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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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Zheng Y. FU - Chief Professor of the Wuhan University of
Technology (China); Cheung Kong Scholar of the Ministry
of Education of China; Academician of the World Academy
of Ceramics; State Key Lab of Advanced Technology for
Materials Synthesis and Processing, Wuhan University of
echnology, China

Leonid A. IVANOV - Head of the Project «Nanobuild.
ru», Chief Academic Secretary and Vice-President of the
Russian Academy of Engineering and the International
Academy of Engineering, Academician of RAE and IAE,
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INTRODUCTION

n Russia, ashes are widely used as mineral additives

(fillers) for concrete mixtures. Table 1 presents the re-
sults of studies of the properties of concrete with the com-
bined use of dump and dry ash in fine-grained concrete
mixtures. These mineral additives have varying degrees
of dispersion, differing by an order of magnitude.

It follows from Table 1 that the use of fillers of mineral
additives of varying degrees of dispersion provides a re-
duction in cement consumption from 498 to 300 kg/m?
and the production of concrete of approximately the same
strength Rcr (43.7 and 41.2 MPa) under the conditions
of heat treatment of products after 1 day.

MAIN PART

Since the beginning of the 80s, the author began his
work on the problem and features of nanostructured
multi-tonnage materials. In this case, nanostructures
do not cover the entire volume of materials, but form
nanostructured layers in the total volume of the material.
Therefore, we can expect to obtain additional structural
bonds and increase the strength of bulk materials and
increase technical properties by 2—2.5 times [1].

Natural molecular nanotechnology constructed sys-
tems in a “bottom-up” manner, which ensured the diver-
sity of the world and the very existence of the highest form

Table 1

of matter — living organisms. Artificial nanotechnology
creates nanosystems both “bottom-up” and “top-down”.
The phenomena of self-organization are already known,
however, for this it is first necessary to obtain nanosized
particles [1, 2].

Chemical and physical technologies, of course, are
the main ones in the production of nanodispersed par-
ticles (dissolution and polycondensation processes, cryo-
genic technologies, plasma method, and many others) [3,
4, 5]. According to the degree of dispersion, it is proposed
to classify ultrafine materials depending on the average
grain size in nm as follows [4]:

— fine materials — 10*—103 nm (10~! microns);
— ultrafine materials — 10°—10>nm (1—10~' microns);
— nanomaterials — less than 10> nm (<10~' microns).

From the point of view of productivity and cost of pro-
duction of large-tonnage materials, a special role is devot-
ed to the methods of mechanical and mechanochemical
grinding, which on an industrial scale make it possible to
obtain fine particles.

The Scientific and Research Institute of Concrete
and Reinforced Concrete (NIIIZhB) of the Gosstroy
of the USSR, under the guidance of the author, has
been studying the features of using activation modes
using vibration-pulse modes since the 1980s. Rotary
pulsation apparatus (RPA) were the primary equipment,
widely used in various sectors of the economy for emul-
sions and suspensions. In the working chamber of the

The introduction of mineral additives in the form of ash and microsilica in the composition of sand concrete

Actual concrete composition, m (mass)* o Bulk Compressive
n n n n n n Rigidity T Watc?r cement strength
Ne o o Y m | m . % s |m. . % W sec. 3 | ratio, W/C 5
kg/m’ | kg/m® | kg/m® | kg/m® | ™ 7 | kg/m? | M 0| kg/m? kg/m 1 day MPa
1 567 1120 332 225 40 2191 0,40 45,9
2 498 1285 300 197 40 2250 0,39 43,7
3 380 1458 248 156 40 2205 0,41 30,6
4 485 1063 315 54,6 10 5,46 1 176 40 2010 0,36 56,0
5 443 1269 298 49,5 10 5,05 1 179 40 2200 0,40 48,0
6 315 1347 229 38,0 10 3,88 1 164 20 2040 0,52 34,0
7 460 1135 336 115,0 20 11,50 2 196 40 2225 0,43 64,2
8 412 1328 314 103,0 20 10,50 2 196 40 2320 0,48 58,2
9 300 1432 244 74,8 20 7,48 2 144 40 2166 0,48 41,2
10 | 408 1151 341 174,5 30 17,40 3 214 40 2274 0,52 65,3
11 315 1164 271 135,0 30 13,50 3 147 2030 0,46
12| 270 1487 253 116,0 30 11,60 3 158 40 2260 0,59 55,7

* m_— mass of concrete, m_— mass of sand, m_— mass of ashes, m_ — mass of microsilica,

mg

_,— the amount of S-3 superplasticizers, m — mass of water.
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Pulse modes

Rotary pulsation apparatus:
1 — rotor; 2 — stator; 3 — case;
4 — impeller; 5 — flange; 6 — nipple

1 — inlet nozzle; 2 — cavity cameras; 3 — exiting nozzle

in two resonator chambers of the hydrodynamic emitter

Hydrodynamic activation

- . : :

Scheme of the hydrodynamic emitter:

Type of pressure pulses generated in a medium

Fig. 1. Wave activation processes

pump, which consists of a fixed part (stator) and a mov-
ing part (rotor), various emulsions, including cement
emulsions, are supplied under pressure. When the rotor
rotates in the working chamber, high-frequency acoustic
vibrations occur accompanied by cavitation and hy-
drodynamic phenomena, under the action of which
particles of the material of emulsions and suspensions
are crushed [6].

Work on the activation of cement suspensions was
continued for other cavitators (rotary pulsation appara-
tus, hydrodynamic emitters), which provide a significant
increase in the strength of heavy concrete. Fig. 1 shows
diagrams of equipment and pulsed modes.

One of the promising technologies for producing
emulsions and dispersions is cavitation grinding techno-
logy. Cavitation is a physical phenomenon of the se-
quential formation, growth and collapse of microscopic
bubbles in a liquid. The collapse of the bubble creates high
localized temperatures and pressures. The effect of cavita-
tion can be achieved using acoustic and hydrodynamic
cavitation.

Acoustic cavitation is induced when high-frequency
ultrasonic waves (16 kHz — 100 MHz) pass through a lig-

uid. With the passage of ultrasound through the liquid,
zones of increased and reduced pressure are formed,
which leads to a rupture of the fluid continuity and
the formation of cavitation. Cavitation conditions depend
on the intensity and frequency of ultrasound, the physical
properties of the liquid, as well as the temperature and
solubility of gases [7, 8].

In conditions of hydrodynamic cavitation, a passive
hydrodynamic dispersant (hereinafter — PGD) is used to
form and collapse the bubbles. Its construction includes
cavitation bodies, which are metal rods of circular cross
section, when passing through which the continuity of wa-
ter breaks, and cavitation bubbles form. To ensure high
fluid pressure, a vertical centrifugal pump is used, which
provides a pressure of up to 6 atm.

The principle of operation of a passive hydrodynamic
dispersant is shown in Fig. 2.

If there is effective equipment for additional grind-
ing of mineral particles, it will be possible to ensure high
density of concrete at the macro and micro levels, as well
as significantly increase its strength.

The physical model of nano-modified concrete can
be represented by cement particles of 20—80 um in size,
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Fig. 2. Diagram of a hydrodynamic cavitation installation
1 — working capacity for receiving the solution;

2 — 3 kW electric motor;

3 — multi-stage multi-row pump;

4 — passive hydrodynamic dispersant;

5 — connecting elements

Fig. 3. Nanostructuring of fine-grained concrete
1 — sand particles;

2 — cement particles;

3 — finely ground mineral particles;

4 — nanoscale particles

Table 2
The composition of fine-grained concrete
Materials Sand, Cement, Filler H,, Filler H,, Filler H,,
Characteristics i i i i E
Material consumption 1350—1400 450—500 150—300 75—150 30-75
Grain sizes 0,5—1 mm 20—80 um 2—8 um 0,2—0,8 um 50—90 nm

finely ground mineral particles of 2—8 um, ultrafine par-
ticles — 0.2—0.8 um and nanodispersed particles <100 nm
(0.1 um), as shown in Fig. 3 [9, 10, 11].

To solve this problem and obtain nanostructured con-
crete using a 3-fraction filler, it was hypothesized that
a high density of the mineral skeleton can be obtained
provided that the volume ratio of each subsequent filler
fraction to the previous one is 7:3 (8:3) with a diameter
fine particles are 8—10 times smaller than coarse particles.
The composition used is shown in table 2.

CONCLUSION
The work on concrete nanostructure is of great prac-

tical importance and can be implemented using cavi-
tators of various designs for additional grinding. How-

ever, for the technological process, the finely dispersed
components prepared by the concrete mixture must have
the possibility of long-term storage in the composition
of the emulsions. Therefore, the published publications
using the name nanocement are erroneous, since nanoce-
ment hardens quickly, several times faster than the dura-
tion of preparation of the concrete mixture, its transporta-
tion, laying and compaction.

To eliminate this phenomenon, it is enough to in-
crease the fineness of grinding of mineral additives, they
provide the effect of nanostructuring of concrete and can
be stored in suspensions for a long time — up to several
days. Therefore, the author in literary sources refers to
the patent Nano-binders, which has a great prospect
of application in the industry of manufacturing concrete
and reinforced concrete [9].
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BBEJEHUE

Poccnu B KauecTBe MUHEpaJIbHBIX 100aBOK (Ha-

TIOJTHUTEJICH) TSI OETOHHBIX CMECEU IITMPOKO HC-
TIOJTB3YIOTCS 30JTBL. B Ta0:1. 1 mpencTaBieHbI pe3yIbTaThl
HCCIIeIOBAaHUI CBOMCTB OETOHOB TP COBMECTHOM IIpH-
MEHEHUM OTBAJIBHBIX 30JT M 30J1 CYyXOT'0 OTOOPa B COCTaBE
MEJTKO3epHUCTBIX OCTOHHBIX CMeceil. DT MUHEpaIbHBIC
IO0aBKM MMEIOT Pa3IMIHbIC CTEIICHW AUCIICPCHOCTH,
OTJIMYAOIIMECS Ha TTOPSIIOK.

M3 tabn. 1 caemyer, 4To MpUMEHEHUE B KAa4eCTBE
HaIOJTHUTEJICH MIHEPAJTBHBIX T00aBOK Pa3IMIHOI CTe-
TIEHU OVCIIEPCHOCTU O0CCIIeYMBaeT CHIDKCHIE pacxoa
uemenTa ¢ 498 no 300 kr/m> u nosyyeHre GETOHA IIPU-
MEPHO OIMHAKOBOMW TTpouHOCTH Rex (43.7 n 41.2 MIla)
B YCJIOBUSIX TETIJIOBOM 00pabOTKM U3neuii uepes 1 CyTku.

OCHOBHAA YACTb

C navana 80-Xx romoB aBTOPOM HadaThl pabOTHI 1O
pobjeMe M 0COOCHHOCTSIX HAHOCTPYKTYPHUPOBAHHBIX
MHOTOTOHHAXXHBIX MaTepHrajaoB. B aTom ciaydyae HaHO-
CTPYKTYPHI OXBaTHIBAIOT HE BeCh 00beM MaTepHajoB,
a Kak Obl 00pa3yloT HAHOCTPYKTYpPHBIE CJIOU B OOIlIEM
o0beMe Matepuana. [103ToMy MOXKHO OKUOATh ITOTyIe-
HUE JOTIOJTHUTEIBHBIX CTPYKTYPHBIX CBSI3CH 1 TIOBBIIIIC-
HUE TIPOYHOCTH MAaCCUBHBIX MaTepHUAJIOB 1 YBEIMUCHIE
TEXHUYECKMNX CBOMCTB B 2—2,5 pa3 [1].

Tabauya 1

[TpupomHast MoJIeKyIsIpHAsT HAHOTEXHOJIOTHST COOM-
paJia CUCTEMBI «CHU3Y-BBEpX», YeM 00eCIIeuria MHOTO-
00pa3ure MIpa M caMo CYIIIECTBOBaHNE BBICIIICHT (hOPMBI
MaTepuM — «KMBBIX OpraHM3MOB». McKycCcTBeHHas
HAHOTEXHOJIOTHUS CO3MacT HAHOCUCTEMBI KaK «CHU3Y-
BBEPX», TAK U «CBEPXY-BHM3». YKe ceiiuac U3BECTHBI
SIBJICHUSI CAaMOOPTaHM3aIINH, OTHAKO IJIST 3TOTO TIpe-
BapUTEJIFHO HAIO ITOJIyJ9aTh HAHOPAa3MEPHBIC YACTUIIHI
[1,2].

Xumuueckue v pusndeckre TeXHOJOTUM, Oe3yCIOB-
HO, SIBJISTFOTCSI OCHOBHBIMM TIPU ITOJTYYCHUW HAHOIM -
CTIEPCHBIX YaCTHII (IIPOIIECCH PACTBOPEHMS M ITOJIH-
KOHICHCAIINN, KPUOTCHHBIC TeXHOJIOTUH, TNTA3MEHHBII
crocod u mHorue npyrue) [3, 4, 5]. ITo crenenu auc-
TIePCHOCTH TPEIIOXKEHO KIAaCCU(PUIIMPOBATH CBEPXMEII-
KO3EepHUCTHIC MaTepUAJIbl B 3aBUCUMOCTH OT CPEITHETO
pa3Mepa 3epeH B HM CIICAYIOIINM o0pa3oM [4]:
TOHKOIMCIIEpCHbBIEe MaTepuajibl — 10*—103 Hm
(107! MmKM);
yabTpagucepcHbie Matepuanbl — 10°—10% Hm
(1-10"" Mmxm);

HaHomaTtepuajbl — MeHee 102uM (<107 MKM).

C TOUYKM 3peHUsT TPOU3BOAUTEITLHOCTH U CEOECTOM -
MOCTH TIpoliecca IMPOU3BOACTBA MHOTOTOHHAXKHBIX Ma-
TEpUAJIOB 0COO0E MECTO 3aHUMAIOT METOIBI MeXaHMUe-
CKOTO ¥ MEXaHOXUMUYECKOTO M3MEIbUCHUSI, KOTOPBIC
B IIPOMBIIIJICHHBIX MacCIITabax MO3BOJISIOT TTOJyJaTh
TOHKOIMCIICPCHBIC YACTUIIHI.

Bsenenne MHHEPAJIbHBIX ;[063301( B BUJI€ 30J1bl U MUKPOKPEMHO3€MaA B COCTAB NMECYAHBIX 0eToHOB

DakTHYECKHIi cOCTaB 0eToHa, m (Macca)™ Keer- O00b- Bomo- IIpouHocThb

eMHasi | IIeMEHTHOE | TpH CKATHH
Ne | m, m, m, w | m . % e |m .o | M | "™ | macca, | otomenue, R _,

n/n| kr/mM® | kr/M® | Kr/mM3 | Kr/m? > Kr/m? c-a? Kr/m3 CeK. KT/ B/I1 1 cyT.li'Ia
1 567 1120 332 225 40 2191 0,40 45,9
2 498 1285 300 197 40 2250 0,39 43,7
3 380 1458 248 156 40 2205 0,41 30,6
4 485 1063 315 54,6 10 5,46 1 176 40 2010 0,36 56,0
5 443 1269 298 49,5 10 5,05 1 179 40 2200 0,40 48,0
6 315 1347 229 38,0 10 3,88 1 164 20 2040 0,52 34,0
7 460 1135 336 115,0 20 11,50 2 196 40 2225 0,43 64,2
8 412 1328 314 103,0 20 10,50 2 196 40 2320 0,48 58,2
9 300 1432 244 74,8 20 7,48 2 144 40 2166 0,48 41,2
10 | 408 1151 341 174,5 30 17,40 3 214 40 2274 0,52 65,3

11 315 1164 271 135,0 30 13,50 3 147 2030 0,46

12| 270 1487 253 116,0 30 11,60 3 158 40 2260 0,59 55,7

* m, — Macca [leMeHTa, m_— Macca Iecka, m, — Macca 3071bl, M, — Macca MUKPOKpeMHe3eMa,
m__ — KOJMYECTBO cynepruiactudukaropos C-3, m — Macca BOIbI.
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NMmyibCHbIE peKUMbI

Pomopro-nyavcauuonnuiii annapam:
1 — pomop; 2 — cmamop, 3 — kopnyc;
4 — kpoviavuamka; 5 — gaaney; 6 — wmyuep

TunpoauHaMmyecKasi AKTHBALAS

\'\}3\\32
AN

N \“}\\\Ssl::_: = \\‘Q' ‘

Cxema eudpoounamuueckoeo uzayuamens TJH:
1 — 6xo0n0e conno; 2 — pesoHamopHbie Kamepbl;
3 — 8bIx00HOE CONN0

Bun ummnyJibcoB gaBiieHns, popMUpyeMbIX B cpejie
B IBYX pe30HATOpHBIX Kamepax ['JIN

Puc. 1. BonHoBblie nponecchl AKTUBAMA

B HayuHO-MCcCIeT0BaTEeIbCKOM MHCTUTYTE Oc-
ToHa n Xene3zoberona (HUMAKB) IN'occtpos CCCP
o, PYKOBOJICTBOM aBTOpa yxXe ¢ 1980-x rogoB m3y-
Ja 0COOCHHOCTH MPUMEHEHUST PEXKMMOB aKTHUBA-
IIUU C UCTIOJIb30BaHUEM BUOPAIITMOHHO-UMITYJTbCHBIX
pexmuMoB. B xauecTBe 000pyIOBaHUS MCIIOTb30BaIN
pOTOpHO-IIyAbcallMOHHKIN ammmapart (PITIA), mupo-
KO TIPUMEHSIEMBII B Pa3JIMYHBIX OTPACIISIX HAPOTHOTO
XO3SMCTBA IS MOJIYYEHUSI SMYJIbCUN U CYCIEH3UMN.
B pabouyro KaMepy Hacoca, COCTOSIIYIO M3 HEIIOI-
BIDKHOI yacTH (CTaTopa) W MOIBUKHOM (poTopa), IO
IaBJICHUEM TTOHAIOTCS PAa3IMIHbIC SMYJIBCUM, B TOM
qucie meMeHTHBIe. [1pu BpameHnu poTopa B paboyueii
KaMepe BO3HMKAIOT BEICOKOYACTOTHEIC aKyCTUICCKIE
KOJIe0aHUS B COMMPOBOKACHNN KaBUTAIIMOHHBIX U TH-
IPOOMHAMWYCCKUX SIBJICHUM, TP IeCTBUHN KOTOPHBIX
TIPOUCXOISIT U3MEIbUCHIE YACTHIl MaTepHrajia 3MYJIb-
cHii 1 cycrieH3uii [6].

PaboThl TTO aKTWMBAIIMM HEMEHTHBIX CYCIICH3Uit
OBLIH TIPOIOJIKEHEI IUIST IPYTUX KaBUTaTOPOB (POTOp-
HO-TIYJIbCAIIMOHHBIC AIllapaThl, THIPOTNHAMNICCKIEC
W3Ty4aTesIn), KOTOPbIe 00eCIIeYNBAIOT CYIIIECTBEHHOE

MOBHILLIEHNE TPOYHOCTHU Tskesioro 6etoHa. Ha puc. 1
IIpeICcTaBICHBI CXeMBI 000OPYIOBaHUS U UMITYJILCHBIX
PEXVMOB.

OnHOI M3 MepCIIeKTUBHBIX TEXHOJIOTHI TOTyde-
HUS SMYJIbCUI Y TUCTICPCUU SIBIISICTCST KABUTAITMOHHAS
TEXHOJIOTHS M3MenbueHUs. KaButaumst — ¢pusnmdeckoe
SIBJICHWE TIOCJIeIOBATEeIbHOTO 00pa30BaHUS, pOCTa
M KOJIIarica MUKPOCKOITMYECKUX MY3BIPHKOB B KU/ -
KoctH. CXJIONBIBAHUE ITy3bIphKa CO3IaeT BEICOKHE JIO-
KaJM3UpOBaHHBIC TEMIIEpATypHl U HaBIeHUS. DPPeKT
KaBUTAIIHA MOXHO JOCTUYb C TTOMOIIBIO aKKyCTUIECKOI
1 TUIPOANHAMUYCCKON KaBUTAIINM.

AKycTHUYecKasi KaBUTALWSI MHIYIIUPYETCS TIPH IIPO-
XOXKICHUN Yepe3 XUIKOCTh YIBTPa3BYKOBBIX BOJIH BEICO-
Koi1 yacTotel (16 kI'u — 100 MI'). [Tpu npoxoxneHun
VIBTpa3ByKa uepes3 XKUIKOCTb 00pa3yIOTCsT 30HBI TTOBHI-
IIeHHOTO W IMMOHWKEHHOTO IaBJICHUS, YTO IIPUBOINT
K pa3pbIBY CIUIOUTHOCTH XUIKOCTU 1 00pa30BaHUIO Ka-
BHUTALIVH. Y CJIOBUS BOSHUKHOBCHUS KaBUTAIIUH 3aBUCSIT
OT MHTCHCUBHOCTH 1 YaCTOTHI YIIBTPa3ByKa, (PM3UICCKUX
CBOMCTB XUIKOCTH, a TaKXKe TeMIIepaTyphl U pacTBO-
psgeMocTy Ta3oB [7, 8].
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Puc. 2. Cxema ruipoiMHAMIYeCKOil KABUTAMOHHOM
YCTAHOBKH

1 — pabGoyast eMKOCTb TSI TTpYeMa pacTBOpa;

2 — 3]eKTPUYECKUI ABUTATEh MOIIIHOCTBIO 3 KBT;
3 — MHOTOCTYIEeHYAThIi MHOTOPSITHBIN HACOC;

4 — macCUBHBIN TMAPOIMHAMUYECKWI IUCTIEPTaTop;
5 — COeIMHUTENIbHBIC 2JIEMEHTHI

B ycnoBusix runmponnHaMu4ecKoi KaBUTaIuu ISt 00-
pPa30BaHUS U CXJIOTIBIBAHUST MTy3bIPHKOB UCITOIb3yeTCs
TTACCUBHBIN THAIPOAMHAMWYECKUI TUCTIEpraTop (1aiee —
TII'/1). B ero KOHCTPYKIIIO BKITIOYCHBI KABUTAIIIOHHBIC
TeJa, MPEeNCTABISIONINE COO0M METAITMUECKIE CTEPXKHUI
KPYTIJIOTO CEUEeHUsI, TIPU TTPOXOKICHUN Yepe3 KOTOphie
CIUIOIIIHOCTD BOJBI Pa3pbIBACTCI U OOPA3yIOTCS KaBUTA-
IIMOHHBIE MY3bIPLKU. J17151 0OecrieueHusT BRICOKOTO JIaBJie-
HUSI XKUITKOCTH UCTIONTB3YeTCs BEPTUKATBHBIN IIEHTPOOEK-
HBII HAcOC, KOTOPBIN 00eCTIeYnBaeT IaBJICHHUE 10 6 aTM.

[MpuHIIMT PabOTHI TACCUBHOTO TUAPOINHAMUIECKO-
TO IUCcTIepraTopa MpeicTaBieH Ha puc. 2.

ITpu Hammuny 3pHeKTUBHOTO 060PYTOBAHMS TTI0 10~
TIOJTHUTETLHOMY M3METbUeHUI0 MUHEPATHHBIX YaCTUILL
MOXHO OyIIEeT OOECIEeYUTh BEICOKYIO TUIOTHOCTh OETOHA
Ha MaKpo- 1 MUKPOYPOBHE, a TAKXXe CYIIECTBEHHO T10-
BBICUTD €TO IMTPOYHOCTb.

Puc. 3. HanocTpyKTypHpOBaHHE MeJIKO3ePHUCTBIX
0eTOHOB

1 — yacTuilsl Tiecka;

2 — 4aCTUIIBI IIEMEHTA;

3 — TOHKOMOJIOTbIE MUHEPATbHbIC YACTUIIHI;

4 — HaHOpa3MepHbBIC YACTULIBI

dusnueckast MOIeIb HAHOMOAU(DULIIPOBAHHOTO Oe-
TOHA MOXET OBbITh IPEACTaBIeHA YACTULIAMU LIEMEHTA
pa3mepamu 20—80 MKM, TOHKOMOJIOTBIMU MUHEPAJTb-
HBIMU YaCTHLAMU 2—8 MKM, YJIBTPOAUCIIEPCHBIMU —
0,2—0,8 MxM 1 HaHOAVICTIEPCHBIMU YacThiamMu <100 HM
(0,1 MxM), uTO mOKa3aHo Ha puc. 3 [9, 10, 11].

g pelieHUs 3TOM 3a1a4u U MOJyYeHUs] HaHO-
CTPYKTYpPHOTO OETOHA C MUCIIOJb30BaHUEM 3-dpak-
LIMOHHOI'O HAIIOJIHUTEJISI ObLIa BEIABMHYTA FUIIOTE3a
0 TOM, YTO BBICOKYIO IJIOTHOCTb MUHEPAIBHOTO CKeJle-
Ta MOXHO MOJIyYUTh IIPU YCJIOBHUH, YTO COOTHOIIIEHUE
00bEeMOB KaXI0i Ioceayoleil (hpakiiuy HAIIOJIHUTE-
IS K TIpenbIayIneit coctapisieT 7:3 (8:3) mpu nmaMeTpe
yacTull Meakoi ¢dpakuuu B 8—10 pa3 MeHbIIIe, 4ueM
KpYITHOI. B paboTe npuMeHsUICS COCTaB, YKa3aHHBI
B TaOI. 2.

Tabauya 2
CocTtaB MeJIKO3epHHCTHIX 0ETOHOB

Marepuaet ITecoxk, IlemeHnT, Hamnonnurens H, | Hanomuurens H,, | Hanommurens H,,
Xapakreprcrmai Kr/m? Kr/m> Kr/m> Kr/m3 Kr/m>
Pacxon matepuana 1350—1400 450—-500 150—-300 75—150 30-75
Pasmepsl ppakimit 0,5—1 MM 20—80 MKM 2—8 MKM 0,2—0,8 MxM 50—-90 am
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3AKTIOYEHUE

Pabora mo HaHOCTpyupoBaHUIO OeTOHA MMEET
0OJIBIIIOE TIPAKTUICCKOE 3HAUCHNUE I MOXKET OBITh pe-
aJIM30BaHa C MCIOJB30BAHUEM IJIST MOTIOJTHUTEIEHOTO
M3MeJIPUYCHUS KaBUTATOPOB Pa3IMIHON KOHCTPYKIIAM.
OmHaKo TSI TEXHOJIOTUIECKOTO TIPOoIIecca IIPUTOTOBIIC-
HUST OCTOHHON CMECH TOHKOIMCIICPCHBIC COCTABIISIIOIITIE
JIOJIXKHBI UMETh BO3MOXKHOCTb IJIUTEJIBHOTO XPAHEHUS
B cocTaBe smyibenii. [ToaToMy BeTpeuaroniecs myo-
JINKAIM ¢ UCITOJIb30BAaHNEM Ha3BaHUS HAHOIIEMEHT
OIIMOOYHBI, TAK KAK HAHOLIEMEHT OBICTPO TBEPAECET,
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Abstract: Despite the variety of existing methods of wastewater treatment, this problem can not be considered solved for the
woodworking industry. Taking into account that the waste water of plywood-board plants includes phenols, formaldehyde and many
other toxic substances, the development of a method for their treatment is an extremely important and actual task. In this regard,
we studied the effectiveness of wastewater treatment of the Ufa plywood-board factory (UPBF) by ozonation in the presence of the
available and most studied heterogeneous catalysts: Fe,0,, applied in the form of nanofilms of 0.5-1.0 mm particles y-AL,O; AL,O,,
applied in the form of nanofilms 2.5-3.0 mm particles of TiO,; MnO,, applied in the form of nanofilms 2.5-3.0 mm particles of TiO,.
Optimal cleaning conditions were determined by the kinetic curves of phenol decomposition. The results of the conducted experi-
ments on catalytic ozonation of wastewater showed a high purification effect. COD decreased 1.7 (ALO,, MnO,) and 3 times (Fe,0,)
compared to non-catalyst ozonation. The obtained results allow us to confidently assert that in order to improve the efficiency of
treatment of UPBF's wastewater needs ozonation to be carried out in the presence of a heterogeneous nanocatalyst Fe,O,, which
is used in a small amount, so there is no need to purify water from iron (lll) ions as in homogeneous catalysis. The concentration of
iron ion (Ill) did not exceed the maximum permissible concentration in drinking water (0.3 mg/dm?3). The effect of treatment of COD
is up to 96%. The paper presents physical and chemical parameters of the quality of the original wastewater and after ozonation
in the presence of the catalyst Fe,O,. The studied method of purification makes it possible to reduce the content of phenol to the

standard quality index (0.01 mg/dm?3). Preliminary ozonation of wastewater increases the efficiency of further biological treatment.

Keywords: oxidative method, catalytic ozonation, heterogeneous nanocatalyst, sewage disposal of enterprises of wood-based
industries.
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Pe3tome: HecMoTps Ha MHOroo6pasue CyLecTByOLWUX CMOCOOOB OUNCTKM CTOUYHBIX BOA 3TY NPO6GSIeMy Helb3sl CUMTaTb PELLEH-
HOW AnsA NpeanpuaTvin JepeBoobpabaTbiBatoLell MPOMbILLIEHHOCTH. YUUTbIBAs, UTO B COCTAB CTOUYHbIX BOJ GpaHepHO-MINTHBIX
KOMOUHATOB BXOAAT GpeHosbl, popManbierng u MHOTrve gpyrue TOKCUYHbIe BELLECTBa, pa3paboTKa crnocoba Nx OUMCTKM ABNSAETCA
KpaliHe BaXKHOW 1 aKTyanbHOW 3afiayueit. B cBA3M ¢ 3TVM HaMu NPOBEAEHO UCCeaoBaHNe 3GPEKTUBHOCTA OUNCTKM CTOUHBIX BOJ,
ybumckoro ¢paHepHo-nnmMTHoro KombuHata (YOIK) 030H1poBaHeM B NPUCYTCTBUM JOCTYMHbIX U Hanbosiee N3yUYeHHbIX reTepo-
reHHbIX KaTann3aTopoB: Fe203, HaHeCeHHOro B BMAe HaHOMNEHKM Ha 0,5-1,0 mm yacTuubl y-Al203; Al203, HaHeceHHoro B BUAe
HAHOMJIEHKM Ha 2,5-3,0 MM yacTuLbl TiOZ, MnOZ, HaHECEHHOro B BUAe HaHOMNEHKM Ha 2,5-3,0 Mm yacTuupl TiOZ. OnTumanbHble
YCNIOBUS OYUCTKIN ONpPEeAENsv No KNHETUYECKNM KPUBBIM Pa3NoXeHusa peHona. Pe3ynbTaTbl NpoBeEHHbIX SKCMEPUMEHTOB MO
KaTannTMyeCcKoMy 0O30HNPOBAHUIO CTOYHBIX BOA MOKa3anu BbICOKU 3ddeKT ounctku. XMK cHrsunocs B 1,7 (AI203, MnOZ) n B 3 pasa
(Fe,0,) no cpaBHeHNIO C 030HMPOBaHNeM 6e3 KaTanusatopa. [oslyyeHHble pe3ynbTaTbl MO3BONAKT yBEPEHHO yTBEPKAATb, UTO ANA
NoBbILWEHUA 3PGEKTUBHOCTM OUMCTKM CTOUHBIX Bo YDITK Heo6X0a1umMo 030HUPOBaHME NPOBOAUTL B MPUCYTCTBUN FETEPOreHHOTO
HaHoKaTann3atopa Fe,O,, KOTOPbIN NCNOMb3yeTcsA B He6ObWOM KOTMYECTBE, MO3TOMY OTCYTCTBYeT HEO6XOANMOCTb OUMLLEHNA
BOAbl OT MOHOB ene3a (lll) B romoreHHOM KaTanm3e. KoHueHTpauua noHa xenesa (lll) He npesbiwana npeaenbHO-4ONYCTUMYHO
KOHLeHTpauuio B nuTbeBoii Bogae (0,3 mr/am®). b dekT ounctkm no XMK gocturaet 96%. B paboTe npriBefieHbl PU3NKO-XMMUYECKE
noKasaTesiy KauecTBa UCXOAHOWM CTOYHON BOAbI U MOC/Ie 030HUPOBaHUs B NPUCYTCTBUN KaTanu3aTtopa Fe203. MiccnenoBaHHbIN
CNocob OUMCTKM NO3BOJIAET CHU3WTb COAePKaHe GpeHona 4o HOPMATMBHOrO nokasaTens Kavectsa (0,01 mr/gm3). MpenBapwu-

TeJIbHOE O30HNPOBaHME CTOYHbIX BOJ NOBbILWaeT 3¢d)eKTI/IBHOCTb ,U,a)'leeI;ILIJeVI 61ONOrNYECKON OUNCTKN.

Knioueeble cnoea: oKNCINTENBbHBIN METOZ, KaTa/IMTUYECKOE 030HMPOBAHNE, FTETEPOreHHbI HAHOKATANM3aToOP, CTOUHbIE BOAb
IepeBoobpabaTbiBaioLLeli MPOMBILLIEHHOCTU.

Ana yumupoeanus: Masutosa A K., Cyxapesa /.A., AmrnHoBa A.Q., Aradaposa I'I., CaBuuesa t0.H. O30HMpOBaHKE CTOUHBIX BOA
npeanpuvsaTUin fepeBoobpabaTbiBaloLLel MPOMBILLIEHHOCTU C MPUMEHEHVEM reTepOreHHOro HaHoKaTanm3aTopa // HaHotexHonorum
B cTpoutenbcTee. — 2019. — Tom 11, N2 4. - C. 394-404. - DOI: 10.15828/2075-8545-2019-11-4-394-404.
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INTRODUCTION

he complex physical and chemical composition of

wastewater pollution in the production of fibreboard
causes significant costs for the operation of treatment fa-
cilities that use almost all treatment methods. Despite the
variety of existing methods of wastewater treatment, this
problem can not be considered solved for plywood-plate
plants. One should note that the wastewater of the Ufa
plywood-board plant (UPBF) includes phenols, formal-
dehyde and many other toxic substances, therefore the de-
velopment of a method for their treatment is an extremely
important and urgent task. It is known that the oxidative
method of ozone purification is effective for the destruc-
tion of such substances [1—8]. Ozone has a high standard
redox potential (2.07 V) and therefore practically decom-
poses many organic compounds. During the chemical
transformation of ozone under the action of hydrogen
peroxide, catalysts, activated carbon, ultrasound, hydroxyl
radicals with stronger oxidizing properties (2,70 V) are
formed in the solution [9]. It is known from the litera-
ture that the use of catalysts in the ozonation process can
improve the efficiency of wastewater treatment [10—22].
In this regard, we conducted a study of the effectiveness of
the mentioned above wastewater treatment by ozonation
in the presence of available and most studied heteroge-
neous nanocatalysts (Fe,O,, ALO,, MnO,).

MAIN PART

The procedure of the experiments on ozonation of
wastewater in the presence of heterogeneous nanocatalyst

The composition of the initial investigated water is
given in table.

For the production of ozone the generator OGVK-02K
was used, to provide input of ozone-oxygen mixture in

water and contact with impurities used — a reactor with
volume 1 dm?; the control device of ozone concentration
in the water — photometer «Expert-003». The catalyst
with weight 1 g was loaded into the ozonator tank in the
form of spherical particles. As the catalyst Fe,O, applied
in the form of nanofilms on 0.5—1.0 mm particles y-ALO,;
AlLQ,, applied in the form of nanofilms on 2.5-3.0 mm
particles of TiO,; MnO,, applied in the form of nanofilms
on 2.5-3.0 mm particles of TiO, were used. Ozone was
fed into the treated water with the use of a porous ceramic
disperser. Oxidation was carried out in a non-flowing mode
with intensive mixing of the catalyst on a magnetic stirrer
in the draught cupboard. Ozone concentration in the air
of the working area was controlled by indicator tubes TI-
[03—0.003], it should not exceed 0.0001 mg/dm?. After
5—40 minutes of mixing in the presence of ozone, waste-
water was separated from the catalyst and the COD index
was determined by titrimetric method (ERD F 14.1:2:3.
100-97). pH was measured at the pH-meter ANION 4100.
The concentration of iron (III) ions in wastewater was con-
trolled by the spectrophotometer RV2201.

Results of experiments on the study of wastewater ozo-
nation in the presence of heterogeneous nanocatalyst

Tentatively we have chosen the optimum pH of the
wastewater for carrying out catalytic ozonation. The best
results were obtained at pH = 9.9—10.4 (Fig. 1). There-
fore, before oxidation, wastewater was mechanically pu-
rified and alkalized to pH = 9.9—10.4. The influence of
wastewater temperature (Fig. 2) and ozone doses (Fig. 3)
on the residual concentration of phenol has also been
investigated. The lowest residual phenol concentration
was achieved at 22—24°C and the optimal ozone dose
was 5 g/dm’.

The results of the experiments on catalytic ozona-
tion of wastewater showed high efficiency of this method,
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Table
Wastewater description
Analysis result
Regulatory document on
Ne Water quality indicators Initial Wastewater after the procedure (method) of
T treatment O, measurements
and Fe,O,

1 | Hydrogen index (units pH) 4,440,2 10,040,2 ERD F 14.1:2:3:4. 121-97

2 | COD, mgO,/dm’ 76001140 304+46 ERD F 14.1:2:3. 100-97

3 |BODS5, mgO,/dm’ 3297+396 560+67 ERD F 14.1:2:3:4. 123-97

4 | Suspended solids, mg/dm? 3127£165 45+3 ERD F 14.1:2:4. 254-09

5 | Phenols (volatile with 0,263+0,042 0,008£0,002 | ERD F 14.1:2. 105-97

steam), mg/dm

6 |Oil products, mg/dm? 2612 0,07£0,01 ERD F 14.1:2:4. 5-95

7 |Cl, mg/dm? 302 25+2 ERD F 14.1:2:4. 111-97

8 SO43’, mg/dm? 136£16 111£12 ERD F 14.1:2:3:4.240-2007
9 |NH/, mg/dm? 31+7 48+12 ERD F 14.1:2. 1-95

10 |[NO,, mg/dm? <0,02 <0,04 ERD F 14.1:2:4.3-95

11 [PO} (P), mg/dm? 2,5+0,2 0,3040,02 ERD F 14.1:2:4. 112-97

12 |ASSAS*, mg/dm? 1,10£0,09 0,2440,03 ERD F 14.1:2:4. 15-95

Note: ASSAS* — anionic synthetic surface-active substances

The residual concentration of phenol,
mg/dm3

0,20

0,15

TN I S T Y S Y [ T I N S N
LN I S B R R B S Y R B B N R R

N
m__

10 11

pH of the wastewater

12

13

Fig. 1. Effect of pH on the residual concentration of phenol
in wastewater during catalytic (Fe,O,) ozonation (duration —
35 min, temperature 22—24°C, ozone dose — 5 g/dm?)
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Fig. 2. Effect of wastewater temperature on the residual
concentration of phenol in catalytic (Fe,O,) ozonation
(duration — 35 min, pH = 9.9—10.4, ozone dose —

5 g/dmd)

Fig. 3. Effect of ozone dose on the residual concentration
of phenol in catalytic (Fe,O,) ozonation (duration —
35 min, pH = 9.9—10.4, temperature — 22—24°C)
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Fig. 4. Curves of COD change in wastewater during ozonation: without catalyst (curve 1), in the presence of AL,O,
catalyst (curve 2), in the presence of MnO, catalyst (curve 3), in the presence of Fe,O, catalyst (curve 4)

which makes it possible to reduce COD in 1,7 (ALO,,
MnO,) and 3 times (Fe,0,) compared with conventional
ozonation (Fig. 4).

