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ABSTRACT: Introduction. One of the promising areas related to formation of concrete structure on the basis of a mineral binder with
specified performance properties employs the addition of ultradispersed fillers (nanomodifiers) to the binder composition. Wastes
of quartz and hydro-removal ash are used as nanomodifiers. The presence of nanoparticles in the binder can significantly change
the processes of hydration and hardening of the concrete mix. Materials and methods. Hydro-removal ash from Omsk combined
heat and power plant 5 (CHPP-5), cement and quartz waste obtained from the production of highly pure quartz concentrate which
acted as an enhancer of pozzolanic activity to hydro-removal ash were used as materials for cement stone on the basis of a quartz-
ash-cement binder. Nanomodifier was obtained as a result of mechanical, mechanohydraulic (water) and mechanohydrochemical
(water + Megalit S-3ML additive) activations. Activation of the quartz-ash mixture was carried out in a continuous-action rotary mill.
The mechanical method provides only mechanical activation, and the mechanohydraulic method provides mechanical, hydraulic,
turbulent and acoustic activations. The mechanohydrochemical method provides all actions of hydraulic activation including
chemical one. Results. The article investigated cement stone on the basis of quartz-ash-cement binder (activated quartz waste
and hydraulic ash from Omsk CHPP-5, cement). The technologies of activation of the quartz-ash mixture by increasing the specific
surface of the dispersed phase for the production of quartz-ash-cement binder are considered. The obtained results of the weight
distribution of particles of hydro-removal ash and quartz before and after activation show that the average size of the nanoparticle
diameter is from 25 pm to 1.5 um and specific surface is 967-7729 cm?/g. Conclusions. The use of nanoparticles in a quartz-ash
mixture allows increasing the strength characteristics of cement stone from 23 to 59%. The use of quartz waste from the production
of high-purity quartz concentrate and ash hydraulic removal from Omsk CHPP-5 power plant with the introduction of the proposed
technologies for their activation allows increasing the formation of cement stone on a quartz-ash-cement binder by increasing the
package density and chemical activity of nanoparticles in the processes of phase formation of hydrate compounds, which will reduce
intergranular space between non-hydrated cement grains and will improve physical and mechanical characteristics of cement stone.

KEYWORDS: quartz, hydrotreatment ash, quartz-ash-cement binder, cement stone, nanoparticle, nanomodifier, nanofiller.

FOR CITATION: Kosach A.F., Kuznetsova I.N., Rashupkina M.A., Pedun G.A. Cement stone on quartz-ash-cement binder. Nanotech-
nologies in Construction. 2022; 14(2): 83-88. https://doi.org/10.15828/2075-8545-2022-14-2-83-88.

INTRODUCTION

One of the promising arcas aimed at studying forma-
tion of concrete structure on mineral binder with
the specified performance properties is introduction of
ultradispersed fillers (nanomodifiers) into the composi-
tion of binder. The effect of introduction of nanoparticles
into concrete is expressed in the fact that not only an
additional phase interface appears in the system, but also
a carrier of quantum-mechanical manifestations emerges
[1,2,3].

From the nanoscale point of view, the particles pos-
sess qualitative effects determined by the dependence of
chemical and physical properties on the ratio of the num-

© Kosach A.F,, Kuznetsova I.N., Rashupkina M.A., Pedun G.A., 2022

ber of atoms in the near-surface and internal volumes of
the particles. Such particles and their ensembles acquire a
different physicochemical and mechanochemical activity
that can radically change the processes of structure forma-
tion synthesis and change the thermodynamic and energy
situation in a dispersed system, such as the structure of
a cement stone on a quartz-ash-cement binder [2, 3, 4]

Artificial nanotechnology creates nanosystems in both
ways: “top-down” and “bottom-up”. It is already well-
known phenomena of nanostructured objects self-orga-
nization which involve the processes of self-organization
of substances at the atomic-molecular level, that makes
it possible to create unique objects without external in-
fluence. [5].
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Cement hydration products in the form of tiny par-
ticles — submicrocrystals — with sizes less than 0.1 mi-
crons create a colloidal system in the interlayers between
hydrated cement grains: tobermorite gel. Coagulation
contacts appear between the particles, which leads to
the formation of a coagulation structure. A feature of
these contacts is the obligatory presence between the
particles of a thin stable layer of film water (disperse
medium) [6, 7].

The physical contacts of the coagulation structure
of the cement gel result in a migration of atoms, there
are more signified attraction forces between the atoms,
which leads to a tendency of self-organization of cluster
structures [8, 9].

The presence of nanoparticles in the system can signif-
icantly change the processes of hydration and hardening
of the concrete mix. When choosing a system of require-
ments for nanoparticles as concrete structure modifiers,
we can distinguish: structure-forming and technological
aspects, reflecting the phenomena and mechanisms of
formation of the structure of high-strength concretes,
explaining the effects of nanomodification and charac-
terizing the impact of nanomodifiers in the structure of
concrete; structure-forming participation and modify-
ing effect of nanosized particles, which increase package
density of capillary-bound and free water, as well as a sig-
nificant chemical participation of nanosized particles in
heterogeneous processes of phase formation of hydrated
compounds. At the same time, during the colloidizing
and nucleation stages and phase formation, nanoparticles
are mainly defined by specific surface energy, nanoscale
particles are determined mainly by the specific surface
energy, which is a function of the particle size and the
specific surface area of their surface.

In the general formulation of the problem concerning
the development of a nanosystem, one should consider
structure-forming and technological aspects that re-
flect the processes and mechanisms of structure forma-
tion, as well as the compatibility of the surface energy of
nanoparticles with chemical additives and the technol-
ogy for introducing nanomodifiers into the structure of
a concrete mixture, which is the result of an increase
in the packing density of nanodispersed particles and
chemical participation of nanoparticles in heterogeneous
processes of phase formation of hydrate compounds and
self-organization of substances at the atomic-molecular
level [10].

This possibility is determined both by the chemical-
mineralogical composition of the particles and by the
high values of their specific surface area and, as a con-
sequence, by the specific surface energy. This will fill the
microporosity of the cement stone, but also significantly
reduce the amount of capillary-bound and free water,
while compacting the nanosystem of hydrate forma-
tions. [11, 12].

At the stage of the coagulation period, nanoquartz par-
ticles act as a substrate of crystalline seeds of crystallization
centers. The most important factors in the implementation
of these mechanisms are the physicochemical properties of
nanoparticles and their size, which determines the duration
of the mechanisms and the concentration of nanoparticles
per unit volume of the hardening system of cement stone
on a quartz-ash-cement binder [13].

METHODS AND MATERIALS

The optimal raw material resource for the produc-
tion of building materials in Omsk is the ash from the
hydraulic removal of Omsk CHPP. More than 75 mil-
lion tons of hydraulic ash have been accumulated on ash
dumps with a total area of 755 hectares. On the territory
of Omsk, three CHP plants of six operate with Ekibastuz
coal, the ash content of which reaches 65%, consisting of
chemical elements (carbon, hydrogen, oxygen, nitrogen)
and mineral parts (clay minerals, which include oxides of
silicon and metals, hydroxides metals, silicates Al, Mg
carbonates Fe, Mg, Ca).

The main requirement for the successful use of hydro-
removal ash CHPP-5 is the stability of their physico-
chemical parameters and the ability to exhibit pozzolanic
activity with cement hydration products, the ability to
bind calcium hydroxide at ordinary temperatures with the
formation of insoluble compounds [14, 15].

In this regard, the purpose of the research is to obtain
a cement stone with high physical and mechanical prop-
erties due to a nanomodifier obtained by mechanical,
mechanohydraulic (H,0) and mechanohydrochemical
(H,O + Megalit S-3ML additive) activation, based on
ultrafine ash from the hydraulic removal of Omsk CHPP-
5 and quartz waste as an enhancer of pozzolanic activity
to hydro-removal ash [16].

In studies quartz waste from the production of highly
pure quartz concentrate and hydro-removal ash from
Omsk CHPP-5 was used as a material for cement stone
on the basis of quartz-ash-cement binder. The content of
hydro-removal ash oxides and quartz waste is presented
in Table 1.

The block diagram of the study of the physical and
mechanical properties of cement stone on a quartz-ash-
cement binder is shown in Figure 1.

Activation of the quartz-sol mixture was carried out
in a continuous rotary mill “Vyuga-3”, shown in fig. 2.

Mechanical method provides only mechanical ac-
tivation. The mechanohydraulic method provides
(pHZO = lkg/m?’) mechanical, hydraulic, turbulent and
acoustic activations. The presence of finely ground ac-
tive dust in a solution of film water obtained from the
activation of quartz waste and hydro-removal ash is also
involved in the processes of structure formation synthesis.
With the mechanohydrochemical method, respectively,
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Table 1
Oxide content, % mass
Name SiO, ALO, Fe, O, CaO MgO P,0, Na,O K,0 ppp
Quartz waste 98—99 | 0.1-0.3 | 0.1-0.2 | 0.1-0.3 | 0.0-0.1 - 0.2-0.3 | 0.2-0.5 | 2.1-3.0
Ashes of 51-60 | 24-32 | 3.5-8.3 | L1-2.1 | 0.2—15 | 0.4—0.7 | 0.1-1.4 | 0.3-0.7 | 5.2-5.5
hydroremoval
Activation method
Without Mechanical Mechanohydraulic eChaml}Ydr.OChmc
activation activation activation activation
Average size of particle diameter, d, pm.
Specific surface of particles, cm?/g.
0:100 20:80 30:70 40:60 50:50 60:40

Physical and mechanical characteristics of cement stone on the basis of quartz-ash-
cement binder at the ratio of the mass of activated quartz-sol mixture to the mass of
cement.

(Average density, g/fecm®. Compressive strength, MPa)

0:100 20:80 30:70

40:60 50:50 60:40

binder.

Based on the results of the study, we accept the optimal ratio of the mass of the
activated quartz sol mixture to the mass of cement in%: without activation — 20:80;
with mechanical activation — 30:70; with mechanohydraulic activation — 40:60; with
mechanohydrochemical activation — 50:50 for cement stone on a quartz-ash-cement

Fig. 1. Block diagram of the study of the physical and mechanical properties of cement stone

on a quartz-ash-cement binder

all methods of hydraulic activation and chemical, which
affects the mechanisms of cement hydration, being in
a solution of film water, contribute to a more active par-
ticipation in the processes of formation of the crystalline
ordered structure of cement stone at the atomic and mo-
lecular level. The plasticizing additive Megalit S-3 ML

in an aqueous solution was used as a chemical reagent
(szo+C_3Mﬂ = L.15 kg/m?) [17-22].

To determine the content and size of ultrafine particles
of quartz waste and hydro-removal ash particles obtained
as a result of activation, a laser analyzer “MicroSizer 201”
was used.
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Fig. 2. Continuous rotary mill “Vyuga-3”. Grinding
bodies arrangement: 1 — cylindrical body, 2 — cylindri-
cal grinding bodies — cylindrical spirals (8 pcs.),

3 — shaft with vertical plates for fastening cylindrical
spirals (8 pcs.), fixed in the body with bearings,

4 — loading window , 5 — window for dispensing
activated material

RESULTS AND DISCUSSION

The obtained results of the weight distribution of
particles of hydroremoval ash and quartz after activa-
tion show that the average particle size is from 25 um to
1.5 um (nanoparticles) with a specific surface area from
967 to 7729 cm?/g. Dispersion and particle content of

Nanobm

activated hydro-removal ash are shown in the figure in
the article [23].

Based on the results of the study, we accept the opti-
mal ratio of the mass of the activated quartz sol mixture to
the mass of cement in%: without activation — 20:80; with
mechanical activation — 30:70; with mechanohydraulic
activation — 40:60; with mechanohydrochemical activa-
tion — 50:50 for cement stone on a quartz-ash-cement
binder.

The strength of the cement stone was determined
on samples prepared from quartz-ash-cement dough of
normal density, 2X2X2 cm in size, for each composition
according to the structural scheme of the study. The tests
were carried out in accordance with the requirements
of GOST 10180-2012. The compressive strength of the
samples was determined on a “Matest” press. The physi-
cal and mechanical parameters of the obtained samples
were determined at the age of 28 days and are presented
in table 2.

The obtained results of the strength of samples of ce-
ment stone on a quartz-ash-cement binder with respect
masses of activated quartz sol mixture to the mass of ce-
ment: without activation (20:80) — durability increases
by 23%; with mechanical activation (30:70) — strength

increases by 31%; with mechanohydraulic activation

Table 2
Physical and mechanical properties of cement stone on quartz-ash-cement binder
Physical and Attitude masses of activated quartz sol mixture to the mass
.. mechanical of cement for cement stone,%
Activation method .
properties of ] . ) ] . .
samples 0:100 20:80 30:70 40:60 50:50 60:40
without activation, average average density’ 2399 2447 2454 2445 2449 2455
particle diameter — d = 25 um, | k&/m’ 100% | 102% | 102.3% | 101.9% | 102.1% | 102.5%
speciﬁczsurface area — compressive 62.9 77.3 76.7 74.8 72.3 71.1
967 cm’/e strength, MPa | 100% | 123% | 122% | 119% | 115% | 110%
mechanical activation, average density’ 2400 2435 2450 2455 2458 2474
average par‘[]cle diameter — kg/m3 100% 101.5% | 102.1% | 102.3% | 102.4% | 103.1%
g =1 16 wm, specific surface — compressive 63.08 | 79.1 82.8 80.3 78.4 76.5
911 em’/e strength, MPa | 100% | 125.1% | 131% | 127% | 124% | 121%
Mechanohy}draulic activat.ion average density, 2411 2435 2447 2451 2453 2452
o, = lg/cm’the average size kg/m’ 100% 101% | 101.5% | 101.8% | 102% | 101.9%
of the particle diameter is ) p 5 " 7 1
d = 3 um, specific surface area compressive 3.03 80. 83. 87.8 85.3 82.
5491 cm?/g strength, MPa 100% 127% | 133.1% | 139% 135% 130%
Mechanohydrochemical average density’ 2419 2453 2470 2479 2489 2504
activation (water + chemical kg/m’ 100% | 101.4% | 102.1% | 102.5% | 102.9% | 103.5%
additive) pl = 1.15 g/cm?,
;he average Cslize lofs‘the particle compressive 63.07 82.8 90.36 97.38 100.45 | 96.67
iameterisd = 1.5 um,
specific surface 7729 e’/ strength, MPa 11000, | 131% | 143% | 154% | 159% | 153%
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(40:60) — strength increases by 39% and with mecha-
nohydrochemical activation (50:50) — strength increases
by 59%.

CONCLUSION

The use of nanoparticles in a quartz-sol mixture makes
it possible to increase the strength characteristics of ce-
ment stone from 23 to 59%.

The use of quartz waste from the production of highly
pure quartz concentrate and hydraulic ash from Omsk
CHPP-5, using the proposed technologies for their acti-
vation, will improve the structure of the cement stone by
increasing the package density and chemical activity of
nanoparticles in the processes of phase formation of hydrat-
ed compounds, this will reduce intergranular space between
non-hydrated cement grains and improve the physical and
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LlemeHTHbI KaMeHb Ha KBapL,e30J/I0L,eMEHTHOM BSXKYLLeM

Anatonuin ®egoposuy Kocay'’
FeHHaguin AnekceeBnu MepyH’

, Upnna HukonaesHa Ky3sHeuwoBa®* (©), MapuHa AnekceeBHa PauynkuHa' (o),

T CBUPCKMI rocyaapCTBEHHDBI aBTOMOOUIbHO-LOPOXHbIN YHUBEpcUTeT, OMcK, Poccus
2 fOropcKuin rocynapcTBeHHbI yHUBepcuTeT, XaHTbl-MaHcuiick, Poccus

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: inkuznetsova-gsh@mail.ru

AHHOTALINA: BBepaeHune. OfHNM 13 NEPCNEKTUBHbIX HanpasfieHnii B GOPMMPOBaHUM CTPYKTYypbl 6eTOHa Ha MUHEepasnbHOM BA-
XKyLLeM € 3aAaHHbIMM SKCMyaTaLMOHHbIMY CBONCTBaMU ABNAETCA BefleHNe B COCTaB BAXKYLLEro yNbTpagnucnepcHblX HanonHuTenem
(HaHomopMdurKaTopoB). B KauecTBe HaHOMOANPUKATOPOB MCMONIb30BaN aKTUBUPOBAHHbIE OTXOAbI KBapLia 1 307bl FMApoyfaneHus.
MpucyTcTBME HAHOPA3MEPHbIX YAaCTUL, B BAXKYLLEM MOXET CyLeCTBEHHbIM 06Pa30oM N3MEHNTb MPOLLECCh rTApaTaunn 1 TBepaeHNA
6eToHHON cmeck. MeTopbl  maTepuanbl. B KayecTse maTepranoBs ANA LEMEHTHOrO KaMHSA Ha KBapLLe30/10LeMeHTHOM BAXYLLEM
MCMONb30Bany KBapLieBble OTXOfbl OT MPOM3BOACTBA 0COH0 UMCTOrO KBapLIEBOrO KOHLIEHTPaTa Kak yCUnnMTensa nyLLonaHoBOW akTuB-
HOCTU K 3051aM rMApPOoYyaaneHus, 3onbl rugpoyaanenms Omckon TIL-5, uemeHT. HaHoMoguduKaTop nonyyanu npu MexaHn4yecKoi,
mexaHoruapasnunyeckoi (H,0) n mexanornapoxummyeckon (H,0 + nobaska Meranut C-3MJT) akTBaumax. AKTIBaLMA KBapL@3010BON
CMeCy NPOBOANNACh B MeNbHULE HEMPEPbIBHOMO AENCTBINA POTOPHOTO TUMa. [pn MexaHn4eckom crnocobe ocyLLecTBAAETCA TONIbKO
MeXaHMYecKas akTuBaLmaA, NPy MexaHorMapaBnnyeckom crnocobe MexaHnyeckas, rmgpasnmnyeckas, TypOyneHTHasa 1 akycTnyeckan
aKTMBaLuK, a NPy MEXHOrMAPOXMMNYECKOM criocobe — Bce crnocobbl rMapaBIMyeckol akTueaLmm, U XuMmnyeckas. Pesynbrarbl v 06-
cypaeHus. B ctaTbe nccnefoBaH LIEMEHTHbIV KaMEHb Ha KBapLie30/10LeMEHTHOM BAXKYLLEM (aKTVBMPOBaHHbIe KBapLieBble OTXOAbI
1 30nbl ruapoyaaneHna Omckmx TIL-5, LemeHT). PaccMOTpeHbl TEXHONOTM akTVBaLMM KBapLLe3010BOW CMeCyn NyTem yBennyeHns
YAENbHOWN NOBEPXHOCTU ANCNEPCHON Ppa3bl ANA NPON3BOACTBA KBaPLIE30JIOLLEMEHTHOIO BAXKYLLEro Pas3fiMyHOro HasHauveHus. Mo-
Sly4YeHHble pe3ynbTaTbl BECOBOrO pacnpefeneHnsa Yactul, 301 rnapoyfaneHnsa n Keapua Ao 1 nocne akTmBaLum nokasbiBatoT, 4To
CpeAHnI pasmep AnameTpa vyacTuL coctaBnaeT oT 25 Ao 1,5 MKM (HaHOpa3MepHbIX YacTuL) NpY YAeSIbHOM MOBEPXHOCTY OT 967 [0
7729 cv?’/r. 3akntoveHme. MprmeHeHne HaHOPa3MepPHbIX YacTUL, B KBapLIE30/IOBON CMeCH MO3BONAET YBEIMUNTb MPOYHOCTHbIE
XapaKTePUCTVKU LLIeMEHTHOTO KaMHA OT 23 1o 59%. Vicnonb3oBaHUe KBapLEBbIX OTXOLOB OT MPOV3BOACTBA 0COO0 YMCTOrO KBap-
LieBOro KOHLeHTpata 1 3051 rugpoyganenua Omckon TIL-5 ¢ npumeHeHnem NpeasioXKeHHbIX TEXHONOT I UX akTUBaLMM NO3BONUT
YAYULNTb CTPYKTYPY LIEMEHTHOTO KaMHSA Ha KBapLIe30JIOLIeMEHTHOM BAXYLLEM 3a CUET MOBbILWEHWA MAOTHOCTU YNAKOBKM U XUMU-
4ecKom akTMBHOCTU HAHOPA3MepPHbIX YacTuL B NpoLieccax ¢pa3oobpa3oBaHWA rMAPaTHbIX COEANHEHNIA, YTO CHU3UT MEXK3€PHOBYIO
MYCTOTHOCTb MEXAY HeMpPornapaTPOBaHHbIMY 3€PHaMU LieMeHTa W YNy4YLINT GU3MKO-MeXaHNYeCKe XapaKTePUCTUKI LIEMEHTHOTO
KaMHsA. Micnonb3oBaHne akTUBUPOBAHHbIX KBapLEBbIX OTXO[0B C MOBbILLIEHHON YAe/IbHON MOBEPXHOCTHOWM SHEPrmen Kak BbICOKO-
peakUMOHHOro nyLjLonaHa cnocobCTBYeT NofyyYeHnio 6oee NPOYHOro U JOITOBEYHOTO LIEMEHTHOTO KaMHs.

KJTIOYEBDIE CJZIOBA: kBapL, 30/1bl r’MapoyfaneHuns, KBapLe3onoLeMeHTHOe BAXKYLLee, LLeMEHTHbIN KaMeHb, HaHOYaCTULA, HaHO-
MoandrKaTop, HaNoONHUTENb.

ANA ULUTUPOBAHUA: Kocau A.0., Ky3HeuoBa W.H., PawynkuHa M.A., MeayH [A. LieMeHTHbIN KameHb Ha KBapLie30/10LeMeHTHOM
BAXyLleM // HaHoTexHONornn B ctpontenbcTee. 2022. T. 14, N2 2. C. 83-88. https://doi.org/10.15828/2075-8545-2022-14-2-83-88.

BBEJEHUNE

O,Z[HI/IM W3 MEePCIIEKTUBHBIX HAIIpaBJIeHU B hop-
MMPOBAaHUU CTPYKTYpPhl OETOHA HA MUHEPAJIbHOM
BSDXYILIEM C 3aJaHHBbIMU dKCIUIyaTaLlMOHHBIMU CBOM-
CTBaMU SIBJISICTCS BeICHNE B COCTaB BSKYIIIETO YIIBTPa-
JUCIEPCHBIX HAMIOJHUTENEH (HAHOMOAU(PUKATOPOB).
Db deKT oT BBeIeHUSI HAHOPa3MEPHBIX YACTHULL B OETOH

BBIpaXkaeTcs B TOM, YTO B CHCTEME TTOSIBIISICTCS] HE TOJTb-
KO JOTIOTHUTEIbHAS TpaHMIIa pa3aeiia (a3, HO 1 HOCH-
TeJIb KBAHTOBO-MeXaHNYEeCKUX MposBieHuii [1, 2, 3].
B oOmactu HaHOpa3MepHOTO MaciuTaba 4acTu-
IIbI UMEIOT KadeCTBeHHBIC 3P (HEKTHI, OIpeaAcsscMbIe
3aBUCUMOCTBIO XUMUUECKUX W (hU3NUCCKUX CBOMCTB
OT COOTHOIIICHUSI YMCIa aTOMOB B IIPUITOBEPXHOCTHBIX
1 BHYTPEHHUX 00beMax 9acTuI. Takme JacTUIIBI U MX
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aHcaMOJI1 IPUOOpPETaOT NHYIO (PU3UKO-XUMUYECKYIO
1 MEXaHOXMMMUUYECKYIO aKTUBHOCTD, B CHJIY YeTO MOTYT
MPUHIUITHATHHEIM 00pa30M U3MEHSITh ITPOIICCCHI CHH-
Te3a CTPYKTypOooOpa30BaHUS M MCHSITh TEPMOIMHAMU-
YECKYI0 M SHEPTeTUICCKYIO0 00CTAHOBKY B AUCIICPCHOM
CHUCTEMeE, KaKOU SIBJISIETCS] CTPYKTYpa IEMEHTHOTO KaMHS
Ha KBapIIe30JI0IIEMEHTHOM BsLXyIIeM |2, 3, 4].

HckyccTBeHHAsI HAHOTEXHOJIOTHS CO3TacT HAHOCH-
CTEMBI, KaK «CBEPXY-BHU3» TaK U «CHU3Y-BBEpPX». YK€
ceifyac M3BECTHHI SIBJICHUSI CaMOOPTaHMW3aIIuy HAHO-
CTPYKTYPUPOBAHHBIX OOBEKTOB, B KOTOPHIX YIACTBYIOT
TIPOIIECCHI CAMOOPTaHM3AINH BEIIECTB HAa aTOMHO-MOJIC-
KYJISIPHOM YPOBHE, TTO3BOJISTIOIIIE CO3IaTh YHUKAJIBHEIC
00BEKTHI 0€3 BHEIIHEro BIUSHUS [5].

[TpomyKTHI TMApaTAIIiY [IEMEHTA B BUIE METhUaiIIImX
YaCTHIl — CYOMMKPOKPUCTAIUIOB — C pa3MepaMi MEHBIIIe
0,1 MKM cO3maiOT B IIPOCIOKAaX MEXIY TUAPAaTHPOBAH-
HBIMHU 3epHAMHM 1IEMEHTA KOJIOMIHYIO CUCTEMY — TO-
OCPMOPHUTOBEIN Tellb. MeXIy YacTUIIAMU BO3HUKAIOT
KOaryJISIIMOHHBIC KOHTAKTHI, YTO 1 IIPUBOIUT K 00pa-
30BaHMIO KOATYJISIIIUOHHOM CTPYKTYPHI. OCOOCHHOCTBIO
3TUX KOHTAKTOB SIBJISIETCS 00sI3aTeIbHOE HAIMTINE MEXKITY
YacTULIAMU TOHKOW YCTOMYMBOM TIPOCTOMKHY IIEHOYHOM
BOZIbI (IMCIIEPCUOHHOM cpenbl) [6, 7].

B pesynbTaTe ¢pU3NMIeCKUX KOHTAKTOB KOATYJISIIN-
OHHOM CTPYKTYPHI LIEMEHTHOTO TeJIs IIPONCXOIUT 00-
JIETYEHHOCTh MUTPALIMM aTOMOB, HAOIIOMAIOTCS OoJiee
BBIpAXKEHHBIC CYITBI TIPUTSKEHUST MEXKITy aTOMaMHM, UTO
TIPUBOINT K CKIIOHHOCTH CAMOOPTaHM3AIINH KITaCTCPHBIX
cTpykryp [8, 9].

[IpucyrcTBrEe B CUCTEMe HaHOPa3MEPHBIX YaCTUIT
MOXET CYIICCTBEHHBIM 00pa30oM M3MEHUTH MPOIIeC-
CHI THApATALIMA U TBepIeHWs O0eToHHOI cmecu. [Ipm
oIpeeICHUN CUCTEMbI TPeOOBaHMIT K HAHOPa3MepPHBIM
YacTHUIIaM KaK K MOIM(pUKATOpaM CTPYKTYpPHl OETOHOB
MOKHO BEIIIETUTH CTPYKTYPOOOPA3YIOIINIA 1 TEXHOJIOTH-
YECKHUI1 aCTIeKTHI, OTPaXKaIOIINe IBICHUS N MEXaHU3MBI
(opMrpoBaHUS CTPYKTYPHI BEICOKOIIPOYHBIX OETOHOB,
o0bsIcHMIONMEe 3 HeKTH HAHOMOAU(DUIIMPOBAHUS
¥ XapaKTepU3YIOIIe CIIOCOObI BBEACHMS HAHOMOIM-
(bmKaTOpOB B CTPYKTYPY OETOHA; CTPYKTYPOOOpa3yIoIIce
y4JacTrie 1 MOITU(UILIMPYIOIIee BIUSHIEC HaHOPa3MEPHBIX
YacTHII, KOTOPBIE 00eCTICIMBAIOT ITOBBIIICHUE TIOTHO-
CTU YIIaKOBKU 00beMa KalMJUISIPHO-CBSI3aHHO 1 CBO-
OOIHOI BOIBI, a TAKKE HETTOCPEACTBEHHOE XUMIUECKOE
yJacTrie HaHOPa3MEpPHBIX YACTHIL B TETEPOTeHHBIX TIPO-
neccax (paz3oo00pa3zoBaHUs TUAPATHLIX coequHeHuit. [1pu
3TOM Ha CTAINU KOJUTOMOAIINN, 3aPOABIIICO0pa30BaHMS
n (azoo0pa3oBaHUs, KOTIa HAaHOPa3MepPHBIC YaCTHIIEI
BBICTYHAIOT B POJIY KPUCTAJUTMUCCKHX 3aTPABOK M IICH-
TPOB KPUCTAJUTM3ALNH, OTIPEACIITIOTCS HaHOpa3MepHEIE
YacTUILIbI, INIABHBIM 00pa3oM, yaeabHOM MTOBEPXHOCTHOMN
SHEprueil, Koropas SBisieTcss GyHKIMEH pa3mMepa Ja-
CTUII ¥ YACTHHOMU TITOIIAIN VX TTIOBEPXHOCTH.

B o611eii mocTaHOBKE 3a1auM B pa3pabOTK HAHOCH -
CTEMEI CIIeAyeT pacCMaTpUBaTh CTPYKTYpOOOpa3yIoIIne
1 TEXHOJIOTMUYECKUE ACIIEKTHI, OTPAKAOIIIE IIPOIECCHI
1 MEXaHU3MBI (DOPMHUPOBAHMSI CTPYKTYPHI, a TAKKE CO-
BMECTUMOCTHU TTOBEPXHOCTHOI SHEpTUM HaHOpa3Mep-
HBIX YaCTHIL C XUMIICCKIMU J0OaBKaMU 1 TEXHOJIOTHEH
BBEICHNST HAHOMOIM(PUKATOPOB B CTPYKTYPY OCTOHHOM
CMECH, 9TO SIBJIICTCSI pe3yIbTaTOM IOBBIIIICHUS TIJI0T-
HOCTH YIIaKOBKU HAHOCUCTEMBI TUCIIEPCHBIX YAaCTHUIT
1 XUMUYECKOTO YIaCTHsI HaHOPa3MEPHBIX YaCTHII B Te-
TEPOTCHHBIX Mporeccax (a3000pa30BaHMST THAPATHBIX
COEIMHEHU U caMOoOpraHu3aliuy BellleCTB Ha aTOMHO-
MOJIEKYJISIpHOM ypoBHe [10].

Takast BO3MOXKXHOCTB OIIpeIelIsieTcsT KaK XUMUKO-
MHWHEPaJTOTHIECCKIM COCTAaBOM YaCTHUII, TaK 1 BEICOKH-
MM 3HAYCHUSIMHU YIETbHON TUIOIIAIN X TTOBEPXHOCTH
1, KaK CJICACTBIUE, YIEIbHOI MOBEPXHOCTHOM SHEPIUCH.
Bce 3T0 T03BOJIUT HE TOIBKO 3aIOJTHUTH MUKPOTIOPH -
CTOCTh IIEMEHTHOTO KaMHSI, HO ¥ 3HAYNTCIHHO CHU3UTh
KOJIMIECTBO KaNMJUIIPHOCBSI3aHHOM 1 CBOOOIHOM BOMIHI,
VIUIOTHUB TIPX 3TOM HAaHOCHUCTEMY TUAPATHBIX 00pa3o-
Banwmii [11, 12].

Taxke Ha cTaguy KOAryIsIIIMOHHOTO TIEproaa Ha-
HOpa3MepHbIe KBaplieBble YACTULIbI BHICTYNAIOT B POJIU
ITOTOKKY KPUCTAJUIMICCKUX 3aTPaBOK IIEHTPOB KPH-
crajum3anuy. BaxxHeH My hakTopaMu pealn3aiiun
MAHHBIX MEXaHU3MOB SBJISTFOTCST (DM3UKO-XUMUICCKIC
CBOIICTBAa HAHOPA3MEPHBIX YAaCTHUII ¥ UX pa3Mep, KOTO-
PHIA OIIpenessieT IIUTEeIFHOCTh PA0OTH MEXaHU3MOB
1 KOHIICHTPAIIUIO HAHOPAa3MEePHBIX YACTHII B ¢INHU-
11e o0beMa TBepICIOIIeit CMCTEMBI IIEMEHTHOTO KaMHS
Ha KBaplie30JIOLIEMeHTHOM Bsxkymem [13].

METO/JbI 1 MATEPUAJIbI

ONTUMAaJTEHBIM CHIPBEBBIM PECYPCOM LIS TIPOU3BOI-
CTBa CTPOMTEJIBHBIX MAaTEPUAIOB B Topone OMCKe SIBIISTIOT-
¢ 300161 tuapoyaanens Omckux TOL. Ha 3omooTBamax
Owmckux TOLI-5 obmieit uiomanpio 755 Ta B HacTodIIee
BpeMsI CKOITMJIOCH 0oJjiee 75 MJIH T 30/ TUAPOYAaJICHUS.
Ha teppuropuu r. Omcka Tpu TOLI-5 n3 mectt paboTaror
Ha DKM0aCTy3CKOM YTJIe, 30JIbHOCTh KOTOPOTO JOCTUTACT
65%, cocrosiias U3 XMMUYECKUX 2JIEMEHTOB (yIyiepoaa,
BOJIOpOAA, KMCIOPOAa, a30Ta) 1 MUHEPaJbHbIX YacTei
(MUHEPAJIOB TJINH, KOTOPHIC BKITIOYAIOT B CEOST OKCUIBI
KPEeMHUSI ¥ METAJUIOB, THAPOKCHUIOB METAJIJIOB, CHJTMKA-
ToB Al, Mg kapboHaroB Fe, Mg, Ca).

OCHOBHBIM TpeOOBaHMEM, O0ECIEeUYMBAIOIIUM
yCIIelIHOe TIpUMeHeHne 3071 TnapoyaaneHus TOILI-5,
SIBJISIETCST CTAOMITBHOCTD NX (PU3MKO-XUMHIUIECKIX TTOKa-
3aTeseil ¥ SBHOU WM CKPBITOM CITIOCOOHOCTH TTPOSIBIISITh
ITYIIIIOIAHOBYIO aKTUBHOCTD C IIPOAYKTAMM THApATAIIAN
IIEMEHTa, CIIOCOOHOCTD P OOBITHBIX TEMIIepaTypax
CBSI3BIBATH TMAPOKCHUII KAJTBIIMS ¢ 00pa30BaHNEM Hepac-
TBOPUMBIX coenuHeHuii [14, 15].
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B cBs13u ¢ 9TUM 11e71b UCCIEOBAHUI COCTOUT B MOJTY-
YEeHUHU IIEMEHTHOTO KaMHSI ¢ BHICOKMMHU (DU3UKO-MeXa-
HUYECKMMH TI0KA3aTeIISIMU 32 CUeT HAaHOMOIU(pUKaTopa,
MOJIYIEHHOTO TIPY MEXaHMIECKOM, MeXaHOTUIPABIIH -
yeckoii (H,0) u mexanorunpoxummyeckoit (H,0 + no-
6aBka Meranut C-3MJI) akTMBaIMsIX, Ha OCHOBE YJIb-
TpaIUCIIePCHOM 3016l TapoyaaneHus Omckoit TOLI-5
¥ KBapIICBBIX OTXOIOB KaK YCHJIMTEIIS MYILII0JIaHOBOMN
aKTUBHOCTH K 30JIaM ruapoyaaseHns [16].

B ncciaenoBaHMSIX B KauecTBE MaTepHAIOB IS 1Ie-
MEHTHOTO KaMH$I Ha KBaplie30J0LIEMEHTHOM BSDKYLIEM
HCITOJIb30BaJI KBAapIIEBbIC OTXOMBI OT IIPOM3BOACTBA
0c000 YMCTOTO KBapIlIeBOTO KOHIIEHTPATa M 30JIbI TH-
npoynanenust Omckoit TOII-5. ConepkaHue OKCUIOB

30JTbI TUAPOYAATICHUS] U OTXOMIOB KBaplia TIPeICTaBICHO
B TabI. 1.

CTpyKTypHasi cxema MccienoBaHus (hU3nKo-mMexa-
HUYECKUX MMOKa3aTeseil IeMeHTHOTO KaMHSI Ha KBap-
11€30JI0IIEMEHTHOM BSTXYIIIEM TIPeJCTaBIeHa Ha puc. 1.

AKTHBaIMs KBapIie30JI0BO cCMecHu TTPOBOIMUIIACH
B MEJIbHULIE HETIPEPHIBHOTO NEWCTBUSI POTOPHOTO TUTIA
«Bbiora-3», pecTaBiieHa Ha puc. 2.

[Mpy MexaHUIECKOM CITIOCOOE OCYIIIECTBIISIETCS TOJThb-
KO MexaHnueckast aktuBaiust. [Ipu MmexaHoruapasinye-
CKOM CITOCO0e (szO = 1kr/m3) — MexaHU4ecKasl, TUApaB-
J4yecKast, TypOyJIeHTHasT U aKyCTU4YeCKasl aKTUBAIINN.
[MpucyTcTBrE TOHKOMOJIOTOM aKTUBHOM TIBIJT B PACTBO-
pe TJICHOYHOM BOJBI, TTOJTyYeHHO! OT aKTUBAIIUU KBap-

Tabauya 1
Conepxanue okcuaoB, % macc

HaumenoBanue SiO, ALO, Fe O, CaO MgO P,0, Na,O K,O TITIIX
OTxombl KBapua 98-99 |0,1-0,3|0,1-0,2 | 0,1-0,3 | 0,0-0,1 - 0,2—0,310,2—0,5 | 2,1-3,0
3oubl ruapoypaieHus | 51-60 | 24-32 |3,5-8,3|1,1-2,10,2—-1,5|0,4-0,7 | 0,1—1,4| 0,3-0,7 | 5,2m5,5

Cnioco0 aKTHBALII
Bes axTHBamm Mexanmgeckas MexaHorHIpas- MexaHOTHAPOXH-
JHYecKas MHIecKas

Cpenuunii pazmep IuaMerpa 9acTuil, d ,MKM.
V menpHAsA IOBEPXHOCTS YACTHII, CM/T.

0:100 /\ 20:80 /\ 30:70/\ 40:60/\ 50:50/\ 60:40
40 b B B B I

DU3MKO-MEXaHNYECKIE IMOKA3ATENH IIEMEHTHOTO KaMHS Ha
KBapIIe30IOIEMCHTHOM BSDKYIIIEM IIPH OTHOMICHUH MAacChl aKTHBHPOBAHHON
KBapIIe30JI0BOI cMecH K Macce [IEMeHTa.

(Cpeouss nnommocme, 2/cm’. Ipounocms npu cocamuu, MIa)

0:100 20:80 30:70 40:60 50:50 60:40

Ha ocuopanuu ITOITYYE€HHBIX PE3YIBTATOB HUCCICIOOBaHIL, IIPUHUMAaEM OITHUMAIIBHOC
OTHOIIICHIIE MacCHl aKTHBIPOBAHHOM KBAPITE30II0BOI cMECH K Macce LieMeHTa B %: 6e3
aKTHBAINI 20:80; mpm MeXaHNUecKOoil  aKTHBAITUH 30:70; mpum
MEXaHOTIIPABIIIUECKOll  aKTHBALUI 40:60; mpum MeXaHOrHIPOXMMHYECKOMH
axtupanni — 50:50 U eMEHTHOr 0 KaMHs Ha KBapIIe30JI0IEMCHTHOM BLKYIIICM.

Puc. 1. CrpykrypHas cxema uccieaoBaHus (PU3NKO-MEXaHUIECKUX MOKA3aTeieil IeMEHTHOTO
KaMH$I HA KBapIIe30/I0IleMEHTHOM BSDKYIIEM
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Puc. 2. MeabHuna HenpepsIBHOTO 1€CTBUS POTOPHOTO
Ttuna «Belora-3». PacrionoxeHue MeTIoNuX Te:

1 — UMIMHIPUYECKUI KOopnyc; 2 — HUAUHAPUYECKUE
MeJTolme Tejla — UMIMHAPUYECKKe criupaiu (8 mr.);
3 — BaJj ¢ BepTUKAJIbHBIMU TIJITACTUHAMM JIJI51 Kperuie-
HUS UMJIMHAPUYECKUX criupasieit (8 1IT.), 3aKperieH-
HBIIi B KOPITyCe C TTOMOIIbIO MOALIUITHUKOB; 4 — 3a-
rPy304YHOE OKHO; 5 — OKHO BbIJIau¥ aKTUBUPOBAHHOT'O
maTepuaia

LEBBIX OTXOMIOB M 30JIbI TUAPOYIAJICHUS, TAKXKE YIaCTBY-
eT B IIpoIleccax CMHTe3a CTPYKTypoobpaszoBaHus. [1pu
MEXaHOTUAPOXUMHUIECKOM CIIOCO0E, COOTBETCTBEHHO,
BCE CIIOCOOBI TUAPABINYCCKON aKTUBAIIMN U XUMUIE-
CKasl, KOTopasl BIMSEeT Ha MEXaHMU3MBI THIpaTalliy 11e-
MEHTa, HaXOIsICh B paCTBOPE TUICHOYHOM BOIBI, CITOCO0-
CTBYIOT 00JIee aKTUBHOMY YYACTHIO B IIpolieccax (popMu-

Tabauuya 2

v

POBaHMS KPUCTAINICCKON YIIOPSIIOUYCHHOM CTPYKTYPHI
LIEMEHTHOTO KaMHSI Ha aTOMHO-MOJICKYJIIPHOM YPOBHE.
B xagecTBe XMMHMUECKOTO peareHTa MPUMEHSIIACH TIJIa-
ctudunupytomas no6aska Meramur C-3 MJI B BomHOM
pacTBOpe (pH20+C-3MH = 1,15kr/M%) [17-22].

st ompeneieHUsI ComepsKaHusI M pa3MepOB yIbTpa-
IVCTIEPCHBIX YaCTUII KBAPIIEBBIX OTXOIOB 1 YACTHII 30JIbI
TUIPOYIAJICHUS, TIOJYICHHBIX B Pe3yJIbTaTe aKTUBAIINH,
IIPUMEHSIIN JIa3epHBIN aHamm3aTop «MicroSizer 201».

PE3YJIBTATBI 1 OBCYXJIEHNA

[MomyaeHHBIE Pe3yabTaThl BECOBOTO pacIIpeIeICHUS
YaCTUII 30JI THAPOYIAICHUS 1 KBapIla ITOCjIe aKTUBAIINI
ITOKA3BIBAIOT, YTO CPEIHUI pa3Mep IUaMeTp YaCTHUII CO-
craBisieT OT 25 mo 1,5 MKM (HaHOpa3MepHBIC YaCTHIIHI)
IIpU yAEJbHOM MoBepXHOCTU OT 967 10 7729 cm?/r. duc-
TIEPCHOCTD U COACPKAaHME YACTUI] aKTUBUPOBAHHBIX 301
TUAPOYIAJICHUS TIPeICTaBIICHBI Ha purc. B padote [23].

Ha ocHOBaHWM MOJYYeHHBIX pPE3yIbTATOB MCCIIC-
IOBaHUS MPUHSIIA ONITUMAaIbHOE OTHOIIICHWE MacCCHI
AKTUBHPOBAHHOM KBapIIe30JIOBOII cMeCcH K Macce Iie-
MeHTa B %: 0e3 aktuBauuu — 20:80; mpu MeXaHUYECKOM
aktuBaumu — 30:70; Tipu MeXaHOTUAPABINYECKOM aKTH -
Barun — 40:60; Tpy1 MEXaHOTHUAPOXNUMUYECKON aKTHUBA-
i — 50:50 11 IIeMeHTHOTO KaMHST Ha KBapIie30JI0lIe-
MEHTHOM BSIKYIIICM.

Du3NK0-MeXaHHYECKHE M0KA3aTeln HEMEHTHOI0 KaMHA HA KBAPIE30J0IEMEHTHOM BSXKYIIEM

DusmKo- OTHomeHne Macchl AKTHBUPOBAHHON KBAPLE30JI0BOI CMeCH
T — MeXaHHn4ecKue K Macce lleMeHTa 11 HeMeHTHOTOo KamMHs, %
B noKa3are/u
006pazios 0:100 20:80 30:70 40:60 50:50 60:40
Be3 akTUBaIK cpenHas 2399 2447 2454 2445 2449 2455

3
CpeHmil pasMep TuameTpa yactuil — | IWIOTHOCTb, KT/M

100% 102% 102,3% | 101,9% | 102,1% | 102,5%

d =25 MxMm, MIPOYHOCTb MPU

62,9 77,3 76,7 74,8 72,3 71,1

_ 2
yiebHast MOBEPXHOCTh — 967 cM?/T cxariu, MITa

100% 123% 122% 119% 115% 110%

MexaHW4YecKast aKTUBALIUS, CPCAHAA

2400 2435 2450 2455 2458 2474

o 3
CpenHuii pasMep IMaMeTpa yactuif — | MIOTHOCTD, KT/M

100% 101,5% | 102,1% | 102,3% | 102,4% | 103,1%

d =6 MKM, [POYHOCTH MIPH 63,08 79,1 82,8 80,3 78,4 76,5
yAeIbHAA MOBEPXHOCTE — 2911 CM/T | oxeamyu, MIa 100% | 1251% | 131% | 127% | 124% | 121%
MexaHorunpaBInIecKast aKTUBALUS | cpenHsst 2411 2435 2447 2451 2453 2452
P, = lem/r, noTHOCTS, KT/M* | 100% | 101% | 101,5% | 101,8% | 102% | 101,9%
CpeHMIT pa3Mep IuamMeTpa YacTUIL —

d =3 MKM, IPOYHOCTD TIPU 63,03 80,2 83,1 87,8 85,3 82,1
yaeabHast TOBepXHOCTh 549 1cm?/T cxaruu, MITa 100% 127% 133,1% 139% 135% 130%
MexaHOruapoXxuMuyeckas cpenHsis 2419 2453 2470 2479 2489 2504
akTuBauus (Bona + Xxummuueckas IJIOTHOCTD, KI/M* | 100% 101,4% | 102,1% | 102,5% | 102,9% | 103,5%

nobaska) p_ = 1,15 cm?/r,

CpemHuii pa3Mep TuaMeTpa YacTUIl — TIPOYHOCTD MIPH

63,07 82,8 90,36 97,38 100,45 96,67

d=1,5 MKM,

cxartuu, MIla
yAeabHast TOBePXHOCTh 7729 cM?/T

100% 131% 143% 154% 159% 153%
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[1poYHOCTH LIEMEHTHOI'O KAMHSI OIIpeae/IsIach Ha 00-
pasLax, MPUroTOBJICHHBIX U3 KBapLIE30JI0LEMEHTHOIO
TeCTa HOPMAJILHOM TYCTOTBI, Pa3MepPOM 2X2X2 cM, ISt
KaXXJIOTO COCTaBa COIIACHO CTPYKTYPHOI CXeMe UCCIIeI0-
BaHus1. VIcribITaHKsI IPOBOAWINCH COIIACHO TPEOOBaHUEM
TI'OCT 10180-2012. ITpouHocTh 00pa31IOB IIPU CKATUUN
ompeesiach Ha mpecce «Matest». DU3UKO-MeXaHUYe-
CKH€ IT0Ka3aTeIN MOIyuYeHHBIX 00pa3LoB ONPEAE/ISINChH
B Bo3pacTte 28 CyTOK, TIPeICTaBICHEI B Ta0JI.2.

[TonydeHHbIE pe3yabTaThl IPOYHOCTU OOPA3LIOB Lie-
MEHTHOTO KaMHSI Ha KBapIIe30JI0TIEMEHTHOM BSIKYIIIEM
[IPY OTHOILIEHUHM MACChl aKTUBUPOBAHHOM KBapLIE30JI0-
BOI cMecH K Macce 1ieMeHTa: 6e3 aktusanuu (20:80) —
MIPOYHOCTh yBeInuuBaeTcs Ha 23 %; mpu MexaHude-
ckoit aktmBanuu (30:70) — IPOYHOCTh YBEIMIMUBACT-
cs Ha 31%; mpu MeXaHOTUIPABINIECKON aKTUBALIUN
(40:60) — npouyHOCTb yBemuuBaeTcs Ha 39 % u npu
MexaHoruapoxuMmdeckoit aktuBanum (50:50) mpou-
HOCTb yBennuuBaercs Ha 59%.

3AK/IIOYEHUE

IIpuMeHeHEe HaHOPa3MEPHBIX YaCTHLL B KBaplie-
30JI0BOI CMECH TO3BOJISET YBEINIUTD ITPOYHOCTHBIE
XapaKTepUCTUKU LIEMEHTHOTO KaMHs oT 23 10 59%.

Hcrionp30BaHne KBapLEBBIX OTXOA0B OT ITPOM3BO/I-
CTBa 0cO00 YMCTOTO KBAapILIEBOTO KOHILIEHTPATa U 301

CIINCOK NCTOYHUKOB

runpoynanenust Omckoii TOLI-5, ¢ mpuMeHeHnEM TIpe-
JIO>KEHHBIX TEXHOJIOTUIA X aKTUBALIUM, TIO3BOJIUT YJIy4-
IIUTh CTPYKTYPY LIEMEHTHOTO KaMHS 3a CUET IMOBbIIIIE-
HUS TUIOTHOCTU YITAaKOBKU U XUMWYECKOU aKTUBHOCTHU
HaHOpa3MepHbIX YaCcTUIL B Ipoleccax (pazoodpa3oBa-
HUS TUIPATHBIX COEAUHEHUI, YTO CHU3UT MEXK3EPHO-
BYIO IIYCTOTHOCTb MEXIY HETIPOTUAPaTUPOBAHHBIMU
3epHAMM LIEMEHTA U YJIYyYIIUT (PU3MKO-MEeXaHUUYeCKue
XapaKTEPUCTUKU LIEMEHTHOTO KaMHs. Mcnoiab3oBaHue
aKTMBMPOBAHHBIX KBAPLIEBBIX OTXOJ0B C MOBBIILIEHHO
YAEJTBbHOU TTOBEPXHOCTHOM HEPTUEH KaK BBICOKOpE-
aKIIMOHHOTO IYILI0JaHa CIIOCOOCTBYET MOJIYyUYEHUIO
0oJsiee MPOYHOIO U JOJITOBEYHOrO 1IEMEHTHOTO KaMHSI.
3omsl Tuapoynanenuss Omckoii TOLI-5 Ha onTUMaIbLHOM
KBaple€30JJ0LEMEHTHOM BSIXKYIEM UISI IPOMBILUIEHHOTO
U FPAXXKIAHCKOTO CTPOUTEIHCTBA MOTYT CLIOCOOCTBOBATH
3HAYNUTEIbHBIM WHBECTUIIUSIM B pernoH OMCKOI1 001a-
CTH, YTO MOJIOKUTEJBHO CKaXKeTCs HA 9KOHOMUYECKOM,
COLIMAJIBHOM M 9KOJIOTUYECKOM TTOJIOKEHUU B OKPYTE.

B HacTos1ee BpeMs MOXKHO CUMTATh MPaKTUUYECKU
JMOCTUKMMbBIM M 9KOHOMUYECKU BBITOJHBIM MacCOBOE
BHEIPEHUE KBAPLIE30JOBOIO ChIPbsI B CTPOUTEBCTBO.
BBeneHue KBap1e307101eMEHTHOTO BSIXKYILETO ¢ paly-
OHAaJIbHBIM 3€pPHOBBIM COCTABOM MO3BOJISIET MOBBICUTH
OIHOPOJHOCTb OETOHHOM CMECHU, CHU3UTb PacXo lie-
MEHTa, a TaKXe pelluTh Mpo0aeMy YTUIM3aLMKU KBap-
LIEBBIX OTXOAOB U 30JIbl TUAPOYIAJICHUS.
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ABSTRACT: Introduction. The value of the specific surface (Sh the degree of crystallinity (C, %) and surface activity (k) plays an
important role in creating various compositions. The increase in the size of Ssp is associated with a change in the “C”" of rock pow-
ders, the value of which characterizes the properties of fillers. The reactivity of the finely dispersed material can be determined
by the value of k, which allows quantifying transition of the potential energy into free surface energy by activating the surface of
the raw material. Therefore, determining the functional relationship between the parameters characterizing the reactivity of rock
powders is an urgent task. Methods and Materials. Four deposits of polymineral construction sands are selected as raw materials.
To obtain fine powders, the samples were ground by dry dispersion. The specific surface area of rock systems was determined by
gas sorption. Crystallinity was calculated from the X-ray diffractogram of the samples. Results and Discussion. The certain sizes
of specific surfaces for highly dispersed rocks have shown, that deposits “Kenica” and “Nekhtskoye” possess the greatest values Ser
The study of the phase-structural heterogeneity of the samples, showed a significant increase of the content of the amorphous
phase. At the same time, the degree of crystallinity for the sands “Kenica” and “Nekhtskoye” deposits decreases 25%. The functional
relationship between the surface activity and the shares of the amorphous component (c) for highly dispersed sands was character-
ized by mathematical expression k =21+ 107 ¢c+0,58 * 10. The identified dependence demonstrates the relationship between
the parameters of the phase-structural heterogeneity and k_ of fine-dispersed samples. Conclusion. The results obtained showed
that mechanical dispersion contributes to the activation of raw materials. This is due to the breakability of the crystal structure of
minerals and the texture of the raw materials. These characteristics are reflected in the value of the activity of the surface of fine-
dispersed systems of the rocky rocks.
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INTRODUCTION is, increase the operating period and the life cycle of the
product or construction as a whole [5-9].

The most common and demanded raw materials for
the production of building materials are rocks of various

genesis. With mechanical dispersion of this raw material,

Currently, thin-fat mineral powders are of great im-
portance for the building materials industry [1-2],
the introduction of which to the production technology

makes it possible to improve the quality of building ma-
terials. Sizing powders to micro- and nano-dimensional
levels of particles leads to a change in a number of physi-
cochemical properties of the systems themselves [3—4].
This approach allows significant improving the quality of
composite materials. Strength, wear resistance, thermal
and chemical resistance, viscosity of destruction, that

according to the classical principles of thermodynamics,
a certain work is spent, as a result of which the energy of
the formation of a free surface [10—11] is released from
the total energy potential of the breed.

In addition, a number of researchers noted that to
create various compositions in composition, the value
of the specific surface (Ssp), the degree of crystallinity
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and the activity of the surface (k) plays an important
role.

The preparation of micro- and nanoscale particles in
the analyzed systems ensures the transition of part of the
potential energy of the entire object due to its structure,
composition and texture into excess surface energy. The
dominant role in this plan is given by the specific surface,
the increase of which helps to strengthen the relationship
between raw materials with the composite matrix (more
uniform particle size distribution is achieved), which leads
to the optimization of its structure and properties [2, 6,
8, 12].

The increase in the size of Ssp is closely related to the
degree of crystallinity of rock powders. So, it is known
that the degree of crystallinity — is the ratio of the mass
of the crystal part of the powder of the test sample to its
total mass, expressed as a percentage or fractions. During
the dispersion of rocks, the crystal lattice of the material
occurs during the ultra-and nanoscale state. As a result,
the intake of internal energy and the transformation of
a part of the crystal structure into an amorphous phase
is an important component to increase the reactivity of
composites [13].

Thus, the degree of crystallinity is an indicator of
a highly dispersed material, the magnitude of which
characterizes the properties of fillers, and as a result, the
main finish properties of the concrete composite (density,
strength, frost resistance, water resistance).

In turn, as shown by our research, the reactivity of
the highly dispersed material can be determined by the
activity of the surface (k). It is this parameter that allows
you to quantify the transition of potential energy accu-
mulated by the rock in the process of genesis, into free
surface energy due to the activation of the surface of the
raw material [2, 14, 15].

The definition of the value of KS is based on mac-
roenergy rates of rock. The first is — the atomization en-
ergy (£, KJ/mol), which is determined as the sum of the
standard enthalpy of the formation of crystals and the
heat of the formation of the components of the atoms of
chemical elements (values are given in reference literature
[16]). The derivatives of this value are the specific mass
energy of atomization (£ , KJ/g) and the specific volu-
metric energy of atomization (£, KJ/cm?), allowing you
to correctly compare rocks by energy parameters. At the
same time, the £ parameter is due to the specifics of its
calculation, it allows you to characterize rock rocks for
energy content [10—17].

The calculation of the value of the surface activity
was carried out using the provisions of [9, 10, 14, 18],
according to which this parameter is equal to k. = E /
E ratio. Free surface energy (£, J/kg) was calculated
by the product of the values of the surface tension (o,)
of the highly dispersed system and its specific surface.
For the experimental definition, ok was used the OWRK

method (Ounce, Wendt, Rabel, and Kjellble method)
[4, 12, 15, 18, 19].

The purpose of the research presented in this work is
to determine the possible functional relationship between
the parameters characterizing the reactivity of the pow-
ders (the degree of crystallinity and the surface activity)
of rocks on the example of finely dispersed systems of the
polymineral sands of the most widely used fields of the
Arkhangelsk and Ivanovo regions.

METHODS AND MATERIALS

Four deposits of polymineral construction sands were
chosen as raw materials for the study: the “Krasnoflotsky-
Zapad” and “Kenitsy” deposits (Arkhangelsk region), the
“Khromtsovskoye” deposit (the village of Khromtsovo,
Ivanovo region) and the “Nekhtskoye” deposits (the vil-
lage of Teterinskoye, Nerekhtsky district). The last two
deposits are located in the Ivanovo region.

Before starting the experiments, the sand was washed
and dried to a constant weight at 105°C. Sands size modu-
lus and their true density (by picnometric method) were
determined according to GOST 8735-88.

To obtain finely dispersed rock powders, samples, raw
material, were ground to finely dispersed state by dry dis-
persion in a “Retsch PM100” planetary ball mill using
a carbidwolfram grinding headset. The optimal dispersion
conditions were selected by test to obtain a reproducible
particle size with a satisfactory polydispersity of the frac-
tions obtained.

The specific surface area of highly dispersed rock sys-
tems was determined by gas sorption, according to BET
theory, on the analyzer “Autosorb-iQ-MP.”

The degree of crystallinity for rocks in powdered form
was calculated based on the X-ray diffractogram of sam-
ples using the XRD-7000 XRD-7000 XRD-7000 X-ray
diffractometer. Radiographs were recorded in the CCU
“Arctic” NArFU.

RESULTS AND DISCUSSION

Selected sand deposits are not significantly different
in the size of the size (M,). Three of them belong to the
middle, and the sand of the “Krasnoflotsky-West” deposit
is small. True densities (o, ) of the breeds under study
also have close values and vary in the range from 2500 to
2710 kg/m? (Table 1).

In the grinding process, several fractions of highly
dispersed rocks were obtained, which were characterized
by the value of the specific surface (Table 2).

The analysis of the obtained fractions for the rocks
presented in Table 2, with 30 minute duration of the
grinder, showed that the sand of the “Nekhtskoye” depos-
it has the highest value of the specific surface. At the same
time, the sands “Krasnoflotsky-West” and “Khromtsovs-
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Table 1
Main characteristics of rocks
Sand deposit Designation M, Fineness o, kg/m’
Krasnoflotsky-West S1 1.70 small 2710
Kenitsa S2 2.21 average 2640
Hromtsovskoye S3 2.18 average 2500
Nekhtskoye S4 2.43 average 2600
Table 2
Specific surface area of highly dispersed rock samples
The value of the specific surface (S_, m*/kg) during the duration of the grinder (min)
Sand deposit i
5 min 10 min 20 min 30 min
S1 8241+17 10 140£23 15302+15 22 231%+20
S2 7819+£13 9920+19 18 67012 28 603%18
S3 9101+11 10 893+13 16 384+11 23187*14
S4 7783+18 887017 20 854t15 31543%16

koye”, despite the difference in the values of true densi-
ties, have close values of the specific surface. This fact
may indicate that the composition of these polymineral
sands (S1 and S3) contains minerals that have similar
characteristics by cooler.

The study of the phase-structural heterogeneity of the
samples after different in time (5 and 30 minutes) of the
mechanical actuation period (Fig. 1), showed a signifi-
cant increase in all the studied samples of the amorphous
phase.

The change in the degree of crystallinity and the per-
centage of the amorphous phase in highly dispersed sam-
ples after mechanical dispersion is presented in Table 3.

The given data (Table 3) show that the degree of
crystallinity for the studied polymineral sands decreases
during the grinding of 30 minutes from 14 to 25%. The
effect of reducing the degree of crystallinity (increasing

the degree of phase-structural heterogeneity) of samples
is associated with their structural and textural features.

These facts, based on the ideology of calculating the
activity of the surface (k,), are reflected in the magnitude
of this indicator, the physical nature of which is deter-
mined by the structural and textural features of the ana-
lyzed objects.

Table 4 shows the values of the indicators (calculated
and experimentally defined) used by us to calculate &
(specific mass energy of atomization, E ; cosine values
of the wetting angle with reference liquids, cos@; surface
tension of prototypes, pressing, 0, = o o) free surface
energy, E_and specific surface, Ssp). It should be noted
that according to the OWRK method, the determination
of the surface tension of the pressed powders is associ-
ated with the calculation of the dispersion (0,) and the
polarization (op) components.

Table 3
Crystal degree and amorphization of rock surface
The degree of crystallinity / content of the amorphous phase (C, %),
Sand deposit depending on the time of grinding rocks
5 min 10 min 20 min 30 min

S1 96.2/3.8 94.7/5.3 90.5/9.5 86.2/13.8

S2 95.4/4.6 92.9/7.1 80.8/19.2 74.2/25.8

S3 93.2/6.8 91.8/8.2 87.7/12.3 83.2/16.8

S4 94.9/5.1 94.1/5.9 84.7/15.3 72.6/27.4
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Fig. 1. Diffractograms of highly dispersed samples of rocks: 1 — crystal part; 2 — amorphous part

Figure 2 shows the dependence of the surface activity
from the share of the amorphous component for highly
dispersed sands with a grinding time of 30 minutes (this
time was chosen due to the maximum values of “c” —
shares of the amorphous component), which is linear

in nature with the accuracy ratio of the approximation
R? = 0.81 and subordinate equation:

k. =21+10"+c+0.58+ 10-5. (1)

s
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Table 4
Energy parameters of sediment rocks
Sand deposit
Defined parameter
S1 S2 S3 S4

Grinding time, min 5 30 5 30 5 30 5 30
Specific surface, Ssp, cm?/g 8241 22231 7819 28603 9101 23187 7783 31543
Surface tension g, mN/m 66.97 67.58 67.06 67.81 67.51 68.11 65.22 67.51
Specific mass, E *10°, KJ/kg 30.44 30.41 29.12 30.67
Free surface energy E, J/kg 67.94 104.05 | 66.46 157.67 | 61.89 126.96 | 50.59 | 214.49
Surface activity &+ 10° 2.23 3.42 2.18 5.18 2.13 4.36 1.65 6.99

8 A ks

7 .

6

5

4 k,=21-10%¢c+ 0.5810¢

R2=10.81
3
¢, part
2
0.13 0.16 0.19 0.22 0.25 0.28

Fig. 2. Functional dependence of the species k= f(c) for a grinding time of 30 minutes

CONCLUSION

The obtained experimental results showed that dry
mechanical dispersion of the polymineral sands of vari-
ous fields on the planetary ball mill contributes to the
activation of raw materials associated with the destruc-
tion of its crystal lattice and the formation of the active
amorphous phase. At the same time, the key techno-
logical factor of activation is the grinding time, which
contributes to a decrease in the degree of crystallinity of
the sands at about 0.46% (for S1) to 0.96% (for S4) per
minute. This fact is associated with the temperature of the
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®a30BO-CTPYKTYpHas reTeporeHHOCTb 1 aKTUBHOCTb
NOBEePXHOCT NOPOLUKOB NMOJIMMNHEpPaNbHbIX NeCKOB

MapuHa BnagnmuposHa Mopo3soBa' ?* (2}, Apkaguii Muxainosuy AiiseHwTaar? (o),
MapwuHa BnagumnposHa Akynosa' (), Mapusa ApkagbeBHa ®ponoBa?

' iBaHOBCKMI roCcyapCTBEHHbI NMONUTEXHUYECKUNI YyHUBepcKTeT, IBaHOBO, Poccuna
2 CeBepHbI (ApKTruecknii) depepanbHblii yHuBepcuteT nMmeHn M.B. JlTomoHocoBa, ApxaHrenbck, Poccua

* ABTOp, OTBETCTBEHHbIN 3a Nepenuncky: e-mail: m.morozova@narfu.ru

AHHOTALNA: BeepeHue. Mpn co3aaHnm pasnnyHbIX MO COCTaBY KOMMO3MLMIA BaXKHYIO POfb UTPaeT BENNUMHA YAeNbHOW NOBepX-
HOCTW (Syﬂ), cTeneHb KPUCTANTIMYHOCTM 1 aKTUBHOCTb MOBEPXHOCTU (ks). Bo3pacTtaHue BennumHbl Sy‘q TECHO CBA3AHO C U3SMEHEHNeM
CTeneHn KpUCTanIMYHOCTV MOPOLLKOB FOPHbIX MOPOSA, BENNYMHA KOTOPOW XapaKTepr3yeT CBONCTBa HanoHuTenen. PeakynoHHasn
CNOCO6HOCTb BbICOKOAVCNEPCHOrO MaTepuasna MOXeT ONpeAeNaTbCA BEMUYMHON K, NO3BONAIOLLEN KONNYECTBEHHO OXapaKTepu-
30BaTb Nepexof NoTeHUManbHOM SHePrm, HaKOMIEHHOW rOPHON MOPOAOI B NpoLecce reHe3unca, B CBOOOAHYI0 NOBEPXHOCTHYIO
SHEPruio 3a CYET aKTMBaLMM NOBEPXHOCTM CbipbA. [1o3ToMy onpeaeneHne GpyHKLMOHaNbHOW B3aMMOCBA3N MeXy napaMmeTpamu,
XapaKTepPU3YOLLMMI peakLMOHHY0 CMOCOBHOCTb NMOPOLLKOB rOPHbIX MOPOA, ABNAETCA akTyanbHON 3afaveil. MeTtogbl n matepu-
anbl. B KauecTBe CbipbeBbIX MaTepranoB BbiOpaHbl YeTbipe MECTOPOXKAEHUS NOIMMUHEPaNbHbIX NeCKoB. [Ins NonyyeHns BbICOKO-
AMCNepPCHbIX MOPOLLIKOB NPOObI M3MeNnbYan METOLOM CYXOro AUCneprupoBaHna. YaenbHylo NOBEPXHOCTb BbICOKOAUCMEPCHbBIX
CUCTEM FOPHbIX MOPOA ONpeaenann MeTogom copbumm rasa, no teopum b3T. CreneHb KPUCTaNIMYHOCTY PACcCUUTbIBANK, UCXOAA U3
peHTreHoBCKoM AandpakTorpammbl obpasuos. Pesynbratbl n 06cykaeHune. OnpeaeneHHble BeNMUMHbI YAeSIbHbIX MOBEPXHOCTEN
ANA BbICOKOAMCMNEPCHbBIX FOPHbIX NMOPOo/ NoKasanu, YTo MecTopoxaeHus «KeHunubl» 1 «<HexTckoe» 06n1aaatoT HanbonbWMM 3Haue-
HUAMM Syﬂ. WccnenoBaHme $a3oBO-CTPYKTYPHON reTeporeHHOCTU 06pa3LioB NOKa3asio 3HaYNTeNIbHOE YBENIMUEHME B COCTaBe BCEX
nccnepyembix 06pasLoB coaepkaHusa amopdHoii dasbl. [Mpu 3TOM CTeneHb KPUCTAIIMYHOCTA A1t UCC/IeAyeMblX NMeCKOB YMeHbLLAeTCA
oT 14 no 25%. Takum 06pa3om, Necku MectopoXkaeHnin «KeHnLbl» 1 «<HexTckoe» 06r1agatoT MOBbILEHHBIM SHEPreTUYECKUM NOTEHLU-
anom, Tak Kak crnoco6Hbl 06pa3oBbiBaThb 6onbluee KonnyecTBo amopdHoi dpasosoii cocTaBnaiolwei. [locTpoeHa GpyHKLUMOHanbHasA
B3aMMOCBA3b MEXAY aKTUBHOCTbIO MOBEPXHOCTU 1 Aonel amopdHol cocTaBnAtoLen (¢) AnA BbICOKOANCMEPCHbIX NeCcKoB, 6biia
OXapaKTep130BaHa MaTeMaTMYeCKUM BbipaxkeHuem Bnaa k =21+ 107« ¢+0,58 * 10°. BbifiBNeHHan 3aBUCMMOCTb AEMOHCTPUPYET
B3aMMOCBSA3b MeXay napameTpamu $Ga3oBO-CTPYKTYPHOWN reTeporeHHOCTV U aKTUBHOCTBIO MOBEPXHOCTY TOHKOAUCMEPCHBIX 06-
pa3uoB. 3akntoueHue. [onyyeHHble SKCNeprMeHTasbHble pe3ynbTaTbl MOKa3anu, YTO MexaHn4Yeckoe AnCneprupoBaHne, 3a cyeT
pa3pyLUeHna KpUCTanINYecKon peLleTKn mateprana u obpasoBaHnsa akTMBHoM amopdHoi dbasbl, CNOCOOCTBYET aKTUBaLM CblPbs.
TexHonornyecknm GpakTopom ABNAETCA BPemsa MOMOa, CNOCO6CTBYOLEe YMEHbLUEHUIO CTENEHN KPUCTaIMYHOCTI NeCKoB npu-
MepPHO €O CKOpOCTbio OT 0,46 [0 0,96 % B MUHYTY. [laHHbI (aKT CBA3aH C Pa3MONOCNOCOOHOCTbIO KPUCTANINYECKON CTPYKTYpPbI
MUWHEPanoB, COCTaBAAOLMX NOIUMIHEPaIbHbIe OMbITHble 06Pa3Lbl, U TEKCTYPOIA Cbipbsl. DT XapaKTEPUCTMKIN OTPAXKALOTCA B Be-
JINUYMHE aKTUBHOCTM MOBEPXHOCTIN TOHKOAMNCNEPCHbBIX CUCTEM U3YYaeMbIX FOPHbIX MOPOA,.

KJTIOYEBDIE CJIOBA: nonvMnHepasbHble NecKu, yaesbHasa MOBEPXHOCTb, CTEMNEHb KPUCTANNIMYHOCTY, amopdHan cocTaBnfoLlasn,
aKTVBHOCTb MOBEPXHOCTY.
BJIATOAAPHOCTU: ViccnenoBaHue BbinonHeHo npu ¢rHaHcoBow nogaepxke POOU B pamkax HayuHoro npoekrta N2 19-33-60062.

ONnAa UUTUPOBAHUA: Mopo3osa M.B., AiizeHwTaar A.M., Akynosa M.B., ®ponosa M.A. ®a30Bo-CTpPyKTypHasa reTeporeHHoCTb
1 aKTBHOCTb NOBEPXHOCTY NMOPOLLKOB MNONMMUHEPasbHbIX NeckoB // HaHoTexHonorun B ctpouTenbcTee. 2022.T. 14, N2 2. C. 89-95.
https://doi.org/10.15828/2075-8545-2022-14-2-89-95.

