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TO THE AUTHORS AND READERS

The journal «<Nanotechnologies in construction»
has successfully passed the evaluation process
and is indexed in the ICl Journals Master List database

@ JOURNALS
~/1 MASTER LIST

The journal «Nanotechnologies in construction» (ISSN: 2075-8545) has passed the evalua-
tion process positively and is indexed in the ICl Journals Master List database (Poland). From
now on, the Editorial Staff and Publisher may use this information in their external communica-
tion. Based on the information submitted in the evaluation and the analysis of the issues of the
journal from 2019, Index Copernicus Experts calculated Index Copernicus Value (ICV) for 2019:
ICV 2019 = 94.02. The ICV for 2019 is visible on the full list of indexed journals at ICl Journals

Master List 2019 - https://journals.indexcopernicus.com/search/formjml and in Journal’s — Pass-
port https://journals.indexcopernicus.com/search/details?id=56658.

ICl Journal Master List is an international indexing database of scientific journals within which
submitted periodicals have been evaluated for almost 20 years. The condition for indexation is
positive multidimensional evaluation which is based on over 100 criteria. Periodicals that fulfil
both formal criteria and initial indexation conditions gets one-year valid ICV (Index Copernicus
Value) index which reflects the level of journal development and its impact on the world of sci-
ence. It should be emphasized that the ICl Journals Master List database is one of the few that car-
ries out detailed assessment every year. It is the only Polish global brand in science. Due to annual
evaluation Editorial offices that care about indexation continuity are able to control multiannual
path and dynamic of journal development.

Index Copernicus Value is an evaluation standard for scientific journals. Its unique feature is de-
termined by the fact that it provides annual list of scientific journals from all around the world
within ICl Journals Master List. It also gives - in the extended version - specific guidelines in rela-
tion to journal’s functional areas that have to be improved in order to increase citation rate. The
ICV index has been recognized by public administration authorities, research institutes and other
subject associated with science.
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MypHan «<HaHoTexHOonornm B CTponNTenbCcTBE»
yCnewHo npoLien MHOroKkputepuasnbHbIN NPoLecc OLeHKN
n nHaeKkcupyerca B 6ase ICl Journals Master List

, JOURNALS
~/1 MASTER LIST
KypHan «HaHoTexHonoruu B ctpoutenbctee» (ISSN: 2075-8545) ycnewHo npolen MHOroKpu-
TepuvanbHbIN NpoLecc oLeHKN N nHaeKcmpyeTcsa B 6a3e ICl Journals Master List (Monbuwa). Ha oc-
HOBe NpoBepKM MHOPMaLMN N3 OLLEHOYHON aHKeTbI U aHanm3a Bbinyckos 3a 2019 roa skcnep-
Tbl Index Copernicus yctaHOBUAM 3HaueHne nokasatena Index Copernicus Value (ICV): ICV 2019 =
94.02. MNonyuyeHHas oueHKa ICV 3a 2019 rog otobpaxaetca B cnvcke ICl Journals Master List

2019 - https://journals.indexcopernicus.com/search/formjml, a Takke B Macnopte »KypHana —
https://journals.indexcopernicus.com/search/details?id=56658.

ICI Journals Master List - 510 mexgyHapogHas 6a3a, B KOTOPOW KaXAblll rof OLeHnBaTcA
nepuognyeckne n3gaHna Ha npotsxkeHnn noutn 20 net. Ycnosmem nHAeKcauumm ABnAeTca no-
NOXUTeNbHOE MPOXOXAEHNe MHOFOMEpPHOW napaMeTpuyeckon OLeHKW, OCHOBAHHOW B HacToO-
Awee BpemMA Ha 6onee uem 100 Kputepuax. Neprogunyeckme nsgaHna, KOTopble COOTBETCTBYIOT
Kak popManbHbIM, TaK U NpeABapPUTENIbHbIM YC/TOBUAM NHAEKCALUK, MONYYaloT 4ENCTBUTENbHbIN
B TeueHure 1 roga nHgekc ICV (Index Copernicus Value), KOTOpbIll OTpaXkaeT YpOBEHb Pa3BUTKA
XypHana 1 ero BAMaHue Ha MUp HayKu. Takxke CTOUT noguyepkHyTb, uTo 6a3a ICl Journals Master
List — ogHa 13 HemHorunx 6a3, KOTopasa NPOBOAUT AETaNIbHYIO OLEHKY KaX bl rof, 3TO eANHCTBEH-
HbI NONbCKUI MUPOBOW BpeHa B Hayke. bnarogapa sTomy pegakumm, Kotopble 3a60TATCA O He-
NPepbIBHOCTN UHAEKCAL MW, UMEIT BO3MOXHOCTb ClliefjoBaTb MHOFONIeTHEMY NYTU U AMHAMUKeE
pa3BUTUA XXypHana.

Index Copernicus Value aBnaeTca nokasaTefnem OLEHKN HayUHbIX M3AaHWUNA. YHUKaNbHbIA Xa-
pakTep oueHkm ICV onpepenaetca Tem ¢akTOM, UTO OHa NO3BONAET eXXErofHO COCTAaBNAATb CMNCOK
Hay4HbIX U3gaHunin co Bcero mupa B npegenax ICl Journals Master List n gaet — B paclumpeHHom
bopMe — KOHKpeTHble YKa3aHMA OTHOCUTENbHO PYHKLMOHANbHbIX 06nacTein HayYHOro n3gaHnsa,
KOTOpble AOSIXKHbI ObITb YNyylleHbl A NOCTOAHHOIO MOBbILWEHWA YPOBHSA LUTUPOBaHUA. MNoka3sa-
Tenb ICV 6bi1 OLeHeH, cpeam NPOYEero, UHCTUTYLMAMU FOCYAAaPCTBEHHOO YNpPaBieHNsA, HayYHbIMK
nogpasgeneHnamm n gpyrumm cybbektamu, CBA3aHHbIMU C HAYKOIA.
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ABSTRACT: The practice of using recycled concrete from the broken concrete of substandard reinforced concrete products can
become widespread in practice. The undoubted relevance of this topic is explained by the program for the renovation of the housing
stock in the city of Moscow, which provides for the demolition of 5-storey residential buildings until 2032. The problem of recycling
and reuse of construction waste becomes obvious to improve the environmental situation, as well as to reduce the cost of materials
in construction and preserve natural resources.

The article deals with the nanostructuring of cement systems by means of introduction of ultra- and nanodispersed mineral additives.
In this case, additional grinding of mineral additives is carried out in cavitation units. Nanostructuring provides the compaction of
concrete structures and an increase in the strength properties of concrete.

KEYWORDS: recycled concrete, broken concrete, X-ray phase analysis, physical and chemical analysis, mineral fillers, cavitation
grinding, structure, nanostructuring, strength.
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INTRODUCTION

n Russia, more than 15 million tons of construction
waste is generated annually, 60% of which is classified
as brick, concrete and reinforced concrete waste. The
growth rate of these wastes is about 25% per year. Ac-
cording to the European Association for the Demolition
of Buildings (EDA), established in 1976, about 2.5 billion
tons of construction waste are generated annually on the
planet, including 200 million tons in Europe. Construc-
tion waste of demolished dilapidated housing stock is
accumulated with the waste received during the recon-
struction of industrial and public buildings, engineering
structures, as well as substandard products accumulated
at the enterprises of the city’s construction industry [1].
Previous studies [2, 3] have shown that materials ob-
tained as a result of crushing can become a good alterna-
tive for natural materials for various purposes, including
aggregates for concrete work. However, some unresolved
issues related to the structural features of such a filler
hinder its widespread use.

© Gusev B.V,, Kudryavtseva V.D., Potapova V.A., 2020

The issue of recycling and use of recycled concrete is
also of great importance abroad. According to forecasts
of the American Concrete Institute (ACI), the annual
amount of waste in the country is expected to increase
from 12 to 15 million tons over the next 10 years [4]. And
in Belgium, due to the lack of natural resources, most of
the natural materials must be imported from other coun-
tries. This leads to additional costs for transportation,
strong impact on the environment and, as a result, high
cost of the facilities being built.

MAIN FINDINGS

The cement industry annually increases the rate of
production of high-quality cements. Indeed, it is not
profitable to produce low-grade binders, since their pro-
duction, as well as high-grade binders, is associated with
high energy consumption for roasting and grinding of
clinker, and is less cost-effective than the production of
high-quality concretes M 400, 500, 600 [5]. This can be
eliminated if costs for the production of a hydraulic binder
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are drastically reduced, for example, the cost of raw mate-
rials. The raw material for such a binder can be concrete
scrap and construction waste.

The results of studies [6] of the influence of the dust-
like part of the screenings of crushing of concrete scrap and
rocks on the strength of cement stone showed that with the
same percentage of dust-like fraction, the strength of the
cement stone decreases least of all when the dust of the
screening of concrete scrap is added to the cement. This
screening exhibits the properties of a low-quality binder.

In [7], the effect of fired cement stone on the process
of hydration and hardening of cement was studied, the
ability of the residues of the binder in a fine aggregate to
ensure the quality of the newly obtained cement was re-
vealed. Based on the data of differential thermal analysis,
the cement stone was fired at a temperature of 700°C and
isothermal holding for 1 and 3 hours. Table 1 shows the
results of strength tests.

The best result in terms of bending strength was shown
by a specimen subjected to firing at 700°C for 3 hours, and
in terms of compressive strength — a specimen subjected to
firing for 1 hour at the same temperature. At the next stage,
it was decided to investigate the structure and determine the
nature of the phases contained in the material under study.

Chemical and physical technologies, of course, are the
main ones in the production of nanodispersed particles.
According to the degree of dispersion, it was proposed
to classify ultrafine-grained materials depending on the
average grain size in nm as follows [8]:

— Fine dispersed materials — 10*—10° nm (10~! um);
— Ultradispersed materials — 10°—10?> nm (1—10~! um);
— Nanomaterials — less than 102 nm (<10~! um).

From the point of view of productivity and cost of
the process of production of large-tonnage materials, a
special place is occupied by the methods of mechanical
and mechanochemical grinding, which, on an industrial
scale, make it possible to obtain fine particles.

Work on the activation of cement suspensions was
continued for other cavitators (rotary-pulsating devices,
hydrodynamic emitters), which provided an increase in
the strength of heavy concrete up to 40%. Fig. 1 shows
the diagrams of equipment and pulse modes.

One of the promising technologies for the production
of emulsions and dispersions is the cavitation technology
of grinding. Cavitation is a physical phenomenon of the
sequential formation, growth and collapse of microscopic
bubbles in a liquid. The collapse of the bubble creates
high localized temperatures and pressures. The cavitation
effect can be achieved using acoustic and hydrodynamic
cavitation.

Acoustic cavitation is induced by the passage of high
frequency ultrasonic waves (16 kHz—100 MNts) through
the liquid. When ultrasound passes through a liquid, zones
of high and low pressure are formed, which leads to a rup-
ture of the continuity of the liquid and the formation of
cavitation. The conditions for the occurrence of cavitation
depend on the intensity and frequency of ultrasound, the
physical properties of the liquid, as well as the temperature
and solubility of gases.

In conditions of hydrodynamic cavitation, a passive
hydrodynamic disperser (hereinafter — PHD) is used for
the formation and collapse of bubbles. Its design includes
cavitation bodies, which are metal rods of a circular cross-
section; when passing through the continuity of water, it
breaks, and cavitation bubbles are formed. To ensure high
fluid pressure, a vertical centrifugal pump is used, which
provides pressure up to 6 atm [9, 10, 11].

METHODS AND MATERIALS

When performing the work, the following method of
physical and chemical analysis was used — X-ray. The
work was carried out on a DRON-3 device with a GUR-8
goniometer and a copper anti-cathode. The phases were

Table 1

Strength of cement stone PC M500 and cements with the addition of fired cement stone
Composition of the Flexural strength, kgf/cm? Compressive strength, MPa

tested cement 1 day 3 days 7 days 1 day 3 days 7 days

PC 24.9 47.9 53.1 21.0 48.2 51.1
PC+10% CS-1 17.5 37.5 47.5 14.8 42.7 48.8
PC +10% CS-2 15.0 37.3 43.6 10.5 39.9 51.0
PC+10% CS-3 13.3 31.7 414 10.1 39.6 45.4

Notation:

CS-1 — cement stone at a firing temperature of 700°C, firing time 3 hours;
CS-2 — cement stone at a firing temperature of 700°C, firing time 1 hour;

CS-3 — cement stone without firing;
PC — ordinary Portland cement (M500).
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Impulse modes

Rotor-pulsation installation: 1 — rotor; 2 — stator; 3 — hull;
4 — impeller; 5 — flange; 6 — connection

Hydrodynamic activation

Layout of hydrodynamic emitter:
1 — inlet nozzle; 2 — resonating chambers; 3 — exit nozzle

Types of pressure impulses, formed in medium in two resonant
chambers of hydrodynamic emitter

Fig. 1. Wave processes of activation

identified using the JCPDS international card index. The
phase composition of the analyzed samples is determined
from the position and intensity of the corresponding dif-
fraction lines on the X-ray diffraction patterns. In the
quantitative analysis, the integral intensity of the most
pronounced diffraction peaks of the corresponding com-
pounds was measured.

The investigated old concrete (about three years of
hardening) was crushed to a size of 5—25 mm, then it was
fired at a temperature of 700°C, after which it was ground
by hand in an iron mortar. Next, the test material was
sieved through a 008 sieve.

Comparative analysis of X-ray diffraction patterns
(Fig. 2, 3) of the studied secondary cement stone showed
that the sets of the main diffraction maxima on the X-ray
diffraction patterns correspond to the data of the interna-
tional card index JCPDS, as well as tables on interplanar
distances (d, A) [8].

CONDUCTING THE EXPERIMENT

The X-ray diffraction pattern of the original second-
ary cement stone shows predominant diffraction maxima

with d = 9.7712; 5.6087; 3.8750; 4.3851 A, indicating
the presence in it of ettringite, tetracalcium thirteen-hy-
droaluminate with d = 2.8847 A, tetra-calcium nineteen-
hydroaluminate with d = 2.7883 A; calcium hydrosilicate
with d = 2.5623; 2.4106; 1.7570 A, alite with d = 2.7466;
2.6944 A.

After firing, decomposition of ettringite, partial de-
composition of calcium hydrosilicate is observed. The X-
ray diffraction pattern after heat treatment shows the ap-
pearance of calcium hydroxide with clinker residues.

Then we compare the X-ray diffraction patterns of the
samples obtained with the addition of 10% secondary filler
with a control sample (PC 500).

According to the data presented in Figure 2 on the
X-ray diffraction pattern of the control sample (PC 500)
there are diffraction maxima of ettringite with d = 9.3093;
7.2545; 2.7798; 2.1834; 1.7972 A, monobarium alumi-
nate tetrahydrate with d = 4.9143; 1.9275 A, portland-
ite Ca (OH) 2 with d = 3.1157; 2.6292 A, alite with d =
2.7425; 3.0329; 1.7649 A. After the introduction of an
additive of 10% secondary cement stone, the presence of
hexagonal eight-water calcium hydroaluminate with d =
2.4454 A is observed.

http://nanobuild.ru

247

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2020; 12 (5):
HaHoTexHONorum B cTpouTtenbCcTBe 245-249

Nanob

TECHNOLOGIES FOR PRODUCTION OF CONSTRUCTION MATERIALS AND PRODUCTS

,4997
- 2,4551

,Hs
o8

gEU2EBLEELEBEOLEEEEEEEREERE

; WJI[W M‘"’d"‘ h “‘Www

m Old concrete stone subjected to firing

RN (700°C, 3 hours)

= Old concrete stone subjected to firing

e (700°C, 1 hour)

A L S RO E A AA = Old cement stone (~3 years of hardening)

Fig. 2. Radiographs of the original and fired recycled cement stone
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Fig. 3. X-ray diffraction patterns of samples with an additive (10%) after 90 days of hardening

CONCLUSION

The early 2000’s are marked by the start of the works
on the problem and features of nanostructured high-
tonnage materials. In this case, nanostructures do not
cover the entire volume of materials, but form some kind

of nanostructured layers in the total volume of the mate-
rial. Therefore, one could expect obtaining additional
structural bonds and an increase in the strength of massive
materials and an improvement in technical properties by
a factor of 2—2.5.
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BeTOoHbI C HAHOA06aBKOI N3 060XKKEHHOIo
BTOPUYHOro 6eToHa

b.B.'yces* (°}, B.A. Kyapasuesa (), B.A. MoTtanoBa

Poccnincknn yHnsepcuteT TpaHcnopTa, MockBa, Poccua

* KoHTakTbl: e-mail: info-rae@mail.ru

PE3IOME: MpakTnKa npyMeHeHWs BTOPUYHOTO 6eTOHa U3 6ETOHOIOMa HEKOHAVLIMOHHDBIX XKene300€TOHHbIX U3AENNI MOXET MNo-
NYYUTb LUIMPOKOE PacnpOCTPaHEHNE Ha MPaKTUKe. HeCOMHEHHO aKTyNIbHOCTbIO 3Ta Tema o6bAcHAeTcA MNporpaMmmon peHoBaLum
xunuwHoro doHAa B ropope MockBe, KOTopas NpeaycMaTprBaeT CHOC 5-Ty 3TaXkHbIX »KUAbIX 3gaHnid go 2032 ropa. Mpobnema
nepepaboTKM 11 MOBTOPHOIO MCMOIb30BaHUA CTPOUTENbHbBIX OTXOAO0B CTAHOBUTCA OYEBVAHON ANA YNYyULIEHWA SKONOrMYecKon
00CTaHOBKMY, a TaK e AN CHYKEHVA CTOMMOCTY MaTepranoB B CTPOUTENbCTBE M COXPaHEHUA MPUPOAHBIX PeCypCoB.

B cTaTbe paccmaTpurBaeTca HAHOCTPYKTYPUPOBaHME LIEMEHTHbIX CUCTEM 3a CYET BBEAEHMA YNbTpa- 1 HAHOANCMEPCHbIX MUHEpPaJsib-
HbIX J06aBoK. MpK 3TOM AONONHUTENBHOE U3MeNbYeHNe MUHEPaTbHbIX J00aBOK BbIMOMHAETCA Ha KaBUTaLMOHHbIX YCTaHOBKaX.
HaHocTpyKTypupoBaHue obecrneyrBaeT ynioTHeHe GETOHHBIX CTPYKTYP 1 MOBbILLEHNE MPOYHOCTHBIX NOKa3aTtenen 6eToHa.

KNIOYEBDIE CJIOBA: BTOpUYHbI/i 6ETOH, 6ETOHONOM, PeHTreHoha30BbI aHaNn3, GU3NKO-XMMUYECKI aHaNN3, MUHepPasbHble
HaMoNHNTENN, KAaBUTALIMOHHOE U3MeNbUeHMe, CTPYKTYPA, HAHOCTPYKTYPUPOBaHME, MPOYHOCTb.

AnAa UMTUPOBAHMUA: l'yces b.B., Kyapsasuesa B.[., MoTtanosa B.A. beToHbl ¢ HaHO[06aBKOW 13 000XMKEHHOTro BTOPUYHOro 6eToHa //

HaHoTexHonorun B ctpoutenbctae. — 2020. — Tom 12, N2 5. — C. 245-249. - DOI: 10.15828/2075-8545-2020-12-5-245-249.

BBEJEHUE

Poccun exxeronHo ob6pasyetcst 6ojiee 15 MIIH TOHH

OTXOJI0OB CTPOUTEILHOTO IIpousBoacTna, 60% ko-
TOPBIX OTHOCSIT K KUPITUIHBIM, OSTOHHBIM U KeJIe30-
OCTOHHBIM OTX0OmaM. TeMIThl pocTa YKa3aHHBIX OTXOIOB
cocTaBIoT 0K0J10 25% B roa. Ilo ganusiM EBpomneii-
CKOM1 acconmanyu 1mo cHocy 3mannii (EDA), co3maH-
HOI B 1976 T., eXXeromHo Ha IUIaHeTe 00pa3yioT OKOJIO
2,5 MJIPI T. CTPOUTEIBHBIX OTXOA0B, B TOM 4nciie B EB-
porte — 200 mutH T. K cTpouTeIbHBIM OTXOAAM, ITOJIyda-
€MBIM IIPY CHOCE BETXOTO XIIOTo (hOHIa, HOOABIISIOT-
CsI OTXOIBI, TTOTyJacMble IIPU PEKOHCTPYKIINY TIPOM3-
BOJCTBEHHBIX U OOIICCTBEHHBIX 3MaHNI, MHXXCHEPHBIX
COOPYKCHMI, a TAK:KEe HEKOHINITMOHHAS TTPOMYKIINS,
CKOMUBIIASICS HA TIPEATNIPUSATUSX CTPOUTEIBHOU MHY-
ctpuu ropoga [1].

IMpenpinymme uccnenoBanus [2, 3] mokasain, 4To
MaTepualibl, TTOJIYICHHBIC B pe3yJbTaTe APOOICHUS,
MOTYT CTaTh XOPOIIeil aJbTePHATUBON IJIST TIPUPOI-
HBIX MaTepHaJIOB PAa3IMIHOTO HA3HAYCHMS, B TOM YHC-

© lyceB b.B., Kyapasuesa B.[., Notanosa B.A., 2020

JIe 3aTOJTHUTENIS TIPH TIPOU3BOICTBE OCTOHHBIX PaboT.
OnHaKo psia HepeIICHHBIX BOIIPOCOB, CBI3aHHBIX CO
CTPYKTYPHBIMH OCOOCHHOCTSIMU TaKOTO 3aIIOJTHUTEIIS,
CIEPKUBAET €ro LIMPOKOE MPUMEHEHMUE.

Borpoc 00 yrunmn3anny 1 UCIIOIb30BaHUSI BTOPII-
HOro 0eTOoHa TaKxKe OCTPO CTOUT U 3a pyoexkoM. ITo mpo-
rHO3aM AMeprKaHCKoro nHetutyTta 6etoHa (ACI) oxu-
IAeTCsI, YTO €XKETOTHOC KOJIMISCTBO OTXOIOB B CTPaHE
YBEIIMIUTCS ¢ 12 10 15 MUIIMOHOB TOHH B CJICIYIOIIE
10 net [4]. A B benbrum m3-3a HeXBATKU ITPUPOTHBIX
pecypcoB OOJIBIIMHCTBO IIPUPOTHBIX MaTePUaIOB He-
00XOIMMO UMITOPTUPOBATH M3 APYTUX CTPaH. DTO MPHU-
BOIUT K JIOTOJTHUTEIIFHBIM 3aTpaTaM Ha TPaHCITOPTHU-
POBKY, CHUIBHOMY BO3ICHCTBIIO Ha OKPY>KAIOIIIYIO CPEIy
1, KaK CJICICTBHUE, K BEHICOKOW CTOMMOCTH BO3BOIMMBIX
O0BEKTOB.

OCHOBHAA YACTb

L[eMCHTHaSI ITPOMBIIIJIEHHOCTD €2KETOAHO YBEJINYU -
BacT TEMII IIPOMU3BOACTBA BLICOKOMAPOYHbIX HEMEHTOB.
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HeiicTBUTEIHLHO, BBIITYCKATh HU3KOMAPOUHBIC BSLKYIITIC
HEBBITOTHO, TaK KaK MX IMOJYICHNUE TaK K¢, KaK 1 BKY-
IIMX BEICOKMX MapoOK, CBSI3aHO ¢ OOJIBITIMU SHEpro3a-
TpaTaMy Ha OOKUT ¥ TTIOMOJI KIIMHKEPa, 1 5KOHOMUICCKHI
MeHee 3P OEKTUBHO, YeM ITPOM3BOICTBO BEICOKOMAPOU-
HbIX 6eTroHoB M 400, 500, 600 [5]. DTO ymacrcs IUK-
BUIMPOBATh, €CIN Ha IIPOU3BOACTBO TUAPABINICCKOTO
BSDKYIIETO OYIYT PE3KO CHIDKEHEI 3aTpaThl, HAIIPUMED,
3aTpaThl Ha ChIpbe. CHIPhEM IIJIST TAKOTO BSTKYIIETO MO-
TYT CIIYXKUTb OCTOHHBIN JIOM M OTXOIbI CTPOUTEIIEHOTO
MPOU3BOJCTBA.

PesynbraThl Mccief0BaHUI [6] BAMSHAS MBLIEBUII-
HO 9aCTH OTCEBOB APOOICHMSI OCTOHHOTO JIOMa M TOp-
HBIX IIOPO]I Ha IIPOYHOCTH IIEMEHTHOTO KAMHSI TIOKa3aJIH,
YTO TIPU OTHOM M TOM K€ TIPOLIEHTHOM COACPKAHUMI
MBIICBUIHON (hpaKIIMU IIPOYHOCTH IIEMEHTHOTO KaMHSI
MEHBIIIe BCETO CHIKACTCS ITPH JOOABICHUH K IIEMEHTY
IBUIA OTCeBa Apo0eHUs 0eTOHHOTO JoMa. JIJaHHBI OT-
CEB TIPOSBIISICT CBOMCTBA HU3KOMAPOYHOTO BSKYIIETO.

B paborte [7] usyueHo BAuUsIHUE OOOXKKEHHOTO 1ie-
MEHTHOTO KaMHsI Ha TIPOIIecC TUAPATAIINU 1 TBepACHUS
IeMEHTa, BBISIBIICHA CTTIOCOOHOCTH OCTATKOB BSIKYIIIETO
B MEJIKOM 3aIIOJIHUTEJIC 00CCIIeYnBaTh KAYeCTBO BHOBb
ToJIygaeMoro eMeHTa. Ha ocHoBaHMM maHHBIX TUd-
(bepeHIIMaTBPHO-TEpPMIIECKOTO aHAIN3a OBLT IIPOBEICH
OOXUT LIEMEHTHOTO KaMH$ npu Temnepatype 700°C
1 U30TePMHUICCKOM BBIIepKKoil 1 1 3 gaca. B Taom. 1
TIPUBEACHBI Pe3yIbTaThl UCIIBITAHWI HA TIPOYHOCTD.

Jlygammii pe3yabTaT 10 IPOYHOCTH TIPU M3TUOE T10-
Ka3zaj odpaselr, monBepKeHHbIi 0oxury mpu 700°C B Te-
yeHHe 3 9acoB, a o IMPOYHOCTH Ha CxKaThe — obpaserl,
TIOABEPKECHHBIN 00XUTY B TeUeHMe | gaca Mpu TO Ke
temnepatype. Ha cienytoiiem atane 0bU10 TPUHSITO pe-
IIEHNE UCCIIEIOBATh CTPYKTYPY Y ONIPEICTUTD IIPUPOILY
(a3, comepxkammxcs B UCCIIEAYEMOM MaTeprale.

XumMnyeckue v u3nuecKre TeXHOJIOTUU, 0e3yCIIOB-
HO, SIBJISTFOTCSI OCHOBHBIMU TIPU TTOJTYYCHUW HAHOIM -

Tabauya 1

CIEPCHBIX YacTull. ITo cTereHn MUCIIepCHOCTH TIpeI-
JIOXKEHO KJIaCCH(PUIIMPOBATh CBEPXMEIKO3EPHUCTHIC
MaTepHrajbl B 3aBUCUMOCTH OT CPETHETO pa3Mepa 3epeH
B HM CJIeAyIOIINM o0pa3oM [8]:

— TOHKOAUCHEpCHble MaTepuabl — 104—10° HM

(107! MmKM);

— yabTpagucnepcHbie Matepuaibl — 10°—10% um (1—

10" MKM);

— HaHomatepuajbl — MeHee 102 HM (<10~' MKM).

C TOUKM 3peHUs] TPOU3BOJUTETBHOCTH U CE0ECTOU-
MOCTH TIpoliecca IMPON3BOACTBA MHOTOTOHHAXKHBIX Ma-
TEPUAJIOB 0COO0E MECTO 3aHUMAIOT METOIBI MeXaHMUe-
CKOTO M MEXaHOXUMUYIECKOTO M3MEIbUCHUSI, KOTOPBIC
B IIPOMBIIIJICHHBIX MacCIITabaxX MO3BOJISIOT TTOJyJaTh
TOHKOIVCIICPCHBIC YACTUIIHI.

PaboTHI MO aKTUBAIINY IIEMEHTHBIX CYCIICH3MI OBLITN
MIPOIOJIKEHBI TSI APYTUX KaBUTATOPOB (POTOPHO-ITYIIb-
CalIMOHHEBIC aIlapaThl, THAPOAMHAMWYCCKIE U3JTyJaTe-
JIN), KOTOPBIE OOCCITCYMIIN TTOBBIIIICHIE TIPOYHOCTH TSI~
keoro 6etoHa 10 40%. Ha puc. 1 npeactaBieHbI CXeMBbI
000pyI0OBaHMUS W UMITYJTbCHBIX PEKMMOB.

OnHOM M3 MepCIIeKTUBHBIX TEXHOJIOTHI TOIyde-
HUST OMYJIBCUI U TUCTIEPCUIL SIBIISIETCS] KABUTALIMOHHAST
TEXHOJIOTHS M3MenbueHUs. KaButaums: — ¢pusmdeckoe
SIBJICHWE TIOCJIeIOBATEeIbHOTO 00pa30oBaHUS, poOcTa
M KOJIIarica MUKPOCKOITMYECKUX MY3BIPhKOB B KU/ -
KocTh. CxJIOMbIBAHKE ITy3bIPbKa CO3[AET BHICOKHE JIO-
KaJU3UpOBaHHBIC TEMIIEPATyphl M AaBieHUEe. DhdeKT
KaBUTAIIHA MOXKHO JOCTHYD C TIOMOIIBIO aKyCTUICCKOM
1 TUAPOAMHAMUYICCKON KaBUTAIINH.

AKycTHUYecKasi KaBUTALWSI MHIYIIUPYETCS IIPH IIPO-
XOXKICHUN Yepe3 XUIKOCTh YIBTPa3BYKOBBIX BOJIH BEICO-
Koii yactoTsl (16 KI'u — 100 MHuix). I[Ipu npoxoxaeHuu
VIBTpa3ByKa uepes3 XUIKOCTb 00pa3yIOTCsT 30HBI TTOBHI-
IIEHHOTO W IMOHWKEHHOTO IaBJICHUS, YTO IIPUBOIUT
K pa3phIBY CIUIOITHOCTH XUIKOCTA M 0Opa30BaHUIO Ka-
BUTALIVH. Y CJIOBUS BOSHUKHOBCHUS KaBUTAIIUH 3aBUCSIT

IIpounocts nementHoro kKamusi I M500 1 ieMeHTOB ¢ 100aBKOii 000KEHHOTO IEMEHTHOIO KAMHS

Cocras IIpoynocTs Mpu U3rKude, Kre/cm? IIpounocts npu cxkatun, MIla
HCIBITYEMOTO
LleMeHTa 1 cyr 3cyr TcyT 1 cyr 3cyr TcyT
1T 24,9 47,9 53,1 21,0 48,2 51,1
ITLL + 10% LIK-1 17,5 37,5 47,5 14,8 42,7 48,8
ITLL + 10% L1K-2 15,0 37,3 43,6 10,5 39,9 51,0
ITLL + 10% LIK-3 13,3 31,7 41,4 10,1 39,6 45,4

Yenosnuvie 0603nauenus: 1IIK-1 — 11IeMeHTHBII KaMeHb pU Temriepatype ooxura 700°C, Bpems ooxura 3 4;
1IK-2 — neMeHTHBII KaMeHb Ipu TeMmniepatype ooxkura 700°C, Bpems obxura 1 4u;

11K-3 — 11eMeHTHBIi1 KaMeHb 0e3 00XKUTa;
TT1I — o6bryHbIN opTIaHaeMeHT (MS500).
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OT MIHTEHCUBHOCTHY 1 YaCTOTHI YITPa3ByKa, (hU3NMIECKUX
CBOWCTB XUIKOCTH, a TAKKE TEMIEPaTypbl U PacTBO-
PSIEMOCTH Ta30B.

B ycrnoBusix runponHaMu9IecKol KaBUTAIMU TSI
00pa30BaHUST U CXJIOTIBIBAHUSI ITY3bIPHKOB UCTIONbB3YETCS
TTACCUBHBIN TUIPOAMHAMWYECKUI AUCTIepraTop (aiee —
TIT). B ero KOHCTPYKIMIO BKJIIOUEHbI KABUTALIMOHHbIE
TeJa, MPEeACTABIISIIONINE COOON METAJUTMIECKUE CTEPXKHI
KPYTJIOTO C€YeHUsI, KOTOPBIE TIPU TTPOXOKICHUN Yepe3
CILTONITHOCTDH BOJIBI PAa3pBIBAIOTCS, M OOPA3yIOTCST KaBU-
TallMOHHBIE TTYy3bIPbKU. [ 0OecrieueHrsT BBICOKOTO
JABJICHUSI XUIKOCTH UCTTO3b3yETCs] BEPTUKAIBHBIN 11eH-
TPOOEKHBIIT HACOC, KOTOPBIN 00ecIieuynBaeT qaBieHue
oo 6 atvm [9, 10, 11].

METO/bI 1 MATEPUAJIBI

[Tpu BEITIOTHEHUY paOOTHI TIPUMEHSIIICS CIICAYIOITII
MeTon PU3UKO-XUMHUIECKOTO aHaIM3a — PEHTIeHOTpa-
(uueckuii. Paboty nmpoBoaunu Ha npubdope JJPOH-3
¢ ronnomeTpoM I'YP-8 n MenHbIM aHTUKaTOIOM. MeH-
THdUKALINS (a3 OCYIIECTBIIIACh TT0 MEKIYHAPOTHOM
kaproteke JCPDS. ®a3oBhIit cocTaB aHATU3UPYEMBIX

NmmysibcHbIE peKuMBI

Pomopno-nyascayuonnsiii annapam: 1 — pomop; 2 — cmamop;
3 — kopnyc; 4 — kpoiavuamia; 5 — graneu; 6 — wmyuep

00pa3IIOB OIpEIeIIeTCs MO MOJIOXECHNI0 M MHTCHCUB-
HOCTH COOTBETCTBYIOIINX TNUMPAKIIMOHHBIX JIMHUI Ha
peHTreHOrpamMMax. [Ipy KoTmyecTBeHHOM aHAIN3¢ N3-
MepsUTH MHTETPaTbHYI0 MHTCHCUBHOCTD HANOOJIee BhI-
PakeHHBIX TU(PPAKITNOHHBIX ITMKOB COOTBETCTBYIOIINX
COEIVHEHUMN.

Wccnenyemblii crapbiii 6eTOH (MPpUOJU3UTEIBHO
TPH Tola TBepACHUS) OBLI pa3apo0JIeH 0 BEIUNIUHEI
5—25 MM, majee ObIT MOABEPTHYT OOXKUTY TIPU TeMIIepa-
Type 700°C, mocyie 94ero n3MenbJaics BpyIHYIO B XKeJie3-
HOI cTynKe. [lajiee NCIIBITYeMBII MaTepral IIPOCEUBAIN
yepe3 curto 008.

CpaBHHUTEIBHBINM aHATN3 peHTIeHOoTpaMM (puc. 2, 3)
HCCIIeIYeMOTO BTOPHMYHOTO IIEMEHTHOTO KAMHS ITOKa3aJl,
YTO HAOOPHI OCHOBHBIX TN(PAKIINOHHBIX MAKCUMYMOB
Ha PeHTreHOTpaMMaX COOTBETCTBYIOT TaHHBIM MEXIY-
HapoaHoii kapTtotekn JCPDS, a Takke Tabiauiam 1o
MEXIUIOCKOCTHBIM pacCTOSTHUSIM (d, A) [8].

INPOBEJIEHUE DKCIIEPUMEHTA

Ha PEHTITEHOTpaMME€ MCXOOJHOTO BTOPUYHOTIO LIEC-
MCHTHOI'O KaMHA IPUCYTCTBYIOT Hpeo6naz[a101_une

TuapoauaaMmdecKasi AKTHBALAS

Cxema eudpodunamuueckoeo usnyuamens LJ[H: 1 — exoonoe
conno; 2 — pesoHamopHvie Kamepsl; 3 — 8bIX00HOe CONA0

Buo umnynvcos dasaenus, gopmupyemoix 6 cpede 6 08yx
pe3oHamopubix kamepax TJTH

Puc. 1. BonHoBble nponecchl AKTUBAMA
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Puc. 2. PeHTreHOrpaMMbI HCXOTHOTO W 000ZKIKEHHOTO BTOPHYHOTO IEMEHTHOTO KAMHS
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= KoHTpoabsHsil oopaserr (ITL 500)

Puc. 3. PentreHorpamMmbl 00pasios ¢ go0askoii (10%) nocie 90 cyTok TBepaeHus

nudpakimoHHble MakcuMyMbl ¢ d = 9,7712; 5,6087;
3,8750; 4,3851 A, ykasbIBaloLue Ha IIPUCYTCTBHE B HEM
STTPUHIUTA, YEThIPEXKAIBLIEBOTO TPUHAALIATUBOIHOIO
runpoatomiHata ¢ d = 2,8847 A, 4eThIpeXKaIbLEeBOTO
JIeBATHAIIATUBOIHOTO THapoamomMuHara ¢ d = 2,7883 A;
ruapocHmKaTa Kanbiwst ¢ d = 2,5623; 2,4106; 1,7570 A,
anmra ¢ d = 2,7466; 2,6944 A.

ITocne obxura HabIOAaETCS Pa3a0XKeHUe STTPUH-
TUTa, YACTUYHOE Pa3IoXeHUe TMIPOCUINKATA KAJIbLIKSI.
Ha pentrenorpamme rocie TepMooopadbOTKK 3aMETHO
MOSIBJICHUE ITMAPOKCHIA KAJIbLMSI C OCTaTKaM KJIMHKepa.

3aTeM cpaBHUBaeM PEHTTCHOTpaMMBbI 0OPAa3IIOB, TT0-
JIYIEHHBIX ¢ 106aBKO#l 10% BTOPUYHOTO 3aTTOJTHUTEIS,
¢ KOHTpOJBbHBIM obpasnom (ITL1 500).

ITo maHHBIM, TIpeICTaBJICHHBIM Ha PUC. 2 Ha pEHTTE-
HorpaMMe KOHTpoabHoro obpasna (I111 500), mpucyt-
CTBYIOT TU(DPaKIIMOHHBIC MAKCUMYMBI STTpUHTUTA ¢ d =
9,3093; 7,2545; 2,7798; 2,1834; 1,7972 A, ueTbipexBoa-
HOTO TrupaTta MoHobapueBoro amoMmuHara ¢ d =4,9143;
1,9275 A, moprianaura Ca(OH)2 ¢ d = 3,1157; 2,6292 A,
anura ¢ d =2,7425; 3,0329; 1,7649 A. Tocne BBeneHust
no6aBku 10% BTOpUYHOTO LIEMEHTHOTO KAMHSI HA0JTIO-
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JAeTCs MPUCYTCTBUE FeKCarOHaJIbHOIO BOCBMUBOIHOIO
runpoantioMuHara Kanbuus ¢ d =2,4454 A.

3AKTIOYEHUE

C navaza 2000-X ToI0B HaYaThI pabOTHI IO ITpodIIEMe
1 0COOEHHOCTSIX HAHOCTPYKTYPUPOBAHHBIX MHOTOTOH -

CIIUCOK JINTEPATYPbI

HaXXHBIX MaTepHajaoB. B aToM ciayyae HAHOCTPYKTYPHI
OXBaTbIBAIOT HE BECh 00bEM MaTepUAIOB, a KaK Obl 00-
pa3yioT HAHOCTPYKTYPHBIE CJIOM B 00IIIEM 00beMe Ma-
tepuaina. [1oaToMy MOXHO OBIJIO OXUAATH TTOJTYYEHUE
JIOTIOJTHUTEIBHBIX CTPYKTYPHBIX CBSI3€i1, TOBBIIIICHNE
MMPOYHOCTH MAaCCUBHBIX MaTEPUAJIOB U YIYJIIIEHUE TeX-
HUYECKUX CBOMCTB B 2—2,5 pa3.

1. F'onosun H.T'., Anumos JI.H., Boponun B.B., I1yasieB C.M. IToBTOpHOE MCMOIb30BaHUE — OAHO U3 HampaBjeHU pe-
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ABSTRACT: Introduction. The use of modifying nano-additives in the production of binding building materials is one of the
most effective ways to control the technological parameters of concrete by conducting good control of the rheological character-
istics reliability. Plasticizing additives increase the water-holding capacity of building compositions, which leads to the dispersed
nanosystems stability. This article is focused on examining the physical and chemical mechanisms of the supramolecular effects
of polycarboxylate ethers on technological and rheological characteristics of cement nanobinders. Methods and materials. This
study describes controlled hardening processes of concrete nanocompositions with demanded technological characteristics in
the presence of highly effective plasticizers. Moreover, this paper carries out the analysis of the innovative trends in regulating the
consistency of building nanocomposites with the use of new comb-like polycarboxylate esters, which as superplasticizers allow to
purposefully influence the kinetics of structure formation of cement nanocomposites. Results. Electrostatic and steric repulsion
mechanisms, as well as the dispersing effects of innovative and traditional plasticizing nanoparticles, affect the adsorption and dif-
fusion layers of the hydrated cement nanobinders ultrastructure. The most effective plasticizing properties are shown by comb-like
polycarboxylate esters (CPE) with a linear chain molecular weight of =12000 g/mol and a length of side branches which correspond
to a molecular weight of =750 g/mol. The supramolecular mechanism of nanosteric van der Waals repulsive forces begins to be
detected at a distance of =11 nm, and the elasticity of the lateral branches of innovative CPE is = 5 nm. Individual segments of CPE
macromolecules enter the diffuse layer of dispersed nanosystems due to lateral interactions of anions of functional groups, hydro-
phobic fragments, etc.; they enhance the plasticizing effect of cement binders in concrete nanocompositions. Discussion. When
using superplasticizing CPE, the density of concrete nanocomposites can be increased by reducing the amount of water mass to
the cement mass ratio to the optimal 0.3; at the same time, technological pumpability and reliability control of the joint hardening
kinetics with fillers are preserved within the framework of the technological problems system solutionsconcept. Supramolecular
interaction of «anchoring» functional groups of polyacrylic acid containing solid phase cations of cement microparticles, fractal
clusters of calcium hydrosilicates and simultaneous steric stabilization of polyethylene glycol radicals give the necessary rheologi-
cal characteristics to construction nanocompositions and allow the construction of high-strength 55+80 MPa building materials.
Conclusions. The branched comb-like nanostructure of polycarboxylate esters exhibits effective technological characteristics of
superplasticizers for concrete, building mortars and dry building mixes.

KEYWORDS: cement nanobinders, superplasticizers, polycarboxylates, reliability management, concrete structure formation.
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INTRODUCTION logical characteristics reability. Plasticizing additives
increase the water-holding capacity of building compo-
he use of modifying nano-additives in the produc- sitions, which leads to the dispersed nanosystems sta-

tion of binding building materials is one of the most  bility. In the production of self-compacting concrete,
effective ways to control the technological parameters  high-performance superplasticizers are used, which are
of concrete by conducting good control of the rheo-  based on comb-like polycarboxylate ethers (CPE) system
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hardening that can significantly increase the technologi-
cal saving time of concrete nanocomposites and strength
of building structures by 1,5—2 times [1, 2].

This article is focused on examining the physical
and chemical mechanisms of the supramolecular effects
of polycarboxylate ethers on technological and rheological
characteristics of cement nanobinders.

METHODS AND MATERIALS

Currently, traditional plasticizers based on lignosul-
fonates and sulfated melamine and naphthalene formal-
dehyde polymers are used to reduce energy consumption
and labor intensity in the production of concrete mixtures.
The inclusion of conventional plasticizers in the con-
crete mix allows toincrease mobility and workability while
maintaining the necessary rheological characteristics,
i.e., to reduce the consumption volume of the mixing
water. Electrostatic and steric mechanisms of repulsion,
as well as dispersing effects (water reduction, reduction
of hydration time, etc.) of nanoplasticizing additives affect
the adsorption and diffusion layers of cement nanobind-
ers. However, the plasticizing effect of using traditional
nano-additives is limited in time due to rapid adsorption
of cement microparticles, surface screening and reduced
hydration processes, and as a result, their dispersing ef-
ficiency decreases.

Therefore, the component composition of lignosul-
fonate, synthetic melamine- and naphthalene-formal-
dehyde macromolecular traditional plasticizers are mixed
with regulators of technological parameters: setting in-
hibitors, in particular, to preserve the rheology (viscosity,
thixotropy) of modified concrete mixtures. This process
leads to some difficulties: the use of complex plasticizers
based on sulfated melamine and naphthalene formalde-
hyde macromolecules with setting inhibitors slows down
the kinetics of concrete strength gain, increases the period
of formwork turnover, etc. [3—7].

Plasticizing compositions based on innovative CPE
are supramolecular complexes made of a macromolecular
matrix and various nano-additives that correct the setting
and hardening time of calcium hydrosilicates, enhance
the speed of strength gain and the ability to conduct con-
crete work at low sub-zero temperatures [8]. Linear poly-
carboxylate macromolecules are synthesized by radical
polymerization of acrylic acid in an aqueous solution,
with comb-like analogues of polycarboxylate esters being
technologically obtained by esterification with methoxy-
lated polyethylene glycol of various molecular weights
(350—1000 g/mol).

Along with the size of the main chain of the CPE mac-
romolecule, the length of the side chains (ridges) and
their frequency play an important role as a superplasti-
cizer (hyperplasticizer) [9, 10]. The most effective plas-
ticizing properties are shown by CPE with the molecular

weight of the linear part of = 12000 g/mol and the length
of side chains corresponding to the molecular weight of
=~ 750 g/mol. The van der Waals forces of nanosteric re-
pulsion begin to manifest at a distance of = 11 nm, and
the elasticity of the side branches of the CPE is = 5 nm.

RESULTS

Due to the interaction of delocalized negative charges
of carboxyl groups of CPE macromolecules with immobi-
lized and partially neutralized calcium cations of cement
nanobinders, surface adsorption of the hyperplasticizer is
carried out at the initial stage of interaction. As a result,
after adsorption of CPE on the surface of hydrated ce-
ment microgranules (with size of = 20—30 microns), mi-
croparticles of calcium hydrosilicates begin to repel each
other and disperse more strongly. The supramolecular
mechanism of action of CPE is based on the physical and
chemical “pushing” of a part of water molecules from the
adsorption layer on the surface of cement nanobinders to
the diffuse layer, which in turn increases the mobility of
concrete building material.

Individual segments of CPE macromolecules “come
out” and a diffuse layer of dispersed nanosystems en-
hances the plasticizing effect of cement nanobinders
due to lateral interactions (anions of functional groups,
hydrophobic fragments, etc.) (Fig. 1). A structured hy-
drate nanolayer (size = 70 nm) is formed on the calcium
hydrosilicates fractal clusters surface (aquacomplexes
of tetrahedral polysilicates) of cement microparticles,
and the range of mobility retention of concrete building
materials increases to 4—5 hours.

The mechanism of plasticizing supramolecular na-
no-additives CPE action is based on the chemisorption
of macromolecules on the surface of cement clinker mi-
croparticles and strengthening of electrostatic repulsion.
In this case, a double electric layer is formed, which leads
to a shift of the T-potential values to a more electronega-
tive region, and it contributes to the dispersion of nano-
binders due to spatial repulsion [11]. Supramolecular
interaction of the CPE “anchor” functional groups with
cations of the cement microparticles solid phase and si-
multaneous steric stabilization by polyethylene glycol
radicals gives the necessary rheological characteristics
to construction nanocompositions. Voluminous CPE
macromolecules are adsorbed on the surface of cement
microparticles and enhance dispersion due to steric re-
pulsion (Fig. 2).

Depending on the synthesis conditions, it is possible
to obtain CPE macromolecules of different structures
of the main and side polyester chains, and this allows us
to design effective superplasticizers with a different ratio
of the steric factor and the density of the anion charge in
the macromolecule, taking into account the composi-
tion of the nano-binding building material. The presence
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Fig. 1. Scheme of formation of microparticles of calcium hydrosilicates (1) on the surface of fractal clusters of cement

binders of a comb-like polycarboxylate esters adsorption nanolayer (2)

Fig. 2. Supramolecular mechanism of action on cement nanobinders (1)

macromolecules of comb-like polycarboxylate esters (2)

of ion charges of the main chain of CPE macromolecules  the dispersing effect of the supramolecular mechanism:
provides the formation of an electrostatic effect, while  the interphase energy of adhesion of cement nanobinders
the side ridges cause spatial repulsion, which increases  decreases, the degree of disaggregation increases.
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DISCUSSION

The economic use of plasticizing nano-additives in
concrete production is technologically feasible, since it
allows managing the reliability of the strength set of con-
struction nanocomposites based on fractal clusters of cal-
cium hydrosilicates of cement binders. Using superplasti-
cizing CPE, it is possible to increase the density of con-
crete nanocomposites by reducing the amount of water
mass to the cement mass ratio (water/Portland cement)
to an optimal 0.3, while maintaining good pumpability
and managing the reliability of uniformity. A compara-
tive study of the effect of innovative compatible CPE in
the amount of 0.1 to 0.9% on the mobility of the con-
crete composition, which was determined by measuring
the cone sediment (Fig. 3) on the physical and chemical
kinetics of hardening of cement nanobinders showed that
they are superior in technological parameters to tradi-
tional lignosulfonate, melamine and naphthalene form-
aldehyde polymers.

To date, there is no universal plasticizing nano-addi-
tive that demonstrates the same high efficiency regardless
of the characteristics of the feedstock and the production
technology of cement binders. The main drawback of us-
ing superplasticizers is air extraction (5% or more), and
this problem is solved by adding defoamers or air-remov-
ing nano-additives. For each specific case of a cement
nanobinder, it is necessary to select a superplasticizer
component in accordance with the operational param-
eters of the technology for producing concrete composites
of controlled hardening with fillers.

Supramolecular CPE with an increased electrostatic
effect interact faster with hydrated cement nanowires and
are able to exert an intensifying effect on the hydration
processes. As a result, this leads to accelerated growth
of fractal nanoparticles [12] on the surface of clinker par-
ticles and increases the strength of the concrete nanocom-
posite for 8—12 hours. Despite the higher price of CPE
in a comprehensive assessment,which takes into account
the factors of quality, technological parameters, savings
of cement binders, etc., the cost of concrete nanocom-
posites using polycarboxylate hyperplasticizers [13, 14] is
lower than using cheaper lignosulfonates based on sulfated
melamine and naphthalene formaldehyde macromole-
cules.

At minimum dosages, compatible CPE allows ensur-
ing the non-layability and workability [15, 16] of con-
crete compositions and their high performance char-
acteristics, including increased corrosion resistance.
This is important fromboththe economic point of view
and from the point of view of controlled increase in
the technological characteristics of concrete or other
building mixes (such as gypsum [17], cement, etc.), in
particular, reducing their creep and shrinkage defor-
mations, as well as the possibility of obtaining high-
strength (55+80 MPa) building materials by controlled
hardening.

