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B03MOXHOCTL AMCNEPrUPOBAHNSA YrNEPOAHBIX HAHOTPYOOK

C NOMOLLbIO YNbTPa3BYKa

OnucbIBAKOTCA BO3MOXHOCTU 1 NPO6SIEMbI AUCNEPrUpOBaHNS HAHOYACTUL,. YrnepoaHble HaHOTPYOKKM (YHT) BCe WMpe UCnoNb3yTCA BO MHOMMX
0Tpacnax, Hanpumep B MeuLMHe, hapmaLnm, 3NeKTPOHMKeE, a TAKXKe B CTPOUTeNbCTBE. bnarogaps HaHovacTuLuam nosiBAeTCs BO3MOXHOCTb
yNyylaTb CBOICTBA TaKMX MAaTepUanoB, Kak NoKpbITUA, 6eToH 1 ap. YHT 06pa3yioT CKONneHns, KOTOpble BECbMa TSHKEN0 NOABEPranTcs
LUCMeprupoBaHmnio. B Hay4yHON nuTepaTtype ONUCbIBAETCS HECKOMbKO CNOCOB0B AMCMEpriupoBaHms HaHovacTul. Coga OTHOCKUTCS UCMONTb30BaHMe
VHTEHCMBHOr0 MeXaHM4eckoro nomona (pasmenbyeHns), ynbTpassyka, MCnob30BaHNe NOBEPXHOCTHO-AKTUBHbIX BELLECTB, rMAPOLMHAMUYECKAs
KaBMTaLMA Unu KOM6UHaLUUs NpUBeAEHHbIX METOA0B. [laeTca onucaHue KOHTpons Mepsl gucnepruposanus YHT ¢ nomolybio UV/Vis cnektpomeTpa
npu nx 06paboTke yNbTPa3BYKOM. BbileHa3BaHHbIM CMOCO60OM ONpPeAensnnch ONTUManbHbIe NapamMeTpbl AMCNEePrupoBaHus. MonyyeHHble AaHHble
ObIIM MCNONb30BaHbI AN NOArOTOBKN BOAHOM cycneH3un YHT 1 noBepXHOCTHO-aKTUBHbIX BELLECTB, KOTOPbIE UCMOMb30BANNCh ANS NPUTrOTOBEHMS
MCMbITYEMbIX 06Pa3LL0B U3 LEeMEHTHbIX PacTBOPOB. MpOBOANINCL UCTbITAHWUS AN ONpeaeneHns QU3NKo-MexaHn4ecknx napameTpoB LEMEHTHbIX

pacTBopoB, coaepxalyux YHT.

KntoveBble cnoBa: yrnepofHble HAHOTPYOKM, LEMEHTHbIN 6ETOH, MMAPOANHAMMYECKas KaBuTaums, gucnepcun, UV/Vis cnekTpockonus.
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Carbon Nanotubes Dispersion, Concentration, and Amount of Ultrasound Energy Required

This article describes the possibilities and difficulties of carbon nanotube dispersion. Carbon nanotubes (CNT) have become a widely used material in medicine, pharmaceuticals, elec-
tronics, and also in the construction industry. Thanks to using nanoparticles, we are able to improve the properties of ordinary materials such as coatings and concrete. CNT forms bun-
dles which are not easy to disperse. The literature describes several ways to disperse CNT, for example, through intense mechanical grinding (ball mill), ultrasound (US energy), use of
surfactants, hydro cavitation, or a combination of the above mentioned methods. This article describes the control of dispersion by ultrasound, with observation of the dispersion level
through UV/Vis spectroscopy. Thus we established the optimal parameters of the dispersion. The data was then used to prepare the suspension water, CNT, and surfactants, which were
then used for the preparation of cement mortars for the test specimens. The specimens were observed for their physical mechanical characteristics.

Keywords: carbon nanotubes, concrete, hydrodynamic cavitation, dispersion, UV/Vis spectroscopy.
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B Hacrosiliee BpeMsi MUPOBO PBIHOK He TpejjiaraeT
0OJIBIIIOTO KOJMYECTBA HOBBIX MaT€PUATIOB, KOTOPbIE MOX-
HO OBbUIO OBl BBOAUTH B LIEMEHTHBIE KOMITO3UTHI (OETOHBI)
IIJISI TIOBBILIEHUST UX TTPOYHOCTHBIX XapaKTEePUCTUK, JTOJTO-
BEUHOCTM M YMEHBILIEHUS BHIOPOCOB YIJIEKMCJIOTO Tasa.
B cBsI3u ¢ TeXHOIOTUYECKUM IIPOrPECCOM B IITMPOKOM 00-
JIAaCTY Hay4HBIX OIMCUUIUIMH (Xxumus, pusuka, UT, ontuka
U JIp.) TIOSIBJISIETCSI BO3MOXHOCTb U3TOTOBJISITh HAHOYACTU-
11bl MOAXOIOM «CHU3Y-BBepx» (bottom up). [Toaxon «cHU3Y-
BBEPX» MPU M3TOTOBJICHUM HAHOYACTHUIL SIBJISIETCS, Oe3 co-
MHEHMUSI, PEBOJIIOLIMOHHBIM B 00JIaCTU UHXXEHEPUM MaTepu-
ajoB Osiarogapss BO3MOXHOCTU TIOJyYe€HUS KOHEYHOTO
MPOAYKTA, TOUHO COOTBETCTBYIOILIETO OTPEEJICHHBIM Mapa-
meTpaM. HaHoTexHosorus sBiseTcs ogHOW M3 HauboJiee
pa3BUBaeMbIX OTpacjieil 3a TMOCJAeAHWE NBa NECATWIETHUS,
Kacaloleicsl MmpakTUYeCcKn Bcex objacteit Haykm [1—4].
YrineponHble HaHOYACTUIIBI MMEIOT TPUBUJIETMPOBAHHOE
MOJIOXEeHWE B 00JIaCTM HAHOTEXHOJIOTUIA GJlarogapsi CBOUM
YHUKaJbHBIM xapakTepuctukaMm. [loaTomy uccienoBaHue
UX BJIMSIHUS HA CTPOUTEJIbHbIE MaTepUasbl ObUIO BHI30OBOM
IUIS MHXEHEPOB-MaTepruanoBe1oB. I MMEHHO OETOH, Kak
HanboJjiee UCTOIb3YEMbBII CTPOUTEIBHBIN MaTepua, pea-
CTaBJISIET UHTEpEeC ISl UCCIENOBAHUSI BJIMSHUS HaHOYa-
cruil [5—8]. OmHOBpeMeHHO IIpH 00Jjiee TOIPOOHOM HCCIIe-
IOBAaHWU YTIJIEPOJHBIX HAHOTPYOOK BO3HUKIIM BOIPOCHI,
KOTOpbIE HEOOXOAMMO PELIUTD €11le 10 UX UCTI0Ib30BaHUS,
— JUCIIEpPTMPOBAaHUE HAHOYACTULI, CTAOUJIBHOCTb CYCMEH-
3un YHT u HaHoToKcuuHOCTh [9—10].

At present, there are not that many new materials on the
global market available as components for cement compos-
ites (concrete) which would increase their strength proper-
ties, durability, and decrease their carbon footprint. Thanks
to the technological progress in a wide spectrum of scien-
tific disciplines (chemistry, physics, IT, optics, and others)
today it is possible to create nanoparticles through a bot-
tom-up approach. The bottom-up approach to the produc-
tion of nanoparticles is without doubt a breakthrough in
material engineering and it is thanks to this possibility we
can accurately define the parameters of the final product.
Nanotechnology is one of the most widely expanding areas
of study of the last two decades and it is spreading through
all the science disciplines [1—4]. Carbon nanoparticles
have a privileged position in the field of nanotechnology
thanks to their unique characteristics. Hence, the testing of
their influence on building materials has been a challenge
that material engineering (and material engineers) could
not refuse. And where else to start with the implementation
of nanoparticles into the building materials then but with
the most often used building material — concrete [5—8].
With a detailed examination of carbon nanotubes, new
questions have arisen and they need to be resolved before
they come into general use such as the dispersion of the
nanoparticles, CNT suspension stability, and nanotoxici-
ty [9—10].

Carbon Nanotubes (CNT) are formed by graphene
sheets bundled in cylindrical rolls at a length of 1 to
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Yeaepoonvie nanompyoxu (YHT) nipen-
CTaBJISIIOT CO0OI rpadpeHOBEIE CI0M, CBEP-
HyTble B LWJIWMHIOP, JIMHOW OT 1 10
100 mxm. O6pazoBaHME YIJIEPOAHBIX Ha-
HOTPYOOK OBbLIO BIIEPBBIE YCTAHOBJIEHO
SMOHCKUM Y4yeHbIM Sumio lijimou B
1991 r. [11]. VHT wusroraBiuBarorcs ¢ 1o-
MOILBI 3JIEKTPUUYECKOW OYru, Ja3€pHOM
absiMeil M XUMMYECKUM TMUPOJU30M
YIJIEPOJIOB B KOHTAKTe C METAUIMYECKUM
KaTaju3aTopoM, KOTOPbIE B HACTOSIIEE
BpeMsl yaile Bcero ucrnojbdytorcs. YHT
00/1a1a10T UCKJIIOYUTEbHBIMU  (DU3UKO-
MeXaHW4YeCKMMU cBoictBamu [12, 13].
B 3aBucuMocTH OT KosnuyecTBa rpacdeHo-
BBIX CJIOEB DAa3jJMyYalOT OMHOCIONHbIE
(OYHT) u muorocnoitusie (MYHT) yrie-
ponHelie HaHOTpyOKkM. OYHT wumeior
BHEIIHMI nuaMeTp 5—12 HM, a nX 0001049~
Ka IIpeacTaBIIsieT CO00i OaUH CIoi rpade-
HoBoro «iucra». MYHT uMeoT 0oO6bIYHO
OoJibllie CI0eB TpadeHOBBIX <«IMCTOBY»,
BHYTPEHHUI AuaMeTp 5—15 HM, BHEIIHUI
1o 100 um. YHT G6naromapst cBoum pasme-
paM TIOABEpPraloTCsl BIWUSHUIO cvl BaH-
nep-Baanbca, 4To mpuBOAUT K 00pa3oBa-
HMIO CKOIUJIEHUI, KOTOpPbIe BECbMa CJIOX-
HO pazbeauHuTh. Ecau ang aucnep-
TMPOBaHUS CKOIUICHMI HAHOTPYyOOK HC-
MOJIb30BaTh SHEPTUIO YJIbTPa3ByKa, MO-
JKET MIPOU30UTH TTOBPEXIECHUE UX CTEHOK
1, TAKMM 00pa30M, YMEHbIIIEHUE OXHUIae-
MOTO TOJIOXKUTEIBHOTO AECTBUS OT BBE-
JIEHUs HAHOYACTHIL B LIEMEHTHBbIN KOMMo3uT. dpyrue du-
3MKO-MeXaHUYEeCK1Ee CBOMCTBa HAHOTPYOOK: MOIYJIb YIIPY-
roctu go 1 TIa; mpouHoCTh Tipu pacTskeHnu 11—63 T'Tla;
cpemHsa IUIOTHOCTh 1300 Kr/m>; ymenpHas MOBEPXHOCTb
70—400 M2/ [14, 15].

Jucnepeupoeanue YHT. K Hanbojee 4acTo UCIONb3Ye-
MBIM METOJaM IVCIEPTHPOBaHUS HAHOYACTUIL OTHOCSTCS:
VJIBTPa3BYKOBbIE (YJIBTPAa3BYKOBOW KaBUTATOp, YJIbTPa3BY-
KOBasl BaHHA); MEXaHUYeCKOe N3MeJTbUeHIE; TUIPOKABHUTA-
LIS TIPY COBMECTHOM MCITOJIb30BAaHUM CYTepIUIacTUDUIIN-
pyIoIIMX 100aBOK WM TMOBEPXHOCTO-aKTUBHBIX BEILIECTB.
B Hay4HoI1 1uTepaType MpuBeAeHbI IPUMEPhI UCTIOIb30Ba-
HUSI KOMOWHAIIMI BbIlIEeHa3BaHHBIX MeTon0B. IloBepx-
HOCTHO-aKTHMBHBIC BEIIECTBA MCIIOJb3YIOTCS B KauecTBe
MpoGWIaAKTUKNA CJIUIAHUSI TUCIIEPTMPOBAaHHBIX HaHOYa-
CTHII, a TaKXXe CIIOCOOCTBYIOT mucrieprupoBanuio YHT B
cJyyae WMCITOJIb30BaHUSI YJIbTpa3ByKa WJIM MEXaHUYeCKOTO
n3MmenbueHus [16—18]. B ciyuae mcronb3oBaHUs MOBEPX-
HOCTHO-aKTUBHBIX BEIIECTB HEOOXOMUMO COOIIOIaTh Clle-
IyIolliee YCIoBre: UX XMMUYECKUI COCTaB HE JTOJIKEH BJIM-
SIThb HA CXBATbIBAHWE U TBEPIEHUE LIEMEHTHOTO KOMITO3UTA.

Puc. 1. YnbTpa3ByKkoBOI kaBuUTaTop
Bandelin Sonopuls HD 3200

Fig. 1. Bandelin Sonopuls HD 3200

100 pum. It was a Japanese scientist,
Sumio Iijima, who in 1991 first identified
the formation of carbon nanotubes [11].
CNT are produced by the electric arc
method, laser ablation, and chemical va-
pour deposition, which is currently the
one most widely used. Carbon nanotubes
have unique physicomechanical charac-
teristics [12, 13]. Based on the number of
walls, they are either single walled carbon
nanotubes (SWCNT) or multi-walled
carbon nanotubes (MWCNT). The single
walled carbon nanotubes have an outer
diameter of 5—12 nm and their hull is
made from one wall of the graphene
sheet. Multi-walled carbon nanotubes
usually have more layers of graphene
sheets with an inner 5—15 nm and outer
diameter of up to 100 nm. Thanks to their
dimension, the CNT is subject to Van der
Waals forces, which causes the forming
of nanotube bundles that are very hard to
separate. If ultrasound energy is used to
disperse the nanotube bundles, there is
the possibility of damaging the walls of
the nanotubes and decreasing the ex-
pected positive effect of the nanoparticle
addition into the cement composite.
Other physico-mechanical characteris-
tics are: modulus of elasticity up to 1 TPa,
tensile strength 11-63 GPa, volume
weight 1300 kg'm™, and a surface area of
70—400 m?/g [14, 15].

CNT Dispersion. The most often used approach to
nanoparticle dispersion is the ultrasound method (ultra-
sonic cavitator, ultrasonic bath), mechanic grinding, and
hydrocavitation with the contribution of super plasticis-
ers or surfactants. The literature also describes the pos-
sible combinations of the above mentioned methods.
Surfactants are used to prevent re-agglomeration of dis-
persed nanoparticles and also helps with the dispersion
of CNT by ultrasound or mechanical grinding [16—18].
When using surfactants, it is important to make sure that
their chemical composition will not influence the solidi-
fication and hardening of the cement composite. Flawless
dispersion of nanoparticles is one of the most important
parts of the process of incorporating the nanotubes into
the cement matrix. Carbon nanotubes have, among other
things, a very high diameter-length ratio, high surface
tension, and the Van der Waals forces affects them
greatly. The synergy of these factors causes the forming
of bundles, sometimes also called nests. CNT bundles
decrease the overall strength of the matrix enriched by
the nanoparticles. The decrease of the strength charac-
teristics of the matrix with the existence of nanotube
bundles is caused by the initiation of micro-defects dur-

Ta6nuua 1
Table 1
MapameTp 3HayeHune
Parameter Value
BHyTpeHHWUn onameTp ~5-12 Hm
Inside diameter ~5-12nm
BHewwHWi puameTp ~30-50 HMm
Outside diameter ~30-50 nm
OnuHa 10-20 Mkm
Length 10-20 um
YpenbHas macca 2,1r/cm®
Density 2,1 g/cm®
"‘II/ICTOT’:':l >95%
Cleanliness

Ta6nuua 2
Table 2
KOMMNOHEHT CopepxaHve, r
Component Dose, g
JemuvHepannzoBaHHas Boga
) . 100
Demineralised water
Cynepnnactudukatop
. - 0,1
Super plasticiser admixture
MYHT
MWCNT 0,025
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KauecTtBeHHOE mucrieprupoBaHUe Ha-
HOYACTHMII SIBJISIETCSI OAHUM M3 CaMbIX
BaXXHbIX 2TAIOB Ipoliecca BHEAPEHUS
HAHOTPYOOK B IIEMEHTHYIO MAaTpUILY.
VYriepoaHbsle HaHOTPYOKH, Kpome
MPOYEro, UMEIOT BeChMa BBHICOKOE CO-
OTHOIIIEHUE AUaMeTpa K JUJIMHE, BBICO-
KO€ TOBEPXHOCTHOE HAmpsKeHUe, U,
Kak OTMEYEeHO paHee, Ha HUX CWJIbHO
BJIUSIIOT CWIbl NpUTsKeHUs1. CKor-
snenust YHT noHuxkator o01iyto rmpoy-
HOCTh MaTpuIlbl, KOTOpasi Obljaa 000-
raiieHa HaHoJacTuiamMu. [ToHmxeHne
MPOYHOCTHBIX XapaKTePUCTUK MaTpH-
IIbl MPU CYIIECTBOBAHUU CKOIJICHUI
HAHOYACTUII BbI3BAHO BO3HUKHOBEHU -
€M MUKPOAEe(PEKTOB B CKOTUIEHUSIX Ha-
HOTPYOOK TIpU BO3IEWCTBUM HArpys-
ku [19].

B mocnenHee BpeMsl Ha pBIHKE
MOSIBUJIMCh HAHOTPYOKM, B KOTODBIE
VXK€ MPU U3rOTOBJIEHUU A00ABJSIOT
MMOBEPXHOCTHO-aKTUBHBIE BeEIECTBA
WIN Xe 00pabaThIBalOT MOBEPXHOCTh
OH-rpynmamu [20].

IIpu oucneprupoBaHUU CYCITEH-
3UM C HAHOTpyOKaMu HEOOXOAMMO
yOenuTbcsl, He MPUBOAMT JIM TpUJia-
raeMasl 3Hepruss K TOBPEXICHUIM
crpyktypsl YHT unu naxe K ux nepe-
sniomaM. [ToBpexkneHre CTPYKTYphI Tpa-
(beHOBBIX WIMCTOB» U3MEHSIET MOBEPX-
HOCTHO€ HallpsKeHUe HaHOTpYOOK,
MOXeT BbI3BaTb 00pa30BaHUE CKOILIe-
HUI U YMEHBIICHUE MOJOXUTEIBHOTO
pmgansa YHT Ha cBoiicTBa 1leMeHT-
Horo KoMmno3uta [21].

Llenplo HacTosIieir paOOTHI SIBU-
JIOCh OMpeneeHre ONTUMAIbHOTO
BPEMEHU U UHTEHCUBHOCTHY JUCTIEPTHU-
posanus YHT B BogHOI cpene ¢ mo-
MOILBIO YJIBTPa3ByKOBOIO KaBUTaTOpa
Bandelin Sonopuls HD 3200 (puc. 1).
KadecTBo mucrieprupoBaHUsl omperne-
asmochk ¢ nomouisio  UV/Vis/NIR
cnekTpodoromeTpa Lambda 950
(Perkin Elmer). ITocne ompeneneHust
ONTUMAJIBHOTO BPEMEHU W MHTEHCUB-
HOCTU JWCIIEPTMPOBAHUS CYCIIEH3US
BBOIWJIACH B BOAY 3aTBOPEHUS TIPU U3-
TOTOBJIEHUM OOPA3IIOB U3 LIEMEHTHOTO
pacTBopa ¢ pazmepamu 40x40x160 mm.
Ha o6pasuax ompeaensuiach Mpoy-
HOCTb TIPU PaCTSDKEHWU TIPU M3THbe U
MPOYHOCTh mpu cxkatun. OOpas3Lbl ¢
HaWJIYYIIUMKU (DU3UKO-MEeXaHUYeCKH-
MM XapaKTEepUCTUKAMU MCIIOJIb30Ba-
JIUCh TSI UCCIEIOBAHUST MUKPOCTPYK-
Typbl C TPUMEHEHUEM pacTPOBOTO
anekTpoHHOTO Mukpockorna TESCAN
MIRA3 XMU (http://www.tescan.
com/technology/sem/mira3).

Onpedeaenue onmumaibHo20 épe-
MEeHU U UHMEHCUBHOCIU JUCnepuUposa-
Husa. J11s onipefenieHus: ONTUMaJIbHBIX

nmapaMeTpoB JUCIIEPIrUPOBAHUA OBLIY UCITOJIb30BAaHEI yrie-
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Puc. 2. lnHamuka npouecca nornoweHns B 3aBMCMMOCTI OT NPOAOSIKUTENBHOCTN 00paboTkuM yib-
TPa3BYKOM: MHTEHCUBHOCTb Y/IbTPa3BykoBOW aHeprum 15% (CNT 15) (7); 25% (CNT 25) (2) n 100%

(CNT 100) (3)

Fig. 2. Development of absorbance values for selected intensities of sonication at: 15% (CNT 15) (7),
25% (CNT 25) (2) n 100% (CNT 100) (3)

Tabnuua 3
Table 3

KOMMOHeHT, r

O6paszeL, Component, g
Simple Liement | Boma | Mecok | Cynepnnactudukatop | YHT
Cement | Water | Sand SP CNT
KoHTponbHasi cmecb 450 200 1350 0.2 _
REF
CNT 15 450 200 1350 0,2 0,05
CNT 20 450 200 1350 0,2 0,05
CNT 100 450 200 1350 0,2 0,05
Tabnuua 4
Table 4
MpooonXnTeNsbHOCTb Mopums BHeLHEN
O6paseL, . o
Simole yNbTPa3ByKOBOW 06paboTKN, MUH YNbTPa3BYKOBOW 3Heprum, kKIx
p Duration of sonication, min Dose of external US energy, kJ
CNT 15 36 650
CNT 25 26 650
CNT 100 9 650
Tabnuua 5
Table 5
/I3aMmeHeHne NpoYHOCTU Ha M3amMeHeHne npoyHOCTU Npun
pacTsxeHue npu nsrmnbe, % cxaTtum, %
O6paseL Change of tensile bending Change of compressive strength,
Simple strength, % %
7 cyT 28 cyt 7 cyT 28 cyT
7 days 28 days 7 days 28 days
CNT 15 8 3,3 9,8 1
CNT 20 10,7 4.4 12,6 1,3
CNT 100 9,3 12,1 5 2

ponubie HaHOTPpYOKM Yurui (Ilanxait, Chemical Co. Ltd.)  dles [19].

CBolicTBa MCTOJb30BAaHHBIX MHOTOCIOWHBIX YIJEPOTHBIX
HaHoTpyOook TNM17 mpenacraBiaeHsl B Tabia. 1. MYHT
MpeABapUTESbHO CMEIIUBAINCHL B J€MUHEPATM30BaHHOMN

BOJE C CyIepIulacTUUKaTOpoM B MarHutHoi Memanke  face [20].
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During the dispersion of the sus-
pension with nanotubes, it is a good
idea to find out if the application of
externally delivered energy did not
cause damage to the CNT structure, or
even its breakage. Damaging the struc-
ture of the graphene sheets changes the
surface tension of the nanotubes and it
can lead to the formation of bundles
and a decrease of the positive effect of
CNT on the characteristics of the ce-
ment composite [21].

Materials and methods. The goal
of the experiment was to establish the
optimal period and intensity of the
CNT dispersion in an aquatic envi-
ronment by using the ultrasonic cavi-

tator, Bandelin Sonopuls HD 3200

(Fig. 1). The dispersion quality was
monitored on the UV/Vis/NIR spec-
trophotometer Lambda 950 from the
Perkin Elmer Company. After estab-
lishing the ideal period and intensity
of the dispersion, the suspension was
used as part of the mixing water for the
production of cement mortar test
specimens with 40x40x160 mm di-
mensions. The cement mortar test
specimens were then observed for ten-
sile bending strength and compressive
strength. Monitoring of the micro-
structure was conducted on the se-
lected sample with the best values of
physicomechanical characteristics us-
ing the scanning electron microscope,
TESCAN MIRA3 XMU (http://

Puc. 3. MukpodoTtorpadpusa POM o6pasua CNT 100, ysenuyerume: a —5000%; b —10000%; ¢ —50000%;

d -100000x

Fig. 3. Picture of the SEM sample CNT 100, magnified: a -5000x; b —10000%; ¢ -50000; d —100000%X

www.tescan.com/technology/sem/
mira3).

Establishing the optimal period and
intensity of dispersion. The optimal
parameters of dispersion were estab-

npv narnbe, %
Change of tensile bending strength, %

2

VI3MeHeHe NPOYHOCTM NPK PaCTSIKEHUN

0

lished by using carbon nanotubes from
Yurui (Shanghai, Chemical Co. Ltd).
The characteristics of the multi-walled
carbon nanotubes, TNM17, used in
the experiment are described in Tab. 1.
MWCNT were prearranged in demin-
eralised water with super plasticiser
admixture in a magnetic stirrer,
Phoenix Instrument RSM-10HS, at
500 rpm/min. The prearranged sus-
pension was poured into the rosett cell
and the ultrasonic cavitation was start-

CNT 15 CNT 20

Puc. 4. IameHeHre NpoYHOCTU NpU pacTsxkeHun npu narnbe B Bo3pacte 7 (.) n28cyt (L)
) days

Fig. 4. Increase/decrease of tensile bending strength after 7 (.) and 28 (

Phoenix Instrument RSM-10HS npu 500 06/mMuH. 3atem
3apaHee MOATrOTOBJIEHHAS CYCIIeH3Us ObljIa TiepenuTa B KO-
HyCOO0pa3Hy0 eMKOCTh U HauaTa yJabTpa3ByKOBasi KaBUTa-
uusi. B xome Bo3meicTBUS yabTpa3ByKa B ONPENeIeHHBIX
MHTEpBaJaX BPEMEHU C TOMOILbI0 MUKPOMUIMETKU ObUIU
OTOOpaHbl MPOOLI, ciyXXaulue ISl ONpeneaeHusl CTerneHu
nucrnieprupoBanus YHT ¢ ucnonb3zoBaHreM BeJIMUMHBI T10-
ryomieHus. [IpUHIUIT M3MepeHMs TTOTIONIeHUs 3aKIroya-
€TCSl B CPaBHEHUU TMPOHUKHOBEHUSI CBETa KOHTPOJBHOI
(IeMUHepaIM30BaHHOM BOIBI) M HAOJI0JAEeMOI TTpobaMu.
Ha ocHoBe BeIMYMHBI TOTJIOILIEHUSI OblIa yCTaHOBJIEHA
ONTUMAaJIbHAs TIPOJOIKUTEIBHOCTE 00Pa0OTKY YIbTPa3BY-

ed. During the operation of the ultra-
sound, a micropipette was used for
taking samples at predefined time pe-
riods. These samples were then exam-
ined for the dispersion level of CNT
by observing the absorbance values.
The principle of the absorbance measurement is to com-
pare the passage of light through zero (demineralised wa-
ter) and the testing sample. Based on the absorbance val-
ues, we established the optimal period of the external ultra-
sound energy use for different intensities of sonication. We
monitored the US energy intensities at 15, 25, and 100%,
see Fig. 2; the composition of suspensions is in Tab. 2. To
establish the optimal doses of energy and their endurance,
the mixed suspensions were designed for the production of
test specimens from cement mortars; the compositions are
in Tab. 3. Monitoring of the microstructure through a scan-
ning electron microscope was performed on a fraction of

CNT 100
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KOM IIpU Ppa3JIMYHOU MHTEHCUBHOCTU 14
VJABTPa3ByKOBOi sHepruu. Mccieno-
BaHUsI MPOBOIMUIUCH IJISI UHTEHCHUB-
HOCTU YJIbTPa3BYKOBOW 3Heprum 15,
25 n 100% (puc. 2). CocTaB CycIeH-
3un TnpuBomutTcsa B Taba. 2. Ilocie
orpeiesieHUsT ONTUMaJbHOM WHTEH-
CUBHOCTH DHEPTUU U MPOAOTKUTEIb-
HOCTH BO3JEWCTBUS YJbTpa3ByKa
Oblj1a MPUTOTOBJCHA CYCIEH3Us AN
WU3TOTOBJIEHUSI 00pa3llOB U3 IIEMEHT-
Horo pactBopa. CocTaB OTHIEJNbHBIX
LIEMEHTHBIX PACTBOPOB IIPEACTaBJICH B 0

V13MeHeH1e NPOYHOCTW Npu cxatuu, %
Change of compressive strength, %

Tabs. 3. Ha ckojie ieMeHTHOIo pac-
tBopa coctaa CNT 100 6bL10 TIpOBe-
JIEHO UCCIeOBAaHUE MUKPOCTPYKTYPbI
C TIOMOIIIbIO PACTPOBOIO IEKTPOHHO-
Tro MUKPOCKOIIA, pe3yjabTaThl MPUBE-
IIeHBI Ha puc. 3.

Kak BugHO Ha puc. 2, Ipu pa3IMdHON MHTEHCUBHOCTU
BHEILIHEU YJbTPAa3BYKOBOM SHEPIUU XapaKTEPUCTUKA Ha-
pacTaHud 3HA4YeHUH MoriouleHus pasHad. Hakion xpu-
BbIX, M300paxamwIlux TMHAMUKY Ipoliecca MOMIONIeHUsI,
COOTBETCTBYET To/1aue YIbTpa3ByKoBoii aHepruu. Ha ocHo-
BaHUUW aHajiM3a KPUBBIX, M300paXkarolnX TUHAMUKY TTPO-
lecca TIOTJIONIeHUsI, ObUTa ompeneieHa IMPOAOIKUTENb-
HOCTb YJbTPa3BYKOBOl 00pabOTKM M MHTEHCUBHOCTb
BHEIIIHe# yJIbTPa3ByKOBOI aHepruu (Taod. 4).

KoMITOHEHTHI 1IEeMEHTHOTO pacTBOpa: CTAaHAAPTHBIN TTe-
COK ¢ HauOoJbLIEH KPYMHOCTBIO 3€pHa 2 MM; IEMUHEPAIIU-
30BaHHasI BOJIa 3aTBOPEHUSI B KOHTPOJILHOI CMECH; B CMECSIX
¢ YHT cycneH3ust neMyuHepaaIn30BaHHOM BOJIBI, CyIIepIuia-
cTudukaropa U YrjaepoaHbIX HAaHOTPYOOK. M3roropiieHue
00pa3ioB mpooauiock coriacHo EN 196-1. ®opmsl ¢ 06-
pa3uaMu ObLIM HAKPBITHI IJTACTUHKOM Y TTIOMEICHBI B KamMe-
py BiaxHoro xpaHeHus. Ilocie pacdopMOBKU 00pa3IIbI
OBUIM TIOMEIIEHBI B BOOHYIO cpexmy. B Bo3pacte 7 u 28 cyt
ONpeIeIISIUCh TTPOYHOCTD MPU PACTSKEHUM TP U3rube 1
MMPOYHOCTh TIPM CXaTWK coriacHo craHmapty EH 196-1.
O000611IeHHbIe pe3yabTaThl onpeaeaeHus HU3NKO-MeXaHU-
YeCKHX XapaKTEePUCTUK IMPUBEACHBI B Ta0JI. 5 1 Ha puc. 4 u 5.

OnTuMajnbHass UHTEHCUBHOCTD YJIbTPAa3BYKOBOU 3HEp-
TMU W TIPOJOJDKUTEIBLHOCTh YJIBTPa3BYKOBOM 0OPabOTKU
JUIST MCCIeOBAaHHBIX CYCIIEH3WI ObLTa ompenesieHa ¢ Io-
momiplo UV/Vis cnekrpockonuu. OnTuManabHas MHTEH-
CHUBHOCTb YJBTPAa3ByKOBOI SHEPIUM IJIsl BCEX CYCIEeH3MI
coctaBmia 650 k. [1ponomKuTe TIBHOCTh 06PabOTKY YiTh-
TPa3BYKOM C MHTEHCUBHOCTBIO 15% — 36 MUH, C ”THTCHCUB-
HOCThIO 25% — 26 MuH, a misg mHTeHcuBHocTH 100% —
9 MuH. HamnydmMu pu3nko-MexaHMUYeCKUMM XapaKTe-
puctukamu obsamaer coctaB CNT 100: mpoyHOCTb mpu
pacTsKeHUU TIpU U3rude B Bo3pacTe 28 CyT IMOBbICUIACH HA
12%, IpOYHOCTH TIPH CKAaTHH B TOM e BO3pPACTe ITOBBICH-
nach Ha 3%. CTOUT TakXe OOpaTUThb BHMMaHHME Ha TPOY-
HOCTb B BO3pacTe 7 CyT: MPOYHOCTb MPU PACTSKEHUM TPU
U3rnbe 1 MMPOYHOCTD MPHU CKATUU TTOBBICUIMCH TTPUOIU3H-
tesibHO Ha 10%. Ha mukpodoTorpadusix, caeaaHHbBIX pac-
TPOBBIM 3JIEKTPOHHBIM MMKPOCKOTIOM, HE€ HaOJ0Jali0Ch
ckoruteHuit YHT.

BoiBobI.

Lenb uccnenoBaHuii — HaOMIOACHUE 3a ITOBEACHUEM
CYCIIEH3UMU IIPpU YIbTPa3ByKOBOI 00pabOTKe ¢ MCIIOJb30Ba-
nueM UV/Vis ciekTpoMeTpa 1 ornpeaeaeHre ONTUMAalIbHbIX
rapaMeTpoB AUCTIEPTUPOBAHMSI HAHOYACTHULL. DKCIIEPUMEHT
TMOATBEPANII 3HAUMMOCTD BIMSIHUS 0011Ieii ”THTEHCUBHOCTH
VJIBTPa3BYKOBOW 3HEPrMU, BpeMEHM OOpabOTKM Ha Kade-
CTBO TUCTIEPTUPOBAHUS YIJIEPOIHBIX HAHOTPYOOK B CYCITEH-
3un. M3ydeHue KavyecTBa AMCIIEPTUPOBAHUST CYCIIEH3UU C
HaHoyacTulaMmu ¢ nmomoinbio UV/Vis CIeKTpOCKONUU JaeT
JIOCTaTOYHO TOJIHbIE Pe3yJbTaThl, KOTOPbIE MOXHO JIETKO

CNT 15

CNT 20 CNT 100

Puc. 5. /IameHeHne NpoyHOCTM Npu CXaTum B Bo3pacTte 7 (.) n28cyt ()
Fig. 5. Increase/decrease of compressive strength after 7 (.) and 28 (

) days

cement mortar, CNT 100N, and you can find the results
in Fig. 3.

As is evident from Fig. 2, there is a characteristic differ-
ence in the development of absorbance values for individual
intensities of sonication. The slope of the development curve
corresponds with the intensity of sonication. The duration
and value of ultrasound energy has been established based on
the development curves, see Tab. 4.

For the production of cement mortars, norm-sand with a
maximum of 2 mm grain was used as filling. The mixture
water for the reference samples was made from demineralised
water, a suspension of demineralised water was used for the
samples with CNT, super plasticiser admixture, and carbon
nanotubes. Production of the test specimen proceeded ac-
cording to EN 196-1. After formation, the produced samples
were stored in an aquatic environment. Assessment of se-
lected mechanical characteristics (tensile bending strength
and compressive strength) was processed according to
EN 196-1 at the 7th and 28th day of age of the samples. The
results of the characteristics determination are summarised in
Tab. 5 and in Fig. 4 and Fig. 5.

