45—0,9, mHorma comepxKamiye MOTU(UITNPYIOIIIe
nmo0aBky. CHIDKEHIE BOIOLIEMEHTHOTO OTHOIIICHUS TaM-
TIOHAXXHBIX PACTBOPOB BEIET K MTOBHIIIICHUIO IUNIOTHOCTH
pacTBOpa ¥ MOXET IIPUBECTH K OCTIOXKHCHMSIM WJIU aBa-
pUSIM TIpU IIEMEHTUpOBaHUM. KpoMe Toro, cHIDKeHUe
B/LI pacTBOpa IPUBOIUT K TTOTEPE €TO IMOABIKHOCTH,
a MpUMEHEHUE TUIACTU(PUKATOPOB MOXKET BBI3BATh CEI-
MEHTAIlMOHHOE pacciaoeHue pactopa [1, 12].

Hcronp3oBaHMe TPOMUTOYHBIX MATEPUAJIOB JIJIST TI0-
BBIIICHUSI JOJTOBCYHOCTH IIEMECHTHOTO KaMHS B CKBa-
KITHHBIX YCIIOBUSX HEBO3MOXHO, TTOCKOJIBKY HCTIONB3Y-
eMasl TIpYA [IEMEHTUPOBAHNH CKBaXKWH IIEMEHTOBOIHAS
CYCITeH3UsI B TeUeHNE 1—4 9acoB IMPOKAYNBACTCS BHYTPHU
00CagHBIX TPYO M MO 3aTPyOHOMY IIPOCTPAHCTBY IIPHU

3. The addition of calcium polysulfide to cement mortars
increases the strength and reduces the permeability of
the resulting cement stone.

4. The most effective is the technology of introduction of
calcium polysulfide into dry cementing material with
its subsequent disintegrator processing.

5. The revealed features of the change in the properties
of the mortar and stone based on the Portland cement
show the prospect of using calcium polysulfide nano-
additives to obtain durable concrete structures.

HEOOIBIINX TUaMeTpax Tpyo 1 Maitbix (15—20 MM) KOJTb-
LIEBBIX 3a30pax Ha MIyOMHAX HECKOJIBKO KUJIOMETPOB.

Jns Kpenu CKBaXXWH, COCTOSILIEN M3 00camHOoil
KOJIOHHBI U LIEMEHTHOTO KOJIbLIa HEOOJIBILION TOJIIIM -
HbI, HanboJjiee caa0bIM 3BEHOM SIBJISIETCS LIEMEHTHBIIA
KaMeHb, KOTOPbIii pabOTaeT B IIOCTOSIHHOM KOHTaKTe
C arpeCCUBHBIMHU ILJIACTOBBIMU (DJIIOUIAMU U YSI3BUM
K MX BO3[EHCTBUIO.

B cratbe npeacTaBiieHbl pe3y/IbTaThl UCCIIEI0BAHMS
BIUSTHUS HAaHOPa3MEPHBIX YaCTHUII TTOJIMCYIb(HIA Kalb-
IIMST Ha CBOIMCTBA IIEMEHTHOTO KaMHSI, TIPUMEHSIEMOTO
IpU KpeIieHUU HeTIHBIX U Ta30BbIX CKBaXKUH. B pam-
Kax MCCJIeIOBaHUIi ObLIM IIPOBEAEHBI DKCIIEPUMEHTBI
10 OLICHKE BO3IEMCTBUS MOJUCYIbdUAA KaabLins Ha
LIEMEHTHbIE PACTBOPBI U MOJIYYCHHBI KaMEHb, €ro
CTOMKOCTb B CEPOBOJOPOIHOM cpede. DIeKTPOHHAs
MMKPOCKOIIMS IT03BOJIMIA OLEHUTD BIMSIHUE HAHOPA3-
MEPHBIX YACTHULI IIOJIUCYIb(KUIA KAaTbLIKS HA ITOBBIIEHKE
KOPPO3MOHHOU CTOMKOCTH IIEMEHTHOTO KaMHSI.

OCHOBHAA YACTb

TeopeTnuecKne acmeKThl CEPOBOAOPOTHOIN KOPPOIUH
LHEMEHTHOIr0 KaMHS

CepoBoa0opo, KOJUYECTBO KOTOPOTO B ILJIACTO-
BOM Ta3e MOXET JOXOIUTh 10 25%, siBisieTcss Haubo-
Jiee arpeCCUBHBIM KOMITOHEHTOM IUIACTOBBIX (DIIIOMIOB
[13, 14, 15]. Mexanu3m nopaxkeHus 1 (haKTOPbI, OIIpe-
IeJISTIoNIe KMHETUKY TIpoliecca, IMOIpOOHO ONMCaHbI
B pabotax [1, 2, 7, 13—15]. YcnoBusaMu pa3pyiieHUs
KaMHSI [IpU Ta30BOI CEpOBOAOPOIHOIM arpecCuu sIBIsieT-
Cs1 BBICOKAsI TIOPUCTOCTDh KAMHSI, 00eCIeYrBaloliasi Ipo-
HUKHOBEHUE arpeccopa B IIyOb KaMHsI, U BbICOKuUit pH
MIPOAYKTOB TBEPAEHHUsI, 00ECIICUNBAIOLINIA OOpa30BaHLe
MajIopacTBOPUMOroO cyibduaa Kanblius. HakorieHue
IMOCJIEAHEr0 U IMPUBOAUT K Pa3BUTUIO PACTSITUBAIOLINX
HaMpsKeHU B LIEeMEHTHOM KaMHe. BTopuuHbIM hak-
TOPOM IIOSIBJIEHUSI PACTSATUBAIOIIMX HAIIPSKEHUI MO-
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JKET SIBUTbCSI 00Opa3oBaHUE ITTPUHIUTA MPU TTepexXoae
cyab(puaHON cepnl B cyabdaTHyo. Hanbonee ys13Bu-
MBIM K Ta3000pa3HOMY CEpPOBOAOPOY SIBISIETCS Ka-
MEHb U3 MOPTIaHALEMEHTA, TOra Kak 00pa3ibl KaMHS
¢ pH < 11, nojsiyueHHbIE U3 1UIAKOBBIX BSLKYILIUX MPU
BBICOKHIX TEMITEpaTypax, OKa3aJnch CTOMKUMH |14, 16].

[Tpu Bo3neiicTBMU paCTBOPEHHOTO CEPOBOOPOIA HA
LIEMEHTHBIM KaMeHb HabJI0IaeTCsl KOPPO3US TIEPBOTO
truna (mo Mocksuny B.M.) [3, 4, 13, 14], mpuueM 006-
paslibl KAMHS U3 BCEX BUAOB BSIXKYIINX, 32 UCKITIOUEHU -
€M KHCJIOTOYIIOPHOTO LIEMeHTa, pa3pylualTcs, U pedb
WIIET TOJILKO O CKOPOCTH mpoliecca. [1pu aTom npoiiece
MOpaXeHUs UMEET ITOCIOMHBIN XapaKTep, IMIPUCYILIAA
KMCJIOTHOM KOPPO3KH.

KuHeTuka nipoliecca KOppo3uu orpeaessieTcst KOH-
LIEeHTpalLel arpecCUBHON Cpelibl HA TPAHULIE C IEMEHT-
HBbIM KaMHEM, COCTaBOM U IIJIOTHOCTBIO CJIOSI IPOAYKTOB
KOpPPO3WH, peaKIIMOHHOM eMKOCTBIO IIEMEHTHOTO KaM-
H$1, U MOXET OMUCHIBATLCS Pa3IMYHBIMU KUHETUYECKM -
MU KpuBbiMu [17].

JI1sl IeMEHTHOTO KaMHS$I ITyOOKUX CKBaXKMH, KOTAa
CKOPOCTb IMOJIBO/IA arPECCUBHOIO areHTa K MOBEPXHO-
ctu obpa3sia 0oJiblie, yem ero Auddys3ust B mopax KaM-
H, Hanboee 3(PPeKTUBHLIM CIIOCOOOM 3aMeIJICHUS
KOPPO3UHU SIBJISIETCS YIIpaBJIeHWE CTPYKTYPOIi TIOPOBOTO
MPOCTPAHCTBA, YTO M CTAJI0O OCHOBHOM 3a1ayueil uccie-
NOBaHUI.

K coxaneHuio, TeXHOJIOTMYECKUE MTPUEMBbI, IIH-
POKO MPUMEHSIEMbIE B CTPOUTENILCTBE, TTPAKTUYECKHU
HEBO3MOXHO UCMOJIb30BaTh MPU LIEMEHTUPOBAHUU 00-
CaIHBIX KOJIOHH B ITyOOKMX CKBaxKMHax, XoTs1 pabo-
Thl B 9TOM HampaBjJeHUU MPOBOAUINUCH. B yacTHOCTH,
MOXHO OTMETHUTH padboTy [18], B KOTOpOIi OIMMcaH OMbIT
MPUMEHEHMST METO/Ia XMMUYECKOTO KOHIEHCUPOBAHMST
MUKPOAUCIEPCHBIX YaCTHUIL B Mopax KamHs. [TonoOHbIi
a3 dexT HabM0IaeTCs U IIPU UCTIOJIb30BaHUU 100aBOK
HaHOKpeMHe3eMa [19].

Hamu 11 cHU>KeHUsT TOPUCTOCTY IEMEHTHOTO KaM-
HSI IPEIOXKEHO MTPUMEHEHUE MOJUCYIb(PrIA KaTbLIUS,
pPacTBOPbI KOTOPOTO YCIEIIHO MPUMEHSIOTCSI B CTPOU-

TeJbCTBE B KAUECTBE MPOMUTKHU, NIEUCTBYIOLIEH B pOJIU
3alIMTHOM ruieHKU. [Tonucynbdun Kaabiuys npu oopa-
00TKe OCTOHHBIX M3ICIINI YMEHBIIIACT IIPOHUIIACMOCTb,
TTOBBIIIACT IIPOYHOCTH OETOHA Y MOPO30CTOMKOCTD, UTO
yoeInTeTbHO J0oKa3aHo B padotax [20, 21].

Wnes mpuMeHeHUS TONUCYIbMUIA KaTbIMS B TAM-
IMTOHAXHBIX PacTBOPaX COCTOUT B TOM, YTO OH, OCaXK-
Iasich B MOpax KaMHsI, 00pa3yeT 3alllUTHOE ITOKPHITHE
13 TUAPODOOHBIX HAHOYACTHUI Cephbl, KOTOPHIC OYIyT
o0ecIreunBaTh MHTHOMPOBAHME TTOPOBOTO TIPOCTPAHCTBA.
Kpowme Toro, Oynet 3amMemIsiTbCsl CKOPOCTh UM dy3un
arpecCMBHBIX MOHOB BHYTPh IIEMECHTHOTO KaMHS.

[Tpu mpoBeneHNN SKCIIEPUMEHTOB OBIJIO UCTIONB30-
BaHO TPU CIIOCO0A BBEIECHUS KUIKOTO IMOJUCYThduIa
KaJIbILINS B IIEMEHTHBIN pacTBOP: B XKUIKOCTH 3aTBOpE-
HUs (BOMY), B IIPUTOTOBJICHHBIN IIEMEHTHBII pacTBOP
U CYXOIi CIT0Cc00, B ITOPOIIIOK IIEMEHTA, TTOIBEPTacMbIii
BIIOCJICICTBMY Ie3MHTETPaTOPHOIT 00paboTKe. Pesyib-
TaThI 9KCIIEPUMEHTOB ITOKA3aJIH, YTO IMOCICTHUMA CITIOCO0
okazajcs caMbIM 3(p(PEeKTUBHBIM.

Bimsinne nonucyabhuna Kauabnyus HA PeoJornyecKue
CBOIICTBA IEMEHTHOTO PACTBOPA ¥ KAMHS

Ha sTom 3Tare rccireqoBaHUM TOIUCYIbGUI KaTh-
uust B KoHueHtpauuu ot 0 10 5% ot Macchl LieMeHTa
BBOIMJICST HETIOCPEICTBEHHO B IIEMCHTHBIN pacTBOP,
TIPUTOTOBJICHHBIN M3 TAMIIOHAXKHOTO TTOPTIAHALIEMEHTA
T T-I-50, mpu BomoniemeHTHOM oTHOIIeHWHN 0,45. JTisa
OIIpEICIICHNST PEOJIOTMIECKIX CBOMCTB TaMIIOHAKHBIX
pacTBOPOB (ITaCTUYECKAsT BSI3KOCTh 1) U IMHAMIYECKOE
HaIpsDKEHME CIBUTA TO) MCITOIb30BAJICS aTMOC(HEPHBIN
pucko3umetrp OFITE Model 900. Kpowme Toro, ¢ yde-
TOM TEXHOJIOTMIECKNX OCOOCHHOCTEH 3aKaUKN TaMIIO-
HaXXHBIX pACTBOPOB, ¥ HUX OIIPEIEIISIIOCh CTATUICCKOE
HanpspkeHue casura (CHC) gepes 10 cexynn u 10 mu-
HyT [1, 25]. Takke KOHTPOJUPOBAJIACH PACTEKAEMOCTh
IIeMeHTHOTo pacTBopa (2R), 3aMmepsieMast 110 KOHYCY
A3HHMU (1abm. 1).

Tabauya 1
Bausinue nomcyib(huaa Kaabius Ha PeoIOrHIecKHe CBOMCTBA IEMEHTHOTO PACTBOPA
IToka3arenn
N | & CHC,, | CHC,,
’ n,mllacc T, alla nH‘;m HHI;M"" 2R, cm
1 0 68,5 10,0 8 10 22
2 1 63,5 10,8 9 12 22
3 3 63,1 10,5 9 14 24
4 5 62,6 10,6 8 15 24
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Tabauya 2
Bausanue nonucyasguaa Kaabus HAa POKAYMBAEMOCTh IEMEHTHOTO PACTBOpa
IIpokaunBaeMoCTh HEMEHTHOIO PACTBOPA, YaC, MPH BBO/E MOIUCY.Ib(HIA KAJbIHUA
Ne JobaBka, %
B XKHIKOCTb 32TBOPEHHS B IIEMEHTHBI PacTBOP yepes Ae3UHTErpaTop
1 0 4 4 3
2 1 5 5 4
3 3 5,9 6 4,5
4 5 6,4 6,5 5

DKCIepUMEHTBI TTOKa3aJIr, YTO TTOJIUCYIb(hUI KaTh-
s He OKa3bIBaeT CYIIICCTBEHHOTO BIMSTHUS Ha PEOJIO-
TUYECKIE CBOMCTBA TAMITOHAXXHBIX PACTBOPOB.

ITockoIBKY BpeMsI IIOABIKHOTO COCTOSTHUS IIEMEHT-
HOTO pacTBOpa MpU KPEIUICHUN CKBaXKH MOXKET I0-
XOIUTH 10 4—5 9acoB, TO IJIST 3TUX CUCTEM BaXKHCUIITNM
TIO0KAa3aTeJIeM SIBJISIETCSI IIPOKAYMBAEMOCTh, OIIpeIeIIsie-
Mast KoHcuctoMeTpoM [1]. I[Ipu 3Tom OblIa TpoBepeHa
3((PEKTUBHOCTD Pa3IMIHBIX CITIOCOOOB BBOIIA ITOJINCYITh-
(rma KambLus B LIEMEHTHBIC PACTBOPHI (TAOII. 2).

[NoBbIIIcHNE KOHIICHTPAILINH TTOJIUCYTh(MDHUIA Kalh-
1S B IEMEHTHOM PacTBOPE YBEJIMUMUBAET BpeMsI €TO
npokauynBaeMocTH. [1pu BBome m00aBKM B KMIKOCTh
3aTBOPEHUS WU B LIEMEHTHBIN pacTBOP AOMYCTUMOE
BpeMsI TIPOKAYMBAHUS pacTBOpA MPAKTUICCKU OIMHA-
KOBO, HO IIPY BBOJIE pearcHTa uyepes3 Ie3MHTEerpaTop 3TO
3HauyeHue yxe Ha 1—1,5 yaca MeHbIlle. MBI mojiaraem,
YTO B YCKOPEHUM CTPYKTYPOOOPa30BaHUSI PACTBOPOB
BaXKHYIO POJIb UTPAIOT IIPOLECCHI, IIPOUCXOISIIINE C IIe-
MEHTOM IIPH €TO Ie3MHTEeTPaTOPHOI 06padoTke [22].

Bnustnure monvcynbbuna Kaabliys Ha TPOYHOCTHBIE
TOKa3aTe/iv IIEeMeHTHOTO KaMHSI TIPUBENIEHBI B Ta0I. 3.

BBeneHue B cocTaB IIEMEHTHOTO PAacTBOPA IOJIH-
cynb(una Kaiblys TOBBIIIAET POYHOCTD IMOJTyYCHHOTO
kamHs. bosee Toro, ¢ yBennmueHreM ero KOHIIEHTPpaIuu
B pacTBOpE MPOYHOCTh HA CKaTWE W M3TUO CTAHOBUT-
¢ cyniectBeHHO Bbilie. K nmpumepy, y obpasia ¢ 5%
00aBKOM MPOYHOCTh HA U3TMO BO3pocya B 2 pasa Io
CPaBHEHUIO C UCXOMHBIM 00pa3iioM, a IPOYHOCTH Ha
cxarue yBennumiach B 1,23 pasza. [IpuunHoit moBbI-
IIEHUS TIPOYHOCTHU IIEMEHTHOTO KaMHSI, BO3MOXHO,
SIBJISIETCST KOJTbMATAIIUsI €TO0 TIOpP.

[MonTBep:kaeHreM NaHHOTO TTPEATIONOXEHUS SIBU-
JINCH PEe3yIbTAThl OIIEHKW TTPOHUIIAEMOCTH IIEMEHT-
HOTO KaMHS$I B BO3pacTe TPEX CYTOK, MPUBEJACHHBIC B
Tabm. 4.

IMpu nobaske monucyrbdumaa Kaablus B IIEMEHT-
HBII PacTBOP MTPOHUIIAEMOCTh IIEMEHTHOTO KaMHS$T PE3KO
cHU3WIAch (6osiee yeM B 2 pasa st obpasua ¢ 5%) 1o
CPaBHEHWIO C KOHTPOJIbHBIM 00pa3IoM, 4TO J0KA3bI-

Tabauya 3
Bimsinne nomucyabguaa Kagabiys HA MPOYHOCTb IIEMEHTHOTO KAMHS
IIpenen npounocTu Kamus, MIla, npu 1o0aBKe noMCyIb(hUAA Kaablus, %
IToka3aTenu
0 1 2 3 4 5
ITpu nzrutde 1,16 1,16 1,29 1,41 2,14 2,32
[Tpu cxatum 20,9 21,2 21,8 24,5 25,0 25,6

Tabauua 4

Biugnue l'lO.]'ll/leJ'll)(l)l/l,Ila KaJIbIIMA HA MPOHUIIAEMOCTDh IECMEHTHOI0 KaAMHA

IIpoHunaemMocTh HEMEHTHOTO KaMHs, M/, ipyu 100aBKe cyabhuaHoii cepbl, %

1

3

0,34

0,2

0,18

0,14
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BaeT M3MEHEHME CTPYKTYPHI ITOPOBOTO IIPOCTPAHCTBA
IEMEHTHOTO KaMHSI.

ITockobKY OOJBITMHCTBO BUIOB KOPPO3WH IIEMEHT-
HOTO KaMHSI ITPU ICHCTBUY arpeCCUBHBIX (hTIOMIOB KOH-
Tpoaupyetcs nuddy3uei arpeccopa B I1yOb KaMHSI, TO
W3MEHEHME CTPYKTYPHI TTOCIICIHETO TOJIKHO CYIIIeCTBEH-
HO TIOBJIMSITh Ha CKOPOCTh KOPPO3MOHHBIX MPOIIECCOB.

Bimsiaue nomcyibhuna Kajublysg Ha KUCJIOTHYIO KOP-
PO3HUI0 IEMEHTHOI0 KaMHA

B skcriepmMeHTax arpeccuBHasI cpena OblIa Ipe-
CTaBJICHA OITHOMOJISIPHBIM PACTBOPOM COJISTHOI KUCIIOTBI
(HCI) mpu cooTHOIIEHNN 00BEMOB pacTBOPa KHUCIOTHI
K 00peMy 00pa3moB memMeHTHOTO KaMHs 10:1. Bomo-
IeMEeHTHOe OTHOIIIeHMe pacTBopa 0,4, MapKa IIeMeHTa
TTLT-I-50, Bo3pacT 06pa311oB 10 YCTAHOBKY B arpeCcCUB-
HYIO Cpelly — TPOe CYTOK. 3aMeHa arpecCUBHOM CPEIbl
TIPOBOAMIIACK UePe3 TPOE CYTOK ITPH IIPOIOJKUTEITBHOCTH
aKcrieprMeHTa 35 cyTok. Yepes Kaxaple 7 CYTOK U3 arpec-
CUBHOI Cpeibl OTOMpPAIMCh 00pa31Ibl 1JIs1 UCCeTOBAHUIA.

[Ipenmonaramrock TakKe, 9TO TP TOBBIIICHUH TEMIIC-
paTypbl (hOpMUPOBaHUST 00PaA3LIOB MOJUCYIb(MUIL KaTbLIUS
MOKET PaCIUIAaBUTHCS 1, PACTEKAsICh, TTOKPOET OOJIBIIIYIO
TIOBEPXHOCTB ITOP, YBEIMIMB CTETICHb X MHTOMPOBAHMSL.
JLts1 3TOr0 YacTh 00pa3IioB ¢ KOHIIEHTpalnei 100aBku 3%
1 5% ObUIMA NOABEPrHYTHI KUIISIYEHUIO B BOJE B TEYEHUE
IBYX 4acoB. JIaHHBIN SKCITEPUMEHT YaCTUIHO MOMICITH-
pOBaJI yCIOBHS PabOTHI LIEMEHTHOTO KaMHS B CKBaXKITHAX

Puc. 1. O6pa3ubl IEMEHTHOTO KAMHSI OCJIe KMCJIOTHOI
KOpPPO3UH:

a — cozepxanue noaucyibhuaa kaapuus — 3%;

0 — comepxaHue NOIMCYTb(UAA Kaablusa — 5%

MpU 3a00IHBIX TeMIlepatypax, onmm3kux K 100°C, coort-

BETCTBYIOINX ImyomHaM 6oee 4000 M.

[Tocte oKOHYaHMS KCIICPUMEHTA OBIIN TTOJTYyICHBI

CJICIYIOIINE PE3YIBTATHI:

1. OOpasibl n3 6e3700aBOYHOTO IIEMEHTA B XOIE UC-
ITBITAHUS TIOJTHOCTHIO pa3pyIIIINCh.

2. OO6pas3Lbl U3 LieMeHTa ¢ 100aBKoii 1% noucyabduaa
KaJIbLIMS B XOI€ UCTIBITAHUS Pa3pyIIINCh ITPaKTH -
YeCKH ITOJTHOCTBIO.

3. OOpa3sipbl 13 LieMeHTa ¢ 1o6aBKoii 3% nonucyibbhuna
KaJIBbIINS B XO/I€ SKCIIEPUMEHTA YACTUIHO Pa3pyIIIm-
qmch (puc. 1a). Ha omHOM 00pa3siie B yIiIy OTKOJIOJICS
«IIPOKOPPOAVNPOBAHHEBIN» CITON.

4. OOGpas3Lbl U3 LIeMeHTa ¢ 100aBKoii 5% noucyabduaa
KaJIBIIAS B XOJI¢ MCIIBITAHUS MMPaKTUUECKU He T -
BEPIIINCH KOPPO3UH, 32 NCKITIOUEHUEM OTKOJIOBIIIE-
rocs yria (puc. 10).