New effective plasticizing nano-additives [18—22] are
increasingly used in the construction industry, for ex-
ample, to control the rheological behavior of dispersed
systems in the process of 3D printing; in the production
of self-compacting concrete nanocompositions: the du-
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Fig. 3. The effect of superplasticizer concentration (c) on mobility (cone
sediment — /) of a concrete nanocomposition with a water / cement ratio = 0.3
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rability of building structures is enhanced, and the initial
disadvantages of CPE, such as air entrainment, slowing
down of hydration (hardening) and high cost, have now
been successfully overcome. The main functional pur-
pose of modern hyperplasticizers is to reduce the viscosity
of the concrete mix to a highly mobile consistency, which
ensures controlled pumpability. It should also be noted
that the innovative CPE in demand is effectively used in
the modern resource-saving construction industry for
the disposal of man-made waste, including waste ash
[23-25].
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CynpamoneKkynsapHbiil MeXaHN3M BJIAHNA
nonnkKapO6oKcmnaTHbIX cynepmniaactTupukaTopos
Ha ynpaBnsemoe TBepAeHne CTPONTENbHbIX
HaHOKOMMNO3NTOB

P.M. Xanukos* (°), O.B. UBaHoBa ('}, JI.H. KopoTtkosa (), I.A. CUHVLIVH

OrbOY BO «YpumcKuin rocyaapCTBeHHbI HeGTAHON TEXHUYECKUIA YHUBEPCUTET,
r. Yba, Pecnybnuka bawkopTocTaH, Poccus

* KoHntakTbl: e-mail:rauf_khalikov@mail.ru

PE3IOME: BeegeHue. Vcnonb3oBaHve mognuduLmpyioLyx HaHof06aBOK NPy MPOV3BOACTBE BAXKYLLMX CTPOVMaTEPUanoB ABNAETCA
OfHVM 13 Hanbonee 3pdeKTUBHBIX CMOCOOOB YNpPaBneHNA TEXHONOMMYECKMI NapaMeTpammn 6ETOHOB C MOMOLLIbIO Ka4eCTBEHHOTO
ynpaBneHVa HafeXXHOCTbIO PEOJTOMMYECKNX XapaKkTeprcTUK. Mnactudunumpyowme Ao6aBKY NOBbILLAT BOAOYAEPKUBAIOLLYIO CMO-
COOHOCTb CTPOUTENbHbIX KOMMO3WLUIA, YTO BEAET K YCTONUYMBOCTU JUCMIEPCHBIX HAHOCKCTEM. [laHHaA CTaTbA HaLeneHa Ha paccMo-
TpeHue GU3NKO-XMMNYECKNX MEXaHU3MOB CYNpamMoNeKyNIApHOro BO3AENCTBYA NONMKapOoKcMnaTHbIX 3GUPOB Ha TEXHONOTMYecKme
N peosiormyeckmne XxapakTepucTukm LeMeHTHbIX HaHOBAXYLWMX. MeToabl 1 MaTepmanbl. PaccMOTpeHbl NpoLecch! ynpasaseMoro
TBepAeHUA BETOHHbIX HAHOKOMMO3ULMI C BOCTPEOOBAHHbIMY TEXHONOTMYECKUMM XapaKTePUCTKaMMN B MPUCYTCTBUN BbICOKO-
3¢ dekTrBHbBIX NnacTnduKaTopos. MpoaHan3MpoBaHbl NHHOBALMOHHbIE TPEHAbI PEryNMPOBaHNA KOHCUCTEHLUI CTPOUTENBHBIX
HaHOKOMIMO3MTOB C KCMOMIb30BaHEM HOBbIX rpebHeobpasHbix nonmkapboKkcnaTHbix 3G1POB, KOTOPbIe B KauecTse cynepna-
CcTMdMKaTOPOB NO3BONAIOT LiefieHanpPaBneHHO BO3AENCTBOBATb Ha KMHETUKY CTPYKTYPOOOPa30BaHWA LIEMEHTHbBIX HAHOBAXKYLLMX.
PesynbraTbl. IneKTpocTaTMyecKue 1 CTepuyeckne MexaH3mbl OTTaNKMBaHMA, @ TakKe aucneprupyome SepdeKTbl MHHOBALMIOHHBIX
U TPaAVLIMOHHbIX NNACTUGMLMPYIOLWMX HAaHOLO6ABOK BAVAIOT Ha aAcOPOLIMOHHDBIE 1 fnddY3VOHHbIE CIION YNBTPACTPYKTYpPbl rMapa-
TVPOBAHHbIX LIEMEHTHbIX HaHOBAXYLLMX. Hanbonee adppekTuBHbIE NnacTndULmMpyoLme CBONCTBa NPOABNAIOT rpebHeobpasHble
nonvkapbokcunatHble 3¢upsbl (M) ¢ MoneKkynspHOW Maccoi NMHenHon uenu = 12000 r/monb 1 AIMHOV 6OKOBbIX OTBETBIEHNI
(cooTBeTCTBYIOLWMX MONEKynApHo Macce = 750 r/monb). CynpaMoneKynAapHbIl MexaHu3M HaHoCcTepuyecknx BaH-fep-Baanbcosbix
CWN OTTaANIKUBAHMA HAUYMHAIOT OGHAPYKMBATbCA Ha PAcCTOAHUM = 11 HM, @ 3N1aCTUYHOCTb GOKOBbBIX OTBETBJIEHUI HHOBALMOHHbBIX
M3 - = 5 Hm. OTgenbHble cermeHTbl Makpomonekyn [T13 Bbixoaat B Andy3HbIf COW ANCNEPCHbIX HAHOCUCTEM; 3a CYeT naTe-
panbHbIX B3aUMOAENCTBUI aHNOHOB GYHKLIMOHASbHBIX FPYNm, rAPOoPO6HbIX GparMeHTOB 1 T.M. yCUAMBAIOT NNacTUGULMPYIOLWMIA
3¢ PEeKT LeMeHTHbIX BAXKYLUMX B OETOHHbIX HAHOKOMMO3MLKAX. O6cyxaeHue. Mpu ncnonb3oBaHumn cynepnnactudytowyx M3 3a
CYeT yMeHbLUEHWNA KOSIMYeCTBa MacChbl BOAbl K COOTHOLLEHMIO MacChbl LieMeHTa 0 ONTMManbHOro 0,3 MOXHO yBeNn4nTb NIOTHOCTb
6ETOHHbIX HAHOKOMIMO3WTOB; MPU STOM COXPAHAETCA TEXHONOMMYHAA NePEKaYMBAEMOCTb 1 YPaBieHNe HALEXHOCTbIO KUHETVKU
COBMECTHOIO TBEPAEHMA C HAMOJHUTENAMM B PaMKaXxX KOHLIEMNLUY CUCTEMHbIX PELLEHI TeXHoNornyeckux npobnem. Cynpamoneky-
NAPHOE B3aNMOJENCTBIE «AKOPHbIX» GYHKLIMOHANbHbIX FPYMM MNOANAKPUIOBOI KUCIOTbI C KaTUOHaMV TBepAol dasbl LLIeMEHTHbIX
MUKpOYacTUL, GpaKTanbHbIX KNacTepoB MMAPOCAIMKATOB KasibLid M OBAHOBPEMEHHAA CTepuyeckasn CTabunmnsauma noanusTUAEHm -
KOJIbHBIMU paAvKanamm npuaatT HeobXoAMMble PeoIorMYecKre XapaKTePUCTUKI CTPOUTENbHBIM HAHOKOMMO3ULMAM 1 MO3BONAIT
KOHCTPYMpOBaTb BbICOKOMPOUHble 55+80 MIa cTpoiimaTtepuansl. 3akntoueHune. Pa3seTBneHHas rpebHeobpasHan HaHOCTPYKTypa
nonmkapboKcunaTHbIX 3¢npoB NpoABnAeT 3GPeKTUBHbIE TEXHONOTMYHbIE XapaKTePUCTUKM cynepnnacTudurkaTopos asis 6eToHa,
CTPOUTESNIbHbIX PACTBOPOB U CYXMNX CTPOUTENbHbIX CMECei.

KNIOYEBDBIE CJIOBA: LiemMeHTHble HaHOBSXYLUUE, CyrnepriacTuduKaTopsbl, NonmKkapboKcmnaTbl, yrpasneHe HafeXKHOCTbIo,
CTPYKTypOoo6pa3oBaHue 6eTOHOB.
ANA UUTUPOBAHUA: Xannkos P.M., iBaHosa O.B., KopoTkosa JI.H., CuHuumnH [O.A. CynpaMonekynapHbIA MeXaHU3M BANAHUA

nonvkapboKcmnaTHbIX CyrnepnnacTnduKaTopoB Ha ynpasnsemoe TBephaeHne CTPOUTENIbHbIX HAHOKOMNO3UTOB // HaHOTexHONnornm
B cTpouTenbctae. — 2020. - Tom 12, N2 5. - C. 250-255. — DOI: 10.15828/2075-8545-2020-12-5-250-255.
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BBEJEHUE

HCHOJ‘ILBOB&HI/IC MOAU(PUIUPYIOIINX HAHOI00aBOK
IIPY TIPOM3BOICTBE BSLKYIIINX CTPOMMATEepHaIoB
SIBJIIETCS] OMHUM 13 HamboJee 3G (MEKTUBHBIX CITOCOO0B
YIIpaBIICHUS TEXHOJIOTUIECKUMU ITapaMeTpaMi OETOHOB
C TIOMOIIIBIO KaYeCTBEHHOTO YIIPABICHUS HaIeXKHOCTHIO
PEOJIOTMUECKNX XapaKTepuCcTuK. [lnactudummpyromnime
M00ABKY MOBHIIIAIOT BOMOYICPKIBAIOIIIYIO CITOCOOHOCTD
CTPOUTEJIbHBIX KOMITO3ULIMIA, UYTO BEAET K YCTOMUMBOCTH
IHCIIEPCHBIX HAHOCHUCTEM. JIJIs TIpOM3BOACTBA CaMO-
VILUTOTHSIIOIIUXCS OCTOHOB YIOTPEOJISIOTCS BEICOKO-
a(pekTuBHBIE cyIepIIacTuGUKaTOphl Ha Oa3e Tped-
HeoOpa3HBIX TTOJNKapOOKcuIaTHRIX 3hupos (I'T1D),
HaHOMOIN(DUIINPOBaHIE KOTOPBIMH ITO3BOJISICT 3HAYM -
TETHHO YBEJTMIUTD BPEMSI TEXHOJIOTUIHOTO COXPAaHCHUS
KOHCHUCTCHIIMY OCTOHHBIX HAHOKOMITO3UILINI M IPOY-
HOCTh CTPOUTEIbHBIX KOHCTPYKIUiA B 1,5—2 paza [1, 2].

HaHHas cTaThs HalleJicHa Ha pacCMOTpeHMe (hU3UKO-
XUMHWYCCKUX MEXaHN3MOB CYIIPaMOJICKYISIPHOTO BO3-
JIEHCTBUS TOTMKApPOOKCHIATHBIX 3(DMPOB Ha TEXHOIOT -
YECKHE U PEOJIOTMUECKIE XapaKTePUCTUKHU IIEMEHTHBIX
HAHOBSTKYIINX.

METO/JbI 1 MATEPUAJIBI

B HacTosee BpeMs 111 CHUXKEHUST dHepro3aTpar
¥ TPYIOEMKOCTH B IIPOM3BOICTBE OETOHHBIX CMeceii 1c-
TIOJTB3YIOT TPATUIIMOHHBIC TIACTU(MUKATOPHI Ha OCHOBE
JINTHOCYJTh(hOHATOB, CYIb(MHUPOBAHHBIX MEJIAMUH- 1 Ha-
branmHbOPMATBICTUIHBIX TTOJUMEPOB. BKiTIoucHIE
OOBIYHBIX IJIACTU(PUKATOPOB B OETOHHYIO CMECh IO~
3BOJISICT YBEJIMUMUTH TTOABUKHOCTD M YIOOOYKIIaabIBac-
MOCTB TP COXPaHEHUH HEOOXOINMBIX PEOJIOTMIECKIX
XapaKTEePUCTHUK, T.€. YMCHBIINTHh PACXOIHBIN 00BbeM
BOIBI 3aTBOPEHUS. DIEKTPOCTATUICCKIN 1 CTCPIUICCKII
MEXaHW3MBI OTTAIKMBAHUSA, a TAKKE TUCTICPTUPYIOIINE
3 hEeKTHI: BOTOPEAYLIMPOBaHNE, 3aMeIJICHIE THIpATa-
WU U Ap. HAHOTDIACTU(UITNPYIOIINX T00aBOK BIUSIOT
Ha aIicopOIIMOHHbBIC 1 (M (Y3MOHHBIC CJION IIEMEHTHBIX
HaHOBSXKyIIUX. TeM He MeHee, TTacTU(DUIUPYIOITI
3(hEKT OT YIIOTpedIeHUS TPATUIIMOHHBIX HAHOI00aBOK
OTpPaHNYCH BO BPEMEHH BCIICICTBIE OBICTPOIT aICOPOILIHI
Ha IEMEHTHBIX MUKPOYACTHIIAX, SKPaHUPOBAHUS T10-
BEPXHOCTU U CHUKEHUS TMAPATALIMOHHBIX [IPOLIECCOB,
a B pe3yJIbTaTe YMEHbBIACTCS UX TUCIICPTUPYIOIIast 3¢ -
(peKTUBHOCTb.

[TosTOMYy B KOMIIOHEHTHBI COCTaB JINTHOCYIb(O-
HATHBIX, CHHTETUYECKNX MeJIaMUH- 1 HadTammHbop-
MaJTbICTUIHBIX MaKPOMOJICKYJISIPHBIX TPaTUIIMOHHBIX
TUTACTA(UKATOPOB TOTIOJIHUTEIIEHO BBOISIT PETYIISITOPHI
TEXHOJIOTMYECKHUX ITApaMETPOB: B YaCTHOCTH, 3aMe TN -
TEJIV CXBATBIBAHUS IIJIT COXPAHEHUS PEOJIOTHH (BSI3KO-
CTH, TUKCOTPOITNN) MOTU(PUIINPOBAHHBIX OCTOHHBIX
cMeceit. I1p1 3ToM BO3HMKAIOT TOOOYHBIC TPYTHOCTH:

HWCTOJIb30BaHNE KOMIIJICKCHBIX IIaCTU(GUKATOPOB
Ha OCHOBE CYJTb(UPOBAHHBIX MEJIAMUH- W Ha(TaIMH-
dopMaTbIeTUIHBIX MAKPOMOJIEKYJI C PETYISITOPAMU
CXBaTBIBAaHMSI 3aMeIJIIeT KWHETUKY HaOOpa IIPOYHOCTH
OeTOHA, YBEIMIMBACT TIEPHOL 000pauYNBAEMOCTH OITa-
JIyoxku v T.1. [3—7].

[InacTudunupypoime KOMIO3UIUM Ha 0a3e MHHO-
BaumoHHBIX [ TID mpencraBisioT coboit cynmpaMoIIeKy-
JIIPHBIC KOMIUIEKCHI M3 MAaKPOMOJICKYJIIPHOI MaTPUIIBI
1 pa3HOOOpa3HBIX HAHOZ00ABOK, KOPPEKTUPYIOIINX
CPOKM CXBATBHIBAaHUSI M TBEPACHUSI THAPOCHINKATOB
KaJIbIINS, YCUIMBAIOIINE CKOPOCTh HAabopa IIPOYHOCTH
1 CITOCOOHOCTb ITPOBEACHUS OCTOHHBIX Pa0OT ITPU HU3-
KMX MAUHYCOBBIX TeMriepartypax [8]. JInHeiiHbIe TToJI1-
KapOOKCHIaTHBIC MAKPOMOJICKYIIBI CHHTE3UPYIOT ITyTEM
paIuKaJIbHOM MOJMMEPU3AIINN aKPWJIOBOM KMCIOTHI
B BOITHOM pacTBOpE, a rpeObHe0Opa3HbIe aHAJIOTH TTOJIH -
KapOOKCUIATHBIX 3(DHPOB TEXHOJIOTUICCKHU TTOIyJIaioT
METOIOM 3TepU(PUKAIINN C METOKCYIMPOBAHHBIM I10-
JIMATUJICHIJIMKOJIEM Pa3IMIHON MOJICKYIISIPHOI MaCChI
(350—1000 r/mo1B).

Hapsmy ¢ pasMepoM OCHOBHO IIeTT MaKpOMOJIE-
kynel ['TID, BaxkHYIO poJib B KAUYeCTBE CYIepILIaCTH -
dukaropa (rumeprmacTuduKaTopa) UTPAIOT ITUHBI
OOKOBEIX IleTIoueK (IrpebHelt) 1 nx yacroTa [9, 10]. Hau-
6osee 2 (deKTUBHEBIE TUIACTUDUIINPYIOIINE CBOMCTBA
npostBisioT I'TID ¢ MoleKyasapHOIT Maccoit TUHEIHO
gacty = 12000 r/MOJb U IIMHOI OOKOBBIX IIETIOYEK,
COOTBETCTBYIOIINX MOJICKYJISIpHOM Macce = 750 I/MOJb.
Bau-mep-BaanbcoBele cUIBI HAHOCTEPUUYECKOTO OT-
TaJKUBAHUS HAUYMHAIOT IIPOSBISITHCS Ha PaccTos-
HuUu = 11 HM, a 2JIaCTUMHOCTb OOKOBBIX OTBETBJICHUI
I'TID — = 5 M.

PE3YJIbTATBI

3a cYeT B3aMMOIECHCTBUS IEeIOKATIM30BAHHBIX OT-
PpHUIIATEIBHBIX 3aPSI0B KapOOKCIIIBHBIX TPYIIIT MaKpo-
Mostekya ['TID ¢ nMMOOMIN30BaHHBIMU U YACTUIHO
HeNTpaIn30BaHHBIMU KaTHOHAMM KaJIbITNS IIEMEHTHBIX
HAHOBSDKYIINX B HAYaJbHOI CTaaIUM B3aNMMOICICTBUS
OCYIIIECTBIISICTCS TTOBEPXHOCTHAS aICOPOIIMS TUTICP-
ractudukaropa. B pesynbrare mocnie agcopouuu I'TID
Ha MOBEPXHOCTU TUIPATUPOBAHHBIX IIEMCHTHBIX MU-
KporpaHy’ (pa3mepoM = 20—30 MKM) MUKPOYACTUIIHI
TUAPOCUIINKATOB KaJbIUs HAYMHAIOT OTTAJIKUBATHCS
IIPYT OT ApyTa M CHIbHee TucIeprupyorcs. Cympamore-
KYJISIpHBIN MexaHn3M neiicteus ['TID ocHoBaH Ha hu3n-
KO-XMMHWYECKOM «BBITATKUBAHUI» YaCTH MOJICKYJT BOIBI
M3 aIcOPOIMOHHOTO CJI0ST Ha TIOBEPXHOCTU IIEMEHTHBIX
HAHOBSIKYIINX B T PY3HBIN CIIOM, a 3TO YBEIMINBACT
ITOOBIDKHOCTB OETOHHOTO CTpoiiMaTepHaia.

OtnenpHBIC CETMEHTHI MaKpOoMOJIeKyT I'TID «BbI-
XOISIT» B MU GY3HBINA CIION TUCTICPCHBIX HAHOCHCTEM:
3a CYeT JaTepaJbHBIX B3aNMOICHCTBII (AHMOHOB (hyHK-
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MOHATBHBIX TPYIII, TUAPO(POOHBIX (DPATMEHTOB U T.11.)
YCWJIMBAIOT TIaCTUPUIUPYIOIUiA 3(DPEKT LIEMEHTHBIX
HaHOBSKyImMX. Ha moBepXHOCTH (hpaKTaIbHBIX KJla-
CTepOB THAPOCIIIMKATOB KaJbIIHs (60JIee KOPPEKTHO
aKBAKOMIIJICKCOB TETPa3IPUICCKIX TTOJIMCIINKATOB)
LIeMEeHTHBIX MUKpoudacTul (puc. 1) ¢opmupyercs
CTPYKTYPMPOBAHHBIA TMAPATHBIM HAHOCIOU (pa3me-
poM = 70 HM), M AMAIa30H COXPAHSIEMOCTH ITOIBIK-
HOCTH OCTOHHEIX CTPOMMATEePUAIOB YBEIMINBACTCS
1o 4—5 Jacos.

MexaHn3M OeHCTBUS TIACTUGUIUPYIOMNX CY-
TIPaMOJICKYJISIPHBIX HaHoH00aBoK I'TID ocHOBBIBaeTCS
Ha XeMOCOPOIIMY MaKpOMOJICKYJI Ha TTOBEPXHOCTH MU-
KPOYACTHUII IIEMEHTHOTO KIIMHKEPA M YCHJICHMS 3JICKTPO-
CTaTUYECKOTo OTTaJIKuBaHusI. [1pu a3ToM hopmupyercs
IBOMHOM 3JIEKTPUYECKUIA CIOM, YTO IIPUBOAUT K CMeE-
IIEHWIO 3HAYCHUI {-TTOTeHIINAJIA B 00JIee 3JIEKTPOOTPH-
aTeIbHYIO 00J1aCTh M CITOCOOCTBYET AUCIICPTUPOBAHIIO
HAHOBSDKYIINX 3a CYET IMIPOCTPAHCTBEHHOTO OTTAIKH-
BaHus [11]. CynmpamMolleKyIsipHOE B3aMMOICICTBIE
«IKOPHBIX» (PYHKIIMOHATBHEIX Tyt ['TID ¢ katmoHaMm
TBepIoi (pa3wl IEMEHTHBIX MUKPOUYACTHIL M OTHOBpE-
MEHHasl cTepruIecKast (TpexMepHast ITPOCTPAaHCTBEHHAS )
CTa0MIM3AIISI TTOIMATUICHIIMKOJIBHBIMY paIrKalaMK
TIpHUIaeT HEOOXOOMMBIC PEOJIOTUICCKIE XapaKTePUCTI -
KU CTPOUTETLHBIM HAHOKOMITO3ULINSAM. OObeMHBIC Ma-
KpoMoJieKyiabl I'TID amcopOupyroTcs Ha TTOBEPXHOCTH
MMKPOYACTHUII IIEMEHTA M YCUJINBAIOT IVCIIEPTHIPOBAHIE
3a CUET CTEPUIECKOTO OTTAIKUBAaHUS (pucC. 2).

B 3aBUCHMMOCTH OT YCIOBUM CMHTE3a MOXHO IT0-
JIYIUTh MaKpoMoJieKybl ['TID pa3nmaHoil CTpyKTYpHI
OCHOBHOM 1 OOKOBBIX IMMOJU3(MDUPHBIX IIETIeil, a 3TO T10-
3BOJISICT KOHCTPYUPOBATh 3((EeKTUBHBIC CYIIePIIIACTH-
(buKaTOpHI C pa3HBIM COOTHOIICHUEM CTEPUICCKOTO
(hakTOpa M TNIOTHOCTH AHWMOHHOTO 3apsiaa B MaKpOMO-
JIEKyJIe ¢ YIETOM COCTaBa HAaHOBSIKYIIETO CTpoitMaTe-
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Puc. 1. Cxema hopMupoBaHusi HA MOBEPXHOCTH
(hpaKkTaIBHBIX KIACTEPOB MUKPOYACTHUIL
THAPOCHINKATOB Kaibius (1) HeMEeHTHBIX BSIKYIIUX
aJcopOIMOHHOTr0 HAHOCJIOSN TPeOHEe0OPa3HBIX
MOJIMKAPOOKCHIATHBIX (UpPOB (2)

puana. [IpucyTcTBIIe MOHHBIX 3apsII0B OCHOBHOM IICTTH
MmakpoMoiekya I'TID obecnieunBaeT (hopMuUpoBaHue
BIIEKTPOCTaTHIECKOro 3(hdeKTa, Torma Kak O0KOBBIC
IpeOHM BBI3BIBAIOT IIPOCTPAHCTBEHHOE OTTAJIKMUBAHHE,
YTO YCUJIUBACT IUCITCPIUPYIOIIee BO3ACHCTBHIE CYIIpa-

Puc. 2. CynpaMoieKyIsipHbIii MEXaHH3M BO3I€iiCTBHSA HA leMeHTHbIe HaHOBsKymue (1)
MaKpOMOJIEKYJI rpeOHe00Pa3HBIX MOJINKAPOOKCHIATHBIX 3(hupoB (2)
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MOJIEKYIAPHOTIO MEXaHMU3Ma. Me)K(i)a?)OBaH OHEPrusda
CHCIUICHUA HEMEHTHBIX HAHOBSAKYIIIUX YMCHBIIIACTCA,
CTCIICHDb Ac3arperali yBeJan4YnuBacTCA.

OBCYXKIEHUE

DKOHOMIYECKOE NCITOIh30BAHNE TIACTU(DUIINPYIO-
IIMX HAaHOZ00AaBOK B OCTOHHOM IIPOM3BOICTBE TEXHOJIO-
TUIHO, T.K. TIO3BOJISICT YIIPaBJISITh HAIEXKHOCTHIO Habopa
TIPOYHOCTH CTPOUTEIHFHBIX HAHOKOMITO3MTOB Ha 0a3e
(pakTanbHBIX KJIACTEPOB TMAPOCUIMKATOB KaJIBIIHSI
IEeMEHTHBIX BSLKYIInX. [1pu momomm cymepriactudy-
rorux ['TID MOXKXHO YBEIMYUTH IIJIOTHOCTh OCTOHHBIX
HAaHOKOMITIO3WTOB 3a CUET YMCHBIICHUS KOJIUIECTBA
MAacCHI BOIBI K COOTHOIIICHHWIO MacChl IieMeHTa (Boma/
HOPTIAHAIEMEHT) 10 onTuMaiabHOro 0,3; IIpu 3TOM
COXPaHUTh XOPOIIYIO TIEPeKAUNBAeMOCTh 1 YIIPABJISTh
HAIeKHOCTHIO OMTHOPOTHOCTH. CpaBHUTEIBHOE MCCITe-
TMOBaHWC BIMSTHAS THHOBAIIMOHHBIX COBMEeCTUMBIX [ T1D
B konmyectse 0T 0,1 10 0,9% Ha MOABUXKHOCTH OETOHHOI
KOMITO3HIINH, KOTOPYIO OIIPEICIISUIN M3MEPEHUEM OCal-
Ka KoHyca (puc. 3) Ha GU3NKO-XUMUICCKYIO KHUHETUKY
TBEPACHMS LIEMEHTHBIX HAHOBSDKYIIMX, MTOKA3aJ10, YTO
OHM IIPEBOCXOISIT IO TEXHOJOTMICCKUM ITOKA3aTCIISIM
TpagUIIHOHHBIC TUTHOCYTL(MOHATHEIC, MEIAMIUH- M Ha-
rammHbOpMaTBIETUIHBIC TTOTUMEPHI.

Ha ceromasmmAMIA IeHb eIIle He CYIIeCTBYCT YHIBEP-
CaIBHOM IIACTU(OULMPYIOLIEN HAHOTOOABKY, KOTOpAsI
IEMOHCTPUPYET OMMHAKOBO BBICOKYIO 3(D(heKTUBHOCTD
HE3aBHCHMO OT XapaKTEPUCTUK MCXOTHOTO CHIPhS 1 TeX-
HOJIOTHH TTIPOM3BOICTBA IIEMEHTHBIX BSLKYIITNX. [ JTaBHEII
HEIOCTaTOK MCTIOB30BaHUSI CYIIePIDIACTU(MUKATOPOB —
Bo3myxoBoBieueHue (5% u Goiee), a aTa mpodJema pe-
1aeTcsl 100aBjJeHUEM MMEHOTACUTENEN WU BO3AYX0Y-

TAJISTIONINX HaHOZ00aBOK. [ KaXmoro KOHKPETHOTO
CJTy4ast IIEeMEHTHOTO HAHOBSIKYIIIETO TIPMXOIUTCS TTOI0N-
paTh cymnepIuIacTUMUKATOPHBIN KOMIIOHEHT B COOTBET-
CTBUU C 9KCIUTyaTalIMOHHBIMU TTApaMeTpaMU TeXHOJIO-
TUU TIOTYIeHUSI O6TOHHBIX KOMITO3UTOB YIIPABISIEMOTO
TBEPACHUSI C HATIOJTHUTEIISIMU (3aTIOJTHUTEIISIMH).
CympamorekyisapHabie ['TID ¢ TOBBIIIIEHHBIM 3JIeK-
TpOCTAaTUICCKUM 3(D(HEKTOM OBICTpEe B3aMMOICHCTBYIOT
C TUOPATUPOBAHHBIMU IIEMEHTHBIMUA HAHOBSIKYIITMU
1 CIIOCOOHBI OKa3bIBaTh MHTCHCU(DUIIMPYIOIIee Ieii-
CTBHE Ha TIPOIIECCH TUApaTanui. B KauecTBe pe3ynbra-
Ta 3TO MPUBOIUT K YCKOPEHHOMY POCTY (hpaKTaTbHBIX
HaHovacTHll [12] Ha TOBEpXHOCTH YAaCTUI KIMHKEpa
1 TIOBHIIICHHIO TIPOYHOCTH OETOHHOTO HAHOKOMITO3UTA
B TeueHUe 8—12 yacoB. HecMoTpst Ha OoJjiee BEICOKYIO
ey I'TID mpu KOMITICKCHOI OLIEHKE, KOTOpast YIUThI-
BaeT (paKTOPHI: KAUeCTBO, TEXHOJIOTUIECKIE ITapaMeTPHI,
5KOHOMMIO IIEMEHTHBIX BSLKYIINX U Ip., CE0ECTOMMOCTh
OCTOHHBIX HAHOKOMITO3UTOB C MCITOJIb30BAHUEM ITO-
JIMKapOOKCUIIAaTHBIX TUNEpIuIacTu®UKaTopoB [13, 14]
TTOJTyJaeTCsT HIDKE, YeM C MCITOIh30BaHMEeM OoJiee Aeline-
BBIX Ha 0a3e INTHOCY/I(OHATOB, CYITh(hMPOBAHHBIX Me-
JIAaMWH- ¥ HaTATMHOOPMATBICTUIHBIX MAKPOMOJICKYIL.
ITpy MUHUMATBLHBIX TO3UPOBKaxX coBMecTrMBbIe [ TID
ITO3BOJISTIOT O0ECTICUNBATh HEPacCIanBacMOCTh 1 YI000-
YKJIaIbIBAEMOCTh [ 15, 16] 0eTOHHBIX KOMITO3ULIMI U UX
BBICOKME 3KCIUTyaTallMOHHBIC XapaKTePUCTUKU, B TOM
YHUCIIe U MIOBBIIICHHYIO KOPPO3NOHHYIO YCTONUNBOCTD.
DTO BaXXHO KaK ¢ SKOHOMHYECKOI TOUKM 3pCHUSI, TaK
1 C TOYKU 3pCHUS YIIPABIIIEMOTO TTOBHIIIICHUS TEXHOJIO-
TUTIECKUX XapaKTePUCTUK OCTOHOB WJIN IPYTUX CTPOU-
TeJIbHBIX CMECEl, TAKMX KaK TUIICOBHKIE [17], LIeMeHTHbIE
1 T.I., B YaCTHOCTH, CHIDKCHUS MX ITOJI3YIeCTH U yca-
JIOYHBIX AedopmMalinii, a Takxke BO3MOXKHOCTH TTOJTyve-
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HUSI BBICOKOITPOYHEIX (55-+80 MIIa) cTpoitmMaTepuraioB
YIIpaBJISIeMbIM TBEPICHUECM.

Hosrle apdekTuBHBIE THTACTUUIIMPYIONIE Ha-
Homo0aBkM [ 18—22] Bce mmpe MCIoab3yIOTCS B CTPOii-
WHIYCTPUU, HATIpUMEp, IS YIIpaBICHUS peOJIOrude-
CKHUM TIOBEICHUEM IMCIIEPCHBIX CUCTEM B IIpoliecce
3D-mevaTn; B MPOMU3BOICTBE CAMOYILIOTHSIOIIAXCS
OCTOHHBIX HAHOKOMITO3UIINIA: TIPA 3TOM YCHIJIMBACTCS
IOJTOBEYHOCTb CTPOUTEIBHBIX KOHCTPYKIINI, a TIep-
BOHavabHBIC HegocTatku I'T1D: BoBIeueHME BO3MY-
Xa, 3aMeUICHUEe TUApATAluM (TBEPACHMSI) U BEICOKAS
CTOMMOCTH — OBIIM B HACTOSIIIIEE BPeMsI YCIICIITHO TIpe-
omoneHbl. OCHOBHOE (DYHKIIMOHAJIFHOE Ha3HAYCHUE
COBPEMEHHBIX TUIIEPILIACTU(PUKATOPOB — CHUKCHUE
BSI3KOCTHU OCTOHHOI CMECH 0 BEICOKOITOIBIKHOI KOH-
CHCTECHIIH, YTO 0OECIIeUYNBACT YIIPaBIISICMYIO TIepeKa-
gyuBaeMOCTh HacocaMu. CieayeT TakKe OTMETHUTh, UTO
BOCTpeOOBaHHBIC MHHOBaMOHHBIC [ TID pe3ymbTaTnB-

CIINCOK JINTEPATYPBI

HO KCIIOJIB3YIOTCS B COBPEMEHHOM pecypcocbeperaio-
LIEei CTPOMUHAYCTPUM IJIsT YTUIM3ALMY TEXHOTEHHBIX
OTXOJIOB, B T.4. OTBAJIbHBIX 30JT [23—25].
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BETBIICHHASI IpeOHEOOpa3Hass HAHOCTPYKTYpa ITOJIH-
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Main routes of the porous composite materials creation
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ABSTRACT: This paper is devoted to an overview of the main ways of creating porous composite materials. Porous materials are
solids containing free space in the form of cavities, channels, or pores, which determine the presence of an internal interfacial
surface. The analysis of the general methods of obtaining porous materials. A deposition is one of the most common methods for
producing porous materials. Thermal decomposition, as a method used to obtain porous oxide materials by thermal decomposition
of various compounds. Hydrothermal synthesis is widely used to produce zeolites. Selective dissolution of individual components
of a substance using chemical reactions is also one of the effective methods for creating or increasing porosity. The paper discusses
the methods of forming highly porous refractory materials. There are two main ways of forming refractory ceramic products. The first
way is the direct sintering of dispersions of ceramic fibers. The second method is the use of a binder, which can significantly reduce
the temperature of obtaining a porous product. The possibilities of obtaining porous nanocomposites based on aerogels are shown.
Composite materials are usually obtained by combining two different materials. In general, the creation of composites is used to take
advantage of each type of material and to minimize their disadvantages. Aerogels are fragile substances. But with the introduction
of another component into their structure, it is possible to increase the strength of the material. Such materials have the desired
optical properties, high surface area, and low density like silica aerogel. A review of methods for obtaining porous materials using
the phenomenon of spinodal decomposition has been carried out. Materials whose structure is formed in microphase separation
during polymerization or polycondensation have high permeability and a sufficiently large specific surface. A significant advantage
of such materials is high porosity, which can reach 80% or more.

KEYWORDS: Porous composite material, Bulk porosity, Specific surface area, Precipitation, Thermal decomposition, Hydrothermal
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INTRODUCTION

he porous material is a solid body containing in its

volume free space in the form of cavities, channels, or
pores, which determine the presence of an internal inter-
facial surface. Of note is the difference between the porous
material and hollow containers. First, this difference lies
in the fact that in porous materials, the average pore sizes
(Dnop> much smaller than the geometrical dimensions
of the solid body:

(D, =17 D(x, y, Do(x, y, )dV <NE+P+Z, (1)

mmop:
where X, y, 7 — average body size V, along the axes.
D(x, y, 7) — pore size at a given point in the body V.
®(x, y, 7) — three-dimensional probability distribution

of the presence of pores at a given point in the body V.

© Kudryavtsev P.G., 2020

Pores can be filled with gas or liquid. According
to the classification of dispersed systems according to
the state of aggregation of phases, porous bodies belong
to dispersed systems with a solid dispersion medium and
gaseous or liquid dispersed phases. Unlike porous materi-
als, free-dispersed systems with a solid dispersed phase
are peculiar reversed systems. If in the case of porous
materials, a solid is a dispersion medium, in the second
case, it is a dispersed phase.

The International Union of Pure and Applied Chem-
istry (IUPAC) has recommended the classification of po-
rous materials according to average pore sizes. At the same
time, they are divided into micro-, meso- and macro-
porous materials [1]. In the same way, with increasing
dispersion, porous bodies are transferred from macropo-
rous bodies to meso- and microporous bodies, in which
the pore sizes are comparable with the sizes of molecules.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0002-0729-0958

2020; 12 (5):
256-269

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

INTERNATIONAL EXPERIENCE

In the latter case, and the asymptotic limit, the idea of the
inner surface begins to lose its physical meaning, by anal-
ogy with true solutions [2].

Macroporous materials are materials in which there
are pores with a diameter of more than 50 nm. Meso-
porous materials are materials in which the structure is
characterized by cavities or channels with a diameter in
the range of 2+50 nm. Microporous materials have pores
with a diameter of less than 2 nm. Sometimes micropores
are conventionally divided into thinner ultramicropores
with a diameter of less than 0.7 nm. Such pores are char-
acteristic of zeolites [3], various adsorbents [4], and ion-
sieve inorganic sorbents and some other sorption ma-
terials [5]. The asymptotic variant of such pores can be
considered defects of the crystal lattices of solids, such as
solid solutions of subtraction. Subtraction solid solutions
are formed based on chemical compounds in the crystal
structure of which there are lattice sites that are not oc-
cupied by atoms of one of the components, i.e., vacancies
are formed [6].

In the production of membranes and the implementa-
tion of the processes of membrane transfer of substances
using a different classification. Membranes with a pore
diameter of < 500 nm are considered microporous, and
macroporous > 500 nm are microporous. This classification
is due to differences in the mechanisms of transfer of mol-
ecules. In materials with a pore diameter much smaller
than the mean free path of molecules, a hydrodynamic
process, called the Knudsen flow, is realized. Under these
conditions, the probability of molecules colliding with each
other is less than the probability of their collision and re-
flection from the pore walls. In macroporous membranes,
the transfer occurs through a viscous flow of liquid or gas.

Porous bodies in their structure are divided into cor-
puscular and spongy. The corpuscular porous bodies (for
example, silica gels) consist of fused particles of differ-
ent shapes and sizes, and the pores are the gaps between
these particles and their ensembles. In spongy bodies (for
example, porous glasses), it is impossible to isolate indi-
vidual primary particles. The pores in them are a network
of channels and cavities of various shapes and variable
cross-sections. In most cases, the porous structure is set
during synthesis and depends on the conditions of its im-
plementation. For porous oxide bodies, the role is played
by the type of solvent, the pH of the system, the calcina-
tion temperature, etc. It is possible to modify the materials
even after their synthesis, leading to changes in the pore
system. The main characteristics of porous bodies are po-
rosity, pore size distribution, specific surface area. There
are also open and closed porosity. The system of closed
pores inside the body, in contrast to the open, does not
communicate with the external environment.

This article is the completion of a series of articles on
porous nanomaterials published in the journal “Nano-
technology in Construction” [39—43].

1. General Methods for Obtaining Porous Materials

The deposition is one of the most common methods
for producing porous materials, usually accompanied by
transitions: sol-gel-xerogel. Each of these transitions, be
it a sol-gel, gel-xerogel, regardless of the mechanism of its
action, makes a certain contribution to the overall process
of pore formation. These transitions, as shown in [7], are
very sensitive to external influences: the pH of the me-
dium, the nature of the intermicellar fluid, the presence
of surface-active substances, which dramatically affects
the aggregation of particles with the formation of loose
openwork spatial structures or paid formations. Therefore,
reasonably acting on the flow of these processes, adjusting
their depth and direction, you can control the structure
formation, obtaining materials with a predetermined po-
rosity and mechanical stability.

The preparation of the deposition of adsorbents,
catalysts, inorganic ion exchangers has been studied in
detail. To obtain them, the most used solutions of salts
of mineral and carboxylic acids. The deposition can be
carried out with aqueous solutions of ammonia, alkali, or
soluble carbonates. The concentration, temperature, and
deposition rate can be changed within the widest limits
established empirically. Freshly precipitated hydroxides
are usually amorphous (gels MnO,, ZrO,, Nb,O,, Ta,0,),
and only some of them (gels Al,O,, MgO, TiO,) crystallize
with time, turning into cut particles [5]. The aging of the
gel leads to a redistribution of the substance, because
of which the particles approach each other and, in some
cases, become larger, and their contacts grow together.
This leads to the hardening of the skeleton of the gel,
reducing its dispersion and, accordingly, reducing shrink-
age during drying. Gels and xerogels can be divided by
the type and shape of the particles that make them up.
Their constituent particles are globular (silica gel and
aluminum gel), rod-like (tungsten oxide gel), spindle-
shaped (barium sulfate), rod-shaped and filiform (va-
nadium pentoxide), etc. In practice, often used mixed
materials, which in most cases have a synergistic effect [5].

Thermal decomposition, as a method used to obtain
porous oxide materials by thermal decomposition of vari-
ous compounds: hydroxides, carbonates, oxalates, hy-
drides, etc.

The resulting products are highly dispersed substances
with a widely developed system of capillaries, sometimes
quite definite in size and shape. Cases of the topotactic
mechanism of decomposition are not uncommon when
the structures obtained to retain the external dimensions
and shape of the initial crystals with a strictly defined
set of pores. The nature of the structure of such materi-
als depends on the nature of the starting products and
the reaction temperature. Also, this method is widely used
to obtain active carbons. An extensive network of pores
strongly depends on the degree of burnout of the carbon
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matrix, and with its increase, the volume of large pores
increases [8].

By thermal decomposition of some polymers, coals
with a very finely porous structure can be obtained. Ex-
amples include coal-based polyfuryl, formaldehyde, phe-
nol-formaldehyde resins, polyvinylidene chloride, etc. [4].

Hydrothermal synthesis — is widely used to produce
zeolites. To do this, a mixture of aluminum and sodium
silicate is heated in an autoclave at a certain temperature.
The porosity of the resulting materials depends entirely on
the temperature and composition of the solutions. This
method is widely used to modify the porous structure
of gels, xerogels, and some natural aluminosilicates in
the direction of large porosity [9].

The method of selective dissolution of substances.
Selective dissolution of individual components of a sub-
stance using chemical reactions is one of the effective
methods for creating or increasing porosity. This method
is used to obtain a porous nickel catalyst (Raney nickel).
For this purpose, an alloy of nickel with aluminum, con-
taining approximately 50% of each component, is pro-
cessed during cooling with a concentrated solution of so-
dium hydroxide, which dissolves aluminum. Similarly,
Raney cobalt, Raney iron, etc., as well as porous glasses,
can be obtained by treating two-component alkali-silicate
or alkali-borate glasses [10].

Method of burning one of the components. The burn-
ing of the explosive component of hydrogels of various
hydroxides is used to form the porosity of some sorption
materials. This creates the possibility of creating a porous
structure of a strictly defined size. Thus, porous silica gels
with a unimodal micropore size distribution were obtained.
The porous structure of this material, ASKM grade silica
gel, was formed at the stage of burning carbon black from
sodium silicate hydrogel at elevated temperature [11].

There are cases of using non-equilibrium plasma to
create porous materials by burning off the organic matrix
from the initial mixture. This technology is used to pre-
pare for the analysis of biological samples, when necessary
to remove organic matter, without changing the structure
of inorganic components. The ability to remove carbon
from the analyzed material without changing its remaining
components (inorganic compounds) is used in chemical
and crystallographic studies of the mineral components
of coal.

The development of this method of synthesis of mate-
rials in modern conditions is template synthesis. Template
synthesis refers to the synthesis of materials in the pres-
ence of agents controlling the structure. Template syn-
thesis is a promising method for obtaining materials with
a pre-defined, porous structure. The porous structure
of the future porous material is set by selecting the ap-
propriate template. The term “template” or a control-
ling agent structure is understood to mean additionally
the materials or substances introduced during the syn-

thesis that control the structure of the target material.
A template is a central element surrounded by particles
of a material; the removal of such a template creates a cav-
ity with morphological and/or stereochemical functions
like a template [12].

The possibility of preserving the structure (skeleton)
at the macro and micro levels of inorganic material is
remarkably interesting. It is enough 10—20% of mineral
substances in the studied material to obtain a three-di-
mensional skeleton because of its oxidation in a non-
equilibrium plasma [13].

2. Methods of Forming Highly Porous Refractory Ma-
terial

There are two main ways of forming refractory ceramic
products. The first way is the direct sintering of disper-
sions of ceramic fibers. This way is realized only with
the use of high temperatures T= 0.7+ T _. Here, the T —
melting temperature of the material. In this case, in
the temperature range T = (0.7+-0.9)-Tm, rapid sintering
is realized due to the evaporation of dislocations.Under
these conditions, intense compaction of the material is
observed due to the passage of the processes preceding
melting. The processes associated with using a binder oc-
cur at significantly lower temperatures, corresponding to
the transformation of components into stable chemical
forms.

An example of obtaining material sintering methods
is developed by NASA’s Ames Research Center (USA);
the process of obtaining the FRCI material is schemati-
cally depicted in Figure 1.

Initially, each type of fiber is subjected to conditioning.
To ensure this process, micro-quartz fibers are placed in
a plastic container with deionized water and hydrochlo-
ric acid, after which high purity nitrogen is blown in for
2 hours to remove soluble contaminants and non-fibrous
inclusions. Then the micro-quartz fibers are washed three
times for 5 minutes with deionized water.

For conditioning, Nextel-312 alumina-boron-sili-
cate fibers are calcined at 1090°C for 90 minutes, which
promotes the crystallization of their structure and re-
duces dispersity. The washed fibers of micro quartz and
Nextel-312 are placed in a mixer, 2% silicon carbide,
and enough deionized water is added by weight. Then
for a certain time, depending on the desired composi-
tion of the FRCI material and the desired density value,
the dispersion is mixed in the mixer [16].

After mixing, the resulting dispersion of fibers is
poured into a press, and the excess water is removed by
the pressing method. As a result, receive a wet fibrous
felt. Then the felt is slowly heated to 150 and maintained
at a temperature of 18 hours. The felt obtained by the fe-
male is sintered at 1300°C for 90 minutes and cut to obtain
the required parts.
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Drying: Slow heating to 150 °C,
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Sintering: t = 1330 °C, time 90 minutes

method

Processing of the received blanks by cutting

Fig. 1. The technological process of production of the material FRCI [16]

The second method is the use of a binder, which
can significantly reduce the temperature of obtaining
a porous product. The most technologically advanced
and practical in the manufacture of fibrous material is
the “wet method”, i.e., the method of preparation of the
suspension with a binder with the subsequent operation
of formation.

According to [6], there are three basic binder disloca-
tions within the fiber structure: segmental, agglomerate,

and point. It seems that this classification can also be
extended to compositions with an inorganic binder.
Segment structure corresponds to the placement of the
binder in the fiber-based material in the cells formed by
the mutual intersection of the fibers. An agglomerate
structure is a random aggregation of a binder of various
shapes. Some agglomerates do not participate in the work
of the material since they are located between the sites
of accumulation of fibers. Materials with an agglomer-
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ate structure are characterized by increased rigidity. The
point structure corresponds to the distribution of the main
amount of binder in the fibrous structure of the material
in the form of individual points located at the intersec-
tions of the fibers. This structure corresponds to the most
rational distribution of the binder with the maximum de-
gree of its use.

The best-known binders in fibrous refractory ceramic
materials are hydrated oxides of silicon and aluminum
[14].

The technology for producing fibrous materials con-
sists of the following operations: preparing an aqueous
suspension of fibers, introducing a solution of a binder
into the suspension in an amount necessary to bind the fi-
bers into a strong frame, precipitate a binder in the form
of an aluminum hydroxide dispersed phase with an am-
monia solution to obtain a uniform suspension concentra-
tion, dehydrating it with prepressing to a given volumetric
weight and drying the material, followed by firing.

However, the processes of precipitation of aluminum
hydroxide with the help of precipitating agents lead to
the formation of an uneven solid hydroxide phase, which
complicates its uniform distribution in the volume of the
suspension of fibers. A known method for the homo-
geneous production of hydrated alumina by the tem-
perature hydrolysis of certain substances of precipitating
agents [15]. Such substances includehexamethylenetet-
ramine, biuret, urea. The most common of these is urea
CO(NH,),. The processes of homogeneous precipitation
of hydrated alumina are widely used to produce sorbents
and supports for catalysts. This method is well studied and
may be of interest tointroducing a binder in the prepara-
tion of fibrous materials.

A method of obtaining a heat-shielding material by
applying hydro mass on specific arcas of the product.
Similar material was developed based on alumina fibers
and aluminosilicate fibers with an inorganic binder. The
material has a high enough heat resistance — 1470+1870 K
(depending on the type of fibers), good physical and
mechanical characteristics with an apparent density
0f 0.30+0.34 g/cm’.

3. Porous Aerogels Based Nanocomposites

Composite materials are usually obtained by combin-
ing two different materials. In a general sense, the cre-
ation of composites is used to take advantage of each type
of material and to minimize their disadvantages. For ex-
ample, silica aerogels are fragile substances. Simultane-
ously, another component in the resulting material can
increase the strength of the material, which, in turn, has
the desired optical properties, high surface area, and low
density as in silica aerogel.

In addition to these synthesis and processing methods,
it is necessary to emphasize that the flexibility of the sol-

gel process allows us to increase the choice of aerogels
other than silicon dioxide, aerogels based on other materi-
als that are currently available. The architecture of massive
materials can be adapted using template methods. The
chemistry of the gel can be changed by grafting, either
during the gelling process or after gelling [17].

Composites and nanocomposites can be created by
impregnating foams or fiber networks, dispersing parti-
cles, powders, or polymers, or by synthesizing silica-based
mixed oxides, or oxides of other metals. Organic hybrids
of silica can also be made by many methods, such as co-
gelling and cross-linking or by interacting with functional-
ized particles [5, 18].

In recent years, a large amount of research has been
carried out to obtain energy materials. There are works on
using materials based on aerogels and sol-gel derivatives
to obtain nanostructured energy composites (for example,
explosives, rocket fuel, and pyrotechnic compositions).
Their characteristics have been studied. Aerogels have
a unique density, composition, porosity, and particle size,
as well as low temperature and mild conditions of chemi-
cal synthesis methods, all of which make them attractive
as candidates for creating energy nanomaterials [19].

The use of these materials and methods in this field
of technology has led to three main types of sol-gel energy
materials [20]:

1. Pyrotechnics — inorganic sol-gel oxidants / metallic
fuel (thermite composites).

2. Sol-gel derivatives of porous pyrophoric metal pow-
ders and films.

3. Organic sol-gel fuel / inorganic nanocomposite
oxidizers (composite solid rocket fuels and explosives).

The behavior of all sol-gel nanostructured energetic
materials largely depends on several factors, includ-
ing surface area, the degree of mixing between phases,
the type of mixing (sol-gel or physical mixing of solids),
the method of loading solids, and the presence of impuri-
ties. Sol-gel methods are attractive for the field of obtain-
ing nanostructured energy materials. These methods offer
many variations in the shape of the materials produced,
such as monoliths, powders, and films, and have a wide
compositional versatility. These attributes, combined with
the rigor of the synthetic control of the microstructural
properties of the sol-gel matrix, provide the preparation
of energy nanocomposites with re-tunable characteristics.