BBEJIEHUE TOHKOMOJIOTbIE MUHEpaJIbHbIE TTOpOIIKH [1—2], BBe-
IIeHNEe KOTOPBIX B TEXHOJIOTUIO IIPOU3BOICTBA ITO3BO-
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IYCTPUH CTPOUTETHHBIX MATCPHUAJIOB IPEACTABISIIOT  JloBemeHMe MOPOIIKOB 10 MUKPO- M HAHOPa3MEPHOTO
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YPOBHSI YAaCTUILL MMPUBOJIUT U K UBMEHEHMUIO psina hU3u-
KO-XUMMWYECKMX CBOMCTB caMuX cucTeM [3—4]. JlaHHbIi
MOJXO/I TO3BOJISIET B 3HAYUTEJbHOM CTENEHU MOBBICUTh
KauyeCTBO KOMITO3UIIMOHHBIX MAaTEPUAJIOB: MMPOYHOCTD,
M3HOCOCTOMKOCTh, TEPMUUYECKYIO U XUMUYECKYIO CTOM-
KOCTb, BI3KOCTb pa3pylIeHus, T.€. YBEJIUYUTb IKCILTya-
TAIIMOHHBIN TIEPUO W KU3HEHHBIN ITUKIT U3ISTUS VTN
KOHCTPYKIIU B 1IeJIoM [5—9].

Haubonee pacnpocTpaHeHHBIM U BOCTPEOOBAHHBIM
CBIpbEM JIJI51 IPOU3BOACTBA CTPOUTEILHBIX MaTEPUAJIOB
SIBJISIIOTCSI TOPHBIE TTOPOABI pa3InyHOro reHesuca. [pu
MeXaHUYEeCKOM AUCIEPTUPOBAHUU BTOTO ChIPbS, CO-
r1aCHO KJIACCUYECKUM MPUHLIMIIAM TEPMOAMHAMUKM,
3aTpauyuBaeTcs onpeneaeHHas paboTa, B pe3yabTaTe KO-
TOPOIi 13 O0IIer0 AHEPTreTUYECKOTO MOTEeHIIMaa MOpo-
JIbl BBICBOOOXKIAETCSl 9HEPTrysl, TOIyYrBIIasi Ha3BaHUE
CBOOOIHOI TTOBepXHOCTHOM [10—11].

Kpome Toro, psnom ucciaenoBaTesieii OTMEUEHO,
YTO JJI51 CO3IaHUS Pa3TIMYHBIX IO COCTaBY KOMITO3ULIMIA
BaXKHYIO POJIb UTPAET BeJIMUMHA YAEIbHOU MOBEPXHOCTH
(Sy ,)> CTENEHb KPUCTAIUIMYHOCTH U aKTUBHOCTH ITOBEPX-
HoctH (k).

ITonyyeHne MUKpPO- U HAHOPA3MEPHBIX YACTUIL
B aHAJM3UPYEMbIX CUCTEMax 0OecreuuBaeT Mepexo/l
YacTU MOTEHILIMAJIbHON DHEPTUU BCEro 00beKTa, 00y-
CJIOBJIEHHOI €ro CTPYKTYpOIi, COCTaBOM U TEKCTypoOi
B U30BITOYHYIO MOBEPXHOCTHYIO 9HEPTUI0. [ J1TaBeHCTBY-
1o11as1 POJib B 3TOM IJIaHE OTBOJAUTCS YAEIbHOM MOBEPX-
HOCTHU, YBEJIMYEHUE KOTOPOI CITIOCOOCTBYET YCUJIEHUIO
B3aMOCBSI3EH CBIPhS C MATPHUIIEH KOMITO3UTA (IIOCTUTA-
eTcst 6oJiee OMHOPOAHOE pacnpeaeeHe YacTUll B MaTe-
puaje), 9To MPUBOAUT K OIITUMU3AINHN €TI0 CTPYKTYPBI
M CBOICTB [2, 6, 8, 12].

Bospacranue BeJMYMHBI Sy , TECHO CBA3aHO CO CTe-
MEHbIO KPUCTAJIIMYHOCTH MOPOILIKOB TOPHBIX MOPO/I.
Tak, u3BecTHO, YTO CTENEeHb KPUCTAUTMYHOCTA — 3TO
OTHOIIIEHME MACChl KPUCTAJUTMYECKOM YacTH MOPOIIKa
uccaeayeMoit mpoObl K ee o0l1ieit Macce, BbIpakKeHHOE
B MPOLIEHTaX Wi 10JsX. Bo Bpems aucneprupoBaHus
TOPHBIX MOPOJI 10 YAbTpa- U HAHOPA3MEPHOTO COCTOS -
HUSI IPOMCXOIUT pas3pylIeHUEe KPUCTAIINIYECKON pe-
1IETKWA MaTepuralia, BCJAEACTBUE YEro MPOUCXOIUT BbI-
CBOOOXK/I€HME BHYTPEHHE 9HEepruu 1 rpeodpa3oBaHue
YaCTU KPUCTAIUTMICCKOM CTPYKTYPBI B aMOp(HYIO a3y,
SIBJISIONIENCS BaXKHOW COCTABJISTIONICH TS TIOBBILLIEHUS
PEaKIIMOHHOM CITOCOOHOCTH KOMITO3UTOB [13].

Taxum 06pa3oM, cTeneHb KPUCTATMYHOCTH SIBJISIET-
s MoKazaTesieM BBICOKOIMCIIEPCHOTO MaTepuaa, Belu-
YKHa KOTOPOT'0 XapaKTepU3yeT CBOMCTBA HAIOJHUTEJIEH,
M KakK CJIeICTBUE, OCHOBHbIE (DMHUIIIHBIE CBOCTBA O€-
TOHHOTO KOMIIO3UTa (TIJIOTHOCTH, IIPOYHOCTH, MOPO30-
CTOMKOCTB, BOTOHECIIPOHUIIAEMOCTD).

B cBoto ouepenb, Kak mokaszaayd HalllM UCCAEI0Ba-
HUS, peakKIIMOHHAasA CITOCOOHOCTb BBICOKOAMCIIEPCHOTO
MaTepuaia MOXET ONPeaesiTbCs aKTUBHOCTBIO OBEPX-

HoCTH (K ). IMEHHO 3TOT ITapaMeTp MO3BOJIAET KOJIMYe-
CTBEHHO OXapaKTepH30BaTh MEPEXOI ITOTCHIINATHHOMN
SHEPruy, HAKOMJIEHHOM rOpPHOI MOPOOOM B IIPOIIEC-
ce TeHe3Hca, B CBOOOIHYIO TTOBEPXHOCTHYIO SHEPTUIO
3a CYET aKTUBAlIMY TTOBEPXHOCTH CBIphd [2, 14, 15].

Onpenenenne BeIMYMHBL k_ 6a3upyeTcs Ha Makpo-
SHEPreTUUCCKUX TOKa3aTeIsIX TOpHOU Tmopoasl. [lep-
BBIM SIBJIAETCS SHEprus aromusaunu (£, KJIx/Moib),
OITpeIeIISTIoNmasicss KaK CyMMa CTaHIapTHOM SHTAIBITNN
00pa3oBaHMA KPUCTAIJIOB M TEIUIOT OOpa30BaHUS CO-
CTaBJISIONINX aTOMOB XMMHYECKUX 3JIEMEHTOB (3Ha-
YyeHUsI MPUBOISTCS B CIIPaBOYHOI auTepartype [16]).
[Tpon3BOTHBIMU 3TOM BETMUMHBI SIBIISTIOTCS yaCTbHAS
MaccoBast oHeprus aromusauuu (E , KIIx/r) u ynens-
Hasg oObeMHas sHeprusa atoMusauuu (E , kIx/cm’),
TTO3BOJISTIOIINE KOPPEKTHO COMTOCTABUTH TOPHBIEC TTOPOIIBI
10 SHEepreTUIeCKNM apameTrpaM. I1pu aTom mapameTp
E B cuity cieun@uKu CBOETO pacyeTa Mmo3BOJISIET OXa-
pPaKTepU30BaTh TOPHBIC MTOPOIBI ITO0 SHEPTOIUIOTHOCTH
[10—17].

PacueT BeTMUMHBI aKTUBHOCTU TTOBEPXHOCTH TIPO-
BOJIMJIN, UCITOJIL3YS TTOJIOKeHus pa6oT [9, 10, 14, 18],
COIJIACHO KOTOPBIM 3TOT ITapaMeTp PaBeH OTHOIICHUIO
k.= E/E . CBOOOIHYIO IOBEPXHOCTHYIO dHEPTHIO (£,
JX/KT) BEIUMCIISIIIA TIPOM3BEACHNEM 3HAUYCHUN IT0-
BEPXHOCTHOIO HATAXEHUS (0,) BHICOKOAUCIIEPCHOIA
CHCTEMBI U €€ YIeIbHOUM MOBEepXHOCTH. I aKCIepu-
MEHTAJIbHOTO ONPENEIEHUS 0, UCTIONB30BAIM METO/L
OBPK (MmeTom OyHca, Bennra, Pabens n Kvenpoie)
[4, 12, 15, 18, 19].

Llenpro MccmenoBaHMi, IpPeaCTaBICHHBIX B JaHHOM
paborte, SBISIETCS OIIpeneIcHIEe BO3MOXHOM (hyHKIIHO-
HaJIBHOI B3aMOCBSI3W MEXIY IapaMeTpaMu, XapaKTe-
PU3YIOIIMME PEeaKIIMOHHYIO CIIOCOOHOCTH ITOPOIIKOB
(cTeTeHb KPUCTAIIMYHOCTH U aKTUBHOCTD TIOBEPXHO-
CTHM) TOPHBIX MIOPOM Ha MIPUMEPE TOHKOMIMCIICPCHBIX
CHCTEM IOJIMMUHEPAIbHBIX TTECKOB HanboJIee MMPOKO
HCTIOIb3yeMbIX MECTOPOKICHINI ApXaHTeTbCcKoii 1 Ba-
HOBCKOM obJiacTeil.

METO/bI 1 MATEPHAJIBI

B kadecTBe CHIPBEBBIX MaTepHUAIOB OBUTN BEIOPAHBI
IMOJIMMHUHEPAJIbHBIC TICCKHA YETBIPEX MECTOPOKICHMIA:
pedHoIt mecok MectopoxkneHus «KpacHodmorckmit-3a-
IMag» 1 KapbepHBIN MeCOK MECTOPOKICHUS « KeHUIIbI»
(ApxaHreyibckasi 006J1acTh); KapbepHble niecku MBa-
HOBCKOM 00JIACTH MECTOPOXKICHUN «XPOMIIOBCKOE»
(c. XpomuoBo) u «Hexrckoe» (c. Terepunckoe, He-
PEXTCKUI1 paiioH).

Ilepen HaYaIOM SKCIIEPUMEHTOB TIECOK ITPOMBIBAIA
1 BBICYIIUBAJIN IO TIOCTOSTHHOM MacChI IIPU TeMIIepaType
105°C. OmpeneeHre OCHOBHBIX XapaKTepHUCTUK ITECKOB,
TaKUX KaK: MOIYJIb KPYITHOCTH 1 UICTHHHAS TUIOTHOCTh —
ocymiectBisioch Mo FOCT 8735-88.
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Hnsa pacdyeTa BeTMUYNHBI aKTUBHOCTH ITOBEPXHOCTH
IpOOHI MecKa M3MeIbYaliil 10 BHICOKOIMCIIEPCHOTO
COCTOSTHUSI METOIOM CYXOTO JUCIICPTUPOBAHUS CHIPbhS
B IJIaHETapHOM mapoBoit MenbpHUIIE «Retsch PM100»,
TIPUHIIAT U3MEJIBYCHUSI KOTOPO OCHOBAH Ha TPCHUM
YaCTHUII ¥ yAape O HUX CTAIbHBIX Pa3MOJBHEIX TEIl.
OMBITHBIM ITyTEM OBUIM TTOIOOPAaHBI ONITUMAJIBHEIC pe-
JKAMHBIE TTapaMeTPhI AUCTICPTUPOBAHUS, TIO3BOJISIIOIIIE
TIOJTy4aTh HEOOXOMUMBII pa3Mep YaCTHII.

YIenbHYT0 TTOBEPXHOCTD BEICOKOMUCIIEPCHBIX CUCTEM
TOPHBIX TIOPOM OMPEACISIIN METOIOM COpPOITUM Ta3a,
o Teopuut BOT, Ha aHanmu3aTope «Autosorb-iQ-MP».

CreneHb KPUCTAJUIMIHOCTH JJISI TOPHBIX TTOPO]T B TT0-
POIITKOOOPAa3HOM BUIE PACCUUTHIBAIA UCXOIS U3 PEHT-
TEHOBCKOM A paKTOorpaMMbl 00pa3IloB C MCITOJIb30-
BaHMEM PEHTTeHOBCKOro mudpakromeTpa Shimadzu
XRD-7000. PentrenorpaMMbl 3ancbiBaanch B LIKIIT
«Apktrka» CADY.

PE3YJIbTATBI 1 OBCYKJIEHUE

BriOpaHHBIE MECTOPOXKIECHUS TTECKOB HE 3HAYM-
TEJIbHO OTJIMYAIOTCA 110 MOAYJIIO KpynHocTH (M)). Tpu
W3 HUX OTHOCSITCS K CPEIHUM, a TIECOK MECTOPOXKIEHUS
«KpacHodmaorcknii-3amnany» sasisiercss MeakuM. McTuH-
HbIE TUIOTHOCTH (0, ) MCCIIEYEMBIX OPOJI TAKKE UMEIOT
OJIM3KUE 3HAYEHUI Y UBMEHSIOTC B muartazode ot 2500
10 2710 kr/m3 (Tabu. 1).

B nporiecce n3MenbueHsT ObUTH TTOMYyYeHBI HECKOJb-
KO (ppakinii BLICOKOIUCIIEPCHBIX TOPHBIX ITOPOI, KOTO-
pble OB OXapaKTEePHU30BaHbI 10 BEJINYNHE YIEIbHOMN
TOBEPXHOCTH (Ta0II. 2).

AHa3 TTOTYIeHHBIX (PpaKIIUiA 171 TOPHBIX TIOPO]I,
MpenCTaBIeHHBIX B Ta0. 2, mpu 30-TUMUHYTHOM PO~
TOJDKUTETLHOCTH TIOMOJIA TIOKA3aJI, YTO HAaMOOJIBIIICH Be-
JIMIMHOM YISITEHOM ITOBEpXHOCTH 00J1amaeT ITeCOK MECTO-
poxnenust «Hexrckoe». [Tpu aTom necku «KpacHodior-
CKUiA-3arany» 1 «XpOMIIOBCKOES», HECMOTPS Ha pa3HUILY
B BeJIMYMHAX UCTUHHBIX TDIOTHOCTEH, MMEIOT OJIM3KIe
3HAYCHMS YIEIbHO IMTOBEpXHOCTH. JJaHHBIHN (DaKT MOXKET
CBUIIETEIIBCTBOBATH O TOM, YTO COCTaB STUX ITOJIMMIHE-
pambHbIX TieckoB (111 1 I13) comepskuT MUHEpaIbl, IMEIo-
II1e CXOXME XapaKTePUCTUKH IT0 Pa3MOJIOCIIOCOOHOCTH.

HccrnemoBanue $a3oBO-CTPYKTYPHOI TreTepo-
TEHHOCTH 00pa3IloB IT0CJIC Pa3IMIHOTO IO BpeMEHH
(5 m 30 MuH) TIeproga MeXaHOAKTUBAIIUM (puc. 1) 1mo-
Ka3aJIio 3HAYUTEIbHOE YBEIMUICHNE B COCTABEe BCEX HMC-
cJIemyeMBbIX 00pa3IoB coaepKaHus aMophHOI ha3kl.

M3MeHeHne CTeleHN KPUCTAJUTMIHOCTH 1 TIPOIICHT-
HOTO comepKaHMs aMOp(hHOI (ha3bl B BEICOKOIMCIIEPC-
HBIX 00pa3iiax Imocjae MEXaHMIECKOTO TUCITePTUPOBAHIS
MIpeACTaBICHO B Ta0. 3.

[IpuBeneHHbIC TaHHBIC (TA0J. 3) TTOKA3BIBAIOT, YTO
CTeTICHb KPUCTAJUTMIHOCTH JJIST MCCIIETYEMBIX TTOJIH-
MWHEPAJTbHBIX IIECKOB YMEHBIIIACTCS 3a BpeMsI TToMoJIa
30 muH ot 14 10 25%. DddeKkT yMeHbIlIeHUsT CTEIIEHN
KPUCTAUTMIHOCTH (YBEJTMICHHE CTEIIEHN (Da30BO-CTPYK-
TYPHOI TeTepOreHHOCTH) 00pa3IoB CBI3aH C UX CTPYK-
TYPHBIMU U TEKCTYPHBIMUA OCOOCHHOCTSIMU.

JanHble (paKThI, ICXOIS M3 UICOJIOTUN pacdeTa aK-
TUBHOCTH ITOBEPXHOCTHU (K ), OTPaXaroTcs B BEIUYM-
HE 3TOTO TToKazaTelis, pu3mdecKas IIprupoIa KOTOPOro
OIIpeesIsIeTCs CTPYKTYPHBIMU M TEKCTYPHBIMU OCOOCH-
HOCTSIMH aHAJIM3UPYEMBIX 00 BEKTOB.

Tabauya 1
OcCHOBHbIE XapaKTePUCTHKH TOPHBIX MOPOI
MecTopoxaeHue O0o3HayeHune M, KpynHoctb 0,.,» Kr/m*
KpacHodnorckuii-3amnan 111 1,70 MEJTKUIA 2710
Kenntpr 112 2,21 CcpenHui 2640
XpoMIIOBCKOE 113 2,18 CpeIHuit 2500
Hexrtckoe 114 2,43 cpenHuit 2600
Tabauuya 2
XapakTepuCTHKA BHICOKOIUCTIEPCHBIX (hpaKIUii TOPHBIX MOPOT
MecTopoKIenne Bennmunna yaenbHO# OBEPXHOCTH (Sya, M2/KT) IPH IPOIO/DKUTETbHOCTH IOMOJIAa (MHUH)
a8 < 5 Mun 10 mun 20 Mun 30 Mun
I 8241%17 10 140£23 15302%15 22 231%20
12 7819+13 992019 18 67012 28 60318
113 9101£11 10 893£13 16 384+11 23187+14
114 7783£18 8870+17 20 854+15 31543+16
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Puc. 1. IndpakrorpaMmbl BBICOKOIMCIEPCHBIX 00Pa31I0B FOPHBIX MOPO:
1 — Kpucrannndeckas 4acTb; 2 — aMmopgHasl 4acTb

B ta6m. 4 InpeacTaBJICHbI 3HAYCHUA mokasaTrejen HYyCa yrjia CMa4YMBaHHWA 9TaJIOHHBIMU XKUIKOCTAMMU, COSQ;
(paC‘IeTHbIX " SKCIIEPUMECHTAJIbHO OHpeZ[eJ'ICHHbIX), ITOBEPXHOCTHOC HATAKCHUNE OITbITHBIX 06]:)33LIOB-33HDCC—
HCITIOJIBb3yCMbIX HAMU IJId BBIYMCIICHUA ks (y,E[CJ'ILHaH COBOK, 0, = 0'd+(7p; cBOOOIHAS ITOBEPXHOCTHAaA SHEPIUA,
MacCCoBasi SHEPIUA aTOMU3alluun, El’l’l, 3HAa4YCHUA KOCH- Es 1 yacjibHad MMOBCPXHOCTDb, Syo). Cnez[yeT YYE€CThb, YTO
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Tabauuya 3
Crenenb KPUCTAIMYHOCTH ¥ aMOP(H3anust IOBEPXHOCTH FOPHBIX MOPO
CreneHb KPUCTALIMIHOCTH/coepkanus amopdnoii dasnl (C,%)
Mecropoxnenue B 3aBHCHMOCTH OT BPEMEHH H3MEJIbYEHNS TOPHBIX MOPO.
necka
5 mun 10 Mun 20 MuH 30 mun
1 96,2/3,8 94,7/5,3 90,5/9,5 86,2/13,8
112 95,4/4,6 92,9/7,1 80,8/19,2 74,2/25,8
I3 93,2/6,8 91,8/8,2 87,7/12,3 83,2/16,8
114 94,9/5,1 94,1/5,9 84,7/15,3 72,6/27,4
Tabauuya 4
DHepreTHyecKre napamMmeTpbl 0CaA0YHBIX TOPHBIX MOPOI
ITecok MecTOpOKIEHNUS
Onpenensiemblii napameTp
11 112 I13 114
Bpewms nomona, MuH 5 5 30 5 30 5 30
YaenbHast IOBEPXHOCTB, S, cM?/T 8241 | 22231 | 7819 | 28603 | 9101 | 23187 | 7783 | 31543
IMosepxHocTHOE HaTsKeHME 0, MH/M 66,97 | 67,58 | 67,06 | 67,81 | 67,51 | 68,11 | 65,22 | 67,51
. 3
YnenbHo MaccoBast oHeprud, £ ¢ 10°, 30,44 30,41 29,12 30,67
KJIX/KT
CBobOMHAs MOBEPXHOCTHA SHEPIHS Eyy | o7 94 | 104 05 | 66,46 | 157,67 | 61,89 | 126,96 | 50,59 | 214,49
I /KT
AKTUBHOCTb nosepxHocTH k * 10° 2,23 3,42 2,18 5,18 2,13 4,36 1,65 6,99

cormacHo Metoxy OBPK, ompeneneHue moBepXHOCT-
HOTO HATSDKEHMS 3aIlIPpECCOBAHHBIX ITOPOIIIKOB CBSI3aHO
C pacyeToM QUCTIIEPCUOHHOM (0,) M MOJIAPU3ALIMOHHOMA
(ap) COCTaBJISIONINX.

Ha puc. 2 mipencraBieHa 3aBUCUMOCTb aKTUBHO-
CTH TTIOBEPXHOCTHU OT IOJIU aMOP(MHON COCTaBIISIOIICH
IIJIST BEICOKOAMCIICPCHBIX TTIECKOB CO BPEMEHEM ITOMO-

na 30 MUHYT (DIaHHOE BpeMsI OBLIO BEIOPAHO B CBSI3U
C MaKCUMaJIbHO MOJIYYeHHBIMU 3HAYCHUSIMU «C» — OJIN
aMOp(dHOIT COCTABIISIONIEI), KOTOPast IMECT JIMHEHBIN
XapakTep ¢ Ko3(pOUIMEHTOM JOCTOBEPHOCTH aIIIIPOK-
cumanuu R? = 0,81 1 noguuHsIOIIasCs ypaBHEHUIO:

k,=21+105+c+0,58 + 10-°.

8 k,
7 .
6
5
A k,=21-10%¢ + 0,5810
; z
C, monsa

5 pit

0,13 0,16 0,19 0,22 0,25 0,28

Puc. 2. ®ynKuuonaabHas 3aBUCUMOCTD BUAA k= f'(c) 115t Bpemenu n1omoia 30 MunyT
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3AKTIOYEHUE

[ToayueHHbIE SKCIIEPUMEHTAILHbBIE PE3Y/IbTAThI 110~
Kasajiu, 4TO CyX0e MEXaHUUYECKOe IMCIIEPTUpOBaHUE
MOJUMHUHEPATbHBIX IIECKOB Pa3HbIX MECTOPOXKIECHUI
Ha IUTaHEeTapHO IIAPOBOIA MEJIbHULIE CIIOCOOCTBYET aK-
TUBALIMU CHIPbS, CBSI3AHHOM C pa3pylleHUEM ero Kpu-
CTaJUIMYECKOM pelIeTKH U 00pa30BaHMEM aKTUBHOM
amopdHoii (asbl. [1py 5TOM KII0UYEBBIM TEXHOJIOTMYE-
CKUM (haKTOPOM aKTUBALIMU SIBJISICTCS BpeMsl IIOMOJIa,
CITIOCOOCTBYIOIIEE YMEHbBILIEHUIO CTEIIEHN KPUCTAJUIAY -
HOCTH II€CKOB IIPUMEPHO CO CKOPOCThIo OT 0,46 (mist
I11) 10 0,96% (st [14) B MunyTy. JlaHHBLA (akKT CBI3aH

CIINCOK NCTOYHUKOB

€ Pa3MOJIOCITIOCOOHOCTBIO KPUCTAUINYECKOI CTPYKTYPBI
MUHEPAJIOB, COCTABJISAIOIINX ITOJIMMUHEPAIBHBIE OIBIT-
Hble 00pa3Lbl, ¥ TEKCTYPOIL ChIPbs. DTU XapaKTepUCTH -
KU OTPaXaloTcsd B BeJIMUMHE aKTUBHOCTU IIOBEPXHOCTU
TOHKOIVCIIEPCHBIX CUCTEM MU3Yy4aeMbIX TOPHBIX ITOPOJ.
ITonTBepKIeHNEM 3TOTO 3aKJITIOYEHUST MOXKET SIBJISITHCS
BBIBJIEHHAS IIpAMas IPOIIOPLIMOHAIBHOCTD MEXIY I1a-
pameTpaMit (pa3oBO-CTPYKTYPHOI TeTEPOTEHHOCTH (OIS
aMopHOI (ha3bl) M AKTUBHOCTEIO ITOBEPXHOCTY TOHKO-
JMCTIEPCHBIX 00pa31ioB. DYHKIIMOHATTbHAS B3AMMOCBS3b
STUX [IAPAMETPOB BBIPAXKAETCS IMHEHBIM YPaBHEHUEM
Buga: k = 21+107+c+0,58 « 10-°.
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Lime-diatomic mortar for finishing the walls of buildings
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ABSTRACT: Introduction. At present, when performing finishing and restoration work, more and more preference is given to
dry lime mixes (DBM). Wide opportunities for the production of dry lime-cement mixes are opened up by the use of diatomite,
which is both a dry mix filler and an active mineral additive. Previous studies have confirmed the effectiveness of heat treatment
of diatomite. After firing at 600-800°C, activity increases when interacting with calcium oxide hydrate. This is explained by the fact
that at 600-800°C clay substances are dehydrated to metakaolinite, which is characterized by increased reactivity. The properties
of dry mixtures and compositions based on them are affected by the particle size of the components of the dry mixture. In this
regard, it is of great importance to study the influence of the dispersion of the components of the dry mixture on the formation
of the structure of the finishing compositions. Materials and methods. To study the active centers of the diatomite surface, we
used the indicator method for determining the distribution of adsorption centers. Determination of the compressive strength was
carried out on a DOSM-3-1 dynamometer on samples 3x3x3 cm in size at the age of 28 days of air-dry hardening of the composi-
tions. The determination of the granulometric composition of the components of the dry mixture was carried out by the method of
sedimentation analysis. Adsorption was estimated from the optical density measured with a PEC photoelectrocalorimeter. To study
adsorption at the “liquid-solid” interface, the initial components of the dry mixture, lime and diatomite, were used. Results and
discussions. Accordingto the data obtained, it was found that a particle size reduction of the dry mixture filler leads to an increase
in the strength characteristics of lime-diatomite compositions.It was found that the introduction of C-3 additive into the water
favorsincreasing dispersion of hydrated lime, improving plasticity finishing mixture and improving the physical and mechanical
characteristics lime-diatomaceous compositions.It is proposed to introduce sulfate additiveinto the formulation of the aluminum-
dry mixture. Increase in the compressive strength of the finishing composition with addition of aluminum sulfate 1.5-2 times was
observed. Conclusion. It has been determined that the developed dry mixture is highly competitive, in terms of technological and
operational properties,withprototype. Moreover, the production of the proposed DBM is more economical due to the use of local
raw materials and domestic additives.

KEYWORDS: lime, diatomite, dry mixes, structure formation, additives.

FOR CITATION: Loganina V.l. Lime-diatomic mortar for finishing the walls of buildings. Nanotechnologies in Construction. 2022; 14(2):
96-104. https://doi.org/10.15828/2075-8545-2022-14-2-96-104.

INTRODUCTION properties, in paper [7] diatomite wasemployed. The in-

troduction of diatomite reduced the density of mortars.

t present, when performing finishing and restoration
work, more and more preference is given to dry lime
mixes (DBM) [1-3]. The effectiveness of the use of dry
mixes largely depends on the economical consumption
of all resources in its production, in particular, due to
the widespread use of local raw materials [4]. Wide op-
portunities for the production of dry lime-cement mixes
are opened up by the use of diatomite, which is both a dry
mix filler and an active mineral additive [5, 6]. This allows
not only reducing the cost of DBM, but also improving
the quality of compositions based on DBM.
In order to increase energy and resources utilization
efficiency, and to find hydraulic mortars with improved

© LoganinaV.l., 2022

Diatomite replacement generally enhanced the com-
pressive and flexural strength of hydraulic mortars. The
enhancement mainly happened after 14 days of curing
when pozzolanic effect was noticeable. The introduc-
tion of diatomite improved acid and sulfate resistance of
mortars greatly.

The paper [8, 9] notes that the replacement of Port-
land cement with 30 wt.% DE significantly enhances
the resistance to leaching, reduces the rapid chloride
permeability, but increases the drying shrinkage at early
ages. Overall, the DE-induced microstructural changes
enhance the durability performance of DE-containing
cementitious composites, which in turn demonstrates
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the feasibility of using biosilica as a sustainable cement
substitute.

The work [10—12] explored the influence of four natu-
rally occurring mineral additives (zeolite, diatomite, trass
and bentonite) on the hydration and properties of cement
pastes and mortars was investigated. The materials change
the phase composition, heat of hydration (determined by
calorimetry) and mechanical properties of composites.
After 28 days, the amount of Ca(OH), was reduced by
up to 23% and up to 35% more C—S—H was formed, as
proved by TG measurements.

Previous studies have confirmed the effectiveness of
heat treatment of diatomite [13, 14]. In diatomites, tripoli
and flasks containing clay, after firing at 600—800°C, ac-
tivity increases when interacting with lime. This is ex-
plained by the fact that at 600—800°C clay substances are
dehydrated to metakaolinite, which is characterized by
increased reactivity. The formation of hydrosilicates and
hydroaluminates of calcium contributes to an increase in
the strength of lime composites.

The properties of dry mixtures and compositions
based on them are affected by the particle size of the com-
ponents of the dry mixture. In this regard, of particular
importance is the study of the influence of the dispersion
of the components of the dry mixture on the formation of
the structure of the finishing compositions.

Since lime-diatomite systems are polydisperse, in
practice it is important to know the granulometric (or
fractional) composition of the polydisperse system,
i.e. the percentage of individual fractions that fall within
a given interval of particle radii.

In the work [15—17] the studies aimed at assessing
the influence of grinding on improving the pozzolanic
activity of low-porous diatomite. It was determined that
the decline in particle size caused an increase in the spe-
cific surface area (SSA) of diatomite without significant
changing pore volume and size. The larger SSA raised
the silica solubility and pozzolanic activity of diatomite,
having changed its classification in terms of pozzolanic
activity.

The purpose of the work is to study the relationship
of structure formation of lime compositions with the na-
ture of the energy heterogeneity of the components and
to study the influence of prescription and technological
factors on the processes of structure formation, physi-
cal, mechanical and technological properties of finishing
coatings.

METHODS AND MATERIALS

When developing the formulation of the dry mix,
diatomite from the Akhmatovsky deposit of the Penza
region and lime with an activity of 71—-84% obtained at
the Kamensky enterprise were used. (GOST 9179-77).
The following additives were used: aluminum sulfate

(TU-2231-107-05742755-96), superplasticizer C-3 (TU
5870-002-58042865-03).

To study the active centers of the diatomite surface,
we used the indicator method for determining the dis-
tribution of adsorption centers.Determination of the
compressive strength was carried out on a DOSM-3-1
dynamometer on samples 3xX3%3 cm in size at the age of
28 days of air-dry hardening of the compositions.

The determination of the granulometric composition
of the components of the dry mixture was carried out by
the method of sedimentation analysis. A torsion balance
was used to assess the dispersion of particles, distilled
water was used as a dispersion medium for diatomite, and
acetone was used for hydrated lime to avoid further dis-
solution and good wetting of the lime.The change in the
dispersity of Ca(OH), obtained under various quenching
conditions was studied. Lime CaO was slaked at water-
lime ratio W/L = 0.3 and W/L = 0.45. For comparison,
during the hydration of lime CaO, the addition of C-3
was introduced into the mixing water in the amount of
0.4 and 0.7% by weight of CaO.

In order to study the processes of surface interac-
tion between the components of the dry mixture and
Al(S0,),, we also studied the adsorption of the additive
on the surface of the components of the dry mixture from
an aqueous solution. Adsorption was estimated from the
optical density measured with a PEC photoelectrocalo-
rimeter. To study adsorption at the “liquid-solid” inter-
face, the initial components of the dry mixture, lime and
diatomite, were used.

RESULTS AND DISCUSSIONS

It has been established that the number of Bronsted
acid sites on the surface of thermally treated diatomite
exceeds the number of the same centers on the surface
of unfired diatomite. Thus, the number of active centers
at pKa from 0 to 7 on the surface of fired diatomite was
1.215+ 103 mol/g, while on the surface of unfired diato-
mite it was 0.975 ¢ 10-5 mol/g. In the region of the main
Bronsted centers (pKa from 7 to 13), a slight decrease in
the number of active centers on the surface of the ther-
mally treated diatomite was observed [18].

Analysis of the data given in Table 1 showed that the
fineness of hydrated lime significantly depends on the
slaking conditions. So, with an increase in the water-
lime ratio in the process of slaking, lime Ca (OH), is
formed with a small percentage of fine fractions. The
content of particles smaller than 12 microns is 25% at
W/L = 0.45, while at W/L = 0.3 it is 39%.Obviously, at
higher water-lime ratios, the released heat of the exo-
thermic reactions of CaO hydration is spent on heat-
ing the water, which leads to a decrease in temperature
compared to a lower water-lime ratio.In this case, the
concentration of the solution increases, the process of
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crystallization of Ca(OH), particles and their coarsening
proceeds under more favorable conditions. The intro-
duction of superplasticizer C-3 into water contributes
to an increase in the percentage of particles with a size
of 0—4 um, although the content of particles with a size
of less than 12 um is slightly lower and amounted to
37%.The maximum particle size is 17 um, while lime
obtained by slaking under standard conditions (W/L =
0.3) is 20 um. The slaking of lump lime with water with
the addition of C-3 in an amount of 0.4% favored a slight
increasing dispersion of hydrated lime, therefore the
introduction of superplasticizer C-3 in an amount of
0.7% into the water is preferable.

The particle size of lime has a significant impact on the
strength value of lime composites. Reducing the particle
size contributed to an increase in the compressive strength
of the lime-diatomaceous compositions. At the age of
28 days of air-dry hardening, the compressive strength
of control samples (lime:diatomite 1:3 (lime slaked with
45% water by weight of CaO) under compression) was
R = 0.67 MPa, and samples based on slaked lime 30%
water — 0.96 MPa. The introduction of C-3 additive into
the mixing water in an amount of 0.7% by weight of CaO
contributes to a significant increase in the compressive
strength of the compositions (R = 1.5). MPa). This is

also due to the different content of the finest fractions of
calcium oxide hydrates in the mixture.

Analysis of the data given in Table 2 showed that the
dispersion of diatomite in its natural state and subjected
to heat treatment does not differ significantly [19—21].
Thus, the content of large particles with a radius of more
than 20 microns is: for diatomite fraction 0.31—0.14 —
54.9%; for diatomite fired at a temperature of 700°C —
54.51 microns. It is natural that the largest percentage of
such particles (61.13%) and the largest maximum particle
radius r_ = 44 um were observed in diatomite fraction
0.63—0.31.

The most important indicator of the performance
properties of finishing compositions is the compressive
strength and the kinetics of its change over time. In this
regard, the strength characteristics of lime-diatomite
compositions, as well as the process of hardening of the
finishing composition, were studied.

Analysis of the data given in Table 3 shows that heat
treatment of diatomite at low temperatures (200°C and
300°C) does not significantly affect the compressive
strength of the compositions. Increasing the firing tem-
perature to 700°C leads to an increase in strength charac-
teristics up to R = 4.38 MPa. However, the greatest effect
is achieved by heat treatment of diatomite at a tempera-

Table 1
Influence of slaking conditions on the fineness of lime particles
Particle size, pum
Lime slaking conditions 0—4 4-8 8—12 > 12 r_,um
Faction content, D
W/L=0.3 8 13 17 61 20
W/L=0.3 7 11 75 21
W/L=04 12 15 62 20
W/L = 0.3with the addition of C-3 in an
) 14 10 13 63 17
amount of 0.4% by weight of CaO
W/L = 0.3 with the addition of C-3 in an
. 14 10 13 63 17
amount of 0.7% by weight of CaO
Table 2
Size distribution of diatomite particles
Particle radius, pm
Investigated material 04 4-8 8—12 12—-16 16—-20 >20 ro,um
The content of each fraction, %
Diatomite (fraction 0.31-0.14) 5.6 20.65 6.25 5.75 6.85 54.9 39
Diatomite (fraction 0.63—0.31) 2.9 14 7.95 6.0 8.02 61.13 44
Diatomite (fraction 0.31—0.14),
fired at a temperature of 700°C 3.5 17.83 7.2 8.65 8.31 54.51 40
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Table 3
The compressive strength of the composition depending
on the heat treatment temperature of diatomite

Processing temperature, | Compressive strength at
°C the age of 28 days, MPa
20 0.9
200 0.94
300 0.98
700 4.38
900 5.1

Note. Ratiolime:diatomite = 1:3

ture of t = 900°C. The value of the compressive strength
was R = 5.1 MPa. At a firing temperature of 700°C and
900°C, diatomite acquires a bright orange hue, which al-
lows you to diversify the color range of the finishing layer
without the introduction of pigments. However, from the
point of view of energy consumption, it is more expedient
to heat treat the dry mix filler at t = 700°C.

Experimental data were obtained on the compressive
strength of lime-diatomite compositions at various ratios
of dry mix components and in the presence of additives
(Table 4).

An analysis of the experimental data showed (Table 4)
that samples with a high content of diatomite have a high-
er compressive strength. Thus, the compressive strength of
samples with a lime:diatomite ratio of 1:1 was 0.44 MPa;
with a ratio of 1:2 — 0.6 MPa, and with a lime-diatomite
ratio of 1:3 — 0.9 MPa.

Nanobm

It was revealed that an particle size reduction of the
dry mixture filler leads to an increase in the strength char-
acteristics of lime-diatomite compositions. The compres-
sive strength of samples containing diatomite of a coarser
grinding (fraction 0.63—0.31) was 0.68 MPa, and when
using diatomite fraction 0.3-0.14 — 0.9 MPa.

The obtained experimental data showed that the lime-
diatomaceous compositions had a low strength. In this re-
gard, in order to increase the strength characteristics and
reduce shrinkage deformations, an additive of aluminum
sulfate AL(SO,), was added to the mixture formulation.
It was found that with an increase in the content of the
aluminum sulfate additive, the compressive strength in-
creases. So, the compressive strength was 1.1 MPa at the
content of AL(SO,), in the amount of 2% of the mass of
dry components, in the amount of 5% — 1.9 MPa, in the
amount of 10% — 2.1 MPa. It should be noted that an
increase in the percentage of aluminum sulfate from 2%
to 5% increased the compressive strength of the finish-
ing composition by 2.2 times. A further increase in the
amount of addition of aluminum sulfate AL(SO,), in the
mixture to 10% led to a slight increase in compressive
strength (by 1.1 times compared to the lime-diatomite
composition with Al (SO,), content in the amount of
5%). Therefore, the most optimal is the introduction of
aluminum sulfate additives in the amount of 5% by weight
of dry components into the mixture formulation.

This is confirmed by the data on the adsorption of
aluminum sulfate AL(SO,), from an aqueous solution
on the diatomite surface. An analysis of the experimental
data indicates that when the content of aluminum sulfate
in an aqueous solution is up to 5%, the additive is almost

Table 4
Compressive strength of lime-diatomite compositions
Calcium- . . . o DIIERRT
diatomaceous ratio Fraction of diatomite Additive type Supplement content | strength at the age
of 28 days, MPa
1:1 — — 0.36
1:2 0.63—0.31 — — 0.47
1:3 — — 0.68
1:1 — — 0.44
1:2 0.31-0.14 — — 0.6
1:1 — — 0.9
2 1.1
1:3 0.31-0.14 AL(SO,), 1.9
10 2.1
0.5 0.9
1:3 0.31-0.14 C-3 1.0 0.9
1.5 0.9
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Table 5
Aluminum sulfate adsorption
Material under study Amount of adsorbed aluminum sulfate,%
Hydrated lime obtained by slaking with water 43
Hydrated lime obtained in the presence of C-3 plasticizer 55
in the amount of 0.7% by weight of lime
Diatomite 52
Diatomite after heat treatment at a temperature of 700°C 71

completely adsorbed on the surface of the filler (Table 5).
With a further increase in the concentration of the ad-
ditive in the aqueous solution, the amount of adsorbed
Al(S0,), does not change significantly. The research re-
sults showed that with the content of aluminum sulfate
in an aqueous solution in an amount of 3% by weight of
the filler, 0.0287 g of additive per 1 g of diatomite was
adsorbed on the surface of diatomite, at a content of 5% —
0.0492 g/g, at a content of 10% — 0.0506 g/g.Analysis of
the experimental data showed that the optical density of
the aqueous solution of AL(SO,), over the lime surface
was D = 0.145. The introduction of superplasticizer C-3
into mixing water during lime hydration CaO contributed
to the formation of more dispersed lime Ca(OH),, and
as a result, an increase in the surface of the adsorbent.
As a result, the optical density of an aqueous solution of
AL(S0,), over the surface of hydrated lime obtained by
quenching in the presence of C-3 additive decreased and
amounted to D = 0.115.

The study of aluminum sulfate adsorption on the sur-
face of the dry mixture filler showed that thermally treated
diatomite has a large adsorption effect. Thus, the optical
density of an aqueous solution of AL(SO,), above the
surface of diatomite was D = 0.12, above the surface of
fired diatomite D = 0.075. The dispersion of diatomite in
its natural state and subjected to heat treatment does not
differ significantly, therefore, an increase in the adsorp-
tion capacity of fired diatomite indicates an increase in
the number of active centers on its surface.

The adsorption data and the results of thermodynamic
calculations suggest that the most probable mechanism
that activates the hardening process is the formation of
ettringite formed as a result of the introduction of an ex-
panding additive of aluminum sulfate AL (SO,),. Ettringite
crystals, located in pores and leaks, reinforcing and com-
pacting the structure of the material, contributed to an
increase in the strength of the composite. Subsequently,
under the influence of CO, carbon dioxide in the air,
ettringite was recrystallized into calcium hydrocarboalu-
minate 3CaOAl0,CaCO,12H,0. This compound plays
a significant role in the hardening of the composite, pro-
viding strong contacts at the binder-filler interface. This
conclusion is confirmed by the data of qualitative X-ray

diffraction analysis. Studies of solid-phase reactions were
carried out on lime-diatomite samples with the addi-
tion of aluminum sulfate in an amount of 5% by weight
of the dry mixture at the age of 1 year of hardening in
air-dry conditions. The presence of peaks characteristic
of calcium hydrosilicate C—S—H(I), calcium hydrocar-
boaluminate 3CaOAl,0,CaCO,12H,0, calcium carbonate
CaCO, and kaolinite Al,0,2Si0,2H 0 was established on
the X-ray diffraction pattern. The presence of 3-quartz
lines (impurities of diatomite) was also found

It is known that lime-diatomaceous compositions
are characterized by extremely slow curing. When
evaluating the kinetics of hardening of lime-diatomite
compositions, it was found that the introduction of the
Al(SO,), additive into the mixture formula contributed
to increased compressive strength on the early stages of
hardening (Fig. 1). So, at the age of 14 days, the com-
pressive strength of the composition with the addition
of aluminum sulfate was 0.38 MPa, while the compres-
sive strength of the control composition (without addi-
tive) was 0.25 MPa. After 14 days, an intensive increase
in compressive strength was observed. For the control
sample amounted to 0.9 MPa and 1.9 MPa for samples
with additive aluminum sulfate.

The use of burnt diatomaceous earth made it possible
to significantly accelerate curing process in the initial pe-
riod. At the age of 7 days, the compressive strength of the
samples with diatomite, heat-treated at t = 700°C, was
1.8 MPa, which significantly exceeds the compressive
strength of samples based on unfired diatomite, not only
at this stage of hardening (R = 0.22 MPa), but also at the
age of 90 days (R = 1.55 MPa).

The mathematical model reflecting the kinetic pro-
cesses of strength development is described by an expo-
nential dependence:

R =R (1—e™), (M

where R and R are strength values in different time
periods z;

tis the hardening time;

k is a coefficient depending on the composition of
the binder.
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Fig. 1. Kinetics of strength development of lime-diatomaceous compositions: 1 — control composition (lime:diatomite
1:3); 2 — the same + 5% AL(SO,),; 3 — the same, diatomite fired at t = 700°C

After mathematical processing of the experimental
data presented in Fig. 1, dependence (1) took the form:

R = 1.8992(1—e~"1%) — for the control composition
(lime:diatomite 1:3);

R =2.316(1—e"%¥) — for composition lime:diatomite
1:3 with addition of AL(SO,).;

R =9.653(1—¢~""'%") — for composition lime:diatomite
1:3, diatomite is fired at t = 700°C.

Additionally, to assess the structure formation of lime-
diatomite compositions, the kinetics of CaO lime binding

was studied. The content of free CaO was determined
by titration with a 0.05% aqueous solution of Trilon B.
An aqueous extract was made by filtering a suspension
obtained by mixing a carefully crushed sample of a lime-
diatomite sample with distilled water. The samples were
hardened under conditions that prevented the access of
CO, and the occurrence of carbonization.

The test results are shown in Fig. 2. Analysis of experi-
mental data indicates that over time there is a decrease
in the amount of free lime. So, at the age of 3 days, the

0.14
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0.12

0.11

0.10
0.09

0.08

Amount of free CaO, g/ml

0.07
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\-\-\:i
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0.04
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Fig. 2. Kinetics of change in CaO concentration lime-diatomaceous compositions:1 — lime:diatomite 1:3; 2 — also +

5% Al(SO,),; 3 — also, diatomite fired at t = 700°C
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Table 6
Technological and operational properties of the developed DBM and coatings based on it
The value of the indicator of the finishing
Nameofindicator composition
developed prototype

Adhesion strength, MPa 0.5...0.7 more 0.35
Cohesivestrength.MPa 0.7...0.8
Drying time up to degree 5, min No more 60 No more 60
Recommended thickness of one layer, mm before 1 3...30
Workability good good
Presence of cracks No No
Water holding capacity, % 95-96 Not less than 98
Pot life, hour, storage
— in open containers; 8—10 1
— in closed containers 40—48 —
Consumption when applying the finishing composition when
applying one layer 10 mm thick, kg/m? 0.2..0.4 N

amount of free CaO in the composition of lime:diatomite
1:31is 0.137 g/ml, and at the age of 28 days it is 0.068 g/ml.
The introduction of an aluminum sulfate additive into
the mixture formula increases the amount of chemically
bound lime. The content of free lime at the age of 28 days
is 0.063 g/ml.

The lowest content of free lime on the 28" day of hard-
ening is observed in compositions with fired diatomite
(0.056 g/ml). The obtained results correlate with the ki-
netics of curing. The data shown in Fig. 1 show that the
hardening process can be described by an S-shaped curve,
indicating the presence of neoplasms with a coagulation
structure at the early stages of structure formation. The
growth of the crystalline structure of the compositions
was observed after 14 days of hardening. The presence of
the AL(SO,), additive in the mixture formula increased
the rate of strength gain of the lime-diatomaceous com-
positions. Thus, the rate of strength gain in the period
of 7—14 days was 0.01 MPa/day, while for the control
composition it was 0.003 MPa/day.

Thermal activation of diatomite and the introduction
of an aluminum sulfate additive into the dry mixture led
to an increase in the adhesive properties of lime-diatomite
compositions and the production of a monolithic coat-
ing. It has been established that the tensile strength of the
composition with the additive amounted to 0.76 MPa,
and the adhesive strength was 0.39 MPa on a brick and
0.44 MPa on a cement-sand substrate.

The technological and operational properties of the
developed dry mixture were compared with the properties
of the cement-lime-sand dry mixture EK TTZO, produced

by EK-Chemical. Table 6 shows the compared technologi-
cal and operational properties of the finishing composition
based on the developed dry mix and the composition of the
prototype. It has been established that the developed dry
mixture is not inferior in terms of technological and opera-
tional properties to prototype. However, the production of
the proposed DBM is more economical due to the use of
local raw materials and domestic additives.

CONCLUSIONS

It was found that the introduction of C-3 additive
into the water contributes to increase the dispersion of
hydrated lime, improve plasticity finishing mixture and
improving the physical and mechanical characteristics
lime-diatomaceous compositions. It is proposed to ex-
tinguishime in the presence of superplasticizer C-3 in the
amount of 0.7% by weight lump lime.

The influence of the dispersion of the components
and the formulation of drymixtures on the structure
formation of finishing compositions. Qualitative X-ray
diffraction analysis revealed the formation calcium hy-
drosilicate C—S—H(I), calcium hydrocarboaluminate,
carbonatecalcium.

It is proposed to introduce the addition of sulfate into
the formulation of the dry mixture aluminum. Increase
in the compressive strength of the finishing composi-
tion with addition of aluminumsulfate 1.5—2 timeswas
revealed.Optimal content of the aluminum sulfate additive
in the composition of the dry mix 5% by weight of the dry
components of the mixture was determined.
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N3BeCTKOBO-ANAaTOMMUTOBDbIN pacTBOP
ANA OTAeNKn CTeH 34aHnm

BaneHTtuHa IBaHOBHa JloraHuHa
MeH3eHCKNIA roCyfapCTBEHHbIN YHUBEPCUTET apXUTEKTYPbI U CTPOUTENbCTBA, MNeH3a, Poccusa

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: loganin@mail.ru

AHHOTALUA: BBegeHme. B HacTosLee Bpems NP BbINMONHEHMN OTAENOUYHBIX M pecTaBpaLMOHHbIX paboT Bce bonbluee npegno-
yTeHune oTAaeTca cyxum ctpoutenbHbiM cmecam (CCC). Lnpokme BO3MOXHOCTH [NA NPOV3BOACTBA CYXMX N3BECTKOBO-LIEMEHTHbIX
CcMmecel OTKPbIBAKOT NCMONb30BaHMe AMAaTOMUTa, KOTOPbI ABNAETCA OAHOBPEMEHHO M HAaMONHUTENIeM CYyXMX CMeCel, N aKTUBHOMN
MUHepanbHol fobaskoi. MpeablayLive nccnefoBaHUA NoaTeepannv 3pGeKTMBHOCTL TepMUuYeckon obpaboTkm gratomuTa. Mocne
o6xura npr 600-800°C akTMBHOCTb BO3pacTaeT Npwv B3aUMOAENCTBUM C TMAPaTOM OKCMAA KanbLmA. 9To 06BbACHARTCA TeM, YTO Npwu
600-800°C rnMHUCTble BellecTBa 06€3BOXKMBAIOTCA O METaKaoNIMHUTA, KOTOPbI XapaKTepunsyeTcA NOBbILEHHON peakLNOHHOM
CMOCO6HOCTbI0. Ha CBOWMCTBa CyXMX CMeCei 1 COCTaBOB Ha UX OCHOBE BAIMAET pa3Mep YacTuL, KOMMOHEHTOB CyX0O cMecu. B cA3m
C 3TM 0cob0e 3HaYeHVe UMeeT U3yyeHmne BANAHUA JUCNEePCHOCT KOMMOHEHTOB CyXO CMecu Ha GOpPMUPOBaHME CTPYKTYPbI
OTAeNoYHbIX cocTaBoB. MaTepuanbl u metogbl. [1nA n3yyeHnA akTMBHbIX LLEHTPOB NOBEPXHOCTU AMaTOMMUTA UCMOb30Bann UH-
AMKaTOPHbBIV MeTof onpefeneHna pacnpeaeneHnsa agcopbLMoHHbIX LeHTpoB. OnpeaeneHre NPOYHOCTY Ha CxKaTre NpoBoOAUIN
Ha gnHamomeTtpe JOCM-3-1 Ha obpa3uax pasmepom 3x3x3 cm B Bo3pacTe 28 CyTOK BO3YLIHO-CYXOro TBepAeHUsA COCTaBOB.
OnpepeneHne rpaHynoOMeTPUYECKOro COCTaBa KOMMOHEHTOB CyXO CMec/ MPOBOAWAN METOAOM CeAMMEHTALMOHHOrO aHanmnsa.
Azcop6Lmio OLeHVBany Mo ONTUYECKON MIOTHOCTU, U3MEPeHHO Ha ¢poToanekTpokanopumetpe M3K. Ana nlyyeHms agcopbumm
Ha rpaHuLie pasfena ©KMAKOCTb-TBEPA0e» NCMOMb30BaN UCXOAHbIE KOMMOHEHTbI CyXOW CMeCU — U3BECTb 1 AnaTtoMut. Pesynbratbl
1 o6¢cyKaeHusA. 1o NonyyeHHbIM JaHHbIM YCTAaHOBJIEHO, UTO YMEHbLLEHME pa3Mepa YacTuL, HarNoHUTENs CyXOl CMecy MpUBOANT
K NMOBbILIEHNIO MPOYHOCTHBIX XapaKTEPUCTUK N3BECTKOBO-ANAaTOMUTOBbLIX KOMNO3ULWIA. YCTaHOBIEHO, YTO BBefeHne fJobasku C-3
B BOJY CMOCOOCTBYET yBeNIMUYEeHNI0 AMCNEPCHOCTA FalleHON N3BECTM, NOBbILEHWIO MAACTUYHOCTY OTAENOUYHOM CMeCu 1 ynyulle-
HUO GU3NKO-MEXaHNUECKMNX XapaKTePUCTUK N3BECTKOBO-KN3eNbrypoBbiX KOMMNOo3uLuuii. MpefnaraeTca BBECTU B peLenTypy Cyxou
cMecy anoMuHmna fobasky cynboata. YCTaHOBIEHO yBEIMUYEHVE MPOYHOCTU Ha CKaTue OTAENOYHOrO COCTaBa ¢ fobaBKol cynbdaTa
anoMuHnA B 1,5-2 pa3sa. BbiBoabl. YcTaHOBNEHO, YTO pa3paboTaHHasA Cyxad CMeCb Mo TEXHONOTMYECKUM 1 SKCMTyaTaLiOHHbIM
CBOWCTBaM He ycTynaeT npototuny. OgHako npon3BoacTBo npegnaraemoro 1I6M 6onee 3KOHOMMYHO 3a CYET NCMOSIb30BAHMA
MECTHOTO CbIpbA 1 OTeYeCTBEHHbIX J0OABOK.

KJTIOYEBBIE CJIOBA: n3BecTb, AUATOMUT, CyxXre CTPOUTENIbHble CMeCH, CTPYKTypoobpa3oBaHue, obaBKM.

ONnAa UMTUPOBAHWA: JloraHunHa B./. 3BeCcTKOBO-AMaTOMUTOBBIN PacTBOP ANA OTAENKM CTeH 34aHui // HaHoTexHOnornm B ctpou-
TenbcTBe. 2022.T. 14, N@ 2. C. 96-104. https://doi.org/10.15828/2075-8545-2022-14-2-96-104.

BBEJAEHUE 30BaHME IMATOMUTA, SIBJISIIOLLIETOCSI OMHOBPEMEHHO Ha-
TIOJTHATEJIEM CyXOU CMECHU M aKTUBHOW MUHEPaJTbHOM
00aBKoi [5, 6]. DTO MO3BOJISET HE TOJBKO CHU3UTH
cronmocth CCC, HO ¥ TTOBBICUTH KA9eCTBO KOMITO3UIINIA

Ha ocHoBe CCC.

BHaCTosm_{ee BpeMSI TIPU BBITIOJTHEHUM OTIETOYHBIX
Y pecTaBpallMOHHBIX paboT Bce GOJIbIIEe MPEeIIo-
YTECHHE OTIAETCS M3BECTKOBBIM cyxuM cmecsiM (CCC)

[1-3]. DddeKTUBHOCTh MPUMEHEHUST CYXUX CMeceil
BO MHOTOM 3aBUCHUT OT 9KOHOMHUYHOTO TTOTPEOICHUS
BCEX PECYpPCOB IIPU €TO MIPOU3BOACTBE, B YACTHOCTH,
3a CYET ITUPOKOTO MCITOJIB30BAHUSI MECTHOTO CHIPhS
[4]. LLInpokre BO3MOXHOCTH JIJIS TIPOU3BOICTBA CYXUX
M3BECTKOBO-IIEMEHTHBIX CMECEH OTKPHIBAIOT MCITOJIb-

© JloraHuHa B.W., 2022

C 1eJpio MoBbIIIeHUS 3(D(HEKTUBHOCTH UCITOIH30Ba-
HUSI DHEPTUHU Y PECYPCOB, a TAKIKE TTOMCKA TMApaBInye-
CKMX paCTBOPOB C YJIY4IIIEHHBIMH CBOICTBAaMU B paboTe
[7] ObL1 McTONTB30BaH IUATOMUT. BBeneHue nuatoMura
CHMXAeT TUIOTHOCTh PAcTBOPOB. 3aMeHa TUATOMUTA
OOBIYHO MOBBIIIAET IMTPOYHOCTh TUAPABINYECKIAX pac-
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TBOPOB Ha CXKaTWe W M3THUO. YIydIIeHHne B OCHOBHOM
TIPOUCXOIUIIO TIocTe 14 mHeit OTBepsKIeHUS, KOTma ObLT
3aMeTeH ITyIIIOIaHOBIHN 3 dekT. BBemeHne nmaromura
3HAYUTEILHO MTOBBICUIO KMCJIOTO- U CYIb(paTOCTO -
KOCTb PacTBOPOB.

B pabore [8, 9] orMeuaeTcs, 9TO 3aMeHa TTOpTIIaHIIIe-
MeHTa Ha 30 Mac.% auaToMuTa 3HAUMUTEILHO ITOBBIIIIAET
YCTOMYIMBOCTD K BBIIIEIAYNBAHIIO, CHIKAET OBICTPYIO
XJIOPUIOTIPOHUIIAEMOCTD, HO YBSJIMIMBACT YCAOKY TIPU
BBICHIXaHWM B paHHUE CPOKH. B e;1oM MEUKpPOCTPYKTYp-
HbIE U3MEHEHUS, BBI3BAHHBIE AUATOMUTOM, TTOBBIIIAIOT
TOJITOBEYHOCTH LIEMEHTHBIX KOMIIO3UTOB, COMEPKAIIIIX
IUAaTOMMUT, YTO, B CBOIO OUYepenb, IEMOHCTPUPYET BO3-
MOXKHOCTB MCITOIb30BaHUSI OMOKpeMHEe3eMa B KAUeCTBE
YCTOMYIMBOTO 3aMECHUTEIISI IICMEHTA.

B pa6ote [10—12] nccmemoBaHO BIMSHUE YEThIPEX
TIPUPOTHBIX MUHEPATBHBIX T00ABOK (IIEOJUT, TUATO-
MUT, Tpacc U OCHTOHMT) Ha TUOPATAIINIO U CBOMCTBA
IEMEHTHBIX TIaCT ¥ PaCTBOPOB. MaTepuraabl U3MEHSIOT
(ba3oBEIIf COCTAB, TEILIOTY THAPATAIINN (OTIPEACIISIEMYTO
KaJOpUMETPUICCKIM METOIOM) M MEXaHNIEeCKHE CBOI-
crBa Komno3uTtoB. Yepes 28 nueii konnyectso Ca(OH),
YMEHBILINIOCH 10 23% 1 o6pa3oBaioch 10 35% Oobliie
C—S—H, uro moaTBep:xaaeTcd nsMepennsimu TT.

[IpoBeneHHBIC paHee UCCIICIOBAHMS TTOATBEPIVIIN
a(HeKTUBHOCTL TepMOOOPAOOTKYM mTraToMuTa [13, 14].
Y InaTOMHUTOB, TPEIIEJIOB M OITOKOB, COMEPKAIINX TJI1-
Hy, nociie ooxura rmpu 600—800°C rmoBbIIIaeTcss aKTUB-
HOCTb TIPY B3aUMOICHCTBUU C U3BECTHI0. DTO 00BSIC-
Hsercs TeM, uto Tipr 600—800°C mIMHKCTHIE BELlECTBA
00e3BOKMBAIOTCS IO METaKAOJIMHITA, KOTOPBII XapaK-
TEPU3yeTCs TMOBBIIICHHON peaKIIMOHHOM CITOCOOHOCTHIO.
O0pa3oBaHMe THIPOCHINKATOB U THAPOATIOMUHATOB
KaJIbIIHSI CITIOCOOCTBYET MOBHIIICHHUIO TIPOYHOCTH U3-
BECTKOBBIX KOMITO3UTOB.

Ha cBoiicTBa cyxux cMeceit 1 KOMITO3ULIUI Ha X OC-
HOBE OKa3bIBAcT BIMSIHUE pa3Mep YaCTUIl KOMITOHECHTOB
cyxoii cmecu. B ¢Bsi3u ¢ aTM 0coboe 3HaUeHUE ITPUO0-
peTaeT U3ydeHNe BIMSHIS TUCIIEPCHOCTH KOMITOHEHTOB
CyXoi1 cMecr Ha (DOPMUPOBAHME CTPYKTYPHI OTICTOIHBIX
COCTaBOB.

[ToCKONBKY M3BECTKOBO-IMATOMUTOBBIC CUCTEMEBI
SIBIISTIOTCS TIOJIMIUCIICPCHBIMU, TO Ha TIPAKTUKE BaxKHO
3HATh TPAHyIOMETPUICCKIN (VTN (PPaKIIMOHHEI) CO-
CTaB MOJIMINCITIEPCHON CUCTEMBI, T.€. ITIPOLIEHTHOE CO-
Iep>KaHUe OTHETbHBIX (DPAKIIMI, TIPUXOISIINXCS Ha 3a-
TAHHBIA MHTEPBAJI PaINyCOB YACTHII.

B pabGote [15—17] uccnenoBaHusl HaIIpaBJeHbI
Ha OICHKY BIWUSHUS M3MCIbUCHMS, Ha TTOBBIIICHNE
MYLII0JIAaHOBOI aKTUBHOCTHA HU3KOIIOPUCTOTO TUATO-
muTa. OTIpeneeHo, YTo0 YMEeHbBIIeHNEe pa3Mepa YaCTHIT
BBI3BAJIO YBEIMUCHNE YICTBHOU TIIOMIAIN TTOBEPXHO-
CTU IUATOMUTA Oe3 CYIIeCTBEHHOTO M3MEHEHUSI 00beMa
U pazMepa 1op. bosee BbicoKas yneabHast TOBEPXHOCTh
TOBBICHJIA PACTBOPUMOCTE KpeMHe3eMa 1 ITyIILIoJIaHO-

BYIO aKTUBHOCTbH JUATOMUTA, U3MEHUB €T0 KiIaccudu-
KaIMIO C TOYKH 3PCHMUS ITYIIIIOJIaHOBOM aKTUBHOCTH.

Llenb pa®oOThI — U3y4eHUE CBSI3U CTPYKTYPOOOpa30-
BaHMs M3BCCTKOBBIX COCTABOB C XapaKTepOM DHepre-
THYECKOUM HEOTHOPOTHOCTH KOMITOHEHTOB M M3yYCHNE
BIIUSTHUS PEENITYPHBIX M TEXHOJIOTUICCKUX (haKTOPOB
Ha TIPOIIECCHI CTPYKTYpOooOpa3oBaHUs, (DM3MKO-MeXa-
HUYECKUE W TEXHOJOTMYECKIE CBOMCTBA M3BECTKOBBIX
COCTaBOB U OTIEIOYHBIX TTOKPBITHIA.

METOJbI 1 MATEPUAJIbI

IMpu pa3zpaboTke pelenTypbl CyXOil cMecHu uc-
ITOJIb30BAJI TUATOMHUT AXMAaTOBCKOTO MECTOPOKIE-
Hus IleH3eHCKOM 00JIacTH 1 M3BECTh aKTUBHOCTBIO
71-84%, nonyyeHHyio Ha KaMeHCKOM MpeanpUsITUL
(FOCT 9179-77). B xauecTBe m0O6ABOK MCTIOIb30BAIIN:
cyiabdar amomunus (TY-2231-107-05742755-96), cy-
nepruiactudukarop C-3 (TY 5870-002-58042865-0 3).

15t miccnemoBaHMsI aKTUBHEIX IIEHTPOB TTOBEPXHOCTH
MMaTOMUTA MCITIOJIb30BAIM MHINKATOPHBIA METOI OTIpE-
IeJICHUS pacIipefesieHns meHTpoB agcopomun (PLIA).
OnpenenleHne TIpeaeia IPOIHOCTH TIPH CKATHU TIPO-
Boamyii Ha uHaMoMeTpe JJIOCM-3-1 Ha obpasiax pas-
MepoM 3X3X3 cM B Bo3pacTe 28 CYyTOK BO3IYIIHO-CYXOTO
TBEPIACHMS COCTaBOB.

OrmpeneneHne TPaHYJIOMETPUIECKOTO COCTaBa KOM-
TIOHEHTOB CYyXOW CMECH TMPOBOAMIOCH METOJIOM CEIH -
MEHTAIIMOHHOTO aHajm3a. JJIs OIleHKM TNCIIEPCHOCTH
YACTHII MCITOJIb30BaI TOPCHOHHBIC BECHI, B KAUeCTBE
IUCTICPCHO CPebl WISl AMaTOMUTA UCTIOb30BAIH IHC-
THJUIMPOBAHHYIO BOAY, ISl TUAPATHON M3BECTH MPU-
MEHSUIM alleTOH BO M30eXKaHMe JaTbHEHIIIero pacTBo-
PEHUS M XOPOIIIero CMaunBaHUS M3BecTH. M3ydanoch
usmeHenue pucnepcHoctu Ca(OH),, moayyeHHOM npu
Pa3IMYHBIX YCIIOBHSIX TameHus. M3Bects CaO racuiach
IIpX Bomon3BecTKOoBoM oTHomeHnu B/U = 0,3 u B/U =
0,45. g cpaBHeHUS TIpu Tuapataunn n3sectn CaO
B BOIy 3aTBOPEHMS BBOIMIACh mobaBka C-3 B Kom-
yectBe 0,4 1 0,7% ot maccel CaO. C Lebio u3ydeHust
IIPOIICCCOB ITOBEPXHOCTHOTO B3aMMOACUCTBUS MEXKIY
KOMITOHEHTaMu Cyxoi cmecu u AL(SO,), nccienopanach
TakKe amcopOLurs 100aBKU Ha TIOBEPXHOCTH KOMIIO-
HEHTOB CYXOlf CMECHU M3 BOZHOTO PACTBOPA, OLIEHEHHAS
TT0 TIOKA3aTeJISIM ONTUICCKOM TNTOTHOCTH, M3MEPEHHOMN
¢ momonisio MHOK. g n3yyeHus agcopOoLMy Ha rpa-
HUIIE «KUIKOCTb — TBEPIOE TEJIO» OBUIN UCIIOIb30BAHBI
HMCXOTHBIC KOMIIOHEHTHI CYXOi CMeCH — U3BECTh 1 a1a-
TOMMHT.

PE3YJIBTATBI 1 JUCKYCCHUA

YCTaHOBI[CHO, YTO 4YHUCIO 6peHCTC,I[OBCKI/IX KHC-
JIOTHBIX IE€HTPOB HAa MOBEPXHOCTU TEPMUUYCCKU 00-
pa60TaHHOI‘O JaToOMUTa MPEBLIIIACT YUCJIO TaAKHX 2KE
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LEHTPOB Ha ITOBEPXHOCTH HEOOOXKEHHOTO TNATOMUTA.
Taxk, KomuecTBO aKTUBHBIX LIeHTpoB pu pKa ot 0 1o 7
Ha TTOBEPXHOCTH 000K KEHHOTO TMATOMHUTA COCTAaBUIIO
1,215+ 1075 M0jb/T, B TO BpeMSI KaK Ha ITIOBEPXHOCTHU
HeoboxkeHHOro auaromura — 0,975+ 10~ moib/r.
B o6acTit OCHOBHBEIX OpEHCTEIOBCKIUX IIeHTPOB (pKa
oT 7 mo 13) HabIrOmamIoCh HEKOTOPOE CHIKCHIE YMCIa
AKTUBHBIX IICHTPOB Ha ITOBEPXHOCTH TEPMHUIECCKHU 00-
pabotaHHoro fuatomura [18].

AHau3 TaHHbIX, IPUBEAEHHBIX B Ta01. 1, moka3zai,
YTO OTUCIIEPCHOCTh TMAPATHON M3BECTU CYIIIECTBEHHO
3aBUCHUT OT YCJIOBUIA rameHus. Tak, ¢ yBeIUICHUEM
BOJIOM3BECTKOBOTO OTHOIIICHUS B IIPOIIeCcCe TallleHUs
obpasyercs ussectb Ca(OH), ¢ HEOOMBIIMM MTPOLIEHT-
HBIM coIepxXaHueM MelKux ¢gpaknuit. ComepkaHue
YyacTULl pa3MepoM MeHee 12 MKM coctaBisieT 25% nipu
B/U = 0,45, B o BpeMs Kak nipu B/M = 0,3 — 39%.
OueBUIHO, TIPpU 00JIee BHICOKMX BOTOM3BECTKOBBIX OT-
HOIIICHUSIX BBIIEIIIONIASICS TEII0Ta 9K30TePMUICCKIX
peaxuwit ruapartau CaO pacxomyeTcst Ha HarpeB BOIEI,
YTO TIPUBOINT K CHIDKCHUIO TEMIIEPATyPHI IO CpaBHE-
HUIO ¢ 60JIee HI3KUM BOIOM3BECTKOBBIM OTHOIIICHHUEM.
KoHmeHTparus pacTBopa IIpy 3TOM TTOBBIIIAETCS, IIPO-
uecc kpucraumsauuu yactun Ca(OH), u ux ykpyn-
HCEHUS TIPOTEKAET B OoJyiee OIAaTOIPUSATHBIX YCIIOBUSX.
BBenenne cymneprutactudukaropa C-3 B Boay raiieHus
CMOCOOCTBYET YBEJINYEHHUIO MPOLIEHTHOTO COMIEPKAHUS
gacTull pazMepoM 0—4 MKM, XOTSI COIepKaHNE JaCTHII
pasmMepoM MeHee 12 MKM HeCKOJIBKO HITKE M COCTaBU-
710 37%. MakcuMaIbHBIA pa3Mep YacTHULL COCTABIISIET
17 MKM, B TO BpeMsI KaK Y U3BECTH, ITOJTYICHHOM Talle-
HHUEM B CTaHIAPTHEIX yeamoBusx (B/WU = 0,3), — 20 Mxwm.
TamreHne KOMOBOI M3BeCTH BOIOM ¢ 100aBKoil C-3 B KO-
nuyectBe 0,4% crocoOCTBOBAIO HE3HAYUTEILHOMY yBE-
JIMYEHUTIO TUCTIEPCHOCTU THAPATHOM N3BECTHU, TTO3TOMY
BBeICHUE B BOMY TallleHUs cyrepruactudunkaropa C-3
B KosmuecTse 0,7% mpeanouTuTe/ibHee.