Using the UV/Vis spectroscopy on the monitored sus-
pension, the optimal dose of sonication and its durability
have been determined. The optimum dose of sonication for
all suspensions was 650 kJ. The duration of sonication for a
suspension with 15% intensity was established as 36 min-
utes, for a suspension with 25% intensity it was 26 minutes,
and for a suspension with 100% intensity it was established
as 9 minutes. The best physical and mechanical characteris-
tics were achieved with the sample identified as CNT 100,
where the tensile bending strength increased after 28 days by
12% and the compressive strength after 28 days increased by
3%. What is also interesting is the development of tensile
bending strength and compressive strength after 7 days,
where all samples showed an increase in the physical me-
chanical characteristics about 10%. The pictures from the
scanning electron microscope do not show any visible CNT
bundles.

Conclusions

The goal of the experiment was to primarily monitor the
behaviour of suspensions during ultrasound cavitation with
a UV/Vis spectroscopy and to establish optimal parameters
for nanoparticles dispersion. The experiment proved the
importance of the effect of the total dose, intensity, and
duration of the sonication with regards to the dispersion
quality of the carbon nanotubes in suspension. Monitoring
the quality of dispersion for suspensions with nanotubes
using UV/Vis spectroscopy gives complete results which
are easily interpreted. At the same time it offers immediate
data about the level of suspension dispersion thanks to the
absorbance values. That is the reason why UV/Vis spec-
troscopy, unlike transmission electron microscopy, is a
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MHTepIpeTupoBaTh. OMHOBPEMEHHO Ha OCHOBE pe3yjibTa-
TOB M3MEPEHUs TOTJIOIMIEHUSI BO3MOXHO TOJYYUTh MIHO-
BEHHYI0 MH(MOPMAIMIO O CTEMEHM IUCIEePrMpOBaHMs Cy-
crnensuu. Ilostomy UV/Vis cniekrpockomnusi B OTJIMYME,
Hanpumep, OT TPAHCMUCCUOHHOHN 3JEKTPOHHON MUKPO-
CKOIMMU CUMTAETCS BeChbMa OINEPAaTMBHBIM METOIOM IS
omnpenesieHUsT ONTUMAJIBHOTO AUCIIEPTUPOBAHUS HaHOYa-
CTUII B CYCNIEH3UU. Y UCCIIeAOBAHHBIX LIEMEHTHBIX PaCTBO-
poB ¢ mobaBkoii cycrieH3un YHT HaGmomanock mo cpaBHe-
HMIO C KOHTPOJIBHOM CMEChIO MOBBIIIEHUE TPOYHOCTU TTPU
pacTsckeHUU Tipy u3rube mopsinka 10%, a mpoyHOCTH TIpH
cxxatuu ~12%. TToBbIIeHUE IPOYHOCTH TIPU CKATHU B BO3-
pacte 28 cyT He3HauuTeIbHO. CIeayIoIIM 3TallOM UCCIe-
JIOBaHUS SABJISIETCS U3yUYeHUe Ne(PeKTOB CTEHOK YIIIepPOIHBIX
HaHOTPYOOK, BO3HUKIIMX MIPU BO3AEHCTBUY YJIbTPa3ByKa, U
UX BJIMSIHUE HA IIeMEHTHbIE KOMIIO3UTHI U AaJIbHEHIINE KC-
ceoBaHusI B 0OJACTU UCIOJb30BAHUSI HAHOTEXHOJIOTUU
JUTS1 yJTyq1lieHUsI CBOMCTB OETOHA.

Paboma evinoanena npu gpunancosoll noddepiicke npoekma
MPO CR TRIO FV 10680 u GA 15-23219S.

Cnucok mutepatypsi / References

1. Hela R., Marsalova J., Bodnarova L. Fly ashes thermal
modification and their utilization in concrete. Ed. by
Bontempi F. System-Based Vision for Strategic and
Creative Design: Proceedings of the Second International
Conference on Structural and Construction Engineering.
September 2003. Rome. Italy, pp. 1649—1653.

2. Bodnarova L., Jarolim T., Hela R., Study of effect of
various types of cement on properties of cement
pastes. Advanced Materials Research. 2014. Vol. 897,
pp. 224-229.

3. Karasin A., Dogruyol A., An experimental study on
strength and durability for utilization of fly ash in concrete
mix. Advances In Materials Science and Engineering. 2014.
Article Number 417514. DOI: 10.1155/2014/417514.

4. Zhang D., Shi S., Wang Ch., et al. Preparation of
cementitious material using smelting slag and tailings and
the solidification and leaching of Pb3. Advances In
Materials Science And Engineering. 2015. Article Number
352567. DOI: 10.1155/2015/352567.

5. Arash B., Wang Q., Varadan V.K., Mechanical properties
of carbon nanotube/polymer composites. Scientific
Reports 4. 2014. Article number 6479. DOI: 10.1038/
srep06479.

6. Yoonessi M., Lebrén-Coléon M., Scheiman D.,
Meador M.A. Carbon nanotube epoxy nanocomposites:
the effects of interfacial modifications on the dynamic
mechanical properties of the nanocomposites. ACS
Applied Materials & Interfaces. 2014. No. 6 (19),
pp. 16621—16630.

7. Danoglidis P.A., Konsta-Gdoutos M.S., Gdoutos E.E.,
Shah S.P. Strength, energy absorption capability and self-
sensing properties of multifunctional carbon nanotube
reinforced mortars. Construction and Building Materials.
2016. Vol. 120, pp. 265—-274.

8. Parveen S., Rana S., Fangueiro R., A review on
nanomaterial dispersion, microstructure, and mechanical
properties of carbon nanotube and nanofiber reinforced
cementitious composites. Journal of Nanomaterials. 2013.
DOI: 10.1155/2013/710175.

9. Bartos P., Nanotechnology of concrete, recent
developments and future perspectives: Nanotechnology
in construction: A roadmap for development. 1% ed.
Farmington Hills. Michigan. American Concrete
Institute. 2008. SP-254, pp. 1—14.

10. Sanchez F., Sobolev K. Nanotechnology in concrete — A
review. Construction and Building Materials. 2010. Vol. 24.
Iss. 11, pp. 2060—2071.

suitable method for establishing the optimal dispersion of
nanoparticles in suspension. The monitored samples of ce-
ment mortars achieved an increase in the characteristics for
tensile strength of about 10% and compressive strength of
about 12%; increase of the compressive strength after
28 days is insignificant. What is interesting though is the
development of strength after 7 days of maturing. The next
stage of the research will be focused on the integration of
nanoparticles into cement composites where we will moni-
tor the damage to the carbon nanotube walls caused by ul-
trasound and the implementation of nanotechnologies into
concrete.

Acknowledgements.

This paper has been worked out under the project MPO FV
10680, supported by the Ministry of Industry and Trade of the
Czech Republic, and under the project GACR P104/15-23219S
“Study of methods of nanoparticles dispersion, determination of
conditions for preventing their re-agglomeration for application
in cement composites”, supported by the Czech Science
Foundation.

11. Iijima S. Helical microtubules of graphitic carbon. Nature.
1991. Vol. 354 (6348), pp. 56—358.

12. Mubaraka N.M., Abdullahc E.C., Jayakumara N.S.,
Sahua J.N. An overview on methods for the production of
carbon nanotubes. Journal of Industrial and Engineering
Chemistry. 2014. Vol. 20. Iss. 4, pp. 1186—1197.

13. Yu J., Grossiord N., Koning C.E., Loos J. Controlling
the dispersion of multi-wall carbon nanotubes in aqueous
surfactant solution. Carbon. 2007. Vol. 45. Iss. (3),
pp. 618—623.

14. Ganesh E.N. Single walled and multi walled carbon
nanotube structure, synthesis and applications.
International Journal of Innovative Technology and
Exploring Engineering (IJITEE). 2013. Vol. 2. Iss. 4,
pp. 311-320.

15. Labaj M. Bachelor thesis. Supervisor: Hela R. Brno
University of Technology. Faculty of Civil Engineering.
2014.

16. Hilding J., Grulke E., Zhang Z.G., Lockwood F. Disper-
sion of carbon nanotubes in liquids. Journal of Dispersion
Science. 2003. Vol. 24. Iss. 1, pp. 1—41.

17.Bai J.B., Allaoui A. Effect of the length and the
aggregate size of MWNTs on the improvement
efficiency of the mechanical and electrical properties of
nanocomposites — experimental investigation.
Composites Part A: Applied Science and Manufacturing.
2003. Vol. 34. Iss. 8, pp. 689—694.

18. Azoubel S., Magdassi S. The formation of carbon
nanotube dispersions by high pressure homogenization
and their rapid characterization by analytical centrifuge.
Carbon. 2010. Vol. 48. Iss. 12, pp. 3346—3352.

19. Collins F., Lambert J., Duan W.H. The influences of
admixtures on the dispersion, workability, and
strength of carbon nanotube—OPC paste mixtures.
Cement & Concrete Composites. 2012. Vol. 34. Iss. 2,
pp. 201-207.

20. Mendoza O., Sierra G., Tobén J.I. Influence of super
plasticizer and Ca(OH), on the stability of functionalized
multi-walled carbon nanotubes dispersions for cement
composites applications. Construction and Building
Materials. 2013. Vol. 47, pp. 771-778.

21. Chuah S., Pan Z., Sanjayan J.G., Wang Chien Ming,
Duan Wen Hui. Nano reinforced cement and concrete
composites and new perspective from graphene oxide.
Construction and Building Materials. 2014. Vol. 73,
pp. 113—124.

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN

saneaps/hespany 2017



Joxaaasl IX MexayHapoaHoii kon(epenunn «HaHOTEXHOJIOTHH B CTPOHTEIbCTBE >,

17—21 mapra 2017 r., lllapm-3.156-1llerix, Eruner

YOK 691.421.24

.N. AKOBMEB', p-p TexH. Hayk (gyakov@istu.ru), K0.0. MUXAWMOB', a-p TexH. Hayk,
tO.H. TVIHYMLIKAS', urxerep; O. KU3VHNEBNY?, nokTop-urxeHep;
M.A. TAMBAXTUHA', marvctpanT; 10.A. BANTOBAHOBA', maructpaHT

T MKeBCKMiA rocyapCTBEHHbIR TEXHUHYeCKUi yHBepeuteT um. M.T. KanawHukosa (426000, r. Mxesck, yn. CTygeHdeckas, 7)
2 BUNbHIOCCKUM TEXHUYECKU yHUBEpCUTET UM. MeammuHaca (10223, Nutosckas Pecny6nuka, r. BunbHioc, yn. CayneTuko, 11)

CTpouTenbHas Kepamuka, MogutuLMpoBaHHas
[MCTIepCUAMMU MHOMOCNOIHbIX YrNEPOAHbIX HAHOTPY6OK

lpeanoxeH cnoco6 ynyyileHns MeXaHU4eCKMX XapakTepucTuK CTPOUTENbHON KepaMuKi NyTeM BBeLEHUS B COCTaB (DOPMOBOYHON MacChl Aucnepcuit
MHOTrOCNONHBIX yrnepoaHbix HaHoTpy6ok (MYHT). JaHHas fjo6aBka NO3BONSAET perynuposatb CTPYKTYpOOOPA30BaHNe KEpaMUYECKON MaTpuLbl, TemM
CaMbIM M3MEHSIS MPOYHOCTHbIE NOKa3aTeNnu Kepammyeckmx 06pasuos. MokasaHo, 4To BeeaeHne MYHT oka3biBaeT BANUSHUE HA CTPYKTYPY KEPAMUKN eLLe
Ha aTane (hopMOBaHNA Cbipua, fanbHelillee HOPMMPOBAHINE KOTOPOI 3aBUCUT OT Temnepatypbl 06Xura. CornacHo akcnepumeHTanbHbIM AaHHBLIM NPy
Temnepartype o6xura 1000°C o6pa3yeTcs 0HOPOAHAs CTPYKTYpa C MOHWKEHHbIM COAEPXXaHNeM Mop, COKPALLIAETCst KOMMYECTBO CBA3AHHBIX MeX.y
co6oi nop. icnonb3oBaHue fo6asok aucnepcuint MYHT B konndectse 0,001% 0T mMacchbl rnHbI NO3BONSET NOBbICUTL (DU3MKO-MEXaHW4ecKmne
noKasatenn MoanULMPOBaHHOA Kepamnkn Ha 30% N0 CpaBHEHWIO C KOHTPOMbHbLIMK 06pa3LaMMU.

Knioyesble cnosa: CTPOMTENbHAA KepamuKa, MHOrOCIONHbIE YrNepoaHble HaHOprﬁKVI, HaHOMOAUNKaLUWSA, MexaHn4eckas NPO4YHOCTb, NOPUCTOCTD.
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The Construction Ceramics Modified by Dispersions of Multi-Walled Carbon Nanotubes

The way of improvement of mechanical characteristics of construction ceramics by introduction to structure molding compound of dispersions of multi-walled carbon nanotubes
(MWCNTs) is offered. This compounding material allows regulating structure formation of a ceramic matrix, thereby changing toughness index of ceramic samples. It is shown that
introduction of MWCNTSs exerts influence on structure of ceramics at the stage of green brick which further formation depends on burning temperature. According to test data at burning
temperature of 1000°C the homogeneous mix with the lowered content of pores is formed, the number of the pores interconnected is reduced. Use of molding compound of dispersions
of MWCNTSs in number 0,001% of clay mass allows improving physicomechanical index of the modified ceramics to 30% in comparison with check samples.

Keywords: ceramic, multilayeredl carbon nanotubes, nanomodification, strength indicators, porosity.
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B HacTos111ee BpeMsi 0aHOI U3 MpoOJIeM CTPOUTEIbHOM
OTpacju SIBJsIETCSl pa3pyllieHue KUPIMUYHON KJIaaKu B pe-
3yJIbTaTe MOBBIIIEHHOTO BbICOJI000pAa30BaHMS U MTOHMKEH-
HBIX (PU3UKO-MEXaHMUECKMX XapaKTEPUCTUK KUpIrJa, 13-
TOTaBJIMBAEMOTO Ha OCHOBE PaCIPOCTPAHEHHBIX JIETKO-
IJIaBKUX TIMH. [Ipu 3TOM WHTEHCHBHOCTH BBHICOJIOOOpA-
30BaHUS CBSI3aHa C pa3MepaMu TOp U 3aHUMaeMbiM MUMU
00bEMOM B KEPAMUYECKOM KUPIUYE, TaK KaK MUTpalus
PacTBOPUMBIX COJICH TTPOUCXOAUT OJ1arogapsi ero Kanujuisip-
Ho-TIopucTOl cTpyKType. M3BecTHo [1], uTo Tipy quamerpe
nop Beire 300 HM Bo3pacTaeT KamWUISIpHBIN 3G HEKT; B TO
Xe BpeMs CTpyKTypa ¢ mopamu B mmamazoHe 30—300 HMm
obecreyrBaeT MOBBIIIEHHYIO YAEIbHYIO TOBEPXHOCTD, MO-
3BOJISIONILYIO YIJIMHUTB MYTU TUddy3un BoIbI C pACTBOPEH-
HBIMU B HEH COJISIMU, TEM CaMbIM CHMXasi BO3MOXHOCTb
obpazoBaHus BbicosioB [2]. Hdpyrue uccinenoBanus [3] mo-
Ka3bIBaIOT, YTO 3a MOBBIIICHHYIO MUTPAIIO PACTBOPOB Ye-
pe3 KUPITMYHYIO KJIAJKy OTBETCTBEHHBI KPYITHBIE TTOPHI IMa-
meTpoMm cBbimie 1 mMkM. Takum oOpa3oM, HalpaBiIeHHOE
U3MEHEHUE TOPUCTON CTPYKTYPhl KM PIinyYa, CHMIXalolee
JTOJTIO KPYMHBIX MOP, MO3BOJUT YMEHBIIUTh BbICOI000pa30-
BaHUE Ha MOBEPXHOCTHU KJIAIKMU.

OnHUM M3 Croco00B MoAaM(UKAIIMKA CTPYKTYpbl Kepa-
MMYECKOM MaTPHIIBI SIBJISIETCSI BBEICHUE Pa3IMIHBIX 100a-
BOK, B TOM uucie HaHovyactull [4, 5]. B Hay4HOIi 1uTepary-
pe [6—8] MMEIOTCsT CBeIeHUST O TOM, UTO BBEIEHUE YIIIEPO-
HbIX HaHOTPYOOK B KE€pPaMUKY CIOCOOCTBYET YJyYILIEHUIO
CMEeKAeMOCTH KepaMMYeCKOM MaTPUIIbl U MOBBIIICHUIO O~

At the moment one of problems of a construction industry
is destruction of bricklaying in response to higher efflores-
cence and the lowered physicomechanical characteristics of
the brick which is made on the basis of widespread low-melt-
ing clay. At the same time intensity of efflorescence is con-
nected with the size of pores and space which pores occupy in
ceramic brick as migration of soluble salts occurs because of
its platelet structure. It is known [1] that capillarity effect in-
creases with a diameter of pores higher than 300 nm, at the
same a structure with pores in the range of 30—300 nm pro-
vides increased surface area, which allows extending ways of
diffusion of water with water-dissolved salts hereby reducing a
possibility of formation of efflorescence [2]. Other research-
es [3] display large pores with a diameter of more than 1 mi-
cron that are responsible for the increased migration of solu-
tions through bricklaying. Thus, the directed change of porous
structure of brick reducing a share of large pores will allow
reducing efflorescence by laying surfaces. One of ways of
modification of ceramic matrix is introduction of various
compounding materials, including nanoparticles [4, 5].

In scientific articles there are data that introduction of
carbon nanotubes to ceramics promotes improvement of
sintering behavior of ceramic matrix and improve the homo-
geneous of its mix [6—8]. Perhaps, the influence is caused by
electrostatic interaction of clay particles, at emergence the
dipole moment in weak acid medium of MWCNTs suspen-
sions [9]. Besides, it is assumed that use of suspensions with
polycarboxylate can result in formation clay gel structure on
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A3meHeHne NNoTHOCTU OTHOCUTESIbHO
KOHTPO/bHBIX 06pa3LB, %
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3? r”-'“

0,001 0,009 0,001 0,009
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Puc. 1. VIameHeHne NI0THOCTM KepamMmyeckmx 06pasuoB Npu UCNoJb30Ba-
HUM avcnepcuii MYHT: [] — nocne cywku; [ll - nocne o6xura npu 950°C;
W - nocne o6xwra npu 1000°C

Fig. 1. Change of density of ceramic samples when using dispersions of
MWCNTSs: [] - after drying; [l — after baking at 950°C; ll - after baking at
1000°C

HOPOJHOCTU €€ CTPYKTYpbl. BO3MOXHO, NaHHOE BIUSIHUE
00YCIOBJIEHO JIEKTPOCTATUYECKUM B3aMMOJIEICTBUEM I -
HSHBIX YaCTHUII TIPH MTOSIBIEHWU Y HUX TUTOJILHOTO MOMEHTA
B ciabokucioii cpene cycnensuit MYHT [9]. Kpowme Toro,
TIpearojaraeTcs, YTo MCIOJb30BaHNE CYCIIEH3UI ¢ TIOJH-
KapOoKcmIaTaMHM MOXET IIPUBECTH K 00pa30BaHMUIO Ha IMO-
BEPXHOCTU YaCTHII IJIMHBI TeJIETTOA0OHBIX CTPYKTYD, TOBBI-
IIAIOIIUX POCT CBSI3HOCTU M OKa3bIBAIOIIMX CTPYKTYPUPYIO-
it apdexr [9].

B nanHoI1 cTaThe MpUBEACHBI PE3YAbTATHI UCCIICIOBAHMIA
10 M3YUYCHUIO BIIMSIHUS TUCTIEPCUl MHOTOCIIOMHBIX YIJIe-
ponubix HaHOTPYOOK (MYHT) cepuu Masterbatch CW 2-45
Ha CBOMCTBA U CTPYKTYPY CTPOUTEIbHOU KEPAMUKMU.

Hnst uccaegoBanus Bausinug MYHT Ha cBoiicTBa M
CTPYKTYpPY CTPOUTENbHON KepaMMKM MCIOJb30BaHa Kepa-
MHYeCKasl IIUXTa, aHATOTUYHAsT TIPOM3BOICTBEHHOM CMECH
3aBoja «Anbranp» (Mxesck). Illuxra coctout us 70% ner-
KOILJIaBKOW TJIMHBI, comepxameii 13,33—16,1% oxcumos
aTIOMUHMS U TuTaHa, 1 30% KBaplieBoro mecka. B xauyecr-
Be HaHomoOaBku ucnosb3oBaHbl MYHT cepum Master-
batch CW 2-45 (Arcema, ®PpaHuus1), CPEIHUN AUAMETP
MYVYHT cocrasnsier 10—15 um nipu piune 10—15 mxwm. st
PaBHOMEPHOTO pacrpeesieH!sI HAHOYACTUIL] ObUTA N3TOTOB-
JIEHBI ABa THIIa BogHbIX qucniepcuii MYHT Ha BeICOKOCKO-
POCTHOM TOMOTeHHU3aTope: Aucrepcusi 1 He TmomBepraiach
00paboTKe YJIbTPAa3BYKOM, AUCIEPCUS 2 HOMOJHUTEIbHO
MpoIIlIa YIbTPa3BYKOBYIO 00pabOTKy. AHAIWU3 AUCIEPCHO-
ctu ¢ nomouiwio mpudopa CILAS 1090 Liquid mokasan, uro
rocyie 21 mHS XpaHeHUWST CPeIHMI TUaMeTp YacTUIl B THC-
nepcun 1 coctaBui 2,53 MkMm, B qucnepcun 2 — 0,65 MKM.
B coctaB mmmxtet MYHT no6asnsuim B konudectse 0,001 1
0,009% ot Macchl IJIMHBI BMECTE C BOIOM TSI YBJIaXKHEHMS
110 (opMOBOYHOI BiaxkHocTh 21,85—22,85%. ChopmoBaH-
Hble 00pa3iibl cywiu npu temmneparype 20+5°C B TeueHue
2 CyT U B cylIMIbHOM IKady rpu TemmnepaType 105°C B Te-
yeHue 1 cyt. [Tocie cymku o0pa3ibl 00KUTaaInd ¢ U30TePMHU--
YECKOM BBIICPXKKOM B TEUEHME 4Yaca INPU MAKCUMAJIbHOMN
Temmeparype ooxura 950 u 1000°C.

J1st aHann3a MUKPOCTPYKTYPBI MCITOJIb30BaHbI PACTPOBbINA
a1ekTpoHHbII Mukpockon PHENOM G2 Pure u ckaHupyio-
i anekTpoHHbI Mukpockort Quanta 250 (FEI Company).

[Ipenmonaranoce, uro BBeaeHue MYHT B kepamuky mo-
3BOJIUT CHU3UTh 00bEM, 3aHUMAEMBbIil TTOpaMHU, a TAKKe 13-
MEHUTHh (OpMYy U pa3Mephl MOp, MOBBICUB PE3EPBHYIO TMO-
PUCTOCTD, YTO B CBOIO O0YepPE/Ib IMO3BOJIUT CHU3UTh BBICOJIO-
00pa3oBaHUe Ha TTOBEPXHOCTU KUPIIHYa.
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Puc. 2. VI3MeHeHVe NpoYHOCTU MpU CXaTun KepaMmmnyecknx o6pasuos npu
ncnonb3oBaHuy aucnepcuii MYHT: [] — nocne cywku; [l — nocne obxura
npu 950°C; M - nocne o6xwura npyu 1000°C

Fig. 2. Change the compressive strength of the ceramic samples when
using the dispersions of MWCNTSs: [] — after drying; [l - after baking at
950°C; M - after baking at 1000°C

a surface of particles increasing growth of coherence and
rendering the structuring effect [9].

In this article results of researches of influence dispersions
of multi-walled carbon nanotubes (MWCNTs) of the
Masterbatch CW 2-45 series on properties and structure of
ceramics are given.

For research of influence of MWCNTSs on properties and
structure of ceramics, the ceramic furnace charge similar to pro-
duction mix is used. The charge consists of 70% the fusible clay
containing 13.33—16.1% aluminum oxides and the titan and
30% glasssand. Asnanodopant MWCNTSs Masterbatch CW 2-45
(Arcema, France) are used the average diameter ofthe MWCNTs
are 10—15 nm with a length of 10—15 mm. For uniform distribu-
tion of the nanoparticles were produced two types of aqueous
dispersions MWCNT at a high-speed homogenizer: dispersion 1
was not exposed to ultrasonic treatment, dispersion 2 in addition
held ultrasonic treatment. Analysis dispersion by means of device
CILAS 1090 Liquid showed that after 21 days storage the average
diameter of the particles in the dispersion 1 was 2.53 microns, in
dispersion 2 was 0.65 nm. It was added MWCNTSs in amount of
0.001% and 0.009% of the mass of clay with water for moistening
to mixing moisture content of 21.85—22—85% to charge compo-
sition. The molding samples were dried at 20£5°C for 2 days and
in a drying box at 105°C forl day. After drying samples were
burned with isothermal endurance for an hour at the maximum
temperature of burning 950°C and 1000°C.

Scanning electron microscope PHENOM G2 Pure and
scanning electron microscope Quanta 250 (FEI Company)
for the analysis of microstructures are used.

It was assumed that the addition of MWCNTSs in ceramics
would reduce the volume occupied by pores and also to change
a form and the sizes of pores, increasing reserve pinhole rating
that in turn would reduce efflorescence on brick surface.

Density measurement reference and modified samples
showed that MWCNTs in an amount of 0.001 and 0.009%
can affect the density of ceramic matrix after the drying and
after baking (Fig. 1).

After drying, samples containing 0.009% MWCNTs have the
largest increase in density compared to the check sample. After
holding at temperature of 950°C samples with MWCNTs have
lower density as for check sample and after holding at a tempera-
ture of 1000°C samples increase density as compared with the
sample which contains no MWCNTs. At the same time the
sample with the maintenance of 0,001% of MWCNTSs has the
maximum density. It should be noted that in all cases of a devia-
tion of indicators from density of check sample are insignificant.
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WsMepeHus IioTHOCTU MOANGUIIMPOBAHHBIX 00pa31oB
nokasanu, uro MYHT B kosmmuectse 0,001 u 0,009% cro-
COOHBI BIMSTH Ha MJIOTHOCTb KEPAMUUECKOI MaTpUIIbl Kak
rocJie CYIIKHY, Tak v rociie ooxwura (puc. 1).

HauGonbimmii mpupocT TUIOTHOCTM TOCJE CYHIKU I10
CpaBHEHUIO C KOHTPOJBHBIM 00pa3lioM MMEIOT 06pasIibl ¢
conepxxanuem 0,009% MYHT. ITocne o6xura rpuy TeMIie-
patype 950°C Bce obpasubl ¢ MYHT mMeloT MeHbIIyIo
IJIOTHOCTb OTHOCUTEJIbHO KOHTPOJLHOTO, a Mocie 00Xura
npu temrepatype 1000°C cHOBa MOBBILIAIOT MJIOTHOCTD O
cpaBHEHMIO ¢ obOpasnoM, He coxepxamum MYHT. Ilpu
5TOM MaKCUMAaJbHOM TJIOTHOCTBIO 00j1amaeT obpasell ¢ co-
nepxanuem 0,001% MYHT. Heo6xonuMo OTMETUTh, UYTO BO
BCEX CJIyJasiX OTKJIOHEHUS IoKa3aTeieil OT IJIOTHOCTH KOH-
TPOJIBHOTO 00pa3Lia HE3HAYUTENbHBI.

WcnplTaHUs 00pa3lloB Ha TPOYHOCTh TIPU CXKATUU
(puc. 2) BBISIBWIM, UTO MOCJIE CYIITKHM HAUOOIBIINIA TPUPOCT
MIPOYHOCTH ChIplia ~55% Habmonaercs npu no6aBke MYHT
B konuuectBe 0,009%. DTOT Xe cocTaB IMOKa3aJl MaKCU-
MaJIbHYI0 TIPOYHOCTb IIOCJe OOXHUra Tpu TeMmIlepaType
950°C, ocrajibHbIe COCTaBbl MPU JAHHOI TeMreparype 00-
K1ra, Ha00OpOT, CHU3WJIM MoKa3zareau npoyHoctu. [locie
o6xwura ripu TeMiepaType 1000°C Ha 32 u 28% noBbicuiach
MIPOYHOCTH IpU cxkaTuun y odpasios ¢ 0,001% MYHT, nuc-
nepcus 1 1 gucnepcus 2 COOTBETCTBEHHO.

M3MeHeHune CTPYKTYPHBIX ITOKa3aTeJieil MOPUCTOCTH Ke-
paMuku (00111asi OTKPBITask MOPUCTOCTb, IDGbEKTUBHAS TTO-
PUCTOCTD, pe3epB IMOPHUCTOrO MPOCTPAHCTBA) MTPU BBEICHUU
MYHT npuseneHo st 00pa3lioB, 000X KEHHBIX MPU TEM-
mepatype 1000°C (puc. 3).

PesepB mopucToro mpocTpaHCTBa XapaKTepu3yeT 00beM
MOp ¥ KanwIsIpoB, B KOTOPbIE 3aTPYIHEHO MPOHUKHOBE-
Hue Bonbl. CrnemoBaTesIbHO, YEM BbIIIE Pe3epB MOPUCTOTrO
MPOCTPAHCTBA, TEM HUXE OYIeT CKOPOCTb MUTPALIU BOJIBI C
PACTBOPUMBIMHM COJISIMU B TeJie Kuprnda. O61iast OTKphITast
TTOPUCTOCTb 00pa3IoB cocTaBwia ot 25,52 no 26,11%, a¢-
dexruBHasa mopucrocth — ot 20,03 1o 21,05%; pesepsa mo-
pucToro npoctpaHctsa — ot 19,28 mo 22,52%. BeeneHue
MVYHT yBenuuuBaeT pe3epB MOPUCTOrO MPOCTpPaHCTBA U
CHMXKaeT 00beM 3(pheKTUBHOI MOPUCTOCTH.

Kax rmoka3biBaloT paHee IpPOBEIeHHBIC MCCIIen0Ba-
Hus [10], BBenenne MYHT He okasbiBaeT BusiHUS Ha (ha3o-
BBIIf cOCTaB KepaMuku. OIHAKO TTOJIOXUTEIBHOE BIUSHUE
MVYHT Ha cTpyKTypy KepaMU4yeCKOW MaTPHULIbI OATBEPXK-
JIaeTCsl CHUMKAMU MMKPOCTPYKTYphI 06pa3LoB (puc. 4, 5).

MonubulimpoBaHHbIi 00paselr ¢ conepxkanuem MYHT
B KostnaectBe 0,009% obnamaet 6oJjiee TMIIOTHOM CTPYKTYpOit
YK€ TOoCJIe CYILIKU, KOJUYECTBO MOP U UX pa3Mep 3aMETHO
cokpamaiores (puc. 5, a).

Ilocne obxwura maHHbIi oOpaselr (puc. 5, b) TakKe 00-
JnanaeT 6ojiee OMHOPOIHOI CTPYKTYpOi ¢ HEOOJIbLIMM KO-
JIMYECTBOM TOP MO CPABHEHMIO C KOHTPOJbHBIM 00pa3iioMm
(puc. 4, b).

BriBobI.

Jnsa pemieHUsT MpoOJeMbl pa3pylIeHUs KUPIUYHOMN
KJIQJIKW TIOf, BIMSIHUEM KPHUCTAUIU3YIOLIUXCS COJIeH TIpes-
JIoXKeHa MoaudUKaLMs CTPYKTYPbl KUPIUYa AUCTIEPCUSIMU
MYHT. Benenue MYHT oxa3biBaeT MOJ0XUTEIbHOE
BIIUSTHUE Ha CTPYKTYPHBIE XapaKTEPUCTUKN KepaMUKH, TTO-
BBIIIAsI UX TUIOTHOCTb, CHUKAsI OOIIYI0 TTIOPUCTOCTh U yBE-
JUYMBasi 00beM pPE3epBHON MOPHUCTOCTU. Mi3meHeHUe
CTPYKTYPBI COMTPOBOKIAETCS MOBBIIIEHUEM TTPOYHOCTH Ke-
pamMuku 10 1 nocie ooxura. [1pu atom nucnepcuss MYHT
CITOCOOHA MTOBBICUTh MIPOYHOCTB ChIpIAa Ha 55%, YBETUIHUTH
MPOYHOCTh 00pa3loB Mocje 00Xura Mpu TeMIeparype
950°C na 12%, niocie obxwura pu Temmneparype 1000°C —
Ha 32%. Kepamuueckass marpuiia MOAMGbULIIMPOBAHHBIX
00pa3lLoB COAEPXKUT MEHbIIIee KOJIMYECTBO INIyOOKMX CBSI-
3aHHBIX MEXIY CO0OI1 Mop U XapakTepusyeTcsl 6ojee OIHO-
POLHON ¥ TUIOTHOM MMKPOCTPYKTYPOW MO CPaBHEHUIO C
MaTpulleil KOHTPOJIBHOTO COCTaBa. Y CTaHOBJICHHbBIC pa3Jini-
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Content of nanotubes, %
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Puc. 3. VIameHeHne ob6bema NOpPUCTOro NpocTpaHcTBa 06pa3LoB nocne
oGxwura npun 1000°C npwu ncnonb3osaHum aucnepcuin MYHT: [] - WR o6uias
oTkpbiTas nopuctocTs; [l — WE addektmneHas nopuctocTts; [ll - R pe3eps
NOPUCTOro NPOCTPAHCTBA

Fig. 3. Change of porous space of samples after baking at 1000°C when
using dispersions of MWCNTSs: [] - WR total open porosity; [ll - WE effective
porosity; ll — R reserve of porous space

Puc. 4. MukpocTpyKkTypa KOHTPOJIbHOro o6pasua npu ysennyenmnmn 5000x:
a —nocne cywku; b — nocne o6xura npy 1000°C

Fig. 4. The microstructure of the check samples at 5000X magnification:
a — after drying; b — after baking at 1000°C

Tests of samples for robustness test (Fig. 2) have revealed
that after drying the greatest gain of green strength 55% is ob-
served with the addition of MWCNTs in an amount 0,009%.
The same structure This composition showed the maximum
strength after holding at 950°C, other compositions at this tem-
perature of holding, backward have lowered toughness index.
After baking at a temperature of 1000°C compression breaking
strength samples with 0,001% of MWCNTSs has increased 32%
and 28%, dispersion 1 and dispersion 2, respectively.

Change of structural indicators porosity of ceramics (gen-
eral open porosity, effective porosity, allowance of porous
space) when entering MWCNTSs is given for the samples
baked at a temperature of 1000°C (Fig. 3).

The allowance of porous space characterizes amount of
pores and capillaries in which water penetration is compli-
cated. Therefore, the higher the pore space allowance, the
lower the rate of migration of water soluble salts of brick.
General open porosity of samples ranged from 25.52 to
26.11%, effective porosity from 20.03 to 21.05% an allow-
ance of porous space from 19.28 to 22.52%. Introduction of
MWCNTs increases an allowance of porous space and re-
duces amount of effective porosity.

Positive influence of MWCNTSs on structure of ceramic
matrix is confirmed by images of a microstructure of samples
(Fig. 4, 5).