For the past two decades, the field of nano research
has been one of the most active areas of research in vari-
ous scientific disciplines, and energetic materials were no
exception to this [21]. Using nanomaterials and advanced
manufacturing techniques, energy nanocomposites have
been synthesized, which have promising opportunities.
Energy nanocomposites are defined as mixtures of an oxi-
dizer and fuel whose particles have dimensions or at least
one critical size less than 100 nm. Reducing the size in-
creases the contact surface area between the phases of the
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reactants. This has been achieved using various methods,
including methods of vapor condensation, micellar syn-
thesis, chemical reduction, ultrasonic mixing, and me-
chanical methods of mixing. Particularly good results were
obtained. For example, for pyrotechnic nanocomposites
Al/Mo0Q,, burning rates were recorded by almost three
orders of magnitude greater than those of conventional
mixtures. Also, properties of energetic materials, such
as sensitivity to impacts, depending on the size of the
particles. Energy materials with smaller particle sizes
may be less sensitive to ignition and have better safety
properties [23]. These two important examples provide
a powerful incentive for the application of nanomaterials
and technologies in the energy field. Aerogels and other
gel-like materials derived from sols have been investigated
in the last decade as nanostructured energy materials.
Along with good miscibility, energy nanocomposites
have extremely high interfacial areas; the sol-gel method
for producing these materials allows for even larger inter-
facial contact zones. All these favorable attributes have
led to active research on applying sol-gel chemistry to
the research and development of energy materials.
Organic-mineral nanocomposites, based on silica
aerogels, possess a complex of unique optical proper-
ties. The refractive index of an acrogel modified with tri-
methylsilyl groups may be in the range of 1.008+1.060,

depending on their densities. Figure 2 shows the relation-
ship between the density and the refractive index of an
aerogel based on silicon oxide modified with trimethylsilyl
groups. The relative value of the refractive index n is al-
most proportional to the density of the aerogel material
in the high porosity range. This result is consistent with
the theory, namely the Maxwell-Garnet ratio, applied to
nanocomposites composed of organically modified silica
and air [24].

Since the modified acrogels have excellent optical
properties, transparency, extremely low index of refrac-
tive index, and moisture resistance, they were often used
as a medium in Cherenkov counters.When a charged
particle passes through a transparent medium at speed
faster than the speed of light in the material, Cherenkov
luminescence occurs.

Although the monolithic aerogel blocks of silicon
dioxide, produced by supercritical drying methods, are
rather expensive for industrial applications, they have
contributed to the progress in such scientific fields as
high-energy physics. The progress of science has always
contributed to the improvement of research and devel-
opment in the industrial world, so we can expect that
aerogel can become a pioneer of technologies such as
nanocomposites, optics, space research, energy devices,
and so on [20, 26].
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Fig. 2. Correlation between density and refractive indices of silica hydrophobic
aerogels [25]: n — refractive index; p — silica aerogel density (kg/m’)
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Active work is underway in nanoscale engineering
of silica-based composites to create various sensors.
In work [27], they have described “silica composites —
modified silica” prepared after modifying the silica gel
during gelation, catalyzed by the base, with another silica
sol, this time obtained using acid catalysis. This base-
catalyzed acid-modified gel is then treated using carbon
dioxide supercritical extraction to obtain an aecrogel. The
aerogel monoliths obtained because of this process have
bulk properties of silica acrogel obtained in the main cata-
Iytic process, including good transparency. In contrast,
the surface properties are more typical of the aerogel ob-
tained by acid catalysis. Consequently, it is possible to
capture various types of highly polar molecules, including
acid-base indicators, and use them as an interface of inap-
propriate sensors.

In [27], reported on composite acrogels of silicon
dioxide containing metallic colloidal particles (gold or
platinum) and that had optical transparency of silica aero-
gels in combination with the surface and optical proper-
ties of a metallic colloid. Metallic colloidal particles are
evenly distributed throughout the entire volume of the
mixture and, therefore, are isolated from each other.
Simultaneously, the porosity of the silica matrix makes
these metallic colloid particles available to particles that
pass through the matrix. The surface of the metal colloid

can be modified either before or after gelation, to adapt
it to the optical properties of the material.

Preliminary results are described in [28], which dem-
onstrate the inclusion of polyaniline nanofibers in silica
aerogel prepared based on tetracthoxysilane, and carbon
dioxide supercritical extraction leads to an increase in
the strength of materials. In this case, it becomes possible
to use them to detect gaseous acids and bases potentially.
It was found that including the introduction of only about
6% polyaniline by weight of the material, the strength
of the aerogel was increased three times, upon receipt
of the same low density (0.088 g/cm’). When using gold
electrodes on the surface of a composite aerogel, a sharp
decrease in resistance was observed when the aerogel was
exposed to HCl vapor.

After carrying out the entire stages of the synthesis
process, the aerogel is a solid, amorphous, but extreme-
ly porous (75—99% porosity) material. The last step in
the transformation is its compaction by heat treatment.
It is often necessary to transform the material by sinter-
ing the aerogel into solid glass devoid of porosity, with
a relative density of 1. Relative density — the ratio between
the bulk density of aerogel and the density of silica glass
(2.2 g/ecm?). Figure 3 shows a typical evolution of rela-
tive density and specific surface area during sintering by
heat treatment [20, 27]. These curves strongly depend
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Fig. 3. The evolution of aerogel relative density po_(1) and specific surface S (2) as a function

of sintering time at 1000°C [25]
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on the heat treatment temperature and on the content
of hydroxyl groups in the aerogel structure, which affects
the viscosity of the aerogel [27].

Gels that are initially non-crystalline may crystal-
lize during the subsequent heat treatment.The successful
formation of glass results from competition between phe-
nomena that lead to compaction and those that contribute
to crystallization.

These data follow such an important use of nano-
composites based on aerogels of silicon oxide, which
is the sealing of radioactive waste from nuclear power
plants [29]. Actinides and other radionuclides generated
in the nuclear fuel cycle, when reprocessing spent fuel, are
represented as salts in aqueous solutions. Using the fully
open porous structure of the aerogel, it is possible to fill
the entire volume of the aerogel with solutions of these
salts. Then the liquid phase is removed by evaporation,
and the porous composite material (aerogel + salt) is
completely sintered, which leads to the synthesis of a
multi-component material. The porous structure of the
aerogel is used as a receiving volume. Following the small
pore size of the aerogel, the preparation of such a nano-
composite is an amazingly simple process. The size of the
domains will depend on the size of the pores in the acrogel
and on the content of actinides in the solution.

However, if trying to fill an aerogel with a liquid such
as water, capillary forces may destroy aerogel [30]. Due to
the complexity of the texture of the acrogel, it is difficult
to make a detailed calculation of local stresses when it is
filled with liquid; it depends on the surface energy of the
liquid-vapor and the size of the pores. This phenomenonis
called decrepitation. This term originated in the mining
industry as a selective rock opening based on the ability
of individual minerals to break down along the cleavage
planes when heated. It then rapidly cooled or only when
heated. The process of decryption destruction is explained
by the presence of crystallization water, gas-liquid inclu-
sions, low thermal conductivity, and thermal expansion
coeflicients of individual minerals, pronounced cleavage.
Heterogeneous thermal properties of the components
of the mineral during heating also lead to the appear-
ance of many sources of internal stresses. The increase
in internal stresses is achieved by a sharp cooling of the
surface of the pieces of the mineral, which leads either to
its destruction or to a weakening of the bonds between
the minerals. A similar phenomenon is observed in mi-
croporous materials when removing the liquid phase from
the pores. In this case, because of the action of capillary
forces, high internal stresses arise. If these stresses exceed
the strength of the framework of the porous material itself,
then its destruction occurs.

Thus, to avoid cracking the material during filling,
various strategies can be proposed:

1. Aerogel synthesis with large pores that will reduce
the magnitude of the capillary forces.

2. Improving the mechanical strength of the aerogel
due to its partial aging and sintering.

3. Surface functionalization by grafting chelating
groups to the aerogel surface.

4. Production of Porous Materials Using the Phenom-
enon of Spinodal Decomposition

Special materials, the structure of which is formed in
the process of microphase separation during polymeriza-
tion or polycondensation, have high permeability and
a sufficiently large specific surface. A significant advantage
of such materials is high porosity, which can reach 80%
or more. Historically, the first materials of this type were
ion exchange resins. The size of the spherical particles
of the resin is a few micrometers, and the pore diameter is
10+120 nm. Recently, many publications on the synthesis
of polymer macroporous monoliths, which are used in
various fields of chromatography, have appeared. The
basic theoretical positions are formulated, and the tech-
niques are developed, allowing them to change and con-
trol their structure over a wide range. However, the low
chemical resistance and a heat resistance of polymers
somewhat narrow the range of their application. The most
detailed review of the methods of synthesis of such mate-
rials is made in [30].

Macroporous oxide materials obtained by the sol-gel
method are distinguished by high heat resistance [30].
By changing the composition of the reaction mixture,
it is possible to form both spongy and particulate oxide
blocks of large size containing macropores with sizes
ranging from 0.05 to 100 um.Thus, monolithic materials
based on oxides of silicon, aluminum, zirconium, and
titanium, resistant to water vapor and high temperatures,
were synthesized.

Phase separation processes in polymerizing systems
are extremely sensitive to minor changes in the synthe-
sis conditions. This effect is due to the non-equilibrium
of these processes. The non-equilibrium of processes of-
ten leads to the non-reproducibility of the results obtained
and the wide distribution of pores in size. Such defects
are deprived of template synthesis of macroporous sys-
tems. The formation of sol with the subsequent formation
of a gel, in this case, occurs in the free pore space of the
template. Polymeric microspheres, natural materials, and
even ice microcrystals can be used as templates [31]. Ma-
terials synthesized using templates have a highly ordered
structure, which leads to the emergence of new properties
and expands their field of application.

Compared with organic polymers, inorganic oxide
materials have higher strength, thermal stability, and
chemical resistance, which significantly expands the scope
of their application. High-purity and homogeneous oxide
materials can be obtained using sol-gel synthesis, which
controls the structure of products at all stages of the pro-
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cess [32]. Sol-gel processes occur in polar solvents on
a both aqueous and organic basis. Solutions of various
salts and alkoxides of metals can be used as precursors.
When using alkoxides, the final material can be obtained
in a purer form without impurities of alkali metal ions.

In the sol-gel transition process, the growth of metal
oxide oligomers occurs, which form the network of the
gel. After drying and heat treatment of the gel, it is pos-
sible to obtain amorphous and crystalline oxide materials
in the form of films, fibers, or powders. A feature of the
sol-gel method is the formation of pores in the gel phase,
filled with solvent. Therefore, bulk samples of gels during
drying can crack under the action of capillary pressure
forces. To obtain monolithic blocks, it is necessary to
carry out this operation in liquids with low surface ten-
sion or under supercritical conditions. This produces
nanoporous materials, called aerogels, whose porosity
can reach 90%.

The idea of using sol-gel technology to obtain macro-
porous oxide materials was born in the early 90s of the last
century. During the synthesis of macroporous monoliths
based on zirconium and titanium oxides, problems arose
since the hydrolysis reactions of titanium and zirconium
alkoxides proceed at high rates. As a result, the phase
decomposition in the system proceeds via the nucleation
mechanism, which results in the production of dispersed
oxides, sometimes of a spherical shape. At present, meth-
ods have been developed to synthesize macroporous block
materials based on oxides of titanium, aluminum, and
zirconium [33].

The successive stages of the synthesis of macroporous
monoliths and the processes occurring at each stage can
be considered using the example of the hydrolysis of sili-
con alkoxides. The hydrolysis of alkoxides is carried out
in a solvent (usually water), a catalyst, and additives, such
as water-soluble polymers. An open porous structure is
formed by passing phase separation in a system containing
alkoxide oligomers, a solvent, and a pore former, which
in most cases, is a water-soluble polymer. The synthesis
of monolithic macroporous samples requires that the sys-
tem formed because of phase separation contains two
spatially continuous phases: the gel phase and the pore-
forming phase. Only in this case, after removing the blow-
ing agent, the formation of open macropores, penetrating
the entire volume of the monolith, is possible.

Consider the mechanism of phase separation process-
es during sol-gel synthesis. The change in the free energy
of a binary system containing at least one type of polymer
molecule can be described by the Flory-Huggins equa-
tion [30, 34]:

AG o RT((® /P ))In®, + (D,/P,) In®, +3,,d D), (2)

where @, and P, (i = 1, 2) — respectively, the volume
fraction and degree of polymerization of each component;

X,, — the interaction parameter between the components.
The first two terms in brackets express the entropy contri-
bution to the free energy, and the last is enthalpy.

With a decrease in the absolute value of the negative
entropy component, the system destabilizes, i.e., an in-
crease in the degree of polymerization of any of the com-
ponents makes the mixture less compatible. The magni-
tude of the enthalpy component also depends on the mo-
lecular weight of the inorganic polymer. Because of the
polycondensation of an inorganic polymer, the amount
of hydroxyl groups in its polymer particle decreases. This,
in turn, causes a decrease in the interaction of the inor-
ganic polymer with water molecules or a blowing agent.
Thus, the initial single-phase system, with an increase in
the molecular weight of the polymerizable component,
becomes less stable. As a result, microphase separation
occurs.

By analogy with the processes that occur with de-
creasing temperature in chemically non-reacting sys-
tems, the process of polycondensation, leading to a de-
crease in the mobility of monomer molecules during
the formation of chemical bonds between them, as de-
fined in as “chemical freezing”.This circumstance makes
it possible to use the classical thermodynamic approach
developed by Gibbs and study microphase separation in
cured polymer-oligomeric systems concerning sol-gel
systems [34].

On the concentration dependence of the free energy
G(®D), there are inflection points at which the sign of the
second derivative changes 0*°G/0®?. If 0*G/0d? > 0,
the diffusion fluxes of the components are directed
towards the reduction of composition fluctuations,
whereas as 0°G/0®? < 0 the circulation of diffusion
flows occurs and the so-called “ascending diffusion”
arises. If the intensity of fluctuations increases, then
the single-phase system becomes unstable and should
spontaneously disintegrate into regions having an equi-
librium composition. The region of the instability of a
single-phase system is limited in the phase diagram
of a spinodal (Figure 4). On the “outer” side, a region
of metastable states adjoins the spinodal, bounded by
the binodal, on which the first derivative dG/0® = 0.
On the ordinate axis, a conditional value equivalent to
the temperature and the inverse of the molecular weight
of the siloxane oligomers is plotted.

In the region between the binodal and spinodal,
the diffusion fluxes of the components in the system are
directed towards a decrease in the composition fluc-
tuations. In this case, an energetically unfavorable ef-
fect of forming an interface between the phases leads
to the fact that the system is unstable only concerning
fluctuations whose dimensions are larger than the criti-
cal value. The fluctuations in the composition are close
to the new phase. Such fluctuations are called critical
germs. The resulting critical nuclei increase in size, and
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Fig. 4. Phase diagram of the gel-forming system [94,106]: 1 — spinodal, 2 — binodal

the separation of the phases is carried out according to
the nucleation and growth mechanism.

Sol-gel systems, the phase decomposition of which
is carried out by such a mechanism, are dispersed in
one of the components, making it impossible to obtain
macroporous blocks and monoliths on their basis. Near
the critical point of two-phase equilibrium, the region
of metastable states narrows, contracting to a point. This
circumstance creates favorable prerequisites for achieving
unstable states of the system using the near-critical transi-
tion through the binodal and spinodal, which in Figure 4
is depicted by the arrow.

Caught in an unstable state, the system quickly los-
es spatial homogeneity, and relaxing is a particularly
modulated structure. By spinodal decay, we understand
the development of a continuous inhomogeneous struc-
ture, which is a consequence of thermodynamic insta-
bility. A similar model structure is depicted in Figure 5
[34]. Spinodal decomposition occurs in areas of high
concentrations of both components. A sign of phase
separation by a spinodal mechanism is the appearance
of diffraction maxima on the small-angle X-ray scat-
tering curves.

The transverse size of individual domains at the ini-
tial stage of spinodal decomposition depends on the rate
of transition of the system to an unstable state and does
not exceed 100 nm. Subsequently, inhomogeneities can
be enlarged without losing spatial continuity and reaching

asize of 1 um or more or disintegrate into separate forma-
tions. Studies of the spinodal decay kinetics [35] make it
possible to trace the process of formation, enrichment,
and in some cases, the coalescence of microregions of the
emerging structure.

Spinodal decomposition in a system containing si-
loxane oligomers leads to the formation of two spatially
continuous phases enriched with oligomers, and the other
is depleted of them. In parallel with the phase separation
in the system, the formation of gel crosslinks occurs, lead-
ing to a decrease in the mobility of the components. This
allows you to fix the bicontinuous structure and provides
the possibility of obtaining on its basis of open-cell mono-
lithic materials. The final morphology of the material is
determined by the kinetics of coalescence of microre-
gions formed in the process of spinodal decomposition,
and the kinetics of the sol-gel transition. The structural
parameters of porous monoliths are monitored during
synthesis using small-angle X-ray scattering, scanning
electron microscopy, and laser scanning confocal mi-
croscopy [36].

The maturation of the gel should be carried out in
a sealed vessel at a constant temperature. In the process
of maturation, continue the reaction of hydrolysis and
polycondensation. The course of these reactions in the gel
is slower and leads to additional crosslinks in the gel net-
work. The time required for the gel to mature is usually
several times longer than the gel time. The sign of its end

http://nanobuild.ru

265

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (5):
256-269

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

INTERNATIONAL EXPERIENCE

Fig. 5. A cross-sectional view of the structure formed
by the mechanism of spinodal decomposition [30, 34].
The dark area is gel, the light area is sol

is the shrinkage of the material and the release of a sepa-
rate solvent phase. To obtain pores with a narrow size
distribution, the wet gel must be well matured.

After the gel has matured, the solvent replacement
process begins. This is the next stage of the formation
of macroporous blocks. This replaces the solvent, which
is carried out when the gel is still wet. The essence of this
process consists of immersing the gel in an external
solvent, which differs from that added in the synthesis
process. An aqueous solution of ammonia is often used
as an external solvent since the alkaline medium helps
to accelerate the polycondensation reaction, increase
the strength, and modify the meso- and microporous
structure of the gel. The structure of the gel can change
in the process of dissolution under the influence of an
external solvent, in which amorphous silica has substantial
solubility. In this case, the redeposition of silicon oxide
on the surface of the gel network can occur. Therefore,
increasing the pH of the external solvent is the easiest
way to increase the average pore size while maintaining
the same width of the pore size distribution [37].

Instead of replacing the solvent with aqueous am-
monia, hydrothermal treatment is sometimes used.
In the process of hydrothermal treatment at elevated
temperatures and high pH values, substance transfer and
overgrowth of the contact points of gel particles occur,
which makes the structure more durable and avoids crack-
ing of the samples during drying under normal condi-
tions. A variant is possible with the introduction of urea
at the initial stage of sol-gel synthesis, followed by heating

the material obtained to a temperature above 80°C after its
maturation. At this temperature, urea decomposes with
the release of ammonia.

Drying of wet gel samples is carried out in an oven
with air circulation, while volatile components slowly
evaporate. The required temperature varies from 40 to
80°C, depending on the solvent used.

To obtain monolithic bulk samples, drying is a critical
step. The Young-Laplace equation expresses the depen-
dence of the capillary pressure (P) in a cylindrical pore
on the surface tension () at the liquid-vapor interface,
wetting angle (€), and pore radius (7):

P = (2y cosO)/r. (3)

In small pores, the capillary pressure is high; therefore,
drying of gels with pores measuring at the level of nano-
meters is recommended under supercritical conditions,
when there is no liquid-vapor interface. The capillary
pressure in the macropores is much less, and with slow
evaporation of the solvent, the macroporous gels with-
stand drying under normal conditions. It should be noted
that the violation of the integrity of the sample during
the drying process is caused not so much by the presence
of capillary pressure, as by the appearance of a pressure
gradient, and with an increase in the linear dimensions
of the gel, the risk of cracking increases significantly.
High molecular weight pore-forming agents remaining
in the pores even after the solvent replacement procedure
provide some additional elasticity of the gel and con-
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tribute to preserving its integrity. Linear shrinkage of the
samples during ripening and drying is 50+70%. In this
case, the pore size is proportionally reduced.

The final stage of the preparation of monoliths is
heat treatment, which ensures the decomposition of or-
ganic components. Heating of materials to temperatures
above 1000°C and their cooling is carried out at a rate
of ~100 deg/h. In the process of heat treatment and
the removal of organic components, the final modifica-
tion of the structure occurs. Heating materials to a tem-
perature of 600°C causes evaporation of nanoscale pores
and decreases the proportion of mesopores. When heat-
ed above 1000°C, the mesopores disappear, and porous
glasses are obtained.

For sol-gel technology, in contrast to the technol-
ogy for producing macroporous polymers, there are no
general regularities relating to the influence of the syn-
thesis conditions and the concentration of one or another
component on the final gel structure. Since acid-base
interactions in the system cause hydrolysis and polycon-
densation, the pore-forming agent is not an inert sub-
stance in the full sense of the word. It can exchange ions
with a solution, which is typical, for example, of sodium
polystyrene sulfonate or polyacrylic acid, and adsorb on
the surface of siloxane oligomers, like polyethylene ox-
ide, or undergo hydrolysis, like formamide. Therefore,
the concentration dependences of the size of macropores
appear peaks associated with changes in the structural
characteristics of the monolith, the formation of spheri-
cal particles in macropores, etc. To date, the systems
in which polyethylene oxide with a molecular weight
10*+10°. It was shown [38] that for polyethylene oxide
with a molecular weight equal to 3.5« 104, an increase
in the system of molar ratio polyethylene oxide: SiO, in
the system from 0.5 to 0.7 leads to a decrease in pore size
from 10 to 0.2 um. An increase in the molecular weight
of the polymer also leads to a decrease in pore size.

CONCLUSION

Porous materials are solids, containing in their vol-
ume free space in the form of cavities, channels, or pores,
which determine the presence of an internal interfacial
surface.

A review of the main methods of obtaining porous
materials. The deposition is one of the most common
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maTepuan npeacTtaBnaeT cobol TBepfoe Teno, cogepxallee B CcBoeM o6beme CBOGOAHOE MPOCTPAHCTBO B BUAE MONOCTEN, KaHaoB
UNK Nop, KOTOpble 00YCNIOBNMBAIOT HaNMUMe BHYTPeHHeN MmexdasHoi noBepxHocTy. [poBefieH aHanm3 06X METOLOB NONyUYeHust
NnopurcTbix MaTepuranos. OcaxkaeHrie ABAAETCA OQHVM U3 Hanboee pacnpoCTPaHEeHHbIX METOLOB MOJTyUYeHVs MOPUCTbIX MaTepua-
noB. TepMnyeCKoe pasfioKeHre Kak MeTod NPUMEHAETCA A1A NOyYeHMA OKCUAHbIX MOPUCTbIX MaTepranoB NyTeM TEPMMUYECKOTO
Pa3NoXeHWA Pas3nNYHbIX COeAUHEHUI. [napoTepMasbHbIA CUHTE3 WPOKO NCNOSb3yeTcA AnA NonyyeHua ueonmtoBs. CenekTnBHoOe
pacTBOpeHe OTAENIbHbIX KOMMOHEHTOB BELLECTBA C MOMOLLbIO XMMUYECKUX peaKLMii TaKxKe ABNAETCA OOHUM 13 3GPEeKTUBHbBIX Me-
TOLOB CO3[aHVA UK YBEIMYEHUA MOPUCTOCTU. BblXKrraHre roptoyen cocTaBaaioLLen rugporenien pasnnyHbiX FMapoKCUL0B Takke
ucrnonb3yeTcs Ana GopM1POBaHUs MOPUCTOCTU HEKOTOPbIX COPOLIMOHHDBIX MaTepranos. B paboTe paccMmoTpeHbl MeToabl GopMOBaHUsA
BbICOKOMOPKCTBIX OrHEeYNOpHbIX MaTepuanos. CyLLecTBYIOT B2 OCHOBHbIX MyTy GOPMOBAHUs OrHEYMOPHbIX KepaMUYeCKX U3aenui.
MepBbl NyTb — NPAMOE CreKaHne JUCnepcuii Kepammyecknx BOSIOKOH. BTopbiM MeTogom ABNAETCA NPMMEHEHMe CBA3YIOLLErO,
KOTOpOE MO3BONAET 3HAUNTENIbHO CHU3UTb TeMMepaTypy npouecca NofyyeHna nopucToro Npoaykra. NokasaHbl BO3MOXKHOCTM
Noy4YeHUsi MOPUCTbIX HAHOKOMIMO3UTOB Ha OCHOBe asporefiel. KoMno3nTHble MaTepurasbl MOyYatoT NyTeM 0ObeUHEeHNsA ABYX
pa3nunyHbIX MaTepranos. B obLyem, co3gaHre KOMMO3UTOB UCMOSb3yeTCs ANsi TOro, YToObl UCMOJIb30BaTh NPEMMYLLECTBA KaXX4Ooro
TMa MaTepuana u MUHUMU3NPOBATb X HeJOCTaTKM. Tak, adporeny ABASIOTCA XPYNKMU cybcTaHumaMM. Ho npu BBeaeHNM B UX
CTPYKTYPY OPYroro KOMMOHeHTa MOXHO yBenmuMBaTb MPOYHOCTb MaTepurana. Takme matepuasbl UMEIOT »KenaemMble OnTUuYeckne
CBOWCTBA, BbICOKYIO MIOLaZlb MOBEPXHOCTM 1 HU3KYIO MIIOTHOCTb, KaK y asporens KpeMHesema. [lposeaeH 0630p MeTofioB nosny-
UeHMsi MOPUCTbIX MaTEPMANIOB C NPUMEHEHNEM SIBJIEHWA CMUHOAANBbHOIO pacnaga. Matepuarnbl, CTPYKTypa KOTOpbIX popmupyeTcs
B npoLiecce MUKPOoda30BOro PaccsIoeHMs NPU NONMMepPV3aLny Uv NoJIMKOHAEHCaUmy, 06/1afaioT BbICOKON MPOHULIAEMOCTbIO
1 [OCTaTOYHO 6ONbLION YAeNbHON NOBEPXHOCTbI0. CyLlecTBEHHbIM NMPENMYLLECTBOM TaKMX MaTePMasioB ABNAETCS BbICOKas Mo-
PUCTOCTb, KOTOPAs MOXET focTuratb 80% u 6onee.
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nosble MUKpoCcdepbl; BONIOKHA; a3porenu; CMHOAaNbHbIN pacnag.
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BBEJIEHUE MEHbIIIe TEOMETPUYECKUX Pa3MEPOB CAMOI0 TBEPIOTO
Tena:
HOpI/ICTLIfI MaTepHual — TBEPJIOe TeJIo, colepKaliee

B CBOEM 00beMe CBOOOIHOE IIPOCTPAHCTBO B BUJIE (D

TOJIOCTE, KaHAJIOB YUIN TIOP, KOTOPHIE 00YCIOBINBA-

)=, D(x, y, D(x, y, DAV <NXHP+Z, (1)

Top:

OT HaJIU4Me BHYTPEeHHEH MexX(ha3HOU IMTOBEPXHOCTH.
CrenyeT 0c000 OTMETUTD Pa3IMIKE MEXKIY ITOPUCTHIMU
MaTepuajlaMi U IMOJBIMU eMKocTsIMu. IIpexkme Bce-
ro, 3TO pa3andre 3aKI0YacTCs B TOM, UTO B TIOPU-
CTBIX MaTepHuajax CpeaHue pa3Mephl Iop (Dn0p> MHOTO

© Kyapsasues I.I., 2020

rae X, Y, Z — CpemHue pa3Mephl Tea V, BIoJb ocei
KOOpIWHAT;

D(x, y, 7) — pa3Mep OpPHI B 3aIaHHOI TOUKe B TeiIe V;

®(X, y, 7) — TpeXMepHasI TNIOTHOCTb pacTIpeIeICHMS
BEPOSITHOCTEH HAJIMYMSI TTOP B 3aJaHHOM TOUKE B TeIre V.
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ITopsl MOTYT OBITH 3aITIOJTHEHBI TA30M MJIN XKUIKO-
cthio0. [1o KimaccuduKamy IUCIIepPCHBIX CUCTEM IO arpe-
TaTHOMY COCTOSTHHUIO (ha3 IIOPUCTHIC TeJIa OTHOCSITCS
K IUCIIEPCHBIM CHCTEMaM C TBEpAOi TUCIIEpCHOHHOMN
cpenoit ¥ ra3000pa3HON WM XUAKOW TUCIEPCHBIMU
(azamu. B oTmame oT MOPUCTHIX MaTepHAIOB CBOOOI-
HOIVCIIEpCHBIC CUCTEMBI C TBEpIOM TUCTIEPCHOI (ha3oit
SIBJISTFOTCSI CBO€OOPa3HBIMK OOpAIIeHHBIMU CUCTEMaMU.
Ecau B cimygae TTOPUCTHIX MaTePHUAiOB TBEPIOBIM TEJIOM
SIBIIICTCST MUCIIEPCUOHHAS CPella, TO BO BTOPOM CITydae
OHa TIpeACTaBISICT COOOI TUCIIEPCHYIO (ba3y.

MeXXIyHapOTHBIM COI030M IT0 YHCTOM 1 MPUKITaTHOMN
xumnn (IUPAC) pekoMeHmoBaHa KiTacCH(UKALIIS T10-
PUCTBIX MaTepUAJIOB ITO CPEAHUM pa3mepam nop. [1pu
3TOM OHM AEJISITCS HAa MUKPO-, ME30- U MAaKPOITIOPUCThIE
matepuadsl [1]. Takum xke 00pa3omM MOpUCTHIE Tejla C PO-
CTOM OUCIIEPCHOCTH TIEPEXOISIT OT MAKPOIIOPUCTHIX TEJI
B M€30- ¥ MUKPOTIOPUCTEIC Tela, B KOTOPHIX pa3Mephl
TIOp COM3MEPUMBI C pa3MepaMi MOJIEKYJI. B mocnenHem
ciIydae M B aCUMIITOTHYECKOM TIpeesic TIPenCTaBIcHIe
0 BHYTPEHHEH TTOBEPXHOCTH HAYMHACT TEPSITh (Dr3mue-
CKWI1 CMBICIT, TIO aHAJIOTAY ¢ UICTUHHBIMU PacTBOpaMu |[2].

MaxpOoIopuCTHIMUA MaTepralaMy SIBJITIOTCS MaTe-
pHaJIBl, B KOTOPBIX CYIIECTBYIOT IIOPBI TMAMETPOM OoJiee
50 Hm. Me3omopucThIe MaTepHaibl — 3TO MaTEePUAIIHI,
B KOTOPBIX CTPYKTYpa XapaKTepU3yeTCsT HAIMIMEM T10-
JIOCTEH MJTA KaHAJIOB C TMaMeTPOM B MHTepBajie 2-+-50 mm.
MUKpOITOpUCTHIC MaTePUAIbI UMEIOT ITOPBI THAMETPOM
MeHee 2 Hm. IHOTIIa MUKPOIIOPHI YCIOBHO TTOAPA3IeIsI-
0T Ha 00JIee TOHKHE YIbTPAMUKPOIIOPHI C TMAMETPOM
meHee 0,7 #m. Takue TTOpBI XapaKTEePHBI TS 1ICOJTNTOB
[3], pa3nmuHBIX ancopOEeHTOB [4], MOHHO-CUTOBBIX HE-
OpPraHMYECKUX COPOCHTOB M HEKOTOPBIX APYTUX COPOIIH-
OHHBIX MaTepuajoB [5]. ACUMOTOTUYECKIM BapUAHTOM
TaKMX ITOP MOXHO paccMaTpuBaTh Ie(eKTHl KPUCTAI-
JIMYECKUX PEIIeTOK TBEPABIX TeJ TUIIA TBEPABIX PACTBO-
poB BerauTaHus. OHM 00pa3yroTCs Ha 0a3e XUMUIECKIX
COCMMHEHUI, B KPUCTAIIMICCKON CTPYKTYPe KOTOPBIX
MMEIOTCS Y3JIBI KPUCTAJUTMIECKOM PEIIeTKI, He 3aHITHIC
aTOMaMM OJHOTO M3 KOMIIOHEHTOB, T. €. 00pa3yloTCsI
BakaHcuu [6].

[Ipu mpon3BoACTBe MeMOpaH M MIPU peaTn3anui
TIPOIIECCOB MEMOPAHHOTO MepeHoca BeIIeCcTBa UCTIOJb-
3yI0T MHYIO KjlaccuuKaimio. K MUKpOIIOpHUCTEIM OT-
HOCIT MeMOpaHbI ¢ mruameTpoM Top < 500 #m, K MaKpo-
nopucteiM > 500 um. Takoe pasneneHue oOyCIOBICHO
MeXaHM3MOM IIepeHoca MOJIeKyiI. B MaTtepuanax ¢ qua-
METPOM ITOP MHOTO MEHBIIIE IJTMHEI CBOOOTHOTO ITpobera
MOJIEKYJT pean3yeTcs TuAPOAUHAMUYECKUIA TIpOLece,
nMeHyeMbIlt TedeHneM KHymceHna. B atmx ycmoBmsx
BEPOSITHOCTD CTOJIKHOBEHMSI MOJIEKYJ APYT C IPYTOM
MEHBIIIe BEPOSITHOCTU UX CTOJIKHOBEHUS 1 OTPaKCHUS
OT CTEHOK ITOPEL. B MaKpomoprCcTHIX MeMOpaHax Iepe-
HOC TIPOMCXOOUT ITOCPEICTBOM BSI3KOTO TCUCHMST K-
KOCTH WJIY Ta3a.

ITopucTele Tema o CBOESH CTPYKTYpE IEISITCS Ha KOp-
ITyCKYJISIpHBIC ¥ Ty0JaThie. KopmycKyIsapHbIe TOPUCTEHIC
Tejia (HalmpuMep, CUJIMKAreNIf) COCTOSIT U3 CPOCIITUXCS
YaCTHUII Pa3HOU (POPMBI 1 pa3Mepa, a TOpaMu SIBJISTIOTCS
IIPOMEXYTKI MEXIY 3TUMH YacTUIIAMU U UX aHCAM-
Onsimu. B rybuarthix Tenax (Hampumep, MOPUCTHIX CTe-
KJ1aX) HEBO3MOKHO BBIICIUTE OTACIbHEIC TICPBUYHBIC
YACTUIII, ¥ TIOPHI B HUX MIPEICTABIISTIOT COOOI CeTh Ka-
HAJIOB M MOJIOCTEH pa3IMIHO (DOPMBI U TIEpEeMEHHOTO
ceyeHUsI. B OOIBIIMHCTBE CiTydaeB ITOpUCTast (TIOpoBasi)
CTPYKTYpa 3amaeTcs IIPU CUHTE3¢ 1 3aBUCUT OT YCIIOBHIA
€ro TIPOBeIeHUS (M1 OKCUIHBIX TTIOPUCTHIX Tl UTPAET
poJab TUT pacTBopuTessd, pH cuctembl, TeMIiepaTypa
MIPOKAJIMBAHMSA 1 T. 1I.). Bo3MoxxHO MoguduImpoBaHme
MaTepHajioB 1 MOCJIe MX CHHTEe3a, IIPUBOISIIEE K M3Me-
HEHUSM CUCTeMBI TTop. OCHOBHBIMU XapaKTepUCTUKAMU
TIOPUCTHIX TEJI CIIYKAT IMTOPUCTOCTD, pacIIpene/icHIe TTop
TI0 pa3Mepy, yaeabHas TOBepXHOCTh. Pazmmyaior Takke
OTKPBITYIO M 3aKPBITYIO IIOPUCTOCTh. CHcTeMa 3aKPHITHIX
IIOp BHYTPH TeJia, B OTIMYKE OT OTKPHITHIX, HE COOOIIa-
€TCSI C BHEIITHEU Cpeloi.

JaHHas cTaThs SIBIISICTCS 3aBEPIICHUEM CepUU Ha-
IINUX CTaTei, MOCBSIIEHHBIX TTOPUCTHIM HaHOMAaTepHa-
JlaM, onyOJIMKOBaHHBIM B XypHayie « HaHoTexHoM0rnmu
B CTPOUTENBCTBE» [39—43].

1. O6mue MeToIbI MOTy4eHUS TOPUCTHIX MATEPUATOB

OcaxmeHne — OOWH M3 caMbIX HanbOoJIee pacipo-
CTPaHEHHBIX METOHOB ITOJIYICHUS ITOPUCTHIX MaTepra-
JIOB, COIIPOBOXKIAIOIINIACS, KaK IIPaBUIIO, TIEPEXOTaMU7:
30JIb-TeTb-KCeporeb. KaxkmpIit 13 3THX IepexonoB, Oyab
TO 30JTb-T€JTh, TETb-KCEPOTEIIb, HE3aBUCUMO OT MEXaHM3-
Ma €ro ACHCTBUS, BHOCUT OIpeIeCHHBIN BKJIaI B 00-
MM IpOoIIecC MOpo0OpPa30BaHUS. DTH TIEPEXOIbI, KaK
MOKa3aHo B pabote [7], oueHb YyBCTBUTEIbHBI K BHEIII-
HUM Bo3neiicTBusaM: pH cpema, mprupoma MHTEpMULIEIT-
JIIPHOM XUIOKOCTH, TIPUCYTCTBHE MOBEPXHOCTHO-aK-
TUBHBIX BEIIIECTB, YTO PE3KO CKA3bIBACTCS Ha arperaln
YaCTUII C 00pa30BaHNEM PBIXJIBIX aXKYPHBIX ITPOCTPaH-
CTBEHHBIX CTPYKTYP WJIM IJIaTHBIX 00pa3oBaHwmit. I1o-
5TOMY pa3yMHO IECTBYSI Ha TIPOTeKaHWE YKa3aHHBIX
IIPOIIECCOB, PETYINUPYS MX TIIyOMHY W HampaBJICHUE,
MOXKHO YIIPaBIISITh CTPYKTYPOOOpa30BaHUEM, TTOJTydast
MaTepHallbl ¢ 3apaHee 3aJaHHOI ITOPUCTOCTHIO U MeXa-
HUYECKOU CTOMKOCTBIO.

ITompo6HO M3YYEHO MOIYICHNE METOIOM OCaXKIIe-
HUS aICOPOCHTOB, KaTaIM3aTOPOB, HEOPTAaHWMUECKUX
MOHUTOB. 1)1 MX OJTy4EeHUST Yalle BCErO UCTIONb3YIOTCS
PACTBOPHI COJIEiT MITHEPATBbHBIX M KAPOOHOBHBIX KHCIIOT.
OcaxaeHne MOXHO TTPOBOAUTH BOTHBIMHM PacTBOpaMU
aMMMaKa, IeJIoueii MIM PacCTBOPUMEBIX KapOoHaToB. ETo
MOXHO TIPOBOIMTH Ha XOJIOAC WUIM IIPU HarpeBaHWU,
13 KOHIICHTPUPOBAHHBIX WJIN Pa30aBJICHHBIX PACTBOPOB.
KoHmeHTpaumio, TeMrepaTypy U CKOPOCTb OCaKICHMS
MOXKHO MEHSITh B CAMBIX IIIMPOKWX ITpeesiax, yCTaHABIIH-
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BaeMBbIX aMIprIeckr. CBexkeocaxkIeHHBIC TUIPOOKH-
CH, Kak npasuiio, amopdusl (reiu MnO,, ZrO,, Nb O,
Ta,0,) n b HekoTopbie U3 HUX (renu AlLO,, MgO,
TiO,) co BpeMeHEM KPUCTAJIM3YIOTCS, PEBPAIIAsACh
B orpaHeHHBIe YacTUIBI [5]. CTapeHue TejIsT IPUBOIUT
K TIepepaclipeieIcHUIO BeIIeCTBa, B pe3yIbTaTe 4eTo
YACTUIIBI COMMKAIOTCS M B PSIAE CIIyJacB YKPYITHSIIOTCS,
a X KOHTAKTHI CpacTaloTCsI. DTO IMIPUBOAUT K YIIPOU-
HEHUIO CKeJIeTa Iejisl, YMEHBIICHUIO ero JUCIIepCHO-
CTU U COOTBETCTBEHHO K YMEHBIIICHHUIO ycamKa BO Bpe-
M cymKu. ['em m Kcepoream MOXKXHO TTOIpa3aeinThb
o TUITY ¥ (hOpME YaCTHUIl, KOTOPBIE UX COCTABIISIIOT.
CocTaBusoIIne NX YaCTUIIEI OBIBAIOT TJIOOYIISIpHBIC
(cunmmkarenb M alfOMOTeINb), CTepXKHEeoOpa3HbIe (Telb
oKcuaa BoJibhpaMa), BepeTeHooOpa3HbIe (CyabdaT 6a-
pusi), TAJOYKOOOpa3HbIc U HUTEBUIHBIC (TICHTAOKCHUIT
BaHamws) U Ap. Ha mpakTHKe 4acTo UCITOIh3YIOTCS CMe-
IIaHHBIC MaTePUAJIbl, KOTOPBIC B OOJBIIMHCTBE CIyIacB
obOamaloT cuHepreTudeckuM apdexTom [5].

TepMuueckoe pa3aokeHNe KaK METOII ITPUMEHSICTCST
IUTSI TIOJTyIeHUSI OKCUIHBIX TTIOPHUCTHIX MAaTePUAJIOB ITyTEM
TEPMHUYECKOTO PA3IOXKCHMS Pa3IMIHBIX COCIMHCHUIA:
TUIPOKCHUIOB, KApOOHATOB, OKCAIATOB, TUAPUIOB U T. 1.

[Momy4garorrecst TPOAYKTHI — BEICOKOIMCIIEPCHEIC
BEIIeCTBA C IIMPOKO Pa3BUTOIN CUCTEMOM KaIIMILISIPOB,
WHOTIA BITOJIHE OIIPEeACICHHBIX 10 pa3Mepy u (opme.
Hepenkm ciayyan TOIMOTaAKCMIECKOTO MEeXaHM3Ma IIpo-
TEeKaHUS MIPOIICCCOB PA3IOKEHMSI, KOTa TTOIyJdacMbIe
CTPYKTYPBI COXPAHSIIOT BHEITHUE pa3Mephl U (popMy
HMCXOMTHBIX KPUCTAJJIOB CO CTPOTO OIIpeaeICHHBIM Ha-
60poM mop. XapaKTep CTPYKTYPHI TAKUX MaTepPUAIOB
3aBUCHUT OT IIPHPOIBI MCXOTHBIX ITPOAYKTOB M TEMIIC-
paTypsI peakiiun. KpoMe Toro, HacTOSIIINIA METOI IITH -
POKO MICTIONB3YETCS IJIST TTOTYICHMST aKTUBHBIX YTJICH.
PasBeTBNeHHAs ceTh ITOP CHJIBHO 3aBUCHUT OT CTEIICHH
BBITOPAHMUS YIJICPOIHOM MAaTPHUIIBL, ¥ C €€ BO3paCTaHNEM
BO3pacTaeT 00beM KPYITHBIX Top [8].

TepMudecKM pasiokeHHEeM HEKOTOPHIX TTOJIMMEPOB
MOTYT OBITh TIOJIyYEHBI YTJIM ¢ BeCbMa TOHKOTIOPHCTOM
CTPYKTypoOli. B KauecTBe MpUMEpOB MOKHO TIPUBECTH
YIJIA Ha OCHOBE TTOJTU(MYPIIOBOM, (popMaTbIeTHIHOMN
n heHoIpOpMaTbICTUIHON CMOJ, TOIUBUHUINIACH
xjopuna u T.1. [4].

I'MopoTepMambHBIN CHHTE3 — IIMPOKO MCITONIB3YETCS
IJIS TIOJTYJIEeHUST LIEOUTOB. [JIg 5TOTO CMeCh aTlOMHU-
HUS W CIJIMKATa HATPUS HArpPeBarOT B aBTOKJIABE TIPHU
ompeneIeHHOU TemIieparype. IToprucTocTh morygaeMbIX
MaTepHuaIoB LIETMKOM 3aBUCHUT OT TEMIIEPATypPHI M CO-
CTaBa PacTBOPOB. DTOT METOI IMMPOKO MCIIOIb3YETCS
IUIST MOTU(UIIMPOBAHUS TIOPUCTOM CTPYKTYPHI TeIIei,
Kceporesieil I HEKOTOPBIX ITPUPOIHBIX ATFOMOCUINKATOB
B HaITpaBJicHNH (POPMOBAaHUS KPYITHOI TOPUCTOCTH [9].

MeTton H30MpaTeIbHOro pacTBopeHns BemecTB. Ce-
JICKTUBHOE PACTBOPEHUE OTIAEIbHBIX KOMITOHEHTOB
BEIIIECTBA C TTOMOIIBIO XUMUYCCKIX PEeaKIIuil — OOUH

13 3¢ PEKTUBHBIX METOIOB CO3MAHUS TIOPUCTOCTU WIIH
ee yBeJMueHus1. JJlaHHbI METO UCTIOJIb3YETCS IS TOJTY-
YeHMUsI TIOPUCTOrO0 HUKEJEBOTO KaTaausatopa (HUKeJIb
PeHest), 115 yero criaB HUKEJISI C aTIOMUHUEM, COMIEpP-
Kalluii npuoau3nTeabHo 50% KaxImoro KOMIIOHEHTA,
00pabaThIBAIOT ITPH OXJIAXKIECHUN KOHIIEHTPUPOBAHHBIM
pacTBOPOM €IKOTO HaTpa, KOTOPbII PACTBOPSIET aTIOMU-
Huit. TakuM Xe crmocodbomM MOXKHO MOJYYUTh KOOAIbT
Penes, xene3o PeHes u T. 1., a TaKKe MOPUCTBIE CTEKIIA
Mpu 00pabOTKe IBYXKOMIIOHEHTHBIX IIEJIOYHO-CUTAKAT-
HBIX WU IIEJIOYHO-00paTHRIX cTeKou [10].

MeToa BbIKUIaHUSI OJTHOTO M3 KOMIOHEHTOB. BbIK1-
TaHUE TOPIOYEH COCTABJISIOLIEN TMAPOTENIEH pa3iny-
HBIX TUIPOKCUIOB UCIOJIb3YeTCs JIs1 (hOPMUPOBAHUST
MOPUCTOCTU HEKOTOPBIX COPOLIMOHHBIX MaTepPUaIOB.
ITpu 3TOM co3naeTcss BO3MOXHOCTb CO3IaHNS TOPUCTOMN
CTPYKTYPBI CTPOTO ONpeaeeHHOro pa3Mepa. Takum 00-
pa3oM, ObLIM TTOJYYEHbI OPUCThIE CUIUKATEN C YHU-
MOJAJIbHBIM pacnpenesieHueM MUKPOIIOp MO pa3MepaM.
ITopucTas cTpykTypa JaHHOTO MaTepuaia — CUJIMKaress
mapku ACKM — cchopmoBaHa Ha CTaguy BEIKUTAHUST
CaxXy 13 TUIPOTeJIsl CUIMKaTa HaTpUsl MPU MOBBILLIEHHOM
temmneparype [11].

WM3BecTHBI cilydyau NpUMEHEeHUs HepaBHOBECHOM
T1a3Mbl U151 CO3JaHMsI MOPUCTBIX MaTEPUAIOB MyTeEM
BbIKMTaHUSI OPraHUYECKOW MaTpUllbl U3 UCXOAHOM
cmecu. [TomoOHast TeXHOJIOTHS TIPUMEHSIETCSI TSI TIO -
TFOTOBKM K aHaJIM3y OMOJIOTMYECKUX 00pa31oB, Koraa
HEO0OXOIMMO YIAJIUTh OpTaHWYECKKME BEIIeCTBa, HE 13-
MEHSISI CTPYKTYPY HEOPTAHUUYECKUX COCTABJISIONINX.
Bo3MoXHOCTD yiasieHUs yIiiepoja U3 aHaJIM3upyeMOoTro
MaTepuralia 6e3 UBMEHEHHUST OCTAJIbHBIX €r0 KOMITOHEH-
TOB (HEOPTaHMIECKNX COCTUHECHUI ) MCTIONB3YEeTCS TIPU
XUMIYIECKUX U KPUCTALUTOTpadUIeCKIX NCCICTOBAHMSIX
MUHEpPaJIbHbIX KOMIIOHEHTOB YIJIEH.

PazButuem naHHOro MeTojaa CMHTE3a MaTepuaaoB
B COBPEMEHHBIX YCJIOBMSIX SIBJISIETCS] TEMIUIATHBIM CUH-
Te3. TeMITJIaTHBIM CMHTE30M Ha3bIBAlOT CUHTE3 MaTepua-
JIOB B ITPUCYTCTBUU YITPABJISIOLINUX CTPYKTYPO ar€HTOB.
TeMmruiaTHbIN CUHTE3 — 3TO MEPCHEKTUBHBIN METO MO~
JIy4eHMsI MaTepUaJIOB € 3apaHee 3aJaBaeMOi MOPUCTOM
cTpykTypoii. [Topucras cTpykTypa Oymyiiero nopucToro
MaTepuasa 3a1aeTcsl MyTeM BbIOOpa COOTBETCTBYIOIIETO
temIiara. I[1ox TEpMUHOM «TeMITIAT» WU «yITPaBIIs-
IOIINIA CTPYKTYPOIT areHT» MTOHUMAIOT JOITOTHUTEIb-
HO BBOJIMMBIE MPU CUHTE3€ MaTepuasbl WU BELIECTBA,
yIpasJsionine GOpMUPOBAHNUEM CTPYKTYPHI IIEJIEBOTO
Matepuaia. TeMriaT — 9TO LeHTPaJbHBIN 2JIEMEHT, KO-
TOPBI OKPYXXEH YacTULIAMU MaTepuaia, yaajleHue Ta-
KOro 11abJI0Ha CO31aeT MOJIOCTh C MOP(OIOTUYECKUMU
W/WIN CTEPEOXUMUICCKUMH (PYHKIMSIMU, CXOTHBIMH
¢ TeMIuiaToM [12].

BecbMma MHTEPECHBIM SIBJISIETCSI BO3MOXXHOCTh COXpa-
HEHUS CTPYKTYPHI (CKeJleTa) Ha MaKpo I MUKPOYPOBHE
13 Heopranudeckoro Marepuaa. Jlocrarouno 10—20%
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MHWHEPAJTbHBIX BEIICCTB B UCCIICAYEMOM MaTepHrae I
TOTO, YTOOKI B Pe3yJbTaTe €T0 OKUCIICHUS B HEPAaBHO-
BECHOM TIJTa3Me MOJIyIUTh TPeXMEPHEBIi ckerer [13].

2. Metoap! (hopmMoBaHus BLICOKOTOPHCTHIX OTHEYIOP-
HBIX MATEPUAJIOB

CyIIecTBYIOT IBa OCHOBHBIX ITyTH (DOPMOBAHUS OT-
HEYITOPHBIX KepaMUIeCKUX m3nennii. [1epBorit myTh —
TIpSIMOE CIIEKaHUe TUCTIEPCHiT KepaMUUIECKIX BOJIOKOH.
JaHHBI ITyTh peaan3yeTcs TOJIbKO C TIPUMEHEHUEM BhI-
cokux temneparyp T = 0,7+ T_. 3necy T, — Temmnepa-
Typa IuTaBieHUsS Matepuana. [Ip1 3ToM B muama3oHe
temmneparyp T = (0,7-0,9) « T peanusyerca OpicTpoe
CIIeKaHWe, 00YCIOBICHHOE UCITapeHUEeM TUCIOKAIINIA.
B aTx ycnmoBUsSIX HaOMOOASTCSI MHTCHCUBHOE YILTOTHE-
HIe MaTepualia BCICACTBHAE IIPOXOKICHUS TIPOIIECCOB,
TIpeIIeCTBYIOIINX TIaBiIeHuIo. [Ipomeccsl, cBsI3aHHBIE
¢ TIpPUMEHEHUEM CBSI3YIOIIETO, TIPOTEKAIOT TIPU 3HAUM -
TEJIBPHO 00JIee HU3KMX TeMIIEpPaTypax, COOTBETCTBYIOIIIX
TIpeBpalleHNI0 KOMITIOHEHTOB B CTAOMJIbHBIC XUMITUC-
ckue (OpPMHIL.