Pasmep yacTull M3BeCTH OKa3bIBACT CYIIECTBEHHOE
BIAWSHUC Ha ITOKa3aTejlb IMMPOYHOCTH M3BECTKOBBIX

KOMIIO3UTOB. YMeHbIIeHue pasmepa yactu Ca(OH),
CIIOCOOCTBOBAJIO YBEIMUCHUIO IIPOYHOCTH Ha CXKATHE
M3BECTKOBO-IMAaTOMOBBIX KOMITO3UIINI. B Bo3pacTte
28 CyTOK BO3AYIITHO-CYXOTO TBEPACHUS IIPOIHOCTH IIPH
CXXKaTUM KOHTPOJIBHBIX 00pa3ioB (M3BECTh:IUATOMUT
1:3 (u3BecTb, rameHast 45% Bomabl oT Macchl Ca0) co-
craBmia R=0,67 MIla; B To BpeMsI KaK y cocTaBa Ha 13-
Bect Ca(OH),, ramenoit 30% soasr, — 0,96 MIla.
BBenenwne B Bomy 3aTBopeHUsT 100aBKu C-3 B KOImye-
ctBe 0,7% ot macchl CaO criocoOCTBYeT 3HAUUTEIbHO-
MY TIOBBIIIICHUIO TIPOYHOCTH KOMITO3UIINIA Ha CXKaTHE
(R = 1,5) MIla. 9To TakxXe CBSI3aHO M C Pa3HBIM CO-
Jep>kaHeM TOHYalmmnXx (ppakiuii rTuapaToB OKCUAA
KaJbIUS B CMECH.

AHam3 TaHHBIX, IPUBEICHHBIX B Ta0JI. 2, TIOKa3all,
YTO IUCIIEPCHOCTh TUAaTOMHTA B €CTECTBEHHOM COCTO-
STHUW U TTIOJBEPTHYTOTO TepMUUYECKOI 00paboTKe Cy-
IIecTBeHHO He pasnmyaetcs [19—21]. Tak, conepkanme
KPYITHBIX YaCTHII, pagycoM 0ojee 20 MKM, COCTaBIISI-
et: st auaromuta ¢pakunu 0,31-0,14 — 54,9%; nns
IUATOMUTA, TIOIBEPTHYTOTO OOXUTY IIPHU TeMIIepaType
700°C, — 54,51 mkM. 3aKOHOMEPHO, YTO HAaNOOJIbIIIEE
MPOLIEHTHOE cofepxKaHue Takux yactull (61,13%) u Hau-
OOJIBIIMIA MAKCUMAJIbHBIN PAIMyC YacTULL T, = 44 MKM
HabJonamuch B nnatomure dppakmum 0,63—0,31.

BaxHe#mmM TToKasaTesieM 3KCIUTyaTallMOHHBIX
CBOICTB OTIEIOYHBIX COCTABOB SIBJISICTCS IIPOYHOCTH
P CKaTUU M KWHETUKA M3MEHCHUS ¢ BO BPEMCHH.
B cBs131 ¢ 9THIM M3y4YeHBI IPOYHOCTHBIC XapaKTePUCTH -
KU M3BECTKOBO-IMAaTOMHUTOBBIX KOMITO3UIIMIA, a TaKXKe
TIPOTIECC TBEPMICHUS OTAETOUHOTO COCTABA.

AHau3 TaHHBIX, IPUBEICHHBIX B Ta0J. 3, CBUIeC-
TEJBCTBYET, YTO TePMOOOPAOOTKA TMATOMMTA TP He-
BeIcOKMX TeMmieparypax (200°C u 300°C) He oKa3bIBacT
CYIIECTBEHHOTO BIMSHUS Ha IIPOYHOCTD MPU CXKATUK
KOMIIO3UIINHA. YBeIMUeHNE TeMIIepaTyphl 00XuTa
110 700°C mpuBOIUT K MOBBLIIIIEHUIO ITPOYHOCTHBIX Xa-
pakrepucTuk 10 R = 4,38 MIla. Onnako HanGosbmmit
a(ddexT gocTuraercst mpu TepMooOpadbOTKe TMaTOMUTA

Tabauya 1
Bamsnue ycioBuii raneHusi HA JUCTIEPCHOCTDb YACTHI U3BECTH
Pasmep yacTuu, MKM
YcaoBus ranieHus U3BeCTH 0—4 4-8 | 8—12 >12 r o, MKM
Conepxanue dpakuum, D
B/M=0.3 13 17 61 20
B/ =0.3 7 11 75 21
B/ =0.4 12 15 62 20
B/W1 = 0.3c no6asnenuem C-3
B KoimyectBe 0,4% ot maccel CaO 14 10 13 63 17
B/U = 0.3 ¢ no6asnenunem C-3
B KosmyectBe 0,7% ot maccel CaO 14 10 13 63 17
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Tabauuya 2
Pacnpenenienne 4acTuil IMATOMHUTA 110 pa3Mepam
Paguyc yacTun, MKM
Hccnenyembrii MaTepuas 0—4 4-8 8—12 12—-16 | 16—20 >20 |r_,um
Conep:kaHue Kaxnoi ¢hpakunu, %
Huatomut (ppaxkums 0,31-0,14) 5,6 20,65 6,25 5,75 6,85 54,9 39
Huaromur (bpakims 0,63—0,31) 2,9 14 7,95 6,0 8,02 61,13 44
Auaromur (dpaxuns 0,31-0,14), 35 | 17,83 | 7.2 8,65 | 831 | 5451 | 40
000xCKeHHBII TTpu TeMmnepartype 700°C

Tabauuya 3
IIpouHoCTD NPH CXKATHY KOMIIO3UIIMH B 3aBUCHMOCTH
OT TeMIEPATYPbl TEPMOOOPAOOTKH JUATOMHUTA

Temneparypa 06paGorku, | ITpoyHocTs npy cKATHA
°'C B Bo3pacte 28 cyt, MIla
20 0.9
200 0.94
300 0.98
700 4.38
900 5.1

prweuaﬂue. CooTHollIeHne MU3BECCTh:INATOMUT = 1:3

npu Temriepatype t = 900°C. 3HaueHMe mpeaesa Ipod-
HOCTH Tipy cxXatuu coctapuio R = 5,1 Mlla. Ilpu
temmepatype ooxura 700°C u 900°C mmaToMuUT IpH-

Tabauuya 4

obpeTaeT SIpPKO-0paHKEBBINT OTTEHOK, YTO IMO3BOJISCT
pa3HOOOPA3UTh IIBETOBYIO TAMMY OTIEIOUHOIO CIIOS
0e3 BBemeHUS TUTMeHTOB. OIHAKO, C TOUYKHU 3pCHUSI
Hepros3arpar, dosee 1eaecoodpazHa TepMooOpadboTKa
HaIoJHUTEIS cyxoit cmecu ripu t = 700°C. Bpim moiry-
YEHBI 3KCIIePUMEHTAITBHBIC JaHHBIC TIpeelia IPOYHOCTH
IIPH CXKATUU U3BECTKOBO-IMATOMUTOBEIX COCTABOB IIPU
PA3IMIHOM COOTHOIIICHNY KOMITOHEHTOB CYXOI CMeCH
1 B TIPUCYTCTBUM J00ABOK.

AHaIu3 3KCIIepUMEHTAIBHBIX TaHHBIX ITOKa3ajl
(Tabr. 4), 9TO 0OpA3IIBI ¢ OOIBITAM CONCPKAHUEM THa-
TOMUTA 00JIagaroT 00Jiee BRICOKOM ITPOUYHOCTBIO TIPHU
cxaTtuu. Tak, IPOYHOCTH TIPU CKATUH 00pa3IoB C COOT-
HOIIIEeHWeM U3BeCTh:.quaToMuT 1:1 coctaBuma 0,44 MI1a;
¢ cootHoureHueM 1:2 — 0,6 MIla, a mpu U3BECTKOBO-
JIIMAaTOMUTOBOM cooTHomeHun 1:3 — 0,9 MIla. Beisas-
JICHO, YTO YBEIWUCHME TUCTIICPCHOCTU HAIIOJTHUTEIIS
CYXOM CMeCH TIPUBOIUT K BO3PACTAHUIO TIPOYHOCTHBIX

HpO‘lHOCTb IpHA C2KATHHU U3BECTKOBO-AUATOMUTOBBIX KOMIO3UIUI

N3BecTKOBO- IIpounocTs npu
JIUATOMUTOBOE Dpakuysi ITMATOMATA Bun nob6asku (Comgprerme CJKATHH B BO3pacTe
COOTHOLIEHHE T 28 cyrok, MIla
1:1 — 0,36
1:2 0,63—0,31 — 0,47
1:3 — 0,68
1:1 — 0,44
1:2 0,31-0,14 — 0,6
1:1 - 0,9
2 1,1
1:3 0,31-0,14 AL(S0O,), 5 1,9
10 2,1
0,5 0,9
1:3 0,31-0,14 C-3 1,0 0,9
1,5 0,9
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XapaKTePUCTUK U3BECTKOBO-IUATOMUTOBBIX KOMIIO3U-
muii. [IpoIHOCTE TIPU C3KaTUM 00Pa3IoB, COMEPIKAIINX
JIuaToMut 6oJiee rpydoro nomoda (bpaxius 0,63— 0,31),
cocraBuia 0,68 MIla, a npu npUMeHEHUU AMATOMUTA
dpaknum 0,3—0,14 — 0,9 MIla.

BrIstBIIeHO, UTO YBEIMUeHNE TUCTICPCHOCTH HATIO -
HUTEJST CYX0il CMecH TIPUBOINT K BO3pACTaHUIO TIPOY-
HOCTHBIX XapaKTePUCTHUK M3BECTKOBO-TUATOMUTOBBIX
KoMmo3uInii. [IpoIHOCTh MpH CxKaTUHM 00pas3IIoB, CO-
JepXKallnX JUATOMUT OoJiee rpydoro momora ((hpakiimst
0,63—0,31), cocraBuia 0,68 MIla, a npu npuMeHeHUU
mauaromura dpakuun 0,3—0,14 — 0,9 MITa.Ilony-
YeHHBIC SKCIICPUMEHTAIBbHBIC JaHHBIC MTOKA3aJI, 4TO
M3BECTKOBO-IMAaTOMUTOBBIC COCTaBBI MMEJI HEBHICO-
KYIO TIPOYHOCTB. B CBSI3M ¢ 5THM C 11e/1bIO TTOBBIIICHUS
TIPOYHOCTHBIX XapaKTepUCTUK W CHIDKCHUSI YCATOTHBIX
necopMallii B PelLeNITYPy CMECH BBOIWIIM JOOABKY
cyabdara amomunus Al (SO,),. Beto ycranosieHo,
YTO C YBEJIMUCHUEM COACpKaHMS J0OAaBKU CyIbdara
AJTIOMUHUS BO3pacTacT IMPOYHOCTD MPU CKaThu. Tak,
TIPOYHOCTH TIPU CXKATUHU COCTaBUJA IIPU COMCPKaHUHI
AL(SO,), B KonmuecTBe 2% OT MacChl CyXMX KOMIIOHEH-
toB — 1,1 MIla, B Koiudectse 5% — 1,9 MIla, B xoju-
yectBe 10% — 2,1 MIla. CinenyeT OTMETUTD, YTO YBEJIU-
YeHME IMPOLICHTHOTO COMepKaHUS CyIb(aTa aTIOMIHUS
¢ 2 10 5 % MOBBICUJIO IIPOYHOCTD IIPU CKATUU OTIE-
JIOYHOTO cOCTaBa B 2,2 pa3a. JlanbHelilee yBeIMIeHIE
KosmyecTBa 1006aBKu cylbdara amomunusa Al(SO,),
B cMecu 110 10 % npuBesio K He3HAYMTEIbHOMY BO3pacTa-
HUIO MPOYHOCTHU TIpU ckaTuH (B 1,1 paza mo cpaBHEHUIO
C M3BECTKOBO-IMATOMUTOBBIM COCTAaBOM C COIEpPKaHM -
em AL(SO,), B xonmuuectse 5%). [ToaToMy Hanboee
ONTUMAJIbHBIM SIBJISIETCS BBEAEHUE B PELIENITYPY CMECH
Jn06aBKM CyJibdarta allOMUHMS B KOm4yecTBe 5% OT Mac-
CHI CYXIX KOMITOHEHTOB. DTO IMOATBEPKIAIOT TaHHBIC
ancopOuuu cyibdara amomunus AlL(SO,), u3 BoaHoro
pacTBOpa Ha ITOBEPXHOCTH AUATOMUTA (Ta0II. 5).

AHaJm3 3KCIIepUMEHTAIBHBIX TaHHBIX CBUICTEITb-
CTBYET O TOM, UTO TIPH COACPKAHUM CYIb(daTa aJTioMu-
HUSI B BOIHOM pacTBope 10 5% noGaBKa MpaKTUIeCKU
TIOJTHOCTBIO aIcCOPOMPYETCs Ha IIOBEPXHOCTH HAIIOIHU -
tens. [1pu nampHeIeM yBeImIeHUA KOHIICHT AU 10-
0aBKHU B BOIHOM PacTBOPE KOJIMIECTBO aICcOpONpPOBaH-
Horo AL(S0O,), cyliecTBeHHO He u3MeHsieTcs. Pesyib-
TaTHl MCCICTOBAHUN TTOKA3aJIM, YTO TP COMEPKaHUHN
cynbdaTa aTIOMIHAS B BOTHOM PacTBOPE B KOJIMIECTBE
3% OT MacChl HAITOJIHUTEJISI HA [IOBEPXHOCTY IUATOMMTA
agcopoupoBanock 0,0287 T no6aBkK Ha 1 T TMAaTOMMUTA,
npu coxepxanuu 5% — 0,0492 r/r, npu cogepKaHUN
10% — 0,0506 r/.

AHaN3 5KCTIIePUMEHTATBHBIX TaHHBIX ITOKA3aJl, 4TO
ONTHYECKast ITIOTHOCTh BOAHOTO pacTtBopa AL(SO,), Han
TMOBEPXHOCTBIO U3BecTH cocTaBwiaa D = 0,145. Beene-
HHE B BOIY 3aTBOpeHMSI cynepiuiacTudukaropa C-3 mpu
ruaparanuu u3Bect CaO crrocobcTBOBaIO 00pa3oBa-

Tabauya 5
Ancop0uusd cyab(daTa aTIOMHHAS
KomuecTBo
. aJcopOMPOBAHHOTO
Nccnenyemblii MaTepua
cyabara

amoMuHus, %

lamenas MN3BECTb, ITOJIY4YCHHaA

. 43
raleHreM BOIOM
lamreHast M3BECTh, MOJyYEHHAS
B IIPUCYTCTBUAM TUIACTU(DUKATO-

55

pa C-3 B kommuectse 0,7%
OT MacChl U3BECTHU
JuaToMur 52
JIraToMUT 110CIE 00XKUTa 71

npu Temnepatype 700°C

HuIo 6onee nucniepcHoi usBectu Ca(OH), u, Kak cren-
CTBUE, YBEJIMUCHUIO TIOBEPXHOCTH amcopoeHTa. Bemen-
CTBHE 3TOTO ONTUYECKAs TNIOTHOCTh BOMHOTO pacTBOpa
AL(SO,), Hall TOBEPXHOCTHIO TMIPATHON U3BECTH, MOJTY-
YEHHOU TallleHUEeM B TIPUCYTCTBUN 100aBKu C-3, CHU3H-
nach 1 coctaBwia D = 0,115.UccaenoBanue agcoponm
cynbdaTa aTIOMUHAS Ha TTOBEPXHOCTH HATIOJTHUTEIIS
CyXOlt cMeCH TI0Ka3aJ10, 9TO TePMHUUICCKH 00pabOTaHHBII
IMaTOMUT 00J1aJaeT OONBIINM aacOpOIIMOHHBIM 3(-
dexTom. Tak, onTrIecKasi INIOTHOCTH BOTHOTO pacTBO-
pa Alz(SO 4)3 HaJ TTOBEPXHOCTBIO AMaTOMUTA COCTaBMIIA
D = 0,12, Hag MOBepXHOCTHIO 000XKEHHOTO TUATOMUTA
D = 0,075. IluciepcHOCTh TMAaTOMMUTA B €CTECTBEHHOM
COCTOSTHUM ¥ TIONBEPTHYTOTO TEPMUUIECKOI 00paboOTKe
CYIIECTBEHHO HE pa3IndacTcs, ITO3TOMY BO3pacTaHME
aJICOPOLIMOHHOM CITOCOOHOCTU 000K KEHHOTO AUATO-
MHTa CBUACTEILCTBYET 00 YBETMUCHNM YMCIIa aKTUBHBIX
LICHTPOB Ha €TO IMTOBEPXHOCTH.

JlaHHBIC anCcopOIINH, pe3yIbTaTOB TEPMOIMHAMMYC-
CKHX PacueToB ITO3BOJISIIOT YTBEPKAATh, YTO HanboIee
BEPOSITHBIM MEXaHU3MOM, aKTUBHPYIOIINM IIPOIIEeCC
TBEepACHMUS, SIBIISICTCST 00pa30oBaHNe STTPUHTUTA, cPop-
MMPOBABIIETOCS BCJICACTBHUE BBEICHUS PACITAPSIONICI
no6asku cyibdara amomunusa Al(SO,),. Kpucrauist
STTPUHTUTA, paCIIOIaTaloIIecs B ITOpax W HEIJIoT-
HOCTSIX, apMHUPYs U YIUIOTHSISI CTPYKTYPY MaTepuraa,
CITOCOOCTBOBAJIN TTOBBIMICHUTO IIPOYHOCTHA KOMITO3HTA.

BrocnenctBuu 1monm Bo3meiicTBEM YIJICKHCIIOTO
rasa CO,, HaXOISALIETOCS B BO3IyX€, IPOU3OILLIA TIEpe-
KPUCTAJUTN3AIINsI STTPUHTUTA B THAPOKAPOOATIOMIHAT
KaJIbLINA 3CaOA1203CaCO312H20. DTO coenuHEeHUE
UTpaeT 3HAYUTEIIFHYIO POJIb B IIPOIIECCAX TBEPICHUS
KOMIIO3H1Ta, 00ecTeunBas IMOJIyIeHNE IMPOYHBIX KOH-
TaKTOB Ha TPaHMIIC BSLKYIIEE-3aII0THUTETh. DTOT BBIBO
ITOATBEPXKIaeTCs JaHHBIMUA Ka4eCTBEHHOTO PEHTTEHO-
CTPYKTypHOTO aHamm3a. MccinemoBanust TBepmoda3oBhIX
peaKkIuii IPOBOAMINCH Ha N3BECTKOBO-TNATOMUTOBEIX
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oOpasuax ¢ 1o0aBKoii cyabdara aJlOMUHUS B KOJU-
yecTBe 5% OT Macchl Cyxoil cMecu B Bo3pacte 1 roga
TBepACHUS B BO3AYIITHO-CYXUX YCIOBUSIX. Ha peHTreHo-
TrpaMMe YCTaHOBJICHO HAIMUKE TTMKOB, XapaKTePHBIX IS
runpocurkara Kanpaus C—S—H(I), rumpokapboaitio-
muHara Kanbuus 3Ca0ALO,CaCO,12H,0, kapbonara
kanbuua CaCO, u xaonunuta Al0,285i0,2H,0. O6-
HapyXeHO TakKe HaJIM4Ke JTMHUM [3-KBapHa (IpuMecu
JIMaTOMMTA)

M3BecTHO, YTO M3BECTKOBO-INATOMHUTOBBIC KOM-
TIO3UIINH XapaKTePU3YIOTCS YPEe3BBIYATHO MEITICHHBIM
HabopoM npoyHocTH. [Ipu olleHKe KUHETUKHU TBEPIC-
HUS U3BECTKOBO-INAaTOMHUTOBBIX KOMITO3UIINIA OBIIIO
YCTaHOBJICHO, UYTO BBEACHUE B PELICIITYPY CMECH JI0-
6aBku AL(SO,), coco6CTBOBAIIO TIOBBILIEHHIO TPOYHO-
CTHU Ha CXXaTHWe Ha paHHMUX CTaAusAX TBepAaeHU (puc. 1).
Tak, B Bo3pacte 14 qHeii IpOYHOCTH Ha CXKaTHe cCoCTaBa
¢ To6aBKoIi cynbgara amroMuHus coctaBwia 0,38 MI1a,
TOrIa Kak IMTPOYHOCTh Ha CXKaThe KOHTPOJIBHOTO COCTaBa
(6e3 mo6aBku) coctaBmiaa 0,25 MIla. Yepes 14 gHeit
HaOII0IAJIOCh MHTEHCUBHOE YBEIMUCHUE ITPOIHOCTH
Ha cKaTue sl KOHTpoJibHOTO o0pasia 0,9 u 1,9 MIla
IIJIsT 00pa3LoB ¢ J0OABKOM cyb(aTa aJTIOMUHUSI.

Hcronp3oBaHne 000X KEHHOTO TMATOMUTA TT03BO-
JIMJTO 3HAYNTEILHO YCKOPUTD IIPOIIECC TBEPACHUS B Ha-
YaJbHEIN iepron. B Bo3pacTe 7 cyT. IpOYHOCTH Ha CXKa-
TUe 00pa3loB C IMaTOMUTOM, TEpMOOOPAOOTAaHHBIM
npu t = 700°C, coctaBuia 1,8 MIla, 4To 3HAUNTETHLHO
TIPEeBBIIIACT IIPOYHOCTD Ha CXKaTHe 00pa3IIoB Ha OCHOBE
HEO0OXCKEHHOTO JUATOMHUTA HE TOJIBKO HA 3TOM CTaIuM
tBepaeHusa (R = 0,22 MIla), Ho u B Bo3pacte 90 mHeit
(R =1,55 MIIa).

MaremaTtuueckast MOACJIb, OTpaxaromasad KUHCTU-
YECKHUE IMPOUECChI Ha60pa IIPOYHOCTH, OIMMCBIBACTCA
SKCIIOHECHIAJIbHOM 3aBUCUMOCTBIO:

R =R (1—e™), (M

rae Ru R — 3HaueHusl IPOYHOCTU B Pa3IUYHBIN
TIepHoOI BPEMEHU t;

t — BpeMsI TBepICHMNS,

k — Ko>(OULIMEHT, 3aBUCSIINI OT COCTaBa BSXKY-
IIero.

ITocne maTemaTnyeckoit 00pabOTKM SKCIIEPUMEH-
TaJbHBIX JaHHBIX, IPEACTAaBICHHBIX HA pHC. 1, 3aBUCH-
MOCTb (1) TIpUHSLIIa BUI;

R = 1.8992(1—e~"0"%) — 1151 KOHTPOJILHOTO COCTAB
(u3BecTh:qIuaTOMuT 1:3);

R =2.316(1—e""¥) — ny1s1 cocTaBa M3BECTh: IMATOMUT
1:3 ¢ no6askoit AL(SO,),;

R = 9.653(1—e001%") — ISl cocTaBa U3BECTH:IMA-
ToMUT 1:3, mmatoMuT oboxkeH mpu t = 700°C.

JOTIOTHUTEILHO IJIST OIICHKH CTPYKTYpPOOoOpa3oBa-
HHS N3BECTKOBO-IMaTOMUTOBBIX COCTABOB MCCIICI0BA-
JTach KnHeTHKa cBs3bBaHus n3Bect CaO. Comepxka-
Hue cBobomHo# CaO ompenesiiioch IyTeM TUTPOBAHUS
0,05%-m pactBopoM TpuitoHa b BogHO BEITSKKH. Bo-
ITHAsT BBITSKKA W3TOTABIMBAIACH ITyTeM (PUIIbTPOBAHUS
CYCTICH3UM, TTOTYICHHOM 3aTBOPCHMEM TIIATEIBHO M3-
MeJTbYCHHOM HaBECKU M3BECTKOBO-IMAaTOMUTOBOTO 00-
pasiia IUCTIWIINPOBaHHOM Bomoit. TBepneHme 06pa31ioB
IIPONCXOIWIIO B YCIIOBUAX, TIPEIISITCTBYIOIINX TOCTYITY
CO, n nporekanuio KapoboHu3auuu. PesyabraTel uc-
ITBITAHUI TIpEACTaBICHBI Ha PUC. 2.

4,5

35 /
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e el
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MpoyHocTb npu cxaruu, MMa

sl /
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Puc. 1. KuneTnka HaGopa nmpoYHOCTH H3BECTKOBO-IMATOMHTOBBIX COCTABOB: | — KOHTPOJIbHBIN COCTAaB
(u3BecTb:imatomur 1:3); 2 — 1o ke + 5% AL(SO,),; 3 — 10 Xe, tMaToMuT 060xKeH 1pu t = 700°C.
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Puc. 2. Kunetnka nsmenenns Konnenrpamuu CaO n3BeCTKOBO-AHATOMHTOBBIX
cocraBoB: | — u3BecTb:iMaToMuT 1:3; 2 — 10 X + 5% AL(SO,),; 3 — TO XEe,

IUaTOMUT 000XKeHHBIi Tipu t = 700°C

AHaIN3 5KCIePUMEHTAIBHBIX TaHHBIX CBUAETE/b-
CTBYET O TOM, 4YTO C T€YEeHUEM BPEeMEHU HAOJII0IAETCSI
yMEHbIIEHNEe KOJIMYEeCTBa CBOOOAHOM n3BecTu. Tak,
B BO3pacTe 3 CYTOK KOIm4IecTBO cBoOomHoi1 CaO B co-
cTaBe M3BeCTh:mIMaTOMUT 1:3 cocrtasmuset 0,137r/mi,
a B Bo3pacre 28 cytok 0,068 r/mi1. BBeneHue B pelientypy
cMecH 100aBKU CyIbdat aJlOMUHUS YBEIMIMBAET KOJIU -
YeCTBO XUMUYECKHN CBSI3aHHON m3BecTh. ComepskaHue

CBOOOJHOW M3BECTH B Bo3pacTe 28 CYTOK COCTaBIsIET
0,063 r/m.

HawumeHbiee comepkaHue CBOOOTHON M3BECTH
Ha 28-e CyTKU TBepAeHUS] HaOJOgaeTCs B cOCTaBax
¢ o6oxckeHHbIM guatomutoM (0,056 r/mn). IloayyeH-
HbIe Pe3yJbTaThl KOPPEIUPYIOT ¢ KWHETUKOM Habopa
MpoYHOCTU. JlaHHbBIe, MPUBEICHHBIC HA PUC. 1, MOKa-
3BIBAIOT, UTO MPOIIECC TBEPACHUSI MOXET OBITh OIMUCAH

Tabauya 6
TexHoJOrMYecKre 1 IKCILTyaTAIMOHHbIE CBOicTBA pa3padoranHoit CCC u MOKpbITHII HA ee OCHOBE
BemmunHa nokaszaTeisi OTJI€JI0YHOTO COCTABA
HaumenoBanue nokasareis
pa3padoTaHHOIO NMPOTOTHIA

Anre3noHHas TpoyHocTh, MIla 0,5...0,7 Bonee 0,35
Kore3nonHast mpouHocts, MIla 0,7...0,8
BpeMs BbIChIXaHUS 10 CTETIEHU 5, MUH He 6onee 60 He 6onee 60
PexoMeHnayemast TOJIIMHA OJHOTO CJIOS, MM Ho 1 3...30
Ynob6oykiiaabBaeMOCThb Xop Xop
Hanmuwe TpemmH HET HET
BonoynepxuBaronias crrocooHOCTh, % 95-96 He menee 98
KuzHecnocoOHOCTb, Yac, MpU XpaHEeHU U
— B OTKPBITBIX EMKOCTSIX; 8—10 1
— B 3aKPbIThIX EMKOCTSIX 40—48 —
Pacxon ripu HaHeCeHUH OTIEIOYHOTO COCTaBa P 02,04
HaHECEHUH OIHOTO CJIOS TONIIMHOM 10 MM, KT/M? T
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S-00pa3Hoii KpUBOI1, CBUIETEILCTBYIONIEIH O HATMYUU
Ha paHHUX 3TallaX CTPYKTypooOpa3oBaHUS HOBOOOpa-
30BaHMI, IMEIOIINX KOATYJISIIIMOHHYIO CTPYKTYpy. PocT
KPHUCTAJITTMIECKOM CTPYKTYPHI COCTABOB HAOIIOIATICS
cycTs 14 cyrok TBepaeHus. Hammume B pementype
cmecu no6asku Al(SO,), yBenm4amio ckopocTb Habopa
TIPOYHOCTHU M3BECTKOBO-INATOMUTOTBBIX KOMITO3UIIHIA.
Tak, ckopocTb Habopa IMTPOYHOCTH COCTABUIIA B IIEPHOT
7—14 cytoxk 0,01 MITa/cyT, B TO BpeMsI KaK y KOHTPOJIb-
Horo coctaBa — 0,003 MIla/cyT.

TepMuueckast akTUBaIIASI TMATOMUTA U BBEIACHUE
B CYXYIO CMeCh TOOaBKM CyJb(haTa alFlOMUHUS ITPUBE-
JIO K TIOBBIIICHUIO aNTe3MOHHBIX CBOMCTB M3BECTKOBO-
MTUATOMHUTOBEIX COCTABOB U MOJIYYCHUIO MOHOJIUTHOTO
TIOKPHITUSI. YCTaHOBJICHO, YTO TIPEACI IPOYHOCTH P
pacTsKeHMH cocTaBa ¢ 100aBkoit cocraswt = 0,76 MIla,
a anre3noHHas poyHocTh 0.39 MIla Ha KMPIIMIHOK
u 0,44 MI1a Ha HeMeHTHO-TIECYaHOM MOIJIOKKAX.

TexHonmornmueckre 1 3KCIUTyaTallMOHHBIC CBOMCTBA
pa3paboTaHHOI CyXOil CMECH CpaBHUBAJIM CO CBOMCTBA-
MU LIEMEHTHO-M3BECTKOBO-TIeCUaHOIt cyxoil cmecu EK
TT30, npoussenenHoit kommnanueit «EK-KemMuki».
B 1a61. 6 npuBeneHbI CPABHUBAEMbIE TEXHOJIOTMYECKIE
¥ 3KCIUTyaTallMOHHBIC CBOICTBA OTHECIIOYHOTO COCTaBa
Ha pa3pabOTaHHOI CYyXOI CMECH M COCTaBa-IIPOTOTHIIA.
YCTaHOBJICHO, UTO TTO TEXHOJIOTMIECCKIM M SKCILTyaTaLIH-
OHHBIM CBOMCTBaM pa3paboTaHHAasI cyxasi CMeCh He YCTy-

CIINCOK NCTOYHUKOB

mmaet npororuiy. OIHAKO MIPOU3BOICTBO MpeIaraeMoit
CCC gBnsercs 601ee 5KOHOMUYHBIM B CBSI3U C UCITIOJIb-
30BaHMEM MECTHOTO CHIPhSI M OTEUECTBEHHBIX T00ABOK.

BbIBO/IbI

BrisiBnieHo, uTo BBeneHUe 1o6aBku C-3 B BOMy rale-
HUSI CITOCOOCTBYET YBEIMUCHUIO TUCTIEPCHOCTH THIPAT-
HOM M3BECTH, YIIyYIICHUIO INIACTUYHOCTH OTIACIOUHOMN
CMECH ¥ TTOBBIIICHUIO (DM3UKO-MEXaHNMIECKIX XapaK-
TePUCTUK M3BECTKOBO-TNATOMUTOBBIX KOMITO3UITUIA.
[IpenmoxeHo MPOBOIUTH TAllIEHNE M3BECTU B IIPUCYT-
crBum cynepractugukaropa C-3 B koanuectse 0,7%
OT MacChl KOMOBOI M3BECTH.

YCTaHOBJICHO BIMSTHUE TUCTICPCHOCTH KOMITOHCHTOB
1 PEICIITYPHI CYXOi CMeCH Ha CTPYKTYpOOOpa3oBaHMe
OTIEJIOUYHBIX KoMIo3unii. Ha ocHOBe maHHBIX Kaye-
CTBEHHOTO PEHTTEHOCTPYKTYPHOTO aHAIN3a BBISIBIICHO
obpaszoBanme Tuapocuiankara Kaapaus C—S—H(I), ru-
IpoKapOoaTIOMIHATA KaIbIINs, KapOOHATa KaIbIIHs.

[IpemroxkeHO BBOOUTH B PELIETITYPY CYXOM CMECH 0~
0aBKy cyibdaTa alfOMUHUS. BBISIBIIEHO TTOBBIIIICHUE
IIPOYHOCTH TIPH CXKATUU OTACIIOTHOTO COCTaBa C 100aB-
KOIi cynbdaTa amoMuHus B 1,5—2 pasza. YcTaHOBIIEHO
ONTUMAJIBHOE CONepKaHNe JOOABKY CYIb(aT aTIOMIHUS
B COCTaBe CyXOl cMecH, cocraBisioinee 5% OT MaccChl
CYXUX KOMITOHEHTOB CMECH.
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ABSTRACT: Introduction. Advanced technologies impress people’s imagination demonstrating the latest achievements (materials,
methods, systems, technologies, devices etc.) that dramatically change the world. This, first of all, concerns nanotechnological
inventions designed by scientists, engineers and specialists from different countries. Main part. The article provides an abstract
overview of inventions of scientists, engineers and specialists from different countries: Germany, Russia, USA, et al. The results of
the creative activity of scientists, engineers and specialists, including inventions in the field of nanotechnology and nanomaterials
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sectors of the economy. For example, the task resolved by the invention «A composition on the basis of oxide nanostructures to
provide surface with superhydrophobic properties», means to design a new method of obtaining materials with superhydrophobic
properties which possess improved performance and functional characteristics which can be applied in various areas: power
engineering, electronics, machine-building, construction, ship-building, aviation, aerospace and food industries. The feature of the
invention is that the surfaces demonstrate superhydrophobic properties and, as a result of that, their applying allows protecting
metal structures, such as power lines, frame structures, roofs, from ice formation and dirtying. The technical result is possible due to
the use of composition on the basis of oxide nanostructures to provide surface with superhydrophobic properties. The composition
contains tetraethoxysilane and tetraisopropyl titanate as structure-forming agents, hexamethyldisilazane as hydrophobic element,
isopropyl alcohol as dissolvent, non-spheric nanocrystal titanium dioxide with particle size from 10 to 50 nm as a grow accelerator of
anisotropic structures to provide specified roughness of the surface. The specialist can be also interested in the following inventions
in the area of nanotechnologies: a composite heat-conducting material on the basis of nanoliquid, a nanocomposite material on the
basis of potassium titanate, a method of obtaining of nanodispersed powders, hybrid supercondenser on the basis of nanosized
nickel hydroxide, etc. Conclusion. One of the most challenging tasks the economy of every country faces is to increase industrial
competitiveness through technological upgrade. From the side of the state and companies the principal object to control in this
process are the people and enterprises dealing with introduction of inventions and new technologies.
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INTRODUCTION MAIN PART
Q dvanced technologies impress people’s imagination A composition on the basis of oxide nanostructures
emonstrating the latest achievements (materials, to provide surface with superhydrophobic properties

methods, systems, technologies, devices etc.) that (RU 2763891 C1)

dramatically change the world. This primarily concerns

nanotechnological inventions designed by scientists, Due to the change of the climate in the last decades
engineers and specialists from different countries  the number of the areas and territories with significant
(Germany, Russia, USA, et al.). change of temperature has increased. That caused fre-

Y Continuation. Part | is published in the journal “Nanotechnology in Construction”. 2022.V. 14. No. 1.
© lvanov L.A,, Xu L.D., Muminova S.R., Feoktistova V.M., Romanova E.V., 2022

http://nanobuild.ru 105 info@nanobuild.ru


http://nanobuild.ru/ru_RU/
https://orcid.org/0000-0001-9513-8712
https://orcid.org/0000-0002-3263-5217
https://orcid.org/0000-0001-5236-607X
https://orcid.org/0000-0001-8880-8941
https://orcid.org/0000-0002-0225-6435
https://creativecommons.org/licenses/by/4.0/

2022; 14 (2):
105-112

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

quent occurrence of icing and pollution of the articles,
structures and facilities of different nature (metal, glass,
wooden and other types), for example, power lines,
frames, roofs and other. If the freeze is not severe, when
winter is mild, the rain or fog drops lodge on the surface of
the materials. Freezing, they form dense ice «coat». That
can lead, for example, to broken wires and to destroyed
electricity pylons.

The formation of water layer on material surface is
directly depends on the hydrophilic or hydrophobic prop-
erties of the surface. To protect the surface and to increase
its wear-resistance it is necessary to provide the surface
with hydrophobic or super hydrophobic properties, mini-
mizing the contact between the water and surface of the
material. Super hydrophobic property is a unique char-
acteristic of the materials, which appears in total liquid
non-wettability of the surface. At present, the first steps
towards development of the composition on the basis of
oxide nanostructures to provide various surfaces with
super hydrophobic properties have been made. These
coatings possess specific physical and chemical as well as
structural and mechanical properties, therefore, develop-
ment of the materials with super hydrophobic properties
and their practical application is of great importance.

The task resolved by the invention «A composition
on the basis of oxide nanostructures to provide surface
with super hydrophobic properties», means to design
a new method of obtaining materials with super hydro-
phobic properties which possess improved performance
and functional characteristics which can be applied in
various areas: power engineering, electronics, machine-
building, construction, ship-building, aviation, acrospace
and food industries. The feature of the invention is that
the surfaces demonstrate super hydrophobic properties
and, as a result of that, applying of the, allows protecting
metal structures, such as power lines, frame structures,
roofs, from ice formation and pollution [1].

The technical result is achieved due to the use of com-
position on the basis of oxide nanostructures to provide
surface with super hydrophobic properties. The compo-
sition contains tetraethoxysilane and tetraisopropyl tita-
nate as structure-forming agents, hexamethyldisilazane
as hydrophobic element, isopropyl alcohol as dissolvent,
non-spheric nanocrystal titanium dioxide with particle
size from 10 to 50 nm as a grow accelerator of anisotropic
structures to provide specified roughness of the surface.
The ratio of the components is as follows, in % (mass.):
tetracthoxysilane — 1—10, tetraisopropyl titanate — 1—15,
hexamethyldisilazane — 2—10, nanocrystalline titanium
dioxide — 0,01—1, isopropyl alcohol — the rest.

A composition on the basis of oxide nanostructures
used to provide the surface with super hydrophobic prop-
erties is different as follows. Nanocrystalline titanium di-
oxide is introduced into reaction mass to intensify growing
process of anisotropic structures to form specified rough-

ness of the coating, which provides super hydrophobic
properties. This composition is a homogenous transparent
liquid with a specific, not strong, smell and aggregative
stability in storage process.

A composite heat-conducting material on the basis
of nanoliquid (RU 2764219 C1)

Development of energy-packed electronic technolo-
gies caused the necessity to create efficient cooling sys-
tems and to control large heat flows. One of the ways
to intensify heat transfer is to improve thermophysical
characteristics of heat carrier. That can be achieved by
increasing thermal conductivity by means of introduction
of solid particles with high thermal conductivity. At this,
along with thermal conductivity other characteristics are
changed too. Viscosity of cooling substance is an impor-
tant characteristic of cooling flow system.

In the process of designing such systems, nanolig-
uids are of great interest. Nanoliquid is a biphasic me-
dium which consists of liquid and evenly distributed in
it nanosize particles of solid phase. A particular feature
of nanoliquids is a significant change of thermophysical
properties of basic liquid even under small concentration
of nanoparticles. At present, the use of nanoliquids as an
efficient heat carrier is considered to be a promising meth-
od of obtaining new combined heat and power plants,
heat energy transferring plants, various microelectrome-
chanical systems, thermal interphase materials (TIM).

The given invention relates to heat-conducting pastes
which contain a mixture of synthetic oil, silicone oil and
a mixture of heat-conducting fillers. The composite heat-
conducting material on the basis of nanoliquid can be
used as heat carrier to create new combined heat and
power plants and thermal interphase materials (TIM).
The invention is a multicomponent heterogenic system
filled with fine dispersed agglomerates of particles pos-
sessing various structure, heat-conducting characteristics,
dielectric and mechanic properties under specified quan-
titative ratio between components as well as technological
features of their combination [2].

The task of the invention is to widen the range of op-
eration temperature and to increase thermal conductivity,
that means to create heat conducting compound on the
basis of nanoliquid. This compound is used for technical
products and systems, which operation process requires
efficient withdrawal of excessive thermal energy. The com-
pound is to combine the following characteristics:

— optimum range of performance temperature for broad-
er application in different electronic devices from 50 to
200 Celsius degrees;

— thermal conductivity 9 Watt/(m * K);

— density 3,5 g/cm?;

— dynamic viscosity 900 Pa;

— service life time 5 years.

http://nanobuild.ru

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (2):
105-112

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

REVIEW OF NANOTECHNOLOGICAL INVENTIONS

The study determined the necessary quantity
of nanopowder of heat conducting carrier (almost
20%=%0,07). At this, the paste possesses geoline-like
consistence under normal conditions. If the content of
nanopowder of heat conducting carrier in the mixture
is more than 20% £0,07, the paste loses its geoline-like
state and acquires crispy structure and becomes unsuitable
for applying. The technical result is improved thermal
conductivity and dynamic viscosity of obtained material.

A nanocomposite material on the basis of potassium
titanate (RU 2766089 C1)

The task of the invention is to obtain a new type of
potassium titanate powder which consists of squamous
particles of submicron size decorated with nanosize par-
ticles of three-component layered double hydroxide. The
technical result, obtained when the task is resolved, is the
improved complex of trybological properties of potassium
titanate powder, that is expressed in decreasing friction
coefficient, rising wear-resistance of wearing surfaces
and increasing critical load and welding load when using
lubricant compositions containing this type of powder
as an admixture [3]. The technical result is achieved as
follows: in the modified powder of potassium titanate
which consists of layered squamous particles of submi-
cron size, the particles of potassium titanate are decorated
with nanosized particles of carbonate shape of layered
hydroxide containing Cu, Zn and Al, in which mole ratio
of the mentioned metals is 1:1:1 with possible deviation
in content of each element is not more than by 10%. It is
efficiently also to use particles of nanocomposite mate-
rial that are processed with surface-active substance, for
example, non-ionic surface-active substance.

High tribological properties of the particles of nano-
composite material (modified potassium titanate), ob-
tained by means of this method, introduced into wetting
agent can be explained by their tribochemical interaction
with metal wear surface, that results in formation of modi-
fied surface layers preventing from cooling due to their
lower thermal conductivity compared to the one of the
metal (steel).

Formation of modified layer on the wearing surface of
the details in the presence of added particles potassium
polythanate / layered double hydroxide, as well as filling
surface roughness with them prevent from direct contact
of tribointerface of details. All that results in increasing
not only antifriction, but also antiwear and antiwelding
properties of wetting agents. At this, antiwear properties of
synthesized powders of modified potassium polythanate
are also determined by their layered structure and low val-
ue of friction coefficient. At the same time, tribochemical
interaction of potassium polythanate particles with steel
surface leads to introduction of titanium into the surface
layer of the metal and that increases its microhardness

and wear-resistance, similarly to action of the additives
of the pure potassium polythanate powder. Alumina in
modified powder of potassium polytitanate causes forma-
tion of special areas on wearing surfaces. These arcas are
covered with a film of aluminum oxide, and this film not
only increase microhardness (wear-resistance) of steel
surface, but also prevents from welding under the load
(welding load rises). At the same time, introduction of
copper into modified potassium polythanate allows signif-
icant improving anti-wear properties of the additives, that
directly affects the properties of the copper-containing
layers formed on the steel surface in the friction process
between the layers. Copper-containing compounds are
cladding additives which can form layers with high plas-
ticity and low resistance to shear on the metal surface, all
that additionally prevents from welding under high loads.
As a result of this, additives of powder of modified potas-
sium polytitanate provide higher anti-wear properties and
higher load of welding lubricants on the basis of them.

The invention relates to chemical, automobile, ma-
chine engineering and textile industries and can be used
in production of antifriction additives to wetting agents
for rolling and sliding friction units.

A biocide composition and a method to obtain it
(RU 2763930 C1)

The technical result of the invention is to obtain bio-
cide composition for applying it as antimicrobial additive
to paints and polymer materials to strengthen antimicrobi-
al effect due to the presence of nanoparticles of zinc oxide
in it, that causes damage of bacteria’s protein structure
and their destruction [4]. The imposed task is resolved
in the following way: the biocide composition consists
of nanoparticles of zinc oxide which are homogeneously
distributed in the dissolvent and the particular feature is
that the size of nanoparticles of zinc oxide is 80£10 nm
and the specific surface is 10+2 m?/g, with additional
content of nanoparticle stabilizer chosen from the group
that comprises polycarboxylate, polyvinyl pyrrolidone,
2-amino-2-methyl-1-propanol, 8-oxyquinoline, phen-
anthrolin, dipyridyl or their combination, and the ratio
of mass% is as follows:

* nanoparticles of ZnO 30—-50;
* nanoparticle stabilizer 2,0—4,0;
+ dissolvent 46—68.

To combine biocide composition with a thermoplastic
polymer (polymethyl methacrylate and copolymers,
polylactide, polyethene of low density, polypropylene,
polystyrene and others) a dried composition is used.
For that, processed nanoparticles are separated from
the dissolvent and are dried in the chamber under the
temperature 90—100°C for 5 hours.

At least one substance which acts as the stabilizer
in this invention is chosen from the following list:
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polycarboxylate, polyvinyl pyrrolidone, 2-amino-2-
methyl-1-propanol, 8-oxyquinoline, phenanthrolin,
dipyridyl or their combination. These organic compounds
meet the requirement specified for ligands for surface
treatment of zinc oxide nanoparticles. They contain
atoms of nitrogen and oxygen, the orientation of atoms
of nitrogen and oxygen respect to each other is fixed, that
determines strong interaction between organic molecule
and cation of metal.

The biocide composition which contains from 30 to
50 mass. % zinc oxide nanoparticles keeps sedimentation
stability for a long time that is necessary for transportation
and use of concentrate. If the content of zinc oxide
nanoparticles in the concentrate is less than 30 mass. %, it
must be loaded into paint in large quantities, that leads to
undesirable dilution of paints or polymer material. If the
content of zinc oxide nanoparticles in the concentrate
is more than 50 mass.%, ultra sound treatment is not
efficient for dispergation of nanoparticles, the average size
of particles (nanoparticle aggregations) in concentrate
is more than 100 nm. That causes loss of sedimentation
stability and decrease od antimicrobial activity of the
concentrate.

A method of obtaining nanodispersed powders
(RU 2763814 C1)

The invention relates to powder metallurgy, in
particular, to obtaining nanodispersed wolfram-
containing powders used in production of hard alloys on
the basis of wolfram. The technical result is the production
of nanodispersed powders containing wolfram or tungsten
carbide from articles or wastes made of hard alloys, such
as titanotantalovolframocobalt hard alloys, titanium-
tungsten-cobalt hard alloys, tungsten-cobalt hard alloys
or similar ones, with high technologies or productivity,
low energy consumption and possibility to dispose
hard alloy wastes. To obtain nanodispersed powder,
a universal equipment of simple design, safe and with
long operational life is used. Synthesis of nanodispersed
powders can be performed under room temperature. The
outcome of this process can be high quality nanodispersed
powders of wolfram, wolfram carbide, mixture of wolfram
and titanium carbides, carbides of wolframe, titanium and
tantalum, as well as other compounds that are the basic
components of disposed metal wastes [5].

The technical result of the invention is achieved as
follows: to obtain wolfram-containing nanodispersed
powders, articles and/or wastes of hard alloys are loaded
into sealed reactor which angle of slope to spinning axis
is from 0 to 90 degree, and dispersing fluid which pH is
1—4 is poured. The dispersing fluid consists of aqueous
solution Fe (SO,), with concentration 5—30 g/1, sulphuric
acid and microorganisms Thiobacilhts ferwoxidans. Syn-
thesis of nanodispersed powders is carried out with ratio

v

1:(1-7) between solid and liquid phases, respectively.
Reactor continuously rotates with the rate 2—60 rota-
tions per minute under the temperature 16—35°C for
480—600 hours. After that, sludge is allowed to settle,
the solution is decanted, the obtained precipitation is
washed, dried and sieved.

Rotating sealed reactor can be made in the form of
drum with round or polyhedral cross-section, in the bicu-
bic, biconic or V-shape form. The figure shows the device
for obtaining nanodispersed powders, with working tool in
the biconic form (fig. 1). Such alloys as titanotantalovol-
framocobalt hard alloys, titanium-tungsten-cobalt hard
alloys, tungsten-cobalt hard alloys are used as hard alloys.
When the body frame rotates, dispersing fluid, hard alloy
articles and and/or wastes are displaced.

Fig. 1. A device for obtaining nanodispersed powders,
with working bicone tool: 1 — welded shell of stainless
steel in the shape of bicone; 2 — loading system;

3 — engine; 4 — shaft; 5 — foundation slab

A polymer material (RU 2765293 C2)

The invention relates to polymer material used in
production of fiber, film or absorbing article; it also
concerns fiber, non-woven fabric and absorbing article
which comprise mentioned polymer material as well as to
the methods of formation of polymer material and fiber.
The polymer material contains thermoplastic composi-
tion. The composition contains continuous phase which
includes matrix polymer and siloxane component. The
siloxane component contains super high molecular si-
loxane polymer which is dispergated in the continuous
phase in the form of descrete domains. There is a pore
network with numerous nanopores in the thermoplastic
composition. The siloxane component is characterized by
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weight-average molecular weight which is approximately
100 000 g/mole or more. Matrix polymer includes a com-
plex polyester or polyolefine. The technical result is the
improved porous polymer material [6].

According to one of the options of the present inven-
tion, a polymer material (for example, fiber, fiber, molded
product) with thermoplastic composition is described.
The composition contains continuous phase which com-
prises matrix polymer and siloxane component. The si-
loxane component contains super high molecular siloxane
polymer which is dispergated in the continuous phase in
the form of discrete domains. There is a pore network with
numerous nanopores in the thermoplastic composition.

In general, the present invention is aimed at polymer
material (for example, fiber, fiber, molded product, etc.)
which is formed by drawing-out thermoplastic composi-
tion (for example, drawing-out in solid state) that contains
continuous phase which included matrix polymer and si-
loxane component. Siloxane component contains, at least,
one super high molecular siloxane polymer which is due
to its molecular weight and viscosity can be dispergated in
continuous phase in the form of discrete nanosize phase
domains. Moreover, despite of its high molecular weight
and viscosity, the chain of siloxane polymer can remain
flexible and possess free volume, that means, it can be in
relatively soft state, like liquid one. Siloxane polymer is also
hydrophobic, that can minimize friction on the interface
of matrix polymer. Moreover, due to its chemical structure
and free volume, siloxane polymer can be characterized by
relatively low bond strength and can easily form voids under
mechanical impacts and deformation.

Hybrid supercondenser on the basis of nanosize
nickel hydroxide (RU 2763028 C1)

The technical solution is related to electric engineer-
ing and electrochemistry. It can be applied in portable
electronics, as starter of automobile, in uninterruptible
power supplies, flash-lights, medicine equipment. Nickel
hydroxide, among metal hydroxides, is a widely used ma-
terial for accumulator and super condensers due to its
multi-layer structure with large interlayer distance and
relative safety for environment, high theoretical capac-
ity, perfect electrochemical properties, stability, low cost
and availability. To increase specific capacity, various
methods of synthesis are used. Highly porous structure
and high specific area of the surface improve electro-
chemical properties due to faster and easier diffusion of
electrolyte on the active segments and more frequent use
of the mass. There are methods to control the properties
of obtained hydroxide, such as change of its structure
in synthesis, as well as dopping it with various additives
(cobalt, aluminum, zinc, etc.). That makes it possible to
significantly improve properties of obtained hydroxide
and its electrochemical capacity.

The technical result of the invention is achieved as
follows: hybrid supercondenser on the basis of nanosize
nickel hydroxide consists of plastic frame (fig. 2) which
includes a cap, a holder of valve and a glass in which two
electrodes are placed, at this, one electrode is made of
nanocarbon material, another electrode is made of nick-
el hydroxide, rolled and divided by separator; two foam
nickel substrates, to each substrate a nickel conductor
is welded; a valve for discharging excessive pressure of
emitted gases is in the frame; at this, 30% solution of
potassium hydroxide, dissolved in water, is poured into
frame [7].

A cap 1, a holder of valve 2 and a glass 3 are print-
ed in 3D printer from acryl-butadiene-styrene plastic,
which is resistant to alkali. These details being assem-
bled is a frame of hybrid super condenser. a valve for dis-
charging excessive pressure 4 is a mass-produces valve,
model 7HH1103383-3. It is used in super condenser to
aggregate excessive pressure of the gases emitted in the
process of degrading of aqueous electrolyte if current or
resistant exceed limit values, as well as in case of excessive
overcharge. Rolled block of electrodes 5 is a system of two
electrodes, for each of them electrochemically activated
foam nickel is used as a substrate. The first electrode is
made of carbon nanomaterial, for example, from “Taunit-
M”. The second electrode is made of nickel hydroxide
with high specific surface and stable particles. The nickel
conductor 6 is welded to foam nickel substrate. The tech-
nical result of the proposed invention is the increased
capacity characteristics of the hybrid super condenser.

1 6 d 2
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Fig. 2. Hybrid supercondenser on the basis of nanosize
nickel hydroxide: 1 — cap; 2 — holder of valve; 3 — glass;
4 — a valve for discharge of excessive pressure;

5 — rolled block of electrodes; 6 — nickel conductor
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A method of obtaining tungstenless hard-alloy powder
materials in distilled water (RU 2763431 C1)

The invention relates to powder metallurgy, in particu-
lar to compositions and methods of obtaining tungstenless
hard-alloy powder, and can be used to produce sintered
bodies, to apply wear-resistant coatings to restore and
strengthen details of the equipment employed in mining
and metallurgical industry and details of vehicles [8].

A method of obtaining tungstenless hard-alloy powder
of micro- and nanosize spherical powders from the wastes
of tungstenless hard-alloys comprises electroerosive dis-
pergating of the wastes of hard-alloys. Electroerosive dis-
pergating is performed in distilled water of the wastes of
tungstenless hard-alloy of grade KHT-16 under impulse
sequence frequency 100—105 Hz, voltage on electrodes
200—205 V and capacity of the condensers 65,5 uF. Af-
ter that, the obtained solution which contains micro-,
nano- and coarse size powder is centrifuged to separate
coarse powder from it. Then the solution which contains
micro- and nanosize powder is evaporated and obtained
micro- and nanosize powder is dried. That provides eco-
logically friendly process of obtaining tungstenless hard-
alloy powder.

The first stage consists of sorting wastes of tungsten-
less hard-alloys, their washing, drying, oil removing and
weighing. The reactor was filled with processing medi-
um — distilled water — wastes were loaded into reactor.
Electrodes were assembled. Installed electrodes were con-
nected to the generator. The required parameters of the
process were set: impulse sequence frequency, voltage on
electrodes, capacity of condensers.

At the second stage — the stage of electroerosive dis-
pergating (EED) — the installation was launched (fig. 3).
Impulse voltage of the generator 1 is applied to elec-
trodes 2 and then to the wastes 3 (the wastes of tung-
stenless hard-alloy of grade KHT-16 were also used as
electrodes) in the reactor 4. When the voltage reaches the
specified value, electric breakdown emerges in process-
ing medium 5, it is in interelectrode space, the chan-
nel of discharge is formed. Due to high concentration
of thermal energy, material melts and evaporates at the
point of discharge, processing medium evaporates and
extends around the channel of discharge with gas products
of degradation (gas bubble 6). Due to dynamic forces,
increasing in the discharge channel and gas bubble, the
drops of melted metal are ejected out of discharge zone
into processing medium, surrounding electrodes, and
set solid in it, forming droplet particles of the powder 7.
The voltage regulator 8 is used to set required voltage
values and the rapper 9 shift one electrode, that provides
continuous running of EED process.

At the third stage processing liquid with powder mate-
rial is extracted from the reactor, fine dispersed particles
are separated from the coarse dispersed ones in centrifuge.

At this, coarse particles are sedimented under the impact
of centrifugal forces, and fine dispersed particles remain
the solution.

At the fourth stage the solution is evaporated, dried,
weighed, prepacked, packed with further examination of
obtained powder material.

The achieved technical result is as follows: obtaining
powder materials from wastes of tungstenless hard-alloy
with regular spherical particles by means of electroerosive
dispergating (EED) which process is characterized by low
power consumption and ecological cleanness.

vy
&

Fig.3. Process of electroerosive dispergating:

1 — generator; 2 — electrodes; 3 — wastes; 4 — reactor;
5 — processing medium; 6 — channel of discharge;

7 — droplet particles of the powder; 8 — voltage
regulator; 9 — rapper

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

« Nanomodified building mortar [9].

« An undercoat composition for creation of light con-
ductive coating of the detail prior to electrostatic
painting, a method of preparing undercoat composi-
tion and undercoat [10].

o A method of processing the surface of non-ferrous
metal by forming microrelief [11].

« A method to obtain amorphous nanostructures dia-
mond-like coating [12].

o A method of electrochemical obtaining nanosize
graphite plates. [13].

« A method of combined treatment of channels of com-
plex shape and a device to perform it [14].

« A method to modify concrete with complex additive
which includes hydrothermal nanoparticles SiO, and
multilayer carbon nanotubes [15].

o A sol with the content of titanium dioxide, a method
to obtain it and the products made of it [16].

o Optically transparent luminous nanostructured ce-
ramic material [17].
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« Ferroelectric nanocomposite on the basis of porous CONCLUSION
glass and monopotassium phosphate materials [18].
« A ficld-emission emitter with nanocrystal diamond One of the most challenging tasks the economy of
film [19]. every country face is to increase industrial competitive-
« Multifunctional nanostructured additive for coatings  ness through technological upgrade. From the side of the
[20]. state and companies the principal object to control in this
« A porous material on the basis of polyester [21]. process are the people and enterprises dealing with intro-
« A method of precipitation of composite coating  duction of inventions and new technologies. Therefore,
[22]. we hope that the information published in this section
« Low-temperature ecology-friendly viscous lubrication ~ will be in demand and useful for specialists.
and a method to produce it [23]. To be continued.
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N306peTeHns B 06n1acT HaHOMaTepunasnoB
n HaHoTexHonorun. Yacrto 11"

JleoHunp Anekceesuy MiBanoB' (1), Jin [la Cron? (°), CBeTnaHa PawmpoBHa MymuHoBa® (o),
BaneHTnHa MuxaiinoBHa ®eoktucrosa* (), EneHa BanepbeBHa PomaHoBa®

! Poccuiickana nHxeHepHas akagemus, Mocksa, Poccua

2 YHuBepcuteT Ong JomurHuoH, Hopdonk, BupgxumHusa, CLUA

3 OuHaHcoBbIN yHUBepcuTeT Npu Mpasutenbctee Poccuiickoin ®epepauun, Mocksa, Poccua

4 Poccnincknii rocyjapCTBEHHbIN YHUBEPCUTET Typr3Ma 1 cepBuca, noc. Yepknsoro, MockoBckas obnacTb, Poccus

*> HaumoHanbHbINn nccnefoBatenbCkuini MOCKOBCKMI roCyAapCTBEHHDbIV CTPOUTENbHBbIN yHBepcuTeT, MockBa, Poccna

* ABTOp, OTBETCTBEHHBIN 3a Nepenuncky: e-mail: L.a.ivanov@mail.ru

PE3IOME: BBegeHume. Bbicokme TeXHONMOrMmM nopaxatT Boobpa)KeHne noaen, AEMOHCTPUPYA BCE HOBbIE U HOBblE [OCTMXEHNA
(maTepuanbl, cnocobbl, CUCTEMbI, TEXHONIOMK, YCTPOWCTBA U Ap.), KAPAUHANBHO MEHAOLLME OKPYXKaloLMiA MUP. ITO, MPEXAe BCETO,
MOHO OTHECTM K N306peTeHNAM YUEHbIX, UHXEHEPOB U CMeLrancToB 13 PasHbIX CTpaH B 06/1acTi HaHOTexHoorni. OCHOBHasA
yacTb. B cTatbe B pedepatrBHoi popme npoBoanTcsa 0630p M306PETEHMIA YUEHDIX, HXEHEPOB 1 CMELMANCTOB M3 Pa3HbIX CTPaH:
lepmaHun, Poccum, CLUA v ap. PesynbtaTbl TBOPUYECKON AeATENIbHOCTU YUEHbIX, MHXXEHEPOB 1 CMELVANNCTOB, B T.U. M n306peTeHna
B 06/1aCTN HAHOTEXHOMOT NI 1 HAHOMATEPVAJIOB NO3BOAIOT NPV UX BHEAPEHUN JOOUTHCA 3HAUNTENBHOMO 3P dEKTa B CTPOUTENBCTBE,
XKUNULLHO-KOMMYHaNIbHOM XO3ANCTBE, CMEXHbIX OTPACAX SKOHOMUKW. Hanprmep, 3afaya, Ha peLleHne KOTOPOI HamnpasieHo n3o-
6peTeHne «<KoMno3nLua Ha OCHOBE OKCUAHBIX HAHOCTPYKTYP ANA NPUAAHUA NOBEPXHOCTU Cyneprnapodo6HbIX CBOMCTBY, 3aKIIt0-
yaeTcA B pa3paboTKe HOBOIO CNocoba NonyyYeHns MaTepUanos ¢ CynepriuapoPpobHbIMM CBOMCTBaMU, 06MafaloLLMX NMOBbILLEHHBIMA
3KCMyaTaUVOHHBIMK 1 GYHKLUVOHANbHBIMY XapakTePUCTVIKaMI, KOTOPbIE HAaNAYT WMPOKOE NPVYIMEHEHME B Pa3fIMYHbIX 061acTax:
B SHEPreTnKe, SNEeKTPOHMKE, MALUMHOCTPOEHNUN, CTPOUTENbCTBE, CYyAOCTPOUTENbCTBE, aBMALMIOHHOW 1 @3POKOCMMYECKON, a TaKKe
MULLEBO NPOMbILLNEHHOCTU. OCO6EHHOCTBIO N306PETEHNA ABNAETCA MPOABEHNE NOKPLITUAMY Cyneprngpodo6HbIX CBOMNCTB U1, Kak
CNeAcTBYE, NPV X HaHeCEHW NPeaoTBpaLLeHrie 06efeHeHNA 1 3arpA3HEHNA METANNNYECKUX U3AENNIA, HanpUMep, IMHWIA SNeKTPo-
nepenay, GepMoBbIX KOHCTPYKLWIA, KPbIL 1 APYrMX. TEXHNYECKNI pe3ynbTaT AOCTUIaeTcA C MOMOLLbIO MCMONb30BaHNA KOMMO3ULUN
Ha OCHOBE OKCMAHbIX HAHOCTPYKTYP ANA NPUAAHUA MOBEPXHOCTY CynepruapodobHbIX CBONCTB, COAepKaLlel TeTpasToKCUCHnaH
1 TeTPan30nponunaT TUTaHa Kak CTPyKTypoobpasoBaTeny, rekcaMeTunancmnnasaH Kak ruapodo06Hblii KOMIOHEHT, 130Nponuio-
BbIi CMUPT KaK pacTBOpUTENb, Hecheprnyecknini HAHOKPUCTANIMYECKNI ANOKCUA TUTaHa ¢ pa3Mmepamim yactuy ot 10 4o 50 HM Kak
NHTeHCMUKATOP NpoLiecca PocTa aHN30TPOMHbIX CTPYKTYP ANA GOPMUPOBaHNA ONpefeneHHON LepOXOBaTOCTH MOKPbITHA. Takke
NPeLCTaBNAT MHTepeC ANA CNeLManncToB cleayolve n306peTeHns B 061aCTyi HAHOTEXHOOT A KOMMO3ULIMOHHbIV TENOMNPO-
BOAALLMIA MaTepuran Ha OCHOBE HAaHOXMAKOCTM, HAHOKOMMO3UTHBIN MaTepuan Ha OCHOBE TUTaHaTa Kanud, cnocob nonyyeHnsa Ha-
HOAMCMEPCHBIX MOPOLLKOB, FMOPUAHBIV CyNePKOHAEHCATOP Ha OCHOBE HAHOPAa3MEPHOTO MAPOKCHAA HUKENA 1 Ap. 3aK/loueHune.
OpHa 13 aKTyanbHbIX 3afja4 SKOHOMUKM JI06OW CTPaHbl — NOBbILWEHNE KOHKYPEHTOCMOCOOHOCTH NPOMBILLNEHHOCTM 3a CYET ee
TEXHONIOrMYeCKoro nepeocHalleHunaA. M B 3Tom HanpaBneHny rmaBHbIM 06 beKTOM BHUMaHMWA CO CTOPOHbI FOCYAapCTBa 1 KOMMaHWM
CTAHOBATCA NOAV U NPefnNpPUATUS, Ybs OCHOBHAsA paboTa CBA3aHa C M306peTeHNEM 1 BHeAPEeHVIEM HOBbIX TEXHOJTOTUIA.

KJTIOYEBDBIE CJTOBA: HaHOTEXHONOI N B CTPOUTENbCTBE, HAHOKPUCTA/UTMYECKUIA ANOKCUA TUTaHA, HAHOCTPYKTYPa, HAHOXMAKOCTb,
HaHOAMCNEPCHbIN NOPOLLOK, HAHOPa3MepHad YacTuLa.

ONA LUTUPOBAHUA: saHos J1.A., Cioin J1.1., MymuHoBa C.P, ®eoktuctoBa B.M., PomaHoBa E.B. /1306peTeHus B o6nacTvi HaHomaTe-
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n3 pa3Hbix ctpaH (I'epmanum, Poccun, CIIA u mp.)
B 00JIaCTM HAHOTEXHOJIOTHIA.

OCHOBHAA YACTb

Kommno3uipmsi Ha 0CHOBE OKCHIHBIX HAHOCTPYKTYP
JUTSI IPUIAHHUS TIOBEPXHOCTH CynepruapodoOHbIxX
cpoiict (RU 2763891 C1)

M3MmeHeHMne KirMMaTa 3a MocleHUe AeCATUIeTUS
MPUBEJIO K YBEJIMYEHUIO KOJTUYECTBA PA3IMYHBIX 00-
JIacTel M TeppUTOPUI CO 3HAUYUTETbHBIMU CYTOYHBIMU
meperagaMy TeMIiepaTyp. JTo, B CBOIO ouepenb, CIT0-
CcoOCTBOBAJIO YYallleHUIO CIyyaeB o0JieIcHEHUS U 3a-
TPSI3HEHUS U330, KOHCTPYKIMIA U COOPYXKEHUI
Pa3IMIHON TPUPOIHI (METAJUTMICCKIUX, CTCKIISTHHBIX,
IEPEBSHHBIX U IPYTUX), HAIIPUMED, IMHUAMA 3JICKTPOIIe-
penay, GepMOBBIX KOHCTPYKLIMIA, KpbIlll 1 1pyrux. [Ipu
HEOOJILIIIOM MOPO3€, B YCIOBUSIX MITKOM 3UMBbI, Ha MO-
BEPXHOCTb MAaTepUAJIOB U U3AECINUI OCENalOT KaIleJabKK1
TyMaHa WU T0X[s, KOTopble, 3aMep3ast, GOpMUPYIOT
TUIOTHYIO JIeJSIHYIO «111yOy». B pe3yabrare, Harmpumep,
MpPOBOJA PBYTCS, @ OMOPHI IMHUIA 2JIeKTpoTiepenay Jo-
MaroTCs.

Cynepruapodo0HOCTh — YHUKAJIBHOE CBOMCTBO
MaTepuasioB, XapakKTepuaylolieecs MOoJHON HecMayr-
BAa€MOCTbIO MTOBEPXHOCTU XUIKOCTSMU. B HacTosee
BpeMsI ceIaHbl MIEPBbIE 1IaTU B pa3padoTKe KOMITO3U-
IIUM HA OCHOBE OKCHUIHBIX HAHOCTPYKTYpP MJISl TIpUaa-
HUS CYNepruapo@oOHbIX CBONCTB pa3InyHbIM TTOBEPX-
HOCTSM. /laHHbBIE TOKPBITHS 00Jadal0T YHUKAIbHBIMU
(pMBUKO-XUMIYECKUMH U CTPYKTYPHO-MEXaHNTICCKIMU
CBOMCTBaMH, MO3TOMY pa3paboTKa MaTepUaJioB C Cy-
nepruapo@OOHBIMU CBOMCTBAMU U UX MPUMEHEHUE
B IMMPOMBIIUIEHHOCTH 1 TTOBCETHEBHOM XU3HU SIBJISIETCS
aKTyaJIbHbIM BOIIPOCOM.

3amava, Ha pellleHHEe KOTOPOM HaIlpaBICHO M30-
OpeTeHue, 3aKJII0YaeTcsl B pa3zpaboTKe HOBOTO cIiocoda
MOJIyYeHMSI MAaTEPUAJIOB C CYIIepruapo@oOHbIMU CBOM-
CTBaMH, 00JIalaloIMX MOBBIILIEHHBIMU 3KCILTyaTaly-
OHHBIMU U (DYHKIIMOHAJIbHBIMU XapaKTePUCTUKAMU,
KOTOpbI€ HAMAYT KMPOKOE MPUMEHEHUE B Pa3IMYHbBIX
00J1aCTSIX: B SHEPTETUKE, IEKTPOHUKE, MAIIUHOCTPOE-
HUU, CTPOUTEJILCTBE, CYTOCTPOUTETLCTBE, aBUALIMOHHOM
M a3POKOCMUYECKON, a TAaKXKe MUILEBON MPOMBIIIJIEH-
HOoCcTH. OCOOEHHOCTHIO N300PETEHUS SIBJISICTCS TIPO-
SIBJICHUE TOKPBITUSMHU CyTIepruapooOHbIX CBOMCTB U,
KaK CJIeCTBUE, NPU UX HAHECEHUU TIpeIOoTBpalleHue
00JIeIeHEHUST 1 3aTPSI3BHEHMST METALTMYECKUX UBIETNMA,
HaIIpuMep, JUHUHA 3JIeKTpoIriepenad, (hepMOBBIX KOH-
CTPYKLIMI, KPBIII U APYTux [1].

TexHuueckuit pe3yabTaT IOCTUTAETCSl C TOMOIIBIO
WCIIOJIb30BAHUSI KOMITIO3ULIMYA HA OCHOBE OKCHUIHBIX Ha-
HOCTPYKTYp JUISl IPUAAHUS TIOBEPXHOCTU CYTIEPTUAPO-
(bOoOGHBIX CBOMCTB, comepKalleit TeTPa3TOKCUCHIIAH U Te-

TPau30IpONUIaT TUTAHA KAaK CTPYKTYpOoOOpa3oBaTeiu,
reKcaMeTWIAUCUIa3aH KaK ruapohOOHbI KOMIIOHEHT,
M30IPOIMIOBBIN CIIUPT KaK PaCTBOPUTEIIb, Hechepu-
YeCKUI HAHOKPUCTAIMYECKUI TUOKCUI TUTAHA C pa3-
Mepamu yactuil ot 10 o 50 HM Kak MHTeHCU(DUKATOP
IPOLIECCa pOCTa AHU3OTPOITHBIX CTPYKTYP st (hOPMUPO-
BaHUSsI OIPEE/IEHHO IEPOXOBATOCTH ITOKPBITHUSI, IIPU
CJIEAYIOLIMX COOTHOLIEHUSIX KOMIIOHEHTOB B % (Macc.):
TeTpasToKcucuiaaH — 1—10, TeTpau30nponuiaT TUTa-
Ha — 1—15, rekcametnmaucnnasal — 2—10, HAHOKPH-
crajmmyeckuii quokcua tutaHa — 0,01—1, uzonponu-
JIOBBI CIIMPT — OCTaJIbHOE.