5. OO0pa3sipl U3 LeMeHTa ¢ 100aBKoi 3% monucyabdu-
ITa KaJbIUs, IIOOBEPIHYTHIC IBYXYACOBOMY KHITSI-
YEeHUIO, TTociIe 35 CYTOK MCITBITAHWI HE pa3pyIim-
JIVCh M TIPAKTUYECKU He MOABEPIINCH KOPPO3UHU.
PactpeckuBanus 1 pacciianBaHusl He HAOII0IAJIOCh
(puc. 2a).

6. OO6pasLpbl U3 LieMeHTa ¢ 100aBKoit 5 % nonucynbduaa
KaJIBLIVST, TIOOBEPTHYTHIC IBYXYaCOBOMY KUTISTICHUIO,
rmociie 35 CYyTOK MCITBITAHWA He pa3pyIIMINCh U He
TTOABEPIIINCH KOPPO3uH (puc. 20).

Jlo ycTaHOBKM 00pa3loB B arpeCCUBHYIO Cpey Oblia
n3MepeHa IMMPOHUIIAeMOCTh IIEMEHTHOTO KaMHS, a B XOJIe

Puc. 2. O6pa3npl HeMeHTHOTO KaMHsl, IIOBEPTHYThIE
KUINSYCHUIO MOCJIe KUCJIOTHOWH KOPPO3HH:

a — comepxkanue nomcyabhuna kaapiusa — 3%;

0 — comepkaHue NOMUCYIb(UIA Kaabuusa — 5%
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Tabauya 5
O0001IeHHbIE TAHHBIE 110 HCCIEI0BAHUIO KUCIOTHOM KOPPO3HH
No Ho6aska nomucynbguna| IlponuuaemMocTh KaMHs Liyouna Koppo3uu, MM yepes, CyT
Kasibius, % B Bo3pacre 2 cyT, M/I, 7 14 21 35

1 0 0,35 5 8 30 -
2 1 0,2 5 10 18 30
3 3 0,18 3 5 6 10
4 5 0,14 3 5 6 9
5 3 + KunsiueHue 0,14 2 3 5 7
6 5 + kunsyeHue 0,12 2 3 5 6

9KCTIEPUMEHTA OTIpeeIsijiach TyOnHa KOPPO3UU UC-
TBITYEMbIX 00pa31oB (Tabir. 5).

[MpoBeneHHbBIE IKCTIEPUMEHTHI TTOATBEPAUIN T10-
JIOXKUTETbHOE BIWSIHUE MONUCYIb(uaa Kaabiusl Ha
KUHETUKY KUCJIOTHOW KOPPO3UM IIEMEHTHOTO KaMHsI.
Taxoke Moy4usao NoATBEpKACHUE MPEANOI0XeHUE 00
WHTUOUPOBAHWY MTOBEPXHOCTH TIOP PACTIABOM CEPHI.

Bamsinne noymcyib(uaa Kaabiysa Ha cepoBOIOPOTHYIO
KOPPO3HIO IIEMEHTHOT0 KAMHS

3aBepIIaloIINM 3TAlIOM SKCIIEPUMEHTOB CTaJIO MC-
CJIeIOBaHNE KOPPO3UH LIEMEHTHOTO KaMHS TP BO3-
JENCTBUY PaCTBOPEHHOTO B BOIE CEPOBOIOPOA C KOH-
nenTpaumeit 3000 mr/m.

B sxcriepuMenTe OBIUTO UCITONB30BAHO CEMb PElLIeTT-
TYp LEMEHTHOTO pacTBopa: 6e3 106aBOK; ¢ TIOIUCYIIb-
dumoM KajabLud Ipy KoHueHTpaunu 1%, 3%, 5% me-

TOX BBOJA — B LIEMCHTHBIN PAacTBOP; C IMTOJIUCYIbMUIOM
KaJIbIINA B TEX XK€ KOHIICHTPAIMSIX METO BBOJA — Yepe3
nme3mHTerpaTop. Mapka mementa — [1LT-1-50, B/Ll =
0,4, pa3mep 0b6pas3nos — 40x40x40 MM.

Ha puc. 3, 4 ipencrasieHbl (OTO 00pa31oB ITOCIIe
45 cyTOK TIpeOBIBaHMS B aTpECCUBHOM cperie.

B Tabi1. 6 npencraBieHbl 0000LIEHHBIE PE3YJIbTATh
10 MCCJIEIOBAHUIO CEPOBOIOPOTHON KOPPO3UU 00pa3-
IIOB IIEMEHTHOTO KaMHS.

Pesynpratel 3KcIiepuMeHTa TTOATBEPAIIN, YTO T10-
JIMCYAbGUI KaTbIINS 00J1agacT aHTUKOPPO3MOHHBIMU
CBOIICTBaMH IT0 OTHOIIICHMIO K arPECCUBHEBIM CpeIaM.
C yBenueHHEM KOHIICHTPAIIMU T00aBKU B pacTBOpE
CHMXKAETCS TIIyOMHA TMTPOHNKHOBEHUSI arpeCCUBHBIX
KOMITOHEHTOB, CJIEIOBATEIbHO, CYIIIECTBEHHO 3aMe/I-
JISICTCST TIPOIIeCC KOPPO3UH.

Muxkpodororpaduu 00pa3loB LIEMEHTHOTO KaMHSI,
MIpeACTaBICHHBIC HA pUC. 5, TOKa3aJIy, YTO ITOJIUCYIIb-

Puc. 3. O6pa3iupl IeMeHTHOTO KaMHS ocJie KOPPO3HH B PACTBOPEHHOM B BOJIE CEPOBOIOpOIE:

a — o0pasen U3 0e3100aBOYHOrO IIEMEHTA;

0 — obpa3sen u3 nemenTa ¢ 1% noaucyab(huaa Kaubiys, BBOJ J00aBKH B PACTBOD;
B — o0pasell u3 neMeHTa ¢ 3% noucyIb(uaa Kajablius, BBOA J00aBKU B PACTBOP;
r — o0pasell u3 HeMeHTa ¢ 5% nomcyab(uaa Kajablins, BBOI 100aBKH B PACTBOP
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Puc. 4. O6pa3mpl IeMEeHTHOr0 KaMHS IOcJie KOPPO3HH B PACTBOPEHHOM B BOZIE€ CEPOBOIOPOIIE:
a — obpasen u3 nemeHTa ¢ 1% no/ucyib(huaa Kaabius, BBOJ A00aBKH — Yepes Je3MHTerpaTop,
0 — obpa3sen u3 nemenTa ¢ 3% noMcyIb(huaa Kaubliys, BBOJ J00aBKH — Yepe3 Je3MHTerpaTop,
B — oOpas3ell 3 ieMeHTa ¢ 5% nomcyab(uaa Kajbius, BBOI J00aBKH — Yepe3 JIe3UHTErpaTop

Tabauuya 6
O0001IeHHbIE TAHHBIE 110 HCCIEI0BAHUIO CEPOBOIOPOIHOI KOPPO3HHU
Konnentpauus noaucyian- | MeTon BBoaa NoIMCyIbhuaa 7). O0bem NPOKOPPOTMPOBAHHOTO
duna kanapuusa, % KaJbIust LEMEHTHOI0 KaMHs, MM>
0 — 6 324
1 B LIEMEHTHBII pacTBOP 5 270
3 B LIEMEHTHBI pacTBOP 4 216
5 B LIEMEHTHBII PacTBOP 4.5 243
1 yepe3 Ie3NHTETpaTop 3 162
3 yepes Ae3MHTerpaTop 2 108
5 yepes Ie3UHTErpaTop 0,3 16,2
a 0

Puc. 5. MuxpodoTtorpa-
¢uu o6pasnon
1eMEHTHOTO KaMHSI:

a — mopoBoe
MPOCTPAHCTBO OKOJIO
3epHa nemenTa x 500;

0 — mopa eMeHTHOTro
KamHsa x 2000;

B — NIOPOBOE MPOCTPaH-
CTBO, 3aM0JTHEHHOE
NOJUCYJIb(PUIOM KaTbIMs
x 500;

I' — KPHCTAJLIBI
NOJUCYJIb(PHUIA KaTbIMs
x 2000

WDEmm §549

B

SEI 20kV'

SEl ZBI:V

WD8mm  §S49

N

B,

WD11mm  §848 x2,000 10pm
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2. Tlomucynbdun Kanbiys He YXYILIAeT PEOJIOTMUECKIE
CBOMCTBA TAMITOHAXKHBIX pACTBOPOB U MX ITPOKAUM-

U KanpIms, pacupeaeisisich B TOPOBOM IIPOCTpaH-
CTBe, OJIOKUPYET MX ITOBEPXHOCTh, OTPAHINYNBASI KOHTAKT
arpeCcCUBHBIX MOHOB C MPOAYKTAMU TBEPACHUSI. BacMOCTb, TTO3BOJISISI HOPMAJIBHO OOCCITEUYNUTh TIPO-
Ha muxpodororpadusix 94eTKO BUTHO, UTO ITOTH- IIeCCHI LIEMECHTUPOBAHUS OOCATHBIX KOJIOHH.

CyTbGhUI KaJTBIINS 3aTI0THSIET COO0I TTOPOBOE TIPOCTPaH- 3. JlobaBKa MoIMCYIb(hraa KaJbIMs B IIEMEHTHBIC pac-
CTBO LIEMEHTHOTO KaMH$ MIPY €ro TBEPAEHUU U HE TaeT TBOPHI TTOBHITIIACT ITPOYHOCTD M CHIDKACT IPOHUIIAC-
KOMIIOHEHTaM arpeCCUBHOM cpeabl IPOHUKATh BHYTPh MOCTB ITOTYy9aeMOTO IIEMEHTHOTO KaMHSI.

KaMHsI ¥ pa3pyliaTh ero. 4. Hawmbomee 3¢ (PeKTUBHOI ABIISICTCS TEXHOJIOTHSI BBO-
Jla moucyIbduaa Kaabliys B CyXOi TaMITOHAKHBI
MaTepuaj ¢ eTo MOCIEeIyIOIIeH Te3MHTerpaTOPHOM
00pabOTKOM.

3AK/IIOYEHUE:

[MpumeHeHMe TTOMUCYTh(hHIA KATbIINS B TAMITOHAXK-
HBIX pacTBOpax ABISICTCS 3P (PEKTUBHBIM CITIOCOOOM
TIOBBIIIICHUST TOJITOBEYHOCTH 1IEMEHTHOTO KaMHSI TIPH
BO3IECTBUU arpeCCUBHBIX (DITFOMIOB, 3a CYECT KOJTb-
MaTaluy MOop ¥ MHTHOMPOBAHUS X TTOBEPXHOCTH.

BrIsiBIeHHBIC OCOOCHHOCTH U3MEHEHHUSI CBOVCTB
pacTBopa 1 KaMHS Ha IIOPTIAHAIIEMEHTHOM OCHOBE
ITOKAa3aJIi IIEPCIICKTUBY IIPUMEHEHUSI HAaHOT00aBOK
ITOJTACYTb(UIA KATBIIUS IS TIOTYICHUST TOITOBEY -
HBIX 3AJIMBHBIX OCTOHHBIX KOHCTPYKITUIA.
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Abstract: The extrudability and firm stability are the criteria rheological characteristics of building 3D printable mixtures. This
paper presents the results of experimental studies of the rheological behaviour of fresh cement pastes as matrices for 3D printable
mixtures. The squeezing test, with constant plate speed, has been used for determination plasticity of cement pastes as criteria
of their extrudability. As a result, the typical rheological models of the fresh cement pastes have been identified. In addition, the
value of plastic yield stress was evaluated as criteria for the extrusion process. The squeezing test, with constant strain rate, has
been used for determination structural and plastic strength, plastic deformations as criteria for the ability of a 3D printable mixture
to hold shape during multi-layer casting. It is shown that these properties are significantly controlled by the plasticizer and viscos-
ity modifying additives as factors of changes of disperse system «cement + water» properties. It is established that electrolytes,
nanodispersed adsorption-active inorganic modifying additives increase the plasticity of the fresh cement pastes. At the same time,
the nanodispersed adsorption-active inorganic modifying additives develop plastic strength as criteria of firm stability. The intro-
duction of inorganic polymers, inert to cement, improves the structural strength of fresh cement pastes but significantly reduces
their plasticity. It is shown that the management of rheological behaviour of 3D printable mixtures should be based only by the
complex using of chemical addi-tives such as electrolytes, plasticizers and nanodispersed inorganic viscosity modifying additives.

Keywords: 3D-printable building mixtures disperse systems, rheological behaviour, addictives.
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3D-neuatn. B ctatbe npeacTaBneHbl pe3ysibTaTbl SKCNEPUMEHTAJIbHbIX VICCHe,EI,OBaHI/IIZ peonorn4yeckoro nosegeHnA mogesnbHbIX Le-
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CTVI(I)I/IKaTOpOB N HaHOANCNEPCHbIX HEOPraHNYeCKnX MOAI/Id)VIKaTOpOB BA3KOCTU KaK CpefcCcTB U3 apceHasia «kHaHO».
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BBEJIEHUE

B06meM CEMENCTBE MHHOBALIMOHHBIX 3D amanTtus-
HBIX TIPOIECCOB POOOTU3UPOBAHHOIO CO3TAHUS
CTPOUTEJILHBIX OOBEKTOB B HACTOSIIEE BpeMs JIOBE-
IIeH OO0 CTaIWK MPOMBIIIJICHHOTO BHEIPEHUS METOII
3D-mevyaTn KaK HanboJjIee MpUeMIEMBbIH IS TTPaKTUKI
ctpoutesibcTBa. CTpouTenbHas 3D-mevyarh BKITIOYA-
€T CTaINU IIPUTOTOBIICHUS BI3KOILIACTUIHOM CMECH,
TPAHCIIOPTUPOBAHUS €€ U3 CMECUTENIST B SKCTPYyAEp, IKC-
TPYAMpPOBaHUE, TIOCIONHYIO YKIIANKY, TBEpICHNE Halle-
JaTaHHBIX cJloeB. OOIIETIPU3HAHO, YTO 3 (PEKTUBHOCTD
¥ TEXHOJIOTUIHOCTh CTPOUTEIbHOM 3D-TIeuaTnt orpee-
JIIETCST COBOKYITHOCTBIO KPUTEPUATBHBIX XapaKTePUCTUK
cMecelt: TUTaCTUYHOCTBIO JUIST pean3alliy Impoliecca
sKcTpy3un (extrudability), (hhopMOYCTOMIMBOCTRIO TP
yknanke cioeB (buildability), CKOpOCTBIO CTPYKTYPO-
o0pa3oBaHUs U TBepAeHU (structural build-up) [1-5].
B pe3synpraTe HaKOIIJICHUS] MacCHBa 3KCIIEPUMEH-
TalbHOI MHGOopMauu, Hanpumep [7—13], momydeHa
¥ aIipoOMpoBaHa JOCTaTOTHAS OOJIbIIIAs HOMEHKIIaTypa
cMmeceit. AHann3 paboT MTOKA3bIBACT, YTO IJIsI CTPOU-
TeabHOU 3D-1meyaTt MCTIOMB3YIOT ABE TPYIIITEI CMECeii:
rpyoomucriepcHbie (pa3Mep yactui d > 100 MKM) 11 MU-
KponmcriepcHsbIe (pa3mep gactuir d ~ 1100 mxm). ITo-
JIy4CHHBIC CMECH XapaKTepU3yIOTCSI MHOTOKOMITOHEHT-
HOCTBIO, B X COCTaBaX OJHOBPEMEHHO MCITOJIB3YIOTCS
CYTIepITIaCTU(DUKATOPBI, MOIU(UKATOPHI BI3KOCTH, pe-
TYJISITOPBI CTPYKTYpOOOpa30BaHNsI, HATIOJTHUTEIN 1 3a-
TIOJTHUTEJIN PA3IMIHOTO XUMUKO-MUHEPAIIOTHTICCKOTO
cocTaBa 1 muctiepcHocTr. OMHAKO B HACTOSIIEE BPeMs
OIHO3HAYHO HE BBISBICHO BIMSIHIE CBOMCTB 1 KOHIICH-
TpaIllM UCTIOIb3YeMBIX KOMITOHEHTOB CMeCell Ha UX pe-
OJIOTMYECKOE TTIOBeIeHNE B YCIOBUAX 3D-mevarn.
ABTOPCKUI TTOAXOI K MOACIMPOBAHMIO U YIIPABIIC-
HUIO PEOJIOTUICCKIM MOBEICHUEM BSI3KO-TUIACTUIHBIX
cMeceit B mpolieccax 3D-1reyaTt 1 ONTUMH3ALINN UX
COCTAaBOB OCHOBAaH Ha ITOJIOXEHUSIX CTPYKTYPHOU peo-
JIOTUX TUCTIEPCHBIX CUCTEM, TIPUOPUTET TEOPETHUECKOTO
000CHOBaHMST KOTOPBIX TIPUHAIJICKUT COBETCKOI IITKO-
Jie GU3MKO-XNMHUIEeCKO MexaHuku [14—16]. Ucxons
13 3TOro, Hamu B padbote [17] 000CHOBaHBI OCHOBHBIC
CPEICTBa YIIPABICHUS PEOJIOTMUCCKIM ITOBEICHUEM BSI3-
KOITIACTUIHBIX CMECeil, pacCMaTpUBaeMBIX KaK TeTepo-
TeHHBIC CUCTEMBI «IUCTIepCcHAs (pa3a + mIucrepCroHHast
cpenma». ABTOpaMU 3KCIIEPUMEHTAILHO YCTAaHOBJICHO
[18—19], uTo KOHIIEHTpALIMSI TUCITIEPCHOM (ha3bl B AUC-
nepcroHHoOU cpene (B/T-oTHoleHNe B cucTeMe) SIBJISI-
eTcsl onpeaesiomuM (HakTOpoM peryaupoBaHus ria-
CTUYHOCTHU U CTPYKTYPHOI yCTOMYMBOCTU cMeceil. [1pu
5TOM ONTUMAJIbHBIC 3HAUCHMSI KOHIICHTPAIIUH INCTIePC-
HO1 (ha3slI ¢ OIpeaeIeHHBIM KOMITOHEHTHBIM COCTAaBOM
TSI KaXKIOM KOHKPETHOM TUCIIEPCHOM CUCTEMBI B 3HA-
YUTCIBHOU Mepe OIPEIeIISIIOTCS XapaKTepUCTUKAMMU
IVCTIEpCUOHHOM cpesl. [TokazaHO, UTO 1T0 OTHOIIICHUIO

K IUCTICPCUOHHOM cpefe (haKTopaMu YIIpaBJICHMS PeO-
JIOThEN BS3KOMJIACTUYHBIX CMECEM SIBIISIIOTCSI MIOHHBIN
COCTaB, BSIBKOCTb, IUIOTHOCTb TMCIIEPCUOHHOM CPEJIbI.
B kauecTBe cpeAacTB UX PEryJaupoBaHUs MPeaT0XKEHO
BapbUPOBATh BUIbI U JO3UPOBKU TPEX IPYII 100ABOK:
SJIEKTPOJINTOB, TIACTU(UKATOPOB U MOAU(PUKATOPOB
BSI3KOCTU KaK CpPeACTB U3 apceHasia «HaHo» [17]. B co-
OTBETCTBUU C HAHOTEXHOJOTMUYECKUMU MTPUHLUITIAMU
«CBEPXY — BHU3» U «CHU3Y — BBEPX»IIPU BBEIEHUU J10-
0aBoK aynekTposinToB U [TAB npoucxonut nameHeHue
COCTOSIHUSI TOBEPXHOCTU TBEPbIX YACTULL AUCTIEPCHOM
¢a3nl. BegeHue 1o6aBoK-MoaU(pUKATOPOB BI3KOCTHU
¥ HaHOMOAMU(UKATOPOB OMpeNesieT U3BMEHEHUE MPo-
CTPaHCTBEHHO—T€OMETPUUYECKON U SHEPreTuIeCcKoi
00CTaHOBKHU B KOHJAEHCALIMOHHOM 00beMe AMCTIEPCHOM
CUCTEMBI.

JlaHHast cTaThsl MOCBSIIEHA OOCYKIEHNIO pe3yibTa-
TOB CMCTEMHOI 3KCIIepUMEHTAIbHOM OIIeHKH 3 heK-
TUBHOCTHU BJIUSIHUS 10OABOK-MOIM(UKATOPOB BA3ZKOCTU
Ha KOMILJIEKC PEOJOTMYECKUX XapaKTepPUCTUK MOJAEIb-
HBIX LIEMEHTHBIX CUCTEM, paCCMaTPUBAEMbIX B KAUECTBE
Matpuil cmeceit it 3D-negarn.

OCHOBHAA YACTb
MeToauka ucclie10BaHuit

HccrnemoBanuch 5 TUIOB HEMEHTHBIX CHCTEM
(Ta6a. 1). B xauecTBe UCXOMHBIX KOMIIOHEHTOB CU-
cTeM UcTonb3oBaau nopriaanaueMeHT LIEM 1 42,5H
(I'OCT 31108-2016), cynepractudukarop (CII) Top-
roBoit Mmapku Sika, 100aBKI-MOIN(PUKATOPHI BA3KOCTH,
TeXHUYeCKyIo Bomy. KoHIIeHTpalyst 106aBOK 1 BEIMUH-
HbI B/11 B cclleTOBaHHBIX CCTeMaX ONTUMU3HPOBAHBI
IO pe3yJbTaTaM IIPEIBIIYIIETo dTalla NCCACIOBaHMIMA
[18—19]. 1151 OLIEHKM peOJIOTMIECKOTO TIOBEICHMS BSI3-
KO-TUTACTUIHBIX CMecell MCIIOIb30BaHbI METOMIBI CIAB-
JmBalomeit peometpun (squeeze flow rheometry) Kak
MHCTPYMEHTA MOMIEIMPOBAHMS PEOJIOTTIECKOTO ITOBE/IC-
HUST M NICHTU(UKAIINN PEOJIOTMUCCKIX XapaKTEPUCTUK
BSI3KO-TIJIACTUIHBIX CMeceil IIPUMEHUTENIBHO K YCIIOBH-
aM 3D-niewatu [1-5]. [Ipu peanusanyy sKCIepUMEHTOB
IS COABJIMBAIOIINX TECTOB MCIIOIb30BAINChH IIMINH-
IpUYecKre 0OpasIbl IIEMEHTHOTO TECTa, pagruyc KOTO-
pbix R 6611 paBeH ux BbicoTe hy = 25 Mmm. Mcnibitanue
IIPOBOIMIIOCH HETIOCPEACTBEHHO TOCIIC M3TOTOBICHMS
LIEMEHTHOTO TecTa. ISl ITpOoBeICHUS CIaBIMBAOIINX Te-
CTOB 00pa3ell MOMEIIAJICS MEXKIY IBYMSI TJIATKIMU TIIa-
CTUHAMM, THAMETP KOTOPHIX COOTBETCTBOBAJ pa3zMepy
00pa3slia, 1 3arpykajcsi B YHUBEPCATbHYIO HAIIOJIBHYIO
TMIPABIINUECKYIO ucbITarebHyIo cucteMy «INSTRON
Sates 1500 HDS». 1711 OLIeHKY TIJTACTUYHOCTHU CMecCe,
OIIPEACISIONICH X AKCTPYOANPYEMOCTh, pealn30BaH
CHABJIMBAIOIINI TECT C TOCTOSTHHOM CKOPOCTHIO medop-
MHPOBAHMS vV = 5 MM/C B COOTBETCTBUHU C MCTOIUKOM,
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Tabauya 1
XapaKTepuCTHKa COCTABOB cMeceid
MoaudukaTopbl BI3KOCTH
CII, %
Cocras O0o3HaueHHE OT MACCHI ©,% |B /I
CHCTEMBI CHCTEMBI It Tun ¥ XapakTepUCTHKA A00aBKH KaK CPEACTBA U3 ap- T Mac-
CeHaJIa «<HAHO»
cbl I,

LEMEHT— H-B—-CII OpraHuyecKkuii moJuMep Ha OCHOBE MOJIMKapOOKCU-
BOJA— 0,2 JIaTHBIX 2(UPOB. MI3MEeHSIET COCTOSTHUST TOBEPXHOCTU — 0,24
CII (aTasioH) TBEPIbIX YACTUIL AUCTIEPCHOM (ha3bl
LEMEHT— H—-B—-CII1— Heoprannyeckas conb: anexrponut(K,P,0.).
Boma—CII— MoK M3meHsieT MOHHBINI COCTaB IUCIEPCUOHHON Cpebl,
nupodochar 0,2 COCTOSIHME MOBEPXHOCTU U 00bEMa TBEPAbIX Ua- 0,2 0,23
Kanust CTUIL AUCTIEPCHOM (ha3bl, YACTUYHO BCTyNasl C HUMU

BO B3auMMOJEICTBUE
LEMEHT— H-B-CII-K Heopranuaeckuit momumep(C,.H, O,)n.
Boga—CII— 0.2 M3MeHseT mIoTHOCTh U BSI3KOCTb TMCIIEPCUOHHOM 0.2 0.25
Kameab ’ cpelbl, MPOCTPAHCTBEHHO-TEOMETPUUECKYIO 00CTa- ’ ’

HOBKY B KOHIEHCALIMUOHHOM 00bEME CUCTEMBbI
LIEMEHT— H—B—CII- VYabTpaaucnepcHblii WM3meHs10T npocTpaH-
Bona—CII— MK 02 HEOpPraHMYEeCKUi MOJN- | CTBEHHO-T€OMETpUYE- ’ 0.25
MeTaKaoJuH ’ ¢ukatop, d ~ 0,2 MKM CKYIO U DHEPreTU4YeCKyIo ’

AL O, 28i0, 00CTaHOBKY B KOH/IEH-
LEMEHT— H-B—-CII-M YJIBTpaI[I/ICHeE)CHBIﬁ He- E:SS;HHOM o0beme cn-
Bona—CII— 0,2 opraHu4eckuit Moauu- 5 0,27
Men Katop, d ~ 20 mxm CaCO,

npemroxeHHo#t N. Roussel, C. Lanos [3, 4], Hanboee
aJIeKBaTHO MOJICIMPYIOIICH MOBEICHNE CUCTEMEI B TIPO-
mmecce SKCTPY3UM.