The modified sample with the containing of MWCNTSs in
amount of 0.009% has denser structure after drying, the amount
of pores and their size are significantly reduced (Fig. 5, a).

After baking this sample (Fig. 5, b) also has more uniform
structure with a small amount of pores in compared with
check sample (Fig. 4, b).
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Puc. 5. MukpocTtpyktypa obpasua, moanduumposarHoro 0,009% MYHT
npuv ysenundeHnn 5000X: a — nocne cyuku; b — nocne o6xura npu 1000°C

Fig. 5. The microstructure of the sample modified MWCNTs of 0.009% at
5000% magnification: a — after drying; b — after baking at 1000°C

Yhs B CTPYKTYPHBIX TOKa3aTessiX MOPUCTOCTH KePaMUKHU
CIMOCOOCTBYIOT CHUKEHUIO MUTPALlUM PACTBOPUMBIX COJIeH
B KUPIUYHOM KJIAJKE U COKPAILIEHUIO MOBPEXIACHUNA KUP-
MMUYHBIX hacagoB.
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Conclusions.

For solution the problem of destruction of bricklaying
under the influence of the crystallizing salts is offered modi-
fication of brick structure dispersions of MWCNTSs.
Introduction of MWCNTs. Introduction of MWCNTs has a
positive effect on the structural characteristics of ceramics,
increasing density, reducing the general porosity and increas-
ing the volume of reserve porosity. Change of structure comes
with increase ceramic strength before and after burning. At
the same time dispersion of MUNT can increase green
strength for 55%, to increase strength of the samples after
burning at 950°C for 12% after burning at 1000°C for 32%,.
The ceramic matrix of the modified samples has less amount
of the deep pores interconnected and is characterized by
more homogeneous and dense microstructure in comparison
with control composition matrix. The established differences
in the structural indicators of porosity ceramic promote de-
crease migration of soluble salts in bricklaying and to reduc-
tion of damages of a polymeric film on surface of the brick
facade.
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CsoicTBA LIEMEHTHOW KOMNO3WULKUKM C NpUMEHeHueM 0601
Kepamu4eckoro Kupnu4ya 1 MUKpoKpemHe3ema

B pa6oTe paccMaTpuBalOTCs BOMPOCHI NPUMEHEHUs 605 KUPMMYa KaK UCXOAHOTO CbipbA ANSi NPOM3BOACTBA CTPOUTENbHbIX MaTepuanos. MpoBefeHs
1CCEe0BaHNs KOMNO3MULIMIA HA OCHOBE MONOTOTO KMPMUYHOO 60S B COMETAHUN C MUKPOKpEMHe3eMoM. MeToamMu peHTreHohasoBoro aHanmsa,
andepeHLuanbHo-TepMideckoro U MK cnekTpanbHOro aHann3a nokasaHo, YTo KOMNnekcHast [o6aBKa, BK/0YatoLLasi MOMOThIA KUPMMYHBIA MOPOLLOK
B COYETAHWUN C MUKPOKPEMHE3EMOM, BCTYMAeT B PeakLto C rMAPOKCUAOM KanbLius, 06pasyolumes Npy ruaparauum nopTnaHaLUeMeHTa, YTo NpuBoANT
K MOBbILLEHMIO MPOYHOCTN UCCNEAYEMbIX COCTAaBOB. AHaNN3 MUKPOCTPYKTYPbI C UCTIONb30BAHMEM PACTPOBOr0 3NEKTPOHHOTO MUKPOCKONA NOATBEPANI

(bopMupoBaHWe CTPYKTYpPbl NOBBILIEHHON MAOTHOCTU 3a CYET ee YNJIOTHEHUS HOBOOOPA30BaHNAMU, 06Pa3yIOLLMMIUCA B CTPYKTYPE KOMNO3MLUN
[O0NONHUTENBHO B BUAE HU3KOOCHOBHLIX MMAPOCUNNKATOB KanbLnA 3a CHET CBA3bIBAHUA MUKPOKPEMHE3EeMa U MOJTIOTOro Knpnu4a weno4HbiMmn

COCTaBASIOLWMUMI TNAPATUPYIOLLIEro NOPTNAHALEMEHTA.
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Properties of Cement Composition with Addition of Crushed Clay Brick and Microsilica

The study focuses on the issues related to the use of crushed brick as a feedstock for producing construction materials. Crushed brick-based compositions with addition of microsilica
have been investigated. Methods of DSC analysis, X-ray phase analysis and IR spectroscopy has shown that complex additive which includes brick dust and microsilica enters into reac-
tion with the calcium hydroxide forming during hydration of Portland cement. This results in formation increase the strength of the compositions under study. The analysis of micro-
structure with the use of the electronic focused-beam microscope has demonstrated that contributes to more homogeneous compact structure, adding of microsilica with crushed clay
brick into the investigated slag-alkaline composition is accompanied by formation of additional low-basic calcium hydrosilicates.

Keywords: technogenic materials, crushed brick, cement binder, microsilica, calcium hydrosilicates.
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boii kupninya — BOCTpeOOBaHHBIN TEXHOTEHHBIN MaTe-
puaJ, nojayyaeMblil B pe3yJbTaTe IeMOHTaXa CTeH U pyHaa-
MEHTOB 3JaHUI, OTPAXKIEHMH, THIMOBBIX TPYD, a TaKKe He-
KOHJMIIMOHHOTO KMpMrYa.

bnaromapsi cBoeMy MHMHEpPaJIOTMYEeCKOMY COCTaBy OOIi
KHAPNUYA HAXOOUT IIIMPOKOE MTPUMEHEHUE B CTPOUTETBHOM
WHOYCTpUU. Psl CTpOUTENTbHBIX KOMIAHUMA 11 CHUKEHUS
ce0eCTOMMOCTU CTPOUTEILCTBA MPUMEHSIIOT KUPIUYHBIA
0ol B KayecTBE 3arOJIHUTENISI B HUBKOMApOYHBIX OETOHAX.
Taxzke 3TOT MaTepua UCMOAb3YeTCsl MPU MOATOTOBKE OC-
HOBaHUU oA (PYyHAAMEHTHl MaJIOATAXHbBIX 3JaHUK, B J0-
POXHOM CTPOUTEJIBLCTBE MPU OTCHINIKE BTOPOCTENEHHBIX U
BPEMEHHBIX JOPOT.

MoJoThI KUPITUYHBIN 001 MOXHO paccMaTpuBaTh Kak
aHAJIOT TIPUPOAHBIX TOHKOMOJIOTBIX MHUHEpPaJIbHBIX Be-
1IIECTB, UCIIOJIb3YeMbIX B KAUECTBE IMYIIII0JIAHOBBIX 100aBOK
B LIEMEHTHBIX BSIKYIIUX.

B uieniom psie pabort [1—6] yueHbIMYU 0TMeUaeTcst 3 deK-
TUBHOCTb MCIOJIb30BaHUS N00AaBKU B BUJIE KEPAMUYECKOMN
WV KEPaM3UTOBOW MbUIA, MOJIOTBIX OTXOJIOB IMPOU3BOJCTBA
KE€paMUUECKOTO KUPTINYA U KEPAMUAYECKUX UIETUIA JUTS TIO-
BBILIEHUST BOOOCTOMKOCTH U MOPO30CTOMKOCTA MaTepUaIOB.

B [7] npuBeneH aHaiu3 IMOJyYeHUS] KOMIIO3UILIMOHHBIX
LIJTAKOIIEJIOYHBIX BSXKYLIMX ¢ A00aBKaMU MOJIOTOTO 060si
kepamuueckoro kupnuya. [lokazaHo, 4To BBeieHME B LIIa-
KOIIleJIOUHBIe BsoKylue 10 30% 60s1 KepaMU4eCKOro KHp-
MMYa MO3BOJIIET TTOBBICUTH TPOYHOCTH 10 30—32%, TOBBI-
1IaeT CTeMeHb TUapaTalliy, MPUBOAUT K 00pa30BaHUI0 0O-
Jiee OMHOPOIHOM IJIOTHOM CTPYKTYPbI, IOHWXAET YPOBEHb
BBICOJIOO00pA30BaHMSI.

B HacTos1Iee BpeMsi MPOBOJSATCS UCCIEA0BAHUS MO UC-
MOJIb30BAaHWIO BBICOKOAKTUBHBIX MYIIIOJAHOBBIX KOMIIO-

Crushed brick is a technogenic material in demand which
is produced as a result of demolition of walls and foundations
of buildings, fences, chimneys and substandard brick.

Due to its mineralogical composition, crushed brick has
extensive application in construction industry. A number of
construction companies, for reducing the construction costs,
use the crushed brick as aggregate in low-grade concrete.
This material is also used in preparation of the bases for foun-
dations of low-rise buildings, in road construction for filling
minor and temporary roads.

Ground crushed brick can be considered as the analog of
natural fine mineral substances used as pozzolanic admixture
in cement binders.

12

10

q, %

0
0,01 0,1 1 10
Diameter (um)
Puc. 1. AHanu3 gnucnepcHoOCT1 MMKPOKPEMHe3ema Nnocne ynbTpa3ByKoBOM
aucnepraumv B Te4eHne 4 MuH

Fig. 1. Analysis of microsilica dispersity after 4-minute ultrasound
dispergation
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Puc. 2. 3aBnCMMOCTb MPOYHOCTU MPU CXaTuM OT BPEMEHU TBEPOEHUS
06pasLoB C HaMoMHUTENEM U3 KepaMuyeckoro kvpnuya: 1 — obpasupl ¢
coaepxaHnem 15% uemeHTa oT Macchl 605 knpnuya; 2 — 06pasLbl ¢ coaep-
XaHvem 25% LemeHTa oT Macchl 605 kpnuya; 3 — obpasLibl C coaepxaHu-
eM 15% uemeHTa oT Macchl 605 knpnuya ¢ fob6aBneHnemM MUKPOKPEMHe3e-
Ma B pasmepe 6% OT Macchl LieMeHTa

Fig. 2. Compression strength — hardening time curves for samples with clay
brick additive: 7 — samples containing cement in amount of 15% from crushed
brick mass; 2 - samples containing cement in amount of 25% from crushed
brick mass; 3 — samples containing cement in amount of 15% from crushed
brick mass with addition of microsilica in amount of 6% from cement mass

HEHTOB, MPU BBEIEHUM KOTOPBHIX B MaJbIX KOJMYECTBaX
YCKOPSIIOTCS MPOLIECChl TUIpaTallMi U TBEPACHMS LIEMEHT-
HOTO BSIXYILETo U YBEJIMUMBAIOTCS MEXaHMYECKUE XapaKTe-
PUCTUKM TIpM CXaTUM LieMeHTHoro KaMHs [8—10]. Opaum
13 TAKMX JIEMEHTOB SIBJISIETCS] BBICOKOAMCTIEPCHBIN MUKPO-
KpeMHe3eM. MUKpOKpeMHe3eM SIBJISIETCSI IOOOUHBIM MpPO-
MYKTOM MEeTaJTypTMYecKOoro MpoOM3BOACTBA MPHU BhHITLIABKE
deppocrmnuus. O6J1amaeT BBICOKON YIEIbHOM MOBEPXHO-
cThlo, TIopsinka 20 M2 Ha 1 T Bemectsa [11].

OnHaKo xapakTep B3auMOIEHCTBYS IMTOPTIaHALIeMEeHTa C
MOJIOTBIM KMPITMYHBIM TOPOIIKOM W MUKPOKPEMHE3eMOM
MOJTHOCTbIO He u3yueH. [ToaToMy mpoBeneHue ucciieaoBa-
HMI 1O MCIOJIb30BAHUIO MOJIOTOTO KUPIUYHOTO 00l B CO-
YyeTaHUU ¢ 100aBKaMU BBICOKOIMCIIEPCHOIO MUKPOKPEMHE-
3eMa JIJIsl CHDKEHUSI pacxoia KIIMHKEPHOTO BSIXYILETO CTa-
HOBWTCS aKTyaJIbHOU 331aueid.

B nmanHoi#t pabGoTte NMpuBeAeHBI Pe3yJbTaThl MCCIIEI0Ba-
HMI 1O UCTIOJIb30BAHUIO MOJIOTOTO KEPAMUYECKOTO KUPITH-
4ya, OTOOPAHHOTO U3 KUPIMUYHOM KKK CO CJI0OeM LIEMEHT-
Horo pactBopa TojuuHoi 10—12 mm. IlTocie momona Ha
nuckoBoM ucrtuparese MIA-200 (OO0 «BubporexHuk»)

Puc. 3. MukpocTtpykTypa 06pa3uos npu ysennyeHum 5000%: a — obpasey,
Ne 1; b — o6paseu, Ne 3

Fig. 3. Samples microstructure magnified 5000 times: a — sample Ne 1;
b — sample Ne 3

In a number of studies [1—6] the scientists note the ef-
fectiveness of applying clay or expanded clay dust, ground
waste of clay brick and clay products production for increas-
ing water resistance and freeze resistance of materials.

The study [7] analyses the production of composite slag-
alkaline binders with additions of ground crushed clay brick.
It is stated in the study that adding up to 30% of crushed clay
brick into slag-alkaline binders increases the strength up to
30—32%, increases the hydration extent, contributes to more
homogeneous compact structure, reduces efflorescence.

Currently, investigations are carried out into the applica-
tion of high-active pozzolanic components. Pozzolanic com-
ponents, when added in small quantities, accelerate hydra-
tion and hardening of cement binder and increase the me-
chanical properties of set cement compression [8—10].
Among such elements is finely dispersed microsilica.
Microsilica is a metallurgical industry by-product produced
during ferrosilicium melting. It has high specific surface area
of about 20 m? per 1 g of substance [11].

However, the interaction pattern of Portland cement with
ground brick dust and microsilica has not been thoroughly
studied yet. Therefore, investigation into the application of
ground crushed brick with additions of finely dispersed mi-
crosilica for reducing clinker binder consumption has be-
come an acute task.

This study provides the investigation results of the appli-
cation of crushed clay brick taken from masonry with cement
mortar layer of 10—12 mm thick. After grinding by disc
grinder ID-200 (Vibrotekhnik Co.), the obtained brick dust
was sifted through the sieve with 1.25 mm diameter holes.

Portland cement of grade TsEM I 32,5H was used as a
binder for preparing samples. Microsilica MK-85 (TS 106-
709—2004 “Condensed Microsilica”) manufactured by
Chelyabinsk Electrometallurgical Plant was used as an addi-
tive to improve strength characteristics. Chemical composi-
tion of microsilica is given in Table 1. Prior to be added to the

Ta6nuua 1
Table 1
SiO, Al,O5 Fe,05 CaOo MgO Na,O + K,0 SO, SiC
90-94% 0,7-1,5% 1-3% 0,7-1,4% 0,2-0,4% 0,1-0,5% [Jo / Until 0,09% Jo / Until 3%
Tabnuua 2
Table 2
CocTtaB 06pa3sLoB, mac. %
O6paseL, Composition of samples, mass % B/T
Sample LemeHT MonoTbIi KUPNUYHBIN 601 MwukpokpemMHe3em W/S
Cement Ground crushed brick Microsilica
Ne 1 13 87 0 0,3
Ne 2 20 80 0 0,26
Ne 3 12 83 5 0,29
HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA
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10000

composition, microsilica is treated with ul-
trasound to destruct the aggregated parti-
cles (Fig. 1). Mean diameter of microsilica
particles was 315 nm.

S Based on the X-ray phase analysis data,
i silicon dioxide in microsilica is presented
- mostly as amorphous modification, which

o9 contributes to its increased pozzolanic ac-
80 tivity during interaction with calcium hy-
droxide and other hydration products of

428

10000

Portland cement minerals.

Dimension of the test samples was
20x20x20 mm. The samples were tested on
the 3", 7t 14" day after being manufac-
tured. Cement content in the test samples

& was 15% and 25% of crushed masonry
mass. The composition data are given in
Table 2. The test results of cement concrete

Puc. 4. PeHtreHorpamma: a — o6paseu, cepum Ne 1; b — obpaseL, cepun Ne 3
Fig. 4. X-ray diagram of samples: a — sample of set Ne 1; b — sample of set Ne 3

TTOJTYYEHHBIN KUPIUYHBINM TMOPOIIOK ITPOCEUBAJICS Uepe3
CHUTO C IUaMETPOM OTBepCTuii 1,25 MMm.

B kauecTBe BsIKyllIero misi IPUroTOBIEHUsI 0O0pa3lLoB
HUCIONb30Bajica mnopTiaHauemeHT Mapku LIEM 1 32,5H.
B kauecTBe 106aBKHU, yIydllIalolei TPOYHOCTHBIC XapaKTe-
PUCTUKHU, UCIOJb30BaJcs MHUKpokpemHeseM MK-85
(TY 14-106-709—2004 «MUKpOKpEeMHE3EM KOHAEHCHPO-
BaHHBIN») YeassOMHCKOTO 3JIEKTPOMETAUIYPIruIeCcKOTO
KoMOuHaTa. XMMHUYECKHUI COCTaB MUKPOKpEeMHe3eMa IIpe-
cTaBjieH B Tabs. 1. MUKpoOKpeMHe3eM TMpU BBENEHUU B CO-
CTaB KOMITO3UIIMU TPEeABAPUTETHHO 0OpabaThIBAICS Yib-
TPa3BYKOM ISl pa3pylleHUs] arperMpoBaHHBIX YaCTUII
(puc. 1). CpenHuii fuaMeTp 4acTUI MUKPOKpPEMHe3eMa CO-
crapyisit 315 HM.

Ilo maHHBIM peHTreHo¢a3oBOro aHaumsza, JUOKCHIL
KpPeMHHUsI B MUKPOKpPEMHe3eMe MpPEeACTaBieH B OCHOBHOM
aMopdHoil MoauduKalMeil, 4To omnpeaeseT ero MoBbI-
IIEHHYO MYIII0JIAHOBYIO aKTUBHOCTb TTPY B3aUMOJICICTBUM
C TMIPOKCUIOM KaJbIUs W IPYTUMHM TIPOAYKTAMU THapaTa-
LIV MUHEPAJIOB TIOPTJIAHIIIEMEHTA.

Pasmep nccnenyeMbix 06pasuo 20x20x20 mm. O6pasiibl
UCTIBITBIBAIMCH HA 3-U, 7-€, 14-e cyT mocjie U3roToBJIEHUS.
JlaHHbIe MO cocTaBy NpuBeneHbl B Taba. 2. CoaepxaHue
LIEeMEHTa B KOHTPOJIBHBIX 06pa3iax coctaBisuio 15 u 25% ot
Macchl 00s1 KUPITMYHON KIIaAKW. Pe3yabTaThl MCIIBITAHUI
cepuii 00pa3lOB IEMEHTHOTO O€TOHA C Pa3IMIHBIM COAEP-
JKaHWeM MpUBENEHbI Ha pucC. 2.

a

mg mw
TGA 0

78

77,5 | DSC -100
100 200 300 400 500 600 700 800 900 1000 °C

- 120 samples sets with different composition are

80 given on Fig. 2.
Based on the test results of the samples
containing crushed clay brick, it can be
concluded that the samples containing mi-
crosilica and cement in amount of 15% (samples of set Ne 3)
have, on the 28™ day of testing, the highest compression
strength values when compared to the reference samples
(sets Ne 1, 2). Strength increase of set Ne 3 samples as com-
pared to the reference samples of set Ne 1 amounts to 280%.

To investigate the influence of finely dispersed micro-
silica on the cement binder structure, the samples micro-
structure has been studied with the use of the electronic fo-
cused-beam microscope Phenom G2 pure (Fig 3). Due to
high specific surface area, microsilica actively participates
in hydration of composition and during the initial period of
hardening it fills in the empty spaces between hydrating ce-
ment grains.

Comparison of samples microstructure (Fig. 3) has dem-
onstrated that the samples of set Ne 2, which contain micro-
silica, as compared to the reference sample (sample Ne 1) has
a more homogeneous and compact structure. Microsilica
actively participates in hydration of the mixture. Microsilica
nanoscale particles fill in the empty spaces between the hy-
drating cement grains, thus contributing to the density and
strength of the samples structure.

X-ray phase analysis for investigating the materials and
new formations in the hardened compositions has been con-
ducted on the general-purpose diffractometer DRON-3 with
the use of powder method (Fig. 4).

Based on the analysis of the x-ray diagrams, it can be
concluded that cement hydration of set Ne 3 samples is more

b
mg mW

100 200 300 400 500 600 700 800 900 1000 °C

Puc. 5. ICK cnekTpbl 06pa3uos: a — obpasey, cepumn Ne 1; b — o6pasew, cepmm Ne 3

Fig. 5. DSC spectra: a — sample of set Ne 1; b — sample of set Ne 3
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B pesynbrare ucnbiTaHuii 00pasuoB ¢ @ 5

COIEPXAHMEM KEPAMUYECKOTO 0Osl KUP- 14 ¢
M1Ya MOXKHO CHENaTh BBIBOJ, YTO OOPa3LIbI :
¢ colepxaHUeM MUKpPOKpeMHe3eMa U le- 'S8+

MeHTa B pasMepe 15% (oGpasubl cepum 1,2
No 3) Ha 28-e cyT ucnbITaHU UMEIOT Hau- i
OoJIBIIME TIOKAa3aTeanW IIPOYHOCTU TP {
CXaTUM TI0 CPAaBHEHUIO ¢ KOHTPOJbHBIMU =
obpasuamu (cepuu Ne 1, 2). Ilpupoct g7
MPOYHOCTHU 06pa3LoB cepur Ne 3 1o cpas- i
HEHHUIO ¢ KOHTPOJIbHBIMU oOpasuamu ce- 087 I
pun Ne 1 cocrasisier 280%. 0,7 "4
Jist OUCHKM BIMSHUSL BBICOKOAM- - J’

CIIEPCHOTO MUKPOKPEeMHe3eMa Ha CTPYK- 1
TYpY LIEMEHTHOTIO BsIXylero 6ebuia uccie- 0.5
JOBaHA MUKPOCTPYKTypa 0Opa3lloB Ha (4 |
pacTpoOBOM 3JIEKTPOHHOM MUKPOCKOTIE !
Phenom G2 pure (puc. 3). birarogaps BbI- 20
COKOIi Y/IEJIbHOW TMOBEPXHOCTH MHUKDO-
KpeMHe3eM aKTHBHO YJ4acTBYET B Ipoliec- Abs

3900 3600 3300 3000 2700 2400

1950 1800 1650 1500 1350 1200 1050 900 750 600 450
1/cm

CC rmaparaiy KOMIO3MIIMMU U B HadaJlb- 16

HBIA TIEpUOJ TBEPACHUS 3alOJHSET
CBOOOMIHBIE TPOCTPAHCTBA MEXAy ruapa- 15
TUPYIOLIIMMU 3€pHAMU LIEMEHTA. 1,4

CpaBHeHHE MUKPOCTPYKTYPHI 0Opas-
1oB (puc. 3) moka3sajo, 4YTo obpa3el] cepuu
Ne 2, comepsKalluii B cBoeil CTpYKType MU- 12
KPOKpEMHE3eM, IO CpPaBHEHUIO C KOH- 1,1
TpoJibHBIM (0Opa3err Ne 1) nmeer Gosee of- 1
HOPOIHYIO ¥ IJIOTHYIO CTPYKTYPY. MUKpoO-
KpeMHe3eM aKTHUBHO y4acTBYeT B IIpollecce '
TMApaTaliy CMECH, €70 YaCTUIIEI 3amonHsa- 08 ,ir
IOT CBOOOIHBIE MPOCTPAHCTBA MEXIY TU- 07 A
JpaTUPYIOIIMMHK 3€PHAMY LIEMEHTA, YIUIOT- | ¢
HSIST M YIIPOYHSISI CTPYKTYPY 00pasLioB. ’

PenTtrenodazoBblii aHaIU3 TIPU MCCIIe-
JIOBaHUM MaTepHuajioB 1 HOBOOOpa3oBaHUIA
B CTPYKTYpe 3aTBEpACBIIMX KOMITO3UIIWIA
MPOBOAWJICA Ha IUPpaKTOMETpe OOIIEro
HazHaueHus1 JIPOH-3 ¢ ucnoiabp3oBaHneM
MeToja rnopoiika (puc. 4).

IIpoaHaIM3npoBaB pEeHTITEeHOTPAMMbBI, MOXHO CIE/aTh
BBIBOJI, UTO TUApATAIINS IIeMeHTa cepuit 0opasmnoB Ne 3 uuet
0osiee THTEHCUBHO (puc. 4, b), 3TO MOATBEPKIACTCS CHIDKE -
HUEM JIMHUM CUJIMKaTa Kanbuus (TuHus d,=3,18).

NuddepeHIMaTbHO-CKaHUPYIOAss KaJOPUMETPHS
KOMTO3UILIMI MPOBOIMUIACH B MHTEPBaJe TEMIepaTyphl OT
100 mo 900°C co ckopocTbio HarpeBa 10°C/MuH Ha nepuBa-
torpacde TGA/DSC-1 dpupmer Mettler Toledo (puc. 5).

Cnextpsol JCK crieKTpocKonuu nokasajiu, YTo Ipy BBe-
NIEHUU B CTPYKTYpY 00pa30B MUKPOKPEMHe3eMa ITPOUCXOIUT
CBS3bIBAHME TUIPOKCUIA KaJbIUsI, O YeM TOBOPUT OTCYT-
CTBHE DHIOTEPMHUYECKOTO dd@deKTa Tpu TeMIeparype
482,5°C Ha crnekTpe 06pasnoB u3 cepuu Ne 3. dopmupyio-
mmecst 6ojiee HU3KOOCHOBHBIE THAPOKCHUIBI KaTbIIUS MOTYT
OBITb MACHTUGULIMPOBAHBI TTO CHIDKEHUIO TeMITepaTyphl UX
neruapataium ¢ 772 no 759,5°C u ob6pazoBaHUEM BOJLIACTO-
Huta [12] TIpU MEepeKpUCTAIN3alUA CHUIIUKATOB KaJTbLIMSI
(3k30TepMuueckuii apdexr npu temrepatype 945 u 8§70°C).

It TTonTBepXKACHUST B3aMMOIEHCTBHIA COCTABIISIONINX B
KOMTIO3UILIMY TIPOBOIMIICS aHAJIN3 UCCIIEIYeMBIX COCTABOB Me-
TOOOM MHGpakpacHoil cekTpockornuu Ha MK-Pypee criek-
TpomeTpe «Spectrum 100» B o6nactu yactor 3900—450 cm!
(puc. 6). Anamm3 MK-criekTpoB Tmokasaj, 4To MpH BBEICHUH
MUKPOKpEMHE3eMa WMHTEHCUBHOCTh JIMHUM TIOTJIOIIEHUS
1458,18 u 1419,61 cm’!, cooTBETCTBYIOIIMX TpPYMITMPOBKAM
CO,, cHMXaeTCs B CBSI3U CO CBSI3bIBAHMEM CBOOOJHOTO M'MIPOK-
cuia Kajiblusl. AHaIU3 JIMHUWIA norioleHus: B oonactu 1050—
1000 cm™! mokaspiBaeT MOBBIIIEHUE MHTEHCHBHOCTU JIMHUIA,
COOTBETCTBYIOIIMX TMAPOCUIINKATAM KaJIbLIMsI, YTO TMO3BOJISIET
TOBOPHUTH 00 00Pa30BaHUY IOTIOJTHUTEILHOTO €T0 KOJTIMIECTRaA.

1,3

21

3900 3600 3300 3000 2700 2400

1950 1800 1650 1500 1350 1200 1050 900 750 600 450
1/cm

Puc. 6. IK-cnekTpbl: @ — o6pasel, cepun Ne 1; b — o6paseu, cepum Ne 3
Fig. 6. IR spectra of investigated: a — sample of set Ne 1; b — sample of set Ne 3

intensive (Fig. 4, b), which is confirmed by decrease of cal-
cium silicate line (line d,=3,18).

Differential scanning calorimetry of the compositions has
been conducted within the temperature range from 100 up to
900°C at heating rate 10°C/min at derivatograph TGA/DSC-1
manufactured by Mettler Toledo (Fig. 5).

DSC spectra demonstrate that addition of microsilica
into the samples structures leads to binding of calcium hy-
droxide which is identified by the lack of endothermic effect
at temperature 482.5°C on the spectrum of set Noe 3 samples.
Formation of calcium hydroxides with lower basicity can be
identified by decrease of their hydration temperature from
772°C to 759.5°C and formation of wollastonite [12] during
re-crystallization of calcium silicates (exothermic effect at
temperatures 945.0°C and 870.0°C).

To confirm the interactions of the composition compo-
nents, the analysis of the studied compositions has been
conducted by means of infra-red spectroscopy at IR-Fourier
spectrometer «Spectrum 100» within the frequency range
3900—450 cm™! (Fig. 6). The IR spectra analysis has shown
that adding of microsilica is accompanied by decrease in the
intensity of absorption lines 1458.18 and 1419.61 cm™' cor-
responding to CO, groups decrease as a result of binding of
free calcium hydroxide. The analysis of absorption lines
within the range 1050—1000 cm™' demonstrates the increased
intensity of the calcium hydrosilicates lines and it indicates
formation of additional volume of calcium hydrosilicates.

Conclusion

1. Application of finely dispersed microsilica with na-
noscale particles as an additive accelerates the strength devel-
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BoiBoapl.

1. Ucnonb3oBaHue BBICOKOAMCIEPCHOTO MUKPOKPEM-
He3eMa C YaCTULIAMU HaHOPAa3MEePHOTO YPOBHS B KayecTBe
NI00aBKU YCKOPSIET Mpoliecc Habopa MPOYHOCTU Mccenye-
MO KOMIIO3UIIMM HA OCHOBE MOJIOTOTO KUPITUYHOTO 005 1
MMO3BOJISIET CHU3UTH PAacXo[ IEMEHTHOTO BSIXKYIIIETO C yBe-
JIMYEHUEM MPOYHOCTHBIX XapaKTePUCTUK KOMIO3UIIMH.

2. AHanu3 pe3yabTaTOB CHEKTPOCKOIIMU IOKa3zaj, 4To
MpU 100ABJIEHUN MUKPOKPEMHE3eMa B UCCIIEIyeMYIO0 KOM-
TO3ULIMI0 00pa3yroTCsl JOMOJHUTEIbHbIE HU3KOOCHOBHBIE
TUAPOCUIIMKATBI KaJIbLIUs, YIUIOTHSISI TEM CaMbIM CBOOOJI-
HbI€ MPOCTPAHCTBA MEXIY 3€pHAMU LIEMEHTA.

3. YacTuyHas 3aMeHa MOPTJIAHILIEMEHTa Ha MOJIOTHIN
KMPIUYHBINA OO B COUETAHUM C MUKPOKPEMHE3EMOM IIpe-
JIOTIpeAeIIsIeT BO3MOXHOCTb UCTIOJb30BaHUSI BSKYILIEH KOM-
TO3ULIMY MPU TPUTOTOBJIEHUN HU3KOMAPOYHBIX PACTBOPOB
1 OETOHOB.
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opment of the investigated ground crushed brick-based
composition and allows to reduce the cement binder con-
sumption as well as increase strength properties of binding
composition.

2. The analysis of spectrometry results has demonstrated
that adding of microsilica into the investigated composition is
accompanied by formation of additional low-basic calcium
hydrosilicates, thus compacting the empty spaces between
cement grains.

3. Partial replacement of Portland cement with ground
crushed brick with addition of microsilica provides the ap-
plicability of binding composition for manufacturing of low-
grade mortar and concrete.
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Moaudmkauua uemeHTa u 6eToHa yrnepoaHbIMMU
HaHOMaTepuanamu, Nosly4eHHbIMU U3 YroNbHOro Keka

lpeAcTaBneHbl pesynbTaThbl MCCReA0BaHMA N0 MOAMGULMPOBAHMIO LLEMEHTHOrO KaMHs 1 66TOHA YrNepOAHbIMM HaHOMaTepuanamu, noay4eHHbIMU

B [IBYX Pa3NiyHbIX YCTAHOBKAX C 1CMOMb30BAHNEM NNA3MEHHOI U 3NeKTPOPa3psAAHOI TEXHONOMWiA. BbISBNEHO, 4TO YTO 3HepronoTpebneHune
3N1eKTPOPa3PAAHON YCTAHOBKM HA MOPALOK HUDKE, YeM Y Na3MeHHOI, 0AHAK0 3 (PeKTUBHOCTL BO3AeACTBMA 106aBOK ¢ YHM, nony4eHHbIX B 3TUX
YCTaHOBKAX, Ha CBOWCTBA LiEMEHTA M 6ETOHA Ha ero OCHOBE, CYLLECTBEHHO OTNIMYAOTCA Mexay co60ii. Mony4yaemble B pe3ynbraTe 06paboTKN yronbHOro
Keka yrnepofHble HaHoMaTepuanbl 6bIAN MCCNEeA0BaHbI C MOMOLLbIO 3N1EKTPOHHO-MUKPOCKOMMYECKOr0, 9NEMEHTHOM0, CNEKTPaIbHOr0 aHanu3oB.
BBseneHme yrnepoaHbIX HaHOMATepKUanoB B peaynbTaTe KOMNAEKCHOrO B3aMMOENCTBIS NPUBOAUT K M3MEHEHUIO (Da30BOro COCTaBa U MUKPOCTPYKTYPbI
LLEMEHTHOr0 KamH$i 1 COOTBETCTBEHHO YNy4LIAeT PU3NKO-MeXaHU4eCKMe 1 3KCMyaTaLmoHHbIe CBONCTBA GETOHOB.

KnioyeBble cnoBa: nna3meHHas YCTaHOBKA, 3N1EKTPOPA3pALHas YCTAHOBKA, YrONbHbIA KK, YrNepoaHble HaHOMaTepuansl, NOPTNaHALEMEHT,
MOLUULMPOBAHHbIN GETOH.

Ins uutupoBanus: YpxaHosa J1.A., bysHtyes C.J1., JixacapaHos C.A., Xmenes A.b., YpxaHoBa A.A. Mogndmkaumus LemeHTa n 6eToHa yrnepogHbIMu
HaHoMaTepuanamu, Nony4eHHbIMIU U3 YronbHOro Keka // CTpouTenbHble matepuansl. 2017. Ne 1-2. C. 19-25.

L.A. URKHANOVA, Doctor of Sciences (Engineering) (urkhanova@mail.ru), S.L. BUYANTUEV, Doctor of Sciences (Engineering) (buyantuevsi@mail.ru),
S.A. LKHASARANQV, Candidate of Sciences (Engineering), A.B. KHMELEV, Engineer, A.A. URKHANOVA Engineer
East Siberia state university of technology and management (40v, Kluchevskaya Street, Ulan-Ude, 670013, Russian Federation)

Modification of Cement and Concrete with Carbon Nanomaterials Obtained from Coal Cake

The article presents the results of studies on the modification of the cement stone and concrete with carbon nanomaterials, obtained in two different units with the use of plasma and
electric discharge technology. Revealed that the energy discharge unit is lower than that of plasma, but the effectiveness of the impact of supplementation with CNM obtained in plasma
and discharge units, the properties of cement and concrete on its basis significantly different among themselves. Obtained as a result of the plasma and electric discharge treatment of
coal cake carbon nanomaterials have been studied by electron microscopy, elemental, spectral analyzes. The introduction of carbon nanomaterials as a result of a complex interaction

leads to a change in the phase composition and microstructure a cement stone and consequently improves the physical, mechanical and performance properties of concrete.