After ozonation in the presence of the Fe,O, cata-
lyst, the concentration of iron (III) ions in wastewater
was controlled by spectrophotometric method (ERD
F 14.1:2:4.50-96). Concentration of ion did not exceed
MPC in drinking water (0.3 mg/dm?). The physico-chem-
ical characteristics of the treated wastewater are given in
table 1.

SUMMARY

The results obtained allow us to confidently assert
that to improve the efficiency of wastewater treatment of
UPBF it is necessary to carry out ozonation in the pres-
ence of heterogeneous nanocatalyst Fe,O,, which is used
in small quantities. The studied method of purification
makes it possible to reduce the content of phenol to the
standard quality index. The effect of treatment of COD

isup to 96%.
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BBEJEHUE

CHOXHHI‘/’I (PU3UKO-XMMHUUECKUI COCTaB 3arpsi3He-
HUI CTOYHBIX BOJ IIPOM3BOICTBA APEBECHOBOJIOK-
HUCTBIX IUTUT TpeOyeT 3HAUMTEIBHBIX 3aTpaT Ha 2KC-
TUTyaTalldio OYMCTHBIX COOPYXKEHUI ¢ MCITOJIb30BaHN-
€M MPaKTHICCKHN BCeX METOIOB OUYMCTKHM. HecMmoTps
Ha MHOT00O0pa3ne CYIMIEeCTBYIOIMNX CIIOCOOOB OUMCTKHI
CTOYHBIX BOI 3Ty IIPOOJIEMY HEJIb3sT CUMTATh PEIICHHOMN
1711 (paHEepPHO-TITUTHBIX KOMOMHATOB. YUMTHIBAsI, UTO
B COCTaB CTOYHBIX BOJI YPUMCKOTO (paHepHO-TLUIUTHOTO
koMmoOnHata (Y®IIK) BxomaT deHoabI, GopMaTbIeTH
W MHOTHE APYrue TOKCUYHBIC BEIIecTBa, pa3padoTKa
CIToco0a MX OYMCTKU SIBIIICTCS KpaliHe BaXKHOM M aKTy-
anbpHOI 3amadeii. I3BecTHO, YTO IS IECTPYKIINY TAKIX
BellecTB 3(p(PeKTUBEH OKMCIUTEIBHBIN METOI OUMCT-
KM C TTOMOIIBIO 030Ha [ 1—8]. O30H 00J1a7aeT BEICOKUM
CTaHZAPTHBIM OKUCIINTEITEHO-BOCCTAHOBUTEIHHBIM I10-
TeHIHaNIoOM (2,07 B), TO3TOMY MPaKTHIECKH pa3jiaraet
MHOTHE OpTaHMYeCKe coeanHeHU. [1pn XumMmdaeckoit
TpaHCHOpPMaIINK 030HA IO AeHCTBHEM IIEPOKCHIA BO-
IOpoJa, KaTaJu3aTOPOB, aKTUBUPOBAHHOTO YIJISI, YIb-
Tpa3ByKa B pacTBOPE 00pa3yrOTCs THAPOKCHIBHBIC PaIH-
KaJIbl ¢ 00JIee CHITBHBIMUA OKUCIUTEIEHBIMA CBOMICTBAME
(2,70 B) [9]. Y3 muTepaTypHBIX JaHHBIX U3BECTHO, YTO

Tabauuya
XapaKTepuCTHKA CTOYHBIX BOJ

HCIOJIb30BaHKE KAaTaJIM3aTOPOB B IIPOLECCE 030HUPO-
BaHUSI MIO3BOJISIET MMOBBLICUTDH 3(PHEKTUBHOCTH OUMCTKU
CcTOYHBIX Bof [10—22]. B ¢BsI3M ¢ 3TMM HaMM TIpOBeEIE-
HO uccliefoBaHue 3PHEKTUBHOCTU OYMCTKY BhIIIEYKa-
3aHHBIX CTOYHBIX BOJ O30HUPOBAHUEM B IIPUCYTCTBUU
JIOCTYIHBIX ¥ Han0oJjiee N3y4eHHbBIX TeTePOreHHBIX Ha-
Hokaranusaropos (Fe,O,, ALO,, MnO,).

OCHOBHAA YACTb

Metonuka npoBeaeHus] IKCIEPUMEHTOB 1O 030HUPO-
BAHUIO CTOYHBIX BOJI B MPUCYTCTBUY T€TEPOTEHHOTO HA-
HOKATAJIM3aTopa

CocTaB NUCXOOHOU MCCIIeAyeMOI BOIBI IIPUBEICH
B Ta0JI.

71 TIpoU3BOACTBA 030HA MCIIOIH30BAIM 030HOTE-
HepaTtop OI'BK-02K, mig obecriedeHUST BBOJA O30HO-
KHCJIOPOIHOM CMeCH B BOIY M KOHTAKTa C IIPUMECS -
MM — peakTop 00beMOM 1 aM?; IprOOP KOHTPOJIST KOH-
LIEHTpAIluM 030HA B BojJie — hoToMeTp «DKcmepT-003».
Karammsatop maccoii 1 T 3arpyajim B 030HATOPHYIO
€MKOCTh B BUIe cpeprniuecKux JyacTuil. B KadecTBe Ka-
Tanu3aropa ucnoab3obanu Fe,O,, HaHeCeHHbII B BUIE
HaHormieHku Ha 0,5—1,0 mm yactuner y-AlLO,; Al O,,

SR HopmaTuBHbIi JOKYyMEHT
,iji Kg;:;ii?:;]:m Wcxonnas mi?:;":g;‘a';‘(’)fm Ha METOZMKY (MeTo1a)
CTOYHAs BOJA 0, nFe,0, H3MEpEHHH
1 | BogoponHslii mokasatensb (ea.pH) 4,410,2 10,0+0,2 IMHO ® 14.1:2:3:4. 121-97
2 |XIK, MrO,/nm? 7600+1140 304+46 MHA @ 14.1:2:3. 100-97
3 |BIIKS, mrO,/m, 32971396 560167 [MHA @ 14.1:2:3:4. 123-97
4 | B3BellleHHbIE BellleCTBA, MI/aM> 3127165 4513 MHO @ 14.1:2:4. 254-09
5 | ®eHonsl (etyure ¢ mapom), mr/am> | 0,263£0,042 0,008+0,002 IMHO ® 14.1:2. 105-97
6 |Hedrenpoaykrsl, mr/mm? 2612 0,07%0,01 IMHO ® 14.1:2:4. 5-95
7 |Cl, mr/om3 30+2 2542 MHA @ 14.1:2:4. 111-97
8|SO, mr/nm? 136£16 I11£12 MHO @ 14.1:2:3:4.240-2007
9 |NH,", mr/om’ 31x7 48+12 [MHA & 14.1:2. 1-95
10 [NO,", mr/am® <0,02 <0,04 MHA O 14.1:2:4.3-95
11 | PO/ (P), mr/nom* 2,5+0,2 0,30+0,02 MHA & 14.1:2:4. 112-97
12 |ACITIAB¥*, mr/nm? 1,10£0,09 0,24+0,03 MMHA ® 14.1:2:4. 15-95

Ilpumeuanue: ACITAB* — aHMOHHBIC CHUHTETUYECKIE TTOBEPXHOCTHO-AKTUBHEIC BEIIICCTBA.
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HaHECEeHHBIN B BUJIe HAHOIUIEHKW Ha 2,5—3,0 MM 4a-
crubl TiO,, MnO,, HaHECEHHBIA B BUIE HAHOTLIEHKH
Ha 2,5—3,0 mm yactunel TiO,. B obpabaTeiBacmyo Bomy
030H TOIAaBaJIN ¢ IIOMOIIIBIO TIOPHUCTOTO KePaMHIIECKO-
ro mucnepraropa. OKHUCICHNE TPOBOIWINA B HEIIPO-
TOYHOM PEXUME IIPH MHTCHCUBHOM ITepeMeIIMBaHNT
KaTaJim3aTopa Ha MarHUTHOM MeIIaKe B BHITSDKHOM
mkady. KoHeHTpauuio o30Ha B BO3ayxe padoueit
30HBI KOHTPOJHMPOBAIN C ITOMOIIBIO0 MHINKATOPHBIX
Tpyook TU-[03—-0,003], oHa He mOJKHA MTPEBLIIIATD
0,0001 mr/om3. Ilocne 5—40 MUHYT ITepeMelIMBaHUs
B TIPUCYTCTBUM 030HA CTOYHYIO BOIY OTHEJISUIN OT Ka-

Tanu3aropa u onpenesin nokasarenab XITK tutpume-
tpuueckum metogom (ITHI ® 14.1:2:3. 100-97). PH
n3Mepsi Ha pH-metpe AHMOH 4100. KoHlieHTpamuio
noHoB xeje3a (11I) B cTtouHoit Bome KOHTPOJIUPOBAIN
Ha criekTpodoroMmeTpe PB2201.

Pe3yabTaTel 9KCIIEPHMEHTOB MO MCCJIETOBAHUIO 030-
HUPOBAHUS CTOYHBIX BOJ B MPUCYTCTBUH I€TEPOTEHHOTO
HAHOKATAM3AaTOPA

HDCI[Ba]DI/ITCJIbHO HaMMn noz[06paH0 OIITUMAJIbHOC
3HaA4YCHUEC pH CTOYHOM BOIBI IJIST IIPOBCACHUA KaTaIUTU-
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pH crounoli BoAbI

Puc. 1. Biusuaue pH Ha ocTaTO4HYI0 KOHIEHTPAIMIO (DeHOJIa B CTOYHOI BOJie
npu KatajuTndeckom (Fe,0,) 03onupoBanuu (NpoI0KUTEbHOCTD — 35 MUH,
Temneparypa 22—24°C, 103a o3ona — 5 r/am)

0,15
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0,05

OcraroyHas KOHIEHTPALUS]
(benomna, mr/mam3

Temmeparypa ctounoit Bojst, °C

Puc. 2. Bausinue TemnepaTypbl CTOUHO# BOJIbI HA OCTA-
TOYHYI0 KOHIIEHTPAIMIO (heHoJIa Mpu KATATUTHIECKOM
(Fe,0,) o3onupoBannu (NpOI0KHTENbHOCTD — 35 MUH,
pH =9,9-10,4, no3a o30na — 5 r/nm>)
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Jloza o30Ha, T/1M>

Puc. 3. Biausnue 10361 030HA HA 0CTATOYHYIO KOHIIEHTpPA -
o hperosa npu KarasuTnyeckom (Fe,0,) osonnposannu
(npomozkuTebHOCTS — 35 MuH, pH = 9,9—10,4, Temme-
parypa — 22—24°C)
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Puc. 4. KpuBbie nsmenenus noka3sareisi XI1K B crounoii Bome npu 030HMpoBaHuu: 0e3 KaTtaau3atopa (kpusas 1),
B npucyTCTBUM KaTaau3atopa Al O, (kpusas 2), B npucyTcTBuM KaTamuszaropa MnO, (kpusad 3), B NpUCYTCTBHH

karammsaropa Fe,O, (kpusad 4).

YeCKOro 030HUpoBaHusl. JIydiime pe3y/abTaThl IOIy4eHb
npu pH =9,9—10,4 (puc. 1). [TosToMy TIepen OKUCTICHN-
€M CTOYHYIO BOMIY ITOABEPraid MEXaHUUECKOI OUMCTKE
u nioamienaynBanu 1o pH = 9,9—10,4. Taxke uccre-
JIOBAHO BJIMSIHUE TEMIIEPATyphl CTOYHO BOIBI (puC. 2)
M J03bI 030HA (pHUC. 3) HA OCTATOYHYIO KOHLIEHTPALIUIO
(enomna. Camasg HU3Kas 0OCTaTOYHAs KOHIIEHTpaus de-
HoJa ObIIa JOCTUTHYTA TIpH 22—24°C, a onTUMaibHas
J103a 030HA cocTaBuia 5 r/oM>.

Pe3ynbTaThl IIpOBEIEHHBIX 9KCIIEPUMEHTOB 110 KaTa-
JINTUYECKOMY O30HMPOBAHUIO CTOYHBIX BOJ ITOKA3aIu
BBICOKYIO 3(h(EeKTUBHOCTh JAHHOI'O METO/a, IIO3BOJISI -
tomero causuth XI1K 8 1,7 (ALO,, MnO,) u B 3 paza
(Fe,0,) mo cpaBHEHHUIO ¢ OOBIYHBIM O30HUPOBAHUEM
(puc. 4).

[Tocie 030HMPOBAHUS B IIPUCYTCTBUM KATAJIM3aTO-
pa Fe,O, KOHTPOIMpPOBAIN KOHLEHTPALMIO MOHOB Xe-

ne3a (III) B ctouHoit Bome cieKTPpO(POTOMETPIICCKIM
metomoM (ITH @ 14.1:2:4.50-96). KoHiieHTpaLiust nOHA
He npesbiiana [JIK B nutbeBoit Bone (0,3 Mr/aMm,).
DU3NKO-XUMHICCKIE XapaKTePUCTUKNA OUYHNIIICHHOMN
CTOYHOI BOIBI TIPUBEICHBI B TA0I.

BbIBO/IbI

[TorygyeHHBIC pe3yIbTAaTH TO3BOJISTIOT YBEPEHHO YT-
Bep:KIaTh, YTO TS TOBBLIIEHUS 3((HEKTUBHOCTH OYMCT-
K1 cTouHBIX Bom Y®PITK HeobxoquMo 030HUpOBaHE
MMPOBOIUTH B MMPUCYTCTBUU TeTEPOreHHOTO HaHOKATa-
nmzaropa Fe,O,, KoTOpbIii MCTIOIB3YeTCA B HEOOIBIIOM
KonnuecTBe. McciemoBaHHBIN CITOCOO OYMCTKY MTO3BO-
JISIET CHU3UTD coliepKaHne (peHosIa 10 HOPMAaTUBHOTO
nmokaszatesisg KadecTBa. Dddext ounctku o XI1K mo-
cruraet 96%.
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uhan University of Technology (hereafter referred

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

NIUNIVERSITY,
CHNOLOGY A
E “‘T ADING}

RSITIES

.

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

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

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

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

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

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

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

In 2017, the University was listed in 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

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

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

2019; 11 (4):
405-414

Nanobull

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION « MEXAYHAPOZHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

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 OOJIACTSIX: 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 OBLT OCHOBAaH 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

nHdopmauus Postal Code: 430070

CHEeLMaJUCTOB HOBOTO BeKa MuHMcTepcTBa 00paszo-
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 JJadOpaToOpuii
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 MCCIICI0BA-
tenabckue Tomanku, I'KJI npuHsiio yyactue B 1iey10i
CEpUU COBMECTHBIX MEXIYHAPOAHBIX IIPOEKTOB.

Ha mmmomagm 25 350 k.M. I'KJI pacmonoxeHo He-
obxoaumoe 00opynoBaHUE IJII CUHTE3a U 00pabOTKU
VJIYUIIEHHBIX MAaTepUaJoB U i1 MPOBEACHUS CTPYK-
TYpPHOIO aHaJiu3a MaTepuanoB, UCHBITAHUN UX 2KC-
TUIyaTallMOHHBIX XapaKTEPUCTUK OOIIEN CTOMMOCTBIO
0KoJIO 22 538 MJTH 10aHEH.

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
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Abstract: Comparison of the content of Ca(OH), in hardened cement matrices, which contains the additive SiO, nanoparticles
and in matrice without additives was performed by the method of thermogravimetric analysis. Alite portland cement «SsangYong»
and «Denki» were used. Hydrothermal sol of «Geosil» was introduced as an additive of nanoparticles of SiO2. The amount of intro-
duced nano-SiO, was from 1.15 to 1.74 wt.% in respect to cement consumption. Water-cement ratio was provided at the level of
W/C=0.39-0.26. The compensating amount of polycarboxylate SVC-5Neu was 0.2-0.77 wt. %. The Ca(OH), content was calculated
from the mass loss of the cement matrice sample in the temperature range 460-510°C. It was determined that the sol «Geosil» ad-
ditive reacts quickly with Ca(OH), (CH) in cement matrice, significantly (up to 40%) reducing its content. By the period of 24 h sol
«Geosil» binds 750 [mg Ca0 /g SiO,] and continues to bind CH up to 100-700 days, to the value 6Ca0O = 1300 [mg Ca0 /g SiO,]. The
pozzolan binding reaction Ca(OH), with the formation of calcium hydrosilicates may be one of the mechanisms for increasing the
strength of concrete when introducing SiO, nanoparticles.
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Pe3stome: MeTofioM TEPMOrPaBUMETPUUECKOIO aHaNN3a BbIMONIHEHO CpaBHeHMe cofepaHus Ca(OH), B TBepaeloLiem LeMeHTHOM
KamHe, KOTOpbIii coaepxnT AobaBky HaHouYacTuy SiO, 1 B 6e3006aBOYHOM KaMmHe. /Icnob30Bany anuToBble MOPTIaHA-LEeMEHTbI
«SsangYong» u «Denki». B kauecte aobaeku HaHouacTuy, SiO, BBOAMIM rapoTePMasbHbIii 301b «feocu». KonnmyecTso BBeAeHHO-
ro HaHo-SiO, cocTaenano ot 1,15 fo 1,74 mac.% oTHOCUTENbHO pacxofia LemeHTa. BogouemeHTHOe oTHOwWeHWe obecneurBany Ha
ypoBHe B/Ll = 0,39-0,26. KomneHcupytolee KonnuectBo nonukapbokcunata SVC-5Neu coctaBnsano 0,2-0,77 mac. %. ConepkaHue
Ca(OH), paccunTbiBanm no noTepsAM Macchbl 06pasua LeMeHTHOTO KaMHA B MHTepBare TemnepaTyp 460-510°C. OnpepaeneHo, 4to
nobagka 3ona «feocun» 6bicTpo pearvpyeT ¢ Ca(OH), B ueMeHTHOM KamHe, 3HaunTenbHO (Ao 40%) CHukan ero copepxaHue. K ne-
puogy 24 4 30n1b «feocun» caaAsbiBaeT Ao 750 [mr CaO /r Si0,] n npogonmkaet ceasbiatb CH Br1oTh A0 100-700 CyT, 4O 3HAYEHUA
6Ca0 = 1300 [mr CaO /r SiO,]. MyuyonaHosas peakums ceasbiBaHua Ca(OH), c obpazoBaHNeM MMAPOCNNKATOB KabLUs MOXeT
6bITb OAHNM U3 MEXaHK3MOB MOBbIWEHA NPOYHOCTM 6eToHa NpK BBOAE HaHouyacTuy SiO,.
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INTRODUCTION

Itradispersed materials based on SiO,*" amorphous

type of silica fume (CSF) [1—7] usually in the pres-
ence of superplasticizers with VRS more than 20—30%
significantly change the morphology and structure of ce-
ment compositions, providing increased density, com-
pressive strength and corrosion resistance.

The main structure-forming characteristics of such
materials are, in our opinion, the particle size and
their chemical affinity (ability to bind CaO) to the al-
kaline (CaO, R,0) liquid phase of cement (C). Finely
dispersed particles CSF (d = 0,15—0,3 um) fills inter-
granular space between «rough» cement particles (d =
30—100 um), reducing the size of the structure and
providing a constrained the conditions of interaction
of CSF with Ca(OH), liquid phase C. The amorphous
structure of CSF predetermines its fast interaction with
Ca(OH), with the formation of calcium hydrosilicates
(CSH) of colloidal gel dispersion. As a result of these pro-
cesses, a submicrogel hydrosilicate suspension is formed,
the viscosity of which provides non-sedimentary place-
ment of reacting CSF and cement particles in the pores
of the C and at the border with the filler. CSF particles
have a chemical affinity with the pore fluid C (Ca(OH),,
KOH, NaOH), have a high ability of chemisorption to
the CaO and perform the role of a silicate of centers
of nucleation occurs on the surface of hydrosilicates.
For CSF in ce-ment materials, the most cited reaction is
SiO,+CaO+H,0 - CaO - SiO, * H,0 without specifying
the role of R,O. There is evidence that in the presence
of CSF large crystals of Ca(OH), do not occur, which
contributes to the formation of a more solid fine-grained
structure. The constructive role of CSF in concrete
strength for CSF dosage of 10—20% is confirmed in many
works [1-7], but its manifestation (Rsi > R ) begins not
earlier than 7—30 days. According to the literature data,
the strength of the resulting hydrosilicates significantly
exceeds the strength of Cm and reaches according to
[8] 700—800 MPa for CSH (I) and 1000—1300 MPa for
CSH (1I) [23, 24].

At the same time, a number of works are known show-
ing the possibility of increasing the strength of concrete
by introducing SiO, nanoparticles [9, 10, 11, 12]. The aim
of our work was to determine the number of Ca(OH),
bound by SiO, nanoparticles as a result of pozzolan reac-
tion in cement matrice, which may explain the mecha-
nism of increasing the strength of concrete. The influence
of the pozzolan reaction on the strength of cement ma-
trice during the introduction of microsilica was discussed
in [13-22].

MAIN PART

Obtaining a sol of nanoparticles SiO, on the basis of the
hydrothermal solution

From the separators of geothermal power plants
(GeoPP), an aqueous medium containing dissolved
orthosilicic acid (H,SiO,) was sent to the cooler, after
which a polycondensation of silicic acid was carried out
at a temperature of 70°C to form SiO, nanoparticles with
diameters in the range of 5—100 nm. The separate with
formed SiO, particles was fed to ultrafiltration baromem-
brane installation for concentrating and obtaining a stable
aqueous sol of SiO, of «Geosil». Characteristics of the
initial separate: salt content — 702 mg/1, pH = 9.2, SiO,
content — 716 mg/1, concentration of dissolved silica —
160 mg/1. As a result of membrane concentration, con-
centrated aqueous silica sol with a density of 1075 g/I,
SiO, content — 125 g/I was obtained.

Production of cement-sol pastes for physical and chemi-
cal research (carried out manually in a porcelain round-
bottom cup)

Polycarboxylate SVC-5 Neu (PCX) was adopted as
a superplasticizer. Hitches for kneading were: cement —
100 g (sol + water + PCX) — 26—29 g. Dosages of sol
by SiO, were 1.15% to 1.74% by weight of cement. Used
alite portland cement «SsangYong» and «Denki». The
initial temperature of cement, water, sol and PCX was
provided at the level of 20 & 0.5°C. Water-cement ratio
was provided at the level of W/C = 0.39 and 0.26. The
temporary thickening of cement pastes, eliminated by
intensive grinding, is determined: this phenomenon is
related to the high sorption activity of SiO, sol. Physical
and chemical study was carried out on powders, crushed
from chipped fragments of cement matrices Cm weighing
3—5 g, and dried at 50°C in acetone.

Instrument and adopted by the diagnostic indices of the
phase composition

Measurment was carried out on derivatograph OD102
in small platinum crucibles with lid (i.e., with limited ac-
cess to atmospheric air) achieved when the rate of heating
of about 9 deg/hour and the sensitivity for TG = 100 mg
(sometimes 50 mg), on DTGA — 1/5 of the average mass
of the drug in a Pt-crucible to about 250 mg, and for drugs
(Si0,* + (Ca(OH),) — 50...100 mg. Normal operation
of derivatograph by DTA, DTG and TG was tested on
reference values for beta quartz and monohydrate calcium
oxalate (catalog Liptay). Expected diagnostic DTGA —
effects and their potential diagnostic significance and
credibility (catalogues Gorshkov V.S., Larionova, Z.M.,
database DalNIIS):
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In our case, according to the DTGA catalogues and
database DalNIIS main thermoanalytical characteristics
are presented:

— cement matrices has 2—4 DTH and DTA effects in
the range of 20—300°C (usually hydrosilicates, alu-
minosulferites, hydroaluminates), one effect at 350—
380°C (CSH), 480—500°C (Ca(OH),), 750°C (CaCO,)
and 850—890°C (CSH). We register the effects of 650—
700°C in samples of air storage referred by us (for Bes-
sie and Babushkin) to the products of carbonatization
CSH, AF, ,and CAFH ,.

— amorphous silica SiO, according to DaINIIS data,
endoexoeffects are not recorded on DTGA, in addi-
tion to a small diffuse andeffective of DTG and DTA
at =100°C, due to the presence of free water. Weight
loss continues up to 900°C. Andeffect beta-quartz
(DTA — 570°C) is missing.

Calculation method of binding of CaO with amorphous
nanosilica sol «Geosil» in cement materials

Accounting for the components of the studied cements.

The analyzed sample of cement material is a mixture
of cement itself, intro-duced inorganic amorphous silica
(sol «Geosil») and organic plasticizer SVS-5 Neu (PCX),
introduced into the cement material to ensure equal mo-
bility.

In the calculations of the content of portlandite are
carried out:

1) accounting for dilution of cement with amorphous
silica according to the formula CH’;, = CH /fraction
of cement.

2) accounting for pyrolytic binding of a part of port-
landite by carbon additive during firing in a derivatograph:
Ca(OH), ~ (CaO+H,01)+C+0, - CaCO, (500°C),

ACH™ =D, %15, %

Determination of the amount of Cao bound by amor-
phoussilica is carried out according to the results of DTA
analysis of Ca(OH), content in the cement component
of cement matrices — non-additive and containing SiO,
sol. The content of Ca(OH), is determined by the value
of the interval mass loss in the temperature range 460—
510°C by multiplying its value by a factor of 4.11. The
calculations take into account the dilution rules (A) and
the ratio of W/C (B) in the analyzed samples.

A) Dilution rules: Accounting for Ca(OH), in
the initial cement and the amount of SiO, introduced.
In accordance with the dilution rules, the calculation
of Ca(OH), for the compared cement matrices is car-
ried out taking into account the content of Ca(OH), in
the initial (non-hydrated) cement, and for sol-contain-
ing materials, the amount of SiO, introduced is taken
into account.

For cement materials with polycarboxylate, it is nec-
essary to take into account the pyrolytic reaction of the

carbon additive with the released CaO at the time of firing
in the derivatograph.

Designations and calculation formulas:

Denote (CH = Ca(OH),),

CH__, % — content of portlandite (CH) in the source
of not hydrated cement, %;

CH,, %, the content of CH in the C_ without the ad-
dition of SiO,;

CH,=CHo—CH__, % — actual content of the hydro-
lysis the CH to the C_ without additives;

CHg, % — CH content in cement-sol matrice;

CHg,. = CH/(1-proportion of SiO,), % — the con-
tent of CH in the cement component of the cement-sol
matrices.

CHg,, = CHy,.—CH,* (I-proportion of SiO,) —
the actual content of the hydrolised CH in the cement
component of the cement-sol matrices.

The calculation of the amount of CaO bound by
amorphous silica is carried out according to the for-
mula:

8 CaO =0.757  (CH,—~CH,_)/SiO,, g/,

where CH; and CH,,. — the actual content
of Ca(OH), in the cement component of the cement
matrice with no sole and matrice with sol additive, %.;
0.757 — the proportion of CaO in Ca(OH),.

B) A given water-cement ratio W/C.

As our studies have shown, the more W/C, the higher
the content of Ca(OH), and the stronger the false estimate
of pozzolanic activity of SiO,. The content of Ca(OH), is
proportional to W/C and is increased by 0.4—1.4% with
an increase in W/C by 1 %. This should be taken into
account when determining the «cementing» efficiency
of mineral dispersion in cement materials.

Taking into account the law of mixtures for cement-
sol compositions.

In the studied materials Ca(OH), is contained only
in cement and is absent in SiO,. Therefore, the content
of Ca(OH), measured in cement samples should be at-
tributed to the proportion of cement (in our case, 0.988
and 0.983). We obtain the true value of CH in the cement
component of the cement-based material, which is then
compared with the value of the bound amorphous silica
CaO for the control (non-additive) cement.

Carbonation. In real conditions, the content of CH
can also be reduced as a result of carbonation from atmo-
spheric air during hardening and preparation of cement
matrices Ca(OH),+CO,+H,0 - CaCO, i.e. also CH!.

As a result, the decline in CH can be misinterpreted as
a pozzolanic reaction. The presence of carbon dioxide in
the air can also lead to a decrease in Ca(OH), and an in-
crease in CaCO,, that is, to a false assessment of the cause
of the decrease in Ca(OH),: either PR, or CO,. For this
reason, we provide for the implementation of the DTGA

http://nanobuild.ru

418

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

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

2019; 11 (4):
415-432

Nanobm

RESEARCH RESULTS OF THE LEADING SCIENTISTS « PE3YJIbTATbl UCC/IE4OBAHUN BEAYLUNX YYEHbIX

analysis to 900—950°C in order to determine the actual
content of CaCO.,.

The influence of additives sol of «Geosil» on the phase
composition of hardened cement matrice

Research carried out for the cement-sol samples on
the basis of portland ce-ment alite «SsangYong» and
«Denki» with different content SiO,am and offsetting
number of polycarboxylate SVC-5 Neu. The mineral-
ogical composition of PC and dosage of components are
given in table la,b. The analysis of the features of the
form of DTGA spectra for the C_, C . and calculations
of the quantitative parameters of the interval mass loss.
As a result of qualitative assessment of the shape of the
DTGA spectra and quantitative analysis of interval mass
losses for hydrates, the following is obtained:

General appearance and form (habitus) of DTGA
spectra of the C_ of the traditional conventional cement
matrices with the content C,A about 9% and is repre-
sented by endometrectomy 140°C (CSH, AFLm), 180°C
(C,AFH ), 500°C (Ca(OH),), 750 and 780°C (CaCO,)
and 840°C (CH).

It should be noted that, as we previously predict-
ed, the silicate hydrate pozzolan origin (GSK (PR))
has a composition and DTGA characteristics simi-
lar to the silicate hydrate of hydration origin (CSH
H,0). In thermal spectra of DTA not found exoeffect
880—900°C, characteristic of some of hydrosilicates.
The DTGA spectra of C_. samples do not differ from
the C_ samples in all periods of hardening (from 1 to
700 days) and mainly characterize the predominant pres-
ence of hydrate tumors of cement origin.

Table la

The presence of SiO,am does not cause changes in
the form of low-temperature doublet 140°C (CSH, AF ),
180°C (C,AFH ).

It was also noted that the high-temperature hy-
drosilicate andoeffect DTG (—840°C) in a sample of
C_, is stronger in comparison with C_., which may
indicate a possible substitution of HSC (—840°C) to
another HSC without such thermoanalytical marker.
Probably, this compound has a composition of CSH
(Ca0O/Si0O, = 2) and a reduced content of bound water.
In C_, low-temperature spectra (from 100 to 140°C)
characterizing the presence of the expected CSH of the
puzolanic genesis are almost identical to the samples
of C_,, but probably the corresponding «narrow» in-
terval losses (20—160, 20—300°C) can indicate their
occurrence.

Thus, the expected pozzolanic reaction of SiO, with
Ca(OH), in the composition of C_. caused a significant
decrease in Ca(OH),, but practically did not change
the shape of the DTGA spectra of other compounds.

Abbreviations adopted:

CH — portlandite Ca(OH),.

PR — pozzolanic reaction (CH+SiO,~ CaO-
SiO, * H,0+Ca(OH),);

CSH (H,0) — parent (cement) hydrate hydrosilicate
(C,S+H,0~ Ca0-Si0,* H,0+Ca(OH),);

CSH (PR) — assilicate hydrate pozzolanic origin (see
a position PR).

From the data of tables 1a, b and 2 it can be seen that
the content of CH in the C_ increases over time, and for
the C_| Denki (W/C = 0.26) from the period of 30 days
there was a slowdown in the increase of CH with a ten-
dency of subsequent weak decrease. This is probably due

The results of thermogravimetric determination of the content of portlandite Ca(OH), in cement matrices without
additives and with the addition of sol «Geosil» for a period from 1 to 720 days, (hardening over water (24 hours),
then in water (28 days) and over water in a darkened desiccator. Portland cement S. Korea (Ssangyong) C.S = 58%;
C,S =15.5%; CA = 8.6%; CAF = 9.5%; W/C = 0.39; SiO, = 1.15%; D, = 0.55%

Content of Ca(OH), in the sample,
measured, % . -
- — Conversion Direct Binding of 6CaO
Days . . Wlﬂ_l adilt"m sol to cement @ difference @. % with silica ®
WlthOllt addltlves SlO2 = 1.15, CHSi/0.988, % s /O CaO/Si02 mg/g
D, =00 D,,=0220
ACH*= (.33 ®
CH, CH CH’, ACH 0Ca0O
1 5.73 4.17 4.22 22.9 777
3 7.5 5.89 5.96 17.8 796
12 9.0 7.47 7.56 13.9 731
28 — 9.0 — — —
720 12.0 9.5 9.61 17.4 1360
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Table 1b

The results of thermogravimetric determination of the content of portlandite Ca(OH), in cement matrices without
additives and with the addition of sol «Geosil» for a period from 1 to 570 days, (hardening over water (24 hours),
then in water (28 days) and over water in a darkened desiccator. Portland cement Japan (Denki) C,S = 66 %;
C,S =10%; C,A=9.0%; CAF = 10,0%; W/C = 0.26; SiO, = 1.74%; D, ., = 1.88%

Content of Ca(OH), in the sample,
measured, % . -
- - — Conversion Direct Binding of 6CaO
Days W,lt.hout w1tl.1 adiltlon sol to cement @ difference @. % with silica ®
add]tlves SOl SlO2 - 1.74, CHSi/0-983, % 9 (4 CaO/Si02 mg/g
D,=0.156® | D,,=0.770
ACHfr*= (.23 ® | ACHi*=1.16 ®
CH, CH CH’, ACH 0Ca0
1 4.53 3.03 3.08 19 226
6.76 4.67 4.75 18 470
7.85 5.41 5.50 18 618
11 7.95 5.73 5.82 16 617
15 8.31 5.87 5.97 17 613
28 8.65 6.06 6.16 17 680
70 8.68 5.52 5.61 21 933
150 8.52 5.44 5.52 21 900
570 9.72 6.63 6.74 18 890

@® D

PCX

— dose SVC 5 Neu in dry form relative to cement.

@ Accounting for the dilution of CH'y; = CH,/proportion of cement.
® Accounting pyrolytic binding part of the portlandite by carbon additives of PCC

in the firing of derivatograf scheme:
Ca(OH), » (CaO+H,01)+C+0,~ CaCO.,.
ACH"™ =D, 1.5, %

(cE* /cH, ~1)-100
Si0,
® Binding of dCaO = ACH%0.757, mg/1.

(cu, + acH ™)~ (cH,, + ACH ")
Si0,

@ Direct difference ACH =

, /0

6Cal = x0.757, mg/g

to the lack of water in the pores of the C_ with low W/C.
The CH content in the cement-sol samples of both PC re-
peats the dynamics of CH in the C_, but the CH content
in the CmSi below CH in the C_ by 20—30%. The lower
CH content in C_ is the result of chemisorption binding
of Ca(OH), by amorphous silica.

For the period from 1 day to 150 (710) days the val-
ue of sorption activity 8CaO [mg CaO / g SiO,] (low-
er graph in Fig.) fixed at 750, 1000 and 1300100 [mg
CaO /g SiO,] for periods of hardening 1, 28 and 150 days.
The main reaction of SiO,"™ with Ca(OH), passes (by
70£0.5%) during the first 24 hours and then continues to
increase slightly. Thus, in the sample C_. (with W/C =
0.26) the content of CH, as well as from the C_, followed
by equally dynamics CH in C_.

In accordance with pozzolanic reaction in the inter-
action of CaO with SiO, to form a silicate hydrate CSH
(PR) with endoeffect DTG (—130°C) and an exoeffect
DTA (+850°C). But a preliminary visual qualitative as-
sessment of the habitus of DTGA spectra C_, not re-
vealed its significant differences from spectra of the C_.
The low-temperature doublet 130 and 180°C DTG also
remained unchanged: this indicates the absence of inter-
action SiO,*" and C AFH ; and AF .

It is determined that for the studied period from 1 to
150 (700) days the increase of these indicators also char-
acterizes the formation of hydrate compounds of harden-
ing cement matrice. For the period from 1 to 150 days,
the values of thermogravimetric indicators increase by
30—98% depending on their «structural» purpose.
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Fig. Influence of sol «Geosil>: on Ca(OH), content
(Fig. a, b); the amount of chemisorption 6CaO, mg/g
during the hardening of cements (Fig. c):
a) — Ca(OH), = f(1): South Korea (SsangYong):
CS=58%,CA=8.6%,W/C=0.39:
o — cement matrice without SiO, and SVC-5Neu;
e — cement matrice with sol addition/additive
Si0, = 1.15%; SVC-5Neu = 0.2%;
b) — Ca(OH), = f(1): Japan (Denki): C,S = 66%,
C,A=9.0%, W/C = 0.26:
A — cement matrice without SiO,,
content of SVC-5Neu = 0.16 %;
A — cement matrice with sol addition/additive
Si0, =1.74%, content SVC-5Neu = 0.77%;
¢) — dynamics §CaO in cement matrice samples with-
out additives and with the addition of sol «Geosil»:
0 — cement SsangYong, SiO, = 1.15%,
SVC-5Neu =0.2%;
A — cement Denki, SiO, = 1.74%,
SVC-5Neu = 0.77%

The dynamics of the increment of hydrated com-
pounds in the sol-containing C_ lower by 10—20 % com-
pared to C_ (table 2). This can be related to the reduced
content of portlandite in samples with sol Geosil.