[TpuMepoM TIpoliecca MOIyIeHUST MaTeprajia METO-
IIOM CTICKaHWS SIBJIIeTCS pa3padboTaHHbI HaydaHo-1c-
cJIeIoBaTeIbCcKUM IIeHTpoM nM. Ditmca (CIIIA) miponecc
nonygenus Mmatepuana FRCI, cxematnaHo n3oopaxkeH
Ha puc. 1.

[TepBOHAYATHLHO BOJIOKHA KAaXKIOTO TUIIA ITOIBEPTAIOT
KOHIWIIMOHUPOBaHMIO. 15T 0OecredeHsT 3TOTO IIpo-
mecca BOJIOKHa MUKPOKBaPII IIOMEIIAfOT B TNIACTMACCO-
BBIIA KOHTEHEP ¢ IeMOHU3UPOBAHHOM BOJOU U COJISTHOM
KUCJIOTOM, Yepe3 KOTOPHIi B TeUeHHE 2 YacOB IIPOIYBAIOT
a30T BBICOKOM YHUCTOTHI JUIST YIAJICHUS PaCTBOPUMBIX
3arpSI3HSIIONINX IIPUMeceil 1 He BOJTOKHUCTHIX BKITIOUC-
HUIA. 3aTeM BOJIOKHA MUKPOKBAapIl IIPOMEIBAIOT 3 pa3a
o 5 MUHYT JEMOHU3UPOBAHHON BOMIOM.

71 KOHAUIIMOHNPOBAHUS ATFIOMOOOPCUINKATHBIX
BoJIokOH Hekcrenb-312 ux obxwurarot rmpu 1090°C B Te-
yeHne 90 MUHYT, YTO CIIOCOOCTBYET KPHMCTAJUIN3AIINI
UX CTPYKTYPHI U YMEHBIIACT TUCTIEPCHOCTh. [1poMEBI-
THIC BOJIOKHA MUKpOKBapll 1 HekcTenp-312 momerniator
B CMECUTEJIb, JOOABIISIOT 10 Becy 2% KapOuaa KpeMHUSI
¥ JOCTAaTOYHOE KOJTMICCTBO ICMOHN3NPOBAHHON BOIHI.
3aTeM B TeUCHUE OIIPEIeICHHOTO BpeMEHH, 3aBUCSIIIETO
oT Tpebyemoro coctaBa Matepuana FRCI u nyxxHoro
3HAYCHMS TUIOTHOCTH, OCYIIICCTBIISIIOT TIepEMEIIMBAHIE
Iucnepcun B cMecurente [16].

IToce cMmeneHNs 00pa3yIONIyIOCs TUCIIEPCHIO BO-
JIOKOH 3aJIMBAIOT B IIPECC M IMPECCOBAHUEM YIAJISTIOT 13-
JINIITHIOIO BOMY, B PEe3yIbTaTe YETO IOIYJatoT BIAXKHBIN
BOJIOKHUCTHIN peTp. 3aTeM heTp MeJICHHO TTOIorpeBa-
10T 10 150°C 1 BEIIEepKUBAIOT IIPU TeMIIepaType 18 ua-
coB. INonyuyeHHwIit cyxoii ¢etp criekarot mmpu 1300°C
B TeueHre 90 MUHYT 1 pa3pe3aioT I TOIydeHUs Tpe-
OyeMBbIX JeTayei.

BTtopom MeTomoM SIBIIIeTCS IPUMEHEHHE CBSI3YIOIIC-
r0, KOTOPOE ITO3BOJISICT 3HAUNTETHHO CHU3UTH TEMIIepa-
Typy TIpoliecca IOoJIyIeHUs ITOPUCTOTo ITpoayKra. Han-
0oJiee TEXHOJIOTUIHBIM U TTPAKTUYHBIM B M3TOTOBJICHUN
BOJIOKHUCTOTO MaTepuaa IBJISIETCS «MOKPBIH CIIOC00»,
T. €. CIIOCO0 IMPUTOTOBJICHHS CYCTICH3UHU CO CBS3YIOIINM
C TIocIieIyolIIeil onepanueil GopMrupoBaHUSL.

CortacHo [6] cylIecTBYIOT 3 OCHOBHBIX TUIIA IMC-
JIOKAIIMH CBSI3YIOIIETO BHYTPU CTPYKTYPHI BOJJOKHUTOB:
CerMEeHTHasl, arioMepaTHas 1 ToueuHas. TaKyro Kiiaccu-
(ukammio, Mo-BUINMOMY, IIPABOMEPHO PACTIPOCTPAHUTH
1 Ha KOMITO3UIINH ¢ HEOPTAHUICCKUM CBSI3YIOIINM.

CerMeHTHOM CTPYKTYpE OTBeYaeT pa3MeIIeHIEe CBSI-
3YIOIIETO B BOJIOKHHMCTOM OCHOBE MaTepHaia B sTIeiikax,
00pa30BaHHBIX TP B3aMHOM IIepeCceuYeHNN BOJIOKOH.
AryiomMepaTHas CTPYKTypa — 3TO CIIyJalfHbIe CKOTUICHUS
CBSI3YIOIIETO pa3IMIHol (hopMbl. HekoTophie armomepa-
THI BOOOIIIE HE YYACTBYIOT B pab0OTe MaTepHaia, Tak KaKk
PpACITOJIarafoTCs MEXKIY YIaCTKAMM CKOIICHUS BOJIOKOH.
Marepuasl ¢ aTJIOMEPaTHOM CTPYKTYPOil XapaKTephu3y-
IOTCSI TIOBBIIIICHHOM 3KeCTKOCThIO. ToueuHass CTPYKTypa
COOTBETCTBYET pacTpeaeICHUI0O OCHOBHOTO KOJTMIECTBA
CBSI3YIOIIIETO B BOJIOKHUCTOM CTPYKType MaTepuaia
B BUIE OTIEIbHBIX TOUCK, HAXOMSIIINXCS B MECTaX mepe-
ceueHMs BOJIOKOH. Takast CTpyKTypa OTBe4yaeT HanboJee
PpaAllMOHATILHOMY pacIpeaesICHIIO CBSI3YIOIIETO ¢ MaKCH-
MaJIbHOM CTETICHBIO €TO MCITOIb30BaAHMSI.

Haun6osee n3BeCTHBIMI CBSA3YIOIIUME B TIPOM3BOI-
CTBE BOJIOKHUCTBIX OTHEYITOPHBIX KEpAMUIECKIX MaTe-
pHAaJIOB SIBJISTFOTCSI TUAPATUPOBAHHBIC OKCUIBI KPEMHUS
u amoMuHud [14].

TexHOIOTHUS TTOTyYeHNS BOJIOKHUCTHIX MaTepHa-
JIOB COCTOUT M3 CIACAYIOIINX OTIepallfii: TIOATOTOBKHI
BOIHO¥ CYCITeH3UH BOJIOKOH, BBEICHUS B CYCIICH3UIO
pacTBOpa BSIKYIIETO B KOJIWYECTBE, HEOOXOAUMOM JIJIsI
CBSI3BIBAHUS BOJIOKOH B IIPOYHBIN KapKac, OCaXKIeHUS
CBS3YIOIIETO B BUAC TUCIIEPCHON (Da3bl THAPOKCHUIA
ATIOMUHMST PACTBOPOM aMMHMaKa ¢ TTOJIyIeHEM paBHO-
MEpPHOU IT0 KOHIIEHTPALIMK CYyCTICH3UH, 00¢3BOXKIBA -
HUEM ee C IMOOIPECCOBKON M0 3aJaHHOTO 00BEMHOTO
Beca M CYIIKOU MaTepraia ¢ MOCICAYIOIINM O0KUTOM.

OmHAKO TIPOIIECCHI OCAXICHMS TUAPOKCUIA ATTIOMH-
HUSI C TIOMOIIIBIO OCAIUTEIIeH TTPUBOISIT K 00pa30BaHUIO
HepaBHOMEPHOU TBepmoil a3bl TMAPOKCHIA, YTO 3a-
TPYIHSIET €r0 PaBHOMEPHOE paclpenesicHre B 00beMe
CYCIICH3UHU BOJIOKOH. M3BecTeH c1oco6 TOMOTEHHOTO
TTOJTYICHMS THAPATUPOBAHHOTO OKCHUIA ATIOMUHMS ITy-
TEeM TEMIIEPATyPHOTO THIPOJIN3a HEKOTOPHIX BEIIECTB
ocanureneit [15]. K Takum BeliecTBaM OTHOCSITCSI: YPO-
TpoIuH, OuypeT, MoueBuHa. HanboJee pacrpocTpaHeH-
HbIM 13 HUX saBnsgercs ModyeBuHa CO(NH,),. Ipouecch
TOMOTEHHOTO OCaXXICHUS TUIPATHPOBAHHOTO OKCHIA
ATIOMUHUS IIIPOKO UCTIOIB3YIOTCS TSI TIPOM3BOICTBA
COpPOEHTOB 1 HOCUTEJICH TSI KaTaIn3aTOPOB. DTOT Me-
TOII IOCTATOYHO XOPOIIIO M3YUEH U MOKET TIPEICTABISATh
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Puc. 1. Texnoaoruueckmii npomecc npoussoacTsa marepuaia FRCI [16]

WHTepeC IUIST BBEACHMS CBSI3YIOMIECTO MPHU MTOTYyIYCHUN
BOJIOKHHMCTBIX MaTepHUAJIOB.

M3BecTeH crioco0 morydeHns TeII03alIuTHOTO Ma-
Tepuaa ImyTeM HaHeCeHUS TUIPOMACCHl Ha KOHKPETHBIC
yuyacTku uznenus. [lomoOHBIN MaTepuan ObLUT pa3pado-
TaH Ha OCHOBE BOJIOKOH OKCHIIA aJTIOMUHUS 1 aJTIOMO-
CHJTMKATHBIX BOJIOKOH C HEOPTAaHNIECKUM CBSI3YIOIINM.
Marepwuait 061amaeT T0CTaTOYHO BBICOKOM C TEPMOCTOM-
KocThio — 14701870 K (B 3aBHCMMOCTH OT THIIA BOJIO-
KOH), HETUIOXUMHM (DU3NKO-MEXaHNICCKIMHI XapaKTepHr-
cTUKaMU Ipu Kaxyiueiics wiotHoctu 0,30+0,34 o/cm?.

3. IopucTsie HAHOKOMIIO3UTHI HA OCHOBE a3poreieit

KoMIto3uTHBIE MaTepHaIbl ITOJTYYAIOT ITyTeM 00b-
eOIWHEHUS IBYX Pa3IMIHBIX MaTepuajaoB. B obmem,
CO3IaHNe KOMITO3UTOB MCITOIb3YETCS IIJIST TOTO, YTOOBI
HCTIOJTb30BaTh MPENMYIIIeCTBa KaxkKIOro TUIIa MaTeprasia
¥ MUHUMH3UPOBATh UX HemocTaTKu. Hampumep, aspo-

reJT KpeMHe3eMa SIBIISTIOTCSI XPYITKUMH CYOCTaHIIMSIMH.
[Tpu 3TOM IpPYyTOif KOMITOHEHT B TIOJTYICHHOM MaTeprae
MOKET YBEJIMYUBATh IIPOYHOCTDH MaTepHraja, KOTOPHIHA,
B CBOIO ouepenb, MMEET KeJlaeMble ONTUICCKIE CBOM-
CTBa, BBICOKYIO TIIONIAIb ITOBEPXHOCTH M HU3KYIO TIJIOT-
HOCTB, KaK Y a3pOTeIst KpeMHe3eMa.

ITomuMoO 3TUX CMHTE3a 1 METOI0B 00pabOTKM, He-
00XOIMMO TTOAYEPKHYTH, UTO THOKOCTH 30J1b-TEJIb IIPO-
IIECCOB ITO3BOJISICT YBEIMIUTH BEIOOP a3porelieii, KpoMme
JNMOKCHUAA KPEMHUSI, a3poresieii Ha OCHOBE MaTepualioB,
KOTOpHIC B HACTOSIIIEE BPeMsI TOCTYITHEI. ApXUTEKTypa
MAaCCUBHBIX MaTEepHaJIOB MOXET OBITh aZallTUpOBaHa
C MCITOJIb30BAaHNEM TEMITIATHBIX METOIOB. XUMMUS TeJIs
MOXXET OBITh U3MEHEHA ITyTeM IIPUBUBKU MO0 B IIPO-
1ecce reJIMpoBaHusl, IM0O Tocie rempoBanus [17].

KoMITo31TEI 1 HAHOKOMIIO3UTHI MOTYT OBITH CO3TaHbBI
IIyTeM TIPOITUTKHU TIeH WJINM BOJIOKHUCTBIX CETOK, THUC-
IIePTUPOBAHUS YACTUII, TTOPOIIKOB, WU ITOJTUMEPOB,
I IyTEeM CHHTE3a CMEIIaHHBIX OKCHIOB Ha OCHOBE
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INOKCUIA KPEMHUSI, WJIM OKCUIOB IPYTUX METAJUIOB.
OpraHmuecKyie THOPUIBI KpeMHe3eMa TakKe MOTYT OBITh
M3TOTOBJICHBI ITyTeM MHOTUX METOIOB, TaKMX KaK CO-
BMECTHOE TeIMPOBAaHNE U CIITMBKA WA B3aMMOICHCTBH-
eM ¢ PYHKIIMOHAIM3UPOBAaHHBIMY YacTUIaMu |5, 18].

3a 1rociiegHIe TOABI OBUT ITPOBEIEeH OOJBIION 00BEM
WCCIICIOBAHUA B 00JIACTH TOJIyYCHUS SHEPreTHICCKIX
MaTepraioB. Beut paboTH MO TIPUMEHEHUIO MaTepH-
aJI0OB Ha OCHOBE a3porelieil M 30J1b-TeIb-TIPON3BOIHBIX
IJIST TIOJTyYeHUSI HAHOCTPYKTYPUPOBAHHBIX SHEPTHIC-
CKMX KOMITIO3UTOB (HAIIpHMep, B3PBIBYATHIX BEIIECTB,
PAKEeTHOTO TOIJINBA U MUPOTEXHUIECKUX COCTABOB),
a TaKKe M3YYeHBI UX XapaKTePUCTUKI. A3POTeIn UMEIOT
YHUKAJBHYIO TUIOTHOCTh, COCTaB, TOPUCTOCTh U pa3-
MEepBI YaCTHII, a TAKXKE HU3KYIO TEMIIEpaTypy U MITKHUE
YCIIOBHSI XUMMYECKIMX METOIOB CUHTE3a, BCE 3TO JIeIacT
WX TIPUBJICKATEIbHBIMU B KQUECTBE KaHIMIATOB IIJIST CO3-
JTaHWS DHEPreTUIECKNX HaHOMaTepuaJioB [19].

[IpuMeHeHNE 3TUX MaTepUaIoB M METOIOB B 3TOi
00J1aCTH TEXHOJIOTUH TIPUBEJIO K TPEM OCHOBHBIM TUTIAM
30JIb-TeJIb SHEPTETUICCKUX MaTepraiioB [20]:

1. ITupoTexHrKa — HEOPTAHMUECKIE 30JIb-TIIb OKIC-
JIATEITA/METAUTNICCKOE TOIINBO (TEPMUTHBIC KOMIIO-
3UTHI).

2. 30J1b-TeJIb TPON3BOAHEIC TIOPUCTHIX TUPODOPHBIX
METAJTMICCKUX TIOPOIITKOB ¥ TUICHOK.

3. OpraHnyeckoe 30,1b-TeJIb TOIUTUBO,/HEOpTraHNIe-
CKME¢ HAaHOKOMITO3UTHEIC OKHMCIUTEIN (KOMIIO3UTHOE
TBEpIO€ PaKETHOE TOILIMBO M B3pHIBUATHIC BEIIIECTBA).

[ToBeneHMe BceX 30JIb-TelTb HAHOCTPYKTYPHBIX SHEP-
TeTUIECKUX MaTepHaIOB B 3HAUNTEIBHON CTETICHN 3a-
BHUCUT OT HECKOJIBKMX (PAKTOPOB, B TOM YHCJIC TUTOIIAIN
TIOBEPXHOCTH, CTETICHU CMEIIICHHST MeXAy (bazamMu, THIa
TepeMeIBaHUS (30JIb-TeJTb WIIA (DU3MIECKOTO CMEIITH -
BaHMS TBEPIBIX BEIIECTB), CITOCO0a 3arpy3KHM TBEPIBIX
YaCTHIL W TIPUCYTCTBUS TIPUMeECEid. 30Ib-TelIb METOIBI
TIpUBJICKATEeIBHBI IJISI 00JIACTH TTOJTYICHMS HAHOCTPYK-
TYPUPOBAaHHBIX SHEPIeTUICCKIX MATCPHUAJIOB. DTU METO-
IIBI TIpeJIaraloT MHOTO BapUaHTOB (POPMBI TTOJTyIaeMBIX
MaTepHUajIoB, TAKUX KAaK MOHOJIUTHI, TIOPOIIIKH 1 TTICHKH,
a TaKKe MMEIOT IIMPOKYI0 KOMITO3UIIMOHHYIO YHUBEP-
CaJIbHOCTh. DTH aTPUOYTHI B COUETAHNUH CO CTPOTOCTHIO
CUHTETHUYECKOTO KOHTPOJISI MUKPOCTPYKTYPHBIX CBOMCTB
30JIb-TeJIb MAaTPUIIEI 00ECTICIMBAIOT TTOATOTOBKY 3HEpP-
TUYECKUX HAHOKOMITO3UTOB C IIepeHACTpanBaeMbIMU
XapaKTepUCTUKAMH.

ITo kpaifHe#t Mepe, IBa MPOIICAIINX IeCITUICTUS
00J1aCTh HAHOUCCJICAOBAHUI OBIJIA OMHUM M3 CaMBIX
AKTUBHBIX HaIlpaBJICHUU UCCIICIOBAHUI B pa3IMUHBIX
HAyYHBIX TUCIHUTUTMHAX, U SHEPTUUCCKUE MaTePUAaJIbl
He OBIITM UCKITIoUeHreM u3 otoro [21]. biarogaps mc-
MOJIb30BAaHUIO HAHOMATEPHUAJIOB 1 MIEPEIOBBIX TEXHO-
JIOTUI M3TOTOBJICHUSI CHHTE3MPOBaHEI HAHOYHEPIEeTH-
YeCKHe KOMITO3UTHI, KOTOPBIC MMEIOT TICPCIIEKTUBHEIC
BO3MOKHOCTH. DHEPreTHIeCKIIe HAaHOKOMITO3UTHI OITpe-

TIEJISTFOTCST KaK CMECH OKHCIIMTEIIS ¥ TOTUIMBA, YACTUIIBI
KOTOPBIX UMEIOT pa3Mephl WIH, TI0 KpalfHelt Mepe, OMUH
KpuTndeckuit pasmep MeHee 100 #y. YMeHBIIICHHE pa3-
Mepa YBEeJIMIMBACT IJIOMIAIb ITOBEPXHOCTH KOHTAaKTa
MexXay azaMu peareHTOB. DTO OBLIO TOCTUTHYTO C MC-
ITOJTb30BaHNEM PA3TNIHBIX METOIOB, BKITIOUAs] METOIBI
KOHICHCAIIUN TIapa, MALICJUIIPHOTO CUHTE3a, XUMHIUe-
CKIM BOCCTAHOBJICHHEM, YIBTPa3BYKOBEIM CMEIIICHHUEM,
a TaKKe MEXaHMICCKUMH METOIaMU CMeEIIeHUs [22].
Bbumn morydeHbI 0YeHB XOPOIIIIe pe3yabTaThl. B kaue-
CTBe TIpUMepa, IUIST MAPOTEXHNICCKIX HAHOKOMITO3H -
T0B Al/M0O, GbLIN 3apUKCHPOBaHBI CKOPOCTH TOpE-
HUS TIOYTH Ha TPU MOpSAKa OOJIBIIE, YeM Y OOBITHBIX
cMeceit. Kpome Toro, Takme CBOMCTBA SHEPTETHUCCKIX
MaTepHayioB, KaK YyBCTBUTEIBHOCTh K BO3IECHCTBUSIM,
3aBUCST OT pa3Mepa YacTUIl. DHEepPreTUIeCKUe MaTe-
pHajIbl ¢ MEHBITUMHU pa3MepaMM YacTUI] MOTYT OBITh
MeHEee IYyBCTBUTEIIBHBI K 3aKUTaHUIO 1, TAKUM 00pa-
30M, 00JIaIAIOT JIYUIITMI CBOMCTBAMU C TOUKU 3pCHUS
O6e3omacHOCTH [23]. DTH ABa BaxXXHBIX IpUMepa JaloT
MOIITHBIA CTUMYJ IUIST TIPUMEHEHUS HaHOMAaTePpHAaIOB
1 TEXHOJIOTUI B SHEPreTUIeCKUX obnacTsax. Mmesa ato
B BUJIY, a3pOTCIN U APYTHE Teieo0pa3Hble MaTePUAIBI,
ITOJTyYCHHBIC M3 30JIeli, OBLIA MCCIICIOBAHEI B ITOCTICI-
Hee TecITUJICTHE B KAYeCTBE HAaHOCTPYKTYPHUPOBAHHBIX
SHEPTETUYCCKUX MaTepHUAIIOB.

Hapsny ¢ xoporieit cMeImBaeMOCTBIO SHepreTHIe -
CKMe HaHOKOMITO3UTHI MMEIOT Ype3BBIYAlfHO BBICOKHE
TUTOIIAIM TTOBEPXHOCTH pasnena a3, 30JIb-TelIb METOL
ITOJIYICHUST 3TUX MaTePUAJIOB TT03BOJISICT 00CCIICYNUTh
elle 6osbire MexdaszHble 30HbI KOHTaKTa. Bce atu
OJIarOTIPUATHBIC aTPHOYTHI IIPUBEIIA K aKTUBHBIM HCCIIC-
JIOBAHUSIM IT0 IIPUMEHEHMIO 30JTb-TeJIb XUMMH, K UCCIIe-
TOBAaHUSIM 1 pa3paboTKaM SHEPreTHIECKIX MaTepPUAJIOB.

OpranoMuHepaJbHbIc HAHOKOMITO3UTH HA OCHOBE
asporejeii KpeMHe3eMa 00JIafafoT KOMITJICKCOM YHU-
KaJbHBIX ONTUYCCKNX CBOMCTB. [1oKa3areb mpeiom-
JIEHUST a3poreiis, MOAU(PULIIMPOBAHHOTO TPUMETHIICH-
JIVUIBHBIMHA TPYIIIIAMH, MOXET HAaXOIUTLCS B IAATIA30-
He 1,008+1,060, B 3aBUCMMOCTH OT MX TUIOTHOCTEIA.
Ha puc. 2 mokasaHa 3aBUCIMOCTb MEXIY TZIOTHOCTEIO
1 TIOKA3aTeJIeM MPEeIOMIICHUS a3pOTesIsi Ha OCHOBE OKCH-
I1a KpeMHMUST, MOTU(UITNPOBAHHOTO TPUMETIIICYUIIITh-
HBIMU TPYITIIaMH.

OTHOCUTEIbHOE 3HAYCHNE TTOKA3aTelIsl TIPEIOMIIC-
HUS 1 TIOYTHU IIPOIIOPIIMOHATIEHO TUIOTHOCTH MaTepHra-
JIa a3poresis B IMAIla30He BRICOKOM TMTOPUCTOCTU. DTOT
pe3yabTaT COOTBETCTBYET TECOPHUH, a UMEHHO COOTHO-
meHuto Makcsesura—I'paHaTa, B IpuMeHEHINN K HAHO-
KOMITO3UTaM, COCTaBJICHHBIM OPTaHNYECKI MOIMUMDUIIN-
POBaHHBIM OKCUIOM KPEMHUS 1 BO3IYXOM [24].

Tak xaxk MomrdULIIMPOBAaHHBIC a3POTeIN 00IaIa0T
IIPEBOCXOTHBIMH ONTUYCCKIMM CBOICTBAMM, TIPO3pad-
HOCTBIO, 9KCTPEMAaTbHO HU3KUM MHIECKCOM TT0Ka3aTelIst
IIPEJIOMJICHUS U BJIaTOCTOMKOCTBIO, OHU YAaCTO UCTIOJb-
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Puc. 2. Koppensinusi MeXIy IIOTHOCTBIO M HHIEKCOM
npesioMmiaenns rTuapodoOHBIX asporeieii KpeMHe3eMa
[25]: n — moKa3aTeb MpeIOMJICHHS,

0 — IVIOTHOCTD A3pOre.isd AUOKCHAA KpeMHud (k2/m’)

3YIOTCS B KQUeCTBE Cpebl B cueTunkax YepeHkona. Kor-
IIa 3apsCKeHHAs] YacTHUIIA TIPOXOOUT Yepe3 IMPOo3pavyHyIo
Cpemy CO CKOPOCTBIO OBICTpee, YeM CKOPOCTh CBETa B Ma-
Tepurajie, BO3HNKAeT cBeueHUe YepeHKOBa.

XOTSI MOHOJIUTHBIC OJIOKM a3poreiis, TMOKCUIa
KpPEeMHUSsI, TIPOU3BOAMMBIC METOIAaMU CBEPXKPUTHIC-
CKUX CITOCOOO0B CYIIIKH, TOBOJIEHO JOPOTH IUTSI TIPOMBIIII-
JICHHOTO IIPUMCHEHMSI, OHM BHECIIM OOJIBIIOI BKJIAI
B IIpOTpecc TaKMX HAyIHBIX 00J1acTell, KaK (hM3MKa BBI-
cokux 3Hepruii. [Iporpecc HayKu Bcerma CIiocoOCTBO-
BaJT YIYUIIICHUIO HAYYHBIX MCCIICTOBAaHNI 1 pa3paboOTOK
B IIPOMBITIUIEHHOM MUPE, TIO3TOMY MOXHO OXKHIATh, YTO
asporeiib MOXET CTaTh MMOHEPOM HOBBIX TEXHOJIOTHI,
TaKMX KaK HAHOKOMITIO3UTHI, ONITHKA, KOCMIUIECKHE 1C-
CJICIOBAaHUSI, SHEPTeTHUECKHE YCTPOMCTBA U TaK Jajiee
[20, 26].

AKTUBHBIE pabOTHI BEAYTCSI B 00J1aCTU HAHOpa3Mep-
HOI MHXXEHEepUU KOMITO3UTOB Ha OCHOBE KpeMHe3eMa
JIJIS CO3TaHUS Pa3IMUHBIX ceHcopoB. B pabote [27] onn
OITMCAHBI KaK «KOMIIO3UTHI KpEMHE3eM — MOIU(UIIN-
POBaHHEBII KpeMHE3eM», TIONTOTOBICHHBIH ITOCIe MOIU-
(bmkarmu reyxst KpeMHe3eMa IIpHy Teieo0pa3oBaHNM, Ka-
TaJIM3APYEMOTO OCHOBAaHHMEM, C IPYTUM 30JIeM JUOKCHIA
KPEMHMSI, Ha 3TOT pa3 MOJYICHHBIM C UCITOJIb30BaHUEM
KaTaJi3a KMUCJIOTBL. DTOT KaTaIM3UPyeMBbIii OCHOBAaHHEM
KHCIIOTHO MOTU(DUIINPOBAHHBIN T'eJIb 3aTeM 00padaThI-
BalOT C IIOMOIIBIO METOA YIVIEKUCIIOTHOMN CYTIICpKPUTH -
YeCKOM dKCTpaKLMK ISl MOJIydeHUsT asporesiss. MoHo-
JIATHI a3POTeJIs, TTIOIYICHHBIE B Pe3yIbTaTe TaKOTO IIPOo-
mmecca, UMEIOT 00beMHEBIC CBOMCTBA a3pOTelieii TMOKCHUIA

KPEMHUSI, TIOJIYIeHHBIX B OCHOBHOM KaTaJIUTUICCKOM
TIpoIiecce, B TOM YHCIIE C XOPOIIEH MPO3paqHOCTRIO, TIPH
5TOM C TTOBEPXHOCTHBIMHM CBOMCTBAMM OKa3bIBAIOTCS
0oJtee TUITMIHEIC IUTSI a3POTeJIst, TIOTYyICHHOTO METOIOM
KUCIIOTHOTO Katanuia. CiienoBaTeIbHO, MOXHO YIaB-
JINBATh PA3INYHBIC BUABI CUILHOIIOISIPHBIX MOJICKYI,
B TOM YHCJIC KNCJIIOTHO-OCHOBHBIX MHINKATOPOB, U MC-
ITOJTb30BaTh MX B Ka4eCTBe MHTepdeiica B COOTBETCTBY-
IOIIMX CEHCOpaXx.

B pa6ote [27] coobmraeTcst 0 KOMITO3UTHBIX a3pOre-
JISIX TMOKCHUIA KPEMHUSI, COMEPKAIINX METAJTTTICCKIIEC
KOJIJIOMIHBIC YaCTUIIHI (30JI0Ta WIIM TIJIATHHBI) U KO-
TOpBIE UMEJIN ONTUYECKYIO TIPO3PavyHOCTh adporeieit
KpeMHe3eMa B COYCTaHUM C TTOBEPXHOCTHBIMU U OTI-
TUICCKUMH CBOMCTBAMU METAJNIMIECKOTIO KOJUIOWIA.
MeTaummdecKue KOJJIOUIHBIC YaCTUIIBI PABHOMEPHO
pacIipenesieHbl IT0 BceMy 00BbeMYy CMeCH U, CJIeIOBa-
TEJIbHO, M30JIMPOBAHBI IPYT OT Apyra. B To ke BpeMs
ITOPUCTOCTh MAaTPUIIBI KpeMHE3eMa JIejIaeT ST MEeTaJUTN -
YeCKHE JACTHUIIBI KOJUIOMIOB TOCTYITHBIMHU JIJTSI YACTHII,
KOTOpBIC IIPOXOIAT Uyepe3 MaTpuIy. [1oBepXHOCTh Me-
TAJUTHICCKOTO KOJUIONIA MOXET OBITh M3MEHEHA 00
IO, TNOO TIOCIIe TeJIe00pa30BaHMsI, YTOOBI AHaNITHPOBATh
ee K OIITUYECKNM CBOMCTBaM MaTepHaa.

B pa6ote [28] ornmcaHbI TIpeiBapUTENIbHBIE PE3YIIbTa-
TBI, KOTOPBIE IEMOHCTPHUPYIOT, YTO BKITIOUCHIE HAHOBO-
JIOKOH TIOJIMaHWJIMHA B adporelie TMOKCUIa KPeMHUSI,
rmoiyayeHHOM Ha ocHOBe TMOC m YITIEeKUCIIOTHOM Cy-
MTePKPUTUICCKOM IKCTPAKIIVH, IIPUBOIUT K YBEIMUCHUIO
IIPOYHOCTU MaTepuajoB. [Ipu 3ToM mosBIsICTCS BO3-
MOXKHOCTB UX TTOTEHIINATEHOTO IIPUMEHEHMS [IJIsT OOHa-
pyXeHUsI Ta3000pa3HbIX KUCJIOT U OCHOBAaHUIA. bblio 00-
Hapy>KeHO, YTO B TOM YHCJIC TIPY BBEICHUH BCETO OKOJIO
6% mnonuaHWIMHA OT Beca MaTepuasa Obljla yBeJIMUeHa
IIPOYHOCTH a3POTeJIsl B TPY pas3a IpH MOIyIeHUN MaTe-
puaja takoii xe Huskou mwiotHocTu (0,088 2/cm’). [pu
HCIIOJIb30BAHUM 30JIOTHIX 3JIEKTPOIOB Ha TTIOBEPXHOCTH
KOMITO3UTHOTO a3porejisd ObLIO OOHAPYXKEHO pe3Koe
CHIDKCHME COIPOTUBIICHMS, KOTJIa a3POTe)Ihb ITOABEpra-
Jm Bo3neiictBuio mapos HCI.

IToce mpoBeaeHMS BCeli CTaIMU IIPOIIecca CHHTE3a
asporelib SIBJISIETCS TBEPABIM, aMOP(HBIM, HO UPE3BbI-
YaiiHO NOPUCTHIM (75—99% mOpUCTOCTH) MAaTEPUATIOM.
[MocneqHuM 11aroM B TpaHCHOPMAIIUH SIBIISICTCS €TO
VIIOTHEHME IMYTEM TEIJIOBO# 00paboTku. YacTo ObIBacT
HEeoOXOIMMO TIpeo0pa30BaTh MaTepHaJl ITyTeM CIICKAHUS
asporesisi B TBEpIOE CTEKIIO, TUIICHHOE ITOPUCTOCTH,
TO €CTh C OTHOCUTEJILHOM ITOTHOCTBIO, paBHOIt 1. OTHO-
CHUTEJIbHAS TJIOTHOCTh — OTHOIIIEHNE MEXIY O0BEeMHOMK
IJTIOTHOCTBIO a3POTreis M INTOTHOCTHIO KBapIIEBOTO CTEK-
na (2,2 e/cm’). Ha puc. 3 mokazaHa TUIIMYHAS SBOJIIOLIMS
OTHOCHUTEJIBHO TNIOTHOCTU W YAEJBHON TLTOIIAIH T10-
BEPXHOCTHU BO BPeMSI CIIEKaHMS IIyTeM TepMOOOPaOOTKHU
[20, 27]. DTu KpUBBIE CYUTLHO 3aBUCST OT TEMITEPATYPhI
TepMOOOPAOOTKH M OT COACPKAHUS TUAPOKCIIILHBIX
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TPYIII, HAXOOSIINXCS B CTPYKTYpe 1.0
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asporeist, KOTOPHIC BIUSIOT Ha BSI3-
KOCTb asporend [27].
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TH3alUs PagOaKTUBHBIX OTXOIOB
ATOMHBIX dJIEKTpOCTaHLMii [29]. AK-
TUHWIBI ¥ IPYTHC PATUOHYKIIUIEI, Te-
HepHUpyeMBIe B SIIEPHOM TOTUTMBHOM
LMKJIe, TIpU IepepadoTKe OTpabOTaH-
HOTO TOIUIMBA TIPEACTABICHBI B BUIC COJICH B BOMHBIX
pactBopax. [10Ib3ysICh TTOTHOCTHIO OTKPBITOM ITOPUCTOM
CTPYKTYPOI a3poTesisi, MOXXHO 3aIlOJTHUTH PACTBOPaMM
3THX COJIcit BeCh 00BbEeM asporesl. 3aTeM KUAKYI0 a3y
YIAISIOT UCTIapeHUEM, a TTIOPUCTHI KOMITO3UIIMOHHBI
Martepua (a3poreib + COJIb) ITOJHOCTRIO CIICKAIOT, YTO
TIPUBOIUT K CUHTE3Y MHOTOKOMITOHCHTHOTO MaTepHaJia.
[TopucTast cTpyKTypa asporesis NCIIONIb3YeTCsT B KAUeCTBE
TIPUHUMAIOIIIETO 00beMa. B COOTBETCTBMM ¢ MaJTbIM pa3-
MEpPOM ITOP a3pOreJIsl ITOATOTOBKA TAKOTO HAHOKOMITO3MTA
SIBJISIETCSI OYEHb MTPOCTHIM MpoLeccoM. Pazmep noMeHOB
OyIeT 3aBHCETh OT pa3Mepa Iop B adporeiie U OT comep-
JKaHWS aKTUHUIOB B XXUIKOCTH.

Tem He MeHee, eClIi TIBITaThCS 3aIIOJTHUTH a3pOreib
¢ XMAKOCTBIO, TaKOi, KaK BOAA, KAIMJUISIPHBIC CYUTBI
MOTYT BBI3BaTh paspyueHne asporens [30]. braromaps
CIIOKHOCTHU TEKCTYPHI a3poreis, MMOIAPOOHBIN pacueT
JIOKAJTBHBIX HAIPSDKCHWIA TIPY 3aTIOTHEHNH €TO KIIKO-
CTBIO TIPOM3BECTH TPYIHO, OH 3aBUCHT OT IIOBEPXHOCTHOM
SHEPIUHU XHUIKOCTh-TIap W pa3Mepa Iop. DTO SBICHHUE
HOCHUT Ha3BaHUE NCKPEIUTALNSI. DTOT TEPMUH BO3HUK
B TOPHOIO0OBIBAIOIIIEH MPOMBILIJIEHHOCTU KaK U30upa-
TEJIBHOE PaCKPBITHE TIOPOIBI, OCHOBAHHOE Ha CTIOCOOHO-
CTH OTIEIBHBIX MITHEPAJIOB Pa3PYIIaThCS IO IIOCKOCTSIM
CITAfHOCTH TIPX HaTrpeBaHUM U TTOCICAYIOMIEM OBICTPOM
OXJTAXKIICHUH WJIM TOJIBKO TIpK HarpeBaHuM. [Iporiecc me-
KPETUTALIMOHHOTO pa3pyIIeHUS OOBSICHSICTCS HATMINEM
KPUCTaJUIM3aLIMOHHON BOIBI, Ta30BO-KUIKNX BKITFOUC-
HUM, HI3KOU TEIIOIIPOBOTHOCTEIO M KO3 PUIIMEHTAMI
TEPMUIECKOTO PACIIMPEHUS OTAETBHBIX MITHEPAIIOB, SIPKO
BBIPpAXKCHHBIX CITATHOCTHI0. HeomHOpOaHEBIE TEITOBEIC
CBOICTBAa KOMIIOHEHTOB TTOJIE3HOTO MCKOITAEMOTO TIPH
HarpeBe TakKe MIPUBOIAT K ITOSIBJICHUIO MHOXECTBa OJa-
TOB BHYTPECHHMX HAIIPSCKCHUH. YBeIMICHIE BHYTPEHHIX

Puc. 3. DBomonus aspores 0THOCHTEIbHOI IIOTHOCTH O, (1) M yae bHOi
noBepxHocTd S (2) B 3aBucumocTn ot Bpemenu crniekanusi npu 1000°C [25]

HATIIPSDKCHUI TOCTUTACTCS Pe3KUM OXJIaKICHUEM I10-
BEPXHOCTH KyCKOB TTOJIE3HOTO HCKOITAEMOTO, UTO TIPUBO-
IIAT WUIM K €TO Pa3pyIIeHUIO, WX K OCITA0JICHUIO CBA3eH
Mexay MuHepanamu. [logoOHoe siBieHue HabmoaaeTcst
1 B MUKPOITOPHUCTHIX MaTepraiax MpH YIATICHIH KUIKOK
¢dazsr u3 mrop. [1pu 3TOM B pe3ynbrare OeiCTBUS KAl
JISIPHBIX CHJT BO3HUKAIOT BHICOKWE BHYTPEHHUE HAIIPsI-
KeHus1. Ecim oTi HanpsKeHUS TIPEBHIIIAIOT IIPOYHOCTh
caMoro KapKaca ITOPUCTOro MaTepuaa, TO IIPOUCXOIUT
€ro pa3pyIIcHue.

Taxkum oOpa3oM, UTOOBI N30€KATh PACTPECKUBAHNE
MaTepuaja BO BpeMsI 3aIlIOJTHEHUS, MOTYT OBITh TIpe-
JIOKCHBI Pa3INIHbBIC CTPATCTUH:

1. CuHTe3 asporelis ¢ OOJIBIITNMU ITOPAMU, KOTOPHIC
YMCHBIIIAT BETMUNHY KaITIISIPHBIX CHUL.

2. YayJieHne MeXaHMIeCKOI IIPOYHOCTH a3pOTeJIsT
3a CUET eT0 YACTUYHOTO CTAPCHMS U CIICKaHUS.

3. IToBepxHOCTHAS DYHKIIMOHAIM3AIINS 32 CUCT IIPH-
BUTHS K TTIOBEPXHOCTH adpOTelIsl XeIaTO00pa3yroIInX
TPYIITHIPOBOK.

4. IoyyeHne NOPUCTHIX MATEPHATIOB C MPIMEHEHHEM
SIBJIEHUS CIIMHOJATLHOTO pacnana

BrICOKOIT TIPOHHUIIAEMOCTBIO U JOCTATOYHO OOJIhb-
IIOU YIeJIbHOI TTOBEPXHOCTBIO 00JIaTal0T MaTepUaIbI,
CTPYKTYpa KOTOPBIX (POPMUPYETCS B IIPOIIECCE MUKPO-
¢azoBoro paccioeHUS IPU MOIUMEPU3ALNN WIH T10-
JukoHaeHcauuu. CyIIecTBEHHBIM MPEUMYIIECTBOM
TaKUX MaTepPHAJIOB SBIISIETCS BBICOKASI ITOPUCTOCTb,
KoTopast MOXeT nocturath 80% u 6osee. Mictopruecku
TIepBBIMU MaTepHalaMU TTOTOOHOTO TUTIA OB HOHO00-
MEHHBIC CMOJIBI. Pa3zmep chepraecknx yacTHIl MIOHUTA
COCTAaBJISICT HECKOJIPKO MUKPOMETPOB, a TUAMETp TTOp —
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10+120 um. B mocimenHee BpeMsI MOSIBUIIOCH OOJIBIIIOE
KOJIMYECTBO ITyOIMKAIIMI, TTOCBSIICHHBIX CHHTE3Y I10-
JIMMEPHBIX MaKPOIIOPUCTHIX MOHOJIMTOB, KOTOPHIE HC-
TOJIB3YIOTCS B PA3IMYHBIX 00JIACTIX XpoMaTorpadumn.
CdopMympoBaHEI OCHOBHBIC TEOPETUICCKIE TTOTOKE-
HUS ¥ pa3pabOTaHBI METOIVKH, TIO3BOJISIONINE U3MECHSIT
¥ KOHTPOJMPOBATh NX CTPYKTYPY B IMMPOKUX ITpeIeax.
OnHaKo HU3KHME XUMUYIeCKast CTOMKOCTb M TEPMOCTOI -
KOCTb ITOJIMMEPOB HECKOJIBPKO CYXKalOT OUAIla30H WX
npuMeHeHusl. Hanbomnee moapoOHEBIN 0030p METOIOB
CHHTE3a MOJOOHBIX MaTepUAaIOB clieliad B padoTe [30].
[ToBBIIIECHHON TEPMOCTONKOCTBIO OTINYAIOTCS Ma-
KPOIIOPUCTHIE OKCHUIHBIC MaTepUabl, ITOJIydacMbIe
30J1b-TesTb MeTogoM [30]. Bapeupys coctaB peakiu-
OHHOII cMecH, MOXHO (hOpMUPOBATh KaK TyOdJaTHIe,
TaK U KOPITYCKYJISIpHbIE OKCUIHBIC OJIOKHM OOJIBIIOTO
pa3Mmepa, comepKalire MakKporopsl pazmepom oT 0,05
10 100 mxm. Takxum oOpa3oM ObBUIM CMHTE3UPOBAHBI
MOHOJIUTHBIC MaTepHaIbl HA OCHOBE OKCUIOB KPEMHUSI,
ATIOMUHUS, IMPKOHMS U TUTaHA, CTOMKNE K BO3IEii-
CTBHIO BOISTHBIX ITAPOB 1 BEICOKUX TEMIIEPATYp.
IIpomecch (a30BOTO pacCIOCHUS B IMOJTUMEpPU-
3YIOIIUXCS CHCTeMaX YPE3BBIYATHO UYBCTBUTEIIHLHBI
K HEe3HAYNTCIbHOMY M3MEHCHMIO YCIOBUI CHHTE3A.
DT0 00YCIOBIEHO HEPAaBHOBECHOCTBHIO JAaHHBIX ITPO-
neccoB. HepaBHOBECHOCTB IPOIIECCOB YaCTO IPUBO-
IINAT K HEBOCITPOM3BOIMMOCTH ITOJTydaeMBIX PE3yIbTaTOB
¥ IITPOKOMY pacIpeaeICHIIO TTop TT0 pa3Mepam. Takux
HEIOCTATKOB JINIICH TeMIUIATHBIN CMHTE3 MaKpOIIO-
pUCTBIX cucTeM. OOGpa3oBaHUE 30JIs C TTOCICAYIOIINM
bopMupoBaHUEM TelIsT B JAHHOM CTy4ae IPOUCXOIUT
B CBOOOITHOM ITOPOBOM IIPOCTPAHCTBE TeMIUIaTa. B Ka-
YeCTBE TEMILIATOB MOTYT MCITOJIb30BaThCS ITIOJTMMEPHBIC
MUKpochepbl, TPUPOIHbIE MATEPUAIIBI U JaxkKe MUKPO-
KpHCTaJUTHI JIbaa [31]. MaTtepuaibl, CHHTE3UpPOBaHHbBIE
C MCITOJIb30BaHMEM TEMILIATOB, 00JIaIaf0T BBICOKOYIIO-
PSIIOYEHHOM CTPYKTYPOIA, UTO IIPUBOIUT K MOSIBIICHUIO
HOBBIX CBOMCTB U PACIIMPSIET 00JIACTh MX IPUMEHEHUS.
ITo cpaBHEHMIO ¢ TIOJTUMEpPaMU HEOPTaHIMIECKIE OK-
CHIHBIC MaTepHUaJbl 00IamaroT 6ojiee BRICOKOM MpoU-
HOCTBIO, TCPMHUYECKON CTAOMITBHOCTRIO M XUMIIECKOM
CTOMKOCTBIO, UTO CYIIECTBEHHO PaCIIMpPsICT 00IaCTh UX
TIpUMEHEeHUS. BRICOKOUMCTBIC 1 OMTHOPOIHBIC OKCUIHBIC
MaTepHUaIbl MOTYT OBITH TTOJYYCHBI C TIOMOIIBIO 30J1b-
rejib CUHTE3a, MO3BOJISIONIETO YIPABISATh CTPYKTYPOM
MPOIYKTOB Ha BCeX cTammsx mpomecca [32]. 301b-relib
TIPOIIECCHI IIPOTEKAIOT B MOJISIPHBIX PACTBOPUTEIISIX KaK
Ha BOIHOM, TaK M OpraHMYecKoit ocHOBe. B KauecTBe
TIPEKYypCOPOB MOTYT MCIIOJIb30BaThCS PACTBOPHI pas3-
JIMYHBIX COJIEN 1 aJIKOKCUI0B MeTaJLIoB. [1pu ncnosb-
30BaHUM AJIKOKCUIOB KOHEUHBIN MaTepHrall MOKET OBITh
MOJIyYeH B O0Jiee YUCTOM BHIE O3 IMpUMeceil HOHOB
IIEJIOYHBIX METAIIJIOB.
B mpomecce 30b-Tenb Iepexona IMPOUCXOINUT POCT
METAJUTOKCUIHBIX OJTUTOMEPOB, KOTOPHBIE (hDOPMHUPYIOT

cetky rejst. [1ocne cyku 1 TepMooOpadbOTKU relist MOX-
HO TIOJTYIUTh aMOp(HBIC ¥ KPUCTAITNICCKIE OKCUTHBIC
MaTepuayibl B BUJIE IUVIEHOK, BOJIOKOH WJIU TOPOIIKOB.
OCOOEHHOCTBIO 30JIb-T€JTb METOMA SIBIIIETCSI (DOPMUPO-
BaHue Top B (aze rejist, KOTOpbIe 3aNIOJHEHBI PACTBOPU-
teneM. [ToaToMy 0ObeMHBIE 00pa3Libl FejIei IPU CYIIKe
MOTYT pacTpeCKMBATLCS MO IEMCTBUEM CUJI KalUJUISIp-
HOTroO AaByieHus1. s moaydyeHrnsI MOHOJUTHBIX OJIOKOB
HEoOXOIMMO MTPOBOJAUTD ATY OINEPALUIO B TPUCYTCTBUN
KMIKOCTEU ¢ HU3KUM TTOBEPXHOCTHBIM HATSKEHUEM WU
B CBEPXKPUTUYECKUX yCIIOBUsX. [1pu 3TOM TMosyyaroTcs
HAHOTIOPUCTbIE MaTepUabl, Ha3bIBAEMbIE A3POTEIISIMU,
BEJIMYMHA TOPUCTOCTA KOTOPBIX MOKET 1ocTUrath 90%.

WMnes ucrosib30BaHUS 30J1b-T€JIb TEXHOJOTUU IS
MOJYyYEeHUST MAaKPOTIOPUCTBIX OKCUIHBIX MaTEpUaJIOB
ponuiack B Hadaye 90-X romoB IponuIoro Beka. [1pu
CUHTE3€¢ MaKpOMOPUCTHIX MOHOJUTOB HA OCHOBE OK-
CUJIOB LIMPKOHMSI U TUTaHA BO3HUKJIM TTPOOJIEMBI, CBSI-
3aHHBIE C TEM, YTO peaKIIMU TUAPOJI13a aTIKOKCUIOB
TUTaHa U LMPKOHMS MPOTEKAIOT C BBICOKUMU CKOPO-
ctsiMu. B pesyibrare aToro (pa3oBblii pacnan B CUCTEME
MPOXOIUT 10 MEXaHU3MY 3apOAbIIIE00pa30BaHNSI, UTO
MPUBOAUT K MOJYYEHUIO TUCTIEPCHBIX OKCUIOB, UHO-
rma cchepmueckoii dopmel. B HacTogIee BpeMs pa3pa-
0OTaHbl METOAUKHU CUHTE3a MAKPOTIOPUCTBIX OJIOUHBIX
MaTepuajioB Ha OCHOBE OKCHUJIOB TUTaHa, AJIIOMUHUS
u nupkoHus [33].

IMocnenoBarenbHbIE CTAAUN CUHTE3a MAKPOITIOPUCTBIX
MOHOJIMTOB M TIPOLIECCHI, MPOUCXOASIINE Ha KaXI0M
U3 CTaIUi1, MOXXHO pacCMOTPETh Ha TPUMepe TUIPOJIN3A
AJTKOKCUIOB KpeMHMUSL. [ MIposiv3 alkOKCUIOB MPOBOINT-
¢S B TIPUCYTCTBUU PACTBOPUTEIS (KaK IIPaBUIIO, BOIBI),
KaTajm3aTopa U 100aBOK, TAKMX KaK paCTBOPUMbIE B BOJIE
rrormMepbl. OTKpEITasT IIOpHCTast CTPYKTYpa (hopMUpPYeTCsT
IIPY TIPOXOXKICHUN (PAa30BOTO paCCIOCHUS B CUCTEME,
coaepxKallleil aTKOKCUIHbIE OJIUTOMEPHI, pACTBOPUTEITb
1 TIOpooOpa3oBaTesib, KOTOPbIM B OOJIBIIMHCTBE CJIy4aeB
CJIY>KUT BOAOPACTBOPUMBIH rosimmep. J1Jisi CMHTE3a MOHO-
JIMTHBIX MAaKpOMOPUCTBIX 00pa3LoB TPeOyeTCsI, YTOObI
cucrema, cpopMupoBaBiasics B pe3ybrare (pa3oBOro
pasnesieHus, coaepxkaiia IBe MPOCTPaHCTBEHHO-HETIpe-
pBIBHBIC (ha3bl: a3y reist 1 da3y mopoodpa3oBaTels.
Tonbko B 3TOM cityyae 1ocje yaajleHus Topoodpa3oBa-
TeJist BOBMOXHO (POpMUPOBAaHUE OTKPBITHIX MAKpPOIIOP,
MPOHU3BIBAIOIIMX BECh 00bEM MOHOJIUTA.