[TosrygeHHBIC B IPOIIECCe UCITBITAHNI KPUBBIC «Ha-
rpy3ka N-mepemelneHue A» MHTEPIPETUPOBAINCH
B BUIe KPUBBIX 3aBUCMOCTHY IIPUBEICHHON HArpy3Kku F*
OT OTHOCHTEJIbHOTO M3MEHEHUS BbICOTHI 0Opasua h/R.

F'=Ph /7R’ (1)

rae h, = (h, —A), h; — HayanbHas BeIcOTa 0Opasia,
A — TiepeMeIeHue B i-ThIil MOMEHT BpeMEeHU, BETMIIHA
R mpmHMMAaIack TTIOCTOSTHHOI W paBHOM pamnycy 00-
pasiia B Havyajie UCITBITAaHMSI.

B mepBoii Touke Trepernda MoTydIeHHBIX SKCIICPU-
MEHTAJIbHBIX KPUBBIX pACCUNTBHIBAICH BEIMUMHA OIICH-
ku nipenena miactuanocty K (I) (plastic yield value [3]):

K, (h/R) =V3F*/2. 2)

st orteHKH (pOpMOYCTOMIMBOCTH TTPOBOIUIICS
CIABJIWBAIOIINI TECT C TOCTOSTHHOM CKOPOCTHIO Ha-
rpyxenust v = 0,5 H/c, MmeTonmnka rpoBeieHIs 000CHO-

BaHa Hamu [19] Ha OCHOBaHMY ITOAXOMIOB [5] K OIICHKE
GopMOYCTOMUNMBOCTU cMeceil OT ITOCIea0BATCIBHO
HapacTalomero JaBiIeHUS B IIPOIecce MOCIOMHOMN
3D-mevatn. [1pu mpoBeneHUN UCIIBITAHUI COABIN-
BaHME IIPOM3BOIMIIOCH A0 pa3pylIeHUs 00pa3IioB,
B TIpOIIECCE OITBITOB (DMKCHPOBAINCH KPUBHIC «IIepe-
MelleHue A — BpeMsl t»,«Harpy3ka N-1iepemeleHue Ax.
ITo ToIyYeHHBIM 3KCIIEPUMEHTAIBHBIM KPUBBIM pac-
CUNTHIBAICH 3HAYCHUS CTPYKTYPHOU IIPOYHOCTH IIe-
MEHTHBIX CICTEM B MOMEHTEI, COOTBETCTBYIOIIME Haya-
Iy 1eDOpMUPOBAHNS U HaYaJTy TPEIIMHOOOPa30BaAHMS
o0Opa3uos no ¢opmyJe:
o= P/aR2 3)
B pesynbTaTe mIacTUIHOCTh M YCTOMIMBOCTD CMECeit
B YCJIOBUSX, MOJICJIMPYIOIIUX N€HACTBUE CXXUMAIOLIUX
HaTPSKEHUN MIPU 3KCTPY3UM U TTOCIIOWHON YKJIaIKe,
OLICHUBAJINCh COTJIACHO KPUTEPUSIM, 000CHOBAaHHBIM
Hamu B paoore [19]:
— omueHka npenena miactuaHoctu Ki(l),
— CTPYKTypHasi IPOYHOCTb O, B MOMEHT Hayaja Je-
dopMHupoBaHUS, XapaKTepU3YyeT CIIOCOOHOCTh CH -
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CTEMBI CONIPOTUBIITHCS Ae(HOPMUPOBAHUIO TIPU
HarpyXeHNH,

— TUIACTHYECKast IPOYHOCTD O 1 BEIMYNHA OTHOCHU-
TeJbHBIX TUTACTHYECKMX IehopMaIInii A | B MOMEHT
Havayia TPeIIMHOOOpa30BaHNs, XapaKTepU3YIOIINe
CITOCOOHOCTh CUCTEMBI AcopMuUpoBaThCs 6e3 pa3-
pYIICHUS.

Pe3yibTaThl 3KCIIEPEMEHTAIBHBIX HCCJIEI0BAHMIA

Coasauearowuii mecm ¢ NOCIMOSIHHOU CKOPOCHIbIO Oe-
dopmuposanus u naacmuueckoe nogedeHue ueMeHMHHIX
cucmem

YcTaHOBNIEHO, YTO TIPU ACVCTBUY HU3KMX CXXKUMAIO-
IINX HATIPSDKEHUI CTPYKTYPa BSI3KOILIACTUIHBIX CMeceit
COXpaHsIeT YCTOMIMBOCTH («placing phase» [3]) — mep-
BbIii y4aCTOK 3KCIEPUMEHTATbHbBIX KpUBBIX F* = f(h /R)
(puc. 1). Conocrasnenue kpusbix F* = f(h,/R) ¢ xnac-
crueckoii peosornueckoii Kpusoii [1.A. Peonnpepa [14]
TI03BOJISIET COOTHECTH 3TOT YYACTOK C TJIACTUICCKAM
TeUCHUEM IUCIIEPCHOM CHUCTEeMBI C Hepa3pylIIeHHOMN
crpykrypoii. [1pu Bo3pacTaHnu HapsKEHU Ha BTO-
pPOM yJacTKe CHCTeMa IIaCTUIEeCKU IehOpMUPYeTCs,
a ee CTPYKTypa TepsieT YCTOMIMBOCTH («perfect response
phase» [3]).

JaHHBIN y9aCTOK MOXKHO COOTHECTH C BA3KOTUIACTH -
YeCKNM TeUCHHEM C MHTEHCUBHO pa3pyIacMoi CTPYK-
Typoii Ha KpuBoii [1.A. PeOounnepa.

Pe3koe Bo3pacTtaHme Harpy3Ky 1 MHTCHCU(UKAITNS
TEUCHUST HA TPEThEM YJIaCTKE CBSI3aHBI C TIOJTHBIM pa3-
PYIICHUEM CTPYKTYPHI TUCTIEPCHOM CCTEMBI «IIEMEHT +
BOIA».

[Tonyyennnie skcnepumentanbHbie F* = f(h,/R) kpu-
BBIC MOXKHO pa3fe/ITh Ha TpY TUTIA. [1epBBIil TUIT IMECT
BBIpaKCHHBIN TOPU30HTAIBHBIN YU4AaCTOK IIACTUICCKO-
ro 1ehOpMHUPOBAHMS MEKIY IBYMST TOUKaMU TIepermnoa
(cuctema L1—B—CII1—K). )11 mJaHHOIT CUCTEMBI TUTACTH -
YecKoe TeUeHMe 0e3 pa3pylIeHUs CTPYKTYPHI BOBMOXKHO
B Y3KOM IMAITa30HE ICCTBUS CIABIMBAIOIINX HAIIPSI-
xennit F* = ~ 3,3-+4,0 xI1a, 3HaueHne OLIEHKU Mpeesia
wractnaHocTH Ki(I) cocrasmster 2,75 xI1a (Tabm. 2).

[ToaTOMY CHCTEMBI ¢ TAKAM TUTIOM PEOJIOTTICCKO-
T'O TIOBEICHMS HEAOCTATOUYHO TIJIACTUYHBI JIJIT 3KCTPY-
3UHn 0e3 pa3pylIeHUs UX CTPYKTYPHL. 171 Broporo Trma
KPUBBIX He (PUKCHPYIOTCS SIPKO BBIPAKEHHBIC ITEPEXO0-
IBI MEeXIy ydacTKamMu KpuBoil (cucteMsl LI—B—CII,
LH—B—CII-TI®K, [I-B—CII—MK), 3HaueHUsI OIICHKHA
npenena mactuaHoctu K (1) Haxonarca B ananasoHe
0,95+1,28 xI1a.

Takwue cucteMmbl 00JIagalOT HAMJIY4YIIEel CIIOco0-
HOCTBIO K 3KCTPY3HWHU, BCIACACTBUE MX CITOCOOHOCTH
K BSI3KOIJIACTMYECKOMY TCUCHHIO 0e3 pa3pylieHUs
CTPYKTYpPHI B IWAIIA30HE CIABIMBAIOIINX HATIPSKEHUMA
F ~ 2,0--4,0 xITa. Tpetnii TIT KPUBOI XapaKTepeH I
CHCTEM, CTPYKTYpa KOTOPBIX HEOOPATHMO pa3pyIIacTCs
B HaYaJIbHBLIIT MOMEHT HarpyxeHus ripu F* < 0,5 xI1a
(cucrema LI—B—CITI—M). B pe3ynbrate OHU TepsIiOT

4 | cmpykTypoii

© 12 - . \
E . \\.
o~ 10 - . \\\
L ) ..
8 - .o.. \\
3 \
6 { Teuenvec ., *
paspyLUeHHON ., &

BSI3KO- BSAA3KO-

nnactuyeckoe nnactuyeckoe
TeyeHue c TEYeHue C He-

paspyLuaemomn paspyLLUEHHON
CTPYKTYpOW CTPYKTYpOU

S

Puc. 1. Kpusble 3aBHCHMOCTH NPHBEIEHHOI HATPY3KH F* 0T OTHOCHTE/IbHOrO M3MEHEHHs BbICOTBI 00pasua h./R nis
00pa3LoB HEMEHTHOTO TeCTa B MPoLecce UCTIBITAHUI HA CIABIMBAHHE C OCTOSHHON CKOPOCTBIO 1e()OPMUPOBAHUS.

O003Ha4Y€eHO:
= .- =11-B-CII-M

1I-B—CII; -+ [I-B—CH-II®K; — - II-B—CII-K; — — — [I-B—CII-MK;
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Tabauya 2
Peosiornyeckue XapakTepuCTUKH IEMEHTHBIX CHCTEM

OTtHocuTe IbHBIE IIA-

Oo6o3nauenne | OneHka mpejesa nia- CrpykTypHas IInacTuueckas npoy-
cTHyeckue aedgopma-
CHCTEMbI cruuHoctu K (I), kIla | mpoynocTs 0, KI1a HOCTb O, KI1a
i 0 ol 105171 App MM/MM

H—-B—CIT 1,06 1,10 45,01 0,06
H—B—CIT-TI®K 0,95 1,59 45,50 0,12
H-B-CII-K 2,76 3,71 38,02 0,08
—-B-CIT-MK 1,28 3,50 34,20 0,06
H—-B-CII-M 0,56 1,29 40,02 0,12

YCTOMYHUBOCTD, TIPUOOPETAIOT TEKYIECTh, TO €CTh HE 00-
JTagaioT HCOOXOTUMBIMHU YIIPYTO-BI3KOIUIACTHYCCKIMU
CBOMCTBAMM M YCTOMUMBOCTBIO MIJIST SKCTPY3UH.

Coasausarowguii mecm ¢ NOCMOSAHHOU CKOPOCMbIO HA-
2PYHCEHUSL U HOPMOYCIOIMUBOCHIbIO

AHaIN3 TTOJTyYeHHBIX 9KCIIEPUMEHTATTbHBIX KPUBbIX
«A—t» (puc. 2) MOKAa3bIBAET, YTO HA HUX BBIIEISIOTCS
3 XxapaKkTepHBIX yJacTKa.

IlepBblii y4acTOK XapaKTepU3yeTcsl OTCYTCTBUEM Je-
¢dopmauuii mpu aeiicTBUM Harpy3ku. Bropoii yuactok —
9TO YYaCTOK IIacTU4YeCKoro aeopmupoBaHus. Tpetuit
Y4aCTOK — 3TO y4aCTOK MUKPOTPEIIMHOOOpa30BaHus,
MPENLIeCTBYIOINIA Pa3pyLIEHUIO CTPYKTYPHI.

Ha skcrepuMeHTanbHBIX KpUBBIX «N—A» (puc. 3)
MOMEHT TIOSIBJICHHSI MUKPOTPEIINH OTHO3HAYHO (PUK-
CUpYeTCs TIMKOM PE3KOTO TMaaeHusl Harpy3Ku.

Jlast cucteM ¢ KamMenblo 1 MmeTakaoauHoMm L—B—
CIT-K n lI-B—CII-MK xapakTepHO Hajqu4ne MHO-

Bpewms, c
s 20 40 60 80 100 120 140 160 180
E 0 ' - » ' ’ 'l » ’ ']
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s
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0
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2 =
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Puc. 2. Kpusbie «nepemenienne A — Bpems t» 1151 00pa3ioB HEMEHTHOIO TECTA B MPOLIECCe HCIbITAHMIA

Ha CIAB/IMBAHME C MMOCTOSTHHOM CKOPOCThIO HArpyxkeHnus. O003Ha4eHO:

[—B—CII; ----- [I-B—CII-TI®K;

— - I-B—CI-K; — — - [I-B—CI-MK; = - = II-B—CII-M
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Puc. 3. Kpusbie «narpy3ka N — nepemeinierue A» /1jisi 00pa310B HEMEHTHOTO TECTA B MPOIIECCE UCTILITAHMIA

Ha CIAB/IMBAHME C MMOCTOSTHHOM CKOPOCTHIO HArpyxkeHnus. O003HaYeHO:

[—B—CII; ----- [I-B—CII-TI®K;

— - 1[-B—CI-K; — — —- [[-B—CI-MK; = *- = [[-B—CII-M

JKECTBEHHBIX ITMKOB KOJIcOaHNII Harpy3K1 Ha KPUBBIX
«N—A» (puc. 3), CBUAETEIbCTBYIOIINX O HATMIUU JI0O-
BOJIBHO IJIATEIFHOTO TIPOMEXYTKA MEXKIY MOMECHTOM
TIOSIBIICHHUSI TIEPBBIX MUKPOTPEIIMH 1 pa3pylieHuem. s
3THX CHUCTEM XapaKTepHa camasl BEICOKAsT CTPYKTYpHast
NPOYHOCTh O, U MUHUMAJIbHbIE MJIaCTUYECKUE aedop-
Maruu (cM. puc. 2, 3 , TabI1. 2), HANMEHBIINE 3HAYCHUS
IIACTHYECKOM POYHOCTH O, TO €CTh OHH JI4ILIE BCETO
CITOCOOHBI COTTPOTUBIIATHCS Ae(HOPMUPOBAHMIO ITPH Ha-
rpyxxenuu. [1pu BBeneHuu nmupodocdara Kaaust 1 MeJia
(cuctemsr H—B—CII-I1®K u LI-B—CII-M) He 3a-
(bmKcrpoBaHO CYIIECTBEHHOTO M3MEHEHMSI CTPYKTYPHOM
¥ TUTACTUYECKOM MPOYHOCTH, HO B 2 pa3a Bo3pacTacT
BEJIMYMHA TUIACTUIECKUX TehOopMaIiii TI0 CPAaBHEHUTO
¢ atanoHHoi cuctemoii LI—B—CIT 6e3 MmonudukaTopon
BSI3KOCTH.

OBCYXKIEHWE PE3YJIbTATOB

Bsenenue I1AB 1 MmonudukaTopoB BSI3KOCTU pa3-
JIMYHOU TIPUPOIBI B TETEPOTCHHO-TUCIIEPCHYIO CUCTEMY
«IIEMEHT + BoAa» BIUSICT HA TIOBEPXHOCTHBIC SIBJICHUS
Ha rpaHuIe pasaena (a3 1 MOJIeKYIIpHbIC B3aUMOICH-
CTBMSI MEXIy TBEPIbIMU YacTuliaMU. Tak, paHee ObLIO
yCcTaHOBJIEHO [21], 4TO mpM BBEACHUM CYITePILIACTH -
(bUKaTOpPOB B COOTBETCTBUM C HAHOTEXHOJIOTHUECCKIM
TPUHIIUTIOM «CBEPXY — BHU3» U3MEHSETCS COCTOSTHUE
TOBEPXHOCTU TBEPABIX YACTHUII AUCIIEpCHOIT (pasml. Jo-
CTUTAaeMOE CHIDKCHIE SHEPTUH B3aNMOICHCTBIS YACTHI]
IeMeHTAa CIIOCOOCTBYET HapacTaHUIO TIACTUIHOCTH CH-

CTEeMBI 1 TIEpEXO]I €€ B TeKyJIee COCTOSTHHE TIPU HU3KHX
3HAYCHUSIX IIPUBeIecHHOI Harpy3ku F* (cm. puc.1, cu-
crema LI-B—CII).

Jlo6aBku nupodocdara Kajausi, MeTaKaoJluHa
1 MeJia, IeHCTBYS B COOTBETCTBUM C HAHOTEXHOJIOT U -
YeCKUM TIPUHIINIIOM «CHU3Y — BBEPX», NU3MCHSIIOT IIPO-
CTPaHCTBEHHO—TEOMETPUUCCKYIO U 3HEPTECTUIECKYIO
00CTaHOBKY B KOHJIEHCALIMOHHOM 00beMe AUCTIEPCHO
cucteMbl. [Tupodocdat kanusa B Komriekce ¢ CIT eme
bosee TIACTU(ULMPYET CUCTEMY 3a CUET YIaCTHUSI ero
B OOMCHHBIX XMMIUECKHX PEAKIMSIX C YaCTUIIAMM JUC-
ImepcruoHHOM (a3oit. Ero aHMOHHAsT COCTaBIISIONIAs
B3aUMOIEIMCTBYET ¢ (pazaMu IIEMEHTHOTO KIIMHKepa
¢ 00pa30BaHUEM TPYAHOPACTBOPUMBIX COJIEV THIPATOB,
a KaTUOHHAs COCTABJISIONIAsI COXPAHSIETCS B SKUIKOMN
¢dase, MOBHIIIAS IIETOYHOCTb CPEIbl 1 MOHHYIO CIITY
pacTBOpa, YTO ITOBBIIIACT TEKYy4eCTb cucTeMbl 1[—B—
CIT-I1®K. YacTuiel MeTakaoJMHa U MeJla CIIOCOOHBI
K (hOPMHUPOBAHUIO TTOJUMOJICKYIISIPHBIX CJIOEB aICcop-
OupoBaHHOI BOABI HA UX Pa3BUTON U aKTUBHOI MO-
BepxHOCTHU. [ToaTOMY TIpHM MX BBEICHUU ITPOUCXOIUT
CHUKEHUE DHEPIUU B3aUMOACHCTBUS YACTULL LIEMEHTA
3a CYET HAJTMIUS B MEXKX3EePHOBOM O00BEME YACTHII, T10-
KPBITBIX TOJCTBIMU CIIOSIMU aACOPOUPOBAHHON BOMBI.
B pe3ynbpTaTe 3T0 CIOCOOCTBYET HapaCTaHUIO TIACTHY -
HOCTH CHCTEeMBI. POCT CTPYKTYypHOI IIPOYHOCTH BSI3-
Ko-1actuuHoi cucteMbl LI—B—CIT—-MK MoxeT ObITh
OOYCITOBJIEH CTPYKTYPUPYIOIINM IEHCTBIEM HAHOYACTHLL
MeTaKaoJIMHA Ha TUCIIEpCHOHHYIO cpeny. I1pu BeneHUN
MeJla TIOTepsT YCTOMYMBOCTH U TTOBBIIICHUE TEKYIeCTH
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cucteMbl LI-B—CII—M cBg3aHBI ¢ TEM, YTO pa3Mep
YacTULL MeJla 3HAYUTEJIbHO TPEBbIIIAeT KPUTUIECKUI
pa3Mep YacTUII I JaHHOU TeTePOTeHHOM TMCIIEPCHOM
CHCTEMBI, IPUBOIS K arjloMepalliy YacTUIl U TTOTepe
arperaTUBHOI ycToiumBocTi. Kamenp sIBisteTcs MHEPT-
HBIM KOMIIOHEHTHOM II0 OTHOIIIEHUWIO K TUCIIEPCHOMN
(daze. B cooTBeTCTBUNM ¢ HAHOTEXHOJIOTUYECKIM TIPHH-
LIUTIOM «CBEPXY — BHI3» TaHHAsT T0OABKa BIIUSIET TOJIBKO
Ha CBOICTBA IUCIIEPCUOHHOI Cpebl, IIOBHIIIAS ¢ IUIOT-
HOCTb U BSI3KOCTh. B mTOTe yBeIMuMBaeTcs: CTPYKTyp-
Hast IPOYHOCTDb CUCTEMEBI, HO B CHITY CTPYKTYPUPOBAHUS
KUAKOM (pa3bl pe3Ko MOHIMKACTCS €€ TUIACTUIHOCTD,
TIOBBIIIACTCS KECTKOCTh U (DOPMOYCTONUMBOCTE.

3AKJIIOYEHUE
[Mpuknamable MHXXCHEPHBIC PEIICHMS 110 YIIpaBiIe-

HUIO peoJioTueii cMeceil mist 3D-meyatn MOTYT OBITH
OCHOBaHBI Ha KOMIUICKCHOM MCITOJIb30BAaHUU XUMMU-
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main station of oil pumping. The construction of the temperature graph through the outer fence is performed by the method of
nanoscale cells of cellular automaton. The simulation was carried out for three dimensions of the field of cells. It is shown that for
the task, the optimal structure is a field of 560 simulation cells.

Keywords: thermal conductivity, thermal insulation, cellular automaton, modeling, temperature field.