It was previously found analytically that the indicators
of 300"’ (the proportion of hydrosilicates in the cement
matrice equal to the weight loss when heated to 300°C)
in C_ has a higher value compared to C_, increasing to
a period of 150 days. This excess of 300”’ for CmSi (level
+8%) can be attributed to the appearance of additional
CSH (PR) of pozzolanic origin and was noted by us ear-
lier for CSF [7, 25].

Thus, it was found that during hardening in the period
of 1—150 days, the formation of hydrosilicates (according
to TG300) as well as for Ca(OH),, depends on the addi-
tion of sol «Geosil».

Table 2 shows that the rate of hydration (for CBW) in
CmSi is subject to dilution rules, and reduced by 4—8%
compared to C_ .

The content of CH in C_, is lower by 30—40%, and
the content of hydrogranates (indicator 300°’) shows
a tendency to increase from a period of 3 days to 8%
as the result of pozzolanic reaction. The total content
of lime products of hydration (TGi) during the whole
period of hardening remains approximately at the same
level (corresponds to the scheme of cement hydrolysis),
but in samples of C_, is lower by 2—13%.

More revealing is the behavior of the indicator P’
(the ratio of products of hydration in the lime and hydro-
granates forms): C_¢ have P.’ below to 16—35% compared
tothe C_.

The expected increment of hydrogranates as a result
of the pozzolanic reaction (in terms of 300°’) is confi-
dently recorded to (3—8%) from the period of 3 days.

The rate of increment of hydrosilicates of samples C .
10—-20% lower than the C_. The increase to the period
of 150 days of the indicator 300’ can characterize the for-
mation of an additional amount of hydrosilicate CSH
(PR) of pozzolanic origin. The increased (by 40—100%)
content of CaCO, in the C_, measured by DTGA asso-
ciated with the behavior of the applied polycarboxylate
superplasticizer during firing in the derivatograph fur-
nace during the analysis, although it was determined that
the PCX completely «burns out» when the temperature
reaches 300°C.

It was determined that the addition of sol «Geosil»
reacts quickly with Ca(OH), in cement matrices, signifi-
cantly (up to 40%) reducing its content.

By the period of 24 hours sol «Geosil» binds 250—
750 [mg CaO/g SiO,] and continues to bind CH up to
100—700 days, up to 6CaO = 1300=100 [mg CaO/g
SiO,].

While there was a trend to higher content of difficult to
diagnose hydrosilicates CSH (PR) pozzolanicity of ori-
gin (table. 2), which confirms our previously measured
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Table 2
The data of thermogravimetric analysis and the results of calculations of the parameters of the structure

of cement matrice (PC Denki) without additional and with the addition of sol «Geosil» and plasticizer SVC-5 Neu
at equal W/C = 0.26

Age, day 1 day 3 day 28 day 70 day 150 day

composition w/a | SiO, Si{y‘: 0 w/a | SiO, Si/l%v “ w/a | SiO, Si{y‘: - w/a | SiO, Si{y:v 0 w/a | SiO, Si/l%v “
Ne DTGA 4278 | 4276 — 4280 | 4274 - 4299 | 4269 — 4310 | 4309 - 4324 | 4323 -
l;earr;ielrgf’ecm_ Interval loss, %
20—-300 6.53 7.33 +12 9.42 9.42 0.0 10.64 | 10.5 | —1.3 | 9.44 | 9.79 | +3.7 | 9.83 9.76 | —0.7
20—-900 12.6 14.1 +12 17.4 17.3 | —0.6 19.1 18.32 —4 18.7 18.8 | +0.1 | 19.07 | 19.0
CBW/1.86* 8.75 9.88 +13 13.4 | 12.84 —4 159 | 14.55 -8 154 | 14.54 —4 15.6 | 14.41 -8
Ca(OH),/0.98* | 4.53 3.03 -33 6.76 | 4.67 =31 8.65 5.07 —41 8.68 5.52 -36 8.52 | 5.44 -36
CaCO0,/3.89* 3.72 5.13 +38 4.35 6.43 +48 1.53 3.46 | +126 | 2.68 5.52 | +106 | 2.42 5.87 | +142
LCI 9.23 8.16 - 11.1 11.0 - 10.5 8.4 - 11.4 11.0 - 10.9 11.3 -
IC 41 63 +54 39 58 +49 14.5 40.5 | +180 24 50 +108 22 52 +136
CH_, % 7.28 6.83 | —6.2 | 9.98 943 | =55 | 9.78 7.63 =22 11.6 9.60 —17 10.3 9.78 -5
300, % 74.6 624 | —16% | 70.2 72.0 | +2.6 | 66.9 724 | +8.2 | 62.3 67.5 | +83 | 62.7 67.7 | +8.0
TGi, % 17.3 16.8 | —3% 18.1 17.8 -1.6 149 | +2.7 | —15 18.6 16.1 —13 16.1 16.5 +2
P, rel. un’ 1.11 0.93 —16 1.06 1.02 —4 0.92 | 0.73 —21 1.23 0.98 —20 1.07 -35

* in the first column, the denominator indicates the values of the components in the original (non-hydrated) cement.

CBW :T6207900°C_0'41 x TGGOO—QOOOC’
CHa]] = Ca(oH)2+0'74XCaCO3’ P3, = CHall/ TG

20-300°C?

LCI = Ca(OH),+CaCO,, %, 300” = TG

/ CBW, IC = CaCO,/ LCIx100, %,

20—3000C

TG, = (0.243xCH") / CBW,

(Si/w.a.—1) 100, %, where Si and w.a. — indicators for cement-sol and cement without additive respectively,

LCI — lime carbonate index,
CBW — chemically bound water

characteristics for cement-mineral materials at the age
of 28—360 days [25].

It is likely that the completeness of the reaction of SiO,
with Ca(OH), is proportional to the W/C ratio, which
should be taken into account in the technology of cement-
sol materials. The difference 6CaO for PC SsangYong
and Denki in the period up to 7—10 days due to a higher
(2 times) ratio of Ca(OH),/ SiO, in the pores of the C_..

The studied dosages of SiO,am 1.74% do not have
a depressive effect on the protective properties (accord-
ing to Ca(OH),) of such materials with respect to steel
reinforcement of concrete.

The calculations take into account the content
of Ca(OH), and CaCO, in the original PC:

— for South Korea (SsangYong) Ca(OH), = 0.53%,

CaCoO, = 3.1%;

— for Japan (Denki) Ca(OH), = 0.98 %, CaCO, =

6.86%.

Error reading interval loss Ca(OH), mass (AT =
450...510°C) is 1.5..2 rev. percent’s. The actual measured
difference between samples without additive of SiO, and

with SiO, additive in Ca(OH), is 25...30 % with error in
determining the content of Ca(OH), to 2%.

CONCLUSION

1. It was determined that in cement materials chemi-
sorption activity of «Geosil» sol is high enough and by
the period of 1 day shows the values §CaO = 750100
[mg CaO /g Si0,], and then continues to increase, reach-
ing the period of 100 days values dCaO = 1200x100 [mg
CaO /g SiO,]. The main reaction of SiO, with Ca(OH)),
(at *60—70%) in cement matrices takes place in the first
24 hours. The pozzolan reaction between amorphous
nanosilica and portlandite, the product of which are
hydrosilicates, can explain the increase in the strength
of concrete when nanosilica is added.

2. When determining the amount of Ca(OH), bound
by SiO,, it is necessary to take into account the wa-
ter-cement ratio, the amount of Ca(OH), present in
the composition of the initial (non-hydrated) cement,
the amount of SiO, relative to the cement, carbonatization
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of Ca(OH),, pyrolytic binding of the part of portlandit by
carbon additive superplasticizer during firing in the de-
rivatograph.

3. The main reaction on the interaction of SiO, with
the liquid phase of portland cement by Ca(OH), is con-
firmed by other parameters of the structure: an increase
in the proportion of hydrosilicates (300°’), a decrease

BBEJEHUE

yJ'ILTpa,I[I/ICHepCHBIe matepuansl (YIM) Ha ocHOBe
amopdubix SiO,™ Tuna Mukpokpemuesema (CSF)
[1—7] 0OBIYHO B IPUCYTCTBUU CYIEPIIIACTU(DUKATOPOB
C BOAOpeAyLHUpYIOleil crtocodHoCcThbio 6ojiee 20—30%
CYIIIECTBEHHO M3MEHSIIOT MOP(OJIOTHIO U CTPYKTYPY
IEMEHTHBIX KOMITO3UIINIA, 00SCIIeYBasT ITOBBIIICHHEIC
ToKa3aTeIn INIOTHOCTH, IIPOYHOCTH M KOPPO3HMOHHOMN
CTOUKOCTH.

OCHOBHBIMU CTPYKTYPOOOPA3YIOINMHU XapaKTepH -
CTUKAaMHM TaKMX MaTepUaJIOB SIBJISTFOTCS, Ha HAIIl B3TJISIII,
pasMep Y4acTUIl U UX XUMUUECKOE CPOICTBO (CITOCO0-
HOCTb K cBsa3biBaHMI0 Ca0) k menounoii (Ca0O, R,0)
XunKoi case remenTa (L), BeicokommcmnepcHble YacTh-
el CSF (d = 0,15—0,3 MKM) 3aIIOJIHSIFOT MEK3¢pHOBOE
TIPOCTPAHCTBO MEXIY «TPYOBIMIT» YaCTUIIAMU IIeMEHTA
(d = 30—100 MKM), YIIZIOTHSISI CTPYKTYPY ¥ 00eCTICUnBasT
crecHeHHble ycnoBus B3aumoneicteusa CSF ¢ Ca(OH),
xunkoit asel L. AmopdHnas ctpykrypa CSF nipenorpe-
nensiet ero 6bicTpoe B3aumoreiicteue ¢ Ca(OH), ¢ obpa-
30BaHNEeM THApocmKaToB Kabims (I'CK) komronmHo-
TeJIeBOIl IUCIIEPCHOCTH. B pe3ynbrare 3THX IMpoIeccoB
obpa3syeTcst CyOMUKporeieBasi THIPOCHINKATHASI B3BECh,
BSI3KOCTh KOTOPOI1 0OecrieunBacT 6e3ceIMMEHTAIIOH -
Hoe pa3MenieHue pearupytomnmx yactuil CSF u miemeHTa
B mropax LIM 1 Ha rpaHuUIIe ¢ 3armoTHUTeIeM. YacTUIIEI
CSF nMeroT XuMHIecKoe CPOICTBO C ITOPOBOI XKUIKO-
croio Ll (Ca(OH),, KOH, NaOH), o61agaror BLICOKOIA
CITOCOOHOCTHIO K XeMocopo1iiy CaO 1 BEITTONHSIOT POJIb
CMJIMKATHBIX IICHTPOB 3apOIbIIIc0o0pa30BaHNIs BOSHUKA-
FOIMX Ha WX ITOBEPXHOCTH TrapocuiankarosB. s CSF
B IIEMEHTHBIX MaTeprajiax HanodoJjee MUTUPYEeMOil SIB-
asercs peakuus SiO,+CaO+H, 0 » CaO -+ SiO,* H,0
6e3 ykazanus poau R,0. Koncrpykrusnas pons CSF
o nmpouHocTtu 0eroHa mrs no3uposkn CSF 10—20%
NOATBEPKIAaeTCsl BO MHOTUX pabotax [1-7], HO ee
nposBieHue 1o poyHoctH (Rsi > R6/m) HaunHaeTcs
He paHee 7—30 cyt. CoracHO IUTepaTypHBIM TaHHBIM,
TIPOYHOCTH Ha pa3pbiB 00Pa3yIOIINXCST TUIPOCHIITNKA-
TOB CYIIECTBEHHO IPEBHIIIACT MPOYHOCTH LIK 11 mocTu-
raeT 110 nHbopManuu [8] 700—800 MIla mma CSH (I)
u 1000—1300 MITa mrs CSH (II) [23, 24].

in the total lime component and a decrease in the ratio
of pozzolan reaction products in lime and hydrosilicate
forms (P,’). The trend of transformation of the indicators
of the phase composition of cement-sol materials (reduc-
tion of lime components and increase in the proportion
of hydrosilicates) is consistent with the general concepts
of the interaction of SiO, with lime.

B Toxe BpeMst U3BECTEH sl pabOT, MOKA3bIBAIOIINAX
BO3MOXHOCTb MTOBBIIIEHUSI TPOYHOCTH GETOHA BBOJIOM
Hanouactun SiO, [9, 10, 11, 12]. Lienbio Haieit paboTht
ObL10 onpenenenue koaudectsa Ca(OH),, ceazaHHO-
ro HaHouyactuuamu SiO, B pe3ynbTaTe MyLIIOJAHOBOM
peakiuu B IIEMEHTHOM KaMHE, YTO MOXET OOBSICHSTh
MeXaHW3M TOBBIIIEHUS TTPOYHOCTH 6ETOHOB. BiusiHue
MyIII0JJAHOBOU peakINy Ha TPOYHOCTh IIEMEHTHOTO
KaMHsI TIpY BBOJIE MUKPOKpEMHe3eMa 00CyXIaiach B pa-
6otax [13-22].

OCHOBHAA YACTb

Iosryyenue 3011 nanouactun SiO, Ha 0cHOBE THAPO-
TEPMAJIBHOTO PACTBOPA

W3 cemmapaTopoB re0TepMaTbHBIX 3JCKTPUICCKIX
cranuuii (I'eo®C) BomHYIO cpedy, comepxKallyoo pac-
TBOPEHHYIO OPTOKpeMHMEBYIO Kucory (H,SiO,), Ha-
MIPABIISUTN B OXJIATUTENh, TTOCTIC YeTO IIPH TeMIlepaType
70°C mpoBOIMIN TTOIUKOHICHCAIINIO KPEMHEKHUCIIO-
Thl ¢ 00pa3oBaHueM HaHovacTul SiO, ¢ TMameTpaMu
B mnana3oHe 5—100 um. Cemapat ¢ popMUPOBaBIIIMUCS
yactuuamu SiO, KpeMHe3eMa MoAaBaIy B YJIbTpahuIb-
TPaIMOHHYIO0 0apoMeMOpaHHYIO YCTAHOBKY IUIST KOH-
LIEHTPUPOBAHUS 1 TIOIYICHUS CTAOMIBHOTO BOTHOTO
30514 Si0O, «['eocui». XapakTepuCTUKU MCXOIHOTO Ce-
mapara: cosieconepxanue — 702 mr/m1, pH = 9,2, comep-
xanue SiO, — 716 Mr/J1, KOHLEHTPaLMs PACTBOPEHHOM
KpeMHeKHUCI0Tel — 160 Mr/i1. B pe3ynbrare MeGpaHHOTO
KOHIICHTPUPOBAHMS TTOTyIaTd KOHIICHTPUPOBAHHBIIN
BOIHBII 30J1b KpeMHe3eMa ¢ TUIOTHOCThIo 1075 1/1, co-
Jep>KaHueM SiO2 —1251/n.

N3roToBieHne HeMEHTHO-30J1€BbIX NACT 1151 (hU3UKO-
XUMHYECKHX HCCJIeI0BaHuii (POBOIMIM BPYIHYIO B (hapd-
POBOIi KPYTJI0I0HHOI YalIKe)

B kauectBe cyneprutactudukaropa ObLT IIPUHST
mommkapookcuiat SVC-5 Neu (ITKK). HaBecku mst
3aMecoB cocTaBisuin: emMeHT — 100 r, (3o11p + Boma +
IMKK) — 26-29 r. losuposku 301 1o SiO, Obum
ot 1,15% no 1,74% ot maccel ueMeHTa. Mcnonb3oBaiu
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aJIMTOBEIC TTOPTIAHALIEMEHTHI «SsangYong» n «Denki».
HauvanbHyto Temriepatypy uemeHTa, Boabl, 3015 u [TKK
obecnieunBasm Ha ypoBHe 20%£0.5°C. BogolieMeHTHOE
OTHOIIIeHUE obecreuynBaan Ha yposHe B/Il = 0,39
n 0,26. OrpeesieHO BpeMEHHOE 3aryCcTeBaHME [IEMEHT-
HO-30JICBBIX TTACT, YCTpaHsIeMOe MHTCHCUBHBIM IIepe-
THpaHUEM: 3TO SIBJICHHE HAMU OTHECEHO K BEICOKOI
COpPOLIMOHHOM aKTUBHOCTH 30J15T SiOz. PU3NKO-XUMU-
YecKoe MCCIIeI0BaHNe MPOBOIMIIN Ha ITOPOIIKaX, pac-
TEPTHIX U3 OTKOJOTHIX (DParMEHTOB IIEMEHTHOTO KaMHSI
LIk maccoit 3—5 r 1 BeicymeHHBIX TTpn 50°C B alleTOHE.

Anmaparypa H IpHHATHIE THATHOCTHYECKHE TI0KA3aTe !
¢azoBoro cocraBa

CneMku ipoBoauiu Ha nepuBarorpade O/1102 B ma-
JIBIX TUTATUHOBBIX TUTJISIX C KPBITITKOM (T.€. IIPW OTpaHM-
YEeHHOM JOCTYTIe aTMOC(EPHOTO BO3MyXa) IIPH JOCTUTHY-
TOI CKOPOCTHY HarpeBa OKoJio 9 Tpaji/9ac v YyBCTBUTEIb-
Hoctsx o TI' = 100 mr (uHOTHA 50 M), Mo ITTA — 1/5
TIpU CpeIHe# Macce TIpernapara B Pt-turie okomo 250 mr,
a ms npenapatos (SiO,"+(Ca(OH)2) — 50...100 mr.
HopmanbHocTh pabotsl nepuBarorpada no ATA, AT
u TT ObLIa TpoBepeHa Mo 3TAJTOHHBIM 3HAYEHUSM 151
OeTa-KBapIla 1 MOHOTHIpaTa OKcajlaTa KaJbIus (KaTa-
sor JIunras). Oxumgaemble quarHoctudeckue ATTA —
3 dEKTH 1 X IMTOTCHIINAI IUaTHOCTUYECKOI 3HAUM -
MOCTH U TocToBepHOCTH (KaTtajoru ['opmkosa B.C.,
Jlapronosoit 3.M., 6a3a ganabX Jare HUHUC):

B namem ciyuae cornacHo JATT'A katanoram u 6a3e
nmanHbIX JanrsHU M C ocHOBHBIE TEpMOAHATTUTUYECKIE
XapaKTepUCTUKU TIPEICTABICHBI:

— 1IeMEHTHBI KaMeHb nMeeT 2—4 sdpdexra ATT u ITA
B mHTepBajie 20—300°C (0OBIYHO TUAPOCUIINKA-
THI, AIIOMOCYIbMODEPPUTHI, TUAPOATIOMUHATHI),
onuH 3¢ddext npu 350—380°C (CSH), 480—-500°C
(Ca(OH),), 750°C (CaCO,) u 850—-890°C (CSH).
Perucrpupyemsie Hamu 3 dexTsl 650—700°C B 00-
pasiiax BO3MYIIHOTO XpaHEHNS OTHECEHBI HaMM (T10
baccu n babyiiknHy) K mpoayKTam KapdoHaTU3aluu
CSH, AF,,u CAFH .

— amopdHbIil KpemHe3eM SiO,™ — COIIacHO TaHHBIM
HanmpHUHMC na ITT A He GUKCUPYIOTCS 9HI09K30-
53¢ deKTH, KpoMe HeOoIbINX T GY3HBIX SHI0I(]-
dexroB ATT u ATA nipu =100°C, 00yCIIOBIEHHBIX
HaJIMIneM CBOOOIHOM Bombl. IToTepst Macchl mpomo-
xkaeTcst BIDIoTh 10 900°C. DHmoaddeKT 6eTa-KBapma
(ATA — 570°C) oTCYTCTBYET.

Mertoauka pacuetos cBsizbiBaHus CaO amopdHbIM HA-
HOKpeMHe3eMoM 30J1s1 «[eoC1» B IIeMEeHTHBIX MaTepUaIax

Y4eT KOMITOHEHTOB MCCJICIYeMbIX IICMECHTOB.
AHanu3upyeMasl mpobda IeMEeHTHOTO MaTepua-
JIa TIpEICTaBIsIeT COOO0I cMeCch COOCTBEHHO IIEMEHTA,

BBEIEHHOTO HEOPTaHUYECKOTO aMOp(HOTO KpeMHe3e-
Ma (30716 ['eocmiT) M OpraHMYEcKoro IacTuduKaTopa
SVC-5Neu (ITKK), BBOTUMOTO B IIEMEHTHBIN MaTepHal
IIJIST 00eCTIeYeHNST PAaBHOTIOIBUKHOCTH.

B pacuerax comepxkaHUS TOPTIAHINTA IIPOBOIITCS:

1) yuert pazbaBieHuUs LIeMeHTa aMOP(PHBIM KpeMHe-
3emoM 110 hopmyne CH’, = CH /nons nemenra.

2) y9eT TUPOTUTUICCKOTO CBSI3BIBAHMSI YACTH ITOPT-
JIAHOWATA YTIACPOIOM MTO0ABKU IIPW OOKUTE B IepHBa-
torpade: Ca(OH),~ (CaO+H,01)+C+0,~ CaCO,:
ACH™ =1 %1,5%.

OmnpeneneHne KOTUYECTBA CBI3BIBAEMOTO aMoOp(-
HBIM KpeMHe3eMoM CaO IIpoBOIUTCS IO pe3yIbTaTaM
N TT'A-ananusa conepxanusa Ca(OH), B iemeHTHOM
COCTaBJISIONICH IIEMEHTHBIX KaMHEH — 0¢3100aBOYHO-
ro u cozepxaux 307b SiO,. Conepxanue Ca(OH),
OTpEeNeIIOT MO 3HAUCHUIO MHTEPBAIBLHON IMOTEPH
Macchl B guamasone temnepatypsl 460—510°C myrem
YMHOXEHUS €€ BeJIMUMHBI Ha KooduuumeHT 4,11.
B xome pacueToB yUYMTHIBAIOT IIpaBuja pa3baBie-
Hus (A) u cootHomenne B/11 (B) B aHanmm3npyeMBbIx
oOpasuax.

A) IlpaBuna paz6asnenus: yuyer Ca(OH), B uc-
XOIHOM IIEMEHTE U KoiudyecTBa BBoaumoro SiO,.
B cooTBeTcTBMU C TIpaBUaMM pa30aBICHUS pacyeT
Ca(OH), g cpaBHMBaeMBbIX LIEMEHTHbBIX KAMHEH Be-
ayt ¢ yuetom conepxanusa Ca(OH), B ucxonnom (He-
TUAPATUPOBAHHOM) IIEMEHTE, a TSI 30JIh-COICPKAIIINX
MaTepHaIoB IMPOBOIIT yUET KOJIMIECTBA BBEICHHOTO
SiO,.

7151 IeMEeHTHBIX MaTePHAJIOB C TTOJTMKAPOOKCIIATOM
HEOOXOIUMO YINTHIBATh MMUPOJIUTHICCKYIO peaKIINo
yriepona 100aBKu ¢ BEICBOOOXKTaeMbiM CaO B MOMEHT
0o0xwura B nepuBaTorpade.

O0o3Hauenus u HopMyJibI pacIeToB

O6o3nayenus (CH = Ca(OH),):

CH, _, % — conepxanue noptianauta (CH) B nc-
XOJIHOM HETUAPATUPOBAHHOM LieMeHTe, %;

CH0 % — conepxanne CH B LIk 0e3 to6aBKn SiOZ;

CHO’ par = CH_—CH, _, % — akTuecKoe comepxa-
Hue ruaposmsHoro CH B LIk 6e3 1o6aBKu;

CHS', % — conepxanue CH B IeMEHTHO-30J1€BOM
KaMHe;

CH®u = CH%/(1-monsa SiO,), % — comepxaHue
CH B 11IeMeHTHOI COCTaBJISIIOLIEH LIEMEHTHO-30JIEBOIO
KaMHSI;

CH®udakr = CHSu—CH_ * (1-nons SiO,) — dpakTu-
yeckoe coaepxkaHue ruaponnsHoro CH B LieMeHTHOIM
COCTAaBJISIIOLIEH LIEMEHTHO-30JIEBOIO KAMHSI.

PacueTt konmmuectBa CaO, cBI3aHHOTO aMOP(MHBIM
KpPEeMHE3eMOM, IIPOBOJISAT 110 (hopMyJie:

8 Ca0 = 0,757 (CH,, _—CHus)/Si0,, /r,

0,daxt
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rae CH_ dakr u CH®11 — (hakTueckoe conepkaHue
Ca(OH), B ieMeHTHOI cocTaBisIonIei 6€3106aBOYHO-
ro u 3ojecoaepxaiiero kamusi, %; 0,757 — noas CaO
B Ca(OH),, oTH. en.

Bb) Yuet BogonieMeHTHOTO OTHOIIEHMST B/11.

Kak moxazanu npoBefeHHbIE HAMU UCCIIEI0OBAHNSI,
yem Gosbie B/LL, Tem Beinte conepxanue Ca(OH),
¥ TeM CWJIbHEE JIOKHAsI OLIEHKA MYIIIOJaHUYECKOM aK-
tuBHocTH SiO,. Conepxanue Ca(OH), okasbiBaeTca
npornopimoHanbHO B/l 1 opreHTUPOBOYHO MOBBITIIA -
ercst Ha 0,4—1,4% npu yBenuuenuu B/LI Ha 1%. D10
HEOOXOIMMO YUUTHIBATh TPU OTIPEICTICHUY «IIEMEHTH -
pytoiieit» 3(pHeKTUBHOCTH MUHEPATbHOU TUCTIEPCUN
B IIEMEHTHBIX MaTepuajax ¢ pa3tuaHbeiM B/LI.

VYuer 3aK0HA cMeceii ISl IEMEHTHO30JIEBbIX KOMIIO-
37110717

B uccnenyembix marepuanax Ca(OH), conepxurcs
TOJIbKO B LieMeHTe 1 oTcyTCTBYET B Si0,. [TosTomy us-
MEpPEHHOE B IIEMEHTHO30JBHBIX TIPO0AaX COAepKaHMIE
Ca(OH)2 HamIo OTHOCUTH K JOJIe IIeMeHTa (B HaIIeM
cayqae 0,988 m 0,983). [NomyuyaeM NCTUHHOE 3HAUCHUE
CH B 11eMEeHTHOI COCTaBIISIONICH 1IeMEHTHO30IbHOTO
MaTtepHuajia, KOTOPBIi 3aTeM CpaBHMBAaEeM CO 3HAYCHUEM
CBsI3aHHOTO aMOp(MHBIM KpemMHe3eMoM CaO 11 KOH-
TPOJBHOTO (6€3100aBOYHOI0) LIEMEHTA.

Kapbonamuzauus. B pealbHBIX YCIOBUSIX comepsKa-
are CH MoXeT Tak XXe CHIUKATbCS B pe3ysIbTaTe Kap-
OOHATH3aLIMM OT aTMOC(EepHOro BO3ayXa IIPU TBEP-
IEeHWU W TIPH TIpellapupoOBaHUM IIEMEHTHOTO KaMHS
Ca(OH),+CO,+H,0 ~» CaCO, 1.e. CH Toxe {. B pe-
3ynbrare yoburb CH MBI MOXeM JIOKHO MHTEPIIPETH -

Tabauya la

poBaTh KakK IIyLLOJaHUYECKYyI0 peakiuo. Hannuue
YIJIEKUCIIOTHI B BO3IYXE MOXKET TAKKe IIPUBECTU K CHU-
xenuio Ca(OH), n yBesmuennio CaCO,, TO €CTb, K JTOX-
HOI1 ouieHKe npuyrHbl yMeHblieHus Ca(OH),: wm I1P,
un CO,. ITo 3Toi TpUYMHE HAMU ITPETYCMATPUBAETCA
BeimmotHeHre I TTA ananuza 1o 900—950°C ¢ menbio
onpeneneHus pakrudeckoro conepxanusa CaCo,.

Bimstane mo6aBkm 301 «[eocni» Ha ¢a30Bblii cCOCTaB
TBEPACIOIIEr0 IIEMEHTHOr0 KAMHS

HccaemoBaHus IIPOBEACHBI VTSI IIEMEHTHO-30JIEBBIX
00pas3moB Ha OCHOBE AJIMTOBBIX MTOPTIAHIIIEMEHTOB
«SsangYong» n «Denki» ¢ pa3TMmIHBIME COIEpKAaHUEM
SiO,™ 1 KOMITEHCUPYIOLIMM KOJIMYECTBOM TTOJMKAPOOK-
cmitara SVC-5 Neu. M3mepeHHbIe HAMY MUHEpaIoTde-
ckuii coctaB KimHKepa [TL 1 1031poBKI KOMITOHEHTOB
npuBeAeHHI B Ta01. 1a, 6. [IpoBeneH aHanm3 0COOEHHO-
creit dopmbl ITTA cniekrpos wis LK, 0 Lk SiO, u BbI-
ITOJTHEHBI pacueThl KOJIMYCCTBEHHBIX ITApaMETPOB MH-
TepBAJIBHBIX IIOTEPh MAcChL. B pe3ynbraTe KaueCTBEHHOM
onieHKN popMbl criekTpoB JATTA M KonmmuecTBEHHOTO
aHaJIM3a MHTEPBAJIBHBIX TTOTEPh MACCHI TSI TUAPATOB
ITOJTYYEHO CIIeayIoIee:

Oo6mmii Bun u hopma (raduryc) ITTA ciekrpos LIk
TPaIUIIMOHHEI IUTST OOBIYHBIX IIEMEHTHBIX KaMHEH ¢ co-
nepxanueM C,A okono 9% u npeacTasieHbl SHI03(-
¢exramu 140°C (CSH, AF, ), 180°C (C,AFH ), 500°C
(Ca(OH),), 750 u 780°C (CaCO,) u 840°C (CSH).

Cremyer OTMETUTh, UYTO, KAK HAMU paHee TIPOTHO-
3UPOBAJIOCH, TUAPOCUINKAT ITYIIOJaHMICCKOTO TIPO-
ncxoxaenus (I'CK (ITP)) umeer coctaB u A TTA xa-
PaKTEepUCTUKU, OJIM3KHME K COCTaBY TMAPATAIIHOHHOTO

PesynsraTbl TepMorpaBumMeTpudecKoro onpenenenus conepxanusg noprianaura Ca(OH), B neMeHTHbIX KAMHAX
0e3 100aBKH 1 ¢ 100aBKOii «30J151-reocr» s nepuona ot 1 10 720 cyrok, (TBepaenue Haa Boaoii (24 gaca),
najee B Bozie (28 cyTok) u Han Bomoii B 3aTemHenHoM dkcukarope. [loprianauement 0. Kopes (Ssangyong):

C,S =58%; C,S = 15,5%; C,A = 8,6%; C AF =9,5%; B/II = 0,39; SiO, = 1,15%; 11, = 0,55%
Conepxanune Ca(OH), B 00pasue,
u3MepeHHoe, % nepecuer Cas3bIBaHie
Bpewms, cyT. ¢ m.)ﬁam(oﬁ 300 Ha nemMeHT @ L7 WD
6e3 106aBKu Si0, = 1,15, CH._/0,988, % pazimuue @, % KpeMHe3eMoM ®
N =00 N = 0,22 © Si Ca0/SiO, mr/r
ACHfr= 0,33 ®
CH, CH CH’, ACH 0CaO
1 5,73 4,17 4,22 22,9 777
3 7,5 5,89 5,96 17,8 796
12 9,0 7,47 7,56 13,9 731
28 — 9,0 — — —
720 12,0 9,5 9,61 17,4 1360
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npoucxoxaenus ('CK H,0). Ha teriosbix criekTpax
JTA ne HaiineH 5k303hdekT 880—900°C, xapaKTepHbIit
IIJISI HEKOTOPBIX ruapocinkaroB. JITTA — ciekTpsl 00-
pasiuoB LK NpakTMYECKN He OTIIMYAIOTCA OT 00Pa3LoB
L, /, BO BCE TIEPUOLIBI TBEPLCHMUSI (ot 1 mo 700 cyTok)
¥ B OCHOBHOM XapaKTepHU3yIOT IIPECUMYIIECTBEHHOE Ha-
JIM9IMe TUIPATHBIX HoBooOpazoBaHuii ('HO) memeHTHO-
TO TIPOUCXOXICHMSI.

[MpucyrctBue SiO,™ He BbI3bIBAET U3MEHEHMIA (HOp-
MBI HU3KOTeMItepatypHoro aymrera 140°C (CSH, AF, ),
180°C (C,AFH ).

OTMeUeHO TaKKe, 9YTO BEICOKOTEMITepaTypHBII TH-
npocrnKatHBIN 3HT03hdekT ATT (—840°C) B obpasiie
u3 Lk, BbIpaxeH cunbHee B cpaBHeHun ¢ LIk, 9to
MOXET CBUICTEIBCTBOBATh O BEPOSITHOM 3aMCIICHUN

Tabauya 16

I'CK (—840°C) na mpyroit 'CK, He nmMeroIIero Tako-
ro TepMOaHAJIUTUIECKOTO MapKepa. BepositHo, 3TO
coenunenune umeer cocraB C,SH (¢ CaO/SiO, = 2)
Y TIOHKEHHBIM COMIEPXKaHUEM XUMUYECKH CBSI3aHHOU
Bozbl. ¥ LK, HU3KOTEMIepaTypHbie criekTphl (o1 100
nmo 140°C), xapakTepU3yIOIIe HATAINE OXUIAeMBIX
I'CK nymonannyeckoro reHe3uca, mpakTHIecKy UaeH-
TUYHEL 00pasuam LK , HO BEpOSITHO COOTBETCTBY-
I0IlI1Ee UM «y3KKHe» MHTepBajbHble toTepu (20—160,
20—300°C) MOTYT CBUACTEIBCTBOBATh 00 MX BO3HUK-
HOBEHUM.

Taxkum obGpazom, oxumaemast MmyroJaHIecKast pe-
akuus SiO,™ ¢ Ca(OH), B cocrase LIk, BbI3Bata 3HaUM-
tenbHoe cHkenne Ca(OH),, HO MpakTUYECKU HE U3Me-
Huna popmy I TTA-CIIeKTpOB OCTaTLHBIX COSTUHEHMIA.

PesynbraTel TepMorpaBumMeTpudeckoro onpenenenus conepxanusg noprianaura Ca(OH), B neMeHTHbIX KAMHAX
0e3 n00aBku u ¢ 106aBKoii 3051 «Teocn» st mepuona ot 1 10 570 cyrok, (TBepaenue Han Bonoii (24 yaca),
nanee B Bozie (28 cyTok) u Han Bonoii B 3aTemHenHoM dKcukatope. [Toprianauement Anonns (Denki):
C,S=66%; C,S=10%; C,A=9,0%; CAF = 10,0%; B/II = 0,26; SiO, = 1,74%; 11, = 1,88%

Conepxanune Ca(OH), B 00pasue,
nu3mepenHoe, % nepecuer a Cas3pIBanie
Bpews, cyT. | Ges noGankm so1s | © ;é(i)(ﬁ)anzoln ;ZM I © paml;lll‘)l;llto@t;, % ermsgigom ®
Ay = 0,156 © Loma | CHs/0983% Ca0/Si0, mr/r
ACHfr = (0,23 ® My = 0,77 © /Si0, mr/
’ ACHfr= 1,16 ®
CH, CH CH’ ACH 0CaO
1 4,53 3,03 3,08 19 226
6,76 4,67 4,75 18 470
7,85 5,41 5,50 18 618
11 7,95 5,73 5,82 16 617
15 8,31 5,87 5,97 17 613
28 8,65 6,06 6,16 17 680
70 8,68 5,52 5,61 21 933
150 8,52 5,44 5,52 21 900
570 9,72 6,63 6,74 18 890

® 1 — A03a SVC 5 Neu B cyXxoM BHUJIe OTHOCUTEJILHO LIEMEHTA.

@ VYuer pasbasienus CH’, = CH/nons nemenTa.

® Yuer NMPOAUTUYECKOTO CBSA3BIBAHUS YaCcTU NopTinaHauTa yriaepoaom nobasku [TKK mpu ooxure

B AepuBatorpade mo cxeme:

Ca(OH),~ (CaO+H,01)+C+0, ~ CaCO.,.

ACHf =1 . *x1,5, %

(cr*/cH, -1)-100

Si0,

® CsaspiBanue 0Ca0O = ACHx0,757, mr/m.

(cH, + ACH ™)~ (CH , + ACH ™)
Si0,

@ TIlpsamoe paznuuue ACH =

, /0

0CaO =

x0.757, mr/T
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Puc. Bausinue 305151 «leocun»: Ha conepxkanne Ca(OH),
(puc. a, 0); BemunHy XeMocopomuu 6CaO, mr/T
B Mpoliecce TBepIeHus IIeMEHTOB (puC. B):
a) — Ca(OH), = f(1): FOxnas Kopes (SsangYong):
C,S=58%, CA=28,6%, B/l =0,39:
O — LeMeHTHBbI KameHb 6/1 SiO, u 6e3 SVC 5Neu;
@ — [IEMEHTHBII KaMeHb C T00aBKOI «30JIs1» SiO2 =
1,15%; SVC 5Neu = 0,2%. 3nech JaHHbBIE 110
Ca(OH), npusenensi 6e3 yuera Hanmuus SVC 5Neu;
6) — Ca(OH), = f(1): AAnonus (Denki): C,S = 66%,
C,A=9,0%, (unnexc 250915), B/11 = 0,26:
A — IIEMEHTHBIN KaMeHb 0/11 SiOz,
conepxanue SVC 5Neu = 0,16%;
A — [IEeMEHTHBI KaMeHb C T00aBKOI «30J151»
SiO, = 1,74%, conepxanue SVC 5Neu = 0,77%.
3nech manabie o Ca(OH)2 Takske mpuBeneHBI
6e3 yuera Hamumst SVC SNeu;
B) — Hurammka §CaO B oO6pa3max IeMeHTHOTO KaMHS
0e3 1o0aBKU U ¢ 100aBKoO 3014 «I eoci»:
0 — LlemenT SsangYong, SiO, = 1,15%,
SVC-5Neu = 0,2%;
A — Lemenr Denki, SiO, = 1,74%, SVC-5Neu = 0,77%

[TpuHSTHIC COKPAIIICHMST:

CH — noprianaut Ca(OH),.