Keywords: plasma unit, electric discharge unit, coal cake, carbon nanomaterials, Portland cement, modified concrete.

For citation: Urkhanova L.A., Buiantuev S.L., Lkhasaranov S.A., Khmelev A.B., Urkhanova A.A. Modification of cement and concrete with carbon nanomaterials obtained from coal cake.
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B Hacrosmiee Bpemsi B Pecriybnvke Bypstust neiicTByoT
pu TOU — VYman-Ymsuckue TOL-1 u TOL-2, 'ycuno-
ozepckasg 'POC u MHOrouyumcieHHble KPYIIHbIe W Mallble
KOTeJIbHbIe, paboTaollire Ha YrojbHOM TOIUIMBE. YTOJb,
JIOOBIBAEMBIiA B IIIAXTaX WJIM U3 YTOJIbHBIX Pa3pe30B, COPTU-
pyeTrcss U oboramaeTcss Ha 00OraTuTe/lbHbIX (abpukax.
YronbHO-oOOTraTUTENbHBIE TIpeanpusaTus PecnyOoauku
BypsTust exxemHeBHO 00pa3ylOT THICSIYM KyOOB OTXOIOB —
TaK Ha3bIBAEMbI YTOJbHBIM KEK, COCTOSIIMNA U3 YIOJIbHOM
NbUIM U BoAbl. Kek 0ObIYHO TpeacTaBisieT co00il INIMHO-
00pa3Hylo CyOCTaHIIMIO, MOJTYYEHHYIO IO pe3yabTaTaM pas-
JIeJICHUST YTOJILHOTO ChIPbs 1O (pakiusiM. bosee KpyrHbie
dpakuy yIiIs OTIPABJISIOT Ha JaJbHEHIINIA TIpoliecc 060-
TaleHus W CYIIKY B CyIIMIbHBIX TTeyax. Menkast (ppakiust
(keKk) oObryHO yTuiausupyercs. CopepxaHue yriepoma B
YroJbHBIX KeKax coctaBisieT 40—45%, 3o1b1 40—50%, Bomb
12—20% [1].

B xauecTBe UCXOIHOTO CHIPbsI B pabOTE UCTIOIB30BAICH
MPOAYKTHI YIJIEOOOTallleHUs] — YTOJbHBIA KeK, KOTOpPBIi
Tpy TIepepaboTKe B 3JICKTPOAYTOBOHM IuTa3Me ITO3BOJISAET
TOJIy4yaTh KOMIUIEKC IIEHHBIX TPOAYKTOB: CHHTE3-Ta3, aKTH-
BUPOBaHHbBIM YroJjib, a TakKe YIJepoAHble HaHOMaTepua-
nbl (YHM).

YHM nonydanu B IByX pa3JMYHBIX YCTAHOBKAaX C MC-
MOJIb30BAHUEM TUIAa3MEHHOU W 3JIEKTPOPA3PSIAHON TEXHO-
qoruii. Tlma3MeHHasT MOAYJbHAsI TEXHOJIOTHUS TIO CpaBHeE-
HUIO C TPAAUIIMOHHBIMU TEXHOJOTUSIMU HCIIOJIb3yeT SHEp-
TMIO 3JIEKTPOAYTOBOW IJIa3Mbl, IMO3BOJISIONIYIO MPOU3BO-
JINTb KOMIUIEKCHYIO MepepaboTKy yIjieil M YroJbHbIX Ke-
KoB (puc. 1). HarpeB KeKoB IMpOM3BOAUTCS B IOTOKE BHICOKO-

At the present time in the Republic of Buryatia has three
TPP — Ulan-Ude TPP-1 and TPP-2, Gusinoozerskaya TPP
and numerous large and small boilers who work on coal. The
coal produced in mines or coal opencasts, sorted and en-
riched in mineral processing plants. Coal enrichment plants
of the Republic of Buryatia daily form thousands of cubic
meters of wastes, the so-called coal cake, consisting of coal
dust and water. The cake is usually a clay shaped substance
obtained as a result of the separation of raw coal by fractions.
The larger coal fraction is sent to a further process of concen-
tration and drying in a drying ovens. The fine fraction (cake)
is usually utilized. The carbon content of the coal cake is
40—45%, 40—50% ash, water 12—20% [1].

In paper as a feedstock were used coal cleaning products
— coal cake, in which the processing plasma arc produces a
set of products: the synthesis gas, activated carbon and car-
bon nanomaterials (CNM).

CNM was obtained in two different units using plasma
discharge and technologies. Plasma modular technology,
compared with traditional technologies, uses the energy of
the plasma arc, allowing to make complex processing of coal
and coal cakes (Fig. 1). Heating cakes is produced in a highly
concentrated stream of low-temperature plasma with forma-
tion of a rotating electric arc. Thus, in cross-section have full
reactor temperature profile from 2800 to 3500°C.

The reactor gasification processes take place and activa-
tion coal cake and the fine carbon black is formed containing
carbon nanomaterials, in the gas by arc evaporation of graph-
ite in the plasma and in the water by hardening of fine carbon
particles in the plasma reactor electromagnetic scrubber. At
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KOHLIEHTPUPOBAHHON HU3KOTEMIIepaTyp-
HOI TU1a3Mbl ¢ OPMUPOBAHMEM Bpalliaro-
1Ieiicst aneKTpudyeckoi ayru. TakuMm o0-
pa3oMm, B TIOMEPEYHOM CEYEHUM peakTopa
MMOJIy4YaloT TOJHBINA MPoduIb TemIiepaTy-
puI ot 2800 1o 3500°C.

B peakrope MpoucxonsaT Mpouecchl ra- 2
3udUKAIMY U aKTUBUPOBAHUS YTOJBHOTO
KeKa, a Takxe 00pazyeTcst MeJIKOIUCIIepC-
Hasl caxa, cojepxaliasi yrjiepoaHble Ha-
HoOMaTepuaibl, B raze IyTeM MCIapeHus
rpacduTa B 3JEKTPOAYTOBOi IIa3Me U B
BOJIe TIYTeM 3aKaJKi BBICOKOAMCIIEPCHBIX
yacTUIl yIjiepoaa B CKpybbOepe 37eKTpo-
MarHuTHOTO TJIa3MeHHOTro peakTopa. [1pu
U3MEHEHUU 3HepronorpedaeHus ot 20 10
40 xBT-4 BbIXO[ YIJIEpOJHBIX HAHOMATEPU -
anoB Bapbupyetcst ot 50 mo 100 r/4 mpu
IOCTOSTHHOM pPacxXxojie YroJlbHOTO KeKa
20 kr/4 [2, 3].

Jns mosyyeHUs] CeIMMEHTAllMOHHO
YCTOMYMBOM U BBICOKOJUCIIEPCHOM Cy-
CIIEH3UU U3 YTOJLHOTO KeKa ¢ pPAaBHOMEPHO
pacnpenencHHEIMA Y HM B 00beMe BOTHOM
cpennl OblIa pa3padboTaHa MajorabapruTHAs
2JIEKTpOpa3psiAHasl yCcTaHOBKa (puc. 2).
DaexTpopaspsiiHasi TEeXHOJOTUSI OCHOBBI-
BaeTCsl Ha MCITOJIb30BAaHUM JIEKTPUUECKOTO pa3psiia B rete-
POTeHHOI cucTeMe BOIa—IOPOIIKOBBINA YTOJbHBINA KEK IS
YMEHBIIEHUS KOATyJISILIUY YacTHU1l YIJIepoa.

B pesynbrate sKCiepuMeHTaIbHBIX UCCIIeI0BaHUIM OBLTO
YCTaHOBJICHO, YTO B IIPOIIECCe JIEKTpOopa3psiaHOil 00padoT-
KU CYCIIEH3UHU M3 YTOJBHOIO KeKa 00pa3yioTcsl yIiiepoaHble
HaHOMaTtepuasbl [4].

M3meHsisa aHepromnorpedieHre pu paboTe 3J1eKTpopas-
psinHO# ycTaHOBKM OT 1,5 1o 3 KBT'4, MOXXHO BapbMpoBaTh
ee MPOU3BOAUTENIEHOCTD OT 5 10 10 KT/4 CycnieH3uu, coaep-
xameir YHM. CtouT oTMETUTh, YTO 3HEPromoTpedieHre
9JIEKTPOPa3psIIHON YCTAHOBKM Ha TMOPSIAOK HMXKE, YeM Y
MJ1a3MeHHOM, ofHaKo 3¢(HEeKTUBHOCTb BO3ACHCTBUS 100a-
BokK ¢ YHM, nosydyeHHBIX B 3TUX YCTAaHOBKAX, Ha CBOMCTBA
1IeMeHTa U OETOHA Ha er0 OCHOBE CYIIIECTBEHHO OTJINYAIOT-
¢ MeXIy coboit, KaK TToKa3aJ UCCIIeTIOBaHUS.

Hna ouenku 3¢dekTuBHOCTH mojaydeHus YHM B
9JIEKTPOAYTOBOM TUIa3Me IMPOBEASHBl TePMOIMHAMUYE-
CKMe pacueThl Ipoliecca BbICOKOTeMIIEpaTypHOil obpa-
060TKHM KeKa B mporpaMmMHoM Komriekce TERRA. Pacuetst
Mmokasaju, 4To caxeobOpazoBaHue YHM mnpencrasiser
cobolf CTyMeHYaThlii CBOOOXHOpPATUKAILHBIM TIpoliecc
BO3HUKHOBEHUS 3apOAbIIICH W3 yIIeBOITOPOIHBIX paay-
KaJoB, MX POCTAa M KOAryJslMd BO3HUKIIUX YaCTHII.
IMosiBieHUE U POCT KOHIIEHTPALIMK aTOMAapHOTO yIrjiepojaa
npoucxonat npu temnepatype 3200 K. DT1o cBuaeresnnb-
cTByeT 00 oOpa3oBaHUM NapoBoit ¢a3bl yriaepoaa, KOTo-
past mpu KoHAeHcaluu obpasyet kiactepsl YHM. Takum
oOpa3oM, Iuia3MeHHass 00paboTKa KeKa IPU CBEPXBHICO-
KOI TeMIiepaType MPUBOIUT K TOMY MPEaeTbHOMY COCTOS -
HUIO pacllerneHus U Tpeodpa3oBaHus ero OpraHM4ecKoi
Macchl, KOTOpOE JOCTUTaeTcs MpU MOAABJIEHUH Mpoliecca
MOJMKOHIEHCAUU BCJIENCTBUE YCKOPEHUSI TEPMUYECKOI
JIeCTPYKIIMU.

YHM, nonyyeHHBIE U3 KeKa ITyTeM IUIa3MEHHOM o0pa-
OOTKU, OBbLITM UCCIEAOBAHBI C IOMOIIBI0 MUKPOCKOTUYECKO-
'O ¥ CIIEKTPAJIbHOTO 3JIEMEHTHOTO aHAIM3a HA CKAaHUPYIOLLEM
pacTpoBOM 3JIeKTpoHHOM MUKpockorne JEOL JSM-6510LV.
VYrieponHele HAHOMaTepPUAJIbl UMEIOT KaK KOMITAKTHYIO, TaK
U BOJIOKHUCTYIO YIBTPAIMCIIEPCHYIO CTPYKTYPY, YTO YKa3bl-
BaeT Ha HaJIMYME TaKWX OCHOBHBIX (DOPM HAHOYACTUII, KaK
WTYKOBUYHbIE YTJIEPOIHBIE CTPYKTYPhI» ((DysiepeHbl, MHOTO-
CJIOMHbIE rurepdyiepeHbl) U «HUTEBUIHBIC YIIEPOIHbIC
CTPYKTYpPbI» (HAHOTPYOKU, HAHOBOJIOKHA).

Bogna
Water

OuneH-

HbIli ra3

Cleaned
gas

14

10 15
13

12

Bopna
Water
11

14

Puc. 1. lMna3meHHas ycTaHOBKa KOMIMJIEKCHON nepepaboTku yras: 1 — peakTop; 2 — MarHnTHas
KaTylika; 3 — nosaTop; 4 — 6yHKep cbipbsl; 5 — katon,; 6 — aXeKTop; 7 — naporeHepartop; 8 — kamepa
mydens; 9 — kamepa pasgenexus; 10 — Tpyba BbiBoga rasa; 171 — c6opHuk; 12 — ckpybbep;
13 — punbTp; 14 — c60pHKK YHM ckpy66epa; 15 — LMKIIOH

Fig. 1. The plasma unit of complex processing of coal: 1 - reactor; 2 — a magnetic coil; 3 - the
dispenser; 4 — bunker raw materials; 5 — a cathode; 6 — ejector; 7 — a steam generator; 8 — muffle
chamber; 9 — the separation chamber; 710 — gas outlet pipe; 77 — compilation; 72 — scrubber;
13 — filter; 14 — compilation CNM scrubber; 15 — cyclone

change of power of 20 to 40 kWh carbon nanomaterials out-
put of varies from 50 to 100 g/h at a constant flow rate of the
coal cake 20 kg/h [2, 3].

For sedimentation and stable suspension of finely di-
vided coal cake, with a uniformly distributed amount of
CNM in the aqueous medium, small-sized electric dis-
charge unit (Fig. 2) was developed. Electrical discharge
technology is based on the use of electrical discharge in a
heterogeneous “water—carbon powder cake” system to re-
duce the coagulation of carbon particles. As a result of ex-
perimental investigations, it was found that during discharge
processing of the slurry carbon nanomaterials are formed
from the coal cake [4].

By varying power of discharge unit from 1.5 to 3 kWh, its
performance can be varied from 5 to 10 kg/h of a suspension

Puc. 2. 3kcnepumMeHTanbHas ycTaHOBKa AJ191 MPUrOTOBIEHNS CYCNEH3MU U3
yronbHOro keka: 1 — agtToTpaHcdopmaTop Ans nuTaHus apuratens; 2 — ABu-
raTenb; 3 — BpaLwaoLwmiica cheprnyecknii anekTpon,; 4 — eMKOCTb C CyCMneH-
3nen; 5 — aBToTpaHchopmMaTop OJ1s CO3LaHUS SNIEKTPUYECKOro paspsga
Mexay chepmnyeckum 3NeKTPOAOM U CTEHKAMM EMKOCTU C CyCreH3unemn

Fig. 2. Experimental installation for suspension of the coal cake: 7 — an auto
engine power; 2 - engine; 3 — rotating spherical electrode; 4 - slurry tank;
5 — autotransformer for generating an electric discharge between the
spherical electrode and the slurry tank walls
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HccnenoBaHue 3IeMEHTHOTO COCTaBa M | a
CTPYKTYpPbl YTOJIbHOTO Ke€Ka /0 U TOocie
3JIEKTPOPA3psIAHON U TUIA3MEHHOM olpa-
0OTKM MPOBOIMUJIOCH C TOMOIIbIO CIEK-
TPaJbHOTO MUKPOCKOITMYECKOTO aHaju3a
(puc. 3). U3 MUKPOCHUMKOB BUIHO, YTO
MocJe 3JEKTPOPA3PSAHONA U TIa3MEHHOM
00pabOTKM MOBEPXHOCTh Ke€Ka HMMEET Io-
pasno 60s1ee OMHOPOIHYIO CTPYKTYPY, CBSI-

3aHHYIO CO CTIIEKAaHWEM YaCTULl KeKa MpU
BBICOKOTEMIIEpATypHOM  BO3JECTBUU.
DJIeMEHTHbBI aHaJIM3 00pas3loB KekKa I0-
Kazajl, 4YTO COAepxKaHue yriaepoja Iocie
2JIEKTPOPa3psIIHOM U ILIa3MEHHON obOpa-

Qv

Puc. 3. CTpykTypa NoOBEpPXHOCTU Keka: a — 10 06paboTku; b — nocne anekTpopaspaaHo o6paboT-
KU1; ¢ — NOC/e NnasmeHHon 06paboTku

Fig. 3. The surface of the cake structure: a — before treatment; b — after the discharge treatment;
c — after the plasma treatment

60TKU yBeaIMYuiIoch Ha 32—40%, 4To roBo- 90
pUT 006 AKTMBALMM ITOBEPXHOCTH KeKa, a 8o L

CHUXEHHME COIepXaHWsl KHUcIopona Ha ]

23,71—-25,22% CBUIETENLCTBYET O TOM, YTO S g or — ] ]

OH BBICTYNAeT AKTUBHBIM 3JIEMEHTOM B s o 60

mpoliecce TEPMOACCTPYKLMU KeKa Ipu § £ s

IUIa3MEHHOM 00paboTKe 1 B Mpoliecce 00- §§ 2

pa3oBaHMSl OKCUIOB Cepbl M a30Ta IpHU € 2

aJIeKTpopaspsinHoil oopaborke. HecmoTpst 58 30

Ha TO YTO MEXaHU3M BO3[EICTBUS ra3opas- 3 § 20

PSAOHON TUIa3Mbl M 3JIEKTPUYECKOTO pa3- £©

psifa B KUIKOCTM CYLLIECTBEHHO OTJIMYA- 10

10TCS1, UBMEHEHUS 2JIEMEHTHOTO COCTaBa 1 0

MUKDPOCTPYKTYPBI KEKA B pE3YJIbTATE JJIEK- W'i?]HT[t)OI;taﬂttjM YHM ¢ nnasmgeg:ig;m YHM ¢ nnasMgr:r;/oﬁ YHM ¢ nnaame1Ho;|0|7|

TDOPAIPAHOI  LAANEHHOM 00PAOOTKN todsddins o 001 grmennn(01%) - semoon (11)

UMCIOT CXOKNU XapaKTep. unit (0,01%) unit (0,1%) unit (1%)
st ompenesieHusT HATMIUSI B COCTaBe KowueHTpaLus goGasku, %

YHM oymneperos Obitn cusitel K- Concentration of the additive, %

CIIEKTpbl 00pAa3lOB, BBIACIEHHBIX TOCHIE b %0

skcrpakunu. MK-criekrpomeTpust mpoBo-
nunack Ha npubope Nicolet-380 FT-IR.
ITo pesynpratam HMK-cnexrpockornuu
UIECHTU(ULUPOBAHBI YACTOTHI KOJIEOAHUIA,
oTHocsiuuxcsl K dysuiepeHam Cgy U C7?:
v=1419, 1169, 807, 600 u 533 cm .
KoyiopuMmeTpuyeckuii aHajM3 3KCTpakTa
CaXEeBBbIX arperaToB, TOJYYEHHBIX 3JIeK-
TPOOYrOBOM INTa3MEHHOII 00pabOTKOM
KeKa, MoKa3aj IPUCyTCTBUE B HEM (yiie-
peHoB Cg u C,, pACTBOPEHHBIX B TOJTYOJI€.

MpouHoCTb Npu cxatumn, Mla
Compressive strength, MPa

CycneHaus 13 keka

CycneHans 13 keka CycrieHans 13 keka

C aneKkTpopaspsiaHo C 3NEKTPOPa3PAAHOIA C 9NeKTPOpPasPaaHoOi
UccnenoBaHue TeXHOJIOTMYECKUX Xa- yctaHosku (0,01%) yctaHoskw (0,1%) ycTaHoBkw (1%)
CNM from electric CNM from electric CNM from electric

PaKTEepUCTUK MOPTJIAHILIEMEHTA TTPU BBEIE-
HUU B HUX HAHOPa3MEPHBIX 100aBOK SIBJISI-
€TCS BAXKHBIM, TIOCKOJIbKY BBICOKA yAebHast
MOBEPXHOCTh HaHOYaCTHII [ 5—7]. st otieH-
k1 BausHUS YHM Ha TexHosoruueckue
XapaKTepUCTUKU TOPTIaHALEMEHTa ObLUIU
UCTIOIb30BaHbl BOAHbIE cycrnieH3uu YHM,
MOJIyYeHHbIe B TIJIa3MEHHOM YCTaHOBKE,
npu ux cogepxanuu ot 0,001 mo 0,01% ot
Maccel nemeHta 1 YHM, monydeHHEBIE B
3JIEKTPOPa3PsIIHON yCTaHOBKE, MpU uX coaepxkaHuu ot 0,01
110 0,1%. Beenenrie YHM u3MeHsIET TEXHOJOTMUECKHE CBOM-
CTBa LIEMEHTa U CPOKU €ro cXBaThIBaHUSI (Ta0I. 1).

HM3mMeHeHUe MONBMXXHOCTWM TPU BBEIECHUM HAHOMM-
CMEepPCHBIX A00aBOK CBSA3aHO C TeM, 4TO yacTuiibl YHM,
MMOI0OHO TTOBEPXHOCTHO-aKTUBHBIM BeIlleCTBaM, 00J1a1aloT
CIOCOOHOCTBIO aICOPOMPOBATHCS HA IIOBEPXHOCTU LIEMEHT-
HBIX 3¢peH U y4acTBOBaTb B 00pa30BaHUU MPOCTPAHCTBEH-
HBIX KOAryJsIIMOHHBIX CTPYKTYp [6, 8, 9]. HaHodacTuiisl
OPUEHTHUPYIOTCS TaK, YTO TUAPOKCUIIbHBIE TTOJISIPHBIE TPYII-
bl O0palieHbl K TUAPaTUPYIOIIEHCsS TTOBEPXHOCTU 3epHa
IIeMeHTa, a (PYHKIMOHAJbHBIC TPYIIBI — K Boae. TeM ca-
MBIM 00JIeT4aeTcsl B3aMMHOE TepeMellieHue 3epeH IIeMeHTa,
YTO yJIy4IllaeT MOJBUKHOCTb CMECH.

YCTaHOBJIEHO, YTO Y 1IEMEHTa, 3aTBOPEHHOIO BOJOI ¢
YHM, nonyyeHHOIi B TJIa3MEHHOM YCTaHOBKE, MPY pa3iny-

[]- 28 days

discharge unit (0,01%)

discharge unit (0,1%) discharge unit (1%)

KoHueHTpaums fobasku, %
Concentration of the additive, %

Puc. 4. ®dunaunko-mexaHnyeckme xapakrepuctmku: a — MU, ¢ YHM, nony4eHHbIMW B NnasmMeHHon
yctaHoBke; b — ML, ¢ YHM, nony4yeHHbIMW B 3N1E€KTPOPa3PaaHON YCTaHOBKE; CPOKU TBEPOEHUS:
HW-2cyr;[@-7cyr; []-28cyr

Fig. 4. Physical and mechanical characteristics: a - PC with of CNM obtained in the plasma unit;
b - PC with the of CNM received in the electric installation; hardening time: [l - 2 days; [l - 7 days;

containing CNM. It is worth noting that the energy discharge
unit is lower than that of plasma, but the effectiveness of the
impact of supplementation with CNM obtained in plasma
and discharge units, the properties of cement and concrete on
its basis, as studies have shown significantly different among
themselves.

To evaluate the effectiveness obtaining CNM in plasma
arc high thermodynamic calculations are performed pro-
cessing in software cake TERRA complex. Calculations
showed that the formation of CNM is a step of free radical
processes of nucleation of hydrocarbon radicals, their
growth and coagulation of particles encountered. The emer-
gence and growth of the carbon atomic concentration oc-
curs at a temperature of 3200 K. This indicates the forma-
tion of the vapor phase of carbon which, when condensation
forms clusters of CNM. Thus, the plasma treatment cake at
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Slump flow

Ta6bnuua 1 yltrahigh temperatures causes the limit of
Table 1 jts splitting and conversion of organic mat-
~ ter is achieved by polycondensation sup-
YHM, nony4eHHble B Na3MeHHOW yCTaHOBKE . .
CNM obtained in plasma unit pressing thermal degradation due to accel-
eration.
Mokasarens Epn. n3am. | KoHtponbHbii o6pasey, | YHM 0,01% | YHM 0,001% CNM obtained from cake by plasma
Indicator Units Without additives CNM 0.01% | CNM 0.001% treatment were investigated using micro-
HopmarbHast ryctota , scopic elemental and spectral analysis
Standard consistence % 25 26 25,5 (JEOL JSM-6510LV). Carbon nanomate-
TE——— " s 170 160 rials have both compact and ultradisperse
Intial setting fibrous structure. The presence pf basic
KoHeL, cxBaTbiBaHUS MWH 245 255 260 nanoparticles fgrms such as onton car-
Final setting bon structures” (fullerenes, multi-layer
hyperfullerenes) and “filamentous carbon
MoaBKHOCTL PacTBOpPa structures” (nanotubes, nanofibers) is in-
no pacnbiBy KOHyca MM 135 140 137 dicated.
Slump flow The element composition and struc-
YHM, nonyyeHHsle B 3NeKTPOPa3pAAHOI YCTaHOBKE ture of the coal cake before and after a
CNM obtained in electric discharge unit discharge and plasma treatment was car-
- ried out by using the spectral microscopic
HOKgsaTenb En. nsm. KOHTPOJ‘IbeIVI qﬁpaseu YHM 0,01‘;& YHM 0,001‘:)& analysis (Fig. 3). From the micrographs it
Indicator Units Without additives CNM 0.01% | CNM 0.001% is seen that when plasma discharge treat-
HopmanbHas ryctota o 25 95 25 5 ment and the cake surface has a much
. 0 s s .
Standard consistence more homogeneous structure associated
Hauarno cxeaTeiBaHys MK 145 150 155 wjth the sintering of the particles of cake at
Initial setting high exposures. ,
KOHeLL CXBaTIBAHNS MUAH 245 250 255 Elemental analysis of the cake samples
Final setting showed that the carbon content after dis-
charge and plasma treatment increased by
MopgwxHOCTb pacTeopa 32—40%, which indicates the activation of
o pacnbiBy KOHyca MM 135 138 135

the surface of the cake, and the reduction
of the oxygen content at 23.71-25.22%

HOI1 KOHIICHTpALUU MPOUCXOIUT YIJTMHEHUE CPOKOB CXBa-
THIBaHMS (HAYajI0 CXBaTbIBaHUS — 10 5%, KOHEIl CXBaThIBa-
HUs — 10 22%). OQHOBpeMEeHHO BO3pacTaeT IJIaCTUYHOCTh
LIEMEHTHOTO TECTa W €€ COXPaHsSEeMOCTb BO BPEMEHU, UTO
BAXXHO, HanpuMep, Mpu JUIMTEIbHON TPaHCIIOPTUPOBKE Oe-
TOHHOI CMeCU Ha OCHOBE MOIUGUIIMPOBAHHOTO LIEMEHTA.

Y nemeHTa, 3aTBopeHHOr0 Bomoil ¢ YHM, nonyyeHHOI
B BJIEKTPOpPa3psIIHON YyCTAHOBKE, TIPU pa3IMYHON KOHIIEH-
TpalMy B MEHBIIIEH CTENeHU MTPOUCXOIUT YAJTUHEHUE CPO-
KOB CXBaTbIBaHUS (HAyaJao cxXBaTbiBaHUS — 10 3%, KOHeIl
cxBaThiBaHUst — 10 10%). [10ABMKHOCTD LIEMEHTA U €r0 CO-
XPaHSIeMOCTbh BO BpDEMEHU TaKXe BO3PACTAIOT.

YacTuusl 106aBKM, MOJYYEHHOW B IUIA3MEHHOW ycTa-
HOBKE, BO3IEHCTBYIOT Ha LIEMEHTHYIO CUCTEMY TIPU MaJIbIX
JIO3UPOBKAX B CPABHEHMU C JI00ABKOM, MOJYYEHHOU B 3JIEK-
TPOPa3psIIHON YCTAaHOBKE, UYTO CBSA3aHO Ha Hall B3MJIS C
0oJIblIe aKTUBHOCTBIO YAaCTHUI M3-3a pa3indus (pa3zoBoro
COCTaBa U CTPYKTYPHI.

Beenenue YHM, nonyyeHHBIX KaK B IJIa3MEHHOM, TaK 1
B 2JIEKTPOPA3PSITHON YCTAHOBKE, MPUBOAUT K U3MEHEHUIO
MPOYHOCTH LieMeHTa (puc. 4). [Ins pa3inuyHbIX BUAOB 100a-
BOK 3(deKT yBennueHus MpOYHOCTU BapbUpYyeTCs B 3aBU-
CUMOCTH OT UX KOJIMYECTBA.

Bo3moxHoe paznuure noiydeHHbIX 3¢ ¢GEeKTOB MpU UC-
MOJb30BAHUM [IBYX BUAOB JOOABOK CBSI3aHO C KOMIUIEKC-
HBIM MEXaHM3MOM HUX ToaydyeHus. Ilpu mpoxoxaeHuu
3JIEKTPUYECKOTO pa3psi/ia B CyCIIEH3UM U3 KeKa MPOUCXOIUT
9JIEKTPO(U3NUECKOE, JIEKTPOOCMOTHUYECKOE U TepMUye-
CKO€ BO3/ICHICTBUE HA YaCTUIbI K€KA U AUCIIEPCHYIO CPEy.
B 1O Bpemsi Kak B MJIa3MEHHOW YCTAaHOBKE YaCTUIIbI KeKa
MOJBEPTalOTCs BBICOKOTEMIIEPATYPHOMY BO3JEHCTBUIO B
MOTOKE 3JIEKTPOIYTOBOM IJIa3Mbl, TIPU KOTOPOM IPOUCXO-
AT UX aKTUBAIMsI, U3MEeHeHHe (Pa30BOro COCTaBa yriaeposa,
COZIEPKAILEToCsl B HUX. DTO TPOSIBIASETCS B Pa3IMUYHBIX
addexTax Bo3neHCTBUS HAa LIEMEHTHYIO CUCTEMY.

Viyuimenue ¢pU3NKO-MEXaHUYECKUX CBOMCTB LIEMEHT-
HOro KaMHsl, MomuduurpoBaHHoro YHM, npowucxoaut
Oslarofiapsi UBMEeHeHHUIo ero a3oBOro CocTaBa M MUKPO-

indicates that it is an active element cake
thermal degradation during processing in plasma and in the
formation of sulfur oxides and nitrogen during discharge
treatment.

Despite the fact that the mechanism of action of plasma
and electrical discharge treatment significantly differ, chang-
es of the elemental composition and the microstructure of
coal cake treated in discharge and plasma unit have a similar
character.

To determine the presence of fullerenes in the CNM IR
spectra of the samples were examined. IR spectrometry was
performed on Nicolet 380 FT-IR. According to IR-
spectroscopy there is identified vibration frequencies related
to the fullerenes Cg, and C,: v=1419, 1169, 807, 600 and
533 cm™!. Colorimetric analysis of cake extract obtained
from plasma treatment showed the presence of Cq, and Cy,
fullerenes.

Investigation of the technological characteristics of
Portland cement with CNM is important because of the high
surface area of nanoparticles [5S—7]. Aqueous suspensions of
CNM obtained in the plasma unit (from 0.001 to 0.01% by
weight) and the electric discharge unit (from 0.01 to 0.1%)
were used to evaluate the effect of CNM on technological
characteristics of Portland cement (PC). Introduction of
CNM changes the technological properties of cement and
the timing of its setting (Table 1).

Changing of slump flow with the introduction of nano-
disperse additives is associated with the fact that the parti-
cles of CNM, like surfactants, have the ability to adsorb
onto the surface of the cement grains and participate in the
formation of the spatial structures coagulation [6—9].
Nanoparticles are oriented such that the polar hydroxyl
group converted to a hydrating cement grain surface, and
the functional groups — the water. Therefore relative move-
ment of cement grains is facilitated, which improves the
slump flow of the mixture.

It is found that in cement with CNM obtained in the
plasma unit, at various concentrations, elongation of setting
time occurs (initial setting to 5%, final setting — up to 22%).
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Ta6nuua 2
Table 2

Pacxop MaTepuanos Ha 1 m® GeToHa, kr
Material consumption per 1 m® of concrete, kg

YHM
CNM

B/
W/PC

Ny, Mecok
PC Sand

[paHWTHbLIE OTCEBBI
Granite screenings

no BOJI00OTAENEHWIO, %

MpOYHOCTL NpK CxaTum B Bo3pacte, MlMa
Compressive strength at age, MPa

PaccnanBaemocTb

Peelability for water
separation, %

3yt 28 cyt
3 days 28 days

0,9 20 38

450 787 787 0,055 0,38

0,7 30 50

0,0055

0,6 27 43

0,8 24 40

500 750 750 0,055 0,38

0,7 33 55

0,0055

0,6 30 48

0,7 28 44

550 687 687 0,055 0,38

0,3 38 61

0,0055

0,5 34 51

Simultaneously plasticity increases of the
cement paste and its retentivity in time,
which is important, for example, during
long distance transportation of the con-
crete mix.

It is found that in cement with CNM
obtained in the electric discharge unit, at
various concentrations, elongation of set-
ting time occurs (initial setting to 3%, final
setting — up to 10%). The plasticity of the
cement and retentivity in time also in-
crease.

Particles of the additive obtained in the

plasma unit, act on the cement system at
low dosages as compared with the additive
obtained in the electric discharge unit, in
our opinion, with greater active particles
due to the difference of the phase composi-
tion and structure.

Introduction of CNM obtained both in
plasma and in the discharge unit results in
a change of strength cement (Fig. 4). Both
additives increase the compressive strength
on various effects depending on their
quantity.

Possible effects of the difference ob-
tained by using two types of additives is

Puc. 5. MuUkpocHUMKK ckona uemMeHTHOro kamHsi (1000X): KOHTPOMbHLIA COCTaB B BO3pacTe

3 cyT (a) n 28 cyt (c); MU, + YHM B Bo3pacTte 3 cyT (b) n 28 cyT (d)

Fig. 5. Micrographs of cement stone (1000X): control composition at age 3 days (a) and

28 days (c); PC + CNM at age 3 days (b) and 28 days (d)

CTPYKTYpGHI [5, 6, 10, 11]. PeHTreHOrpaMMBbI IPOAYKTOB U1~
parauumu 11 yka3piBaloT Ha CHUXKEHUE WHTEHCUBHOCTU
nukoB noptianaura Ca(OH), (d/n= 0,489, 0,263, 0,193 um
U 1p.) npu BBeneHuu YHM U3 miasMeHHOI YCTaHOBKHM I10
CPaBHEHMIO C KOHTPOJIbHBIM COCTABOM.

ITo pesynbTaTam peHTreHOo(da30Boro aHaamsa 3aUKCH-
pPOBaHO TOBBIIICHNE UHTEHCUBHOCTU IMMKOB HU3KOOCHOB-
HBIX TUAPOCUINKATOB KaJIbIIMS y 00pa3oB neMeHTa ¢ YHM
110 CPAaBHEHUIO C KOHTPOJbHBIM, UTO YKa3bIBaeT Ha yBeJH-
YeHHe MPOYHOCTHU 1IEMEHTHOTO KaMHsI. DTO CBSI3aHO C B3a-
umopericteueM YHM c ruapatupyrommmMucs MUHepaIaMu
1iemeHTa. Beenenne YHM 1mo3Bosnio 1omoTHUTEIBHO MO~
JIYUUTh HU3KOOCHOBHbBIC THUAPOCUJIMKATHI KaJbLIMs TUIIA
CSH (I), obpa3zoBaHne KOTOPHIX MPUBEIO K YIYYIICHUIO
(busnKo-MexaHMIeCKMX XapaKTepUCTUK MOPTIaHILIEMEHTa.