For citation: Baikov |.R., Smorodova O.V., Kitaev S. V., Kuznetsova E.V., Gizatullina D.T. Modeling of oil reservoirs heat losses
by nanodimensional cellular au-tomata. Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3,
pp. 335-350. DOI: 10.15828/2075-8545-2019-11-3-335-350.

Machine-readable information on CC-licenses (HTML-code) in metadata of the paper

<a rel="license” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License” style="border-width:0" src="https://i.crea-
tivecommons.org/I/by/4.0/88x31.png" /></a><br /><span xmlIns:dct="http://purl.org/dc/terms/” href="http://purl.org/dc/dcmitype/Text” property="dct:title”
rel="dct:type”>Modeling of oil reservoirs heat losses by nanodimensional cellular au-tomata</span> by <a xmlns:cc="http://creativecommons.org/ns#"
href=",Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3, pp. 335-350. DOI: 10.15828/2075-8545-2019-11-3-335-350"
property="cc:attributionName” rel="cc:attributionURL">Baikov I.R., Smorodova O.V., Kitaev S. V., Kuznetsova E.V., Gizatullina D.T. </a> is licensed under a <a
rel="license” href="http://creativecommons.org/licenses/by/4.0/">Creative Commons Attribution 4.0 International License</a>.<br />Based on a work at <a
xmlns:dct="http://purl.org/dc/terms/” href="http://nanobuild.ru/en_EN/nanobuild-3-2019/" rel="dct:source”>http://nanobuild.ru/en_EN/nanobuild-3-2019/</
a>.<br />Permissions beyond the scope of this license may be available at <a xmIns:cc="http://creativecommons.org/ns#" href="olga_smorodova@mail.ru”
rel="cc:zmorePermissions”>olga_smorodova@mail.ru</a>.

Cmamesa nocmynuna e pedakyuio: 03.04.2019.
CmamesA nocmynuna e pedakyuio nocsie peyeHsuposaHus: 26.04.2019.
Cmameos npuiama K ny6nukayuu: 08.05.2019.

http://nanobuild.ru 335 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (3):
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 335-350 NanObL" )

NANOTECHNOLOGIES IN POWER ENGINEERING « HAHOTEXHOJIOMW B SHEPTETUKE

MopgenupoBaHue Tenionotepb HepTAHbIX pe3epByapoB
MeTOA0M HaHOPa3MepPHbIX K/IeTOUHbIX aBTOMATOB

Aemopebl:

bankoB Uropb PaBunbeBuy,
OrbOY BO «Ydumckuiin rocygapcTBeHHbI HeGTAHON TEXHUYECKUIA yHBepcuTeT»; Poccns, r.Yda, Pecnybnuvka balwkopTtocTaH,
[-p TeXH. HayK, Npod., AeNCTBUTENbHDBIV UneH AKagemuy FopHbIX HayK, pte.ugntu@rusoil.net

CmopopoBa Onbra BukropoBHa,
OrbOY BO «Ydumckuin rocygapctBeHHbI HeGTAHON TEXHUYECKUIA yHUBepcuTeT»; Poccus, r.Yda, Pecnybnuka bawkopTtocTaH,
KaHf. TeXH.HayK, foueHT, olga_smorodova@mail.ru

KuTtaeB Cepren Bnagumuposwuy,
OrbOY BO «Ydumckuii rocysapcTBeHHbI HeGTAHON TEXHUYECKUIA yHUBepcuTeT»; Poccua, r.Yda, Pecnybnuka bawkopTtocTaH,
[-P TeXH. HayK, IOLeHT, AeCTBUTENbHbIN YneH MexayHapofHOW NHXXeHepHoW akagemuu, npodeccop, svkitaev@mail.ru

KysHeuoBa EneHa BukropoBHa,
OrbOY BO «Ydumckuin rocyaapcTBeHHbI HeGTAHON TEXHUYECKUNIA yHUBepcuTeT»; Poccua, r.Yda, Pecnybnuka bawwkopTtocTaH,
KaHf. TexH.HayK, AoLeHT, nsp-rb@mail.ru

TmsarynnuHa AvuHapa TarmpoBHa,
®OrbOY BO «YdurmcKuin rocyaapCTBEHHbIN HEPTAHON TEXHUYECKNI YHBepCUTeT»; Poccua, r.Yda, Pecnybnuka balwkoptocTaH,
CTyneHT 6akanaBpuara, dinara.giz@inbox.ru

Pe3tome: HedpTerazoBas 0Tpac/ib NUrpaeT BaxKHeLWYyo posib B 3KOHOMIKe Poccrn. OfHMM 13 cnoco60B NOBbLILLEHUS €€ SHep-
reTnyeckomn 3pPpeKTVBHOCTY ABNAETCA CHUXKEHVIE HEMPOW3BOANTENbHbIX NOTepb. [oTepn HedTH 1 HeGTENPOAYKTOB NPOUCXOAAT
Ha BCeX 3Tanax HepTerasoBoro KOMmnieKkca oT MeCTOpOXAeHni 4o6blun YyrNeBOAOPOAHOrO Cbipbs A0 NepepaboTKu 1 nepefaun
noTpebuTeNnaM BTOPUYHOTO NpoayKTa. HensbexkHble yObITKM CMCTEME HAHOCAT MOTEPY OT UCMAPEHNA NPY Ype3MepHOM Harpese
COJIHEUYHOW paAmnaumen Npu XxpaHeHUn B pe3epByapHbIX Napkax. B xonogHoe Bpems roga UHTEHCMBHOE BHELLHee OXJaXXeHune
Hapy>KHbIM BO3[lyXOM NPUBOAMWT K MOBbILUIEHUNIO BA3KOCTU NPOAYKTA U POCTY 3aTparT MIeKTPO3HEPrnn Ha ero nepekauky. ins uc-
KIoUeHrs BO3HMKHOBEHMSA TaKUX CUTyaLuid TpebyeTcs CTporoe BefleHre TEMNePaTypHOro pexrnmMa pesepByapa MUHUMU3aLER
BHELLIHMWX TEMIONOCTYIJIEHNI 11 COOGCTBEHHBIX TEMIOMNOTEPb.

B ctaTbe paccMOTpeHO MogenvpoBaHyvie TennoobMeHa Yepes TenIon30NPOBaHHYI0 CTEHKY HeTAHOro pesepByapa OJHOro
13 pe3epByapHbIX MAPKOB LIeHTPasIbHOro NyHKTa cobopa HedTU ceBepHOro MectopoxaeHus Poccun. MocTpoeHre TemnepaTypHOro
rpaduka yepes HapyHoe orpa<ieHrie BbINMOTHEHO METOJOM HaHOPA3MePHbIX iUeek aCUHXPOHHOTO KNETOUHOro aBTomMaTta. Mo-
JOennpoBaHue NPOBEeAEHO AN Tpex pa3mepHocTel KA-nons. MokasaHo, UTo Ans NoCTaBeHHON 3a4aun ONTUMaJIbHON ABNAETCA
CTPYKTYypa nons B 560 sueek MogeNMpOoBaHMs.

Knroueewle crioea: tennon POBOAHOCTD, TEMNOBAA N30nAUunA, KJTIeTOYHbIV aBTOMAT, mMmoaennpoBaHue, TeMmnepaTtypHoe rnosne.

Ana yumupoeaHus: bankos U.P.,, Cmvopogosa O.B., Kutaes C.B., KysHeuoBa E.B., [m3atynnuna [.T. MogenupoBaHue Tennonotepb
HeTAHbIX pe3epByapoB METOLOM HAaHOPa3MEPHbIX KIIETOUHbIX aBTOMaToB // HaHoTexHonorunu B ctpoutenbctae. — 2019. - Tom 11,
Ne 3. - C. 335-350. - DOI: 10.15828/2075-8545-2019-11-3-335-350.

Machine-readable information on CC-licenses (HTML-code) in metadata of the paper

<a rel="license” href="http://creativecommons.org/licenses/by/4.0/"><img alt="Creative Commons License” style="border-width:0" src="https://i.crea-
tivecommons.org/I/by/4.0/88x31.png" /></a><br /><span xmIns:dct="http://purl.org/dc/terms/” href="http://purl.org/dc/dcmitype/Text” property="dct:title”
rel="dct:type”>Modeling of oil reservoirs heat losses by nanodimensional cellular au-tomata</span> by <a xmlns:cc="http://creativecommons.org/ns#"
href=".Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2019, Vol. 11, no. 3, pp. 335-350. DOI: 10.15828/2075-8545-2019-11-3-335-350"
property="cc:attributionName” rel="cc:attributionURL">Baikov I.R., Smorodova O.V., Kitaev S.V., Kuznetsova E.V., Gizatullina D.T. </a> is licensed under a <a
rel="license” href="http://creativecommons.org/licenses/by/4.0/">Creative Commons Attribution 4.0 International License</a>.<br />Based on a work at <a
xmlns:dct="http://purl.org/dc/terms/” href="http://nanobuild.ru/en_EN/nanobuild-3-2019/" rel="dct:source”>http://nanobuild.ru/en_EN/nanobuild-3-2019/</
a>.<br />Permissions beyond the scope of this license may be available at <a xmIns:cc="http://creativecommons.org/ns#" href="olga_smorodova@mail.ru”
rel="cc:zmorePermissions”>olga_smorodova@mail.ru</a>.

Cmameosa nocmynuna e pedakyuio: 03.04.2019.
Cmameos nocmynusna e pedakyuio nocsie peyeH3uposaHus: 26.04.2019.
Cmameos npuiama K ny6nukayuu: 08.05.2019.

http://nanobuild.ru 336 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonornm B cTpontenbCcTBE: HayUHbIN IHTepHeT-XKypHan

2019; 11 (3):
335-350

Nanobuli

NANOTECHNOLOGIES IN POWER ENGINEERING « HAHOTEXHOJ1IOMMU B SHEPTETUKE

INTRODUCTION

Currently, steel cylindrical vertical tanks are widely
used for the storage of oil and oil products. They
are the most important and integral part of the country’s
oil parks [1, 2]. High evaporation of petroleum and
petroleum products leads to their significant storage
losses [3, 4].

In the process of oil evaporation, a part of light
hydrocarbons passes into a gaseous state, as a result of
which a natural mass loss of the product occurs. The
norms stipulate only a quantitative change, whereas
during evaporation the qualitative composition of stored
oil also changes. At natural pumping and handling
temperatures during evaporation, light hydrocarbons of
fraction 200 (up to and including hexanes), which are
components of motor gasoline, are lost first of all. This
reduces the quality of oil according to the «distillation»
model, which takes into account the presence of light
fractions in oil [5].

The intensity of oil evaporation, in addition to the
technological regime with a change in the level of tank
infusion [6], is determined by its temperature. In the
conditions of the Russian north, when working with
highly viscous oil, technological tanks of liquid and oil
are equipped with thermal insulation [7]. Mineral wool
(MW), polyurethane foam (PPU), stone wool (SW)
are most widely used as a thermal insulation material.
It should be noted that the heat-shielding properties
of these materials at the initial stage of operation are
at a comparable level (Fig. 1a). The practical choice is
determined by other technological properties of thermal
insulation — reliability, durability, lammability, etc.
In par-ticular, the most common mineral wool has
the worst thermal insulation properties of all materials

(Fig. 1a) and insufficient wear resistance due to increased
crushability (Fig. 1b).

Polyurethane foam, despite its wide application at the
facilities of the main oil transportation for engineering
communications, has some flammability (group G2,
G3 according to GOST 12.1.044-89 «Explosive and fire
hazard of substances and materials») and therefore cannot
be recommended without compromising the reliability
and safety of reservoir hydrocarbon parks. The best
thermal insulation for hazardous production facilities is
stone wool (SW-thermal insulation).

MAIN PART

Development of one-dimensional model of thermal
conductivity by the method of cellular automata (CA-
modeling)

Practical management of the thermal regime of an oil
reservoir is possible on the basis of modeling temperature
conditions according to the results of monitoring the
thermodynamic parameters of oil and the enclosing
structures of the reservoirs. The article deals with the
problem of modeling the temperature distribution
in a cross-section of external fences of oil tanks. The
solution is made on the basis of operational technological
data of the reservoir parks of the northern fields of
Russia. Calculations in the course of the development
of temperature models were carried out for SW-thermal
insulation.

The authors of [8, 9, 10, 11, 12] recommended
the method of cellular automata to simulate thermal
conductivity in the enclosing walls of technological
facilities. In recent works [13, 14], using the CA-
simulation, biological, physical, information processes are

heat losses, Wt/m2
A
(-]

PPU MW sSw

a — heat flux density

fact/norm heatlosses

1 2 3 4 5 6 1

yearof operation

8

b — aging intensity of MW-isolation

Fig. 1. Characteristics of oil tanks thermal insulation materials
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simulated. This approach is especially productive when
classical models are multifactorial differential structures
[15].

The basis of the cellular automaton simulation is
a discrete model — a regular grid of cells, for each of
which a finite set of states is defined [16]. For each cell,
a cell neighborhood is defined. At the same time, the
initial states of all cells and the rules for their change are
specified. Such method makes it possible to investigate the
local mechanisms of the simulated system at the nanolevel
[17].

The implementation of the CA-modeling was carried
out for the tanks of the most common sizes — 5000 m?,
10000 m?* and 20000 m?. The ratio of tank wall thickness
to diameter at a level of from 0,0005 m/m to 0,0009 m/m
allows modeling in a one-dimensional format. To
simulate the temperature behavior in a transverse section
of external enclosures, nanoscale cells of a discrete
temperature state were selected as local elements [18].
In this case, each cell is a trace element of the material —
a «coarse-grained» substance.

According to the theory of finite state automation
[19], the state of an individual cell at each time step
changes in accordance to the transition function:

2(t) = olz(t,_), X(t, )], (1)

where z(tj) — cell state at time t;

X(tH) — previous input vector.

Let’s consider a one-dimensional heat conduction
problem, where a multi-layer outer barrier of an oil
reservoir will act as an object, on the left border of which
a thermal impulse is localized at the initial time [20]. We
divide the enclosing surface into elements (cells) with
the same step h and identify the state of the cell with its
temperature T. The input signals simulate the process
of transfer of thermal energy from neighboring cells and
from the source of heat. For the case in question, the one-
step transition function of the i-th cell is written as [21]:

T(t,,) = T,()+(AY/C-p)+[a, () +a, () +¥(E)]. (2)

(Ti—l (t])—Tl(tJ)
qi*l = }\’ T)

(T, ()-T(1)

QG =A72 > (€)
where T,(t) — temperature of the i-th cell at time t;
At — time step;

C, M and p — heat capacity, coefficient of thermal
conductivity and density of the cell material, respectively;

qH(tj) u qm(tj) — specific heat flow rates from
neighboring cells;

y(tj) — power density of the heat source at the j-th
moment of time.

The modeling process is reduced to determining the
states of cellular automata at each step of discrete time
[22]. In addition, each machine operates according to
a specific algorithm. For internal cells of the reservoir
wall, the transition function of the form (2)—(3) is used.
For the external boundaries of thermal insulation, these
dependences are modified on the basis of the hypothesis
of a zero temperature gradient at these points (equality
of heat fluxes from neighboring cells).

Under the conditions of practical implementation,
one-dimensional modeling based on cellular automata is a
sequence of iterative CA-interactions of the asynchronous
type. Each iteration cycle involves the implementation of
the following procedures:

1. On the CA-field, a cell i = 1 is randomly identified
with the x1 coordinate. All cells have equal probability
of identification.

2. The neighboring cell i = 2 with the x2 coordinate is
randomly selected according to the neighborhood
scheme from the Neumann neighborhood (the cell
has only two neighbors, Fig. 2).

1=0 ...

random cell 12850

f—-
g

T =T

neighboring cells

Fig. 2. The cell structure of the enclosing wall of the tank
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Implemented CA-interaction between the selected
cells. The meaning of interactions is to recalculate the
temperature values of the insulating material of the
reservoir in the cells of the simulation field according
to equations (2)—(3), which are a cellular-automatic
analogue of the thermal conductivity process [9].
In the simplest case of stationary heat conduction, the
one-step transition function of the i-th cell is calculated
by the formula:

TijJr] = ;\’iTij + )\'i+lTji+l/ }\’i + }\'H—l’

where j+1 — iteration number;

T,,, — new steady-state temperature in a random cell;

T) — initial temperature in the same cell;

M, — coefficient of thermal conductivity of the material
in this cell;

T,,, — temperature of one of the randomly selected
neighboring cells;

A, — coefficient of thermal conductivity of the
material selected adjacent cells.

As applied to the particular case of modeling the
temperature mode in the tank wall, the problem is
formulated as follows. The oil tank is covered with thermal
insulation made of basalt fiber mineral wool — stone wool
(SW). From the inner side, a layer of paraffin deposits is
formed on the tank walls. The main characteristics of the
tank fences are shown in Table 1.

The results of the simulation of one-dimensional field
of 850 cells, within the error of the cellular automaton
«noise», are shown in Fig. 3.

CA-simulation optimization

Obviously, to ensure the adequacy of the simulation
results to the actual process, the dimension of the model
field should be taken as large as possible. However, this
will inevitably increase the duration of modeling, even
with the use of modern high-speed computing equipment
[9, 11].

To assess the degree of influence of the number of CA
on the result of temperature modeling, we constructed

Table 1
Technical characteristics of the external fences of the tank
Thickness (ETHEETE o‘f t.hermal Number of cells
Ne Layer name conductivity
mm Wt/ (m?K) pieces
1 Sediments 1 0,4 10
2 Steel sheet 24 52,0 240
3 Thermal SW insulation 60 0,032 600
TOTAL 85 850
60
- ah - G - - R
8 20 o e
@ e
= e Number of cells
E 0 T T ‘%’ T 1
S 200 400 R 1000
£ 20
'_
-40
—t=50C == +t=40°C == t=30°C
-60
Fig. 3. Model temperature lines for three thermal modes of the tank: t_ = 30°C, t_ = 40°C, t,_ = 50°C
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models for three cases of field dimensions. On the basis
of previously conducted computational experiments, 17,
85, and 850 cellular automaton were selected by layer
thickness. The layer of thermal insulation was taken as a
layer, since in the metal wall of the tank, the temperature
changes slightly and its dynamics are of no practical
interest. The simulation results are shown in Fig. 4.

Absolute deviations of the model temperature from
the calculated analytically are shown in Fig. 5.

The assessment of the quality of the constructed
model was carried out by the magnitude of the standard
deviation of the model temperature from the analytically
calculated temperature (Fig. 6).

The simulation results showed that in the considered
problem, the standard deviation o is related to the
dimension of the cellular automaton field N by the
dependence of the form

0 = 28,75XN-03%, 4)

The choice of the necessary and sufficient
dimensionality of the cellular automaton field is the main

step in the simulation. Assigning the field dimension at
an optimal level minimizes time costs and at the same
time provides the required accuracy of the results. From
Fig. 6, it can be seen that as the CA-field dimension
increases, the root-mean-square error in temperature
modeling monotonously decreases. However, the
concomitant increase of comparison pairs in the structure
of a spacecraft leads to a significantly increased modeling
time and, consequently, decreased efficiency of obtaining
results. This is a significant drawback in the production
monitoring of the field equipment operating mode.

The optimal solution should be made on the basis
of the accuracy of the in-struments used to monitor
the temperature of the medium in the tank and on the
surface of the insulating layer. As a rule, chromel-copel
(HC) thermocouples are used to measure temperatures
in the range (—100; +100)°C. In this temperature range,
the permissible absolute error of instrumental control is
+2,5°C.

Using equation (4), it was found that to ensure such
accuracy, the dimension of the spacecraft with the
number of simulation cells N = 560 is sufficient (Fig. 6).

60
40

20

-20
-40

-60

a — The simulation field dimension N=17

60
40

20

-20
-40

-60

¢ — The simulation field dimension N=850

40
20
0
-20
-40
-60

b — The simulation field dimension N=85

Fig. 4. Results of modeling the temperature distribution across the thickness of the thermal insulation

of the tank depending on CA-dimension, °C
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Fig. 5. Difference of model and analytically

determined temperature through the

thickness of the thermal insulation of the

tank depending on the CA-dimension, °C
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CONCLUSION to identify the power dependence of the mod-eling

An alternative numerical method for solving heat
conduction problems is considered. The temperature
distribution in the outer insulating layer of the
reservoir in the conditions of the Russia Extreme
North f was obtained by the method of spacecraft
modeling. It is shown that the standard deviation of
the model 1,7°C is provided by the dimension of the
CA-field at the level of N = 850 cells.

Conducting a virtual experiment on modeling thermal
conductivity in an insulating layer made it possible

accuracy on the dimension of the CA-field for oil
reservoirs in the parks of the central collection points
of the northern oil fields. It is determined that the
obtained dependence is characterized by the accuracy
at the level of 0.99.

. It is shown that for the use of CA-modeling in

industrial monitoring of operating modes of oil tank
farms, the dimension of the CA-field N = 560 cells
is optimal from the point of view of accuracy and
efficiency of obtaining results.
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BBEJEHUE

B Hacrosmee Bpems o1 XpaHeHUST HEPTH U He-
(bTETTPOIYKTOB MIMPOKO MCITOIB3YIOTCS CTAJbHBIC 1M~
JIMHIPUYECKIE BepTUKAIbHBIC Pe3epByaphl, KOTOPHIE
SIBJISTIOTCSI BaXKHEUIIEl U HEOTheMJIEMOI YacTbhlo HedTe-
napKoB cTpaHsbl |1, 2]. Beicokas ncmapsieMmocTb HepTh
¥ HeTETIPOAYKTOB MPUBOIUT K UX 3HAYNUTEILHBIM I10-
TepsIM IPY XpaHeHuH |3, 4].

B nponecce ncnapeHust HeTH YacTh JIETKUX yIJIe-
BOOOPOIOB IIEPEXOAUT B Ta3000pa3HOE COCTOSTHHE,
B pe3y/bTaTe Yero MpOMCXOOUT eCTECTBEHHAs Macco-
Bas1 yOBUIb TIponyKTa. Hopmamu mmpeaycMOTpEeHO JINIITh
KOJIMYeCTBEHHOE M3MEHEHNE, TOTHa KaK IMpHu HcIiape-
HUM U3MEHSIETCA U KaUeCTBEHHBIM COCTaB XpaHUMO
HedTu. I1pm ecTecTBEHHBIX TeMIIepaTypax IepeKauKu
¥ TIepPEeBaJIKK TIPY MCTIAPEHUH B TIEPBYIO OUepeIb TePSI-
FOTCs JIeTKue yrieBogoponbl ppakiuu 200 (1o rekcaHoB
BKJTIOUMTEITEHO), SIBJISTIOIIMECS KOMITOHEHTAMH aBTOMO-
OMJILHBIX OCH3MHOB. DTO CHIKACT Ka4eCTBO HE(TH TI0
«IUCTWUISIIMOHHON» MOJCIIN, YIUTHIBAIOIICH HATMIME
B He(pTU CBETIBIX (Dpakumii [5].