PaccMmoTpum MexaHM3M TMTPOLIeCCOB pa3aesieHus das
B XOJI€ 30J1b-TeJIb CUHTe3a. MI3MeHeHue cBOOOIHOM SHep-
ruy OMHAPHOM CUCTEMBI, COIepKalleil 110 KpaltHell Mepe
OJIMH BU]I TTIOJTUMEPHBIX MOJIEKYJI, MOXKET ObITh OITMCAHO
ypaBHeHMeM Dnopu—Xarrunca [30, 34]:

AG o« RT((® /P )In®, + (D,/P,) In®, +3,,® ®,), (2)

rae @ u P, (i = 1, 2) — COOTBETCTBEHHO 0OBbEMHAs
JIOJISI I CTETIEHb TIOJIMMEPU3ALIMK KaXKI0T0 KOMITOHEHTA,
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X,, — TapamMeTp B3aMMOIEHUCTBUS MEXIY KOMIIOHEH-
tamu. [lepBbIe IBa craraeMbIX B CKOOKaX BBIPaKaroT
SHTPOIUIHBIN BKJIAJ B BEIMYMHY CBOOOIHOI SHEPIUH,
a TIocJIeIHee — BKJIAI SHTAJIBITNN.

C yMeHBIICHUEM a0COTIOTHON BEJIMIUHBI OTPH-
LATEJIbHOM SHTPONUMHON COCTABISAIONIEN CUCTEMa
IeCTaOMIN3UPYyeTCs, T.¢. YBEIUUCHUE CTCIICHU IO~
MEpH3allMK JII000T0 M3 KOMIIOHEHTOB JIeIaeT CMeCh
MeHee COBMeCTUMOIi. BelmunHa sHTaAbNUITHON CO-
CTaBJISIONICH TaKKE 3aBUCHUT OT MOJICKYJISIPHOM MacCChI
HEOpTraHMYEeCKOTO TToJInMepa. B pe3ynbraTte moMmKoH-
IeHCAllM HeOPTaHWMYECKOTO ITOJIMMepa YMEHBIIAeTCs
KOJIMYECTBO TUAPOKCUIIBHBIX TPYIIIT B €TI0 ITOJTMMEPHOMN
gacThlle. JTo, B CBOIO 04Yepelb, 00YCIIaBIMBACT YMEHbB-
IIeHNE B3aMMOICUCTBUS HEOPTaHMIECKOTO TTOJIMMEpa
C MOJICKYJIaMH1 BOOBI WJIM ITOpooOpa3oBaTessa. Takum
00pa3oM, ncxomHast omHo(ba3HasI CUCTeMa C YBeJTMICHU-
€M MOJICKYJISIPHOM MacChl TTOJIMMEPU3YIOIIETOCS KOM-
TIOHEHTA CTAHOBUTCS MEHEe CTaOWIBHOI. B pe3ynprare
MPOUCXOIUT MUKPO(A3HOE paCCIOCHUE.

ITo aHanoruu c npoueccamu, NPOXOASIIIMMU MPHU TTO-
HIDKCHUM TeMITepaTyphl B XUMUYECKU HE pearnupyrOIInX
CHCTeMax, TIPOIIeCC TTOTMKOHICHCAIINH, TIPUBOISIITNIA
K YMEHBIICHUIO TTOIBMKHOCTH MOJICKYJT MOHOMEPOB
pu 00pa30BaHUM MEXIY HUMM XUMHYECKUX CBSI3CH,
OIIpeIeNIeH KaK «XMMHUUYECKOe 3aMep3aHne». JJlanHoe 00-
CTOSITEJTBCTBO TTO3BOJISICT MCITOIH30BATh IT0 OTHOIICHUIO
K 30JIb-TeJIb-CHUCTeMaM KJIACCHICCKUI TepMOIMHAMMIYC-
CKMI TIOOXO, pa3BUTHIN ['MOOCOM M UCITOIb3yeMBbIi IS
N3y4eHNs MUKPO(a30BOro pasiaeIeHNus] B OTBepKaai0-
IIMXCS TIOJIMMEP-0JIMTOMEPHBIX cHCTeMax [34].

Ha KoHIIeHTpallMOHHOI 3aBUCUMOCTH CBOOOTHO
sHepruu G(P) MMErOTCS TOUKH TIepeTrda, B KOTOPBIX
MEHSIETCS 3HAK BTOPOIi MTPOU3BOAHON 0°G/0D?. Ecin
0*G/0D? > 0, To 1 GY3MOHHbBIE IOTOKM KOMIIOHEHTOB
HaItpaBJIeHbI B CTOPOHY YMEHBIIICHMS (DITYKTyaIHii cocTa-
Ba, Toraa Kak npu 0°G/0®? < 0 mporcxXomuT odpalleHue
MOTOKOB mr(hDy31n 1 BO3HUKACT TaK Ha3bIBacMasT «BOC-
xonsast nudysusi». Ecii mHTeHCUBHOCTD (hIyKTyallui
YCWJIMBAETCSI, TO OMHO(a3HasI CCTeMa CTAHOBUTCST He-
CTaOMJIBHOM M JOJDKHA CaMOITPOM3BOJILHO pacamaThCs
Ha 00JIaCTH, MMEIOIINE PaBHOBECHBIN cocTaB. O0IacTh
HECTaOWILHOCTH OTHO(GA3HOM CHCTEMBI OrpaHNYCHA
Ha (pa3oBoi1 TMarpaMMme KpUBOM, Ha3bIBAEMOI CITHMHO-
nanbio (puc. 4). C «BHEIIHEW» CTOPOHBI K CITMHOIAJIN
TIPUMBIKAeT 00JIaCTh METACTAOMIILHBIX COCTOSTHHUIA, OTpa-
HUYeHHAass OMHONAIbIO0, HAa KOTOPOIA TIepBast IIPOM3BOIHAS
0G/0® = 0. [1o ocn opaUHAT OTJIOKEHA YCIIOBHAS BEJIN-
YHAa, SKBUBAJICHTHAS TEMIICPAType 1 0OpaTHast MOJICKY-
JIIPHOM Macce CHIIOKCAHOBBIX OJIUTOMEPOB.

B ob6macTit Mexxy OMHOAIBIO Y CITMHOAJBIO TN -
(by31OHHBIE ITOTOKM KOMITOHEHTOB B CHCTEME HalIpaBJIe-
HBI B CTOPOHY YMEHBIIICHMS (hIyKTyalmii coctasa. [1pu
3TOM HaJIW4YNE dHEPTeTUICCKHU HEBBITOTHOTO 3(PpdeK-
Ta 0Opa3oBaHUs ITOBEPXHOCTH pasaeia (a3 IMpUBOIUT

Onnodaznas
obnacTh

DOKBUBAJICHT TEMIEPATYPbI

JByxdaznas
obnacte

Y

KonuenTpanus MmoHOMEpa

Puc. 4. ®a3oBas nuarpaMmMa rejieoopasyomnieii CHCTeMbl
[30, 34]: 1 — cuHOAANB, 2 — OMHOIAJIB

K TOMY, YTO CHCTEMa OKa3bIBacTCS HECTAOMIIBHO TOJIb-
KO IT0 OTHOIIEHUIO K (hIIYKTYalIMsIM, pa3Mephl KOTOPBIX
0OJIBIIIe KPUTUYECKOI BEJIMYNHBI, a caMU (PIIYKTyaIlum
10 COCTaBy OJIM3KM K HOBOI (hase. Takue GpayKTyaunm
HAa3bIBAIOTCS KPUTHUCCKUMH 3aponbiiiamiu. O0pa3oBaB-
IIecs] KpUTUYECKIEe 3apOIBITIY YBETMINBAIOTCS B pa3-
Mepe, 1 pasaesicHe a3 OCYIISCTBIIIETCS IO MEXaHU3MY
HyKJICaIlH U POCTA.

3071b-TelIb-CUCTEMBI, (ha30BBII pacital B KOTOPHIX
OCYIIECTBIISIETCS TI0 TAKOMY MEXaHU3MY, SIBJISTIOTCST IVC-
TIEPCHBIMH T10 OMTHOMY 13 KOMIIOHEHTOB, UTO JIe/IacT He-
BO3MOXHBIM ITOJIYICHIE HA X OCHOBE MaKpPOITOPUCTHIX
0JIOKOB I MOHOJIUTOB.

BOnm3u kputnueckoil Touku AByxX(ha3HOTro paBHO-
BecHs 00JIaCTh METACTAOMILHBIX COCTOSTHUI CyKaeTCs,
CTATUBASICh B TOUKY. DTO OOCTOSITEILCTBO CO3MaeT OJIa-
TOMIPUSITHBIC TIPEATIOCHUIKH TSI JOCTYDKEHUSI HEYCTOM -
YUBBIX COCTOSTHHUI CICTEMBI C HCITOJIb30BAHNEM OKOJIO-
KPUTHUIECKOTO TIepexoaa Yepe3 OMHOIaIb M CIIMHOOAIb,
KOTOPHIN Ha puC. 4 M300pakeH CTPEIIKOM.

OKa3aBIINCh B HEYCTOMUYMBOM COCTOSTHUM, CHUCTE-
Ma OBICTPO TepsIeT IIPOCTPAHCTBEHHYIO OTHOPOTHOCTD
1, peIaKCUPYS, IPUOOPETaCT 0COOYI0, MOMYTMPOBAHHYIO
cTpykTypy. Ilon crimHOmampHBIM paciiagoM ITOHUMAIOT
pa3BUTHE HETIPEPBIBHON HEOTHOPOTHON CTPYKTYPHI,
KOTOpas SIBJISICTCS CIIEACTBAEM TePMOIMHAMMNICCKOMN
HeycToumBocTu. [TomoOHasa MomenrbHasI CTPYKTypa
n3obpaxeHa Ha puc. 5 [34]. CnuHomanbHBIN pacriazn
IIPOMCXOIUT B 00JIACTU BHICOKMX KOHIICHTPAIINA 000X
KoMIToHeHTOB. [Ipr3HaKoM pasmeneHus (a3 1o CITMHO-
TATbHOMY MEXaHM3MY CIYKUT ITOSIBJIeHNE AU paKIIn-
OHHBIX MAKCIMYMOB Ha KPUBBIX MaJIOYTJIOBOTO PEHTIE-
HOBCKOTO pacCesTHUs.
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Puc. 5. Bun cTpyKTyphl B ce4eHun, c(hopMUpPOBABILIEMCS
10 MEeXaHN3MYy CIMHOIAJIBLHOro pacnana [30, 34]:
TeMHasi 00JIACTh — TeJib, CBETJIas 00J1aCTb 30J1b

ITonepeuHblii pa3mep OTAEIbHBIX JOMEHOB Ha HaYaJTb-
HO cTaguy CIIMHONAIBLHOTO pacriana 3aBUCUT OT CKOPO-
CTHU TIepeX0/ia CUCTEMbI B HECTAOMJILHOE COCTOSIHUE U HE
npesbimaet 100 #u. BriocmencTBu HEOTHOPOTHOCTH
MOTYT YKPYITHSITBCSI, HE Tepsisl MPOCTPAHCTBEHHOM He-
MPEePBIBHOCTY 1 1OCTUTasl pa3mepa 1 mkm 1 6osee, 1100
pacrnanarbcsl Ha OTAebHbIE 0OpazoBaHus. MccienoBaHus
KWHETUKU CITMHOAAJIBHOTO pacrtiaja [35] maioT Bo3MOX-
HOCTb MPOCJIEAUTH BO BPEMEHM TTPOLIeCC BOBHUKHOBEHMS,
oboraleHus, a B OTIEAbHBIX CIyJasix U KoaJleClUeHUINN
MUKpOOOJIacTell BO3HUKAIOLIEH CTPYKTYPhI.

CrMHOATBHBIN pacIiaj B CHCTEMe, CoIepKalieil cu-
JIOKCAHOBBIE€ OJIUTOMEPHI, IPUBOAUT K (POPMUPOBAHUIO
JIBYX IMPOCTPAHCTBEHHO HEMPEPbIBHBIX (ha3, OIHA 13 KO-
TOpBIX OOOTallleHa OJIMTOMEPaMH, a Apyrasi — ooeHeHa
uMu. [TapannenbHo ¢azoBoMy pa3faeeHUIO B CUCTEME
MPOUCXOIUT 0Opa30BaHUE I'eJIEBbIX CIIMBOK, MPUBOIS-
111e€ K YMEHbIIEHUIO MOABUXXHOCTU KOMITOHEHTOB, YTO
Mo3BoJIsIeT 3a()MKCUPOBATh OMKOHTUHYAJIBHYIO CTPYK-
Typy U 00ecIieuMBaeT BO3MOXKHOCTD TTOJIyUeHMST Ha €€
OCHOBE OTKPBITOMOPUCTBIX MOHOJUTHBIX MaTepUaJIOB.
OkoHYaTeIbHAsT MOP(OIIOTHS MaTepHraIa OIPeaeIsIeTCsT
KMHETUKOM KOaJIeCIICHIIMT MUKpPoobIacTeit, chopMupo-
BaBIIUXCS B MPOLIECCE CITMHOAABHOTO pacriaua, U Ku-
HETUKOMU 30J1b-Tesb-Tiepexoaa. KoHTpoJb CTpyKTYpHBIX
napaMeTpoB MOPUCTHIX MOHOJIMTOB B ITPOLIECCE CUHTE3a
OCYILECTBIISIETCS C TIOMOILIbIO MAJIOYTJIOBOTO PACCESTHUS
PEHTTEHOBCKUX JIy4el, CKAHUPYIOIEH 3JIEKTPOHHOU
MUKPOCKOITAH 1 JIa3¢pPHOI CKaHUPYIOIIeH KOH(OKab-
HOI MUKpocKonuu [36].

v

CospeBaHUe TeIsT HEOOXOIMMO ITPOBOIUTE B TepMe-
THYHOM COCYIe IPH IIOCTOSHHO TeMrieparype. B mpo-
1Iecce Co3peBaHUs MPOHIOJIKAIOTCS PEaKIINK TUAPOII3a
1 ToJIMKOHAeHcau. [IpoTekaHme 3THX peaKIInii B rejie
IIPOUCXOIUT MeIJICHHEEe M IIPUBOIUT K TIOSIBIICHUIO 10-
ITOJTHUTENIBHBIX CIITUBOK B CETKe Tejist. Bpemst, HeoOxo-
IMOE IUTSI CO3PEBAaHUS TelIsl, 0OBIYHO B HECKOJIBKO pa3
OoJrpIre, YeM BpeMs refieodpazoBanus. [Ipn3HakoM ero
OKOHYAHMSI SIBJISTIOTCS ycalKa MaTeprajia 1 BhIICICHIE
OTIENTbHOH ha3bl PaCTBOPUTEISI. DTOT IIPOILIECC HOCUT
Ha3BaHMe cMHepe3uca. s MoIyIeHus mop ¢ Y3KUM
pacmpeneIeHIEeM I10 pa3MepaM BIIaXKHBII TeIb TOKeH
OBITh XOPOIIIO CO3PEBIITIM.

ITocne co3peBaHms relisd HAYMHAIOT IIPOIIeCC 3aMEHBI
pacTBOPUTENISL. DTO CICOYIONmast CTanus (hOPMUPOBAHUS
MaKpOTIOPHUCTHIX 0JI0KOB. [Ipu 3TOM OCyIecTBIISICTCS
3aMeHa PaCTBOPUTENIST, KOTOPAst IIPOBOIUTCS, KOTA Tellh
ellle HaXOOUTCS BO BJIAXKHOM COCTOSTHUU.

CyIIHOCTB 3TOTO TIpoliecca 3aKII0YaeTCs B ITOTPy-
JKEHUM TeJIsT BO BHEIITHUM pacTBOPUTEIb, KOTOPKII OT-
JIMYaeTcs OT ToOaBJICHHOTO B IIpollecce CMHTe3a. B ka-
YeCTBE BHEIITHETO PACTBOPUTEIISI YACTO MCIOIB3YIOT
BOIHBIN pacTBOp aMMMaKa, TaK Kak IIeJIOYHas cpeaa
CIIOCOOCTBYET YCKOPECHUIO PEAKIINU TTOJIMKOHIeHCA -
IUY, YBEIUMICHUIO TIPOYHOCTH ¥ MOTU(UIINPOBAHUIO
Me30- ¥ MUKPOIIOPUCTOI CTPYKTYpPHI Teiist. CTpyKTypa
TeJIst MOXKET U3MEHSIThCS B TIPOIIECCE PACTBOPCHMS IO
BO3IEiICTBHEM BHEITHETO PACTBOPUTENIS, B KOTOPOM
aMOp(HBIN TNOKCUI KPEeMHUS UMEET CYIIIeCTBCHHYIO
pacTBOPUMOCTb. I1pr 3TOM MOXKET IMPOUCXOINUTH TIepe-
OocCaXIeHNe OKCHAIa KpeMHUS Ha TTOBEPXHOCTU CETKH
rens. [ToaToMy yBemueHue pH BHeITHeTo pacTBOpUTE-
JIsT — HauOoJIee IIPOCTOI CITOCO0 YBETMUCHUS CPETHETO
pa3Mepa 1mop IIpA COXpaHCHUW HEM3MEHHOM MTUPUHEI
pacripeneeHus mop 1o pa3mepam [37].

BMmecTo 3aMeHBI pacTBOPUTEIST HA BOMHBIN aMMUaK
WHOTIA NCITOJIb3YyeTCs TUIpOTepMaIbHas 00padoTKa.
B mpouecce rugporepmanbHO 00pabOTKU IIPU I10-
BBIIIICHHOI TeMIIepaType M BBICOKMX 3HaueHUSIX pH
IIPOMCXOIAIT TIEPEHOC BEIIECTBA U 3apallliBaHNEC MECT
KOHTAaKTa YaCTHII TejsI, YTO AeIaeT CTPYKTYpy Ooiree
IIPOYHOU U TIO3BOJISIECT M30€KaTh paCTPECKUBAHUS 00-
pas3IoB MPH CYIIKE B OOBIYHBIX YCIOBHUSIX. Bo3MoxeH
BapHaHT C BBeICHNEM MOYCBUHBI Ha HAYAJTbHOM CTaTUN
30JIb-TeIb-CUHTE3a C TTOCICAYIOIINM HArPpeBOM ITOJY-
YEeHHOTO MaTepHaa 1o TeMiiepatypsl Boie 80°C mocie
ero co3peBaHus. [1pu 3Tol TeMIIepaType MOUYEBHHA pa3-
JIaraeTcsI ¢ BBIIEJICHIEM aMMHaKa.

CyIka BITaXKHBIX 00pa3I0B TejIsd OCYIICCTBIISICTCS
B TICYNM C UIMPKYJISIINEH BO3MyXa, IIPU 3TOM MEUICHHO
HCTIAPSIIOTCS JICTy4re KOMIIOHeHTHI. HeoOxommmast TeM-
mepatypa Bapbupyetcs oT 40 mo 80°C B 3aBUCHMOCTH
OT HCITOJTb3YEMOTO pacTBOPUTEIIS.

J11s1 moTydyeHUsT MOHOJIUTHBIX 00BEMHBIX 00pa3loB
CYIIIKa SIBIISIETCS KPUTUICCKUM 3TAIlOM. YpaBHECHUE
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IOnra—Jlamnnaca BeIpaxkaeT 3aBUCMMOCTb BEJTUMIUHBI
KaIJISIPHOTO NaBJieHUs (P) B IMUIMHIPUYECKOM TTope
OT TIOBEPXHOCTHOTO HATSKEHUS (YY) Ha rpaHUIIe pas-
Jiesia KUIKOCTh-TIap, yria cMaunBaHus (6) u paguyca
TIOpHI (7):

P = (2y cosO)/r. (3)

B MaspIx mopax BeTMYMHA KAIMLIIPHOTO JaBICHUS
BBICOKA, TIO3TOMY CYIIKY T'eJIeil ¢ TTopaMy, UMEIOIITUMU
pa3Mephl Ha ypOBHE HAHOMETPOB, PEKOMEHIYETCS TIPO-
BOINTH B CBEPXKPUTUUECKUX YCIOBHSIX, KOTIA OTCYT-
CTBYET rpaHMIIA pa3iesa XKUIKocThb—map. Kammmisip-
HOE JaBJIeHIE B MAKPOITOpaX HAMHOTO MEHBIIIE, ¥ TIPU
MEIUICHHOM MCITapeHUH PACTBOPUTEIISI MAKPOTIOPHUCTEHIC
TeJIN BBIACPKUBAIOT CYIIKY B OOBITHBIX ycitoBHsX. Crie-
IyeT OTMETUTD, YTO HApYIICHHE IEJIOCTHOCTH 00pasiia
B IIPOIIECCE CYIIKKM OOYCIIOBICHO HE CTOJIBKO HAIMUUEM
KaIMJUISIPHOTO JaBJICHUSI, CKOJIBKO BO3SHUKHOBEHM -
€M TpaIieHTa JaBJICHUs, I C YBETMUYCHUEM JIMHEITHBIX
pa3MepoB TeIsT PUCK pacTPEeCKMUBAHUS CYIIECTBEHHO
yBennumnBaeTcsl. BEICOKOMOJIEKYISIpHBIEC TTOPOOOpPa30-
BaTeJIN, OCTAIOIIMECS B TTOpax Jaxe IocyIe TPOIeaypPhI
3aMCEHBI PACTBOPUTEIIS, 00€CTICIMBAIOT HEKOTOPYIO 10-
TOJTHUTEIBHYIO 3JIACTUIHOCTD Tejid U CIIOCOOCTBYIOT
COXpaHEHUIO ero MeJIOCTHOCTH. JIMHeTHas ycaaka 00-
pasIloB B IIPOIIeCCe CO3PEBAHMS U CYIIKHM COCTABIISICT
50+70%. I1pu 3TOM IPOMOPLIMOHATILHO YMEHbIIIAETCS
pasMmep IIop.

3aBepInaronieil ctameil IPUTroTOBICHNSI MOHOJIMTOB
SIBJISIETCST TepMOOOPad0TKa, KOTOpasi 00eCIIeuBaeT pas-
JIOXKEHME OpraHNYeCKMX KOMITOHEHTOB. HarpeB matepu-
ajioB 10 TeMmepatypsl Beie 1000°C 1 nx oxnaxkaeHue
OCYIIECTBIISTIOTCS CO CKopocThio ~ 100 epad/u. B mporiec-
ce TepMOOOPAOOTKH ITOMHUMO YIaJICHUS OPraHMIeCKIX
KOMITOHEHTOB TIPOMCXOIUT OKOHUYATEIIbHOE MOIN(DU-
OUpoBaHME CTPYKTYphL. HarpeB MaTepuaioB mo Temire-
patypbl 600°C BBI3bIBAET UCIIAPEHUE HAHOPA3MEPHbBIX
TIOp ¥ YMEHBIIIeHUEe T0au Me3omop. [1pu HarpeBaHum
Boie 1000°C Me30Mophl MCUE3al0T M MOIyJaloTCs M0~
PUCTHIC CTEKIIA.

7151 3011b-Teb-TEXHOJIIOTUH, B OTJIWYNE OT TEXHO-
JIOTWH TIOJTyYCHHUS MaKPOITOPUCTHIX IIOJIUMEPOB, HE CY-
IIECTBYET OOIINX 3aKOHOMEPHOCTEH, CBSI3BIBAIOIINX
BIMSTHUE YCIIOBUSI CMHTE3a U KOHIICHTPAIIMK TOTO WIIN
MHOTO KOMIIOHEHTA Ha KOHCUHYIO CTPYKTYpYy reist. [1o-
CKOJIbKY TUAPOJIA3 W TIOJTUKOHICHCAINS BHI3BIBAIOTCS
KHMCJIOTHO-OCHOBHBIMU B3aNMOICUCTBUSIMHU B CHCTE-
Me, TTopooOpa3oBaTellb He SIBJISICTCS B TTIOJTHOM CMBICTIC
CJI0Ba MHEPTHHIM BelecTBOM. OH MOXeT 0OMEHUBATHCS
MOHAMH C paCTBOPOM, UTO XapaKTEPHO, HAIIPUMED, IS
TIOJIUCTUPOJI-CYIb(poHATA HATPHS VIIH TTOJIMAKPUIOBOI
KHCJIOTHI, a TAaK3Ke afcopOMpPOBaThCS HA MTOBEPXHOCTH
CHJIOKCAHOBEIX OJINTOMEPOB, KaK MOTUITUICHOKCHUII,
00 moaBepraThesl TUAPOIN3y, Kak ¢opmamun. Ilo-

5TOMY Ha KOHIICHTPAIIMOHHBIX 3aBUCHMOCTSIX pa3Mepa
MaKpOIIOp TOSIBIISIIOTCSI MAKCUMYMBI, CBSI3aHHBIC C W3-
MEHEHUEM CTPYKTYPHBIX XapaKTepHUCTUK MOHOJIMTA, 00-
pazoBaHMEeM chepUICCKIX YACTHUI] B MAKPOITOpax 1 T.1I.
K HacrosmemMy BpeMeHH HanboJIee NCCIeIOBaHbI CHCTe-
MBI, B KOTOPBIX TTOPOOOpa3oBaTesieM CIYKUT MOJINITH-
JIEHOKCH]I C MOJIEKY IsspHOI Maccoii 10410, [TokazaHo
[38], 9TO mJIT TTONMMATIIIEHOKCUAA C MOJICKYJISIPHOI Mac-
coii, paBHOI1 3,5 * 10*, yBeIMyeHMEe B CICTEME MOJISIPHOTO
OTHOIIEHMs nomaTuiIeHokeun /Si0, or 0,5 o 0,7 mpu-
BOJINT K YMEHbIIeHUIo pa3Mepa 1mop ot 10 1o 0,2 mxm.
YBenmnueHne MOJICKYJISIPHON MacCHI IMOJIMMepa TakKxkKe
IIPUBOINT K YMEHBIIICHHIO pa3Mepa Iop.

3AK/IIOYEHUE

[TopucTeie MaTepuasbl MPEACTABISIOT COOOI TBEP-
IIbIe TeJIa, ComepKaIle B CBOeM 00beMe CBOOOIHOE ITPO-
CTPAHCTBO B BUJIE TIOJIOCTEH, KAHAJIOB WJIM TTOP, KOTOPHIE
00YCIIOBITMBAIOT HAIMYKE BHYTPEeHHEH Mexkdas3HOi1 1mo-
BEPXHOCTH.

IIpoBemeH 0630pP OCHOBHBIX METOIOB ITOJIYICHUS
TMOPUCTHIX MaTepuasioB. OcaxaeHue SBISIETCS OMHUM
M3 CaMBIX PaCIIPOCTPAaHECHHBIX METOIOB ITOJTYICHUS T10-
PUCTHIX MaTepuajoB. TepMuueckoe pa3IokeHNe KaK
METOH IIPUMEHSIETCS TSI TTOTyIeHUS] OKCUIHBIX TTOPH-
CTBIX MaTePHUAJIOB ITyTEM TEPMHUICCKOTO PA3TOXKCHUS
pPa3TUYHBIX COeAUHEHU. [ MapoTepMaTbHBIN CUHTE3
IIAPOKO UCITOIB3YETCS IS TTOJIyIeHUS IIEOJTUTOB. Me-
TOJ 30U PaTEeIbHOTO PACTBOPEHUS BEIIECTB C TTOMOIIBIO
XUMUUYECKUX peaklnii TaKXkKe SIBISIETCS OMHUM U3 3(]-
(eKTUBHBIX METOIOB CO3NAHMSA U YBEJIMICHUS TIOPUCTO-
CTU MaTepuaioB. MeTo BbIKUTAHUS TOpIOYeit cOCTaB-
JISTIONIEH B (pa3e THIpOresicl pa3TNnIHBIX THAPOKCHUIOB
TaKKe UCTIONIB3yeTCs It (POpMUPOBAHUS TTOPUCTOCTH
HEKOTOPBIX COPOITMOHHBIX MATEPUATIOB.

B pabore npencraBieH 00630p MeTonOB (hOPMOBAHMUS
BBICOKOTIOPHCTBIX OTHEYIIOPHBIX MaTepuaioB. Cyltie-
CTBYIOT JIBA OCHOBHBIX MYTU (DOPMOBAHUSI OTHEYNOP-
HBIX KepaMUIecKuX n3nenuii. [1epBorit IyTh — IIpsSIMOE
CIIeKaHMEe TUCTICPCHiT KepaMIUIEeCKUX BOJIOKOH. BTophiM
METOIIOM SIBIIICTCSI IPUMEHEHHUE CBSI3YIOIIETO, KOTOPOe
ITO3BOJISIET 3HAYUTEIIBHO CHU3UTh TEMITepaTypy IIpo-
1ecca MoJrydeHHs IIOPUCTOTO IIPOAYKTa.

IIpencraBiaeH aHATN3 METOIOB MOJIYICHUS TTOPU-
CTBIX HAHOKOMITO3UTOB Ha OCHOBE asporeeit. OOBITHO
KOMITO3UTHEIC MaTepHaIbl ITOJTyJaloT IyTeM O0Bbeau-
HCHUS IBYX pas3IWYHBIX MaTepuajoB. B obmeM, co3-
MaHIE KOMITO3UTOB IIPUMEHSIOT UIST TOTO, YTOOBI MC-
M0JIb30BaTh MPEUMYILECTBA KaXX10ro TUIa MaTtepuaia
1 MUHHUMU3UPOBATh UX HemocTaTku. Hampumep, aspo-
TeJIN SIBITIOTCS XPYNKUMU cyOcTaHIIUSIMU. [1pn aToM
IPYroif KOMITOHEHT B IOJIyYCHHOM MaTepuraje MOXeT
YBEJIMIMBATH IIPOTHOCTD MaTepHaia, KOTOPHIA, B CBOIO
oyepeb, UMEET XKeJlaeMble ONITUYECKUE CBOMCTBA, BbI-

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (5):
256-269

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MEXYHAPOAHbIV OMbIT

COKYIO IUIOLIAAb IOBEPXHOCTU Y HU3KYIO [IOTHOCTD,
KakK y asporeiig KpeMHe3eMa.

HoBBIM METOIOM IIPU ITOJIyYEHUH TTOPUCTHIX MaTe-
PUAJIOB ABJIAETC IPUMEHEHUE ABJIEHUS CITMHONAIBHO-
ro pacrnana. BeIcOKOM TPOHULIAEMOCTBIO U IOCTATOYHO
GOJIBIIION yIEIbHOI MTOBEPXHOCTHIO 00JIANAIOT MaTe -
pUabl, CTPYKTYpa KOTOPBIX GOPMUPYETCS B IIPOLIECCE
MUKpPOGA30BOTo PACCIOECHU IIPU MOJIUMEPU3ALIAN WIA
nosnkoHaeHcauun. CylecTBEHHBIM ITPEUMYIIIECTBOM
TAKUX MaTEPUAIIOB ABJISETCH BBICOKAS IIOPUCTOCTD, KO-
Topast MoxkeT gocturatb 80% u Goee.

CrnuHOJAIbHBIN pacnal B CUCTEME, COAEpXKalle
CHJIOKCAHOBBIE OJIMTOMEPDI, IIPUBOLUT K (OPMUPO-

CIINCOK JINTEPATYPBI

BaHMIO ABYX MPOCTPAHCTBEHHO HEIIPEPHIBHBIX (a3,
OoIHa M3 KOTOPHIX oboraiieHa oJuroMepaMu, a apy-
rasg — oobengHeHa umu. [lapannensHo ¢pa3zoBoMy pasae-
JICHUIO B CHICTeMe TIPOMCXOINT 00pa30BaHME TeIEBBIX
CIMBOK, IPUBOJSIIEE K YMEHBIIICHUIO MTOIBIKHOCTH
KOMITOHEHTOB, UTO ITO3BOJIICT 3a(DMKCUPOBATh OMKOH-
THUHYAJBHYIO CTPYKTYpPY U 00eCTIeYBaeT BO3MOXHOCTD
ITOJIYIYCHUST Ha €¢ OCHOBE OTKPBITOIIOPUCTBIX MOHO-
JIMTHBIX MaTepuanoB. OKoHYaTeIbHAsS MOP(OJIOTHSI
MaTepualia onpenesieTcsl KWHETUKON KoadeCUueHIIUun
MUKpooOacTeit, chopMUPOBABIINXCS B IIpoIecce
CIIMHOMAJIPHOTO pacliafa, 1 KUHETUKOU 30J1b-TeIIhb-
rmepexozna.
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About Wuhan University of Technology

uhan University of Technology (hereafter referred

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

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

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

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

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

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

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

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

Overview of the International School
of Materials Science and Engineering

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

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

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

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

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

Among the evaluated disciplines, four disciples of
WUT including Mechanical Engineering, Transporta-
tion Engineering, Design Science and Marxist Theory
are listed at the Level B+ (ranking top 10%—20%),
and six disciplines are listed at the Level B (ranking top
20%—30%), including Applied Economics, Civil Engi-
neering, Information and Communication Engineer-
ing, Computer Science and Technology, Environmental
Science and Engineering and Management Science and
Engineering.

http://nanobuild.ru

272

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (5):
270-274

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

INTERNATIONAL SCIENTIFIC AND TECHNICAL COOPERATION

Compared with the former three China Discipline
rankings, the discipline rankings of WUT has witnessed
a substantial improvement, with the discipline of Top
2% rising from scratch. Meanwhile, the number of Top
10%—20% disciplines has increased from zero to four,
Top 20%—30% disciplines from four to six. The followings
are the disciplines with remarkable improvements: Mate-
rial Science and Engineering, Mechanical Engineering,
Transportation Engineering, Marxist Theory and Applied
Economics, etc.

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

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

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

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

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

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

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

Contact information
Postal Code: 430070

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

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

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

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

00 YxaHbCKOM yHMBEPCHTETE TEXHOJIOTHiA

XaHbCKWI YHUBEPCUTET TexHOoIoTHii (mamee YYT)

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

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

YHuBepcuter o61anaeT TpeMs OCHOBHBIMU KaMITy-
camu: Madanrman, FOnsuroy n Cayd Jleiik, KoTopble
3aHMMAIOT, B OOILEN CJIOXHOCTH, ILIowanb 267 rek-
TapoB. B HacTosMii MOMEHT 4YHCIEHHOCTb INTaTa
VYT cocraBngeT 5 508 genmoBek, BKiouas 3 282 mraT-
HBIX COWHUIBI IPOhecCcOPCKO-IPernogaBaTeIbcKOTo
cocraBa, | akagemuka Kwuraiickoil akamemMuu Hayk,
3 akamemukoB Kwuralickoil WHXXEHEpHOU aKaJIeMUU,
1 mHOCTpaHHOTrO WieHa Poccuiickoil MHXXEHEpHO! aka-
nemuu, 1 wiena EBporeiickoit akageMun Hayk, 1 4je-
Ha ABCTpPaJMICKON aKaleMuu TEXHOJOTMYECKMX HaykK
1 MHXXEHEPHOTo UcKyccTBa U 1 uieHa MexxnyHapoaHoi
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akameMnu KepaMuku. Kpome Toro, YHUBEpCUTET TIpH-
BIIeK K padote 30 mpocdeccopoB ¢ MUPOBOIT M3BECTHO-
CTBIO B KQUECTBE «CTPATETUICCKMX YUCHBIX» B 00IaCTH
MaTepUaIOBEACHUS] W WHXEHEPHOTO Iejla, MAaIlMHO-
CTpoeHMsI, MHPOOPMAIIMOHHBIX TEXHOJOTHIA, Kopabire-
CTpOeHUsI U MOpcKoro ctpouteibeTBa. B YYT pabotaer
MHOTO aKaIeMIYECKIX COTPYIHUKOB 13 HAIIMOHAIBHOM
TIPOTrpaMMBI TTOMICPKKI BBICOKOKBATM(UIINPOBAHHBIX
KanpoB, 13 Hux 28 BxomaT B [IporpaMmy peKpyTHWHTA
MEXIYHAPOIHBIX SKCIIEPTOB (TaKKe M3BECTHOM Kak
[IporpamMma ThicsiuM crienuaaucTos), 6 — B IIporpam-
My OECSTH TBICSY CIICIIManncToB, 14 — B IIporpammy
yuyeHbIX Yenr Konr, 7 sBusitoTcs jaypeatamu Hatmo-
HaAJIBHOTO HAyYHOTO (POHIA TSI MOJIOIBIX BBITAIOIITIX-
¢S YUICHBIX, 3 BXOOAT B HalmmoHanpHYIO IporpaMmy 3a-
CITy>KeHHBIX Tpenojaasarteieii u 11 — B HaumoHanbHbIH
TIPOEKT COTHH, THICSYU U JCCSITU THICSY CIICIIUAICTOB
HOBOTO BeKa.

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

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

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

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

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

0030p AeATEIHLHOCTH
MeKayHApOIHOM MIKOJIbI MATEPUAIOBEAEHUS
1 HHXKEHEPHOTO0 JeJia

B cBs3u ¢ OonblIoit HEOOXOOAUMOCTBIO pedOpMBbI
HaIlMOHAJIBHOM CHCTEMBI BBHICIIIETO OOpa3OBaHWUS, Ie-
SITEIPHOCTE MeXIyHapOMTHOM IIKOJBI MaTepHaioBe-
IeHUs 1 WHXeHepHoro aena (magee MIIMuM/) YVT
HaIlpaBJicHa Ha CO3IaHue TIEPBOKIACCHOM MHHOBAIIN-
OHHOM TUTOIIAAKM IIJISI TTOATOTOBKY BBEICOKOKBATM(H-
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

IIMPOBAHHBIX KAAPOB U MHHOBAIIMOHHOTO TIEHTPA 3Ha-
HUI MaTepuaJoBeIeHNSI 1 WHXEHEPHOTO Jiea.

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

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

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

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

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

[Mo cpaBHEeHWIO C OBIBIIMMU TpeMsi PEeUTUHTAMU
crienanbHocTell B Kutae mosnnuu YYT 3HaunTebHO
YAYUIIWIACH, TTOMHSBIIUCH MO BEPXHUX 2% MpakTh-
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YecKM ¢ HyJis. BMecTe ¢ TeM, YUCIIo crieluaibHOCTEH,
3aHuMarommx BepxHue 10—20% cTpodek, BBIPOCIO
¢ 0 1m0 4, u3 20—30% BepxHux crpouek — ¢ 4 10 6. Takue
CITEMATbHOCTHU, KaK MaTepUaJoBeeHUEe U WHXKEHep-
HOE JIeJI0, MaIlIMHOCTPOCHUE, TPAHCTIOPTHAST MHXKEHE-
pusi, TEOpUSl MapKcU3Ma U TMPUKIIAJIHAS SKOHOMMKA,
MOKa3aJIi 3aMETHBIC Pe3yTbTaThI.

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

TocynapcTBeHHas KiloyeBasi JadopaTopusi
NEePCNEKTUBHBIX TEeXHOJIOTHI CUHTE3a
1 00padOTKH MaTepHaJIOB

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

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

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

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

KoHTaKkTHasa

nHdopmauus Postal Code: 430070

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

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

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

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

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: The article provides an abstract review of patents. The results of creative activity of scientists, engineers and specialists,
including inventions in the field of nanotechnology and nanomaterials, being implemented, allow achieving a significant effect in
construction, housing and community services, and related sectors of the economy. For example, the invention “Heat-insulating
material based on air gel” can be used to obtain heat-insulating materials for a wide range of applications. The required technical result,
which consists in improving the thermal insulation properties of the material in a wide temperature range, increasing the absorbing
properties of electromagnetic radiation in the IR spectrum, increasing the mechanical strength and flexibility, as well as reducing
crumbling, is achieved in an air gel-based material containing a fibrous substrate with a density of 0.001-0.1 g/cm?, consisting of
silica and/or glass and/or basalt fibers with a diameter of 0.1-5 microns, which is impregnated with an air gel obtained on the basis
of silicon dioxide from alkoxysilane with the introduction of a gelling agent and followed by supercritical drying. The introduction of
nanomaterials gives an additional reinforcing effect, which increases the mechanical strength of the final material and significantly
reduces the crumbling of the air gel. The final material can be provided with an additional layer of fibrous substrate to increase its
vibration resistance. This is especially true when using the proposed material for civil and industrial construction in seismically active
zones, as well as in aircraft and rocketry.

The specialists can also be interested in the following inventions in the area of nanotechnologies: nano-coating protection
method for electrical connectors, preparation method of nanometric size metal oxide additives that reduce the temperature
of sintering, raw material mixture for the manufacture of fine-grained polymer concrete (modified with microsilica), installation
for the synthesis of carbon-containing nanomaterials, a method for producing silver nanoparticles, a method for producing
nanocrystalline cubic tungsten carbide, a composition with carbon nanotubes for obtaining a carbon blank for high-density
SiC/C/Si ceramics and a method for producing articles from SiC/C/Si ceramics, composite membrane for drying natural and
technological gas mixtures based on graphene oxide intercalated with hydroxylated fullerene derivatives, compositions containing
nanometric copper, carbon-ceramic fiber-reinforced composite material and a method for its production, a method for producing
nanoparticles of aluminum oxide et al.

KEYWORDS: nanotechnologies in construction, nano-coating, nanomaterial, carbon nanotubes, nanoparticles of aluminum oxide,
nanometric copper.

FOR CITATION: Ivanov L.A,, Ishkov A.D., Pisarenko Zh.V., Wang Q., Prokopiev P.S. Nanotechnologies: a review of inventions and utility
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INTRODUCTION methods, systems, technologies, devices etc.) that dra-

matically change the world. This, first of all, concerns

A dvanced technologies impress people’s imagination ~ nanotechnological inventions designed by scientists, en-
emonstrating the latest achievements (materials,  gineers and specialists from different countries.
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MAIN PART

Heat-insulating material based on air gel with the pos-
sibility of introducing nanomaterials into the final product
(RU 2731479 C1)

The invention relates to technologies with the use of
air gel and can be used to obtain heat-insulating materi-
als for wide application [1]. The required technical re-
sult, which consists in improving the thermal insulation
properties of the material in a wide temperature range,
increasing the absorbing properties of electromagnetic
radiation in the IR spectrum, increasing the mechanical
strength and flexibility, as well as reducing crumbling, is
achieved in an air gel-based material containing a fibrous
substrate with a density of 0.001—0.1 g/cm?, consisting of
silica and / or glass and / or basalt fibers with a diameter
of 0.1—5 microns, which is impregnated with an air gel
obtained on the basis of silicon dioxide from alkoxysilane
with the introduction of a gelling agent and followed by
supercritical drying.

The use of a fibrous substrate with a density of 0.001—
0.1 g/cm?, which consists of silica and or glass and/or
basalt fibers of a given diameter of 0.1—5 microns and is
characterized by a narrow distribution of fibers along the
diameter. The fibrous substrate has a thermal conductivity
0f 0.020—0.025 W/(mK). The use of the specified fibrous
substrate makes it possible to obtain a material based on
an air gel with an extremely low thermal conductivity
coefficient 0of 0.014—0.016 W/(mK). The use of fibers with
a diameter of 0.1—5 microns with a narrow distribution
along the diameter allows, on the one hand, to reduce its
effect on the thermal conductivity of the final material,
and on the other hand, to increase the efficiency of the
reinforcing effect, and significantly reduce the crumbling
of the air gel.

Possible introduction of nanomaterials into the final
product: carbon nitrided nanoflakes, carbon nanofibers,
carbon nanotubes, multilayer carbon nanotubes. These
nanomaterials have the following properties: specific sur-
face area 300—600 m?/g, bulk density 0.05—0.25 g/cm?,
characteristic size 10—100 nm. Their introduction into
the composition is carried out at the stage of obtain-
ing a gel; various surfactants can be used to disperse
nanomaterials.

The use of these materials gives the final material the
following advantages:

— the absorption of electromagnetic radiation in the
infrared range increases, due to which the thermal
conductivity of the final material at high temperatures
decreases;

— the introduction of nanomaterials of a given size makes
it possible to correct the distribution of airgel pores
in size, due to which the thermal conductivity of the

airgel is advantageously reduced to values of 0.012—

0.014 W/(m * K);

— the use of nano materials gives an additional reinforc-
ing effect, which increases the mechanical strength of
the final material and significantly reduces the crum-
bling of the airgel.

The final material can be provided with an additional
layer of fibrous substrate to increase its vibration resis-
tance. This is especially true when using the proposed
material for civil and industrial construction in seis-
mically active zones, as well as in aircraft and rocket
construction.

A method of manufacturing shaped products with a base
of foamed polymers (RU 2731930 C1)

A method of manufacturing a profile product used
as a load-bearing and self-supporting structure for door
and window frames, transoms, and other structures
requiring a combination of sufficient strength proper-
ties and low heat capacity is proposed [2]. A profile
product is made by molding in a mold layer by layer,
using a denser foamable or non-foamable layer as the
shell of the product and a foamable base from at least
one layer or with a combination of layers with different
densities, which provides the required combination of
strength and low heat capacity. Expandable polymer,
composite materials, or non-foamable polymer and
composite materials in combination with forming ad-
ditives — microspheres are used as the base material.
The strength characteristics of the product are ensured
by the presence of modifying components introduced
into the polymer media — nanoadditives, carbon mi-
croadditives, aluminosilicate microadditives, providing
enhanced bonds with conglomerates of polymer macro-
molecules, as well as processing of polymer components
by a high-frequency electromagnetic field immediately
before their introduction into the mold.

The processing of components by a microwave field
increases the bond energy of the monomers of the poly-
mer composition during polymerization, both among
themselves, and contributes to a significantly better dis-
tribution of micro- and nano-additives in the volume of
the medium, which significantly increases the strength
of the product, the density distribution in the mass, and
significantly accelerates the polymerization process, pro-
viding the efficiency of the process and its industrial ap-
plication. As a protective layer, it is permissible to use a
non-foaming polymer composition applied by spraying
onto the inner surface of the mold, any materials and
decoration elements built into the mold before the start of
pouring polymer media that form the base of the product,
or additionally applied to the surface of the product. The
product, obtained from polymers in this way, complies
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with environmental standards, has a long service life, is
resistant to weathering and ultraviolet light.

The structure of the technological process of the
method for manufacturing a shaped product with a base
of foamed polymers is shown in Fig. 1, which schemati-
cally shows:

1 — preparation of reagents - components of a polymer
or polymer-composite mixture;

2 — adding modifying and non-modifying additives
to the components of the mixture;

3 — component mixing device;

4 — awaveguide and a device for pumping the mixture
for adjusting the time of processing the microwave with
an electromagnetic field;

5 — mold;

6 — an internal overlay in the mold, which forms the
external decorative coating of the product;

7 — an external fastening element integrated into the
product, fixed in a mold;

8 — sprayer of polymer composition (medium).

A B

1|4

Fig. 1. The structure of the technological process of the
method of manufacturing a profile product with a base of
foamed polymers

Method for the synthesis of graphene-like layers in po-
rous silicon structures (RU 2731278 C2)

The objective of the invention is to expand the scope
of porous silicon structures with graphene-like layers lo-
cated on the pore walls, by creating graphene-like layers
on the outer and inner surfaces of both through and closed
pores throughout the depth in a porous structure with an
increased thickness of porous layers [3].

The problem is solved by the fact that in the known
method for the synthesis of graphene-like layers in porous
silicon structures, including the CVD process in ethanol
vapor in an inert gas in a pressure drop mode in a quartz
reactor, it is new that the temperature in the reactor is
800—1100°C, and To implement the differential pressure
mode, the pressure is first raised from the operating value
of 1+ 103 Pa to 5+ 10* Pa within a minute, then the pres-
sure is released to the specified operating value within
5 seconds and the specified pressure drop mode is re-
peated after 9—11 minutes until graphene-like layers are
obtained on the pore walls to a given depth.

If 11 minutes are exceeded, unwanted clogging of pore
channels appears. At times less than 9 minutes, a dis-
continuity of the coating of the inner surface of the pore
walls is observed. The most optimal process conditions
are the temperature in the quartz reactor of 950°C and
the repetition of the pressure drop mode after 10 minutes.
The technical effect of the invention is the creation of
graphene-like layers on the outer and inner surfaces of
the pores, including closed , over the entire predetermined
depth of the porous structure, reaching 148 microns in
the prototypes.

The invention relates to the field of materials science
and can be used to create molecular separation mem-
branes, membranes for biological and medical applica-
tions, sensor and electronic devices, and also as electrodes
for micro-fuel cells and other current sources.

Symmetrical four-pair cable with film-nanotube insula-
tion of cores (RU 2731624 C1)

The invention relates to the field of electrical engineer-
ing and can be used in the construction of symmetrical
communication cables for public networks and struc-
tured cable systems [4]. In a four-pair cable containing
conductors in film-polymer insulation, twisted in pairs
with different twisting steps into a common layer, with
an outer polymer sheath, insulation of each core. The
outer polymer shell of each core is made in the form of
nanotubes of the same size over the entire cross section
of each core, and some of the nanotubes are perforated.
The outer film is in contact with the nanotube insula-
tion of each core over the entire cross section; each core
along the entire length of a balanced cable. The invention
provides the creation of such a structure of a symmetri-
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cal four-pair cable, which allows to reduce the relative
dielectric constant of the insulation of the cable cores,
to reduce the capacitance of pairs and, consequently,
the dielectric losses and the capacitive component of the
influence between pairs.

Fig. 2 shows the structure of a symmetrical four-pair
cable with film-nanotube insulation of cores. The cable
contains: symmetric pairs — 1, cores — 2, nanotube core
insulation — 3, outer core insulation film — 4, in con-
tact with nanotubular insulation, outer polymer cable
sheath — 5. Thanks to the declared design, the relative
dielectric constant of core insulation is significantly re-
duced due to nanotubes, inside which the relative dielec-
tric constant is 1.0 (the relative dielectric constant of the
airis 1). Depending on the number of nanotubes and per-
forated nanotubes, the relative dielectric constant can be
changed over a fairly wide range, decreasing the insulation
thickness and decreasing dielectric losses. The dielectric
constant of the dielectric material is 2.3, taking into ac-
count the film-nanotube insulation when filling through
holes of the nanotubes and contacting the veins in the
volume of 100% of the entire volume of the conductor
insulation, it is possible to obtain the relative dielectric
constant of the entire conductor insulation equal to 1.9.
As a result, the attenuation coefficient decreases due to
a decrease in losses in the insulation of the conductors,
the wave resistance and the capacitive component of the
influence between the pairs, and due to the decrease in
the thickness of the insulation and, therefore, the distance
between the conductors in the pair, the inductance of the
circuit also decreases.

Fig. 2. Symmetrical four-pair cable with film-nanotube
insulation of conductors

Method of alloying titanium dioxide of anatase al-
lotropic modification with noble metal nanoparticles
(RU 2731277 C1)

In connection with the constant development of the
light industry, in particular, textile, food, paint pro-
duction, as well as the emergence of new requirements
for water quality, the problem of pollution of the water
basin with organic dyes is acute. The proposed group
of inventions relates to the field of chemistry, concerns
the method of alloying powdered titanium dioxide
nanoparticles of noble metals to create a highly efficient
photocatalyst intended for photocatalytic reactions of
oxidation of organic compounds under mild condi-
tions, including azo dyes, phenol and its derivatives,
which makes it possible to use photocatalysis reactions
to purify water and air from trace organic pollutants by
means of light irradiation (both ultraviolet and solar),
and the creation of conditions for a safe and comfort-
able human habitation [5].

The technical result from the use of the proposed
group of inventions is to simplify, reduce energy con-
sumption when alloying the surface of titanium dioxide
with nanoparticles of noble metals, increase the efficiency
and uniformity of distribution of nanoparticles of noble
metals on the surface of titanium dioxide.