KoMno3unyoHnblii TenionpoBoasnuii MaTepuai
Ha ocHoBe Hanoxunkoctu (RU 2764219 C1)

C pa3BUTHEM SHEPTrOHACHIIICHHBIX 3JIeKTPOHHBIX
TEXHOJIOTUI BO3HUKAET HEOOXOAUMOCTh CO3AaHUS
5P PEeKTUBHBIX CUCTEM OXJaXXICHMS W YIPaBICHUS
OOJIBPIIMMH TEIUIOBBIMH TTOTOKaMU. OIWH 13 CITIOCOO0B
MPOBECTU UHTEHCU(UKALIMIO TETJIOOOMEHa — YJy4-
IIUTh TEIUIO(PU3NUYECKUE XapaKTePUCTUKU TETJIOHO-
cuTeasa. DTOTO MOXHO JOOMTHCS, TIOBLICUB TEILIO-
MPOBOJTHOCTb XXUAKOCTU MyTeM J00aBIEHUS TBEPABIX
YacTUIl C BBICOKOI TEMJIONPOBOAHOCThIO. [1py aTOM
Hapsiiy ¢ TeTUIONPOBOAHOCTBIO UBMEHSIOTCS U APY-
rve Teruiou3nueckue cBOMCTBA XXUAKOCTU. BaxkHoi
XapaKTEepUCTUKON MPU MCIIOJIb30BAHUN MPOTOYHBIX
CUCTEM OXJIAXIECHUS SBISIETCS BSIZKOCTb OXJIaX1al0-
1Ieit cyoCcTaHLIUU.

Hacrosiiiee n3oopereHre OTHOCUTCS K TETLIONPO-
BOJIHBIM ITacTaM, COAEpKalllMM CMECh CUHTETUYECKOTO
U CUJIMKOHOBOTO Maces U CMECh TEeTJIONPOBOIHBIX Ha-
nojaHuteeli. KoMmo3nmuoHHbIN TeIUIONPOBOAS NI
MaTepual Ha OCHOBE HAHOXUIKOCTH MOXET ObITh UC-
MOJIb30BaH B KaU€CTBE TEIJIOHOCUTES JJIsI CO3AaHUs
HOBBIX TETIJIOOHEPTETUUECKUX YCTAHOBOK, TEIJIOBBIX
Mexda3Hbpx MaTepranoB (MTB). M3obpeTenue mpen-
CTaBJIsIET COO0 MHOTOKOMITOHEHTHYIO T€TePOTreHHYIO
CUCTEMY, HAITOJHEHHYIO MEJIKOAWCIIEPCHBIMU arjloMe-
paTtamMu 4acTUll, 00J1aIaI0IIMX PA3IMYHOMN CTPYKTYpOH,
TETUIONPOBOASAILIMMU CBOMCTBAMM, TUDJIEKTPUIECKUMU
1 MEXaHUYECKMMU CBOMCTBAMM MPU OIPEAeTeHHBIX KO-
JIMYECTBEHHbBIX COOTHOLLIEHUSIX MEXTY KOMITOHEHTAMU,
a TakXe TEXHOJOTMUYECKMMHU OCOOEHHOCTSIMU UX CO-
equHeHud [2].

3agaveii HACTOSIIEro N300PETCHUS SIBJISICTCS pac-
HIMpEHUe Arana3zoHa pabouymnx TeMIeparyp 1 yBejauye-
HUe€ TEIUIONPOBOAHOCTH, YTO 3aKJII0UAETCS B CO3MAHUN
TETJIONPOBOISAIIETO KOMITAYHIA HA OCHOBE HAHOXU] -
KOCTH, TIpeAHA3HAYEHHOTO JJIs1 TEXHUYECKUX U3ACIUi
U CUCTEM, TIPU pabOTE KOTOPHIX TPEOYETCS OCYIIECT-
BIATHh 9 (HEKTUBHBIN OTBOA M30BITOUHON TEIIOBOI
sHepruu. KommnayHn nojikeH coueTaThb B cebe Clienyio-
IIME Ka4eCTBEHHbIE XapaKTePUCTUKMU:
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— ONTUMAJIBHBIN AMAITa30H pabOYNX TeMIIepaTyp I
OoJree IMMPOKOTO MPUMEHEHMS B PA3IMUHBIX 3JICK-
TPOHHBIX ycTpoiicTBax oT —50 1o 200°C;

— TerwionpoBoaHOCcTh 9 Br/(M * K);

— IIIOTHOCTH 3,5 r/cm?;

— IuHaMM4YecKyio BI3KocThb 900 IT;

— HOPMAaTUBHBIN CPOK CITYXKOHBI 5 JIET.

B pesynbTaTe ncciemoBaHMil OBUIO OTIpEIeICHO He-
00XoIMMOe KOJIUIECTBO HAHOITOPOIIKA TEILIOIIPOBO-
nHoro Hocutes (mopsiaka 20%+0,07). [Ipu sTom macra
nMeeT B HOPMAaJIbHBIX YCIOBUSIX Ba3eIMHOIOTO0HYIO
KoHcucTeHIMIo. [1pu comep:xaHnM B cMeCH HAHOIIO-
poIIIKa TEIIONPOBOIHOTO HocuTest 6onee 20% 0,07
racTa yTpaulBaeT CBOC Ba3eIMHOIIOI00HOE COCTOSTHIE,
pUOOpETaeT PacChHIMIATYIO CTPYKTYPY U CTAHOBUTCS
HEIIPUTOTHON IS HAHECCHMS.

TexHnaeckuii pe3ynbpTaT — YIyYIIeHUE TEIIOPO-
BOITHOCTU M IMHAMWYCCKON BSI3KOCTH TTOJy4aeMOTO
MaTepHana.

HanokoMno3uTHbI MaTepual Ha OCHOBE TUTAHATA
kams (RU 2766089 C1)

3agadeit HACTOSIIIIETO M300PETCHMS SIBIISICTCST TTOJTY -
YeHHEe HOBOTO BHU/IA ITOPOIIIKA TUTAHATA KaJIHsI, COCTOSI-
ILIETO U3 YEUTYHYAThIX YACTUL] CYOMUKPOHHOTO pa3Mepa,
KOTOpHBIE TeKOPUPOBAHBI HAHOPA3MEPHBIMU YaCTUIIAMM
TPEXKOMITOHEHTHOTO CIONCTOTO JBOHOTO TMIPOKCHIA.
TexHnyecKuM pe3yabTaToM, JOCTUTAEMBIM TIPU pelie-
HUU TTOCTaBJICHHOU 3aa4M, SIBJISIETCS YIyJIICHIE KOM-
TUIeKCca TPUOOIOTMICCKIX CBOMCTB ITOPOIIIKA TUTaAHATA
Kayivs, MpOSIBIISIIOIIEECS B CHUXKEHUM KO3(hDUILIUECH-
Ta TPEHUSI, YBEIMICHNN N3HOCOCTOMKOCTH TPYILIMXCS
TIOBEPXHOCTEI W YBEIMUCHUN KPUTUUCCKOM HATPY3KHU
¥ Harpy3Ky CBapUBaHUS IIPU UCIIOIH30BaHUM CMAa304-
HBIX KOMITO3HIINIA, COIepKaIIiX JaHHBIN B ITOPOIITKa
B KadecTBe J00aBKM [3]. YKa3aHHBIN TEXHUYECKUI pe-
3yJIbTaT JOCTUTACTCS TEM, YTO B MOIU(HUIINPOBAHHOM
TIOPOIIKE TUTAHATA KaJIMsI, COCTOSIIEM M3 CIOUCTHIX
YacTull yelyiyaro gopMbl CYOMUKPOHHOTO pa3Mepa,
COTJIACHO M300PETCHUIO, YaCTHUIIHI THTAHATA KNS IEKO-
pUpPOBaHBI HAHOPAa3MEPHBIMU YaCTUIIAMHU KapOOHATHOM
(opmeI crroncToro ruapoxrcuaa, comepxaiiero Cu, Zn
n Al, B KOTOPOM MOJIBbHOE COOTHOIIICHNE YKa3aHHBIX
MeTaJlI0B cocTaBiisieT 1:1:1 ¢ BOBMOXHBIM OTKJIOHEHVEM
B COAEPXKaHUM KaX/I0TO U3 KOMIIOHEHTOB He 00Jiee yeM
Ha 10%. LlenecooOpa3Ho TakXKe UCII0Jb30BaTh YACTULIBI
HaHOKOMITO3UTHOTO MaTepHraa, 00paboTaHHBIC ITOBEPX-
HOCTHO-aKTUBHBIM BeliecTBoM. Llemecoobpas3Ho B Kade-
CTBE TTOBEPXHOCTHO-aKTUBHOTO BEIIIECTBA UCIIOIb30BaTh
HEMOHOTECHHOE TTOBEPXHOCTHO-aKTUBHOE BEIIICCTBO.

DopmupoBaHre MOIU(PUIIIPOBAHHOTO CJIOS Ha TT0-
BEPXHOCTH TPYLIUXCS AeTaei B MPUCYTCTBUM 100aBOK
gactuil [ITK/CAI, a TakKe 3amoTHeHNEe MU HEPOB-
HOCTE ITOBEpXHOCTH TIPEIOTBPAIIACT IIPSIMOIT KOHTAKT

nerajieit pubdoconpstkeHuit. Benencrrue 3Toro noBbl-
LIAIOTCS HE TOJIbKO aTU(PUKLIMOHHBIE, HO ¥ TIPOTUBOM3-
HOCHBbIE U MPOTUBO3aAUPHbBIE (HArPy30UHbIE) CBOMCTBA
CMa304HBIX MaTepraiioB. [Ipu 3ToM aHTUOPUKIIMOHHEIE
CBOMCTBA CUHTE3UPOBAHHBIX MOPOIIKOB MOAUDUIIN-
posanHoro I[I1TK ompenensitoTcst Takxke U UX CIOUCTOM
CTPYKTYPOI M HUBKUM 3HAYEHHEM COOCTBEHHOTO KOA(]-
duLeHTa TpeHus. B To Xe Bpems TpuOOXUMUYECKOE
B3auMogeicteue yactull I1TK ¢ moBepxHOCTBIO cTaIn
MPUBOAUT K BHEAPEHUIO TUTAHA B TIOBEPXHOCTHBIN CJIOM
MeTajuia, MPUBOASLIEMY K YBEJIMUEHUIO €r0 MUKPOTBEP-
JIOCTU U UBHOCOCTOMKOCTH, aHAJOTUYHO JEUCTBUIO 10-
06aBok uncroro nopoika [ITK. [IpucyrcrBue anomu-
HUS B COCTaBe MOAM(ULIMPOBAHHOTO MTOPOILIKA TOJK-
TUTaHaTa KaJIksl, COIJIACHO 3asIBJIIEMOMY TEXHUUYECKOMY
pelleHunIo, CocoOCTBYET (DOPMUPOBAHUIO HA TPYLLIMXCS
MOBEPXHOCTSIX CTAIM YYaCTKOB, MTOKPBITHIX MJIEHKOM
OKCHJla aJIIOMUHUS, KOTOpasi CIIOCOOCTBYET HE TOJIb-
KO TIOBBILIEHNIO MUKPOTBEPAOCTU (M3HOCOCTOMKOCTH)
MOBEPXHOCTU CTaJIM, HO U TIPETSITCTBYET CBAPUBAHMIO
Mojd Harpy3koi (IIpOUCXOIUT yBeJIWUYEHUE HArPy3KU
CBapuUBaHUsl).

M3006peTeHre OTHOCUTCS K XMMUYECKOI, aBTOMO-
OMJIbHOM, MAIIMHOCTPOUTEIbHOM 1 TEKCTUJIBHOM TTPO-
MBIIUIEHHOCTU U MOXET ObITh UCMOJIBb30BaHO MPU U3-
TOTOBJIEHUU aHTU(PPUKLIMOHHBIX T0OABOK K CMa30YHbIM
MaTepuayiaMm il y3J10B TPEHUSI KAUYeHUST U CKOJIbKEHUSI.

BuonuaHast KOMIO3HIKSA B CIIOCO0 ee MOTyYeHHs
(RU 2763930 C1)

TexaMIecKM pe3yIbTaToM 3asBICHHOTO M300peTe-
HUSI SIBJISIETCS TTONTyIeHIE OMOLIMIHON KOMITO3ULIMH IJTST
HCIIOTH30BaHUS B KaUeCTBE aHTUMHUKPOOHO T00aBKMN
B KPacKU ¥ TTOJIMMEPHBIC MAaTEPUAIIBI C IICJTBIO YCUIICHUS
AHTUMUKPOOHOTO 3(pheKTa 3a cUeT comepKaH!s B KOM-
IMO3UIIMKY HAHOYACTHII OKCHIA IIMHKA, BHI3BIBAIOIINX
MTOBpEXICHIE OCIIKOBOM CTPYKTYPHI OAKTEPUIA 1 X TH-
6enb [4]. [TocTaBneHHas 3aga4a periaeTcst TeM, 4To O1o-
UIHAS KOMITO3UIINSA COCTOUT U3 HAaHOYACTUI] OKCHAA
IIMHKA, TOMOTEHHO pacIIpeleICHHBIX B paCTBOPHUTEIIC,
OTJINYAIOIIASICST TEM, UTO MCITOJIb3YIOT HAHOYACTHUIIBI
okcuaa nrHKa pazmepom 8010 HM 1 yIeabHOM TTOBEpX-
HocTbIO 10£2 M?/T, ¢ IOMOJHUTEIBHBIM COfepKAHUEM
cTabMIM3aTOpa HAHOYACTHII, BHIOPAHHOTO M3 TPYIIIIHI,
BKJTIOYAOIIEH TTOJTMKAPOOKCHIIAT, TIOJTMBUHWIIITPPOIIH-
JIOH, 2-aMWHO-2-MeTWJI- 1 -TIpONaHoJI, 8-OKCUXWHOJINH,
beHaHTPOIWH, TUTTHUPUIII I UX KOMOMHALINIO, TIPH
CJIEAYIOLIEM COOTHOIIEHUM KOMIIOHEHTOB, Mac.%:

* nHanovactuus ZnO 30-50;
* crabunusarop HaHovactui 2,0—4,0;
* pacTtBOpHUTEIH 46—68.

s coBMeIeHUsT OMOIIMIHON KOMITO3UIINHI C Tep-
MOTUTACTUYHBIM TTOJIMMEPOM (TTOTUMETUIMETaKpIIIaT
W COMOJIUMEPHI, TMOMMIAKTUI, TMOJUATUIICH HU3KOMN
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TUTOTHOCTH, TIOJTUTIPOITHJICH, TIOJIMCTUPOJ W IPYTHE)
TIPUMEHSIETCS BEICYIIIEHHAST KOMITO3UIMSL. JIJIsT 3TOT0 00-
paboTaHHBIE HAHOYACTUIIBI OTHEISIOT OT PACTBOPUTEIS
¥ BEICYIIIBAIOT B CYIIMIBHOM ITKay TIPU TEMIIepaType
90—100°C B TeueHue 5 4.

B xauecTBe cTabunmuzaTopa B 3asIBJIGHHOM CIioco0e
WCIIONIL3YIOT, TI0 KpalfHel Mepe, OTHO BEIIECTBO, BhI-
OpaHHOE U3 pAaa: TOIUKapOOKCHUIIAT, TIOJTUBUHUIIINP-
POJIMIIOH, 2-aMUHO-2-MeTHII- | -TIpOTIaHOJ, 8 -OKCUXUHO-
JINH, (DeHAHTPOJIMH, TUTTUPUINIT WA NX KOMOWHAIINH.
DTU OpraHNIeCKUe COCTMHEHUS YIOBICTBOPSIIOT Tpe-
OOBaHUSM, TIPEIBIABISIEMbBIM K JIMTAHIAM JIJIST TIOBEPX-
HOCTHOI 00pabOTKM HAHOYACTUIL OKCcHaa IMHKa. OHI
coJiepXaT B CBOEM COCTaBe aTOMBI a30Ta U KUCIIOPO-
Jla WIJIN TOJIBKO KUCJIOPOJIa, MOJI0XKEHEe aTOMOB a30Ta
¥ KHACJIOPOIa OTHOCUTEIIBHO APYT ApyTa (DMKCUPOBAHO,
YTO OTIpeNeseT CUIbHOE B3aUMOIECTBAE OpraHnye-
CKOIT MOJICKYJIBI 1 KATHOHA METaJlIa.

Crnioco0 moJry4eHusi HAHOMCTIEPCHBIX MOPOIIKOB
(RU 2763814 C1)

M300peTeHre OTHOCUTCS K TTOPOIIKOBOM METAIIIYP-
TUH, a IMEHHO K TTOJTyYCHNIO HAHOOUCIIEPCHBIX BOJIb-
(bpamcomepKaIIIX MTOPOIIKOB, UCITOIB3YEMBbIX ITPH W3-
TOTOBJICHWM TBEPABIX CIJIABOB Ha OCHOBE BOJIb(Mpama.
TexHUYEeCKUM pe3yJIbTaTOM HACTOSILErO U300peTeHNUs
SIBJIIETCSI TTOJTYICHIE HAHOOMCIIEPCHBIX TTOPOIIKOB, CO-
IepXKalimx BoJIbhpaM WM Kapoua Borbdpama, 3 M3-
TIEJTAIA M OTXOMOB U3ICIINI, M3TOTOBJICHHBIX U3 TBEPIBIX
crmiaBoB, Takux kKak TTK, BH2XK, TK, BK 1 mono0OHBbIX,
C BBICOKOM TEXHOJIOTHYHOCTHIO M IIPOM3BOIUTEIBHO-
CTBIO, MaJIBIM SHEPTOIOTPEOICHNEM 1 BO3MOXKHOCTHIO
YTWIA3AIIUN TBEPIOCIUIABHBIX OTXOMOB. IS ITOTydeHUS
HAHOIMCIICPCHBIX ITOPOIIKOB MCIOJB3YIOT YHUBEPCAIb-
HOe 000pyI0oBaHME IIPOCTOI KOHCTPYKIINH, Oe30TacHOe
B MICTIOJTB30BAaHMM, C BEICOKIM pecypcoM padoTel. CHH-
Te3 HAaHOIVCIIEPCHBIX IIOPOIITKOB MOXKET OBITH OCYIIECT-
BJICH TIpY KOMHATHOM TemIiepaType. Ha BbIxome MoryT
OBITH TTOJIYICHBI BEICOKOKAUYEeCTBCHHBIC HAHOIMCITEPC-
HBIE TIOPOIITKH BOJIb(paMa, Kaporaa Boibhpama, cMeCH
KapOmmoB BoIb()paMa 1 TUTaHa, KapOMIOB BOIb(Mpama,
TATaHA ¥ TAaHTAJIa, a TAKKE IPYTUX COCAMHEHMIA, COCTaB-
JISTIONIMX OCHOBY ITepepadaThIBaeMbIX METAITMUCCKIX
OTX0IO0B [5].

Texuanueckmit pe3yrbTaT N300pETCHUS TOCTUTACTCS
TeM, YTO IIJISI TTOJTydeHUS BOTb(paMCOAepKAIINX HAHO-
IUCTICPCHBIX ITOPOIIKOB B TePMETUYHBIN PEaKTOp, UMeE-
FOIMIA yTOJI HaKJIOHA K ocu BparieHus ot 0 mo 90 rpa-
IIYCOB, 3aTPy>KaroT U3IEINS 1/MIA OTXOIBI U3 TBEPIBIX
CITIABOB ¥ 3aJIMBAIOT TUCIIEPTUPYIOIIYIO KUIKOCTD, IMe-
fornyro pH 1—4. Jlucrieprupyroinast JKUIKOCTh BKIIFOUAeT
BoaHbIA pactBop Fe,(SO,), ¢ konuenTpauuei 5—30 r/x,
CEpHYIO KHUCJIOTY M MUKpoopropranu3Msl Thiobacilhts
ferwoxidans. CHTe3 HAaHOAMCITEPCHBIX TOPOIIKOB ITPO-

v

BOIISIT P COOTHOIIICHNY TBePHOU 1 XKUIKoi ha3el T:2K,
paBHOM 1:(1—7). OcyIIecTBISIOT HeIpephIBHOE Bpallie-
HUE peakTopa co CKOPOCThio 2—60 060pOTOB B MUHYTY
ripu remmneparype 16—35°C B teuenne 480—600 u. 3aTem
ITyJIBITY OTCTAaMBAIOT, PACTBOP CIMBAIOT, TTOTYICHHBIN
0CaIOK TIPOMBIBAOT, CYIIAT U IIPOCEHUBAIOT.
Bparmaronimiicst TepMETHIHBIN peaKTOp MOXKET OBITh
BBITIOJTHEH B BUe OapadaHa KPYyIJIOro MM MHOTOTpaH-
HOTI'O CeueHus, WiIKn B BUuae OuKyba, v OMKOHyca, WIn
V-o6pasnbiM. Ha puc. 1 n3o6paxeHo yCTpOMCTBO IJIst
ITOJTyIeHUST HAHOAMCIICPCHBIX ITOPOIIKOB, C PAOOINM
opraHoM B (hopMme OMKoHyca. B KauecTBe TBepIabIX CIUIA-
BOB UCIOJB3YIOT Takue cruiaBbl, Kak TTK, BH2XK, TK,
BK. IIpu BpameHun Kopryca MpoucXoauT repemeliie-
HUE TUCIIePTUPYIOIECH XUIKOCTHA M TBEPIOCIUIABHBIX
n3nennit u/mmm orxonoB. [Ipu 3ToM B yCTaHOBKE MPO-
HUCXOINT OMHOBPEMEHHO MEeXaHUUYEeCKOe MCTHUpaHuE,
XUMUUeckKas u 6aktepuanabHas obpaboTka merasa
TBEPIOCITJIABHBIX M3IC/INI 1/ WIN OTXOHOB.

Puc. 1 YerpoiicTBo nj1s1 mosrydeHns HAHOAUCTIEPCHBIX
MOPOILKOB, ¢ pa00YnM opraHom B hopMe OMKOHycAa:

1 — cBapHOIi KOPITyC, BBITTOJIHEHHBII U3 HEpXKaBe-
IOIIel CTaJIu B BUJEe OMKOHYca; 2 — 3arpy30uHoe
YCTPOMCTBO; 3 — nBUTaTeNb; 4 — Bajl; 5 — cCTaHWHA

IMommmepnsiii matepuan (RU 2765293 C2)

M3obpeTreHne nMeeT OTHOIIIEHNE K TIOJIMMEPHOMY
MaTepualy sl N3TOTOBJICHUS BOJIOKHA, TUICHKH WA
BIIUTHIBAIOIIETO MU3IENNSI, K BOJIOKHY, HCTKAHOMY ITIO-
JIOTHY ¥ BITUTHIBAIOIIIEMY MU3ICIINIO, KOTOPHIC BKIIFOUAIOT
YKa3aHHBIN ITOJIMMEPHBII MaTepHrai, a TAKKe K CITOCO-
6aM 00pa30BaHMS ITOJIMMEPHOTO MaTepHaia M BOJIOKHA.
[MommMmepHBIN MaTeprall COIEPKUT TEPMOILTACTIIHYIO
KOMITO3UIII0. KOMITO3UIINS COMep>KUT HETIPEPBHIBHYIO
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(azy, KoTopas BKIII0OYAeT MATPUIHBINA TTOJIUMED U CH-
JIOKCAHOBBI KOMITOHEHT. CHMJIIOKCAaHOBBIN KOMITOHCHT
COJIEPXKUT CBEPXBBICOKOMOJIEKYJISIPHBIN CUITOKCAHO-
BBII MOJIMMEP, KOTOPbI NUCIIEPTUPOBAH B HETIPEPHIB-
HOM (daze B popMe AUCKPETHBIX TOMEHOB. B TepMo-
TIACTUYHOM KOMITO3ULIMU OTIpeie/ieHa MOpoBasi CETh,
KOTOpast BKITI0YaeT MHOXKECTBO HaHOMOp. CHUTOKCaHO-
BBIIi MOJIMMEP XapaKTepU3yeTcsl CPeIHEBECOBOI MoJie-
KYJISIpHOI Maccoii, COCTaBJISIOIIEH TTPUOIN3UTETbHO
100 000 r/Monb mm 6oJbIe. MaTpUYHBIN TTOIUMED
BKJTIOYACT CJIOXKHBIN MOmnabup win monnoaeduH. Tex-
HUYECKWI pe3ysibTaT — MoJlydeHue YIyYIIeHHOTO MOJIM-
MEPHOTO MaTepuasia, KOTOPbIii SIBISIETCS IIOPUCTHIM [6].

B cooTBeTcTBMM C OAHUM 13 BAPUAHTOB OCYILIECTBIIE-
HUS HACTOSILLIETO N300PETEHUSI PACKPBIT MOJUMEPHBIN
Matepua (HarpuMep, BOJIOKHO, TUIEHKA, (hOpMOBaHHOE
WU3JeI1e U T.J.), KOTOPbIA COAEPXKUT TEPMOILIACTUUHYIO
Komrnosunuio. KoMno3uuus cogepXuT HEMpepbIBHYIO
(azy, KoTopas BKIII0OYAeT MATPUIHBINA TTOJIUMED U CH-
JIOKCAHOBBI KOMITOHEHT. CHMJIIOKCAaHOBBIN KOMITOHCHT
COIEPKUT CBEPXBBICOKOMOJIEKYJISIPHBIN CUJTOKCAHOBBIN
MoJuMep, KOTOPBI AMCHEeprupoBaH B HEMPEPBIBHOM
(aze B popmMe TMCKpPETHBIX TOMEHOB. B TepMoruracTmy-
HOW KOMITO3ULIMU OMpeesieHa MopoBasi CeTh, KOTOpasi
BKJIIOYAET MHOXECTBO HAHOIIOP.

B o6mem, HacTosiee n3obpeTeHrue HarpaBieHO
Ha TTOJTMMEPHBIN MaTepual (HarpuMmep, IUIEHKY, BO-
JIOKHUCTBIN MaTepuall, GOpMOBaHHOE U3JeJIue U T.1.),
KOTOpPBIi 00pa30BaH MOCPEACTBOM BbITSTUBAHUS TEPMO-
MJIaCTUYHON KOMITO3ULIMU (HampuMep, BbITSITMBAHUS
B TBEPJIOM COCTOSIHUM), CONlepXKallleil HeMpepbIBHYIO
(azy, KoTopas BKIII0OYAaeT MATPUIHBINA TTOJIUMED U CH-
JIOKCAaHOBBI A KOMITIOHEHT.

IO puaHbIi CynepKOHIEHCATOP HA OCHOBE
HAHOPA3MEePHOTr0 I’HIPOKCUIA HUKEJIS
(RU 2763028 C1)

3asgBIIeHHOE TEXHMYECKOE PEIICHIE OTHOCUTCS K 00-
JIACTH 3JICKTPOTEXHUKHU U IIEKTPOXUMHUU. OHO MOXET
OBbITh MPUMEHEHO B MOPTATUBHON 3JEKTPOHUKE, B Ka-
YyecTBe cTapTepa IJjisl aBTOMOOUJISI, B ICTOUYHMKAX Oec-
TepeOOHOTO MTUTAaHMS, (DOTOBCIIBIIIKAX, MEIUITMTHCKOMN
texHuke. Cpeln TUIPOKCUIOB METAJIJIOB TUAPOKCHU
HUKEJIS SBJSIETCS] IIMPOKO UCHOJIb3YEMbIM MaTepura-
JIOM JJ1s1 aKKYMYJISITOPOB U CYNIEPKOHIEHCATOPOB U3-3a
MHOTOCJOMHOM CTPYKTYpPhI C OOJBIINM MEXCI0EBbIM
paccTosIHMEM, OTHOCUTEIbHOM O€3BPEIHOCTHU LTI OKPY-
Xarolle cpenbl, BEICOKOW TEOPETUIECKOU €EMKOCTH,
OTJIMYHBIX 3JIEKTPOXMMUUYECKUX CBONCTB, CTAOMIBLHO-
CTU, HU3KOU ceOECTOMMOCTU U JIETKOU NOCTYITHOCTH.
J171s1 MOBBILLIEHUS YAEAbHON €MKOCTH UCITOIb3YIOT pa3-
JIMYHBIE METObI CMHTE3a. BhICOKOMOpUCTAst CTPYKTYypa,
BBICOKAS yleJibHasl TUIOIIAlb MOBEPXHOCTH YJIy4IIaloT
2JIEKTPOXMMUYECKHUE CBOMCTBA 3a cUeT 6oJiee ObICTPOit

1 JIeTKOM muPy3nn 37eKTPOINTA HAa AKTUBHBIX YJacT-
KaxX ¥ OOJIBIIEr0 MCITOIb30BaHMSI Macchl. CyIIeCTBYIOT
CITOCOOBI YIIPABIISATH CBOMCTBAMU MOJTYICHHOTO THIPOK-
cHIa, TaKKe Kak U3MEHEHUE eTO CTPYKTYPHI P CUHTE-
3¢, a TAaKKe TOMMMPOBAHNE €TO PAa3IMIHBIMU T00aBKaMU
(K0OaJTbT, aTFOMUHMIA, IIMHK U T.1I.), JaBas BO3MOXKHOCTb
3HAYUTETHHO YIIYIIINTH CBOMCTBA ITOIY4acMOTO THIPOK-
CHIIA ¥ €TO DJIEKTPOXUMHUICCKYIO EMKOCTb.

Texamaeckuii pe3yIbTaT 3asIBICHHOTO N300peTCHUS
IOCTUTACTCS TeM, YTO TUOPUIHBINA CYIIEpKOHICHCATOD
Ha OCHOBE HaHOPa3MEpPHOTO THIPOKCHUIA HUKEIIS CO-
CTOWT U3 IJIACTHKOBOTO KopIIyca (puc. 2), BKIIFOYaoIIe-
TO KPHIIIKY, AepXKaTeIb KiallaHa 1 CTaKaH, B KOTOPOM
pa3MeIIeHB! IBa JIEKTPOIa, IPUIEeM OIWH 3JICKTPOI
M3TOTOBJICH M3 HAHOYTJICPOMTHOTO MaTepuaia, Ipyroi
5JICKTPOI M3TOTOBJICH M3 TUAPOKCHIA HUKEIIS, CBEPHY-
TBIX B PYJIOH U pa3fielIeHHbIX cenapaTopoM; ABE MEeHO-
HUKEJICBBIC TIOUTOXKKHN, K KasKIOU M3 KOTOPBIX IPUBapeH
HUKEJIEeBBII TOKOOTBOI; KJIaraH IS cOpoca M30bITOY -
HOTO JABJICHUS OT BBIACIISIONINXCS Ta30B, PACIIOJIO-
JKeHHBII BHYTPH KOPITyca; TP 3TOM BHYTPh KOpITyca
3anut 30% pacTBOp rUAPOKCUOA KAIKS, PACTBOPEHHbII
B Bome [7].

Kpsrmka 1, mep>kaTenb KiiaraHa 2 ¥ CTakaH 3 Hare-
yaTaHbl Ha 3D-npuHTepe 13 aKpUiI-0yTagueH-CTUPOJIO-
BOTO IUIACTHKA, YCTOMIMBOTO K BO3ICHCTBUIO IICTOIM.
B c6ope 3tu netanu oO6pa3yroT LeJbHBII KOPITYC THU-
OpumHoro cynepkoHaeHcaTopa. Kiaran njist coOpoca nz-
OBITOYHOTO TABJICHMS 4 TIPEICTABISIET COOOM ITPOMBIIII-

1 6 < 2
2

3

Puc. 2. TnOpuaHblii CynepKkOHIEHCATOP HA OCHOBE
HAHOPA3MEPHOI0 rTUAPOKCHAA HUKesA: 1 — KPBIIIIKa;
2 — nepxaTtelb KJanaHa; 3 — cTakaH; 4 — KJianaH
JUTst cOpoca U3OBITOYHOTO JaBICHUSsI; 5 - PYJIOHHbBIHI
GJIOK BJIEKTPOIOB; 6 — HUKEJIEBbI TOKOOTBOJ
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JICHHO U3TOTOBJIEHHBIN Kinarmad mapku 7HH1103383-3.
OH HeobOXooUM B CylepKOHIeHcaTope IS coopa 13-
OBITOYHOI'O MaBJICHUS Ta30B, KOTOPBIC BBIMEIISTIOTCS
TIpY Pa3JI0XEeHUN BOTHOTO 3JIEKTPOJIMTA B CIIydae TIpe-
BBIIIICHUS JOITYCTUMOTO TOKA M HAIIPSDKEHUS, a TAKXKE
B ciIydae M30BITOUYHOTO nepe3apsiga. PyaoHHBI 010K
3JIEKTPOIOB S5 IIPEICTaBIISICT COOOI ABa 3IeKTpoaa, ISt
KaXXIOTO U3 KOTOPBIX B KAUECTBE MOIIOXKHN UCTIONB3Y-
FOT 2JIEKTPOXUMUIECCKI AKTUBUPOBAHHEIN TICHOHUKE]Tb.
[lepBHIi 37€KTPOA M3TOTABINBAIOT M3 YIJICPOIHOTO
HaHOMaTepuana, Hampumep, u3 «TayHur-M». Bro-
POIi BIIEKTPOJ M3TOTABIMBAIOT U3 TUAPOKCHUIA HUKEIIS
C BBICOKOI yIeIbHOM IMMOBEPXHOCTHIO M CTAOMJIBHBIMU
yactuiaMu. K mieHOHMKeIeBOI TTOMTOXKE TTpUBaprBa-
IOT HUKEJIEBbII TOKOOTBOA 6. TeXHUuecKuii pe3yabraT
TIpeIIaraeMoro N300peTeHNS 3aKIII0UaeTCs B TIOBBIIIIC-
HUM eMKOCTHBIX XapaKTepUCTUK THOPUIHOTO CyIep-
KOHJIeHcaTopa.

Crnioco0 nosryuennsi 6e380J1bGpamMoBbIX
TBEPIOCIIABHBIX MOPOIIKOBBIX MATEPHAJIOB
B Boge muctuimpoBanHoii (RU 2763431 C1)

M300peTreHre OTHOCUTCS K 00J1aCTH MMOPOIIKOBOM
METaJUIypTUH, B YACTHOCTU K COCTaBaM M CITOCO0aM I10-
JIy4eHMST TTOPOIIIKa 6e3BOIb(PPaMOBOTO TBEPIOTO CILIA-
Ba, 1 MOXET OBITh MCIOIB30BAHO IIJISI M3TOTOBJICHUS
CIICUCHHBIX M3IEINi, HAaHECCHMUS N3HOCOCTOMKMX IT10-
KPBITUIA 711 BOCCTAHOBJICHUSI U YIIPOYHCHUS AcTayeit
MaIlIMH TOPHO-MEeTaJUTypTHYECKOI TTPOMBIIIUICHHOCTH,
ABTOMOOMJIBHOTO U APYIUX BUIOB TpaHcmopTa [8].

Ha nepBoM 3Tarie Ipon3BOIMIN COPTUPOBKY OTXOIOB
6¢3B0JIb(PAMOBBIX TBEPIBIX CILUIABOB, MX IIPOMBIBKY,
CYIIIKy, 00e3XKMpUBaHNE U B3BelIUBaHWe. PeakTop 3a-
NOJIHSJIM paboueil cpenoit — BOIOM AUCTUJIIMPOBAH-
HOI — OTXOIHI 3arpy:Kajii B peakTop. MOHTHPOBaIN
a71eKTpoabl. CMOHTHPOBAHHEIC 3JIEKTPOIBI IIOIKITIOAIII
K TeHepaTopy. Y CTaHABIWBAIN HEOOXOMMMEIC TTapaMe-
TPHI IIpoIlecca: YacTOTy CIeIOBaHMS UMITYJILCOB, Ha-
MpsDKEHME Ha 3JIEKTPOIIAaX, eMKOCTh KOHICHCATOPOB.

Ha BTOpOM 3Tarre — 3Tarne 3;1eKTpo3pO3MOHHOTO IHC-
neprupoBaHus (339]]) — BKIIFOYaIn yCTaHOBKY (puc. 3).
HmrmyibcHOE HaTIpsoKeHUe TeHepaTopa 1 TIpUKIIaabiBa-
eTCS K JIEKTpOoIaM 2 1 Jajee K oTxomaM 3 (B KauyecTBe
3JIEKTPOIIOB TaK K€ CIIYKIJIM COOTBETCTBEHHO OTXOIBI
6e3BoJibpaMOBOro TBepAoro ciuiaBa Mmapku KHT16)
B peakTope 4. I1pu mocTImKeHUM HATIPSDKeHUST OTIpeie-
JICHHOM BEJIMUMHBI IIPOMCXOIUT ICKTPUICCKUI IIPOOOIA
pabouecii cpensl 5, HaXOMSIIINICSI B MEXIJICKTPOIHOM
TIPOCTPAHCTBE, C 00pa3oBaHNEM KaHaa pa3psimza. bia-
romapst BEICOKOW KOHIICHTPAIIUK TEIUIOBOI SHEPIUH,
MaTepHajl B TOUKE pa3psiia IUIaBUTCS U MCIapsieTcs,
pabouast cpefa CIapseTcs M OKpyKaeT KaHaJ pa3psiza
ra3000pa3HBIMM IIPOAYKTAMU pacrana (Ta30BBIM ITy3bI-
peMm 6). B pe3yiibTate pa3BUBaIOLIMXCS B KaHAJIE pa3psiaa

U TA30BOM Iy3bIpe 3HAUYMTEIbHBIX JUHAMUYECKUX CHUII
KaIUIM pacIUIaBJIeHHOIO MaTepurajia BbIOPAaChIBAIOTCS
3a IIpeaesibl 30HbI pas3psiaa B pabodylio cpeay, OKpyKaio-
LIYIO 9JIEKTPO/IbI, U 3aCThIBAIOT B HEil, 00pa3ysl KaIieo-
Opa3Hble YaCTULbI ITOpoIIKa 7. Peryisarop HampsmKeHUs
8 mpenHa3HauYeH IS YCTAHOBKY HEOOXOAMMBIX 3HAYE-
HMIA HAIIPSDKEHUST, a BCTPSIXUBATE b 9 IepeIBUraeT OauH
3JIEKTPOI, YTO 00eCIeYnBaeT HEIPEPhIBHOE IPOTEKAHME
npoiecca DD,

Ha tpeTtbeMm 3Tamne nmpoBOAUTCS BBITPY3Ka paboueit
KHMIKOCTH C IIOPOIIKOBBIM MaTEPHAIIOM U3 PEaKTopa,
OTIeJIeHNEe METKOIUCIIEPCHBIX YaCTUIl OT KPYITHOPAa3-
MEPHBIX € MOMOILIBIO LieHTpudyru. [Ipr 5TOM KpyIHbIe
YACTUIIbI OCEAAIOT MO/ AEICTBUEM LIEHTPOOEKHBIX CIII,
a MEJIKOAMCIIEPCHbIE YACTULIBI OCTAIOTCS B pACTBOPE.

Ha uetBepTOoM 3Tarie MPOUCXOAUT BbITAPUBAHUE PacC-
TBOpa, ero Cyllika, B3BellnBaHue, (hacoBKa, YIIaKOBKa
U TIOCJIEAYIOLINIA aHAIU3 TTOPOLIKOBOIO MaTepHalla.

[1pu 3TOM HOCTUTAETCS CIECAYIOLINI TEXHUYECKUIA
Ppe3yibTaT: MOJIydeHNe IOPOLIKOBBIX MATEPUAJIOB U3 OT-
XOI0B 6e3BOIL(MPaMOBOIO TBEPAOIO CIUIABA C YaCTU-
LIaMU [IpaBUJIbHOM CepruuecKoit GOpMbI C HEBBICO-
KHMMHM SHEPreTUYECKMMU 3aTpaTaMu U 9KOJOTMYeCKOM
YUCTOTOM MpPOLECCa CIIOCOOOM 3JIEKTPOIPO3UOHHOTO
nuctieprupoBaHust (DD]1).

o w [
%, -

8/ I

Puc. 3. IIpomecc 3,1eKTp03pO3MOHHOTO IUCTIEPTHPOBA-
HHUA: 1 — reHepartop; 2 — 2JEKTPOALI; 3 — OTXO/bI;

4 — peakTop; 5 — paboyas cpena; 6 — KaHaj pa3psiia;
7 — KaruieoOpa3Hble YaCTUIIbI TOPOILIKA; § — peryJsi-
TOP HaIPSDKeHUST; 9 — BCTpsSIXUBATEIb.

Taxxce npedcmaeasiiom unmepec 045 CREUUAAUCTIOB
caedyrouue u300pemenus 6 004acmu HaHOMEXHOA02UlL:

» HanomomnbuLpoBaHHBIM CTPOUTEIbLHEBINA PACTBOP
[9].

o I'pyHTYyIOLIMIA COCTAB ISl CO3IAHMS CBETIOTO DJIeK-
TPOITPOBOMSIIIETO TPYHTYIONIETO ITOKPHITUS ACTAIN
Iepej1 3JeKTPOCTaTUIECKUM OKPALIMBAHUEM, CITIOCOD
IIPUTOTOBJIEHNUSI TPYHTYIOIIETO COCTaBa U IPYHTYIO-
mee nokpeitue [10].
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Crroco6 06pabOTKI TTOBEPXHOCTH IIBETHOTO MeTajlIa
nyTteM ¢opMUpOBaHUS MUKpopeabeda [11].
Crioco06 morydeHmsT aMop(hHOTO HAHOCTPYKTYPUPO-
BAHHOTO aJIMa30ITOA00HOT0 MOKPLITHUS [12].
C110co0 3JIeKTPOXMMIIECKOTO TTOTyICHISI HaHOPa3-
MEPHBIX TUTAaCTUHOK TpacdwuTa [13].

Cnoco6 KOMOMHUPOBAHHOI 00pabOTKM KaHAJIOB
CJIOKHOM (DOPMEBI U YCTPOMCTBO IS €T0 peaTn3ani
[14].

Cnoco6 MoauuLpoBaHNs 0eTOHA KOMITJIEKCHOM
N00aBKOM, BKJIIOYAOILEH ruapoTepMaaibHble HAHO-
gacTuubl SiO, 1 MHOTOCIIOMHBIE YITIEPOAHbBIE Ha-

MHoroyHKIMOHAIbHAS HAHOCTPYKTYpHUPOBAHHAS
nobaBKa K MOKpHITUSM [20].

[MopucThiii MaTepHal Ha OCHOBE CJIOXKHOIO I10JIMI-
dupa [21].

Croco06 ocaxaeHust KOMIIO3ULMOHHOTO OKPLITHS
[22].

HuskoTtemmepaTypHasi 5KOJIOTHYHAS ILJIACTUYHASI
cMa3Ka U CItoco0 ee TmoyueHus [23].

3AK/IIOYEHUE

O,Z[Ha N3 aKTyaJIbHbIX 3aJa4 3KOHOMMWKH Jmoooi

CTpaHBI — MTOBBIIICHNE KOHKYPEHTOCIIOCOOHOCTH MIPO-
MBIIJICHHOCTH 32 CYET €€ TEXHOJOTMIECKOTO TIepeoc-
HameHus. M B 3ToM HallpaBJIeHUU TJIABHBIM O0BEK-
TOM BHUMAaHUS CO CTOPOHEI TOCYIapCcTBa M KOMIIaHUIA
CTaHOBATCS JIIOOW WU TIPEATIPUSITHS, IbsI OCHOBHAS
paboTa cBsI3aHa C BHEIPEHUEM HOBBIX TexHOJ0THiA. [1o-
STOMY HaleeMcsI, 4TO ITy0IMKyeMas B JTaHHOU pyOpHrKe
nHMopMaIns OyaeT BOCTpeOOBAHHOU U TTOJIE3HOM It
CTICIIMAJIICTOB.

HOTpyOKU [15].

« CogmepsxaIuii TMOKCHUI TUTaHA 30J1b, CITOCO0 €TO IT0-
JIYYEHUS 1 U3TOTOBJIEHHBIE U3 HETO MPOIYKTHI [16].

o OnruyecKku Mpo3pavyHbIil TIOMUHECIICHTHEIN HAaHO-
CTPYKTYPHBII KepamMmudeckuii matepuain [17].

o CerHeTosJIeKTPUUCCKUIT HAHOKOMIIO3UTHEBIA Ma-
Tepuaj Ha 6a3e IMMOPHUCTOrO CTeKJIa M MaTepHajiOoB
rpyrmbl guruapodocdata Kamus [18].

o ABTOSMUCCHUOHHBIN 3MHUTTEP ¢ HAHOKPHUCTAJUINIC-

CKOIf aliMa3HOM TIJIeHKOM [ 19]. IIpodonscenue caedyem.
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WUHAN UNIVERSITY OF TECHNOLOGY

uhan University of Technology (hereafter referred

to as WUT) is a national key university under the
direct administration of the Ministry of Education. It is
one of the first batch of universities which have entered
the national “211 Project” and the national “Double-
Top” Plan for Promoting the Development of World-class
Universities and Disciplines. WUT is jointly constructed
by the Ministry of Education and the Ministry of Trans-
port. It is also the largest university inside the Ministry
of Education in talents cultivation for building materi-
als, transportation and automobile, WUT has become an
important base for the cultivation of high-level scientific
talents and technological innovation for the three major
industrial sectors.

The University has three main campuses, name-
ly, the Mafangshan Campus, the Yujiatou Campus
and the South Lake Campus, with a total occupying
land area of 267 hectares. Currently, WUT has over
5,400 staff and faculty members, over 36,000 under-
graduates, over 18,000 postgraduates and Ph.D. stu-
dents and about 1,700 international students. It owns
25 academic schools, 4 National Technology Innova-
tion Bases and 4 modern libraries with a collection of
3.2953 million books. Since 2000, WUT has been award-
ed 23 National Science and Technology prizes, ranking
in the forefront of all Chinese colleges and universities.
In 2019, WUT was listed in Times Higher Education
World University Rankings, QS Asia University Rank-
ings, U.S.News Best Global Universities Rankings and
ShanghaiRanking&rsquo;s Academic Ranking of World
Universities.

Since the funding of New China, WUT has cultivated
more than 600,000 senior professionals. Over the past
decade, the first-time employment rate of graduates has
remained above 95%, and about 55% of total employed
graduates join the world’s Top 500 enterprises and emerg-
ing industries.

Over the years, WUT has made rapid development
by following the spirit of “Sound in Morality, Broad in
Learning and Pursuing Excellence”; and the principle of
“Take the students’ cultivation as our essence, and take
academic development as our priority”;. The university
focuses on the lofty ideal of building an excellent univer-
sity to win worldwide recognition and admiration and

exercises the educational concept of “implementing ex-
cellent education, nurturing excellent talents and creating
an excellent life”. Guided by the WUT Charter approved
by the Ministry of Education, WUT is committed to the
modernization of the governance system and capability,
aiming to rank among the world-class universities with
distinctive features.

Introduction to MSE Discipline
of Wuhan University of Technology

1. Briefs of WUT’s MSE

Founded in 1958, the Materials Science & Engi-
neering (MSE) discipline of Wuhan University of
Technology (WUT) was supported in priority through
the “State 211 Project for Higher Education Universi-
ties” from 1995 to 2015, and has been supported via the
“World-Class University & World-Class Discipline”
development plan of China since 2016. WUT’s MSE
ranks A+ among 172 leading universities in China (No.1
alongside MSEs of Tsinghua University and Beihang
University) in the 4th round national discipline evalu-
ation organized by the Ministry of Education in 2017,
and is world top 1% in Clarivate Analytics’ Essential
Science Indicators.

WUT’s MSE owns 1 member of Chinese Academy of
Sciences, 3 members of Chinese Academy of Engineer-
ing, 3 members of Academia Europaea, 1 member of
the Royal Academy of Belgium, 1 member of the World
Academy of Ceramics, 1 fellow of the Australian Academy
of Technology and Engineering, 10 fellows of the Royal
Society of Chemistry, American Physics Society and
American Ceramic Society. It also owns 23 national high-
level talents including recipients of the National Natural
Science Foundation of China for Distinguished Young
Scholars (equal of NSF Career Awards), and 22 national
high-level young talents.

WUT’s MSE has established 2 state key laboratories,
the State Key Laboratory of Advanced Technology for
Materials Synthesis and Processing and the State Key
Laboratory of Silicate Materials for Architectures. The
State Key Laboratory of Advanced Technology for Ma-
terials Synthesis and Processingwas evaluated “Excel-
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lence” among 21 state key laboratories in MSE in 2018.
It also has built 2 state international joint-research labo-
ratories, and 4 bases of foreign outstanding expertise-
introduction for discipline innovation (also known as
“111 Project”).

2. Representative Achievements and Academics

Targeting the frontiers of global science and technol-
ogy, and striving to fulfill the significant needs of the
country, WUT’s MSE has invested 1.25 billion RMB
(190 million USD) in the past 5 years in 6 primary re-
search areas, including green manufacturing of envi-
ronmentally friendly building materials, key materials
serving in extreme environments, high-performance
energy conversion and storage materials, and frontiers
of interdisciplinary materials science. The representa-
tive achievements and academics during 2016—2020 are
briefed as follows:

(1) WUT’s MSE has been granted over 330 na-
tional key projects, with a total fund of 1.2 billion RMB
(185 million USD).

(2) WUT’s MSE has won 5 national science and tech-
nology awards, and has published over 4000 papers, in-
cluding 3 in Nature, 1 in Science, 46 in the sister journals
of Nature, Science and Cell, 69 in Advanced Materials.
Among these publications, 229 are highly cited or hot
papers.

(3) Prof. Qingjie Zhang was elected as member of Chi-
nese Academy of Sciences in 2017. Prof. Lianmeng Zhang
was elected as member of Chinese Academy of Engineering
in 2017. Prof. Zhengyi Fu was elected as member of Chi-
nese Academy of Engineering in 2021. Profs.Ligiang Mai,
Pei Cheng and Shaowen Cao were listed as Highly Cited
Researchers by Clarivate Analytics in 2020.

3. Talents Cultivation and Representative Graduates

WUT’s MSE aims at cultivating top-notch creative
talents with exceptional pursuit and ability, international
vision to lead the future development of materials science
and materials industry. Currently, there are 5418 students
in WUT’s MSE, among which 673 are PhD students and
2289 are master students.

Prof. Ce-Wen Nan, PhD graduate in 1992, was elected
as member of Chinese Academy of Sciences in 2011, is
now director of Research Institute of MSE in Tsinghua
University. Dr. ShouPeng, graduate in 1982, was elected
as member of Chinese Academy of Engineering in 2019,
is now chairman of the Advisory Committee of Inter-
national Commission on Glass. Prof. Yi-Bing Cheng,
graduate in 1983, was elected as fellow of the Australian
Academy of Technology and Engineering in 2007. Prof.
James ZhijianShen, graduate in 1978 and professor of
Department of Materials and Environmental Chemistry
at Stockholm University, was elected as member of the
World Academy of Ceramics in 2017. Dr. Yuxian Zhou,
graduate in 2003, is the president of China National
Building Materials Group Corporation, a leading com-
pany in materials industry that ranks No. 187 in Fortune
Global 500 in 2020. Dr. Yeqing Li, graduate in 1984, is
the president of Huaxin Cement Co., Ltd., cradle of the
Chinese cement industry.

4. Domestic and International Impacts

Prof. Qingjie Zhang, a member of Chinese Academy
of Sciences, has been selected as member of the 1st Na-
tional Basic Research Strategy Advisory Committee of
the Ministry of Science and Technology since 2020, and
panel chair of Major Research Plan of Materials Science
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of the National Natural Science Foundation of China
since 2019.

Prof. Qingjie Zhang received the 2017 Frontiers of
Science and Technology — Rustum Roy Lecture Award
from the American Ceramic Society, in recognition of
his contribution to global energy challenges and develop-
ments of thermoelectric materials and systems in China.
Prof. Zhengyi Fu, member of Chinese Academy of Engi-
neering, received the Samuel Geijsbeek PACRIM Inter-
national Award in 2019, for his contribution in the field
of ceramics technology that has resulted in significant
industrial and academic impact, international advocacy,
and visibility of the field.Prof. Ligiang Mai received the
Research Excellence Award in the International Confer-
ence on Electrochemical Energy Science and Technology
in 2018, for his contribution in advanced in-situ charac-
terization of single-nanowire devices for energy storage
and conversion. Asso. Prof. Wei Ji, received the 2019 Ross
Coffin Purdy Award from the American Ceramic Society
in recognition of his contribution to ceramic technical
literature in 2017.

16 world-recognized scholars, including 3 Nobel
Laureates, have been appointed Lecturing Professors by
WUT’s MSE since 2016. Faculty members in WUT’’s
MSE have collaborated with these scholars and obtained
19 key international cooperation research projects, as well
as published 256 joint research papers in top-level journals
including Nature and Science.

WUT’s MSE has organized 13 high-level international
conferences. Together with MSE of Tsinghua University,
WUT’s MSE hosted the 1st World University Forum on
Materials Science and Engineering Leadership in 2019,
and announced <Wuhan Declaration for the 21% Cen-
tury Materials Science and Engineering Sustainable De-
velopment>. The representatives of this forum include
heads of MSE of Northwestern University, UC Berkeley,
UC Los Angeles, UC Irvine, Pennsylvania State Uni-
versity, Georgia Institute of Technology, University of
Washington, University of Texas at Austin, University of
Central Florida,University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU, etc. from 15 countries
(USA, UK, France, Australia, Japan, Korea, Singapore,
Israel, India, etc.), deans of top 50 MSE schools in Chi-
na, and presidents of 5 world material research societies
(American Ceramic Society, European Ceramic Society,
Ceramic Society of Japan, Korean Ceramic Society, and
Colombian Materials & Minerals Society).

Overview of International School
of Materials Science and Engineering

Driven by the great demand for national higher edu-
cation reformation, the International School of Ma-
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terials Science and Engineering (hereafter referred to
as ISMSE), WUT is aimed to building the top-notch
innovative talent training base and knowledge innova-
tion centre of Materials Science and Engineering. In
April 2014, ISMSE was founded and approved by the
Hubei Provincial Department of Education. In June
2015, ISMSE was selected into the list of the “Network
of International Centers for Education” supported by the
MinistryofEducation of P. R. China and the Ministry of
Science and Technology (former State Administration
of Foreign Experts Affairs).

ISMSE is devoted toeducate a unique class of profes-
sional leaders in materials science and engineering who
can push the boundaries of knowledge and technology
to serve the needs of the nation and the world by provid-
ing students with a comprehensive curriculum, which
is academically rigorous and provides students with
vital skills of critical thinking, communication, team
work and continuous learning, and also by exposing
all students to meaningful international experiences,
including lectures by distinguished visiting professors
from different countries, short term visits to high level
international universities and continuous engagement
activities with international students. ISMSE has es-
tablishedthefirst Material Advantage Chapter in China
in 2016.The chapter has won the Chapter of Excellence
Award four times from 2018 to 2021, among 102 chapters
all over the world.

ISMSE builds the platforms for academic exchang-
es and interdisciplinary promotions.The World Uni-
versity Forum on Materials Science and Engineering
Leadership was held in October 2019 in Wuhan. More
than 50 chairs of MSE department around the world
attended the forum. It was the first global MSE forum
and to discuss relevant issues and devise a strategy that
provided the global MSE community with a blueprint
for the future, which was announced as <Wuhan Dec-
laration>.
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State Key Laboratory of Advanced Technologyfor
Materials Synthesis and Processing
(Wuhan University of Technology)

The State Key Laboratory of Advanced Technology
for Material Synthesis and Processing was approved by
the State Development Planning Commission in 1987.
After state inspection, it was opened for the public in
March 1990. The laboratory is under the direct admin-
istration of the Ministry of Science and Technology.
Currently, Professor GuBinglin, an academician of the
Chinese Academy of Sciences, is the Chairof the labora-
tory’s academic committee, and Professor Fu ZhengYi,
an academician of the Chinese Academy of Engineer-
ing, is the Director of the laboratory. The laboratory is
located in the Wuhan University of Technology, and it
is a state key laboratory that specializes in the field of
new materials. The Department of Materials Science
and Engineering at the Wuhan University of Technology
has been classified as a first-class State Key Discipline,
included in the national “985” project of “Build a world-
class discipline program,” and is ranked as A+ in the
fourth round of national discipline evaluation. Aiming
at the global frontier research of materials science and
addressing the primary national needs, this laboratory
provides a world-class platform for materials compound-
ing and preparation technology, for developing advanced
composite materials for national major projects and pil-
lar industries, and for providing support at the national
strategic level. Original and systematic research results,
with international impact in transformative technolo-
gies, frontier new materials, and interdisciplinary fields,
have been reported in this laboratory, and therefore, it
leads the international development in several strategic
frontier new materials. The laboratory fosters the de-
velopment of global first-class research talent through
advanced scientific research in the field of materials sci-
ence and technology. In addition, the laboratory has
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created a culture of international collaborative innova-
tion and has carried out “Win-Win” international co-
operative research, thereby enhancing the international
influence, attractiveness, and cohesion of the laboratory.
The laboratory has achieved a historic breakthrough in
the evaluation of the State Key laboratories in the field
of materials science.

Centering on the overall vision and objectives, the
laboratory focuses on the establishment and develop-
ment of multi-component, multi-scale, and multi-level
composite principles and material design theories that
are built on core research platforms comprising mate-
rial gradient composite technology, in-situ composite
technology, nanocomposite technology, and their in-
tegrated innovations. Currently, research on five key
materials, including advanced composite materials for
national major projects and pillar industries, efficient
energy conversion and storage materials for new energy
technologies, nanocomposite biomaterials for life sci-
ences, information functional materials for information
technology, and frontier new materials for transforma-
tive technologies, is being carried out in this laboratory.
Therefore, the laboratory has established the following
five distinctive research directions: gradient composite
technology and new materials, in-situ composite tech-
nology and new materials, nanocomposite technology
and new materials, transformative technology and fron-
tier new materials, and material composite principles
and material design.

The laboratory has an active and innovative research
team that mainly comprise young and middle-aged re-
searchers. There are hundred permanent staff members,
including one academician of the Chinese Academy of
Sciences, two academicians of the Chinese Academy of
Engineering, one academician of the Royal Academies
for Science and the Arts of Belgium, two academicians
of the European Academy of Sciences and Arts, one aca-
demician of the Australian Academy of Technology and
Engineering, one academician of the World Academy of
Ceramics, twelve national level researchers, one chief
scientist of the National “973” program, five recipients
of the national “Outstanding Youth Science Fund,” and
thirtyrecipients of the “national talent Support Plan”. etc.
This laboratory has been actively supporting outstand-
ing scholars to visit and conduct collaborative research
worldwide in world-class universities and research insti-
tutions. In recent years, the laboratory has sent several
outstanding young scholars to world-class international
universities for more than one year to conduct visits and
collaborative research.

The laboratory emphasizes global academic exchange
and collaboration. In the last five years, we have hired
twenty-five international scholars as honorary and visit-
ing professors in the main research areas, with an aim to
create cordial working conditions for world-renowned

scientists to conduct collaborative research in the labo-
ratory.

The laboratory has carried out substantial “Win-
Win” collaborations with the University of Michigan;
Japan Aecrospace Exploration Agency (JAXA); the Insti-
tute for Materials Research, Tohoku University (Japan);
the Materials Research Center, University of Oxford
(UK); Composites Research Center, the University
of California (US); and the National Institute of Fuel
Cells (Canada), among other internationally renowned
research institutions. The Ministry of Science and Tech-
nology has established the “International Joint Labora-
tory of Advanced Technology for Materials Synthesis
and Processing,” which is one of the first thirty-three
international joint laboratories in China. Additionally,
the State Administration of Foreign Experts Affairs and
the Ministry of Education have jointly formed three
discipline bases supported by the Program of Innovation
and Talent Introduction, namely “New Material Com-
posite Technology and Advanced Functional Materials,”
“Advanced Preparation Technology and Application
Engineering of New Functional Thin Film Materials,”
and “Innovation and Talent Introduction Base of Life
Composites.” Relying on these important international
collaboration platforms, the laboratory has undertaken
several state key projects with international collabora-
tions and achieved fruitful results in international col-
laboration and exchanges.

Currently, the laboratory has a floor area of
25,350 square meters, with several advanced materials
synthesis and processing instruments, as well as state-
of-the-art instruments specializing in materials structure
analysis, characterization, and performance testing. The
total estimated value of the instrumentation asset is ap-
proximately 350.66 million RMB.

Introduction to Interdisciplinary Materials

The new scientific journal Interdisciplinary Materi-
als (ISSN: 2767-441X) has been launched by Wuhan
University of Technology and John Wiley & Sons, Inc
in Dec, 2021. The first issue will be published in Jan,
2022 and the journal is free for publication in the first
3 years.

Interdisciplinary Materials is an open-access, peer-
reviewed, and rapid-publication journal focusing on the
interdisciplinary researches between materials science
and other disciplines, such as physics, chemistry, math-
ematics, mechanics, biology, energy, environment, infor-
mation, engineering, etc. The journal aims at reporting
cutting-edge developments across science and technology
around the world.

Interdisciplinary Materials is expected to take an in-
terdisciplinary, frontier, and integrated approach to all
areas of materials research while cultivating the exchange
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of ideas between scientists involved in the different dis- Interdisciplinary Materials invites you to submit high-
ciplines. Readership will include physicists, chemists, quality, innovative full-length research articles, rapid
mathematicians, mechanics, biologists, and energy, en- communications, reviews, perspectives, comments, and
vironment, materials scientists, engineers from academia  other editorial content of general interest to the field of
and industry as well as policymakers. interdisciplinary materials.

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

Postal Code: 430070

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

E-mail: skiwut@whut.edu.cn

Contacts: Zhao Xiang, Zhou Lihua
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

YXAHbCKUN TEXHOJNTOTMYECKUN
YHUBEPCUTET

XaHBCKUM TEXHOJIOTHICCKUI YHUBSPCUTET (Iajee

VTVY) — HallMoHaJNIbHBIN CTpaTeTruyecKuit YHU-
BEPCUTET IO IIPSIMBIM yIIpaBlieHHeM MWHHUCTEPCTBA
o6pa3oBaHU. SBIsSeTCS OMHUM M3 IEPBBIX YHUBEP-
CHUTETOB, BOIICAIINX B TOCYIaPCTBEHHBIC ITPOTPaAMMBI
«211 Project» m »Double Top» mist comeiicTBus pa3Bh-
THSI YHUBEPCUTETOB U TUCUUTUINH MUPOBOTO YPOBHSI.
YTY 6511 06pa3zoBaH MUHMCTEpPCTBOM 00pa30BaHUS
COBMECTHO ¢ MUHHCTEPCTBOM TpaHCIIOPTa. Takke SIBIIS-
eTCS KPYITHEHIITM YHUBEPCUTETOM ITpr MUHUCTEPCTBE
00pa30BaHUS 10 TTOATOTOBKE CIICIIMAIICTOB B 00JIACTH
CTPOUTEILHBIX MaTePUAJIOB, TPAHCIIOPTA W MAIITHO-
ctpoeHus. YTV cranm BaxXXHBIM IIEHTPOM TI0 BBIpAIIIN-
BaHMIO HAYYHO-TEXHUUCCKUX KaJIpOB MHHOBAITMOHHBIX
Ppa3pabOTOK WIS TpeX KPYIMHENIINX cdep.

B yHMBepcuTeTe pacIiojiokeHbI 3 KamIiryca — Ma-
danrman, IOg3utay n CaydJleiik, B 00O1Ieil CI0KHO-
CTY 3aHMMAIOIIKX IUIOIaah 267 rektapoB. B HacTosiiee
BpeMs B YTV paboraet 6oiee 5400 yeoBeK rmepcoHaia
1 (aKyJIBTETCKUX COTPYIHUKOB, 0oJee 36 000 cTymeH-
TOB, cBhINIE 18 000 acTTpaHTOB U BHIITYCKHUKOB 1 OKOJIO
1700 MexXayHapOOHBIX CTYICHTOB. YHUBEPCUTETY TIPH-
HaAIJIEKUT 25 akameMUIeCKUX KO, 4 HaIlMOHAIBHBIX
TEXHOJIOTMIECKIX MHHOBAIIMOHHBIX IICHTPa U 4 COBpe-
MEHHBIX 01OaMoTeKn ¢ GOHIOM B 32 953 MUJUTMOHOB
kaur. C 2000 roma YTV ynocTtouics 23 rocymapcTBeH-
HBIX HAYIHBIX ¥ TEXHUICCKUX ITPEMUIA, 3aHIMast TIepBHIC
TO3WIINM B PEUTUHTE BCEX KUTAICKNX YHUBEPCUTCTOB
n Kojuremkeid. B 2019 rony YTV Obl1 BHECEH B peATUHTI
Times Higher Education World University Rankings,
QSA sia University Rankings, U.S. News Best Global
Universities Rankings m Shanghai Ranking & rsquos;
Academic Ranking of World Universities.

C MmomeHTa obpaszoBanus Hosoro Kurag YTV noa-
rorosut 6osee 600 000 BeICOKOMPO(heCcCHOHAIBHBIX CIIe-
LIUATUCTOB. B TeueHre mocieIHUX AECSATU JIET TPOLIEHT
BIIEPBBIC TPYIOYCTPOCHHBIX BBIITYCKHUKOB OCTACTCS
cBhilie 95% u cocTaBiIsieT 0KOJIO 55% OT BCex TPyIoy-
CTPOCHHBIX BEITTYCKHIUKOB B MEXKIYHAPOTHOM PEUTHHTE
«Top 500 koMIaHMT ¥ HOBBLIX OTpaciieii».

Ha npotsokenuu mHorux et YTV mpoiiien orpoMHoOe
pasBUTHE, CIEIYs IEBU3Y «ObITh HPABCTBEHHO HETIOKO-
JIEOMMBIM, PAa3HOCTOPOHHUM B YICHHUH, CTPEMSIIIIAMCS
K COBEPIIICHCTBY», a TAKXKe TIPUHITUITY «CIEJIaTh BOCIIN-

TaHHUE CTYICHTOB HAIIICH CYIITHOCTHIO, a aKaIeMIIeCcKoe
pa3BUTHE — MPUOPUTETOM». YHUBEPCUTET (DOKYCUPY-
eTCsI Ha BEICOKOM MIee pa3BUTHUsS HEIIPEeB30MICHHOTO
VHUBEPCUTETA IIJIST 3aBOCBaHMS BCEMUPHOTO TIPU3HAHUS
1 BOCXUIIEHUS 1 BOIIOIIACT 00Pa30BaTEeIEHYIO KOHIICTI-
LIMIO «BHEAPEHNE OTJMIHOTO 00OPa30BaHMsI, BOCITUTAHKE
TIePBOKJIACCHBIX KaIpOB M CO3TaHNE ITPEKPACHOMN KM3-
HU». PykoBoacTBysick Xaptueil YTV, yrBepaeHHOM
MunucrepcTBoM oO6pa3zoBaHusi, Y TY BoBieueH B Mozep-
HUM3aLMIO TTPAaBUTEIBCTBEHHOM CUCTEMBI C TICJIBIO 3aHSTh
CBOE MECTO CPeIr YHHUBEPCUTETOB MUPOBOTO YPOBHS
C OTJIMYUTEIbHBIMU TTPU3HAKAMMI.

3HaKOMCTBO € Hay4HbIM HanpaBJieHnem
MaTepuanoBegeHNA N NHXXeHepHoro gena
B YXaHbCKOM TeXHOJIOrn4eCcKom YHUBepcuTeTe

Kpatkoe onncanue

OcHoBanHoe B 1958 romy B YTY HaydHOe HaIIpaBiic-
HHe «MarepuanoBencHIe 1 HHxXeHepHoe ae1o» (M)
IIPUOPUTETHO TTOAIEPXKUBATIOCH TOCYIapCTBEHHO IIPO-
rpaMMoii «211 IPOEKTOB IJIT YHUBEPCUTETOB» B IIEPUOL
¢ 1995 o 2015 rompl, a ¢ 2016 roma moamep:kKa crajia
OCYLIECTBIISIThCS uepes TuiaH pa3putus KHP «YHusep-
CUTEThl M HayYHble AUCUMUILUIMHBI MUPOBOTO YPOBHSI».
PeliTUHT 3TOrO HampaBICHUS cocTaBisieT A+ cpenu
172 Benymmx ynuBepcutetoB B Kurtae (Nel HapaBHe
¢ HampaBJIcHHEM B yHUBepcuTeTax TiumHxyan beiixan)
B 4-0M payHe, OpraHN30BaHHOM MUHUCTEPCTBOM 00-
pasoBanus B 2017 Tomy, a TakKske BXOIUT B TOITOBBI MEX-
nyHaponHbiii 1% B cucteme Clarivate Analytics’ Essential
Science Indicators.

B MU BoBneuensl: 1 unen Kuraiickoit akagemMun
Hayk, 3 wieHa Kuraiickoii MHXXKeHEpHOI aKaJleMuH,
3 ynena EBponeiickoii akagemuu, 1 uneH benbruiickoit
KOpPOJIEBCKOI AKanemuu, 1 wieH MexnyHapoaHoii aka-
IeMUM KepaMUKH, | 4jeH ABCTpaTUiiCKOM aKageMUun
TEeXHOJIOTUA 1 nHxKeHepun, 10 wienHoB KopoeBckoro
XUMMYECKOT0 00I1IeCcTBa, AMEPUKAHCKOTo 00111ecTBa (hU-
3UKM 1 AMEPUKAHCKOIO 00IIecTBa KepaMuKu. JlaHHoe
HampaBJIeHIEe TaKKe BKITIOYaeT 23 KUTAWCKIX BEICOKO-
mpodeCcCUOHANBHBIX COTPYIHUKA, HEKOTOPHIE M3 KOTO-
PBIX SIBIISTFOTCSI CTUTICHIMATaMI HaIlMOHAJILHOTO (DOHIA
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National Natural Science Foundation of Chinafor Dis-
tinguished Young Scholars (aranormueH rmpemun NSF
Career Awards), 11 22 KUTaliCKX MOJIOIBIX CTICITUANIICTA.

st comeiCTBUSI TUCHUIUINHE OBIIM OCHOBAHEI
2 TocymapCcTBeHHBIX JJabopatopuu: ['ocymapcTBeHHAs
cTpaTermyeckast 1adopaTopust TepeIOBBIX TEXHOJIO-
TU# IJ1sI CMHTE3WPOBaHUSA M 00pabOTKM MaTepraioB
n [ocymapcTBeHHas cTparerudeckasi abopaTopus
CHUTMKATHBIX MaTepUaJIOB IUIST apXuTeKTyphl. [lepBas
J1abopaTopus MOJy4YrsIa OLEHKY «IIPEBOCXOIHO» Cpe-
o1 21 rocymapCcTBeHHBIX CTPATeTUICCKUX JTa00paTOpuii
o MUJI B 2018 romy. IToMrMo 3TOTO OBIIN TTOCTPOCHEI
2 TOCYIapCTBEHHBIX MEXKIYHAPOIHBIX TA00PATOPUM IS
COBMECTHBIX MCCIICIOBAHUI 1 4 Oa3bl BHEAPCHMUS 3apy-
OCKHBIX KOMIICTCHITNI KaK MTHHOBAITMOHHOTO COCTABJIS -
FOIIIEeTO HAYIHO 00J1acTH (M3BECTHRI KaK «111 Project»).