MukpocTpyKTypa 00pa3loB 1LIEMEHTHOTO KaMHS Ipu
BeeneHun YHM OGosiee miuoTHasg Mo CpaBHEHUIO C KOH-
TPOJIHBIM COCTaBOM (puc. 5).

due to the complex action mechanism of
additives produced in discharge and plas-
ma units. The passage of electric discharge
in the slurry cake occurs electrophysical,
electroosmotic and thermal influence on
the cake particles and dispersion medium. While in the
plasma unit cake particles are subjected to high temperature
exposure of the plasma arc stream at which their activation,
change in the phase composition of carbon contained
therein. This is reflected in a variety of effects to the cement
system.

Improving the physical and mechanical properties of the
cement with CNM is due to a change in its phase composi-
tion and microstructure [5, 6, 10, 11]. XRD patterns of ce-
ment hydration products indicate a decrease peak intensities
of portlandite Ca(OH), (d/n=0.489, 0.263, 0.193 nm) com-
pared with the control composition.

According to the results of XRD it is indicated the in-
creasing of peak intensities of calcium hydrosilicates in ce-
ment samples with CNM compared with control composi-
tion. This is due to the interaction between CNM and hy-
drated cement minerals. Introduction of CNM has allowed
to obtain an additional calcium hydrosilicates type CSH (1),
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IIpu mogGope coctaBoB MOAM(PUIIMPOBAHHBIX MEJIKO-
3€PHUCTHIX BHICOKOIIPOUHBIX OETOHOB MCIOJIb30BaH YHM,
MOJIYYEHHBI B IUIA3MEHHOM YCTAHOBKE, B OINTUMAJIbHOW
koHteHTparmu 0,01% oT Macchl BSKYIIETO W OTNPEAeTICHBI
OCHOBHbBIE TEXHOJOTUYECKUEe, (PU3MKO-MEXaHWYEeCKUe |
9KCIUTyaTallMOHHbIE CBOWCTBa OETOHHOW cMecu M OeToHa
(Tabm. 2).

Beenenne YHM yBenuuuBaeT MPOYHOCTh MPU CXATUU
6etoHa Ha 15—20% 1o cpaBHEHUIO C KOHTPOJbHBIM 0310~
6aBouHbIM cocTaBoM. KomrekcHoe Bo3aeiicteue YHM Ha
pa3HBIX 3Tallax TBepJcHUs OeTOHa 0OeCIeunMBaeT CO3TaHNe
BBICOKOTUIOTHOM CTPYKTYPbl, U3MEHEHHUE XapaKTepa Mopu-
CTOCTH U YIIyYIlIeHHe TUIPOMU3NUECKUX U IKCITTyaTalluOH-
HBIX MOKa3aTeeil MoaupuurupoBaHHOro 6eToHa. I1pu Bapb-
MPOBaHUU pacxoa Bsukyuiero ot 450 mo 550 Kr mpoYHOCTh
6eTOHOB BEIIIIe MTocie BBeaeHus YHM B komuuectse 0,01%
OT MAacChl BSIKYIIIETO.

Bosblioe BHUMaHUE yaeasieTcsl B HACTOSIIIEE BpeEMsT He
TOJIbKO MCCIIEAOBAHUIO (DU3NKO-MEXaHMUECKUX CBOMCTB
0eToHa, HO U €ro 3JIEKTPOTEXHUUECKUM XapaKTePUCTHKAM,
pa3paboTKe cocTaBa ¢ 3apaHee 3aJaHHBIMU JEKTPUIECKU-
MU xapaktepucTukamu. OIHUM U3 HanpaBjieHUl U3MeHe-
HUS DJIEKTPOMNPOBOISIIMX CBOMCTB OETOHA SIBJISIETCS] MPU-
MEHEHUE TOKOIMPOBOISAIIMX 100aBOK — YIJIEpOIHAs caxa v
rpacdur [12, 13]. B pe3ynbrare mcciaemoBaTeIbCKUX pPabOT
OBLT CO3M1aH JIEKTPOIPOBOMSIIIIM OETOH, KOTOPBIi Ha3BaIl
Betan. DTOT MaTepran MOXET HalTH IIMPOKOE MpUMeEHe-
HUe TSI U3TOTOBJIEHUSI TIaHEeel CTeH U MEePeKPhITHiA, Mo-
JIOB, KPOBEJIb C BHYTPEHHMM BOIOCTOKOM, (DYHIaMEHTOB
orop simHuit JIBII. Panee B paborax aBTOpOB MPOBOIMINCH
HCCIeMOBAaHMS Ha BIWSIHUE YIJICPOAHBIX HAaHOMAaTepHaJioB
Ha M3MEHEHME YIEeNbHOM 3JIEKTPONPOBOAHOCTA BOJABI 3a-
tBopeHus [14]. IIpu paznuuHbix KoHLeHTpauusx YHM B
BoJIe OBUIO YCTAaHOBJIEHO, YTO BBeneHue Y HM 3HauuTenpHO
U3MEHSIET YIEeIbHYI0 3JIEKTPONPOBOIHOCTh U BOIOPOIHBII
rmokasaTesib. YUWThIBasl, 4To BBeaeHue YHM npuBomaut K
M3MEHEHUIO CBOMCTB BOJBI, OETOHHOW CMecHM U OeTOHa,
NaJIbHEHIIIMM HaIIpaBJIeHHMEM WCCIeIOBaHMI OymeT BO3-
MOXHOCTD TTOJIy4eHHUsI U UCClIeIoBaHUE OEeTOHA C 3aJaHHbI-
MU BJIEKTPUYECKUMM XapaKTePUCTUKAMMU.

B pesynbrare MpoBeACHHBIX UCCIEI0BAHUI MOXKHO ClIe-
JIaTh CJIEYIOIIME BBIBOJIbI:

— B pa3pabOTaHHBIX IJITA3MEHHOM M 3JIEKTPOPa3psiTHOMN
YCTAaHOBKAX IIPOMCXOIAT IIpolecchl oOpa3oBaHust YHM,
OTJIMYAIOIINXCSI Pa3MEpPOM YacTull, a30BbIM COCTABOM M
CTPYKTYPOIf;

— TIPOBEIEHHbBIE 3JIEKTPOHHO-MUKPOCKOIMMYECKUIN U
peHTreHo(da30BbIil aHAJIM3bl TOKA3bIBAIOT KOMIUIEKCHBIN
MexaHu3M BosaeiicTBus YHM Ha cTpyktypooOpa3zoBaHue
IIeMEHTa, 3aKJII0YaIOIINCS B YAYYIIEHUH MUKPOCTPYKTY-
pbI ¥ ($Ha30BOrO COCTaBa U COOTBETCTBEHHO B TMOBBIIIEHUN
Ux GU3MKO-MeXaHUUYEeCKUX CBONCTB;

— BBeaeHue YHM mnpuBomut K yaydiieHUo GpusuKo-
MEXaHUUYECKUX, TUAPOGU3NUECKUX U DKCIUTyaTallMOHHBIX
CBOMCTB MEJIKO3EpPHUCTOTO OETOHA.

Paboma evinoanena 6 pamkax 6azoeoii wacmu eocydap-
cmeenrnoeo 3adanuss BCI'YTY 6 cghepe nayunoii desmenvnocmu
No 1341 no meme «Hccaedosanue u paspabomka suepeo- u
pecypcocoepe2arouux mexHoao2uil 045 00seKmos dsHepeemuKu,
CMPOUUHOYCIMPUU U HCUAUUHO-KOMMYHAALHORO XO3AUCMBA».
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whose formation has led to improved physical and mechani-
cal properties of Portland cement.

The microstructure of cement stone with CNM is more
dense compared to the control composition (Fig. 5).

In the design of modified compositions of fine-grained
high-strength concrete used CNM produced in the plasma
unit in the optimum concentration of 0.01% by weight of the
binder and the main technological, physical, mechanical and
performance properties of concrete and concrete are defined
(Table 2).

Introduction of CNM increases concrete compressive
strength by 15—20% compared with a control composition.
The combined effects of CNM at different stages of harden-
ing concrete provides a high-density structure, the changing
nature of the porosity and the improvement of hydro-physi-
cal and operating characteristics of the modified concrete. By
varying the consumption of the binder 450 to 550 kg concrete
strength increases after introduction of CNM in an amount
of 0.01% by weight of binder.

Special attention is paid in the present study not only
physico-mechanical properties of concrete, but also its
electrical characteristics, development of the composition
with predetermined electrical characteristics. One of the
areas of conductive properties of the concrete changes is the
use of conductive additives — graphite, carbon black,
and [12, 13]. As a result of research works electrically con-
ductive concrete was established, which was called “Betel”.
This material can be widely used for the production wall
panels and ceilings, floors, roofs with internal drain, foun-
dations of power transmission line supports. Earlier in the
works of the authors conducted research on the impact of
carbon nanomaterial to change the conductivity of the wa-
ter mixing [14]. At different concentrations of CNM has
been found that the introduction of CNM significantly
changes the conductivity and pH of the water. Given that
the introduction of CNM leads to changes in the properties
of water, concrete mix and concrete direction of further
research will be able to receive and study the concrete with
the specified electrical characteristics.

As a result of the research, the following conclusions:

— in the developed plasma and discharge processes of
units occur CNM differing in particle size, phase composi-
tion and structure;

— conducted electron microscopy and X-ray analysis
proved a complex mechanism of action of CNM on the ce-
ment structure formation, is to improve the microstructure
and phase composition and thus improve their physical and
mechanical properties;

— the introduction of CNM leads to improved physical-
mechanical, hydro-physical and performance properties of
fine-grained concrete.

The work carried out as a part of the base government as-
signments in the sphere of scientific work Nol341 on the topic
“Research and development of energy-saving technologies for
energy facilities, construction and housing and communal ser-
vices” of FEast Siberia State University of Technology and
Management.
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Kom6uHupoBanue f06aBOK pa3nu4yHOro reHe3unca
ANA NoBbIeHUsa IPeKTUBHOCTU MogNhuKaL K

LleMEHTHbIX 6ETOHOB

Ha cerogHALHN A MOMEHT B CTPOUTENLCTBE OCHOBHBIM KOHCTPYKLIMOHHLIM MAaTepuanom 0CTaeTCs THKenblit 6ETOH Ha OCHOBE NOPTNAaHALEMEHTA.

B pa6oTe npeacTasneHa OLEHKA BAUAHUA COYETAHWIA Pa3NnyHbIX rMNepniacTuUKaTopoB, AMOKCUAA KPEMHUS U SUCNEePCU MHOTOCAOAHbIX
YINepoaHbIX HAHOTPYOOK Ha CTPYKTYPY W CBOICTBA LEMEHTHBIX 6eTOHOB. KOMOMHMPOBaHWE NPUBELEHHbIX BbILle J06aBOK B UX ONTUMANbHbIX
KOHLIEHTPALMAX MPMBOANT K MOBbILLEHNIO NPOYHOCTN HA 7 CyT Ha 72-95%, Ha 28 cyT Ha 40-85%. Takxxe NpomcxoauT U3MEHeHNe nokasatenen
MOPUCTOCTM CTPYKTYPbI MOAMMDULMPOBAHHLIX 06pa3LoB. BBeaeHe KOMMEKCHbIX 06aBOK CMOCO6CTBOBAMO CHIKEHUIO 06LLeiA NOPUCTOCTI 06pasLoB
Ha 21-50%, CHWXEHWO CpefHero pasmepa nop U OTHOCUTENTbHOMY YBENNYEHUIO COAEPXKaHUs YCNOBHO-3aKPbITbIX NOp. [poBeAeHHbIN
andepeHLmnanbHo-TePMUYECKUIA aHANN3 LEMEHTHOI MaTpuLbl 06pa3LioB 6ETOHA NOKa3an yBenuyeHne 06LLero 06bema rapokcuaa Kanbums
BCNEACTBME YCKOPEHHOIA rmapartauni nopTnaHauemMeHTa B MoandmuLuMpoBaHHoM 6eToHe. B COBOKYMHOCTM NOMy4eHHble faHHbIE NOKa3ani NOBbILIEHNE

aKcnnyaTauMoHHbIX XapakTepuCcTkK KOHCTPYKLMOHHOrO matepuana.
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Combining Additives of Various Genesis for Enhancing Modification of Concrete

Currently, the main building material in construction is Portland cement-based heavy concrete. The paper studies the influence of different combinations of various superplasticizers, sil-
icon dioxide and dispersion of multi-walled carbon nanotubes on the structure and properties of concrete. Combining the above additives in their optimal concentrations increases the
strength after 7 days by 72-95%, after 28 days by 40-85% accordingly. Also, there is a change in the porosity parameters of the modified samples structure. The addition of complex
additives is triggered the reduction of total porosity by 21-50%, decrease in the average pore sizes and a relative increase in the content of potentially closed pores. The differential
thermal analysis of the cement matrix showed an increase of the total amount of calcium hydroxide due to the increased hydration of Portland cement in the modified concrete. The

obtained data showed higher performance of the construction material.

Keywords: complex additive, modification, carbon nanotubes, superplasticizer, silicon dioxide, concrete, strength.

For citation: Elrefaei A.E.M.M., Pudov I.A., Yakovlev G.I., Senkov S.A., Buryanov A.F. Combining additives of various genesis for enhancing modification of concrete. Stroitel’nye Materialy

[Construction materials]. 2017. No. 1-2, pp. 26-30. (In Russian).

B coBpeMeHHOM CTpOUTEIbHOM MaTepUaIOBEICHUH, KaK
B o0nacTu pa3pabOTKM, TaK M B O0JACTU peau3aluy Ha
MPaKTUKE TOJIyYEHHbBIX Pe3yJIbTaTOB, CYLIECTBYET OTPOMHOE
KOJIMYECTBO PA3IMYHBbIX 100ABOK ISl IEMEHTHBIX OETOHOB.
3ayacTyio KOMOMHUpPOBaHUE J100aBOK Pa3IUYHOIO IMPOUC-
XOXIEHMST TP U3TOTOBJICHUM OETOHHBIX CMECEi, C OTHON
CTOPOHBI, YCJIOXKHSIET TEXHOJIOTMUECKHUIA TTPO1IecC TPOU3BO/I-
CTBa, a C IPYroii — naet 6osbiinee MOAUMUIIMPYIOLIVE BIUsI-
HUE BCJIEACTBUE TPOSIBJICHUSI CUHEpreTuueckoro sddexra.
IlocnenHee siBieHME M BBI3bIBA€T OCOOBI MHTEpeC KakK y
POCCHUICKUX, TaK M y 3apyOeXHbIX ucciaemoBaTeneid [1-8].

IIpuBeneHHbIE B JTAHHOW CTAaThe PE3YJbTAThl SBIISIIOTCS
MPOJOJDKEHUEM paHee OITyOJMKOBaAaHHOUM paboThl [9], rme
ObLi1a TaHa OlIeHKA BJIMSIHUST KOMIUIEKCHBIX T00aBOK Ha peo-
JIOTMYECKUE CBOMCTBA LIEMEHTHOTO TECTA, a TAKXKE BIUSHUE
100aBOK Ha (PU3UKO-MEXaHUYECKUE TTOKA3aTEeU TIKEIO0ro
O6eroHa. Takxke OBLIO YCTAaHOBJEHO, YTO MHOTIOCJIOMHbBIE
yraepoaHele HaHOTpyOkn (MYHT), Bxomsiue B cocTaB
ruriepruiacTuuKaropa, MoBbIIIAIT €ro MIacTUu(UIIMpyo-

Today, modern building materials science, both in the
field of development and practical application of research
results, has lots of various additives for concrete. Combining
additives of various origin for producing ready-mix concrete,
on the one hand, tends to complicate the production process,
but, on the other, displays a greater modifying effect due to a
synergistic effect. The latter phenomenon is of particular in-
terest for both Russian and foreign researchers [1—8].

The results presented in this paper are a continuation of
previously published work [9], which studied the effect of
complex additives on the rheological properties of cement
paste, as well as the effect of additives on the physical and
mechanical properties of heavy concrete. It was also found
that multi-walled carbon nanotubes (MWNT) in superplasti-
cizer increase its plasticizing properties. However, faulty
dispersion of MWNTs in carboxylate medium along with the
ongoing coagulation process leads to non-uniformity of their
distribution in the cement matrix, which significantly de-
creases their expected performance.
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mue cBoiictBa. OQHAKO HemOCTaTOYHAs JWCIIepraius
MYHT B cpene kapOokcuiiata Hapsiay ¢ MPOUCXOMSIUMU
KOAryJISIlIMOHHBIMU MPOLIECCAMU MPUBOAUT K HEOTHOPOI-
HOCTU MX pacrpefesieHus: B 00beMe LIEMEHTHOI MaTpHIIbI,
YTO 3HAYUTEJIbHO CHIKAET MX 0XuaaeMyto 3(h(heKTUBHOCTD.

B paMKkax maHHOTO MCCIIeTOBaHMS TTPOBOAIIMCH SKCITe-
PVMEHTHI TI0 OIIEHKE BJIMSIHMSI COBMECTHOTO TTPUMEHEHMS
rumnepIuiacTudurkKaTopa Ha OCHOBE 3(pMPOB NOJIMKAPOOKCH -
JIaTOB, CMECU MUKPO- U HaHOKpeMHe3eMa M BOIHOM Cy-
cneHsun MYHT Ha mpoYyHOCTh U M3MEHEHME ITapaMeTPOB
IMOPUCTOCTH CTPYKTYPBI TSIKEIOTO 1IEMEHTHOTO OETOHA.

Janee MpUBOAITCS XapaKTePUCTUKU UCCIIETyeMBIX 00b-
€KTOB U TIpUMeHsIeMbIe MaTepUAaJIbI.

Ethacryl™ HF (®panuus) — I[TAB Ha ocHOBe 3(hupoB
MOJMKApOOKCUIATOB, TpencTaBseT coboil OeClBETHYIO
WK OJIeTHO-OPAHXEBOIO I1IBETa BSI3KYIO XKMIKOCTb C
pH=3,7; miotHOCTBIO — 1,06 T/CM>, KOTOpast XOPOLIO pac-
TBOPSIETCS B BOTHOM cpelie M MaJlopacTBOpMMa B OpraHnde-
CKUX paCTBOPUTEJISIX.

DC-5 — (TY 2493-001-68708012—2014) — Bsi3kast K-
KOCTb YEPHOTO 11BETA C YAEIbHOIA IIoTHOCThIo 1,08—1,1 1/cM?,
B COCTaB KOTOPOI BXOJST TPU KOMITOHEHTA! nonm<ap601<cn—
natHoe [TAB — 89%; KOHIIEHTpAT YIJIEPOIHBIX HAHOTPYOOK —
10% u nenonorenHoe ITAB — 1%.

Fulvek-100 — BomHas1 cycreH3usI MHOTOCJIOMHBIX YIJIe-
POIHBIX HAHOTPYOOK, M3rOTaBIMBaeMasi Ha OCHOBE IIpe-
mukca Graphistrength™ MasterbatchCW2-45 (Arkema
Group Co, ®panius).

MK-85 — (TY 5743-048-02495332—96) HeEyIIOTHEH-
HBIE MUKPOKpPEMHE3eM, TIPEACTaBIIsIeT COOOM MUCIIepCHBIE
mapoobpa3Hble 4aCTUYKU aMOp(pHOTro erMHe3eMa co
CpefHeil YaeIbHOI OBEPXHOCTbIO 0K0J10 20000 cM?/T.

Nanosilica — HaHOpa3MepHbIii aMOpdHBIA AUOKCUT
KPEMHUS, MPEACTaBIsIET COOOM CBETIO-CEpPbIA MOPOLIOK
HaCBIMTHOU HHOTHOCTB}O 230 Kr/M> ¢ yIETbHON MOBEPXHO-
CTBIO 10 35 MY/T.

KomMmOuHupoBaHue m006aBOK MHPOBOAMIOCH IS OEeTOHA
caenywoouiero cocrapa: noprianauemeHt LIEM 1 42,5H no
TI'OCT 31108— 2003 3A0 «HeBbsSIHCKMI LIEMEHTHUK» B KOJIU-
yecTBe 460 KT/M>; ecOK KapbepHBIil ¢ MOIyJIeM KpYMHOCTH
M, Xp =1,89 CGJTI)I‘{KI/IHCKOFO MeCTOpO)KZ[eHI/IH — 580 Kr/M
l“paBI/II/Ipe‘{HOI/I(bpaK]_II/II/IS 20MM — 1310kT/M°. KOMHOHeHTbl
OETOHHOI CMeCU TepeMEIINBAIUCh B CMECUTENIe TIPUHYIN-
TeapHOro aeiictBus. IlonukapOokcuaaTHbIE IIaCTUMUKATO-
DPbl U JUCTIEPCHUSI MHOTOCJIOMHBIX YIJIEPOMHBIX HAHOTPYOOK
BBOIWJIVICH B OETOHHYIO CMECh COBMECTHO C pACUETHBIM KOJIM-
yecTBOM Bogbl 3aTBopeHus1. B/LI st Bcex oOpas31ioB HaXoau-
Jiock B auanazone 0,35—0,43 npu ocanke KoHyca 11—15 cm.

MuKpo- 1 HaHOKPEMHe3eM IpeaBapuTeSbHO TepeMe-
LIMBAJUCH A0 MOJYYEHUS OHOPOJHOMU MOPOILIKOBOI CMECU
(cmech nuokcuaa kpemuusi — CAK) B mponopuuu 10:1 B
MaccoBOM OTHOIIeHUU. JJaHHast mponopius Obljia MpUHsITa
HUCXOJs M3 pacyeTa pa3HOCTH YIEIbHOW MOBEPXHOCTH HC-
XOIHBIX TOPOINKOB aMOpP(HOro IHOKCHUIA KPEMHUS.
YuutbiBasi BBICOKYIO BOAOITOTPEOHOCTh JAHHOM CMecH, ee
KOJIMYECTBO B OETOHHOIM CMECU OrpaHMYMBaIOCh 5% B Te-
pecueTe Ha Maccy MOpTIaHALIeMEeHTa.

Hducnepcusi MHOTOCIOMHBIX YIJIEPOJHBIX HAHOTPYOOK
Fulvek-100 BBoguiack B coctaB 6ETOHHOI CMECH COBMECT-
HO ¢ Bomoil 3arBopeHUst B KommuecTBe 0,25% OT Macchl
MOPTIaHAIIeMeHTa Ha OCHOBAaHMU paHee MPOBEICHHBIX HC-
CJIEJOBAHUN IO OMPENCIICHUIO €€ ONTUMAJIbHOU KOHLIEH-
TpalMu B IEeMEHTHBIX KoMmmo3uTax [10].

B pesynbraTe npoBeAeHHbIX UCCIEA0BaHUI IO TOAO0PY
ONTUMAJIbHBIX COYETAHUI KOMITOHEHTOB MOIU(PUIIUPYIO-
IIUX J100aBOK ObUTM M3TOTOBJEHBI 00pa3llbl OETOHA U WC-
MBITAaHBL HA 7-¢ W 28-¢ CyT HOpMAaJbHBIX YCIIOBUM TBEpIE-
Hus. Pe3ynbTaThl MCIIBITAHMI TIpUBEIEHEI B TA0JI. 1.

o pe3yabraTam MeXaHUYECKUX UCTTBITAHUI 00pa31I0B BUI-
HO, UTO KOMILIEKCHOE BJIUSIHUE COUETAHUIA YJIbTpa- U HAHOAM-
CIIEPCHBIX T0OABOK B COBOKYITHOCTU C BHICOKO3(h(DEKTUBHBIMU

In this study, the experiments were conducted to deter-
mine the effect of combined application of superplasticizer
based on polycarboxylate ethers, a mixture of micro- and
nanosilica and an aqueous MWNTs suspension on the
strength and porosity parameters of heavy concrete structure.

The characteristics of the studied objects and the applied
materials are B{resented below.

Ethacryl™ HF (France) — surfactant based on polycar-
boxylate ethers, a colorless or pale orange viscous liquid with
pH=3.7and the density of 1.06 g/cm which is highly solu-
ble in water and sparingly soluble in organic solvents.

DC-5 — (TS 2493-001-68708012—2014) — black viscous
liquid with the specific gravity of 1.08—1.1 g/cm?® comprising
three components of polycarboxylate surfactant — 89%, car-
bon nanotubes concentrate — 10%, and nonionic surfac—
tant — 1%.

Fulvek-100 — an aqueous multi-walled carbon nanotube
suspension base donthepremix of Graphistrength™
MasterbatchCW2-45 (Arkema Group Co, France).

MC-85 — (TS 5743-048-02495332—96) non-compacted
microsilica consisting of dispersed spherical particles of
amorphous silica with the average surface area of about
20000 cm?/g.

Nanosilica — amorphous nanosilicon d10x1de which is
light-grey powder with the density of 230 kg/m?> and the spe-
cific surface area of 35 m?/g.

The additives were combined for the following composi-
tion of concrete: Portland cement CEM 1 42.5N
(GOST 31108— 200) produced by CJSC “Nevyansky ce-
mentnik”, 460 kg/m”; pit sand with the ﬁneness modules of
FM=1 89 from Selychklnsky deposit 580 kg/m>; 5—20 mm
size river gravel 1310 kg/m>. The components were mixed in
a forced mixer. Polycarboxylate plasticizers and multi-walled
carbon nanotubes dispersion were added into the concrete
mix together with the calculated amount of mixing water.
W/C ratio for all the samples was in the range of 0.35—0.43 at
the cone slump of 11—15 cm.

Micro- and nanosilica were first mixed into a homoge-
neous powder mixture (a silicon dioxide mixture — SDM)
in the mass ratio of 10:1. This proportion was based on the
calculated difference of the specific surface area of the ini-
tial amorphous silicon dioxide powders. Given the high
water demand of the mixture, its amount in the concrete
mix was limited to 5% expressed as the mass of Portland
cement.

Multi-walled carbon nanotubes dispersion of Fulvek-100
was added to the concrete mix together with the mixing water
in the amount of 0.25% from the mass of Portland cement

mg r-T-C.;‘A mwW
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Puc. 1. KpuBble uemeHTHOM Matpuubl T 1 ICK B KOHTpONbHOM 06pas3ue
(7, 3) n B 06pasue, conepxawiem 0,5% DC-5; 3% COK n 0,25% Fulvek-100
OT Macchbl LemeHTa (4, 2)

Fig. 1. Thermogram and differential scanning calorimetry curves of cement

matrix in check sample (7, 3) and sample with DC-5 0.5%, SDM 3% and
Fulvek-100 0.25% from the mass of cement (4, 2)
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Ta6nuua 1
Table 1
CraTtncTryeckre AaHHble M NPOYHOCTL 00pasLoB
3 Statistic data and strength of samples
Ne CocTaB 06pa3sua B/U | 0cps KT/M p— . py— -
No. Sample composition W/C | 4y, kg/m® | Ry, MMa | S1¥7, MMa \ Ry, MMa | S;'", MMa .
R7days MP S7days MPa A’ % R28days SZBdays MP. A’ %
CSay a m ’ CSay MPa m s a
1| KonTPOnbHbIA 0Gpage (K) 043| 2372 24 0,88 - 36,3 173 -
Check sample (C)
K+0,5% HF+0,25% Fulvek
2 C+0,5% HF+0,25% Fulvek 0,36 2388 41,3 1,93 +72,1 50,9 2,46 +40,2
K+0,5% HF+3% CK+0,25% Fulvek
3 C+0,5% HF+3% SDM+0,25% Fulvek 0,38 2403 43 1,56 +79,2 54,3 1,57 +49,6
K+0,5% DC-5+0,25% Fulvek
4 C+0.5% DC-5+0 25% Fulvek 0,35 2425 444 1,78 +85 62,2 1,25 +71,3
K+0,5 %DC-5+3% CAK+0,25% Fulvek
5 C+0,5% DC-5+3% SDM+0,25% Fulvek 0,36 2430 46,7 2,05 +94,6 67 2,36 +84,6
cyrnepruiacTuukaTopaMd Ha OCHOBE Ta6nuua 2
3(UPOB NOJIMKAPOOKCHIIATOB 3HAYNTEI b~ Table 2
HO BbIIIIE, YeM MOAUGULIMPOBaHUE GETO- = =
HOB OTHEJILHO B3ATBIM KOMITOHEHTOM. okasaren NopoBon CTPYKTYPEI
MaKCHMAIBHBIA TIPUPOCT TIPOYHOCTH Parameters of porous structure
IOCTUTaeTcsd IpU MOOU(PUIIMPOBAHUN S| £ o - £ - 3
0OeToHa KOMIUIEKCaMH T00aBOK, BKJIIOYA- 52| g4 x = 3 oS s Eg s g P
roumx 0,5% tutactudukaropa DC-5; 3% s5| 2% E §' °a 545 n:;_ 2 E S . = 5 5g€E
cMecu auokenaa kpemuus u 0,25% Bon- 8 ’g 2o 2xg8g| 28529 SoEL T< o s:[ es
Hoit mucnepcun Fulvek-100 or Maccht o sl & o| 8225 S3x-o8 | 8893 s S8 g 85
LeMEHTA, U COCTaBisieT 84,6% OTHOCH- 5| S| 2832 3523 | 2 g2g Y °%pg
TeJIbHO 3HAYEHUsI KOHTPOIBHOTO 06pa3- © 35| 8s5ES€ | 6258 | Fg £ = g ggo
ua. KpoMme Toro, Takas KOMOMHALMSA MO- 5= | ©§3 Cwg®© L5 © z *5
UKATOPOB CITOCOOCTBYET YCKOPEHUIO Cuw = =0 o
Habopa MPOYHOCTU GeTOHA, TIPU 3TOM Ha 1 145 10.4 17 19 427 0.5
7-e CcyT TBEpAECHMS MIPUPOCT IIPOYHOCTH
cocraBut 94,6%. 2 11,4 7 2,1 1,3 32 0,47
Tposenennniii andepenwmans- || 3 | 19 6,7 3,1 2,4 36,4 0,52
HO-TEPMUYECKUI aHAJIN3 LIEMEHTHOM
MaTpULbI Tocae 28 CyT HOPMaJIbHBIX 4 9,6 4,6 2 1,6 24,6 0,46
YCJ'IOBI/IIZ TBEPACHUA I10Ka3all Gonee 5 7,2 2.8 1,6 1,1 17,4 0,58
MHTEHCUBHYIO KPHMBYIO [IOTEPU Macchl |
Bbilme TemrepaTypbl 470°C y KOH- ) Homep COCTaBa COOTBETCTBYET NOPSAKOBOMY HOMEPY 06pa3LoB, ykasaHHbIX B Tabn. 1.
TpoJIbHOTO 06pasia (puc. 1, kpusas 1) Composition numbers correspond to order numbers in Table 1.

B CpaBHEHUU C MOAM(MUIIMPOBAHHBIM
ob6pasiiom (puc. 1, Kpusas 4).

OTMeUYeHHBII 9HIOTepMUIEeCKUI 3 MEKT CBSI3BIBACTCS C
JeTuapaTanyeil TMIpOKCUIa KaJblivsl B IEMEHTHOM KaMHe,
[103TOMY MOXHO TOBOPUTH 0 OosibLieM kosnyectse Ca(OH),,
00pa3oBaBlIerocs B Mpoliecce ruapatalvy B Moauduipo-
BaHHOM ob0pasie. Coaepxanue Ca(OH), B ieMeHTHOI cu-
cTeMe KOHTpOJIbHOro obpasia cocrasisier 2,06%. B monu-
uumpoBanHom obpasue conepxanue Ca(OH), Ha 14,1%
BBIIIIE B CPABHEHUM C KOHTPOJILHBIM 00pa3iioM. [ToBbIIeHNE
MHTEHCUBHOCTU 3HAOTepMUYECKUX 3(PD(PEKTOB B 00JaCTU
temnepatypsl 500°C B MoauduuMpoBaHHOM 0Opaslie
(puc. 1, kpuBasi 2) B CpaBHEHUU C KOHTPOJbHBIM 00pa3lioM
(puc. 1, kpuBas 3) nmoATBepKaAaeT yBeIudeHUe 00111ero 00b-
eMa TMIPOKCHIA KaJbIIKs BCIEACTBHE YCKOPEHHOM TuIpaTa-
LIMU TIOpTJIAHIILIEeMeHTa B MOAU(UIIMPOBAHHOM OETOHE.
OTMeueHo cMellleHre TeMIIepaTyphbl SHIOTEPMUIECKOTO 3¢~
dekTa npu temneparype 834°C B KOHTpOJIbLHOM oOpasiie B
CTOpOHY 00Jsiee HU3KOH TemnepaTypsl (1o 819°C) y moanbu-
IIMPOBAHHOTO 00pasiia, YTO TOBOPUT 00 M3MECHECHUY OCHOB-
HOCTH TMIPOCUIMKATOB KaJbIM [IEMEHTHOTO KaMHSI B CO-
cTaBe MOIM(MPUIIMPOBAHHOTO OETOHA.

HccrnenoBaHusi, HalpaBlIeHHbIE HA ONpeaeieHue TToKa-
3aTesieil CTPYKTYpHON IMOPUCTOCTH MOJAU(DUIIMPOBAHHBIX
o0pa3loB 0eToHa, MOKa3aIu 3HAYUTEIbHBbIE W3MEHEHMSI.
PesynbraTel npencrasieHs! B Ta0. 2.

basing on the previous studies on its optimal concentration in
cement composites [10].

In the course of the studies on optimal combinations of
modifying additives, concrete samples were prepared and
tested after 7 and 28 days of normal hardening. The test re-
sults are shown in Table 1.

The mechanical tests shows that the complex effect of
combining ultra- and nano-dispersed additives and high-
performance superplasticizers based on polycarboxylate
ethers is significantly higher than modifying concretes with a
single component. The maximum strength increase is
achieved, concrete being modified with complexes of addi-
tives comprising 0.5% of DC-5 plasticizer, 3% mixture of
silicon dioxide and 0.25% of Fulvek-100 aqueous dispersion
from the mass of cement. This increase is 84.6% compared to
the check sample. In addition, such combination of modifiers
accelerates the strength increase of concrete, the strength
increase being 94.6% after 7 days of hardening.

The differential thermal analysis of the cement matrix
after 28 days of normal hardening showed a more intensive
weight loss curve above 470°C for the check sample
(Fig. 1, curve 1) compared to the modified sample (Fig. 1,
curve 4).

The noted endothermic effect is associated with the de-
hydration of calcium hydroxide in set cement. Therefore,
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one can speak of a larger amount of
Ca(OH), formed during the hydration
process in the modified sample.
Ca(OH), makes up 2.06% in the ce-
ment system of the check sample. In the
modified sample this value is higher by
14.1% compared with the check sam-
ple. The increased intensity of the en-

Puc. 2. dparmMeHT MUKPOCTPYKTYPbI LLEMEHTHOro 6ETOHA: @ — KOHTPOJILHOMO COCTaBa; b, ¢ — Moandu-

LMPOBAHHOIO cocTaBsa

Fig. 2. Fragment of concrete microstructure: a — check composition; b, ¢ — modified composition

BBeneHne KOMILIEKCHBIX J00ABOK CIIOCOOCTBOBAIO
CHIDKEHMIO 00l11Iell mopuctoct obpasuos Ha 21,4—50,3%,
CHIKEHMIO CPEIHETo pa3Mepa Mop U OTHOCUTEIbHOMY yBe-
JIMYEHUIO CONEPXKaHUS YCIIOBHO-3aKPBITHIX Mop. OTMeueH-
Hble M3MEHEHUs IapaMeTpPOB CTPYKTYPHOI TOPUCTOCTH
00eCITeYnBaloT MOBHIIICHHBIE CBOMCTBA MOIUMDUIIMPOBAH-
HBIX COCTaBOB OETOHOB TT0 TIOKA3aTeIsIM BOIOHEIIPOHHUIIAe-
MOCTU Y MOPO3OCTOMKOCTH.