I1P — myumomannyeckast peakuus (CH+ SiO2 -
Ca0-Si0,* H,0);

CSH (H,O) — ruapocunukaT MaTepUHCKUMI (1e-
MEHTHBII) TUAPATHOTO MTPOUCXOKICHUS (C3S+H20 -
CaO+SiO,* H,0 +Ca(OH),);

CSH (I1P) — rugpocnianKaT MyLIIIOJIaHIICCKOTO
MIPOUCXOXIeHMS (cM. TTo3ummio [1P).

W3 manHbIX Tab. 1a, 6 ¥ 2 BUTHO, UTO CoAepKaHUE
CH B Lk, / © TSUCHIEM BPEMCHH TTOBBILIACTCS, PIICM
st Lk Denki (¢ B/ = 0,26) ¢ nepuona 30 cyTok OT-
MedeHo TopmoxkeHue HapaiuBaHus CH ¢ tenneHmei
ITOCJICAYIONIETo cJIaboTo MOHIKEeHMs. BeposTHO 3TO
CBSI3aHO C HEXBATKO# BoabI B TTopax LIk ¢ Hm3kmm B/11.
Conepxanne CH B 11eMeHTHO-30J1€BBIX 0Opa3iax 000oux
ITL nosropser nunamuxy CH B 1Kk, /» HO cozepxa-
nue CH B Lk nke CH B U,KG/H Ha 20—30%. Boiee
Huskoe conepxxanne CH B LIk, ABiIsI€TCA pE3yIbTaTOM
xeMocop6unoHHoro cBa3biBanusg Ca(OH), amopdHbIM
KPEMHE3EMOM.

3a mepuox ot 1 mo 150 (710) cyTok BermamHa copo-
uuroHHOM akTuBHOCTH §CaO [mr CaO /1 SiO, | (HrxHuit
rpaduk B puc.) hukcupyercs Ha yposHe 300—750, 1000
1 1300£100 [mr CaO /r SiO,| w1s 11epronoB TBEpACHMS
1, 28 m 150 cyrok. OcHoBHas peakuus SiO,™ ¢ Ca(OH),
npoxoaut (Ha 70£0,5%) B TeueHue nepBbIX 24 4acoB
1 Iajiee TIPOIoJDKaeT He3HAUNTEIbHO ITOBRIIAThCS. [1pn
aTom y obpasua Lk, (¢ B/LL = 0,26) conepxanne CH
cumbatHoO crenyeT nfuHamuke CH 1Ik6/m.

B cooTBeTCTBUM € TIYLIIIOJIAHIMYECKOI peakIieii Ipu
B3aumonevicrsuu CaO ¢ SiO2 JIOJI3KEH 00pa30BbLIBATh-
csa tuapocumkar CSH (ITP) ¢ sumosddexkrom ATT
(—130°C) u axzoaddexrom JATA (+850°C). Ho mpen-
BapHTeNIbHAS BU3YyaIbHasl KaueCTBeHHAs OLICHKA Tabu-
tyca ITTA criekrpoB LIk He BBISBUIIA €T0 3HAYNMBIX
otmanii ot criekrpos LIk, . HuskoTemmepatypHblii 1y-
mreT 130 n 180°C JTT Tak ke ocTajcsd HEM3MEHHBIM:
5TO CBUACTEIBCTBYET 00 OTCYTCTBUM B3aMMOICIHCTBUS
Si0,™ ¢ CAF ju AF .

OnpeneneHo, YTo 3a M3y4eHHbIH niepron oT 1 1o 150
(700) cyTox yBeITMICHME STHX ITOKA3aTeNIeH TAKKe XapaK-
Tepu3yeT 00pa3oBaHMe TUAPATHBIX COCTMHEHUI TBepIe-
JOIIIETO LIEMEHTHOTO KaMHS. 3a rrepuron ot 1 1o 150 cyTok
3HAYCHUS TePMOTPAaBUMETPUUCCKIX ITOKa3aTelIeii BO3-
pactaeT Ha 30—98% B 3aBUCUMOCTU OT UX «CTPYKTYp-
HOI1» IpeTHa3HAYCeHHOCTH.

JnHaMUKa IpUpalIeHUs THIPAaTHBIX HOBOOOpa3oBa-
nuii (THO) y 3ommb-conepxammx Lk, Huxe na 10—-20%
B CpaBHEHMU ¢ 6e3100aBouHbIM LK (Tab1. 2). D10 MOX-
HO CBSI3aTh C TTOHIDKEHHBIM COIEPXKaHNEM ITOPTIaHINTa
B 00pa3iiax ¢ 3oeM «['eocui.

IIpenBapuTeIbHO HAWICHO aHAIMTUICCKH, YTO T10-
Ka3atestb 300” (T THIPOCMIIMKATOB B IIEMEHTHOM KaM-
He, paBHas notepe Macchl pu Harpese 10 300°C) y LIk
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Tabauya 2

JlaHHbIe TePMOTPABUMETPHYECKOTO AHAJN3A U PE3YJIBTATHI PACUYETOB APAMETPOB CTPYKTYPhI IIEMEHTHOTO KAMHS
(I1I1, Denki) 6e3100aBoyHOro U ¢ 100aBKOii 30,151 «Teocu1» B mpucyrcTeuu miactugukaropa SVC-5Neu

npu paBHoM B/t = 0,26

Bospacr, cyt 1 cyTkmn 3 cyTok 28 cyTok 70 cyTok 150 cyrok
Si/ Si/ Si/ Si/ Si/
cocTaB o/n SiO, | B, o/n SiO, | BI, o/n SiO, | B/, o/n SiO, | B, o/n SiO, | BI,
% % % % %
Ne AT TA 4278 | 4276 — 4280 | 4274 — 4299 | 4269 — 4310 | 4309 — 4324 | 4323 —

WHTepBan Tem-
WHTtepBaibHbIE TOTEpU MacChl, %

neparypsl, °C

20-300 6,53 | 7,33 +12 | 9,42 | 9,42 0,0 | 10,64 | 10,5 | =1,3 | 9,44 | 9,79 | +3,7 | 9,83 | 9,76 | —0,7
20-900 12,6 14,1 +12 17,4 173 | =0,6 | 19,1 | 18,32 | —4 18,7 18,8 | +0,1 | 19,07 | 19,0 —
XCB/1,86* 8,75 | 9,88 +13 134 | 12,84 | —4 159 | 14,55 | -8 154 | 14,54 | —4 15,6 | 14,41 -8

Ca(OH),/0,98* | 4,53 | 3,03 | =33 | 6,76 | 4,67 | 31 8,65 | 5,07 | —4l1 8,68 | 552 | =36 | 8,52 | 5,44 | 36
CaCO0,/3,89* 3,72 | 5,13 +38 | 435 | 6,43 | +48 1,53 | 3,46 | +126 | 2,68 | 5,52 | +106 | 2,42 | 5,87 | +142

HKC 9,23 | 8,16 — 11,1 11,0 — 10,5 8,4 - 11,4 11,0 - 10,9 11,3 —
CK 41 63 +54 39 58 +49 14,5 | 40,5 | +180 24 50 +108 22 52 +136
CH .% 7,28 | 6,83 | —6,2 | 998 | 9,43 | =55 | 9,78 | 7,63 | 22 1,6 | 9,60 | —17 10,3 | 9,78 =5
3007, % 74,6 | 624 |-16%| 70,2 | 72,0 | +2,6 | 66,9 | 72,4 | +8,2 | 623 | 67,5 | +8,3 | 62,7 | 67,7 | +8,0
Tr, % 17,3 16,8 | —3% | 18.1 17,8 | —1,6 | 149 | +2,7 | —I5 18,6 16,1 —13 16,1 16,5 +2
I1;, otH. en. 1,11 093 | —16 1,06 1,02 —4 0,92 | 0,73 | =21 1,23 | 0,98 | =20 1,07 - =35

* B IIepBOIi KOJIOHKE B 3HAMEHaTe/Ie YKa3aHbl 3HAYEeHMsSI KOMIIOHEHTOB B HCXOMHOM (HETUAPATUPOBAHHOM) LIEMEHTE.

XCB =TT 00,41 XTI ) 0 MUKC = Ca(OH),+CaCO,,%, 300" =TT, , 0./ XCB, otH. en., CK = CaCO, / UKCx100, %,
CHmm™ = Ca(OH),+0,74xCaCO,, TT, = (0,243xCH"™™) / XCB; I1,” = CH™" / TT, ., 0., OTH. €.

(Si/6.1.—1)+100, %, tne Siu 6.1. — MOKa3aTeI WIS LIEMEHTHO-30JI€BOr0O M 0e3100aBOYHOrO COCTaBa COOTBETCTBEHHO.

MNKC — n3BecTKOBO-KapOOHATHbBII MHIEKC;

XCB — xuMHM4YecKu CBsI3aHHAas BOJIA;

CK — creneHb KapOOHaTU3aLIMU

uMeeT 0oJsiee BEICOKOE 3HAUYCHUE 110 CpaBHCHUIO C ]_[K6 0 boiee HarnsggHO MoBeAcHUE TTOKA3aTEsT H; (COOT—

YCUJIMBAIOIICCCA K IICPUOAY 150 CYTOK. DTOT U30BITOK HOIOCHUEC IMPOAYKTOB rapaTaliiv B M3BECTKOBOU U TH-

300” pist Lk, (Ha ypoBHE +8%) MOXHO OTHECTH K ITOSIB-  IporpaHaTHoi (opmax): y Lk mokasarens I1,”” Hike
nexnto pononnutessHoro CSH (I1P) mynnonanndeckoro  Ha 16—35% mo cpastennio ¢ Lk, .
MPOUCXOXKICHUS 1 OTMedeH HaMmu paHee mist CSF [7, 25]. OxupaeMoe IpupalleHle TUAPOrPaHATOB B Pe3Ylb-

Takmm 06pa3oM yCTaHOBJICHO, UTO TP TBEPACHUM  TaTe MYIIIOJAHNIECKOM peaknu (1o rmoka3aTestto 300°7)
B niepuof 1—150 cytok (popmMupoBaHue TMAPOCUINKATOB  YBEpPeHHO peructpupyetcs no (3—8%) ¢ nepuona 3 cy-

(o TT'300) Tak xe, kak u g Ca(OH),, 3aBUcUT OT 10-  TOK.

6aBku 30i14 «[eocun». TeMmn npupalieHUsT TUAPOCIIINKATOB Y 00pa3IloB
W3 Tabin. 2 BUmIHO, 4TO MoKa3aTe/lb CTEIIEHU THUapa- Lk Ha 10—-20% Huxe, 4eM y 6e3106aBOYHOTO. YCH-

tauuu (no XCB) y LIk, monqunHseTcsa npaBuiaM pas-  JjieHue K nepuony 150 cyrok nokasaresst 300°” moxer

OaBlieHNs U TIOHWKEH Ha 4—8% 110 cpaBHeHuIo ¢ LK, - XapaKTepnsoBaTh 0O0pa30BaHUE HOMOIHUTEIBHOTO
Conepxanne CH B Lk, Huxe Ha 30—40%, a co-  xommuectsa runpocunukara CSH (ITP) nynuonanm-

IepxxaHue TuaporpaHaToB (rmokasatenb 300°’) odHa-  deckoro mpoucxoxmeHus. Mamepernoe mo ATTA mo-

PYXMBaeT TEHIEHUMIO TIOBBIILIEHHS C Tleprofia 3 cyTok  BbiueHHoe (Ha 40—100%) conepxanue CaCO, B Lk,
10 8%: pe3yibTar myLLolaHnYecKoi peakuuu. O0liee  CBSI3aHO C 0COOEHHOCTSIMU ITOBEICHUST IPUMEHEHHOIO
collepXaHue U3BECTKOBBIX IpoaykTos ruapataumu (TT)  cyneprutactudukaropa nonmukapOooKcuiaTa npu ookure

B T€YEHUE BCETo MEPUOA TBEPACHUSI COXPAHSIETCs P~ B [1e4YM AepuBarorpacda mpu IpoBeIeHNU aHaAIU3a, XOTs
MEpHO Ha OHOM YPOBHE (COOTBETCTBYET CXeMe TUAPO-  ObLIO ompedesieHo, uTo [1KK moiHOCThIO «BbITOpaeT»
JM3a LEMEHTa), Ho y 06pasuos Lk Huxe Ha 2—13%. IIpY JOCTIKeHUH TemIiepaTypsl 300°C.
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OmnpeneneHo, yTo gobaBKa 3051 «['eocmn» OBICTPO
pearupyet ¢ Ca(OH), B LieMEHTHOM KaMHE, 3HAYUTENIbHO
(10 40%) cHuxXast ero coaepKaHue.

K mepuony 24 gaca 301b «['eocuii» CBA3BIBAET
250—750 [mr CaO / r SiO,] u npomosKaeT CBA3bIBATH
CH Brtots 1o 100—700 cytok mo 3Hauenus §CaO =
1300£100 [mr CaO /1 SiO,].

ITpu aTOM OTMEUeHA TEHICHIINS K TTOBBIIIICHUIO CO-
IepKaHWS TPyTHOOUATHOCTUpyeMoro [21] rumpocuim-
kata CSH (ITP) myniroaaHNIecKOTro ITPOMCXOXKICHUS
(Tabm. 2), 9TO MOATBEPXKIACT HAIIT paHee N3MEPEHHBIC
XapaKTCPUCTUKU IUIST IIEMEHTHO-MUHEPATbHBIX MaTe-
puaios B Bo3pacre 28—360 cyTok [25].

BepositHo, uto nonHora peakuuu SiO, ¢ Ca(OH),
nportopoHaibHa B/1l oTHOIIEHUTO, YTO ClIeAyeT yuu-
THIBAaTh B TEXHOJIOTUM LIEMEHTHO-30JICBBIX MaTEPHAJIOB.
Pazmune 0CaO mnst M1 SsangYong u Denki B mepuon
1o 7—10 cyTok 00ycoBIeHO 00s1ee BEICOKIM (B 2 pa3a)
coorHomenuem Ca(OH),/SiO,™ B mopax LIkg;.

Wsyuennsie nozuposku SiO,™ o 1,74% He okasbl-
BalOT JICTIPECCUBHOTO BO3NCIICTBIS Ha 3aIIMTHBIC CBOI-
crBa (1o Ca(OH),) Takux MaTepuasoB 110 OTHOLIEHUIO
K CTaJIbHOIT apMaType OeTOHa.

B pacuerax yureno conepxxanue Ca(OH), u CaCO,
B ucxogHsbIx I111:

— nna FO0.Kopes (SsangYong) Ca(OH), = 0,53%,

CaCO, = 3,1%;

— qna Anonusa (Denki) Ca(OH), = 0,98%, CaCO, =

6,86%.

OmubKa CYMUTHIBAHUSA WHTEPBAJIBHOU ITOTE-
pu Ca(OH), macch (AT = 450...510°C) cocraBuser
1,5...2 oTH. mpoueHTOB. MI3MepeHHOE (haKTUUECKOE
pasnuuue 6e3100aBOYHBIX U ¢ JOOABKOW 00pa3lioB
o Ca(OH)2 nmocturaet 25...30% mnpu ommoKe onpee-
JICHUST cofepKaHus Ca(OH)2 110 2%.

3AK/IIOYEHUE

1. OmpeneneHo, YTO B IIEMEHTHBIX MaTepHajiaX XeMO-
COpOLMOHHAs aKTUBHOCTD 307151 «['€0CHII» I0CTATOYHO
BBICOKA U y3Ke K ITepromy 1 CyTKM MOKa3bIBaeT 3HAYCHUS
10 6Ca0 = 750%100 [mr CaO /r SiO, ], n nanee npoxon-
JKaeT MOBBIIIAThCS, TOCTUTas K meprony 100 cyTok 3Ha-
yennit 8Ca0O = 12002100 [mr CaO /r SiO,]. OcHoBHas
peakuus SiO, ¢ Ca(OH), (na *60—70%) B 1eMeHTHOM
KaMHe ITIPOXOINT B iepBhie 24 yaca. [lyimomaHoBast pe-
aKIMs MeXIy aMOp(hHBIM HAHOKPEMHE3eMOM U TIOPT-
JIAHIUTOM, TIPOAYKTOM KOTOPOIT SIBIISTFOTCS TUAPOCH -
JIMKATBI, MOXET OOBSICHUTH MOBBIIICHUE ITPOYHOCTHU
0OeToHa Mpu BBOJIE HAHOJ00ABKM.

2. Ipu onpenenennn konuyectsa Ca(OH),, cBa-
3aHHOTO Si0,, HEOOXOIMMO YYUTHIBATh BOIOLIEMEHTHOE
oTHouIeHue, Konudyectso Ca(OH),, mpucyrcTByolero
B COCTaBE MCXOMHOTO (HeTUAPATUPOBAHHOIO) IIEMEHTA,
KOJIM4eCTBO SiO, OTHOCUTENBHO LIEMEHTA, KapOOHATH -
saumio Ca(OH),, mupoiIMTUYECKOE CBA3bIBAHKE YaCTH
IMOPTJIAHANTA YIJIEPOIOM JTO0AaBKM CYIIepIuIacTU(UKa-
TOopa rpu o0Xure B AepuBaTorpade.

3. OcHOBHas peakIins IO B3aNMOJIEIICTBUIO SiOz“M
¢ XUIKO# (pa3oii IopTIaHALEMEHTa I10 Ca(OH)2 oI~
TBepXICHA W APYTUMH ITapaMeTpaMi CTPYKTYPBI: T10-
BBIIIICHUE OOIU TuApocmimkaToB (300°’), cHIDKeHIE
00IIel M3BECTKOBOM COCTABIISIONICH Y TTOHUXXKEHUIO
COOTHOIIICHUS ITPOXYKTOB ITYIIIIOJTAHOBOI peaKIINi B 13-
BECTKOBOM ¥ ruapocuiukatHbix popmax (I1,°). Tpenn
ImpeoOpa3oBaHUS TToKa3aTeneil (ha30BOTO cocTaBa Iie-
MEHTHO-30JIeBbIX MATePHAIOB (CHIKEHIE N3BECTKOBBIX
KOMITOHEHTOB U TTOBBIIICHNE JOJIU THIPOCHINKATOB)
corjlacyercs ¢ O0IIMMU MPEICTABICHUSIMU 10 B3aUMO-
EVICTBUIO Si02aM C U3BECTHIO.
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Abstract: Polyvinylchloride (PVC) is the most frequently used polymer for obtaining a wide range of materials for various purposes.
The main advantages of the polymer - excellent thermal and electrical insulation properties, high resistance to various aggressive
substances, namely: acids, alkalis, various lubricants; lack of taste, smell; low water absorption (0.4-0.6%). The possibility to obtain
PVC-plasticates with different characteristics is provided by the introduction of various additives, the bulk of which are plasticizers.
Plasticizers based on adipic acid esters give a number of valuable properties to PVC-based compositions.

However, the use of plasticizers affects the resistance of compounds to the combustion, therefore, the substances which elimi-
nate this disadvantage are added in the polymer composition.

This paper presents the results of a study of the effect of the composition of mixed plasticizers (symmetric and asymmetric
adipates of aliphatic alcohols and phosphate of oxypropylated phenol) on the flammability of PVC composition.

Primarily symmetric adipate of cyclic aliphatic alcohols and asymmetric adipate of aliphatic alcohols containing cycloalkyl radi-
cal have been derived. Then phosphate of oxypropylated phenol has been synthesized. Physical and chemical properties of the
synthesized compounds were studied. Mixtures of plasticizers on the basis of the symmetric adipate of cyclic aliphatic alcohols
and asymmetric adipate of aliphatic alcohols containing cycloalkyl radical with varying amounts of phosphate of oxypropylated
phenol have been composed. The results of tests of PVC compositions containing the obtained mixtures of plasticizers for flam-
mability are presented. Combustibility parameters of cable plasticate samples with the use of developed plasticizers correspond to
state standard 5960-72 with changes 3-9. The best results were achieved with the use of asymmetrical adipate of aliphatic alcohols
containing cycloalkyl radical and 4% by weight phosphate of oxypropylated phenol. It is shown that small amounts of phosphate
oxypropylated phenol are able to reduce flammability, further addition of this plasticizer leads to a deterioration in performance.
The developed formulations of PVC plastics are recommended for use in the production of polyvinylchloride cable sheaths.

Keywords: adipate of aliphatic alcohols, combustibility, PYC compounds, plasticizers of polyvinylchloride, phosphate of oxy-
propylated phenol.
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deHona. M3yyeHbl GpU3MKO-XUMMYECK/e CBONCTBA CUHTE3UPOBAHHbIX coefnHeHni. CocTaBneHbl CMecn nnacTMuduKaTopos Ha
OCHOBE CUMMETPUYHbIX aAUMMHATOB LNKANYECKMX anndaTUYecKnx CMPTOB Y HECUMMETPUYHBIX aAUNMHATOB anndaTnyeckmnx
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MpepcTaBneHbl pe3ynbTaThl UcNbiTaHWI NBX-komno3ununia, cogep alimnx nonyyeHHble cmecy nnacTndrKaTopos, Ha roproYecTb.
Moka3zaTtenu roptoyect 06pa3LoB KabenbHOro nNaacTkarta ¢ NPUMeHeHnemM pa3paboTaHHbIX NNaCTMOUKATOPOB COOTBETCTBYIOT
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NAacTUKaTOB PeKOMeHAYTCA ANA NCNOb30BaHMA NPY NONyYeHUM NOANBUHUNXIIOPUAHBIX 060n04YeK Kabenel.
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INTRODUCTION

Polyvinylchloride contains up to 56% chlorine, so
it is not combustible in pure form. However, with
the addition of plasticizers the combustibility of materials
based on it increases, a dramatic change is observed when
the content of additives is more than 25% [1—6].

It is known from the researches that low combustibility
indices of polymeric materials are given by phosphorus-
containing compounds [7—13]. The most effective flame
retardants are triarylphosphates. However, phospho-
rus-containing plasticizers are not widely used, as they
adversely affect a number of physical and mechanical
properties of the compositions: low-temperature flex-
ibility, volatility, thermal stability and color stability; use
of them also complicates the technology of processing
of polymeric materials [14—17].

Adipic acid esters don’t possess these disadvantages,
they also give PVC materials stability at low temperatures,

resistance to UV light, high resistance to migration to
gasoline and oil [18—22].

Therefore, we have studied mixed plasticizers based
on adipic acid esters with the addition of small amounts
of aryl-containing phosphates.

MAIN PART
Experimental part

We have conducted research on the preparation of a
mixture of adipate of aliphatic alcohols and small amount
of phenoxypropylated phosphate with low flammability
PVC compounds.

This paper describes methods for the synthesis,
physico-chemical properties of symmetrical and asym-
metrical adipate of aliphatic alcohols and phenoxy-
propylated phosphate, results of their testing as cable
tracks.
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The method of obtaining symmetrical adipate of cyclic
aliphatic alcohols

The production of symmetrical adipate is carried
out in the presence of concentrated sulfuric acid (cata-
lyst) in a solution of azeotrope waterpicker toluene, at
reflux of the latter. The molar ratio taken for the reac-
tion of alcohols and adipic acid is 2.2:1. The reaction is
controlled by the amount of produced water, and acid
number of ester. After cooling, the reaction mass is
washed sequentially from the catalyst with a 5% solution
of alkali and water to a neutral reaction. The resulting
esters are dried over freshly calcined sodium sulfate and
the solvent is distilled under vacuum. The yield of target
products is 96—98%.

The method of obtaining asymmetric adipate of cyclic
and acyclic aliphatic alcohols

Asymmetric esters of adipic acid are obtained in two
stages. At the first stage, under the conditions described
above at the molar ratio acid: alcohol = 1:1, monoes-
ters of acyclic alcohols are synthesized. Further, they
are isolated with the use of 10% solution of sodium hy-
droxide with subsequent treatment with hydrochloric
acid. At the second stage, the obtained monoesters un-
der the same conditions react with cyclohexylcarbinol
at the molar ratio acid: alcohol = 1:1,2. The outcome
of asymmetric esters is not less than 96%.

Physical and chemical parameters of the synthesized
esters of adipic acid are shown in table 1.

The table shows that the structure of alcohol radi-
cals in the obtained esters significantly affects the low-
temperature properties of esters. The replacement of two
acyclic alkyl radical in the cyclic structure results is
likely to receive more rigid and less flexible molecules.
Replacement of alkyl groups of normal structure by
branched allows obtaining adipic acid esters with a pour
point below —60°C.

Phosphate of oxypropylated phenol was obtained in
two stages. At first stage, oxypropylated phenol was syn-

thesized. Then by means of esterification of it with adipic
acid the final product was obtained.

Methods of phenol oxypropylating

94.0 g (1 mol) of phenol and 1.6 g (1.0 % by weight
of the total load) of sodium hydroxide catalyst are loaded in
the reactor equipped with a stirrer, refrigerator, thermom-
eter, lowered into the liquid, and a drop funnel. Mixing and
heating of the flask is launched and remove air by nitrogen
blowing. Upon reaching the desired temperature, 58.0 g
(1 mol) of propylene oxide is gradually introduced from
the drop funnel. After stopping the feed, the reaction mix-
ture is stirred for 1.5 hours without changing the tempera-
ture, then it is cooled. To remove the catalyst, the mixture is
neutralized with the calculated amount of sulfuric acid and
filtered. After drying with anhydrous sodium sulfate it is
distilled under vacuum. Outcome is 1-phenoxy-2-propanol
147.1 g (96.8%), d*, = 1,063 g/ml, n* | = 1,525, m.w. 152,
the degree of oxypropylating — 1.

Method of esterification of phosphoric acid

456 g (3.1 mol) of 1-phenoxy-2-propanol is added to
a mixture of 153.3 g (1.0 mol) phosphorus oxychloride
and 1.0 g (0.01 mol) anhydrous magnesium chloride,
heated to 45°C for three hours. The reaction mixture is
stirred and heated to 80°C/30 mm Hg within eight hours.
25 g (0.27 mol) of epichlorohydrin was added to the re-
action mixture and further heating at 80°C lasted for an-
other 3 hours. The resulting mixture is alternately washed
with 1% sodium carbonate solution and water. Filtration
is performed after drying at 90°C and 130 mm Hg. The
outcome of phosphate of oxypropylated phenol is 485.0 g
(97%), acid number is 0.07 mg KOH/g, ester number is
336 mg KOH/g, m. w. 500.

In order to study the obtained plasticizers for flam-
mability, their mixtures were composed on the basis of the
obtained esters of adipic acid with the addition of various
amounts of phosphate of oxypropylated phenol.

Table 1
Physical and chemical properties of adipic acid esters (ROCO(CH,),COOR")
o Boiling point Acid Ester
e?tér R R! at 12 mm Hg, | number, number, ax, 2 oli)l:)tm:’C
°C mg KOH/g | mg KOH/g point,
Cyclo-
1 n-CH,, C,H, CH, 210-235 0.08 344 1.4592 0.9734 —47
Cyclo- Cyclo-
— +
2 C.H, CH, C.H, CH, 257-260 0.08 328 1.4759 1.0202 1
Cyclo-
3 | 2-ethylhexyl C.H, CH, 245-255 0.08 310 1.4586 0.9568 —60
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Table 2
Indicators of flammability for mixtures of plasticizers (sec)
Phosphate of oxypropylated phenol, % weight.
Ne ester
0 4 6

1 28.7 28.2 25.5 26.1

2 29.0 28.7 26.5 27.0

3 28.0 27.7 25.0 25.9

Discussion of results

To determine the effectiveness of the developed mix-
tures of plasticizers, the change in the combustibility
of PVC-plastic cable samples from the amount of phos-
phate of oxypropylated phenol was studied.

Tests of plasticizers in the formulation of cable plasticate
brand 0-40 composition OM-40

To obtain cable plastics, a suspension for mixing
plasticizers and stabilizers was initially prepared at speed
of 8000 rpm. Further, PVC composition was prepared in
a rotary mixer at 120°C and 70 rpm for 30 minutes. Sam-
ples of plastic were expanded at 145—150°C for 7—10 min.

Tests of finished samples of cable plastics were car-
ried out in accordance with state standard 5960-72 with
changes 3-9 «PVC Elastron for isolation and protective
environments of wires and cables». The test results are
shown in table 2.

The results show that the flammability of the sam-
ples depends on the structure of the alcohol radical in
the adipate molecule and on the content of phosphates
in the mixture of plasticizers.

The results given in table 2 show that the samples
of asymmetric ester of adipic acid with a content of 4%
by weight of phosphate oxypropylated phenol in terms

of flammability provide lower values than commercial-
ly available (according to state standard 5960-72 with
changes 3-9 for cable plastic compound of the O-40
brand the norm makes no more than 30 sec). An increase
in the amount of phosphate of oxypropylated phenol
leads to a deterioration in the flammability of plas-
tics obtained with this mixture of plasticizers. Namely
small quantities of additives to achieve optimal results
— maintaining good compatibility adipate with PVC and
improved physico-mechanical properties of PVC com-
pounds based on them, as well as giving a new quality,
reducing flammability.

SUMMARY

Thus, the studies show:

— asymmetric esters of adipic acid and aliphatic alco-
hols, which are composed of one cycloalkyl radical,
characterized by the best solidification temperature;

— samples of PVC compositions based on mixed plas-
ticizers containing asymmetric esters of adipic acid
and phosphate of oxypropylated phenol have a low
flammability value;

— for maximum reduction values of flammability it is
necessary to use small quantities of phenoxypropylated
phosphate (less than 4%).
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BBEJEHUE

HOJ‘[I/IBI/IHI/IJ'IXJ'IOpI/IJI comepxur 10 56% xiopa, mo-
5TOMY B YMCTOM BHIe He Topiod. OmHaKo Ipu 10-
0aBJICHUM TLTACTU(PUKATOPOB TOPIOYECTh MaTePUAJIOB
Ha eT0 OCHOBE YBEIMIMBACTCS, PE3KOe U3MECHCHHE Ha-
OJrroaeTcs Mpy comepKaHuM J00aBoK Oojiee yeM 25%
[1-6].

W3 nutepaTypHBIX TaHHBIX M3BECTHO, YTO HU3KUE
TOKa3aTeJIM TOPIYECTH ITOJMMEPHBIM MaTepuaaaM
npuaamoT Gocdopconepkamme coenuHenud [7—13].
Haub6onee 3¢pheKTUBHBIMU aHTUIIMPEHAMMU SIBJISIIOT-
ca Tpuapundocdatel. OnHako pocdopcoaepxaniue
TUTacTU(PUKATOPHI He HAXOISAT IIMPOKOTO IIPUMEHEHNS,
TaK KaK HETaTUBHO BIMSIOT Ha psiiI GU3UKO-MEeXaHU-
YeCKUX CBOMCTB KOMITO3UIINIT: HU3KOTEMIIEPaTyPHYIO
THOKOCTD, JETYy4eCTh, TEPMUUECKYIO CTaAOMIILHOCTD
¥ IIBETOCTAOMIIPHOCTD; TAKKE WX IPUMEHEHHE YCIIOXK-
HSIET TEXHOJIOTHIO TMepepabOTKH MMOJTUMEPHBIX MaTepra-
JoB [14—17].

DTUMM HEeTOCTaTKaMH He 00J1amaloT CIIOXKHBIC SPUPHI
AIUITMTHOBOM KHCIIOTHI, KOTOPBIE K TOMY 3Ke CIIé IpH-
naroT [1BX-marepuanam cTaOMUIbHOCTD MPU HU3KUX TEM-
mnepaTtypax, yCTOMIMBOCTD oz neiictBueM Y@ cBera,
BBICOKYIO YCTOMYMBOCTD K MUTPAIINY B OCH3WH 1 Macja
[18—22].

[TosTOoMy HaMU OBLIU WCCIIETOBAaHBI CMEIIIaHHBIC
mIacTU(OUKATOPBI Ha OCHOBE 3(UPOB aIUIIUHOBOM
KHCIIOTHI ¢ OOaBIeHUEM HEOOIBIITNX KOJTMICCTB apyI-
comepxamux ¢ocdaTos.

OCHOBHAA YACTb
DKcnepuMeHTAIbHAS YaCTh
Hamu 66U TIpOBEIEHBI MCCIETOBAHMS TI0 TTOJIY-

YCHUIO CMECH aIUIINHATOB aI[I/I(baTI/I‘IeCKI/IX CIIMPTOB
1 MaJIbIX KOJIMYECTB (DCHOKCI/IH]:)OHI/UII/I[)OB.':IHHOI‘O CbOC-

¢ara, obyagaronieii HU3BKMMU 3HAYEHUSIMU TOPIOYECTH
I1BX-nnacTukaTos.

B manHoii paboTe MPUBOASITCS METOILI CUHTE3A,
(PUBUKO-XUMHUYECKHE CBOMCTBA CUMMETPUYHBIX U He-
CUMMETPUYHBIX aIUITMHATOB aTnu(aTUIECKUX CITUPTOB
1 (peHOKCHUTIPOMMIINPOBAHHOTO (ocdaTa, pe3yabTaThl
X UCTIBITAHUI B KaueCTBE KaOeTbHBIX KOMITO3UIIMIA.

Memoduka noayuenus: cummempuyHsIX aOUNUHAMO8
YUKAUHECKUX aAUpamu4ecKux cnupmos

IMonyyeHne CMMMETPUYHBIX AIMITMHATOB OCYILIECT-
BJISIIOT B MPUCYTCTBUU KOHLIEHTPUPOBAHHOI CEpPHOI
KMCJIOTHI (KaTajiu3aTop) B pacCTBOPE a3€TPOITHOTO BO-
JIOBBIHOCUTENISI TOJIyOJIa, MPU KUTIEHUU MOCJIETHETO.
MoJibHO€ COOTHOILLIEHUE B3SITHIX LISl peaKUU CIIMPTOB
1 aIUTITHOBOM KMCIIOTH cocTaBisteT 2,2:1. [IporekaHme
peaky KOHTPOJIMPYIOT 10 KOJINYECTBY BbIACIUBIIEHCS
BOJIbl U KUCJIOTHOMY 4YMCy aTepudukara. ITocne ox-
JIAXKIEHUST pEaKLIMOHHYIO MacCy MPOMBIBAIOT MOCJIENO-
BaTeJIbHO OT KaTaju3aTopa 5%-HbIM PACTBOPOM ILIETOYM
U BOJIOM 10 HeliTpasbHOI peakuuu. [lonyyeHHBIE CTOX-
Hble 2(PUPHI CyILIAT HAJ CBEXEMPOKAJIEHHBIM CYJIb(haToM
HaTpUs U OTTOHSIOT PACTBOPUTEND MO BAKYYMOM. BbI-
XOJI, LIEJIEBBIX MIPOAYKTOB cocTaBisieT 96—98%.

Memooduka noayuenus: HecuMmMempu4HsIX AOUNUHAMO8
YUKAUMECKUX U AUUKAUMECKUX ANUDamu4ecKux CRupmos

HecnMmmerpuanabie 3(pUpbl aTUITUHOBOI KMCIOTHI
TTOJTy4aloT B IBe CTaguu. Ha miepBoii cTamuy B yCIIOBUSX,
OIMMCAHHBIX BHIIIE TTPA MOJIBHOM COOTHOIIICHUHN KHC-
JoTa : crupT = 1:1, CHHTE3UPYIOT MOHO3(DUPHI aIl1-
KIMIECKUX CIUPTOB. Jlajiee NX BBIIEISIOT C TTOMOIIBIO
10%-Horo pacTBopa rMAPOKCHIA HATPUS C IIOCIEAYIO-
11eit 06paboTKOI consiHOM Kucnoron. Ha Bropoii ctanuu
ITOJIy9eHHBIE MOHO3(DHUPHI B TEX K€ YCIOBHSIX DTCPU-
GUIIMPYIOT HUKIIOTeKCHIKAPOMHOIOM IIPU MOJIBHOM
COOTHOIIIEHNHU KUCJIoTa : ciiupT = 1:1,2. Beixom HecuM-
METPUYHBIX 2(PUpoB He MeHee 96%.

Tabauya 1
Du3nKko-XuMIIeCcKHe CBoiicTBa 3(upos amumiHoBoil kuciotel (ROCO(CH,),COOR’)
Ne TemnepaTtypa Temnepa-
5 q);[_ R R kunennanpn | K., mr | D.4., mr 42 2 Typa 3a-
12 mm.pr.cT., | KOH/r KOH/r 4 D CTBHIBAHMS,
- °C °C
Hukio-
1 n-CH , C.H, CH, 210-235 008 344 1,4592 0,9734 —47
o | MHukio- Huano- 257260 0,08 328 | 14759 | 1,202 |+
CH, CH, CH, CH, ’ ’ ’
Iukmo-
3 | 2-3TWIreKCuI C.H, CH, 245-255 0,08 310 1,4586 0,9568 —60
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Du3nko-XxuUMHUUIecKe MOKa3aTeJ I CUHTE3UPO-
BaHHBIX 2(UPOB AAUTTMHOBON KUCIOTHI MPUBEAEHDI
B Tab. 1.

M3 1abi. BUTHO, YTO CTPYKTypa CIUPTOBBIX paau-
KaJIOB B MOJIyY€HHBIX (p1pax CyIleCTBEHHbIM 00pa3oM
BJMSIET HA HU3KOTEMITepaTypHbIe CBOMCTBA CIOXHBIX
2¢upoB. 3aMeHa ABYX allMKINICCKNX aJKMJIBHBIX pa-
JNUKAJIOB HA LIUKJIMYECKHUE CTPYKTYPbl MPUBOIUT, BE-
POSITHO, K TTOJIy4eHHUI0 00Jiee KeCTKUX U MeHee TMOKUX
MOJIEKYIT. 3aMeHa aJIKWIBHBIX TPYIIIT HOPMAaJIbHOTO CTPO-
€HUS Ha Pa3BETBJIICHHbIE TTO3BOJISIET TTOJYYUTD 3(PUPHI
aIMMTAHOBOM KMCJIOTHI C TEMIIEPATypPOil 3aCThIBAaHUS
Hxe —60°C.

