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Pe3tome: ABTOPOM BrepBble NpeAnaraeTca HarnoHeHVe 1 HAHOCTPYKTYpPUpPOBaHyie rpyboarcnepcHbIX MaTeprasnos Tna 6eTOHOB.
CyLiecTByOLME METOLbl U3MeNIbYeHNA B CTPOUTENbHBIX MaTepuanax obecneunsatoT nosyyeHne gucnepcHocTn yactuy, 10-50 Mkm
(MMKPOH), B TOM Ymncie 1 yactuy LemeHTa. lMpeanoyTutenbHO Npy nosyyeHny 6onee Menkmnx YacTrL NPUMEHATb KaBUTaLUOHHYH0
TEXHOJIOT IO B CYCMEH3MAX.

B cTaTbe paccmaTpuBaeTcA HAHOCTPYKTYPYPOBaHME LIEMEHTHDBIX CCTEM 3a CYET BBEAEHNA YNbTPa- M HAHOAUCNEPCHBIX MUHEpParb-
HbIX [J06aBOK. [py STOM JOMONHUTENIbHOE N3MeSTbYeHVE MHEePabHbIX JO6ABOK BbINOIHAETCA Ha KaBUTaLMIOHHbIX yCTaHOBKax. Ha-
HOCTPYKTYprpOBaHuvie obecrneynsaeT yrninoTHeHe 6ETOHHBIX CTPYKTYP 1 MOBbILLEHME MPOYHOCTHBIX NMoKa3aTtenei 6eToHa Ao 2,5 pas.

Knioueeswble cnosa: dprisnyeckas Mogesb, MUHepasibHble HaMOIHUTENN, KaBUTaLMOHHOE M3MeNbYeHUe, CTPYKTYPa, HAHOCTPYK-
TYpVIpPOBaHMe, MPOYHOCTb.
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INTRODUCTION

n Russia, ashes are widely used as mineral additives

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

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

MAIN PART

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

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

Table 1

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

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

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

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

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

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

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

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

mg

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

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

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

in two resonator chambers of the hydrodynamic emitter

Hydrodynamic activation

- . : :

Scheme of the hydrodynamic emitter:

Type of pressure pulses generated in a medium

Fig. 1. Wave activation processes

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

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

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

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

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

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

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

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

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

2 — 3 kW electric motor;

3 — multi-stage multi-row pump;

4 — passive hydrodynamic dispersant;

5 — connecting elements

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

2 — cement particles;

3 — finely ground mineral particles;

4 — nanoscale particles

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

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

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

CONCLUSION
The work on concrete nanostructure is of great prac-

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

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

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

Poccnu B KauecTBe MUHEpaJIbHBIX 100aBOK (Ha-

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

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

OCHOBHAA YACTb

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

Tabauya 1

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

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

HaHomaTtepuajbl — MeHee 102uM (<107 MKM).

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

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

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

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

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

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

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

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

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

TunpoauHaMmyecKasi AKTHBALAS

\'\}3\\32
AN

N \“}\\\Ssl::_: = \\‘Q' ‘

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

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

Puc. 1. BonHoBblie nponecchl AKTUBAMA

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

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

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

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

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

1 — pabGoyast eMKOCTb TSI TTpYeMa pacTBOpa;

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

4 — macCUBHBIN TMAPOIMHAMUYECKWI IUCTIEPTaTop;
5 — COeIMHUTENIbHBIC 2JIEMEHTHI

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

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

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

Puc. 3. HanocTpyKTypHpOBaHHE MeJIKO3ePHUCTBIX
0eTOHOB

1 — yacTuilsl Tiecka;

2 — 4aCTUIIBI IIEMEHTA;

3 — TOHKOMOJIOTbIE MUHEPATbHbIC YACTUIIHI;

4 — HaHOpa3MepHbBIC YACTULIBI

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

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

Tabauya 2
CocTtaB MeJIKO3epHHCTHIX 0ETOHOB

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

Pabora mo HaHOCTpyupoBaHUIO OeTOHA MMEET
0OJIBIIIOE TIPAKTUICCKOE 3HAUCHNUE I MOXKET OBITh pe-
aJIM30BaHa C MCIOJB30BAHUEM IJIST MOTIOJTHUTEIEHOTO
M3MeJIPUYCHUS KaBUTATOPOB Pa3IMIHON KOHCTPYKIIAM.
OmHaKo TSI TEXHOJIOTUIECKOTO TIPOoIIecca IIPUTOTOBIIC-
HUST OCTOHHON CMECH TOHKOIMCIICPCHBIC COCTABIISIIOIITIE
JIOJIXKHBI UMETh BO3MOXKHOCTb IJIUTEJIBHOTO XPAHEHUS
B cocTaBe smyibenii. [ToaToMy BeTpeuaroniecs myo-
JINKAIM ¢ UCITOJIb30BAaHNEM Ha3BaHUS HAHOIIEMEHT
OIIMOOYHBI, TAK KAK HAHOLIEMEHT OBICTPO TBEPAECET,
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