3uaunmbie ToCTHKEeHHs 1 MPodeccopcKo-
MpenoiaBaTeibCKuii COCTaB

CraBd 1IeJIbI0 TTOKOPUTH MEXKIYHAPOTHYIO HAyKy
W TEXHOJOTHWH, a TaKXKe Xejlas YIOBJICTBOPUTH Mac-
ITaOHBIC TTOTPEOHOCTH CTPAHEI, 3a ITOCICTHUE 5 JIeT
unBectuuuun YTV B pamkax Hanpasinenust MUJI co-
cTaBwd 1,25 MmmmmapaoB oaHeit (190 MUUTMOHOB TOJT-
JIapOB) B 6 OCHOBHBIX 00JIACTSIX MCCIIEAOBAHUI, TAKUX
KaK 3eJICHOE TPOM3BOICTBO SKOJIOTMYHBIX MATCPUAJIOB,
KJTFOUEBEIC MaTePHUAJIBI, IIOABEPKEHHBIC S9KCTPEMaTbHBIM
YCJIOBUSIM, BBICOKOIIPOM3BOINTEIBbHEIC SHEPIOIIPEO-
Opasyrolle U aKKyMYJIUPYIOIINEe MAaTEPUAJIbI, a TAaKXKe
B MEKIUCHUILTMHAPHBIX 00JIACTIX MaTepUAIOBEICHUS.

PenpesenTaTuBHbIE TOCTHKEHHUS U NPOdeCCOPCKo-
npenoaaBaTeIbcKuii cocras 3a 2016—2020

Hanpasnenune MWL nosyuyuso rpaHThl B OoJiee
330 HAIIMOHAJIBPHBIX KITIOUEBBIX ITPOEKTAX, CYMMapHOe

¢uHAHCUpPOBaHKME COCTABWIO 1,2 MUJUTMApHOB 0aHe
(185 MIJITMOHOB JOJIJIAPOB).

Hanpasnenne MU/ Beiurpano 5 HauMOHaJIbHBIX
HAYIHBIX ¥ TeXHOJOTHMUCCKMX IIPEeMUIi, OBLIO OITyOJIH-
koBaHO cBbIIe 4000 HaydHBIX padoT, 3 U3 KOTOPBIX
B XypHaie Nature, 1 B Science, 46 B 1o4epHUX XypHa-
nax Nature, Science u Cell, 69 — B Advanced Materials.
Cpenm TaHHBIX MyO KAl 229 — BEICOKO LIMTUPYEMBIC
paboTHI.

IMpod. Hyunsum dxxan Obl1 n30paH B uieHb Kurtaii-
ckoii akagemun Hayk B 2017. IIpod. JImarmen JIxkaH
ObLT 130paH B wieHbl KuTtaiickoii MHXEHEepHOI akaae-
muu B 2017. [Ipod. dxxenru Py ObLT M30paH B WICHBI
Kwuraiickoit nakeHepHoit akagemuu B 2021. IMpod. JIn-
uuaH Maii, 1511 Uxanru [llaoseH L[xao ObLIv pr3HAHBL
CaMbIMH LIMTUPYEMBIMH HUCCJICIOBATCISIMU B CCTEME
Clarivate Analytics B 2020.

IToaroToBKa BbICOKOKBATH(DUIIMPOBAHHBIX
Ka/IPOB U U3BECTHbIE BHIMYCKHUKH

CrrenmmansHocTh MU /I HatrpaBiieHa Ha ITOATOTOBKY
CIICIIMAJIICTOB BBICIIIETO KJIacca ¢ NCKITIOUUTCIHHBIMI
KOMIIETCHIIMSIMHU ¥ MEXIYHAPOTHBIM BUACHUEM OY-
IYIIETO Pa3BUTHUS MaTepUaIOBEICHUS U WHIYCTPUU
MaTepuanoB. B HacToSIIMiT MOMEHT Ha JaHHOM CcIie-
nraabHOCTH 00yJaroTcs 5418 ctynentoB WUT’s MSE,
cpenu KOTOphIX 673 — acriupaHThbl U 2289 — CTyIeHTbI
MarucTpaTyphbl.

ITpod. lixe-Ben HaH, moayuyuBLnii cTereHb KaH-
mumata HayK B 1992, 661 m30paH wieHoM Kuraiickoi
akamemMuu HayK B 2011, B HACTOAIIMIT MOMEHT SIBJISI-
eTcsa mupekropoM KcciemoBaTerbCcKOro MHCTUTYTA
MW B YHusepcutere Tumnxya. JI-p oy IIxaHr,
BRIMYCKHUK 1982 roma, OB m30paH B wieHbl Kuraii-
CKOI1 mHXeHepHo akagemuu B 2019, ceifgac apiseTcs
nmpencenateaeM KoHcyabraTuBHOro KoMureTa Mexk-
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nyHapogHoli Komuccuu 1o crekiay. [Ipod. M-bunr
UxaHT, BRITYCKHUK 1983roma, ObLI M30paH WICHOM
ABCTpanuiicKoi akageM1u TEXHOJIOTU U MHXEHEPUU
B 2007 romy. ITpod. Ixeitmc JIxunsuen LlleH, BBITyCK-
HUK 1978 Toma un mpodeccop denmapramMeHTa MaTepua-
JIOB I XMMHU OKpYyKaroIieil cpeasl B CTOKTOJIBEMCKOM
YHUBEpPCUTETE, ObI M30paH B WieHb MeXayHapoIHOMI
akagemun Kepamuku B 2017 roxy. I-p FOcuen [Ixoy,
BeITycKHMK 2003 Tona, saBisercsd npe3uaeHToM Kuraii-
CKOTO HaIlMOHAJILHOTO O0BEIMHEHUS CTPOUTEIIHHBIX
MaTepHralioB, BeAyIeil KOMITAHNY B MHAYCTPUM MaTe-
puanoB, 3aHsgBlIeit 187 mo3numio B periTuHre Fortune
Global 500 B 2020 rony. JI-p Memmnr JIu, BBITYCKHUK
1984 roma, nipe3unenT komnanun Huaxin Cement Co
Ltd., aBasonieiics, Mo CyTH, KOJbIOEIbI0 KUTAICKOMI
IEMEHTHOM WHIYCTPUM.

BHyTpennune u MeXIyHAPOIHbIE KOHTAKTbI

IMpod. Huunsn dxan, wien Kuraiickoii akageMnmn
HayK, SBJIsgeTcs yieHoM [lepBoro HalmoHaIBHOTO Oa-
30BOTO MCCIICAOBATEIBLCKOTO CTPATETNIECKOTO KOHCYITh-
TaTUBHOTO KOMUTETa MUHUCTEPCTBA HAYKH TEXHOJIOT U
¢ 2020 roga u mipeacegaTeaeM KomureTa [J1aBHOTO MC-
CJIeIOBATEIbCKOTO TIAaHA MaTePUAIOBEICHMST HAIO-
HaJIbHOTO (POHIA eCTeCTBEHHBIX HayK Kuras ¢ 2019 rona.

IMpod. Hunansu Jxan monxyunn B 2017 romy mpe-
muto Frontiers of Science and Technology — Rustum Roy
Lecture Award oT AMepruKaHCKOTo 00IlIeCTBa KEpaMUKU
B 3HAK IIPU3HAHMS €T0 BKJIaZa B pelIeHUe TTT00aTbHBIX
BBI30BOB IT0 SHEPTETUKE M pa3pabOTOK TEPMOIJICKTPH -
yeckux MaTepuanoB u cucreM B Kurae. [1pod. JIxxeHru
Dy, yren Kuraiickoii MH:XXeHEepHOM aKaJeMUu, TIOJTy-
g1 MexkayHapoaHblii pu3 Samuel Geijsbeek PACRIM
B 2019 romy 3a cBOIf BKJag B 00JIaCTh KEPAMUYECKUX
TEXHOJIOTHII, KOTOPBIC OKA3bIBAIOT 3HAUMTEIIHHOE BIIH-
STHUE Ha IPOMBIIIJICHHOCTD ¥ HAyYIHYIO cepy, a TaKKe
MeXIyHapoaHyto nomysgpusanuuio. [Tpod. Jiuuman Maii
noyania Harpany the Research Excellence Ha Mexy-
HapOIHOU KOH(EPEHIINH IT0 3JICKTPOXUMIICCKOU SHEP-
reTuKe u TexHojaorusaM B 2018 3a cBOIf BKI1a/ B IepCreK-
TUBHOE JIOKAJTbHOE MCCIICAOBAaHNE OMHOHAHOIIPOBOTHEIX
YCTPOMCTB IJIST XpaHEHUS 1 TIPeoOpa30BaHMsI SHEPIUMN.
Houent Beit I3u monyunn B 2019 rogy Harpamy Ross
Coffin Purdy Award ot AMeprKaHCKOTO 00IIIeCTBa Kepa-
MUKU 32 BKJIAI B TEXHMUECKYIO JTUTEPATypPy O KepaMUKe
B2017T.

16 yuyeHBIX ¢ MUPOBBIMM MMeHAMHU, BKJIIo4ast 3 Ho-
OeJIeBCKUX JlaypeaTa, CTaju IpodeccopaMu CIieiiaib-
Hoctu MUJL B YTV ¢ 2016 1. Corpyaunku dhaxkyibrera
coTpygHuyanu 1o nporpamme MU ¢ ykazaHHbBIMU
YYICHBIMHA 1 TIOTYYMIN 19 KITFOUeBBIX MEXKIYHAPOITHBIX
COBMECTHBIX IIPOEKTOB, a TAKXKE OIMy0IMKOBaIu 256 co-
BMECTHBIX HAYIHBIX paboT B 3KypHajaX BBICOKOTO YPOB-
HsI, cpeau KOTophIx Nature 1 Science.

B pamkax nporpammbl MWL Obu1u OpraHn30BaHbI
13 MexxIyHapOTHBIX KOH(MEPEHIINI BEICOKOTO YPOBHSI.
CoBmecTHO ¢ YHUBepcuTeToM LI1HXYa 110 HAIIpaBICcHUIO
MW YTY nposen 1-v1ii MexxayHapoIHbII YHUBEPCU-
TEeTCKUiIT POpyM TIO YIIpaBICHUIO MaTepPHUAIOBEICHUEM
1 MHXXEHEPHBIM AejioM B 2019 1 aHHOHCHPOBa «YXaHb-
CKYI0 IeKyaparnuio 21 BeKa o pa3BUTHIO MaTepHaioBe-
IIEHUS U YCTONIMBOTO CTPOUTEIBCTBA». YUaCTHUKAMU
TaHHOTO (popyMa OBUIM PYKOBOIUTEIIN HAIIPABIICHMUS
MMU]I B ynuBepcurerax: Northwestern University, UC
Berkeley, UC Los Angeles, UC Irvine, Pennsylvania State
University, Georgia Institute of Technology, University
of Washington, University of Texas at Austin, University
of Central Florida, University of Birmingham, University
of Surrey, University of Lorraine, Monash University,
Tohoku University, Seoul National University, National
University of Singapore, Tel-Aviv University, Indian
Institute of Technology — BHU wu ap. u3 15 crpan
(CILA, Bemukobpuranusi, ®panmnus, ABcTpaius,
SAnonus, Kopest, Cunramyp, M3panis, Uagusa u ap.),
nekanbl 50 Bemynx HaydHbIX Ko no MUJI n3 Kuras
U TIPE3UACHTHI 5 MEeKIyHAPOTHBIX MAaTePUAIOBEIICCKITX
Hay4YHBIX 0011IecTB (AMEepHKaHCKOE 0OIIeCTBO Kepa-
Mmuku, EBporeiickoe o011ecTBO KepaMuku, SmoHcKoe
ob1IecTBo Kepamuku, Kopeiickoe 00IIecTBO KepaMUKHI
n KonymOuiickoe o0I1IecTBO 110 MaTepuajiaM U MUHE-
pajiam).

0630p MeXxXAyHapOAHbIX LWKON
no maTepuanoBefeHMIO U UHXXeHepHoMY Aeny

Jlns peanu3aluy HEOOXOAMMOM pedopMbl HAIIU-
OHAJILHOW CHCTEMBI BBICIIICTO 00pa30BaHUs B aIIpelie
2014 roma B YTV Oblia ocHOBaHa M yTBep:KaeHa Jlemap-
TaMEHTOM 00pa3oBaHus TPOBUHLNMU Xy02ii MexnyHa-
pOIHAs IITKOJIa MaTePUAIOBEICHIS M MHKCHEPHOTO JeITa
(MIIMM/), KoTopast HoJDKHA CTaTh 0a30#1 IIOATOTOBKU
BBICOKOKBATN(PUIIMPOBAHHBIX CITEIINAINCTOB U IICHTPa
¢opMupoBaHUS MHHOBaLIMIT 110 HanpaBiaeHuo MU/,
B mione 2015 roga M1 MU/ 6bi1a n3dpaHa Jij1st BHeCe-
HUS B CITACOK «CeTh MeXKIyHApOTHBIX 00pa30BaTeIbHBIX
LIEHTPOB», MOIIep>kUBacMasi MUHUCTEPCTBOM 00pa3o-
BaHusi KHP u MuHucTepcTBOM HayKM 1 TEXHOJIOTUIA.

MIL MW npegHa3zHavyeHa 111 00y4eHUs] YHUKaJIb-
HBIX TPO(PECCUOHATIOB-TNACPOB IT0 MAaTEPUATIOBEICHIIO
1 WHXXEHEPHBIM HayKaM, KOTOPbIe MOTYT U3MEHUTh
TPAHUIIBI 3HAHWI W TEXHOJIOTUIA TS peaanu3aliu I10-
TpeOHOCTEe CTpaHbl U MUpPa, 00y4asi CTyIEHTOB 110 00-
IMUPHOMY ¥ MHTCHCHUBHOMY YUYeOHOMY IUTaHY, TIPEIy-
CMAaTPUBAIOIIEMY Pa3BUTHE TAKMX KOMIICTCHIIN, KaK
KPUTUIECKOE MBIIIUICHIE, KOMMYHIUKATUBHBIC CITOCO0-
HOCTH, HaBBIK KOMaHIHOI paOOTHI M HETIPEPHIBHO-
ro 0Oy4YeHUs, a TaKKe ITyTeM BOBJICUCHUS CTYICHTOB
B CEpPbE3HBII MEXIYHAPOOHBIN OMBIT, BKIIOYAIOIIWNA
JICKITUHY TIPUTIIAIIICHHBIX TIPOECCOPOB M3 PAa3HBIX CTPaH,
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KPaTKOCPOUHBIE TTOCCIIICHNST YHUBEPCUTETOB MUPOBOTO
YPOBHSI ¥ TIOCTOSTHHOE B3aMMOJICHCTBHE C MEXKIyHAPOI-
HBIMU CTYICHTaMH.

MexxnyHapomHasl IITKOJIa MaTepUaIOBEICHNST M MTH-
JKEHEepPHOTO Jeja OTKPBIJIA IIepBOe OTAEICHUE TI0 T0-
CTIKEHUSIM B 00J1acTH MaTepuanoBeneHus B Kurae
B 2016 roay. C 2018 mo 2021 rox oTaeIeHME YETHIPE pas3a
TIOJTy4aJIO TJIaBHYIO HArpay 3a BHIIAIOIINECS TOCTIKE-
Hus cpenu 102 oTmereHUIA 110 BCeMy MUPY.

MIII MU ctpont tutatopMbI JUTS aKaIeMUIECKOTO
00MeHa 1 MEXKIUCITUTUIMHAPHBIX MEPOITPUSITHIAL. MexX-
IMYHApOIHBIA YHUBEPCUTETCKUI (DOPYM IO YIIPABICHUIO
MaTepHaJOBeICHNEM W WHXEHEPHBIM IeJIOM IIPOBO-
nnics B okTsiope 2019 roma B Yxane. bonee 50 kadenp
no MUJI co Bcero mupa noceTsi popyM. OH cTan
HepBBIM I100a1bHBIM (popymom 1o MU I, Ha KoTopoM
00CYXIATNCh aKTyaJIbHBIC BOIIPOCHI U CTPATETUH, KOTO-
pBIE TTO3BOJISIT IJTIOOAIBHOMY COOOIIICCTBY OHSITH OYIy-
L1 TIJ1aH pa3BUTUSI, aHHOHCUPOBAHHBIN B YXaHbCKOM
IeKIapalnm.

lfocypapcTBeHHan cTpaTernyeckas
naboparopus nepefoBbIX TEXHONOIMIA

ANA CUHTE31POBaHNA 1 06paboTKN MaTepuanos
(YxaHbCKUI1 yHUBEPCUTET TEXHONOr i)

l'ocymapcTBeHHas cTpaTerudeckast rabopaTtopus
TIePEeIOBBIX TEXHOJOTHI IJIsI CHHTE3MPOBAHMS M 00pa-
OOTKM MaTepHraIoB OblIa yTBepkacHa ['ocymapcTBeHHBIM
KOMUTETOM TIJIaHUpOBaHUS pa3BuTUI B 1987. [Tocie
TIPOBEICHHOM MHCITEKIINY OHA OTKPBLIACKH JIJIST 00IIIecTBa
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B Mapte 1990 roma. JlabopaTtopust HaXOTUTCS IO, YIIpaB-
JleHneM MUHUCTEepCTBA HAYKU M TeXHOJIOTHIA. B HacTo-
Sl MOMeHT npogeccop I'y BuHbIMHB, akageMuK
Kwuraiickoit akageMun HayK, SIBIIICTCS IIpeAceaaTesieM
KoMHccUM tabopatopun, a rmpodeccop Dy JIxxenrn,
akagemMuk Kuraiickoil nHXXeHEepHOU akKageMUu — I1-
pexTop akagemuu. Jlabopatopust pacnonoxeHa B YTY
U SIBJISIETCSI CTpaTeTHMICCKOM TabopaTopueii, Criemu-
aJM3upymolIeiics Ha HOBBIX MaTepuaiax. JlermapraMeHT
MaTepuaaoBedeHUs U MHXKeHepHoro aeya B YTY ObL
oIpenelieH KaK IepBOKJIACCHBIN B pelituaTe State Key
Discipline, Bomeaimmit B rocygapCcTBEHHBIN «985» mpo-
eKT «Pa3paboTka mporpaMMbl HAYIHBIX TUCIIATIMH
MHPOBOTO YPOBHSI» W MOJXYYWI peUTUHT A+ B 4 Type
TOCyIapCTBCHHOM OlLIeHKM HarpaBicHMil. CTaBsl LIeTBI0
IOCTHYIh MUPOBOU YPOBEHDb MCCICIOBAHUI B 00IaCTH
MaTepUAaIOBEACHMS U TIOAePXKaTh TOCyIapCTBCHHBIC
WHTEPECH, TaHHAas JJabopaTopus 00ecIIeYnBaeT IUIAT-
dopmy mg pa3pabOTKM HOBEUIIIMX MAaTEPHUAIOB U TEX-
HOJIOTHIA, IIJT Pa3BUTHS TIEPEIOBBIX KOMITO3UTHBIX Ma-
TEePHAJIOB, HEOOXOMMMBIX B KPYITHEUIIIX HAITMOHAIBHBIX
IIPOEKTaX M BeIYIINX OTPACIISIX, a TAKKE IJIST BEITIOTHE-
HUS HAIIMOHAJIBHBIX CTpaTeTUUECKMX 3aad. B mabopa-
TOPHM TTOJTYICHBI Pe3yIbTaThl YHUKAIBHBIX U CUCTEMHBIX
KCCIeN0BaHUM, KOTOPbIE MOBIUSIN Ha OOILIEMUPOBbIE
IIpeoOpa3ymIne TeXHOJOTUM, HOBBIC MaTepPHAJIbI
1 MEXKIVCUUIIMHAPHBIC 00IaCTH, W, TAKMM 00pa3oM,
5TO IIPUBEIIO0 MIPOBOE COOOIIIECTBO K OTKPHITHIO HOBBIX
cdep a1 u3ydyeHust MmatepuaiioB. JlJabopaTopust akTUBHO
TOTOBHT HCCIIEAOBATEIHLCKIE KaIPhI ITyTeM BKITIOUCHUS
B HayuHyo pabory. bonee Toro, maboparopust oopa-
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30Bajia KyJIbTYypy MEXIYHApOJIHOT0 MHHOBALIMOHHOIO
COTPYJAHUYECTBA U MPOBeJia B3aUMOBBITOJHOE UCCIIE-
JIOBaHMeE, CITOCOOCTBYS1, TAKMM 00pa3oM, MUPOBOIi 3HA-
YMMOCTH, IPUBJIEKATEIbHOCTUA U CIIOUEHHOM pabdoTte
naboparopuu. JlabopaTopust JOCTUTIA UCTOPUUECKOTO
MpopbIBa B OLIEHKE TOCYIAPCTBEHHBIX CTPATETNUECKUX
JlabopaTopuii Mo MaTepUaJIOBEICHUIO.

OCHOBBIBaSICh Ha OOIIE KOHIETIINY 1 HesIX, Jia-
6opatopusa (OKyCHpPYyeTCs Ha CO3IMaHUU U Pa3BUTUH
MHOTOKOMIIOHEHTHBIX, KPYITHOMACILITAOHBIX 1 MHOTOY-
POBHEBBIX KOMITO3UTHBIX IIPUHILIMIIAX U TEOPETUYECKUX
000CHOBaHMSIX pa3pabOTKU MaTEepPUaJIOB, ITOCTPOECH-
HBIX Ha BaXKHEUIIINX UCCIIeA0BATEILCKUX IIaT(hOopMax,
BKJTIOYAIOIIMX TEXHOJOTUM TPAIUEHTHBIX KOMIIO3UTOB,
KOMIIO3UTHBIE TEXHOJIOTUM Ha MeCTaxX IPOU3BOACTBA
paboT, HAHOKOMIIO3UTHI 1 X coueTaHusl. B HacTosmii
MOMEHT B J1a0OpaTOPUU IIPOBOASITCS MCCIEI0OBAHUS
o 5 KJII0UYeBBIM HAIlpaBJIEHUSIM: HOBEHUIIINE KOMIIO-
3UTHBIE MaTEPUAJIbI AJIS TOCYAAPCTBEHHBIX KPYITHBIX
TMPOEKTOB M oTpaciieii, 3(pheKTUBHBIE IHEPTOIIPEO-
Opasymolle U 9HepProHaKOMNUTEIbHbIE MaTepUuasbl
U TEXHOJOTUM, HAHOKOMIIO3UTHBIE OMOMaTepUaibl
IIJIST €CTeCTBEHHBIX HayK, (DYHKIIMOHATBHBIC MaTepra-
JIBI 1711 UTH(POPMALIMOHHBIX TEXHOJIOTUI U TIEpEIOBbIE
MaTepuanbl IJIs1 IIpeo0pa3oBaTeIbHBIX TEXHOJIOTHUIA.
B cBs131 ¢ 3TMM TabopaTopust onpeaenuia 5 pa3IndHbIX
HaIlpaBJICHUI: TEXHOJIOTUU TPAgUEeHTHBIX KOMIIO3M-
TOB M HOBBIX MaTepUaJIOB, KOMIIO3UTHBIC TEXHOJIOTUM
Ha MecTax NPOU3BOJCTBA pabOT, HAHOKOMIIO3UTHEIC
TEXHOJIOTUU U MaTepUaJibl, IIPe0oOpa3yoIIe TeXHOIO-
TUM, a TAKXKe TIPUHLUIIBI IIPOeKTUPOBAHUS U CO3TaHUS
martepuajioB. B mabopaTtopuu paboTaeT MHHOBALIMOH-
Has ¥ aKTMBHAas KOMaHJa McciienoBaresieii, peumy-
IIECTBEHHO COCTOSILAs U3 CIIELUATUCTOB MOJIOAOTO
U cpeaHero Bo3pacTta. [ToCTOSTHHBIN 1ITaT COTPYIHUKOB
BKJIFOUaeT ogHoro yjaeHa Kuraiickoit akageMun Hayk,
IBYX ujleHoB Kuraiickoii MHXeHEepHOU akageMuw,
OIHOTO aKajJeMukKa benbruiickoii KOpojaeBCKOM aKa-
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IeMHUU HayK U UCKYCCTB, IBYX aKaJIeMUKOB ABCTpa-
JIMUCKOM aKaIeMU TEXHOJIOTUI U MHXEHEPHOTO JeNa,
OHOTO WieHa MeXXIyHapOoTHOM aKaIeMU KepaMUKH,
IBEHAIIIATh HAYYHBIX COTPYIHUKOB HAIIMOHAIBLHOTO
YPOBHSI, OTHOTO BEAYIIETO HAYIHOTO COTPYIHUKA IIPO-
rpaMMHI «973», IATh CTUIICHINATOB HAIIMOHAJIBHOTO
donma «Outstanding Youth Science Fund» u Tpuniats
CTUTIEHIMATOB HalloHaIbHOTO (hoHma «National Talent
Support Plan» u np. JlabopaTopus aKTUBHO MOAAEP-
JKMBACT BBITAIOIINXCS YICHBIX B TTOCECIICHUN U TIPO-
BEICHUN COBMECTHBIX HAYUHBIX pa0OT B BEAYIINX YHU-
BepCUTETaX M MHCTUTYTAX II0 BCeMy MHDY. B TeueHme
ITOCJICIHUX HECKOJBKUX JICT JJa00OpaTOpHsI HaIIpaBIIa
HECKOJIBKO TAJTAHTIMBBIX YUYCHBIX B Pa3IMYHbIC BEIy-
e YHUBEPCHUTETHI [JIST BEITIOJTHEHUSI COBMECTHBIX MC-
clIeqoBaHMIT CPOKOM OoJiee yeM Ha 1 Tof.

Jlaboparopus yaensieT ocodoe BHUMaHUE MEXIyHa-
POIHOMY aKaIleMIUIeCKOMY OOMEHY U COTPYIHUIECTBY.
3a rmocneaHue 5 JIeT OBIIO HAHSTO 25 YUSHBIX C MUPOBBIM
MMeHEM M CO3IaHbI KOM(OPTHBIC pabovre YCTOBUS IS
IIPOBEICHUS UCCIICIOBAHNIA.

Taxske n1abopaTtopusi B3AaMMOBBITOTHO COTPYIHM-
yaja co cieayomuMn opranu3auusamu: University of
Michigan; Japan Aerospace Exploration Agency (JAXA);
the Institute for Materials Research, Tohoku University
(SImonus); the Materials Research Center, University
of Oxford (Bemukooputanus); Composites Research
Center, the University of California (CLLIA); the National
Institute of Fuel Cells (Kanama) u apyrumMu 3HaMEHUTHI-
MM MCCIIeTOBATCIbCKUMU IIEHTPAMU M MTHCTUTYTaMMU.

MUHHUCTEPCTBO HAYKU U TEXHOJIOTUIT OCHOBAJIO
«MeXImyHapOoIHYI0 COBMECTHYIO JTJab0OpaTOPHUIO TIepe-
JTIOBBIX TEXHOJIOTUIA IJTI CUHTE3a M 00pabOTKM MaTepHa-
JIOB», KOTOPAst BXOIUT B TIEPBbIC TPUALIATH TPY MEXKIyHA-
POIHBIX COBMECTHBIX JTabopatopuii Kurast. bosiee Toro,
T'ocymapcTBeHHOE yIIpaBIeHNUE IO IejIaM MHOCTPAHHBIX
SKCIEPTOB 1 MUHUCTEPCTBO 00pa30BaHMUS BMECTE OC-
HOBaJIM TPU HAIIpaBJICHUs, TTomaepXaHHbIX [Tporpam-
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MEX/JYHAPO/JHOE HAYYHO-TEXHUYECKOE COTPYAHUYECTBO

MOl pa3BUTHS MHHOBAIIMI M KaApOBOTO MOTCHIINAJA!
«HoBbIe TeXHOIOTMY KOMITO3UTHBIX MaTepHUAIOB 1 HO-
BelIIMX (PyHKIIMOHAIbHBIX MaTepuanioB», «Hoseliime
TIOATOTOBUTEILHBIC TEXHOJIOTHH 1 IIPUKIIATHOE TIPOCK-
THPOBaHME HOBBIX (DYHKIIMOHATBHBIX TUIEHOYHBIX MaTe-
puanoB» 1 «MTHHOBAIIMOHHOE 1 KaIpoBOe 00CCIICUCHIE
of Life xomIto3utoB». Onmpasich Ha 3TU BaXKHEHUIINe
TIaTOPMEI, TabOpaTOPHS TTOIyYMIIa TOCYIapCTBEHHBIC
KJTIOUEBBIC TIPOCKTHI C MEXKIYHAPOIHBIM YIaCTHEM U J0-
CTUIJIA CYIIIECTBEHHBIX PE3yIbTaTOB B MEXKIYHAPOIHOM
COTPYIHUYECTBE M OOMEHE.

B Hacrosiuit MomeHT 1abopatopus o0JiamaeT 110~
manbio 25350 KBagpaTHBIX METPOB, C TIEPETOBLIM 000-
pyIOBaHUEM UISI CHHTE3a M 00pabOTKM MaTepHrajoB,
a TaKXKe COBPEMEHHBIMU MHCTPYMEHTATBHBIMM CpPe/I-
CTBaMM JIJTS aHAJIN3a CTPYKTYPhI MATEPUAJIOB, U3YICHUS
MX XapaKTEPUCTUK 1 TECTUPOBAHUS SKCILUTyaTalIMOHHBIX
KadyecTB. OOIIast CTOMMOCTb 00OPYIOBAHMS COCTABIISICT
npuMepHO 350,66 MAIIJIMOHOB I0aHEi.

3HaKOMCTBO C XXypHasiom
«MexpucunnanHapHblie maTepuanbi»

HoBerit HayuHbIM XypHAT « MeXIUCIUTIINHAPHEIE
martepuanbl» (Interdisciplinary Materials) (ISSN: 2767-
441X) obut ocHOBaH YTV m3nareascTBoM «John Wiley &
Sons, Inc» B mexadbpe 2021. ITepBoIif BEITYCK OBLI B STH-

-} nterdisciplinary
I\ aterialsy— ==

seae |

Bape 2022, 1 B TIepBbIe TP ToAa MyOJMKAIIUN B HEM
OynyT O6ecIIaTHBI.

«MexXauCcIUIITMHAPHBIC MAaTePUAJTBI» SIBIISICTCS OT-
KPBITBIM, PELeH3UPYEMBIM U OLICTPONYOIMKYEMbBIM
XKypHaJIOM, OPUEHTUPOBAHHBIM Ha MEXINCIIUTIIN -
HapHBIE UCCIeA0BaHNS Ha CTBIKE MaTepHaOBeIeHUS
1 IPYTUX HAyIHBIX 00JIaCTei, TaKMX KaK (hH3MKa, XUMUSI,
MareMaThKa, MeXaHuKa, OMOJIOTHSI, SHEPTHsI, S9KOJIOTHS,
nH(bOPMAaTHKa, MHXKEHEePHOE UCKYCCTBO 1 Ap. Llemb xKyp-
HaJla — ITyOJIUKAaIIAsl HOBEMIITNX TOCTIKCHNUI B HayKe
1 TEXHHUKE BO BCEM MUpE.

Oxupaercs, 9To «MeXTUCIUTUIMHAPHBIE MaTepU-
aJIbl» BOTIJIOTUT MEXIUCIMUIIMHAPHBINA M CUCTEMHBIN
ITOIXOIBI B M3YUYCHUM MATEePHUAJIOB ST 00ECIICUCHUS
00MeHa HayYHBIMU JOCTIKCHUSIMU MEXKAY CITeIIAaI-
CTaMU M3 pa3INYHbIX o0nacTeil. YuraTeabcKas ayauTo-
pust OyIeT BKIIIOUaTh (DM3MKOB, XAMUKOB, MATEMATHUKOB,
CTIEIIAIMCTOB MO MeXaHWKe, OMOJIOTUY, DHEPTETUKE,
SKOJIOTUM, MaTepUaJIOBeIeHNIO, MHXXEHEPOB M3 aKaze-
MMUYECKHUX 1 OTPACIEBEIX CTPYKTYP, a TAKKe TIPEICTaBU-
TeJIEW TOCYTapCTBEHHOM BJIACTH.

«MexaucunIimHapHble MaTepyalibl» TIPUTIIAIIaeT
Bac mmomaBaTh KauecTBEeHHBIE, COMEPKAIINEC HAYIHYIO
1 TIPaKTUYECKYIO0 HOBU3HY CTaThbU, a TAKXKe PELIeH3UMU,
0030pbl, OTKJIMKU U IPYTO# coaepKaTeIbHbII KOHTEHT,
MPEICTaBIISIOIINI MHTepeC B chepe MEKIUCIIUTIIMHAP-
HBIX MaTepHAaIoB.

Interdisciplinary Materials

ZERXRFHEMBHEHAGTI =

#AdL-E3R 202141285 18H ¢

KoHTakTHas
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Socio-economic assessment of the use of nature-like
nanotechnologies for the reengineering of the technosphere
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ABSTRACT: Introduction. Recently, the term “nature-like technologies” has appeared in the everyday life of scientists and politicians,
which quite deservedly include the so-called alternative energy sources (sun, wind, heat). At the same time, despite the fact that
installations using these sources are “seasonal” and low concentrated, their use is rapidly and haphazardly developing, and many
economists and politicians mistakenly consider them as basics, misleading business. Based on the analysis of the epistemology of the
origin of the term "nature-like technologies", this article shows the groundlessness, and even the harm of the rapid and unsystematic
use of wind turbines. Evidence is given of the inconsistency of the "myths" that Nature cannot cope with the compensation of the
economic activity of mankind, therefore, according to Academician Sergeyev S.M., President of the Russian Academy of Sciences,
"reengineering of the technosphere" is required. At the same time, modern economic science is far from taking into account in his
models of the assimilation potentials of the biosphere of regions and the functions of entropy production in them, preferring to
model various “cycles and modes’, as well as calculate different “coefficients” in order to predict “crises and equilibria’, without taking
into account the interaction nature and society. In this connection, a scientific and technical task about determinating the “place
of reengineering of the technosphere”in the structure of the life support systems of society, and, consequently, to evaluate its ef-
fectiveness. Methods, models and tools. To solve the tasks set, it is proposed to use the “retro-forecast method” of socio-economic
losses from the introduction of “natural nanotechnologies’, using as “tools” the method of “spatio-temporal analysis’, model of the
Leontief-Ford and adaptive taxation systems of “harm production’, the use of which in solving the problems of fire and environ-
mental safety in the "technospheres of the regions" of the South of Russia (in road transport infrastructures, in cities and towns, in
buildings and structures), proved their adequacy to the processes under study and usefulness. Results and discussion. The results
of modeling the costs of efficiency of "reengineering of the technosphere” in Russia, in particular individual residential buildings,
and a retro-forecast of changes in socio-economic and environmental losses during the autonomy of their resource supply (electric-
ity, water and heat) are presented. It is shown that the production of domestic innovations in this area (“Shukhov’s” wind turbines,
atmospheric water condensation devices and electric heating) will allow stopping the “total gasification” of rural settlements, as
well as more economically than abroad, to implement decentralized supply of resources in Russia more than 10 million individual
houses and about 40 million country houses, thus determining the “true place of alternative energy”in the structure of the Russian
systems of electricity, gas, water and heat supply. Conclusion. The proposed approach allows us to determine the place of the so-
called renewable energy in the structure of resource supply systems for cities and rural settlements. At the same time, it is possible
that the emergence of more productive design solutions of the proposed innovations in the field of wind energy and solar panels
will expand the "autonomization" to low-rise and multi-apartment buildings in regional centers and workers' settlements, instead
of a major restoration of centralized engineering systems with boiler houses and mini- CHP.

KEY WORDS: nanotechnology of autonomy, engineering systems of buildings, fire-energy harm, reliability, quality, safety.

FOR CITATION: Belozerov V.V, Nikulin M.A., Belozerov VLV. Socio-economic assessment of the use of nature-like nanotechnologies
for the reengineering of the technosphere. Nanotechnologies in Construction. 2022; 14(2): 119-136. https://doi.org/10.15828/2075-
8545-2022-14-2-119-136.

INTRODUCTION Russia at the plenary session of the 70" session of the UN
General Assembly on September 28, 2015 [1].

ddly enough, the term “nature-like technologies” It should be noted that domestic publications in this

appeared officially not in the publications of the sci- area have periodically appeared over the past 15 years

entific community, but in the Speech of the President of ~ [2—9], but only in 2016, the president of the National

© Belozerov V.V., Nikulin M.A., Belozerov VI.V., 2022
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Research Center “Kurchatov Institute”, Corresponding
Member RAS M.V. Kovalchuk “deciphered” and sug-
gested that the scientific community use the following
terms [10]:

“nature-like technologies” — to refer to fundamentally
new methods and means of generating and consuming energy
on the model of wildlife,

“nature-like technosphere” — to describe its new look,
which consists in the restoration of a natural self-consistent
resource turnover, which should be created by convergent
nano-, bio-, information, cognitive and socio-humanitarian
technologies (NBICS technologies)”,

after which the concept of “nature-like technologies”
appeared in the Decree of the President of the Russian
Federation [11].

However, the academic community for a long time
“did not accept” these new terms [12], continuing to
criticize Kovalchuk M.V. for simplifying these concepts
[13—16]. And the President of the Russian Academy of
Sciences Academician Sergeev S.M. speech in September
2018 in Sochi at the Global Forum of Converging and
Nature-Like Technologies, has stated: “ Nature-like tech-
nologies are not a new trend, and we even know from the last
century that this direction has taken various names (bionics,
biogenetics, and so on). I would use the term “reengineer-
ing of nature” ... Nature-like technologies are the kind of
reengineering that should be proud of. [17].

From time to time myths are born about future en-
vironmental catastrophes associated with the loss of the
ozone layer, climate warming due to ever-increasing
greenhouse gas emissions and the coming “global flood”.
There are various hypotheses about the future shortage of
water, energy and mineral resources, food due to the loss
of part of the land resources, etc. But the most harmful
thing is that the opinion is being asserted about the degra-
dation of the biosphere as a structure, with the simultane-
ous loss of its function of supporting life on Earth [15, 16].

Assessments of the state of the assimilation poten-
tial of the biosphere allow us to conclude that, to put it
mildly, the possibilities of human economic activity to
have a significant impact on its structure and function are
exaggerated. The assimilation potential of the biosphere
still performs its functions to ensure the balance of the
circulation of matter and energy. The energy contribution
of human economic activity remains insignificant in relation
to the energy potential of the biosphere, which has accu-
mulated it over billions of years of evolution. The inertia
of the biosphere, as the ability to resist disturbances from
human economic activity in terms of mass and energy, the
time of its formation and development, exceeds them mil-
lions of times [16,18].

The natural resource potential of the biosphere re-
mains high not only in terms of energy reserves of hydro-
carbons, various metals, but also in terms of reserves of
renewable sources — solar, wind, water, geothermal energy

of the Earth, etc., the relative share of which is increas-
ing in the overall energy balance of developed countries.
However, despite the significant economic costs and low ef-
ficiency, as well as the fact that many of them are unstable,
low concentration and periodic sources, many experts and
politicians mistakenly consider them as basic, including
from the point of view of conservation quality of the natu-
ral environment [16, 19].

The relationship of man with nature is determined by
the pressure of human economic activity on nature (by
withdrawing resources, producing waste, etc.). Nature
responds to this to man by changing its quality strictly
according to the principle of action and reaction, thus
stimulating man to find solutions that will not violate the
natural processes of reproduction of the quality of the
environment due to the circulation of inanimate and liv-
ing matter. Nature in its development does not make any
choices at all, it changes according to its own laws of self-
organization, according to the laws of self-preservation
and random events [16,18].

You cannot tie nature to society, incl. to unnatural tech-
nologies, and talk about socio-natural development. They
have different laws: nature has only natural ones, while
humans have both natural, social, and technical ones.

Man and society have the goal of unlimited devel-
opment and unlimited existence in time, but nature has
no goal. The homeostasis of nature is in its conservation
laws. Thus, in combining the concepts of nature and soci-
ety, in particular, in nature-like technologies and in the
nature-like technosphere, there is an insoluble internal
contradiction [ 16, 18].

The fact is, and this is the main thing, that emissions
from economic activity (heat, moisture, gases, soot, etc.)
into the atmosphere and biosphere, a person carries
out with different intensity and locally, on a relatively
small part of the Earth’s surface. It is local thermal and
material emissions containing “unnatural” amounts of
toxic gases, moisture and dust that lead to perceptible dis-
turbances in the atmosphere. Climatic anomalous flows
arise, introducing an imbalance in its secular variations,
which will necessarily be smoothed out in time due to
the inertia of the biosphere as a whole. However, local
balancing can occur either slowly and imperceptibly, or
transiently. And in the latter case, the return of the sys-
tem to the initial state of the climate in a particular space
(region) can be tougher (catastrophic) than the exit from
the previously balanced state. Everything depends on the
mechanism of combinations of random fluctuations, which
can create resonant climatic effects leading to unexpected
consequences [16].

For example, an increase in the incidence of torna-
does and hurricanes in the Gulf of Mexico and in other
parts of the United States, as well as in Western Europe, is
possibly associated not only with emissions, but also with
the construction of high-rise buildings and structures,
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as well as wind power plants (WPP) that take away the
kinetic energy of the wind. In the first case, the secular
directions of seasonal winds can be changed due to the
appearance of surface barriers in the path of air flows,
which will certainly lead to transient fluctuations in the
atmosphere and cause local eddies (turbulence) in the
atmosphere. In the second case, the removal of the ki-
netic energy of wind turbines will also lead to a change
in the secular circulations in the region and will lead to
unpredictable local disturbances in the atmosphere. Thus,
any human intervention in the natural course of events
in the Earth’s atmosphere will inevitably cause conse-
quences that may be more noticeable locally than globally.
Therefore, the pursuit of non-traditional energy sources
does not solve the problem of preserving the quality of the
natural environment, due to the operation of the principles
of self-organization and the laws of conservation, action
and reaction [18, 19].

The biosphere still remains a balanced system, despite
the ever-increasing pressure on its structure and function
from the side of man. And this means that the metabolic
processes in the biosphere should increase their speed in
proportion to the emerging loads based on the law of ac-
tion and reaction, on the basis of the principles of synergy.
Climate change on Earth is a response of the structure
and function of the biosphere to disturbances caused by
human economic activity, since the atmosphere is more
sensitive to energy disturbances than the hydrosphere, and
the latter is more sensitive than the metabolic processes
occurring in the geosphere. At the same time, global
changes are not so important (they are more difficult to
notice and isolate), but regional or even local fluctuations,
which can lead to a spontaneous change in the direction
and intensity of metabolic processes in biogeocenoses —
the elementary components of the biosphere. And human
economic activity should not be considered outside the
structure and function of the biosphere and presented as
an external disturbing factor. It is internal, belonging to
the biosphere itself, since a person cannot single out his
activity from it and is not only its subsystem, but also an
evolutionary factor that provokes a change in the envi-
ronment. Within the framework of the theory of evolu-
tion, a change in the environment leads to a change in the
structure of ecosystems and living organisms, adapting
to new conditions, compete for survival in the human
ecological niche. Therefore, a person’s awareness of his
place in nature imposes on him the obligation not only to
follow the laws of nature, but also to make a conscious
choice in the pace of his development, conforming them
to the rate of reproduction of natural resources and the
quality of the natural environment within the assimila-
tion potential of the biosphere in the global plan and the
assimilation potential of the environment — in the local
plan. Therefore, in the future, using the achievements of
science and technology, mankind will be able to use the

energy potential of the biosphere and switch to a model of

adaptive nature management within the co-evolution of the

technosphere with the biosphere, which will require of en-
tropy approach to determine the optimal thermodynamic
parameters of such adaptation, and “reengineering of the

technosphere”, in in particular [2, 7, 18].

It is quite obvious that modern economic science is
far from taking into account in its models the assimila-
tion potentials of the biosphere of regions and the func-
tions of entropy production in them, preferring to model
various “cycles and modes”, as well as calculate different
“coeflicients” in order to predict “crises and equilibria”,
without taking into account the interaction of nature and
society, operating only on investments and created benefits
(public, collective and private), probably because they do
not understand their dialectical unity with his opposite — by
harm (public, collective and private), i.e. the impossibility
of creating benefits without the simultaneous production of
harm [2, 15].

The only acceptable way to solve such problems is, in
our opinion, the method of retro-prognosis of safe life
activity [20, 21], with the following “tools™:

— the Leontief-Ford model, adapted to determine the
costs by suppression road, transport, energy and en-
vironmental harm in the region, and, consequently,
predicting the safety of road, transport, and energy
infrastructures when introducing innovations in them
[22];

— the method of “spatio-temporal analysis” of socio-
economic losses from fires in the regions, to determine
the reduction of damage by the suppression of fire-
energy harm in their technosphere and biosphere, and
also of retro-forecast of fire safety of life activity when
introducing of innovations in them [23];

— models of the system of adaptive taxation of “produc-
tion of harm” in the region, instead of various “in-
surance systems”, for the targeted spending of funds
on innovations, which are designed to improve the
safety of the population in the regions to the level of
0.999999 required by the standard [24, 25].

METHODS, MODELS AND TOOLS

If the Leontief-Ford model is quite well known in
world economic science and it remains only to “include”
in it the parameters of the assimilation potentials of the
biosphere of regions and the functions of entropy produc-
tion in them, then the retroprediction method [20, 21]
and the model of adaptive taxation systems for the tech-
nosphere [24] , according to the authors, are little known,
although they were published, and the system of adaptive
road-transport-environmental taxation (SARTET) was
proposed by Rostov scientists instead of “auto citizenship”
at hearings in the Federation Council on June 7, 2004,
but did not receive support [20, 26].
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The fundamental difference between the retro-fore-
cast method and all other forecasting methods is that the
forecast vector rushes from the “current” to the “past”,
and its phase space is not built on “imaginary data”, the
variance of which is large and is difficult to correctly de-
termine, but on “ historical”, i.e. on statistically reliable
events in the past (fires, traffic accidents, deaths, inju-
ries, material damage, destroyed objects and areas, etc.),
incl. about the causes of fires and accidents, as well as
the parameters for the performance of operational and
tactical tasks by the “emergency services” (exit radius,
times of detection, arrival, localization, etc.), which are
established by experts and documented, i.c. on data with
near-zero variance.

Initially, the retroprediction method was tested on
arrays of an automated system processing data about
fires (ASPD “FIRES”), which was developed at the All-
Russian Research Institute of Fire Defense in the 80s of
the last century [27] and “it was put into service” by the
Ministry of Internal Affairs of the Russian Federation
since 1995, and then finalized at the Ministry of Emer-
gency Situations of Russia and introduced by us into the
educational process of training fire safety specialists at the
Rostov State Civil Engineering University [28].

A set of programs developed at the university made
it possible to carry out a correlated data sampling, real-
izing a “spatio-temporal analysis” of the activities of any
fire garrison in Russia (Fig. 1) using Erlang distributions

a
Fires in the South of Russia
free burning time (minutes)
600000,0 250000
=g y=0,0001t%exp(-0,0652t) tm =204
£ y =0,0005t%x p(-0,0996t) tm = 16,6
& 5000000 + y=0,0004t%x p(-0,0915t) tm =12,1 1 200000
g y=0,000712ex p(-0,1101t) tm =11,7
< 4000000 4 y =0,0007t%exp(-0,1140t) tm =14,6
£ =0,00031%x p(-0,0803t) tm =134 | 150000
=
= 3000000 +
2
T 14 100000
& 2000000 |
3
H 50000
> 100000,0 | T
9 _
E H
a 00 Lo §
0-3 3.9 | 0-21 | 21-45 | 45-93 |93-180 | 189-381 |381-765 [765-1533| 1533 | no SFS &
n
3
mlosses 87753 |237467.2 |400081.0 (3709856114843 2| 18818.4 | 20756 | 10236 | 667.6 |183836.7| 12.78% 5
[=4
mdamaged | 9088 | 185753 | 567908 | 437183 | 211663 | 47864 | 8730 | 2065 1278 | 195753 | 11.74% z
mdestroyed | 3242 | 38458 [ 178678 | 230137 | 114060 | 44775 | 3442 474 363 88157 | 12.55% %
m death 55 1172 | 3562 | 2106 735 168 I 7 12 4560 | 36.76% 3
u fires 1324 | 23182 | 57790 | 28368 | 8189 1567 316 99 48 33852 | 21.88% a
="
minjury 113 1122 | 2674 1208 306 79 20 3 2 9319 | 62.77% [
Fires in the South of Russia
exitradius (km)
600000,0 70000
y =0,0073t2exp(-0,1869t) Rm<23
) y =0,0059t2exp(-0,1734t) Rm=24 1 0000
£ 1 )
19000000 y =0.0050t2exp(-0,16451) Rm=7,1
% y=0,0127t%exp(-0,2245t) Rm =59 50000
£ 4000000 J y =0,0022t2%exp(-0,1244t) Rm=81 |
2 ¥ =0,0011t2exp(-0,0980t) Rm =7,7 PR
£ il
T 300000,0 Vs(km/h) = 42,6
E 1 30000
2 2000000
a + 20000
3
S loemaid - 1 10000
g e
5 0,0 - Lo &
0-2 2-6 | 6-14 | 14-30 | 30-62 |62-126 |126-254 |254-510 |510-1022| > 1022 | no SF§ i:
mlosses 340080,3 |458948,0 |226206,1|183459.6 | 96135.4 | 10962,4 | 1352 75,0 20 [1225703 | 852% =
mdamaged | 333650 | 504881 | 241258 | 294126 | 162858 | 28534 52 1702 4 100220 | 601% é
mdestroyed | 100156 | 177764 | 103282 | 161232 | 111687 | 19761 152 0 EP) 28620 | 407% =
m
m fires 41830 | 57414 | 18991 | 17361 | 7036 775 10 18 3 11283 | 729% =
mdcath 2632 | 4359 1639 | 1810 888 112 3 0 0 085 793% g
minjury 3687 | siol 1562 | 1495 581 78 1 1 i 2340 | 15.76% b

Fig. 1. Probability density functions: a — free burning times (min.); b — exit radius (km)
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(1,2), after which the synthesis of “new distributions into
the past” was carried out , taking into account the imple-
mented innovations [28, 29]. At the same time, the reduc-
tion of socio-economic losses from fires when introduc-
ing innovations that eliminate certain causes and sources
of fires, as well as their distribution, was determined by
calculating the differences between “current and new dis-
tributions in the past” (dead’s, injuries, losses, damaged
and destroyed areas, etc.) [30].

4
e,

le—exp(—zj-{i(ﬂc)i} and
4 =0

~ )

le—exp(—gj-ri:m(c)i}, (2

o 1!

where b/c is the maximum of the function, (b+Vb)/c
is the “right” inflection point, (b-Vb)/c is the “left” in-
flection point.

A systematic analysis of the functioning of the resi-
dential sector of the technosphere (using the engineering
systems of multi-apartment buildings and individual
residential buildings as an example) made it possible to
discover the processes of “turning consumed collective
and private goods” (electricity, gas, heat, etc.) “into
collective and private harm” with the help of electrical,
gas and plumbing appliances (hereinafter household ap-
pliances). After that, a method was developed for mea-
suring fire-electrical damage [31] and an electric me-
ter-detector that turns off (in case of a fire-threatening
consumption mode) the power supply of an apartment
/ individual residential building, with early detection of
fire hazards and a “cellular alert” of the fire department
[32], which were protected by patents of the Russian
Federation.

This made it possible to substantiate and create
a model of the system of adaptive taxation of fire-electrical
harm [24], instead of “economic-legal impasse” — of
insurance of civil liability of individuals and legal enti-
ties from fires (“firecitizenly”), which, as was proved by
the example of civil liability insurance owners of vehicles
(“autocitizenly”) does not affect road traffic safety and
ecology in any way [33, 34].

Further research made it possible to supplement the
above method with a gas meter and derive a unified for-
mula for determining fire-energy harm (3) and a local
adaptive fire-energy tax (AFET) for consumers (4) of
energy resources (electricity, gas, coal, diesel fuel, etc.)
[24, 35, 36]:

FEH=k+(P, W +P W )+qP W, 3)

where FEH is the fire-energy harm over time ¢, MJ;
Paq — the probability of fire from electrical appliances with
an acceptable quality of electricity; Waq — the amount of
electricity consumed with acceptable quality, kW/h; Puq -
the probability of a fire from electrical appliances with an
unacceptable quality of electricity; Wuq — the amount of
electricity consumed with unacceptable quality, kW/h;
k, — coefficient of conversion of kilowatt / hour to Joules
(3.6 MJ), Pg — probability of fire from gas appliances;
g, is the calorific value of the gas (35 MJ/m’); W, is the

volume of consumed gas, m?>.

n
DELEVEE,
AFET =4l 4)
KP
where AFET — adaptive fire-energy tax, rub; 7, — the
corresponding tariff rates in the region for “n” energy
resources, rub; V, — actually consumed volume of energy
resources for the period of taxation, kW/h, ton, cubic
meter, etc.; P, — current statistical probabilities of fires in
the region from household appliances, Kp — “adaptation
coefficient”, which at the beginning of the introduction
of AFET is equal to 1, and then increases, reducing the
tax, synchronously with the increase in fire safety of the
population in the region to 0.999999 according to GOST
12.1. 004.

Modeling the costs of introducing top-priority inno-
vations (electric gas meters, detectors, self-rescuers, etc.)
and a retrospective fire safety forecast for the residential
sector in the South of Russia (Rostov Region, Krasnodar
and Stavropol Territories) showed that due to AFET and
reducing losses from prevented and detected in the early
stages of fires, it is possible to achieve the required level of
safe life of the population in the residential sector, where,
on average, 70% of fires occur [21].

The final results of “simulation into the past” are in-
teresting [20, 37, 38]:

“Ifin 1995 in the South of Russia work had begun on the
introduction of a “starting” structure, or, as is customary in
the ASM, the Ist stage of the macro fire safety management
system (MFS MS), which intensifies preventive activities,
then by 1998 it was possible to prevent 23,620 fires, than to
save the lives of 2,528 and the health of 2,771 residents of
the South of Russia, to reduce direct and indirect losses from
fires by a total of 32.1 billion rubles, save from destruction
93,163 sq.m. and from damage 140733 sq.m. residential and
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industrial areas, to have provide current costs for the opera-

tion of the MFS MS, in the amount of 5.9 billion rubles. per
year due to the reduction of annual losses from fires and due
to AFET in the amount of 18.828 billion rubles. (6276.0 bil-

lion rubles per year), having paid back 25.4 billion rubles
in three years. one-time costs. However, the probability of
death and injury, having decreased by 2.5 times, would be
7.62¢ 1073, which is 76 times higher than the permissible
level of safety of the population in case of fire (0.999999).

Therefore, in the next 2 stage of the MFS MS, it is neces-

sary to supplement the Ist stage with models that increase
the safety of people in fires”;

“If in 1999 in the South of Russia the work on the intro-
duction of the 2" stage of the MFS MS, which intensifies op-
erational and tactical activities, had continued, then by 2001
it would have been possible to prevent 33869 fires, which
would save the life of 2865 and the health of 3664 residents
of the South of Russia, reduce direct and indirect losses from
fires by a total of 33.1 billion rubles, save from destruction
132,083 sq. m. and from damage 250553 sq. m. of residential
and industrial areas, o have provide current costs for the
operation of MFS MS in the amount of 13.52 billion rubles.
per year, due to the reduction of annual losses from fires,
and due to AFET in the amount of 18.8528 billion rubles.
(6276.0 billion rubles per year), recouping over the same
three years all one-time costs, and the “saved” 15.9 billion
rubles. direct to the introduction of self-organization models,
tk. the probability of death and injury after the implementa-
tion of the 2" stage will be 1.2+ 1073, which is 12 times higher
than the permissible level of public safety”;

“Ifin 2002 in the South of Russia the work on the intro-
duction of the 3 stage of the MFES MS with the re-equipment
of the fire department (voluntary and professional) with the
equipment of“ atmospheric nitrogen fire extinguishing “were
continued, then within 6 years, i.e. by 2008, 64,676 fires and
their spread could have been prevented, thereby saving the
lives of 6,544 and the health of 6,533 residents of the South
of Russia, reducing direct and indirect losses from fires by
a total of §41.359 billion rubles, and save from destruction
235,236 sq.m. and from damage 733745 sq. m. of residen-
tial and industrial areas, o have provide current costs for
the operation of the MFS MS, in the amount of 17.9 billion
rubles. per year by reducing annual losses from fires, and at
the expense of AFET in the amount of 37.656 billion rubles.
(6276.0 billion rubles per year), recouping all one-time costs
over the same six years, and the “saved” 97.4 billion rubles.
direct to the creation of a unified geographic information
system (GIS) of the South of Russia, tk. calculations showed
that the probability of death and injury, having decreased
by another 9 times over 6 years, will be 1.34+ 10-°, which is
1.35 times higher than the permissible level of safety of the
population in case of fire (0.999999).”

In other words [20,21]: “without the introduction of
other models that require G1S, and, consequently, the inter-
action and self-organization of all life support services and

the Administrations of the region, it is impossible to achieve
the normative level of safe life of people in the region.”

Similar results were obtained on the basis of a sys-
tematic analysis of existing legal, technical, economic,
organizational and social measures that determine road
safety, by means of a retro-forecast already according to
the adapted Leontiev-Ford model [20,22,34], with the
virtual implementation of the “Communication adaptive
system of control automobiles traffic” (CASCAT), the
target control function in which is the function of the
production of the entropy of movement in road-trans-
port infrastructures, which determines the probability
of road-transport-environmental of harm, and when the
minimum of which is reached, its maximum suppression
occurs, which ensures the required level of public safety -
0.999999 [39].

The analysis of existing road-transport infrastructures
made it possible to synthesize new principles of their for-
mation, “tracking” and minimizing the entropy of move-
ment in them through the function of the total “entropy
production” (AS=20iS/0Yj-dYj/dt), which are associated
with the probability of occurrence fluctuations according
to Prigogine, i.e. “with road-transport-environmental
harm”, by Einstein’s formula [20,39]:

P =B exp(AS/k), ®)

where k is the Boltzmann constant.

It turned out that the road structure, including the
quality of road surfaces, is not the main one — in the
causes and consequences of road traffic losses (S = min,
AS - 0, P -~ B). And this meant that in the absence of
transport, roads are practically safe, and road-transport-
environmental harm (RTEH) depends [6,9,39]:

— onthe number ((315'/0]\/j . de/dt), speed (025/01/1.- de/
dt), weight ((33S/0Pjode/dt) and wheel arrangement
of vehicles (0 4S/()Jj . de/dt),

— on the type and amount of fuel consumed by them
(655/0Mj -de/dt — through a conventional ton of
fuel),

— on the number (06S/0nj-dnj/dt) and speed of move-
ment of pedestrians (67S/6vj . dvj/dt).

The economic subsystem in the macrosystem “CAS-
CAT?” is the System of Adaptive Road — Transport — En-
vironmental Taxation in the region (“SARTET”), which
allows you to generate funds for the creation, development
and operation of such a macrosystem without external
investment [26, 39].

The optimality and adaptability of the introduced
adaptive road-transport-environmental tax, which should
be a “local tax” (instead of all road-transport taxes, in-
cluding auto insurance), consists in a clear distinction,
accounting and compensation for RTH by the “taxable
base”, because depends and is calculated for a specific
road transport infrastructure of a district (city) according
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Fig. 2. Bioarchitecture of the road transport network

to the “seasonal productivity” of ecosystems, population
and transport, the dynamics of their movement, includ-
ing the introduction of free passenger transportation at
the expense of ARTET, i.e. “turning passenger transport
into a public good” [20, 33]. At the same time, the “sea-
sonality” of ecosystem productivity is realized with the
help of the bioarchitecture of the road transport network
(Fig. 2), by special planting of trees and shrubs — “bio-
tunnels”, which absorbs RTH and, therefore, depends
on the intensity of traffic and pedestrians, including their
seasonal changes [6,9].

Interesting, according to the authors, is the final result
of “modeling into the past” for the city of Rostov-on-
Don [20, 39]: “If in 1994 in Rostov-on-Don a state-legal
experiment was started to create a “CASCAT”, then it was
allowed to spend 550.0 million rubles on the development
and development of the production of the necessary technical
means and organizational and legal measures, and at the
same time the system would pay off by reducing the direct and
indirect material and moral damage caused to the population
and the environment by motor vehicles. Rostov-on-Don, if
its construction is carried out within § years and 14.5 billion
rubles are spent. In other words, at the expense of the funds
received by ARTET from 1994 to 2002 and the reduction of
losses from RTH, it was possible to carry out “co-evolution
of the technosphere and biosphere” in the road transport
network of Rostov-on-Don”.

A similar “co-evolution of nature and the techno-
sphere” was proposed for thermal and central power
plants (CPP), which (Fig. 3), after motor transport, oc-
cupy “2" place” in terms of the emission of H,0, CO, and
other of toxic gases and “1% place” in burns the oxygen in
the atmosphere [40].

Fig. 3. External view of the city CPP

The synthesis of the “FARSEC” system (of Fire-
Adaptive-Regulation and Suppression of Energy harm
and Compensation for burned oxygen) was carried out
(Fig. 4) based on the following innovative solutions
[40, 41]:

Interesting, according to the authors, are the plans
15 years ago (of course, not implemented) to introduce
the FARSEC system [40]:

“Currently, the FARSEC system is planned to be devel-
oped and implemented under the START-2006 program at
one of the Rostov boiler houses, and according to preliminary
calculations, it should remove the problem of environmental
hazard from the CPP. Confidence in the implementation of
the project is created by the participation in it of the largest
domestic research and production enterprises: Geophysics-
Cosmos (Moscow), Tekhnologiya (Obninsk), and success-
fully developing companies: LLC VM-energy (Ufa), Elegaz
(Moscow) and Biotechnology (Rostov-on-Don), as well as
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Fig. 4. Block diagram of the “FARSEC” system:

1 — SF6 boiler (R-510); 2 — Steam-screw machine (SSM); 3 — Membrane air separator; 4 — Smoke exhauster;

5 — Ultrasonic nozzle (for fuel oil); 6 — Dispatcher workstation; 7 — Multifunctional controller (MFC) with input-
output modules of the process control system; 8§ — Biotunnel (instead of a chimney); 9 — Router; 10 — Vapor-gas
phase R-510; 11— Hydrocarbon fuel (gas, fuel oil, etc.); 12 — Air enriched with oxygen, after nitrogen separation;
13 — Nitrogen, separated from the air, for the system of suppression of fire and energy harm and hazardous fac-
tors of fire and explosion; 14 — Emissions from fuel combustion in the biotunnel; 15 — Network of remote “smart”
MFC modules; 16 — Electricity for own needs from the SSM

leading domestic universities and research institutes in this
field: Rostov State University (Rostov-on-Don), Academy of
the State Fire Service of EMERCOM of the Russian Federa-
tion (Moscow), RSSU (Rostov-on-Don) and the Krasnodar
Research Institute. P.P. Lukyanenko) .

RESULTS AND DISCUSSION

Localization and suppression of fire-energy harm in
individual residential buildings, of which there are about
10 million in Russia (plus about 40 million garden and
country houses), as shown by our studies, is possible due
to the autonomy of electricity, water and of heat supply
from alternative sources. (wind, sun, atmosphere) with
the help of “nature-like nanotechnologies” [19].

Taking into account the above volume of individual
residential buildings in Russia, as well as differences in
structure, productivity (Fig. 5) and cost (Table 1) of com-
ponent equipment (by an order of magnitude or more),
the following scientific and technical problems:

firstly, it is necessary to estimate the costs of such
a “reengineering of the technosphere” in Russia, with
imported and domestic equipment,

secondly, to carry out a retro-forecast of the effective-
ness of such reengineering of the technosphere in Russia,

thirdly, to conduct a comparative analysis of the ef-
fectiveness of imported and domestic equipment,

fourthly, to simulate the conditions for the implemen-
tation of the optimal variant in Russia.

Costs for imported and domestic configurations.
As follows from the comparative data of wind turbines
(Table 1), the cost of a Chinese wind generator with a ca-
pacity of 1.0 kW is 100.0 thousand rubles, the cost of the
AQUAMATIK drinking water apparatus is 80.0 thousand
rubles. [42], a set of hydraulic panels (Fig. 6) with a ca-
pacity of 10 liters. per day “ZERMASS” costs 380.0 thou-
sand rubles. [43], and one Chinese solar battery of 300 W
SRP 320 costs 18.5 thousand rubles [44,45].

Thus, the cost of one individual residential house in an
imported configuration of duplicated system will amount
to 634.0 thousand rubles.

As follows from the comparative data of wind turbines
(Table 1), the cost of the “Shukhov wind generator” with
a capacity of 1.0 kW is 1.9 thousand rubles, the cost of
a domestic atmospheric water generator T-88 “Soyuz”
(Fig. 7) with a capacity of 30 1. per day — 115.0 thou-
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Table 1
Comparative characteristics of wind turbines
Parameter Wind generator Wind generator Wind generator
vane type with vertical axis «Shukhov»
Power, kWt 1.0 1.0 1.0
Dimensions. mm Diameter-2800, (circumference | Diameter-454, Diameter-520,
’ described by blades) Blade height-4000 Height-850
Weight, kg (wind turbine + generator) 70 98 43
Wind force during breakaway, m/s 2.0 3.0 1.0
Rotation Speed rpm 300...400 180...300 600...900
wind turbine, wind rotor, wind turbine,
Generator, Generator, Generator,
Specification Battery, Rectifier, Transformer
p inverter, Controller,
cable assembly, cable assembly,
Guyed mast Guyed mast
Cost. euro 1300 3350 250
’ (China) (Ukraine) (Russia)
a b
thousand rubles
450 Generators ZEROMASS
400 : e
350 ——
300
Well
250 /__./
200
Generators UNISORB
150 3t
w| @
50
bottled water
0 : : : : :
0 1 2 3 4 5
Operation period, vears

Fig. 5. Scheme of the autonomization option (a) and graphs of costs for water sources (b)

sand rubles. [46], a set of domestic hydraulic panels
“UNISORB” (Fig. 5) with a capacity of 10 liters. per
day — 120.0 thousand rubles. [43], one domestic solar bat-
tery of 290 W HEVEL — 23.7 thousand rubles. [44, 45].

Consequently, the cost of one individual residential
building in the domestic configuration for a duplicated
system will amount to 331.7 thousand rubles, i.e. almost
two times less. And it remains to assess the amount of
funding for the proposed autonomization and its contri-
bution to the existing generation and delivery of electric-
ity, water and heat to the population of Russia.

Volumes of necessary financing and generation of
received resources (electricity, water and heat) during

autonomization. If we consider only capital individual
residential buildings, then for the installation in them
of autonomous engineering systems for supplying re-
sources (electricity, water and heat) in an imported
configuration (without installation costs), it will take
6.34 trillion. rub. In this case, we will obtain the fol-
lowing volumes of resources produced with the help of
nanotechnologies in individual residential buildings
during the year:

water supply with drinking water — 73 billion liters or
73 million cubic meters. m.;

hot water supply — 7.3 billion liters or 7.3 million cubic
meters. m.;

http://nanobuild.ru

127

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (2):
119-136

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobuli

PROBLEMS OF USING NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

A 28°C
33

28,5

25
22

18.5
14 |
10 |,

>

0 35 40 50 60 70 80 90

g \STUNISORB (O zeroMass
Principle . Liquid
of operation AERDIDD absorber + sun
Dimensions, mm 1324800 1200x2400
Weight, kg 5 10
Humidity, % >5 > 10
Productn{lty 4_s 35
per day, liters
Kit cost (10 liters 120000.0 3800000
per day), rub
Volume of sales — > 600

Fig. 6. Characteristics and performance chart of hydropanels

Drinkable
Produced water hot and col,d
Total power, W 1000—1150
Heating power, W 500
Cooling power, W 500
Cold water temperature, °C 4—10
Hot water temperature, °C 75-93
gzgflt(i)é] fe;frigerant and its R134—460
Amount of water per day, liter 30
Water tank, liters 12.5
Hot water tank, liters 1.8
Cold water tank, liters 2
Medium temperature range, °C 15—40
Humidity, % 35-95
Noise level, dB <60
Device weight, kg 50

Fig. 7. Atmospheric water generator T-88 LLC “Soyuz”

power supply — 192.72 billion kW/h;

heat supply — 102.6 million Gecal (for the heating sea-
son of 6 months — 0.0342+6+50 = 10.26).

To equip the remaining 40 million summer cottages
and garden houses, another 25.36 trillion rubles will be
required. rub. and the total volume of produced resources
per year will be:

drinking water supply — 365 billion liters or 365 mil-
lion cubic meters. m;

hot water supply — 36.5 billion liters or 36.5 million
cubic meters. m.;

power supply — 963.6 billion kWh;

heat supply — 513.0 million Geal.

Under the same conditions, for the first stage (10 mil-
lion houses) in the domestic configuration, 3.317 trillion
will be required. rubles, and for the second stage (40 mil-
lion houses) — 13.268 trillion. rub., practically with the
same volume-time characteristics of the produced re-
sources with the help of “nature-like nanotechnologies”.

To carry out a retro-forecast of the introduction of
autonomous engineering systems of individual residen-
tial buildings (AES IRB), statistics of events related to
the operation of the existing energy system, which was
“sawed” after the collapse of the USSR, for to create the
so-called “of electricity of market” into two main struc-
tures: “generating ” (which includes all power plants) and
“supplying” (consisting of “guaranteeing suppliers” and
others, if any). At the same time, their “market interac-
tion” consists in the fact that the “generating structure”
sells electricity, for example, at “federal prices” (up to
1 ruble per 1 kWh), and the “supply structure” sells elec-
tricity at “regional prices” (from 2 to 5 rubles per 1 kWh),
and even in the form of an experiment (which will not
end in any way since 2013) according to “social norms”
approved by regional tariff commissions. In this connec-
tion, consumers pay not only for the actual consumption
of electricity, but also for losses in the electrical networks
of “supplying structures” (!), Which, as our studies have
shown, are “legally” allowed [19, 47, 48].

Consequently, the “economic effect” (more precisely,
the annual savings of citizens in value terms) from the
introduction of the “electrical part” of the AES IRB will,
on average, be 3.5 times greater than the “income of the
generating structure”, which will amount to 3.372 trillion
rubles. rub. annually (963.6 billion kWh « 3.5 rubles).

Obviously, if the population saves on electricity,
then there will be those who will lose their income, and
these will be power supply organizations (the guarantee-
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ing supplier in the first place), because. the “generating
structure” will continue to sell them electricity, which is
constantly lacking for the development of Russia. How-
ever, against the general background of electricity supplies
to enterprises and organizations (legal entities), no one
will notice such a “loss”, and as compensation, “supply-
ing structures” will receive a smoothing of the daily load
peak, and, consequently, an increase in the quality of the
supplied electricity and a reduction in losses, i.e. because
usually the peak of energy production by solar panels
coincides with the daily peak of consumption [44].