Docdart OKCUTIPOIMIMPOBAHHOTO (heHOJIA TTIOTYIaIN
B JIBa oTana. B nepByto oyepenb CUHTE3UPOBAIN OKCU-
TIPOIMMINPOBAHHEIN (DeHOJI. 3aTeM 3TeprpUKaIIei eTo
C AIUMMHOBOM KMCJIOTOM MOIy4YaJIy KOHEUYHBIA IPOMYKT.

Memooduxka okcunponuaupogarus geronra

B peakTop, cHaGXKeHHBII MEIIAIKOM, XOJIOIMIbHN-
KOM, TepPMOMETPOM, ONYIIEHHBIM B XXUIKOCTb, 1 Ka-
TIeJIbHOI BOpOHKOI 3arpyxatot 94,0 r (1 Moib) heHOMA
M KaTajau3aTop TMAPOKCHI HATpus B KoryecTse 1,6 T
(1,0% macc. ot o61ueit 3arpy3ku). Bkioualor epeme-
IIMBaHUE U 000TPEeB KOJIOBI, ITPOMYBAIOT a30TOM IIJIsI
ymajneHus Bo3ayxa. [1o mocTikeHUM 3agaHHOI TeMIIe-
paTyphl U3 KameaIbHOI BOPOHKHU ITOCTEIICHHO BBOISIT
58,0 T (1 monp) okcuma mpormicHa. [Tocae mpekpa-
IIEeHNS TTOTa9YM PEaKIIMOHHYIO CMECh TIepEeMEIINBAIOT
B TeueHwMe 1,5 gaca 6e3 m3MEeHEeHUsI TeMITepaTyphl, 3aTeM
oxnaxmaroT. JIJIs ymajaeHus KaTajam3aTopa cMech Heil-
TPAM3YIOT paCUYETHBIM KOJIMIECTBOM CEpHOIT KMCIOTHI
¥ punsTpyioT. [Tocie ocymeHus 6e3BOIHBIM CYIbdaToM
HaTpus MEPETOHSIIOT o1 BakyyMoM. Beixon 1-eHokcu-
2-nponanona 147,11 (96,8%), d*, = 1,063 r/mu, n* ) =
1,525, mom. Macca 152, cTerieHb OKCHITPOITUIINPOBA-
Hus — 1.

Memooduka smepupurayuu gpocghoproit Kucaomot

K cmecn 153,31 (1,0 Moap) okcuxitopuaa docdopa
u 1,0 r (0,01 MoB) Ge3BOTHOTO XJIOpUIA MarHUsI, Ha-
rpetoii 10 45°C, 106aBISAIOT B TEYEHHE TPEX 4aCOB 456 T

(3,1 momp) 1-peHOKCH-2-TIpoITaHoOa. PeaKIMOHHYIO
cMech TepeMeInBaT 1 HarpeBatoT 10 80°C/30 MM
PT. CT. B Te4eHHUE BOCbMU 4acoB. K peakiimoHHOi cMecu
nmo6aBisaioT 25 1 (0,27 MOJb) SMXJIOPTUAPUHA U TIPO-
JoJrKaloT HarpeB mpu TeMItepatype 80°C emne 3 yaca.
[MonydyeHHYIO CMECh IOOYEPEaHO IMpoMbIBaIOT 1% pac-
TBOpPOM KapOoHaTta HaTpus 1 Bonoii. [locie ocyiieHust
mpu 90°C u 130 MM pT. c1. puasTpyioT. Beixon dhocda-
Ta OKCUIIPOIUINpOBaHHOTO (peHona — 485,0 r (97%),
kucimoTHoe ynciao — 0,07 mr KOH/r, apupHoe uncmo —
336 mr KOH/r, mos. macca — 500.

C menbio UCCIeIOBaHMS TTOYYeHHBIX TIACTH(I-
KaTOpOB Ha TOPIOYECTh OBLIM COCTaBJICHBI NX CMECH
Ha OCHOBE TTOJIyYeHHBIX 3(HPOB aIUITMHOBOI KMCIIOTHI
¢ mobaBJICHNEM Pa3ITMIHBIX KOJIMIeCTB (pocdaTa OKCH-
IIPOIMIMPOBAHHOTO (heHoIA.

O0cyxneHne pe3yJbTaToOB

st openenerns 3G (MeKTUBHOCTH pa3padOTaHHBIX
cMeceil TacTu(KaTopoB OBLIO MCCISI0BaHO U3Me-
HEHME TTOoKa3aTejieii TOPIOUeCTH 00pa3oB KaOeIbHBIX
I[1BX-nmnacTukaToB oT KonmuyecTBa pocdaTta OKCUIIPO-
MATMPOBAHHOTO (heHoIA.

Hcnoimanus naacmughuxamopos é peuenmype Kabenb-
Hoeo naacmuxkama mapku O-40 pey. OM-40

st moyuyeHNUST KabeJIbHBIX TUIACTUKATOB TIEPBO-
HavaJbHO IpH cKopocTu Memanku 8000 06/MUH roTo-
BWJIM CYCIICH3HIO JUISI CMEIIMBAaHMS TUIACTU(DPUKATOPOB
1 cTabmIm3aTopoB. [Janmee B poOTOPHOM CMECHUTEIIe TP
120°C n 70 06/MuH B TeueHre 30 muH rotoBuian [1BX-
KoMmIo3unuio. [TomydeHHBIC 00pa3Iibl INIACTUKATA BaJlb-
nesamy npu 145—150°C B reuenue 7—10 MuH.

M cripITaHns TOTOBBIX 0OPa3IoB KaOETbHBIX TIaCTH -
katoB rpoBoamin mo F'OCT 5960-72 ¢ nam. 3-9 «Ilna-
CTUKAT TTOJIMBUHWIXJIOPUIHBIA I M30JISIIINT U 3a-
LIIMTHBIX 000JIOUEK TIPOBOJOB 1 Kabeaei». Pe3ynbTaThl
HUCTBITAHWI TIPUBEICHBI B TA0I. 2.

W3 oiry9eHHBIX pe3yJIbTaTOB BUTHO, YTO TOPIOYECTh
HCCIeIOBAaHHBIX 00pa3I0B 3aBUCUT KaK OT CTPOCHUSI

Tabauuya 2
IToka3aTenu roproyecTu cMeceii miacTudukaropos (c)
®Dochar okcunponuIMpoBaHHOTO (heHosa, % Macc.
Ne apupa
0 2 4 6

1 28,7 28,2 25,5 26,1

2 29,0 28,7 26,5 27,0

3 28,0 27,7 25,0 25,9
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CIUPTOBOTO paguKaja B MOJEKYJIe amuIIMHATOB, TaK
¥ OT comepKaHms (ochaToB B CMECH TUTACTU(DUKATOPOB.
[IpuBeneHHBIC B Ta0JI. 2 pe3yabTaThl ITOKA3bIBAOT,
YTO 00pa3ibl HECUMMETPUYHOTO 3(p1pa aTuITMHOBOU
KUCJIOTHI ¢ conepkaHnem 4% macc. ocdarta OKCUTIPO-
MUJIMPOBAaHHOTO (heHOoIa 10 TTOKA3aTe/ISIM TOPIOYEeCTH
obecrieynBaroT 00JIee HU3KME 3HAYCHMS, YeM CePUITHO
Beinyckaembie (Hopma o 'OCT 5960-72 ¢ u3m. 3-9
IJIT KabeTbHOTO TuTacTukata Mmapku O-40 cocraBisieT
He 6osee 30 ¢). YBenmueHne KoamdecTBa pocdaTa oK-
CHUTIPONTMIMPOBAHHOTO (DeHOJIa TIPUBOINT K YXYIIIICHUIO
ToKa3aTejieil TOpIoYeCT! TUIACTUKATOB, MOJTYICHHBIX
C JaHHOW cMecChI0O TUTacTU(UKATOPOB. UIMEHHO Majbie
KOJIMYECTBA JOOABKY MO3BOJISIIOT TOCTUYh OIITUMAJIBHO-
TO pe3yIbTaTa — COXpaHEHME XOPOIIIeil COBMECTMOCTH
agunuHatoB ¢ [1BX u ynyuieHHBIX (pU3UKO-MexXaHU-
YeCKUX CBOMCTB IIJIACTMKATOB HA WX OCHOBE, a TaKKe
TIpUIaHIe HOBOTO KaYeCTBa, CHIZKCHIE TOPIOYCCTH.
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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 «Carbon ceramic fiber-reinforced composite material and method for its production» refers
to a class of carbon-based composite materials of heat-shielding, structural, chemical-resistant purposes, can be used under static
and dynamic loads when heated to 2000°C in an oxidizing environment (aerospace engineering, construction facilities for special
purposes, high-temperature electrothermal equipment, equipment for nuclear reactors, etc.). The technical result of the invention
is the strength of the composite increased up to 40% in terms of flexural strength and twice in terms of compressive strength.

The specialists can also be interested in the following inventions in the area of nanotechnologies: building construction elements;
a method for synthesizing a composite carbon material with metal nanoparticles with transferring a part of their electron density to
a carbon matrix; a method of manufacturing marker of fuel and lubricants; wastewater treatment system with nano-modified natural
sorbents; nanocrystal, hydrosol of nanocrystalline cellulose and method for producing it; a method for producing membranes for
ultrafiltration of aqueous media; a method of obtaining transparent ceramics of yttrium-aluminum garnet; method and device for
atomic emission spectral analysis of nanoobjects, etc.

Keywords: nanotechnologies in construction, nanoparticles, nanomodified sorbents, nanocrystal, nanoobjects, carbon nanotubes,
nanostructures.
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N306peTeHns B 0611aCTN HAHOTEXHONOINNA,
HanpaBJieHHbIe Ha pelleHne NPaKTUYecKnx sagav.
Yactb IV

Aemopebl:

NBaHoB JleoHnp Anekceesuny,
BuLe-npe3ngeHT, MexayHapoaHasa UHKeHepHaa akagemus,
r. MockBa, Poccus, L.a.ivanov@mail.ru

Mpokonbes MéTp CepreeBny,
CTyAeHT daKynbTeTa MexayHapoHbIX SKOHOMUYECKNX OTHOLWeHWI DUHAHCOBOro YyHUBEpCUTETa
npw MpaBuTenbcTBe Poccuiickon ®epepaunu, prokopiev2012@gmail.com

Pe3stome: B pedepatriBHOI popme NpoBOANTCA 0630p N306PETEHWIA, pe3y/bTaTbl TBOPUYECKOW AEATENIbHOCTM YUYEHbIX, MHXeHe-
POB 1 CMELManCTOB, B T.U. 1 M300peTeHNs, KOTopble B 061aCTU HAHOTEXHOJTOTMIA 1 HAHOMAaTEPWAOB MO3BONAIOT B CTPOUTENLCTBE,
KUNULLHO-KOMMYHaJIbHOM XO3ANCTBE, CMEXHbIX OTPACIAX SKOHOMMKY A06UTbCA 3HaUUTeNnbHOro addekTa. Hanprmep, nsobpeteHne
«YrnepopaKkepamnyecKknii BONOKHNCTO-apMUPOBAHHbIM KOMMO3ULMOHHbIN MaTepuan 1 Cnocob ero nosyyeHns» OTHOCUTCA K Knaccy
KOMMO3MLMOHHbIX MaTepranoB Ha OCHOBE YrNepoa TeMna03alnTHOrO, KOHCTPYKLMOHHOIO, XMMOCTOMKOIO 1 Ha3HayYeHni, nog-
nexalymnx SKCryaTauuy B YCNOBUAX CTaTUYECKUX W IMHAMMYECKUX Harpy3oK npu Harpese Ao 2000°C B oKUcanTeNnbHoW cpefe
(aBrakocMmUyecKas TEXHMKa, CTPOUTENbCTBO OOBEKTOB CreLanbHOro Ha3HaueHWsA, BbICOKOTEMIEPATYPHOE /1eKTPOTEPMIMYECKOe
0bopyAoBaHMe, KOMMEeKTaLMsA aTOMHbIX PEaKTOPOB U T.N.). TEXHNYECKMI pe3ynbTaT n306peTeHns — yBeslmyeHre MPOYHOCTY KOM-
noswuTa Ao 40% no nokasaTtesito MPOYHOCTY NpU 13rnbe 1 B ABa pa3a Mo NokasaTesio MPOYHOCTY MPU CKaTUN.

Tak>ke NpeAcTaBnAOT HTePeC A8 CNeLManncToB crieaytoLme n3obpeTteHnsa B 061acT HAHOTEXHOMOTUIA: CTPOUTENbHBIN KOH-
CTPYKLMOHHDBIN SNEeMEeHT; Cnocob CHTe3a KOMMO3WTHOIO YriIepOAHOro MaTeprasna C HaHoYacTVLaMm1 MeTaa C NepeHoCoM YacTu
WX 3NIEKTPOHHOMN MIIOTHOCTMN B YIIEPOAHYI0 MaTpULly; CNocob M3roToBMIEHNA MapKEpa ropoyecmMasoyHbiX MaTepuasnos; cuctema
OUMCTKMN CTOYHBIX BOJ, C MICMOJIb30BaHWEM HaHOMOANPULIMPOBAHHbIX MPUPOAHBIX COPOEHTOB; HAHOKPUCTAI, TMAPO30Jb HAHOKPU-
CTaNNIMYECKON LiesINioNo3bl 1 CNocob ero nonyyeHns; crnocob nonyyeHnsa memobpaH ana ynstpadunbTpaLym BOGHbIX Cpef; Cnocob
MoJTyYeHVA NPO3PaYHON KepaMuKI1 UTTPUIA-anioMMHEBOTO MPaHaTa; crnocob 1 yCTpONCTBO aTOMHO-3MUCCYOHHOTO CNEKTPaIbHOro
aHanu3a HaHOO6BbEKTOB 1 Ap.
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INTRODUCTION

he practical application of the results achieved by sci-

entists, 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

Carbon ceramic fiber-reinforced composite material
and method for its production (RU 2684538 C1)

The invention relates to a class of carbon-based com-
posite materials for heat-shielding, structural, chemical-
resistant purposes to be operated under static and dynamic
loads when heated to 2000°C in an oxidizing environment
(acrospace engineering, construction of special-purpose
facilities, high-temperature electrothermal equipment,
atomic reactor equipment and etc.), as well as to meth-
ods for their preparation [1]. The technical result of the
invention is strength of the composite increased up to
40% in terms of flexural strength and twice in terms of
compressive strength.

The carbon ceramic composite material includes
a ceramic matrix reinforced with carbon fiber material.
The matrix ceramic material is additionally reinforced
with carbon nanotubes and additionally contains nano-
structured carbide-silicon interphase at the interface
between the nanostructured matrix and the reinforcing
carbon-fiber filler in the following ratio of components,
wt.%: carbon nanotubes 0.3—1.0, carbon fiber materi-
als 15—25, nanostructured carbide silicon interphase
2—4, silicon carbide — the rest. The carbon fiber filler is
impregnated with a mixture of non-coking and coking
forming oligomeric resins, placed between the transport
and separation polyethylene films and subjected to ion-
izing radiation, which is partially polymerized with non-
coking resin. From the prepreg layers, a billet package
of a bulk structure is formed, then molding, carboniza-
tion, impregnation with a solution of polycarbosilane in
toluene, drying, thermal stabilization, ceramization, and
siliconization are carried out. Before placing the impreg-
nated carbon fiber filler onto the transport and separating
polyethylene films, a layer of (2—10)% carbon nanotube
suspension in a mixture of coke-forming oligomeric and
non-coking resins is applied. When laying out a package
of CFRP blanks, carbon nanotubes are poured into each
of the prepreg layers through a removable perforated plate
that is in direct close contact with the prepreg layer that
is laid out, repeating its dimensions. After carbonization,

the resulting carbon-carbon preform is additionally com-
pacted by impregnation in (2—10)% suspension of carbon
nanotubes in a solution of polycarbosilane in toluene.

The method of obtaining thin diamond films
(RU 2685665 C1)

The invention can be used in various fields of in-
dustry and science to obtain thin-film reinforcement
coatings and active layers of thin-film nanostructures
[2]. A method is proposed for producing thin diamond
films on a substrate by the method of vacuum laser im-
pact on targets and carbon condensation on substrates,
where pre-pressed detonation nanodiamond tablets and
high-purity graphite tablets are used as targets, and laser
irradiation is carried out in two stages: first, focused-
based laser radiation Yttrium aluminum garnet with a
wavelength of 1064 nm in a series of 10—20 pulses with a
pulse energy of 3.8—5.8 J disperses the target from deto-
nation nanodiamond and form on the substrate nano-
diamond nucleation centers; then the gaps between the
nucleation centers are filled with carbon with predomi-
nantly sp3 bonds condensed from the vapor-gaseous
phase obtained by evaporating a target from high-purity
graphite by exposure to defocused laser radiation of the
same laser with a pulse energy intensity not lower than
1.6+ 104 W/cm?. In the course of carbon condensation
on a substrate preliminarily populated with nucleation
centers, mainly with dimensions of 5.73 nm, they grow
to particles of about 285.15 nm. The combination of such
particles forms a flat thin-film close-packed hexagonal
structure, which is a polycrystalline aggregate of islands,
which are crystallographically equally oriented relative
to the film surface.

Rotor vibration mixer (RU 2685674 C1)

The invention relates to mixing devices for mixing
highly dispersed substances and nano-substances and
can be used in chemical, petrochemical, food, agricul-
tural and other industries [3]. The rotor-vibration mixer
includes a case, a mixing body and a vibrator, a case cover,
a mixing body made in the form of a propeller mounted
coaxially above the mixing body of an anchor form, the
vibrator being made in the form of a rotary comb guide.
The invention provides an increase in the efficiency of
mixing highly dispersed and nano-substances, and conse-
quently, an increase in the quality of the finished mixture
due to the use of ultrasonic vibrations in the fluidized bed.

The method of synthesis of nanocomposites Ag/C
(RU 2686223 C1)

The invention relates to the field of chemistry and
nanotechnology. The method of synthesis of Ag/C
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nanocomposites includes the preparation of combined
solution of polyacrylonitrile (PAN) and silver nitrate in
dimethylformamide (DMF), holding all the components
to complete dissolution, removing dimethylformamide by
evaporation and heating the resulting solid residue [4].
Preparation of combined solution of polyacrylonitrile and
AgNO, in dimethylformamide is carried out at a tempera-
ture of 30—70°C in the following ratio of components:
polyacrylonitrile 4.7%, dimethylformamide 93.8—94.6%,
AgNO, 0.7—-1.5%. Evaporation of dimethylformamide
is carried out at 60—80°C. A gradual infrared heating
of the obtained solid residue is carried out at a pressure
of 10—2—10—3 mm Hg. First, preheating is carried out
for 5—15 minutes at 80—200°C with a heating rate of no
more than 50°C/min. The final heating is carried out
for 5—15 minutes at 80—700°C with a heating rate of not
more than 50°C/min. The invention makes it possible to
simplify the production of nanocomposites, including Ag
silver nanoparticles with a size of 19—28 nm in a carbon
matrix, without the use of additional external reducing
agents.

Cutting tool with wear-resistant coating (RU 2685820
C1)

The invention relates to metal-cutting tools, in par-
ticular to cutting plates and cutters used for processing
products from difficult-to-process materials, including
titanium and its alloys [5]. A wear-resistant cutting tool
comprising cutting edges formed at the intersection of
the front and rear surfaces of a hard-alloy cutting base,
in which the wear-resistant coating includes at least
a structure formed of TiB,. The structure formed of TiB,
contains at least a sequentially deposited intermediate
layer of TiB, and a wear-resistant layer of TiB,. The in-
termediate layer has a columnar metallographic structure
with preferential orientation 001. The wear-resistant layer
comprises at least a layer with an internal structure with
textured nanocolumn grains with an orientation of 001
with amorphous p-phase within the boundaries of the
said grains. The effect is increased durability of cutting
tools with coating containing TiB,.

A method of manufacturing products with antistatic
properties (RU 2685120 C1)

The invention relates to the field of composite materi-
als and represents a method of manufacturing a composite
fiberglass sheet with antistatic properties and products ob-
tained from it [6]. A method of manufacturing a compos-
ite fiberglass antistatic in terms of a sheet with a thickness
of 0.5 to 10.0 mm for the manufacture of pressed products
consists of the following stages: in the first stage polyester
resin and powder additives with a nanocomponent, which
makes the sheet to be antistatic, are mixed in a dissolver

to form a paste, which is supplied to the containers, from
where it is applied to the films moving under them in the
second stage, and in the second stage chemical thickening
of the polyester resin is applied by incorporating a viscos-
ity increasing agent into paste for further pressing after
3—5 days, and at the same time reinforcing fiberglass is
fed to a cutting machine located above the paste surface
applied to one of the films, reinforcing fiberglass is cut
into segments of a specified length and randomly fed to
the surface of the paste layer, from above roll the second
layer of film with a paste and serves in the sealing system
of the rollers, where the fiberglass is impregnated and air
bubbles are removed, the result is a sheet that is wound
on steel rollers on the rack. The resulting sheet is cut on
the table, removing the edges depleted in fiberglass, while
cuttings are put in the center of the sample in a pile, which
is placed in the mold, then the product is form. The in-
vention provides antistatic properties to the sheet and the
finished product from it by all of its volume.

A method of manufacturing a diamond tool with nano-
modified cutting part (RU 2685917 C1)

The invention relates to the manufacture of tools for
cutting solid and highly solid materials and can be used for
the manufacture of diamond cutting tools, in particular,
the stone diamond cutting wheel with water and/or air
cooling for cutting reinforced concrete, brick, porcelain
stoneware, refractory materials of granite, marble and
other minerals [7].

The technical result is a method of manufacturing
a diamond tool with nanomodified cutting part. The
method includes preparation of powder mixture based
on diamond powder and ligament, introduction of plas-
ticizer into the mixture, granulating, dosing, cold pressing
of the cutting part of the tool, hot pressing, tumbling,
connecting the cutting part to tool and diamond cutting.

Installation of plasma-chemical synthesis of nanosized
powders and the cyclone used in it (RU 2686150 C1)

The installation contains a reactor, the casing of which
is located vertically and made with the possibility of heat-
ing, an electron accelerator with an electron energy of
300—1000 keV, a system for feeding the reagent into the
reactor containing the supply tank, the dispenser, the
buffer tank and the shut-off valve, a vacuum system, a de-
vice for separating solid and gaseous products of plasma-
chemical synthesis, made in the form of a screw cyclone
with the possibility of heating its body, and a system for
separating soluble gaseous products of plasma-chemical
synthesis associated with by a certain cyclone through an
electrostatic filter, while the reactor outlet and the screw
cyclone inlet are separated by an automatic discharge
valve [8].
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The invention relates to equipment for the plasma-
chemical synthesis of ultrafine powders, inorganic com-
pounds and compositions, in particular to the installation
of the plasma-chemical synthesis of nanoscale powders
and the screw cyclone used in it. The invention provides
the possibility to obtain various types of products of nano-
sized powders and composite materials based on them
with high chemical purity on the same equipment, as
well as to reduce the time of technological transition from
one process to another and an efficient economic effect.

The method of synthesis of metal nanoparticles by de-
position on a porous carbon material (RU 2685564 C1)

The invention relates to the production of metal
nanoparticles. The method involves the evaporation of
target from a metal by an electron beam in vacuum and
the deposition of metal nanoparticles [9]. The evapo-
ration of target from metal is conducted by an electron
beam directed at the angle of 30—90 degrees to the tar-
get surface. The method provides spatial scanning of
the electron beam in two coordinates on the target with
frequencies within 5—200 Hz and amplitude 5 mm for
10—1000 seconds and temporal modulation of the beam
current with a frequency of 10—100 Hz with a duty cycle
of 1—10. The deposition of metal nanoparticles is carried
out from a directional flow on a substrate covered with
a porous carbon material with a thickness of 0.1—2 mm,
bulk density 0.04—0.06 g/cm and set on a water-cooled
copper screen. The result is reduced energy absorption
in metal vapors, which increases spraying performance.

A method of manufacturing a gas sensor with a nano-
structure with a superdeveloped surface and a gas sensor
based on it (RU 2687869 C1)

A method of manufacturing a gas sensor with a nano-
structure with a super-developed surface is based on
forming a heterostructure of various materials in which
a gas-sensitive layer is arranged. After that, it is fixed in
the sensor case, and the contact pads are connected to the
conclusions of the case using contact conductors, the gas-
sensitive layer is formed in the form of a nanostructure
with a super-developed surface by two-stage chemical
synthesis. At the first stage, which forms a homogeneous
thin film of zinc oxide, which is a germinal layer, and at
the second stage, zinc oxide nanorods are formed, form-
ing a superdeveloped surface [10].

The technical result is the possibility to increase sen-
sitivity to the gas-reductors under the temperature close
to the room one (25—50°C).

These are inventions in nanotechnological area that can
be interesting for specialists:

+ Building construction element [11].

* The method of synthesis of a composite carbon ma-
terial with metal nanoparticles with the transfer of
a part of their electron density into a carbon matrix
[12].

* A method of manufacturing a marker of fuel and lu-
bricants [13].

* The system of wastewater treatment based on nano-
modified natural sorbents [14].

* Nanocrystal, hydrosol of nanocrystalline cellulose and
method for producing it [15].

* A method for producing membranes for ultrafiltration
of aqueous media [16].

+ Energy efficiency technologies [17].

* The method of obtaining transparent ceramics of
yttrium-aluminum garnet [18].

* Global energy market development trends [19].

*  Method and device for atomic emission spectral analy-
sis of nanoobjects [20].

* The method of thermal cleaning of carbon nanotubes
[21].

* The method of obtaining durable and conductive fi-
bers by pulling films of carbon nanotubes [22].

CONCLUSION

It is known that it is precisely the popularization and
introduction of inventions that is an important factor for
the success of many successful companies. For example,
General Electric, which entered world history as one of
the most innovative companies of the 20th 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
in demand and useful for specialists. Confirmation
that articles from the «Invention Review» column are
particularly popular is information on 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.
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BBEJEHUE

B COBPEMEHHBIX YCIOBUSIX UCITOJIb30BaHUE N300peTe-
HUIA YYEHBIX, MHKEHEPOB U CIICLIUATIMCTOB MOXET
Ccroco6CcTBOBATh (P HEKTUBHOMY PEIISHUIO 3a1ad M-
MOpTO3aMEIeHMS 1 MOBBIILIEHUS TTPOU3BOIUTEIBHO-
ctu Tpyna. Kak u3BectHo, n3o0pereHrue — 3TO HOBOE,
o0OJiagaroliiee CyleCTBEeHHBIMU OTJIMYUSIMU pellleHUE
TEeXHUUYECKON 3amauu, oOecreynBalolee MoI0XKM-
TeJIbHBIN 3P (PEeKT (HOBBIC TEXHOJIOTUH, KOHCTPYKIIUH,
HOBBIE BEIIECTBA). B cTaThe pacCMOTPEHbBI CYIIIHOCTb,
TEeXHUUYECKUI pe3yJibTaT, IpaKTuueckKasi 3HaUuMMOCTh
HEKOTOPBIX U300peTeHMIi, OTHOCSIIUXCS K 00J1aCTU Ha-
HOTEXHOJIOTUIA.

OCHOBHAA YACTb

VYriepoakepaMudecKuii BOJOKHUCTO-APMUPOBAHHBIN
KOMIO3UIIMOHHBII MATEPUAJT U COCO0 ero MmoJydYeHus
(RU 2684538 C1)

M300peTeHne OTHOCHUTCS K KJTAcCy KOMITO3UITMOH-
HBIX MaTEPHAJIOB Ha OCHOBE YIJIEpOIa TEILIO3aIIUTHO-
T0, KOHCTPYKIIMOHHOTO, XUMOCTOMKOTO 1 Ha3HAUCHUIA,
TOIJICKAIINX SKCILTyaTalli B YCIOBUSX CTATUUCCKIX
W TUHAMWYECKUX Harpy3ok npu Harpese g0 2000°C
B OKMCJIIUTEJIBHOM cpele (aBUaKoCcMUUYecKasl TeXHUKA,
CTPOUTEITHLCTBO OOBEKTOB CIIEIINATBFHOTO Ha3HAYCHMS,
BBICOKOTEMIIEPATYPHOE 3JIEKTPOTEPMHUIECKOE 000PY-
IOBaHNE, KOMITICKTAIIMS aTOMHBIX PEaKTOPOB U T.II.),
a TakKe K criocobam mux nojydeHus [1]. Texuunueckuit
pe3yIbTaT N300PETEHMS — YBEIMUCHUE TIPOTYHOCTH KOM-
no3uta 10 40% 110 moKa3areiio MPOYHOCTHU IPU U3TUOE
¥ B IBa pa3a 110 IoKa3aTeIi0 IPOYHOCTH IMIPH CKATHM.

YriepoakepaMUIeCKUiT KOMITO3UIIMOHHBIN MaTe-
pHraj BKIIIOYaeT KepaMUIEeCKYI0 MaTPUILY, apMHUPOBaH-
HYIO YIJICPOAHBIM BOJIOKHUCTHIM MaTepuaiom. [1pu
5TOM MATPUIHBII KepaMHICCKUI MaTepHua IOIOJ-
HUTEJILHO apMUPOBAH YIJIepOIHBIMU HAHOTPYyOKaMM
¥ IOTIOJTHUTEIFHO COMEPsKUT IO TpaHUIIe pa3meia a3
HAHOCTPYKTYPUPOBAHHOM MaTPUIIBI M apMUPYIOIIETO
YTJICBOJIOKHHUCTOTO HATIOJTHUTEIISI HAHOCTPYKTYPHUPO-
BaHHYIO KapOMIKPEMHHEBYIO MHTep(da3y Ipu Caeay-
IOILIEM COOTHOILIEHMU KOMIIOHEHTOB, Mac.%: yriepo-
Hble HaHOTpyOKM 0,3—1,0, yriiepoaHble BOJTOKHUCTBIE
MaTepuanbl 15—25, HAHOCTPYKTYypUpOBaHHAsI Kap-
ounkpeMHUeBas MHTepdasa 2—4, KapOua KpeMHUs —
OCTaJIbHOC. YTJIEPOTHBIN BOJTOKHUCTBIN HATIOTHUTEIIh
TIPOIMUTHIBAIOT CMEChI0 HEKOKCYIOMIEHCS M KOKCOO-
Opa3yrmolleil OJIMTOMEPHBIX CMOJI, TIOMEIIAIOT MEXIY
TPAHCIIOPTHON M Pa3deIUTeIFHON MOJTUITUICHOBBIMUI
TUICHKAMU ¥ TTOIBEPTAIOT MOHU3UPYIOIIeMY O0Ty4eHHUIO,
KOTOPBIM YACTUYHO ITOTMMEPHU3YIOT HEKOKCYIOIIYIOCS
cMody. M3 cioeB mpenpera HAOMPAIOT IMaKeT 3aTOTOBKH
00BEMHOI CTPYKTYpPBI, TPOBOIAT (DOPMOBAHUE, Kap-

OOHM3ALUIO, IIPOIUTKY PACTBOPOM IOJIMKApOOCHIaHa
B TOJIYOJIe, CYLIKY, TEPMOCTAOMIN3ALIMIO, KEPAMU3ALIIO
u cuuuypoBanue. Ilepen moMenieHueM IIPOIUTAHHOTO
YIJIEPOAHOIO BOJIOKHUCTOIO HAITOJHUTEISI Ha TPAaHC-
IIOPTHYIO U pa3Ae/IUTE/IbHYIO ITOJIMITUICHOBbIE TUIEHKU
HaHOoCAT ciioii (2—10)%-Holi CyCIeH3UU YIJIEPOIHBIX
HAHOTPYOOK B CMECU OJIMTOMEPHBIX KOKCO0Opa3yio-
el 1 HeKOKcyrolmeiicss cMoi. [1pu BEIKIIamke makeTa
3arOTOBKU YIVIEILIACTUKA B KAXIbII U3 CJIOEB IIperpera
3aChIIAIOT yIJIePOAHblE HAHOTPYOKU Yepe3 CheMHYIO
rep@oprupoOBaHHYIO IUIACTUHY, HAXOASIIYIOCS B HEIIO-
CPEICTBEHHOM IUIOTHOM KOHTAKTE C BBIKJIAAbIBAEMbIM
cJI0eM IIperpera, MOBTOPSIOLIEro ero pasmepsl. I1o-
cjie KapOOHU3ALUU ITOJIYYEHHYIO YIJIEPOI-YIJIEPOIHYIO
3arOTOBKY IOMOJHMUTEIbHO YIUIOTHSIOT MPOIMUTKOM
B (2—10)%-Hoii CyCIIeH3UU yIIePOAHbIX HAHOTPYOOK
B PacTBOpE IOIMKApOOCHIaHa B TOJIYOJIE.

Cnoco0 moaydyeHHS TOHKHX ajJMa3HBIX ILUIEHOK
(RU 2685665 C1)

M3006peTeHre MOXET ObITh MCTTOJIb30BAHO B pa3-
JIMYHBIX 00JIACTSIX TIPOMBITIICHHOCTH Y HAYKHU TSI TI0-
JIy4eHUS TOHKOIICHOYHBIX YITPOYHSIOIINX ITOKPBITHIA
1 aKTUBHBIX CJI0€B TOHKOIICHOYHBIX HAHOCTPYKTYD [2].
[IpemraraeTcst Crmoco6 MOMyYeHNST TOHKHMX aIMa3HBIX
IUICHOK Ha TTOIJIOXXKE METOIOM BaKYyMHOTO JIa3epHOTO
BO3ICUCTBHS Ha MUIICHN U KOHICHCAIMEH yTiaepoaa
Ha ITOIJIOXKH, TA¢ B KAUeCTBe MUIIICHEI MCITOIB3YIOT
IIpeaBapuUTEIbHO CIIPECCOBAHHBIC TaOJICTKN ACTOHA-
IIMOHHOTO HAaHOAJIMa3a 1 TaOJIETKU U3 BEICOKOUHMCTOTO
rpaduTa, a Ja3epHOE BO3IEHCTBHUE OCYIIICCTBIISIIOT B IBA
9Tara: BHavase c(OKYCHUPOBAHHBIM M3JIyICHUEM Jia-
3epa Ha OCHOBE aJTIOMOUTTPUEBOTO ITpaHaTa C JIMHOU
BoaHbI 1064 HM cepueii 10-20 UMIYIBLCOB ¢ SHEPTUEHA
nmiItyibea 3,8—5,8 I3k IUcnieprupyioT MUIIEHD U3 IETO-
HAIIMOHHOTO HaHOaIMa3a M (hOPMUPYIOT Ha ITOMIOXKKE
HaHOaJIMa3HbIC HYKJICAIIMOHHBIC IICHTPHI; 3aTeM ITpOMe-
KYTKU MEXIY HYKJIeallTMOHHBIMU IICHTPaMU 3aITOTHSIIOT
VIJICPOIOM C IIPEUMYIIECTBEHHO SP3-CBA3SIMU, CKOH-
IEHCUPOBAHHBIM M3 TTapOTra30Boii (pa3bl, TOTYICHHOMN
HACTIapeHNEeM MUIICHU U3 BEICOKOYMCTOTO TpaduTa Imy-
TEM BO3IEUCTBUS pachOKYCHUPOBAaHHBIM Ja3epHBIM M3-
JIy9EHUEM 3TOTO XKe Ja3epa ¢ MTHTCHCHUBHOCTBIO S9HEPTUT
umimyibca He Huxe 1,6 + 104 Br/cM?. B xome KoHaeHca-
LMY yIJIepOoIa Ha TOUIOXKKY, IIPEeIBAPUTEIIHHO 3aCeICH-
HYIO HYKJIeallMOHHBIMHU LIEHTPAaMU, TIPEUMYIIICCTBCHHO
¢ pasMmepamu 5,73 HM, HabOJIogaeTCsT UX pa3pacTaHue
JIO 9acTUI pa3MepoM oKouto 285,15 Hm. COBOKYITHOCTb
TaKMUX 9aCTHUII (OCTPOBKOB) (hOPMHUPYET TUIOCKYIO TOH-
KOIJICHOYHYIO TVIOTHOYIIAKOBAHHYIO TeKCarOHAJIBHYIO
CTPYKTYPY, IPEACTABIISIONIYIO COOON TTOJNKPUCTAIIIIH -
YeCKHUI1 arperat u3 OCTPOBKOB, KPUCTAJUIOTpadmIecK
OIMHAKOBO OPUEHTUPOBAHHBIX OTHOCUTEIIBHO ITOBEPX-
HOCTH TUICHKU.
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Potopno-sudpamonnsiii cmecurens (RU 2685674 C1)

M3obpeTteHre OTHOCUTCS K CMECUTENIbHBIM YCTPO-
CTBaM JIJISI CMEILIMBAHUSI BbICOKOJIUCTIIEPCHBIX U HAHO-
BEIIECTB Y MOXET ObITh UCIOJIb30BAHO B XUMUYECKOI,
HeTeXUMUYECKOM, TIUILEBOM, CEIbCKOXO3SICTBEHHOM
W IPYTUX OTpacisX mpoMblnieHHocTH [3]. PoTopHo-
BUOpALIMOHHBIM CMeCUTEeNIb BKJIIOYaeT KOpMIyc, nepe-
MEILIUBAIOLIMIA OpTaH U BUOPATOP, COMEPXKUT KPBILIKY
KopIlyca, rnepeMeInBalolii opraH, BbITTOJHEHHBIN
B BUJIE TIpoOIIeJuiepa, yCTAaHOBJIEHHOTO COOCHO Hal Iepe-
MEIIIMBAOIINM OPTaHOM SIKOPHOM (pOpMBI, TIpUYEM BU-
OpaTop BBIMOJHEH B BUJI€ HAITPaBJISIIOINIEH TTOBOPOTHOM
rpebeHku. M3o06peTeHne obecrieunBaeT MOBBILLICHUE
3(OEKTUBHOCTH CMEIIMBAHUST BBICOKOTUCIICPCHBIX
M HAHOBEILIECTB, a CJIE0BATEIbHO MOBBIIIEHUE KaueCcTBa
TOTOBOM CMECH 3a CUET NMPUMEHEHUS YIbTPa3BYKOBBIX
KoJie0aHUM B TICEBAOOXKUKEHHOM CJIOE.