HMHTeHCUBHOCTH UCITapeHUI HE(DTH KPOME TEXHO-
JIOTUYECKOTO pPeXXrMa ¢ I3MEHEHUEeM YPOBHS B3JTMBa
pe3epByapa [6] onpenensieTcs ee Temmneparypoii. B yc-
JIOBUSIX POCCHUIICKOTO ceBepa IIpu paboTe ¢ BHICOKO-
BSI3KOM HE(PTHIO TEXHOJIOTHIECKUE PE3ePBYyaphl KU -
KOCTU M He(dTU OCHAIIIEHBI TEIUIOBOI M3osueit [7].
B xauecTBe TeTUIOM30JIAIIMOHHOTO MaTeprajia Hanbosee
I POKO UCITOIB3YIOTCS MIUHepabHas Bata (MB), mre-
HomosmmypetaH (I1I1Y), kamennas Bata (KB). Crnenyer
OTMETHTBD, YTO TCIUIO3AIINTHEIC CBOMCTBA Ha3BAHHBIX
MaTepuaJioB Ha TIepBOHAYAIILHOM 3Talle SKCILTyaTa-
UM HaXOISITCS Ha COIOCTAaBUMOM YpoBHe (puc. la).
IIpakTryecKuit BEIOOP OMpeaessieTCsT IIPOUYNMU TeX-

HOJOTUYECKNMU CBOMCTBAMU TEIUIOBOI M3OJISLIUN —
HaJEXHOCTBIO, TOJITOBEYHOCTHIO, TOPIOYECTRLIO U TIP.
B vacTHOCTH, HauboJiee pacnpocTpaHeHHas] MUHE-
panbHas BaTa o0jlagaeT XyIIINMHU M3 BCeX Ha3BaHHBIX
MaTepUajIoB TEIUIO3AIMNTHBIMU CBOicTBaMM (puc. 1a)
1 HeJOCTATOYHON M3HOCOCTOMKOCTBIO M3-3a ITOBBI-
IIEeHHO# CMIHaeMOCTH (puc. 10).

INenononuypeTaH, HECMOTPSI Ha IIMPOKOE TIPHMEHE-
HIe Ha 00BbEKTaX MarucTpaibHOTO TpaHCIIOpTa HEDTH
IIJIST MHOKeHEPHBIX KOMMYHUKAIINA, 001amaeT HEKOTO-
poii ropiouectbio (rpymmna I'2, I'3 mo TOCT 12.1.044-89
«B3pBIBOMOXKAPOOITACHOCTD BEIIECCTB M MAaTEPUAJIOB»),
U TIOTOMY HE MOXET OBbITh peKOMEHI0BaH 0e3 yiiepoa
HaIeXXHOCTU 1 0€30IaCHOCTH pe3epBYapHBIX TTapKOB
yIaeBOOOPOI0oB. ONTUMAIBHOM TEIIOBOM M30JISIIACH
JITST OTIACHBIX TTPOU3BOACTBEHHBIX OOBEKTOB SIBIISIETCS
kaMmeHHas Bata (KB-TemnoBas n3onsmms).

OCHOBHAA YACTb

IocTpoenne o1HOMEPHOIi MOIE/IH TENIONPOBOIHOCTH
METOAOM KJIETOYHBIX aBTOMATOB

[IpakTryecKoe ympaBiIcHNE TEIUIOBBIM PEXNMOM
HePTSIHOTO pe3epByapa BO3MOXHO Ha OCHOBE MOJC-
JIMPOBaHUS TEMIIEPATYPHBIX YCIOBUI ITO pe3yiabTaTaM
MOHHTOPHHTA TePMOIUMHAMNIECKUX TTOKa3aTesIeii Heptr
1 OrpakIalolInX KOHCTPYKIINI pe3epByapoB. B cTaThe
paccMoTpeHa 3agadya MOICIMPOBAHMS pacIipeIeICHUs
TeMIIepaTyp B IIOIIEPEYHOM Cpe3¢ HApYKHBIX OTpaxKie-
HUI He(bTIHBIX pe3epByapoB. PelreHre BEITIOTHEHO Ha
OCHOBE AKCIUTyaTallMOHHBIX TEXHOJOTMUECKIX JAaHHBIX
pe3epByapHBIX TTAPKOB CEBEPHBIX MeCTOpOoXIeHM Poc-
cun. PacdeTsl 1ipu pa3paboTKe TeMITepaTypHBIX MOIEIeH
IIpoBeaeHBI 111 KB-TermroBoif n30Ismm.
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Puc. 1. XapakTepucTHKH MATEPUATIOB [IJ151 TEIVIOBOI M30JISLUN Pe3epByapoB HedTH
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ABTOpamu pa6or [8, 9, 10, 11, 12] m1st cumymsimm Te-
TLTOITPOBOTHOCTHY B OTPaKIAOIINX CTEHKAX TEXHOJIOTH-
YECKUX COOPYKCHUI PEKOMEHAYETCS METO KIIETOUHOTO
aBToMara. B mocnennux padorax [13, 14] ¢ ToMoIIbIO
KA-MonmennpoBaHusST CUMYITHPYIOTCS OMOJIOTUIECKIE,
¢usunueckue, nHPOpMALIMOHHBIE Mpoliecchl. Takoit
TOIX0I OCOOCHHO TIPOAYKTUBEH B TOM ClIydae, Koraa
KJIacCUYeCKIEe MOICIU TIPEACTABIISIOT CO00# MHOTO-
(akTopHBIE T DepeHInaTbHBIC CTPYKTYPHI [15].

OCHOBOI KJIETOYHO-aBTOMATHOTO MOIEIMPOBAHMUS
CITY>KUT IUCKPETHAsI MOOCIb — PEryJsIpHasl pelieTka
ST9eeK, UIST KasKIO0# M3 KOTOPBIX OIIpeIesIeHO KOHEUHOE
MHOXECTBO cOCTOsTHMIA [ 16]. A1t KaXKI0i KJIIETKH! OTIpe-
IeJieHa KJIETOYHAsT OKPeCTHOCTh. [1pn 3TOM 3amaroTcs
HavyaJIbHBIC COCTOSTHIS BCEX STIeCK U TIPABIJIA X CMCHEL.
Takoit MeToI TO3BOJISIET UCCIICAOBATh JIOKAJTBHBIC MeXa-
HU3MbI MOJIEJIMPYEMOM CUCTEMBI HA HAHOYpOBHE [17].

Peammzanms KA-mMonemipoBaHus ITpoBeIeHa TS pe-
3¢pPBYapOB CaMBIX PacCIIPOCTPAHEHHBIX TUIIOPA3MEPOB —
5000 M3, 10000 M3 1 20000 m3. BenmmumHa OTHOLIEHNS
TOJIIIMHBI CTCHKU pe3epByapoB K IMaMETPy Ha YPOBHE
ot 0,0005 mo 0,0009 M/M TTO3BOJISICT BECTH MOIEIIHPO-
BaHUe B (popMate IIOCKoit 3amadn. JJIss UMUTHPOBAHUS
TeMITepaTypHOTO TTOBEACHMS B IIOTICPEYHOM Cpe3e Ha-
PYKHBIX OTPaKICHMI B KAYECTBE JIOKAJTBHBIX 3JICMCHTOB
OBLTN BBIICIICHBI HAHOPA3MEPHBIC STICHKI TUCKPETHOTO
TeMImepaTypHoro coctossHud [18]. B atom ciyyae kaxkmast
sTYeiiKa-KJIeTKa MPEICTaBIsIeT COO0M MUKPOIIECMEHT
MaTepHaa — «KpyITHO3epHUCTOE» BEIIECTBO.

CornacHO TeOpUH KOHEYHBIX aBTOMATOB [19], cocTo-
STHUE OTICIFHON KJIETKH Ha KaKIoM IIIare 1o BpeMeH!
W3MEHSICTCSI B COOTBETCTBUHU ¢ (DYHKIIMCH TTEPEXOIOB:

2(t) = olz(t,_), X(t, )], (1)

rae z(t,) — COCTOSIHME KJIETKU B MOMCHT BPEMCHH ;]
X(t,_,) — BEKTOp BXOZHBIX CUTHAIIOB B IPEIBLIYILIHIT
MOMEHT.

PaccMoTprm ogHOMEPHYTO 3a1a49y TEIIOIIPOBOIHO-
CTU, TJI€ B KaUeCTBEe 00bEKTa OYIET BBICTYIATh MHOTO-
CJIOITHOE HapYKHOE OrpakacHIe He(TSIHOTO pe3epBya-
pa, Ha JIeBOI TpaHMIIe KOTOPOTO B HAYaTbHBIA MOMEHT
BpeMEHU JIOKAJIN30BaH TeII0Bo#t nmItyibe [20]. Pazo-
OBbEM OrPaKIAFOIIYIO TTIOBEPXHOCTD Ha 3JICMEHTHI (KJICT-
KH) C OMWHAKOBBIM IIIarOM h M OTOXIECTBUM COCTOSI-
HHE KJIETKU ¢ ee TeMrmepaTypoit T. BxomHble cUTHAIBI
MOICIMPYIOT IIPOIIECC TIepeIaun TEIIOBOI SHEPTUH OT
COCEIHMX KJICTOK M OT NCTOYHMKA TEIUIOTHI. JIJIsT pac-
CMAaTpUBAEeMOTO CIIydasl OIMHOIIaroBast (PyHKIIUS TIepe-
XOJIOB i-1i KJIETKHU 3aITnieTcs Tak [21]:

T (t,,) = T)+A/Cep)+[q, (1) +a, ()Y, (2)

(Ti—l (tj)_Tl(tJ)
qi*l = }\’ T)

(T,,,()-Tt)
G =A A3)

rae Ti(tj) — TeMmIiepaTypa i-ii KJIeTKU B MOMEHT Bpe-
MEHU tj;

At — 111ar 110 BpEMEHU;

C, A 1 p — TEIUIOEMKOCTh, KOI(D(DUIIMEHT TETII0-
TIPOBOHOCTH U TUIOTHOCTh MaTepuaia KJIETKHU, COOT-
BETCTBEHHO;

qH(tj) u qi+1(tj) — yIeJabHbIE MOIITHOCTU TETJIOBBIX
TTOTOKOB OT COCETHUX KJIETOK;

y(tj) — yhnenabHash MOITHOCTh UCTOUHUKA TETUIOTHI
B j-1f MOMEHT BpEMEHU.

[Mpotiecc MomeMpoBaHMST CBOAUTCS K OTIPEACTICHUIO
COCTOSTHU KJIETOUHBIX aBTOMATOB Ha KaXIOM IIIare IIC-
KpeTHOTO BpemeHHU [22]. [Ipu 3TOM KaxXIblit aBTOMAT
(byHKIIMOHMPYET TIO OTIpeneIeHHOMY anroputMy. st
BHYTPEHHUX KJIETOK CTEHKU pe3epByapa MCIOJIb3yeT-
¢ hyHKIUS nepexonoB Buaa (2)—(3). JI1s BHEITHUX
TPAHUII TETIJIOBOU M30JSIINU JaHHBIE 3aBUCUMOCTU

CnyvaiiHaa KneTka :

1=0 ' ..1=850

! !

s‘ |

|

[ i

v T= Teuyr CocegHie KneTku T = Touem

Puc. 2. Kinerounas cTpyKTypa orpazkuaiomeii CTeHKH pe3epByapa
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MOIN(PUIIMPOBAHBI, MCXOISI M3 TUIIOTE3EI O HYJICBOM
TpamleHTE TeMIIEPaTyphl B JaHHBIX TOUKAX (PaBEHCTBO
TETUIOBBIX ITOTOKOB OT COCETHUX KIIETOK).

B yc10BHSIX IMTpaKTHUECKOM pean3allii OTHOMEPHOE
MOJIEJTMPOBAaHNE HAa OCHOBE KJICTOYHBIX aBTOMATOB IIpEI-
CTaBIISIET COOOM ITOCICAOBATEIbHOCTD UTEPAITMOHHBIX
KJIETOYHO-aBTOMATHBIX B3aMMOICCTBIIT ACHHXPOHHOTO
Trma. Kaxmelii nTepalliOHHBIN [IUKIT IIpeIyCcMaTpUBaeT
peaan3ainio CICAYIOMNX IIPOICIyp:

1. Ha KA-mosne caygaifHBIM 00pa3oM NIeHTU(UILINPY-
eTcsl HeKoTopasi kKjeTka i = 1 ¢ koopauHaToii x1. Bee
STYCHKNA MMEIOT OMMHAKOBYIO BEPOSITHOCTD MICHTH -
puxkaumu.

2. CocemHsad KJIeTKa i = 2 ¢ KOOpAWHATOM X2 BEIOMpa-
eTCsI CIIyJaifHBIM 00pa30oM IT0 CXEME COCEICTBA M3
okpecTHOCTH HeitmMaHa (y KJIETKU €CTh TOJIBKO IBa
cocena, puc. 2).

3. Peammsyerca KA-B3aumoneiicTBie MeXIy BHIOpaH-
HBIMM KJIeTKaMi. CMBICIT B3aUMOICHCTBHIA 3aKITI0Ya-
eTCs B TIepecueTe 3HAUCHUI TeMIIePaTyPhI TEIION30-
JISIIMOHHOTO MaTepuraja pe3epByapa B KJICTKaX OIS
MOIETMPOBAaHUS 110 ypaBHEHUIM (2)—(3), KOTOpBIE
TIPEICTaBIISIOT COOOI KIIETOUHO-aBTOMATHBII aHAJIOT
Tpoliecca TeTJIOIPOBOIHOCTH [9].

B mpocreiieM cirydae cTalliOHAPHOM TETIOIIPOBO-

THOCTH OTHOIIATOBasT (PYHKIIUS TICPEXOIOB i-i1 KIIETKU

paccYnTHIBaeTCs M0 (hopMyIIe:

T =ATIH A T /At A,

rae j+1 — Homep uTepannu;

T/*! — HOBasA yCcTaHOBUBLIAACS TEMIIEPATYpa B CIIy-
YalHON KJIeTKeE;

T) — neppoHavaIbHOE 3HAYEHKME TEMIIEPATYPhI B 9TOM
Ke KJIEeTKe;

A, — KOG GULMEHT TETLIONPOBOAHOCTU MaTepuaa
B TAHHOM KJIETKE;

T, — Temmeparypa OIHOM U3 CJTy4aitHO BEIOPaHHBIX
COCEIHUX STYEEK;

M., — KO3(D(HULIMEHT TEMIONPOBOAHOCTH MaTepyaa
BBIOpAHHOM COCEIHEN STYCTKM.

B nipyMeHeHnM K YaCTHOMY CJTy4ar0 MOISTUPOBAHUS
TeMIlepaTypHOTo TpadrKa B CTEHKE pe3epByapa 3ajada
dopmynupyercs Tak. HedTsaHoit pesepByap MOKPHIT TE-
TUIOBO# M30JISIIIEH 13 MUHEPaIbHOM BaThl 0a3aJI5TOBOTO
BOJIOKHA — KaMeHHOI1 BaThl. C BHYTpeHHE CTOPOHBI Ha
CTEHKaX pe3epByapa oOpa30BaH CJI0# mapaUHUCTHIX
oTinoxeHnii. OCHOBHBIE XapaKTePUCTUKI OTpakKIeHUIA
pe3epByapa npuBeaeHbI B Ta0JI. 1.

PesynbraThel MOAeIMpPOBAHUSI OQHOMEPHOTO IOJIs,
conmep:kaniero 850 gueek, B Mpeaeiax MOrpelrHOCTH
KJIETOYHO-aBTOMATHOTO «IIIyMa» IPUBEIECHBI Ha puC. 3.

Onruvm3anys KJeT0YH0-aBTOMATHOTO MOJEMPOBAHMUA

OueBHIHO, YTO IJISI 0OCCIIeUeHMs afcKBAaTHOCTH
pe3yabTaTOB MOACINPOBAHUS peaTbHOMY ITPOIIECCY
pa3MepHOCTh MOACIBLHOTO TIOJIST CIIEAyeT MIPUHUMATh,
BO3MOXKHO, 00bIeii. OmHAKO 3TO HEM30EKHO YBEJIM-
YUT MPOIOJKUTESIILHOCTD MOACIMPOBAHUS JaXKe TP
HCIIOJIb30BAHUN COBPEMEHHOTO OBICTPOICHCTBYIOIIETO
BBIUMCIIUTENIBHOTO 0bopynoBanusd [9, 11].

71T OLIEHKY CTETIEH! BIUSHUST KOJIMIECTBA KIICTOK
aBTOMaTa Ha pe3yJIbTaT MOICINPOBAHNS TEMITePATyPhI
ObLIM BBIITOJIHEHBI IOCTPOECHMSI MOAEIN JUIS TPEX CIIy-
yaeB pa3MepHOCTH moyst. Ha ocHOBe mpenBapuTeIbHO
MIPOBEACHHBIX BEIYMCIUTEIHBHBIX 9KCIICPUMEHTOB OBLIIO
otobpano 17, 85 1 850 KJI€TOYHBIX aBTOMATOB IO TOJI-
IrHe cosl. B KadecTBe c10sT OBLT B3ST CI0M MMEHHO
TEIUTOBOM M30JISIINN, T.K. B METAJUIMIECKOM CTCHKE pe-
3epByapa TeMIlepaTypa U3MeHsIeTCS He3HAUNTEILHO U €€
IWHAMHWKAa HE TIPEICTaBIIIeT IIPAKTUICCKOTO MHTepeca.
Pe3ynbraThl MOIETMPOBAaHMS IIOKA3aHbI Ha puC. 4.

AOCOTIOTHBIC OTKJIOHCHMST MOIEITEHOM TeMITepaTyphl
OT BBIYMCJICHHOI aHAJTUTUYECKU TIPUBEICHBI Ha PHC. 5.

OleHKa KayecTBa ITOCTPOCHHOM MOIEIN ObLJIa TIPO-
BelcHA IT0 BEJIMYMHE CPECIHEKBAAPATUICCKOTO OTKIIO-
HEHUS MOIEIbHOI TeMIIepaTyphl OT aHAJIMTUIECKHU pac-
cyuTaHHOU (puc. 6).

Tabauya 1
Texnnyeckue XapaKTepUCTHKN HAPYXKHBIX OrpakIeHuii pe3epByapa
Toammna Kosdauiiert KommuecTBo sueex
Ne HanvenoBauue cios TEITONPOBOAHOCTH
MM Bt/(M*K) T
1 OT10XeHUs 1 0,4 10
2 CranbHOI JTUCT 24 52,0 240
3 Termnosass KB-u3onsaius 60 0,032 600
BCET'O 85 850
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Temnepatypa, oC

Puc. 3. MoaenbHbie TeMIepaTypHbIe JIMHIAM IS TPEX TEILUIOBBIX PEKUMOB pe3epByapa:
t =30C,t_=40C,t =50C

60 60
40 40
20 20
0 0
-20 -20
-40 -40
-60 -60
a— PazMepHOCTE TIOJIA MOJIETTHPOBAHU A 6 — Pa3MepHOCTh 10N MOJIETMPOBAHUS
N=17 N=85

60

40

20

0

-20

-40

-60

B — PasmepHocTh ot MogenmipoBanusa N=850

Puc. 4. Pe3yabpTaTel MOIEIMPOBAHHAS pacnpeaeeHHs TEMIIEPATyp M0 TOJIIIHE TeIIOBO H30/ISIHA pe3epByapa
B 3aBHCHMOCTH OT KommdecTBa KA, °C
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10 10

5 N 5

0 = 0

=5 LI U 5
-10 | | -10 it
-15 -15
-20 -20

a—PasMepHocTE Tond MofiemupoRaHud N=17 6 — PasmepHOCTD TONA MofieHpoBaHuI N=85

10

o Lot ... et

B — PasmepHocTs o MojierpoBaHus N=850

Puc. 5. Pa3Huna MojieIbHO# M aHAJTMTUYECKH OTpe/ieJIeHHOI TeMIepaTypbl M0 TOJIIIMHE TeNJI0BOMi U30JIA1UU
pe3epByapa B 3aBHCMMOCTH 0T KommdectBa KA, °C

[y
=]

CpegHexsagpatuyeckoe
oTKNoHeHue, oC

r
e}
:
:
:
:

- KA-moma N=560
\‘L‘—j‘
o
0 200 400 600 800

PazmepHocTte KA-nona

Puc. 6. 3aBHCHMOCTDH TOYHOCTH MOAEIHPOBAHMS OT pa3MepHocTH KA-no.s

PesynbraThl Mo IMPOBAaHUSI TIOKA3aJIu, YTO B pac- Br160p HEOOXOMMMO U TOCTATOYHOM pa3MEePHOCTH
CMaTpuBaeMoii 3a1aue CPeTHEKBAIPATHUECKOE OTKIIOHE-  TTOJIST KJIETOYHBIX aBTOMATOB SIBJISIETCSI OCHOBHBIM 3Ta-
HHE O CBSI3aHO C pa3MEPHOCTBIO KJIETOYHO-aBTOMATHOTO  TTOM TPpH MOJieIMpoBaHuu. Ha3HaueHre pa3MepHOCTH
rmosist N cTeTieHHO# 3aBUCUMOCTH BUIA OJIsT HAa OTITUMAJIbHOM YPOBHE TTO3BOJISIET MUHUMM-

3UpOBATh BPEMEHHBIE 3aTPaThl ¢ OTHOBPEMEHHBIM

0 = 28,75x N3, (4) mocTUXeHMEM TPeOYyeMOM TOUYHOCTU PE3yJIbTAaTOB.
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W3 puc. 6 BUAHO, YTO IIPU YBEJINYEHUU PAa3MEPHO-
ctu KA-mons cpemHekBagpaTUdecKasl OIIMOKa MO-
IeTUPOBAHUS TeMIIepaTyp MOHOTOHHO CHIXKACTCS.
OmHAKO COMYTCTBYIOIIEe HapallnBaHNE KOJTNIEeCTBA
map cpaBHEHHUS B cTpyKType KA mpuBoguT K 3HAYM-
TEeJIbHOMY YBEIIMYCHUIO BpeMEHHN MOJCINPOBAHNS U,
KaK CJICACTBUE, CHUXKCHHUIO OIICPAaTUBHOCTHU MOJY-
YEeHUS Pe3yJIbTAaTOB. DTO SIBIISICTCS CYIIECTBEHHBIM
HEIOCTaTKOM B YCJIOBUSIX IIPOU3BOACTBEHHOTO MO-
HHUTOPHWHTA PeXMMa SKCITyaTalluW IIPOMBICIOBOTO
00opynoBaHUSI.

OnTuManbHOE PEeIIeHHE CIeAyeT IIPUHUMATB C yJe-
TOM TOYHOCTH MCITOIB3YEMBIX IIPUOOPOB TSI KOHTPOJIS
TeMIIEpaTyp Cpeabl B pe3epByape M Ha MOBEPXHOCTH
HM30JIIIIMOHHOTO cliosd. Kak mpaBuiio, mist m3aMepeHUs
temrtepatyp B nuanaszoHe (—100; +100)°C ucmonab3y-
10Tcs XpoMenb-koneneBbie (XK) Tepmonapel. B aTom
WHTEpBaJie TeMIlepaTyp J0MycTUMas abCoJIIOTHas Mo-
TPEITHOCTb MHCTPYMEHTAIBHOTO KOHTPOJISI COCTABIISICT
+2,5°C.

C nmomoIpio ypaBHeHUS (4) OBUIO YCTAHOBIICHO, YTO
IJIsT 0OecTIeYeHUST TAKOM TOTYHOCTH JTOCTaTOUHOU SIB-
JIsieTesl pa3MepHOCTh KA-TT0MIST ¢ KOTMYeCTBOM STUeeK
moaenupoBanus N = 560 (puc. 6).
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ON THE OBSERVANCE OF PUBLISHING ETHICS BY THE EDITORS

OF ELECTRONIC EDITION «<NANOTECHNOLOGIES IN CONSTRUCTION:
A SCIENTIFIC INTERNET-JOURNAL» AND THE STATEMENT

OF PREVARICATION ABSENCE.

ON THE USE OF THE CONTENT IN ACCORDANCE WITH CREATIVE
COMMONS CC-BY «<ATTRIBUTIOND>.

DECLARATION OF THE OPEN ACCESS JOURNAL.