AHaJIM3 MUKPOCTPYKTYPHl KOHTPOJBHBIX 00pa3lioB
(puc. 2, a) u 06pa31oB, IPUTOTOBJIEHHBIX C UCTTOJIb30BAHU-
eM 0,5% mnactudpuxkaropa DC-5, 3% cmecu muokcuaa
kpemaus u 0,25% Fulvek-100 (puc. 2, b, ¢), TOATBEPINT
TTOBBIIIEHUE TIOTHOCTY CTPYKTYPHI 3a CUET YIUIOTHEHUS ee
TMIPOCUIMKATAMU KaJblus, (HOPpMUPYIOIIUMUCS TIO TO-
BEPXHOCTU YacTUll aMOpdHOro IMOKCUAA KPEeMHUS.
[ToBbllIeHNE MIJIOTHOCTU YITAKOBKU LIEMEHTHON MaTPUIIBI C
CYIIECTBEHHBIM CHUXXEHUEM TOPUCTOCTM OTMEYEHO Ha
CHUMKax MoaupuiImpoBaHHOTO obpa3sia (puc. 2, b).

TakuM 06pa3oM, TTPOBEACHHBIC UCCICTOBAHUS CTPYKTY-
DBl ¥ CBOMCTB LIEMEHTHOI'O KaMHS B COCTaBe MOIU(DUILIUPO-
BaHHOTO OETOHA MOKA3bIBAIOT, YTO MOBLIIIEHHASI TPOYHOCTh
BSLKYILEH MaTpUILbl HEMEHTHOTO O€TOHA, MOAMGDULIMPOBAH-
HOro0 KOMILIEKCHBIMM J00aBKaMu, OOYCJIOBJIMBAETCS: BO-
MEepBbIX, 32 CYET CHUXKEHUSI BOJOLIEMEHTHOTO OTHOIICHUS
B TIPUCYTCTBUU BBICOKOA(P(HOEKTUBHBIX IIacTU(UKATOPOB
Ha OCHOBe 3(HpPOB MOJMKAPOOKCUIATOB, JOMMPOBAHHBIX
MYHT; Bo-BTOpBIX, 32 CUET IPUMEHEHUsI CMECU aMOp(pHO-
ro IMOKCHUJA KPEMHUS MPOUCXOAUT CBSA3bIBAHUE OOJIBLIETO
KoymdecTBa MoHOB Ca’t, 06pasyIoLixcst B IIPOLeCcce THIPO-
JIM3a MUHEPAJIOB IIEMEHTHOTO KJIMHKEpa, YTO CTIIOCOOCTBYET
00pa3oBaHUIO OOJIBIINX OOBEMOB HU3KOOCHOBHBIX THIPO-
CUJIMKATOB KaJIbLIMS, YIUTOTHSIIOLIMX CTPYKTYPY MOAU(DUILIN-
POBaHHOTO IIEMEHTHOTO KaMHSI; B-TPETbMX, BBEIEHUE BO-
JHBIX TUCTIEPCUIA MHOTOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK
CMOCOOCTBYeT MHTEHCU(UKALIMU TPOLIECCOB THUIpaTalluu
MOPTJIAHIILIEMEHTA 3a CUeT afcOpOLIMM Ha CBOEH MOBEPXHO-
¢t (pOPMUPYIOIIMXCS TUAPOCWINKATOB Kanblusa. B coBo-
KYITHOCTH 3TO MPUBOJUT K MOBBIIIEHUIO MJIOTHOCTU YaKOB-
KU LIEMEHTHOTI'O KaMHS1, YTO OTPaXkaeTcsl B CHUXKEHUU o01Ieit
MOPUCTOCTU U CPETHETO pa3Mepa Mnop. DTo, B CBOIO OUEPe/Ib,
MPUBOJUT K TOBBIIICHWIO 3KCILTyaTallMOHHBIX XapaKTepu-
CTHK KOHCTPYKIIMOHHOTO MaTepuaia.
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dothermic effects in the temperature
region of 500°C in the modified sample
(Fig. 1, curve 2) compared to the check
sample (Fig. 1, curve 3) confirms the
increase of the total amount of calcium hydroxide due to the
increased hydration of Portland cement in the modified
concrete. The temperature of the endothermic effect at
834°C in the check sample shifts to the lower temperatures
(up to 819°C) in the modified sample. It indicates the basic-
ity change of calcium hydrosilicates in cement paste in the
modified concrete.

The research identifying the structural porosity parame-
ters in the modified concrete samples showed significant
changes. The results are shown in Table 2.

Complex additives cause the reduction of total porosity
by 21.4—50.3%, decrease in the average pore size and a rela-
tive increase in the content of potentially closed pores. The
studied changes in the structural porosity parameters provide
the enhanced properties of modified concrete compositions
in terms of water and frost resistance.

The microstructure analysis of the check samples
(Fig. 2, a) and the samples with 0,5% of DC-5 plasticizer, 3%
of silicon dioxide mix and 0.25% of Fulvek-100 (Fig. 2, b, ¢)
confirms the density increase in the structure due to its tight-
ening with the calcium hydrosilicates forming on the surface
of amorphous silicon dioxide particles. The increased density
of the cement matrix packing, the porosity considerably de-
creasing, is shown in the pictures of the modified sample
(Fig. 2, b).

Thus, the conducted studies of the structure and proper-
ties of set cement in the composition of the modified con-
crete show that the increased strength of the binding matrix of
concrete modified with complex additives is associated with
the following factors. First, the water-cement ratio is reduced
in the presence of high-performance plasticizers based on
polycarboxylate ethers doped with MWNT. Second, using
the mix of amorphous silicon dioxide leads to binding more
Ca’" ions formed during hydrolysis of cement clinker miner-
als, which results in large amount of low-basic calcium hy-
drosilicates densifying the structure of the modified set ce-
ment. Third, adding aqueous dispersions of multi-walled
carbon nanotubes intensifies the Portland cement hydration
by means of adsorbing calcium hydrosilicates forming on its
surface. All these factors lead to the density increase of set
cement which causes the decrease in the total porosity and
average pore size, which in its turn results in higher perfor-
mance of the construction material.
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MHorokputepmanbHaa onTuMU3aLUusa cocTaBa
Tennou30nALUOHHOr0 aBTOK/IaBHOr0 ra300eToHa,
MoauhULUPOBAHHOrO AUcNepcuen yrnepoHbix HaHOTPY6OK

MpeacTaBneHsl peaynbTaThl UCCNeA0BaHWIA, HANPABNEHHbIE HA NONYYEHIUE TEeNNOU30NSLNOHHOTO aBTOKNABHOMO ra306eToHa ¢ TPe6YeMbIM YPOBHEM
TPaHCMOPTUPOBOYHOI U MOHTAXHOW NPOYHOCTU. B x0oe paboThbl YCTAHOBMEHO, YTO COBMECTHOE BBEJEHUE B COCTAB ra306€TOHHOM CMecH
CMeLNann3MpoBaHHOro ra3006pasoBaTens MOHOANCMEPCHOrO COCTaBa, MONNKap6OKCMNATHOTO NNACTU(MKATOPA U AUCIEPCAN MHOTOCHOMHBIX
YrNepoHbIX HAHOTPYBOK COCOGCTBYET NOBLILLEHNIO MPOYHOCTY TENNOU3ONSALMOHHOMO aBTOKNABHOM0 ra3066TOHA 1 HE3HAYUTENBHOMY CHIDKEHUIO ero
NAOTHOCTX 1 TENNONPOBOAHOCTY 32 CHET 3aN0NHEHUs MUKPOTPELLIMH KPUCTANNNYEcKMMI HOBOOGPA30BAHNAMI YNOPSALOYEHHOM CTPYKTYpbI

1 nepepacnpeeneHius o6bemMa MUKpONOp U KanuansipoB B CTPYKTYpe rasocunukata. ONTUMM3aLMs COCTaBa S4eUcToro 6eTOHa OCYLLECTBAANACH

Mo KOMMEKCHOMY KPUTEPHIO ero KayecTBa ¢ NOMOLLbIO NPOrpaMMHOro npoaykta ans 3BM «[lekoH-CM».

KntoyeBble COBA: aBTOKNaBHbI ra3066TOH, TeNNON30NSLNS, AUCNEPCUS, MHOMOCIOAHbIE YrNepOAHbIe HAHOTPYOKN, ONTUMI3ALINS, KOMMNEKCHbI
KpUTepuit Ka4yecTsa.
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Multiobjective Optimization of the Lightweight Autoclaved Aerated Concrete Modified with Carbon Nanotubes Dispersions

The results of research aimed at obtaining of the thermal insulation autoclaved aerated concrete with the required level of the structure strength are presented in this article. The studies
found that joint introduction in aerated concrete mixture of the specialized blowing agent with monodispersed particles, polycarboxylate and multi-walled carbon nanotubes dispersions
to obtaining the enhance of strength properties of the thermal insulation autoclaved aerated concrete and slight decrease in its density and thermal conductivity by filling cracks crystal-
line blocks tumors ordered structure and redistribution of the volume of micropores and capillaries in aerated concrete structure. Optimization of autoclaved aerated concrete composi-

tion was performed by complex criterion of its quality by means of «Decon-SM» software product.

Keywords: autoclaved aerated concrete (AAC), thermal insulation, dispersion, multi-walled carbon nanotubes, optimization, complex criterion of quality.

For citation: Leont'ev S.V., Shamanov V.A., Kurzanov A.D., Yakovlev G.I. Multiobjective optimization of the lightweight autoclaved aerated concrete modified with carbon nanotubes
dispersions. Hassanue. Stroitel'nye Materialy [Construction materials]. 2017. No. 1-2, pp. 31-40. (In Russian).

VxectoueHue TpebOBaHUN K pecypco- U sHeprocobepe-
JKEHUIO, MPOJABUXEHUE UICOJOTUU «3€JIEHOTO CTPOUTENb-
CTBa» TIOBJMSUTM Ha pa3pabOTKy HOBBIX CTPOUTETbHBIX Ma-
TepuaioB [1]. OmHUM U3 IPUMEPOB TAKOTO MPOIYKTA SIBJISI-
eTCsl TEeIUIOU30JSILIMOHHBIM aBTOKJIAaBHbI ra3o0eToH
(TAT'B), mI0THOCTH KOTOPOI'O B HACTOSIIIIEE BpeMsl KOJyeO-
neTcs okosio 350 kr/m>. JlanbHeiilee CHUXEHUE MApKU 10
cpeaHei mmoTHocTH 10 D250 u MeHee sIBJisieTcs TTpobJieMa-
TUYHBIM M3-3a CJIOXHOCTU OOeCTeUeHUsI CTaOWIbHON W
PaBHOMEPHOM SYEUCTON CTPYKTYpPbl IPU COXPAHEHUU TPE-
OyeMoii IPOYHOCTU CWJIMKATHOI MaTpUlIbl, pOpMUpPOBaHUE
KOTOPOI 3aBMCUT OT MHOXECTBA PELENTYPHO-TEXHOJOTH-
yeckux ¢aktopos [2, 3].

Panee aBTropamu ObUIO YCTaHOBJIEHO, YTO MOJyYeHUE
aBTOKJIaBHOTO razod0eToHa (AI'B) MOHMXEHHOI MIOTHOCTU
BO3MOXHO 3a CUET BBEJICHUSI B COCTaB ChIPEBOI CMECH TI0-
JMPYHKIMOHAIBHOTO ra3000pa3oBaTeisi MOHOAUCIIEPCHOTO
cocTaBa M 2(UPOB MOJIUMKAPOOKCUIATOB C KOPOTKHMMU OC-
HOBHOI M OOKOBBIMM (DyHKUIMOHAJIBHBIMU Lensmu [4, 5].
OnHako nojiydeHHbIe B Xoie nccienoBaHus oopasisl TAT'D
00J1a1a10T HEIOCTATOUHOM KCILTYaTaALIMOHHOM 1 TpaHCIOp-
TUPOBOYHO TMTPOYHOCTHIO, UTO SIBJISIETCS OrPaHUIMBAIOIITUM
(bakTopom M1 maTbHEHIIEro UCMoJb30BaHUSI JaHHOTO Ma-
Tepuaya B KauecTBe 93(D(HEeKTUBHOIO YTEILIATEIs.

OHUM 13 BapMAHTOB PeIlIeHUs] JAaHHOI MPOOJIEeMBbI SIB-
JIIeTCS UCTOJIb30BaHUE YIbTpa- U HAHOAUCIIEPCHBIX J00a-

Stricter requirements for resource and energy efficiency,
the promotion of the ideology of “green building” effect on
the development of new building materials [1]. One example
of such a product is lightweight autoclaved aerated concrete
whose density range is currently about 350 kg/m?>. Further
reduction in grade to an average density D250 and less prob-
lematic due to the difficulty in obtaining stable and uniform
cellular structure, while maintaining the required strength of
the silicate matrix which formation depends on many tech-
nological factors [2, 3].

Previous authors have found that getting a lightweight
autoclaved aerated concrete is possible due to the introduc-
tion of the raw mix specialized blowing and polycarboxylates
ethers with short basic and functional side chains [4, 5].
However, aerated concrete samples obtained during the
study, have inadequate operational and conveying strength,
which is a limiting factor for the further use of this material as
an effective insulation.

One solution to this problem is the use of ultra- and nano-
dispersed additives that have a positive influence on the
course of mineral formation process and increase the struc-
tural strength of autoclaved aerated concrete walls interpo-
rous [6—9].

The large number of structural and qualitative character-
istics of aerated concrete, the need to incorporate a plurality
of formulation and technological factors that determines the
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BOK, OKa3bIBAIOIIIMX MOJOXHUTEIBHOE BIUSIHUE Ha IIPOTeKa-
HUE TIpoliecca MUHEpasTooOpa3oBaHMSI M TOBBIIIEHUE
CTPYKTYPHOI TPOYHOCTU MEXITOPOBBIX MEPETOPOAOK aBTO-
KJIaBHOTO ra3obetoHa [6—9].

Hanuuue 6oJb1110T0 Yrciia CTPYKTYPHBIX U KAYECTBEHHBIX
XapaKTepUCTUK aBTOKJIABHOTO Ta300eTOHA, HEOOXOMMMOCTD
ydeTa MHOXECTBA PeleNTYPHO-TEXHOJOTMIECKMX (PaKTOpOB
MpenonpeaesioT 3HAYMMOCTh NPUMEHEHMS] MaTeMaThuye-
CKOI TEOpUU TUIAHUPOBAHUSI IKCTIEPUMEHTA, KOTopasi TO3BO-
JIIeT MOJYyYUTb HEeOoOXOAuMMbIe sl JaJbHEHIIero aHaaus3a
KOJIMYECTBEHHBIE 3aBUCUMOCTH B BUIE MOJIMHOMUHAIBHBIX
9KCIepUMEHTaIbHO-CTaTuCcTHUecKrX Moaeneit [10]. OnHako
BBe/IEHHE B CHIPBEBYIO CMeCh J0OABOK Pa3TMYHOTO (hYHKITHO-
HaJbHOTO Ha3HAYeHUsI 1 MHOTrooOpa3ue CBOMCTB MaTepuaia
OCJIOXKHSTIOT ONTMMU3ALIMIO €T0 COCTaBa. BbIxomoM U3 naHHOI
CUTYallMM MOXET CIIyXKMTb TPUMEHEHNE U JalIbHeMIIast pas-
paboTka CUCTeM TOANCPKKU TTPUHSATHSI PEIIEHUIT B MHOTO-
KpUTepUaTbHBIX 3a1a4aX HA OCHOBE KOMITJIEKCHOTO OLIEHUBA-
HUS CBOMCTB MaTepuana [11].

Takum o6pa3zom, MmoIydeHHEe aBTOKJIAaBHOIO Ira300eToHa
MOHUXEHHON TIJIOTHOCTU C BBICOKMMHU TMOKAa3aTeISIMU
CTPYKTYPHOI MPOYHOCTU, U3YYEHUE BIAMSIHUSI COBOKYITHO-
CTHU peLIeNTYPHO-TEXHOJIOTUYECKUX (haKTOPOB Ha CTPYKTYPY
U CBOMCTBA KOMITO3UTA, a TAKXKe ONTUMU3AIMSI €T0 COCTaBa
10 KOMIUIEKCY TIoKa3aresieil KauecTBa SIBJISIIOTCS Ha CeTro/i-
HSIIHUNA JIeHb aKTyaJbHBIMU IIpU pa3paboTKe 3DdeKTUB-
HOTO YTEIUIUTEISI Ha OCHOBE Ta300eTOHA aBTOKJIABHOTO
TBEPAEHUSI.

IMonyyeHue naGOpaTOPHBIX M OIBITHO-TIPOMBIIILICH-
HBIX 00pa310B ra300eToHa OCYIIECTBISIIIOCh Ha 6a3e mpel-
npusatus AO «I13CII» (r. Ilepmb). B xauecTBe ChIPHEBBIX
MaTepualioB MCHOJb30BaluCh: nmopTaaHauemMeHT 1IEM 1
kinaccoB 32,5—42,5 ('OCT 31108—2003) mpousBoacTBa
AO «'opHO3aBOICKIIEMEHT»; KOMOBasi M3BECTb IPOU3-
BojacTBa AO «I13CII» 2-ro copta (T'OCT 9179—77); kBap-
ueBbli necok [Iponerapckoro mectopoxaeHus (1. [Tepmb)
¢ comepxaHueM HecBs3aHHoro SiO, He MeHee 85%
(T'OCT 8736—2014); Boma U3 LIEHTPAJIbHOIO MCTOYHMKA
BomocHabxeHust (FTOCT 23732—2011). B kauecTBe mopo-
o0paszoBaresisi MPUMEHSICS CeMAIM3UPOBAHHBIN ra30-
obpazoBaresib Stapa Alupor N905™ (I'epmanus) [4]. dust
CHUXEHMST BOIOTBEPAOTO COOTHOIICHUS W CTAOUIU3AlINT
BSI3KOILIACTUYECKUX CBOMCTB ra300€TOHHOUN cMmecu ObLT
HMCIOJIb30BaH TUIIEPILUIACTU(PUKATOP HAa OCHOBE 3(UPOB
nonukapookcuiaatoB Melflux 558 1F (I'epmanus) [5].

C 1eJ1blo MOBBILIEHUSI CTPYKTYpHOI npouHoctu TAI'D B
HCCeI0OBAHUM ObLITY UCIIONb30BAHBI CEIYIONIME YIbTpa- U
HaHOIWCITEPCHbIE MOTM(UKATOPHI:

1. KpemHerenp (DIMOKCHUI KpeMHUS) IIPOM3BOACTBA
OAO «Ammodoc» (r. Uepenoselr). OH o6pa3yeTcs IpU Ipo-
MU3BONCTBE (BTOpUAA ATIOMUHUSI B pe3ysibTaTe B3auMOJIEHi-
CTBUSI KpeMHEMDTOPBOJOPONHON KUCIOThHI C TUAPOKCUIOM
amomuuust nipu temneparype 90—95°C. Bbicokasi akTuB-
HOCTb KpeMHeTeJIsl 00yCIOB/IeHa HAJIMYMEM B HEM aKTUBHO-
ro KpeMHe3eMa, YaCTHUI[bl KOTOPOTO XapaKTepU3YIOTCs BbI-
COKOM y/Ie/IbHOM MOBEPXHOCTHIO (S, =15000 cM?/T) 1 60Jb-
1IOM peaKIIMOHHOI CLIOCOOHOCTBIO.

OCHOBBIBasICh Ha JIUTEPATYPHBIX TaHHBIX U pe3yIbTaTax
anpoOalnu JaHHON J00aBKU Ha LIEMEHTOCOJEePKAIIUX Ch-
cremax [12, 13], mpu mogbope pabodeit JO3MPOBKU ITPUHH-
MaJICs TMana3oH BapbUpOBaHUI KpeMHeres oT 4 1o 10%.

2. BricokoakTuBHbI MeTakaoauH BMK-40 npousBom-
CTBa ropHOIO0ObBIBaloOIEl KoMITaHUU «CuHepro» (1. MarHu-
toropck). Ilo rpanyinomerpudeckomy coctapy BMK-40 —
MOPOIIOK CO CPETHUM MEIMaHHBIM AUaMETPOM YaCTUIL He
Gonee 15 MkM, yaenbHas mosepxHocTb S, =13000 CMz/F.
OCHOBBIBasICh Ha JIUTEPATYPHBIX JaHHBIX [14, 15] u pexko-
MEHIALMSIX TPOM3BOAMNTES, TUATIa30H TO3UPOBOK MPUHU-
Majics ot 4 o 10%.

3. BonHas aucriepcusi MHOTOCJIOMHBIX YIJIEPOAHBIX Ha-
HOTpyOOK ToproBoii mapku «Ful Vec» mnpousBoactsa

importance of the application of mathematical experiment
planning theory. This theory makes it possible to obtain the
necessary for further quantitative analysis depending on the
form of a polynomial in the experimental-statistical mod-
els [10]. However, the introduction of the raw material mix-
ture of additives with different functionality and diversity of
material properties complicates the optimization of its com-
position. The way out of this situation can serve as an applica-
tion and further development of decision support systems in
multicriterial problems on the basis of a integral assessment
of material properties [11].

Thus, obtaining lightweight autoclaved aerated concrete
with high structural strength, the study of the influence of the
aggregate of formulation and technological factors on the
structure and properties of the composite, as well as the opti-
mization of its members on a range of quality indicators are at
present relevant in the development of effective insulation
based on autoclaved aerated concrete.

Laboratory and industrial prototype samples of aerated
concrete produced on the basis of the enterprise JSC “PZSP”
(Perm). For production of thermal insulation autoclaved aer-
ated concrete have been used: Portland cement CEM I
class 32,5-42,5 (GOST 31108—3003) produced by
JSC “Gornozavodskcement”; Lump lime by JSC «PZSP»
2" grade (GOST 9179—77); quartz pit sand (Proletarskoe
field, Perm) containing unbound SiO, not less than 85%
(GOST 8736—2014); water from the central water source
(GOST 23732—-2011). Specialized blowing agent “Stapa
Alupor N905"™” (Germany) was used as a pore agent [4].
Superplasticizer based polycarboxylates esters Melflux 558 1F
(Germany) was used to reduce the water content and stabiliz-
ing of viscoplastic properties of aerated concrete mixture [5].

The following additives with ultra- and nanodisperse size
have been used to improve the structural strength of thermal
insulation autoclaved aerated concrete in the study:

1. The silica gel (SiO,), produced by “Ammophos”
JSC (Cherepovets). The silica gel is formed during the manu-
facture of aluminum fluoride by reacting hydrofluosilicic acid
with aluminum hydroxide at a temperature of 90—95°C. High
activity of silica gel due to the presence at its active silica par-
ticles which are characterized by high specific surface
(S=15000 cm?/g) and high reactive capacity.

Based on the literature data and the results of testing this
supplement on cementations systems [12, 13], the selection
of the working range of varying dosages of silica gel was taken
from 4 to 10%.

2. High active metakaolin VMK-40, the produced by
mining company “Synergy” LLC (Magnitogorsk). It is a
product with high pozzolanic activity, with a maximum
(97-99%) amorphization aluminosilicate structure.
Granulometric composition VMC-40 is a powder having
an average particle diameter less than 15 microns for 50%
volume weight of the product. Mass fraction of particle size
less than 2 microns is 20%. As used metakaolin has a high
whiteness and a high specific surface (S=13000 cm?/g).
Based on data in the literature [14, 15] and the recommen-
dations of the manufacturer, the dosage range is taken from
4t010%.

3. The multi-walled carbon nanotubes dispersion «Ful
Vec», produced by «New house» LLC (Izhevsk), developed
by scientists of the Kalashnikov Izhevsk State Technical
University. This dispersion contains 2% (equivalent mass) of
carbon nanotubes. Multi-walled carbon nanotubes
“Arkema Co.” (France), which are made by plasma-arc low-
temperature pyrolysis, are used for the production of this
dispersion. The initial components are premixes under the
trade name “Masterbatch CW2-45”, namely further treated
with surfactants (surfactant with anticoagulation properties
based on carboxymethylcellulose) MWCNTSs in the form of
granules. Consumption nanotubes ranged 0.001—-0.005% by
weight of the binder in the study of the influence MWCNTSs
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00O «Hossli1 gom» (1. UkeBcK), pa3paboTaHHas y4eHBIMU
MXeBcKOro rocy1apcTBEHHOTO TEXHUYECKOTO YHUBEPCUTE-
ta uM. M.T. KanamnHukoBa. JlaHHas1 AMCIIEPCHS COAEPKUT
2% MHOTOCJOWHBIX YIJIEPOAHBIX HAHOTPYOOK KOMIAHUH
Arkema Co. LTD (®panmus). McxomHble KOMIOHEHTBI
TIPENCTABIAIOT COOOI TPEMUKCHI IO TOPTOBBEIM Ha3BaHUEM
«Masterbatch CW2-45», a uMeHHO AOIOJIHUTEILHO 00pa-
O6oraHHble ((YHKUMOHAIU3UPOBAaHHbIE) CypdaKTaHTaMU
(MOBEpPXHOCTHO-aKTHBHBIMU BEIIECTBAMU C aHTUPECOpPO-
LIMOHHBIMU CBOMCTBaMU Ha OCHOBE KapOOKCUJIMETHUIILIEI-
monodsl) MYHT B Buze rpanyisita. [Tpu nzyuyeHun Biusi-
Hus mucriepcurn MYHT Ha mpouecc cTpykrypooOpa3oBa-
HUS U KOHEYHBIE CBOMCTBAa ra300€TOHHON CMECU pacxo
HaHOTPYOOK BapbupoBayica B nuamnasone 0,001—-0,005% ot
Macchl mopTiaHauemMenTa [16, 17].

OIHMM U3 METONOB MOBBIIIEHUS d(PGHEKTUBHOCTH aBTO-
KJIaBHBIX STYEUCTBIX OCTOHOB SIBJISIETCSl MCITOJIb30BaHUE BbI-
CcOK03((EKTUBHBIX 10OABOK pa3IMYHOTO MTPOUCXOXKIECHUS U
COCTaBa, B TOM YKCJIe HAHOPa3MEPHBIX, CTIOCOOHBIX BBICTY-
MaTh B KaueCTBE CTPYKTYpOOOPa3yIolero KOMIIOHEHTa KakK
Ha 3Tane (OPMOBAHUS ITIOPUCTOM CTPYKTYPhI Ta300€ TOHHOI'O
MaccuBa U Habopa UM HEOOXOAMMON IMJIaCTUYECKO Mpoy-
HOCTH, TaK 1 B MIPOLIecce aBTOKJIaBHOI 00pabOTKM.

AHaJIN3 PEOJIOTMYECKUX U TEXHOJIOTMYECKUX XapaKTe-
PUCTUK CMECH ITOKa3aJjl, YTO BBeJeHHE T0OAaBKM KPeMHETEIs
B COCTaB SYEUCTOrO OETOHA HEe OKa3bIBaeT

MTOJIOXKUTENLHOIO BIUMAHUA Ha mpouecc Ko Mla  Run, Ml
MOpooOpa30BaHUsI U BSI3KOIJIACTUYECKHUE K:"MP @ ng"MPa
XapaKTEePUCTUKNA Ta300€TOHHON MaccChl. '
CMmech, MommduIMpoBaHHAS H00ABKOM

KpEMHeTeId, UMEeT MOBBbILIEHHYIO rycTo- 3° 0035
Ty, BCJIEJICTBME YE€rO 3aTpyIHEH Ipoliecc
mopoo6pa3oBaHuss M Habopa IiacTuye- 3 0,03
ckoit mpouHocTu. Takke HabIOAaeTCS

CHIKEHHE TEMIIEPATYPhl 3ATMBKH U Pa3o- o5 0,025
rpeBa razo0eToHa, 4YTo TOBOPUT O ci1aboi
WHTEHCUBHOCTU B3aMMOJEUCTBUSI THUIPO- ) 0.02
KCUAa KaJblUsS U aJIIOMUHUSI U HemoCTa- ’
TOYHOM 0Opa3oBaHMM Bomopomaa. Takoit

3¢ deKT MOXHO OOBSICHUTh BBICOKOM ak- 1.5 0,015

TUBHOCTBIO KPDEMHETECJIA, KOTOprﬁ CBs3bI-
BaeT OOJbIIOE KOJUYECTBO TMAPOKCHIa

dispersion on the structure formation process and the final
properties of aerated concrete mixture [16, 17].

The use of various high performance additives, including
nanoscale, which can act as a nucleating component in the
molding step of the porous structure of the array and a set
aerated concrete it necessary strength plastic, and during
autoclaving process is one of methods for increasing the effi-
ciency autoclaved aerated concrete.

Analysis of the rheological and processing characteristics
of the mixture showed that the introduction of silica gel addi-
tive in the aerated concrete has no positive influence on the
process of pore formation and viscoplastic characteristics of
bulk concrete. Modification of a mixture additive of silica gel,
increases its density, thereby impeded the process of pore
formation and a set of plastic strength. It also reduces the
temperature of the fill and the heating of acrated concrete,
which suggests a weaker interaction of calcium hydroxide and
aluminum and hydrogen formation is insufficient. This effect
can be explained by high activity silica fume, which binds
large amounts of calcium hydroxide in the initial stage of
formation of aerated concrete structures. Based on the devia-
tion from the optimal structure formation process for the
thermal insulation autoclaved aerated concrete, the intro-
duction of silica gel has no positive effect on the physical and
mechanical characteristics of the material. In contrast the

p,kr/m3  Rox, MlMa

P, Kl'/m3 Rcomp: MPa 2
650 2,5 \ /
550 2

\s
450 15
350 1
1

250 05 /7
150 0

KoHTp. 4 6 8 10

Control Pacxop kpemHerens, % oT Macchl LieMeHTa
Silica gel content, % of the mass of the binder

KaJIbIIST Ha HavaJbHOM 3Tare hopMUpo-
BaHUSI CTPYKTYPBI Ta300€TOHA, TIPU 3TOM
OCTaBILIeTOCS CBOOOMHOTO TUAPOKCHIA
KaJIbLIUSI HEAOCTAaTOYHO Uil B3aMMOJEei-
CTBMSI C YaCTULIAMM aJTIOMUHUSI, YTO TPU-
BOIUT K CHUXKEHUIO MHTEHCUBHOCTHU BCITY-
YUBAHMS TA30MaCCHI.

Pesynbrathl  (pM3MKO-MeXaHUYECKHUX
WCTBITAHUN TMOKa3aqud, 4YTO BBeJIEHUE
KpEeMHeressi He OKa3bIBaeT MOJOXUTEIb-
HOTO BJIMSIHUSI Ha XapaKTePUCTUKU MaTe-
puaiia; pyu He3HAYUTETbHOM MTOBBIILIEHUM
MPOYHOCTH TJIOTHOCTh 00Pa3IOB MOBBICU-
JIach CYIIeCTBEHHO (puc. 1).

AHaJu3 pe3yJbTaTOB IKCIIEPUMEHTA IO
HCCIIeIOBAHUIO BIUSIHUS BBICOKOAKTHBHO-
ro MeTakaojuHa (puc. 2) Takxke He ToKa-
3aJ1 3HAYMUTEJIBHOTO YJIYYIIECHMUST XapaKTe-
puctuk AI'b. [1pu yBennueHUM 103UPOBKU
BMK-40 ot 4 mo 10% mnpocnexuBaercs
TIOBBIIIEHUE TIJIOTHOCTU MaTepuaja U ero
TETJIOMPOBOIHOCTH, KaK CIEJICTBUE, MEXK-
MOPOBOE MPOCTPAHCTBO YIJIOTHSIETCS, MTPU
5TOM NPOYHOCTb 0OPa3lOB BO3pACTaerT.
C yBennueHueM konmvyectBa BMK Hab0-
JAeTCSl CHIDKEHUE CTETIEHUW BCIYYMBAHUS
MaccuBa, 4TO TMPUBOAUT K HEAOIYCTUMO
BBICOKMM 3HAUYeHUSIM TOKaszaTejaeil MiIoT-
HOCTH TEIJIOU3O0JISIIIMOHHOTO ra300eToHa.

Puc. 1. XapaktepucTtukn A6 1 cBoOiCTBa A4ENCTO-BETOHHOM CMECH, MOAMPULIMPOBAHHBIX KPEM-
Herenem: 1 — kK03apPUUMEHT BCnyymBaHus; 2 — nnactudeckas npoyHocTs TAB yepe3 120 MuH,
MMa; 3 — cpeaHas NNOTHOCTb, KI'/MS; 4 — npepen NPoYHOCTM Npu cxatun, MMa

Fig. 1. The values of autoclaved aerated concrete characteristics and properties of concrete mix
modified the silica gel: 1 — coefficient of bulk concrete bloating; 2 - plastic strength of AAC, after
120 min, MPa; 3 - average density, kg/m?; 4 — average compressive strength, MPa

Kecny M2 Rop,MMa — p,kr/m3  Rex, Mla

Ko, MPa ~ Rp,MPa  p,kr/m3  Recomp, MPa v

4 0,04 650 25 ;
3,5 0,035 550 2

3 0,03 450 15 /-
2,5 0,025 350 1

\s

2 0,02 250 0,5

1,5 0,015 150 0
KoHTp. 4 6 8 10

Control Pacxon BMK-40, % o1 Mmaccel emeHTa

High active metakaolin content, % of the mass of the binder

Puc. 2. Xapaktepuctukun Al'b n ceoiicTBa 94encTo-6€TOHHON CMEeCcK, MOANDULMPOBAHHbIX BbICO-
KOaKTMBHbIM METaKaONNHOM: 1 — KO3 ULIMEHT BCNYyYNBaHNS; 2 — NnacTmuyeckas npoYHocTb TAB
yepes 120 MuH, MMa; 3 — cpeaHsis NNOTHOCTb, Kr/M3; 4 — Npeaen NPOYHOCTU Npu cxaTtun, MMa
Fig. 2. The values of autoclaved aerated concrete characteristics and properties of concrete mix

modified the high active metakaolin: 7 — coefficient of bulk concrete bloating; 2 — plastic strength
of AAC, after 120 min, MPa; 3 — average density, kg/m?; 4 — average compressive strength, MPa
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CrerneHb BCIyYMBAaHUSI MAacCUBa, HATPSI- Ko Ma Ry, Mia
MYIO 3aBUCSIIAS OT BI3KOCTU M IIacTU4e-  Ko,MPa Ry, MPa
CKOIl TPOYHOCTU cMecu (IpefesibHOe Ha- 4 0,04
MpsDKEHUME CABUTa), CHIKAeTcsl. DTo 00y-
CJIOBJICHO TeM, 4TO nobaBieHue 4% w35 0,035
6osee BMK-40 BbI3BIBaeT pe3koe yBeIM-
UEHUE BA3KOCTH U NPEIETbHOTO HAMPSIKe- 4 003
HUS CABUTA C MOCJEIYIONIUM IJIaHOMEP-
HBIM HabOPOM TIACTUYECKON MPOYHOCTH.