Croco6 cunre3a Hanokommno3utoB Ag/C (RU 2686223
C1)

M3o0peTeHre oTHOCUTCS K 001aCT XUMUM U HAHO-
texHosornu. Crrocob cMHTe3a HaHOKOMIIO3UTOB Ag/C
BKJTIOYACT IIPUTOTOBJICHNE COBMECTHOTO pacTBOpPA ITOJIH-
akpunonutpwia (ITAH) u Hutpata cepedpa B ITUMETHII-
dbopmamune (IM®DA), BEIIEPKKY IO TTOJTHOTO pacTBOpe-
HUS BCEX KOMITOHCHTOB, yIaJICHNE TUMeTHI(hopMaMuIa
MyTeM BBIITApUBAHMS U HATPEB ITOJYICHHOTO TBEPIOTO
ocratka [4]. IIpuroToBIcHIE COBMECTHOTO PacTBOpA I0-
smakpuionurpuia u AgNO, B tumeTniopmMamuze ocy-
mIecTBISIOT Ipu TemriepaType 30—70°C mipu ciiemyroneM
COOTHOIIIEHUN KOMIIOHEHTOB: MOJIUAKpWIOHUTpII 4,7%,
numetuindopmamun 93,8—-94,6%, AgNO, 0,7-1,5%.
BrimapuBanne muMeTmiopMaMuaa IIPOBOIST IIPU
60—80°C. OcyIIecTBISIOT O3TAITHBIA MH(MPaKPaCHBIIA
HarpeB MOJYYCHHOTO TBEPIOTO OCTaTKa IIPU JaBICHUHN
10—2—10—3 MM pt.cT. CHavama npoBOISIT MpeaBapu-
TeJIbHBIN HarpeB B TeueHue 5—15 munyt npu 80—200°C
€O CKOpOCThIO Harpesa He ooree S0°C/muH. OUHATBHBIN
Harpes IPOBOIAT B TedeHUe 5—15 muHyT 11pu 80—700°C
CO CKOpOCTBIO HarpeBa He 6oee 50°C/muH. M300peTe-
HIE TT03BOJISET YIIPOCTUTH TOTyIeHEe HAHOKOMITO3UTOB,
BKJTFOUAIOIINX HAHOUACTHIIBI cepebpa Ag ¢ pa3mepom 19—
28 HM B YIJICpOIHOI MaTpuile, 6¢3 MCITOIb30BAHUS T0-
TIOJTHUTEILHBIX BHEIITHUX BOCCTAHOBUTEIIPHBIX ar€HTOB.

Pexxymuii MHHCTPYMEHT ¢ M3HOCOCTOMKUM MOKPbITHEM
(RU 2685820 C1)

M3006peTeHne OTHOCHUTCS K METAJIOPEKYIIeMY MH-
CTPYMEHTY, B YaCTHOCTH K PEXKYIINM IIaCTHHAM U (ppe-
3aM, MCITOJIb3YEMBIM IJIST 00paOOTKM M3ICTUIA U3 TPYI-
HOOOpabaThIBaMBIX MATePHAIOB, B TOM YMCJIC 3 TUTAHA
U ero CIUIaBOB [5]. Pexyiuiit ”THCTPYMEHT ¢ U3HOCO-

CTOMKMM TTOKPBITUEM, COAECPKALLMIA PEXYIIIUE KPOMKHU,
00pa3oBaHHbIE HA MEPECEUYeHUU TepeaHENr U 3aaHel
MOBEPXHOCTEN TBEPAOCILJIABHON OCHOBBI peXYIllel ya-
CTH, B KOTOPOM M3HOCOCTOMKOE MOKPHITUE BKIIIOYA-
€T, TI0 MEHBIIIeIt Mepe, CTPYKTYpY, ChOPMHUPOBAHHYIO
u3 TiB,. Crpykrypa, chopmuposanHas u3 TiB,, conep-
JKUT, IO MEHbIIEH Mepe, MOoCceA0BaTeIbHO HAHECEHHbIE
MIPOMEXKYTOYHBII cyroit u3 TiB, M MIBHOCOCTOMKMIA CiToi
u3 TiB,. ITpOMeXyTOYHBIN CIIOM MMEET CTOIOUATYIO
MeTaorpaguyeckyto CTpyKTypy € TIPeUMYILEeCTBEH-
Hoit opueHTarueir 001. M3HocoCTOMKMIT clIoi MMeeT
B CBOEM COCTaBe, II0 MEHbIIIEN Mepe, CJION C BHyTPEHHEN
CTPYKTYPO# C TEKCTYPUPOBAHHBIMUA HAHOKOJIOHOUYHBI-
MU 3epHamu ¢ opueHTaumeit 001 ¢ amopdHoit p-dazoii
B TPaHUIIAX YIIOMSHYTHIX 3epeH. ObecrieunBaeTCs ITOBBI-
IIEHNE CTOMKOCTH PEXYILero MHCTPYMEHTA C TIOKPBITU-
eM, colepxKalum TiBz.

Cnoco0 M3roToB/IeHNs U3Ae/ NIl C AHTUCTATHYECKUMU
cpoiicteamu (RU 2685120 C1)

M3o0peTeHre OTHOCUTCS K 00J1aCTU KOMITO3UTHBIX
MaTepuajJoB M KacaeTcsl CIIoco0a M3TOTOBICHUS KOM-
ITO3UTHOTO CTEKJIOTUIACTUKOBOTO JINCTA C aHTUCTaTHYC-
CKMMU CBOMCTBAMU U [IOJIy4aeMOT0 U3 HEro usiesus [6].
C11oco06 M3rOTOBJICHHUST KOMIIO3UTHOTO CTEKJIOTUIACTH -
KOBOTO aHTHCTATUYECKOTO TT0 0OBEMY JIMCTA TOJIITNHOMN
ot 0,5 1o 10,0 MM 119 M3TOTOBJIEHUS IIPECCOBAHHBIX
W3OS 3aKIIF0YaeTCs B TOM, YTO Ha TIEPBOM CTamuM
noan3(UPHYIO CMOIY U MOPOIIKOOOpa3HbIe J00aBKU
C HAHOKOMITOHEHTOM, KOTOPKII TIpUAacT JIUCTY aHTHU-
CTaTUYHOCTh, CMEIINBAIOT B IMCCOIbBEPE ¢ 00pa3o-
BaHMEM ITaCThI, KOTOPYIO TTOAAIOT B €MKOCTH, OTKYIa
OHa Ha BTOPOI CTaIUM HAHOCUTCS Ha IBUKYIIIUECS TION
HUMM TJICHKH, U TIPY 3TOM Ha BTOPOI CTaIWU IIpUMe-
HSIeTCSI XUMHMYECKOe 3aTyIIeHNe TTOIN3(UPHONA CMOJIBI
IyTeM BBEICHMSI B COCTaB ITACThI 3aTyCTUTEIISI, YBEII-
YWBAIOIIETO BSI3KOCTH JJISI BO3MOXHOCTH ITOCIIEIYIO-
IIEro MPeCcCoBaHMSI Uyepe3 3—5 mHei, 1 OMHOBPEMEHHO
C 3TUM apMUpYIOIIee CTCKIOBOJIOKHO MOIAI0T B pyOoU-
HYI0O MaIllUHY, PACITOJIOKEHHYIO Hal ITOBEPXHOCTHIO
ITacThl, HAHECEHHYIO Ha OOHY M3 IJICHOK, pyOsT Ha OT-
pPEe3KM 3aJaHHON JUIMHBI M XaOTUYHO TMOHAI0T Ha I10-
BEPXHOCTH CJIOS ACThI, CBEPXY HAKaThIBAIOT BTOPOIA
CJIOM 13 TICHKH C ITACTOM U TIONAI0T B YIUIOTHUTEIHHYIO
CHCTEMY POJIMKOB, TAC IIPOUCXOTUT IIPOITUTKA CTEKIIO-
BOJIOKHA ¥ yOaJIeHUE ITy3bIPhKOB BO3IyXa, B Pe3yIbTaTe
ITOJTyJaioT JIUCT, KOTOPHI HAMATHIBAIOT Ha CTaJIbHBIC
POJMKY, PAcITONOXEHHBIC Ha cTejutaxke. [1oayaeHHbII
JINCT HApe3aroT Ha CTOJIE, YOAISIsI KPOMKH, 00CTHCHHBIC
CTEKJIOBOJIOKHOM, IIPHM 3TOM O00pe3KU KIJIadyT B LIEHTP
HaBECKH B CTOIIKY, KOTOPYIO TTIOMEIIAIOT B IIpecc-hopMmy,
n hopMuUpyIoT usnenue. M3odpeTeHe obecIieunBaeT
MIPpUIaHNE JTUCTY U TOTOBOMY M3 HETO M3ICIUI0 aHTHU-
CTaTUYECKUE CBOMCTBA IO BCEMY 00BEMY.
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Crnioco0 U3roToBjieHHs aJIMa3HOTO HHCTPYMEHTA C Ha-
HomMomupummpoBanHoii pexymeii yacteio (RU 2685917
C1)

M300peTeHre OTHOCUTCS K 00JIACTU U3TOTOBJICHUS
WHCTPYMEHTA pe3aHusI TBEPABIX M BHICOKOTBEPIBIX Ma-
TepUaJIoB M MOXKET HAlTU MpUMEHEeHUE 1T U3TOTOB-
JIEHWS aJIMa3HOTO PeXyIIero MHCTpYMEHTa, B YaCTHO-
CTH, KaMHe0o0OpadaThIBAIOIIEr0 aIMa3HOTO OTPE3HOTO
KpyTa ¢ BOIHBIM H/VJIM BO3MIYIITHBIM OXJIAKICHUEM LTSI
pPE3KM KeJe300eToOHa, KUpIJya, KepaMorpaHuTa, or-
HEYITOPHBIX MaTepuaioB TpaHUTa, MpaMopa U IPYTUX
MUHepaos [7].

TexHnuecKMii pe3ysIbTaT JOCTUTAIOT TEM, UTO CIIOCO0
W3TOTOBJIEHUS aJIMa3HOTO MHCTPYMEHTA C HAHOMOJIM -
(GUIMPOBAHHOM PEXYILE YacThIO0 BKJIIOUAET IPUTO-
TOBJIEHUE MOPOILIKOBOI CMeCHU Ha OCHOBE aJIMa3HOTO
TIOpOIITKA U CBSA3KH, BBeJIEHNE B CMECH IIacTU(UKATOPA,
TpaHyJIMPOBaHNe, TO3UPOBaHE, XOJIOTHOE TTPeCCOBaHNE
peXXyIeil YacTi MHCTPYMEHTA, ropsiuee IpeccoBaHue,
TaJITOBKY, COeAMHEHME PEXYIIEe YaCT! ¢ THCTPYMEHTOM
¥ BCKPBITHE aJIMA30B.

YeTaHOBKA MJIA3MOXMMHMYECKOT0 CHHTE3a HAHO-
pa3MepHBIX MOPOIIKOB U UCMOJIb3yeMbIid B Heil IIMKJIOH
(RU 2686150 C1)

YcTaHOBKA COMEPKUT peakTop, KOPITYC KOTOPOTO
PaCITOJIOKEH BEPTUKAIBHO U BHITTOJTHEH C BO3MOXHO-
CTBIO HarpeBa, YCKOPHUTEIb SJIICKTPOHOB C DYHEPTHECH
anexkTpoHoB 300—1000 kaB, crucTteMy momaum peareHTa
B PEaKTOP, COMEPKAIIYIO PACXOTHYIO EMKOCTb, 103aTOp,
Oy(depHYI0 eMKOCTh M 3aIIOPHBIN KJIallaH, BaKYyMHYIO
CHCTEMY, YCTPOMCTBO pa3IeIeHUS TBEPIBIX 1 Ta3000pa3-
HBIX TIPOAYKTOB IIA3MOXMMUUYECKOTO CTHTE3a, BBITION -
HEHHOE B BUE IITHEKOBOTO IMKJIOHA C BO3MOKHOCTBIO
HarpeBa ero KopIryca, M CUCTeMY OTIOEJICHUS pacTBO-
PUMBIX Ta3000Pa3HBIX ITPOAYKTOB ILIA3MOXUMNIECKOTO
CHHTE3a, CBSI3aHHYIO CO IITHEKOBHIM ITUKJIOHOM 4epe3
3IIEKTPOCTATUICCKUNA (DUIBTP, TIPH 3TOM BBIXOI peaK-
TOpa 1 BXOI ITHEKOBOTO IIMKJIOHA pa3de/IeHbl aBTOMAa-
THYECKHUM BBIITYCKHBIM KJIaITaHOM [8].

M3006peTeHre OTHOCUTCSI K 000PYIOBAaHUIO TIJIa3-
MOXMMHMYECKOTO CHHTE3a YITPaINCIIEpCHBIX ITOPOIII-
KOB, HCOPTAaHUYECKMX COCAMHEHUN M KOMITO3UIINIA,
B YaCTHOCTHU K YCTAaHOBKE ITA3MOXUMIYECKOTO CHHTE3a
HaHOpPa3MEPHBIX MIOPOIIKOB W IIIHEKOBOMY IIMKIIOHY,
HUCIIOJb3yeMOMY B Heil. MI300peTeHune obecrieunBaeT
BO3MOXKHOCTD MOJIYICHUS pa3TNUYHBIX BUIOB IIPOIYK-
MY HAaHOPAa3MEPHBIX ITOPOIITKOB ¥ KOMITO3UITMOHHBIX
MaTepHaJioB Ha X OCHOBE C BBICOKOM XUMUIECKOM UM~
CTOTOM Ha OJHOM M TOM Xe 000pPYIOBaHWHU, a TAKKE
YMEHBIIICHAEe BPEMEHHN TEXHOJIOTMIECKOTO TIepexoaa
OT OTHOTO TIpollecca K IPYrOMYy 1 BBICOKHIT SKOHOMMU-
yeckuii a(ppexT.

Cnoco0 cunTe3a HAHOYACTUI] METAJITIOB OCAXKIEHHEM
Ha mopucThIi yriaepoansiii maTepuan (RU 2685564 C1)

M300peTeHre OTHOCUTCS K IOJYYEHUIO HAHOYACTHIL
MeTajuia. Croco0 BKIIIOYAEeT UCIapeHe MULLIEHU U3 Me-
TaJUla JIEKTPOHHBIM ITyYKOM B BAKYYME U OCaXKIEHME Ha-
HovacTuil MeTayria [9]. McnapeHne MuIIIeHN 13 MeTara
BEIyT 9JICKTPOHHBIM ITy4KOM, HAIIPABJIEHHBIM IO YTJIOM
30—90 rpamycoB K ToBepxHOCTH MUIIIeHI. O0eCTIeYnBaAIOT
MIPOCTPAHCTBEHHOE CKAHMPOBAHKE 3JICKTPOHHOTO ITy4YKa
I10 IBYM KOOpIMHATAM Ha MULIEHU C YaCTOTAMU B IIpefie-
stax 5—200 I'ip u amrumrynoii 5 mm B Teuenune 10—1000 ce-
KYH/I 1 BpEMEHHYIO MOIYJISILIMIO TOKA IyYKa C YaCTOTOM
10—100 I'tx co ckBaxxHOCTBIO 1—10. OcaxxneHne HaHO4YA-
CTUII] METAJIJIa OCYILIECTB/ISIOT U3 HAIIPABJIEHHOTO [TOTOKA
Ha MOIJIOXKKY, IOKPBITYIO [IOPUCTHIM YIJIEPOIHBIM MaTe-
puanoM ToauHoi 0,1—2 MM, HACHIITHOM IIJIOTHOCTBIO
0,04—0,06 r/cM 1 yCTAaHOBJIEHHYIO HA BOAOOXJIAXKIAEMOM
MenHOM 3KpaHe. O0ecITeYnBaeTCs YMEHBIIICHUE TTOTJI0-
LIEHMS DHEPTUU B [Tapax METaJLIa, YTO YBEIMYUBAET IIPO-
U3BOAUTEIbHOCTD PACIIbLICHUSI.

Crnoco0 M3roToBJIEHHS TA30BOT0 CEHCOPA C HAHOCTPYK-
TYPO¥ CO CBEPXPA3BUTOM NOBEPXHOCTHIO M Ta30BbIil CEHCOP
Ha ero ocHoBe (RU 2687869 C1)

Cmoco0 M3TOTOBJIEHUS Ta30BOTO CEHCOpa C Ha-
HOCTPYKTYPO CO CBEpXpPa3BUTOI MOBEPXHOCTHIO 3a-
KJIIOYaeTCs B TOM, YTO O00pa3yloT reTepoCTpyKTypy
W3 Pa3INIHBIX MaTepHAJIOB, B KOTOPOl (hDOPMUPYIOT
ra3o04yBCTBUTEJIbHBIN Cil0i. [Tocie yero e€ 3aKkperuisiioT
B KOpITyCe CEHCOpa, a KOHTAKTHbIE TIJIOIIAIKU COeIM-
HSIIOT C BBIBOJIAMU KOpPMyca NPy MOMOIIM KOHTAKTHBIX
MPOBOIHUKOB, Ta304yBCTBUTEIbHbIN CJIOU (GOPMUPYIOT
B BUJE HAHOCTPYKTYPhI CO CBEPXPA3BUTON MOBEPXHO-
CTBIO MYTE€M JIBYXCTAAMMNHOIO XMMUYECKOTO CUHTE3a,
Ha MepBOU cTaauu KOTOPOTro (OpMUPYETCS OTHOPOIHAS
TOHKOW TIJIEHKA OKCHA LIMHKA, TIPEICTaBIsgtonas coooi
3apOJBIIIEBBIN CITIOU, a HA BTOPOU CTaIy METOAOM TH-
JIpOTEPMaIbHOTO CUHTE3a (hOPMUPYIOTCS HAHOCTEPKHU
oKcuja IIMHKa, 00pa3ylolie CBEpXpa3BUTYIO MOBEPX-
HocTb [10].

TexHuueckuil pe3ysbTaT 3aKjatouaeTcs B obecrie-
YEeHUU BO3MOXHOCTHU MOBBIIIEHUST YYBCTBUTEIBHOCTU
K ra3aM-BOCCTaHOBUTEJISIM TTpU OJIU3KOM K KOMHATHOM
temmepatype (25—50°C).

Taxxce npedcmaeasiiom unmepec 045 CREUUAAUCTIOB
caedyrouue u3o00pemenus 6 004acmu HaHOMEXHOA02UlL:

*  CTpouTenbHBII KOHCTPYKIIMOHHEBIN 251eMeHT [11].

* Cmocob cuHTe3a KOMITO3UTHOTO YIJIEPOIHOTO Ma-
TepHaja ¢ HaHOYaCTUIIaMH MeTajlia ¢ IIepeHOCOM
YaCcTH MX JIEKTPOHHON IIJIOTHOCTH B YIJICPOTHYIO
MaTtpuny [12].
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*  Cmoco0 M3roToBIeHMST MapKEpa TOPIOYECMAa30UHBIX
MaTtepuanos [13].

* CucremMa OYMCTKH CTOYHBIX BOJ C MCTIOJIb30BAHUEM
HaHOMOIN(MUIIMPOBAHHBIX IIPUPOTHEIX COPOCHTOB
[14].

* HaroxpucTamt, ruapo30Jib HAHOKPUCTAJUTMICCKON
LEJUTI0NI03bI U CIOco0 ero mojyuyeHus [15].

*  Cnoco0 ToayJeHns MeMOpaH i yIbTpaduiIbTpa-
LIMU BOAHBIX cpex [16].

* Texnonornu noBsImeHNs 3G (PEKTUBHOCTH JIEKTPO-
notpebieHus [17].

*  Crroco0 mory9eHuUs ITPO3pavHOil KepaMUKI UTTPUI-
aJTloOMUHKMEBOTO rpaHaTta [18].

* TenmeHIINM pa3BUTHUS [IOOATBHBIX SHEPTCTUICCKIX
pbIHKOB[19].

*  Crroco0 1 yCTpOHCTBO aTOMHO-3MUCCUOHHOTO CITeK-
TPaJIbHOTO aHAJIM3a HAHOOOBEKTOB [20].

* Cnocob TepMUYECKOI OUMCTKHU YIJIEPOTHBIX HAHO-
TpyooK [21].

*  MeTom morydeHUs IIPOYHOTO M TOKOITPOBOASIIIETO
BOJIOKHA ITyTE€M BEITSITUBAHUS TUICHOK U3 YIJICPOI-
HBIX HAaHOTPYOOK [22].
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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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Abstract: Research and synthesis of materials with fundamentally new properties play the key role in the development of modern
science and technology. The most perspective materials are considered to be aerogels: nanostructured materials with many useful
properties. The mesoporous structure of airgels determines their widespread use, both in industry and in science.

Over the past few decades, nanostructured silica-based material has become an integral part of many industry segments: ther-
mal and noise insulation, electronics, chemistry, medicine, environmental protection, industrial and fire safety, energy, aerospace
industry, consumer goods and military technology.

The article discusses an experimental study of the heat-shielding properties of a heat-insulating material based on silicon oxide
airgel - Insuflex. This is a flexible rolled material used for thermal insulation of elements of technological installations, pipelines, valves
and control valves. Using the method of ordinal statistics, the exponential dependence of the coefficient of thermal conductivity of
the airgel on the average temperature of the sample is determined. The results obtained indicate the possibility of energy-efficient
use of the material in heat supply and heat consumption systems.

Keywords: thermal conductivity, thermal insulation, aerogel, modeling, measurement.
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BKCHEPVIMGHTaHbHOG ncanepgosaHme TemonNsoNALNOHHDIX
HaHOMaTepuaiaoB Ha OCHOBeée aBPOFEHEﬁI

Aemopebl:
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poueHT, OTBOY BO «Ydumckuii rocyaapcTBeHHbI HeGTAHON TEXHNYECKUNIA YHUBEPCUTETY;
Poccua, 1. Yoa, Pecny6nuka bawkopTtocTtaH, nsp-rb@mail.ru

Pe3iome: B HacToALlee BpeMA JOCTMXKEHUA B Pa3BUTUM NepeAoBbIX TEXHONIOMNIA HEMNOCPEACTBEHHO CBA3aHbl C KAUeCTBOM
1 TEXHOJOTMYHOCTBIO MCMONb3yeMblX MaTepuranoB. K Hanbonee nepcnekTMBHbIM OTHOCATCA a3pOoresin — HAHOCTPYKTYPUPOBaHHbIE
MaTepuarbl CO MHOXKECTBOM MOJIe3HbIX CBOMCTB. Me3onopucTasa CTpyKTypa asporenen onpefenaer Ux LWMPoOKoe NpUMeHeHNe,
KaK B MPOMBILLIEHHOCTU, Tak U B HayKe.

3a neprog OKoo NonyBeKa HAHOCTPYKTYPUPOBAHHbI MaTepuran Ha OCHOBE KpeMHe3eMa Halles LWPOKOe NpYMEHEHVE BO MHO-
X HaMpaBIEHUAX HayKM 1 TeXHUKW. CPeAn HUX — TEMNO- U LYMOU30/IALMA, aBTOMATVIKA, XUMUA, MeAULIMHA, OXPaHa OKpYy»KaloLLeil
cpefpbl, NPOMbILLIEHHAA U MoXapHaa 6€30MacHOCTb, SHepPreTMKa, aPOKOCMMYECKan MPOMbILINIEHHOCTb, NOTPebUTENbCKIMe TOBapDI
1 BOEHHbIE TEXHOJOTVIN.

B cTaTbe paccMOTpeHO 3KCnepuMeHTanbHOe UCCejoBaHMe TEMM03aLWMTHbBIX CBONCTB TEMOM30ALMOHHOMO MaTeprana Ha
OCHOBe KpeMHMIoKcugHoro asporens — Insuflex. 1o rmbKunii pynoHHbIN MaTepuan ana CHKEHNA TeNIonoTepb C MOBEPXHOCTU
TeXHonormyeckoro 06opyAoBaHNa, TPY6ONpPOBOLHbIX CUCTEM, OTCEKAIOLWWEN 1 perynupyoLiein apMatypbl. MeTogom nopagKoBbIX
CTaTUCTUK YCTAHOBJIEHA SKCMOHEHLMaNbHaA 3aBUCMMOCTb KOG dULMEHTa TENTONPOBOAHOCTN a3pOorensa OT CpefHel TeMrnepaTypbl
obpasua. MonyyeHHble pe3ynbTaThl CBUAETENCTBYIOT O BOSMOXHOCTY S3HeproaddeKTMBHOIo NpYMeHeHVs mateprana B cMctemMax
TennocHabxeHna 1 TennonoTpebneHns.
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INTRODUCTION

lot of modern research is concentrated in the devel-

opment of new materials [1]. Of greatest interest is
the group of nanostructured airgels [2]. By 2019, quartz,
amorphous silica, carbon, and silica with gadolinium and
terbium additives [3], aerogels based on oxides of zinc,
chromium, tin, tungsten, iron with aluminum additives,
etc. were obtained in the world [4].

The material of the airgel class is a lattice of intercon-
nected nanofibers or nanotubes [5]. This is a special cluster
of substances with high porosity, specific surface area, small
size of solid particles, and openwork structure of a solid
skeleton [6]. Aerogels were first synthesized by S. Kistler
(USA) in the early 30s of the twentieth century [2]. The
first airgel samples were obtained on the basis of silicon
dioxide, oxides of aluminum, tungsten, iron, tin, etc. [7, 8]

In the gel family, airgel based on SiO, is of interest
both from the point of view of scientific study and for
practical use [9, 10]. Its gross production exceeds one

Table 1
Technical characteristics of silica SiO, airgel [16]

v

third of the global synthesis of nanomaterials [11]. Silicon
oxide airgel has a stochastic fractal structure, which is de-
termined by the structure and nature of the bonds between
silicon oxide bridges (O—Si—O—Si —O) [12]. The special
properties of the airgel are due to the high specific pore
volume (up to 99% of the volume) with sizes from 5 nm
to 100 nm each [13].

In the table 1 the main technical characteristics of sili-
ca SiO, airgel based on studies of the Lawrence Livermore
National Laboratory (USA) are shown [14, 15].

MAIN PART
The relevance of the task

Airgels with low thermal conductivity are used as heat-
insulating, heat- and fire-retardant, sound-insulating,
structural, filtering materials, etc. [17]. Thermal protec-
tion based on them is increasingly used in refrigeration
technologies for tanks with liquefied hydrocarbons [18].

Ne | Name of indicator

Value of indicator

[a—

Composition

hydrophobic type — 95% SiO,, ~4% C, ~1% H
hydrophilic type — 99,6% SiO,, ~0,4%H

2 | Density, kg/m3 4...600

3 Porosity, % 73...99,8

4 The thickness of the fibers, nm 2.3

5 | Specific surface area, m?/g 580...960

6 Coefficient of thermal expansion, cm/cm ~2%107% (at 293...353 K)
7 | Thermal conductivity, W / (mK) 0,016...0,030

8 Melting point, K ~1473

9 | Usetemperature, K 3...650
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The authors’ studies [ 18] showed that the total thermal
conductivity of the airgel slightly depends on the proper-
ties of the material frame. In this case, heat transfer by
heat conduction between granules and nanofibers plays
a decisive role at low operating environmental param-
eters. At high temperatures, the bulk of the thermal en-
ergy is transferred in a radiant manner. The convective
heat transfer in nanopores and capillaries with a diameter
of less than 2 mm is negligible in view of the impossibil-
ity of forming free convection flows [19]. Many authors
have experimentally confirmed that the overall thermal
conductivity of materials based on airgel significantly
depends on the properties of the gas filling the pores and
capillaries, humidity, and the diameter of the nanopores.

Studies conducted on airgels [20, 21] show that ther-
mal conductivity decreases with decreasing material tem-
perature (Fig. 1).

In this case, the minimum values @@ of the coefficient
of thermal conductivity are achieved in the zone of deep
negative temperatures. This indicates the particular ef-
fectiveness of the aerogels use in the cryogenic region
of the operating parameters.

Experimental part

This work is devoted to the justification of the heat-
shielding properties of airgel material in the temperature
range of operation of heat supply systems. An experi-
mental study of the thermal insulation properties of the
airgel was carried out on samples of industrial thermal
insulation made on the basis of fiberglass. This is a rolled
material for coating technological equipment, pipelines,
shutoff and control valves in order to reduce heat loss
[22]. The thickness of the material in the roll is 10 mm
(Fig. 2a). The accuracy of the experiment was ensured
by the organization of measurements on samples of two

types — in 2 and 3 layers of material, i.e. total thickness
of 20 and 30 mm.

To measure the thermal conductivity of the material,
the ITP-MG4 «250» device was used (Fig. 2b).

The device is designed to measure indicators of the
intensity of heat transfer by thermal conductivity:

— thermal conductivity coefficient, A, W/mK;
— thermal resistance, R, m*K/W.

The instrument options allow you to conduct an ex-
periment either in stationary mode or by using a heat
probe.

In the experiment, the thermal conductivity and
thermal resistance of the material were determined at an
average sample temperature of +15° to +42.5°C. The tem-
perature control of the refrigerator and heater and their
temperature control were carried out automatically.

The main technical characteristics of the device are
given in table 2.

During measurements, a stationary heat flux through
a flat sample is created. In the experiment, the thickness
of the sample, the density of the heat flux, and the tem-
perature of the faces of the sample are recorded.

To ensure the stability of heat transfer in the device,
a control unit for the heater and the refrigerator is made
on Peltier elements, a heat meter, and platinum thermo-
couples. The cooling of the Peltier elements is organized
by a fan.

The measurements were carried out in a stationary
mode on samples of different thicknesses at different tem-
peratures of the heater and refrigerator in the entire range
of operating temperatures of the device. The temperature
difference between the heater and the refrigerator was
maintained in the range of 35—40°C. The results of mea-
surements of the thermal conductivity of the material for
a sample 30 mm thick are given in table 3, for a sample
20 mm thick — in table 4.

Fig. 2. Organization of an experimental study of airgel material
a — heat insulation based on airgel Insuflex; b — heat meter ITP-MG4 «250»
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Table 2
Technical characteristics of ITP-MG4 «250»

Ne | Name of indicator Value of indicator

Range of measurement of the coefficient of thermal conductivity in stationary mode, W/mK [0,01...1,5

2 | Range of measurement of thermal resistance, m>K/W 0,01...1,5

Range of measurement of thermal conductivity by the method of a heat probe, W/mK 0,03...1

The limit of the main relative error in determining the coefficient of thermal

. . . . 5
conductivity and thermal resistance in stationary mode, %

The limit of the main relative error in determining the coefficient of thermal
conductivity and thermal resistance in stationary mode, %

6 |Sizes of the test sample, mm 250%250%5..50
Time of one measurement, no more, min:

5 +7

7 | — in stationary mode 120
8 | — by a method of a thermal probe 10
Table 3
Measurement results on a sample 30 mm thick
Material Surface Temperature Thermal
cold heated medium conductivity
Test number
t t t, A
°C °C °C W/mxK
Ne 1 —1 35 17 0,017
Ne 2 0 36 18 0,018
Ne 3 1 37 19 0,018
Ne 4 2 38 20 0,018
Ne 5 3 39 21 0,020
Ne 6 4 40 22 0,020
No 7 5 41 23 0,020
Ne 8 6 42 24 0,019
Ne 9 7 43 25 0,018
Ne 10 8 44 26 0,020
Ne 11 9 45 27 0,019
No 12 10 46 28 0,018
Ne 13 11 47 29 0,018
Ne 14 12 48 30 0,018
No 15 13 49 31 0,019
Ne 16 14 50 32 0,018
Ne 17 15 51 33 0,018
No 18 16 52 34 0,019
Ne 19 17 53 35 0,018
Ne 20 18 54 36 0,018
No 21 19 55 37 0,018
Ne 22 20 56 38 0,018
Ne 23 21 57 39 0,018
Ne 24 22 58 40 0,018
Ne 25 23 59 41 0,018
Ne 26 24 60 42 0,020
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Table 4
Measurement results on a sample 20 mm thick
Material Surface Temperature Thermal
cold heated medium conductivity
Test number
t t t, A
°C °C °C W/mxK
Ne 1 -1 35 17 0,018
Ne 2 2 38 20 0,018
Ne 3 4 40 22 0,018
Ne 4 42 24 0,018
Ne 5 8 44 26 0,018
Ne 6 10 46 28 0,018
Ne 7 12 48 30 0,018
Ne 8 14 50 32 0,018
Ne 9 16 52 34 0,018
Ne 10 18 54 36 0,018
Ne 11 20 56 38 0,019
Ne 12 22 58 40 0,019
Analysis of the results of the average value in the interval for three sub-intervals,

The results obtained during the measurements showed
that the experimental value of the thermal conductivity
of the insulating material lies in a rather narrow range
of values@ @ (0,017...0,02) W/mK with high repeatabil-
ity of 0,018 W/mK. Therefore, an assumption was made
about the normal law of distribution of thermal conduc-
tivity values O O for the range of average temperatures
of the material (17...42)°C.

To confirm this hypothesis [23] according to the re-
sults of measurements carried out on a sample 30 mm
thick, a histogram of the relative frequencies of thermal
conductivity hitting values O @ was plotted as a function

shown in Fig. 3. The sample size was 26 values, the sub-
interval length was 0.001 W/mK. The sample average
value for this sample, taking into account the relative
frequency, was 0,0188 W/mK. For such a distribution,
the sample standard deviation is 0 = 5,49x 104,

The calculated value of the Pearson %> consent crite-
rion is identified at 0,065, which indicates a low reliability
of the accepted hypothesis. This is due to the influence
of the average temperature on the thermal conductivity
of the material, which is significant for the studied tem-
perature range.

The dependence of the thermal conductivity of the
material on the average temperature of the sample is
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Relative frequency, p.u.
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Fig. 3. Relative frequency histogram
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0,021 0,020
0,020 QO O 1% 0,019
0,019 -
0,018 ~
0,018 -
0,017 O 0,017
0,016 0,016
0,015 T T T 0,015 T T T
10 20 30 40 10 20 30 40
a The average temperature of the sample, ° C b The average temperature of the sample, ° C

Fig. 4. The dependence of the thermal conductivity of the material on the average temperature of the airgel sample

a — sample thickness 30 mm; b — sample thickness 20 mm

shown in Fig. 4a and Fig. 4b. The solid line in the figures
shows the dependence of the thermal conductivity of the
material on temperature according to the manufacturer
of thermal insulation. In general, the presented results
confirm the data on the thermal insulation properties
of the airgel, declared by the manufacturer of this material
(marker in Fig. 1).

At the same time, on the sample with a thickness
of 20 mm, a fairly clear increasing dependence of thermal
conductivity on temperature is observed, which corre-
sponds to the data of the manufacturer of thermal insula-
tion material.

The results obtained on a sample 30 mm thick have
a sufficient amount of noise interference, which prevented
a more accurate determination of the desired value.

Building a model for data with a large spread gives
an approximate solution with a low confidence value.
To increase the accuracy of determining the dependence,
we used the method of ordinal statics or the ordinal ap-
proximation of a monotonic dependence [23]. Moreover,
from the obtained experimental data, the monotonic
dependence is restored, in accordance with a previously
known distribution law. In particular, for thermal con-
ductivity this is a monotonically increasing function.
The result of applying the method of ordinal statics for
experimental data obtained on a sample 30 mm thick
is shown in Fig. 5. These results have a higher confi-
dence value compared to the initial data, which con-
firms the effectiveness of this method for the restoration
of monotonic dependencies.

L =0,016e2005tp

Thermal Conductivity, W/ mK
o
©
%

0,015 . .
15 20 25

The average temperature of the sample, ° C

30 35 40 45

Fig. 5. The dependence of the coefficient of thermal conductivity of the airgel on average temperature restored

by the method of ordinal statics
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CONCLUSION

1. The average value of the coefficient of thermal con-
ductivity of a thermal insulation material based on silicon
oxide airgel — Insuflex — at the level of 0,0185 W/mK,
which is significantly lower than similar indicators for
other thermal insulation materials in the temperature
regime of heat supply systems, has been experimentally
established.

BBEJEHUE

MHO)KCCTBO COBPEMEHHBIX MCCIICIOBAHII CKOHIICH-
TPUPOBAHO B c(pepe pa3pabOTKM HOBBIX MaTepHa-
Ji0B [1]. Hanbonwiumii MHTEpeC BhI3bIBAET rPYIIa HAaHO-
CTPYKTYpPHBIX asporesneii [2]. K 2019 1. B Mupe IorydeHbI
KBaplEeBbIii, aMOP(HBIN KPEMHE3EMHBII, YIJIEPOIHBIH,
KpeMHEe3eMHbIH ¢ JoOaBKaMU rafoJIMHuS U Tepons 3],
a’poresiM Ha OCHOBE OKCUIOB IIMHKA, XpOMa, 0JIOBA,
BoibdpaMa, XKeje3a ¢ aTFOMUHUEBBIMH TOOaBKaMU
unp. [4].

Marepuan Kiacca a3porejieil IpeAcTaBisIeT coooit
PEIIEeTKY U3 CBA3aHHBIX MEXKITY COO0I HAHOBOJIOKOH MJIN
HAHOTPYOOK [5]. DTO 0cOOBI KiTacTep BEMIECTB € BHICO-
KOM TIOPUCTOCTHIO, YIEIbHON MOBEPXHOCTHIO, MAJTbIM
pa3MepoM TBEPABIX YACTUIl U aXXYPHOU CTPYKTYPOM
TBEPIOTO Kapkaca [6]. BiepBble asporenn ObUIH CUH-
te3upoBaHbl C. Kuctinepowm (CILIA) B Havase 30-x romoB
XX Beka [2]. TlepBbie 006pasiisl a3porest ObUTH ToTyde-
HBI HAa OCHOBE IBYOKVCH KPEMHMSI, OKCHIOB aJTFOMUHUSI,
Bosb(paMa, XKeJre3a, ojioBa u 1p. [7, 8]

B cewmeiicTBe reseit asporenb Ha ocHoBe SiO, BbI-
3BIBaCT MHTEPEC KaK C TOYKM 3PCHUSI HAYTHOTO M3Y-

Tabauya 1

2. An equation of one-parameter regression of the
dependence of the thermal conductivity coefficient of air-
gel thermal insulation on the average temperature of the
material is obtained.

3. The low value of the coefficient of thermal conduc-
tivity of the material indicates its high energy efficiency.
The use of thermal insulation based on airgel will reduce
heat loss by no less than 47% compared with the used
heat-insulating materials.