The task is achieved by the fact that the method of
doping titanium dioxide of anatase allotropic modifica-
tion with noble metal nanoparticles includes preparing
an aqueous solution of the salt form of chitosan, into
which a precursor dopant of gold or silver nanoparti-
cles is introduced, after which the system is intensively
stirred and exposed to UV exposure to form noble metal
nanoparticles at a temperature of 20—70°C, the forma-
tion of metal nanoparticles is monitored spectrophoto-
metrically, and after reaching the maximum intensity
of the plasmon resonance band of the nanoparticles,
titanium dioxide of the anatase allotropic modification
is introduced into the system with constant stirring,
then an enzyme is introduced into the dispersion, the
enzymatic decomposition of chitosan macromolecules
is carried out at a temperature 35—40°C until complete
degradation of chitosan; before the introduction of the
enzyme into the system, an additional ultrasonic treat-
ment of the dispersion is carried out with a frequency of
up to 35 kHz; papain or pancreatin or amylase or glu-
coamylase or chitosan is used as an enzyme; the concen-
tration of chitosan in the solution is 0.1—-3% by weight,
the concentration of titanium dioxide in the chitosan
solution is 0.01—-20% by weight of dry chitosan, precur-
sors of noble metal nanoparticles — from 0.01 to 5% by
weight of dry chitosan; after all the modified titanium
dioxide has precipitated, the system is subjected to ther-
mal treatment at a temperature of 70—100°C.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2020; 12 (5):
275-284

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

Method of manufacturing bulk micro-sized structures
from nanoparticles (RU 2730008 C1)

The invention relates to an additive 3D technology for
the production of predominantly volumetric micro-sized
structures from nanoparticles, which are used in electron-
ics, photonics and other fields. The method of manufac-
turing bulk micro-sized structures from nanoparticles
includes (Fig. 3) sintering nanoparticles on a substrate 5,
obtaining an aerosol stream with nanoparticles in a trans-
port gas flow in block 1, heating by a laser-optical device 6
in a block 8 for optimizing an aerosol with nanoparticles
in a transport gas stream with ensuring the production of
spherical nanoparticles, transporting the resulting flow
through the outlet 10 of the unit 8 for optimizing the aero-
sol with nanoparticles to the head 3 with the nozzle 4 to
focus it on the substrate 5, supplying the specified nozzle
with a stream of aerosol with nanoparticles and at the
same time a protective gas to ensure that the acrosol flow
of nanoparticles is focused on the substrate and depos-
ited nanoparticles from a focused aerosol flow onto the
substrate [6]. The deposition and sintering of nanopar-
ticles on the substrate are carried out in a protective gas
atmosphere 13, which is created under the nozzle. The
invention improves the flexibility and efficiency of the
process control, to simplify the device in the implementa-
tion of the method by using one laser to heat the aerosol
with nanoparticles in a transport gas flow to ensure the
production of spherical nanoparticles and sintering of
nanoparticles on a substrate.

Fig. 3. A method of manufacturing bulk micro-sized
structures from nanoparticles.

This technical solution makes it possible to produce
bulk structures from nanoparticles. However, when using
this technical solution, difficulties arise in changing the
temperature when heating an aerosol with nanoparticles
in a transport gas flow to ensure the production of spheri-
cal nanoparticles of the required size, since the heating
elements used are inertial and a relatively long time is
required, for example, to reduce the heating temperature.
Also, two sources of heating are required — for sintering
nanoparticles and for heating aerosol with nanoparticles
in a transport gas flow.

The result, to achieve which this technical solution is
directed, lies in the possibility of more flexible changes
in the process parameters while reducing the amount of
equipment used to implement the method.

Method for increasing the efficiency of metal hydride
heat exchangers (RU 2729567 C1)

The invention relates to the field of heat power en-
gineering and hydrogen energy, or rather, to heating
or cooling devices (heat exchangers or heat pumps)
based on reversible thermochemical cycles, which use
the energy of low-potential heat sources of natural or
man-made nature for operation [7]. In these devices,
during thermochemical cycles, cither the absorption of
hydrogen by metals or alloys occurs with the formation
of hydrides, which occurs with the release of heat, or
the release of hydrogen during the decomposition of
hydrides, accompanied by the absorption of heat. Hy-
drogen uptake occurs at a hydrogen pressure above the
hydride formation pressure or at an external temperature
below the dehydrogenation temperature, and hydrogen
evolution occurs at a hydrogen pressure below the hy-
dride decomposition pressure or at a temperature above
the dehydrogenation temperature.

The novelty of the proposed method lies in the fact
that dispersed elements, the material of which has a suf-
ficiently low density and a sufficiently high coefficient
of thermal diffusivity, are introduced into the composi-
tion of the metal hydride filling of the heat exchangers.
This allows increasing the specific power of metal hydride
heat exchangers and reduce the weight of devices, which
is especially important for mobile applications of metal
hydride technologies. Additionally, such additives can
reduce the sintering capacity of the metal hydride backfill
powders during hydrogen absorption-evolution cycles.

The proposed technical solution can also be used for
other gas-phase applications of metal hydrides, such as
hydrogen storage. The technical result is an increase in
the specific power of metal hydride heat exchangers and a
decrease in the weight of the device, as well as a decrease
in the sintering capacity of the powders of the metal hy-
dride backfill during hydrogen absorption-release cycles.
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Fiber-optic substance sensor (RU 2731036 C1)

The fiber-optic substance sensor belongs to the field
of materials technology, materials science and analytical
research and allows you to expand the field of application,
while simplifying the design and increasing the sensitivity
of the sensor, which contains (Fig. 4) a piece of fiber-optic
cable (1), at one end of which there is an object micro-
lens (2), and at its opposite end of the microlens (3), on
the surface of the object microlens (2), a film (4) with the
addition of carbon nanotubes is applied, while the sensor is
installed on a plastic tag (5) to carry out the sampling pro-
cess. The technical result obtained is provided by creating
a signal of secondary Raman scattering, its amplification
in the structure of carbon nanotubes and transmission of
the amplified signal to the spectrum analyzer [8].

The fiber-optic sensor works as follows: The sensor is
fixed on a plastic tag 5, which contains information about
the coordinates and time of sampling. Then the plastic
tag 5 with the sensor is placed in the slot of the portable
spectrum analyzer, where a laser beam is directed to the
object microlens 2, causing secondary Raman (Riemann)
radiation from the particles of the substance captured
by the film 4. This radiation, its spectral composition,
is determined by the structure and composition of the
molecule of the investigated substance, which allows the
substance to be identified by the spectrogram. The film 4
on the surface of the object lens 2, made with a filling
of carbon nanotubes, amplifies electromagnetic oscilla-
tions of ultrahigh frequencies. This amplified radiation
is collected by the microlens 2 and directed through the
fiber-optic cable 1 to the optical receiver of the spectrum
analyzer. The digital equivalent of the spectrogram is sent
to the cloud database, where the search for the closest
spectrogram samples is carried out and a list of substances
that meet the selection criterion is returned, indicating the
probability of coincidence.

Fig. 4. Fiber optic substance sensor

The use of a fiber-optic substance sensor allows you
to expand the scope of application, while simplifying the
design and increasing the sensitivity of the sensor. A fiber-
optic substance sensor containing a piece of fiber-optic
cable, characterized in that it is equipped with a microlens

and an object microlens, which are located at opposite
ends of the fiber segment. -optical cable, and a film with
the addition of carbon nanotubes deposited on the surface
of the object microlens.

A method for obtaining a functional three-dimensional
component of an optoelectronic device and a functional
three-dimensional component of an optoelectronic device
(RU 2731498 C1)

The group of inventions relates to a technology for
producing semiconductor devices, and more precisely to
a method for producing unsubstituted arrays of filamenta-
ry nanocrystals, as well as to the structure of a functional
three-dimensional component made according to the
claimed method and intended for use in optoelectronic
devices. The invention can find application, for example,
in the industrial production of light-emitting devices and
photosensitive elements [9].

2
3
— I
Fig. 5. A method for obtaining a functional three-di-
mensional component of an optoelectronic device

The method of obtaining a functional three-dimen-
sional component (FTC) of an optoelectronic device
(Fig. 5) is characterized by the fact that an array of uni-
directional whisker nanocrystals (NW’s) of III-nitride
materials is formed on the surface of a silicon substrate 1
heated to a temperature of 620—710°C by the method
of molecular beam epitaxy. the formation of an array of
nanocrystals 2 having a cross-section variable in height
with thinning at both ends and partially intergrown in
the mid-height zone 3, after which the obtained array
is separated from the substrate by etching with an aque-
ous solution including hydrofluoric and nitric acid. The
substrate-free NW’s array obtained by separation from
the substrate is intended for use as a functional three-
dimensional component of an optoelectronic device. The
functional three-dimensional component can be an ar-
ray of nanocrystals of indium-gallium nitride, or indium
nitride, or gallium nitride.

The technical result is to ensure the structural strength
(integrity) of the FTC, formed in the form of an array of
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NW’s of I1I-nitride materials, sufficient for its function-
ing after separation from the substrate with a high optical
quality of the NW material.

System for capturing gas containing volatile organic
compounds and preparing carbon nanomaterials and meth-
od thereof (CN:201911384044:A)

The invention relates to a system for captor gas
containing volatile organic compounds and preparing
carbon nanomaterials and a method thereof, the sys-
tem comprises an absorption/desorption subsystem, an
adsorption/desorption subsystem and a carbonization
subsystem, and comprises or does not comprise a gas-
liquid separation subsystem; the method for capturing
the gas containing the volatile organic compounds and
preparing the carbon nanomaterial by using the system
comprises the following steps: firstly, removing most of
the volatile organic compounds from the gas containing
the volatile organic compounds through the absorption/
desorption subsystem; then, through the adsorption/de-
sorption subsystem, realizing up-to-standard emission;
when absorption or adsorption is close to saturation, ex-
ecuting desorption or desorption operation; condensing
organic matters obtained by desorption or desorption
in the gas-liquid separation subsystem, and collecting
liquid (recycling or retreating);enabling the separated gas
to enter a carbonization subsystem, generating a carbon
nanomaterial at high temperature, after the tail gas of
the carbonization subsystem and the tail gas of the ad-
sorption/desorption subsystem are combined, and then
discharging after reaching the standard. The use period of
an adsorbent is prolonged, and the energy consumption is
reduced; the volatile organic compounds are changed into
carbon nanomaterials, so that the cost of the adsorbent
is reduced [10].

Nano-coating protection method for electrical connec-
tors (US20200291524)

Introduced here is a plasma polymerization appara-
tus and process [11]. Example embodiments include a
vacuum chamber in a substantially symmetrical shape to
a central axis. A rotation rack may be operable to rotate
about the central axis of the vacuum chamber. Addition-
ally, reactive species discharge mechanisms positioned
around a perimeter of the vacuum chamber in a substan-
tially symmetrical manner from the outer perimeter of the
vacuum chamber may be configured to disperse reactive
species into the vacuum chamber. The reactive species
may form a polymeric multi-layer coating on surfaces of
the one or more devices. Each layer may have a different
composition of atoms to enhance the water resistance,
corrosion resistance, and fiction resistance of the poly-
meric multi-layer coating.

Preparation method of nanometric size metal oxide
additives that reduce the temperature of sintering and/or
increase productivity in the manufacture of ceramic parts,
improving mechanical properties without affecting the vit-
rification properties of ceramic bodies, tiles or coatings
(US20200115287)

The object of this invention is a process for manufac-
turing, conditioning and stabilization of a family of base
additives sodium, potassium, boron, silicon, zinc, calcium
oxides, among others, prepared by physicochemical and
chemical synthesis methods that form nanometric struc-
tures, reformulated with deflocculant, sequestrants and
dispersants additives that allow to obtain a dispersion or
powder capable to decrease the sintering temperature of
a ceramic body due to the high fluxing power, which is
maximized by the use of nanotechnology in the structures
obtained [12].

3

Fig. 6. Schematization of the process of preparation
of nanostructures by means of a physicochemical process:

1. Raw material dosing system

2. Additive dosing system

3. Aqueous medium dosing system

4. Slurry preparation tank

5. High-energy mill

6. Dispersion tank

7. Storage of nanostructured additive in an aqueous
medium

B1. Nanostructured additive in an aqueous medium
goes to synthesis process by means of chemical route

C. Nanostructured additive in an aqueous medium
goes to drying process

The process consists in the preparation of nucleation
seeds of metal, silicates and carbonates oxides by means
of a physicochemical process, and which allow nano-
metric structures to grow by means of a chemical pro-
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cess in a chemical synthesis process wet basis of sodium,
boron, silicon, zinc, potassium and calcium oxides. The
combination of these oxides allows structuring elements
of high fluxing power due to their high surface area and
physicochemical composition. The additives prepared in
this invention are chemically stabilized with deflocculat-
ing agents, which allow the additives to be incorporated
into the aqueous medium grinding process of the ceramic
body.

Applications made with the additives of this inven-
tion allow the sintering temperature of a red body to be
reduced from 1150°C to 1000°C and in porcelain bodies
from 1180°C to 1050°C, with the use of 0.2 to 5% of the
additive, or increasing the speed of the heat treatment
by up to 20%, and it can be used in the manufacture of
bathroom fittings, molding parts, components for tool-
ing, coatings, valances, enamels, vitrified pastes and other
ceramic components. The present invention proposes
several nanostructured additive formulations with high
performance fluxing properties, which allow to optimize
and standardize the sintering process and to improve the
mechanical properties of the ceramic body. It also pro-
poses different methods of application of the additive in
ceramic formulations.

Tellurium nanorods, energy storage devices and prepa-
ration methods thereof, and method for preparing tellurium
nanomaterials (CN:201910699049:A)

The invention discloses a tellurium nanorod, en-
ergy storage devices and a preparation method thereof,
and a method for preparing tellurium nanomaterials,
and relates to the field of preparation of thetellurium
nanomaterials [13]. According to the method for pre-
paring the tellurium nano materials, the preparation of
the tellurium nano materials can be realized through
a simple electrochemical strippingmethod only under
normal temperature and normal pressure conditions,
the preparation method is simple to operate, and the
electrolysis equipment used is simple. The tellurium
nanorods prepared by thepreparation method are one-
dimensional tellurium nanorods, can be widely applied
to various energy storage devices, and have the advantage
of high capacitance.

The specialists can also be interested in the following
inventions related to nanotechnologies:
» Raw mixture for production of fine-grained polymer
concrete modified by microsilica [14].

Plant for synthesis of carbon-containing nanomateri-
als [15].

Shear testing of composite materials at high tempera-
tures [16].

Method for producing silver nanoparticles [17].
Emulsion system with nanoparticles for limiting water
inflows into oil and gas wells [18].

Method for producing nanocrystalline cubic tungsten
carbide [19].

Construction structural element [20].

Study of deformation properties and fluidity of plastic
lubricants with additives of various types of carbon
nanostructures [21].

Composition with carbon nanotubes to produce a
carbon billet for high-density SiC/C/Si ceramics [22].
Compositions containing nanometric copper [23].
The preparation of ceramic composites by modifica-
tion of carbon nanostructures [24].

Composite membrane for drying natural and techno-
logical gas mixtures based on graphene oxide interca-
lated with hydroxylated fullerene derivatives [25].

A method to produce modified carbon nanotubes [26].
Functional element of a semiconductor device [27].
Investigation of the effect of carbon nanotube func-
tionalization on the conducting properties of a com-
posite material [28].

Charge based on aluminum oxide and a method for
producing strong ceramics [29].
Emulsion-suspension systems with nanoparticles for
oil and gas wells maintenance [30].

Solid-state supercapacitor with a dielectric layer made
of dielectric nanopowder [31].

Carbon ceramic fiber-reinforced composite material
and method for its production [32].

Investigation of impact rupture of polymer-tissue
composites reinforced with carbon nanotubes [33].
Method for producing nanoparticles of aluminum
oxide [34].

CONCLUSION

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

Therefore, we hope that the information published in
this section will be in demand and useful for specialists.
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PE3IOME: B cTaTbe npoBoauTcs B pedepaTiBHON popme 0630p 1306peTeHun. Pe3ynbTaTbl TBOPUECKON AEATENBHOCTY YUEHbIX,
VHXeHepPOB 1 CNeuranincToB, B T.U. 1 M306peTeHUs B 061acT HAHOTEXHONOTMI 1 HAHOMATEPVANOB MO3BOMAIOT MPU UX BHEAPE-
HUW JOOWTbCA 3HAUUTENIbHOTO 3P dEKTa B CTPOUTENIbCTBE, XKUTULHO-KOMMYHAJIbBHOM XO35CTBE, CMEXHbIX OTPAC/AX SKOHOMUKM.
Hanpumep, nsobpeteHune «Tension3onsaLMOHHbIA MaTepuan Ha OCHOBE asporess» MOXeT ObiTb NCMONIb30BAHO AJIA MOyYeHNs
TEnIoM30MALNOHHbBIX MAaTEPVANIOB LUMPOKOro NpuMeHeHus. TpebyeMbll TEXHUUYECKMI pe3ybTaT, 3aKouaoLWniAcs B yyyLleHUN
TEnNIoM30MALMOHHbIX CBOMCTB MaTeprana B LULMPOKOM AMana3oHe TeMnepaTyp, MOBbILEHUN NMOMOLWAloLWMX CBONCTB SNeKTpomar-
HUTHOTO M3JTyuyeHus B o6nactu MIK-cnekTpa, NoBbILEeHN MEXaHNYECKOW MPOYHOCTY 1 TMBKOCTU, @ TaKXKe CHUMEHM OCbINaeMoCTy,
JOCTUraeTcsi B MaTepurasie Ha OCHOBE a3poress, cofepaLlem BONIOKHUCTYIO NMOASIOXKKY nnoTHocTbio 0,001-0,1 r/cm?, coctosulyto
13 KpEMHE3EMHbIX U/UNN CTEKNAHHDIX, U/uny 6a3anbTOBbIX BONOKOH AraMeTpom 0,1-5 MKM, KOTOPYIO MPONUTbIBAOT asporenem,
Noy4YeHHbIM Ha OCHOBE AMOKCUIA KPEMHMSA 13 aJTKOKCUCUIaHa C BHECEHUEM reNIMPYIOLLErO areHTa 1 C NpoBeAeHreM nocneayoLen
CBEPXKPUTUYECKON CYLIKW. BBefeHNe HaHOMaTepranoB NpraaeT AONONHNUTENbHbIN apMupyoLWnii 3 PeKT, uTo yBennurBaeT Mexa-
HUYECKYI0 MPOYHOCTb KOHEUHOTO MaTepurana 1 3HauMTeNIbHO CHUXAET OCbINaeMoCTb asporensi. KoHeuHbl maTtepuan MoXeT ObITb
CHabXeH [OMONHUTENbHBIM C/TI0EM BOJIOKHUCTOM MOANOXKM /1A NMOBbILWEHWSA ero BU6pOyCTONYNBOCTA. ITO 0COOEHHO aKTyanbHO
npu NCNosb30BaHNM NpefnaraeMoro Mmatepumana ansa rpa)aaHCcKoro 1 NPOMbILWIEHHOTO CTPOUTENIbCTBA B CENCMOAKTUBHbBIX 30HaX,
a TakXe B aBMa- U PaKeTOCTPOEHNMN.

Takke NpefCTaBAlT MHTePeC AJiA CNeLnanmcToB ciefyiolie n3obpeteHuns B 0611acTyi HAHOTEXHOMOTUIA: CNOCOO 3aLLMTbI A5 dNeK-
TPUYECKUX COEAUHUTENEN C MOMOLLbIO HAHOMOKPbITUS, CMOCO6 NMOyYeHUsi HAHOPA3MEPHbIX OKCUAHBIX METaNININYECKnX JO6ABOK,
CblpbeBasi CMeCh /151 U3rOTOBNIEHUSI MENTKO3E€PHUCTOrO NonnMepbeToHa, MoaNGULMPOBAHHOIO MUKPOKPEMHE3EeMOM, YCTAaHOBKA
ANA CYHTEe3a YrnepoCcofepKallMx HAHOMaTepPUanoB, CNocob NoyyeHUst HaHouacTUL cepebpa, CNocob NoyyeHUss HAHOKPUCTa-
JIMYeCKoro Kybuueckoro Kapbuza Bonbdpama, KOMNosnuus C yrnepoaHbIMy HAHOTPYOKaMU [ MOJTyYeHUs YriepogHON 3aroTOBKY
A/151 BbICOKOMJIOTHOW Sic/C/Si KepaMyKy, KOMMNO3MLMOHHAA MemMbpaHa AN OCyLIeHUs NPUPOAHBIX Y TEXHOMOMMYECKNX ra30BbIX
CMeceil Ha OCHOBe oKcumaa rpadeHa, UHTePKaJIMPOBAHHOTO MAPOKCUMIIMPOBAHHbBIMY MPOU3BOAHBIMU yniepeHoB, KOMMNO3MLUMY,
cofiepKallie HAaHOMETPUYECKYIO Meflb, YIIePOAKEPaMUUYECKIA BONIOKHVCTO-apMUPOBAHHbIV KOMMO3ULMOHHBIV MaTepuran 1 Cnocob
€ro NnosyyeHus, Cnocob NonyYeHUsi HAHOUYACTULL OKCUA aMIOMUHKA U Jp.

KJTIOMEBbIE CJIOBA: HaHOTEXHONOI MU B CTPOUTENbCTBE, HAHOMOKPBITUS, HAHOMATEPUasbl, yrNepofHble HAHOTPYOKM, HAHOYACTULbI
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OB30P U3OBPETEHUW B O6JIACTU HAHOTEXHOJIOMUN

BBEJEHUE

BBICOKI/IC TEXHOJIOTUM ITOPaxaT BOOOpaxXkeHME
JIIONei, IEMOHCTPHUPYS BCE HOBBIC Y1 HOBBIC JOCTH -
JKeHUs (MaTepuajbl, CIIOCOOBI, CUCTEMBI, TEXHOJIOTUH,
YCTpOMCTBA U Ap.), KapAUHAJIBHO MECHSIOIINE OKPY-
JKAIOIMI MUAP. DTO, MpeXIe BCETO, MOXXHO OTHECTH
K M300pETeHUSIM YICHBIX, MHXKEHEPOB U CITCIINATNCTOB
W3 Pa3HBIX CTPaH B 00JIaCTH HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Ten10u3015MOHHDbIA MaTepraJl HA OCHOBE a3poreJis ¢
BO3MOZKHOCTBIO BB€JICHHSA B COCTAB KOHEYHOI0 MPpOAYKTa
Hanomarepuajos (RU 2731479 C1)

M3006peTeHre OTHOCUTCST K TEXHOJIOTHSIM C TIPUMeE-
HEHUEM a3pOoresis M MOXKET OBITh MCIIOJIB30BaHO IUIS TI0-
JIy4eHUS TETION30JIIIIMOHHBIX MAaTEPUAJIOB IIMPOKOTO
npumeHeHus [ 1]. TpeOyeMblii TEXHUUECKUI pe3yJIbTaT,
3aKTIOYAIOIINIACS B YIYIIICHUN TEIUION30ISIINOHHBIX
CBOICTB MaTepHaja B IMMPOKOM IHAITa30He TEMIIepaTyp,
TOBBIIICHUH TOTJIONIAIOIINX CBOMCTB 3JIECKTPOMArHUT-
HoOro u3nydeHus B obnactu MK-cnexkrpa, moBbIIeHUN
MEXaHNIeCKOH IMPOYHOCTU ¥ THOKOCTH, a TAaKKe CHIDKE-
HUU OCHIIIAEMOCTH, TOCTUTACTCS B MaTepHraie Ha OCHOBE
a3poreIIs, comepKaIieM BOJTOKHUCTYIO MOUTOXKKY TIIOT-
HocTbio 0,001—0,1 r/cM3, cOCTOSIIIYIO U3 KPEMHE3EMHBIX
W/WITHA CTCKIITHHBIX, W/ 0232 TbTOBBIX BOJIOKOH 1A~
meTpoM 0,1 —5 MKM, KOTOPYIO IIPOITUTHIBAIOT a3pOrejieM,
TTOJTyY€HHBIM Ha OCHOBE TMOKCUIA KPEMHUSI U3 aTKOK -
CHCHUJIaHAa ¢ BHECEHMEM TeIMPYIOIIETo areHTa U ¢ Ipo-
BEICHUEM ITOCTICAYIONIEH CBEpXKPUTUICCKOMN CYIITKM.

[IpnMeHeHMEe BOJOKHUCTON MOMIOXKH TLIOTHO-
ctbio 0,001—0,1 r/cM?, KOTOpast COCTOUT U3 KpeMe-
HE3eMHBIX U/WIN CTeKIITHHBIX U/WIU 0a3aJbTOBBIX
BOJIOKOH 3amaHHOro auametrpa 0,1—5 MKM 1 oT/im4a-
eTCs Y3KUM pacIIpelesIcHIeM BOJOKOH II0 THaMeTpy.
BosokHmcTas MOaI0KKa MMEET TeTIONPOBOTHOCTD
0,020—0,025 Bt/(Mm * K). IIpumeHeHMEe yKa3aHHON BO-
JIOKHUCTOH MOIIOXKH ITO3BOJISICT TTOJTyIaTh MaTepHal
Ha OCHOBE a3poTeJIsI C TIPeaeIbHO MaJIbIM KO3GhOUIIN-
enToMm TemtonpoBogHoctu 0,014—0,016 Bt/(m * K).
[IpuMeHeHMe BOJIOKOH auaMeTpoMm 0,1-5 MKM ¢ y3KuM
pacmpenesieHreM 10 JuaMeTpy TTO3BOJISIET, C OMHOM CTO-
POHBI, CHU3UTH €€ BIMSHUE Ha TEIIOIIPOBOTHOCTH KO-
HEYHOTO MaTepHraJa, a C IPYroi - HOBBICUTH 3(P(HEKTUB-
HOCTh apMupytolero 3¢ dekra, 3HAUNTSITIHHO CHU3UTH
OCBITIAEMOCTh a3POTeJIs.

Bo3MoxHOe BBeIeHHE B COCTAaB KOHEYHOTO IIPO-
IYKTa HAaHOMATEPUAJIOB: YIIICPOIHBIX a30TUPOBAHHBIX
HaHOYEIIYeK, YIIIEPOTHBIX HAHOBOJIOKOH, YIJIEPOTHBIX
HaHOTPYOOK, MHOTOCJIOMHBIX YIJTIEPOTHBIX HAHOTPYOOK.
YkazaHHbIC HAHOMAaTepHaIbl 00J1agaloT CICAYIOIIUMM
CBOMCTBaMMU: yaeiabHast moBepxHocTh 300—600 M?/T, Ha-

chinHast wioTHocthb 0,05—0,25 r/cM?, XxapakTepHbIii pa3-

Mep 10—100 um. VX BBeneHME B COCTaB OCYIIECTBIISICTCS

Ha CTaIuy TTOTyICHMS TeJIsl, IS AUCTICPTUPOBAHNS HAaHO-

MaTepraaoB MOTYT OBITh UCITO/Ib30BaHbI pa3inyHbie [TAB.
Hcnonb3oBaHNe YKa3aHHBIX MAaTepUAIOB MIPUAACT

KOHEYHOMY MaTepHally CAeAyIolIne IIpernMyIIecTBa:

— YBEJIMYMBACTCS ITOIVIONMICHNE DJIEKTPOMArHUTHOTO
m3nydeHnst B MK-nmramasone, 3a cueT 4ero CHIKa-
€TCSI TETUIOIIPOBOTHOCTh KOHEYHOTO MaTepuaJa Ipu
BBICOKHX TEMIICPATypax;

— BBeIcHHME HaHOMAaTepHaJIOB 3aJaHHOTO pa3Mmepa
ITO3BOJISIET KOPPEKTUPOBATh paclpeaeicHue Iop
asporeJrs Mo pa3Mepam, 3a CUeT Yero BBITOTHO CHU-
JKaeTcsl TeIUIOIPOBOTHOCTh a3pOorelist 10 3HAaUCHUI
0,012—0,014 Bt/(m * K);

— TIpUMEHEHUE HAaHOMAaTCPHUAJIOB IMPUAACT TOIIOTHH -
TEJbHBIN apMUpPYIOMNit 3(PdeKT, 9YTO yBeININBACT
MEXaHMYECKYIO IIPOYHOCTh KOHEUHOTO MaTepHaia
1 3HAYNTEILHO CHIKACT OCHIITAeMOCTh a3pOoreJis.
KoHeuHbIil MaTepuran MOXeT ObITh CHAOXKEH AOTIO-

HUTEIIBHBIM CJI0€M BOJIOKHUCTO MOUTOKKH TS TIOBBI-

IIEHUS €T0 BUOPOYCTOMUMBOCTI. DTO OCOOCHHO aKTy-

aJIbHO TIPY MCIIOJIb30BaHUU TIpeIIaracMOro MaTepuraia

IIJIST TPAsKIAHCKOTO M IIPOMBITIUICHHOTO CTPOUTEIECTBA

B CCHICMOAKTUBHBIX 30HAX, a TAKXKe B aBMa- U PaKeTo-

CTPOCHUM.

Crnoco0 u3roToBjieHus NPO(UILHBIX M3/IEJHIi C OCHO-
BOii U3 BcneneHHbIX momMepos (RU 2731930 C1)

IIpennoxeH crioco® M3roToBIeHUS MTPOGUIBLHOIO
U3IEusI, IPUMEHSIEMOTO B KaUeCTBE HECYIIE U caMo-
HecyIelt KOHCTPYKIINIA T IBEPHBIX M OKOHHBIX paM,
(paMyT, IPOINX KOHCTPYKTHUBOB, TPEOYIOIINX COUCTAHUS
JIOCTATOYHBIX TIPOYHOCTHBIX KAYECTB M HU3KOM TETUIOEM-
xoctH [2]. [IpodunbHOE n3nee N3roTaBIMBaeTCs METO-
JIOM OTJIMBKU B TIpecc-(opMe ITOCIIOIHO, C TPMMEHEHNEM
0oJiee TIIOTHOTO BCTICHBAEMOTO MJTA HEBCIICHIBAEMOTO
CJI0ST B Ka4eCTBe 00OJIOUKM M3ICIS 1 BCIICHUBACMOM
OCHOBHI U3 HE MEHEE OTHOTO CJIOS WJIU C COYCTAaHNEM
CJIOEB C Pa3TMIHOI TTIOTHOCTBIO, UYTO 00ECIICUNBACT TPe-
Oyemoe coueTaHHe TIPOTYHOCTH M HU3KOM TeTTIOEMKOCTH.
B xauecTBe MaTepraia OCHOBBI HCTIOB3YIOTCST BCIICHM -
BaeMBbIe TTOJIMMEPHBIC, KOMITO3UTHBIC MaTepHaIbl, OO
HEBCIICHUBAaEeMBbIE TIOJTMMEPHBIC 1 KOMITO3UTHEIC MaTePH-
aJIbl B COYCTAHUU C (POPMUPYIOIINMHI TO00aBKaMU — MU-
Kpocdepamut. [IpoyHOCTHEBIC XapaKTePUCTUKI W3ICITHS
00€eCIeunBaloTCsl HAJTMYMEM BBOIMMBIX B TTOJMMEPHbIE
cpenbl MOITU(HUITMPYIONINX KOMIIOHEHTOB — HaHOI00a-
BOK, YIJIEPOTHBIX MUKPOI00aBOK, aTIOMOCUINKATHBIX
MHUKPOI00aBOK, 00ECIICUYNBAIOIINX YCIJICHHBIC CBSI3H
¢ KOHTJIOMepaTaMi MaKpPOMOJIEKYJI TIOJIMMepa, a TakKxKe
00pabOTKY TTOJIMMEPHBIX KOMITOHEHTOB BHICOKOUYACTOT-
HBIM 3JIEKTPOMATrHATHBIM TTOJIEM HETIOCPEICTBEHHO ITeper
HX BBEICHUEM B IIpecc-(popMy.
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Oo6paboTtka komrmoHeHTOoB CBY mosieM moBbIlIaeT
SHEPIUI0 CBSI3¢H MOHOMEPOB MOJIMMEPHO KOMITO3M-
1IMU B MPOLECCE MOJIUMEPU3ALUU KaK MEXIY COOOM,
TaK 1 CITIOCOOCTBYET 3HAYMTEILHO 00Jice KAaueCTBCHHOMY
pacIipeieJICHIIO MUKPO- 1 HAaHOT00AaBOK B 00beMe cpe-
IIbI, YTO 3HAYUTETEHO YBEJIMINBACT TIPOYHOCTD U3ICIIHS,
TUIOTHOCTHOE pacIIpeficIcHIe B Macce M 3HAUYNTEIIHbHO
YCKOpSIET MPOoIIeCcC MOJIUMEPHU3aIiny, odecreanBast 3-
(beKTUBHOCTH TIpolIecca U €T0 IIPOMBIIIICHHOE IIPUMe-
HeHMe. B KadecTBe 3aIIUTHOTO CJIOST MOITYCTUMO TIPH-
MEHEHHE HEBCIICHNBAEMOT'O TIOJIMMEPHOTO COCTaBa, Ha-
HECEHHOTO pacITbUICHIEM Ha BHYTPEHHIOIO IIOBEPXHOCTh
npecc-GhopMEI, JIIOOBIX MaTePUATIOB U IEKOPUPYIOIINX
3JIEMEHTOB, BCTpaUBacMEBIX B TIpecc-(opMy 10 Havaja
3aJIMBKH TTOJIMMEPHBIX cpell, (GOPMUPYIOIINX OCHOBY
W3OEINS WJIM HAHOCUMBIX Ha TIOBEPXHOCTD M3IEINS 10-
MOJHUTEIbHO. M3nenure, moaydaemMoe 13 IIOJIMMEpPOB
YKa3aHHBIM CITOCOOOM, COOTBETCTBYET SKOJIOTUICCKIM
HOpMaM, IMeeT IUINTETbHBIN CPOK 3KCILTyaTallluy, CTOM-
KO K aTMOC(EPHBIM BO3ICUCTBUSIM, YIBTPaUOIIETY.

A B

1|4

Puc. 1. CTpyKTypa TEXHOJIOTHIECKOTO MpoLecca Cro-
c00a u3rorojeHus NPoGUILHOrO U3Jeus ¢ OCHOBOIA
N3 BCICHCHHBIX MOJIMMEPOB

CTpyKTypa TEXHOJOTUIECKOTO MpPOoIIecca CII0CO-
0a M3roTOBJICHUS TIPOGUIBHOIO U3AEINS C OCHOBOM
13 BCTICHCHHBIX ITOJIMMEPOB TTOKa3aHa Ha puc. 1, rme
cXeMaTUIeCKHU M300pakeHOo:

1 — TOATOTOBKA peareHTOB — KOMITOHEHTOB TIOJIM-
MEpHO WM TTOJIMMEPHO-KOMITO3UTHOM CMECH;

2 — pobaBiieHre MOTU(ULIMPYIOIINX U HEMOIU (U -
LUPYIOIINX 100aBOK B KOMITOHEHTHI CMECH;

3 — yCTPOMCTBO CMEIIMBAaHMUS KOMIIOHCHTOB;

4 — BOJTHOBOI M YCTPOMCTBO IMTPOKAYKNA CMECH IS
peryImpoBKU BpeMeHU oopadboTkn CBY snekTpomar-
HUTHBIM TI0JIEM;

5 — mipecc-popmMma;

6 — BHYTpEHHSIsSI HaKJIa[aKa B Ipecc-dopmy, hopmu-
pyroIast BHEIITHeEe 1eKOPATUBHOE TTOKPBITHE U3NCIIHST;

7 — WHTETPUPYEMBbII B M3IC/INE BHEITHUI KPEITeK-
HBII 2JIEMEHT, 3aKpeIUICHHBIN B TIpecc-(opme;

8 — pacTbIITEh TOTMMEPHOM KOMITO3UITUH (CPEIIBI).

Crnoco0 cuHTe3a rpa)eHONOI00HBIX CJI0€B B MOPUCTHIX
KpemuueBbix cTpykTypax (RU 2731278 C2)

3amaucii n300peTeHMS SIBIISCTCS pacIipeHre 00IacTh
IIPUMEHEHUS TTOPUCTHIX KPEMHHEBBIX CTPYKTYP C pacIio-
JIOXKCHHBIMA Ha CTEHKAX ITOp TpaeHOMOI00HBIX CIIOCB,
3a CYET COo3maHus TpadeHOMOMOOHBIX CJIOEB HA BHEIII-
Hell 1 BHYTPEeHHE! MOBEPXHOCTSIX KaK CKBO3HBIX, TaK
1 3aMKHYTBIX TTOP TTI0 BCEi TIIyOMHE B TIOPUCTOM CTPYKTYpE
C YBEIMUEHHOI TOJIIMHO MOPUCTHIX CI0eB [3].

ITocTaBneHHast 3amada perraeTcsl TeM, 9YTO B M3BECT-
HOM CIToco0¢ CHHTe3a rpadeHOITOTO0HBIX CIOEB B I10-
PUCTBIX KPEMHUEBBIX CTPYKTYpPaX, BKITIOUAOIIEM IIPO-
BeneHme Tpoirecca CVD B mapax 3TaHOJIa B MTHEPTHOM
rase B pexXmMMe Tieperaga JaBJICHUS B KBaplIeBOM peaK-
TOpE, HOBBIM SIBIISICTCSI TO, UYTO TeMITepaTypa B peakKTope
800—1100°C, a mys ocylIecTBICHUS peXXuMa Tiepernana
JlaBJIeHUs CHavajia IMOJHUMAIOT JaBjeHUe OT paboyero
sHaueHus 1103 I1a go 5+ 10* I1a B TeueHre MUHYTHI,
3aTeM COpachIBAaIOT JABJICHNUE 10 YKAa3aHHOTO pabodero
3HAYCHUSI B TCUCHHE 5 CEKYHIT ¥ TIOBTOPSIIOT YKAa3aHHBIM
peXXuM Teperiafa TaBieHi yepe3 9—11 MUHYT 10 TToITy-
yeHMsI TpadeHOITOMOOHBIX CJTIOSB Ha CTEHKAX ITOp Ha 3a-
JIIAHHYIO TIyOUHY.

I1pu npeBbimieHnn 11 MUHYT NPOSIBIISIETCST HEXKeE -
JaTeNbHas 3aKyIlopKa KaHajiaoB 1op. [Ipu BpeMeHU
MeHee 9 MUHYT HaOJIfoIaeTCcsT HeCIUIONIHOCTD TTOKPBI-
TSI BHYTPEHHEH IMTOBEPXHOCTU CTEHOK mop. Hamboree
OINTUMAJIbHBIMU PEXUMaMHU IIPOIIecca SIBJISIOTCS TEM-
reparypa B KBapiieBoM peaktope 950°C u moBTOpeHME
pexmMa Tiepenana gasieHus yepe3 10 muayT. TexHu-
yecKUM 3(h(HEKTOM M300peTeHHUS SIBISICTCS CO3MaHMe
rpacheHOITONOOHBIX CJIOCB Ha BHEITHEH M BHYTPEHHEH
ITOBEPXHOCTSIX TTOP, BKITIOUast 3aMKHYTBIE, 10 BCEIT 3a-
JIAHHOU IrIyOMHE MOPUCTOM CTPYKTYPhI, JOCTUTAIOIIEH
B OIBITHBIX 00Opa3iax 148 MkM.
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M300peTeHne oTHOCUTCS K 00J1aCTU MaTepUajioBe-
JIEHUST M MOXET MMPUMEHSITHCS TIPU CO3JaHUM MOJIEKY-
JISPHBIX CEMapypyIoIINX MeMOpaH, MeMOpaH JIiJist 610-
JIOTUYECKNX Y MEAUIIMHCKUX TPUMEHEHNI, CEHCOP-
HBIX U 2JIEKTPOHHBIX YCTPOMCTB, a TAKXKE B KAUeCTBE
3JIEKTPOIOB JIJIST MUKPOTOIIMBHBIX 2JIEMEHTOB U APYTUX
MCTOYHUKOB TOKA.

CuMMeTpHYHBII YeThIpeXNAPHbIii KA0eb ¢ IIEHKOHA-
HoTpyOuaToii uzonsueii ki (RU 2731624 C1)

M3006peTeHne OTHOCUTCS K 00JIaCTU 3IEKTPOTEX-
HUKU 1 MOXKET OBbITh UCIOJIb30BAHO B KOHCTPYKIIMSIX
CUMMETPUYHBIX KaOesieil CBSI3W Ha CETU OOILETO MOIb-
30BaHUS U CTPYKTYPUPOBAHHBIX KaOEJIbHBIX CUCTEM
[4]. B deTnIpexmmapHoM Kabeie, colepKalleM KUJTbI
B IJIEHKO-TTOJIMMEPHOI U30JISILIUU, CKPYYEHHbIE B Maphbl
C pa3HBIMU LIaTaMU CKPYTKU B OOILIMI MTOBUB, C BHEIII-
HeM MoJIMMEePHOI 000JI0YKOM N3OSN KasKI0M XKUJTbL.
Buemnss monmumepHas 000109Ka KaXKI0M KUJIbI BbI-
MOJIHEHA B BUJE HAHOTPYOOK OJMHAKOBOTO pa3mepa
0 BCEMY CEYCHMIO KaXKIOU XKUJIbI, TIPUUYEM YacTh Ha-
HOTPYOOK nepdopupoBaHa. BHelIHSISI IeHKa COMpuU-
KacaeTcsl C HAaHOTpyOUaTO U30JISIIMe KaXK IO Kb
0 BCEMY CEUEHMI0, MO BCel AJIMHE CUMMETPUYHOTO
Ka6eisi. M300peTeHune obecreunBaeT co3IaHne TaKO
KOHCTPYKLIMY CUMMETPUYHOTO YEThIPEXIapHOro Ka-
OeJist, KoTopasi MO3BOJISIET YMEHBIIUTH OTHOCUTEIBHYIO
IUBJIEKTPUUECKYIO MTIPOHUIIAEMOCTb U30JISILIMU KW Ka-
OeJist, YMEHbIIUTh €eMKOCTbD I1ap U, CAeA0BaTEIbHO, 1~
3JEKTPUUECKME MMOTEPU Y EMKOCTHYIO COCTABIISIONIYIO
BJIIUSTHUSI MEXY TIapaMMu.

Ha puc. 2 npencraBieHa KOHCTPYKILIMS CUMMETPUY-
HOTO YEThIPEXIapHOTO Kabessl ¢ MJIeHKOHAaHOTpyOYa-
Tolt u3osguei xkxui. Kadenab cogepXuT: CUMMETPUY-
HBIe TTapbl — 1, JXUJIBI — 2, HAHOTPYOUYATYIO M30JISILINIO
JKVJTBI — 3, BHEIITHIOO TUIEHKY M30JISILINU XWIBI — 4, cO-
MpUKacarllylocs ¢ HAHOTPYOUaTo N30ISILIUe, BHEIII-
HIOIO MOJIMMEPHYIO0 000J10UKy Kabens — 5. biaaromapst
3asIBJICHHOW KOHCTPYKIIMU 3HAYUTEJIbHO YMEHBIIIACT-
CSl OTHOCUTEJIbHASI AUAJICKTPUUECKasl TIPOHUIIAaeMOCTh
M30JISILMY KW 32 CYET HAHOTPYOOK, BHYTPU KOTOPBIX
OTHOCHUTEJIbHAS OUAJIEKTpUYeCcKasi MPOHULIAEMOCTb
paBHa 1,0 (oTHOCUTENBHAS MTUIIEKTPUIECKAS TIPOHU -
IaeMOCTh BO3myxa paBHa 1). B 3aBucmMocTH OT KOJIH-
YyecTBAa HAHOTPYOOK 1 TTep(OpUPOBAHHBIX HAHOTPYOOK
MOXHO U3MEHSITh OTHOCUTEJIbHYIO IUAJIEKTPUUECKYIO
MPOHULIAEMOCTh B JOCTATOUYHO IIMPOKOM AUAMa30He,
YMEHBbIIIask TOJIIUHY U30JISIIUA U YMEHbIIAasl IOTepU
B OUBJIEKTpUKE. [n3aeKkTprudecKast IpOHULIAEMOCTb 13-
JIEKTPUYECKOTO MaTepuaa paBHa 2,3, C y4eTOM TIJICHKO-
HaHOTPYOYATOM U30JISILIMU TTPU 3aTTOJTHEHUM CKBO3HBIMU
OTBEPCTUSIMU HAHOTPYOOK U COTIPUKACAIOIIETOCS C XK1~
stamu B 006eMe 100% ot Bcero 00beMa M30IISALINN KB
MOXHO TTOJIYYUTh OTHOCUTEIbHYIO TUAJIEKTPUUYECKYIO

IIPOHMIIAEMOCTD BCEI M30JISIIIUM KIJIBI, paBHYIO 1,9.
B pesynbpTaTe yMeHbIIaeTCs KO3GMUIIUCHT 3aTyXaHUS
3a CYCT YMEHBIIICHUSI IIOTEPb B M3OJISIIIAH KT, BOJTHOBOE
COIIPOTUBJICHNE ¥ EMKOCTHASI COCTABIISIIONIAS BIMSTHUS
MEXIY ITapaMH, a 3a CUYeT YMEHBIIICHMS TOJIIIMHEI N30-
JISILIMH M, CJICIOBATEIIbHO, PACCTOSTHUS MEXIY XKITaMU
B ITape YMEHBIIIACTCS U UHIYKTUBHOCTD LICTIN.

Puc. 2. CumMMeTpu4HBIi YeThIPpEeXNapHbId Kadeb
¢ IUICHKOHAHOTPY0YATOM H30JIAIHel KT

Croco0 JiernpoBaHus THOKCHIA THTAHA AHATA3HOM aJI-
JIOTPONHO# MOAM(HUKAIHE HAHOYACTHIIAMH 0J1ArOPOIHBIX
merawios (RU 2731277 C1)

B ¢BSI31 ¢ MOCTOSTHHBIM pa3BUTHEM OTPACIIH JIETKOM
IIPOMBINIUICHHOCTH, B YaCTHOCTU TEKCTWJILHOM, TTH-
IIeBOI, MMPOM3BOACTBA KPACOK, a TAKXKe C MOSIBICHU-
€M HOBBIX TPEOOBAaHMIA K KAYECTBY BOIBI OCTPO CTOUT
ImpobJieMa 3arpsi3HEHUST BOTHOTO OacceifHa opraHmde-
cknmu Kpacurenssmu. [Ipemmaraemast rpyrmma n3oope-
TEHUI OTHOCHUTCS K 00JIACTH XUMUH, KacaeTcsl Crocoba
JITUPOBAHMS MMOPOIITKOOOPAa3HOTO TUOKCHIA TUTaHA
HaHOYACTHUIIAMHU OJIATOPOIHBIX METAJUIOB ST CO3MAHUS
BBICOKO3(h(PeKTUBHOTO (pOTOKATATIM3ATOPA, TIPEIHA3HA-
YEHHOTO TS (DOTOKATATIUTUICCKIX PEAKIINIT OKMCIICHUS
OPTaHMYECKUX COCIMHEHU B MITKUX YCIOBUSAX, B TOM
YHCIIe a30-KpacuTeseii, peHola M eTo IPON3BOTHEIX,
YTO TTO3BOJISIET MCITOJb30BaTh peakKInu (DOTOKATaIN3a
IUIST OYMICTKH BOIBI ¥ BO3IyXa OT MUKPOTIPMMECeii, opra-
HUYECKHU 3arPSI3HSIONINX COSTMHEHMIA ITyTeM CBETOBOTO
00TyueHMS (KaK yIbTpadroIeToBOro, Tak U COTHEUHO-
T0), ¥ CO3MaHMs YCIOBUI 0€30ITaCHOTO 1 KOM(OPTHOTO
obuTaHus yejoBeka [5].

TexHmaecKnM pe3yIbTaToM OT UCTIOJIE30BAHMSI TIPEI-
JIaracMO¥ TPYIIITEI M300PETCHUI SIBISICTCS YIIPOIICHIE,
CHIDKCHME SHEPro3arpar Ipu JISTUPOBAHNH TTOBEPXHO-
CTHM AWOKCHIA TUTaHa HAHOYACTUIIAMHU OJIarOpOTHBIX
METaJUIOB, MOBHIIICHNE 3(P(PEKTUBHOCTH U paBHOMEP-
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HOCTHU pacIipefieJIeHUsI HAaHOYACTULl 0JIarOPOIHBIX Me-
TaJUIOB Ha TIOBEPXHOCTU TMOKCHIA TUTAHA.

ITocTaBiieHHas 3amada TOCTUTACTCS TEM, UYTO CITO-
€00 JIermpoBaHUs JUOKCHUIA TUTAaHA aHATa3HOM aylIo-
TPOITHOI MOAM(PUKAIINY HAHOYACTUIIAMH OJIATOPOTHBIX
METaJUIOB BKJTIOYAET IIPUTOTOBJICHIE BOMHOTO PacTBOpa
coyieBOi (POPMBI XMTO3aHA, B KOTOPKII BBOIAT OOITAHT
IpeKypcopa HAaHOYACTHUII 30JI0Ta MJIU cepedpa, Tmocie
Yero CUCTEMY MHTCHCHBHO TTepEeMEIITNBAIOT U ITOABEepra-
0T Y®-Bo3neicTBIIO 15T (DOPMHUPOBAHUSI HAHOYACTHIT
6J1aTOPOIHBIX MeTaIoB npu TeMItepatype 20—70°C,
(opMmumpoBaHTCc HAHOYACTUII METAJVIOB KOHTPOJIUPYIOT
CITIEKTPO(POTOMETPUUECKHA U, TIOCIIEC TOCTIKEHMS MaK-
CUMAaJIbHOW MHTEHCUBHOCTH ITOJIOCHI TIJIA3MOHHOTO
pe30oHaHCca HAHOYACTUII, B CUCTEMY IIPH ITOCTOSTHHOM
TepeMeIIMBaHNY BBOIAT IMOKCHII TUTAHA aHATa3HOI aJl-
JIOTPOITHOM MOIN(MDUKAIIAN, 3aTEM B THUCIICPCHIO BBOIST
(bepMeHT, pepMEeHTATUBHOE PA3JIOKEHIE MAKPOMOJICKYIT
XUTO3aHa ITPOBOIAT IpH Temrtepartype 35—40°C o moJ-
HOI Ierpagaliny XMTO3aHa; IIepel BBEICHNEM B CUCTEMY
(bepMeHTa IPOBOIAT TOTIOTHUTEIBHYIO VIIBTPAa3BYKOBYIO
00paboTKy IHCTiepcuu ¢ 9yacToToit 1o 35 KI'11; B KauecTBe
(bepMeHTa NCITOMB3YIOT MTaIanH, VUIM ITAHKPEeaTHH, WITN
aMmIasy, WIN TIIOKOaMUIa3y, WA XUTO3aH; KOHIICH-
TpaLMs XuTo3aHa B pacTBope cocTapisieT 0,1—3 macc. %,
KOHIICHTpALMS JNOKCHAA TUTaHA B paCTBOPE XMTO3aHA
coctanjsteT 0,01—20 Macc. % oT MacChl CyXOTro XMTO3aHa,
IPEKypCOPHI HAHOYACTHUIL OJIATOPOTHBIX METAJIJIOB —
o1 0,01 10 5 Macc. % OT MacChI CyXOro XUTO3aHa; I1ociie
BBITIAICHUS B 0CAIOK BCETO MOAM(UIIMPOBAHHOTO M-
OKCHIa TUTAHA CUCTEMY ITOIBEPTalOT TEPMOOOPAOOTKE
npu Temnepatype 70—100°C.