General statements

These are the principle ethical regulations which are observed by the editors of electronic edition «Nanotechnolo-
gies in Construction: A Scientific Internet-Journal»:

1. The paper publication in the journal is free of charge.

2. No plagiarism is allowed. That concerns the case when the author submits published or unpublished paper by
other authors under his name as well as the case when the author misappropriates one’s ideas. If the author uses the
fragments borrowed from other sources in his paper, he should make a reference to these sources. The examples of
the references are given in the section «For the authors».

3. The editors publish the papers of the authors from all countries and of all nationalities who deal with the prob-
lem determined by the editorial policy.

4. The editors don't cooperate with the authors who have ever been caught in plagiarism in his papers submitted
to the electronic edition «<Nanotechnologies in Construction: A Scientific Internet-Journal» or other editions if this fact
will be revealed.

5. The editors use software to reveal plagiarism related to the papers available in Internet.

6. The editors will be grateful to the readers for any information concerning revealed elements of plagiarism and
breaking of ethical rules by the authors. This information will be published in the edition.

7. The editors undertake obligations not to publish papers appealing for terrorism and containing xenophobia
and offences of other authors or citizenry.

8. Blind peer review procedure is applied to all manuscripts. At least three outer experts review each paper.

9. Among the requirements to be met by the reviewers there is plagiarism elements disclosure. The reviewers'’
duties are given in the section «For the reviewers».

10. Unreviewed papers or editorial materials are marked by proper references.

11. The journal allows authors to keep author’s rights and their rights on publication without restrictions.

12. The authors of the materials published in the journal permit using their content according to the license Cre-
ative 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. More details about the license Creative Commons
CC-BY are available here http://creativecommons.ru/.

13. Declaration of the Open Access journal. The editors follow the politics of «open access» for the published
materials. According to the Budapest Open Access Initiative (BOAI) the editors consider free access to the published
materials in Internet and the right of each user to read, download, copy, distribute, print, search or link to the full
text papers, search with indexer robot, enter them as data in software or use them for other legal purpose without
financial, law or technical obstacles excluding those that regulate access to the Internet itself. The only restriction for
reproduction and distribution and the only condition of copyright in this area must be the author’s right to control
the entity of his work and obligatory links to his name when his work is used and cited. More information about the
Budapest Open Access Initiative is available here http://www.budapestopenaccessinitiative.org/boai-10-translations/
russian.
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The full texts (parts or metadata) of the papers published in the journal «Nanotechnologies in Construction:
A Scientific Internet-Journal» are free accessed in Internet at the official website of the edition (www.nanobuild.
ru), Scientific electronic library eLIBRARY.RU, citation systems (data bases): ISSN, Russian Index of Scientific Citation,
Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib,
CrossRef et al.

Every paper must contain the following information: place of work (university (institute), enterprise and other
types of organizations, city, and country), position, academic degree, academic title, full postal address and email that
allows scientists and specialists from different countries to contact authors.

Each paper is assigned UDC, DOl and metadata of the paper contains machine-readable information on CC-licens-
es (HTML-code), other identifiers of the materials.

14. The detailed information about publication ethics, the material reviewing procedure, license principles, decla-
ration of Open Access journal, observance of author and joint rights to follow is presented in international standards,
laws of the Russian Federation, professional codes, and guidelines. One of them is International standards of the Com-
mitte on Publication Ethics (COPE), licenses Creative Commons, Budapest Open Access Initiative, the guidelines for
Elsevier’s reviewers, Civil Code of Russian Federation (item IV), the law of RF «<On mass media», the law of RF «On the
advertisement», Code of the journalist professional ethics, Code of scientific publication ethics etc.

For the editor-in-chief

Decision on Paper Publication. The editor-in-chief of electronic edition «Nanotechnologies in Construction:
A Scientific Internet-Journal» 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 sci-
entists and readers. The editor-in-chief may be guided by methodical recommendation elaborated by the editorial
council and 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 editorial council, editorial board or reviewers.

Justice. 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.

Confidentiality. The editor-in-chief, editorial staff, members of the editorial council must not disclose information
on the submitted manuscript to the third person except for the author, reviewers, potential reviewers, the editorial
council’s consultants, and the publisher.

Disclosure and Conflict of Interests. The information contained in the submitted paper cannot be used in the
paper of the editor-in-chief, members of the editorial council or 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.

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

The editor-in-chief should ask all authors to present information on the certain competitive interests and publish
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.

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

For the reviewers
Review of the paper assists the editor-in-chief to take decisions on the publication of it, and the reviewers’
criticism can help the author to improve his paper. The editors of electronic edition «Nanotechnologies in
Construction: A Scientific Internet-Journal» appoint reviewers from the members of the editorial council, edi-
torial board or engage outside experts. Review is aimed at evaluation of scientific importance and novelty of
the submitted manuscript. The authors of the submitted manuscripts recognize expediency and necessity of
the review. Having agreed to do review, the future reviewer undertakes the following obligations.
Promptness. The persons addressed by the members of the editorial staff through the editor-in-chief in respect to
the review of scientific papers, have ethical obligations concerning the efficiency of review. If it is not possible to pres-
ent the review within the given period, one must inform the editor-in-chief about that and new reviewer is appointed.
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Confidentiality. Each manuscript submitted to the review is to be reviewed as a confidential document. It is not
to be examined and discussed with the third persons, except for those appointed by the editor-in-chief.

Neutrality. The reviews must be done impartially. No personal accusations for the author are allowed. The re-
viewer should express his point of view in a clear and reasoned way.

The reference evaluation. The fact that there are no references in the manuscript should be marked and consid-
ered by the reviewer. If the manuscript partially of completely coincides with the publications known by the reviewer
and the references to these publications are absent, that must be pointed out by the reviewer. The examples of the
bibliographic references are given in the section «For the authors».

Plagiarism disclosure. In the case of suspicion of paper duplication or plagiarism the reviewer should point out
this fact in his review.

Ethical rules. Confidential information and ideas of reviewed paper must not be disclosed. Materials of the re-
viewed paper must not be used for reviewer’s self-profit. The reviewer follows the rule according to which he doesn’t
use ideas and statements obtained from the reviewed paper in his own work and publications without written per-
mission of the author.

The reviewer should not review the paper if there is a conflict of the interests evolving from competition, coopera-
tion or other relations with someone from the authors, companies and organizations which are related to the paper.

For the authors

1. The authors submit to the editors:

*+ electronic manuscript (by email info@nanobuild.ru) performed according to the paper format guidelines for
text and graphical materials given in Appendix 1. The topics of published materials must correspond to the
topics stated by the editors of the electronic edition «<Nanotechnologies in Construction: A Scientific Internet-
Journal» in Appendix 2. The format of submitted papers must be done according to the structure given in
Appendix 3.

* 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 that each paper is assigned UDC, DOI and that metadata of the paper contains
machine-readable information on CC-licenses (HTML-code) and another identifiers of the materials; agree to publish
full texts (parts or metadata) of the paper in free access in Internet at the official website of the edition (www.nano-
build.ru), Scientific electronic library eLIBRARY.RU, citation systems (data bases): ISSN, Russian Index of Scientific Cita-
tion, Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib,
CrossRef, ProQuest et al.

All that authors indicate in the cover letter. More details about the license Creative Commons CC-BY are available
here http://creativecommons.ru/.

2. The paper should reflect the results of original research and its relation to the previous research performed by
the author himself or other scientists. The relation to other research can be presented directly in the body of the paper
as well as in the form of the references to the previous sources. If the author uses the material from other publications,
the paper must contain the references to these materials. The references follow the body of the paper. The examples
of the references are given in Appendix 4.

When writing a paper, one should follow the principles of professional ethics, be competent, objective and an-
swerable.

3. The editors, the editorial council or the editorial board may ask the authors to present all firstprimary sources
and materials relating to the submitted paper. Materials must be kept for 1 year after the paper has been published.

4. Every paper published in the journal is peer-reviewed to confirm its originality and correspondence to
paper format guidelines. The use of other scientists’ results and thoughts must be done in a proper form. No
plagiarism is allowed. The authors must confirm the fact that the paper is published for the first time or they ask
to publish it for the second time.

5. The information obtained in informal way, for example, in private discussion or correspondence, cannot be
presented in the paper without written permission of the source of information. The information which source is a
private activity, in particularly, reviewing of manuscripts or grant applications, cannot be used in the paper without
written permission of the authors.

6. Republication of the paper on the editorial council’s (or editorial council’s) own initiative is made in agreement
with the authors, editors and holder of the intellectual property right on the paper. In the case of the paper republica-
tion the publisher is to make a statement on that.
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To submit a paper with co-authors is possible if all persons indicated as co-authors made their contribution to
development of the concept, design, performance or interpretation of the described research.

If the contribution of a person who cooperated on the research described in the paper is not enough significant to
regard him as a co-author, he should be acknowledged in the paper.

The paper publication for post-graduates is free of charge.

7.The contact author must provide reading and approval of the final version of the paper by all co-authors, as well
as their approval to the publication.

8. In the case of conflict of interests including potential one the author or co-authors must inform the editors
as soon as possible. When a principle mistake or inaccuracies have been revealed in the issued paper by the author
himself, he must urgently inform the executive editor and render editor-in-chief efficient assistance to publish dis-
proof or correction. If the editor-in-chief gets the information on the serious mistake contained in the paper from
the third person, the author must present urgent disproof of that at the same time producing proofs of his rightful-
ness to the executive editor (or to the editor-in-chief) and provide necessary changes.

9. The authors should be aware of the fact that the editors, the editorial council and the editorial board of the
electronic edition «Nanotechnologies in Construction: A Scientific Internet-Journal» take the responsibility for the
assistance to scientific community to observe all aspects of publishing ethics, particularly in the cases of paper dupli-
cation or plagiarism.

10. The authors of the published materials are responsible for the reliability of the given information and the use
of the data which are not to be issued in public. The editors have the right to make corrections. The editors’ opinion
can be different from the authors’ opinion; the materials are published to discuss the problems of current importance.
The editors are not responsible for any information contained in advertisement.

11. Having reviewed the submitted materials, the editors notify the authors of their decision by email. If the paper
has been rejected, the editors send reasoned refusal to the author.

12. Any full of partial reprinting of the materials is allowed only by the written permission of the editors.

Dear authors,
we kindly ask you to adhere strictly
to format guidelines when formatting your paper.
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Appendix 1

The paper format guidelines

The papers are submitted by email (info@nanobuild.ru)
and formatted in the following way.

1. The body of the paper
- The number of pages in the paper — more than 3 but less than 10 pages in A4 format.
Margins: left and right — 2 cm, bottom and upper - 2,5 cm.
The body of the paper is performed in Word.
The font of the body - Times New Roman.
The font size of the text is 14 pt, the factor of line-to-line spacing - 1,15.
To keep the style uniform, don't use font effects (italics, underlined etc).
Indention — 1 cm.
Complex formulas are performed by the means of MS Equation 3.0. contained in WinWord.
Formulas are placed in the center of the column (page) without indention, their numbers are given in round brack-
ets and are placed in the column (page) with right justification. If there is only one formula in the paper, it is not
numbered. Above and at the bottom of the text formulas are not separated by additional space.
To make the reference to the formula in the text use round brackets (1), to make reference to the bibliographical
source use square brackets [1].
The size of the references is 12 pt.

2. Graphical design of the paper
Illustrations are stored in vector format eps or in any other design applications of MS Office 97, 98 or 2000.
After the first mentioning of the diagrams, pictures and photos in the text, they are inserted in the form which is
suitable for the authors.
The legends (12 pt, normal) are placed under the figures in the center after reduced word Fig. and number (12 pt,
bold) of the figure. If there is only one figure, it is not numbered.
Between the legend and the following text — one line-to-line spacing.
All pictures and photos must be contrast and the resolution of the pictures and photos must be no less than
300 dpi. lllustartions are desirable to be coloured.
The lines of the diagrams must not be thin (the line width — no less than 0,2 mm).
Copies and figures scanned from the books and journals of a low quality and resolution are not accepted.
The word Table and the number of the table are placed with right justification. The heading of table is on the next
line (center adjustment without indention). Between table and the text — one line-to-line spacing. If there is only
one table, it is not numbered.

3. The format of the modules
Modules must be contrast and the resolution of the modules must be no less than 300 dpi (format .jpg).
The size of the modules, mm:
1/1 =210 (width) x 297 (height);
1/2 - 170 (width) x 115 (height).
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Appendix 2

The Topics of Published Materials

« Nanostructured systems strength and penetrability formation theory development.

« Mathematical quantum and other types of models for nanomaterials characteristic research.

+ The problems of nanomaterials and nanotechnologies implementation in construction and building materials.

« Technological principles of nanostructures creation (liquid melts, sol and gel synthesis).

- Creation of new functional materials in construction.

- Development of transition principles «disorder-order» when creating composites with the use of synergetic and
other approaches.

+  Study of different technological principles when creating nanosystems in industrial production.

+ Diagnostics of building systems nanostructures and nanomaterials.

« The problems of obtaining of high-density and high-durability building materials (concretes, ceramics etc.).

- Technologies of mineral particles grinding to nanodimensional levels.

« Technology of blending mixtures with nanodispersed particles and methods to activate them.

« Hydrodynamic methods and other methods of aqueous suspensions and solutions activation.

- Modification of aqueous solution of different nanodimensional additives used in construction.

« Research in the area of powder nanomaterials toxicity.

« Metal reinforcement modified by nanodimensional materials in production process.

« Carbonic, basalt and aramid fibers and other types of fibers of small diameters with nanodimensional structural
characteristics.

- Cement and other binders with mineral and organic additives.

- Concretes and solutions modified by nanodimensional additives.

« Mineral particles suspensions used for laques, paints as well as for modifiers for concretes and solutions; proper-
ties, fabrication method and durability.

- Organic materials dispersions used in laques and paints production as well as to manufacture additives for con-
cretes and solutions; activation methods and durability of these dispersions.

« Use of nanopowder of different nature to modify building materials properties.

« New characteristics of building materials based on nanosystems.

+ Modification of building materials with nanofibers.

- Disperse composite materials with nanocoating.

- Formation of nanostructure coatings by means of laser sputtering.

«  Development of the methods aimed at studying materials nanostructure on the basis of disperse systems, includ-
ing studying of vacuum nanoobjects in porous systems.

- Technologies aimed at studying nanomaterial properties.

+ The systems of teaching the fundamentals of nanotechnologies.

The topics can be different, directly or indirectly related to the areas mentioned above.
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The structure of the paper

SECTION (In English) / SECTION (In Russian)

DOI
UDC

Title (In English)

Author(s):

Place of employment for each author (university
(institute), enterprise or other companies, city, country),
position (In English), email of each author

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, contain

main results of research, structured, compact -
200-250 words) (In English)

Keywords: (In English)
Acknowledgements: (if available) (In English)
For citation: (In English)

Machine-readable information on CC-licenses
(HTML-code) in metadata of the paper

The paper has been received by editors:
The paper has been received by editors
after peer-review:

Appendix 3

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, contain

main results of research, structured, compact -
200-250 words) (In Russian)

Keywords: (In Russian)
Acknowledgements: (if available) (In Russian)
For citation: (In Russian)

Text of the paper: (In English)
- INTRODUCTION

- MAIN PART

- CONCLUSION

Text of the paper: (In Russian)
- INTRODUCTION

- MAIN PART

- CONCLUSION

References: (In English)
References: (In Russian)

Information about the author(s): (In English)

Information about the author(s): (In Russian)

The paper has been accepted for publication: Contacts:

Title (In Russian)

Author(s): Place of employment for each author

(university (institute), enterprise or other companies,

city, country), position, (In Russian), email of each

author
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Appendix 4

Reference Formats
(according to guidelines of VINITI RAN)

References are given after the text of the paper. The references in the list must be numbered.

Description of a Paper from Electronic Journal:

Falikman V.R., Vainer A.Y. Photocatalytic Cementitious Composites Containing Mesoporous Titanium Dioxide
Nanoparticles. Nanotehnologii v stroitel’stve = Nanotechnologies in Construction. 2014, Vol. 6, no. 1, pp. 14-26. Avail-
able at: http://nanobuild.ru/en_EN/ (Accessed __ ). (In Russian).

Note: VVolume 1 - 2009; Volume 2 - 2010; Volume 3 - 2011; Volume 4 - 2012; Volume 5 — 2013; Volume 6 - 2014;
Volume 7 - 2015; Volume 8 - 2016 etc.

Description of a Paper from Journal:
Zagurenko A.G., Korotovskikh V.A., Kolesnikov A.A., Timonov A.V., Kardymon D.V. Technical and economic optimi-
zation of hydrofracturing design. Neftyanoe khozyaistvo — Oil Industry, 2008, no. 11, pp. 54-57. (In Russian).

Description of a Paper from Ongoing Edition (Proceedings):

Astakhov M.V., Tagantsev T.V. Eksperimental’noe issledovanie prochnosti soedinenii «stal’-kompozit» [Experi-
mental study of the strength of joints «steel-composite»]. Trudy MGTU «Matematicheskoe modelirovanie slozhnykh
tekhnicheskikh sistem» [Proc. of the Bauman MSTU «Mathematical Modeling of Complex Technical Systems»], 2006,
no. 593, pp. 125-130.

Description of a Paper with DOI:

Korolev E.V.,, Smirnov V.A. Evstigneev A.V. Nanostructure of matrices for sulfur constructional composites:
methodolody,methods and research tools. Nanotehnologii v stroitel'stve = Nanotechnologies in Construction. 2014,
Vol. 6, no. 6, pp. 106-148. DOI: 10.15828/2075-8545-2014-6-6-106-148.

Description of Conference Proceedings:

Usmanov T.S., Gusmanov A.A., Mullagalin .Z., Muhametshina R.Ju., Chervyakova A.N., Sveshnikov A.V. Features
of the design of field development with the use of hydraulic fracturing. Trudy 6 Mezhdunarodnogo Simpoziuma
«Novye resursosberegayushchie tekhnologii nedropol’zovaniya i povysheniya neftegazootdachi» [Proc. 6th Int. Symp.
«New energy saving subsoil technologies and the increasing of the oil and gas impact»]. Moscow, 2007, pp. 267-272.
(In Russian).

Description of Book (Monograph, Collection):
Lindorf L.S., Mamikoniants L.G., eds. Ekspluatatsiia turbogeneratorov s neposredstvennym okhlazhdeniem [Op-
eration of turbine generators with direct cooling]. Moscow, Energiia Publ., 1972, 352 p. (In Russian).

Kanevskaya R.D. Matematicheskoe modelirovanie gidrodinamicheskikh protsessov razrabotki mestorozhdenii ug-
levodorodov [Mathematical modeling of hydrodynamic processes of hydrocarbon deposit development]. Izhevsk,
2002. 140 p.

Description of Translated Book:

Timoshenko S.P, Young D.H., Weaver W. Vibration problems in engineering. 4th ed. New York, Wiley, 1974. 521 p.
(Russ. ed.: Timoshenko S.P, lang D.Kh., Uiver U. Kolebaniia v inzhenernom dele. Moscow, Mashinostroenie Publ., 1985.
472 p.).
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Brooking A., Jones P, Cox F. Expert systems. Principles and case studies. Chapman and Hall, 1984. 231 p. (Russ. ed.:
Bruking A., Dzhons P, Koks F. Ekspertnye sistemy. Printsipyraboty i primery. Moscow, Radio i sviaz’' Publ., 1987.224 p.).

Description of Internet Source:

APA Style (2011). Available at: http://www.apastyle.org/apa-
style-help.aspx (accessed 5 February 2013).

Pravila Tsitirovaniya Istochnikov (Rules for the Citing of Sources)
Available at:

http://www.scribd.com/doc/1034528/ (accessed 7 February 2013).

Description of Thesis or Abstract of Thesis:
Semenov V.I. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyi tor. Dokt, Diss. [Mathematical model-
ing of the plasma in the compact torus. Doct. Diss.]. Moscow, 2003. 272 p.

Description of State Standard (GOST):
State Standard 8.586.5-2005. Method of measurement. Measurement of flow rate and volume of liquids and gases
by means of orifice devices. Moscow, Standartinform Publ., 2007. 10 p. (In Russian).

Description of Patent:
Ponomarev A.N., Seredokho V.A., Sofronov A.Yu. Construction structural element. RF Patent 2683836 C1. 2019.

Bulletin N2 10.

Description of Unpublished Document:
Pressure generator GD-2M. Technical description and user manual. Zagorsk, Res. Inst. of Appl. Chem. Publ., 1975.

15 p. (In Russian, unpublished).
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O COBJIIOAEHUN PEQAKUME SNIEKTPOHHOIO U3AAHUA
HAHOTEXHOJIOI'M B CTPOUTEJIbCTBE: HAYYHbI UHTEPHET-
KYPHAN» U3AATENIbCKON 3TUKU N 3AABJIEHUE OB OTCYTCTBUN
3J10YNOTPEBJNIEHUA CNYXEBHbIM NMNOJIOXKEHUEM.

Ob UCMNOJIb3OBAHUUN KOHTEHTA B COOTBETCTBUU
C JIMLEEH3UEN CREATIVE COMMONS CC-BY «ATTRIBUTION».

AEKJIAPALINA OPEN ACCESS XKYPHAJA

O6wume nonoXxeHunsa

OCHOBHble 3TMYECKMe HOPMbl, KOTOpble COOMOAAeT pefakuusi SMEKTPOHHOro M3gaHus «HaHoTexHonoruu
B CTPOUTENbCTBE: HAYUHbIN IHTepHeT-KypHan»:

1. Nybnukauma ctatein B XypHasne 6ecnnatHa.

2. HeponycTumbIM SIBASIETCA MJarvat, B Kakol Obl TO HU 6b10 dopme. ITO KacaeTcs Kak npefcTaBfieHus
K Nybnukauum nog CBOUM MMEHeM npexae onybinmkoBaHHbIX UM HEOMYBIMKOBaHHbIX PaboT ApYyrx aBTOPOB, Tak
N NPUICBOEHNA YyXKX uaen. B cnyyae 3aMcTBOBaHUA GparMeHTOB Uy»KUX paboT aBTOP JOKEH yKa3aTb MCTOUHMK.
Mpumepbl 6ubnAnorpadryecknx CCbiiok NpuBeLeHbl B pasgene «ABTopam».

3. Pepakuma nybnukyeT cTaTby aBTOPOB BCEX CTPAH M HALMOHANbHOCTEN, KOTOPbIe UCCIeAYIOT NpobiemaTuKy,
onpefeneHHyto pefakuMoHHON NOSINTUKON.

4. Pepakuus He COTPYAHMYAEeT C aBTOpaMu, KOTOpble KOrga-nmbo AonycTuny cjiydau nnarvata B CTaTbAx,
NpefCcTaBNeHHbIX B SN1EKTPOHHOE M3aaHne «HaHOTEXHONMOry B CTPOUTENbCTBE: HayUHbIN VIHTEpHET-KypHan» munm
LPYrX U3JaHnAX, eC/I TaKOBOE CTaHET N3BECTHbIM.

5. Pepakumsa ncnonb3yeTt nporpaMmMHble CpeficTBa M obecrneyeHvie 4 BbIABNEHNA NiarvaTta us pabot, uMmeroLmxcs
B VIHTepHeTe.

6. Pepakuus Oypet C Npu3HATENbHOCTbIO MPVHUMaTb UHGOPMALMIO OT YMTaTeNell OTHOCUTENBbHO BbISIBIEHHbIX
UMW DTIEMEHTOB MJlarvaTa U HapyLlleHUsi aBTOPamMm MOPasibHbIX HOPM 1 MY6JIMKOBATb €€ Ha CTPaHMLAX XypHana.

7. Pepakumsa 6epeT Ha ceba 06a3aTeNbcTBa He NyONMKOBaTb CTaTbl, KOTOPbIE COAEPKAT NPU3bIBbI K TEPPOPU3MY,
NposABeHNA KCeEHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UM FPaXKaaH.