YEeHUS, TaK W IJI MPaKTUICCKOTO MCITOJIb30BaHUS
[9, 10]. Ero BaioBoe IIpon3BOACTBO IIPEBHIIIACT TPETHIO
YyacTh OT MUPOBOro CUHTe3a HaHoMaTepuajoB [11].
KpeMHUITOKCUIHBIN a3pOTreslb UMEET CTOXaCTUICCKYIO
(pakTaIbHYIO CTPYKTYPY, OIIPEACIIeMYIO CTPOCHIEM 1
XapaKTepOM CBSI3ei MeXIY KPeMHUIHOKCHUIHBIMA MO-
ctukamMu (O—Si—0—Si—O0) [12]. Ocobric cBOICTBa
asporerst 00yCIIOBIICHBI BBICOKMM YIEJIbHBIM 00bEMOM
nop (1o 99% obbeMa) ¢ pazMepaMu KaxIoi OT 5 10
100 um [13].

B 1a6:1. 1 npuBeaeHbl OCHOBHBIE TEXHUYECKUE XapaK-
TEPUCTUKM KPeMHE3eMHOTO SiO,-asporens Ha OCHOBE
uccaenoBaHuii JInBepMoOpCcKoOil HallMOHAIbHOM 1a00-
paropuu um.Jloyperca (CIIA) [14, 15].

OCHOBHA{ YACTb

AKTyaJbHOCTDb 321291

A3poresin ¢ HU3KOMW TeTUTONTPOBOAHOCTBIO HAXOISAT
MPUMEHEHNE B KaYeCTBE TEIIOM3OISIIIMOHHBIX, TEIl-

JIO- ¥ OTHE3AIUTHBIX, 3BYKON3OJIIIINOHHBIX, KOHCTPYK-
IIMOHHBIX, GWILTPYIOIINX MaTepuasnoB u mip. [17]. Te-

Texnnueckue xapakTepucTuKU Kpemuesemuoro SiO,-asporens [16]

Nen/n| HaumeHoBaHNMe MOKa3aTes

3HaueHHe MoKa3aTess

1 CocraB

runpodo6Hbiit Tun — 95% Si0,, ~4% C, ~1% H
runpoduibHbli THI — 99,6% SiO,, ~0,4%H

2 | TlmoTHOCTB, KT/M3 4...600

3 ITopucrocts, % 73...99,8

4 | TonuHa BOJOKOH, HM 2.3

5 [nomanp ynenbHO MOBEPXHOCTH, M%/T 580...960

6 | KoadduumeHt repMuyeckoro paciumperust, cm/cm | ~2x10-¢ (mpu temmeparype (293...353)K)
7 Koaddunuent rermonposogHoctu, Br/(MK) 0,016...0,030

8 Temmneparypa nnaBnennst, K ~1473

9 | Temneparypa npumMeHeHus, K 3...650
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Puc.1. 3aBucumocThb K03(h(hHureHTa TEIIONPOBOTHOCTH A3POreJis OT CPeIHell TeMIepaTypsl MaTepuaja

10 CBeIEHUSM MPOU3BOIUTE]IS
® — pe3yibTaT U3MEPCHUI aBTOpaMM

TUTOBasl 3alllMTa Ha UX OCHOBE BCE IIMPE UCIIONB3YIOTCS
B XOJIOIVJTHHBIX TEXHOJIOTHSIX IUTST eMKOCTEH CO CXKIDKEH-
HBIMHU yTJieBomoponamu [18].

HccaemoBanus aBTopoB [ 18] mokaszaiu, yTo oommast
TETIJIONPOBOIHOCTD a3pOresisi He3HAYUTEIbHO 3aBUCUT
OT CBOIMCTB KapKaca Marepuaia. [1pu 3ToM TermtoooMeH
TETUIOIIPOBOAHOCTHIO MEXKITY TPaHYJIaMU 1 HAHOBOJIOK-
HaMU UTPaeT OIPEICISTIONIYIO POJTb IIPY HEBBICOKUX pe-
KMMHBIX TTapaMeTpax oKpysKatomeit cpenpl. [1pu BbIco-
KHX TeMIIepaTypax OCHOBHAS IOJIST TETUIOBOI SHEPTUH
TIEPEHOCHUTCS JIYIUCTBIM CITOCOO0M. KOHBEKTHBHBIM
TEPEHOC TEIJIOTH B HaHOMOpPaxX M KalmjIIsapax Jua-
METPOM MeHee 2 MM IIPpeHeOpekKMMO MaJl B BUILY HEBO3-
MOXHOCTH! (hOPMHUPOBAHMS ITOTOKOB CBOOOTHOM KOH-
Bek1u [19]. MHOTMME aBTOpaMU SKCIICPUMEHTAIBHO
OBUIO TTOATBEPKACHO, YTO 00IIasI TCILIOIIPOBOTHOCTh
MaTepuajioB Ha OCHOBE a3pOTeJisi 3HAUMTETBHO 3aBUCUT
OT CBOMCTB Ta3a, 3aIlOHSIONIETO TTOPBI M KAITHJLUISIPHI,
BIIAXKHOCTH OKPY3KAIOIIeil cpebl M AuaMeTpa HaHOIIOP.

Hccnenosanus, IpoBeieHHbBIE Ha asporensx [20, 21],
TTOKa3bIBAIOT, UTO C IIOHIDKEHUEM TeMITepaTyphl MaTepH-
ajla YMEHBIIIAeTCS TETUIOIIPOBOTHOCTD (puc. 1).

I1pu 3TOM MUHUMAJIBHBIE 3HAUYEHUS KO3 ULIMeH-
Ta TEIUIONIPOBOIHOCTHU JOCTUTAIOTCS B 30HE INIYOOKHX
OTPHIIATEIBHBIX TEMIIEPATYP. DTO CBUACTEIHCTBYET
00 0c000i1 3(PPeKTUBHOCTU TIPUMEHEHUS adporeliei
B KPMOTEHHOI 00JIaCTH TapaMeTPOB SKCIUTyaTalliH.

DKcrnepuMeHTAIbHAS YaCTh
Hacrosmasg paboTta mocssilieHa 00OCHOBaHUIO

TETJIO3AaIIUTHBIX CBOMCTB as’poreJIeBoro Mmarcpuaiaa
B AMNAIIa3oHE TeEMIIEpaTyp SKCIIyaTallu CUCTEM TC-

IUTOCHAOXKEHUS. DKCITepUMEHTAIbHOE NCCIeIOBaHNE
TETUTOU3OJISILINOHHBIX CBOMCTB a3pOTeJIsl IIPOBOIMIOCH
Ha 00paslax IPOMBITIUICHHO TETIOBOM M30JISIIINY, BBI-
ITIOJTHEHHOI Ha OCHOBE CTEKJIOXOJICTa. DTO PYIOHHBIMN
MaTepHa Il TOKPBITHS TEXHOJIOTUTISCKOTO 000PyIO-
BaHUSI, TPYOOITPOBOIOB, 3aIIOPHOI U peTyIMpPYIOIIeii ap-
MaTypHI C LIEIbI0 CHIDKEHUS IIOTEePh TETIOBOM SHEPTUN
[22]. TonmmHa MaTepuala B pyJioHe cocTaBiseT 10 MM
(puc. 2a). TouHOCTH MTPOBEICHUST IKCTIEPUMEHTA ObLiIa
obecrieueHa opraHM3allel n3MepeHNIT Ha oOpasiiax
IIBYX BUIOOB — B 2 M B 3 CJIOS MaTepuraia, T.c. IIOJTHOU
TonmHoi 20 1 30 MMm.

Jlist uamepeHust KoadduiimeHTa TeIrIonpoBOIHOCTA
Marepualia ObII0 MCIOJIb30BaHo ycTpoiictBo UTII-MT4
«250» (puc. 20).

[Tpubop npegHA3HAYCH WIS U3MEPEHMS TTOKa3aTelei
MHTCHCUBHOCTH TEIUIOOOMEHA TETIOIIPOBOTHOCTHIO:

— KoadhuIeHTa TeIIoNpPoBOTHOCTH, A, BT/MK;
— TepMHUYECKOro corpotusieHus, R, m>K/BrT.

Omun mprdopa MO3BOJISIOT IIPOBOAUTD SKCITEPH-
MEHT JIN0O MPH CTAIITMOHAPHOM PEKMME, TUOO0 METOIOM
TEILIOBOTO 30H/A.

B skcrmieprMenTe orpenessiach TeIIOIPOBOTHOCTD
1 TEPMUIECKOE COITPOTUBIICHNE MaTepHraia IIpY CPeITHEH
TeMmneparype obpasna ot +15° o +42,5°C. Perymmpo-
BaHWE TEMIIEpaTyp XOJOMMIBHUKA W HarpeBaTeNIsl U NX
TEPMOCTATHPOBAHNE BHITIOTHSIIIOCH ABTOMAaTUICCKA.

OCHOBHBIC TEXHUUECKHE XapaKTEPUCTUKH IIprOopa
IIpUBEACHEI B Ta0. 2.

IIpu ipoBeAeHUY N3MEPEHUI CO3MACTCSI CTAIIMOHAP-
HBIN TEIUIOBOI MOTOK Yepe3 ITocKuil odpasell. B akc-
IepuMeHTe (PUKCUPYeTCs TOJIIINHA 00pa3iia, INIOTHOCTh
TEILTOBOTO TIOTOKA M TeMIIePaTyphl TpaHeil oopasma.

http://nanobuild.ru

470

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2019; 11 (4):
462-477

Nanotechnologies in Construction: A Scientific Internet-Journal
HaHoTexHonorny B CTpouTeNbCTBE: HayuHbI IHTepHeT-KypHan

POWER ENGINEERING NANOTECHNOLOGIES « HAHOTEXHOJ10OMW B SHEPTETUKE

Nanob

Puc. 2. Opranusanus 3KcnepuMeHTAJILHOTO HCCIeIOBAHNS a3POreJIbHOr0 MaTepuaja

a — TerutoBast U30JISIIIUST Ha ocHOBe asporesns Insuflex; 6 — uamepurens teronposonHoct UTTT-MT'4«250»

Tabauya 2
Texnnueckue xapakrepuctuku UTII-MI'4 «250»
No 3HavyeHne
n/n HaumeHnoBaHue XxapaKTepuCTHK T T
| [uamna3oH nusMepeHus ko3 duimeHTa TerIonpoOBOAHOCTY MTPU CTALIMOHAPHOM 0.01.15
pexume, Bt/m K e
Juana3oH u3MepeHust TepMUUECKOro conpotusieHus, M2 K/Bt 0,01...1,5
3 | Anama3oH u3MepeHus TETUIONPOBOIHOCTH METOIOM TeTUIOBOTO 30Haa, BT/MK 0,03...1
4 [Ipenen oCHOBHOI OTHOCUTEIBLHOM MOTPEITHOCTH OIpeaeaeHus KoadduiimeHra +5
TEIJIONPOBOIHOCTH U TEPMMUYECKOTO COIPOTUBJICHUSI IIPU CTAallMOHAPHOM pexkume, % |~
5 [Mpenen 0CHOBHOI OTHOCUTETLHOI TTOTPEITHOCTH OTpenesieHust KoadduireHra +7
TETUTONTPOBOIHOCTU METOIOM TETUTOBOTO 30HAa, % -
6 | Pazmepsl MCTIBITBIBAEMOTO 00pa3sia, MM 250%250%5..50
Bpewmst omHOTO M3MepeHus, He Oosee, MUH:
7 | — Opu cTallMOHAPHOM PEXUME 120
8 | — MeTOomOM TEeIlJIOBOTrO 30Haa 10

st obecrieueHus CTallMOHAPHOCTU TEeTJI0O00OMeHa
B YCTPOMCTBE MPEeayCMOTPEH OJIOK YIIpaBJICHUS Ha-
rpeBaTelieM M XOJOIMIBHUKOM, BBIITOJTHEHHBIM Ha
aneMeHTax IlenbThe, TEIIOMED, TUIATUHOBBIC TEPMO-
mapel. OxnmaxkneHune smeMeHToB [1epThe OpraHn30BaHO
BCHTIUISITOPOM.

M3MepeHUsT TpOM3BOAMINCH B CTAIIMOHAPHOM pPe-
KMMe Ha 00pasliax pa3HOM TOJIIIWHBI TIPU Pa3TnIHBIX
TeMIlepaTypax HarpeBaTeIsl M XOJOAMIbHIKA BO BCEM
nuana3oHe pabouyux TemrepaTtyp npuodopa. PazHuua
TeMIIepaTyp MeXIy HarpeBaTeJIeM U XOJIOIMIbHUKOM
nomaepkuBatach B nrnana3one 35—40°C. Pe3yabTaThl 13-
MepeHMI KoadhUIMeHTa TEIIOPOBOIHOCTA MaTepra-
J1a TSt 0Opasiia TOMIHOM 30 MM TIpUBEICHBI B Ta0II. 3,
11T 0Opa3iia TommuHoi 20 MM — B Ta0II. 4.

AHaU3 MOJIyYeHHBIX Pe3yJIbTATOB

Pe3ynbTaThl, IMOTyYeHHBIC B XOI¢ M3MEPCHUI,
ImoKa3ajan, 9YTO 3KCIepUMEHTaTIbHOEe 3HAaUYCHUE Te-
TIJIOTIPOBOOHOCTH TEIUIOU3OISIIIMOHHOTO MaTepHa-
JIa JICKUT B TOCTATOYHO Y3KOM IHMAIMa30He 3HAYCHUN
(0,017...0,02) Bt/MK mipu BBICOKOT TTOBTOPSIEMOCTH
sHaueHusa 0,018 Br/MK. CnemoBaTtenbHO, OBIIO CIETaHO
TIPEATIONIOKEHIE O HOPMAJIBHOM 3aKOHE pacIpeIe/ICHIST
3HAYCHUI TeTUIOIPOBOAHOCTH IIJIST IMAIIa30HA CPETHIX
TemriiepaTyp mMatepuana (17...42)°C.

st moaTBepXKOeHNs JaHHOUW rumoTte3sl [23] 1mo
pe3yibTaTaM M3MEpPEHUI, TIPOBEACHHBIX Ha 00pasiie
tommuHOM 30 MM, ObLTa TTOCTPOSHA TUCTOTPAMMa OT-
HOCHUTEJIBHBIX YaCTOT ITOIagaHNsI 3HAUCHUH TETIOIPO-
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Tabauya 3
Pe3ynbraThl u3mMepeHuii Ha 00pasiie TomuHoi 30 MM
TemmepaTypa nOBePXHOCTH MATEPUAJIA Koaddumment
. . . TENJI0NpPOBO-
Howep onbira XOJIOHOM HarpeBaemo cpeanei NHOCTH
t t t, A
°C °C °C Br/mXK

No 1 —1 35 17 0,017

Ne 2 0 36 18 0,018

Ne 3 1 37 19 0,018

Ne 4 2 38 20 0,018

Ne 5 3 39 21 0,020

Ne 6 4 40 22 0,020

Ne 7 5 41 23 0,020

Ne 8 6 42 24 0,019

Ne 9 7 43 25 0,018

Ne 10 8 44 26 0,020

Ne 11 9 45 27 0,019

Ne 12 10 46 28 0,018

Ne 13 11 47 29 0,018

No 14 12 48 30 0,018

Ne 15 13 49 31 0,019

Ne 16 14 50 32 0,018

Ne 17 15 51 33 0,018

No 18 16 52 34 0,019

Ne 19 17 53 35 0,018

Ne 20 18 54 36 0,018

Ne 21 19 55 37 0,018

Ne 22 20 56 38 0,018

No 23 21 57 39 0,018

No 24 22 58 40 0,018

Ne 25 23 59 41 0,018

Ne 26 24 60 42 0,020
BOTHOCTH B 3aBUCUMOCTH OT CPEIHETO 3HAYCHUS B MH-  IUIOIPOBOXHOCTh MaTepHaja, KOTopasl IUIsl H3y4eHHOTO
TepBaJie IS TpeX MONBIHTePBAJIOB, IIPEACTaBICHHAsI HA  IHMAalla30Ha TeMIIepaTyp CYIIeCTBEHHA.
puc. 3. O0beM BEIOOPKM COCTaBWII 26 3HAYEHNH, IJTMHA 3aBUCUMOCTDL KO3 PUILIMEHTa TEIIOTPOBOIHO-
noneiHTepBana — 0,001 Br/MK. Beibopounoe cpemree CTU MaTepuaja OT CpedHel TeMIiepaTypbl oOpa3siia
3HaYCHUE TSI JTAaHHOI BEIOOPKU C YYETOM OTHOCHUTENIb-  TpeAcTaBiicHa Ha puc. 4a n 46. CIUTOITHON JTUHUEH

Holf yacTtoThl cocTaBuio 0,0188 Br/MK. [Inst Takoro  Ha pHCyHKax IMOKa3aHa 3aBUCHMOCTH Ko3(ddummenTa
pacripeaejieHus BHIOOPOYHOE CPeIHEeKBaApaTUYHOE  TEIIOMPOBOAHOCTU MaTepuajia OT TeMIIepaTyphl 10

OTKJIOHEHHUE COCTAaBWIO 0 = 5,49x 1074, TAHHBIM M3TOTOBUTEIIS TEILIOBOM N30SI, B 11emom,

PacuetHOe 3HaueHME KpuTepus cornacus [Inpcona  mpemcTaBieHHBIC pe3yIbTaThl MTOATBEPKAAIOT JaHHEIC
¥? uaeHTuuLIUupoBaHo Ha ypoBHe 0,065, 4To CBUAECTENb- 110 TEIUIOM3O/ISLIMOHHBIM CBOMCTBAM adpOreJisi, 3asiB-
CTBYET O HU3KOI1 TOCTOBEPHOCTU IIPUHSITON TUIIOTE3bl.  JICHHBIC M3TOTOBUTENIEM TaHHOTO MaTepuaja (MapKep
DTO CBA3aHO C BIUSHUEM CpeIHEel TeMIlepaTypsl Ha Te-  Ha puc. 1).
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Tabauua 4
Pe3yabraThl n3MepeHnii Ha 00pasiie TOJMUHOM 20 MM
TemMnepaTypa moBepXHOCTH MaTepuaa Koaddumment
OJIOTHOWA arpeBaemoyi cpenHeii LS
X0l i H BaeMo Heil
Howmep onbiTa A - L AHOCTH
t t t A
X Cp
°C o °C Br/mXK

No 1 —1 35 17 0,018
Ne 2 2 38 20 0,018
Ne 3 4 40 22 0,018
No 4 6 42 24 0,018
Ne 5 8 44 26 0,018
Ne 6 10 46 28 0,018
Ne 7 12 48 30 0,018
Ne 8 14 50 32 0,018
Ne 9 16 52 34 0,018
Ne 10 18 54 36 0,018
Ne 11 20 56 38 0,019
Ne 12 22 58 40 0,019

3 07

= bl

s 0,6

g 05

o

5 04

& 0,3

% >

E 0,2

g 0,1

g 0,0175 0,0185 0,0195

CpenHee 3HaUeHUE KO3 ULIMeHTa TEMIONPOBOAHOCTU B MHTepBaje, Bt/m K

Puc. 3. TucrorpamMma OTHOCHTEJIbHBIX 4ACTOT

ITpu 3TOM, Ha 0Opa3Ie TOMMIUHOM 20 MM ITPOCIIEKI-
BaeTCs TOCTATOYHO YeTKasI BO3pACTaoIast 3aBUCMOCTh
TETJIONIPOBOIHOCTHU OT TeMIIePaTypPhbl, COOTBETCTBYIO-
IIast JaHHBIM TTPOU3BOINTENIS TEIUIOU30JISIIMOHHOTO
MaTepHana.

Pesynbratsl, moydeHHBIC Ha 00pa3iie TONIINHOMN
30 MM, IMEIOT TOCTATOYHOE KOJIMYECTBO IITYMOBHIX T10-
MeX, TOMEIIABIINX 00JIee TOYHOMY OIIPEISICHUIO C-
KOMOI BeJTMIMHEL.

ITocTpoeHMe MOOEIN IJIs JAHHBIX ¢ OOJIBIITUM pa3-
OpocoM maeT IMpUOIMKEHHOE PelIeHNe ¢ HI3KOM Be-

JIMIUHOI TOCTOBEpHOCTH. JIJIsI TOBBIIIEHUSI TOUHOCTHU
OIIpele/IeHNS] 3aBUCUMOCTH OBLT MCITOJIb30BaH METOI
MMOPSIIKOBBIX CTAaTUK WJIW MOPSIIKOBOE ITPUOIIIKE-
HUe MOHOTOHHOI 3aBucuMocTtH [23]. IIpu sToM, U3
ITOJTYYeHHBIX SKCIEPUMEHTAJIbHBIX TaHHBIX BOCCTA-
HaBJIWBAaIOT MOHOTOHHYIO 3aBUCUMOCTb, B COOTBET-
CTBUU C 3apaHee N3BECTHBIM 3aKOHOM pacIIpeacICHUS.
B wacTHOCTHM, TSI TETUIOTIPOBOTHOCTU 3TO MOHOTOHHO
Bo3pacTatomas GyHKIusA. Pe3yrbTaT IpuMeHEHHS Me-
TOIA MMOPSIKOBBIX CTATHK IJISI SKCITEPUMEHTAIbHBIX
MAaHHBIX, TTOJTYYCHHBIX Ha 00pas3iie TommuHoi 30 MM,
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0,019 -

0,018 A

0,018 -

0,017 O 0,017

0,016 0,016

0,015 . . . 0.015 , ' ,

10 20 30 40 10 20 30 40
a Cpennsist eMnepaTypa oopasua, °C o CpenHsist TeMnepaTypa oopasua, °C

Puc. 4. 3aBucumocTh K03 (HIreHTa TEIIONPOBOIHOCTH MATEPHAJIA OT CPeIHell TeMIepaTypsl 00pa3ia aspores:
a — TommHa obpasua 30 MM; 6 — TommrHa oopasia 20 MM

0,021

0,020
L =0,016e2005tp

0,019

>

0,018 -

>

0,017

>

0,016

>

0,015 . .
15 20 25

Koadduument rermmonposoaHoctu, Br/m K

Cpennsst temnepatypa oopasua, °C

30 35 40 45

Puc. 5. BoccTanoB/ieHHasi METOAOM NMOPSIAKOBBIX CTATHK 3aBUCUMOCTDb K03 (uiueHTa TenIonpoBOAHOCTH

asporeJis OT cpelHeil TeMnepaTypbl

IIpeacTaBJI€CH Ha pHUC. 5. HaHHbIC pe3yJabTaTbl UMCIOT
boiee BBICOKYIO BCIIMYMHY JOCTOBEPHOCTH, IO CpaB-
HCHHMIO C HaYaJIbHBIMHM JaHHBIMHW, YTO IMOATBCPXKIACT
B(beCKTI/IBHOCTb JaHHOTO ME€TOoJa IJIs1 BOCCTAaHOBJICHMU A
MOHOTOHHBIX 3aBUCUMOCTEN.

3AKTIOYEHUE

1. DKCIepUMEHTAIBHO YCTAHOBIEHO CpeaHEee 3Ha-
yeHre Ko3GhUILIMEHTa TEIUIONPOBOAHOCTH TEILIOU30-
JISILMOHHOIO MaTepraa Ha OCHOBE KPEMHUIAOKCUIHOTO
asporenst — Insuflex — Ha yposue 0,0185 Bt/MK, uTo
CYIIECTBEHHO HMXKE aHaJOIMYHbBIX [OKa3aTeseil 1Is

MPOYUX TEIUIOU3OJISILIUOHHBIX MaTEpUAIOB B TeMIIEpa-
TYPHOM pexXuMe padOThl CUCTEM TETUIOCHAOXKEHMSI.

2. [TonyyeHo ypaBHEHUE OMHOMAapaMeTPpUICCKOMN
perpeccuu 3aBUCUMOCTU KO3 PUIIUEHTA TETJIONPOBO-
IHOCTH a3pPOrebHONM TEIJIOBO M30JISILUU OT CpeaHEN
TeMIlepaTypbl MaTepraa.

3. Huskoe 3HaueHne KoahdUIIMeHTa TeTI0Ipo-
BOJHOCTU MaTepuaja CBUIETEIbCTBYET O BHICOKOI €ro
sHeproahGeKTUBHOCTH. [IpMeHeHne TEIUIOBOI M30-
JISILIMYA Ha OCHOBE a3pOTreisl TO3BOJIMT CHU3UTD TETIJIOBhIC
IOTepU He MeHee, yeM Ha 47% 110 CpaBHEHUIO C IIPpU-
MEHSIEMBIMU B CUCTEMAaX TEIUIOCHAOXEHUS TEIIOU30-
JISIIMOHHBIMUM MaTepUaaaMu.
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INTERNATIONAL FORUMS, CONFERENCES, SEMINARS - MEXX/JYHAPO/HbIE ®OPYMbI, KOHOEPEHLINWN, CEMUHAPbI

VI Moscow international financial and economic
forum «The Eurasian Economic Union and the EU:
search for new formats of cooperation»

n November 22, 2019 the Sixth Moscow International Financial and Economic Forum «The
Eurasian Economic Union and the EU: search for new formats of cooperation» will be held in
Moscow.

The Forum is supported by the leading economic and financial structures of Europe and Asia.

In the last 6 years the Forum brought together more than 1000 representatives of business
communities from 38 countries of EUROPE, ASIA and AFRICA and allowed to discuss the hottest
issues related to Eurasian integration and the formation of the Eurasian Economic Union.

The invited participants of the Forum are the representatives of international development
institutes, financial associations and organizations, the leaders of sectoral business unions, top
managers of the largest Russian and foreign companies, international experts in finance and
economy, representatives of the banking, customs and logistics, insurance sectors, investment
and commercial structures of countries-members of the EAEU and the EU.

Sessions of the Forum:

« «Innovations and investments in high tech»;

« «Digital banking: from classical banking to financial ecosystems»;

« «France - EAEU: prospects of investment cooperationy;

+ «Gold-mining and jewelry industries - new opportunities and technologies» and other.

November 22 — THE SIXTH MOSCOW INTERNATIONAL
FINANCIAL AND ECONOMIC FORUM

On November 22, 2019 the Sixth Moscow International Financial and
Economic Forum “The Eurasian Econemic Union and the EU: search for new
formats of cooperation” will be held in Moscow.

ll The Forum is supported by the leading economic and financial structures of
Europe and Asia

In the last 6 years the Forum brought together more than 1000 representatives
of business communities from 38 countries of EUROPE, ASIA and AFRICA and allowed to discuss the hottest issues
related to Eurasian integration and the formation of the Eurasian Economic Union

The invited participants of the Forum are the representatives of international development institutes, financial associations
and organizations, the leaders of sectoral business unions, top managers of the largest Russian and foreign companies,
international experts in finance and economy, representatives of the banking, customs and logistics, insurance sectors,
investment and commercial structures of countries-members of the EAEU and the EU

We invite you to take part in the event.

For details please contact the Forum Organizing Committee

+7 (495) 663-02-08, 663-02-13; e-mail: sgk@fbacs.com, tkd@fbacs.com,
s.arkhipova.fbacs@mail.ru

More information is available on the website https://www.fbacs.com/
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VI MocKkoBcKNn mexxagyHapoaHbIn
duHaHcoBO-3IKOHOMUNUYeckun popym «EASC n EC:
NONCK HOBbIX POpPMaTOB COTPYAHNYECTBA»

2 2H0ﬂ6pﬂ 2019 ropga B Mockse coctontca VI-n MOCKOBCKMIA MeXAYHapPOAHbIA GMHAHCOBO-
3KoHommYecknin ¢popym «EASC n EC: nonck HoBbIx $OpPMaTOB COTPYAHNYECTBAY.
MpoBeneHue gaHHoro ¢opyma nogfaepaHo BefyLMMN SKOHOMUYECKUMU U GUHAHCOBbLIMMA

CTPYyKTYypamu cTpaH Esponbl n Asun.
3a npowegwne 6 net Qopym cobpan cebiwe 1000 npefcraBuTenen 6usHec-coobLecTB 13

38 ctpaH EBponbl, A3nn n Agpurkn n no3sonun obcyantb Hanbornee akTyasibHble BOMPOChI, CBA3aH-

Hble ¢ Npobnemamu EBpasninckom nHTerpaumm 1 cosgaHnem EBpasninckoro 3SKOHOMMYeCKoro coto3a.
K yuactuio B popyme npurnawieHbl NpeacTaBUTEN MeXAYHaPOAHbIX MHCTUTYTOB Pa3BUTUA,

brHaHCOBbIX 06beANHEHUIN 1 OpraHn3aUnii, PyKoBOAUTENN OTpacneBbix 00beanHeHn brnsHeca,

TON-MeHemXepbl BeAyLWmnX POCCUNCKNX N 3apyBeXHbIX KOMMaHWUA, MeXXAYHAPOAHbIe SKCnepThbl

B 065acT GMHAHCOB U SKOHOMUKK, NpeacTaBuUTeNn 6aHKOBCKOrO, TaMOXKEHHO-NTOMMCTMYECKOTO

N CTPAxoOBOro coobLecTB, NHBECTULMOHHbIE Y KOMMepYecKne CTPYKTYpbl CTPaH, BXOAALWNX B

obbeanHeHns EASC n EC.

Tembl CeKLMOHHbIX 3acefaHuni:

+ «MHHOBaUMN 1 nHBeCTULUM B chepe BbICOKNX TEXHOOTUINY;

+ «UndpoBoin 6aHKMHT: OT Knaccmyeckoro 6aHK1Hra oo GMHaHCOBbIX SKOCUCTEMY;

+ «OpaHuna — EASC: nepcneKTnBbl MHBECTULMOHHOIO COTPYAHNYECTBAY;

+ «3onoTofobbiBatoLlan 1 loBeNMPHaa OTPac/Iv — HOBble BO3MOXHOCTY U TEXHONOTUN» U 4.

22 nonbpan VI-ii MOCKOBCKHH MEX/[YHAPO/IHBIA
OUHAHCOBO-Y)KOHOMHYECKHHA ®OPYM

22 HoABpa 2019 roma B Mockee cocToutcA VI-it MOCKOBCKMA
MEXIYHAPOAHLIA GUHAHCOBO-3KOHOMUUECKUIA GOPYM «FASC n
EC: nouck HoBbIX (hopMaToB COTpyAHWYECTBa».

MpoBeaeHne AaHHoro dopyma NOLAEPKAHO BeyLMMM SKOHOMUYECKAMU W
hMHAHCOBLIMK CTRYKTYpaMK cTpax EBpons! U A3un

3a npowenwme 6 net dopym cobpan cewiwe 1000 npeacTaeuTeneid BusHec-
coobuyecT8 u3 38 ctpad EBPONMbLI, A3 A AGPUKW 1 noasonun obcyauts
Haubonee aKkTyankHule BOMPOCH!, CBA3aHHLIE ¢ npobnemamu EBpazvickod MHTerpauMu M coznaHvwem EBpasnickoro
JKoHOMKUueckoro Cotsa

K yyacTio B (oopyme npurmalleHsl NpeAcTaBUTEN MEXyHApPOIHbIX MHCTUTYTOB PasBUTKSA, (PUHAHCOBbLIX 0ObEAUHEHUA 1
OpraHn3aluii, pyKOBOAWTENM OTpacreBbix 0ObeAuHeHWi Gn3Heca, Ton-MeHeMKepbl BEYLIMX POCCUACKUX U 3apyDBexHbIX

KOMMaHWi, MexayHapoaHble 3KCMepTel B o0nacTi (PMHAHCOB M 3KOHOMWUKW, NpeAcTaBuTenu GaHKOBCKOTO, TAMOXEHHO-
MOTMCTMYECKOTO W CTpaxoBoro cooOLecTB, MHBECTUUMOHHbIE M KOMMepyeckWe CTPYKTYPbl CTpaH, BXOAAWMX B
obbeauHeHua EA3C u EC

Mpurnawaem Bac npuHATb yyacTne B MeponpuaTnun.

O cBoeM peLleHnmr Npocbba coobLNTb B OPrkoMmTeT Ppopyma:

no Ten.: +7 (495) 663-02-08, 663-02-13;

no e-mail: sgk@fbacs.com, tkd@fbacs.com, s.arkhipova.fbacs@mail.ru.
bonee nogpo6Haa nHpopmaumsa — Ha cante https://www.fbacs.com/
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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. Editorial Council, Editorial Board and the editorial staff follow the politics aimed at observance of ethical pub-
lishing principles and admit that controlling observance of ethical publishing principles is one of the main tasks in
reviewing and publishing activities.

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. At least three experts evaluate quality of the paper. External blind paper review is performed by two invited
experts with corresponding specialty and Doctor degree. The editors send paper to the experts without author’s
information and the review form to fill. The papers are reviewed for free and voluntary. In case of positive external
review the paper is sent to a member of Editorial Council or Editorial Board for further evaluation. The paper is recom-
mended for publication in case of three positive review.

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
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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.

Articles from the journal (article metadata) are available in open access:

« on the website of the electronic publication «Nanotechnologies in Construction: A Scientific Online-Journal»,
link - http://nanobuild.ru/en_EN/archieve-of-issues/;

« in the full-text database of open-access scientific journals Open Academic Journals Index (OAJI), link — http://
oaji.net/journal-detail.htmI?number=6931;

« on the website of the scientific electronic library, link — http://elibrary.ru/contents.asp?issueid=1568760;

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

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

8545;

- on the Internet resource of scientists of all scientific disciplines ResearchGate, link — https://www.researchgate.
net/journal/2075-8545_Nanotechnologies_in_Construction;

- in the international scientific base Readera - https://readera.ru/nanobuild;

« in other citation systems (databases).

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

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 V), 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.
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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 (review) assists the editor-in-chief to take decisions on the publication of it, and the review-
ers’ criticism can help the author to improve his paper (review). The editors of electronic edition «Nanotechnologies
in Construction: A Scientific Internet-Journal» appoint reviewers from the members of the editorial council, editorial
board or engage outside experts. Review is aimed at evaluation of scientific importance and novelty of the submit-
ted 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 present the review within the given period, one must inform the editor-in-chief about that and new reviewer is
appointed.

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.

On request the editors may forward reviews to the Higher Certification Committee of the RF, as well as to the inter-
national citation systems (databases) to evaluate the quality of the papers and review procedure in general.

In particular, the editors confirm their permit to transfer and publish the following materials on website of Scien-
tific electronic library eLIBRARY.RU together with License materials of the journal:

« texts of reviews for library’s users;
« surnames and information on reviewers for library’s users.

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.
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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.

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

OCHOBHbIE 3TUYECK/E HOPMbI, KOTOPblE COOMIOAAET pelakLnaA SNeKTPOHHOro n3gaHus «HaHoTexHonornm B CTpo-
UTeNbCTBE: HayUYHbI IHTEpHET-XypHan»:

1. PepaKuMOHHbBIV COBET, pelakLOHHas KONErns, KOJINIEeKTUB pefakuumn NoAAep KUBAIOT MOJIMTYKY, HanpasieH-
HYI0 Ha COOMIofeHVEe MPYHLMIMOB U34ATe/IbCKOM STUKY, Y MPU3HAIOT, YTO OTCSIEXMBaHUE COONIOAEHA MPVHLMUMOB U3-
LATeNbCKON (pefakLUMOHHOW) STUKU ABMSAETCA OAHOM 13 MMaBHbIX COCTABMAOLIMX PELeH3POBAHNA U U34aHUS.

2. HeponycTUmMbIM ABASIETCA Nlarvat, B Kakol 6bl TO HX 6b10 dopMe. ITO KacaeTcs Kak NpeacTaBaeHus K nyonu-
KaLuu1u nog CBOMM UMeHeM Mnpexae onybmkoBaHHbIX UM HEOMYHIMKOBAHHbIX PaboT ApYryX aBTOPOB, TaK 1 NPYCBO-
€HVA uyXux ngen. B cnyyae 3anmcTBoBaHUs GparMeHTOB UyKMX paboT aBTOP AOMKEH YKa3aTb UCTOYHUK. Mprmepbl
6ubnunorpadryeckux cCbilok NpUBeLeHbI B pasgesnie «<ABTOpamy.

3. Pepakuma nybnukyeT cTaTby aBTOPOB BCEX CTPAH M HALMOHANbHOCTEN, KOTOPbIe UCCIeAYIOT NpobiemaTuky,
onpefeneHHyo pefakuMoHHON NOSINTUKON.

4. Pepakuus He COTPYLHMYAET C aBTOPaMU, KOTOpble KOraa-nvmbo JonyCcTUnm cyiyyaun niarvata B CTaTbaAx, npeg-
CTaBJIEHHbIX B 3/IEKTPOHHOE U3faHne «<HaHOTEXHONOrM B CTPOUTENbCTBE: HayUHbIN IHTEpHET-XKYpPHam» Ui gpyrmx
N3[aHUsX, eCSIV TaKOBOE CTaHEeT N3BECTHbIM.

5. Pepakumsa ncrnonb3yeT NporpaMMHble CpefCcTBa 1 obecneyeHme Ans BbiiBEHUs Niarrata n3 paboT, UMeLwnx-
ca B NHTepHeTe.

6. Pepakuus Oypet C Npu3HaTENbHOCTbIO MPVHUMaTb UHGOPMALMIO OT YMTaTeNell OTHOCUTENBHO BbISIBIEHHbIX
UMW DTIEMEHTOB MJarMaTa U HapyLleHUsi aBTOPamMm MOPasibHbIX HOPM 1 MY6JIMKOBATb €€ Ha CTPaHMLIAX XypHana.

7. Pepakumsa 6epeT Ha ceba 06a3aTeNbcTBa He NyONMKOBaTb CTaTbl, KOTOPbIE COAEPKAT NPU3bIBbl K TEPPOPU3MY,
NposABeHNA KCeEHOPOOMM, OCKOPONEHMA APYTX aBTOPOB UM FPaXKaaH.