It remains to be determined from where, in what
amount annually and over how many years 16.585 trillion
should be collected. rub., for a complete set and imple-
mentation of AES IRB?

The fact is that since 2009, support for renewable en-
ergy sources has been in place in Russia — the rules are
spelled out in a government-approved document. Initially,
support measures were designed for the period until 2020,
but they were extended until 2024. There are no state
subsidies in support measures — they are aimed only at
attracting private investment [49].

The retail electricity market provides for competitive
selection, as a result of which the investor receives the
right to build renewable energy facilities of any kind with
a guaranteed return on investment. The payback period
is 15 years, the rate of return is 14% per annum for ob-
jects commissioned before January 1, 2017, and 12% per
annum for objects commissioned after January 1, 2017.

Since 2013, the commercial operator ATS JSC has
been conducting a competitive selection of projects every
year. Based on the selection results, by 2024 it is planned
to invest 528.74 billion rubles in the construction of re-
newable energy facilities in Russia, of which 330.73 billion
rubles fall to wind power plants, and 201.25 billion rubles
to solar power plants. [50].

If we add to the indicated data of ATS JSC the vol-
ume of investments invested by business in the unsystem-
atic copying of “foreign experience” from 2009 to 2013
[51], then the total amount of losses from the “dead-end
development” of RES in Russia over 12 years exceeded
1.0 trillion . rub.

From the point of view of organizing the implemen-
tation of AES IRB, the experience of the Netherlands is
of interest [52]. The cost of 1 kWh of using a centralized
electricity supply for individuals in the Netherlands is ap-
proximately 30 euro cents, which, like ours, is 4.5 times
higher than the cost of electricity produced (7 euro cents,
and the rest is taxes, duties, etc.). At the same time, after
coordination with local energy supply organizations, the
owner installs a bidirectional electricity meter and solar
panels powered by a grid inverter (an inverter operating in
parallel with the grid). At night, electricity is consumed
from the network, and the meter counts its amount, and
in the morning the energy from solar panels through the

network inverter begins to mix into the house electrical
network behind the meter, thereby reducing consumption
from the network. Accordingly, the meter continues to
count energy, but at a slower rate, and after the genera-
tion of electricity by solar panels reaches the level of full
consumption of the house, consumption from the city
network stops, the meter stops and all the needs of the
house are fully provided by solar panels. With a further
increase in the production of electricity by solar panels
or with a decrease in consumption at home, excess elec-
tricity begins to be unloaded into the city network, while
the meter begins to subtract this energy from its previous
readings. By the end of the reporting period (month),
three options are possible for the balance of consumed

and generated energy [52]:

— energy production by solar panels for the period did
not exceed the consumption of the house, in this case
it is paid at the rate of 30 euro cents — the difference
between consumption from the network and genera-
tion from the sun;

— energy production by solar panels for the period is
equal to the consumption of the house, in this case it
will not be necessary to pay for electricity at all;

— the solar panels’ energy production for the month
exceeded the house’s consumption, in which case the
sales company will pay for the “excess energy”, but
only at a rate of 7 euro cents per kWh.

However, such an organization encourages the instal-
lation of panels of such power that the balance of con-
sumed and generated power approaches zero, because
it is simply unprofitable to produce more, due to the
fact that a tariff of 7 cents will not allow you to recoup
the funds invested in installing extra panels during their
entire service life. And this method of “forced organi-
zation” in conjunction with the controlled issuance of
permits implements the process of “self-organization”,
since no work is required to adapt the network to re-
ceive power from the grid companies, which eliminates
the problems associated with an excess of power in
the sections networks between consumers and nearby
transformers). This system works well and makes a tan-
gible contribution to the overall energy balance of the
Netherlands, without requiring batteries to store excess
electricity [52].

In Russia, despite changes in the legislation in the
field of microgeneration of electricity, due to the lack of
regulatory by-laws, the existing system practically does not
allow unloading of excess electricity into the network by
individuals [53], therefore, to accumulate of surplus, bat-
teries are required, which increase the cost of implement-
ing AES IRB. However, technically, nothing prevents
us from borrowing the experience of the Netherlands,
because. many of the electronic meters used in Russia are
initially capable of counting energy in two directions, now
this function is disabled by software [52].
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So, let’s list the advantages of such a circuit solution
(Fig. 8) for the population and our state, built taking into
account the processes of self-organization:

firstly, citizens receive better quality electricity without
interruptions in electricity supply and save on paying for
it (at least 100 rubles per month for each person living
according to the “social norm”);

secondly, citizens receive better quality drinking water
without interruptions in water supply and save on paying
for it (at least 300 rubles per month for home ownership);

thirdly, citizens receive better quality hot water without
interruption and save on paying for it (at least 300 rubles
per month for home ownership);

fourthly, citizens receive comfortable living condi-
tions without interruptions in heat supply with autono-
mously controlled heating, while saving payment (at least
1,000 rubles per month for home ownership during the
heating season);

fifthly, citizens really participate in solving the prob-
lem of “reengineering of the technosphere” with the help
of “nature-like nanotechnologies”, saving, on average,

144.0 thousand rubles. per year on payment for electric-
ity, water and heat in an individual residential building;
sixth, the state ensures the growth of the share of al-
ternative energy in the overall balance, stimulates the pro-
duction of solar panels and hydropanels, wind turbines,
drinking water generation devices and other devices in-
cluded in the AES IRB, which increases the gross domes-
tic product (GDP) and the number of jobs, improving,
thus, the attitude towards power on the part of society, etc.

There are also relevant applications for small alterna-
tive energy — these are engineering systems for remote
autonomous objects. What hinders the implementation
of such an approach?

Firstly, the lack of a systematic approach to alternative
energy, as evidenced by the above data on the erroneous
vector of its development, “laid in 2009” by the Govern-
ment of the Russian Federation [48].

Secondly, the lack of systematic support in the pro-
duction of domestic innovations in wind energy, in the
generation of drinking water, and in the production of
“budget” hydropanels and solar panels.

Solar panels

l direct carrent

charge controller direct current

wind generator charge controller

Counter

inverter

I

Fig. 8. The structure of the wind-solar part of the AES IRB

http://nanobuild.ru

130 info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (2):
119-136

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

Nanobm

PROBLEMS OF USING NANOMATERIALS AND NANOTECHNOLOGY IN CONSTRUCTION

Thirdly, and this is the main thing — in the absence
of state will and an appropriate regulatory framework,
to “direct business in the right direction”, to ensure the
well-being and safe life of the people, and not to increase
fire-explosion hazard from “thoughtless gasification of the
village” and poor quality electricity, water, heat supply of
the residential sector and households, with “super profits”
of resource-extracting and resource-supplying companies.

So, let’s make a retrospective forecast for the devel-
opment of alternative energy in Russia from 2009 to the
present, i.e. since the adoption of the erroneous decision
of the Government of the Russian Federation [54].

To determine the time interval for the deployment of
the proposed autonomization of individual residential
buildings, it is necessary to calculate the time for the pro-
duction of domestic components of the AES IRB complex
and the volume of its annual production. At the same
time, an obvious solution is to locate the production of
complexes in each subject of the Russian Federation, by
creating enterprises in the form of a public-private part-
nership (PPP), with branches/plots in cities and regional
centers of the region for the installation and maintenance
of AES IRB on the territory of the subjects. At the same
time, the number of these enterprises is easily determined
by the ratio of the number of individual houses to multi-
apartment/high-rise buildings according to cadastral reg-
istration data in each region [55].

However, for a retro-forecast of the effectiveness of
the proposed “autonomization” model at this stage, such
accuracy is not required if the total number of individual
residential buildings and households is known [19].

Thus, in order to determine the financing of the pro-
duction and installation of AES IRB in the regions, it is
necessary to organize 85 PPP enterprises for the produc-
tion of AES IRB components and transfer it to city and
regional branches/ plots for the assembly and installation
of “specified AES IRB” consisting [19, 37, 56]:

— from “Shukhov wind-electric generators”;

— from vortex wind-electric generators — sources of at-
mospheric water;

— from UNISORB hydropanels;

— from solar panels;

— from inverters-meters-detectors;

— from battery charge controllers-detectors;

— from devices for generating cold and hot water from
air (GCHW);

— from domestic multi-split systems-detectors;

For remote autonomous objects (weather stations,
forestries, mountain posts, etc.) and for export, regional
enterprises can assemble AES IRB into a container and
carry out installation, commissioning and periodic main-
tenance on their own.

Branches/sites are located in cities and district centers
and work under contracts with specific customers in the
region (owners of IRR), developing projects for “bind-

ing” AES IRB already specified to a specific house (SAES

IRB) with the following options:

— dubbed SAES IRB (with a specific number of hy-
dropanels and a GCHW apparatus, with a Shukhov
wind-electric generator and a specific number of solar
panels with an inverter-detector and a battery charge
controller-detector, depending on the number of resi-
dents) and with domestic multi-split system-detector
(with a specific number of indoor units: according to
the number of rooms, but at least one in a room with
an electric stove);

— tripled SAES IRB (with a specific number of hydro-
panels, with a GCHW apparatus and with a vortex
wind-electric generator-source of water, with a “Shuk-
hov” wind-electric generator and with a specific
number of solar panels with an inverter-detector and
charge controller-detectors battery, depending on the
number of residents) and with a domestic multi-split
system-detector (with a specific number of indoor
units: according to the number of rooms, but at least
one in a room with an electric stove).
Branches/sections of enterprises, in agreement with

each customer, determine the scheme of water supply

and heating of his house, purchase an induction elec-
tric boiler with “warm floors” and / or wall-mounted
batteries, or infrared heaters and other electrical heating
appliances [19], including the necessary domestic plumb-
ing and drainage components (into a drain pit prepared
by the customer or into the sewerage system — if any),
and also carry out the installation and commissioning of
the AES IRB, after which they conclude an agreement
with the customer on its periodic inspection and repair

(if necessary).

Let us assume that instead of the said Decree, the
Decree of the Government of the Russian Federation “On
the deployment of work on the production and provision
of all individual residential buildings with domestic life
support complexes” was issued, in which half of the costs
are allocated from the budget as a source of financing,
and the remaining half — by banks, by issuing owners of
individual residential buildings of interest-free loans to
pay for AES IRB, the repayment of which begins after
their commissioning, in the amount of 1000 rubles per
month (almost corresponds to savings), which allows you
to repay a bank loan (equal to half the cost of AES IRB)
within several years.

In this case, we get the following average production
plans for each of the 85 enterprises (PPP) from 2009 to
the present (12 years):

1. 9804 complexes of AES IRB per year (10.0 million
IRB /(85 PPP« 12 years), which, with 247 working days
a year, will amount to 39 complexes per day. Consequent-
ly, when each enterprise operates in 3 shifts, it is necessary
to produce 13 complexes per shift, which is quite feasible,
and in physical and value terms will be:
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1.1. 9804 “Shukhov” vortex wind-electric generators -
213.2 million rubles. (9804 +25087).

1.2. 9804 vortex wind-electric generators — 357.2 mil-
lion rubles. (9804 +3350/8 «87).

1.3. 9804 sets of 4 UNISORB hydropanels — 1176.5
million rubles. (9804« 120000).

1.4. 39728 solar panels — 529.4 million rubles.
(9804 +4+13500).

1.5. 9804 inverter detectors — 279.4 million rubles.
(9804 +28500).

1.6. 19608 controller-detectors of charge battery —
268.6 million rubles. (19608 « 13700).

1.7. 9804 of GCHW devices — 1127.46 million rubles.
(98044 115000).

1.8. 9804 of domestic multi-split systems-detectors —
882.4 million rubles. (9804 +90000).

2. The total annual volume for ecach PPP enter-
prise will be 4.834 billion rubles. and the total volume
of production of equipment for AES IRB for 12 years -
4.931 trillion. rub.

3. The specification, installation, adjustment and
periodic inspection of 10 million houses over 12 years
in 85 subjects will require 1031.3 billion rubles, and the
annual volume of branches/plots of one PPP enterprise
will be 1.45 billion rubles.

To organize these PPP enterprises in the constituent
entities of the Russian Federation, we will use the com-
petition under Decree of the Government of the Russian
Federation No. 218 [56]. This will make it possible to
receive 245 million rubles in each region within 3 years.
state loans and another 245 million rubles. attract through
an interest-free bank loan, which each newly created PPP
enterprise will repay within a few years.

Thus, the total amount for the creation and equip-
ping of 85 PPP enterprises in the constituent entities of
the Russian Federation with the necessary technologi-
cal equipment, i.e. for 85 PPP projects, will amount to
41.65 billion rubles.

Assuming that these enterprises will produce high-
tech products, we calculate their number, by analogy
with domestic achievements for 2020, recorded by the
Decree of the Government of the Russian Federation
[58], i.e. based on the volume of output of 4.8 million
rubles. for one high-tech workplace, the average annual
number of one PPP enterprise will be 1,007 specialists
(4.834 billion rubles / 4.8 million rubles). Taking into
account the 3-shift mode of operation and the minimum
size of the engineering and management staff (47 em-
ployees), it is possible to organize 24 integrated teams
of 40 people each (an average of 5 specialists for one of
the eight types of AES IRB equipment). At the same
time, the average annual number of its branches/plots,
whose design and installation activities are also consid-
ered high-tech, will average 302 specialists (1.45 billion
rubles/4.8 million rubles), i.e. from 5 to 10 staff posi-

tions, on average, for one branch / site in the subject of
the Russian Federation.

Thus, the total number of high-tech jobs in 85 con-
stituent entities of the Russian Federation will amount to
111,265 staff positions.

By the end of the implementation of AES IRB, the
Government of the Russian Federation should prepare
and submit to the State Duma of the Russian Federation
a draft law “On fire and energy taxation of the residential
sector”, in order to ensure the probability of life safety
in the “rest of the residential sector” is not higher than
0.999999 20, 59].

Similarly, it is possible to estimate the volumes for
equipping the AES IRB of the “remaining” 40 million
garden houses and households, which can be mastered
faster if PPP enterprises of the constituent entities of the
Russian Federation are enlarged.

Thus, putting into production domestic innovations
in the field of “so-called renewable energy sources”
(“Shukhov’s” wind turbines, atmospheric water genera-
tors, solar panels, hydropanels, etc.) may will stop the
“total gasification” of rural settlements than “ save hun-
dreds of billions of rubles” and drastically reduce the fire
and explosion hazard of the residential sector, as well as
more economically than abroad, implement decentral-
ized resource supply in Russia for more than 10 million
individual houses and about 40 million country houses,
thereby determining — “the true place of alternative en-
ergy” in the structure of the Russian systems of electricity,
gas, water and heat supply.

CONCLUSION

An analysis of the directions and rates of develop-
ment in the world, “the so-called renewable energy
sources”, showed that these installations are unstable,
low concentrated and periodic sources, and therefore,
their unsystematic use is a serious mistake of scientists,
specialists and politicians. Based on the analysis of engi-
neering systems of multi-apartment residential buildings
and individual residential buildings, as well as fire, energy
and environmental damage resulting from their operation,
nanotechnologies and Russian patents are proposed that
implement “nature-like technologies” that allow solving
the problems of autonomous electricity, water, heat sup-
ply of individual residential buildings. It is shown that the
integration of “Shukhovskaya” and vortex wind turbines,
domestic hydropanels and solar panels make it possible
to create a replicable autonomous engineering system for
individual residential buildings (AES IRB).

Due to the duplication and tripling of AES IRB can
provide individual residential buildings with electricity,
water and heat with quality, reliability and safety param-
eters that are several orders of magnitude higher than
the existing centralized resource supply systems for cities
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and towns, than to create fire-explosion-safe conditions
for the life of the population in accordance with GOST
12.1.004.

Mass alternative energy in Russia is indeed possible
and effective, but only in the residential sector, so it is
advisable to continue research in the direction of “repli-
cating AES IRB” for multi-apartment residential build-

70% of socio-economic losses from annual fires , as well
as explosions, when using household gas.

Subject to reasonable state support, it is possible to
successfully develop alternative energy in promising re-
gions of Russia — in Siberia and the Far East, for example,
as part of the “Far Eastern hectare”, as well as in the use
of AES IRB for life support of remote and hard-to-reach

ings, thereby increasing their efficiency by reducing about  objects.
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O coynanbHO-5KOHOMUNYECKOIN OLleHKe PeNHXXNHNPUHra
TexHocdepbl C NOMOLLbIO «NPUPOAONOAO0OGHDbIX
HaHOTeXHoNornm»

Banepwuin Bnapumuposuny Benosepos™ (°), Muxann Anekcangposuy Hukynun? (2},
Bnagumup BanepbeBuu benosepos'’

' loHCKOW rocyfapCTBEHHbIN TeXHUYECKNIA yHBepcuTeT, PoctoB-Ha-[oHy, Poccusa
2[ocynapCTBEHHbIN arpapHbiii yHuBepcuteT CeBepHOro 3aypanbs, . TioMeHb, Poccus

* ABTOp, OTBETCTBEHHbIN 3a NepenucKy: e-mail: safeting@mail.ru

AHHOTALUA: BBegeHue. B nocnefHee Bpems B 06MX0[€e YUYEHbIX 1 MOAUTUKOB MOABUIICA TEPMUH «NPUPOA0Nof06HbIE TEXHO-
JIOTN», K KOTOPbIM BMOJIHE 3aCJTy>KEHHO OTHOCAT TaK Ha3blBaeMble afibTepPHaTVBHbIE NCTOUHWUKN SHEPrnn (CONMHLA, BeTpa, Tenna).
Mpw 3TOM, HECMOTPA Ha TO, YTO YCTAHOBKM, UCMOMb3YOLMEe YKa3aHHbIe NCTOUHWUKN ABAIOTCA CE30HHBIMUY N HU3KO KOHLEHTPU-
pOBaHHbIMU, UX NCMONb30BaHKe BypPHO 1 6eCcCUCTEMHO Pa3BMBAETCA, U MHOTME SKOHOMUCTbI Y MONUTUYECKME feATeNn OWNOOYHO
paccmaTpmBaloT NX B KauecTBe 6a30BbIX, Ae30pneHTUpya 6rnsHec. Ha ocHoBe aHanmn3a rHoCeonornm NPONCXOXAeHNA TepMnHa
«MPUPOAONOJOOHbBIX TEXHONOTMM» B HACTOALLEN CTaTbe NMOKa3aHa HeOBOCHOBAHHOCTb 1 Jaxe Bpefd 6ypHOro n 6ecccTeMHoro
MCMoJib30BaHNA BETPOreHepaTopoB. [puBeaeHbl JOKa3aTeNbCTBA HECOCTOATENIbHOCTU «<MUPOB» O TOM, UTO MPMPOJA He CrpaBs-
€TCA C KOMMeHcauven X03ANCTBEHHON AeATENIbHOCTY YeNoBeYeCTBa, MO3TOMY, MO MHeHMIo akagemurka Cepreesa C.M., npe3ugeHTa
PAH, TpebyeTcsa «penHXMHUPUHT TexHochepbl». [pr 3TOM coBpeMeHHas SKOHOMMYeCKasn HayKa faneka oT yyeTa B CBOUX MOfessxX
ACCMUNIALMOHHbBIX NOTeHUMaNnoB 6rocdepbl permMoHoB 1 GYHKLMIA MPON3BOACTBA SHTPOMMY B HUX, NPeAnoYnTas MOAENMpPOoBaThb
pasfnuHble <LWKbl Y YKNaAbl», @ TaKKe BbIUMCIATL pasHble «<Ko3GULMEHTbI», YTOObI MPOrHO3MPOBATb «KPU3KChI I PABHOBECUSY,
6e3 yueTa B3avMOZENCTBIA NPUPObl 1 coLMyMa. B CBA3M ¢ UeM 11 BO3HMKAET HayYHO-TEXHUYECKas 3aAada Mo onpeaeneHunto <Mme-
CTa PeUHXMHUPVIHTA TeEXHOCHEPDI» B CTPYKTYPE CUCTEM »KM3HeobecrneueHns obLLecTBa, a CliejoBaTeNIbHO, OLieHKa ero 3¢ dpeKTns-
HocTn. MeToabl, mogenu n cpeacTBa. [11a pelleHna NoCcTaBIeHHbIX 3aay NPeanoXKeHo UCNosb30BaTh KMETOA PETPOMNPOrHO3a»
COLManbHO-3KOHOMUYECKNX NOTEPb OT BHeAPEHUA «MPUPOAHbBIX HAHOTEXHOMOIA», UCMOJb3YA B KaYeCTBe «MHCTPYMEHTOB» METOA
«MPOCTPAHCTBEHHO-BPEMEHHOTO aHanm3a», mogenu JleoHTbeBa-Oopra 1 cUcTeMbl aJanTUBHOMO HAIOrO0BI0XKEHNA «NPON3BOACTBA
Bpeaa», NPUMeHeHVe KOTOPbIX NPU peLleHn Npobnem NoXxapHoW 1 3KoNormyeckon 6e3onacHoCTy B «<TexHocpepax perrioHoB»
lOra Poccnn (B BOPOXHO-TPAHCMOPTHBIX MHPPACTPYKTypax, B ropofax 1 HaceNeHHbIX MYyHKTax, B 3MaHNAX U COOPYKEHUAX) [O-
Kasasim CBOI afIeKBaTHOCTb UCC/ielyeMbiM NMPoLeccam 1 nose3HoCTb. PesynbTatbl u 06cyxaeHue. [peactaBneHbl pesynbraTbl
MOZEeNMPOBaHUA 3aTPaT 3PGEKTUBHOCTY «PEUHKMHUPVIHTA TeEXHOChepbI» B POccun, B YaCTHOCTU UHANBUAYASbHBIX XKUJIbIX 4OMOB,
N PEeTPONpPOrHO3 N3MEeHEHNA COLManbHO-IKOHOMUNYECKINX 1 SKOMOrMYECKMX NoTepb NPU aBTOHOMU3aLMK UX PeCcypCcoCcHabxeHns
(anekTpoaHepruei, Bogon v Tennom). lNokasaHo, YTo NOCTaHOBKA Ha MPOU3BOACTBO OTEYECTBEHHbIX MHHOBALWIA B 3TO obnacTtu
(«LLlyxoBCKMx» BeTporeHepaTopoB, MPM6OpPOB KOHAEHCaLUN aTMOCHepHO BOAbI 1 3neKTpooborpesa) NO3BOUT NpeKpaTUTb
«MOTOJIOBHYIO ra3nduKaLmio» CeNbCKUX HaCeNeHHbIX MYHKTOB, a Tak»Ke 6osiee SKOHOMHO, YeM 3a pybexxom, peann3osaTtb B Poccun
JeLeHTpanr3oBaHHoe CHabxeHne pecypcamu 6onee 10 MIH MHAVBYAYaNbHbIX JOMOB U OKOJ10 40 MJTH aYHbIX JOMUKOB, onpeae-
JIB TeM CaMbIM «UCTMHHOE MECTO albTePHATUBHOW SHEPTreTUKM» B CTPYKTYpe POCCMINCKMX CUCTEM SN1EKTPO-, Fa30-, BOAO- M Tenso-
CHabXeHus. 3akno4veHue. [pegnaraeMbiii NOAX0A NO3BOSET ONPeAeNTb MECTO TaK Ha3blBaeMOI BO30OHOBAEMON SHEPreTUKIM
B CTPYKTYpe CUCTEM PeCypPCOCHAabXEHUA FOPOAOB 1 CENIbCKUX HAaCeNEeHHbIX MYHKTOB. [1py1 3TOM He UCKNIoYEHO, YTo NoABneHne bonee
NPOV3BOAMNTENbHbBIX KOHCTPYKTOPCKIMX PELUEeHWI NpeAnoMeHHbIX MHHOBaLMI B 0651aCTV BETPOSHEPreTUKM 1 CONHEYHbIX 6aTapeii
MO3BOJINT PACLUNPUTD «aBTOHOMM3ALIMIO» HA MaJlo3TaXKHble U MHOTOKBAPTUPHbIE JOMA B PaiOHHbIX LIeHTpax 1 paboumnx nocenkax
ropofCKOro Tumna, BMECTO KanutasbHOro BOCCTAHOBIEHUA LLEHTPaNn30BaHHbIX MHXEHEPHbIX CUCTEM C KOTENbHbIMU U MUHK-TILI.

KJTIOMEBDIE CJIOBA: HaHOTEXHONOMMM aBTOHOMM3ALNN, MHXEHEPHbIE CUCTEMbI 34aHUIA, MOXKAPHO-IHEPreTUYECKN BPea, Hadex-
HOCTb, KauecTBO, 6e30MacHOCTb.

AnAa UMTUPOBAHUA: benosepos B.B., HukynuH M.A., benosepos Bn.B. O coumanbHO-3KOHOMUYECKOW OLIeHKE PEVHXUHUPUHTA
TexHochepbl C MOMOLLbIO «NPUPOJONOA0OHBIX TeXHONOrMN» // HaHoTexHonornm B ctpoutenbcre. 2022. T. 14, N2 2. C. 119-136.
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BBEJEHUE

KaK HU CTPAaHHO, HO TEPMUH «IIPUPOAONOT00HbBIE
TEXHOJIOTHI» TTOSIBUJICST O(OUIINAIBHO HE B ITyOJIH -

KaIMsX HAy9HOTO COOOIIeCTBa, a B BEICTYIIeHnH [1pe-

s3ugeHTa Poccum Ha mieHapHOM 3acemannm 70-1 cec-

cuu I'enepanbHoit Accambiien OOH 28 ceHTsA0ps

2015roma [1].

CienyeT OTMETHTD, UTO OTCYECTBEHHBIC MyOIMKAIIAN
B 3TOI 001aCTH TICPUOTNICCKH TIOSBIISIIOTCST B TCUCHHE
nocieaHux 15 et [2-9], Ho Tonbko B 2016 romy mpesu-
neHt HUI «KypyaToBckuit MHCTUTYT», 4l.-Kopp. PAH
M.B. KoBanbuyk «pactmgpoBai» 1 MPeIOKUI UCTIONb-
30BaTh HAYYHOMY COOOIIECTBY ClIeIyIoNIne TepMUHEI [ 10]:
*  «IPUPOAONOIO00HBIE TEXHOJIOTHIH» — JIJISI O003HAYCHUS

MIPUHIINITHAIHFHO HOBBIX METOIOB M CPEACTB TeHE-

palmy 1 TTOTPEeOJICHUS SHEPTUH IT0 00pa3Ily XMUBOK

TIPUPOIBI»,

*  «IpupoIONoa00Hasa TexHochepa» — IS OIMMCAHMS
€e HOBOTO O0JIMKA, COCTOSIIIETO B BOCCTAHOBJICHUN
€CTeCTBEHHOTO CAMOCOTJIACOBAHHOTO PECYpCcoo00po-
Ta, KOTOPHIi TODKEH OBITh CO3MaH KOHBEPTCHTHBIMU
HaHO-, 010-, THOOPMAITMOHHBIMHI, KOTHUTUBHBIMHA
u cororymMmaHuTapHeiMu TexHonorusiMu (HBMKC-
TEXHOJIOTHUSIMU)».

[Toce 3TOro MOHSTHE «IIPUPOIOIIOT00HBIC TEXHOJIO-
run» ossBriiock B YKase [Ipe3ugenta PO [11].

OmHaKO aKaIeMITIeCcKOe COOOIIECTBO JOJITO «HE TIPH-
HUMAJIO B CBOI 00MXO0/I» 3TU HOBBIE TEpMUHEI [12], TIpo-
IOJKasT O HACTOSIIIIETO BpeMEHN KPUTUKOBATh KoBaih-
yyka M.B. 3a ynipoleHne ykazaHHBIX TOHATHA [ 13—16].
A mipesunenT PAH akanemuk CepreeB C.M. B cBoeM
BEICTYIIEHUN B ceHTs10pe 2018 roma B Coum Ha ['10-
6aTbHOM (hOopyMe KOHBEPTEHTHBIX U TIPUPOIOITOTO0HBIX
TEXHOJIOTHI 3asIBUI: «IIpupodonodobusie mexnosoeuu —
MO He HOBbLI MpeHd, U Mbl 0adce 3HaemM no NPOULIOMY
CcMoAemuro, 4mo 3mo HanpPasAeHue NPUHUMAN0 Pa3Iu4Hble
HaszeaHus (buonuka, buocenemurka u max danee). 5 6w
UCNONB308AN MEPMUH «PEeUHICUHUPUHE npupodbls. TIpu-
P000NO00OHBIe MEXHOA0UU — 210 MOM PEUHICUHUPUHR,
Komopwvim Hado eopoumvucs» [17].

HeiicTBUTEIFHO, BpeMsI OT BpEeMEHHU POXIAOT-
¢l MAMBI O TPSIAYIIUX 3KOJIOTUUECKUX KaTtacTpodax,
CBSI3aHHBIX C TIOTEepPeil 030HOBOTO CJIOST, TOTCTUICHM -
€M KJIMMaTa 3a CUCT BCe YBEIMIMBAOIINXCSI BEIOPOCOB
TMAPHUKOBBIX Ta30B U IPSIYIIEM «BCEMUPHOM ITOTOTIC».
BosHMKAaIOT pa3HOTO poma TUIIOTE3H! IO TTOBOLY HEXBAT-
KU B OyIyIIIeM BOIBI, SHEPTETUICCKUX M MIUHEPATBHBIX
PECYpPCOB, IIPOIOBOJIBCTBUS 3a CUET YTPAThI YaCTH 3¢-
MEJTBHBIX peCypcoB U T.I. Ho caMBIM BpeTHBIM SIBIISICTCS
TO, UTO YTBEPXKIACTCSI MHEHUE O AeTpagaiuu onochepbl
KaK CTPYKTYPHI, C OMHOBPEMEHHOM yTpaToii ero (PyHK-
LK HOoAepXaHus XKu3Hu Ha 3emie [15, 16].

OIeHKHN COCTOSITHUSI aCCUMUJISIIIMOHHOTO TTOTCH -
mraja 0moc@epsl MMO3BOJISIOT CIEIaTh BEIBOI O, MSITKO

TOBOPSI, IPEYBEIMICHUH BO3MOXKHOCTEH X03SMCTBEH-
HOM IeSITeIBHOCTH YeJIOBEKA OKA3bIBATh CYIIICCTBEHHOE
BIMSHHE Ha €¢ CTPYKTYPY U PYHKIINIO. ACCUMUJIS -
IIMOHHBIN TTOTeHIIHA OMochepsl MO-TIPEXKHEMY BBI-
MOJIHSIET cBOU (PYHKLMU MO obecrneyeHuo cobanaH-
CHUPOBAaHHOCTU KPYTrOBOPOTA BEIIECTBA M DHEPTHU.
DHepreTUYeCKU BKIIaA XO3IMCTBEHHON ACSTEIbHOCTH
YeJI0BEKa OCTACTCS HECYIIECTBEHHBIM IO OTHOIIICHUIO
K 9HEPTeTUICCKOMY MMOTCHIINATY Orochephbl, HAKOTIUB-
el ero 3a MUJUIMAPIEI JIeT 3BoJoun. MHepTHOCTD
buocdepnl, KaK CITIOCOOHOCTb COMPOTUBIISITHCSI BO3-
MYIICHUSIM CO CTOPOHEBI XO3SIMICTBEHHON MesITeIbHO-
CTH YeJIOBeKa 110 Macce M SHEePTUM, BPEMEHH CBOETO
CTAHOBJICHUS W PA3BUTHUSI, TIPEBHIIIACT X B MIJLTHOHBI
pas [16, 18].

[IpupomHO-pecypCHBIN ITOTeHIIMA O1OC(ephl OcTa-
eTCSI BBICOKMM HE TOJIbKO B YaCTH 3aITacOB SHEPIUH
YTJICBOIOPOIOB, PAa3IMIHBIX METAJIJIOB, HO U 3aI1acoB
BO300HOBJISIEMBIX ICTOUHNKOB — 3HEPTUM COJTHIIA, Be-
Tpa, BOIBI, TCOTepMAaJIbHOI SHEPTUU 3eMJIU U T.1I., OT-
HOCHTEJIbHAS JOJIST KOTOPBIX BO3pacTaeT B OOIIEM DHEP-
robajaHce pa3BUTHIX cTpaH. TeM He MeHee, HEeCMOTPS
Ha 3HAYUTETbHBIC 9 KOHOMIWYECKNE 3aTPaThl M HU3KUA
KII, a Tak:ke Ha TO, YTO MHOTHE M3 HUX SIBJISIFOTCS
HEeCTaOWIHLHBIMH, HI3KO KOHIICHTPUPOBAaHHBIMU U TTe-
PHOINYECKUMH UCTOYHUKAMU, MHOTHE CITCIIHAINCTHI
1 TIOJIUTUKY OIITMOO0THO pacCMaTPUBAIOT X B KAUECTBE
0a30BBIX, B TOM YHCJIEe C TOUKU 3pCHUS COXpaHEeHUS Ka-
YecTBa OKPYKAIOLIEH IPUPOAHOii cpenbl [16, 19].

CBs3b YenoBeKa ¢ MpUPOIOi omnpenensieTcs: AaBie-
HHUEM XO3SCTBEHHOM MesITeIbHOCTH YeJIOBeKa Ha TIPH-
pony (IIyTeM U3BSITUS PeCypCOB, TIPOM3BOACTBA OTXOIOB
nu.1.). [Iprpoma oTBeyaeT Ha 3TO YSIIOBEKY M3MEHEHUEM
CBOETO KayeCcTBa CTPOTO MO MPUHLIMITY AEHCTBUS U TTPO-
TUBOICHCTBUS, CTUMYJIMPYSI, TAKUM 00pa3oM, 4eJIoBeKa
K HaXOXXICHUIO TAKNX PEIICHU, KOTOpPBIe He HapyIIaT
€CTeCTBEHHBIC TIPOIIECCHl BOCIIPOM3BOACTBA KaueCcTBa
CpeIbl 32 CYST KPYTOBOPOTa HEXKUBOTO 1 XXMUBOTO Be-
mectBa. [Iprpoma B cBoeM pa3BUTUH BOOOIIE HUKAKIX
BBIOOPOB HE JIeJIaeT, OHA U3MEHSIETCS IT0 COOCTBEHHBIM
3aKOHaM CaMOOpPTaHM3allMH, IT0 3aKOHaAM caMOCOXpa-
HEHWS U CIIydaiiHbIX coObITHII [16, 18].

Henb3s mpuBA3BIBATh MIPUPOAY K COLIUYMY, B T.U.
K HEECTeCTBEHHBIM TEXHOJIOTHSIM, I TOBOPUTH O COLIMO-
IIPUPOTHOM Pa3BUTUU. Y HUX pa3HbIC 3aKOHBIL: Y TIPHU-
pOIBI — TOJBKO €CTECTBEHHBIC, a Y UeJIOBEKA — M €CTe-
CTBEHHBIC, M COLIMATbHBIC, I TEXHMIECKMUE.

Y 4yenioBeKa 1 00IIIECTBA €CTh LIeTh HEOTPAaHUTICHHOTO
Pa3BUTHS U HE OTPAaHUYEHHOTO BO BpEeMEHH CYIIECTBO-
BaHUS, a y MIPUPOIHI Heau HeT. ['oMeocTas mpupomsl —
B ee 3aKOHax coxpaHeHusl. Takum o6pa3oMm, B 00beIHE-
HUU TTIOHITUH TIPUPOIA U COIIUYM, B YACTHOCTH, B TIPHU-
pOIOIIOIOOHBIC TEXHOJOTUN U B IIPUPOIOIIOIO0HYIO
TexHocdepy, 3a7T0KeHO Hepa3pelInMoe BHyTpEeHHEE
nportuBopeyne [16, 18].
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Jleno B TOM, M 3TO IVIABHOE, YTO BbIOPOCHI OT XO-
39ACTBEHHOM IeITeIbHOCTH (TEILIO, Bjlara, ra3bl, caxa
M T.11.) B atMocdepy 1 drochepy YeJ0BEK OCYILIECTBIISIET
C pa3HOI MHTEHCUBHOCTBIO U JIOKAJIbHO, HA OTHOCUTETb-
HO MaJIO YacTy moBepxHOoCcTH 3emin. IMeHHO JToKaTb-
HbI€ TETUIOBbIE U MaTepUaibHbIe BLIOPOCHI, CoAepIKalllle
«HEECTeCTBEHHBIC» KOJMIECTBA TOKCMUHBIX Ta30B, BJIaTH
W MbUIU, TIPUBOJAT K OLILYTUMBIM BO3MYILEHUSIM B aT-
Mocdepe. Bo3HUKAIOT KIIMMaTHYeCKUe aHOMaJIbHBIE T10-
TOKM, BHOCSIIKME TUCOaTaHC B BEKOBBIE €r0 Bapuallnu,
KOTOpbIe 00413aTEJIbHO OYIYT CIJIa’keHbl BO BpeMEHU
B CIUIy MHEPIMOHHOCTU Omocdepsl B meaom. OmHAKO
JIOKaJIbHOE ypaBHOBEIIMBAHME MOXKET MPOU3ONTH JTUOO
MeIJIEHHO U HE3aMETHO, MO0 ckopoTeuHo. W B moce-
HEM cJlydyae BO3BpaT CUCTEMbI B UICXOJIHOE COCTOSIHUE
KJIMMaTa B KOHKPETHOM IIPOCTPAHCTBE (PETUOHE) MOXET
OBITH OOJIEE XKeCTKUM (KaTacTpOo(HIECKIM ), YeM BBIXOT
M3 cOaaHCUPOBAHHOTO paHee cocTosiHUS. Bee 3aBucut
OT MeXaHM3Ma COYETaHUN CIydaliHbIX (PIyKTyaluii, Ko-
TOpbIE MOTYT CO3/1aBaTh PE30HAHCHbIE KJIIMMAaTUUYECKIE
3 GEKTHI, IIPUBOISIIINE K HCOXKUIAHHBIM ITOCIICACTBHI-
am [16].

Hanpumep, Bo3pactaHue ciiydaeB TOPHAIO U ypara-
HOB B MeKCHMKaHCKOM 3a1Be U B 1pyrux yactsax CIIIA,
a Takxe B 3amamHoit EBpore, BO3MOXHO, CBSI3aHO
He TOJILKO C BBIOpOCAMU, HO U CO CTPOUTEILCTBOM BbI-
COTHBIX 3IaHUI U COOPYKEHUI, a TAKXKE BETPSTHBIX JIEK-
TpoycTaHOBOK (BDY), oTHUMAOIINX KHHETUIECKYIO
3HEPruM BeTpa. B mepBoMm ciiydyae BEKOBbIE HaMpaBJICHUS
CE€30HHBIX BETPOB MOTYT OBbITh UBMEHEHBI 32 CUET BO3-
HUKHOBEHMUS TIPU3EMHBIX Mperpa Ha MyTH BO3AYIIHBIX
MOTOKOB, YTO HEMPEMEHHO MPUBEIET K CKOPOTEUYHBIM
dykryarsM B atMocdepe 1 BBI30BET JIOKAJTBHBIC 3a-
BUXpeHUs (TypOyJEHTHOCTb) B HUXKHEN YacTh aTMOcde-
pbl. Bo BTOpOoM — 0TheM KMHETHYECKOM aHepTHU BOY
TakKXKe MPUBEIET K UBMEHEHUIO BEKOBBIX LIMPKYJISILIUIA
B pETMOHE U TPUBEAET K HEMPEACKa3yeMbIM JIOKAJb-
HBIM BO3MYIIEHUSIM B aTMocdepe. Takum odpasom,
JIIoObIe BMEIIATEIbCTBA YeJI0BeKa B €CTECTBEHHBIN X0/
COOBITHIT B aTMOC(epe 3eMIT HeN30e3KHO BBI3OBET IO~
CIIECTBUS, KOTOPbIE B JIOKAJILHOM IJIaHE MOTYT OBITh
0oJiee OLIYTUMBI, YeM B r1obaibHOM. [ToaTOMYy nmorous
3a HeTPAAVIMOHHBIMM MCTOYHMKAMM SHEPTUU He peliaeT
npoOIeMbl COXPAHEHHST KAYeCTBA OKPYZKAIOIIEi PUPOTHOM
cpenpbl, U3-3a JeUCTBUSI MPUHLIMIIOB CAaMOOpPTraHU3alun
M 3aKOHOB COXpaHEHMUsI, 1eUCTBUS U MPOTUBOAEUCTBUS
[18, 19].

Bbuocdepa nmo-npexxHeMy ocTaeTcsl cOaTaHCUPOBaH-
HOM CUCTEeMOIi, HECMOTpPS Ha BCe YBEJIMUYMBAIOIIEECs
JlaBJIEHHWE Ha €€ CTPYKTYPY U (DYHKIMIO CO CTOPOHBI
yejoBeKa. A 9TO 03HA4YaeT, YTO OOMEHHBIE TTPOLIECCHI
B Orocdepe T0KHbBI yBEIMYMBATL CBOIO CKOPOCTD ITPO-
MOPLHUOHAJIbHO BO3HUKAIOIIMM Harpy3kam Ha OCHO-
BE 3aKOHA eWCTBUS U MPOTUBOAEHCTBUS, HA OCHOBE
MIPUHIIATIOB cMHepru3Ma. MisMeHeHne KiiuMarta Ha 3eM-

JIe SIBJISIETCSI OTBETHOM peakIueit CTPYKTYphl M (DYHK-
muu 6mochepsl Ha BO3MYIIICHUSI, KOTOPBIC BEI3bIBACT
XO03SIMICTBEHHAS AeSITEIBHOCTD YeJIOBEKa, ITOCKOIBKY
aTMoc(epa 0ojiee YyBCTBUTENIbHA K SHEPTETUUCCKIM
BO3MYIIIEHUSIM, 9eM Tuapocdepa, a ImocaeaHsIs 6oiee
YyBCTBUTEIbHA, YeM OOMEHHEBIC ITPOLICCCHI, TIPOUC-
xonsiue B reocdepe. [Ipu 3ToM He CTOJIb BaXXHHI TJI0-
OabHBIC M3MEHEHUS (UX TpyIHEe 3aMETUTh 1 BBIUJIC-
HUTH), CKOJIBKO PEerMOHAIbHBIC WM JaxKe JTOKATbHBIC
daykTyaumm, KOTOpbIe MOTYT IIPUBECTU K CIIOHTAHHO-
MY U3MEHEHHUIO HAaIIPaBICHHOCTA Y MHTCHCUBHOCTH
OOMCHHBIX TIPOIIECCOB B OMOTreOoeH03axX — dJIeMeH-
TapHBIX COCTABIISTIOMNX Orochepsl. M Xo3sgiicTBeHHAS
JIESATEJIbHOCTD YEJIOBEKA HE JOJKHA PacCMaTpUBAThCS
BHE CTPYKTYPHI 1 GYHKIINY OMOCHEePHI U IIPEICTABIISTh-
¢s KaK BHEITHMI Bo3MyImaommuii ¢haktop. OH SIBIsIEeTCS
BHYTPECHHUM, TIpUHAIJICKAIIINM caMoii 6rocdepe, To-
CKOJIbKY U€JIOBEK HE MOXKET BBIIEIUThH CBOO IESITCIIb-
HOCTb 13 Hee U SIBJISICTCSI He TOJIBKO €€ TTOACHUCTEMON,
HO 1 (DaKTOPOM 3BOIONH, TIPOBOLUPYIOIIAM H3Me-
HEHHeE cpeabl. B paMKax Teopun 3BOTIONUN M3MEHE-
HHE cpenbl BeAeT K N3MEHEHMIO CTPYKTYPBI 3KOCHCTEM,
1 KMBBIC OPTAHU3MBI, TIPUCIIOCA0INBASICh K HOBBIM
YCIOBUSIM, KOHKYPUPYIOT 332 BEDKUBAHUE B 3KOJIOTH-
yecKoi HuIe yeiaoBeKa. [loaToMy oco3HaHMe Yelo-
BEKOM CBOETO MeCTa B IPUPOJIE HAKIAaAbIBaeT Ha HETO
0053aHHOCTH HE TOJIBKO CJIeA0BaTh 3aKOHAM IIPUPO-
IIbl, HO U JIeJ1aTh OCO3HAHHbIN BbIOOP B TEMIMAX CBOETO
pa3BUTHSI, COOOPA3YS UX C TEMITAMU BOCIIPOM3BOICTBA
MPUPOIHBIX PECYPCOB U KauecTBa MPUPOIHON Cpeibl
B paMKax aCCUMWISIHUOHHOTO MOTeHIIMaaa 6uochepnl
B I7100aJTbHOM TIJIaHE ¥ aCCUMIISIIIMOHHOTO MTOTCHITNA-
JIa OKpYKaroIeit cpensl — B JOKaabHOM. [ToaTOMYy B OYy-
JIYIIEM, UCTIOJIb3YSI TOCTUXKEHUS HAyKU 1 TEXHOJIOTUI,
YeJIOBEYCCTBO CMOXKET MCITOIb30BaTh SHEPTeTUICCKII
ITOTEeHIIMAN OMOC(EPHI U TIEPETH Ha MOIETb aTalTHB-
HOT'0 IPUPOIOIIOIBL30BAaHUS B paMKaX KO3BOJIOIINH
TexHocdepsl ¢ Ouocdepoii, IJist 4ero moTpedyeTcs: IH-
TPOIMIAHBIN TTOAXO, IJIST OTIPEICICHMS OITUMATBHBIX
TepMOIMHAMUYCCKUX ITapaMEeTPOB TaKOUW aganTallum
U «peUHXMHUPUHTA TeXHOCHEPHI», B YaCTHOCTH |2,
7, 18].

CoBepIIIcHHO OYEBUIHO, YTO COBpEMEHHAsT 9KOHO-
MHMYecKas HayKa JajieKa OT ydeTa B CBOMX MOJIEIISIX ac-
CUMUJISILIMOHHBIX TTOTEHIIMATIOB 6uochepbl peTMOHOB
1 QYHKIINI IIPON3BOICTBA SHTPOIINHN B HUX, TIPEAIIO-
YUTast MOIEINPOBATh PA3TMUHBIC «IIMKIIBI W YKIIAIBI»,
a TaK3Ke BBIUMCIIATH pa3Hble «KOd(hGUIIMEHTRI», YTOOBI
IIPOTHO3MPOBATh «KPU3UCHI U PaBHOBECHsI» 0e3 yue-
Ta B3aMMOIEICTBUS TIPUPOIBI M COLIMYMa, OIIePUPYS
TOJIFKO MHBECTUIIMSIMU U CO3IaBacMBIMU OJ1araMu (11y0-
JIMIHBIMA, KOJUIGKTUBHBIMU ¥ YACTHBIMM), HaBEPHOE,
IIOTOMY UTO HE TTOHMMAeT AUAJICKTUICCKOTO ¢IMHCTBA
C UX TIPOTUBOIIOJIOKHOCTBIO — BpeaoM (ITyOJIUMIHEIM,
KOJUICKTUBHBIM M YaCTHBIM ), T.€. HEBO3MOXHOCTH CO3-
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JaHus 0j1ar 6e3 OIHOBPEMEHHOI'O IIPOM3BOICTBA Bpeaa

[2, 15].

EAnMHCTBEHHO MPHUEMJIEMBIM CIIOCOOOM pELIEeHUS
TaKUX 3afa4 SIBJSIETCs, Ha Halll B3IJISLI, METOI PETPO-
TIPOTHO3a Oe30ITacHoi XusHenesaTeabHocTH [20, 21]
CO CJICAYIOIIUMU «MHCTPYMEHTAMIU»:

— Mogenbio JleontheBa-MDopaa, ananTUPOBAHHOM IJIsT
oIlpelesieHusl 3aTpaT Ha MOAaBlIeHHE HOPOXKHO-
TPAHCIIOPTHO-HEPIeTUYECKOIO U KOJIOTMUECKOTO
Bpe/a B perMoHe, U, CJIeI0BaTeIbHO, IIPOTHO3a 0e3-
OMACHOCTH TOPOKHO-TPAHCIIOPTHO-9HEPreTUUECKUX
MHOPACTPYKTYp MPU BHEAPESHUM MHHOBALIMI B HUX
[22];

— METOIOM «IIPOCTPAHCTBEHHO-BPEMEHHOI'O aHaAIM-
3a» COLUATbHO-9KOHOMUYECKUX ITOTEPh OT I10XKAPOB
B PErMOHAaXx Il OIpeeIeHUs COKpaLleHUs yilepoa
[IpY OJABJIEHUH MTOKAPHO-3HEPTEeTUUECKOTrO Bpeaa
B UX TexHochepe U buocdepe, U peTpOIPOrHO30M
MOXAPHO1 6€30I1aCHOCTHU KU3HEAEITEIbHOCTU IIPU
BHEAPEHUM MHHOBALIMI B HUX [23];

— MOJIEJIbIO CUCTEMBI aAalITUBHOTO HAJIOTOO0IOXKEHHS
«IIPOM3BOICTBA Bpeia» B PETMOHE BMECTO Pa3IMYHbIX
«CTPAxOBbIX CUCTEM», JIsI LIEJIEBOIO PACXOI0BAHMS
[OJIy4aeMbIX CPEICTB Ha MHHOBALIMU, KOTOPbIE IIPH-
3BaHbI [IOBBICUTH 0€30MaCHOCTD KU3HEAEITEIbHOCTHI
HaceJIeHHs B perroHax 10 ypoBHA 0,999999, tpeby-
e€MOTO CTaHIapToM [24, 25].

METO/JIbI, MOJEJU N CPEJICTBA

Ecmm mopmens JleonTteeBa-Popaa TOCTATOTYHO XO-
POIIIO M3BECTHA B MUPOBOI SKOHOMHYECKOM HayKe
¥ OCTaeTCs TOJIBKO «BKJIIOUUTH» B HEe MapaMeTphl ac-
CUMILISIIIMOHHBIX TTOTCHIINAIOB O01oCc(hephl peTHOHOB
1 PYHKIIMY TIPOM3BOICTBA SHTPOIIMU B HUX, TO METOI
petponporHosa [20, 21] 1 Momenu CUCTEM aTaliTUBHOTO
HAJIOTO00JI0XKEHUS I TeXHOochepsl [24], TT0O MHEHUIO
aBTOPOB, MAJIOM3BECTHBI, XOTS 1 OBLIN OITyOJIMKOBA-
HBI, a CHCTeMa aJallTUBHOTO JOPOXHO-TPAHCIIOPTHO-
aKojornueckoro Hajoroobaoxenus (CAIATOH) ovna
TIpeIIoKeHa POCTOBCKUMU YICHBIMHA BMECTO «aBTOTPaXK-
IaHK» Ha caymanusx B Coete Deneparinm 7 WIOHS
2004 roxa, HO Tak 1 He MoJydmia moaaepxku [20, 26].

IIpyHIMIIEAIbHOE OT/IMYNE METOA PETPONPOrHO3a
OT BCEX JIPYTUX CITOCOOOB ITPOTHO3MPOBAHMS 3aK/II0YA-
eTcs B TOM, YTO BEKTOp IMPOrHO3a YCTPeMJIAeTCS U3 «Te-
KyIIero» B «IpolLioe», U ero (pazosoe mpocTpaHCTBO
CTPOHUTCA HEe Ha «BOOOpaKaeMbIX TaHHBIX», TUCIICPCHUS
KOTOPHIX BeJINKA ¥ KOPPEKTHO OIIPENEISIeTCS C TPYIAOM,
a HAa «MCTOPHYECKNX», T.€. HA CTATHCTHYECKH TOCTOBEPHBIX
COOBITHSIX B MPONLIOM (TTOKapax, TOPOKHO-TPAHCIIOPT-
HBIX TIPOUCIIECCTBUSIX, THOEIN, TpaBMax, MaTepHrajb-
HOM yIiep0e, YHUUTOXKEHHBIX 00BeKTaMHU 1 THTOIIAISIMI
M T.A.), B T.4. Ha ipuunHax noxapoB u JATII, a takxe
rapaMeTpax BBITTOJIHEHUS «aBAPUWHBIMU CIIYKOaMU»

OIepaTUBHO-TAKTUYECKUX 3a1ad (pagnycaMu BhIe3a,
BpeMeHaMM OOHapYKCHUS, IPUOBITHS, JTOKATN3aLNU
1 T.1.), KOTOPHIC YCTAHOBJIEHBI SKCIIEPTAMH U 3a(PHKCH-
POBaHbI TOKYMEHTAJIbHO, T.€. HA TAHHBIX C MPAKTHIECKH
«HYJICBOH IUCTIePCHEel» .

IlepBOHAYAIFHO METOI PETPOIIPOrHO3a OBLT OTpa-
00TaH Ha MacCHBaX aBTOMAaTU3MPOBAHHOI CHCTEMEI
00paboTky maHHBIX 0 moxapax (ACO/I «ITOXKAPBI»),
KoTopast Onl1a pazpadborana Bo BHMUUM nporuBomno-
XapHOI 000pOoHEI B 80-X rogax MpoIuioro Beka [27]
1 «ITocTaBjeHa Ha BoopyxeHue» MBI PD ¢ 1995 rona,
a 3ateM nopaborana B MUC Poccuu 1 BBeieHa HAMU
B YUYEOHBIN MpOIIecC MOATOTOBKH CIICIIATINCTOB T10-
JKapHOI 6€30ITacHOCTH B POCTOBCKOM rocymapCcTBEHHOM
CTPOUTETLHOM YHUBepcuTeTe [28].

PazpaboTaHHBIN B YHUBEPCUTETE KOMILJIEKC TIPO-
TPpaMM TTO3BOJISUT OCYIIIECTBUTH KOPPEINPOBAHHYIO BBI-
OOpKY TaHHBIX, peaTU3ysl «IIPOCTPAHCTBEHHO-BPEMEH-
HOM aHaJIN3» OeITSIPHOCTH JJI0OOTO TapHU30HA TToXKap-
Holt oxpaHbl Poccuu (puc. 1) ¢ momouibio pacnpeaene-
Huit Dpianra (1,2), TTOCje 9eTo OCYIIEeCTBIISICS CHTE3
«HOBBIX paclpeAcICHUI B IIPOIIIOM», C YIeTOM BHE-
IpsieMbIXx MHHOBaLM [28, 29]. [1pu 3TOM CoKpalleHue
COLIMATbEHO-2KOHOMMYECKHUX ITOTEPh OT MOXAPOB TIPHU
BHEIPECHUY MHHOBAIINH, YCTPAHSIOIINX OIIpeacICHHEIC
IIPUYMHBI ¥ UICTOYHUKH ITOXKApOB, a TAKXKE UX PaCIIpo-
CTpaHEHUE OIPEILIISIOCHh Yepe3 BRIYUCICHUE Pa3HOCTEH
«TEKYIINX 1 HOBBIX pacIIpee/ICHHI B IIPOIIIIOM» (THOe-
JIM, TpaBM, yIep0a, MOBPEXKICHHBIX U YHUUTOXECHHBIX
romaneit u t.4.) [30].
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CucTeMHBIN aHaTU3 (PYHKIIMOHUPOBAHUST XUJIOTO
ceKTopa TexHochephl (Ha MpuMepe MHXEHEPHBIX CUCTEM
MHOTOKBAapPTUPHBIX 3MaHUH ¥ MHAUBUIYATBHBIX XKUAJTBIX
JIOMOB) TIO3BOJIMJT OOHAPYKUTH MPOIIECCHI «TTpeBpalie-
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Puc. 1. ®yHKUMM IJIOTHOCTH BEPOSAATHOCTEI: a — BpeMEH CBOOOIHOI0 ropeHust (MUH.); 6 — paanycoB Bbie3na (KM)

HUS TTOTPEOISIEMBIX KOJIJICKTUBHBIX M YACTHBIX OJ1ar»
(amexTpoaHeprun, ra3a, Teria u T.1.) «B KOJJIEKTUBHBIT
¥ YaCTHBII Bped» C IIOMOIIBIO SJICKTPUUECKUX, Ta30BBIX
¥ CAaHTEXHUIECKUX IIPUOOPOB (Iajiee OBITOBBIX IIPHOO0-
poB). ITocie gero O6bLT pa3paboTaH CHOCOO H3MEPEHHS
MOKAPHO-3JIEKTPIIECKOro Bpeaa [31] 1 2J1eKTpocye TINK-
H3BemAaTe b, OTKITIOYAIONTNI (TIPH TTOXXKapOyTPOKAIOIIIEM
peXrMe TTOTPeOICHNS ) SIIEKTPOCHAOXKEHE KBAPTUPBI/
WHINBHUAYaIbHOTO XUJIOTO IOMa, C paHHUM OOHapy-
JKEHUEM OITaCHBIX (PaKTOPOB ITOKApa M «COTOBBIM OIIO-
BeIIEeHUEM» TTOXapHOI oxpaHbI [32], KOTOpbIe ObLIN
3aIUIIeHB maTeHTaMu POD.

DTO MO3BOJIMIO OOOCHOBATH U CO3AATh MOAENb CH-
CTeMbl AJANTHBHOTO HAJIOT000JI0KEHHUS MOKAPHO-IJIeK-
TPHYECKOro Bpeaa [24] BMeCTO o4epeaHOrO «3KOHOMU-
KO-TIpaBOBOTO (hOKyca» — CTpaXOBaHUS TpakKIaHCKOI
OTBETCTBEHHOCTU (PU3MICCKUX U IOPUANICCKUAX JIHIT
(«mmoxxaporpaxkmaHKH» ), KOTopasi, KaK 3TO OBIJIO TOKa3a-
HO Ha IIpUMepe CTPaXOBaHUS TPaKIAHCKON OTBETCTBCH-
HOCTH COOCTBEHHHMKOB aBTOTPaHCIIOPTA («aBTOTPaK-
IaHKW» ), HUKaK He BIUsIeT Ha 0€30MacHOCTD ABVKCHMS
u 3Kojoruio [33, 34].

HanpHeime uccieToBaHus TTO3BOJMIN TOTION-
HUTH BBIIICYKAa3aHHBIN CITOCOO Ta30BBEIM CUCTINKOM
¥ BBIBECTH eIMHYIO (POPMYITY OIIpeAcICHUS TOKapHO-
SHEPreTUYECKOro Bpena (3) 1 MECTHOTO aZallTUBHOTO
noxXapHo-3HepreTndeckoro Hajora (AIIDH) mg 1o-
Tpeoureneli (4) SHepropecypcoB (3JIEKTPOIHEPINH, Ta3a,
YIS, COJISIpKU U T.4.) [24, 35, 36]:

HOB=k, (P W +P W )+qP W, 3)

roe [19B — mmoxxapHO-3HepreTUYeCKUiA Bpe 3a Bpe-
mst £, MJIX; P, — BEpOSITHOCT TTOXapa OT JJIEKTPOITPH -
0GOpPOB IIPU TOMYCTUMOM KauyecTBE JICKTPOIHEPTUN;
W — Kom4ecTBo MoTpe6ICHHO 3IEKTPOSHEPTUH C 10~
IyCTUMBIM KadecTBoM, KBT1/4; P, — BEpOSITHOCTB MOXKa-
pa OT JIEKTPOIIPUOOPOB IIPU HETOITYCTUMOM KadeCTBE
9JICKTPOSHEPTHU; W, — KOTMIECTBO MOTPEOICHHOI

9JIEKTPOIHEPTUHU C HEAOMMYCTUMbBIM KauecTBoM, KBT1/u;
k. — K03 dunmneHT nepesona Kunosart/4ac B Jxxo-
yma (3,6 MIIx), P — BEpOATHOCTH MoXkapa OT ra3o-
BBIX TIPUOOPOB; ¢, — TEIUIOTBOPHAsL CIIOCOOHOCTH ra3a
(35 MIx/M’); W — 06beM MOTpe6IEHHOTO Tasa, M’.

n
25V F
ATIDH =+ |
»

rae 77 — COOTBETCTBYIOIINE TapH(PHBIC CTABKU B pe-
TMOHE 3a «N» dHEPropecypcoB, pyo; Vi — (pakTuyecku
IMOTPEOICHHBIIT 00BEM PHEPropecypcoB 3a MEPUOL
HajoroobjoxeHust, KBr/4, Tonna, kybomeTp # T.1.;
Pi — TeKyIne CTaTUCTUYECKIEC BEPOSITHOCTH TTOKAPOB
B PETMOHE OT OBITOBBIX NPUOOPOB, K, — «k02(dHuLm-
SHT agalITUBHOCTW», KOTOPBIN MIPHW HavYajIe BHEAPCHUS
AIIDH paBeH 1, a 3aTeM yBeTMUMBaeTCsI, CHIIKAsI Ha-
JIOT, CHHXPOHHO C TTOBBIIIICHUEM TTOXKapHOI Ge301ac-
HOCTU HaceseHud B peruoHe 10 0,999999 nmo 'OCT
12.1.004.

MogenrpoBaHue 3aTpaT Ha BHEAPEHHE TIEPBOOYC-
PeIHBIX MTHHOBAIINA (3JIEKTPO-Ta30-CUCTYNKOB-M3Be-
maTteseit, caMocmacaTesIeit v T.4.) U PEeTPOIIPOTHO3 TI0-
JKapHOI 6e30IacHOCTH XIJTOTo ceKropa 1o FOry Poccun
(PocroBckas obmacts, KpacHomapckuii 1 CTaBpOITOJb-
CKMIT Kpast) moKaszai, 9To 3a cueT AIIDH u cokpare-
HUS IOTEPh OT MPEAOTBPAIICHHBIX M O0OHAPYKEHHBIX
Ha paHHUX CTaaUsX TI0KapOB MOXKHO TOCTHYB TPeOyeMo-
TO YPOBHSI 0€30ITaCHO KM3HEACITCIIBHOCTH HACEICHUS
B XWJIOM CEKTOpE, Ie IMPOUCXOAuT, B cpeaHem, 70%
nmoxapos [21].

HHTepeceH, 110 MHEHHUIO aBTOPOB, UTOTOBEIN Pe3yiTh-
TaT «MOJCIMPOBAHMS B Ipoinioe» 1o FOry Poccun [20,
37, 38]:

«Ecau 6v1 6 1995 200y na Kee Poccuu Obiau Hauameol
pabomul N0 BHEOPEHUIO «CIMAPMOBO» CIMPYKMYPbL UAU,
xak smo npuuamo 6 ACY, 1-it ouepedu maxpocucmemobi
obecneuerus noxcaproii 6ezonactocmu (MCO I1b), unu-
merncuguuupyroueli npoYUAIAKmMuU4ecKyro 0essmeasHOCMb,

“

http://nanobuild.ru

123

info@nanobuild.ru


http://nanobuild.ru/ru_RU/

2022; 14 (2):
119-136

Nanotechnologies in construction
HaHoTexHonornn B cTponTenbCcTBe

MPOBJIEMbI MPUMEHEHUA HAHOMATEPUAJIOB U HAHOTEXHOJ1IOMW B CTPOUTE/IbCTBE

mo k 1998 e0dy yoanocw 661 npedomepamums 23 620 no-
ACapos, mem camvimM COXpanums xeusnv 2528 u 300posve
2771 wcumentro FOea Poccuu, cokpamums npsimoie u Koc-
BeHHble nomepu oM nONCapos Ha oouyro cymmy 6 32, 1 mapo
pyo., cnacmu om yHuumoogicenusi 93 163 k6. m. u om no-
epesicdenus 140 733 k6. M. dHcunvix u npou3600cmeeHHbIX
naowaodeii, obecneuusas mexyuue 3ampamsl Ha QyHK -
yuonuposanue MCO I1b, 6 pasmepe 5,9 mapo pyob. 6 200
3a cuem CoKpaueHus exce200HblX NOMeps Om NoJNCapos U 3a
cuem AIIDH 6 pasmepe 18,828 mapo py6. (6276,0 mapd
PY0. 6 200), okynue 3a mpu eoda 25,4 mapd pyb. edurospe-
mennbix 3ampam. OOHAK0 6epOIMHOCMb 2UbeAU U MPasm,
CHU3UBWUCH 8 2,5 pasza, cocmasuna 6vl 7,62« 10~°, umo
8 76 paz npesviuiaem 0onycmumblil ypogeHs 6e30nacHo-
cmu nacenenus npu noxcape (0,999999). Caedosamensho,
6 caedyroueti 2-it ouepedu MCO I1b neobxodumo donon-
Humb 1-10 ouepedv modeasmu, nogviuiarouumu bezonac-
HOCMb At00eil Ha noXcapax»;

«Ecau 6v1 6 1999 200y na Kee Poccuu oviau npodon-
JceHbl pabomot no 8HedpeHuUIo 2-1i ouepedu MAKpOCUCmembl
MCO IIb, unmencuguyupyroujeii onepamueHo-maKmu-
yeckyio desmenvHocms, mo Kk 2001 2ody ydanoce 6bt npe-
domepamums 33 8§69 noxcapos, mem camvim cOXpaHumeo
acuzHy 2865 u 30oposve 3664 acumensm FOea Poccuu,
COKpamums npsmole U KOCGeHHble HOMepU 0m NONCAPO8
Ha oouwyro cymmy 6 33,1 mapad. pyb., cnacmu om yHU4mMo-
acenust 132 083 k6. m. u om nospexncoerus 250 553 k6. m.
ACUNBIX U NPOU3BOOCMBEHHBIX NAOWAdell, obecneuusas
mekyuwue sampamol Ha QyHKyuonuposanue MCO I15
6 pasmepe 13,82 mapo pyb. 6 200, 3a cuem coKpauieHus
edce200HbIX nomeps om noxcapos u 3a cuem AIIPH 6 pas-
mepe 18,828 mapod py6. (6276,0 mapo pyb.  20d), oky-
nue 3a me Jce mpu 200a 6ce eQUHOBPEMEHHble 3aMPAmbL,
a «coKoHomaenuvle» 15,9 mapo py6. nanpasume Ha eHe-
dpeHue modeneil camoopeanu3ayuu, m.K. 86eposSIMHOCMb
eubenu u mpaem nocae enedpenuss 2-ii ouepedu cocmasum
1,24 1073, umo ¢ 12 pas npesviuaem 0onycmumblii yposeHs
be30nacHocmu HaceaeHus»;

«Ecau 6v1 6 2002 200y na KOz2e Poccuu 6bi1u npodoaice-
Hbl pabomot no énedpenuio 3-it ouepedu MCO I1b c nepe-
800pYIICCHUCM NONCAPHOU 0XPaHbl (000POBOALHOIU U NPO-
heccuoHaNbHOI) HA MEXHUKY «AMMOCEHEPHO20 A30MHO20
nojcapomyuieHus», mo 6 meverue 6 arem, m.e. k 2008
200y, ydanoce 6bl npedomepamums 64 676 noxicapos u ux
PACNPOCMPAHeHue, mem CambiM COXPAHUMb HCU3Hb 0544
u 300posve 6533 scumensm FOea Poccuu, cokpamums npsi-
Mble U KOCBeHHble NOmepU Om HONCAPO8 HA 0OUYIO CYMMY
8 841,359 mapad pyo., cnacmu om ynuumodncenus 235 236
K8. M. u om nogpexcoenus 733 745 k6. m. acunvix u npo-
U3600CMEeHHbIX NaAouadeil, obecneyusas mexKyujue 3a-
mpamut Ha Gyukyuonuposanue MCO I1b, é pazmepe 17,9
MAPO pyob. 6 200 3a cuem COKPaueHuUs encec00HbIX Nomepsb
om noxcapog u 3a cuem AIIDH 6 pazmepe 37,656 mapd
pyo6. (6276,0 mapd pyb. 6 20d), okynue 3a me dce uiecmo
Aem 6ce eQUHOBPEMEHHbLe 3aMPambl, a «CIKOHOMACHHbIe»

97,4 mapd py6. nanpaeume na cozdanue 00se0UHeHHO
eeourgpopmavuonnoil cucmemwt (I'MC) FOea Poccuu, m.x.
pacuemol NOKA3AAU, YMO 6EPOSMHOCIb 2UbeAU U mpaem,
cHU3UBMUCH 3a 6 nem ewe ¢ 9 paz, cocmaseum 1,34+ 107°,
umo ¢ 1,35 paza npesviuiaem donycmumolii yposeHs He3-
onacHocmu nHaceaenus npu noxcape (0,999999)».

WupiMu crioBamu [20, 21], «be3 eHedperus ocmanbHbix
modeaneit, mpebyrouux T'HC, a credoéamenvro, 83aumo-
Oelicmeust U camoopeanHu3ayul 6cex cayico JcuzHeobecne-
YeHusl U AOMUHUCIMPAUUIL pecUOHA, HEBOZMONCHO 00CIUHDL
HOPMAamueH020 ypoeHs 6e30nacHoll HcusnedesameabHocmu
arodeil 6 pezuone».

AHAJIOTMYHbIE PE3Y/IbTaThl ObUIN IOTyYeHbI Ha OCHO-
B€ CUCTEMHOTO aHaJI13a AEMCTBYIOIIMX ITPABOBBIX, TEX-
HUYECKUX, SKOHOMUYECKMX, OPTaHM3aLMOHHBIX 1 COLIU -
aJIbHBIX MEP, OMPEAEISIIONINX O€30IIaCHOCTD JOPOKHOTO
JIBUKEHMSI, ITyTEM PETPOIIPOTHO3a YKe 10 afalTHUPOBaH-
Hoit mogenu JleonteeBa-Mopna [20, 22, 34], mpu BUPTY-
aJIbHOM BHeApeHUN «KOMMYHUKAILIMOHHOM aganTUBHOM
CHCTEMBI KOHTPOJISI aBTOTPAHCIIOPTHOTO ABUXKEHMSI»
(KACKA]I), eneBoit (pyHKIIMEH YIIpaBICHHS Y KOTOPOIA
SBJIsIETCS (DYHKILIMS IIPOMU3BOACTBA DHTPOIINHU 1€ PEABH -
JKEHUSI B TOPOXHO-TPAHCIIOPTHBIX MHPPACTPYKTYpaXx,
OIIpeIeISIONIAsI BEPOSITHOCTD JOPOXHO-TPAHCIIOPTHO-
9KOJIOTMYECKOTO Bpea, U P JOCTUXKEHUU MUHUMYyMa
KOTOPOIi TTPOUCXOIUT MaKCUMAIIBHOE €TO TTO/IaBJIcHUE,
4yTO 00ecIeuYrBaeT TpeOyeMblil ypOBEeHb 0€30MacHOCTH
HaceneHus — 0,999999 [39].

AHaN3 CyIIECTBYIOIIMX JOPOXKHO-TPAHCIIOPTHBIX
MHGPACTPYKTYP MO3BOJIMI CUHTE3UPOBATH HOBBIE ITPUH-
LIUTIBI UX (POPMUPOBAHUS, «OTCIIEKUBAIOIINE» U MUHU-
MM3UPYIOIINE SHTPOIIMIO MIEPEABUKEHUS B HUX Yepes
(bYHKLIMIO CYMMapHOTO «IIPOU3BOICTBA SHTPOIIMU»
(AS = ZaiS/deode/dt), KOTOPYIO CBSI3BIBAIOT C BEPO-
SITHOCTBIO BOBHUKHOBEHMS (hiIyKTyaLuii mo I[puroxu-
HY, T.€. «I0POXHO-TPAHCIIOPTHOIO Bpeaa», (popmyiia
Ounmreitna [20,39]:

P = Bexp(AS/k), ®)

rae k — rocrostHHasT bopiiMaHa.