Cnioco0 n3roToBJeHns1 00'beMHBIX MUKPOPA3MePHBIX
cTpykryp u3 nanouactun (RU 2730008 C1)

M300peTeHne OTHOCUTCS K alTUTUBHOM 3D-TexHO-
JIOTUY JIJIST TIPOU3BOJICTBA TTPEUMYIIIECTBEHHO OObEMHBIX
MUKPOPa3MEPHBIX CTPYKTYpP M3 HAHOYACTHUI], KOTOPbIE
MPUMEHSIIOTCS B DJIEKTPOHUKE, (DOTOHUKE U APYTUX
obmacTax. Criocob M3roToBJIeHUS 00BEMHBIX MUKPO-
pa3MEepHBIX CTPYKTYP U3 HAHOYACTHII BKIIIOYAET (pHC.
3) cmekaHMEe HAHOYACTHIL Ha TIOIIOXKE 5, TTOIydeHUe
B OJIoKe 1 moToKa a’po30JIs ¢ HAHOYACTUIIAMU B T10-
TOKE TPAHCIIOPTHOTO Ta3a, HarpeB Ja3epHO-OITHYE-
CKMM YCTPOICTBOM 6 B 0J10Ke 8 ONTUMU3AIAN adpO-
307151 C HAHOYACTUIIAMU B TTOTOKE TPAHCIIOPTHOTO Ta3a
¢ obecrieueHUEeM MOJTydeHUsT HAaHOYACTUII chpepruIecKOii
(opMBI, TPAHCTIOPTUPOBKY ITOJTYYEHHOTO ITOTOKA Yepe3
BbhIxo#, 10 6Jloka 8 onTMMM3alK a3pP0o30JId ¢ HaHOoYa-
CTUIIAMM K TOJIOBKE 3 ¢ COTIOM 4 J1sT (DOKYCUPOBKHU €TI0
Ha TTOJTOKKE 5, TOJAIoT B YKa3aHHOE COITJIO TTOTOK a3po-
30JI51 C HAHOYACTUIIAMU U OJHOBPEMEHHO 3alllUTHBIN
ra3 ¢ obecrieueHreM (POKYCUPOBKH MMOTOKA adPO30JIsT
HAHOYACTHUIL HA TIOMJIOKKE M OCaXKIAl0T HAHOYACTHUIIBI

13 C(HOKYyCHUPOBAHHOTO MOTOKA a3P030JIsT Ha TTOMIOXKKY
[6]. OcaxkneHue 1 crieKaHKMe HAHOYACTUIL Ha ITOIJIOXKKE
BeIyT B aTMocdepe 13 3aMTHOTO raza, KOTOPYIO CO3-
IafoT TIoA corutoM. M3006peTeHne TO3BOIsIeT TTOBBICUTH
TUOKOCTh 1 3(PDEKTUBHOCTD YIIPABICHUS TIPOIIECCOM,
VIIPOCTUTH YCTPOMCTBO TIPHU OCYIIECTBICHUU CITOCO0a
3a CYET IPUMEHEHUSI OHOTO Jla3epa I HarpeBa a3po-
30JI1 ¢ HAHOYACTUIIAMU B TIOTOKE TPAHCIIOPTHOTO Ta3a
IUTST 0OECTICUCHUS TTOTYYeHUSI HAHOYACTHUIT C(hepIICCKOM
GopMBI 1 crIeKaHWST HAHOYACTHII Ha TTOMIJIOXKKE.

Puc. 3. Cnioco® n3roToBiieHusi 00beMHBIX MUKPOPa3-
MEPHBIX CTPYKTYP U3 HAHOYACTHIL

JlaHHOE TeXHNIEeCKOe pelIeHNe TT03BOJISICT M3TOTaB-
JINBATh OOBEMHBIC CTPYKTYPHI M3 HaHOUYacTUI. OTHAKO
IIpH TIPUMEHEHNN YKa3aHHOTO TEXHIUECKOTO PEIICHUST
BO3HUKAIOT TPYAHOCTU B U3SMEHEHUY TEMIIEPATYPHI [TPU
HarpeBe a3po30J1sI C HAHOYACTUIIAMU B TIOTOKE TpaHC-
ITOPTHOTO Ta3a IJIsT 00ecTieYeHMST TTOIyIeHUST HaHOYa-
ctull cpepudeckoit hopmbl TpedbyeMoro pasmepa, Tak
KakK TIpUMeHsIeMbIe HarpeBaTeJIbHBIC 3JIEMECHTHI SIB-
JISIIOTCSI UHEPLIMOHHBIMU U TPeOYeTCsl CPAaBHUTEIbHO
OOJIBIIION IIPOMEXKYTOK BpEMEHHU, HATIPUMED, TSI YMEHb-
IIeHUS TeMIIepaTyphel HarpeBa. Takke TpeOYIOTCS I1Ba
HMCTOYHMKA HaTrpeBa - UIST CIICKaHWST HAHOYACTHII U TSI
HarpeBa a’3po30JIsI C HAHOYACTUIIAMU B TIOTOKE TpaHC-
ITOPTHOTO Ta3a.

PesynbraT, Ij1sT HOCTIKEHUSI KOTOPOTO HAIIPaBICHO
TAHHOE TEXHUICCKOE PEIICHIE, 3aKITI0IaeTCST B BOBMOXK-
HOCTH 00Jjice THOKOTO M3MEHEHMST TTapaMeTPOB Mpoliecca
IIpY OTHOBPEMEHHOM YMEHBIIICHUY KOJINYECTBA IIPUMe-
HSIEMOTO 000PYIOBaHUS IUISl OCYIIECTBIEHHUS CITOco0a.
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Croco6 nosbimenns 3¢G)eKTHBHOCTH METAJIOTHIPHT-
HbIX TemwiooomennnkoB (RU 2729567 C1)

M300peTeHnE OTHOCUTCS K 00JIaCTU TEIJI0dHEpre-
TUKU Y BOZOPOJHOM DHEPTETUKM, a TOUYHEE K YCTPOIi-
CTBaM Harpesa JIM0O oXJaxXKIeHUs (TeTI000MEHHUKI
WUTA TETUIOBBIC HACOCKI) HAa OCHOBE OOPAaTUMBIX TEPMO-
XUMHWYECKNX [IUKIJIOB, KOTOPBIE JUTST pAOOTHI MCITOIL3YIOT
SHEPTUIO0 UICTOYHUKOB HU3KOITOTEHIIMAILHOTO TeTlia
IPUPOIHOTO OO TeXHOTeHHOTO XapakTepa [7]. B man-
HBIX YCTPOMCTBAX B XOJIe TEPMOXUMMYECKUX ITUKIIOB
TIPOMICXOAUT JINOO TOTJIOIIEHNE BOIOPOIA METaJIJIAMU
WJIH CIIJIaBaMHM ¢ 00pa30BaHUEM TMIPUIOB, KOTOPOE UIET
C BbIIEJICHUEM TeTljia, 100 BhlIeJIeHNE BOJOpOIa TIPU
pa3lIoKEHUU TUAPUIOB, COTPOBOXIAIONIEeCs MOTJIO-
meHueM Teruia. [Tormomenne Bogopoaa IMIpOUCXOaUT
TIpY JABJICHUU BOJIOPO/IA BHIIIIE TaBIECHUS 00pa30BaHUSI
TUIpUAA WU IIPU BHEITHEN TeMIiepaType HUXKe TeM-
nepaTypbl JeTUIPUPOBAHMS, a BBIIEIIEHE BOOOPOIa
MPOUCXOIUT MPU AABJICHUU BOAOPOAA HIXKE JaBJICHUS
pa3oXeHNs TUAPUIOB MU TIPU TEMIIEpaType BBIIIIe
TeMITepaTyphl IeTUAPUPOBAHNS.

HoBu3Ha mpenimaraeMoro crnocoba 3akiodaercs
B TOM, YTO B COCTaB METAJUIOTUAPUIHON 3aCHITIKHN Te-
TUIOOOMEHHWKOB BBOJISITCSI HE pearupyloline ¢ BOIOPO-
JIOM U ¢ METaJUIOTUIPUIHBIM MaTepHUAIOM OUCTIEPCHBIE
3JIEMEHTHI, MaTepUaJl KOTOPBIX MMEET JOCTATOYHO Ma-
JIYIO TIZIOTHOCTD U JOCTATOYHO BBICOKUI KO3(PPUIIUEHT
TEMITepaTyPOIIPOBOIHOCTH. DTO TTO3BOJISIET YBEIUYNUTH
YIETBbHYIO MOIITHOCTH METAJUIOTUAPUIHBIX TETIIIO0OMEH -
HUKOB Y CHU3UTH BEC YCTPOMCTB, UYTO B OCOOEHHOCTU
Ba3XHO TSI MOOMJTBHBIX TIPYJIOKEHUI METAJITIOT AP/ -
HBIX TEXHOJIOTUH. JIOTIOTHUTEILHO TaKe T00aBKU MO~
3BOJISIOT YMEHBIINTD CITEKAeMOCTh ITOPOIITKOB MeTaJl-
JIOTUJIPUIHOM 3aCHITIKM B XOJI€ IIMKJIOB MOTJIOIIEHUSI -
BBIIEJICHUST BOJOPOIA.

IMpemraraeMoe TeXHMYECKOE pellIieHNE MOXET ObITh
WCTIOIB30BAHO U JIJIST IPYTUX Ta30(a3HbIX MPYIIOKEHUIA
METAJIOTUIPUIOB, TAKNX KaK aKKyMYJIMPOBaHME BOIO-
pona. TexHrn4ecKNM pe3yIbTaToOM SIBIISIETCS YBeJTMUEeHNE
YIIETbHOM MOIITHOCTY METAJUTOTUAPUIHBIX TETIIIO00OMEH -
HUKOB M CHIDKEHIE Beca YCTPOIMCTBA, a TAKKe YMEHbIIIe-
HUE CIIEKaeMOCTH TTOPOIITKOB METAJUTOTMIPUITHOM 3aChITT-
KU B XOJie INKJIOB TOIIOIIEHUS - BhIIeJIEHIS BOIOPOA.

Bosiokonno-ontuyeckmii 1atunk Bemectsa (RU
2731036 C1)

BoJIOKOHHO-ONITUYECKNIT CEHCOP BelleCTBa OTHO-
CUTCS K 00JIaCTU TEXHOJIOTUII MaTepuajaoB, MaTepua-
JIOBETYECKUX U aHAJIMTUYECKUX MCCIEAOBAHWIA U MO~
3BOJISIET PACIIMPUTDL 00J1aCTh MPUMEHEHMS, TIPU 3TOM
YIIPOCTUTH KOHCTPYKIIMIO U TTOBBICUTH YYBCTBUTEb-
HOCTb JAaTYMKa, KOTOPBII comepsKUT (puc. 4) oTpe30K
BOJIOKOHHO-OIITHYECKOTO KabeJst (1), Ha OmHOM KOHIIE

KOTOPOTO PacITOjIoKeHa 00BheKTHASI MUKPOJIMH3A (2),
a Ha TIPOTUBOIIOIOXKHOM €Tro KOHIIe MUKpoanH3a (3),
Ha TIOBEPXHOCTH 00BEKTHOI MUKPOJIMH3HI (2) HaHece-
Ha IUIeHKa (4) ¢ m06aBKO# yIIIepOTHBIX HAHOTPYOOK,
TP 3TOM TSI OCYIIECTBIICHUS TIpoliecca B3SITUS TIpo0
JIaTYMK YCTAHABJIMBAIOT Ha IJIACTUKOBOU Oupke (5).
[MomygeHHBIN TEXHMYECKUI pe3yIbTaT 00eCTICUMBACTCST
3a CUET CO3MaHMs CUTHAJIa BTOPUIHOTO KOMOWHAIIN -
OHHOTO pacCenBaHUsI, €TO YCWICHUS B CTPYKTYpPE yIJIe-
POIHBIX HAHOTPYOOK M Tepeaayr YCUJICHHOTO CUTHAJIA
B CTieKTpoaHanu3aTop [8].

BonokoHHO-ONTUYECKHIT TaTIYUK padOTAET CICIy-
oM 00pa3oM. JaTumK 3aKpervIsSioT Ha MIaCTUKO-
BOI1 OMpKe 5, Ha KOTOPOI pa3MernaeTcs MHGOPMaIs
0 KOOpAMHATaX M BpeMEHU B3ITHUS TIPOOHI. 3aTeM ILIa-
CTHUKOBYIO OMPKY 5 ¢ JaTYNKOM ITOMEIIAIOT B CJIOT IOP-
TaTUBHOTO CIIEKTpOaHAIN3aTopa, Tae Ha OOBEKTHYIO
MUKPOJIMH3Y 2 HAIIPaBJISIOT JIy4 JIa3epa, BEI3BIBAIOIINIA
BTOpUYHOE KOMOMHaIMOHHOe (PuMaHoOBcKoOe) u3ny-
YeHHUE C YaCTUII BEIeCTBA, 3aXBaUCHHBIX ITUICHKOI 4.
DTO U3IIyYeHNE, €TO CIICKTPABHBIIN COCTaB, OIIPEACIIs -
eTCS CTPYKTYPOI U COCTAaBOM MOJIEKYJIBI MICCIIEITyeMOTO
BEIIIECTBA, UYTO ITO3BOJISICT IO CIIEKTpOrpaMMe UICH-
THOULIIPOBATH BellecTBO. I1eHKa 4 Ha TTOBEpXHOCTH
O0BEKTHOI JIMH3HI 2, BHITIOJHEHHAST ¢ HATIOJTHEHUEM
13 YIJIEPOIUCTHIX HAHOTPYOOK, YCHIIMBACT 3JICKTpOMar-
HUTHBIC KOJIEOAHUST CBEPXBBICOKMX YaCTOT. DTO yCH-
JICHHOE M3JIy4eHNE COOMpPAeTCsT MUKPOJIMH30M 2 U T10
BOJIOKOHHO-OIITHYECKOMY KabeTio | HarpasIIsSIioT B OIT-
THYECKUI TIPUEMHUK CIIeKTpoaHanm3aropa. Lindposoit
SKBUBAJICHT CITEKTPOTPaMMBbI OTIIPABIISICTCS B «00IaU-
HyI0» 0a3y TaHHBIX, TIE OCYIICCTBIISICTCS ITOMCK HAanbo-
JIee OJTM3KUX 00pa3IoB CIIEKTPOrpaMM U BO3BpallacTCs
TIepeUYeHb BEIECTB, VIOBICTBOPSIOMNX KPUTEPHUIO OT-
6opa, ¢ yKazaHNEeM BEPOSITHOCTH COBIIAICHUS.

Puc. 4. Bo10KOHHO-0ONTHYECKHIi JATYHK BelleCTBa

Hcnonb3oBaHue BOJOKOHHO-ONTAYECKOTO JaTYMKa
BEILIECTBA MO3BOJISIET PACIIMPUTHL 00JaCTh MPUMEHe-
HUS, TIPU 3TOM YIIPOCTUTb KOHCTPYKIMIO U TTOBBICUTH
YyBCTBUTEJIbHOCTh JaT4nKa. BOJOKOHHO-ONTUYECKUIA
JIaTYMK BELIECTBA, COAEPXKaIIMA OTPE30K BOJTOKOHHO-
OINTUYECKOTO Kabesisl, OTIMYAIOIIUIACS TEM, UTO CHAOXeH
MUKPOJIMH30M U 00bEKTHON MUKPOJIUH30M, KOTOPhIS
pacIooXeHbl Ha MPOTUBOMOJIOXHBIX KOHLIAX OTpe3Ka
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BOJIOKOHHO-OIITUYECKOT0 Ka0eJIsI, M TIICHKOM ¢ To0aB-
KOI yIJIepOTHBIX HAHOTPYOOK, HAHECEHHOIT Ha ITOBEepX-
HOCTh OOBEKTHOI MUKPOJIMH3EI.

Cnioco6 mosrydenus (h)yHKIMOHAJIBHOTO TPEXMEPHOTO
KOMIIOHEHTA ONTO3JIEKTPOHHOTO MPHOOpa 1 (PYHKIMOHAb-
HBIii TPEXMEePHDbIi KOMIIOHEHT ONTO3JIeKTPOHHOTO MpHoopa
(RU 2731498 C1)

I'pyrma n300peTeHNt OTHOCUTCST K TEXHOJIOTUH
TIOJTYYCHMST TIOJTYTIPOBOTHUKOBEIX TIPHOOPOB, a TOUHEE
K CITOCO0Y MOJy4eHUsI OECITOMIOXKETHBIX MAaCCUBOB
HUTEBUIHBIX HAHOKPHCTAJIJIOB, a TAKXKe K CTPYKTYpE
(byHKIIMOHAIBPHOTO TPEXMEPHOTO KOMITOHEHTA, M3TOTOB-
JICHHOTO TIO 3asIBISIEMOMY CITOCOOY U TTpeTHa3HAYCHHOTO
IIJISI KICTIOJIb30BAaHUS B ONTORJICKTPOHHBIX IIPUOOpaXx.
M300peTeHne MOXKET HATH IPUMEHEHNE, HAIIpUMED,
B IIPOMBIIIIICHHOM TIPOM3BOICTBE CBETOM3IIYUAIOIINX
YCTPOUCTB ¥ (hOTOUYBCTBUTEIBHBIX 3JIEMEHTOB [9].

2
3
—
Puc. 5. Cnoco6 nosyyenusi (pyHKIMOHAIBHOTO TPEX-
MePHOT0 KOMIOHEHTA ONTO3JIEKTPOHHOTO Mprdopa

Crroco6 moydeHusT (hyHKIIMOHATIBHOTO TPEeXMEp-
Horo komrtoHeHTa (DTK) onTosnekTpoHHOTO IIpHUbOpa
(puc. 5) XxapakTepu3yeTcs TeM, YTO Ha ITOBEPXHOCTH, Ha-
rperoit 1o Temneparypbl 620—710°C KpeMHUEBO TTOI-
JIOXKHU | METOIOM MOJICKYJISIPHO-ITYIKOBOIT SITUTAKCHH,
(opMUPYIOT MacCHB OMHOHAIIPABICHHBIX HUTCBUIHBIX
HaHokpuctauioB (HHK) III-AUTpUIHBIX MaTepraIoB
¢ 00pa3oBaHMEM MAcCHBa HAHOKPUCTAUIOB 2, MMEIOIIINX
TIepeMEHHOE TI0 BBICOTE ITOIIEPEYHOE CCUCHHE C YTOHYe-
HUSIMHU Ha 000X KOHIIAX W YACTUYHO CPOCIIUXCS B ce-
PEIMHHON TI0 BBICOTE 30HE 3, TTOCIIC YETO OCYIIEeCTBIISIIOT
OTJEJICHNUE TTOJIYICHHOTO MacCHBa OT TOIJIOXKHU ITyTeM
TpaBJIeHUs BOTHBIM PaCTBOPOM, BKITIOUAIOIINM ILIaBH-
KOBYIO M a30THYIO KUCJIOTY. [1oy9eHHEIN OTHeIeHueM
OT MoaJI0XKHU OecrniomioxeuHsiit maccuB HHK mpegna-
3HAYCH T IIPUMEHEHMS B KaueCTBe (PYHKIIMOHAIEHOTO
TPEXMEPHOTO KOMITOHEHTA OITO3JICKTPOHHOTO TIPHOOopa.
DOyHKIMOHABHBIN TPEXMEPHBIN KOMITOHEHT MOXET SIB-
JISIThCSI MACCBOM HUTEBUIHBIX HAHOKPHUCTAJIOB HUTPHIA
WHOVS-TAJUTNS, IV HUTPYIA WHIVS, WIA HATPUIA TaJUTHS.

Texamyeckuii pe3yabTaT — 00ecIeueHIe KOHCTPYK-
TUBHOU TIpouyHOCTH (1emoctHoctn) PTK, chopmupo-

BaHHoro B Buje MaccuBa HHK III-HuTpunHbIX MaTepu-
aJIOB, JOCTATOYHOM IJIsI er0 (PYHKIIMOHNPOBAHUS TTOCIIE
OTHEJICHUS OT MOMJIOXKH ITPU BEICOKOM OITHYCCKOM
kauectBe Matepuana HHK.

CucteMa yiaBiIMBaHHS Tra3a, coAepKamiero Jie-
Ty4ne OpraHud4ecKue COeIMHEHMS M MOJyYeHUs yriie-
POAHBIX HAHOMATEPHAJOB, M CIHOCO0 ee MOJyYeHHUs
(CN:201911384044:A)

WN300peTeHne mpeacraBiaseT co00i cuctemy Ajst
yIIaBIMBAaHMS Ta3a, COMEPIKAIIETO JICTyIle OpTaHude-
CKME COCTMHECHUS, 1 TTOTYICHUS YTIICPOIHBIX HAHOMA-
TepuajoB, a TakKXKe MeTonnK ee padboTs! [10]. Cuctema
COCTOMT M3 ITOACUCTEMBI a0COPOIINH/IeCOPOIIUH, IO -
CHCTEMBI aIicOPOIINN/IecOpOLINY 1 TIOACHCTEMBI Kap-
OOHM3AIINH, a TAKXKE MOXET BKJIFOUATh TTOICUCTEMY TSI
pasneeHus ra3a u KuakocTu. Criocob yIaBIuBaHUS
rasa, CoIepKaIlero JeTyIrne OpraHMIeCKIEe COCaHe-
HUS U MOJIyYeHUsI YIJIEpOAHOro HaHOMaTepuasa ¢ Uc-
ITOJTb30BaHNEM CHCTEMBI, BKITIOYAET CJICAYIOIIIE STAITHL:
BO-TIEPBBIX, yIaJeHUE OOJIbIIEH YacTh JETyUYuX opra-
HUYECKUX COCIMHEHUI 13 ra3a, COACPIKaIIero JeTydrne
OpraHMYECKUE COCTUHEHUSI, Yepe3 IMTOICHCTeMY adcopo-
1IN/ IecOpOIINI; 3aTeM Yepe3 ITOACUCTEMY aIcopOIIm/
JIECOPOIINH, B COOTBETCTBUH C YCTAHOBJICHHBIM CTaHIAP-
TOM 3MUCCUU; KOTIa A0COpOLMS WK aicopOLns OIU3KU
K HACHIIIICHUIO, BBITIOTHEHNE OTIepaIliy IeCOPOIINN;
KOHJICHCAINST OPTAaHNYCCKUX BEIIECTB, MOJTYICHHBIX
IecopOITMeil B IIOACUCTEME pa3aeIcHNS Ta3-KUIKOCTb,
U cOOp KUAKOCTU (PELIMPKYJISILIUS WU OTCTYTUIEHUE);
obecIieueHe BO3MOXKHOCTH ITOCTYTUICHUS OTHCIICHHO-
IO rasa B IIOACUCTEMY KapOOHMU3AIINU, TeHEpUPOBaHHE
VIJIEPOTHOTO HaHOMAaTepHalia IIPU BBICOKOM TeMIIepa-
Type, TIOCJIe TOTO, KaK XBOCTOBOM ra3 IMOICUCTEMBI Kap-
OOHM3aIU 1 XBOCTOBOM ra3 IMMOACUCTEMBI aIcopOIIi,/
IecopOIny O0ObEeINMHSIOTCS, a 3aTEM BBITPY3Ka ITOCTIe
TOCTVKCHMST 3aaHHOTO cTaHaapTa. CpoK MCITOIb30Ba-
HUS afcOpOEHTA IIPOJICBACTCSI, a TIOTPEOIICHNE SHEPTUHN
CHITKAETCSA; JICTYIre OpraHUIeCKIe COCTMHEHUSI TIpe-
BpalllafoTCs B YIIEPOIHBIC HAHOMATEPUAIbI, TAK YTO
CTOMMOCTD aJICOPOCHTA CHIKACTCS.

Crioco0 3ammThl 111 3JIEKTPHYECKUX COeTNHUTENEei
¢ nomompbio HaHomokperTus (US20200291524)

[IpenmoxeHo yCTPOMCTBO TUIA3MEHHON TTOIMMEpPH -
3alliM, M U3y4deH Tpoiecc. [IpuMepoM ocyImecTBICHUS
IIpoIiecca MOXeT CIYKUTh BaKyyMHasI KaMepa, UMeIo-
masi CMMMETPUIHYIO (pOpMY OTHOCUTEIBHO IICHTPAITb-
Hoii ocu [11]. Bpamaroliasics cToilka KaMmepbl MOXKET
OBITH BBITIOJTHEHA C BO3MOXKXHOCTBIO TTOBOPOTa BOKPYT
LIEHTPAJIbHOM OCU BaKyyMHOI Kamepbl. KpoMe Toro,
MEXaHM3MBI OTBOAA XUMUYECKN AaKTUBHBIX BEIIECTB,
pacIoI0oXeHHBIE IO TIEPUMETPY BaKYyMHOM KaMepHl,
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MO CYIIECTBY CHUMMETPUYHO OTHOCUTEIbHO BHEIITHETO
nepuMeTpa BaKyyMHOI KaMepbl, MOTYT ObITb BBIIOJI-
HEHBI C BO3MOXKHOCTbBIO TUCTIEPTUPOBAHUS XUMUYECKU
aKTUBHBIX BElLIECTB B BaKyyMHOI kamepe. Pearupy-
I0llM€ BelIeCcTBAa MOTYT 00pa30BbIBATh MOJMMEPHOE
MHOTOCJIOMHOE MOKPBITUE HA TTOBEPXHOCTSX OJHOTO
WJIM HECKOJbKUX yCTpoucTB. Kaxmblit ci1oif MOXeT
MMETb Pa3JIMUYHBIA COCTaB aTOMOB JIJIsI TTOBBILIEHUS
BOJOCTOMKOCTH, KOPPO3UOHHOM CTOMKOCTHA U COIIPO-
TUBJIEHUS] UCTUPAHUIO MOJUMEPHOTO MHOTOCIONHOTO
MOKPBITUSI.

Cnioco06 moJryueHnsi HAHOPa3MEPHbIX OKCHIHBIX Me-
TAIMYECKNX J00ABOK, CHIZKAIOIINX TEMIIEPATYpy Cre-
KaHWs M/WIM MOBbINAIONINX MPOU3BOAUTENBHOCTD MPHU
U3TOTOBJICHUM KEePAMUYECKUX JeTajieil, yayqdalmmux
MeXaHn4eCcKHe CBOiiCTBA 0e3 BJIMSIHUS HA CBOICTBA OCTe-
KJIOBBIBAHWS KEPAMHYECKOI MACChI, TUIMTOK MJI MOKPBITHIA
(US20200115287)

OOBEKTOM HACTOSIIIETO N300PETCHMS SIBJISIETCSI CITO-
€00 ToJTy4eHUSI, KOHANIIMOHNPOBAHMS M CTAOVIT3AIIAN
ceMeiicTBa 6a30BBIX 10OABOK OKCUIOB HATPHSI, KaJHsI,
6opa, KpeMHUs, UHKA, KaJTbLWSI U 1., TTOTYICHHBIX
PU3UKO-XUMUICCKUMH U XUMUICCKIMHU METOIAMU
CHHTe3a, 00pa3yIoIInX HAHOMETPUUECKHE CTPYKTYPHI,
nepedopMyIrpoBaHHBIE Ie(hIOKYISTHTHRIMI, CEKBE-
CTPAHTHBIMU U TUCTICPTUPYIONINMU T0OaBKaMM, KOTO-
pBIC TTO3BOJISIIOT TIOJIYUYHUTh TUCIIEPCHIO WM TTOPOIIIOK,
CITOCOOHBIC CHITKATh TEMIICPATypy CIIeKaHHUSI KepaMude-
CKOTO TeJIa 3a CYET BBICOKOI (hITFOCYIOIIEH CITOCOOHOCTH,
KOTOpast MAKCUMHU3UPYETCST 33 CUST MCIIOIb30BaHMS Ha-
HOTEXHOJIOTUH B ITOJTYY4eHHBIX CTPYKTypax [12].

[poriecc 3aKkimrouaeTcs: B 00pa30BaHUM LIEHTPOB KPH-
CTaJUTM3aIH OKCUIOB METAJUIOB, CUJIMKATOB 1 Kap0o-
HATOB C TTOMOIIBI0 (PU3MKO-XUMUUECKOTO TIpoIieccea,
KOTOpPHIE TTO3BOJISIOT HAHOMETPUICCKUM CTPYKTypam
pacTy C IIOMOIIIBIO0 XUMIIECKOTO TIpoliecca B IIpoliecce
XUMHWYECKOTO CHHTE3a BJIaXKHOW OCHOBBI OKCHIOB Ha-
Tpusi, 00pa, KpeMHMS, IMHKA, KaJIUsI ¥ KaibLiys (puc. 6).
CoueTaHNe 3TUX OKCHIOB ITO3BOJISICT CTPYKTYPHPOBATh
3JIEMEHTHI C BBICOKOI (DIIFOCYIOIIEH CITOCOOHOCTHIO OJ1a-
ronapsi X 00JIbIION TIJIOIIAAN TOBEPXHOCTU U (DU3UKO-
XUMUYIECKOMY cocTaBy. Jlo0aBKM, TTOJTyIeHHBIC B Ha-
CTOSIIIIEM M300PEeTeHNN, XUMUIECKH CTAOMIIN3NPOBAHBI
IeIOKYINPYIONINMI aTeHTaMM, KOTOPBIE TTO3BOJISIIOT
BBOIUTH 3TU TOOABKM B ITPOIIECC M3MEIBPUCHUS KepaMu-
YeCKOUW Macchl B BOTHOM Cpelie.

[IpuMeHeHMe TOTYICHHBIX B JAHHOM M300peTCHUN
IO0ABOK ITO3BOJISIET CHU3UTh TEMIIEPaTypy CIICKAHUS
n3nenuii u3 KkpacHoi ruHEI ¢ 1150°C mo 1000°C, B dap-
doposuix n3genusax ¢ 1180°C go 1050°C, ¢ ncnons3o-
BaHueM 0,2—5% no0aBKM WK YBEIUYEHUEM CKOPOCTH
TepMo00OpaboTku 10 20%, a TaKKe MOTYT ObITh UCITIOJIb-
30BaHBI ITPY U3TOTOBJICHUH CAHTEXHUKH, (DOPMOBOYHBIX

neTajieil, nerajei uisi OCHACTKH, IIOKPBITUIA, OOPIIOPOB,
aMasiell, CTeKJIO0Opa3HbBIX MACT U APYTUMX KEpAMUYECKUX
KOMITOHEHTOB. B HacTosi1ieM n300peTeHuHU Tpeaara-
€TCsl HECKOJIbKO HAHOCTPYKTYPUPOBAHHBIX I IUTUBHBIX
COCTaBOB C BLICOKMMU 3KCIUTyaTallMOHHBIMU (DIIIOCYIO-
IIMMU CBOMCTBaMU, KOTOPbIE MO3BOJISIIOT ONTUMU3UPO-
BaTb M CTaHIAPTU3UPOBATh MIPOLIECC CIIEKAHUS U YIyd-
LIUTh MEXaHUYECKHE CBOMCTBA KEPAMUUYECKOTO MU3NEHSI.
Taxke npeayiokeHbl pa3IuuHbIe CITOCOObI TPUMEHEHUST
J00aBKY B KEpaMHUUYECKUX COCTaBax.

==y

ke
|
©)

Puc. 6. CxemaTuzanus npouecca noJyieHusi HAaHO-
CTPYKTYP € NOMOIIBIO (PU3MKO-XMMUYECKOro mpouecca:

1 — cucTemMa 103UPOBAHUS ChIPbSI;

2 — cucTeMa T03MPOBAaHNS IIPHUCANIOK;

3 — cucTemMa J03UPOBAHMST BOTHOM CPEIIBI;

4 — 0aK Ij1sT TIPUTOTOBJICHUSI CYCITCH3HH;

5 — BBICOKOBRHEPTeTUYICCKasI MEJIBHUIIA;

6 — IMCIEePCUOHHBIN 0aK;

7 — XpaHeHNE HAHOCTPYKTYPUPOBAHHOI M0OaBKI
B BOJIHOI cpeae;

B1 — HaHOCTpyKTypupOoBaHHas J00aBKa B BOIHOI
cpele — MIeT B IIPOIIECC CUHTE3a XUMUIECKUM ITyTEM;

C — HaHOCTPYKTYypHpOBaHHAS MT00aBKa B BOTHO
cpene — Mmepexom K IMPpolecCy CYIIKH.

HanocTep:kHN U3 TeJUIypa, yCTpOMCTBA XpaHe-
HUSI SHEPTUU M CIIOCOOBI MX TOJYYeHMsI, a TaKxXKe
cIIoco0 IToy4eHUsT HaHOMaTepuajaoB U3 TeJuIypa
(CN:201910699049:A)

Hacrosiiiee n3odbpereHue pacKpbiBaeT METO/, TTOATO-
TOBKM MaTepHaIa IS ITOTydYeHNsT HAaHOCTEPXKHEH Ha oc-
HOBE TeJUTypa, UCITOIb3yeMBIX B KQUeCTBE HAKOITUTEICH
SHEPTUM, U CITOCO0 WX ITOJYICHUSI, 1 OTHOCUTCS K 00-
JIACTH TIOJIyJIeHUST HAaHOMAaTepHaIOB Ha OCHOBE TeJUTypa
[13]. CornacHo crtoco0y IToJydyeHUsT HAaHOMAaTepUaJioB
Ha OCHOBE TeIITypa, IIPUTOTOBIICHUE K IIPOIIECCY TTOJTyIe-
HUSI MaTepraia MOXET OBITh OCYIIICCTBIICHO C TIOMOIIBIO
IIPOCTOTO METOMA SJICKTPOXMMHUYECKOTO PACTBOPECHUS TIPH
HOpMaJIbHOI TeMIlepaType U HOPMaJIbHOM OaBJICHUM.
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Croco0 IIPUTOTOBIICHUS IIPOCT B TIPMMEHEHNH, a ICTIONb-
3yeMoe 3JICKTPOJIM3HOE 000PYIOBaHNUE SIBISICTCS IITHPO-
KO ITpUMEeHUMBIM. HaHOoCTepsKHM Tequtypa, TToJTyIeHHBIC
TIpeaIaraéMbIM METOIOM, SIBJISTIOTCS OMHOMEPHBIMU Ha-
HOCTEPKHSIMHU U3 TEJUTypa, MOTYT OBITh MCITOIb30BaHbI
IIJIST TIPOM3BOICTBA PA3IMIHBIX HAKOIIUTEICH 3HEPTUHN
¥ UMEIOT IIPEUMYIIECTBO BEICOKOM EMKOCTH.

Taxouce npe()cmawuuom unmepec dasn cneuuaaucmoes
cztet)ymmue u306pememm 6 00aacmu HAaHOMEXHOA02UTL:

*  CrIpbeBast cMeCh TSI M3TOTOBIICHUS MEJIKO3EPHUCTO-
ro ToIMMepoeToHa, MOTU(UITNPOBAHHOTO MUKPO-
KpeMHe3eMoM [ 14].

* YcraHOBKA IJIsI CMHTE3a YIJIEpOACOMepKAIINUX Ha-
HoMmatepuaos [15].

*  HcmpITaHUS KOMIO3UIIMOHHBIX MaTepHAJIOB MPU
BBICOKOW TeMIIEpaType Ha casur [16].

* Crroco0 1moiydeHUsT HaHO4YaCcTHII cepedpa [17].

* DMyIbCUOHHAS CHUCTEeMa C HaHOYACTUIIAMU IS
OTpaHUYCHUSI BOIOIIPUTOKOB B HE(PTSIHBIX M TA30BBIX
cKBaxkmHax [18].

*  Cnoco0 monyJ9eHrs] HAHOKPUCTAITTIECKOTO KyOu-
yecKoro Kapomna Boiabdpamal19].

*  CTpouTeNbHBIN KOHCTPYKIIMOHHBIH 251eMeHT [20].

*  H3ydyeHme nedopMallmOHHBIX CBOMCTB M TEKYUYECTH
TUTACTUYHBIX CMa30YHBIX MAaTepHUAJIOB C TIPHCATKAMK
YIJIEpOAHBIX HAHOCTPYKTYP pa3IMaHoro tunia [21].

«  KoMImo3uius ¢ yriepogHEIMA HaHOTPYOKaMM IS
TIOTYYCHUSI YTTIEPOTHOI 3aTOTOBKY JIJIST BBICOKOITIIOT-
HOI sic/c/si Kepamuku [22].

+  KomMrro3uimu, comepskaliie HaHOMETPUIECKYIO MEIb
[23].

* [lomygeHme KepaMUUeCKUX KOMITO3UTOB TTOCPEI-
CTBOM MOIV(DUIIMPOBAHUS YIJIEPOTHBIX HAHOCTPYK-
Typ [24].

+  KommosuiimorHast MeMOpaHa ISl OCYIIICHUST TIPUPOI-
HBIX U TEXHOJIOTMUECKIUX Ta30BBIX CMECEil Ha OCHOBE

CIINCOK JIUNTEPATYPBI

okcuaa rpadeHa, MHTepKaTMPOBAHHOTO THIPOKCH -
JIMPOBAHHBIMU MTPON3BOIHBIMU (DyIIIEpeHOB [25].

*  Croco6 moaydeHnsT MOTU(UIINPOBAHHBIX YIIICPOI -
HBIX HAHOTPYOOK [26].

*  (DYHKIMOHAIBHBIN 3JIEMEHT ITOJIYIIPOBOIHUKOBOTO
npubopal27].

* BimsHne yHKIIMOHATU3AUN YIIIEPOIHBIX HAHO-
TpyOOK Ha IPOBOMASIINE CBOMCTBA KOMITO3UIIMOH -
Horo Matepuada [28].

+ IllmxTa Ha OCHOBE OKCHIA aTIOMUHUS 1 CITOCOO T10-
JIydeHUs IPOYHOI KepaMuku [29].

*  OMYIBCUOHHO-CYCITEH3MOHHBIC CUCTEMBI ¢ HAaHOYA-
CTHUIIAMH IIJIT PeMOHTAa HE(TSIHBIX M Ta30BBIX CKBa-
xwuH [30].

* TBepmoTeabHBIN KOHIEHCATOP-HOHUCTOP C TUAJICK-
TPUIECKUM CIIOEM, BBITTOTHEHHBIM M3 HAHOITOPOIITKA
nnanekTpukal31].

*  VYraepoagkepaMHUYeCKHUIT BOJTOKHUCTO-apMHUPOBaH-
HBI KOMITO3UIIMOHHBIN MaTepral U CIIOCO0 eTo
noyrygeHus [32].

* HWccaenoBaHne ymapHOTO pa3pbiBa IMOJIMMEP-TKa-
HEBBIX KOMITO3UTOB, apMUPOBAHHBIX YTJICPOTHBIMU
HaHOTpyOKamu [33].

+ Crioco0 moJjiydeHusl HaHOYACTUL OKCHUIA aIOMU-
Hus[34].

3AK/IIOYEHUE

OnHa M3 aKTyalbHBIX 3aJad 9KOHOMUKU JII000it
CTpaHBI — MTOBBIIICHE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIIJICHHOCTH 32 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHnsI. M1 B TOM HarpaBJIeHUH TJIaBHBIM OOBEKTOM
BHUMAaHMS CO CTOPOHBI TOCYIAapCTBa U KOMITAaHUIA CTa-
HOBSITCSI JIIOIM WJIU TIPEATIPUSITHSI, Ibsl OCHOBHAsI paboTa
CBsI3aHA C M300peTeHNEM 1 BHEAPEHUEM HOBBIX TEXHO-
soruii. [ToaToMy HameeMcsI, YTO MyOIMKyeMast B JaHHOM
pyOpuke nHdbopmanus 0yaeT BOCTpeOOBAaHHOM U TTO-
JIE3HOM TSI CTICLIMAIMCTOB.
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ABSTRACT: Introduction. Because of urban development the volume of municipal and industrial wastewater are growing. Along
with them the amount of sewage sludge (SS) also increases. Millions of tons of SS are currently accumulated on the territory of the
Russian Federation and contain various pollutants, including heavy metals (HM). In this regard, the search for effective methods
of SS treatment from HM is an urgent problem. The main methods of SS treatment are drying, dehydration, thermal methods, UV
and microwave wave treatment. These kinds of disinfection eliminates many pathogenic microorganisms, but they are quite ex-
pensive and not effective against HM.. Reagent methods include SS disinfection with quicklime (CaO). However, decontamination
requires large doses (up to 30%) and it is also ineffective against HM. Humic-mineral reagent are more effective, they are based on
crushed caustobiolites, their cleaning capacity from HM is 19-87%. Methods and materials. The authors have previously shown
the effectiveness of wastewater treatment from HM using sorbents based on dolomite, quartzite, and waste from mining and
processing plants. Therefore, a method for SS treatment from HM using sorbents based on dolomite, humates, and CS containing
CaCo, and humic compounds was proposed. In this regard, a method was proposed for SS treatment from HM using three types
of sorbents based on: 1) waste of thermal power plants (TPP) - conditioned sludge (CS) containing CaCO, up to 68% and humic
compounds up to 12% - sorbent 1 (S1); 2) dolomite — Mg and Ca carbonate in a composition with sodium humate (25%)- sorbent
2 (S2); 3) modified dolomite with sodium humate (1%) - sorbent 3 (S3). Results and discussion. In laboratory experiments, the
cleaning capacity of SS was studied using a dolomite-based sorbent modified with humate (1%). In field tests, a decrease in the
concentration of HM in SS was studied with the use of sorbents based on CS and the complex sorbent dolomite-humate (75:25).
The cleaning capacity of SS from HM increases in the series: sorbents based on waste from TPP - CS containing CaCO, and humates
(cleaning capacity E = 4.8-48.6% for dried SS and 29.3-53.3% for dehydrated SS) < sorbent based on a composition of dolomite
with humate (E = 65.1-92.1% for dried and 56.6-89.4% for dehydrated SS) < a dolomite-based sorbent modified with humate
(E = 90.8-99.9%). Conclusions. The maximum cleaning capacity is shown by a dolomite-based sorbent coated with a nano- and
micro- sized layer of sodium humate.

KEYWORDS: sewage sludge treatment, sorbents, heavy metals, dolomite, humate, conditioned sludge.
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INTRODUCTION

Alcong with the development of cities and industrial
enters, the volume of municipal and industrial
wastewater is growing. Waste materials generated after
wastewater treatment negatively affect the environment
and the city’s population.

Millions of tons of sewage sludge (SS) are currently
accumulated on the territory of the Russian Federa-
tion. Most of its are located on the drying beds that are
not equipped with waterproofing and the SS disposal
mainly does not meet environmental requirements and
standards accepted in the world. Accumulating near
treatment facilities, SS pollute nearby territories, sur-
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face water and groundwater. In this regard, the search
for effective methods of SS treatment and disposal is an
urgent problem.

SS contain significant amounts of heavy metals (HM),
which are removed by various methods [1—8], including
adsorption [9—14].

Primary treatment of SS is aimed at reducing weight,
volume and disposal costs, as well as to reduce potential
risks to human health during its disposal.

Sludge drying beds provide the simplest method of
dewatering. Its humidity can be reduced to 75—80%.
Vacuum filters are most widely used for mechanical de-
watering.

The main methods of cleaning SS include thermal
methods, UV and microwave wave treatment. These kinds
of disinfection eliminates many or all pathogenic micro-
organisms, but they are quite expensive and not effective
against HM.

Reagent methods include SS disinfection with quick-
lime (CaO). However, decontamination requires large
doses (up to 30%) and it is ineffective against HM [15].

It is known that humates are good complexing agents
of HM. It binds them into stable complexes and convert-
ing into fixed water-insoluble forms [16—17].

In the paper [16] to reduce the concentration of HM
in polluted soils the authors used a humic-mineral reagent
based on crushed caustobiolites obtained by mixing brown
or oxidized coal with KOH or NaOH. This reagent con-
tains a significant amount of humic acidsand the authors
[16] found that the humic reagent reduces the concentra-
tion of HM in doses of 1—5% by weight in relation to the

mass of soils contaminated with HM (Zn, Mn, Sr, Ni,
Co, Cu, Pb, Cd), but not effectively enough (table 1).

It is known that wastes from thermal power plants
(TPP) — conditioned sludge (CS) are used as sorbents,
which mainly consist of CaCO, and contain up to 12%
humates [18—19]. Such sorbents can be used for waste
water treatment from petroleum products and HM.

In our works [9, 10, 17, 20—22], it was shown that
sorbents based on dolomite, quartzite, and waste from
mining and processing plants are highly effective in treat-
ing wastewater from HM.

Therefore, we have proposed a comprehensive method
for cleaning SS from HM using sorbents based on dolo-
mite, humates, and CS containing CaCO, and humic
compounds.

METHODS AND MATERIALS

The research object is SS — a solid fraction, that is
formed as a result of the wastewater treatment process and
consists of organic and mineral substances, including HM
in concentrations significantly exceeding the maximum
permissible standards (MPS).

As materials for the preparation of sorbents were used:
— conditioned sludge, which mainly consist of CaCO,

(up to 68%) — sorbent 1 (S1);

— composite sorbent based on dolomite and humate

(25%)— sorbent 2 (S2);

— dolomite with nano- and micro-sized layers of hu-
mates deposited on its surface (modified dolomite) —
sorbent 3 (S3).

Table 1
Effectiveness of soil sanitation with humic-mineral reagent
Average concentration Average concentration Effectiveness of soil
Heavy metal (HM) of HM in the soil before of HM in the soil after .
sanitation, mg/kg sanitation, mg/kg T, 7
Zink 25 10.1 60
Manganese 7.7 6.24 19
Strontium 45.6 5.78 87
Nickel 9.6 2.7 72
Cobalt 9.3 3.66 61
Chrome 23.7 5.38 77
Copper 4.3 2.46 43
Lead 34.8 9.32 73
Arsenic 12 1.76 85
Vanadium 8.4 6.18 26
Antimony 0.7 0.268 62
Tin 12.2 5.28 57
Cadmium 0.99 0.338 66
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Table 2
Chemical composition of dolomite
Ne Component Comp(;)l;e;teifg(;::ent, w Ne Component Comp(;:;e;teifg(;::ent, w

1 CaO 29.2 10 As <0.002
2 SiO, 2.97 11 Pb <0.005
3 Fe O, 0.44 12 Mn 0.021
4 AlL,O3 0.45 13 Co <0.005
5 MgO 21.1 14 Cu <0.005
6 K,0 0.27 15 Mo 0.0022
7 Na,O 0.041 16 Cd <0.001
8 S <0.005 17 Cr <0.005
9 F <0.1 18 Hg <0.00001

The studies were performed using x-ray fluorescence
analysis (XRF) on a VRA-30 spectrometer and induc-
tively coupled plasma atomic emission spectrometry
(ICP-AES) on an ICPE-9000 spectrophotometer with
a spectral range of 167—800 nm and a detection limit of
1 mg/kg.

The chemical composition of S1 (%): SiO, — 0—4.9;
Fe(OH), — 5.8-7.1; CaSO, * 2H,0 — 3-9.5; CaCO, —
62.8—68.2; MgCO, — 3.9—6.6; organic matter — 5.2—8.9.

The concentration of HM cations (% of weight):
Cu? —0.04—0.014; Ni*2—0.008 + 0.003; Zn>* — 0.033—
0.013; Mn?** — 1.05—-0.407; Cr** — 0.001 £+ 0.0003; Pb** —
0.002 £ 0.0003; Cd** — 0.22 = 0.08.

Dolomite is a sedimentary carbonate rock of white
or dark gray color. It mainly consist of the Ca and Mg
carbonates class mineral. The dolomite used in the work

Table 3

in the form of dolomite chips (DC) — waste product of
dolomite processing [23—24], the chemical composition
of which is shown in table 2.

Laboratory experiments were carried out using S3,
that containing 1% sodium humate deposited with a layer
200 nm — 50 microns thick [16]. 5 g of sorbent was added
per 100 g of SS and actively mixed for 5 days at room
temperature. As a result of this treatment, the concentra-
tions of all the studied HM decreased to values below the
MPS in the soil.

Samples of SS from the municipal unitary enterprise
«Ufavodokanal» were used in the experiments. The SS
previously were dewatered to a humidity of 27% at a tem-
perature of ~150°C.

HM concentrations were determined using the ICP-
AES method using an ICPE-9000 spectrophotometer.

Results of laboratory experiments and calculation of the effectiveness of reducing the concentration of HM

after SS treatment with S3

HM concentration The limit values HM concentration
Heavy metal (HM) in SS before for HM in the soil, | in SS after cleaning, Efficiency (E, %)
cleaning, mg/kg mg/kg mg/kg
Lead 550 130.0 23+0.7 90.1
Cadmium 4.32 2.0 0.11 £0.03 97.4
Zink 1000 220 0.96 £0.29 99.9
Copper 226 132.0 0.22 +£0.07 99.9
Chrome 130 6 41x1.2 96.8
Nickel 205 80.0 1.5+04 99.3
Arsenic 2.7 2.0 0.032 £0.010 98.8
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The effectiveness of reducing the concentration of HM
in SS was calculated using the formula:

E = (C,—C)/C,* 100%,

where C, C, — are the values of HM concentrations in
SS before and after SS purification, respectively.

RESULTS AND DISCUSSIONS

We have conducted studies of sorption treatment of SS
from HM in laboratory and field conditions using various
types of sorbents.

The results of laboratory experiments using S3 are
shown in table 3.

According to table 3, a high efficiency of reducing the
concentration of HM in the SS samples was achieved and

Table 4

Nanobm

mainly amounted to 97—99.9%, only for Pb the efficiency
was 90.8%.

In order to bring the experiment conditions as close
as possible to the actual conditions for processing SS,
field tests were conducted. The technological platform
has a waterproofing base and is equipped with a drain-
age ditch.

Field tests were conducted in several stages:

— preparation temporary composting field for the receiv-
ing of SS;
— receiving SS;

Two types of SS samples from the municipal unitary
enterprise «Ufavodokanal» were used: dried to a humidity
of 36% at a temperature of 20—30°C (dried SS) and de-
hydrated to a humidity of 27% at a temperature of 150°C
(dehydrated SS).

Results of field tests and calculation of the effectiveness of reducing the concentration of HM

after SS treatment with a S1

HM concentration in SS, mg/kg
Heavy metal Sample Ne 6 of dried SS . Samples Ne 2 of dehydrated SS .
HM Efficiency Efficiency
(HM) before after before after
. . (E, %) . . (E, %)
cleaning cleaning cleaning cleaning
Copper 226 + 57 215+ 54 4.8 158 £40 108 £+ 23 31.6
Zink 1000 £ 250 630 £ 160 37.0 430 + 110 304 + 64 29.3
Iron 13900 £ 3500 | 18000 = 5000 — 11985 + 3020 — —
Calcium 41000 = 10000 | 34000 £ 9000 17.0 16000 + 4000 | 41000 £ 10000 —
Manganese 560 £ 140 320 £ 80 42.8 300 £ 80 — —
Nilel 79 £20 60 £ 15 24.0 60 £ 15 28+ 8 53.3
Cadmium 14.0 £ 3.5 72123 48.6 16.0 = 4.0 10.0 37.5
Lead 25.0t6.2 14+4.0 44.0 — — —
Table 5
Results of field tests and calculation of the effectiveness of reducing the concentration of HM
after treatment of SS with a S2
HM concentration in SS, mg/kg
Heavy metal Sample Ne 6 of dried SS . Samples Ne 2 of dehydrated SS .
HM) Efficiency Efficiency
( before after before after
. . (E, %) . ! (E, %)
cleaning cleaning cleaning cleaning
Copper 226 £ 57 79 £20 65.1 158 + 40 38+9.5 75.9
Zink 1000 £ 250 114 + 28 88.6 430 £+ 108 125+ 32 70.9
Nikel 79 £20 233+5.8 70.5 60+ 15 26.1+5.0 56.6
Cadmium 14+4.2 1.1+£0.2 92.1 16 + 4.0 1.7+4.2 89.4
Lead 89 + 22 67 £ 16 24.7 14+ 3.5 62116 52.0
Arsenic 2.7+£0.7 1.5+04 44 .4 27167 1.7+4.2 30.8
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— treatment of S1 and S2: mixing SS with sorbents
3—4 times within 4—5 days;

— sampling of treated SS and determination of HM
concentrations in them by the ICR-AES method
(table 4).