8. B pepakuuum B oLeHKe KauecTBa coepKaHnA CTaTbM yYacTBYIOT, KAK MUHMMYM, 3 3KcnepTa. [lpoBoaunTcA
BHELLHee C/ienoe peLeH3npoBaHue cTaTel, AnsA PeLeH3POBaHUA KaXKAolW CTaTbu NMPUBMEKaloTcsa 2 3KcnepTa.
PeueH3rpoBaHue cTaTen oCywWwecTBAAETCA CNELnanncToM COOTBETCTBYIOLWEro NPpodusa, UMEKLKM YUYeHyto CTe-
neHb He HVKe JOKTOpa HayK. PelakLa HanpaBnseT peLeH3eHTyY CcTaTbio 6e3 yKa3aHusA cBefeHnin 06 aBTope(ax)
n dopMy ons MOArOTOBKM peLieH3un. PeLleH3npoBaHe cTaTe BbIMOHAETCA Ha JOOPOBONbHON 1 6e3B03Me3[-
HOW OoCcHOBe. B ciiyyae NosioXnTeNbHOro BHELIHErO peLleH3MPOBaHNA CTaTbA HAaNPaBIAETCA 1A OLEeHKM OLHOMY
U3 YIeHOB pefCcoBeTa Unu peakonneruu. Mpy NONOXKNTENbHOM PeLleHNN TPEX SKCMEPTOB CTaTbsl PpEeKOMEHYeT-
ca K ny6nukaymm.

9. Cpenwn TpeboOBaHMUN, NPEABABAAEMbIX K PELIEH3EHTAM, €CTb ONpefeneHne Hanuus 31eMeHToB nnarnata. O6a-
3aHHOCTU PELIEH3EHTOB NpriBefieHbl B pa3faese «PeLieH3eHTamy.

10. CTpyKTypa Hay4HbIx cTaTel npueeaeHa B MpunoxeHunm 3.

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

12. ABTOpbI NYGNVIKYEMbIX B KypHaJie MaTepurasioB JONYCKaloT NCMOSIb30BaHVE KOHTEHTa B COOTBETCTBUU C NU-
ueHsuen Creative Commons CC-BY «Attribution» («<ATprnGyLus»). 3Ta nuueH3na No3BosSET APYTM PAaCcipPOCTPAHATD,

http://nanobuild.ru 489 info@nanobuild.ru



Nanotechnologies in Construction: A Scientific Internet-Journal 2019; 11 (4):
HaHoTexHonornn B cTponTenbCTBE: HayuHbI IHTepHeT-XKypHan 480-498 NanObL" )

penakTMpoBaTb, NONPaBsaTb 1 6paTb 3@ OCHOBY MPOM3BEAEHME AaBTOPOB, JaXe KOMMEpPUECKM, A0 TexX Mop, NokKa
OHU YKa3blBalOT Balle aBTOPCTBO. JINLEH3MA peKOMeHAOBaHa A1 MaKCVMasibHOTO PacnpOCTPaAHEHNsA U UCMOMb30-
BaHWA JIMLEH3MPOBaHHbIX MaTepuanoB. NMoapobHo o nuueH3nn Creative Commons CC-BY cmoTtpute 3gech http://
creativecommons.ru/.

13. Heknapauma Open Access XypHana. Pegakumna vsgaHna npuaepKnBaeTca NonTUMKM «OTKPbITOro AoCTyna» K
ny6nukyemMbiM MaTepuanam. Mo «oTKpbITbIM JOCTYNOM» B COOTBETCTBUM ¢ ByganewTckon nHmumatmeo «OTKpbITbIN
poctyn» (BUO[) penakums nogpasymeBaeT CBOOOAHDBIV AOCTYM K NMyOnVIKyeMbIM B XKypHasie MaTepranam yepes nyonamnu-
Hbl IHTEPHET 1 NPABO Ka)J0ro nosib30BaTeNs UATaTb, 3arpy»aTb, KOMMPOBaTb, PACMNPOCTPAHATb, pacneyaTbiBaTb, UC-
KaTb WN Aenatb CCbUIKM Ha MOJIHOTEKCTOBbIE CTaTbU, MPOBOAUTL MOUCK POOOTAMU-NHAEKCATOPAMK, BBOAUTb MX KaK
[aHHble B MPOrpaMmmMHoe obecrneyeHune 1y UCnosb3oBaTh AJA APYTrX 3aKOHHbIX Liefiel Npy OTCYTCTBUM GpUHAHCOBbIX,
MPABOBbIX 1 TEXHNYECKIX NMPErpag, 3a UCKITYEHNEM TEX, KOTOPbIE PEryNupYIOT JOCTYN K cO6CcTBeHHO HTepHeTy. EanH-
CTBEHHbIM OFPaHNYEHMEM Ha BOCMPOU3BOACTBO U PacipOCTPaHeHre 1 eQUHCTBEHHbBIM YC/IOBUEM KOMUPaTa B STOMN
06nacT fOMKHO ObITb MPABO aBTOPa KOHTPONIMPOBATb LIEIOCTHOCTb CBOEN PaboTbl 1 06s3aTeNbHblE CCIIKM Ha €70 UMSA
Mpw KCNoNb30BaHUN PabOTbI 1 ee LNTUPOBAHUN.

CraTtby 13 KypHana (MeTaflaHHble CTaTel) pa3MeLLaloTCA B KOTKPbITOM JOCTYMex:

+ Ha CalTe 3MeKTPOHHOro n3fdaHna «HaHOTEXHONOrUN B CTPOUTENIbCTBE: HAYUHbIN MHTEPHET-KYPHa», CCbUIKa —
http://nanobuild.ru/ru_RU/, nanee — pa3gen «<ApxvB HOMepOB»;

« B MOJIHOTEKCTOBOW 6a3e [aHHbIX HayuHbIX XypHaNoB OTKpbIToro pgoctyna OpenAcademic)ournalsindex (OAJI),
ccbinka — http://oaji.net/journal-detail.html?number=6931;

+ Ha calite HayuHoW 311eKTpOoHHOM 6nbnmnoTekuy, ccoiika —http://elibrary.ru/contents.asp?issueid=1568760;

« B 6a3e HayuHbIx XypHanos Directory of Open Access Journals (DOAJ), ccbinka — https://doaj.org/, panee - ocy-

LecTBNAETCA NOUCK »KypHana «Nanotehnologii v Stroitel'stve;

« B 6a3e faHHbIX HayuHbIX »KypHanos ResearchBib, ccbinka — http://journalseeker.researchbib.com/view/issn/2075-

8545;

+ Ha UHTepHeT-pecypce YUEHbIX BCEX HAYUHbIX aucumnivH ResearchGate, ccbinka — https://www.researchgate.net/
journal/2075-8545_Nanotechnologies_in_Construction;

« B Hay4yHOW MexpyHapognHou 6a3e Readera - https://readera.ru/nanobuild;

« B JPYrvX CMCTeMAax UMTUPOBaHUA (6a3ax JaHHbIX).

TO NO3BONIAET YUeHbIM 1 CrelnancTaMm BO BCEM MUPe CBOOOAHO 3HAKOMUTBLCA C MaTeEpPUANamMm XypHana u uc-
Monb30BaTb UX B CBOEN AeATeNbHOCTY, B T.U. LUTUPOBaTb B CBOVX CTaTbsAX.

B kaaol1 HayuHOW cTaTbe y aBTOPOB 06513aTefIbHO YKa3blBAKTCA: MECTO PaboThl (YyHUBEPCUTET (MHCTUTYT), Npes-
npuaTrEe 1 Apyrve opraH13aunm, ropog, CTPaHa), JOMKHOCTb, YUeHas CTerneHb, yYeHoe 3BaHMeE, MOJHbIA MOYTOBbIN
aApec 1 3NeKTPOHHBIN agpec, YTo obecrneyrBaeT BO3MOXKHOCTb HEMOCPEeACTBEHHO OOLIATLCS YUEHbIM 1 CrieLanm-
CTaM 13 Pa3HbIX CTPaH C aBTOPaMMU.

Kaxnpon ctatbe npuceamsaetca UDC, DOI, B MeTaflaHHbIX CTaTbsIX Pa3MeLLaeTcs MallMHoYTaeMas nHpopmaumns
o CC-nuueHsnn (HTML-kopn), opyrvie naeHTMdrKaTopbl MaTepranos.

14. Bonee nogpobHas MHPopMaLMA 0 COONOAEHUN N3[ATENBCKOW ITUKW, MOPALKE PeLeH3MpPoBaHNA MaTepua-
NOB, MPVIHUUMNAX NNLEH3MPOBaHWA, Aeknapauun Open Access »KypHara, Co6MofeHN aBTOPCKOrO 1 CMEXHbIX MNpa-
BaX, KOTOPbIMM HY>KHO PyKOBOZCTBOBATbCA, COAEPXKUTCA B MEXAYHaPOAHbIX CTaHapTax, 3akoHax Poccuinckon Qepe-
pauuu, npodeccroHanbHbIX KofgeKcax, pykosoacteax. Cpean Hux — MexayHapofHble cTaHAapTbl KomuTteTa no s1rke
nybnukayun (Committe on Publication Ethics — COPE), JluueHsnun Creative Commons, byganewTckas nHiymaTrea
«OTKpbITbIN fOCTYN», PyKOBOACTBO ANA peLieH3eHTOB u3aatennbcTsa Elsevier, MpaxgaHckun kogekce PO u. IV, 3akoH
PO «O cpepcTBax maccoBor nHbopmaunmy, 3akoH PO «O peknamer, Kofekc npodeccmoHanbHOM STUKM XKYPHANUCTa,
KofeKc 3TKy HayuHbIX nybnnkauum u gp.

MaBHOMY pepakTopy

PelueHve no ony6nmKoBaHMIO CTaTbU. [J1aBHbIN pefakTop SNEKTPOHHOro ugaHusa «HaHoTexHonorum B CTPO-
UTENbCTBE: HayYHbI VIHTEpHET-KypHan», OTBeYaeT 3a NPUHATUE PeLLUEHNA O TOM, Kakue 13 NpeacTaBlieHHbIX B pe-
LAKLUMI0 XypHana paboT ciefyeT ony6inKoBaTtb. 9TO pelleHne BCeraa AOMKHO MPUHNMATBCSA Ha OCHOBE MPOBEPKM
LOCTOBEPHOCTY PaboTbl U ee BaXKHOCTU ANA UCcriefoBaTenen u untatenei. [MaBHbIN peakTop MOXET PYyKOBOACTBO-
BaTbCA METOANYECKUMN PEKOMEHZALMAMM, pa3paboTaHHbIMM PEACOBETOM 1 PeIKOUIErMen XypHarna, v TakuMm iopu-
OVYECKMM TPebOBaHUAMM KaK HeJOMYLLEeHMe KIIEBETbI, HApYLLEHWs aBTOPCKOTrO Npaga U niarvata. Takxke npu npu-
HATWW peLleHns No Ny6VKaLumK raBHbIA PefaKTOP MOXKET COBETOBATbCA C UlleHaMU PefiCOBETa, PeAKOSIerun nim
peLeH3eHTaMu.
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CnpaBegnuBoCTb. [11aBHbI PejakTOp OLEeHMBaET NpefcTaB/ieHHble PaboTbl MO UX UHTENIEKTYallbHOMY Cofep-
XKaHWIo, HEB3MPAsA Ha pacy, MoJl, CeKCyallbHY OPVEHTALIO, PESIUTUIO, STHUUECKOE MPOUCXOXKAEHUNE, FPaXKAaHCTBO
WV MONINTUYECKIE B3MIsAbl aBTOPA.

KoHduaeHUManbHOCTDb. [MaBHbIN PelakTop, COTPYAHMKM PeaKLny, YieHbl PefiCOBETA U PefiCOBETA HE JONIXKHbI
packpbiBaTb UHGOPMALMIO O NMPeACTaBEHHOW PYKOMUCK KOMY-TMOO [pYyromy, 3a UCKIIOYEHNEM aBTOPa, PeLleH3eH-
TOB, MOTEHLMNAJIbHBIX PELIEH3EHTOB, KOHCYNIBTAHTOB PeAakLMOHHOIO COBET], a TaKXKe n3gatens.

PasrnaweHve cBefeHuii 1 KOHGNUKT UHTepecoB. CBefieHsA, cofepKallmecs B NPeACcTaB/eHHON CTaTbe, He
LOJIXKHbI MCMOMb30BaTbCA B KAKOWN-IMO60 cO6CTBEHHON paboTe rMaBHOMO peakTopa U YieHOB peAcoBeTa U peaKos-
nervv 6e3 NMCbMEHHOTO pa3peLleHnsa aBTopa. KoHbuaeHuanbHaa nHbopmauma nnm ngew, NofyYeHHble Npu peLeH-
3UPOBaHUN, AOMKHbI XPAHUTbCA B CEKPETE U HE NCMONb30BaTbCA AJIA NOMyYeHNs IMYHON BbIrOAbl.

[naBHOMY pefakTopy crefyeT OTKa3aTbCA OT CBOEro y4yacTusi B PELEH3NPOBaHUN B CJlyYae, ecyivi NPUCyTCTByeT
KOHQMUKT MHTEPeCoB, MPOUCTEKAOLWMIA N3 KOHKYPEHLNW, COTPYAHUYECTBA WU APYTMX OTHOLEHUN C KeM-nbo 13
aBTOPOB, KOMMAHWI NN YUPEXKAEHWI, UMEIOLMX OTHOLLEHNE K CTaTbe.

TnaBHOMY pepakTopy crieflyeT TpeboBaTb OT BCEX aBTOPOB XKypHasia NpefoCTaBNATb CBEAEHUSA O COOTBETCTBYIO-
LMX KOHKYPUPYIOLWKX MHTEPEeCcax 1 Ny6MKOoBaTb UCMPABIEHMS, €CNIU KOHONIMKT MHTepecoB Obin pa3obnayeH nocne
nybnukayun. B cnyyae Heo6xoaAMMOCTM, MOXET BbIMOJIHATLCA ApYyroe nogxofsilee cyiyyaio AecTBre, Takoe Kak ny-
6511KaLMA ONPOBEPXKEHWS NN BbIPaXKeHNA 03a00UYEeHHOCTH.

UsyueHume xanob sTnueckoro xapakrepa. [aBHOMy pefiakTopy cyielyeT NprvHMMaTb Pa3yMHO ObICTpble Mepbl
npu NOCTYIIEHNM XaNlob STMYECKOro XapakTepa B OTHOLUEHWYV MPeACTaBIEHHON PYKOMUCH UM ONy6/IMKOBAHHOM
CTaTbU, IMeA KOHTAKT C peaakLuuen, n3gartesnem.

PeuyeH3eHTam

PeuieH3MpoBaHMe NOMOraeT rMaBHOMY pefakTopy Mpuv NPUHATAW pelleHns 06 ony6MKoBaHMM PaboTbl CTaTby
(0630pa), a Gnarofapa 3aMevYaHUAM 1 NMPEASIOKEHNAM PELIEH3EHTOB MOXET TakXKe MOMOYb aBTOPY YyullinTb €ro
paboTy. Pefakuma 3neKTpOHHOro n3gaHua «HaHoTeXHONOrmMM B CTPOUTENIbCTBE: HayuHbIN VIHTepHeT-KypHan» npu-
B/IEKAET PELIEH3EHTOB 13 UMCJIa BHELLHNX SKCNepToB. PeLieH3upoBaHue JOMKHO 06ecneunTb OLEHKY Hay4yHOW 3Ha-
YVIMOCTM 1 OPUTMHANIBHOCTY NPEeACTaBAEHHOWN pyKonucy. ABTOPbl PyKONKWCeN, NPeACcTaBAeHHbIX K OnybnMKoBaHuio,
NMPU3HAIOT Lienecoobpas3HOCTb U HEOOXOAUMOCTb peLieH3rpoBaHuA. Cornawanch Ha peLeH3npoBaHue, Oyayuwnii pe-
LieH3eHT 6epeT Ha cebs cnepytolivie obA3aTeNnbCTBa.

OnepaTMBHOCTDb. JI1La, K KOTOPbIM OOPATUNIUCH YfeHbl Pefakuumn Yepes rNaBHOrO PefakTopa OTHOCUTENbHO
peLeH3UPOBaHUs PYKOMKUCEN HayuyHbIX paboT, MMeT MopasibHble 00s3aTeNbCTBa OTHOCUTENIBHO €€ OMepaTUBHON
oueHKU. MNpy HEBO3MOXHOCTY NPeACTaBEHUS PELEH3UN B YCTAHOB/IEHHBIN CPOK, 06 3STOM MHPOPMUPYIOT FMaBHOIrO
pefakTopa 1 Ha3HauyalT HOBOTO peLieH3eHTa.

KoHdupaeHUmanbHOCTb. Kaxxpaa nonyyeHHas ans peLeH3MpoBaHUs pyKonucb AOMKHA PacCMaTprBaTbCA Kak
KOHdVAeHUMaNbHbIN AOKYMeHT. Ee He MpocmaTpurBaloT 1 He 00CYXKAAIT C APYTMMY JIMLLaMU, KPOME JINLL, YNIOTHOMO-
YEHHbIX FMaBHbIM PeJakTOPOM.

O6BbEKTUBHOCTD. PeLieH31K JOKHbI BbINOMHATLCA OOBbEKTUBHO. HeonyCcT!Mbl IMYHOCTHbIE HaMaZKM Ha aBTopa.
PeLieH3eHTy cneflyeT BbipakaTb CBOIO TOUKY 3PEHMA AICHO 11 000CHOBaHHO.

OueHKa ccbinok. DakT OTCYTCTBUA CCbITOK B PYKOMNMCY, NPeACTaBIeHHON A5l Ony6/MKOBaHUSA, JOMKEH ObITb OT-
MEUEH N OLEHeH peLeH3eHTOM. B cnyyae cxoacTBa MAM YaCTUYHOIO COBMAAEHMNA PYKOMUCU C M3BECTHbIMU PeLieH-
3€HTYy Ny6NVKaLMAMY, Ha KOTOPbIE OTCYTCTBYIOT CCbITKM, 3TO JOJIKHO ObITb TakXKe yKa3aHo peLeH3eHToM. [pumepsl
6ubnorpadpuuecknx CCbisIok NprBeAeHbI B pasaese «ABTopam».

BbiaBneHue nnaruara. PeLieH3eHT, B CJlyyasx Nofo3peHMs No nosoay Ay6nnpoBaHnsa cTaTby UK nnaruara, Jos-
KeH yKa3aTb 00 3TOM B peLieH3UN.

3Tnueckne Hopmbl. KoHouaeHUranbHaa nHGopMaLmsa 1 naen peLeH3rMpoBaHHON CTaTbl HE AOMKHbI pasria-
waTbcA. MaTepuranbl peLeH3MpoBaHHON CTaTby He [OJIXKHbI UCMONb30BaTbCA AN1A NOTYYEHUA INYHON BbIrOAbl peLieH-
3eHTa. PelleH3eHT cobniofaeT HOpMy, COrNTacHO KOTOPOW OH He MCMOofb3yeT B COOCTBEHHON paboTe 1 nybnukaLumsax
NAen 1 NONOXKEHUS PeLieH3POBAHHOM MM CTaTby 6e3 MMCbMEHHOrO COrfiacus ee aBTopa.

PeuieH3eHTy cnefyeT 0TKa3aTbCA OT CBOErO YYacTUs B PeLieH3NPOBaHNY B CJlyYae, eC/IN NPUCYTCTBYET KOHPIUKT
WHTEPECOB, NPOUCTEKAILWUNIA N3 KOHKYPEHLMM, COTPYAHUYECTBA WU OPYrMX OTHOLUEHUI C KeM-NNOO 13 aBTOPOB,
KOMMaHWM NN YYPEXKAEHWN, UMEIOLLMX OTHOLIEHME K CTaTbe.

Pepakuma moxeT, No 3anpocy, HanpaenATb peueH3nn B BAK PO, a Takxke B MeXKAyHapOAHble CMCTeMbl LUTUPOBa-
HUA (6a3bl JaHHbIX) 4715 OLLEHKM KauecTBa NybnmKyeMbix CTaTel 1 NpoLecca peLeH3npoBaHus B LIESIOM.
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B wacTtHOCTU, pefakuma nogTBepXxAaeT cBoe cornacue Ha nepegavy v pasmelleHve Ha cante HayyHom snekTpoHr-
How 6rnbnrotekn eLIBRARY.RU BmecTe ¢ JTNLIeH3MOHHBIM MaTepuasnam XypHarna ciieayioLx MaTepuasnos:
«  TEKCTbl peueH3nin ans nonb3oBaTtenen bubnnotekun;
«  damunnm 1 gaHHble O peLeH3eHTax OJida Nosib3oBaTesien 6ubIMoTeKN.

ABTOpam

1. ABTOpbI NpeACTaBNAAIOT B pefaKkLuio:

+  PYKOMUCK B SNEKTPOHHOM BuAe (MO 3neKTpoHHoW noute info@nanobuild.ru) B cooTBeTcTBUM C npaBunamu
0bOopMnEHNA TEKCTOBBIX U rpaduUecKrx Matepuanos, npuseaeHHoiMu B MpunoxeHun 1. Tematuka nyonvkye-
MbIX MaTEPMANOB AOJIXKHA COOTBETCTBOBATL 3asB/IEHHON pefaKL el SN1eKTPOHHOIo u3fgaHus «HaHoTexHonornm B
CTPOUTENbCTBE: HAayUYHbIN VIHTepHeT-XypHan» B MpunoxeHun 2. [pefcraBnaemble CTaTbu JOMKHbI COOTBETCTBO-
BaTb CTPYKTYpe, npuBegeHHon B NMpunoxexnun 3.

«  COMPOBOAMTENbHOE MMCbMO (PefaKLA BbICbIIAeT aBTopam obpaseL no nx npefiBaputesibHOMYy 3anpocy).
ABTOpPbI NY6GNMKYeMbIX B XypHasie MaTepuasnioB JOMyCKaloT UCMOb30BaHNE KOHTEHTA B COOTBETCTBMM C JIULIEH-

3uen Creative Commons CC-BY «Attribution» («<ATpnbyuus»); cornacHbl ¢ nprcBoeHrem Kaxgon ctatbe UDC, DOI, ¢

pa3melleHnem MalmHouutaemon nHoopmauum o CC-nuueHsnn (HTML-kog) B MeTafiaHHbIX CTaTbsX, APYrUX UAeH-

TUPVKATOPOB MATEPMasIoB; COrMaCHbl C pa3MelleHNeM B OTKPbITOM JOCTYre MOJHbIX TEKCTOB CTaTel (MX COCTaBHbIX

yacTeln UM MeTagaHHbIx) B IHTepHeTe Ha canTte usgaHusa (www.nanobuild.ru), HayuHol anekTpoHHo 6nbnmnoTekn

eLIBRARY.RU, B cuctemax uutmpoBaHusa (6a3ax faHHbix): ISSN, Poccuncknii nHpekc HayuHoro uutmposaHus, Ulrich's

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

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

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

2. B cTaTbe JOMKHbI COfepaTbCs pe3yNibTaTbl OPUTMHANbHbIX NCCNEA0BAHNIA U MPOCNEXNBATbCA CBA3b C Npe-
ObIAYLMM UCCNIeOBaHUSAMY, BbIMOJIHEHHBIMA JIMYHO aBTOPOM U APYrMY YyeHbiMU. [locnegHee fOMKHO ObiTb
npeacTaB/ieHO Kak B OCHOBHOM TeKCTe, Tak U B pOpMe CCbIIOK Ha npefbliaylivie UCTOYHKKN. B cnyyae ncnonb3o-
BaHVA MaTepuUanoB 13 paboT Apyrux aBTOPOB CTaTbA JOJIKHA COfep»KaTb COOTBETCTBYIOLME CCbiKK. Brbnuorpa-
brYECKUI CNCOK NPUBOAUTCA NOC/e TeKCTa cTaTbu. [prmepbl odopmieHna 6ubnnorpadpruuecknx CCobiok AaHbl B
Mpunoxxexuun 4.

Mpu HanucaHuy cTaTby criegyeT cobnoaaTb NPUHLMMNBI TPOGECCUOHANBHON STUKK, NPOABATD KOMMETEHTHOCTD,
06BEKTVBHOCTb 11 OTBETCTBEHHOCTb.

3. Pepakuws, pefakUMOHHbIN COBET UV pefakLUOHHAA KONIervsa MOryT NonpocuTb aBTOPOB NPefOCTaBUTb BCE
NepBOVCTOYHVKM U MaTepuarsbl, UMeoLLe OTHOLLEHUE K Han1CcaHWIo Ny6nrKyemon ctatbu. Matepuarsbl JOSIXKHbI Xpa-
HUTbCA B TeueHe 1 roga nocne ny6nvkaumu.

4. Kaxpas ctatba, Nnybnunkyemas B XXypHase, peLieH3npyeTcsa SKCNepTaMm Ha NpeMeT OPUrMHANbHOCTU 1 COOT-
BETCTBMA NnpaBuiam opopmiieHus. Vicnonb3oBaHUe TPYAOB WU MbICIEN APYTNX YUEHBIX JOMKHO ObiTb 0dOopMIIeHO
Haanexawmm obpasom. Hegonyctm nnarmat B o060 popme. ABTOPbI JOSXKHbI MOATBEPANTD, UTO NMYOIUKYIOT CBOIO
CTaTbio BNEpPBbIe IV MPOCAT OCYLLECTBUTL €€ MOBTOPHYIO Ny6nrKauuio.

5. VMHdopmauwsa, nonyyeHHas HeopUUMANbHO, HANPMEP, B YaCTHOM OOCYXXAEHWUW UMM Neperunucke, He MOXeT
ObITb NpeACTaB/eHa B CTaTbe 6€3 NMCbMEHHOTO pPa3peLleHnsa CO CTOPOHbI UCTOYHMKA MHbopMaumn. MHbopmaums,
NCTOYHUKOM KOTOPOW sIBNsieTCA KOHOMAEHUMANbHAA AeATENbHOCTb, B YaCTHOCTY PELIEH3MPOBAHME PYKOMUCEN Un
3as1BOK Ha MojlyuyeHre rpaHToB, He MOXKeT ObITb MCMO/b30BaHa B CTaTbe 6e3 MMCbMEHHOrO COrflacus aBTOPOB.

6. MepeunsgaHue cTaTby MO NMHMLMATVBE PeAakLMOHHOIO CoBeTa (pefakLMOHHON KOMIErn) XKy pHana OCyLiecT-
B/ISIETCA C COrNacusi aBTOPOB, pefakuum 1 0bnafatens npasa MHTeNIeKTyanbHON COGCTBEHHOCTY Ha CTaTbio. B ciyuae
MOBTOPHON Ny6NMKauny CTaTb M3daTeslb AefIaeT COOTBETCTBYIOLLEE COObLLEHNe 06 STOM.

MpepcTaBneHue CTaTbl B COABTOPCTBE BO3MOXHO, €CJIM BCE /LA, YKa3aHHbIE Kak COABTOPbI, CAeNanv 3HaumTe b-
HbI BKMaZ B pa3paboTKy KOHLEMLUN, NIaHUPOBAHME, BbINMOIHEHUE U MHTEPMPETALMO ONMCbIBaEMOrO 1ccieso-
BaHusA. B cnyyae ecnum Bknag nuua, onpegenieHHbIM 06pa3om COAeNCTBOBABLLErO OCBELLEHHOMY B CTaTbe UCCNIe[0Ba-
HUIO, HE HACTOJbKO CYLLECTBEHEH, YTODObI BKIIOUNTD €r0 B COABTOPbI, EMY AOJKHA ObITb BbICKa3aHa Npu3HATENbHOCTb.
MnaTa c acnMpaHTOB 3a NyONMKauuio CTaTel He B3VMAETCA.

7. ABTOP-KOPPECMOHAEHT JO/MKeH 0becrneuntb NpoyTeHne u ofobpeHne BCEMM COABTOPAaMM OKOHYATENbHOW
BEPCUM CTaTbK, @ TAKXKe MX coryiacue Ha nybnukauuio.

8. Mpu Hannumm KOHOMKTa UHTEPECOB, B TOM YNCTIE U MOTEHLMANIbHOMO, aBTOP WM COABTOPbI JOJIKHbI MHPOP-
MUPOBATb U3JaTeNsA Kak MOXXHO paHblLue. [pu BbiABEHNV NPUHLMMNANIbHBIX OLIMOOK UM HETOYHOCTEN B CBOEN YXKe
onybnuKoBaHHOW paboTe aBTOP 06513aH CPOUYHO COOOLMTL 06 3TOM LWed-pefakTopy M OKasaTb MaKCMMasbHOE COo-
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LEVCTBUE IMaBHOMY pefaKTopy XKypHana Ania nyonvkaumy onpoBepXeHus nnbo ncnpasnennii. B cnyyae nonyyeHus
rMaBHbIM pPefakTopoM MHGOPMaUMK OT TPETbUX JIUL O CofepKalleincs B onybinmkoBaHHOM paboTe CyLeCcTBEHHOMN
olwnbKke aBTOp 006si3aH MPEACTaBUTb CPOYHOE OMPOBEPXEHWE C NpPeAoCTaBieHMEM [MlaBHOMY pedakTopy (wed-
penaKkTopy) foKasaTenbCTB CBOEN NPABOTbI UM HEOOXOAMMbIE NCTPaBEHUS.

9. ABTOPbI OOMKHbI OCO3HABATb, YTO PefaKLUus, PeaKLUNOHHbIN COBET U peAaKUMOHHAA KOJIIEris 3f1eKTPOHHOIo
n3gaHus <HaHOTEXHONOIMM B CTPOUTENbCTBE: HayuHbIN VIHTepHeT-XypHan» 6epyT Ha cebs 06A3aTeNbcTBa MOMOraTb
Hay4HOMY COO6LLEeCTBY B COOMIOAEHUN BCEX ACMEKTOB M3ATeNIbCKOM STUKK, OCOOEHHO B CJyyasx MOAO3PEHNA Mo Mno-
BOAY AyO6nMpoBaHMA CTaTby UKW Naruara.

10. ABTOpbI OMYONMKOBaHHbBIX MAaTePUaNIOB HECYT OTBETCTBEHHOCTb 33 JOCTOBEPHOCTb MPVIBEAEHHbIX CBeleHN
1 UCMOMNb30BaHUe JaHHbIX, HE MOAJIeXallxX OTKpPbITOW Nybnunkauun. Pegakuma octaBnseT 3a cob6ol NpaBo BHECEHNWA
penakTopckon npaBku. MHeHVe pefakuum MOXeT He COBMafaTbh C MHEHWeM aBTOPOB: MaTepuasbl NMybnaukyoTca
C Uenbio OOCYKAEHMS aKTyaslbHbIX BOMPOCOB. Peflakuna He HeceT OTBETCTBEHHOCTU 3a COAEPMKaHME peKiambl
1 06bABNEHUN.

11. MNocne paccMOTpeHUs MaTEPUANoB pefaKkuus YBe[OMSIIET aBTOPOB O CBOEM pPEeLIeHUU SNEKTPOHHbIM
nMcbMoM. B cnyyae ecnu cTaTbs He MOANIEXUT NYONMKALMM, pefakumsa HanpasseT aBTOPY MOTUBUPOBAHHbIN OTKas3.

12. /liobana nepeneyaTka MaTepPUanoB NOHOCTbIO UM YaCTUUYHO BO3MOXHA TOJTbKO C MCbMEHHOMO pa3peLLeHus
penakumn.

YBa)kaemble aBTOpbDI!
Mpocb6a B LenAx SKOHOMUN BpeMeHM cnefoBaThb
npasunam opopmneHns ctaten 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 Teopuu GoOpMUPOBaHUA MPOYHOCTM 1 HEMPOHMLLAEMOCTM HAHOCTPYKTYPUPOBAHHbIX CUCTEM.

« MartemaTtunyeckne KBaHTOBbIE U ApYrve BUAbl MOZesNel Ana nccnefoBaHna CBOMCTB HAHOMATEPUANOB.

« Mpobnembl NPUMEHEHNS HAHOMATEPWAJIOB U HAHOTEXHOJIOTNIA B CTPOUTENbCTBE U CTPOUTENIbHBIX MaTepuanax.

« TexHonoruyeckue NPUHLMMbI CO3JaHNA HAHOCTPYKTYP (pacnniaBbl, 30/b-reNeBbll CUHTE3 1 Ap.).

« Co3paHve HOBbIX GYHKLIMIOHaMbHbBIX MaTePUAoB B CTPOUTENIbCTBE.

- Pa3paboTka MpUHUUMNOB Nepexoaa «becrnopsanoK-nopsAaoK» MpPU CO3OaHUN KOMMO3UTOB C WUCMOSIb30BaHUEM
CYHEpPreTuKu.

«  M3yueHre paznnyHbIX TEXHONOTMYECKUX MPUHLUMOB MPY CO34aHUN HAHOCUCTEM B MPOMbILLIEHHOM MPON3BOACTBE.

+ [narHoCTMKa HaHOCTPYKTYP 1 HAHOMATEPUAIOB CTPOUTENbHBIX CUCTEM.

« [pobnembl MoNy4YeHUsi BbICOKOMIOTHbIX 1 BbICOKOMPOYHbIX CTPOUTENIbHbIX MaTepuarnoB (6eToHbl, KepamuKa
nap.).

« TexHonoruun n3menbyeHnsa MMHeEPanbHbIX YacTUL 1O HAHOPa3MepPHbIX YPOBHEN.

«  TexHonorua nepemeLnBaHNA CMeCel C HAHOAMUCMEPCHBIMUN YaCTMULAMU 1 METOAbI X aKTUBALUN.

« [ngpoagvHammyeckne n gpyrne MeTofbl akTMBaLMN BOAHbIX CYCMEH3MIA U PacTBOPOB.

«  MogundukaLmsa BogHbIX PacTBOPOB Pa3/INMUYHbIX HAHOPA3MEPHbIX O6ABOK, MCMONb3yeMblX B CTPOUTENbCTBE.

«  WccnepoBaHue B 0611aCTVi TOKCUYHOCTU MOPOLLKOBBIX HAHOMATEPMANIOB.

«  MeTtannnyeckas apmatypa, MogMouLMpPoBaHHasA B MPOLLeCCe N3roTOBMIEHNA HAaHOPa3MePHbIMY MaTepuanamm.

« BonokHa yrnepogHble, 6a3anbToBble, apaMuiiHbie U Apyrie BOJIOKHA MarbiX AMAMETPOB C HAaHOPA3MEpPHbIMU
CTPYKTYPHbIMU XapaKTePUCTUKAMU.

« LlemeHTHble 1 gpyrue BXKyLLMe C MHEPAJIbHbIMUM 1 OpraHnYecKnmy fJobaBkamum.

« beToHbl 1 pacTBOpbI, MOAUPULNPOBAHHBIE HAHOPA3MEPHbIMY 106AaBKaMMU.

«  CycneH3nv MUHepasibHbIX 1 OpraHNYecKnx JO6aBOK, MCMOMb3yemble 4JiA 1aKOB, KPACOoK, a Takke MoandrkaTopos
K 6eTOHaM 1 pacTBOpaMm; CBOMCTBA, TEXHOMOMMA UX MPUTOTOBJIEHNSA U >KNBYYECTb.

« [NpumeHeHVe HAHOMOPOLLKOB Pa3IMYHON NPUPOabI AN MOANPUKALIM CBOMNCTB CTPOUTENbHbIX MaTePUasoB.

+ HoBble CBONCTBA CTPOUTENIbHbIX MAaTEPUANOB HA OCHOBE HAHOCUCTEM.

«  MoaudunumpoBaHmne CTPOUTESNIbHbIX MAaTePMANOB HAHOBOOKHaMM.

« [ucnepcHble KOMNO3ULMOHHbIE MaTepurasibl C HAHOMOKPbITUEM.

«  QopmnpoBaHMe HAHOCTPYKTYPHbIX MOKPbITU Ta3ePHbIM HamMbIIEHNEM.

« Pa3paboTka MeTofoB MCCIef0BaHMA HAHOCTPYKTYPbl MaTEPMANOB HAa OCHOBE AMCMEPCHbIX CUCTEM, B TOM uuncie
NCCneaoBaHUsi HAHOOOBEKTOB MYCTOTbI B MOPUCTbIX CUCTEMAX.

+ TexHonoruuv nccnegoBaHmA CBONCTB HAHOMATEPUAnoB.

«  Cunctembl NpenofaBaHnsa OCHOB HAHOTEXHOMOTUIA.

Temamuka cmamed Moxem 6bimb UHOU, NPAMO UJTU KOCBEHHO CB8A3AHHOU C Nepeyuc/ieHHbIMU HaNPasgieHUusMUu.

http://nanobuild.ru 495 info@nanobuild.ru



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

2019; 11 (4):
480-498

Nanobm

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

- 3AKJTIOYEHUE (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:
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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:
Crunb APA (2011) [nekTpoHHbI pecypc]. — Pexxkum goctyna: http://www.apastyle.org/apa-style-help.aspx (nata
ob6paueHus: 5.02.13).

MpaBuna UUTMPOBAHUA WCTOYHMKOB [INEKTPOHHbIN pecypc]l. — Pexum poctyna: http://www.scribd.com/
doc/1034528/ (naTa obpalyeHus: 7.02.13)

OnucaHue guccepraunu unu asropedepara guccepraumm:
CemeHoB B.M. MatemaTnueckoe moaennpoBaHue nyiasmbl B cucteme «KomMnakTHbIN TOp»: AUC. ... A-pa GPUNKO-Ma-
TemaTuny. Hayk. — MockBa, 2003. - 272 c.

Onucanwme N0CTa:
[OCT 8.586.5-2005. 3mepeHume pacxofa 1 KONMYECTBA XKNAKOCTEN 1 ra30B C MOMOLLbIO CTaHAAPTHbIX CY>KaoLLMX
ycTpoiicTB. MeToauKa BbinonHeHNs namepeHuin. - Mocksa: U3g. CrangaptuHdopm, 2007. - 10 ¢.

OnuncaHve nateHTa:
MoHomapes A.H., Cepenoxo B.A., CodpoHoB A.KO. CTpounTenbHbIN KOHCTPYKLMOHHDBIN 3nemeHT // MaTeHT 2683836
P® MK C1.2019. Bion. Ne 10.

OnucaHne HeoNnyGNMKOBaHHOIO fOKYMeHTa:
leHepaTop pgaBneHna GD-2M. OnuvcaHne TeXHUYECKMX XapaKTepuUCTUK 1 PYKOBOACTBO MOJib30BaTesN . — 3aropck:
W3gatenbctBo HAW MpuknagHoit Xumunm, 1975. — 15 c. (He ony6nnkoBaHo).
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