OKa3zasioch, 9TO TOPOKHAS CTPYKTYpa, BKITIOJasT Ka-
YeCTBO ITOPOXHEIX IIOKPBITU, HE SIBJISICTCS TJIaBHOM
B IIPMYMHAX U TTOCTCACTBUSIX TOPOXKHO-TPAHCTIOPTHBIX
mmoteps (S~ min, 45~ 0, P~ B). M 310 03HAYaNO, 4TO
IIPXA OTCYTCTBMM TPAHCIIOPTA JOPOTH ITPAKTUICCKU Oe3-
OITaCHBI, a JOPOXKHO-TpaHCHOPTHHIN Bpen (I TB) 3a-
Bucut [6, 9, 39]:

— OT KoJWYecTBa ((31S/6Nj . de/dt), CKOpPOCTH
(025/0Vj- de/dt), Beca (038/0Pj-de/dt) U KOJIECHOM
(GOpMYITBI TPAHCIIOPTHBIX CPEACTB (0 4S/()Jj . de/dt),

— OT BUIIa ¥ KOJIMYECTBA PACXOAYEMOTIO MU TOILIMBA
(@A /0Mj . de/ dt — gepe3 yCIOBHYIO TOHHY TOTLIHBA),

— OT KOJIMYEeCTBA (665/0nj-dnj/dt) 1 CKOPOCTH TIepe-
JBVDKEHMS TIEIEX010B (0,S/ 6vj . dvj/ dt).
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Puc. 2. BuoapxureKkTypa I0p0KHO-TPAHCIIOPTHOI CeTH

DKOHOMUYECKOU MOACUCTEMOM B MaKPOCHCTEME
«KACKA» sBnstetcss CructemMa agaliTUBHOTO JOPOK-
HO-TPaHCIIOPTHO-3KOJIOTMIECKOTO HAJIOTOO0IOKEHUS
B peruoHe («CAATDH»), koTopast mo3BoisieT chop-
MUpPOBaTh CPEICTBA Ha cO3MaHue, pa3BUTHE U (PYHK-
OUOHNPOBAHNE TAaKOW MAaKpOCUCTEMBI Oe3 BHEITHHUX
nHBeCTULINH [26, 39].

OnNTUMaIbHOCTh U aIalITUBHOCTH BBOAMMOTO a/Iar -
TUBHOTO HOPOXHO-TPAHCIIOPTHO-3KOJIOTHIECCKOTO
HaJoTa, KOTOPBII TOKEH OBITh «MECTHBIM HAJIOTOM»
(BMeCTO BCEX MOPOKHO-TPAHCITOPTHBIX, BKJIIOYAST aB-
TOCTPaXOBaHUE), 3aKJIFOYACTCS B YSTKOM pa3rpaHUyIe-
Huu, yuete u KomrneHcauuu JITB «Hanoroo6aaraemoii
0a30i1», T.K. 3aBUCHUT U PACCUNTHIBACTCS IS KOHKPET-
HOI TOPOXHO-TPAHCIIOPTHON MH(PPACTPYKTYPHI paii-
oHa (Topoma) 0 «CE30HHOM MTPOU3BOOUTEIBHOCTI»
9KOCHUCTEM, YNCICHHOCTH HACEJICHUS U TPaHCIIOPTa,
OIWHAMUKHN WX TICPEIBUKECHUS, BKIIIOYas BBEOCHME
3a cueT AJITOH GecrtaTHBIX ITaccakMPCKUX TTEPEBO-
30K, T.C. «IIPeBpaIlleHNE IMAaCCaXXMPCKOTO TpaHCIopTa
B ImyosmaHoe 6;1aro» [20, 33]. [Ipu 3TOM «Ce30HHOCTH»
TIPOU3BOAUTEIIBHOCTH SKOCHUCTEM PEeaTU3yeTCsI C IIOMO-
IIbI0 OMOAPXUTEKTYPHI TOPOKHO-TPAHCIIOPTHOM CeTH
(puc. 2), IyTeM ceunaIbHOM ITOCaIKN IePEeBbEB U K-
CTapHUKOB — «OMOTYyHHEeJei», noraoiatoiieii ITB u,
CJIeIOBATEIIBHO, 3aBUCSIICH OT MHTCHCHUBHOCTH IBIKE-
HUS TPAHCITOPTA U MEIIeX0I0B, BKITIOUYAsI UX CE30HHBIC
n3MeHeHus4 [6, 9].

HMHTEepeceH, T0 MHEHUIO aBTOPOB, UTOTOBBINA pe-
3yJIbTAT «MOACITMPOBAHMS B TIPOIIIJIOe» 110 T. PocToBY-
Ha-Jlony [20, 39]: «Ecau 6vt 6 1994 200y 6 Pocmose-
Ha-/lony 6bin Hauam 2ocyodapcmeeHHO-npagosoil IKcne-
pumenm no cozdanuro «KACKAIl», mo na pazpabomky
U 0C80eHUe NPOU3800CMEa He0OX0OUMbIX MeXHUYeCKUX
cpedcme u 0peaHu3ayUOHHO-NPABOBHIX MEPONPUIMULL

YK

Puc. 3. BHemnuii Buz ropoackoit TOIT

donyckanoce nompamums 550,0 man py6., u npu 3mom
cucmema OKynuaace 0vl 3a c4em CHUNCEHUs NPAMO20
U KOCBEHHO20 MAMEPUANbHO20 U MOPAAbHOR0 Yulepda, Ha -
HOCUMO20 HACeAeHUI) U OKpYdicarouell npupooHoll cpede
aeémompancnopmom e. Pocmosa-na-Zlony, ecau ee cmpou-
meabCcmeo ocyuecmeums 6 mevenue 8 1em u NOMpPamums
14,5 mapd pybaeii. Huoimu croéamu, 3a cuem noayHeHHbIX
cpedcme AITIH ¢ 1994 no 2002 200 u cokpaujenus no-
mepb om I TB M0oxicHO 0b120 0cyuecmeums «K03804H0UUI
mexHocghepol u buocgepvr> 8 0OPOICHO-MPAHCHOPMHOI
cemu 2. Pocmosa-na-/lony».

AHAJIOrMYHas «<KO3BOJIIOLIMS IIPUPOILI U TeXHOCDE-
PBI» OBbLIIA TIPEIJIOKEHA TS TETIOBBIX 3JICKTPOCTAHIINIA
u ueHTtpaneit (TOL), kotopeie (puc. 3) mocie aBTOTpaH-
cropra 3aHUMaloT «2-¢ MecTo 1o amuccun H,0, CO,
U IPYTUX TOKCUYHBIX Ia30B» B atMocdepy u «1-mecTo
no Beokuranuio O,» us Hee [40].

Cunres cucteMbl «ITAPCEK» (mpoTrBomoxXapHOIii,
aIaNTUBHOTO PETYTMPOBAHUS U CeMapalii SHEPTeTH -
YECKOTO Bpeaa M KOMITEHCAIIUN BBIKUTAEMOTO KHCIIO-
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Puc. 4. Baok-cxema cucrembl «ITAPCEK»: 1 — xoren Ha aneraze (R-510); 2 — mapo-BuHTOBas MaiuHa (IIBM);
3 — MeMOpaHHBI cernmaparop Bo3ayxa; 4 — IbIMOCOC; 5 — yibTpa3ByKoBast (popcyHKa (1151 Ma3yTa); 6 — pabouast
CTaHLMA JUcreTdepa; 7 — MHOroyHKIMOHaNbHBIN KOoHTposiep (M®K) ¢ MoaynsimMu BBona-BeiBoga ACYTII;

8 — OMOTYHHEIb (BMECTO ABIMOBOI TPYOHI); 9 — poyTep; 10 — maporasoBast haza R-510; 11 — yrieBomopoaHoe
TOILIMBO (ra3, Ma3yT U T.1.); 12 — BO3myX, 0OOraIieHHbII KMCIOPOAOM ITOC/Ie cenapaluu a3ora; 13 — a3or, cemna-
PUPOBAHHBIIA U3 BO3AyXa VISl CUCTEMbI IIOJABJICHUSI ITOXKAPHO-3HEPreTUYECKOro Bpeaa 1 OIaCHbIX (haKTOPOB MO-
»Kapa v B3pbIBa; 14 — BEIOPOCHI OT CrOpaHMs TOIUIMBA B OMOTYHHENb; 15 — CeTh yIaJleHHbBIX «MHTEUIEKTYaIbHbBIX»

moayieit MDK; 16 — snexTposHeprus 1jisi COOCTBEHHBIX HYK 1 oT [IBM

poma) OBLT ocyIIecTBIeH (puc. 4) Ha 0a3e CICAYIOIINX
WHHOBALIMOHHEBIX pemrennit [40, 41]:

BO-TIEPBBIX, BMECTO BOABI B KOTJIE TYPOMH OBLIO
MPEIIOKEHO MCITOJIB30BaTh COOTBETCTBYIONINE (ba-
30BbI¢ cocTosTHUS 2tera3a (R-510), KoTopsIili mmeeT
OoJree BHICOKME XapaKTePUCTUKM, YeM BOIa, U TIPU
€T0 NCITOJIh30BaHNH OTITafaeT HEOOXOIMMOCTh B CH-
CTeMe XMMBOIIOOUYNCTKY — 3aTPATHOM U TPYITOEMKOIA
B 9KCIUTyaTalllH, YTO pe3KO CHIDKAET Ce0eCTOMMOCTh
MPOM3BOJCTBA JIEKTPOIHEPTUY U TEILIA;
BO-BTOPBIX, BMECTO BOIIBI B CICTEME TIPOTUBOITOXAP-
Ho¥t 3ammTel TOLI 6B1UTO TTPEIIOKEHO UCITOIL30BaTh
A30THYIO MEMOPAaHHYIO YCTAHOBKY, [UISI TTOMABIICHMS
a30TOM TTOXKapHO-3HEPTeTIIECKOTO Bpeaa, KOHTPOJIT-
PYEMOTo cHCTeMOI1 (B KabeTbHBIX KaHaJlaX, B CTOMKaxX
3JIeKTPOo0OOopymoBaHus, XpaHmwmuiax 'CM u T.11.),
YTO TIO3BOJIMIIO HAKATIMBATh U MCIIOIb30BaTh Cella-
PUPOBAHHBIN 13 BO3MyXa KICIIOPOI, KOTOPHIIA B COBO-
KYITHOCTH C YIbTPa3ByKOBBIMU (POPCYHKAMM BITPBICKA
TOTUTABA 00ECIIEIMBAIT €TO MIOJTHOE CTOpaHe, CHIDKAS
TOKCUYIHBIC KOMITOHCHTHI BEIOPOCOB;

CTBCHHOM 3JICKTPOSHEPIHEH 1T COOCTBEHHBIX HYKII,
YTO ITOBBIIIAIO OTKA30yCTOMUYMBOCTD 3JIEKTPOOOO-
pyIOBaHUS, a TAaKXKe HE3aBUCUMOCTD OT BHEIITHETO
SJIEKTPOCHAOXKCHHS

B-UYETBEPTHIX, M 3TO INIABHOE — IIPUMEHEHME «OMO-
TyHHEJIEe» BMECTO IBIMOBEIX TPYO, C COOTBETCTBY-
foIIeit 00CamKoil MX BEeYHO3CICHBIMU ICPEBbIMU
1 KyCTapHUKaMHU, B T.4. O€3TauIIIHOI KOHOIIJICH,
TITOTJIOIIAIOIIE OKMCH YIIepoaa, ITO3BOJISTIOT «IIepe-
BECTH» TCIIOBBIC 3yieKTpocTaHny 1 TOLI B «kimacc
SKOJIOTUYECKI YMCTHIX», a pa3BepPThHIBAaHME Ha UX
TEPPUTOPUU OMOTYMYCHBIX U OMOTEPMHICCKUX
YJ9aCTKOB IO TIepepaboTKe omana IepeBbeB M KY-
CTapHUKOB, B T.4. M U3 JOPOKHO-TPAHCIIOPTHHBIX
MHOPACTPYKTYp, ITO3BOJISIIO HAYaTh IIPOIIECCHI,
BOCCTaHOBJICHUS CEMUJICTHETO IIMKJIa KPYTOBOPOTA
yriiepona B CUCTeMe «aTMocdepa-omocdepa-reo-
cdepar, a TaKKe CE30HHBIX [IUKJIOB KPYTroBOPOTa
BOIBI M KMCIIOPOZIA B CUCTEMe «aTMocdepa-omo-
chepa-rugpochepar.

WHTepecHBI, IO MHEHUIO aBTOPOB, IJIaHbI 15-TH-

JIETHE! JaBHOCTU (KOHEYHO K€, HEe peaJM30BaHHbIC)
o BHenpeHuto cucteMbl «[TAPCEK» [40]:

* B-TPETHUX, TOpadOTKA M TPUMEHEHME ITapO-BUHTO-
BBIX MAIlIMH 107, 3J1eTa3 obecneunBano TOLI kaue-
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«B nacmosuwee epems cucmema «I[TAPCEK» naa-
HUpyemcsi K paspabomie u gHeOpenut0 no npoepamme
«CTAPT-2006» Ha 00HOU U3 pOCMOBCKUX KOMENbHbIX
U, no npedgapumenbHulmM paciemam, 00ANCHA CHAMDb
npobaemy skonoeuueckoil onachocmu ¢ TOIl. Yeepen-
HOCMb 6 peanru3ayuu NpoeKma co3oaem yuacmue 8 Hem
KpYnHeuuux omeyecmeenHulxX Hay4HO-npou3800CmMEeH -
noix npeonpusimuii: OTYI HIIIT «Teogusuka-Kocmoc»
(Mockea), OI'YII OHIIII «Texuonoeus» (Ob6HUHCK)
u ycnewro pazeusarwuuxca komnanuii: 000 «BM-
anepeus» (Yppa), HUIIK «Dneeasz» (Mockea) u HIIO
«bBuomexnonoeus» (Pocmos n/Jll), a maxace eedyujux
omeuecmegennvix 6y306 u HUH 6 smoii obnacmu: PI'Y
(Pocmoes n/ll), Akademus I'lIC M4YC PD (Mockea),
PICY (Pocmoeé n/ll) u Kpacnodapckui HUHU um.
I1.11. J/Iykbsanenko)».

PE3YJIBTATBI 1 OBCYXJIEHUE

Jlokann3oBaTh 1 TTOAABUTH TTOKAPHO-3HEPTeTUIC-
CKUI1 Bpel B MHIUBUAYATbHBIX KUJIBIX ToMax (puc. 3),
KoTopbiX B Poccum mopsiaka 10 MITH. (TIJTIIOC OKOJIO
40 MJTH caZOBBIX M JAYHBIX JOMHUKOB), KaK ITOKa3aIn
HaIllK MCCIICTOBAaHMS, MOXHO IIyTEM aBTOHOMM3AIIUN
3JIEKTPO- W BOOOCHAOXKECHMS U3 albTePHATUBHBIX HC-
TOYHUKOB (BETpa, COJHIIA, aTMOC(HEPHI) C TTOMOIIIBIO
«IIPUPOIOTIOTOOHBIX HAHOTEXHOJIOTUIi» [19].

[IprHMMasT BO BHUMaHUE BHIIIICYKAa3aHHBIA 00beM
WHINBUIYATHHBIX KIJIBIX JOMOB B Poccnu, a Takke oT-
IS B CTPYKTYpPE, B IPOU3BOAUTEIBHOCTH (pHC. 5)
U B CTOUMOCTH (Tab. 1) KOMIUIEKTYIOIIEr0 000py10-
BaHU (Ha MOPSAOK 1 00Jjiee), BOBHUKAIOT CAeAyIOIIe
HAyIHO-TeXHUUCCKUE 3a1a4uM:

*  BO-TICPBBIX, HCOOXOIMMO OIICHUTH 3aTPaThl HA TAKOMK

«PEMHXUHUPUHT TeXHOChepsl» B Poccum, 1ipu nm-

TIOPTHOM M OTEYECTBCHHON KOMITJICKTAIINM,

*  BO-BTOPBIX, BEITIOJTHUTB PETPOITPOTHO3 3(PHEKTUBHO-
CTH TAaKOTO PEUHKMHMPUHTA TexHochephl B Poccun,

* B-TPETHUX, IIPOBECTH CPAaBHUTEIBHBIN aHAIN3 3(-
(EeKTUBHOCTHU TIPY UMIIOPTHOM 1 OTCYCCTBEHHOM
KOMILICKTAIINH,

* B-YCTBEPTHIX, IPOMOICINPOBATD YCIOBUS pean3a-
LINY ONITUMAJIPHOTO BapraHTa B Poccum.

3aTpatbl IpH UMIIOPTHOI M 0TeYeCTBEHHOI
KOMIUIEKTANUSX

Kaxk ciemyeT 3 cpaBHUTETBHBIX JaHHBIX BETPOTCHE-
paTopoB (Tad. 1), CTOMMOCTh KMTACKOTO BETPOreHepa-
Topa MomHocThio 1,0 KBT coctasister 100,0 ThIC. pYO.,
CTOMMOCTS arnmaparta nmutbeBoii Boabl <AKBAMATUK» —
80,0 ThIC. py0. [42], KOMILIEKT ruapomnaHeseii (puc. 6)
¢ npousBoauTeabHOCTHIO 10 71. B 1eHb «ZERMASS» ctont
380,0 TeIC. py0. [43], a omHa KUTalicKas COTHEeYHas baTa-
pes B 300 Br SRP 320 — 18,5 Tric. py0. [44, 45].

Takum 0Opa3om, 3aTpaThl HA OJAMH HHINBUIYAJIHbII
2KWJIOH 10M B UMNOPTHOM KOMIUIEKTAIMHU JIJ1s1 AyOI1MpO-
BaHHOI CCTEMEI cOCTaBAT — 634, 0 ThIC. pyoO.

Kak ciemyeT n3 cpaBHUTEIBHBIX TaHHBIX BETPOTE-
HepaTopoB (Tab. 1), crouMocTth «IIlyxoBcKOro BeTpo-
reHepaTopa» MoIrHocThIo 1,0 KBT cocTaBmseT 1,9 ThIC.
py0., CTOMMOCTH OBITOBOTO aTMOC(HEpHOTO TeHepaTopa
Bombl T-88 «Coro3» (puc.7) ¢ IpOU3BOIUTEILHOCTHIO
30 1 B cyrku — 115,0 ThIC. pyO. [46], KOMIUIEKTA OTEUE-
crBeHHBIX THaporadeneit «UNISORB» (puc. 5) ¢ mpo-
n3BoauTeIbHOCTHIO 10 1 B menb — 120,0 TwIC. pyo. [43],
OJHOI OTeUYeCTBEHHOM cotHeuHOoIi 6aTtapen B 290 Bt
HEVEL — 23,7 TriC. py0. [44, 45].

CremoBaTelbHO, 3aTpaThl HA OOWH WHIWBUIYATb-
HBIN XXUWJION 1IOM B OT€YEeCTBEHHOU KOMIUIEKTALlUU AJIS1
JIIyOJTMPOBAHHOM CUCTEMBI cocTaBAT — 331,7 THIC. pyo.,
T.¢. TIOYTH B IBA pa3a MeHbIIe. M ocTaeTcst OLIeHUTh 00b-

Tabauya 1
CpaBHHUTEIbHbIE XapAKTEPUCTHKH BETPOreHEPaTOPOB
TMapamer BetporenepaTtop Betporeneparop BetporenepaTop
p P KPBLIBYATOrO THIIA C BEPTUKAJIbHOI OCBIO «[TyxoBa»
MoutHocts, KBT 1,0 1,0 1,0

T'aGaputsl, MM

nuametp — 2800 (Kpyr,
OTUCHIBAEMBbIH JIOMTACTSIMM)

nuramerp — 520,
BbIcOTa — 850

nrameTtp — 454, BeicoTa
nonacteit — 4000

Macca, kr (BeTponBuratenb + reHeparop) |70 98 43

Cua BeTpa Ipu CTparuBaHUM, M/CeK 2,0 3,0 1,0

Yacrora BpaieHus 06/MuH 300...400 180...300 600...900
BETpoOBasi TypOUHa, BETPOBOI1 POTOP,
reHeparop, reHeparop, BeTpOBast TypOUHa,
aKKyMYJISITOD, BBIMIPSIMUTENb,

Komrmnekrauus reHeparop,
WHBEPTOP, KOHTpOJLIED, TpanchopMaTop
KabenbHas1 coopka, KabeJbHast coopka, P
MayTa ¢ pacTsKKaMu MayTa ¢ pacTsSKKaMu

CTOUMOCTb, €BPO 1300 (Kuraii) 3350 (YkpauHa) 250 (Poccust)
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€MbI d)HHaHCHpOBaHPIH npennaraeMoﬁ ABTOHOMM3allnH
N €€ BKJIaa B CYIIECTBYIOIIYIO TCHEPALINIO 1 JOCTAaBKY
QJICKTPOSHEPIUHN, BOALI 1 TCILJIa HACCJICHUIO Poccun.

O0bemMbl He00X0MMMOT0 (PUHAHCHPOBAHUS U TeHEPAIIH
MOJIyYaeMBIX PeCyPCOB (IJIEKTPOIHEPTHH, BOIBI
¥ TeIJ1a) NPU AaBTOHOMU3ALMI

Ecnu paccMaTpuBaTh TOJBKO KalUTAIbHBIC MHIN-
BUIyaJTbHBIC XXUJIBIC JOMA, TO JJISI YCTAHOBKU B HUX
ABTOHOMHBIX WHKEHEPHBIX CICTEM OOCCIICUCHUS pe-
cypcaMu (3IIEKTpOIHEprueil, BOTON M TEIUIOM) B M-
TOPTHOI KOMIUTIeKTauu (06e3 3aTpaT Ha MOHTaX) I10-
Tpebyercs — 6,34 TpaH. pyd. B aTOM ciydae mosryaum

cJIemyIonIre 00beMBI PECYPCOB, TIPOM3BEACHHBIX C T10-
MOIITbIO HAHOTEXHOJIOTUI B MHINBUIYAIBHBIX XKIJIBIX
JIOMax B TCUCHNE Toa:

BOIOCHAOXEHME TTMTheBOI BOIOM — 73 MIIpI TUTPOB
1M 73 MITH Ky0. M.;

BOIOCHAOXEHME TOPSIeii BOTOM — 7,3 MIIpI IUTPOB
i 7,3 MJITH Ky0. M.;

SJIeKTpocHaOXKeHne — 192,72 MiIpa KBT/4;

teriocHabxeHue — 102,6 muiH I'kai (3a oTonuTelb-
HbIIA ce30H B 6 MecsieB — 0,0342+6+50 = 10,26).

s ocHameHus ocTalbHBIX 40 MJTH. TaYHBIX U ca-
IIOBBIX JOMHUKOB ITOTpedyeTcs eme 25,36 TpiH pyo.,
U CYMMapHBIN 00BbeM IIPOM3BEACHHBIX PECYPCOB B TO
COCTaBHT:
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[MutbeBas,
[TpousBonuMas Boia ropstuasi

U XOJIONTHAS
MoiHocTh obiasi, Bt 1000—1150
MoiHocTh HarpeBa, Bt 500
MolHoCTh oxJIaxaeHus, Br 500
Temnepatypa X0;101HO# Bozibl, °C 4—10
Temnepatypa ropsiueit Bojbl, °C 75-93
Tun xmagareHTa 1 €ro Koji-Bo, T R134—460
KonnuecTBo BOABI B CYTKH, JI 30
EmkocTb mi1s Boawl, 11 12,5
EMKoOCTB [1151 TOpstueii BOJIbI, JI 1,8
EMKOCTBD [1J151 XOJIOAHOM BOBI, JT 2
JuanazoH temreparyp cpenbl, °C 15—-40
Bnaxuocts cpensl, % 35-95
VposeHsb 11yma, J16 <60
Bec anmapara, kr 50

Puc. 7. Atmocdepnbiii renepaTop Boabl T-88
000 «Cor3»

BOIOCHAOXEHUE ITUThEeBOI BOAOM — 365 MJIpI IUTPOB
i 365 MITH Ky0. M;

BOIOCHAOKEHUE ropstueii Bomoit — 36,5 MIIpI JIUTPOB
wim 36,5 MJTH KyO. M.;

aJeKTpocHa0XeHre — 963,6 MIp. KBT/4;

terutocHaoxenne — 513,0 mura. I'Kao.

[Tpu Tex Ke ycaoBUsIX It epBoit ouepenu (10 MrH
IOMOB) B OT€YECTBEHHOI KOMILUICKTAILINU ITOTPEOYETCS
3,317 TpaH py6., a n1sg BTopoit ouepenn (40 MIH H0-
MUKOB) — 13,268 TpjiH py0., IPaKTUYECKU IIPU TEX XKe
00BEMHO-BPEMEHHBIX XapaKTepUCTUKAX ITPON3BEICH-
HBIX PECYPCOB C IIOMOILIBIO «[IPUPOIOIIOLOOHBIX HAHO-
TEXHOJIOTUIN».

YTOOBI BBEITTOJTHUTH PETPOITPOTHO3 BHEAPEHUS aBTO-
HOMHBIX MHXKCHEPHBIX CCTEM MHANBUIYATbHBIX JKITBIX
momoB (AMC M2K]T), HeoOxomMa CTaTUCTAKA COOBITHIA,
CBSI3aHHBIX ¢ (DYHKIIMOHUPOBAHUEM CYIIIECTBYIOIICH
SHEPTOCUCTEMBI, KOTOPYIO «PaCIIWIVIIA» IIOCJIE Pa3Bajia
CCCP mig co3naHus, TaK Ha3bIBAEMOTO «PBhIHKA JIEK-
TPOSHEPTUN», Ha IBE OCHOBHBIX CTPYKTYPHI: «TCHEPH-
PYIOIIYI0» (KyIa BOIILIN BCE SJICKTPOCTAHIINMT) 1 «CHA0-
KAIOMIYI0» (COCTOAIIYIO U3 «TapaHTUPYIOIINX ITOCTAB-
IIMKOB» M OCTAJIbHBIX, €CJIM TaKOBBIC €CTh). [1pn 3TOM
X «PBIHOYHOE B3aMMOJICICTBHE» 3aKII0UACTCS B TOM,
YTO «TCHEPHUPYIOIIAs CTPYKTYpa» IPOAAET SJICKTPOIHEP-
TUIO, HAIIpUMeED, TT0 «(demepaTbHBIM LIeHaM» (10 1 pyo.
3a 1 KBT-9ac), a «cHaGxXaroIast CTpyKTypa» — Mo «pe-
TUOHAJIBHBIM IIeHaM» (OT 2 1o 5 py0. 3a 1 KBT-uac), na
elre B BUe AKcIepruMeHTa (KoTopslii ¢ 2013 roma HUKaK
HE 3aKOHYMUTCS) 10 «COLUAIbHBIM HOpMaM», YTBEPK-
IaeMbIM peTHOHAJBbHBIMHU TapU(DHBIMI KOMUCCHUSIMH.
B cBs131 ¢ yeM TTOTpeOUTENN TUIATSIT HE TOIBKO 3a (haK-
THYEeCKOe TTOTpeOJIeHNe JIEKTPOIHEPTUH, HO U 32 TI0-

TEPH B DJIEKTPUUECKUX CETSIX «CHAOXKAIOIIMX CTPYKTYP»,
KOTOpBIC, KaK MOKA3aJI1 HAIIIM UCCIICIOBAHMS, «3aKOHO-
JaTeJIbHO» pa3pelneHsl [19, 47, 48].

CIremoBaTeIbHO, «IKOHOMHYECKHI 3¢ eKT» (TouHee
TOI0Bast SKOHOMMSI TPaXIaH B CTOMMOCTHOM BBIpaKe-
HHUU) OT BHeJPeHHs «3JIeKTprmaecKkoit yactim» AMC VK],
Oymer, B cpemHeM, B 3,5 pa3a OOJIBIIIE, YeM «IOXO. TeHe-
pUPYIOIIEH CTPYKTYPBI», YTO COCTABHUT — 3,372 TpJiH pyo.
exeroano (963,6 Miipz KBT/4 « 3,5 pyo.).

O4eBUIHO, €CITA HACEIICHIE COKOHOMMT Ha 3JICKTPO-
SHEPTUH, TO TOSBITCS T€, KTO MOTEPSIET CBOU JOXO,
U 9TO OYAyT BJIEKTpOCHAOXKalolMe opraHu3anuu (ra-
PAHTUPYIOIINIA TIOCTABIINK B TICPBYIO OUepenb), T.K. «Ie-
HepHUpYIOIIasi CTPYKTypa» OYyIeT IIPOIoJKaTh ITPOIaBaTh
M 3JICKTPOIHEPTHIO, KOTOPOIT IIOCTOSHHO HE XBaTacT
11t pa3sutusa Poccrm. OmHako, Ha o61eM (poHe ImocTa-
BOK 3JICKTPOSHEPTUH IIPEAIPUSTHSAM W OPTaHU3aLIMSIM
(TopUAMYECKUM JIMLIAM) TAKOM «yOBITOK» HUKTO HE 3aMe-
THUT, a B KAYECTBE KOMIIEHCALIMY «CHAOXAIOIIME CTPYK-
TYPBI» TIOJTYYAT CITIaXKUBaHWIE THEBHOTO KA HATPY3KH,
a CJIeIOBaTEILHO, TTOBBIIICHIE KAYSCTBA IIOCTABIISIEMOM
BJICKTPOIHEPTUHU M CHIDKEHHE TIOTEPh, T. K. OOBIYHO MK
BBEIPAOOTKH SHEPTUU COJTHETHBIMU ITAHEIISIMU COBITAIACT
C THEBHBIM TTMKOM TTOTpebaeHu [44].

OcraeTcs OIpeAesInTh, OTKyIa, B KAKOM KOJIMYECTBE
€XEeTOTHO U B TeUeHHUE CKOJBKHUX JIET CleAyeT HabpaTh
16,585 TpiH py0. st KoMmruiekrauuu u BHeapenuss AUC
M2KI?

Hemo B ToM, uto ¢ 2009 roma B Poccum meiictByeT
MTOIIepKKa BO30OHOBISIEMBIX MICTOYHUKOB SHEPTUN —
MIpaBUJIa IIPOITMCAHBI B YTBEPXKICHHOM IIPaBUTEIIHECTBOM
TOKyMeHTe. MI3HauambHO MepHl TTOMIePXKKY OBLIN pac-
cuuTaHbl Ha nepuon 1o 2020 roga, HO UX TIPOIITVIIN
1o 2024. Cybcuanii co CTOPOHEI TOCYIapCcTBa B Mepax
MTOIIEPKKHU HET - OHM HaIlpaBJICHBI TOJIBKO Ha IIPUBIIC-
YeHHWe YaCTHBIX MHBEeCTULIN [49].

Ha po3HWYHOM pBIHKE 3JICKTPOIHEPIUU MIPEIy-
CMOTpeH KOHKYPCHEIN OTOOpP, IT0 UTOraM KOTOPOTO
WHBECTOP MOJIyIacT IIPaBoO Ha CTPOUTEIBCTBO OOBEK-
ToB B moboro Buaa ¢ rapaHTUPOBAHHBLIM BO3BPaTOM
BiroxxeHnit. CpoK OKymaeMocT: — 15 jet, Hopma 1o-
XogHOCTU — 14% romoBbIX 1St OOBEKTOB, BBEACHHBIX
1o 1 suBaps 2017 rona, u 12% romoBbIX 1Sl OOBEKTOB,
BBeIeHHBIX rTocie 1 gsuaBaps 2017 roxa.

C 2013 roma komMmepueckuii orrepatop AO «ATC»
KaXXIIBIiA TOI TIPOBOANT KOHKYPCHBIM OTOOP IIPOCKTOB.
ITo pe3yiapTatam otbopa mo 2024 roga INIAHUPYETCS MH-
BECTHPOBATh B CTPOUTEILCTBO 00heKTOB BUD B Poccun
528,74 Mipn py0IIeii, M3 KOTOPBIX Ha JOJIO BETPOSJICK-
TpocTaHmuii mpuxonutcst 330,73 Mipn pyo., a Ha TOIIO
COJTHEYHBIX dJIeKTpocTaHuii — 201,25 mipx pyo. [50].

Ecau mpr6aBuTh K yKazaHHBIM JaHHEIM AO «ATC»
00BEM MHBECTULINMI, BIOXEHHbBIX OM3HECOM B OGeccuc-
TEMHOE KOIUPOBaHUE «3apyDexxHOoro omnbiTa» ¢ 2009
o 2013 romsl [51], TO 00IIIasg cCyMMa MOTEPh OT «TYIIH-
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KoBoro pa3putus» BUD B Poccnu 3a 12 et mpeBBIcHIa

1,0 TpiH pyo.

C Touku 3peHMUs opraHm3anum BHempeHus ANUC
MK, mpeacrasisieT mHTepec onbIT Hunmepnanoos [52].
CrouMocTth 1 KBT-yaca ncmoab30BaHUS LIEHTPATINA30-
BaHHON MOJA4YM 3JEKTPOIHEPTUU 15T (PUBNUECKUX JIUL]
B Hunmepmanmax cocrasisieT ipuMepHO 30 eBPOLICHTOB,
YTO TaKKe KaK y Hac B 4,5 pa3a BEIIIE CTOUMOCTH ITIPOM3-
BOJIMMOM 3JIeKTpO3HEpTUK (7 eBPOLIEHTOB, a OCTAIbHOE
— HaJIOTH, MOLUIAHKI 1 T.1). [Tpu 3TOM T0oCIe corytacoBa-
HUSI C MECTHBIMUM 3HEProCHa0XAIOIUMI OpraHU3aLSIMUA
COOCTBEHHUK YCTaHABIMUBAET y ceOs1 IBYHAIIPaBICHHbIN
CUYETYMK BJIEKTPOIHEPIMHU M COJTHEUHbIE TTaHEIu, pabo-
TaIOIINe Ha CETeBOI MHBEPTOP (MHBEPTOP, PAOOTAIOIIIIA
napaijie/ibHO € CeThI0). B TeMHOE BpeMs CyTOK 2J1€KTpO-
HEPrusl HOTPeOISIETCS U3 CETU, M CYETIYMK CUUTAET €€ KO-
JINYECTBO, a YTPOM SHEPIUs OT COJTHEUHbBIX MaHeNel yepe3
CETeBOU MHBEPTOp HAUMHAET MOAMEIINBATLCS B TOMOBYIO
3JIEKTPOCETh 32 CUYETYNKOM, TEM CAaMbIM CHMXasl TTOTpe-
omenme ot cet. COOTBETCTBEHHO, CUCTUMK ITPOIOJTKACT
CUYMTATh SHEPIUIO, HO YXKe C MEHbIIIEH CKOPOCTHIO, a MOo-
CJIe TOTO KaK BbIpaOOTKa 3JIEKTPOIHEPTUU COTHEYHBIMU
MaHeJsIMU JOCTUTAET YPOBHS TMOJHOTO MOTPEOIeHUS
JloMa, MOTpeOJIeHUE OT TOPOICKOM CeTH IpeKpalaeTcs,
CUETYMK OCTAHABJIMBAETCS U BCE HYXKIbI AOMa ITOJHO-
CTbIO 00€CIeYnBaIOTCS COJITHEYHBIMU NaHeasaMu. [1pu
JaJIbHEUIIeM pocTe BbIPaOOTKU 3JEKTPOIHEPTUU COJI-
HEYHBIMM TIAHEJISIMU WJIU TIPU CHUXKEHUM TTOTPeOIeHUST
JIOMOM M30bITOUYHAsI JIEKTPOIHEPTUS HAUMHAET BHITPY-
2KaTbCsl B TOPOJCKYIO C€Th, IPU 3TOM CUETYMK HAYMHAET
BBIUMTATh 3TY SHEPTUIO U3 CBOMX MPEKHUX MOKA3aHUM.
K KoH11y oTueTHOrO nepuoaa (Mecsiiia) BO3MOXKHBI TpU
BapUaHTa I10 0aylaHCy MOTPeOJIEHHOM 1 BhIpabOTAaHHOM
sHepruu [52]:

— BBIpabOTKa S3HEPTUU COJTHEUYHBIMU MAHESIMU 3 Te-
PUOJ HE TIpeBbICUIIA TTOTPEOIEHMS TOMa, B 3TOM CITy-
qae orutaynBaeTcs 1Mo Tapudy 30 eBpoIeHTOB — pa3-
HHULIA MEXITy MOTpeOJeHUEM OT CETH 1 BbIpabOTKOM
OT COJIHILIA;

— BBIpabOTKa S3HEPTUU COJTHEUYHBIMU MAHESIMU 3 Te-
pUoI paBHA MOTPEOIEHUIO JOMa, B 9TOM CJIy4yae BO-
00111e HE MOTPeOYeTCs TIaTUTh 3a DJIEKTPOIHEPTHUIO;

— BbIpa0OTKa 9HEPTUMU COJTHEUHBIMU MaHEISIMHU 32 Me-
CsI11 TIpeBbICKIIA MOTPebIeHWE 1oMa, B 3TOM cllydyae
COBITOBAsI KOMITAHUS 3aIUIATUT 3a «JTULIHIOK dHEP-
THIO», HO JIUIIB 110 Tapudy 7 eBpOIIeHTOB 3a KBT-4ac.
OmHakKo Takask OpraHU3aIMs CTUMYJIMPYET YCTAaHOBKY

naHeJiel TaKoi MOILIHOCTH, YTOOBI 6aaHC MOTpeOJEHHOM

Y BbIpaOOTAaHHOI MOIIIHOCTEN MPUOIMKAJICS K HYJIIO,

T.K. BbIpabaThIBaTh 00JIbIIE TPOCTO HEBBITOAHO, B CBSI3U

C TeM, 4TO Tapu@ B 7 eBPOLIEHTOB HE TTO3BOJUT OKYMUTD

BJIOXKEHHBIE B YCTAHOBKY JIMIITHUX TIAHEJEH CPEICTBA B TE-

YeHMe BCEro CpoKa 1x CyK0bl. Y Tako crmocod «BbIHYK-

IEHHOM OpTaHM3alll» B COBOKYITHOCTH C KOHTPOJIMPY-

€MOM BbITAYEl pa3pellIcHUIA peaan3yeT IIPOLEeCC «CaMO-

OpraHM3alliy», T.K. HUKAKUX Pa0OT 10 alalTali CETH
K IIPHEMY MOIITHOCTH CO CTOPOHBI CETEBBIX KOMITAHUIA
He TpeOyeTCsI, YTO NCKITI0UaeT BOSHUKHOBEHIE IIPOOJIEM,
CBSI3aHHBIX C TIEPEU30BITKOM MOIITHOCTH B y9acTKaX CETH
MEXIy TTOTPeOUTEISIMU U OVKAaUIIIMMU TpaHC(opMaTo-
pamir). DTa CUCTeMa XOPOIIIo paboTaeT 1 JaeT oIy TUMBIi
BKJIa B 001Imii sHeprodananc Hunepiaanmos, He TpeOys
aKKyMYJISITOPHBIX OaTapeid, ISt XpaHeHMST N30BITOYHOM
SJIEKTpO3HEpruu [52].

B Poccum, HecMOTps Ha M3MCHEHUST 3aKOHOIA-
TEJIbCTBA B 00JIACTA MUKPOTCHEPAIIUH JICKTPOIHEP-
TUH, U3-3a OTCYTCTBUS PETYIMPYIOIINX ITOA3aKOHHBIX
aKTOB, CYIIIECTBYIOIIAsI CHCTeMa IIPAKTUIECKU HE J10-
IyCKaeT BBITPY3KM U3IUIIKOB 3JICKTPOSHEPTUH B CETh
du3maeckuMy TuaMu [53], mosToMy sl HAaKOTUICHUS
H3JIUIIKOB TPEOYIOTCS aKKYMYJIITOPBI, KOTOPEIC YBEITH-
yuBaloT 3aTpathl Ha BHeapeHne AVC MXK]I. OnHako
TEXHIYCCKY HIYETO He MeIIIaeT HaM 3aIMCTBOBATh OIIBIT
HunepnaHmoB, T.K. MHOTHE U3 IIpUMeHsIeMBIX B Poc-
CHU JICKTPOHHBIX CICTINKOB M3HAYATIBHO CITOCOOHBI
CUNTATh SHEPTHIO B IBE CTOPOHEI, ceiiuac 3Ta (PyHKIIMS
OTKJTIOUEHA ITporpaMMHO [52].

HTak, nepedyncimM JOCTOMHCTBA TAKOTO CXEMHOTO
petreHus (puc. 8) I HaceJIeHWs W HaIlleTo rocymap-
CTBa, IIOCTPOEHHOTO C YUYETOM IIPOIIECCOB caMOOpra-
HU3AINAN:

BO-TIEPBBIX, FPazKIaHe MOJIYy4al0T 0e3 mepedoeB B 3JIeK-
TPOCHAOXKEeHHH 00jiee KAUeCTBEHHYIO JJIEKTPOIHEPTHIO
M SKOHOMAT Ha omuiate 3a Hee (MHUMYM 100 py0. B MecCsIII
Ha KaXXIOTO TIPOXXUBAIOIIETO 10 «COLMAIEHOM HOPME» );

BO-BTODBIX, IPpazkKIaHe MOIyJaoT 0e3 nepedoes B BOIO-
CHA0KeHNH 00Jiee Ka4eCTBEHHYI0 MNTHEBYIO BOAY H 3KO-
HOMAT Ha omiarte 3a Hee (MuHUMYM 300 py0. B MecsIII
Ha JOMOBJIaICHNE);

B-TPCTHUX, TPazkKIaHe MOIyIaioT 0e3 mepedoeB ropsayro
BOJY M 3KOHOMSAT Ha omiate 3a Hee (MuHUMYM 300 pyo.
B MecsIII Ha JOMOBJIaICHNE);

B-YETBEPTHIX, TPazKAaHe MOIyJaioT 0e3 mepedoes B Te-
IJIOCHAOXKEHHH KOM(OPTHBIE YCIOBHUS MPOKUBAHUS NPH
ABTOHOMHO-PeryJJMpyeMoM OTOIJIEHUHU, NP IKOHOMUH
omiarbl (MuHUMYM 1000 py0. B MecsIII Ha JOMOBJIAICHIE
B TCUCHUE OTOMUTEIILHOTO CE30HA);

B-TISITHIX, TPaKJIaHe peajbHO YYACTBYIOT B pelieHUun
MPo0JIeMbl «PEeHHKHHAPUHTA TEXHOC(HEPBI» C TTOMOIIBIO
«IIPUPOIOIIOMOOHBIX HAHOTCXHOJIOTHI», SKOHOMS,
B cpeaneM, 144,0 Toic. py0. B rox Ha omiarte 3a 3JIEKTPO-
9HEPruio, BOAY U TEMJIO B UHIAUBUAYAJIbHOM XKHJIOM J0ME;

B-IIIECTHIX, TOCYAAPCTBO 00ECIIEUMBACT POCT MO
aJIbTepPHATUBHOM HEPreTUKU B OOIIeM OajlaHce, CTU-
MYJIIPYET IIPON3BOICTBO COJTHEYHBIX OaTapeii U TUAPO-
IMaHeJel, BETpOTeHepaToOpoOB, alllapaToB reHepaluu
MMUTHEBOI BOABI U APYTUX NTpHOOpoB, Bxoasammx B AUC
M2K]I, vem yBeTMUMBaeT BHYTPEHHUI BAJIOBBIN ITPOIYKT
(BBII) 1 gyncito paboumx MecT, yIydlasi, TeM CaMbIM,
OTHOIIIEHNE K BJIACTH CO CTOPOHEHI OOIIIECTBA U T.II.
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Puc. 8. Crpykrypa Betpo-coaHeunoii yactu AVC VKT

EcTth u eme akTyajqbHBIC TIPUMEHEHUS IJI MaIoit
aJbTepHATUBHOM SHEPTETUKN — 3TO MHXXEHEPHBIE CH-
CTEMBI [JIST YIaJICHHBIX aBTOHOMHBIX 00BeKTOB. UTO XKe
MeIlaeT peajn3aniui TAKOro noaxoaa?

Bo-nepBBIX, OTCYTCTBHE CHCTEMHOTO TTOIXO0/A K alTb-
TePHATUBHOI SHEPTETHUKE, O YeM CBUICTEILCTBYIOT IIPH-
BeJeHHBIE BBINIE JaHHBIE 00 OIMOOYHOM BEKTOPE €€
pa3BuUTHS, «IposiokeHHOM B 2009 romxy» IIpaBuTesnb-
ctBoM PO [48].

Bo-BTOpPEIX, OTCYTCTBUE CUCTEMHOM MOIICPKKHI
B IIOCTAHOBKE Ha MPOM3BOACTBO OTEYECTBEHHBIX MH-
HOBAIIWIA 1 B BETPOIHEPTETUKE, U B TeHEPAIlN ITUTHEBOI
BOJBI, M B IPOU3BOJICTBE «OIOMKETHBIX» THIPOITaHEIER
¥ COJIHEUHBIX OaTapeii.

B-TpeThux, 1 3TO INIaBHOE — B OTCYTCTBUHU T'OCY-
IApCTBEHHOU BOJIM M COOTBETCTBYIOIIEH HOPMATUBHO-
MPpaBOBOIi 0a3bl MO «HAIIPABIEHUIO OM3HECa B HYXKHOE
pyciio», 1is1 odbecrieueHus1 6J1arocoCcTosIHUS U 6e3011ac-
HOM JXMU3HEeAESTeIbHOCTY Hapoa, a He Ha TTOBLIIIIEHNE
ITOXAPOB3PBIBOOIIACHOCTH OT «O€3MyMHOM ra3u(UKaInm
ceJla» ¥ HU3KOTO KayecTBa 3JIEKTPO-, BOIO-, TEMIIOCHA0-
JKEHMUS XKWJIOTO CEKTOpa U JOMOXO3SMCTB, IIPU «CBEPX-
MPUOBLISIX» PECYPCOA0OBIBAIOIINX M PECYPCOCHAOXKAIO-
IIMX KOMIaHWii [54].

WTak, BBEIIOJIHUM PETPOITPOTHO3 Pa3BUTHSI aIbTeP-
HaTUBHOM 3HepreTnku B Poccun ¢ 2009 roga mo Ha-
CTosIIIIee BpeMs, T.e. C MOMEHTA MPUHATHSI OIITO0OYHOTO
pemenus [1pasurenncTa PD [48].

7151 oTipegesieHNsT MHTepBaia BpeMeHU pa3BepThIBa-
HUS IIpeIiaracMoil aBTOHOMMU3aIUN WHINBUIYaTbHBIX
KWJTBIX TOMOB HEOOXOIMMO pacCUMTaTh BpeMsI MOCTa-
HOBKM Ha IIPOM3BOMICTBO OTEYECTBEHHBIX KOMIUICKTYIO-
mmx koMmruiekca AMC MXKJI 1 00beMBbI €ro eXXeTOIHOTO
BbIycKa. [Ipy 5TOM OYEBUIAHBIM PELICHUEM SIBIISIETCS
pa3MelIeHEe TTPON3BOICTBA KOMITJIEKCOB B KaXIOM
cyonekTe Poccuiickoit Penepaninui, myTeM CO3TaHUS
MIPEATIPUSTHANA B (hOpMe TOCyIapCTBEHHO-YaCTHOTO Tap-
tHeperBa (I'9IT), ¢ hmmmanmaMu Wik y9acTKaM# B TOPO-
IIax ¥ palOHHBIX IIEHTPaX PETHOHA IT0 MOHTAXY W 00-
ciayxxuBaauio AMC 2] Ha TeppuTOopu CyOBEKTOB.
[Tpu 3TOM YMCIEHHOCTD YKAa3aHHBIX TIPESOITPUSITUI JIETKO
OIIpENeISIeTCS IO OTHOIIICHUIO YMCiIa MHINBUAAYATBHBIX
JIOMOB K MHOTOKBapTHUPHBIM/MHOTO3TaXXHBIM TOMaM
0 JaHHBIM KaJaCTPOBOTO YueTa B KaXIIOM peruoHe [55].

OmHako WIS peTPOITPOrHo3a 3(h(HEeKTUBHOCTH IIPE-
JlaracMOM MOJIETT «aBTOHOMM3aIN» Ha TaHHOM 3Talle
He TpeOyeTCs TaKas TOUHOCTb, €CJIM M3BECTHBI 00IIIee
KOJIMYECTBO WHANBUIYATIBHBIX KMJIBIX JOMOB U JIOMO-
xo3siicTB [19].

Takum oGpa3om, ojis onpeaeaeHus: (puHaAHCUPOBa-
Hus npousBoacTBa u MmoHTaxka AMC MXK]I B perno-
HaxX HE0OXOIMMO opraHmn3oBath 85 npennpuatuii [UT1
IO BBIITYCKY KOMILIeKTylomero obopymoBanusg AUC
MK v iepenauyu ero B ropoACKUE U palilOHHBIC (pUIIK-
aJIbl/y4aCcTKU TSI COOPKU ¥ MOHTaXKa «CTICIMDUIIIPO-
BaHHbIX AUMC M2K/I», cocrostiumx [19, 37, 56, 57]:
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— u3 «IIIyXOBCKUX BETPO-3JIEKTPO-TeHEPATOPOB»;

— W3 BUXPEBBIX BETPO-3JIEKTPO-TEHEPATOPOB — MCTOU-
HUKOB aTMOC(EPHOIT BOIIHI,

— wu3 tugponaneneit <YHUCOPDB»;

— W3 COJTHEYHBIX TTaHEeJe;

— W3 UHBEPTOPOB-CUCTINKOB-N3BEIIATEIICH;

— W3 KOHTPOJUIEPOB 3apsma-u3BelaTesicii akKyMyJIsi-
TOPHBIX OaTapeii;

— W3 anmapaToB TeHepalliy XOJIOMHON 1 TOpsSTIeii BOIBI
n3 Bo3myxa (I'XI'B);

— W3 OT€YCCTBEHHBIX MYJIBTH-CILUINT-CACTEM-U3BeIa-
TEJICHA.
st ynaJieHHbIX aBTOHOMHBIX OOBEKTOB (METeOo-

CTaHIINI, TCCHUYECTB, TOPHBIX TTOCTOB M T.I.) W IS

TIOCTaBKM Ha 3KCIIOPT MPEATIPUSATHSI PETHOHOB MOTYT

koMrnioHoBaTb AMC MK B KOHTEITHED 1 OCYILIECTBIISATh

YCTAHOBKY, ITyCK B 3KCILIyaTallMIO 1 TIEPHOINICCKOE

00CITy>KMBaHNE COOCTBEHHBIMU CUJIaMH.
Dunananel/y9acTK pacrojiaraloTcs B Topoaax

¥ PaliOHHBIX IICHTPaX 1 pabOTAIOT IT0 JOTOBOPAM C KOH-

KPETHBIMH 3aKa3uMKaMHU 110 PETHOHY (COOCTBeHHUKA-

mu M2K]T), pa3pabarsiBast IPOCKTHI «IIPUBSI3KI» YXKe

crienu@UIMPOBaHHBIX K KOHKpeTHOMY oMy AU C M2K]]

(CAWC M) co caemyronmMu BapuaHTaMU7:

— nyomupoBaaHass CAUC MK (¢ KOHKPEeTHBIM KOJTH-
yecTBOM ruapomnaneneit u ¢ anmapatom ['XI'B, ¢ «1ly-
XOBCKMM» BETPO-3JICKTPO-TeHEpaTOPOM U C KOHKPET-
HBIM KOJIMYECTBOM COJIHEUHBIX TTaHEJICH ¢ MHBEPTO-
pPOM-M3BEIIaTeIeM 1 ¢ KOHTPOJUICPOM-HM3BeIIaTeIeM
3apsga aKKyMyJIsaTopa, B 3aBUCHMOCTH OT YHMCIIa
MIPOXUBAIONINX) U C OTCUCCTBCHHON MYJIbTH-CILINAT-
CHCTeMOM-M3BemarejieM (¢ KOHKPETHBIM KOJIMYe-
CTBOM BHYTPEHHMX OJIOKOB: TTO YMCJTy KOMHAT, HO HE
MEHee OHOTO B TTIOMEIIEHNH C 3JIEKTPOILINTOM);

— tpoupoBaHHasts CAUC M2K]I (c KOHKpEeTHBIM KOJIH-
YeCTBOM TUapoIiaHesei, ¢ armnapatoM I'’XI'B u ¢ Bux-
PEBBIM BETPO-3JIEKTPO-TeHEPAaTOPOM-UCTOUHNKOM
Bombl, ¢ «[LlyxoBcKIM» BETpO-3JIEKTPO-TEHEPATOPOM
¥ ¢ KOHKPETHBIM KOJIMYECTBOM COJTHEUHBIX TIaHeIei
C MHBEPTOPOM-M3BeIIaTeNIeM 1 ¢ KOHTPOJIJIepaMU-13-
BeIIaTe ISIMA 3apsiia aKKyMyJIITopa, B 3aBUCIMOCTH
OT YKCJIa ITPOXKMBAOIINX) ¥ C OTCUCCTBEHHON MYJIBTH -
CIUTAT-CUCTEMOM-M3BeIaTeIeM (C KOHKPETHBIM KOJI-
YeCTBOM BHYTPEHHHUX OJIOKOB: ITO YMCITy KOMHAT, HO HE
MEHee OTHOTO B TIOMEIICHUH C 3JIEKTPOIIINTOM).
Oumaitbl/y9acTKY IPEAIPUSITHI TI0 COTIACOBAHUIO

€ KaXXIbIM 3aKa3YMKOM OIIPEIEIISIOT CXeMY BOTOCHa0OXe-

HUS U OTOIUICHUSI €T0 J0Ma, 3aKyITaloT MHIYKIIMOHHBII

3IIEKTPOKOTEII C «TETIILIMU TTOJIAMIW» /VIIN HACTCHHBI -

mu Oatapessmu unu MK-Harpesatenu u apyrue siek-

TPOTIPMOOPHI OTOILICHUS [ 19], BKITI0YasT HEOOXOTMMYTO

OTCYCCTBEHHYIO CAHTEXHUKY U KOMIIOHEHTHI BOIOOT-

BeIeHUS (B CIIMBHYIO SIMY, IIOATOTOBJICHHYIO 3aKa34l-

KOM, WIM B KaHAJM3aLUIO0 — MPU HAJTUYMM), a TAKXKE

OCYIIECTBIITIOT MOHTaX 1 BBOI, B 9KcImTyaTammio CANC

M2K]I, mociie 9ero 3aKIIoYaroT ¢ 3aKa34MKOM JIOTOBOP
0 ec IepUOINYECKOI IPOBepKe M peMoHTe (TIpU He-
00XOIMMOCTH).

IIpenmooxumM, 9To BMECTO yKazaHHOTO Pacriops-
KeHUs ObLTO BhIMyIeHO IloctaHoBneHre [1paBuTenb-
ctBa P® «O pa3BepTeIBaHUM PabOT I10 TIPOMU3BOICTBY
1 00eCIIeUeHUIO BCeX MHANBUAYAIBHBIX KUJIBIX IOMOB
OTEYEeCTBEHHBIMU KOMITJICKCAMM KN3HEO0CCIICUCHIS»,
B KOTOPOM B Ka4eCTBE MCTOUHMKA (PMHAHCUPOBAHUS
TIOJIOBMHA 3aTPAT BBIICIISICTCS U3 OIOMKETA, a OCTaTbHAS
TIOJIOBWHA — OaHKaMU, ITyTeM BbIIAYl COOCTBEHHUKAM
WHINBHUIYATBHBIX XIJIBIX TOMOB OCCIIPOILIEHTHEIX CCYI
g oratel AUC MXK]I, morameHnne KOTOPhIX Hadu-
HaeTcs TTocjie BBEICHUS MX B 9KCIUIyaTalllIo, B pa3Me-
pe 1000 pyGireit B MecsI (IpaKTUIECKN COOTBETCTBYET
5KOHOMMM), YTO ITO3BOJISICT ITOTACUTh OAHKOBCKYIO CCYIY
(paBHyto onopuHe ctomMmoctt AUC M2XKJ1) B TeueHMe
HECKOJIBKHX JICT.

B aTOM ciyyae moaydymM CIEOYIOIINE YCpeTHEeH-
HBIe TIPOM3BOIACTBCHHBIC IIJIAHBI IJISI KaxXIOTO M3
85 mpenmpustuii (I'II) ¢ 2009 roma mo HacTosIIICe
Bpems (12 eT):

1. st 10,0 mome. momoB (MK /(85 TITYIT .« 12 et)
HeobxogmMo npousBecti 9804 komrmiekca AMC MXK]T
B Tom, 9TO Iipu 247 pabodmx OTHEW B rogy COCTABHUT
39 xoMIUTeKCcOB B cyTKH. CiemoBaTelIbHO, IIPU padboTe
KaXXIOTO MPEennpusThs B 3 CMEHBI HE00X0AHMO BBIITY-
cKaTh no 13 KOMILIEKCOB B CMEHY, YTO BIIOJTHE peai-
3yeMO, a B HATypaJbHOM M CTOMMOCTHOM BBIPAKCHUM
COCTaBHT:

1.1. 9804 «IIlyxoBCKMX» BUXPEBBIX BETPO-3JIEKTPO-
reHepaTopoB — 213,2 MiTH py0. (9804 «250+87).

1.2. 9804 BUXpEeBBIX BETPO-3JIEKTPO-TCHEPATOPOB —
357,2 muH py6. (9804 +3350/8 «87).

1.3. 9804 KoMIJIEKTOB U3 4-X TUApoNaHelell
«YHUCOPB» — 1176,5 mian. py6. (9804120 000).

1.4. 39 728 conHeuHbIX maHexeil — 529,4 MitH pyoO.
(9804 +4+13500).

1.5. 9804 unsepropa-ussemareist — 279,4 MitH pyo.
(9804 +28 500).

1.6. 19 608 koHTpOITEpa-U3BEIIATENS 3apsAaa aKKy-
MYJISITOPHbIX Gatapeit — 268,6 Mt py6. (19 608« 13 700).

1.7. 9804 ammapara I'XI'B — 1127,46 muH pyo6.
(9804« 115 000).

1.8. 9804 oTeuecTBEeHHBIX MYJIbTU-CIUTUT-CUCTEM-
usBernatenaein — 882,4 s pyo6. (9804 +90000).

2. ITOTOBBI# TOIOBOI 00BEM MUTSI KAXKIOTO TIPEIIIPH -
satus [YI1 coctaBur 4,834 Mmuipa pyo. a 001Nl 00beM
npousBoacTBa obopymoBanug it 10 maa AUC MK
3a 12 net — 4,931 TpmH pyo.

3. Ha crienmmukammio, MOHTaX, HaJAAKy U IIEPHO-
IYECKYIo TIpoBepKy 10 MiTH moMoB 3a 12 jreT B 85 cy0b-
ekTax norpebdyercst 1031,3 muipz pyo., a TonoBoit 00beM
¢mwmanoB/ydactkoB ogHoro mnpennpustust Y11 co-
crasur 1,45 Mipn pyoO.
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st opraHu3aumy yKkazaHHbIX npennpustuid TYIT
B cyobeKTax Poccuiickoit demepaliiii BOCIIOIb3yeMCS
KoHKypcoM 10 [TocranoBnenuio IIpaBurensctBa PO
No 218 [58]. DT0 TTO3BOIUT MOIYINUTH B KaXKIOM pETH-
OHe B TeueHue 3 JieT 245 MIIH py0. TOCydapCTBEHHO
cyocunum u emie 245 MiH py0. TIpUBIIeYb 3a cUeT bec-
TIPOILIEHTHOTO 0aHKOBCKOTO KPeANTa, KOTOPHIA KaXKIoe
BHOBB co3nanHoe npeanpusatue Y11 moracut B TeueHIE
HECKOJIBKUX JICT.

Takmm 0Opa3om, 0dmasi cymMmMa Ha CO3JaHHE U OCHA-
meHHe HeOOXOMMMBIM TEXHOJIOTUUECKIUM 000pyIOBa-
aueM 85 mpeanpusruii Y11 B cyonekTax Poccuiickoit
®enepanun, T.e. mo 85 mmpoekram IMI'YI1, coctaBuT —
41,65 mapa pyo.

CumnTasl, 9TO YKa3aHHbBIC IIPEATIPUATHS OYIYT BBIITY-
CKAaTh BBICOKO-TEXHOJIOTMYHYIO TIPOMYKIINIO, pACCUATACM
WX YMCJICHHOCTD, 10 aHAJIOTUU C OTEYCCTBEHHBIMU JO-
ctikennsaMu Ha 2020 ron, 3acukcrpoBaHHBEIME Pacriopsi-
xxeHneM IpaButensctBa PO [59], T.¢. 13 pacueTa oObeMa
BBIITyCKa ITPOAYKLINHY B 4,8 MJTH py0. Ha OHO BBICOKOTEX-
HOJIOTUIHOE pabouee MEeCTO, CPEIHETOIoBast UMCIICHHOCTD
onHoro npeanpustusg Y11 coctaBut 1007 crienmanncToB
(4,834 mopm py6./4,8 MitH py0.). YUUTHIBas 3-X CMEHHBIN
peXuM paboThl 1 MUHUMAJIBHEIN pa3Mep MHXKEHEPHO-
yIIpaBJIeHIeCKOTO armapara (47 COTpyTHUKOB), MOXHO
OpraHu30BaTh 24 KOMITIEKCHBIX Opuraasl 1mo 40 yemno-
BEK B KaXIoi1 (B cpeaHeM, I10 5 CTIeIIMAINCTOB Ha OIMH
3 BochMu BUIoB obopymoBanuss AMC M2K]T). [Tpu aTtom
CPEIHETOMOBasT YMCICHHOCTD €T0 (PMIMAaIoB/y4acTKOB,
TIPOEKTHO-MOHTaXHas IeATEIbHOCTh KOTOPBIX TaKXKe
CUNTACTCS BBICOKOTEXHOJIOTUIHOM, COCTABUT, B CPEI-
HeM, 302 crienmanmmcTa (1,45 mupn py6./4,8 MitH pyo.),
T.¢. OT 5 1o 10 IMTaTHBIX EAWHUII, B CpeAHEM, Ha OIUH
(mman/yaacTok B cyobekTe Poccutickoit Deneparmm.

TakuMm obpa3om, o0IIee KOJMIECTBO BBICOKOTEXHO-
JIOTMYHbIX padouux mect B 85 cyobekTax Poccuiickoit
Ddenepanny coctaBut 111 265 mTATHBIX €IMHMIIL.

K oxonuanuio BHeapenns AUC MK/ [TpaButenbcTBO
PO nomxraO moaroroButh 1 BHecTH B ['ocaymy P® 3ako-
HOMPOEKT «O MOXKapPHO-3HEPTETUICCKOM HAJIOT000II0-
JKEHWMH JKWIOTO CEKTOPa», YTOOBI M B «OCTAILHOM 4acTh
JKIJIOTO CEKTOPa» 00ECIIEYNTDh BEPOSITHOCTh O€30IIaCHOCTD
SKU3HEIEATEbHOCTH He BblLe, yeM 0,999999 [20, 60, 61].

AHAJIOTIIHO MOXHO OIICHUTH 00beMBI Ha OCHAIIIE-
aHne AUC MX]I «octaBmmxcss» 40 MJIH. caoBBIX 10-
MUKOB ¥ JOMOXO3SIHICTB, KOTOPHIE MOXXHO OCBOUTH OBI-
crpee, ecau YKpyrnmHuTh npeanpusitust Y11 cyobekToB
Poccniickoit @enepann.

Takum o0pa3oM, TTocTaHOBKA Ha TIPOM3BOACTBO OTe-
YECTBEHHBIX MHHOBALIUI B O0JIACTU «TaK HA3bIBAEMbIX
BO300HOBJISIEMBIX HICTOYHUKOB SHEPTUI» (<«IITYXOBCKIX»
BETPOTeHEPATOPOB, TCHEPATOPOB aTMOC(EPHOI BOMIHI,
COJTHEUHBIX OaTapeil, TUIpomaHesel 1 T.1.), TTO3BOJINT
MIPEKPATUTH «ITOTOJIOBHYIO Ta3M(hUKAIINIO» CETbCKIX Ha-
CCJICHHBIX ITYHKTOB, YeM «COXPaHUTh COTHU MIITHAPIOB

py0Ieit» M pe3Ko CHU3UTH MOXapOB3PBIBOOIIACHOCTH
JKWJIOTO CEKTOpa, a TAaKKe 00JIee 9KOHOMHO, YeM 32 Py-
OexxoM, peann3oBaTh B Poccun merieHTpanm3oBaHHOE
CcHaOxeHue pecypcamu 6osee 10 MITH. MTHIMBUIYaTbHBIX
ITOMOB 1 0K0J10 40 MJTH. TaYHBIX M CaTOBBIX TOMHKOB,
OIIPEIeINB TeM CaMBIM «MCTUHHOE MECTO aJIbTepHa-
TUBHOM 3HEPTETUKN» B CTPYKType Poccuiickmx cuctem
5JIEKTPO-, Ta30-, BOIO- 1 TEIIJIOCHAOKCHMSI.

3AK/IIOYEHUE

AHam3 HaIlpaBJICHUI W TEMIIOB pa3BUTUSI B MUPE
«TaK Ha3bIBAEMBIX BO3OOHOBISIEMBIX HICTOYHUKOB SHEP-
TUH» TI0KA3aJl, YTO yYKa3aHHBIC YCTAHOBKHU SIBIISTIOTCS
HEeCTaOWILHBIMH, HI3KO KOHIICHTPUPOBAaHHBIMU U TTe-
PUOINYECKUMH MUCTOYHUKAMM, B CBSI3U C YeM MX Oec-
CHCTEMHOE IIPUMEHEHHE SIBIIIETCS CEPhEe3HOI OIMOKOM
VUCHBIX, CIICIIMAIMCTOB 1 TTOIMTUKOB. Ha ocHOBe aHa-
JIN3a WHXKEHEPHBIX CUCTEM MHOTOKBAPTUPHBIX KIIIBIX
3MaHUN M WHIWBUIYATbHBIX XUJIBIX JOMOB, a TaKXKe
ITOXapHO-3HEPTETUYECKOTO M BKOJOTHMUECKOTO Bpea,
BO3HMKAIOIIETO B pe3yIbTaTe MX (PYHKIIMOHNPOBAHMS,
MIPeII0XKEeHB HAHOTEXHOJOTHN W POCCHUIICKHE TTaTeH-
THI, PEATN3YIOIINE «IIPUPOIOIIOI00HBIC TEXHOJIOTUL»,
KOTOPEHIC TTO3BOJISTIOT PEIIUTh IIPOOIeMBI aBTOHOMHOTO
5JIEKTPO-, BOIO-, TCTNTOCHAOXKEHNUST MHIUBUIYATbHBIX
KWTeIXx 1oMoB. Iloka3zaHo, uto mHTerpanus «I1lyxoB-
CKOI1» I BUXPEBOI BETPOYCTAHOBOK, OTCYECTBEHHBIX TH-
IpoTIaHe e M COJTHEUHBIX OaTapeil MO3BOJISIOT CO3IaTh
THPaKUPYEMYIO aBTOHOMHYIO MHXXECHEPHYIO CUCTEMY IIJIST
WHINBUIYATBHBIX KIIBIX ToMOB (AVC M2K]T).

3a cuer nyonupoBanus u TponpoaHust AMC WK
MOTI'YT 00eCIeYnThb 3JIeKTPOIHEPrHeii, BOIOI U TEILIOM HH-
JMUBHUIAYaJbHbIE KUJIbIE TOMA C MapaMeTpaMH KayecTBa,
HA/IEXKHOCTH 1 0€30MACHOCTH, KOTOPbIE HA HECKOJIBKO TO-
PAIKOB NMPEBBINIAIOT CYHIECTBYIOLIME IIEHTPAJN30BaHHbIE
CHCTEMBI PECYPCOCHAOKEHHSI TOPOJIOB M HACEICHHBIX
IIYHKTOB, YeM CO31aTh ITOXKapO-B3PHEIBOOC30ITACHEIC yC-
JIOBHS XKM3HEIEATSTLHOCTH HACEJICHNS B COOTBETCTBUN
TI'OCT 12.1.004.

MaccoBas anpTepHaTUBHAS 3HepreTnka B Poccun neii-
CTBUTEJIbHO BO3MOXKHA M 3()()eKTUBHA, HO TOJILKO B KIJIOM
CeKTope, ITTO3TOMY 1IeJIeCO00pa3HO MPOIOJKUTH UCCIIe-
JIOBaHMs B HarpaBlieHnH «tupaxkupoBanuss AUC MXK]I»
Ha MHOTOKBApTUPHBIC XXWJIBIC JOMAa, YeM ITOBBICUTH NX
3(beKTUBHOCTD, 3a CUET COKpalleHUs: 0Koji0 70% couu-
ATbHO-3KOHOMMYECKUX ITOTEPh OT €KETOTHBIX TTOXKAPOB,
a TaKKe B3PBIBOB, TP MCITOJIb30BAaHU OBITOBOTO Ta3a.

IIpu ycmoBuM pa3yMHOM TOCYyIapCTBEHHON ITOI-
IEPKKN BO3MOXKHO YCIICIITHOE Pa3BUTHE aTbTePHATHUB-
HOW SHEPTeTUKM B TIEPCIIEKTUBHBIX paitoHax Poccum —
B Cubupu u Ha JlaimpHeM BocToke, Hanmpumep, B cocTaBe
«IaJIbBHEBOCTOYHOTO T€KTapa», a TAaKXKe B IIPMMEHEHUN
ANC NX]I nis xku3HeobecniedeHUs yaaJeHHBIX U TPYI-
HOIOCTYITHBIX OOBECKTOB.
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ABSTRACT: Introduction. Polymer composite materials (PCM) based on epoxy resins are widely used in the construction industry.
They are applied in construction of bridge spans, roadway slabs, footwalk planks, in low-loaded structures, as well as for reinforce-
ment of concrete structures, sheating, strengthening of metal and concrete structures. Various fillers of micro- and nanosizes are
used to improve the performance properties of PCM. Interfacial interaction between the filler and the polymer matrix plays an
important role in determining the strength of the created composite materials. Methods and materials. The article studies the
properties of polymer matrix composites reinforced with collagen based bio-additives obtained from solid organic waste of the
leather industry. We have developed a fundamentally new method for obtaining a bioactive collagen product at a relatively low
price, described in patent RU No. 2272808. Tensile studies of the PCM samples were carried out by adding dry collagen powder to
an epoxy binder. We analyzed the sections of samples made on a JSM-6510LVJEOL scanning electron microscope, and studied the
changes in the structure of PCM with fillers. Results and discussion. When 1% collagen is added to the PCM matrix, the amount of
chemical elements is increasing: carbon (C) by 2.93%, oxygen (O) by 1.61%, magnesium (Mg) by 0.11%. And the number of micropores
on the surface of the matrix, which serve as a stress concentrator, is decreasing by 4.9%, and they are also diminishing in size. The
tensile tests have shown that when 1% collagen is added to the PCM matrix, the bearing capacity of the samples is increasing by
15.57%. The results obtained can contribute to the expansion of collagen application, waste reduction in the leather industry due
to recycling. Conclusion. A fundamentally new method has been developed for obtaining a bioactive collagen product from solid
organic waste of the leather industry at a relatively low price. It has been established that a bioactive collagen product in a powder
form has a low cost and can be used as a bio-additive for PCM.
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INTRODUCTION

n recent years, polymer composite materials (PCM)

have found application in various industries, due to
their high strength and modulus of elasticity, low weight,
processibility, resistance to aggressive external factors,
moldability [1], etc. The basic material of polymer com-
posites is a matrix made of polymer binder: epoxy, phe-
nolic polyamide or other resins and reinforcing filler of
carbon, glass, boron or other fibers. Their combination
makes it possible to obtain high-strength structures with
targeted properties. PCM are used for the reinforcement
of concrete structures in the form of strips [2], rebars
[3], in construction of foot bridges [4], open sheds and
enclosing structures, as well as primary bearing members
exposed to an aggressive environment [5]. The need for
such materials mirrors in the developments aimed at the

© Baldanov A.B., Bokhoeva L.A., Shalbuev D.V., Tumurova T.B., 2022

improvement of the physical and mechanical properties
of PCM, such as stiffness, fracture toughness and load-
bearing capacity. A significant number of recent studies
have shown that adding of nanoparticles and nanofibers to
the PCM epoxy matrix improves the mechanical proper-
ties of such materials [6—10]. Addition of carbon nano-
tubes in the form of dispersions leads to an increase in the
tensile strength of bond joints, an improvement of the me-
chanical properties, and growth of the microhardness of
samples [11]. The researchers [12] studied unidirectional
glass fiber reinforced epoxy composite filled with nano-
size alumina, silica and micron-size alumina trihydrate
fillers. The tensile, flexural and impact strengths of 10 wt%
(combined alumina, silica and alumina trihydrate)-filled
glass fiber reinforced epoxy composite improved by 9, 20
and 28%, respectively, as compared to the unfilled and
alumina/silica-filled glass fiber reinforced epoxy compos-
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ites. The results of studies of nanocomposites with silicon
dioxide published over the past ten years were presented
in the works [ 13—15]. The inclusion of silica nanoparticles
sharply increases the compressive strength and moderately
increases the tensile strength. The maximum effect of
nanoparticles inclusion in PCM is encountered when the
particle size range from 10 to 25 nm [16].