8. B pepakunn KypHana npoBOAMTCA BHELUHee peLeH3MpoBaHne cTater, AnA peLeH3MpoBaHNA Kax[aon cTaTby
NPUBNEKaeTCA He MeHee 3 3KCMepToB.

9. Cpeon TpeboBaHW, NpeabABAAEMbIX K PeLeH3eHTaM, eCcTb OfnpeAesieHne Hanmuusa S7eMEeHTOB MJarvaTta.
06s3aHHOCTU pPELIEH3EHTOB NprIBefeHbl B pa3aene «PelieH3eHTamy.

10. CTpyKTypa peLeH3MpOoBaHHbIX CTaTen npusedeHa B [MpunoxeHnn 3.

11. XKypHan no3BonseT COXPaHATb aBTOPaM aBTOPCKMeE MNpaBa 6e3 orpaHNYeHUin, a TakKe COXPaHATb aBTopam
npaea Ha nyb6nukauuy 6e3 orpaHuYeHni.

12. ABTOpbI NYONMKYEMbIX B XXYpHase MaTepranoB AOMYCKalT MCMONIb30BaH/E KOHTEHTa B COOTBETCTBUW
¢ nuueHsmenn Creative Commons CC-BY «Attribution» (<ATpmbyuus»). 3Ta NWUEH3Us MO3BONAET [PYrum
pacnpoCcTpaHaTb, pefaKkTMpOoBaTh, MOMNPABAATL U 6paTh 3a OCHOBY NPOU3BefeHe aBTOPOB, AaXKe KOMMEePUECKM, 4O
Tex Nnop, NoKa OHU yKa3blBaloT Balle aBTOPCTBO. JInLeH3nAa pekoMeHoBaHa AN MakCMManbHOMO pacnpoCTpaHeHUs
N VCMONb30BaHUsA JIMLEH3MPOBAHHbIX MaTepuanos. [MogpobHo o nuueHsum Creative Commons CC-BY cmotpuTte
3pech http://creativecommons.ru/.

13. Heknapauma Open Access »KypHana. Pegakuma n3gaHua nNpuaepKnBaeTca MOMUTUKN «OTKPbITOro JOCTymna»
K nybnukyembiM MaTepuanam. [log «OTKPbITbIM JOCTYNMOM» B COOTBETCTBMM C bByaanewTckon WHULMATMBON
«OTKpbITHIN goctyn» (BUO[) penakuma nogpasymeBaeT cBOOOAHbIM AOCTYN K MyOnVKyeMbIM B »KypHane Matepranam
yepe3 nyonuuHbIN VIHTEpPHET 1 NpaBO KaXKAoro Mosib30BaTesisl UMTaTb, 3arpy»aTb, KOMUPOBaTb, PacnpOCTPaHATb,
pacneyvaTblBaTb, UCKaTb UK enaTb CCbUIKU Ha MOJIHOTEKCTOBbIE CTAaTb, MPOBOAWTb MOUCK POGOTaMU-MHAEKCATOPaMK,
BBOAWTb VX KaK JaHHble B MPOrpaMmMHOe obecrneyeHyie Uiy UCMOJb30BaTb Afs APYTX 3aKOHHbIX LieNiell Npy OTCYyTCTBUN
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(bUHAHCOBBIX, MPABOBbIX N TEXHUYECKMX MPErpag, 3a UCKMIOYEHEM TeX, KOTOPbIE PerynvpyioT JOCTyn K COOCTBEHHO
NHTepHeTy. EAVHCTBEHHBIM OrpaHUYEHNEM Ha BOCMPOW3BOACTBO M PACNpPOCTPaHEHNe U eAVHCTBEHHBIM YCII0BUEM
KonupaiTa B 3Tol 061acTy AOMKHO ObITb NMPaBO aBTOPa KOHTPONMPOBATL LIENTOCTHOCTb CBOEW PaboTbl 1 06A3aTesIbHble
CCbIIKM Ha €ro VMMsi MPW KCMOfb30BaHMU paboTbl 1 ee uMTMpoBaHuK. MoapobHo o byaanewTckon MHUUMATVBE
«OTKpbITbIN fOCTYN» cMOTpUTe 3aeck http://www.budapestopenaccessinitiative.org/boai-10-translations/russian.

B OTKpbITOM [OCTyne pa3mellatoTcs MOMHble TEKCTbl CTaTel U3 »KypHana «HaHOTexHonornm B CTPOUTENbCTBE:
HayuHbIl IHTepHeT-KypHan» (MX COCTaBHble YaCTV UV MeTaflaHHbIe) B IHTepHeTe Ha canTe n3gaHnsa (www.nanobuild.
ru), HayuHoi anektpoHHon 6rnbnuotekn eLIBRARY.RU, B cuctemax umTtrpoBaHua (6asax gaHHbIx): ISSN, Poccuiickun
MHAEKC HayuHoro unTtnpoBaHus, Ulrich’s Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science,
EBSCO Publishing, ResearchBib, CrossRef, ProQuest u gp.

B Ka[ol HayyHOW cTaTbe Yy aBTOPOB 00fA3aTeNbHO YKa3blBAKTCA: MeCTo paboTbl (yHUBEPCUTET (MHCTUTYT),
npegnpuATMe M Apyrne OpraHu3auuy, ropog, CTpaHa), AOJKHOCTb, yYeHas CTerneHb, YYeHOe 3BaHWe, MOJIHbIN
MOYTOBbIV afpPEC M SMEKTPOHHbIN agpec, YTo 06ecrneunBaeT BO3MOXHOCTb HEMOCPeACTBEHHO OOLWATbCA YUYeHbIM
1 CNeumnanmcTamM 13 pasHbiX CTPaH C aBTOPaMu.

Kaxpon ctatbe npuceamsaetcsa UDC, DOI, B MeTafilaHHbIX CTaTbsIX Pa3MeLLaeTcs MallMHovTaeMas nHpopmaumus
o CC-nuueHsnn (HTML-kogn), opyrve naeHTudrKaTopbl MaTepranos.

14. bonee noppo6bHas WHPopmauMAa O COOMOAEHUN W3OATENbCKOW OSTUKKU, MOPSAKE pPeLeH3npoBaHUSA
MaTepranos, NPUHLMNaxX IMLEeH3NPoBaHuA, aeknapaumm Open Access XKypHana, Cobi0eHNN aBTOPCKOTO 1 CMEXKHbIX
npaBax, KOTOPbIMI HY>KHO PYKOBOACTBOBATHCA, COAEPKUTCA B MEXAYHAPOAHbIX CTaHAApTaX, 3akoHax Poccuiickon
Mepepaumm, npodeccroHanbHbIX Kofekcax, pykosoacteax. Cpean Hux — MexpayHapoaHble cTaHgapTbl KomuteTa
no stmke nyb6nukaumin (Committe on Publication Ethics - COPE), Jluuensuun Creative Commons, byganewTckan
nHMUmaTea «OTKPbITbIN JOCTYM», PykoBOACTBO ANiA peLeH3eHTOB m3gaTtenbctBa Elsevier, paxkgaHcknin kogekc PO
u. IV, 3akoH PO «O cpepctBax maccoBor uHpopmaLmmy», 3akoH PO «O pekname», Kogekc npodeccmoHanbHOM 3TUKK
XypHanucTta, KogeKkc 3TvKy HayuHbIX nyonnkauum u gp.

MaBHOMY pepakTopy

PeweHne no ony6nukoBaHWIO CTaTbW. [NaBHbII PERAKTOP 3MIEKTPOHHOrO um3fdaHua «HaHoTexHonorum
B CTPOMWTENbCTBE: HAYUHbIV VIHTEpHET->KypHas», OTBEUaeT 3a NPVHATAE PeLLEHMs O TOM, KaKre 13 NpeacTaBieHHbIX
B pedakuuio XypHana paboT cnepyeT ony6nMKoBaTb. JTO peLleHMe BCerga AOMKHO MPUHMMATBCA HA OCHOBE
NpoBepKN AOCTOBEPHOCTM PaboTbl U ee BAaXKHOCTU OJ1A UCCNefoBaTeneil 1 umtatenen. [naBHbIi pegakTtop MOXeT
PYKOBOZACTBOBATHCA METOANYECKUMN PeKOMeHAAUMAMY, Pa3paboTaHHbIMM PeCOBETOM 1 PeLKOSIEren XypHana,
N TaKNMU opuanyeckummn TpeboBaHAMY Kak HeflonyLlleHne KNeBeTbl, HapyLleHWs aBTOPCKOro npasa v niarvata.
TakxXKe Npu NPUHATAM PeLlleHns No NyonMKaLumm rMaBHbIA PefakTop MOXEeT COBETOBATbCA C UfleHaMU PeAcoBeTa,
PEeAKONNEerum Ny peLeH3eHTamu.

CnpaBegnuBoCTb. [N1aBHbI pefakTop OLEHMBAET MNpefcTaBieHHble PaboTbl MO WX WHTEIEKTYaslbHOMY
coflepXKaHuio, HEeB3Mpas Ha pacy, MOJ, CeKCyasibHYl OPUWEHTALMIO, PENUrnio, STHUYECKOe MPOUCXOXKAEHNMe,
rpak4aHCTBO UM NOSIMTUYECKUE B3IA4bl aBTOPA.

KoHduaeHUManbHOCTb. [MaBHbIN PejakTop, COTPYAHMKM PelaKLny, YieHbl PefiCOBETA U PefiCOBETA HE JONIXKHbI
pacKpbiBaTh HGOPMaLMIO O NPefCTaBNeHHO PYKONUCHU KOMY-TMO0 APYroMy, 3a UCKITIOUYEHEM aBTOPA, PELIEH3EHTOB,
NMOTEHUMaNbHbIX PEeLieH3eHTOB, KOHCYJIbTAHTOB PefakLMOHHOIO COBETA, a TaKkXKe n3gaTtesns.

PasrnaweHve cBepeHUNn U KOHPNANKT nHTepecoB. CBefieHNA, COAepKallmeca B NpefCTaBleHHON CTaTbe,
He [OJIKHbl UCMONb30BaTbCA B KaKOW-NMO60 cobCTBEHHONM paboTe rnaBHOro pedaktopa M UeHOB pefcoBeTa
1 pefKoierum 6e3 NnMCbMeHHOr0 paspelleHnsa aBTopa. KoHburaeHuanbHan nHbopmaLumsa nnm naeu, noslyyeHHble
npu peLeH3npPoBaHN, AOJIXKHbI XPAHUTBCA B CEKPETE U HE UCMOJb30BaTbCA AJ1s MONyYEeHUs IMYHON BbIFOAbI.

[naBHOMY pefakTopy crefyeT OTKa3aTbCA OT CBOEro y4YacTUusi B PeLEH3NPOBaHUN B CJlyYae, ecyii NPUCyTCTByeT
KOHQMUKT MHTEPeCOoB, MPOUCTEKAOLMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA UM APYTMX OTHOLEHUN C KeM-n6o 13
aBTOPOB, KOMMAHWI NN YUPEXKAEHWUI, UMEIOLLMX OTHOLLEHNE K CTaTbe.

TnaBHOMY peflakTopy CliefyeT TpeboBaTh OT BCEX aBTOPOB »KypHasia NpefoCTaBsTb CBEIEHNA O COOTBETCTBYHOLLUX
KOHKYpUPYILMX UHTepecax U My6nvMKoBaTb UCMPABMEHWA, ecii KOHQIUKT MHTepecoB Obll pa3obnauveH nocne
nybnukauun. B ciiyyae HeOOGXOAUMOCTH, MOXET BbIMOHATLCA APYroe MOAXOAslee C/lyyalo LeCTBUE, TaKoe Kak
ny6nunKauus onpoBepPKeHNA UK BblpaXkeHNA 03a60UYEeHHOCTY.

UzyueHne xanob sTnueckoro xapakrepa. [1aBHOMy pefiakTopy cyielyeT nprHMMaTb Pa3yMHO ObICTpble Mepbl
npu NOCTYIJIEHNM XaNlob STMYECKOro XapakTepa B OTHOLUEHWV MPeACTaBIEHHON PYKOMUCH UM ONy6/IMKOBAHHOM
CTaTbU, IMeA KOHTAKT C peaakLUuen, n3gartesnem.
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PeuyeH3eHTam

PeueH3npoBaHMe MOMOraeT rfaBHOMY pefaKTopy Npu MNPUHATUX peweHus o6 onybnukoBaHUM pPaboTh,
a bnarofjapAa 3ameuyaHVsM U MPedSIOKEHUAM PELeH3eHTOB MOXET TakXe MOMOYb aBTOpY Y/y4llUTb ero paboTty.
Pepakuua anekTpoHHOro nsgaHua «<HaHOTeXHONOrMM B CTPOUTENbCTBE: HayUHbI VIHTepHeT-KypHan» npusnekaet
PELIEH3EHTOB 13 YMCJIa BHELLIHMX SKCNEePTOB. PelleH3rpoBaHre [OMKHO 06ecneunTb OLEHKY HayUYHOW 3HAUUMOCTH U
OPUIMHANIbHOCTY NPELCTaBIEHHON pyKonucu. ABTOPbI PYKOMNMCEN, MPeAcTaB/IeHHbIX K OMy6/IMKOBAHWIO, MPU3HAOT
LieniecoobpasHOCTb U HEOOXOAUMOCTb peLieH3upoBaHus. Cornawasncb Ha peLeH3npoBaHne, OyaylWmin peLeH3eHT
GepeT Ha cebs cnepytoLire 06A3aTeNbCTRA.

OnepaTMBHOCTDb. JI1La, K KOTOPbIM OOPATUNIUCH YfeHbl Pefakuun Yepes NaBHOrO PefakTopa OTHOCUMTENbHO
peLeH3UPOBaHUs PYKOMKUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepaTUBHON
oueHKU. MNpy HEBO3MOXHOCTY NPeACTaBNEHUS PELEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3STOM MHPOPMUPYIOT FMaBHOIro
pefakTopa 1 Ha3HauyalT HOBOTO peLieH3eHTa.

KoHdupeHumanbHocTb. Kaxxpas nosnyuyeHHasa Ons peLeH3MpOBaHWA PYKOMUCh AOMKHA pPaccMaTprBaTbCsA
Kak KoHObUAeHUManbHbI AOKYMeHT. Ee He mpocmaTpuBaloT 1 He OOCYXAAT C APYrUMK NULamu, KPOoMme N,
YNOMHOMOYEHHbIX [N1aBHbIM PEAAKTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OOBbEKTUBHO. HeonyCcT!Mbl IMYHOCTHbIE HaMaZKM Ha aBTopa.
PeLieH3eHTy cneflyeT BbiparkaTb CBOIO TOUKY 3PEHMSA AICHO 1 000CHOBaHHO.

OueHka ccboK. OakT OTCYTCTBUA CCbISIOK B PYKOMUCHK, MPeACTaBeHHON Ans onyOnnKoBaHNsA, JOMKEH ObiTb
OTMeYeH 1 OLeHeH peLeH3eHTOM. B cnyyae cxoacTBa MM 4acTUYHOTO COBMAAEHMUA PYKOMUCUM C U3BECTHbIMU
peLeH3eHTy nyonnkKauusammy, Ha KOTOpble OTCYTCTBYIOT CCbUIKM, 3TO AOMKHO OblTb TaKXKe YKa3aHO pPeLeH3eHTOM.
Mpumepbl 6UbMorpadpuUecKnx CCbiNIoK NprBeaeHbl B pasaene «ABTOpam».

BbiaBneHue nnarvarta. PeueH3eHT, B C/lyyasix NOAO3peHVA Mo NoBoAy AyOnMpoBaHUs CTaTbM WM Marvata,
LOJIXKEH yKa3aTb 06 3TOM B peLieH3nu.

3Tnyeckme Hopmbl. KoHoupeHuranbHas WHPopMaLMA U WMAEWN PELEH3UPOBAHHOW CTAaTbU HE [OJKHbI
pa3srnawartbca. MaTepuanbl peLeH3MpPOBaHHOM CTaTbW He [OMKHbl WCMOMIb30BaTbCA ANA MONYyYEeHUA JINYHOWN
BbIrOAbl peLieH3eHTa. PeLieH3eHT cobniofaeT HOpMy, COrflacHO KOTOPOW OH He MCMOoJb3yeT B COOCTBEHHON paboTe U
nyonnKauusax naeun 1 NoJIOKeHNsA peLeH3nPOBaHHON M CTaTbi 6€3 MMCbMEHHOIO COrfacus ee aBTopa.

PeLieH3eHTy cnieflyeT 0TKa3aTbCA OT CBOErO yyacTuA B PeLieH3UPOBaHMN B Cllyyae, eCiiu NPUCYTCTBYET KOHGANKT
WHTEPEeCOoB, NPOVCTEKAOWMIN N3 KOHKYPEHLMKN, COTPYAHMYECTBA UM APYrMX OTHOLUEHWUI C KeM-nbo 13 aBTOPOB,
KOMNaHWI UNn yYpexAeHWI, UMeIoLL X OTHOLLEHNE K CTaTbe.

ABTOpam

1. ABTOpbI NPeACTaBNAAIOT B peAaKumio:

«  PYKOMUCK B SNEKTPOHHOM BUAe (MO 3neKTpoHHoU noute info@nanobuild.ru) B cooTBeTcTBUM C nMpaBunamu
odopmMneHNA TEKCTOBbIX 1 rpadryecKnx MaTepranos, npusegeHHbIMY B MpunoxeHun 1. Tematuka nyonnkyembix
MaTepranoB [OO/MKHA COOTBETCTBOBATb 3asB/IEHHON pPeAaKuMein SMEeKTPOHHOro usgaHusa «HaHoTexHonorum
B CTpouTenbcTBe: HayuHbll WHTepHeT-XypHan» B [punoxeHum 2. [lpeactaBnsaemble CTaTbW [OSKHbI
COOTBETCTBOBATb CTPYKTYpPe, NnpueefeHHoN B MpunoxeHum 3.

+  COMPOBOAMTENbHOE NMMCbMO (PefaKLMA BbICbIIAeT aBTopam obpaseL no nx npeiBapuUtesibHOMY 3anpocy).
ABTOpbI MYO6/IMKYEMbIX B »KypHaJie MaTepuasioB [OMyCKaloT WCMONb30BaHME KOHTEHTa B COOTBETCTBMM

¢ nuueH3uen Creative Commons CC-BY «Attribution» («ATprbyuumsa»); cornacHbl ¢ nprcBoeHrem Kaxgon ctatee UDC,

DO, ¢ pa3melleHriem mawHounTaemon nHdopmauum o CC-nuuensnm (HTML-koa) B MeTalaHHbIX CTaTbAX, APYTUX

naeHTUPMKATOPOB MATEPMASIOB; COMTAaCHbI C Pa3MELLEHVIEM B OTKPbITOM OCTYME NOSHbIX TEKCTOB CTaTel (MX COCTAaBHbIX

yacTeln UnNn MeTagaHHbIx) B IHTepHeTe Ha canTte usgaHusa (www.nanobuild.ru), HayuHon anekTpoHHo 6nbnmnotekn
eLIBRARY.RU, B cuctemax uutmpoBaHusa (6a3ax gaHHbix): ISSN, Poccuncknii nHpekc HayuHoro uutmposaHus, Ulrich’s

Periodicals Directory, DOAJ, CA(pt), Compendex, Scopus, Web of Science, EBSCO Publishing, ResearchBib, CrossRef

n gp. O6 3TomM aBTOPbI YKa3bIBalOT B CONPOBOANTENIbHOM nrcbMe. [MogpobHo o nuueH3un Creative Commons CC-BY

cmoTpuTe 3aech http://creativecommons.ru/.

2. B cTaTbe [OMKHbI COfepKaTbCsA pPe3ynbTaTbhl OPUTMHANIbHBIX UCCIeNOBAaHUN U MPOCNEXNBATLCA CBA3b

C NpeabiayLL MMM UCCNIeJOBAaHUSAMY, BbIMOJIHEHHBIMW JIMYHO aBTOPOM W APYrMuy yyeHbiMu. [locnegHee JOMKHO

ObITb MPeACTaB/IeHO Kak B OCHOBHOM TEKCTE, TakK U B PpOpMe CCbIIOK Ha MnpeabigylimMe NCTOYHUKK. B cnyuae

MCMONb30BaHUA MaTepuranoB M3 paboT Apyrux aBTOPOB CTaTbsl JOJHKHA COAEpPKaTb COOTBETCTBYIOL|ME CCbITKU.
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bubnunorpadpuuecknini CNMCoK NPUBOAUTCA MOCe TeKCTa cTaTbu. Mpumepbl odopmieHnsa brnbnmorpapruecknx
CCbINOK AaHbl B MpunoxeHun 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHON STUKK, NPOABMATD KOMMETEHTHOCTD,
06BEKTUBHOCTb 1 OTBETCTBEHHOCTb.

3. Pepakuun, peaakuvoHHbIV COBET UMK PeAakLMOHHAsA KOIEria MOryT NonpocuTb aBTOPOB NPefoCTaBUTb BCe
NepBOVCTOUHUKA 1 MaTepuasbl, UMeloLe OTHOLEHKEe K HamnmncaHuo nybnvkyemoi ctatbu. MaTepuasnbl SOMKHbI
XPaHUTbCA B TeueHue 1 roga nocse nybavkauuu.

4. Kaxpgasa cTtatbda, nyb6nvKyemas B >KypHase, PeLeH3WpyeTcs SKCMepTamy Ha npeameT OPUrMHANbHOCTM
N COOTBETCTBUA MNpaBunam odopmneHus. Mcnonb3oBaHne TPyAOB WAV MbICNE APYTUX YUYEHbIX LOSIKHO ObITb
odopmneHo Hagnexawum obpasom. Hegonyctum nnarvat B nmobon dopme. ABTOPbI JOSIKHbI NMOATBEPAUTb, UTO
nyOAnKyIOT CBOIO CTaTblO BMEPBbIE NN NMPOCAT OCYLLECTBUTL €€ MOBTOPHYIO Nybnnkayuio.

5. VMHdopmauwsa, nonyyeHHas HeopuUUMANbHO, HANPMEP, B YaCTHOM OOCYXXAEHWUW UMM NepPernunucke, He MOXeT
ObITb NpefCTaB/ieHa B CTaTbe 6€3 NMUCbMEHHOTO Pa3peLleHns CO CTOPOHbI NCTOUYHKKA UHGopMauuun. Hdopmauns,
NCTOUYHMKOM KOTOPOW ABNAETCA KOHOUAEHUMANbHAA AeATeIbHOCTb, B YaCTHOCTU PeLeH3UPOBaHME PyKONUCE Uim
3asBOK Ha MoJlyyYeHue rpaHToB, He MOXET ObITb UCMONb30BaHA B CTaTbe 6€3 NMCbMEHHOTO COrachsA aBTOPOB.

6. MNepensgaHne cTaTb MO MHULUMATMBE pPefaKLUMOHHOrO COBeTa (peAakuVMOHHOW Komiernmn) >KypHana
OCYLLEeCTBNAETCSA C COrNacusi aBTOPOB, pefaKLMmM 1 0bnagaTens npaBa UHTENNIEKTYallbHOW COOCTBEHHOCTM Ha CTaTbIO.
B cnyuyae noBTOpHOM Ny6nmKaLmm cTaTby U3gaTeslb ieNlaeT COOTBETCTRYOLLee coobLieHre 06 3TOM.