Hawtyumme mokasatenu ¢usmko-me- 25 0025
XaHUYECKUX U PEOJIOTUIECKUX XapaKTepH-
CTHUK STYEMCTOro OeTOHA M OETOHHOW CMecH 2 0,02
TIPOSIBJISTIOTCSI TIPY BBEIEHUU B CMECh MO-
muouumpyrowein mucnepcun MYHT «Ful 45 0,015

Vec» (puc. 3).

AHaIU3Upysl MOJIydeHHblE JaHHbIE,
MOXHO CJieJIaTh BBIBOJI, UYTO BBEICHNE B CO-
CTaB Tra3o0E€TOHHOW CMeCU AUCIEPCUU
MHOTOCJIOMHBIX YIJIEPOAHBIX HAHOTPYOOK
TTO3BOJIJIO TTOBBICUTH IIPOYHOCTb MaTepH-
ajia Mpu CKaTUU Ha BCEM MHTEpBaJle Bapb-
UpoBaHUs pacxona 1o6aBku. OgHaKo Hau-
JIydiuii 3(pexkT ¢ TOUKU 3peHUs] CHUXKEe-
HUS CpeaHel TUIOTHOCTY KOMIIO3UTa T0-
nyueH npu BBeaeHur MYHT ot 0,001 mo 0,003 % oT maccel
nopmianaueMenTa. [Ipu pacxone no6asku 0,002% Hab0-
JAeTCsl 3HAUMTEIbHOE TTOBBIIIEHUE MPOYHOCTU ra300eTOHA
MpU COXpaHEHWU (U JaXe HE3HAUUTESbHOM CHUXEHMM)
cpellHeill MJIOTHOCTU razobertoHa. Takxke HEOOXOAMMO OT-
METHUTh KaUeCTBEHHOE U3MEHEHNE PEOJIOTUYECKUX XapaKTe-
PUCTHUK Ta300eToHHOI cMecH. [Ipoliecc BCIydynBaHUST Mac-
CHBa MPOTeKal MHTEHCUBHO, 6€3 BUIMMBIX Pa3pbIBOB U Jie-
dopManuit. YaepxkaHue CBEpXJIErKoil ra3oMacchl U CoxXpa-
HEHUE ONTUMAIbHOUN CTPYKTYPbI MOP CTAJIO BO3MOXHBLIM
OJsiaroziapsi CBOEBpeMEHHOMY HabOpy MacCUBOM HEOOXONH-
MO TUTACTUYECKON 1 CTPYKTYpHOI TTpouHocTH [18].

B xone skcniepuMeHTa Oblia TIPOBeIeHA OLIEHKAa MaKpo-
1 MUKPOCTPYKTYPHI 00pa31ioB ra300eToHa, N3rOTOBJICHHBIX
Ha ocHOBe anmoMuHueBoit myapsl «I1AIl-1»; cnenuanuzu-
poBaHHoOro razoobpazoBateiisi Stapa Alupor N905; cymep-
actudukaropa Melflux 5581F, a Takke o6pas1ioB, MoIu-
¢unmpoBaHHbIX gucnepcueit MYHT.

ITo pesynbraTaM pTYTHOM MOPOMETPUN U MUKPOCTPYK-
TYPHOTO aHaJIM3a TI0p YCTAaHOBJIEHO, YTO BBEJCHHUE B CMECH
CcIeuMaJu3MpPOBAaHHOIO ra3000pa3oBaTesisi, MoJIMKap0Oo-
KcuaatHoro Iutactudukatopa u gucrepcun MYHT crno-
COOCTBYET CHUXXEHUIO KOJMYECTBA MUKPOIIOpP, YBeJIUYe-
HUIO COAEPXaHUSI KalWUISIPOB, MOBBIIIEHUIO TJIOTHOCTH
MEXIOPOBBIX Meperopoaok (puc. 4). Mcnonb3oBaHue Mo-
IUGhUKATOPOB MO3BOJISIET CTAOWIM3UPOBATh MAaKPOCTPYK-
Typy razo0eToHa, MoBbIIIasl OMHOPOAHOCTDh MOpP Mo popMe
U pazmepy.

Ananu3 wMukpodortorpaduii pazIMYHBIX 00pa3loB
TATI'B noka3sbiBaeT, 4TO IpY BBEJIEHUH B COCTAB ra300eToHa
CI'O un mractugukaTopa HabmogaeTcsl YIUIOTHEHUE MEX-
TTOPOBBIX MIEPETOPOJOK M CHIDKEHME UX Ae(eKTHOCTH. B pe-
3yJIbTaTe 00pa3yloTcs ¢j1ab03aKpUCTANIM30BaHHbBIC TUIPO-
CUJIMKAThI KaJblKs, TUIACTUHKY MOPTAaHAUTA U HeTpopea-
TMpOBaBIlIME YacTUIIbl KpeMHe3ema (puc. 5, ¢, d). B 1o
BpeMsl KaK y KOHTPOJBHOTO COCTaBa, MU3rOTOBJIEHHOTO Ha
OCHOBE aJTIOMUHUEBOM IMyIPbI, UMEETCSI OOJIbIIIOE KOJINYEe-
ctBO HedakpucTtayumioBaHHBIX I'CK (puc. 5, a, b).

ITpu BBenenuu MYHT B ctpyktype AT (puc. 5, e, f)
HaOII0daeTCsl MEHbIIIEe YUCI0 1e(heKTOB, IIPU 3TOM UX BHY-
TPEHHSISI YacThb YIUIOTHsIeTCs Hu3koocHoBHbIMU ['CK miepe-
IUIETEHHON TJIACTUHYATOM M UTOJIbYaTOil (pOpMbI, UTO 00Y-
CJIOBJIMBAET MOBBIIIIEHUE TTPOYHOCTHU U TIepepacripesicjieHue
TIOp T10 pa3Mepy.

Hcxonst M3 moay4eHHBIX TaHHBIX OBLT cIelaH BBIBOI,
yTO HanboJee 3¢ (HEeKTUBHBIM CIIOCOOOM YIIPOYHEHMS MEX-
MOPOBOTO MPOCTPAHCTBA TBEPAOH (ha3bl TEIIOUOISIIMOH-

p,kr/mM3  Rex, Mlla 2
P, Kl'/n’l‘3 Rcomp; MPa
650 25 f
550 2 h
450 1,5
350 1
250 0,5 f
\s
150 0
KoHTp. 0,001 0,002 0,003 0,004
Control

Pacxop MYHT, % ot macchl uemeHTa
MWCNT's dispersion content, % of the mass of the binder

Puc. 3. XapaktepucTtuku AI'G 1 cBoicTBa s4encto-6eTOHHON cMecn, MoaNdULMPOBAHHbIX ANC-
nepcren MHOrOCIOMHbIX YrePOAHbIX HAHOTPYOOK: 1 — KO3bdUUMEHT BCry4nBaHus; 2 — nnactum-
yeckasi npoyHocTb TAIB yepes 120 muH, MMa; 3 — cpeaHss NNOTHOCTb, KF/MS; 4 — npepen Npoy-
HOCTW npwu cxartuu, Mla

Fig. 3. The values of autoclaved aerated concrete characteristics and properties of concrete mix

modified the MWCNT’s dispersion: 1 — coefficient of bulk concrete bloating; 2 — plastic strength of
AAC, after 120 min, MPa; 3 - average density, kg/m?; 4 — average compressive strength, MPa

density of the samples is significantly increased, which also
led to an increase of strength.

The results of physical and mechanical tests have shown
that the introduction of silica gel has no positive effect on the
characteristics of the material. The density of the samples
increased significantly with a slight increase in
strength. (Fig. 1).

The analysis of experiment results on research of influ-
ence high active metakaolin also didn’t show considerable
improvement of autoclaved aerated concrete characteristics
(Fig. 2). By increasing the dosage of VMK, samples increase
in strength due to the compaction and reduce porosity ob-
served, as a consequence, increase in the density of the mate-
rial and its thermal conductivity occurs. With increase in
quantity of VMK-40 decrease of bulk concrete bloating de-
gree that leads to increase of a thermal insulating aerated
concrete density is observed. In turn, the degree of bulk con-
crete bloating depends on the rheological characteristics such
as the viscosity and plastic strength of mixture (yield strength).
The addition of 4% and more WMC-40 causes a sharp rise in
the viscosity and yield strength. Further modification of these
characteristics is different, however, with a planned set of
plastic strength.

5 ro

% oT 06LLero yucna nop
Percentage of the total number of pores
n
o

108 107 106 105 104
(renesble  (MUKpO- (makpo-  (MuKpo- (Makpo-
nopbl)  KanuAngpbl) Kanuanspsl) nopsl)  Nopbl)
[LnameTp nop, M
Pore diameter, m

Puc. 4. PacnpegeneHue nop rno pasmepy B 06LLel CTPYKTYpe Moanduum-
POBaHHbIX U KOHTPOJIbHLIX 06PAa3L0B aBTOKIABHOrO ra3obeToHa: 1 — KOH-
TPOJbHbIN 06paseL; 2 — MOANPULMPOBaHHLIN 06paseLl,

Fig. 4. The distribution of pore size in the overall structure of the modified
and control samples autoclaved aerated concrete: 7 — control sample;
2 — modified sample
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HOTO aBTOKJIABHOTO Tra300eToHa SIBJISIETCS | g
BBE/IEHUE B COCTaB ChIPbEBOI CMECU MOJIU -
(punupyromeit 106aBKM MHOTOCTOWHBIX
yIJIepOJHbIX HAaHOTPYOOoK «Ful Vec» B co-
YEeTaHUU CO CHELMAIU3UPOBAHHBIM Ta30-
obpasoBaresieM M MOJUKAPOOKCUIATHBIM
IUIACTU(HUKATOPOM.

M3yyeHue creneHW BIMSHUS TMOA0-
OpaHHBIX MOAMGDULIUPYIOIINX KOMIIOHEH-
TOB Ha MOKa3aTeJIi KayecTBa TeIUIOU30JIs1-

IOMOHHOI'0 aBTOKJIABHOI'O Ta306CTOHa, a

TakXe orpeesieHre ONTUMAaJIbHOTO CO-
craBa TAI'D ocyliecTBISUINCH C IIOMOIIBIO
CIelMajbHO Pa3paboTaHHOTO MPOrpaMM-
Horo mpoaykTa ajasi DBM «JlekoH-CM»
(CBUAETENBCTBO O TOCYNAPCTBEHHOM pe-
TUCTpallMM TIporpaMMbl miss DBM PO
2015614933. ABTOMaTHU3MpPOBaHHAS CH-
CcTeMa aHaju3a CBOWCTB CTPOUTEIbHBIX
MaTepuajgoB Ha OCHOBE PErpecCMOHHBIX
Mojiejieii U KOMIUIEKCHOTO OlIeHWBaHUS

(«Iexkon-CM») / B.A. XaputoHnos, B.A. I'o-
nyoes, P.®. Ilaiinymun, B.A. IllamaHos,
AJ1. Kypsanos, C.B. JleoHTbeB), B OCHOBe
KOTOPOTO 3aJloKeHa YHUBEpcajibHas Ma-
TpUYHAsg MHOTOKpUTEpHUAIbHAs MOIENIb
KOMIUIEKCHOTO OLIEHMBAHUS XapaKTepH-
CTUK MaTepuajia, KoTopasl Mo3BoJisieT aHa-
JIN3MPOBATh B3aUMOCBS3b COCTaB—CTPYKTY-
pa—cBoiictBa TAI'b 1 mpenmosaraer pacyeT ONTHUMaIbHBIX
3HAUEHUI BapbUPYEMbIX (DaKTOPOB.

TeopeTnyecKyro 1 METOOJIOTMUECKYI0 OCHOBY MaTpUU-
HOT'O MHOTOKPUTEPUATILHOTO TOAX0/1a KOMITJIEKCHOTO Olie-
HuBaHUS XapakTepuctuk TAI'D cocTaBisiloT MOJOXEHUS
TEOPUI IPUHATUS PEIIEHMH, HaeXXHOCTU, HEYETKUX MHO-
SKECTB, METOIBI SKCIIEPTHBIX OIICHOK, aHajiu3a MepapXuii,
KOMIUIEKCHOTO OLICHUBAaHMS, a TaKKe MaTeMaTUIeCKOTO
IJIAHUPOBAHUS M PETPECCUOHHOTO aHaIn3a.

IIpoueaypa onTUMU3AIMU C TIOMOIILIO IPOrPAMMHOTO
komiiekca «ekoH-CM» mpenycMaTpuBaeT BbIMOJHEHUE
CJIeAYIOLIMX 3TANoB: (POPMUPOBAHUE KOMIUIEKCHOTO KpHU-
Tepusl KauyecTBa CTPOUTEIBLHOTO MaTepualia; IMoCTpOeHUe
JiepeBa KpUTEPUEB; TNIAHNPOBaHWE SKCITEPUMEHTA U TTOJTY-
YeHWe ypaBHEHU perpeccuu; IMpUBENeHUE YaCTHBIX KpH-
TEpUEB K KBAIMMETPUUECKON 1Kaje oT 1 10 4; KOHCTpyH-
pOBaHMe MaTPUIL CBEPTKU; pacueT KOMIUIEKCHOM OLIEHKU U
BBIOOp HaWMJTy4llleil albTepHATUBBI U3 HECKOJbKUX TIpe.-
JIOXKEHHBIX BAPUAHTOB.

OmnpeneieHre ONTUMAJIBHOTO COMEPXKAaHUST KOMITOHEH-
TOB STYEUCTO-OETOHHOI CMeCH TIPOU3BOIUTCS IO HAMOOIb-
lIeMy 3HaUY€HUIO0 KOMIUIEKCHOro KpuTepus KadectBa Al'B,
MOJIy4aeMOT0 arperupoBaHUEM UCXOTHOTO Habopa YaCTHbBIX
nokasareneit kauectBa AI'D (3;) [19]. B xauecTBe OCHOBHBIX
nokazatenieil kauectBa TAI'B Obutn ompesaesieHbl cieayto-
LIMe: peaes MPOYHOCTH IpH cxXaTuu (yReX), mpemes mpod-
HOCTH Ha pacTsKeHHe Npy u3rube (yR¥Sr), cpenHssa Mmior-
HOCTh (¥°), KO3DPULMEHT TEIIONPOBOIHOCTH (y*), BiIax-
HOCTb ra300€TOHA MPU BBIXOJIE U3 aBTOKJIaBa (y*). B ob1iem
cllyyae KOMIUIEKCHBIN KPUTEpUil KauyecTBa TPEeACTaBIISIET
c0001 YMCIIEHHYIO OLIEHKY, MOJIyJ9aeMyIo B pe3yJIbTaTe arpe-
TMPOBAHMSI MHOXKECTBA YaCTHBIX KputepueB N={1,2,...,b},
OILICHKHU y;€Y; IO KOTOPBIM MPUHUMAIOT 3HAYCHUSI U3 MHO-
xectBa Y, ie N(1):

FO): Y =X, (M

T.€. Yy = Fy), tne y = vy, ¥, s ) € ¥ = [lient;
O4YeBUIHO, YTO BBIYMCICHHWE KOMIUIEKCHON OLEHKU
Fy=F(y,) BOBMOXHO TOJbKO MPU U3BECTHOM BEKTOPE YacT-
HBIX 1ToKa3ateseit yy e X . B 06111eM cirydae HEYeTKYIO OIeH-
KY ), TOJy4aeMyIo B pe3yJIbTaTe arperupoBaHUs BYX 4acT-

Puc. 5. Mukpodotorpacdum Arb (ysennyeHne 500X n 5000X): a, b — o6pasLibl Ha antoMUHUEBOW
nyape; ¢, d — o6pasupl Ha CFO n nnactudukartope; e, f — o6pasubl Ha CMFO n nnactTudurkaTope
C ncnonb3oBaHuem agucnepcunn MYHT

Fig. 5. Microstructure of autoclaved aerated concrete (spall fragments at the magnification of 500
times and 5000 times): a, b — control sample with using aluminum powder; ¢, d — control sample
with using specialized blowing agent and plasticizer; e, f — sample modified with carbon nanotubes
(with using specialized blowing agent and plasticizer)

The best indicators of physical, mechanical and rheologi-
cal properties of cellular concrete and concrete mixtures are
shown when inclusion of modifying of MWCNTs dispersion
«Ful Vec» into concrete mixture (Fig. 3).

An analysis of the data it can be concluded that the intro-
duction of the concrete mixture MWCNT’s dispersion pos-
sible to increase the compressive strength of material through-
out the range of variation of additive. The best effect from the
point of view, the average composite density reduction is
obtained in the range dosing of MWCNTs from 0.001 to
0.003% by weight of cement. A significant increase in strength
of the concrete, while maintaining or even significant reduc-
tion in its average density made possible with a flow rate of
additive — 0.002%. We should also note a qualitative change
in the rheological properties of concrete mixture. The process
of bulk concrete bloating proceeded rapidly, with no visible
gaps and strains. Hold ultra light gas supply and the preserva-
tion of pore structure was made possible by timely set of
plastic and an bulk concrete of necessary structural
strength [18].

Evaluation of the macro- and microstructure of aerated
concrete samples made on the basis of aluminum powder
“PAP-17; specialized blowing agent “Stapa Alupor N905”,
superplasticizer Melflux 5581F; as well as samples of the
modified MWCNT dispersion was carried out in the course
of the experiment.

Analysis of pore size distribution by mercury porosimetry
showed that the introduction of a mixture specialized gasifier,
superplasticizer and MWCNT’s dispersion renders qualita-
tive impact on the structure interporous aerated concrete
walls. Number of microspores reduced, capillary content in-
creased, the density interporous partitions increased. At the
same time, the restructuring of pores microstructure changes
from cubic scattered to a uniform hexagonal (Fig. 4), which,
in turn, has an impact on improving the physical, mechanical
and thermal insulating characteristics of aerated concrete.

Analysis of micrographs of various aerated concrete
samples shows that the introduction of the specialized blow-
ing agent and plasticizer observed interporous seal walls and
reduce their defects. As a result, formed poorly crystallized
calcium hydrosilicates, plate portlandite and unreacted silica
particles (Fig. 5, ¢, d). At the same time controlling the com-
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HBIX KPUTEPUEB, MOXHO OTPENEIUTh Clenytomeil (pyHKIM-
el mpuHaIIeXHOCTH (2):

HWo) = sup  min{uy (1), 100} Y= L4 (2)
{0l FoLy) =y}

B cBSI3U ¢ 3TUM KOMIUTEKCHBIN KPUTEepUii KauyecTBa aB-
TOKJIABHOTO ra300€TOHA MOXHO C(OOPMYIUPOBAThH CIECIYIO-
muM obpazom (3):

Yo = [(Rex o yRutsr) o pP] o [yh o p*]. (3)

B rpadpmaeckoM UCITOTHEHUM KOMITJIEKCHBIN KpUTEPUit
kauectBa AI'b MoXHO mpencraBuTh B BUAEC IMXOTOMMYE-
CKOro JepeBa: XapaKTepUCTMKM MaTepuana 3aJaloTcs B
MPSIMOYTOJILHUKAX, @ CBEPTKU Mapbl KPUTEPUEB — B OKPYK-
HOCTSIX (pHc. 6).

3,24

KomnnekcHas oueHka
Integrated assessment
2,77
Kputepuii kavecTsa
Design quality

[MpoyHocTb
Strength

Komdopt
Comfort

position, made on the basis of aluminum powder, there is a
large amount of calcium hydrosilicates vitreous (Fig. 5, a, b).

When MWCNT is administered in the concrete structure
(Fig. 5, d, e) showed fewer defects, while their inner part is
compacted calcium hydrosilicates interlocking lamellar and
acicular shape, which causes an increase in the strength and
pore size redistribution.

Based on the data, it was concluded that the introduction
of the raw mixture of multi-walled carbon nanotubes disper-
sion «Ful Vec» in conjunction with specialized blowing agent
and polycarboxylate plasticizer is the most effective way of
strengthening interporous space solid phase of lightweight
autoclaved aerated concrete.

The study of selected modifying components influence on
the quality of thermal insulation performance of autoclaved
aerated concrete, as well as determining the optimal compo-
sition of lightweight autoclaved aerated
concrete was carried out using a specially
designed computer program product
“Decon-SM” (The automated system of
the analysis of properties of construction
materials on the basis of regression models
and the complex estimation (“Decon-
SM”) / Kharitonov V.A., Golubev V.A.,
Shaidulin R.F., Shamanov V.A., Kurza-
nov A.D., Leont’ev S.V.). A universal ma-
trix multi-criteria evaluation model com-
plex material property lies at the heart of the
program. This model allows us to analyze

3,47 3,16 . . o
the relationship “composition—structure—
Rex Ruar TennonpoBOAHOCTb » of d di I
MpoHOCTS MposHOCTS MnotHocTs Thermal BAaXHOCTH property 0! aerate poncrete and involves
npy CXatin npv u3rnbe Density conductivity Humidity the calculation of optimal values of variable
Compressive strength Flexural strength coefficient factors

Puc. 6. [JuxoTommnyeckoe AepeBo KOMMIEKCHOMO OLEHNBAHWS Ka4eCTBa aBTOKIaBHOMO razob6eToHa
Fig. 6. Dichotomous tree of integral assessment of autoclaved aerated concrete quality

The provisions of the decision-making
theories, reliability, fuzzy sets, methods of
expert assessments, hierarchies analysis,
comprehensive evaluation, as well as plan-

Marpuua «R» Matpuua «KomdopT» Marpuua «KK» Marpuua «KO»
Matrix «Strength» Matrix «Comfort» Matrix «Design quality>  Matrix «Integrated assessment> ~ ning and mathematical regression analysis,
2 2 4 4 4 3 4 4 3 3 account for the theoretical and method-
g ] g g g g g g g f ological basis of the matrix of multi-criteria
2 1 2 2 2 1 3 2 2 1 approach, comprehensive performance
— K°M¢-/C°mf°4“ evaluation of autoclaved aerated concrete.

Procedure optimization with using the
software package includes “Decon-SM”

the following steps: forming an integrated
quality criteria a building material; tree

473
ch/ Rstr

Puc. 7. BapuaHT 3anosiHeHUst MaTpuL, MapHOro CPaBHEHWUS NMPU KOMMJIEKCHOM OLEHKe kadecTsa Al'B
Fig. 7. Option filling matrices paired with a integral assessment of the autoclaved aerated concrete

quality

X4 X4

X2 X2

Puc. 8. MNpeacrasneHne npouenypbl KOMMIEKCHOMO OLEHNBAHUS B BUAE NPOEKLNIA HA NIIOCKOCTb
Fig. 8. The image procedure of integrated assessment in the form of projections on a plane

construction criteria; experiment planning
and obtaining the regression equations;
bringing the particular criteria for the single
scale from 1 to 4; constructing convolution
matrix; calculation of the integral assess-
ment and selection of the best alternative of
several proposed options.

Determining the optimal content of the
mixture of porous components will be pro-
duced at the higher integral assessment
criterion autoclaved aerated concrete ob-
tained by aggregating the initial set of par-
tial indicators of aerated concrete quality
() [19]. Compressive strength (yRes) flex-
ural strength (yRB), the average density
(»°), thermal conductivity coefficient (y*)
aerated moisture at the exit from the auto-
clave (y") were identified as key indicators
autoclaved aerated concrete quality. In this
context, the integrated quality criterion will
be a numeric evaluation, being obtained by
aggregating the number of particular crite-
ria N={1,2,...,b}, the assessments y,;eY; for
which specify the values from the range Y,
ie N(1):
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Ta6nuua 1
Table 1
5 5 @ 3Haquy|ﬂ nepeMeHHbIx | 3HaueHus XapaKTepUCTHIK B d)l./ISVI‘-IeC!(VIX BE/MYMHAX T?]:a\?;:g: g?(ceg;%Iitsilggg?:li(hTeO:gZ);I e s & g
& 58 Variable values Values of characteristics in physical terms ; s eE=
EEEE points IS2g
£ @
E 2 % X X X Rex Rmsr o A Worm R KKK Komd. B é ﬁ §
< 1 2 3 R R W Designe quality | Comf. @
cS fs hum
1 785 | 0,002 | 0,4 0,88 0,27 181 0,05 23 2,93 3,27 2,83 3,09
2 785 | 0,002 [ 04 0,88 0,27 181 0,05 23 2,93 3,27 2,83 3,09
3 784 | 0,002 [ 04 0,88 0,27 181 0,05 23 2,92 3,27 2,84 3,09
4 785 | 0,002 | 0,4 0,88 0,27 181 0,05 23 2,92 3,26 2,84 3,09
5 787 0,002 0,4 0,88 0,27 180 0,05 23 2,91 3,25 2,85 3,09
6 788 | 0,002 [ 04 0,89 0,27 180 0,05 23 2,92 3,26 2,84 3,09
7 789 | 0,002 | 0,4 0,87 0,27 180 0,05 23 2,91 3,25 2,85 3,09
8 789 | 0,002 [ 04 0,87 0,27 179 0,05 23 2,9 3,24 2,86 3,09
9 791 | 0,002 | 0,4 0,87 0,26 179 0,05 23 2,88 3,23 2,87 3,09
10 791 | 0,002 | 04 0,87 0,27 180 0,05 23 2,89 3,25 2,85 3,09
1 793 0,002 0,4 0,87 0,27 179 0,05 23 2,88 3,24 2,86 3,09
12 793 | 0,002 | 0,4 0,87 0,26 179 0,05 23 2,88 3,23 2,87 3,09
13 792 | 0,002 | 0,4 0,87 0,26 179 0,05 23 2,87 3,22 2,87 3,09
14 795 | 0,002 | 0,4 0,86 0,26 179 0,05 23 2,87 3,22 2,87 3,09
Tabnuua 2
Table 2
HanmeHoBaHue Homep oneiTHoro maccusa CpeaHee 3HayeHue nokasarens P 0 %
nokasarens kayecTsa Preproduction test The average value of the quality | ' oo 1 HbIe SHAUEHIS | LTKOHEHNE PESYNLTATOB, 7o
Index of material quality ] ” 3 2 P index Calculated values The deviation results, %
o Ml 0,86 | 0,83 | 0,83 | 0,86 | 0,83 0,84 0,88 45
sy a
a“”'M'VF',';a 027 | 032 | 03 | 027 | 0,29 0,29 0,27 74
Sy
3
S' ﬁ;//“r"ns 185 | 175 | 180 | 195 | 195 185 181 -2,2
0,
w:::m ﬁ;o 21 19 20 23 20 21 23 +8,7
0
» T 0,045 | 0,044 | 0,045 | 0,046 | 0,045 0,045 0,05 +10
McxonHbIMM JaHHBIMU U151 pellIeHU s TOCTaBJICHHBIX 3a- F): Y=Y, )]

Jlay SIBJISIIOTCSI YpaBHEHMST PErpecCUr KOHEYHBIX XapakTe-
PUCTHUK TOTOBOT'O IIPOAYKTA, MOJIyYeHHBIE ITyTeM MaTeMaTH-
YeCKOTro TUTAHUPOBAHUSI 9KCIIEPUMEHTA MPU BapbUPOBAHUU
TaKuX (pakTopoB, KaK pacxo MoJu(GyHKIIMOHAIBHOTO ra30-
obpa3zosaresns (Al) — X, r/M%; conepxanne MYHT «Ful Vec»
(HT) — X,, %; pacxon mactudukaropa «MELFLUX 558 1 F»
(In.) — X5, %.

B xauyecTBe yHKIIMI OTKIMKA TPUHUMAIOTCS XapaKTe-
PUCTUKU Ta300eToHa, (GOPMUPYIOIIME KOMIUIEKCHBINH KpU-
TepUit KadecTBa FOTOBOTO MTPOIYKTA:

R — npenen npouyHocTtu Ha cxarue (MIla);

R,;; — mpenen NpoyHoOCTU Ha PACTSKEHUE NPU U3rube
(MITa);

0 — CpeHss IIOTHOCTD ra3o0eToHa (Kr/m>);

A — KO3(pPUIMEHT TEIIONPOBOIHOCTH Ta300eToHAa
(Br/M°C);

W, — OTiyckHast BiaxHoctb ATB (%).

ITo pesynapTataM NMpPOBEAECHUS MOJTHOTO IIEHTPAJIbLHOTO
OPTOTOHATBHOTO TPeX(HAKTOPHOTO IKCIEPUMEHTa C U3Me-
HEHUEM Kax0ro hakTopa Ha TpeX YPOBHSIX ObUIU MOJyye-
HbI CJIEIYIOIIME PEeTPEeCCUOHHBIE 3aBUCUMOCTH (4—8):

i.e.yy= Ay), where y= (¥, 5, ..., y) € ¥ =TlienYs

It is clear that the estimation of integrated assessment is
only possible, when the vector of particular values y, e X is
known. In general, the fuzzy assessment y_0 being obtained
by aggregating two particular criteria, may be determined
with the following membership function (2):

HWo) = sup  min{pg (), bp(0)}s yo = 1,4.

_ (2)
{0yl FoLy)=mo}
In this regard, a integral assessment of aerated concrete
quality can be summarized as follows (3):
Yo = [(yRes o yRE) o yP] o [y o y¥], (3)
The graphics performance integral assessment of aerated
concrete quality can be presented as a dichotomous tree.
Material characteristics are given in boxes. Convolution of
criteria defined in the pair of circles (Fig. 6).
Regression equations of the finished product characteris-
tics are the initial data for the task. They are obtained by
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Pep=2108,5-4,5-A1+0,3-A>-5555,5-HT+
+9444 4-HT?*+1,8-AI-HT—0,4-TTn.-Al-83,3-TIn.-HT; (4)

R.=3,9-0,7-Al+0,3-AI>~55,9-HT—
—1483,3-HT?*+0,2-AI-HT—0,1-Al-TI1.40,2-Tln.-HT; (5)

Ry=1,6—0,4-A1+0,2-A1*+10,4-HT—
—277,8-HT2+0,3-A- HT+0,2-Al- TL1.+0,2- TL1.-HT; (6)

2=0,5-0,2-A1+0,7-A1>—1,6-HT+
+25,6-HT*+0,7-AI-HT+0,6-Al- TIn.—0,2-TL1.-HT;  (7)

W=125-0,3-Al+0,3-A1>+5780,6-HT—
—1611,1-HT?>~7,2-AI-HT+0,2-Al- TIn.—62,5-TIn.-HT. (8)

[TockonbKy BblOpaHHBIE (U3UYECKUE BEJIUYUHBL ())),
(hopmupyollMe BEKTOP YaCTHBIX ToKa3atesieit kauecTna (),
HMMEIOT pa3Hble Pa3MEPHOCTH, UX HEOOXOIMMO TIPUBECTH K
eIUHON IIKaje, Hampumep oT 1 mo 4, rme 1 — «I10X0»,
4 — «OTIMYHO». JIJIs1 9TOTr0 BBIYUCISIIOTCS (DYHKIIMU TTPYBE-
NeHUs OTAETbHBIX Moka3ateneil kauectBa AI'b u3 dazosoro
npoctpaHcTBa (y;) B KBanmuMetpuueckoe (¥). Hampumep,
GyHKIIMS TIpUBENEHUS [UISl CPeJHEN TUIOTHOCTU MPUMET
Buz (9):

Jp=4, Yy<150

$,=33,77-2,727%7 150 < y < 350. )
Bo=1, Yp=350

C yyeToM BBIIIEHU3JIOXKEHHOTO Ha CIEOYIONIeM JTare
paboThI TPOTrpaMMBbl MATPUIIBI TAPHOTO CPaBHEHUST TTOKa3a-
teneil KauectBa AI'B, KoTopbie ¢ yueTOM BBIITOJHEHUsI 0051 -
3aTeIbHBIX MpaBui (KaHOHOB) MPUMYT CJIEAYIOIIUI TOMO-
JIOTUYECKUI BUJI, MPeACTAaBJICHHBIN Ha pUC. 7.

«KaHoHM3aMsl» MaTpUIl CBEPTKU OTPaHUYECHUSAMHU Ha
MUHAMUKY WX pa3BUTUS MPUBOIUT K (PYHKIIMOHATIBLHO TIOJI-
HOI CUCTeMe CTaHIapTHBIX (PYHKIINI CBEPTKU U X TOITOJIO-
TMYECKOM MHTEPIIPETALIMU YEPE3 CEMEUCTBO JUHUM OIMHA-
KOBBIX 3HAY€HUN — M30JMHUNA. Takoil moaxon OTKphIBaeT
HOBbIE METOJMYECKHE BO3MOKXHOCTH Ha MYTU PELIeHUs 3a-
Jla4 CUHTE3a MaTPUIL CBEPTKU, paHXUPOBAHUS TPYITITBI 00b-
€KTOB M COCTOSTHUI OTAETbHBIX OOBEKTOB C 1IE/IbI0 OIICHH-
BaHUS 1 000CHOBAHUS TUHAMUKY WX Pa3BUTHS.

B pesynbTare Ha OCHOBE TOCTPOSHHOM MOIEN METOIOM
MoCIe0BaTeIbHON CBEPTKY KPUTEPUEB MTPOU3BOAMTCS BbI-
YyyclieHUe KOMIUIEKCHOM OlIeHKM KayecTBa Marepuara.
Pe3ynbTaThl CBEPTKM B KaXXIOM M3 BEPIIUH JAepeBa KpUTe-
pUEB MOTYT OBITh MPEACTABIEHbI KaK B UUCJIEHHOM, TaK U B
rpapuueckom Buze. I'padpuueckoe nmpeacraBaeHUe COCTOUT
B BU3YyaJIU3allMM 3aBUCUMOCTE B BUI€ TIOBEPXHOCTU (hYHK-
LMl OTKJIMKA JINOO B BUIE MPOEKIUM MOJMHOMA Ha TJIO-
ckocTb (puc. 8).

B pesynbraTe MpoBemeHUST TPOLIEAYPHl KOMILIEKCHOTO
OLIEHMBAHUS ObUIO TMOJYYEHO OrpaHUYEHHOE KOJUYECTBO
BapMaHTOB 3HAYEeHUI NepeMeHHbIX X;, X,, X3, obecrneunBa-
IOIIMX HauOoJblllee 3HaUeHUe KOMILIEKCHOM OLIEHKH, 4TO
yrpoulaeT Mpoleaypy BblOOpa Haubosee palroHaIbHOIO
BapuaHTa. 151 ynoO6cTBa cpaBHEHUS MpeajaraeMbie Bapu-
aHTbI TIPEACTABISIOTCS B BUE Ta0auLbl (Tab. 1).

AHaM3upys TOJyYeHHBIC Pe3yIbTaThl, MOXHO OTMe-
TUTh, YTO B TAHHOM CJIydyae HamOoJIblllee 3HAUCHHE KOM-
TIJIEKCHOM OIIEHKM KauyecTBa aBTOKJIABHOTO ra300€ToHa Co-
ctaBuT 3,09. Takasi olieHKa AOCTUraeTcsl MpU BapbUpOBa-
HUW BbIOpAHHBIX MOKa3aTejeil KayecTBa B CJEAYIOIIUX
IMana3oHax: cpeiHssl MIoTHocTh 179—181 kr/m?; mpenen
npouHocTy mpu cxkatuu 0,86—0,88 MIa; mpenen mpovyHoO-
ctu npu m3rube 0,26—0,27 MIla; TemIonpoBOIHOCTD
0,05 Br/M-°C; BiaxkHocth 23%. I1py 5TOM MOKXHO OTMETHUTh
JIOCTAaTOYHO Y3KUI [uana3oH u3MeHeHus (axkrtopa X; (pac-
XoJ1 razoo0pasoBaresisi) — ot 784 no 795 r. lpyrue daktopbl
ISl JaHHOW KOMILUIEKCHOM OLIEHKU SIBJISIIOTCS] TOCTOSIHHbI-

mathematical experiment design by varying such factors as
the flow specialized blowing agent (Al) — X, g/m?; content of
MWCNT’s dispersion «Ful Vec» (NT) — X,, %; plasticizer
consumption Melflux 5581F (Pl.) — X5,%.