According to research conducted by Abercade [17],
nanoadditives can be divided into four groups: pure metal
powders, mixtures, metal oxides, complex oxides. Pow-
ders of pure metals make up a significant share of the total
production of nanopowders — 80%. Complex oxides and
mixtures are available in limited quantities. The results
of the tenacity testing of multilayer polymer composites
with fillers in the form of nanodispersed additives and
other powdered substances are presented in the work [18].
Studies on inclusion of bio-additives to the PCM epoxy
matrix are limited, but in the work [19] they improve such
mechanical properties as rigidity, fracture toughness, and
load-bearing capacity.

One of the promising fillers for the composite mate-
rials matrix is bio-additives based on collagen obtained
from organic waste. They can be attributed to bioactive
substances with optimal colloid-chemical properties. Or-
ganic wastes are secondary products derived from the
processing of leather, fur, fish and meat raw materials.
At the enterprises of the leather industry, a significant
amount of solid organic waste is generated, which con-
tains up to 50% of protein substances and can be actively
used as biopolymers. Basic protein of such waste products
is fibrillous protein-collagen, which forms the basis of the
connective tissue and ensures its strength and elasticity.

Collagen makes up about 20—30% of the total amount
of proteins in the body and has a unique structure, in-
tra- and intermolecular bonds, and amino acid sequence
[20—21]. In the collagen molecule three separate proline-
rich polypeptide chains, containing glycine in every third
position, twist one around the other, forming a triple
helix. These molecules, in turn, are packaged into fibers,
where neighboring molecules are held together by co-
valent crosslinks between neighboring leasing residues.
Many rod-shaped collagen molecules cross-linked to-

7

Fig. 1. Stages of processing PCM with collagen additives
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gether form strong, inextensible collagen fibrils, which
have a tensile strength comparable to that of steel [21].
Collagen connective tissue consists of the fibers of col-
lagen fibrils, characterized by a cross-banded structure.
In tendons, collagen fibrils are arranged in cross-linked
parallel bundles, which have very high tensile strength and
are almost inextensible. Collagen fibrils can withstand
loads that exceed their own weight by at least 10 000 times
[22]. Although collagen has traditionally been used in the
pharmaceutical and medical industries, it can also find
wide application as a filler in composites.

The work is aimed at studying the effect of a bioac-
tive collagen product obtained from organic waste of the
leather industry on the strength of PCM.

Currently, there is a number of ways to obtain bioac-
tive collagen products in the form of nanopowder from or-
ganic waste of the leather industry. Several methods have
been developed for obtaining large volumes of nanosized
powder from solid organic wastes of leather industry en-
terprises at a relatively low price. We presented a method
for obtaining collagen from biological material based on
the dissolution of charging feed in acetic acid and acetone
[23]. In this technology for producing a biopolymer, a fer-
mented milk composition is used as an acidic solvent.
The fermented milk composition is a symbiosis of acid-
tolerant prokaryotic microorganisms with their metabolic
products and is used to reduce protein losses and preserve
a greater number of intra- and intermolecular bonds in the
collagen structure. A patent was obtained for the technol-
ogy of collagen production [24]. The finished collagen
product is a highly soluble in water brown powder with
fractions up to 1 micron.

MATERIALS AND METHODS

We prepared the samples of fiberglass to carry out ex-
perimental work (grade T-10 (92) GOST 19170-2001). As
a thermosetting matrix we used an uncured epoxy-diane
resin ED-20 GOST 10587-84, as a curative for epoxy
resin — polyethylenepolyamine TU 2413-357-0203447-99.
For uniform distribution of dry collagen (1% or 2%) in
the matrix, we used AG SONIC TC-150B ultrasonic bath
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with water heated to 45°C (Fig. 1c). The ultrasonic bath
reduces the occurrence of air bubbles formed during the
mechanical mixing, promotes uniform distribution of
particles. It was noticed that a small amount of collagen
up to 1 um remains undissolved (Fig. 1b). We developed
a special device for processing a prepreg for samples with
nanoadditives (Fig. 1d).

The technological process of sample preparation in-
volves the following operations. The reinforcing filler is
cut to the required dimensions, and placed on the lower
molding plate (Fig. 1e), the surface of the mold is covered
with a smooth polyethylene film, the required number of
layers of polymer material is laid on it, and a binder with
different concentrations of collagen is placed between the
layers (Fig. 1a, b, d). Then, the finished lay-up is evenly
clamped with a hydraulic press (10 tons) to the stop and
left pressed for 170 hours at a temperature of 30°C. The
resulting sample is cut with a diamond disk into strips of
the required dimensions.

We made an analysis of the quantitative composition
of collagen biopolymer particles in the composite matrix
using a JSM-6510LVJEOL scanning electron microscope
with an INCA microanalysis system installed in Centre
of Collective Using “PROGRESS” at ESSUTM (Fig. 2).

carbon (C)

0%

CKal_2

1%

CKal_2

2%

CKal_2

We studied cutoffs of the samples sized 1 x 1 cm, cut out
from the fractured areas after tensile tests. Cutoffs of the
samples with collagen concentrations of 1%, 2%, and
control samples without collagen (0%) with layers [90],
were considered. It was found that when 1% or 2% col-
lagen is added to PCM, the amount of chemical elements
increases: carbon (C) by 2.93%, oxygen (O) by 1.61%,
magnesium (Mg) by 0.11%. The results are presented in
table 1.

Studies of the surface of matrix with the addition of
1% and 2% collagen and matrix without the bioadditives
(control samples) showed that with the addition of col-
lagen the total number of micropores increases (up to
1 um?), but the number of micropores sized more than
1 um? decreases (Fig. 3). The total area of micropores is
reduced by an average of 3.57% with the addition of 1%
collagen powder. The diagram in Figure 4 shows the areas
of micropores in um? and their number depending on the
percentage of collagen.

In dispersion-hardened materials, the particles act
as a barrier to propagation of a crack in the matrix by
strengthening the initial binder phase. Stress is concen-
trated in the area of matrix microinhomogeneities (micro-
pores, grain boundaries, oversize non-equiaxed grains),

oxygen (O)

magnesium (Mg)

QKat Mg Ka1_2

OKail Mg Ka1_2

OKat Mg Ka1_2

Fig. 2. Analysis of the quantitative composition of collagen biopolymer particles in the composite matrix
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Table 1
Average amount of impurities in samples, %
% of
biopolymer C (0] Na Mg Si P S Cl K Ca
content
100% In biopolymer | 47.65 | 47.97 | 0.18 | 0.08 | 0.13 | 0.85 | 0.67 | 0.43 | 0.07 | 1.54
0% In matrix 34.07 | 36.5 | 0.08 | 1.32 | 1433 | 0.11 | 0.08 | 0.11 | 0.24 | 9.13
1% In matrix 36.78 | 38.6 0.1 1.46 | 13.34 | 0.09 0.1 0.13 0.2 9.1
2% In matrix 39.94 | 39.72 | 0.08 | 1.54 | 13.78 | 0.1 0.11 | 0.17 | 0.24 9.3
Percentage of collagen 0% — control sample 1% 2%

Composite material
surface at magnification

Micropores

Micropore area um? 187.269
% 14.03%

140.5
10.52%

Fig. 3. Analysis of the surface of composite material sized 38 %34 pm? at x1500 magnification

where the rapid growth of cracks occurs. When collagen
is added, the area of micropores decreases and the matrix
is strengthening. During the crack propagation collagen
particles serve as a barrier on its way: either the crack goes
around the particle, and its growth time increases; or col-
lagen particles at the crack tip are deformed, stretched and
shred, and the resistance to crack development increases,
since its edges are overlapped by “bond bridges” of col-
lagen (Fig. 5).

RESULTS AND DISCUSSION

We carried out the tensile testing of the samples of
PCM with the addition of 1% and 2% collagen and the

angles of lay-up equal to [90], according to GOST 56785,
(ASTM D3039) “Tensile Test Method for Flat Samples”.
10 samples were made from PCM with a collagen concen-
tration of 1%; 10 samples — with a collagen concentration
of 2%, 10 control samples — without bio-additives. Testing
was carried out on a hydraulic machine IR5092-5 with
a capacity of 0.5 tons (Fig. 6). We photographed the flat
samples before and after testing (Fig. 6). The test results
are presented in Table 2. Test diagrams of samples with
collagen on Figure 7 shows the dependence of the com-
pressive force on grip displacement. With the addition
of 1% collagen in PCM, the samples withstand the load
(P__ H) more than the samples without bio-additives by
15.57%.
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Fig. 4. The number of voids of various sizes depending on the percentage of collagen
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Fig. 5. The surface of polymer composite matrix: a — crack propagation on the matrix surface (2% collagen
content); b — collagen at the crack front

Fig. 6. Samples after tensile tests
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Table 2
The results of tensile testing of the PCM samples
Ha3Banue Con tr((:;%; gl 1% 2%

P . H 2900 3433.333 4066.667
P H 1350 1950 1066.667
Length of the region at break, mm 94.206 94.184 94.635
Breaking elongation, % 4.673 4.649 5.151
Length of the region at a given tensile stress, mm 0.653 0.579 0.686
Elongation at a given tensile stress, % 0.726 0.643 0.762
Uniform elongation, % —32.608 —32.690 —32.571
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Fig. 7. PCM tensile test diagrams: a — tensile test diagram, when adding 1% collagen to the matrix; b — tensile test

diagram, when adding 2% collagen to the matrix

CONCLUSION

It has been established that a bioactive collagen product
in a powder form has a low cost and can be used as a bio-

A fundamentally new method has been developed for  additive for PCM. The studies of the PCM samples with
obtaining a bioactive collagen product from solid organ-  the addition of dry collagen powder to the epoxy binder
ic waste of the leather industry at a relatively low price. ~ showed that the introduction of bio-additives leads to
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a change in the strength properties of the material. An
analysis of the cut-offs of the samples, carried out on
a JSM-6510LVJEOL scanning electron microscope,
revealed a change in the PCM structure. When 1% or
2% collagen is added to the PCM matrix, the amount
of chemical elements increases: carbon (C) — by 2.93%,
oxygen (O) — by 1.61%, magnesium (Mg) — by 0.11%.

In PCM, collagen particles serve as a barrier to propaga-
tion of a crack in the matrix by strengthening the initial
binder phase. The tensile tests have shown that when 1%
collagen is added to the PCM matrix, the bearing capacity
of the samples increases by 15.57%. The results obtained
can contribute to the expansion of collagen application,
waste reduction in the leather industry due to recycling.
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bnopo6aBKN Ha OCHOBe KoJJlareHa
B MNOJIMMEPHbIX KOMMNO3MLMOHHbIX MaTepunanax

Anpap batomyHkyeBuy BanpaHoB* (2}, Jllo60oBb AnekcaHapoBHa boxoeBa (2, imutpuii Banepbesuy LLlan6yes (°),

Tyana bynaTtosHa TymypoBsa
BocTouHo-CnbMpCcKniA rocyiapCTBEHHbIN YHUBEPCUTET TEXHONIOTUIA 1 yNpaBneHus, YnaH-Yas, Poccusa

* ABTOp, OTBETCTBEHHbIN 3a Nepenucky: e-mail: aldarbaldanov@gmail.com

AHHOTALMUA: BBegeHue. [MonumepHble KOMNO3ULMOHHbIe MaTepuanbl (MKM) Ha ocHOBe 3NOKCUAHbIX CMOS MONYYatoT LWNMPOKOoe
pacrnpocTpaHeHne B CTPOUTESTIbHOWN MHAYCTPUW. VI3BECTHO MX NCMONb30BaHWE B MPOJIETHbIX CTPOEHMUAX MOCTOB, MINTaxX NPoe3xen
yacTy, TPOTYapHbIX HAaCcTUaX, apMaType A5 apMUPOBaHNA BETOHHBIX KOHCTPYKLUMIA, 060M04eK, ANA YCUNEeHNA CYLLEeCTBYIOLLMX
MeTaNIMYecknX 1 kene3obeToHHbIX COOPYKEHNI; B ManoHarpyKeHHbIX KOHCTPYKUMAX. [na ynyylieHna sKCnayaTaunoHHbIX
xapaktepncTuk NMKM ncnonb3yoTca pasnuyHble HanoHUTENN MUKPO- U HaHOPa3mepoB. MexdasHoe B3auMofencTBre MexXay
HanosIHMTeNem 1 NONMMEPHON MaTpuULel nrpaeT BaXKHYI0 pofb B onpefeneHny MPOYHOCTN CO3AaBaeMbIX KOMMO3MLMOHHbIX Ma-
Tepuanos. MeTogbl 1 maTepuanbl. B ctaTbe nccnefosaHbl ceoiicTBa NMKM ¢ HanonHuTenem matpuLpbl — 6riogobaBkamu Ha OCHOBe
KonnareHa, rnosly4aeMoro 13 TBepAblX OPraHOCOePKaLLVX OTXOA0B NPeAnpUATAN KOXKEBEHHOM NpOoMbILIeHHOCTW. Pa3paboTtaH
NPVHLMMNMANbHO HOBbIY CNOCO6 NoslyYeHrs 6MOAKTUBHOIO KOMIareHOBOro NPOAYKTa MO OTHOCUTESIbHO HU3KOW LIEHE, ONMUCAHHBIN
B nateHTe RU N° 2272808. NMpoBeaeHbl nccnegoBaHusa obpasuos 13 MKM Ha pacTaxeHune npu 4obaBneHnmn cyxoro NopoLLKa Kon-
flareHa B 3nokKcraHoe ceasytollee. CaenaH aHann3 cpe3oB 06pa3LioB, MPOBeEHHbIX Ha PacTPOBOM 31eKTPOHHOM MUKPOCKONe
JSM-6510LVJEOL, n3yueHbl n3ameHeHus cTpykTypbl [TKM ¢ HanonHuTtenamu. Pesynbratbl. [pu fobasneHnn 1% konnareHa B MaTpu-
gy MKM npouncxoguT yBennyeHmne KonmyecTsa xummyeckux snemeHToB: yrnepopa (C) Ha 2,93%, kucnopoga (O) Ha 1,61%, marHua
(Mg) Ha 0,11%. Take YyMEHbLIAITCA KONMYECTBO MUKPOMOP Ha 4,9% Ha NOBEPXHOCTU MaTPULIbl 1 X Pa3Mepbl, KOTOpble Cy»aT
KOHLIEHTPATOPOM HanpsAXeHW. Pe3ynbTaTbl UCMbITaHWUIA Ha pacTsXXeHWe NoKasasnu, YTo npu gobasneHnn 1% KonnareHa B MatpuLy
MKM Hecywwana cnocobHocTb 06pa3uoB yBenvursaetca Ha 15,57%. Pe3ynbTaTbl, MonyyeHHble B faHHOI paboTe, MOryT NpuBecTyr
K paclumpeHunto obnactei NpUMeHeHNA KonnareHa, yMeHbLLEHWNIO OTXOL0B B KOXKEBEHHOM MPOV3BOACTBE 3a CYET peLuKIm3aumm.
BbiBogbl 1 3aKnouYeHmne. PazpaboTaH NPUHLUNMANbHO HOBbIN CNOCO6 MosyYeHNA 6UOAKTMBHOMO KOJIIareHOBOro NpoAyKTa v3
TBepAbIX OPraHOCOAePKaLLUMX OTXOA0B NPeANPUATUAIA KOXKEBEHHOI NPOMbILLIEHHOCTMN MO OTHOCUTENIbHO HU3KOW LieHe. YCTaHoBe-
HO, UTO 6V0AKTUBHDBIN KOMNAreHOBbIV MPOAYKT B BUAE MOPOLLKA MMEET HU3KYI0 Ce6eCTOMMOCTb 1 MOXKET MPUMEHATLCA B KayecTBe
6uopo6asku B NMKM.

KJTIOYEBDIE CJTIOBA: konnareH, 6rogo6aska, NoNMMepPHbIi KOMMNO3ULMOHHbIN MaTepuan, UChbiTaHUe, 06pa3ubl, IPOYHOCTb.
BJIATOAAPHOCTW: Pa6oTa BbinonHeHa npu GrHaHCOBOM noaaep» ke rpaHTa Monogple yueHble BCTYTY-2021.

ONA UIMTUPOBAHUA: bangaHos A.B., boxoea J1.A., LLan6yes [1.B., Tymyposa T.b. Briogo6aBkun Ha ocHOBe KosnnareHa B MoSIMMEPHbIX
KOMMO3MLMOHHbIX MaTepuanax // HaHoTexHonorum B ctpoutenbctae. 2022. T. 14, N2 2. C. 137-144. https://doi.org/10.15828/2075-
8545-2022-14-2-137-144.

BBEJIEHUNE

3 a TIOCJIeAHUE TOIBI TTOJIMMEPHBIC KOMITO3UIIMOHHEIE
martepuainsl (ITKM) Hanum npuMeHeHNe B pa3ind-
HBIX OTPACIISIX IIPOMBIIIICHHOCTH, T.K. UMEIOT BBICOKYIO
TIPOYHOCTH M MOIYJIb YIIPYTOCTH, MAJIbII BEC, TEXHOJIO-
TUIHOCTH, HEBOCIIPUUMYHNBOCTH K arpeCCUBHBIM BHEIII-
HIUM (aKTopaM, CITOCOOHOCTH IMTOBTOPSITH ITPaKTHUIe-
cku 00b1e hopmbl [1] u T.1. OCHOBHBIM MaTepUaIOM

© bangaHos A.B., boxoeBa J1.A.,, Wan6yes [.B., Tymyposa T.5., 2022

I1KM cnyxuT Matpulia U3 IOJUMEPHOTO CBSI3YIOIIETO:
SMOKCUIHBIC, (PeHOTbHBIC TTOTMAMUIHBIC CMOJIBI U 1. ,
W apMUPYIOLIMI HAMOJHUTEb U3 YTJIEPOAHBIX, CTE-
KJISTHHBIX, OOPHBIX U APYTMX BOJIOKOH. MIX KOMOMHAIIUS
ITO3BOJISICT TTOJYYNUTH BRICOKOIIPOYHBIC KOHCTPYKITUH
¢ 3apaHee 3aJaHHBIMM CBOMCTBaMH. B cTpouTeabcTBE
I[1KM wucrnonb3yeTcsl B KaUeCTBE YCUJIEHUSI OETOHHBIX
KOHCTPYKLIMI B BHIe Tojoc [2], apmatyp [3], cTpou-
TEJIbCTBE TICIIEXOMHBIX MOCTOB [4], HABECOB M OIpax-
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TMArOIINX KOHCTPYKIINIA, a TAK:K€ OCHOBHBIX HECYIIINX
3JIEMEHTOB, TTOABEPTHYTHIX BO3ICHCTBUIO arpeCcCUBHOM
cpensl [5]. IlorpeObHOCTD B TaKUX MaTepUaiaxX IpUBOIUT
K MCCIICIOBAaHUSIM, CBSI3AaHHBIM C Pa3padOTKOM yIIyJIIIeH-
HBIX GU3NKO-MexaHmIecKux cBoiicTB [TKM, Takux Kak:
JKECTKOCTD, BI3KOCTb pa3pyIICHUS 1 HECYIIIast CII0Co0-
HOCTb. 3HAYNTEIPHOE KOJIMIECTBO HETaBHUX MCCIIeIOBa-
HUM Mokasajno, 4To n1o0aBjieH1Me HaHOT00aBOK (HaHOYA-
CTUIIBI 1 HAHOBOJIOKHA) B 3TIIOKCUIHYIO MaTpuiry [IKM
yIIydIIaeT MeXaHMJeCKHe CBOMCTBA TaKMX MaTepHaJiOB
[6—10]. BBenenue yriaepoaHbIX HAHOTPYOOK B (hopme
TUCTICPCUI TIPUBOIUT K YBEIMUCHUIO TIPOYHOCTH KIIe-
€BOT0 COCAMHEHUS Ha OTPHIB, YBEIMUCHUIO MEXaHWUe-
CKMX CBOICTB, K pOCTY MUKPOTBEPAOCTH 00pa3uoB [11].
ABTOpHI paboThI [12] MiccenoBaay OMHOHATIPABICHHBIN
apMUpPOBaHHBIN cTekI10BoI0KHOM [TKM ¢ HaHopa3mep-
HBIMH HATTOJTHUTEIISIMU M3 OKCHIA ATFOMUHUSI, TMOKCHIA
KPEeMHUS U TPUTUOAPATA OKCUIA ATIOMUHUS MUKPOH-
HOTO pa3Mepa B 3IMOKCUAHOM cmoire. [Ipu muama3oHe
HarnojaHeHus 10 mac. %, IPOYHOCTh Ha pacTsLKEHUE,
n3rub 1 yrapHas BI3KOCTb yaydimminch Ha 9, 20 n 28%
10 CpaBHEHUIO CO CTEKJIOM 0e3 HAITOJHUTEISI 1 CTe-
KJIOM, HaITOJTHEHHBIM OKCHUIIOM amtoMuHUs. B padoTax
[13—15] mpencTaBiaeHbI pe3yJIbTaThl CCIIEAOBAHMIA Ha-
HOKOMIIO3UTOB C TUOKCHIOM KPEMHUSI, OTTyOJIMKOBaH-
HBIC 32 TMIOCTICIHIE AeCITh JIeT. BKiToueHe HaHOYaCTHIT
IUOKCUAA KPEeMHUSI Pe3KO YBETMIMBACT IIPOTHOCTH IIPU
CXaTUX ¥ YMEPEHHO YBEIMUUBACT IIPOYHOCTH IIPH pac-
TsSLKeHUU. MakcumanbHbI 3G @eKT HaHOYaCTUll TIpU
BHeapeHuu B [IKM umeer MecTo npu nuamnasoHe pas-
MepoB yacTull 10—25 1M [16].

CoriacHO MCCIeIOBaHMSIM, IIPOBEICHHBIM KOMITa-
Hueil Abercade [17], HaHOLOOAaBKM MOXHO pa3lenTh
Ha YeThIPE TPYIIIIBL; TTOPOIITKH YMCTHIX METAJJIOB, CMECH,
OKCHIBI METAJIJIOB, CIIOKHBIC OKCUIBI. [TOpOIITKI YMCTHIX
METaJIJIOB COCTABJISIIOT 3HAYMTEIIFHYIO 1 BCe BO3pac-
TaFOIIYIO TOJII0 BCETO 00heMa IIPOM3BOACTBA HAHOIIO-
poiukoB — 80%. CoXHbIe OKCUAbL M CMECU UMEIOTCS
B OTpaHMYCHHOM KOJIMIECTBE. Pe3yIbTaThl NCITBITAHMIA
Ha MPOYHOCTh MHOTOCTONHBIX [TKM ¢ HanonHuteasamMu
B BHUJICe HAHOAMCITEPCHBIX JOOABOK 1 IPYTUX ITOPOIIIKO-
00pa3HbBIX BENIECTB MpeacTaBlieHbl B padore [18]. Mc-
cJIeIoBaHMSI 110 J00aBIeHNIO O0MOI00aBOK B STIOKCUIHYIO
Matpuiry [TKM orpanndeHsl, ogHako B padbote [19] onun
YIIY4YIIAlOT TaKWEe MEXaHMIeCKNEe CBOMCTBA, KaK: XKeCT-
KOCTb, BSI3KOCTh Pa3pYIICHUS U HECYIIIYIO CITOCOOHOCTb.

ODHUMU 13 TIEPCIIEKTUBHBIX HATIOJTHUTEIICH MaTPH-
bl KM gBisitorcst 6Mono6aBKy Ha OCHOBE KoJulareHa,
ToJlyJdaeMBIe M3 OpTaHOCoAepKammx otxonos. 1o cBo-
WM CBOMCTBAM MX MOXHO OTHECTH K OMOAKTHMBHBIM
BeIlecTBaM, 00JIagaloIIMM OTITUMATbHBIMU KOJIJIOWI -
HO-XUMUUYECKUMU cBoiicTBaMu. OpraHocomepKaiime
OTXOBI TIPEIACTABIISIIOT COOO0I BTOPUUYHBIC ITPOIYKTHI,
oOpa3yromIecs B IIpoliecce IepepadoTK KOKEBEHHO-
T0, MEXOBOTO, PEIOHOTO M MSICHOTO CHIpbs. Ha mpen-

MIPUSATUSIX KOXKEBEHHOI ITPOMBIIIJICHHOCTH 00pa3yeTcs
3HAYNTEIFHOE KOJIMIECTBO TBEPABIX OPTraHOCOIEPKAIIIIX
OTXOIIOB, KOTOpBIE comepKat 10 50% 0eIKOBBIX BELLECTB
1 MOTYT aKTUBHO IIPUMEHSTHCSI B KaUeCTBE OMOITOJIH-
MepoB. OCHOBHOM 0€JIOK TaKUX OTXOIOB IIPEICTaBICH
GUOpUIISIpHBIM OEJIKOM — KOJUIaT@HOM, COCTaBIISIIO-
M OCHOBY COCITMHUTEIIFHOM TKAH! OpTaHM3Ma 1 00e-
CTICUMBAIOIINM €€ TIPOYHOCTD 1 3JIaCTUIHOCTb.

Kostaren cocrapisieT 0koj10 20—30% ot 00111ero Ko-
JIMYecTBa OEJTKOB B OpTaHM3Me 1 001aIaeT YHUKATLHOM
CTPYKTYpPOIi, BHYTPH- 1 MEKMOJICKYISIPHBIMU CBSI3SI-
MM, aMUHOKHMCJIOTHOM MOCIen0BaTeIbHOCTRIO [20—21].
B Mozexyrie KosutareHa Tpy OTIeIbHBIC TIOJUTICIITAIHEIC
LIeTTr, OoTaThie IIPOJIMHOM M COAEPXKAIINE B KaXKIOM
TPETheM ITOJIOKECHUHN TJINIIAH, 3aKpYJYEeHBI OMHA BOKPYT
IPYTOl, 00pa3yst TPOMHYIO CIIMpPaTb. DTH MOJICKYIIHI,
B CBOIO OUepelb, YITAKOBBIBAIOTCS B BOJIOKHA, B KOTO-
PBIX COCETHUE MOJICKYIIbI CKPEIUICHBI KOBaJICHTHBIMU
CIMMBKAMU MEXIY COCETHUMM JIM3MHTOBBIMU OCTAT-
KaM#. MHOXXECTBO CIIUTHIX BMECTE CTePKHEOOPa3HBIX
MOJIEKYJ KOJUTareHa 00pa3yIoT IPOYHBIC HEPACTSIKUMEIC
KOJUTaTeHOBBIC (PMOPUILITBI, KOTOPBIE 00J1agatoT IPOU-
HOCTBIO Ha pacTsSKCHUE, CPABHUMOM C TIPOYHOCTHIO
cramm [21]. KomnarenoBast coemMHUTEIbHAsI TKAHb CO-
CTOUT M3 BOJIOKOH KOJIJTATCHOBBIX (DMOPMIII, XapaKTe-
PU3YIOIINXCS TTOMIEPEIHO-UCUCPUCHHOM CTPYKTYPOIA.
B cyxoxunusax ¢puOpuiabl KojulareHa paciiooXKeHbI
B BHUJIC TIOTIEPETHO CBSI3aHHBIX MapalIeIbHBIX ITYIKOB,
00JTagatoIMX OYeHb BBICOKOI IIPOYHOCTHIO HA pa3phiB
U TIPAaKTUYECKU HePacTSKUMBIX. PUOPMILTHI KoJlIareHa
MOTYT BBIIEPXKUBATh HATPYy3Ky, BEC KOTOPOIA, TI0 MEHB-
mreit mepe, B 10 000 pa3 mpeBBIIIIaeT UX COOCTBEHHBIN
Bec [22]. XoTs KoIareH TpaguliMOHHO UCTIONb3YeTCs
B (pbapMarieBTHICCKOM M MEAUIIMHCKON TTPOMBIIIUICH-
HOCTH, OH TaKKe MOXKET HalT! IIMPOKOe IIPUMEHEHNE
B Ka4eCTBE HATIOJTHUTEIICH IS KOMITO3UTOB.

Llenpio pabOTHI SIBJISIETCST MCCIICIOBAaHNE BIUSHUS
OMOAKTHBHOTO KOJIJTATEHOBOTO MTPOAYKTA, TIOJIYICHHOTO
M3 OpPraHOCOAEPKAIINX OTXOIOB KOXEBEHHO IIPOMBIIII-
JIEHHOCTHU, Ha TTpoyHOCTh [1KM.

B HacTostee BpeMst mMeeTCsI 3HAUUTEIBHOE KOJIMYE-
CTBO CITOCOOOB TTOJTYICHIST OMOAKTUBHBIX KOJIJIAaT¢HOBBIX
IIPOAYKTOB B BUIE HAHOPA3MEPHOTO TTOPOIIIKA 13 Opra-
HOCOAECPKAIIUX OTXONOB KOXEBEHHOM ITPOMBIIIIJICH-
HocTH. Pa3paboTaHo HECKOIBKO CITOCOOOB TOIyUYCHUS
M3 TBEPIBIX OPTaHOCOACPIKAIINX OTXOIOB IIPESATTPUSTHIA
KOXEBEHHOM MPOMBIIIJICHHOCTH OOJBIINX 00beMOB
HaHOPa3MEPHOTO MTOPOIIKA TT0 OTHOCUTEIIFHO HU3KOMU
IIeHe. ABTOpaMU TaHHOM CTAaThU IIPEACTABICH CIIOCO0
ITOJIyIeHMST KOJJTaTeHa M3 OMOJIOTMIECKOro MaTepua-
JIa, OCHOBAaHHOTO Ha PaCTBOPEHUM CHIPhS B YKCYCHOM
KucioTe n aneToHe [23]. TexHomorus moaydeHus 0mo-
IIOJIMMEpPa, B KOTOPOM B Ka4eCTBE KMCIOTHOTO PAaCcTBO-
PUTEIST NCTIONIB3YETCST KACIIOMOJIOUHAS KOMITO3HIINS,
TIPEICTABIISIONIAsI COO0I CUMOMO3 KMCIIOTOTOJIEPAHTHBIX
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TIPOKAPUOTUYECKUX MUKPOOPTAHN3MOB C TIPOTYKTAMM
HX METabOJIM3Ma, Y UCIIOIB3YETCsI IJIST CHYDKECHMS TIOTePh
OeJTKa 1 COXpaHEHUSI OOJIBIIIETO YK CIa BHYTPU 1 MEXKMO-
JIEKYJISIPHBIX CBSI3CH B CTPYKTYpe KojutareHa. Ha rexHo-
JIOTHIO M3TOTOBJICHUSI KOJUIaTeHA TTOIyIeH TaTeHT [24].
T'OTOBEIIT KOJUTAT€HOBBIN TTPOMYKT IPEICTABIISICT COOOM
TIOPOIIOK, ¢ pa3MepaMu (ppakinii 1o 1 MKM, KOpUIHe-
BOTO IIBETA, XOPOIIIO PACTBOPSICMEBII B BOJIE.

MATEPUAJIBI 1 METO/IbI

J11st ipoBeIeHUSI SKCIIEPUMEHTATbHBIX Pa0OT ObLIN
M3TOTOBJICHBI 00pa3Ilbl U3 CTeKIIOTKaH! (Mapka T-10
(92) TOCT 19170-2001). B xayecTBe TepMOPEAKTUBHOM
MAaTpUIBI ObLTa WCITOJIb30BaHa SIMOKCUIHO-TUAHOBAs
HeoTBepxKIeHHas cmojia Mapku DJ1-20 TOCT 10587-
84, B KaueCcTBe OTBEPKAAIOIIETO areHTa IS STIOKCHUI -
HOM CMOJBI — TToJuaTIWiIcHITonnaMua TY 2413-357-
0203447-99. ;11 paBHOMEPHOTO pacIpeeICHIUS CYyXOTro
kosnareHa (1 uiau 2%) B MaTpuile ObUIa KCIIOJIb30BaHA
ynbrpa3BykoBas BanHa AG SONIC TC-150B ¢ Bomoi,
Harpetoii 1o 45°C, TmipencTaBlieHHad Ha puc. 1B. YIib-
Tpa3BYKOBasI BaHHA MO3BOJISICT CHIKATh BO3SHUKHOBE-
HUeE ITy3BIPBKOB BO3IyXa, 00pa3yIOIIMXCcs B IIpollecce
MEXaHMIECKOTO TIepeMEeIIMBAaHUS, CITOCOOCTBYET paB-
HOMEPHOMY paclpeAcIcHNI0 YacTHUIl. 3aMedeHO, 9YTO
HEe3HAYUTEJIbHOE KOJIMYECTBO KoJUlareHa pa3MepaMu
mo 1 MKM ocTaeTcs HepacTBOpeHHBIM (puc. 10). Paz-
paboTaHO M U3TOTOBJICHO CITCIIMAIBFHOE YCTPOMCTBO TSI
M3TOTOBJICHUS TIpeIIpera i 00pa3oB ¢ HAHOZ00AaBKa-
mu (puc. 1m).

Nanob%

TeXHOIOTMYeCKMIiA TIPOLIECC U3TOTOBICHMS 00pa3IIoB
COCTOMT U3 CIICAYIOMINX OTICpalldii. ApMUPYIOIINIA Ha-
ITOJTHUTEJIb pacKpanBalOT Ha HEOOXOIMMBIC pa3MephI,
VKJIagbIBalOT Ha HIDKHIO (DOPMOBOYHYIO IUIACTUHY
(puc. 1m), TOBepXHOCTh (POPMBI TOKPBHIBAIOT TJIATKOM
ITOJTMATIICHOBOM TUICHKOI, Ha Hee BBHIKJIAIBIBAIOT He-
00XOIMMOE YHCIIO CJIOEB MaTepraia M MEeXIY CIIOSIMU
HAHOCST CBS3YIOIIEE C Pa3IMIHON KOHIICHTpaIeit KO-
nareHa (puc.la, 0, r). [lasee roToBBI TTaKeT paBHOMEPHO
3aXKMMarOT THIpaBIMYecKuM IpeccoM (10 T) mo ymopa
1 OCTaBIIIOT CIIPECCOBAHHBIM Ha 170 4 IIpy TeMIiepary-
pe 30°C. INomyueHHBIN 00pa3ell pa3pe3aroT aTIMa3HbIM
IICKOM Ha TTOJIOCKA HEOOXOTMMBIX Pa3MEpPOB.

[IpoBeneH aHaMM3 OIMpeneIeHUST KOTNISCTBEHHOTO
CcOCTaBa YacTUIl OMOTIOIMMepa KOJIJJareHa B MaTpUIIe
KOMIIO3WUTA Ha pacTPOBOM 3JICKTPOHHOM MHUKPOCKOIIE
JSM-6510LVJEOL c cucremoit mukpoananusa INCA,
YCTAaHOBJICHHOM B IICHTPE KOJUIEKTUBHOTO IT0JIb30Ba-
Hust «[TPOT'PECC» BCI'YTY (puc. 2). MccnenoBannch
cpesnl 00pa3oB pa3MepoM 1X1 cMm mocie UCIbITaHUI
Ha pacTsDKeHHe, BEIpe3aHHBIC ¢ YIaCTKOB pa3pyIICHUS.
Breimn paccMOTpeHBI cpe3bl 00pa3loB ¢ KOHIIEHTpA-
uueit koyareHa 1%, 2%; KOHTpOJIbHBIE 00pa3Lbl 0e3
xojtarena (0%) co cinoamu [90],. BeisBneHo, 4To npu
nobasiaennu 1% wim 2% xosutarena B [TKM nponcxo-
INAT YBEIMICHNE KOJIMUECTBA XUMUICCKUX SJIEMEHTOB:
yriepona (C) — Ha 2,93%, kucnopoga (O) — Ha 1,61%,
Maraust (Mg) — Ha 0,11%. Pe3ynbTaThl MccaeqoBaHUS
npeacTaBiIeHbl B Ta0I. 1.

HccnenoBaHmsT TOBEPXHOCTH MAaTPUIIBI ¢ J0OABIIE-
HueM KoJuiareHa 1%, 2% v matpulibl 6e3 100aBIeHUS

a 0 B r I
Puc. 1. Dransl usrorosiaenns ITIKM ¢ no6aBkaMu KoJiareHa
Tabauya 1
Cpeanee KoJIMYECTBO NpUMeceii B 00pasuax, %
75 COREIpTAETILL C O | Na|Mg| Si| P | s | cl| K| Ca
ouomnonumMmepa
100% B 6uononumepe | 47,65 | 47,97 | 0,18 | 0,08 | 0,13 | 0,85 | 0,67 | 0,43 | 0,07 | 1,54
0% B marpuie 34,07 | 36,5 | 0,08 | 1,32 | 14,33| 0,11 | 0,08 | 0,11 | 0,24 | 9,13
1% B matpuiie 36,78 | 38,6 | 0,1 1,46 | 13,34 0,09 | 0,1 | 0,13 | 0,2 9,1
2% B marpuie 39,94 | 39,72 | 0,08 | 1,54 | 13,78 | 0,1 | 0,11 | 0,17 | 0,24 | 9,3
http://nanobuild.ru 139 info@nanobuild.ru



http://nanobuild.ru/ru_RU/

Nanotechnologies in construction 2022; 14 (2): '
HaHoTexHonorum B cTponTenbcTBe 137-144 NanObL" ]

CO3AHUE HOBbIX ®YHKLIMOHAJIbHbIX MATEPUAJIOB

yroiepon (C) kuciopon (O) marnuit (Mg)

Mg Ka1_2

CKa1_2 O Ka1 Mg Ka1_2

Puc. 2. Anamm3 onpenejeHuA KOJIMIECTBEHHOro0 CoOCTaBa 4YaCTHIl 6n0nommepa KOJJIareHa B MaTpuie KOMIno3ura

[IpouieHTHOE CofepKaHKe 0% — KOHTPOJIBHBII

1% 2%
KOJlJIareHa obpasel

IMoBepxHocTh KM
IpY YBEIUYCHU N

Mukponopst
Ilronianb MUKpPOIIOpP, Wm? 187,269 140,5 91,93
% 14,03% 10,52% 6,89%

Puc. 3. Ananus nosepxHoctu KM pasmepom 38 %X 34 mukpomeTpos (wm?) npu yeesmmdennu x1500
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610m00aBOK (KOHTPOJIBHBIC 00PAa3IIbl) ITOKA3aJIH, YTO C
Io0aBIICHUEM KOJUIareHa YBEJIMUMBACTCS KOJIMIECTBO
MMKPOITOP (10 1 um?), HO IpPY 3TOM CHIKAIOTCS MUKPO-
MopkI ¢ pazmepamu 6osiee 1 um? (puc. 3). O01as 1mio-
a7 MUKPOTIOP YMEHbIIIaeTcs B cpeaHeM Ha 3,57 % nipu
nobasinenun 1% nopoiika kojutareHa. Ha quarpamme
puC. 4 BUAHBI IDIOLIAAM MUKPOIIOP WM’ 1 UX KOJIMYECTBO
B 3aBUCHMOCTH OT ITPOLICHTHOTO COMEPKAHMS KOJUTareHa.

B mycriepcHO-YIIpOYHEHHBIX MaTepHaiaX YaCTHUIIHI
CITykaT OapbepOM Ha ITyTH IBIDKCHUS TPSIIMHBI B MAaTpH -
1Ie ¥ YIIPOYHSIIOT MCXOMHYIO CBsI3yromIyio da3y. Hampsi-
JKEeHME KOHILIEHTPUPYETCS B 00JIACTH MUKPOHEOTHOPOI -
HOCTEU MaTpULBI (MUKPOIIOPHI, TPAHUIIBI 3epEH, KPYII-
HbIC HEpaBHOOCHBIC 3¢pHA), TaM 1 IIPOMUCXOIUT OBICTPHIi
pocrt TperyH. [1pr mo6aBIeHNN KOJUTareHa YMEHBIIIACTCS

TIIONIA/Ib MUKPOTIOP, YTO TIPUBOIUT K YBEIMIEHUIO TTPOY-
HOCTHU MaTpuIIbl. Tak ke BO BpeMsl TIPOIBILKEHUST TPEIIIN-
HBI YaCTUIIHI KOJUTareHa CIIykaT 0aphepoM Ha ee MyTH:
TpelrHa JINOO0 OTUOAET YACTHUILY, TIPU STOM YBEIMUMBA-
€TCST BpEMSI pOCTa TPEIIUHBI, JINOO B BEPIIIMHE TPEIITH-
HBI YaCTUIIBI KOJUTareHa 1e(hOpMUPYIOTCS, YITMHSTIOTCS
U pa3pbIBAIOTCSI, TIPU 3TOM COTIPOTUBJICHUE PA3BUTHUIO
TPEIMHBI ITOBBIIAECTCS, TOCKOJIBbKY €€ Oepera mepeKphbl-
BAlOTCSI «<MOCTUKAMU CBSI3W» U3 KoJllareHa (puc. 5).

PE3YJIBTATBI DKCIIEPUMEHTOB
[IpoBeneHbl UCTIBITAHUS HA pacTSKeHHUE 00pa3lioB

u3 [1KM c noGasnenuem kosiareHa 1% u 2% ¢ yrnamu
yknanku cnoes [90],, cormacno FTOCTy 56785, (ASTM

120 -
2910 e oo e
wl N ] L 10%|
ool N 1%
sol B 2%
ol B

Eso: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
sod A
0 N e
s0] BN
20 ] B P oo
eSS
0 e e : —

0 5 6 7 8 9 10 11
size (um?)

Puc. 4. KoninyecTBo mycTOT pa3MyHbIX Pa3MepoB OT MPOLEHTHOrO COMEPKAHNUS KoJlIareHa

20KY

WD1omm

Puc. 5. IToepxnoctb MaTpuipi IIKM: a — pocT TpellMHbI Ha TOBEPXHOCTU MATpUIlbl (2% conepskaHMs

KoJijareHa); 6 — KoJyijlareH Ha (ppoOHTEe TPELIMHbI
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D3039) «MeTox ucrnbiTaHUST HA PACTSIKEHUE TUIOCKUX
00pasioB». brito uzrorosnero 10 oopasios n3 [IKM
¢ KOHLeHTpauuei koyutareHa 1%, 10 06pa31uoB — ¢ KOH-
HeHTpauueii komareHa 2%, 10 KOHTPOJIbHBIX 00pa3-
OB — 06e3 6uonobaBok. McrnbiTaHUST IPOBOAUIUCH
Ha rugpaBandeckoil MmammHae MP5092-5 MoImHOCTRIO

0,5 T (puc. 6). Cnenanbl hoTorpaduu MIOCKUX 00pa3IoB
JIO Y TI0CJIE UCIIBITaHUiA (puc. 6). Pe3yabTaThl UCIIBITA-
HUIA IIpeAcTaBIeHBI B Ta0:1. 2. Ha puc. 7 ipeacTaBiaeHbB
IHrarpaMMBbI UCITBITAHUN 00pa3IoB ¢ KOJIJIareHOM, TI0-
JIy4eHa 3aBUCUMOCTD CXKMMAIOIIEH CHJIBI OT TIepeMelIe-
Hust 3axBaToB. [1pu no6asienuu 1% kosutarena B [IKM

Puc. 6. O0pa3upl mocJie HCIBITAHUI HA PACTsIKEHHE

Tabauya 2
Pe3syabraThl CHIBITAHMIA HA pacTsoKeHue oopasnos u3 [TIKM
Haspanue b IV(OHTPOM- 1% 2%
HBIii 00pa3zen
P ..H 2900 3433,333 4066,667
P H 1350 1950 1066,667
JnvHa pab. yacTu y4. pu pa3pbiBe, MM 94,206 94,184 94,635
OTH. yIUIMHEeHWE TIpU pa3pbiBe, % 4,673 4,649 5,151
JlnvHa y4.mpu 3aJaHHOM HaINpsiKeHUU, MM 0,653 0,579 0,686
OTH. yIJ1. IIpY 3aJaHHOM HarpspkeHuu, % 0,726 0,643 0,762
OTHOCUTENIBHOE YIIPYTo€e yiInHeHUE, % —32,608 —32,690 -32,571
a 0
' : = |
""" i B
| i | o
_______________ pi ! j \
E i ! —— : : ‘j =
e s L e —— ieion : ; =
! I | 1 1
I / - ———
/ & : |
! : ; ; - %1

Puc. 7. Jiuarpammsl pactsikenus oopasuos u3 IIKM: a — nuarpamma pactsikeHust o0pasia npu gobasieHuu 1%
B MaTpuily; 6 — quarpaMMa pacTseKeHUs oopasia npu gooasineHnu 2% B MaTpULLy
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00pa3ubl BeLaepxKuBaoT Harpy3ky (P H) Ha 15,57%

max

OoJblie, yem o0pa3slibl 0e3 61om00aBOK.
BbIBO/IbI 1 3AKJIIOYEHUNE

Pazpaboran npuHIUIIMATIBHO HOBBIM CIIOCOO ITOJTY-
YeHMsI OMOAaKTUBHOTO KOJUTATEHOBOTO ITPOIYKTA U3 TBEP-
IIBIX OPTaHOCOICPKAIIMX OTXOMOB IPEITIPHUSI TN KOXe-
BEHHOI IIPOMBIIIICHHOCTH 10 OTHOCUTEIFHO HU3KOM
meHe. YCTaHOBJICHO, YTO OMOAKTUBHEIN KOJIIIaTeHOBBIN
TIPOIYKT B BUIE ITOPOIITKA MMEET HI3KYIO Ce0eCTOMMOCTD
Y MOXET IMPUMEHSITHCS B KauecTBe Ononoodasku B [IKM.
IIpoBeneHHbIe uccnenoBanus odpasuoB u3 [1KM npu
IO0ABIICHNH CYXOTO TTOPOIITKa KoJIJIareHa B 3TIOKCHIHOE
CBsI3yIOIIIee TIOKA3aJIi, 9TO BBeICHIE OM0I00aBOK TTPH-

CIINCOK NCTOYHUKOB

BOIWT K M3MEHEHMIO IIPOYHOCTHBIX CBOMCTB MaTepHaJa.
AHamM3 cpe30B 00pa3lioB, MPOBEACHHBIX HA PACTPOBOM
3JIEKTPOHHOM MuKpockorie JSM-6510LVIEOL, BeistBun
n3menenne crpykrypsl [IKM. Ipu no6asnennn 1% wnm
2% xkosnarena B Matpuily I1KM mpoucxoauT yBeiu-
YeHNEe KOJMYECTBa XUMUUICCKIX 3JIEMEHTOB: yIJIepoaa
(C) — na 2,93%, kuciaopona (O) — Ha 1,61%, maruus
(Mg) — Ha 0,11%. B TIKM yacTtulipl KoyijiareHa ciy-
JKaT 0apbepoM Ha ITyTH ABVKCHUS TPEITUHBI B MATPUIIE
1 YIPOYHSIOT UCXOMHYIO CBI3YyIOIIyIo asy. Pe3ymb-
TaTBl UCITBITAHUI Ha pacTsSLKeHUE TTOKAa3ajId, YTO TP
nmob6asiaennu 1% komnarena B Marpuily ITKM Hecytas
CIIOCOOHOCTDH 00pa3LoB yBeanuuBaeTcsd Ha 15,57%. Pe-
3yJIBTaThI, TTOIyYeHHBIC B JAHHOI paboTe, MOTYT IIpHBE-
CTH K PacIIMPEHMIO 00IacTeil IpUMEHEHHUS KOJIJIareHa.
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ABSTRACT: Introduction. The management of physical and chemical processes of structure formation of high performance ce-
ment composites can be provided at several scale levels through the use of modifiers of various nature and mechanism of action, in
particular, micro- and nanoscale mineral additives of natural and technogenic origin. It is known that clays and carbonate rocks are
promising raw materials to obtain mineral modifiers for cement systems. The purpose of this study was to establish the influence
regularities of the prescription and technological parameters (material and granulometric compositions, temperature calcination) to
obtain mineral additives based on calcined clays and carbonate rocks on their activity in cement systems. Methods and materials.
Polymineral clays and carbonate rocks (dolomite and chalk) from several deposits of the Republic of Mordovia were used as raw
materials for obtaining mineral additives. The specific surface area of modifiers was determined on the PSX-12 dispersion analysis
device using the Kozeny-Carman method. The study of the granulometric composition of sedimentary rock powders was carried
out by laser diffraction method. The research of physical-chemical processes occurring during the heat treatment of polymineral
clays and carbonate rocks was carried out using the synchronous thermal analysis method. Optimization of calcination tempera-
ture of clay-carbonate mixtures was carried out based on the research results on the effect of their additives on the cement binder
activity with the determination of the modifier activity index in accordance with the methodology of the Russian State Standard
GOST R 56178-2014. Results and discussion. The optimum calcination temperature, located for polymineral clays in the area of
500-800°C, was established according to the study results of dehydration processes of clay minerals using the synchronous thermal
analysis. This temperature range corresponds to the initial restructuring processes in the crystal structure of minerals of the kaolinite
and illite groups, associated with their dehydroxylation, which contributes to the transition of these phases to the active form.The
study results of influence of additives of calcined clay-carbonate mixtures on the cement binder activity proved the thermal analysis
data. It was found that calcination of clays and clay-carbonate mixtures at 700°C contributes to obtaining of the most effective min-
eral modifiers. Conclusions. On the totality of studies, regularities were revealed in the system “modifier composition - calcination
temperature of sedimentary rocks — mixed binder activity’, which allow optimizing the prescription and technological parameters
for obtaining mineral additives to achieve the required level of strength characteristics of cement composites.
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thermogravimetric analysis, dehydration, activity, optimization.
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INTRODUCTION tion of such composites can be provided at several scale
levels through the use of modifiers of various nature and

he development of energy-efficient high performance = mechanism of action, in particular, micro- and nanoscale
cement concretes is topical direction of modern  mineral additives of natural and technogenic origin, which
building materials science [1, 2, 3, 4, 5]. The management  contribute to solving problems of resource and energy
of physical and chemical processes of structure forma- saving, as well as environmental protection environment
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by reducing the clinker capacity of compositions [6, 7, 8,
9, 10, 11, 12].

It is known that aluminosilicate rocks, in particu-
lar monomineral kaolinite clays (AlL,(OH),[Si,O,] or
Al O, +2Si0,*2H,0) [13], are promising raw materials
for obtaining mineral additives. Thermal activation of
these clayey rocks within the range of 650—800°C, which
contributes to the removal of about 14 wt. % of chemically
bounded water, leads to the destruction of their initial
crystalline structure and formation of the amorphous
phase, called metakaolinite (metakaolin). Metakaolin
is sufficiently effective pozzolanic additive [14, 15, 16],
however, its degree of application in the cement indus-
try remains low due to a number of reasons, such as the
territorial and quantitative limitations of kaolinite clays,
the high cost of the resulting enriched raw materials, etc.
In this regard, expanding the raw material base of alumi-
nosilicate rocks to obtain effective mineral additives for
cement systems is promising direction. Calcined poly-
mineral clays are among the most promising alumino-
silicate sedimentary rocks, in view of the fact that their
effectiveness can be ensured due to structural features, in
particular, the presence of several clay minerals capable
of synergetic interaction in composition [17, 18, 19, 20].

In addition to aluminosilicate modifiers, carbonate
mineral additives are characterized by increased efficiency
in the cement systems. The action of carbonate rocks
(limestones, dolomite limestones, dolomites) is based
on the ability of the rock-forming mineral (calcite) to act
as the crystallization center of new phases [21, 22, 23].
The papers [24, 25] show that the efficiency of carbon-
ate rocks is increased in the presence of aluminosilicate
components, which, in addition to tricalcium aluminate
contained in cement, can be such aluminum-containing
mineral additives, for example, as slags, fly ashes, ther-
mally activated clays, etc. In this connection, the com-
bined use of calcined clays and carbonate rocks in the
compositions of modified cement composites is relevant
trend.

The purpose of this study was to establish the influ-
ence regularities of the prescription and technological
parameters (material and granulometric compositions,
temperature calcination) to obtain mineral additives based
on calcined clays and carbonate rocks on their activity in
cement systems.

To achieve this objective, the following tasks were
solved:

1) the grinding ability of the initial clays and carbonate
rocks was studied with the establishment of the specific
surface area and granulometric composition of the ob-
tained mineral powders;

2) the physical-chemical processes occurring during
the heat treatment of polymineral clays and carbonate
rocks were researched;

3) the influence of composition and calcination tem-
perature of clay-carbonate mixtures on the cement binder
activity was studied;

4) the interrelations and regularities were revealed in
the system “modifier composition — calcination tem-
perature of clays and carbonate rocks — mixed binder
activity”, which allow optimizing the prescription and
technological parameters for obtaining mineral additives
to achieve the required level of strength characteristics of
cement composites.

METHODS AND MATERIALS
Materials

The main component of binder in the cement system
recipes was Portland cement 500-D0-N (PC) produced
by Mordovcement PJSC. The raw materials for obtaining
mineral additives (MA) were represented by sedimentary
rocks from several deposits of the Republic of Mordovia:

1) clayey rocks such as polymineral clays from the
Nikitsky (CN) and Staroshaigovsky (CS) deposits;

2) carbonate rocks such as dolomite from the Yel-
nikovsky deposit (DY) and chalk of the Atemarsky deposit
(CA).

The research of the physical-chemical efficiency of
mineral additives based on calcined clays and carbonate
rocks was carried out on fine-grained concrete composi-
tions containing standard monofractional sand accord-
ing to the Russian State Standard GOST 6139 as fine
aggregate.

Methods

The evaluation of the grinding ability of the initial
mineral raw materials was carried out based on the study
results of the grinding time effect on the specific surface
area value of the obtained powders of clays and carbon-
ate rocks.

The raw materials were previously dried to a con-
stant weight and mechanically crushed until the pass of
particles through screen with hole size of 2.5 mm. The
grinding of prepared sedimentary rocks weighing 500 g
was carried out in a ball drum mill at a rotation speed of
73 rpm. The milled rocks were sifted through screen with
hole size of 0.16 mm while fixing the final product yield
by weight. The analysis of the powders obtained as result
of grinding and sieving and the determination of their
specific surface area were carried out using the PSX-12
dispersion analysis device.

The specific surface area using the PSX-12 dispersion
analysis device was determined by the Kozeny-Carman
method based on the air permeability and porosity estab-
lishment of the powder compacted layer. The gas perme-
ability of the powder layer was measured according to the
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filtering time of given air volume through the device at
fixed vacuum in its working volume.

The study of the granulometric composition of sedi-
mentary rock powders was carried out by laser diffraction
method using the Shimadzu Sald-3101 particle size ana-
lyzer, which makes it possible to analyze finely dispersed
materials in the particle size range from 50 nm to 3 mm.

The research of physical-chemical processes oc-
curring during the heat treatment of polymineral clays
and carbonate rocks was carried out using the synchro-
nous thermal analysis method (STA), when combin-
ing thermogravimetric and differential thermal analysis
methods. TGA/DSCI1 thermogravimetric analyzer was
used for the study in addition to data on changes in the
weight of the sample (thermogravimetry (TGA)), it
automatically provides information about the thermal
processes thanks to the signal of differential scanning
calorimetry (DSC). During the thermal analysis, the
temperature rise rate was 10°C/min. The corresponding
experimental TG, DTG and DTA curves were obtained
as the research results.

Optimization of calcination temperature of clay-car-
bonate mixtures was carried out based on the research
results on the effect of their additives on the cement
binder activity with the determination of the modifier
activity index. The activity index of obtained mineral ad-
ditives was determined under the Russian State Standard
GOST R 56178-2014 method by comparing the results of
compression strength tests after steaming cement-sand
samples-beams of 40X40X 160 mm, made using of modi-
fied binders consisting of 90% Portland cement and 10%
mineral additive (by weight of the binder (PC+MA)),
and control samples of unmodified composition with a
ratio of cement binder and standard monofractional sand
equal to '/,. The water-binder ratio was taken the same for
all compositions, it equated to the value established for
the most water-demanding composition when the flow
spread diameter of fine-grained concrete mixture from the
Hagermann cone was reached of 106—108 mm. The pro-
cedure for manufacturing and testing of samples-beams
adopted following the requirements of the Russian State
Standard GOST 310.4, the mode of heat and humidity
treatment is selected following the Russian State Stan-
dard GOST R 56178-2014 equal to (3+3+6+2) hours at
isothermal holding temperature of 80°C.

Based on the results of determining the compressive
strength of steamed samples (the activity of cement bind-
ers), the activity index of applied mineral additives (C,,,)
was calculated using the formula

C e 1

MA T R0 (1)

where R, and R, are compressive strength of samples of
unmodified (control) and modified (main) compositions,
respectively, MPa.

Nanobm

RESULTS AND DISCUSSION

Analysis of the grinding ability of clays and carbonate
rocks

The study results of the grinding time effect on the
specific surface area value of the obtained powders of clays
and carbonate rocks are presented in Table 1.

According to the results of grinding clays and car-
bonate rocks in the ball mill, the following values of
the specific surface area (S) of powders were achieved:
4,950—7,800 cm?/g for the Nikitsky clay (grinding time
of 0.5—1.0 hours); 3,100—5,200 cm?/g for the Staros-
haigovsky clay (grinding time of 0.5—2.0 hours); 11,100—
13,500 cm?/g for the Atemarsky chalk (grinding time of
0.25—3.0 hours); 3,150—4,550 cm?/g for the Yelnikovsky
dolomite (grinding time of 0.25—5.0 hours). Thus, among
the studied rocks chalk of the Atemarsky deposit has the
highest grinding ability, for which powder specific sur-
face area of 13,000 cm?/g was achieved during hourly
grinding, which is 199%, 67% and 271% higher than the
similar indicator of the Yelnikovsky dolomite, Nikitsky
clay and Staroshaigovsky clay (4,350 cm?/g; 7,800 cm?/g
and 3,500 cm?/g, respectively).

Taking into account the experimental data (Table 1)
on achieving the optimal balance in the system “grind-
ing time (energy consumption) — particle size — powder
yield by weight”, in further studies the grinding time
of the Nikitsky clay, Staroshaigovsky clay, Atemarsky
chalk and Yelnikovsky dolomite was taken at 1 hour,
2 hours, 1 hour and 3 hours with the corresponding
values of the specific surface area of the obtained pow-
ders equal to 7,800 cm?/g, 5,200 cm?/g, 13,000 cm?/g
and 4,450 cm?/g.

The granulometric composition of powders of carbon-
ate rocks and polymineral clays is analyzed taking into
account the accepted grinding time. The integral curves
of the volumetric particle size distribution for sedimentary
rock powders are shown in Figure 1. The key indicators of
the granulometric composition of the studied materials,
determined by the laser diffraction method, are genera-
lized in Table 2.

According to the study results (Fig. 1 and Table 2) the
particle size ranges equal to 0,2—15,3 um, 0.3—45.9 um,
0.3—8.8 um and 0.2—17.0 um for powders of the Ni-
kitsky clay, Staroshaigovsky clay, Atemarsky chalk and
Yelnikovsky dolomite, respectively. At the same time, the
average volumetric diameter (d 50%) of the powder par-
ticles increases in sequence CA—- DY - CN - CS (1.3 um,
2.9 um, 3.8 um and 5.7 um, respectively).

Physical-chemical processes occurring during the heat
treatment of polymineral clays and carbonate rocks

According to the data shown in Figures 2 and 3, it
is possible to distinguish the main stages of the mineral
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Table 1

Nanob%

Specific surface area of powders of polymineral clays and carbonate rocks depending on the grinding time of material

No. Grinding time | Specific surface area, cm?/g
Clay from the Nikitsky deposit
1 30 minutes 4,950
2 1 hour 7,800
Clay from the Staroshaigovsky deposit
3 30 minutes 3,100
4 1 hour 3,500
5 2 hours 5,200
Chalk of the Atemarsky deposit
6 15 minutes 11,100
7 30 minutes 12,200
8 1 hour 13,000
9 3 hours 13,500
Dolomite from the Yelnikovsky deposit
10 15 minutes 3,150
11 30 minutes 3,850
12 1 hour 4,350
13 3 hours 4,450
14 5 hours 4,550
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Fig. 1. Integral curves of the volumetric distribution of powder particles of the studied sedimentary rocks
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Table 2

Key indicators of the granulometric composition of the studied sedimentary rock powders according

to the laser diffraction method

Particle Particle size, pm
e of sedimentary rock size range,
e a - d90% d50% d10%
Nikitsky clay (grinding time of 1 hour) 0.2—15.3 5.8 3.8 1.9
Staroshaigovsky clay (grinding time of 2 hours) 0.3—45.9 17.4 5.7 0.7
Atemarsky chalk (grinding time of 1 hour) 0.3-8.8 3.2 1.3 0.9
Yelnikovsky dolomite (grinding time of 3 hours) 0.2—17.0 6.5 2.9 1.1

dehydration processes of the Nikitsky clay and Staros-
haigovsky clay during gradual and continuous heating.

A number of endothermic effects are observed on the
DTA curves for the researched clay rocks. Endoeffects in
the temperature range from 40°C to 300°C (temperature
maximums at 85°C, 125°C and 265°C (Nikitsky clay);
90°C, 140°C and 265°C (Staroshaigovsky clay)) are caused
by the loss of chemically unbound water (free, adsorbed,
zeolite) by clay rocks [18, 19]. The increased content of
free iron hydroxides characteristic of the Nikitsky clay
gives noticeable additional endothermic effect in the range
of 350—450°C with temperature peak at 405°C (DTA
curve), as well as mass loss in the region of 300—400°C
(TG and DTG curves) (Fig. 2).

The following endothermic effects in the tempera-
ture range of 450—600°C and 600—750°C are associated
with successive processes of separation of constitutional
water from the main clay minerals of the kaolinite and
illite groups. Temperature maximums of kaolinite and

illite dehydroxylation endoeffects for the Nikitsky and
Staroshaigovsky clays are 495°C and 680°C, 485°C and
650°C, respectively (Figs. 2 and 3). In this case, according
to the TG and DTG curves of dehydration, a more sig-
nificant mass loss in the temperature range of 400—550°C
for the Nikitsky clay indicates the increased total content
of minerals of the illite and kaolinite groups in its phase
composition compared to the Staroshaigovsky clay.

It is worth noting that in addition to the presence of
successive endothermic effects of separation of consti-
tutional water from minerals of the kaolinite and illite
groups, in the temperature range of 550—600°C it is pos-
sible to endoeffect overlay associated with the polymor-
phic transformation of quartz from a to  modification.

In the temperature range of 900—950°C on the DTA
curve for the Nikitsky clay (Fig. 2), a blurred exoeffect is
observed with peak in the region of 905—915°C, which
can characterize the formation of sillimanite or mullite
from dehydrated kaolinite.

5”‘"*—-_‘

s 405 °C
gsoc 125°C 265°C

mg 0,1
mgmin~-1

Fig. 2. TG (1), DTG (2) and DTA (3) curves for the Nikitsky clay powder
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Fig. 3. TG (1), DTG (2) and DTA (3) curves for the Staroshaigovsky clay powder

From the literature data [18], it is known that from the
beginning of the dehydration process to its completion,
the crystal structure of clay minerals undergoes gradual
changes until the total destruction of the crystal lattice
(amorphization). Changes in the state and shape of the
crystal lattice, the break of individual bonds lead to an
increase in the pozzolanic (chemical) activity of minerals.
At the same time, the initial thermal destruction products
of clay minerals with metastable crystal lattice are char-
acterized by increased activity.

Thus, summarizing the obtained results of thermal
analysis, we can conclude that the optimal calcination
temperature of the Nikitsky and Staroshaigovsky clays is
in the area of 500—800°C. This temperature range corre-
sponds to the initial restructuring processes in the crystal
structure of minerals of the kaolinite and illite groups,
associated with their dehydroxylation, which contributes
to the transition of these phases to the active form.

The study results of the physical-chemical process-
es occurring during the calcination of carbonate rocks

=

10
mg 1
mgmin”~-1

50 100 150 200 250 300 350 400 450 500

810°C

550 600 650 700 750 800 850 900 950 °C

50 55 60 65 70 75 80 85 90 min

Fig. 4. TG (1), DTG (2) and DTA (3) curves for the Atemarsky chalk powder
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Fig. 5. TG (1), DTG (2) and DTA (3) curves for the Yelnikovsky dolomite powder

(Atemarsky chalk and Yelnikovsky dolomite) are shown
in Figures 4 and 5.

According to Figure 4, deep endothermic effect with
the temperature maximum at 810°C is observed on the
DTA heating curve for chalk of the Atemarsky deposit.
At the same time significant weight loss in the temperature
range of 700—850°C, characterizing the dissociation of
calcite (CaCO,) to CaO and CO,, is established on the
TG dehydration curve.

The DTA, TG and DTG curves of the Yelnikovsky do-
lomite (Fig. 5) have a close similarity to the corresponding
thermograms of the Atemarsky chalk. In particular, the
endoeffect corresponding to the calcite decomposition is
represented by temperature peak at 820°C, and the main
weight loss occurs in the temperature range of 650—850°C.
At the same time, the existence of inflection at 770—800°C
is established on the DTA curve in area of the main en-
doeffect. This segment of the DTA curve can characterize
the decomposition of dolomite (CaMg(CO,)) to calcite
(CaCO0,) and magnesite (MgCO,) with their subsequent
dissociation.

Optimization of calcination temperature of clay-
carbonate mixtures according to the effect of their additives
on the cement binder activity

At the first stage, the influence of additives of ther-
mally activated clays of the Nikitsky and Staroshaigovsky
deposits on the mixed cement binder activity was stud-
ied when the calcination temperature of sedimentary
rocks varied at the levels of 200°C, 400°C, 600°C, 700°C,
800°C, 900°C. At the same time, the calcination time at
the specified temperature levels (the isothermal holding
time) was fixed at 2 hours. In addition to unmodified

composition, the control composition was cement system
with additive of metakaolin MKZhL-2 (MKN) (10% of
the binder weight (PC+MA)) with specific surface area
of 16,500 cm?/g produced by Plast-Rifey LLC. The study
results are shown in Figure 6.

It was found that the calcination of the Nikitsky and
Staroshaigovsky clays allows increasing the compressive
strength of fine-grained concrete from 32.9 MPa and
31.1 MPa (for compositions with additives of non-calcined
clays) to 33.6—36.4 MPa and 31.2—32.7 MPa, respectively
(Fig. 6). At the same time, the activity of cement binder
with additives of the thermally activated Nikitsky clay is
higher than in compositions with the Staroshaigovsky clay
at any calcination temperature in the studied range, which
is explained by higher content of reactive clay minerals
(kaolinite and illite) in the phase composition of the first
clay compared to the second one.

Heat treatment of the Staroshaigovsky clay does not
allow to get mixed cement binder with activity higher
than the same indicator for Portland cement (the activity
index of calcined clay C, , = 0.90—0.94 <1). At the same
time, a number of compositions with thermally activated
Nikitsky clay have compressive strength exceeding that
of the unmodified composition. In particular, replacing
10% of Portland cement with additive of the Nikitsky
clay calcined at 600—700°C allows achieving the mixed
binder activity of 35.5—36.4 MPa, which is higher than
the activity of Portland cement and mixed binder based
on Portland cement and metakaolin (Fig. 6).

Thus, according to the study results, the optimal
temperature interval of calcination of the polymineral
clays is 600—700°C, which is consistent with the data
of thermal analysis for the temperature range of de-
hydroxylation of the main reactive minerals, such as
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Fig. 7. Influence of calcination temperature of mixtures of the Nikitsky clay
and carbonate rocks on the cement binder activity (calcination time of 2 hours)

kaolinite and illite (Figs. 2 and 3). Thermal activation of  clay calcined at 600—700°C are active mineral additives
clays in the specified range contributes to the obtaining ~ with the activity index of C, , = 1.02—1.05 > 1, which is
of mineral additives with the highest values of activity = higher than the similar index of metakaolin MKZhL-2
index. In particular, modifiers based on the Nikitsky  (C, = 1.01).
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At the second stage, the influence of additives of cal-
cined mixtures of Nikitsky clay (as the most effective clay
in cement systems according to the previous study results)
and carbonate rocks (Atemarsky chalk and Yelnikovsky
dolomite) at the ratio of components equal to '/, on the
cement binder activity was researched when the calcina-
tion temperature of sedimentary rocks varied at the levels
of 500°C, 600°C, 700°C and 800°C. At the same time, the
calcination time at the specified temperature levels (the
isothermal holding time) was fixed at 2 hours. The study
results are shown in Figure 7.

It was found that the strength characteristics of cement
composites with additives of thermally activated mixtures
of the Nikitsky clay and Atemarsky chalk are 2.1-5.0%
higher than those of compositions using calcined mixtures
of the Nikitsky clay and Yelnikovsky dolomite at the same
calcination temperature.

In compositions with additives of the calcined mix-
tures of clay and chalk as well as clay and dolomite, the
highest values of the mineral modifier activity index, re-
spectively, equal to 1.00 and 0.97 rel. units, were achieved
with the thermal activation temperature of 700°C. At the
same time, at this calcination temperature the maximum
activity of the mixed binder recorded in the composition
with additive of the calcined mixture “Nikitsky clay +
Atemarsky chalk” (34.7 MPa), which is equal to the same
indicator of Portland cement in the additive-free compo-
sition (34.7 MPa, Fig. 6) and 4.7% lower than parameter
of binder with individual additive of the Nikitsky clay
(36.4 MPa, Fig. 6).

CONCLUSIONS
The following results were obtained from experimental
studies:

1) the evalution of the grinding ability of the initial
clays and carbonate rocks was carried out according to
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