MpencTtaBneHve cTaTby B COABTOPCTBE BO3MOXKHO, €C/AM BCE JIMLQ, YKa3aHHble KakK COaBTOpPbI, cAaenanu
3HAUWTENbHBIN BKNaA B Pa3paboTKy KOHLENLUWY, NIaHNPOBAHWNE, BbINMONHEHWE WU MHTEPNPETALMIO ONUCbIBAEMOTO
nccnefoBaHus. B cnyuae ecnv BKnag nuua, onpeaeneHHbiM o6pa3om CogeiCTBOBABLLIENO OCBELLEHHOMY B CTaTbe
NCCNefoBaHMIo, He HACTOJIbKO CYLLECTBEHEH, YTOObl BK/IOUUTb €70 B COABTOPbI, €My AOJKHA OblTb BblCKa3aHa
npvi3HaTeNnbHOCTb. [1aTa C acNMPaHTOB 3a Ny6AMKaLMIo CTaTel He B3VMAeTCs.

7. ABTOP-KOPPECMOHAEHT JO/MKeH 0becrneuntb NpoyTeHne U ofobpeHne BCEMM COABTOPAaMM OKOHYATENbHOM
BEPCUM CTaTby, @ TAKXKe MX corylacue Ha nybnmkauuio.

8. Mpu Hanuumm KoHGMKTa UHTEPECOB, B TOM UMUCTIE M MOTEHUMANbHOTO, aBTOP WM COABTOPbI AOMKHbI
MHPOPMMPOBATL U3AATENs KaK MOXHO paHblue. [py BbIABAEHUN MPVHUUMNMAIBbHBIX OWNOOK MM HETOUYHOCTEN
B CBOEeW yxe orny6/iMKOBaHHON paboTe aBTOp 06s3aH CPOYHO COOOWMTL 06 3TOM wWed-pefakTopy U OKasaTb
MaKC/MaJibHOe COAEeCTBIE TMAaBHOMY PeAaKTOPY »KypHana Ana nybankaumum onpoBep)KeHus nMbo nucrnpasieHui.
B cnydyae nonyuyeHus rmaBHbIM PefakTOPOM MHPOpMaLuy OT TPETbUX JNL, O CoAep»Kalleiica B onybnMKoOBaHHON
paboTe CylecTBEHHOW OWNOKe aBTOP 06s3aH NPeACcTaBrTb CPOYHOE OMPOBEPKEHME C NPEefOCTaBIEHNEM [TABHOMY
pepakTopy (wed-penaktopy) AoKa3aTeNbCTB CBOE MPABOTbI UM HEOOXOAMMbIE NCMPaBAEHUS.

9. ABTOpPbI JOJIXKHbl OCO3HABaTb, YTO PeAaKLKs, peAakUMOHHbIN COBET 1 pefaKLUVMOHHAsA KONErus 3/1eKTPOHHOIo
n3gaHus <HaHOTEXHONIOTMM B CTPOUTENbCTBE: HayuHbIN VIHTepHeT-KypHan» 6epyT Ha cebs 06A3aTeNbcTBa MOMOraTb
Hay4yHOMY COOOLLEeCTBY B COOMIOAEHMM BCEX aCMEKTOB U3AATENbCKON STVKM, OCOOEHHO B Cilyyasx MOJO3PEHMUSA MO
rnoeofy fy6/nvMpoBaHWA CTaTby UK Marnarta.

10. ABTOpPbI OMYGNMKOBAHHbBIX MAaTepPUANoB HECYT OTBETCTBEHHOCTb 3a JOCTOBEPHOCTb MPUBEAEHHBIX CBEAEHNI
1 UCMOJIb30BaHNE JaHHbIX, He MOAJSIeXxaLmx OTKPbITON Ny6nmkauun. Pegakuma octaBnseT 3a co6oi MpaBo BHECEHUS
penakTopcKon NpaBku. MHeHVe pefakuMn MOXEeT He COBMafdaTb C MHEHWEM aBTOPOB: MaTepuasbl My6GNnKyTCS
C Uenblo 06CYXAEHMS aKTyanbHbIX BOMPOCOB. Peflakums He HeceT OTBETCTBEHHOCTU 33 COAEP)KaHWe peKnambl
1 0ObABNEHUN.

11. MNocne paccMOTpeHUsi MaTEPUANoOB pefaKkuus YBe[OMSISIET aBTOPOB O CBOEM pPeLIeHUM SNEKTPOHHbIM
nrcbMoM. B cilyyae ecnv cTaTbst He MOANEXUT Ny6AVKaLMK, peaakumsa HanpaensaeT aBTOpy MOTUBUPOBAHHBI OTKas.

12. Jliobaa nepeneyaTka MaTepUasioB NMOHOCTBIO MM YAaCTUYHO BO3MOXHA TONIbKO C MMCbMEHHOTO pa3peLLeHms
pepakumm.

YBa)kaemble aBTOpbDI!
Mpocbb6a B LenAx SKOHOMUN BpeMeHu cefoBaThb
npasunam opopmneHns ctatem B XKypHane.
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MNMpunoxeHue 1

MpaBuna opopmneHna matepunanos

CraTbu NpeACcTaBAIOTCA NO IeKTPOHHON noyTte
(e-mail: info@nanobuild.ru) n opopmnsiorca cnegyrowmm o6pasom.

TekcT cTaTbm.

O6bem cTaTby — He MeHee 3 1 He 6onee 10 cTpaHul popmaTa A4.

MNona: cnesa n cnpasa — NO 2 CM, CHU3Y N CBEPXY — MO 2,5 cm.

OCHOBHOW TeKCT cTaTbh HabnpaeTca B pegakTope Word.

LWpndT ocHoBHOro TekcTa — Times New Roman.

TekcT HabrpaeTcs 14 Kr, MeXAYCTPOUHBIN MHTEPBA — MHOXKTeNb 1,15.

[lns ogHOPOAHOCTY CTUNA He NCMONb3ynTe WPUTOBbIE BbiAeNeHUs (KypCrB, NogUYepKUBaHUSA 1 ap.).

OTcTyn nepBoii CTpoKM ab3aua — 1 cm.

CnoxHble hbopmynbl BbINMOAHAITCA Npy noMoLm BctpoeHHoro B WinWord pegaktopa popmyn MS Equation 3.0.
Dopmyrbl pacnonaralTcs Mo LeHTPY KOJTOHKM 6e3 0TCTyna, UX NopPAAKOBbI HOMEP YKa3blBaeTCA B KPYTJIbIX CKO6-
Kax 1 pa3MeLLlaeTcs B KOJMIOHKe (CTpaHuLe) C BbIK/OUKON BNpaBo. EAnHCTBEHHas B cTaTbe GopMyna He HymepyeT-
cA. CBepxy U CHK3Y GOpPMyJibl HE OTAENAIOTCA OT TEKCTA JOMONHUTENIbHBIM UHTEPBAIOM.

[na ccoblnok Ha Gopmysibl B TEKCTE UCMOMb3YOTCA KPYrible CKOOKM — (1), Ha nUTepaTypHble NCTOUYHVKY — KBagpaT-
Hble ckobku [1].

Bubnuorpadpuueckunin CnMcok npruBoanTcsa 12 Kr.

Fpadunueckoe opopmneHne craTbu.

WnniocTpaumy BbINOMHAIOTCA B BEKTOPHOM ¢dopmaTte eps nnbo B nt0b6OM 13 rpadpuueckmx npunoxkeHun MS
Office 97, 98 nnu 2000.

lpaduku, pucyHkn n oTtorpadrm BCTaBAAOTCA B TEKCT MOCIIE NEPBOro YNOMVHAHWA O HUX B YAOOHOM A5l aBTOpa
BUAeE.

MogpurcyHouHble nognucy (12 Kr, 06bIYHbIN) AAOTCA NOA MIMIOCTPALMAMM MO LEHTPY NOC/Ie COKPALLEHHOTO C/TI0BA
Puc. c nopagkoBbiM HOMepom (12 Kr, NOnyKMPHbIN). EUHCTBEHHbIV PUCYHOK B TEKCTE HE HYMepyeTCA.

Mexxgy NognuChio K PUCYHKY 1 MOC/EAYIOLMM TEKCTOM — OfVH MEXAYCTPOUHbIV MHTepBarl.

Bce pucyHkun 1 doTorpaduv fOMKHbI ObITb KOHTPACTHBIMY U UMETb pa3peLleHre He meHee 300 dpi. Mnnioctpatus-
HbI1 MaTepran kenaTefbHO NPeACTaBATb B LBETHOM M300paXXeHnu.

lPadurKn HeNb3s BbIMOMAHATE TOHKUMU JIMHUAMMW (TOMNLWMHA TMHUIA — He MeHee 0,2 MMm).

KcepokonvpoBaHHbIe, a TaK»Ke MI0X0 OTCKAHMPOBAHHbIE PUCYHKI N3 KHUT 1 XKYPHANIOB HE MPUHUMAIOTCSA.

Cnogo Tabnuua ¢ NopsAaKOBbLIM HOMEPOM pacrosiaraeTcs C BbIK/IIOUKONM BNpaBo. Ha cneaytolein CTpoke npreo-
LUTCSA 3arofIoBOK K Tabnuue (BbipaBHUBAHME MO LEHTPY 6e3 oTcTyna). Mexxay Tabnuvueil v TeKCTOM — OQUH MeXay-
CTPOYHbIV UHTepBas. EAMHCTBEHHas TabnyLa B CTaTbe He HYMepyeTCs.

OdopmneHune mopyneii.

Mopynv foMmKHbI 6bITb KOHTPACTHLIMU 1 UMETb pa3pelleHre He meHee 300 dpi (B dopmare .jpg).
Pa3smepbl mogynen, mm:

1/1 = 210 (wnpwHa) x 297 (BbicoTa);

1/2 = 170 (wunpwHa) x 115 (BbicOTa).
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MNMpunoxeHue 2

TemaTuka nyonnkyembix matepmnanos

- Pa3pabotka Teopuun GoOpMUPOBaHUA MPOYHOCTM 1 HEMPOHMLLAEMOCTM HAHOCTPYKTYPUPOBAHHbIX CUCTEM.

« MartemaTtnyeckne KBaHTOBbIE U ApYrve BuAbl MoZesNiel Ana nccnefoBaHna CBOMCTB HAHOMaTEPUANOB.

« Mpobnembl NPUMEHEHNSI HAHOMATEPWAJIOB U HAHOTEXHOJIOTNI B CTPOUTENbCTBE U CTPOUTENIbHBIX MaTepuanax.

« TexHonoruyeckue NPUHLMMbI CO3JaHNA HAHOCTPYKTYP (pacnniaBbl, 30/b-reNeBbll CUHTE3 1 Ap.).

«  Co3faHve HOBbIX GYHKLIMIOHaNIbHbBIX MaTePUAoB B CTPOUTENbCTBE.

- Pa3paboTka MpUHUUMNOB Nepexoaa «becrnopsanoK-nopsAaoK» MpPU CO3OaHUN KOMMO3UTOB C WUCMOSIb30BaHUEM
CYHEpPreTuKu.

+  W3yueHre pa3nnyHbIX TEXHONOMMYECKUX MPUHLMUMOB MNPY CO34aHUN HAHOCUCTEM B MPOMbILLIEHHOM MPON3BOACTBE.

«  [narHoCTrKa HaHOCTPYKTYP 1 HAHOMATEPUAIOB CTPOUTENbHbBIX CUCTEM.

« [pobnembl MoNyYeHUsi BbICOKOMIOTHbIX 1 BbICOKOMPOYHbIX CTPOUTENIbHbIX MaTepuasnoB (6eToHbl, KepamuKa
nap.).

«  TexHonoruum n3menbyeHna MMHEPanbHbIX YacTUL 10 HAHOPa3MepPHbIX YPOBHE.

«  TexHOnorua nepemeLnBaHUA CMeCe C HAHOAMUCMEPCHBIMUN YaCTMULAMU 1 METOAbI X aKTUBALUN.

« [ngpoamHammyeckne n gpyrne MeTofbl akTMBaLUN BOAHbIX CYCMEH3UA U PacTBOPOB.

+  MogundukaLms BOgHbIX PacTBOPOB Pa3/INMUYHbIX HAHOPA3MEPHbIX O6ABOK, MCMONb3yeMblX B CTPOUTENbCTBE.

«  WccnepoBaHue B 0611aCTVi TOKCUYHOCTU MOPOLLKOBBIX HAHOMATEPMANOB.

«  MeTtannnyeckas apmatypa, MogMouLMpoBaHHas B MPOLeCce N3roToBIEHNA HaHOPa3MePHbIMY MaTepuanamm.

- BornokHa yrnepogHble, 6a3anbToBble, apaMuiiHbie U Apyrie BOJIOKHA MarbiX AMAMETPOB C HAaHOPA3MEPHbIMU
CTPYKTYPHbIMU XapaKTePUCTUKAMU.

« LlemeHTHble 1 apyrue BXyLLMe C MAHEPAJIbHbIMUM 1 OpraHMYecKnmy JobaBkamum.

- beToHbl 1 pacTBOpPbI, MOAUPULNPOBAHHBIE HAHOPA3MEPHbIMY 106AaBKaMMU.

«  CycneH3nuy MUHepasibHbIX 1 OpraHNYecKnx JO6aBOK, MCMOMb3yemble 4JiA TaKOB, KPACOoK, a Takke MoandrkaTopos
K 6eTOHaM 1 pacTBOpaMm; CBOMCTBA, TEXHOMOMMA UX MPUTOTOBJIEHNSA U >KNBYYECTb.

« [NpumeHeHVe HAHOMOPOLLKOB Pa3IMYHO NPUPOabl AN MOANPUKALIMM CBOMNCTB CTPOUTENbHbIX MaTePUasoB.

+  HoBble CBONCTBA CTPOUTENIbHbIX MAaTEPUANOB HA OCHOBE HAHOCUCTEM.

- MoaudunumnpoBaHmne CTPOUTENIbHbIX MAaTEPMAIOB HAHOBOOKHaMM.

« [ucnepcHble KOMNO3ULMOHHbIE MaTepurasibl C HAHOMOKPbITUEM.

«  QopmnpoBaHme HAHOCTPYKTYPHbIX MOKPbLITA Ta3ePHbIM HaMbIIEHNEM.

« Pa3paboTka MeTofoB MCCIef0BAaHMA HAHOCTPYKTYPbl MaTEPMANOB HAa OCHOBE AVCMEPCHbIX CUCTEM, B TOM uuncie
NCCneaoBaHUsi HAHOOOBEKTOB MYCTOTbI B MOPUCTbIX CUCTEMAX.

»  TexHonoruuv nccnegoBaHmA CBONCTB HAHOMATEPUAnoB.

«  Cnctembl NpenofaBaHnsa OCHOB HAHOTEXHOMOTUIA.

Temamuka cmamed Moxem 6bimb UHOU, NPAMO UJTU KOCBEHHO CB8A3AHHOU C Nepeyuc/ieHHbIMU HaNPasgieHUusMUu.
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CTpykTypa ctatbun

PYBPUKA (Ha aHrunncKkom asbike) /
PYBPUKA (Ha pycckom fi3bike)

DOI
YaK

3arnasue (Ha aHMUNCKOM A3bIKe)

ABTOp(bI): 06513aTe/IbHOE YKa3aHUe MecTa PaboTbl Kax-
[0ro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpusaTne

W gpyrvie opraHu3aunm, ropog, CTpaHa), AOMKHOCTM

(Ha aHrNMINCKOM A3bIKE), 2TIEKTPOHHbBIN agpec

Pe3slome: HE3aBUCUMBI OT CTAaTbW NCTOYHUK UHPOPMa-
LUK, KOTOPbIN NMO3BOISIET POCCUNCKIM U 3apyDOeXKHbIM
cneumanvcTam caenatb BbIBOA O KauecTBe N cofeprka-
HUW CTaTby (pe3tomMe AOMKHbI 6bITb MHGOPMALMOHHbI-
MU, OPUTVHANbHbIMK, COeP>KaTb OCHOBHbIE pe3ysbTa-
Tbl UCCNEAOBAHNIN, CTPYKTYPUPOBaHHbIMM, KOMMAKTHbI-
MU — YKnagbiBaTbcAa B 200-250 cnoB) (Ha aHrMICKoOM
A3blKe)

KnioueBble cnoBa: (Ha aHMMUNCKOM A3bIKe)

BnarogapHocTu: (Npu HanMumm) (Ha aHFUIACKOM
A3blKe)

Ana ynTupoBaHMA: (Ha aHMNNCKOM A3bIKe)

MawunHountaemas nipopmaumsa o CC-nmueHsnax
(HTML-kopg) B MeTaiaHHbIX CTaTbu

CraTbs NocTynuna B pegaKkumio:
CraTbs NocTynuia B pegakuuio
nocne peueH3NpPoBaHNA:

CraTbsl NpUHATa K Ny6nukayun:

3arnaBue (Ha pycCKOM f3biKe)

ABTOp(bI): 06513aTe/IbHOE YKa3aHUe MecTa PaboTbl Kax-
[oro aBTopa (yHUBepcuTeT (MHCTUTYT), NpegnpuaTne

W gpyrvie opraHu3aunu, ropog, CTpaHa), AOMKHOCTM

(Ha pyccKkom A3blKe), SNeKTPOHHbIN agpec

MNMpunoxxeHue 3

Pe3lome: HE3aBUCUMBIN OT CTaTbW UCTOYHUK UHPOPMa-
LK, KOTOPbIN NMO3BOMIAET POCCUNCKUM U 3apyOexHbIM
cneumanncTam CaenaTb BbIBOA O KauecTBe 1 cofeprka-
HUW CTaTbl (pe3tomMe JONXKHbI ObITb MHPOPMALIVIOHHBI-
MU, OPUTMHANbHBIMUY, COep>KaTb OCHOBHblE pe3ysbTa-
Tbl UCCNEAOBAHNIN, CTPYKTYPUPOBAHHbIMMY, KOMMNAKT-
HbIMW — yKnagbiBaTbcA B 200-250 cnoB) (Ha pycckom
A3bIKe)

KnioueBble cnoBa: (Ha pycCKoMm fA3biKe)
BnaropgapHocTu: (Npy Hannumm) (Ha PyCCKOM A3bIKe)
Ona unTupoBaHUA: (Ha PyCCKOM A3blKe)

TeKcT cTaTbu (Ha aHIMUINCKOM A3bIKe)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAA YACTb

- 3AKJTIOYMEHUE (BbIBObI)

TeKcT cTaTbm (Ha PYCCKOM A3bIKE)

- BBOOHAA YACTb (BBEOAEHWE)

- OCHOBHAA YACTb

- 3AKJTIOYEHUE (BbIBObI)

CnucokK nutepartypbli: (Ha aHINNCKOM A3bIKe)
Cnucok nutepartypbli: (Ha PYCCKOM A3bIKe)
NHdopmauma 06 aBTope(ax): (Ha aHINICKOM A3bIKE)

Undopmauus 06 aBTope(ax): (Ha pycCKoM A3biKe)

KoHTaKTbI:

http://nanobuild.ru
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lNMpunoxeHue 4

OdopmneHne 6mbnnorpadunyecKkmnx cCboK
(B coorBeTcTBUN ¢ TOCT P 7.0.5-2008 nTOCT P 7.0.7-2009)

Bu6nuorpaduuecknii cCnMcok NPUBOANTCA NOCEe TeKCTa cTaTbu. Bce ccbinkm B cnucke nocnegoBaTenibHO
HyMmepyloTCcS.

OnuncaHme cTaTby U3 3/IEKTPOHHOIO XXypHana:

Q®anukmaH B.P, BanHep A.Al. DoToKaTanMTnyeckmne LemMeHTHble KOMMNO3UTbI, COAep Kallie Me30nopucTble HaHOoYa-
CTUUbI AoKCMAaa TuTaHa // HaHoTexHonorun B ctpoutenbcTee. 2014. - Tom 6, N2 1. — C. 14-26. URL: http://nanobuild.
ru/ru_RU (naTta obpalueHus: __ )

CnpaeoyHo: Tom 1 — 2009 rog; Tom 2 — 2010 rog; Tom 3 — 2011 rog; Tom 4 — 2012 rog; Tom 5 — 2013 rog; Tom 6 —
2014 rog; Tom 7 — 2015 rog; Tom 8 - 2016 rog v T.4.

OnuncaHue cTaTby U3 XKYPHaNoB:
3arypeHko A.l, KopotoBckux B.A., KonecHukos A.A., TumoHoB A.B., KapabimoH [1.B. TexHnKo-3KOHOMMUYeCKadA on-
TUMK3aUus au3aiHa rmgpopaspoiBa nnacta // HedraHoe xo3amctso. — 2008. — N2 11. — C. 54-57.

OnucaHue cTaTbu U3 NpoAoKaloLLerocs usgaHus (c6opHuka TpyaoB):
ActaxoB M.B., TaraHues T.B. SkcnepumeHTanbHoe UCCiefoBaHe NPOYHOCTU COeAUHEHNA «CTaNlb-KOMMO3UT» //
Tpyabl MITY «MaTemaTmnyeckoe MOAeNMPOBaHME CIOXKHbIX TEXHUYECKUX cucTem». — 2006. — N2 593. - C. 125-130.

OnucaHwme ctatbu c DOL:

Kopones E.B., CmupHoB B.A., EBcTurHees A.B. HaHOCTpyKTypa MaTpuL, CEPHbIX CTPOUTESNIbHbIX KOMMO3UTOB: METO-
[ONorusA, MeTofbl, MHCTPyMeHTapuii // HaHoTexHonorum B ctpoutensctae. — 2014. — Tom 6, N2 6. — C. 106-148. DOI:
10.15828/2075-8545-2014-6-6-106-148

OnucaHue maTepranoB KOHGepeHLuia:

YcmaHoB T.C., T'ycmaHos A.A., Mynnarun U.3., MyxameTwuHa PIO., Yepssakosa A.H., CeelwHunkos A.B. OcobeHHOCTM
pa3paboTKy MeCTOPOXAEHWA C MOMOLLbIO MMAPABAMYECKOro pa3pbiBa niacta // Tpyabl 6 MexayHapogHoOro cummno-
3uyma «HoBble pecypcocbeperatoLirie TEXHONOM HEAPOMOJb30BaHUSA 1 MOBbIWEHNA HedTerazootgaum». — MockBa,
2007.-C.267-272.

OnucaHune KHUrn (MoHorpadumn, C6oOpHNKN):
Nungopd J1.C., MamunkoHunaHTc J1.T. SKcnnyaTayus TypboreHepaTopoB C HeNOCPEACTBEHHbIM OXaXKaeHuem. — Mo-
cKBa: M3a. dHeprua, 1972. - 352 c.

KaHeBckaa PJl. MaTemaTuueckoe MOAENMpPOBaHME TMAPOAMHAMUYECKMX MPOLIECCOB pPa3paboTKy MecTopoXae-
HWI yrneBogopoAaos. — Mxesck, 2002.

OnuncaHvie NnepeBoOAHON KHUIA:

TumoweHko C.IM., AHr O.X., YaBep Y. KonebaHusi B HXXeHepHOM fene. — 4-e usg. — Hblo-l7lopK: Yannu, 1974.- 521 c.
(Pyc. n3g.: Tumowenko C.IM., Axr A.X., YaBep Y. KonebaHus B nHxeHepHoMm gene. - Mocksa: M3a. MawmHocTpoeHme,
1985.-472c.).
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BpykuHr A., IxoHc M., Kokc @. SkcnepTHble cucteMbl. MpuHUMbI paboTsl 1 npumepsbl. — YanmaH 1 Xonn, 1984. -
231 c. (Pyc. n3g..: bpykur A., IxoHc TM., Kokc @. dkcnepTHble cuctembl. MpuHUmnbl paboTbl 1 nprumepsbl. — MockBa:
WM3n. Pagno v cBsizb, 1987. - 224 ¢.).

OnucaHune MHTepHeT-pecypca:
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