According to table 4, the using of S1 reduces the con-
tent of Zn, Mn, and Ni, but increases the concentrations
of Fe and Ca and generally does not show high efficiency
(4.8—48.6% for dried SS and 29.3—53.3 % for dehydrated
SS). The concentration of Fe and Ca increases due to
their presence in the CS.

Table 5 shows the results of field tests using a S2.

The efficiency of SS treatment using a S2 sorbent from
Zn, Cu, Ni, Cd at room temperature is 65.1-92.1% for
dried sludge and 56.6—89.4% for dehydrated sludge, for
Pb and As — 24.7—44.4% and 52.0—30.8%, respectively
(table 5).

Thus, comparing the results of tables 4 and 5, sor-
bents based on the composition of dolomite and humate
showed higher efficiency of SS treatment than sorbents
based on CS.

It should be noted that the efficiency of SS treatment
with S2 and S3 decreases in the field experiments that in
laboratory experiments, despite the fact that the humate
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Cop6LNOHHAA OUYNCTKA 0CAafKOB CTOUYHbIX BOA
OT TAXKeNbIX MeTanioB
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PE3IOME: BBegeHue. PocT ropofioB 11 pa3BrT/ie MPOMBbILLSIEHHbIX LIEHTPOB NPVIBOAUT K YBENIMYEHI0 00pa30BaHsA CTOUYHBIX BOJ,
(CB) n, Kak cnepcTBue, 0cafgkoB CTOUHbIX Bog (OCB), obpasytoLmxcsa B pesynbrate ounctku CB. B HacTosLlee BpeMsi Ha Tepputopum
Poccun HakonneHbl munnnoHbl ToHH OCB, coflepikallme pas3nmyHble 3arpA3HUTENN, B TOM Yncie Taxenble metansbl (TM). NMostomy
pa3paboTka meTooB ouncTku OCB ot TM siBnAeTca akTyanbHoOW 3apadeil. OCHOBHbIMM MeTofamy 06paboTKu, OUMCTKI 1 0be33apa-
xunBaHua OCB ABNAOTCA BbICYLUVBaHUE, 06€3BOXKMBaHME (C MOMOLLbIO BaKyyMHbIX 1 TepMUYeckux MeTofoB). YO- n CBY-obnyueHne —
3T cnocobbl JOCTAaTOUHO JopPOory, 3GHEKTVBHbI B OTHOLWEHUN NATOreHHbIX MAKPOOPraHN3MOB 1 NMPaKTUYECKN He BAKAIOT Ha
KOHUeHTpaumto TM. M3BecTHbl peareHTHble MeTofbl ouncTku OCB ¢ ncnonb3osaHmem CaO - HeraweHowm U3BeCTH, aHHbIA MeTof
He 0Cc06eHHO 3¢ deKTuBEH B OTHOLWeHKM TM. Bonee 3¢ peKTMBHBI 'YMUHOBO-MUHEPATIbHbIE PEAreHTbl, MoJlyYeHHbIe Ha OCHOBE 13-
MeJIbUEHHBIX KayCTOOMONNTOB, NPV KOTOPbIX CTEMEHb OUNCTKN OT TM cocTaBnsieT 19-87%. MeToAbl n maTepuanbl. ABTOpamm paHee
6blna NokasaHa 3GpdeKTMBHOCTb ouncTku CB o1 TM ¢ nomoLbio cOpbeHTOB Ha OCHOBE OTXOAOB [10/IOMUTA, KBapLMTa, rOPHO-060-
raTuTesibHbIX KOM6MHaToB (TOK), B TOM uncne moaudrunpoBaHHbIX ryMmaTamu. B cBA3u ¢ 3Tm 6bin npeanoxeH metopn ounctku OCB
oT TM ¢ nprmeHeHnem Tpex TMNoB COPOeHTOB Ha ocHoBe: 1) oTxoaos T - wnama BogonoaroToeku (LLUBM), conepxatero CaCO,
110 68% 1 ryMunHOBbIe coepviHeHnA Ao 12% — copbeHT 1 (C1); 2) onommuTa — kKapboHaTbl Mg 11 Ca B KOMMO3ULMK C FyMaTOM HaTpuA
(25%) — copbeHT 2 (C2); 3) gonomuTa C NOBEPXHOCTbIO, MOANGULIMPOBaHHON rymaTom (1%) cnoem 200 HM — 50 MKM — cop6eHT 3
(C3). Pe3ynbratbl 1 06¢cyAeHMe. B 1abopaTopHbIX IKCNepuUMeHTax Oblna uccnegoBaHa 3bpekTMBHOCTb ouncTkn OCB ¢ nomolybio
copbeHTa Ha OCHOBE A0NIOMUTA, MOANGULMPOBAHHOTO ryMaToMm (1%). B moneBbIX UCMbITAHUAX N3YUYEHO CHUPKEHME KOHLEHTPALUN
TM B OCB npu nprMmeHeHUn copbeHToB Ha ocHoBe LLIBI n KoMnnekcHoro copbeHTa gonomut-rymart (75:25). MokasaHo, uto addek-
TUBHOCTb oumcTkn OCB oT TM Bo3pacTaeT B psiay: copbeHTbl Ha 0cHoBe oTxodoB TOL — lwnaMmoB BOgONOArOTOBKM, coAepKaline
CaCo, v rymatbl (3¢ dekTrBHOCTb ouncTkm E = 4,8-48,6% ans BbiCylweHHbIx 1 29,3-53,3% ana obe3soxeHHbix OCB) < copbeHT Ha
OCHOBE KOMMO31LUM fonomumTa ¢ rymatom (E = 65,1-92,1% ans BbiCyLLeHHbIX 1 56,6—-89,4% ana o6e3BoxeHHbIXx OCB) < copbeHT Ha
OCHOBE [i0IOMUTa, MOAUOULIMPOBaHHbI rymaTom (E = 90,8-99,9%). BbiBogbl. MakcManbHy0 3GpdeKTUBHOCTb OUMCTKM NPOABAAET
COpPOEHT HAa OCHOBE A0/IOMUITA, MOKPbITHIN HAHO- Y MMKPOPa3MEPHbLIM C/TOEM rymaTta HaTpusi.

KJTIOYEBDIE CJTOBA: ouncTKa 0CafjkoB CTOUYHbIX BOfI, COPOEHTbI, TAXKeNble MeTasibl, LOJIOMUT, 'yMaTbl, LslamM BOLOMOATOTOBKM.

ANnAa UUTUPOBAHUA: Hazapos A.M., Tyktaposa W.0., KynaruH A.A., ApacnaHosa J1.X., ApxuneHko B.A. CopbLunoHHasa ouncTka
0CafIKOB CTOYHbIX BOJ OT TAXKEeNbIX MeTannoB // HaHoTexHonorum B ctpoutensctae. — 2020. — Tom 12, N2 5. - C. 285-291. - DOI:
10.15828/2075-8545-2020-12-5-285-291.

BBEJEHUE

pa3BUTHEM TOPOIOB M MHAYCTPUAIBHBIX IIEHTPOB
pacTteT 00beM X03CTBEHHO-OBITOBBIX, TTPOMBIIII-
JICHHBIX 1 TTIOBEPXHOCTHBIX CTOUHEIX Box (CB). OTxombl,
KOTOpbIe 00pa3yIoTCsT TTOC/Ie OYUCTKH CTOKOB, TIPEI-

CTaBJISTIOT COOOM HEraTUBHBIN (DAKTOP aHTPOIIOTEHHOTO
BO3JEICTBUS Ha OKPYXKAIOIIYIO Cpeay, Ha HaceJleHne
ropozja.

Ha tepputopun P® B HacTosIIIce BpeMST HAKOTUICHBI
MIJUIMOHBI TOHH 0CanKoB cTOYHEIX BoI (OCB), 60:bImas
4acTh KOTOPBIX pa3MeIIaeTcsl Ha MIIOBBIX TUIOIIALKAX
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OYMCTHBIX COOPYXXEHUI, HE 000PYTOBaHHBIX TUIPOU30-
mamueit. Pasmemenne OCB Bo MHOTHX CITydasix HE COOT-
BETCTBYIOT 9KOJIOTUUECKUM TPEOOBAHUSM U MPUHSTHIM
B MUpe cTaHmapTaM. HakanauBasich BO3J€ OUMCTHBIX
COOPYXXEHMIH Ha UJIOBBIX IJIOIIAIKAX, OCAAKHU SIBJISTIOTCS
3arpsI3HUTENISIMU OJIM3JIeKalluX TEPPUTOPHUiA, TTOBEPX-
HOCTHBIX U MOJA3EMHBIX BOI. B CBSI3U C 9TUM MOMCK 3(-
(beKTUBHBIX CITOCOOOB OUMCTKH U ITOCICAYIOMICH VTN -
3anmn OCB Ha npeanpusaTusIX BoOToKaHaIa M OYMCTHBIX
COOPYKEHUSIX TTPOMBILIEHHBIX MPEATTPUITHN SIBISIETCS
aKTyaJIbHOM TIpOOJIEMOIA.

OCB conepkat 3HAYUTEITHHBIC KOJTNICCTBA TSDKETBIX
MeTaiioB (TM), mist ynaneHust KOTOPbIX UCTOJIb3YIOTCS
pa3MuHbIe METOILI [ 1—8], B TOM 4mcIie ancopOIMOHHbIE
[9—14].

IMepBuunas oopadotka OCB HampaBieHa Ha yMeHb-
1IeHKEe Beca U 00beMa, YTOObI CHU3UTD 3aTpaThl HA YTU-
JIM3ALMIO, a TAKXKE Ha CHUXKEHME MOTEHILIMATIbHbBIX PU-
CKOB /151 3I0POBbSI MPU YTUJIM3ALIUU.

Hawu6Go:ee rmpocTbiM criocoboM 00e3BOKMBAHUS SIB-
JIsieTcs MOACYIIMBaHKWE 0CaKa Ha WIOBBIX TIJIOIIAIKaX,
[JI€ ero BJIAXHOCTb MOXET ObITh yMeHblIeHa 10 75—80%.
Ji1st MexaHN4eCcKOro 00e3BOXKMBaHMS OCAIKOB HAUOOJIb-
1Iee IpUMEHEHMEe HAIITA BaKyyM-(DWIbTPHL.

K ocroBHBIM MeTomaM ouricTki OCB oTHOCATCS TEp-
MU4YecKue MeTonbl, oopadorka YP- n CBY-BomHaMu,
HO OHM JOCTATOYHO JOPOTH U CJIOKHBI B arinmapaTypHOM
ocdopmieHnM, 3(hHEeKTUBHBI IJIsT 00e33apakBaHNST T1a-
TOT€HHBIX MUKPOOPTaHU3MOB 1 He 2 (HEKTUBHBI B OT-
HoweHun TM.

Tabauya 1

K peareHTHBIM MeTOZaM OTHOCHUTCS 00e33apakKiBa-
HHE ocalKa, OCHOBaHHOE Ha 00pabOTKe MjIa HeraleHOi
n3BecThio (Ca0). OgHako Wit 00e33apaskUBaHUST Tpe-
Oyrotcst 6osbinme 10361 (10 30%) 1, KpoMe TOro, OHO He
a¢pdexTuBHO B oTHOmEeHUn TM [15].

M3BeCcTHO, YTO TYyMaTHI SIBIISIIOTCSI XOPOIIIMMHU KOM-
niaekcoobpasoBareynsiMu TM, CBSI3BIBAIOLIMMU MX
B IIPOYHBIC YCTOMYNBBIC KOMIUIEKCHI U TICPEBOIS B He-
MOABMXKHBIE BOTOHEPACTBOpUMbIE (DOpMbI [16—17].

Bruto mokasaHo [16], 4To It CHIDKEHMS KOHIIEHTpa-
iy TM B TeXHOT€HHO 3arpsI3HEHHBIX ITOYBAX UCTIOJb-
3YIOT TYMUHOBO-MUHEPAJIbHBIN peareHT U3MEITbUCHHBIX
KayCTOOMOJIUTOB, TTOJIyYeHHBIX ITyTEM TTepeMEIITBAHS
Oyporo Win oKuciaeHHOTro KaMeHHoro yriist ¢ KOH mm
NaOH. JIaHHBII peareHT COIEePKUT 3HAUNUTEJIBHOE KO-
JINYECTBO TYMUHOBBIX KHCJIOT, HCOUMIIICHHBIX OT OaJI-
JIACTHBIX TIPUMECEi, COImepsKaIIXCsI B IIPUPOTHBIX Kay-
crobuonutax. ABropamu [ 16] ycTaHOBJIEHO, UTO B J03aX
1—5% macc. 110 OTHOILIEHMIO K Macce 3arpsi3HeHHbBIX
TM mous (Zn, Mn, Sr, Ni, Co, Cu, Pb, Cd) ryMmruHOBEI
pearcHT CHIDKaeT KOHIIeHTpamuio TM, HO HeTOCTaTOUHO
s dekTuBHO (TabMI. 1).

W3BecTHO, YTO Ha OCHOBE 0TX0A0B TOLI — 1nramon
BogornoaroroBku (ILIBIT) nmoayyatoT copOeHTHI, OCHOB-
HBIM KOMITIOHEHTOM KOTOPHIX sABjsteTca CaCO,. Takue
COpOEHTBI MOTYT OBITH MCITOI30BaHKI T 0uncTKI CB
oT HeTenponykToB 1 TM u, kpome Toro, B ILLIBIT co-
nepkarcst 1o 12% rymatos [18—19].

B mammx padotax [9, 10, 17, 20—22] 66110 TTOKa3aHO,
YTO COPOEHTHI HA OCHOBE JOJIOMUTA, KBAPLIUTA, OTXO-

Sd)(l)eKTHBHOCTb CaHAIIUU MOYB T'YMHMHOBO-MHUHEPAJIbHBIM PEAr€éHTOM

CpenHsis KOHIEHTPALMS HSIST KOHIEHTPAIHS
Hanmenosanne TM Tlslll: nomsz nl(l)ecall:::nn, Cp'i“lll\/l B n(())ql:leenolc);: gd)d’eKmBH;c“ ST

MT/KT CaHAIUK, MI/KT ?
vk 25 10,1 60
Mapraner 7,7 6,24 19
CrpoHumit 45,6 5,78 87
Hukenb 9,6 2,7 72
Kobanbr 9,3 3,66 61
Xpom 23,7 5,38 77
Menb 4,3 2,46 43
CBuHel] 34,8 9,32 73
MBILIBSIK 12 1,76 85
Bananuii 8,4 6,18 26
CypbMa 0,7 0,268 62
OJoBO 12,2 5,28 57
Kagmuii 0,99 0,338 66
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OB TOpHO-00oTaTuTeTbHbIX KoMOMHATOB ('OK), B TOM
YHCiIe ¢ HAHECEHHBIMU Ha MX MMOBEPXHOCTh TyMaTaMU
HAHO- 1 MUKPOPa3MEPHBIM CJIOEM, IIPOSIBIISTIOT BBICO-
Ky10 3¢ GEeKTUBHOCTD IIPU OYMUCTKE CTOYHBIX BOI OT TM.

ITosToMy HaMM OBLI TIPEIIOXKEH KOMIUIEKCHBII Me-
tox ourictk OCB ot TM ¢ ucroiab3oBaHeM COpOESHTOB
Ha OCHOBE OJIOMUTA, TYMaTOB, a TaK:Ke COPOCHTOB Ha
ocnoge HBII, conepxamunx CaCO, u ryMMHOBBIE CO-
CIUHCHMSI.

METO/bI 1 MATEPUAJIBI

Oo6bekToM uccienoBanug apigorcess OCB, npen-
CTaBJISIIOIINE COOOM TBEPAYIO (PpaKIINio, 00pa3yIOILy-
FOCsI B pe3yabTaTe Ipoliecca OYMCTKHA CTOYHBIX BOI 1
COCTOSIIYIO M3 OPTAHMYECKIX Y MUHEPATbHBIX BEIIIECTB,
B ToM umciie TM B KOHIIEHTpaLMSIX, CYIIECTBEHHO TIpe-
BBIIIAIOIINX TIPEACITHHO JOITYCTUMBIC HOPMBI.

B xauecTBe MaTepraioB 11T IPUTOTOBJICHUS COP-
OEHTOB ObLIM UCIOJIb30BAHDI:

— LIBII, conepxamuuit B ochosHom CaCO;, (10 68%) —
copoent 1 (C1);

— KOMIIO3UIIMOHHBIA COPOCHT Ha OCHOBE JTOJIOMUTA
u rymata (25%) — copbenr 2 (C2);

— JIOJIOMUT C HaHECEHHBIMH Ha €ro ITOBEpXHOCTH Ty-
MaTaMU HaHO- ¥ MUKPOpPa3MePHBIM CJIOeM (maiee —
MOIUGUIINPOBAHHBIN JOJIOMHT) — copoeHT 3 (C3).
HccnemoBaHUST XUMHIECKOTO COCTaBa COPOCHTOB

TIPOBOIWINCH PEHTTEHO-(IYOPECIIEHTHEIM METOIOM

anamm3a (PPA) na cnekrpomerpe VRA-30 1 meTomom

ATOMHO-3MUCCUOHHOM criekTpomeTpun (ADC) ¢ nH-

IYKTUBHO-CBS3aHHOM IIa3MOI Ha CIIEKTpo(oToMeTpe

ICPE-9000 co criekrpaibHbIM auana3oHoM 167—800 Hm

W TIpeIeIOM OOHapy:KeHUs | MT/KT.

CopOent C1 umeeT cienyomuil XMMUYeckuil CocTaB
(%): SiO, — 0—4,9; Fe(OH), — 5,8-7,1; CaSO, * 2H,0 —
3-9,5; CaCO, — 62,8—68,2; MgCO, — 3,9-6,6; opra-
HUYeCKue Berectna — 5,2—8,9.

Konuentpauus karnoHoB TM cocraBuia (% macc.):
Cu?* —0,04—0,014; Ni*>— 0,008 £ 0,003; Zn>* — 0,033—
0,013; Mn?" — 1,05-0,407; Cr** — 0,001 £ 0,0003; Pb** —
0,002 £ 0,0003; Cd** — 0,22 £0,08.

HomoMut — ocamovyHast KapOoHaTHAsI TOpHasi ITopoaa
OT 6EJI0TO 0 TEMHO-CEpPOTro IIBeTa, IPEUMYIIIECTBCHHO
COCTOSIIIAsI U3 TTOPOIO0OPa3yIOIIeTo MUHEpaja Kilac-
ca kapoonatoB Ca u Mg. Mcrionbp30BaHHEBI B paboTe
IIOJIOMUT B BUIE HOJTOMUTOBOM Kpomku (mamee — JIK)
SIBJISTICST OTXOIOM TIPOM3BOICTBA TIPEATIPUSITHS, TIepe-
pabaThIBaIOIIETO MPUPOIHBINA TOJTOMHUT [23—24], XuMu-
YeCKHI1 COCTaB KOTOPOTO TIpeACTaBICH B Ta0. 2.

JlabopaTopHbIe 3KCTIEPUMEHTBI TIPOBOIUINCH C MC-
ITOJTb30BaHMEM B KauecTBe copoeHTa C3, KOTOPHIN CO-
nepxai 1% rymaTa HATpUsl, HAHECEHHOTI'O CJIOEM TOJIIIIK-
Hoit 200 HMm — 50 mxwm [17]. Ha 100 r OCB po6asnsiau 5t
copbOeHTa, 3aTeM MePUOANIECKI aKTUBHO TTepeMeIII-
BaJIK B TeUCHME 5 THEH TP KOMHATHOM TeMITepaType.
B pesynbraTe Takoil 06pabOTKM KOHLIEHTPALIMM BCeX
uccneayeMblx TM cHu3uauch no 3HaueHuii Hke [TJIK
B ITOYBE.

B xauectBe OCB ncnonb3oBaanch 00pasibl 0CaTKOB
crounbix Bog MVYII «YdaBogokaHam», ipeaBapUTeIbHO
00€e3BOKEHHbBIE 10 BiIaXXHOCTU 27% mpu TemIiiepaType
~150°C.

Ormpenenenne KoHueHTpauuit TM ocyiiecTBIsn
MetonoM ADC ¢ MHOIYKTUBHO-CBI3aHHOMU IIJIa3MOil Ha
cnektpodoromerpe ICPE-9000.

DPDEKTUBHOCTh CHIDKEHUS KOHIeHTpanuu TM
B OCB paccuntbiBanm no ¢hopmyiie:

Tabauya 2
XyUMHYECKHIT COCTAB JI0JJOMHUTA
Ne n/m HanmeHnoBanue Conep:xanue Ne n/m Haumenosanue Conep:xanue
KOMIIOHEHTa KOMIIOHEHTa, % Mmacc. KOMIIOHEHTa KOMIIOHEHTa, % Mmacc.

1 CaO 29,2 10 As <0,002
2 SiO, 2,97 11 Pb <0,005
3 Fe,O, 0,44 12 Mn 0,021
4 ALO3 0,45 13 Co <0,005
5 MgO 21,1 14 Cu <0,005
6 K,0 0,27 15 Mo 0,0022
7 Na,O 0,041 16 Cd <0,001
8 S <0,005 17 Cr <0,005
9 F <0,1 18 Hg <0,00001
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E = (C,—~C,)/C*100%,

Tae CO u Ct — 3HaYeHnd KoHneHTpaunit TM B OCB
1o u ocite ounctku OCB, cOOTBETCTBEHHO.

PE3YJIbTATBI 1 OBCYKJIEHUE

Hamu mpoBeneHsI McCIeIOBAaHUS COPOIIMOHHOM
ounctkn OCB ot TM B 1abopaTOpHBIX U TTOJEBBIX
YCIOBHUSIX C UCIIOJIb30BAHNEM PAa3IMYHBIX BUIOB COP-
OEHTOB.

PesymbTaThl 1a60paTOPHBIX SKCIIEPUMEHTOB C MC-
ToJIb30BaHMeM B KauecTBe copoeHTa OCB copbenTta C3
TIpUBEACHHI B Ta0. 3.

AHaMM3Upys TaHHBIE Ta0a. 3, clIeayeT OTMETUTH
BBICOKYIO 3(P(PEeKTUBHOCTh CHIUKCHUS KOHIICHTPAIIUN
TM B o6pasiax OCB (cymectBerHo Hike [TIK mrs
HEKOTOPBIX MeTa/LI0B 6osee, ueM B 200—600 pas3), Ko-
TOpast B OCHOBHOM coctaBuiia 97—99,9%, nuiib o Pb
a¢pdexTuBHOCTb cocTaBmiia 90,8%.

C menpio MacIITabMPOBaHMST SKCIIEPUMEHTA U MaK-
CHMAJIBHOTO TIPUOIMKCHUS YCIOBHI €TI0 IIPOBEACHUS
K peanabHBIM ycIoBUsAIM 06padoTku OCB 651 1po-
BEIICHBI TTOJICBBIC UCITBITAHUS IT0 CHUKCHUTO KOHIICH-
tpau TM B OCB. TexHonornueckas 1ioliaagKka nMe-
€T TUIPOU3OJISIIIMOHHOE OCHOBAHUE U TI0 TIEPUMETPY
00ycTpoeHa IpeHaXKHOM KaHaBOU IJIsl yIaBIMBAHUS
CTOKOB.

[ToneBbIe UCTIBITAHUS IIPOBOAMIINCH B HECKOIBKO
3TaroB:

— TIOATOTOBKA MJIOBBIX M BDEMEHHBIX ITOJIEBBIX TUIOIIA-

TIOK KOMIIOCTHPOBaHMSI K mpuHITHI0O OCB;

— mnpueM OCB (8 xauectBe OCB ucmonb3oBaanch 00-
pa3ibl ocankoB cTouHbIX Bog MVYII «YdaBomokaHan»

2 TUTIOB: TIPEIBAPUTEIHHO BEICYIIICHHBIC JO BIAXKHO-

ctu 36% npu temneparype 20—30°C (BbICYLLIEHHbBIE

OCB) 1 ipeaBapUTETHLHO 00€3BOXKEHHBIE 10 BIIaXK-

Tabauua 3

Hoctu 27% npu temieparype 150°C (00e3BoKeHHbIE

OCB);

— oyproBanue OCB;

— obpaborka OCB copbenTamu C1 1 C2 (B cooTHOIIIE-
Hum 5% k macce OCB): s nepemermBanust OCB
¢ copOeHTaMU MPUMEHSIIACH TEXHUIECKHUE CPel-
ctBa 3—4 pasa B TeueHHne 4—5 mHe# Ha TUToIaaKe
10X20 m?;

— oT160p npob obpadboranHbIx OCB 1 mocenyioniee
oIpenesieHre B HUX KoHIeHTpaunit TM MeTomoM
ADC (Tabm. 4).

Kak BumHO 13 DaHHBIX Ta01. 4, NCITOIb30BaHME TSI
ounctku OCB copbenToB C1 cHIKaeT conepkaHue Zn,
Mn u Ni, ogHako noBbIIaeT KoHueHTpanuu Fe n Ca
1 B IIeJIOM HE TTOKa3bIBaeT BBICOKYIO 3(P(PEKTUBHOCTH
(4,8—48,6% mna seicyinenasrx OCB 1 29,3—53,3% nisa
00e3BoxkeHHBIX OCB). IToBbIIeHNE KOHIIEHTpau Fe
n Ca IMpOUCXOINT 3a CUET NX IIPUCYTCTBUS B IIUTAME BO-
TTOTIOATOTOBKU.

B 1ab6:1. 5 mpuBeneHBI Pe3yaIbTaThl MOJEBBIX NCITHITA-
HUU ¢ NCTTOTb30BaHEeM copoeHTa C2 COOTBETCTBECHHO.

Kak cnenyer u3 pe3yabraToB Tabdud. 5, 3pdeKTuB-
HocTh ouncTk OCB ¢ momonisio copoenta C2 ot Zn,
Cu, Ni, Cd npu1 KOMHATHOI TeMIlepaType COCTaBIISIET
65,1-92,1% nnst BeICyllIEHHOrO ocanka u 56,6—89,4%
IUTST 00E3BOKEHHOTO ocanka, it Pb u As — 24,7—44,4%
u 52,0—30,8%, COOTBETCTBEHHO.

Taxum obOpa3oM, cpaBHMBas pe3yiabTaThl TabJ. 4
1 5, MOXXHO cliejIaTh BBIBOI, UTO COPOCHTHI HA OCHOBE
KOMIIO3UIINHY TOJIOMHTA U TyMaTa ITOKa3bIBaloT Ooliee
BBICOKYIO 2(p(peKTUBHOCTH 110 oTHomeHnIo K OCB, yem
copbeHThl Ha ocHoBe LIIBII.

AHanmM3upys CpaBHUTEIbHYIO 3(p(PEeKTUBHOCTH KOM-
MO3UIIMOHHOTO0 copdberTa C2 1 MOTMMOUIIMPOBAHHOTO
copbenTa C3, HEOOXOOMMO OTMETHUTH, UTO TP TIepe-
X0JIe OT JJa0OPaTOPHBIX SKCIIEPUMEHTOB K ITOJICBBIM
HUCTIBITAHUSIM IIPOUCXOINUT CHIKEHME 3(PDEKTUBHOCTH

Pe3ynsraThl 1a00paTOPHBIX IKCIIEPUMEHTOB U pacyeTa 3(hheKTUBHOCTH CHUXKeHNs KoHneHTpamun TM

nocJje 0opadorku OCB copoenTom C3

Konnenrpamus TM Konnenrpamas TM
Haumenosanne TM | B O(lllB ng ol'lmcnm, fifi??;}fr BuOC]lB) n]i)cne ?)?iii;":g’;:;
MT/KT OYHMCTKH, MI'/KT
CBuHel| 550 130,0 2,3x£0,7 90,1
Kangmuii 4,32 0,11 £0,03 97,4
HuHk 1000 0,96 £0,29 99,9
Menp 226 132,0 0,22 0,07 99,9
Xpom 130 41+1,2 96,8
Hukens 205 80,0 1,5£0,4 99,3
MBIIIBSIK 2,7 0,032 £ 0,010 98.8
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Tabauya 4

Pe3yabTaThl mos1eBbIX HCIBITAHUI H pacdeTa 3¢ ()eKTHBHOCTH CHIZKeHHS KoHeHTpamuun TM
noce oopadoTku OCB copoenTom C1

Konnentpamuss TM B OCB, mr/Kr
Haumenosa- K 6 OCB Kapra Ne2 00e3B0KeHHBIX
e TM apTa Ne 6 BBICYIIEHHBIX DddexTus- OCB D dexTns-
Hoctb (E, %) nocrs (E, %)
JI0 OYUCTKH | IOCJI€ OYMCTKH JI0 OYMCTKHM | IOCJIE€ OUMCTKH
Menn 226 = 57 215+ 54 4,8 158 + 40 108 + 23 31,6
HwaK 1000 £ 250 630 = 160 37,0 430 £ 110 304 £ 64 29,3
XKeneso 13900 + 3500 | 18000 % 5000 - 11985 + 3020 — -
Kanpmit 41000 £ 10000 | 34000 = 9000 17,0 16000 + 4000 | 41000 £ 10000 —
Mapraneit 560 + 140 320 £ 80 42,8 300 + 80 — —
Huxkenb 79 £ 20 60 *+ 15 24,0 60+ 15 28 £ 8 53,3
Kanmuit 14,0 £ 3,5 7,2+2)3 48,6 16,0 + 4,0 10,0 37,5
CBuHell 25,0+6,2 14+ 4,0 44,0 - - —
Tabauya 5
Pe3ynbraThl MoJIeBbIX UCTILITAHMIA U pacyeTa 3(P(eKTUBHOCTH CHIKEHUS KOHIeHTpamun TM
nocie oopadorku OCB copoenTom C2
Konuenrpanusa TM B OCB, mr/Kr
Haumenona- Kaprta Ne2 00e3B0KeHHBIX
e TM Kapra Ne 6 soicymennbix OCB | Dgexrus- OCB D dexTus-
Hocts (E, %) Hocts (E, %)
JI0 OYUCTKH | TOCJIE€ OYMCTKH JI0 OYMCTKHM | MOCJIe OUHCTKH
Menb 226 + 57 79 +£20 65,1 158 + 40 38+9,5 75,9
unk 1000 £ 250 114 + 28 88,6 430 £+ 108 125 + 32 70,9
Huxkenn 79 £ 20 23,3+£5,8 70,5 60 £ 15 26,1 £5,0 56,6
Kanmuit 14 £4,2 1,1 £0,2 92,1 16 £4,0 1,7+42 89,4
CBuHell 89 + 22 67 £ 16 24,7 14+ 3,5 6,2+ 1,6 52,0
MubIIbsIK 2,7+0,7 1,5+04 44 4 2,7%6,7 1,7+42 30,8

ourictki OCB ryMUHOBBIMU COPOEHTAMU, HECMOTPSI Ha
TO, YTO KOHLEHTpAaLYsl TyMaTa B MOAU(ULIIPOBAHHOM
copbeHTe coctaBuia 1%, a B KOMIIO3UIIMOHHOM — 25%
10 OTHOIIIEHUIO K JOJOMUTY. BO3MOXHO, 3TO CBSI3aHO
¢ MeHee 3(P(HEeKTUBHBIM IIepeMelIBaHEM COPOEHTA
C2 ¢ OCB B noneBbIxX ycnoBustXx. OTHOCHUTETBbHAS 3(¢-
(eKTUBHOCTH cOpOEeHTOB B Tpoliecce ouncTku OCB ot
TSIKEJIbIX METAJUIOB, TAKUM 00pa3oM, YBEJIMUKMBAETCS
B psamy: C1<C2<C3.

BbBIBO/IbI

ITpoBeneHbl TabOpPaTOPHBIE U TOJIEBBIE DKCIIEPU-
MEHTHI 110 UCCIEI0BAaHNIO 3(PHEKTUBHOCTH OUYNCTKHA
OCB copbenTtamu Ha ocHOBe oTX0m0B TOLl m rymu-
HOBBIMU COpOEeHTaMM (Ha OCHOBE JOJIOMUTA U TyMaTOB

HaTpHsI) OT psima TsLKeabIx MetauioB — Cu, Zn, Ni, Cd,
Pb, As, Cr.

OGHapyXeHO, 4TO 3(P(HEKTUBHOCTb OUMCTKU BO3-
pacTaeT B psIIy: COpOEHTH Ha ocHOBe 0TX0n0B TOLI —
IIJJaKOB BOIOITOATOTOBKHU (comepxkammue CaCO3 u ry-
Mathl — 3G PEKTUBHOCTh OUUCTKY E = 4,8—48,6% nna
BBICYIIEHHBIX 1 29,3—53,3% mist o6e3BoxkeHHBIX OCB)
< cOpOEeHT Ha OCHOBE KOMITO3ULIMK JOJIOMUTA C TYMATOM
(25% rymara Hatpust, E = 65,1—92,1% [u1s BbICYILIEHHBIX
u 56,6—89,4% niist 06e3BoxeHHbIX OCB) < copbeHT Ha
OCHOBE I0JIOMUTA, MOAUGULIMPOBAHHLII rymaToM (1%,
cioit 200 am — 50 MM, E = 90,8—99,9%).

Taxkum 00pa3oM, IPeIIOKEeH METOI OUUCTKI OCal-
KOB CTOYHBIX BOJ Ha IIpeanpustusx BogokaHaia, npo-
MBIIIIEHHBIX TIPEANPUITASIX, OCHOBAHHbIM Ha 00paboT-
Ke T'YMUHOBBIMH COPOEHTAMU.
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PUBLICATION ETHICS AND PREVENTION
OF MALPRACTICE PUBLICATION

Compliance requirements of publication ethics in the preparation and publication of the journal Science Editor
and Publisher apply to all members of the publishing process, i.e., authors, editors, reviewers, and the publisher of
the journal. The editorial board monitors compliance with the ethics requirements based on the manuals prepared
by international specialized organizations, associations and publishers, as well as the Association of Science Editors
and Publishers. The main standards relied on by the journal «<Nanotechnologies in construction» are those developed
by the Committee on Publication Ethics (Committee on Publication Ethics) in the United Kingdom, by the publisher
Elsevier (Netherlands), and other non-Russian editorial associations and information systems, as well as the declara-
tion of «Ethical Principles of Scientific Publications», adopted by the Association of Science Editors and Publishers
(Russia).

The responsibility of the authors of material for the journal «<Nanotechnologies in construction»

1. The author submits materials for review, which have not been previously published. If the article is based on
previously published material which are not academic articles or based on materials presented on the Internet, the
author should notify the editorial staff of the journal.

2.The author does not submit the same article to different journals for review.

3. All co-authors consent to the submission of their articles to the journal.

4.The author should inform the editorial staff about a potential conflict of interest. In the case of the absence of
any competing interests the author should claim that by writing «Author declare the absence of any competing in-
terests» in the paper.

5.The author takes the necessary steps to ensure the correctness of citations in the submitted article.

6. The list of authors included only individuals who have made significant contributions to the research.

7.The author correctly cites his or her previous work as to avoid self-plagerism in the manuscript and the artificial
increase of volume of publications (salami-slicing).

8. The author, who is acting as the contact with journal, informs all other co-authors of all changes and sugges-
tions from the editorial staff, and does not make decisions regarding the article alone without the written consent of
all co-authors.

9.The author properly corresponds with the reviewer through contact with the editor and responds to comments
and observations if they arise.

10. If necessary, the authors either adjust the data presented in the article, or refute them.

Responsibility of the editors of the journal <Nanotechnologies in construction»

1.The editors are personally and independently responsible for the content of the materials published and recog-
nize that responsibility. The reliability of the work in question and its scientific significance should always be the basis
in the decision to publish.

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

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

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

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

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

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

8.The editors of the journal do not publish the final version of the article without the consent of the authors.

http://nanobuild.ru 292 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
http://publicationethics.org/
https://www.elsevier.com/editors/publishing-ethics/perk
https://www.elsevier.com/editors/publishing-ethics/perk
http://rasep.ru/images/materials/%D0%94%D0%B5%D0%BA%D0%BB%D0%B0%D1%80%D0%B0%D1%86%D0%B8%D1%8F_%D0%90%D0%9D%D0%A0%D0%98_%D0%AD%D1%82%D0%B8%D0%BA%D0%B0_2016.pdf
http://rasep.ru/images/materials/%D0%94%D0%B5%D0%BA%D0%BB%D0%B0%D1%80%D0%B0%D1%86%D0%B8%D1%8F_%D0%90%D0%9D%D0%A0%D0%98_%D0%AD%D1%82%D0%B8%D0%BA%D0%B0_2016.pdf

Nanotechnologies in construction 2020; 12 (5): '
HaHoTexHonorum B cTponTenbcTBe 292-295 NanObL" ]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Complaints and appeals handling

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

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

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

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

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

The politics of the journal concerning data exchange and reproductibility

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

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

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

Ethical oversight of the published materials

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

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

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

Derivation and plagiarism

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

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

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

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

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

Preprint and postprint policy

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

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

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

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

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

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

OTBEeTCTBEHHOCTb aBTOPOB XypHana «HaHOTeXHONornm B CTpOUTENbCTBE

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

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

3. Bce coaBTOpbI COrNacHbl Ha NpefCcTaBaeHre CTaTby B XKypHarl.

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

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

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

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

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

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

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

OTBeTCTBEHHOCTb PefjlaKTOpPOB XKypHana «kHaHoTexHonornu B cTpouTenbCcTBe»

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

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

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

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

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

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

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

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

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

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

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

06 oTcyTCTBMY KOHONNKTA UHTEPECOB PELIEH3EHT YKa3bIBaEeT B PeLIeH3UN — «PeLieH3eHT 3anaBseT 06 OTCyTCTBUM
KOHONMKTA UHTEPECOBY.

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

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

6. PeLieH3eHT He ienaeT BbIBOAOB O KaueCTBe CTaTbl HAa OCHOBE CYObEKTUBHbIX JAHHDbIX: IMYHOTO OTHOLLEHUSA K aB-
TOpPY, ero nona, BoO3pacTa, BeponcnoseaaHus.

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

OTBeTCTBEHHOCTb U3gartens XKypHana «HaHOTeXHONorum B CTponTenbCcTBe»

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

2. V3paTtenb He BNUAET Ha pefaKkUMOHHYIO MOSINTUKY XKYPHana.

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

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

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

OTBeTCTBEHHOCTb [1aBHOr0 peflakTopa XKypHana «HaHoTexHonorum B CTpouTenbCcTBe»

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

2. [naBHbIN pefaKTop OLEeHVBAET NpefCcTaB/ieHHble PaboTbl MO UX UHTENNIEKTYaNIbHOMY COfepXKaHuIo, HEB3KMpas
Ha pacy, Nos, CeKCyanbHY OPUEHTALUIO, PENIUTMIO, STHUYECKOE MPOUNCXOXKAEHNE, FPaXKAAHCTBO UM MNOAUTUYECKME
B3rnAAbl aBTopa.

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

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

5.naBHOMY pefiaKkTopy CrnefyeT OTKa3aTbCA OT CBOEro y4yacTus B PeLeH3MpoBaHNM B Clyyvae, eCiiv NpucyTCTByeT
KOHQNUKT MHTEPEeCOoB, MPOUCTEKAOLMIA U3 KOHKYPEHLNW, COTPYAHUYECTBA I APYTMX OTHOLIEHUN C KeM-In6o 13
aBTOPOB, KOMMAHWI U YUYPEXKAEHN, UMEIOLLMX OTHOLLEHME K CTaTbe.

6. maBHOMY pefaKkTopy ciiegyeT TpeboBaTb OT BCEX aBTOPOB XypHasia NpefoCTaBNATb CBEAEHMA O COOTBETCTBYH0-
LMX KOHKYPUPYIOLWMX MHTEPECcax 1 Ny6MKoBaTb UCMPABIEHMS, €CNIN KOHONIMKT MHTepecoB Obin pa3obnayeH nocsne
nybnukayun. B cnyyae HeOGXOAMMOCTU, MOXET BbIMNOHATLCA APYroe NOAXOAsLLee CJlyyato JeCTBME, TaKoe Kak nyo-
NMIKaLUsi ONPOBEPXKEHMWA UV BbIPaXKeHMA 03a00YEHHOCTU.

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

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

MonuTnkKa pacKpbITUA N KOHGNUKTbI MHTEPECOB/KOHKYPUPYIOLNX UHTEPECOB

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

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

PepakTopbl 11 peLieH3eHTbl He [OMIXKHbI yYaCTBOBAaTb B PACCMOTPEHUN PYKOMMUCEN B CllyYae Hanmumsa KOHPIMKTOB
WHTEPECOB BC/IeACTBUE KOHKYPEHTHbIX, COBMECTHbIX 1 APYIMX B3aUMOAENCTBU U OTHOLLEHUI C NI06bIM U3 aBTOPOB,
KOMMAHVAMY WA APYTIMU OPraHM3aunaMim, CBA3aHHbIMI C MpeacTaBiieHHoW paboTo.

MonuTukn >KypHana B OTHOLWEHUN 06MeHa AaHHbIMUY 1 BOCNPOU3BOANMOCTY

CraTtby 13 KypHana (MeTafaHHble CTaTel) pa3mMeLLaloTcA B OTKPbITOM JOCTYME Ha CanTe XypHana 1 Ha carTax pas-
JINYHBIX CUCTEM LMTMPOBaHMA (6a3 AaHHbIX). ABTOPbI MYOMKYeMbIX B XXYpHane MaTepuanoB JOMYCKalT NCMNOJb30-
BaHMeE KOHTEHTa B COOTBETCTBMM € nuueH3sunein Creative Commons CC-BY «Attribution» («ATprbyunsay). 31a nuueHsna
MO3BOMIAET APYIM PACMPOCTPAHATD, PefaKkTMPOBaTh, MONPaB/sATb U 6PaTb 33 OCHOBY MNPOU3BEAEHUE ABTOPOB, AaXe
KOMMEpPUYECKH, 1O TeX NOp, MOKa OHM yKa3blBalOT Balle aBTOPCTBO. JInLeH3na pekomeHAoBaHa A5 MakCUMaibHOro
pacnpoCTpaHeHMA 1 UCNOJSIb30BaHKWA INLEH3MPOBAHHbIX MAaTePUaoB.

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

3TuYecKuii Haa3op 3a ony6IMKoBaHHbIMU MaTepuanamm

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

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

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

3avmcTBOBaHMA U Naarvar

Pepakuus ypHana «<HaHOTeXHOIOUY B CTPOUTENBbCTBE» MPY PACCMOTPEHUN CTaTbU MOXKET MPOU3BECTY NPOBEP-
Ky MaTepuasa C MoOMOLLbIO CUCTeMbl AHTUNIArMaT. B ciyyae obHapy»KeHrA MHOTOUMCIIEHHbIX 3aMCTBOBaHUN pefakK-
umA gencTeyeT B cootBeTCcTBMY C Npasunammu COPE.

UHTennekryanbHana co6CTBEHHOCTb
PepnakTopbl fOMKHbI BHUMATENIbHO OTHOCUTBCA K BOMPOCAM, KacalLWMUMCA VHTENEeKTyanbHON COOCTBEHHOCTH,
1 B3aUMOZEeNCTBOBATb C U3JaTenemM npu yperyampoBaHnmM CilyyaeB BO3MOXHbIX HapPYLUEHWUI 3aKOHOB 1 COrnaLleHni
06 OXpaHe MHTENNIEKTYaNbHON COOCTBEHHOCTH.
PepakTopbl, KpOMe NPYMEHEHNA UHCTPYMEHTOB OOHaPY»KeHUs MlaranaTta, MOTyT TakxKe:
- nopAepKuBaTb aBTOPOB, Ube AaBTOPCKOE MPaBO OblI0 HAPYLLIEHO, UK TeX, KTO CTasl XepTBOW Narnara;
— ObITb FOTOBbIMY K COBMECTHOW paboTe ¢ n3gatenem no 3alute aBTOPCKMX NPaB 1 K NpeciiefoBaHNI0 HapyLInTe-
nen (Hanprmep, NyTéM NoJauu 3anpocoB A/s 0T3biBa CTaTel UKW yAaNneHnsa MaTepuranos ¢ Beb-canToB).

O6cyxaeHue pa6oT, ony6nnKoBaHHbIX B XXypHane. cnpaBneHusa nnocne ny6nukayuia

PepakTopbl BOMXKHbI ObITb OTKPLITEIMU A5 UCCIEA0BAHUIA, KOTOPbIE OCMAPUBAIOT Npefblaylyne paboTbl, onybnu-
KOBaHHbIe B XXypHase; NooLWpATb U C TOTOBHOCTbIO pacCMaTpuBaTb 0OOCHOBaHHY KPUTKKY PaboT, ny6anKyemMblx
B X XKypHare.
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ABTOpr KPUTNKYEMbIX MaTepmnanoB OONXKHbl MMETb BO3MOXHOCTb OTBETUTb Ha KPUTUKY. Pa6OTbI, coo6u4arou.u/|e
TONbKO 06 OoTpuMUaTeSIbHbIX pe3yfibTaTax, TakXKe MOoryT I'Iy6J'II/IKOBaTbCF|.

MonuTtuka pasmMmeLyeHNA NPenpPUHTOB N NOCTNPUHTOB

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

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

O npoueaypax B ciyyae 310ynotpebneHuin (HapyweHuia)

M3paTenb, rnaBHbIN peAakTop, Kaxabli COTPYAHNK pedakumy, YneH pefakunoHHON KOnernm, aBtop, peLeH3eHT
1 unTaTenb obsA3aHbl COOMIOAATb STUKY HayuHbIX MyOAVKaLniA B XKypHasie AeNCTBYOLWNX 3aKOHOB, MPABUIT UV MOJO-
XeHuniA 1 06A3yI0TCA COOOLLAaTb O JIObIX N3BECTHBIX Y CyUYasX y>Ke COBEPLUEHHOIO W NOTEHLMANbHOIO 3/10yrnoTpe-
6neHnA (HapyLlweHus).

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

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

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

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

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

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

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

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

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

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

Text layout

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

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

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

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

Tables and Figures

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

One way to check the quality of the image, is to increase its size using any image manipulation software. A high
quality image is not burred or distorted when enlarged.
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If necessary, use footnotes with continuous numbering (Arabic numerals) throughout the document. Footnotes
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The journal requires the use of the Vancouver citation style (a reference in the text in square brackets, full biblio-
graphic description of the source in the bibliography in the order mentioned in the text of the article).

References

The list of references includes sources used in the text.

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

References to non-Russian language articles:

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

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

References to non-Russian language monographs:

With 1-3 authors:

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

Indication to the editor or compiler:

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

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

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

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

References to internet sources:

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

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

Copyright Notice

Authors who publish in journal agree to the following:

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

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

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

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

the Author or reviewers (editors) when preparing the article for publication. Private data will not be shared with other
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HeT, TO ClleflyeT HanucaTb, YTO «aBTOP 3asBAAET 06 OTCYTCTBUN KOHPNIMKTA MHTEPECOBY.
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KypHan npuHumMaet K ny6nnkaumm: opurrHasbHble CTaTbl; 0630pPbl; AUCKYCCMOHHbIE MaTepuasbl, KOMMEHTa-
puu, apyrue nHbOPMaLMOHHbIE MaTepuarbl.

CTpyKTypa cTtatbm

Tun cTatby (Ha aHMMINCKOM A3blKe)

3arnasue (Ha aHMMUNCKOM A3bIKe)

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

*KoHTaKTbI: e-mail:

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

KJTIOYEBDIE CJIOBA: (Ha aHIMIMICKOM fA3blKe)

BJIATOOAPHOCTMU: (npy Hanuumnm) (Ha aHINNCKOM A3bIKe)

ANnAa UUTUPOBAHUA: (Ha aHMMNINCKOM A3bIKe)

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

CMUNCOK JINTEPATYPbI: (Ha aHrMunNCKOM si3blKe)

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

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

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa UHTEpPECoB.

YOK

Tvn cTaTby (Ha PyCcCKOM A3biKe)

3arnaBue (Ha pycCKOM fA3bIKe)

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

*KoHTaKTbI: e-mail:

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

KJTIOYEBDBIE CJIOBA: (Ha pycckom A3bIKe)

BJIATOOAPHOCTU: (npu Hanuumm) (Ha PyCCKOM A3bIKe)

ONA UUTUPOBAHUA: (Ha pycckom A3biKe)

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

CNUCOK JIUTEPATYPbI: (Ha pycckom A3blke)

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

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

ABTOpbI 3aABNAIOT 06 OTCYTCTBUM KOHPNMKTa MHTEpPECOoB.

OdopmneHme TeKcTa pyKkonucm

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

OdopmneHne

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

+ He UCMOoNb3ynTe NogyepKrBaHMe BHYTPU TEKCTa (419 MOA3arosoBKOB MCMOJb3ynTe MONY>KMPHOE HavepTaHue,
LNA BblAENEeHNA B TEKCTE — KYPCUB);

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

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

Tabnuubl v pUCYHKN

Bce Tabnuubl v PUCYHKM BOMKHbI ObITb MPOHYMEPOBAHbI U HAa3BaHbI, Ha HYX JO/MKHA ObITb OTCbIIKA B TEKCTE CTa-
Tbu. B Tabnuuax He JOMXKHO GbITb NYCTbIX rpad. PUCYHKM AOMKHBI GbITb XOPOLLIEro KauecTsa, MPUroAHble 4f1s nevaTtu.
MpurKnaabiBatoTCs K CTaTbe OTAeNbHbIMYK dannamu.

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

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

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

Cnucok nutepartypbl

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

CcbINKM Ha CTaTbl U3 UHOCTPAHHbIX ICTOYHUKOB:

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

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

YKasaHue Ha pefaKTopa Unv coctTaBuUTens:

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

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

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

MaBa ns moHorpadum nnm c6opHmnKa:

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

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

CcbInKM Ha CTaTbll Ha PYCCKOM fi3biKe

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

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

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

CcbInKuy Ha MOHorpadm Ha PyCCKOM A3bIKe:

'®amunus N.0. HassaHue moHorpadun. — fopog: M3patenbctso, rog. — 000 c. ['Familia 1.0. MepeBop Ha3BaHWsA
MoHoorpaduu. Gorod: Izdatelstvo; god. (In Russ.)]

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

CCbINKM Ha MHTepPHET-pecypcbl:

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

lMpumeyarue: NPeaNoOYTUTENBHO YKa3biBaTb CCbIIKY Ha MaTepua C canTa, KOTopbIi yroMuHaeTcAa B cTaTbe. Ccbin-
Ka Ha rMaBHYI CTPaHWLY He MHGOPMATMBHA 1 He AAaeT BO3MOXHOCTb MPOBEPUTb UHGOPMaLUiO.

ABTOpCKMe npaBa

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

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

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

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

MpuBaTHOCTb

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