Characteristics of aerated concrete, forming a integral as-
sessment of finished product quality are taken in response
functions:

R, — compressive strength (MPa);

Ry, — flexural strength (VPa);

p — the average density (kg/m3);

A — thermal conductivity coefficient (W/m-°C);

Whum — humidity of aerated concrete after autoclaved (%).

Regression dependence (4—8) were obtained based on the
results of the full central three-factor orthogonal experiment
with the change of each factor on three levels:

P=2108,5—4,5-A1+0,3-AI>—~5555,5-NT+
+9444 4-NT*+1,8-AI'NT—0,4-P1.-Al-83,3-PL-NT; (4)

R,,=3,9-0,7-Al+0,3-A1>—55,9-NT—
—1483,3-NT2+0,2-AI-NT-0,1-Al-PL.+0,2-PL-NT; (5)

R,,=1,6—0,4-A1+0,2-A+10,4-NT—
~277,8-NT*+0,3-ALNT+0,2-AL-PL+0,2-PL-NT;  (6)

A=0,5—0,2-A1+0,7-AI>—1,6-NT+
+25,6-NT?+0,7-ALNT+0,6-A-PL—0,2-PL-NT;  (7)

W=125-0,3-Al+0,3-A>+5780,6-NT—
—1611,1-NT>~7,2-AI-NT+0,2-Al-P1.—62,5-PL.-NT. (8)

Since selected physical quantities (y;), which form the
vector of particular quality values ();), have different degrees,
they shall be reduced to a unified scale, for example, from 1
to 4, where 1 — «bad», 4 — «excellent». In this regard, reduc-
tion functions are calculated for certain quality values of au-
toclaved aerated concrete from phase (y;) to qualimetric
space (J), where on X-axis — physical quantities of end
product quality performance, and Y-axis is a qualimetric
scale from 1 to 4. For example, the average density reduction
function becomes (9):

Vo=4, ¥,<150

o~ _ (—0,007"y)

Vp=33,77-2,72 , 150 < y<350. 9)
Jo=1, Yp=350

In view of the above, a variant for filling paired-compari-
son matrices of autoclaved aerated concrete quality values,
which, based on fulfillment of obligatory rules (canons), will
be written with the following topological view given on Fig. 7,
has been proposed.

The «canonization» of convolution matrices with restric-
tions to the dynamics of development results in a function-
ally completed system of standard convolution functions and
their topological interpretation using a family of similar val-
ue lines — isolines. Such an approach opens new methodic
possibilities on solving problems of convolution matrix syn-
thesis, ranging the groups of objects and states of certain
objects with the purpose to evaluate and justify their dynam-
ics of development.

As a result, the computation of a integral assessment of
the material quality on the basis of the constructed model and
consistent criteria convolution method. Convolution results
in each of the vertices of the tree criteria can be presented
both in numerical and graphical form. Graphical representa-
tion is a visualization dependencies response surface func-
tions as a polynomial in the projection plane (Fig. 8).

A limited number of options variables X}, X,, X;, provid-
ing the most integral assessment of value were obtained by
conducting a comprehensive evaluation procedure.
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MU: X, (pacxon aucniepcu MYHT) pasen 0,002%, X; (pac-
xon miactudukaropa) paseH 0,4%. Y4uTbiBass Maiylo pas-
HMILY MEXIy OTAEIbHbIMU 3HAYEHUSIMU KauyeCTBEHHbIX Xa-
paktepuctuk AI'B, MOXHO yTBepXIaTh, YTO MU3MEHEHUE
paccMmaTpuBaeMbIX (PaKTOPOB B YKa3aHHBIX BBIIIIE AUAIIa30-
Hax obecreunT TpebyeMoe KayecTBO TOTOBOTO ITPOAYKTA.
Ho nmaxke B aToM ciydae cieiyeT OTAATh IMPEAIOYTEHHE
ajnpTepHaTBe N2 3, 4yTO 0OYCJIOBJIEHO HAMMEHBIIUM pac-
XOJIOM CIeLIMAIU3MPOBAHHOTO Ia3000pa3oBartesisi B cocTa-
Be TAI'B.

ITo paccunTaHHBIM C TOMOIIIBIO MPOrPAMMBbI 3HAYCHUSIM
pacxon0B razoobpasoBatelis, TaacTuduKaropa 1 HaHOMO-
nudurkaTopa Oblla M3TrOTOBJIEHA CEPUST MPOMBIIIIEHHBIX
00pa3loB TEIUIOU30JISILIMOHHOTO razoderoHa. I1o pesynbra-
TaM OIpeJesieHUs OCHOBHBIX MOKa3aTeseil KauecTna, Mmojiy-
YEHHBIX B pe3yjbTaTe dKClepuMeHTa, obpasloB (Tabia. 2)
MOXHO OTMETUTh XOPOIIYI CXOAMMOCTb TEOPETHYECKUX
(TTOTy4eHHBIX C TIOMOIIbIO TIporpaMMbl «JleKoH-CM») u
ONBITHBIX TTOKa3aTeJiell KayecTBa pa3pabaTbiBacMOTO Ma-
Tepuaa.

Takum o6pa3zom, Mo pe3yjabTaTaM MCCIeIOBaHUS yCTa-
HOBJIEHO, UTO HauboJjee 3¢ (HEeKTUBHBIM CpeaU ONPOOOBaH-
HBIX CITOCOOOM YITPOUYHEHMST MEXIIOPOBOTO KapKaca TBep-
IIoi a3kl aBTOKJIABHOTO Tra300eTOHA SIBJISICTCS BBEICHUE B
COCTaB CHIPbEBOM CMECH JAMCIICPCUU MHOTOCIOMHBIX yIJIe-
ponHbix HaHOTPYOOK «Ful Vec». Takxke ompeneieHO, 4TO
COBMECTHOE BBEJIEHNE B COCTaB ra300€TOHHON CMecH CIie-
LIMAJIM3UPOBAHHOTO ra3000pa3oBaTesisi MOHOJIUCIIEPCHOTO
cocTaBa, MOJMKApOOKCUIATHOTO TIacTU(UKaTopa U IuC-
nepcun MYHT crnocoGCTByeT MOBBIIIEHUIO MPOYHOCTH
TAI'B n He3HAYNUTETPHOMY CHIDKEHUIO €ro IUIOTHOCTU M
TETJIONMPOBOJHOCTY 3a CUET 3aroJHEHUS MUKPOTPEIINH
KPUCTAJUIMYECKUMHU OJIOKAaMU HOBOOOPA30BaHUI YIIOPSIAO-
YEHHOM CTPYKTYPHI U MepepacnpeaeseHus 00beMa MUKPO-
TOp M KanuJUISIpOB B CTPYKType ra300eToHa.

B pesynbrare onTMMU3aLIMKM COCTaBa TYEUCTO-O0ETOHHOM
CMECH TT0 KOMITJIEKCHOMY KPUTEPUIO KauecTBa, peaTn30BaH-
HoI1 B Buze IporpamMMsbl 111 DBM «JlekoH-CM», ycTaHOB-
JIEHO, YTO HauTyullne roka3areau KadectBa TAI'D noctura-
I0TCSI TIPY CAEAYIONINX 3HAYEHUSIX BAPbUPYEMBIX (haKTOPOB:
aJIOMMHUEBBIN razoobpasoBareiib «Stapa Alupor N905» —
784 t/1 M® TAT B; iactuduxarop Melflux 5581F — 0,4% ot
MacChl CMEIIAaHHOro Bsikymiero; amucrnepcus MYHT
«Ful Vec» — 0,002% ot Macchl LieMeHTa.
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1. TocymapctBeHHast mporpamma No 2446-p. «DHepro-
cOepexxeHre 1 MOBBIIICHHE 3HEPreTUYecKo 3¢ dex-
TUBHOCTU Ha mepuon a0 2020 roma», yTBepxKIaeHa pac-
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3. BumneBckuii A.A., I'pundensa I''U., CmupHoa A.C.
[Tpon3BoACTBO aBTOKJIaBHOro razoberona B Poccuu //
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U30JISIIIMOHHOTO Ta300€TOHA aBTOKJIABHOTO TBEPAEHMSI
// Hayuno-mexuuueckuii eecmuux Ilosoaxncosa. 2015. Ne 5.
C. 206—208.

Suggested options are presented in Table 1 form for ease of
comparison.

Analyzing the results it can be noted that in this case
the highest value of the integral assessment aerated con-
crete quality be 3.09. This assessment is achieved by vary-
ing the selected quality indicators in the following ranges:
the average density 179—181 kg/m?>, a compressive strength
0.86—0.88 MPa, flexural strength 0.26—0.27 MPa, the
thermal conductivity coefficient of 0.05 W/m-°C, humid-
ity 23%. It may be noted a rather narrow range of variation
factor X; (flow blowing agent) — from 784 to 795 g. Other
factors for this integrated assessment are permanent: X,
(MWCNT’s dispersion flow) is 0.002%, X; (plasticizer
consumption) is 0.4%. Given the small difference between
the individual values of the qualitative characteristics of
aerated concrete it can be argued that the change of the
factors considered in the above ranges provide the desired
quality of the finished product. But even in this case, pref-
erence should be given alternative No. 3, due to the lowest
flow specialized blowing agent composed of lightweight
autoclaved aerated concrete.

Series of industrial designs of lightweight autoclaved aer-
ated concrete was made from the calculated values using the
program blowing agent costs plasticizer and nanomodifier. As
a result of the definition of basic quality indicators, obtained
as a result of the experiment, the samples it is possible to note
a good agreement of the theoretical (derived using the pro-
gram “Decon-SM”) and advanced indicators developed by
the material qualities (Table 2).

Thus, the study found that the introduction of the raw
material mixture of multiwalled carbon nanotubes dispersion
«Ful Vec» is the most effective way of strengthening interpo-
rous frame solids autoclaved aerated concrete. Also it deter-
mined that the introduction of the aerated concrete mixture
specialized blowing with monodisperse composition, poly-
carboxylate plasticizer and MWNTs dispersion improves
strength of lightweight autoclaved aerated concrete and a
slight decrease in its density and thermal conductivity by fill-
ing cracks crystalline blocks tumors ordered structure and
redistribution of the volume of micropores and capillaries in
the aerated concrete structure. As a result optimization of
aerated concrete mixtures for integral assessment of quality
implemented in the form of a computer program “Decon-
SM”, found that the best indicators of lightweight autoclaved
aerated concrete quality achieved with the following values of
variable factors: aluminum blowing agent “Stapa Alupor
N905” — 784 g/m? of concrete; plasticizer Melflux 5581F —
0.4% by weight of a mixed binder; MWNT’s dispersion «Ful
Vec» — 0.002% by weight of cement.
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lporHo3upoBaHue fonrose4yHocTv 6asanbTohnbpobETOoHA,
MOAM(MLUUPOBAHHOI0 HAHOCTPYKTYPHLIMU A06aBKamu

Paccmarpusatotcs BONpockl J0nroBe4HoCTH 6asanstodnbpobeTtona (BPB), MoaNhMLMPOBAHHOrO HAHOCTPYKTYPHLIMM fo6aBKaMu. OCHOBHbIM
KpuTeprem JONroBEYHOCTH, KaK Npasumio, NPUHAMAIOT MOPO30CTONKOCTb, KOTOPAA 3aBUCUT OT MHOMMX (DaKTOPOB: MPOYHOCTU, MOTHOCTY,
BOJOHENPOHULAeMOCTI W Ap. YuuTbiBas cneunduky b®b, He MeHee BaXKHbIM KpUTEpUEeM AONTOBEYHOCTY CriefyeT CYNTaTb COXPAHHOCTb apMUPYIOLLEro
BOJIOKHA B LIEMEHTHOI mMaTpuLe. B peaynbrarte npoBefeHHbIX UCCeJ0BaHuI YCTaHOBIEHO, YTO KOMMIEKCHas MOAUMUMKaumua 6asanstpubépobeToHa
HAHOCTPYKTYPHbIMY A06aBKaMu B BUE BbICOKOAKTUBHOIO METaKaosiMHa U AMCNEPCUN MHOTOCTONHBIX YITIEPOLHbIX HAHOTPYOGOK 06ecne4unsaet
NOBbILLIEHWE €ro LONTOBEYHOCTI W JKCMITyaTaLMOHHbIX XapaKTepuCTUK. 3To 06YCNOBNEHO 3aLnUTON 6a3abTOBOrO BOIOKHA OT LLENOYHO KOPPo3un 3a
CYET CHUXEHUS LLENOYHOCTN CPELbl, YNIIOTHEHNSA KOHTAKTHOW 30HbI 6a3a/1bTOBOE BOSIOKHO — LIEMEHTHbIN KaMeHb W YNpaBrieHus COCTaBoM U
mMopdonornen HoBOO6Pa30BAHUIA LLEMEHTHON MATPULIbI MO NMOBEPXHOCTU BOMOKHA.

KnioyeBble cnoBa: 6a3anstombpo6eToH, apMUpYHOLLIME BONOKHA, METAKA0NMH, HAHOTPYOKK, 6a3aNnbTOBOE BOMIOKHO, KOPPO3US, LLIEMEHTHbIA KaMEHb.

Ina uutuposanus: CapaikuHa K.A., Llamanos B.A., lony6es B.A., fkosnes I'.1A. [TporHo3mpoBaHue [0nroBe4HoCTH 6a3ansTodnbpo6eToHa,
MOAMHULIMPOBAHHOMO HAHOCTPYKTYPHbIMM fo6askamu // CtpountensHbie matepuansl. 2017. Ne 1-2. C. 41-44.

K.A. SARAYKINA', Candidate of Sciences (Engineering) (Ksenya_s2004@mail.ru), V.A. SHAMANOV', Candidate of Sciences (Engineering),
V.A. GOLUBEV', Candidate of Sciences (Engineering); G.I. YAKOVLEV2, Doctor of Sciences (Engineering)

" Perm National Research Polytechnic University (109, Kuibysheva Street, Perm, 614010, Russian Federation)

2 Kalashnikov Izhevsk State Technical University (7, Studencheskaya Street, Izhevsk, 426069, Russian Federation)

Prediction of Durability Basaltfiberconcrete Modified with Nanostructural Additives

The article deals with durability basaltfiberconcrete (BFC), modified by nanostructural additives. The main durability criterion usually take frost resistance which depends of many fac-
tors: the strength, density, water resistance, and others. Taking into account specificity of BFC, not less important durability criterion must be considered the safety of the reinforcing
fiber in cement matrix. The investigations established the complex basaltfiberconcrete modification by nanostructural additives (high activity metakaolin and multi-walled carbon nano-
tube dispersion) provides increased its durability and operating characteristics, due to the protection of basalt fiber from the alkaline corrosion by reducing the alkalinity, the contact
zone of the seal basalt fiber — cement stone and control the composition and morphology of tumors cement matrix on the fiber surface.

Keywords: basaltfiberconcrete, reinforcing fibers, metakaolin, nanotubes, basalt fiber, corrosion, cement stone.
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KomriekcHol XapakKTepUCTUKOM KayecTBa KOHCTPYK-
LIMOHHBIX KOMITO3ULIMOHHBIX MaTePUAIIOB SIBJISIETCS TOJITO-
BEUHOCTb — CITOCOOHOCTb COMPOTHUBISATHCSI BHEIIHUM U
BHYTPEHHUM (pakTopaM B T€UeHUE JJIMTEIBHOTO BPEMEHH,
T. €. CTIOCOOHOCTh MaTeprajia COXPaHATh B OKCIUTyaTallMOH-
HBIN TIepUOA BPEeMEHU Ha TOMYCTUMOM YPOBHE CTPYKTYp-
HblE XapaKTepUCTUKHU (TTapaMeTphl), KOTOPbIE CJOXKUIUCH B
TEXHOJIOTUYECKUI (Ipea3KCILTyaTallMOHHbIN) nepuon [1].
ITpu 3TOM cBOIiCTBa MEPEXOMHOIO CJI0SI MEXTY KOMITOHEH-
TaMU KOMIIO3UTa, TIPEXJE BCETrO TMPOYHOCTH CLIECTUICHUS
(aare3ust) C KOMIIOHEHTAMM, B OOJIbIIIEH Mepe OIpenessioT
SKCIUTyaTallMOHHBIE XapaKTePUCTUKKM KOMITO3UIIMOHHOTO
MaTepurala U uX CTabMIbHOCTD BO BpeMeHU [2]. OCHOBHBIM
KpUTEpUEM JOJTOBEYHOCTH, KaK MPaBWIO, MPUHUMAIOT
MOPO30CTONKOCTh MaTepuasa, KoTopas 3aBUCUT OT MHOTHX
(hakTOpOB: MPOYHOCTH, TUIOTHOCTHU, BOJOHEITPOHUIIAEMO-
CTH, XapakTepa MOPUCTOCTU U AP. YUWUTHIBAS CIeHMPUKY
6azanberopubpoberoHa (bDB), He MeHee BaKHBIM KpHUTE-
pUEM €ro JOJTOBEYHOCTH CJIEedyeT CUMTaThb COXPAHHOCTD
apMUPYIOLIETo BOJOKHA B 1IEMEHTHON MaTpuIie.

CoracHo uccienoBanusiM A.A. TlarieHko kumsiueHye 6a-
3aJITOBOTO BOJIOKHA B Te€UeHHUE 4 U B HACBIILIEHHOM pacTBOpe
TMAPOKCHUIA KaIbliMsl coOTBeTCTBYeT 10 rogaM ero Haxoxmie-
Hus B cpene 6etoHa [3]. [IporHo3upoBaHue CTapeHMSI BOJIOKHA
B LIEMEHTHOM OETOHE B IPOLIECCE €T0 IKCIUTyaTalliu 1 OlIeHKa
BJIVSIHUSI paHee IToI00paHHbBIX HAHOCTPYKTYPHBIX MOIU(UKa-
TOpoB [4] Ha CBOMCTBA apMHUPYIOIIETO BOJOKHA M KOMITO3UTA B
LIEJIOM OCYILIECTBIISITUCH 110 CIIEMYIONIEH METOTUKE.

Complex characteristic of structural composite materials
quality is the durability — the ability to resist internal and
external factors for a long time, i. e., the material ability
saves the structural characteristics (parameters), which are
formed in the process (pre-operation) period, in the opera-
tional period of time at an acceptable level [1]. Thus, the
properties of the transition layer between the composite
components, especially the adhesion strength (adhesion)
with the components to a greater extent determine opera-
tional characteristics of the composite material and its stabil-
ity in time [2]. The main criterion of durability, usually take
the frost resistance of the material, which depends on many
factors: strength, density, water resistance, the nature of the
porosity, etc. Considering the specificity basaltfiberconcrete
(BFC), not less important criterion for its durability should
be considered as the safety of the reinforcing fibers in the
cement matrix.

According to A.A. Pashchenko research basalt fiber boil-
ing for 4 hours a saturated solution of calcium hydroxide
equivalent to 10 years of its location in the environment of
concrete [3]. Prediction aging fibers in cement concrete, dur-
ing its operation, and assessment of the impact previously
nanostructural modifiers [4] on the properties of the reinforc-
ing fiber and composite as a whole was performed using the
following procedure.

Basalt fiber for concrete reinforcement previously been
subjected artificial “aging” by boiling it in a saturated solu-
tion of calcium hydroxide according to the procedure pro-
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BazansToBOE BOJIOKHO TS apMUPO-
BaHUsI OETOHA MpeABapUTENbHO IOJI-
BEPrajioch UCKYCCTBEHHOMY CTapeHMIO
IyTEM €ro KUIISTYEHUs B HACHIILIEHHOM
pacTBOpe TMAPOKCHUIA KaJbIUS COriac-
HO MeToauKe, mpemnoxeHHoi d.H. Pa-
ounoBudeM [5]. [Ipu aToM B oguH 00-
pasell pacTBopa ObLT 100aBJIeH BICOKO-
akTuBHBI MeTakaonuH (BMK) g
CBSI3bIBAHUS 11I€JIOYU, UMUTUPYS €To
NIeCTBUE MPU 100aBICHNM B OETOHHYIO
cMech. KonmdyecTBeHHO copepskaHHe
TUAPOKCHUAA KaIblIKs [5] M MeTaKaoau-
Ha COOTBETCTBYET YCJIOBMSIM UX 00pa3o-
BaHUS U TPUMEHEHUS B LIEMEHTE, a CO-
nepxaHue 6a3aJbToBOI (PUOPHI 1 MHO-
TOCJIOWHBIX YIJIEPOIHBIX HAHOTPYOOK
(MYHT) npuHSTO Ha OCHOBaHWU pa-
Hee IMOJydYeHHBIX pe3yabratoB — 0,4 u
0,005% or Macchl LIEMEHTa COOTBET-
cTBeHHO [6]. TakuM oOpa3oMm, H3yde-
HU€ IOJTOBEYHOCTH OazanbTopubdpo-
0OeTOHA OCYIIECTBIISIIIOCh HAa Pa3IMYHBIX
cocraBax (Tabi. 1)

Ilocne wMumTanmu crapeHust Oa-
3aJIbTOBOTO BOJIOKHA OBLIY M3TOTOBJIE-
HBbI 00pa3ubl HeMOAU(PUIIMPOBAHHOTO
U Mo duULIMpoBaHHOTO 6a3a1bTOMOUO-
pob6eToHa, KOTOpbIe TBEPIAEIN MPU TETI-
JIOBJIAXKHOCTHOM 0OpaboOTKe IO CTaH-
JTAPTHOMY PEXUMY, TIOCJIe YeTro 00pas-
1IbI OB UCIIBITAHHI (TA0I. 2).

Kak BuIHO U3 JaHHBIX Ta0. 2, 00-

Ta6nuua 1

Table 1

CoctaB
Composition

CopnepxaHve
MYHT, % L,
Content MWCNT,
% of cement

Copnepxanve
BMK, % L,
Content HAM,
% of cement

MpumeyaHne
Comment

B®E (6e3 npeasapuTenbHO 00paboTkm

6a3anLTOBOr0 BOJIOKHA)

BFC (without pretreatment basalt fiber)

2c
2a

B®B, copepxalumit 6a3anbToBoe BOOKHO,
NOABEPXEHHOE NCKYCCTBEHHOMY CTapEHMIO
BFC, containing basalt fibers, exposure to

artificial “aging”

3m
3m

0,005

MopgmduumposaHHsiii BOB

Modified BFC

4mc
4ma

0,005

MognuduumpoBaHHbiii BOB, conepxatumin
6a3a1bTOBOE BOJIOKHO, NOJBEPXEHHOE

NCKYCCTBEHHOMY CTapEHUIO

Modified BFC, containing basalt fibers,

exposure to artificial “aging”

Tabnuua 2

Table 2

CoctaB
Composition

R% ., MMa
Flexural

strength, MPa

R, MMa
Compressive

strength, MPa

Morep (W), %
Open porosity, %

Mapka no
BO[IOHEMNPOHNLIAEMOCTH

Water resistance

1

5,45

32,4

6,19

W4

2c

4,64

26,1

6,25

W4

2a

pasibl, ComepKallie COCTAPEHHOE BO-
JIOKHO, TTOKAa3aJIi CHUKEHHE MPOYHOCTU
Ha pacTsckeHue Tipu u3rube no 15%, a

3m
3m

6,1

51,8 4,31 W10

MPOYHOCTHU Tipu cxkatun — a0 20% or-
HOCHUTEJIbHO 00pa3ioB cocTtaBa 1. Ilpu
5TOM BBe€I€HHE BbICOKOAKTMBHOIO Me-

4mc
4ma

5,95

48,5 4,46 W10

TaKaoJMHA M AUCIEPCUXA MHOIOCJION-

HBIX YIJIEPOIHBIX HAHOTPYOOK MO3BOJI -
JIO TIOBBICUTD ITPOYHOCTh Ha PACTSIKEHUE
ripu u3ru6e mo 30%, a mpu cKaTuu — 10
85% otHocutenbHO cocTaBa 2¢. Kpome
TOro, IIpy MoIUpUKaIK 0a3aaIbTohu0-
poOGeToHa HAHOCTPYKTYPHBIMM 100aB-
KaMy HaOJItoaeTcsl TOBBIIIEHUE BOIO-
HenpoHuiaemoctu 10 W10, yto monu-
TBEpPXKIAaeT YIJIOTHEHUE CTPYKTYPhI, KO-
TOpPOE CITOCOOCTBYET TOBBIIIIEHUIO 0T~

TOBEYHOCTM KOMIIO3UTA, TaK KakK 4yeMm
0oJIbIlle BOAOHENPOHUIIAEMOCTb OETO-
Ha, TeEM MeHblllee BO3IEHCTBUE OKAa3bl-
BaeT Ha HETO BoJia U PACTBOPEHHbBIE B HEl BEIlleCTRa.

VYBennueHue NpoYHOCTU U BOAOHENIPOHUIIAEMOCTH 00-
pa3noB 0a3anbrodudpodeToHa, MOAUGUIIMPOBAHHOTO Ha-
HOCTPYKTYPHBIMU J00aBKaMU, CJIeAyeT CBSI3bIBATh CO CHU-
>KEHUEM OTKPBITOI MOPUCTOCTH (BOAOIOIJIOIIEHMS O Mac-
ce) 6omee yeM Ha 30%, OOYCIOBJICHHBIM YIUIOTHCHUEM
MeX(a3HbIX CJIOCB MAaTPUIIbI, 3aMIOJIHUTEIISI U apMUPYIOIIIe-
ro KOMIIOHEHTa. DTO MOATBEPXKIAETCS CPABHUTEIbHBIM
aHaJIM30M MUKPOCTPYKTYPBI 00pa3IioB pa3IMYHOTO COCTaBa
(puc. 1), KOTOpEIi ITOKA3bIBaeT, UTO IIPU COBMECTHOM BBE-
JIEHUU B cocTaB 06a3aibTO(UOPOoOETOHA ONTHUMAIBHOTO KO-
JINYECTBA HAHOCTPYKTYPHBIX 100aBOK 0Opa3yeTcst HauboJee
BBITOJTHAST YITAKOBKA KOMIIOHEHTOB B CTPYKTYpPe KOMIO3U-
Ta, 00yCJIOBJIIEHHAs1 U3MEHEHUEM cocTaBa U Mopdosoruu
HOBOOOpa30BaHUI Ha MTOBEPXHOCTH apMUPYIOIINX BOJIOKOH
1 3epeH 3aIroTHUTES.

Kpome Toro, Heo6xoaMMO OTMETUTb, UTO IIPU OIIpee-
JIEHUU BOJAOHENPOHMIIAEMOCTH ObUIM MCIIBITAaHbI 00pasLibl,

Puc. 1. CtpykTypa o6pasuoB BPE coctaBos: a — 2c; b — 3m; ¢ — 4mMC
Fig. 1. Basaltfiberconcrete structure of different compositions: a — 2a; b — 3m; ¢ — 4ma

posed by F.N. Rabinovich [5]. Thus in one sample solution
was added to the high activity metakaolin (HAM) for bind-
ing alkali imitating its action when added to the concrete
mix. The quantify content of calcium hydroxide [5] and
metakaolin correspond to conditions of their formation and
use of the cement, and the content of the basalt fiber and
multi-walled carbon nanotubes (MWCNT) was made based
on previous results — 0.4% and 0.005% by weight of cement,
respectively [6]. Thus, the study of the durability basaltfi-
berconcrete was carried out on different formulations
(Table 1).

After imitation the basalt fiber “aging” were produced
samples of unmodified and modified basaltfiberconcrete that
hardened during heat and humidity treatment at standard
mode, after which the samples were tested (Table 2).

As can be seen from Table 2, the samples containing
“aged” fiber showed a decrease in the flexural strength of
15% and a compressive strength of up to 20% relative to the
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Puc. 2. MukpocTtpykTypa o6pasuos BDB nocne ncnbitaHns Ha MOpPo30-
CTOWKOCTb cocTaBa: a — 2¢; b — 4mMc

Fig. 2. Basaltfiberconcrete microstructure after the test of frost resistance
(different compositions): a —2a; b — 4ma

MpOIIEIINe TEIUIOBIAXHOCTHYIO 00paboTKy, a, Kak W3-
BeCTHO [7], omHOI U3 0cOOEHHOCTe! OeToHa SIBJIIETCS TO,
YTO C yBEJWYCHHWEM €TO BO3pacTa BOAOHETIPOHMIIAEMOCTD
TOBBIIIAETCS.

[IpyHrMas BO BHMMaHME BBHIIIEOOO3HAYEHHBIN (DaKT,
MOKHO TPEATOJIOXUTh, YTO MPHU JaibHel1eM Habope Mpoy-
HOCTU O00pa3LiOB B GJIATOTIPUSITHBIX YCJIIOBUSIX OYIET Mpouc-
XOIWTh CHUXXKEHHE TPOHUIIAeMOCTH OeToHa. MeTaKaoyvH,
B3aMMOIEHCTBYS C TUAPOKCUIOM KaJlbLMsI, 00pa3yeT ruapo-
aJIIOMOCUJIMKAThl Kalblusl [8], KOTopble BCTpauBasiCh B
MaTpuUily, MOBBIIIAIOT TUIOTHOCTh OETOHA, B TO BpeMsl Kak
JIMCTIepCUsT HAHOTPYOOK CITOCOOCTBYET 0oJiee MOJHOMY MpO-
TEeKaHUIO Mpoliecca TUApaTaluy [IEMEHTa ¥ HalpaBJICHHOMY
(opMupoBaHu0 HOBOOOpPa3OBaHUI B Tejie OETOHA, 3a CUET
YeTOo IIPOVCXOIUT KOTbMATAaLIMs TTOp U KAITUJUISIPOB B MATPH-
11e KOMITO3MTa ¢ 00pa30BaHUEM YCIOBHO-3aKPBITHIX MUKPO-
0P, BCJIEACTBUE YETO MPOUCXOIUT MOBBIIIIEHNE BOIOHEIPO-
HULIaeMOCTH 6a3aabTohruOpoOeTOHA.

IMonoxurenbHOE BAMSHUE HAHOCTPYKTYPHBIX J100ABOK
Ha JIOJITOBEYHOCTHh 0a3abTopuOpoOETOHA TaKKe IOd-
TBEPXKIAeTCsI TOBBIIEHUEM MOPO30CTONKOCTH MOIUMDULIM-
poBaHHOro Komro3suta 10 F150, 4yTo mpeBbIlaeT MOpo30-
CTOMKOCTb HEMOIM(MUIIMPOBAaHHOIO Oa3aIbTOPUOpPOoOEeTOHA
B 1,5 paza (F100), a KOHTPOJIBHOIO LIEMEHTHO-MECYaHOTO
pactBopa — B 2 paza (F75).

Kak nmoxasbIBaloT pe3yibTaTbl MUKPOCTPYKTYPHOTO aHa-
mm3a (puc. 2), IMOBHIIICHNE ITOJTOBEYHOCTH 0a3aabTo(puo-
pobeToHa TI0 KPUTEPUIO MOPO3OCTOMKOCTH CJIEAYET CBA3bI-
BaTh CO 3HAUYMTEIbHBIM YIJIOTHEHUEM CTPYKTYphl OETOHa,
00YCJIOBJIEHHBIM 3aMOJHEHUEM MEX3ePHOBBIX MYCTOT U
MMKPOIIOp MPOAYKTaMU B3aMMOJACHCTBUSI MeTaKaoJuHa C
MOPTIAHAUTOM (TUIPOATIOMOCUIMKATAMM KaJIbIIUsI) U Ha-
MpaBJIeHHBIM WX CTPYKTYpOOOpa3oBaHWEM B MeX(da3HBIX
cnosix 3a cuet BBeneHrss MYHT, uro cmocoOGcTByeT KoIbMa-
TallUM KalWUISIPHOM CEeTKU B Tejie 0eToHa M MOJYYeHUIO
CHUCTEMBI YCIIOBHO-3aKPBIThIX MUKPOTIOP, TIPETSITCTBYIOIINX
IMPOHUKHOBEHUIO BOJBI B TeJio 6eToHa. Kpome Toro, cTpyk-
TypooOpa3oBaHUE B TBEpAECIOLEM OETOHE MpPU TETUIOBOM
00paboTKe SIBJISIETCS KOMIUIEKCHBIM ITPOIIECCOM, TTPU KOTO-
POM TIOBBIILIEHUE TEMITePaTypbl, C OMHOW CTOPOHBI, UHTEH-
cudULMPYET MPOLECCH TBEPACHUS, a C APYroil — IPUBOIUT
K YCWJIEHMIO JeCTPYKTUBHBIX MPOLECCOB 3a CYET TeMrepa-
TYPHO-BJIAXXHOCTHBIX AehopMalnii, BEI3BAHHBIX KOHTpaK-
LIMOHHBIMU siBIeHUSIMHU [9]. Takum 006pa3oM, CTpPYKTYpHbIE
nedeKkThl, 00pa3oBaHHBIC TPU TEIIOBIAXKHOCTHOM 0Opa-
00TKe, CO3/1aI0T TOMOJHUTEIbHYIO CETh KamIISIPOB U TIOP.
B Takux ycioBusiX KoJibMaTalus TIOp B KOPOTKUE CPOKU MO
neiicTBUeM MOoAMMUKATOPOB siBJsieTcs] MeHee 3(DGheKTUB-
HOI B CpaBHEHMU C OETOHAMM, TBEPACIOUIMMU B HOPMaJIb-
HO-BJIAXKHOCTHBIX YCJIOBUSIX, YTO TOATBEPXKIAETCS PE3YJib-
TaTaMU MCCJIeI0BaHM pa3inuHbIX aBTopoB [10, 11].

I1o pesynbpTaTaM mpoBeAeHHBIX paHee padotT [12] ycra-
HOBJIEHO, UTO BBeleHME B COCTaB (DMOPOOETOHHOI cMecHu
JIMCTIEPCUU MHOTOCJOMHBIX YIJIEPOAHBIX HAHOTPYOOK CITO-
coOCTBYeT OoJiee MOJHOMY MPOTEKAHUIO Mpolecca ruapara-

samples of composition 1. Thus the introduction of highly
active metakaolin and multi-walled carbon nanotube disper-
sion possible to increase the flexural strength to 30%, and
compressive strength — up to 85% relative composition 2a.
Moreover, modification basaltfiberconcrete by nanostruc-
tural additives observed improvement of water resistance to
W10, which confirms the structure of the seal, which im-
proves the composite durability, since the greater the water
resistance of concrete, the less impact it has on the water and
dissolved substances.

The increase in strength and water resistance basaltfi-
berconcrete samples modified nanostructural additives,
should be associated with the reduction of open porosity
(water absorption by weight) more than 30% due to seal
matrix interfacial layers, filler and reinforcing component.
This is confirmed by comparative analysis of the micro-
structure of samples of different compositions (Fig. 1),
which shows that the joint administration optimum amount
nanostructural additives in basaltfiberconcrete produced
the most favorable packing components in the composite
structure due to change in the composition and morphology
of the tumors on the surface of the reinforcing fibers and the
aggregate grains.

Furthermore, it should be noted that in determining the
water resistance samples past heat and humidity treatment
were tested, as is well known [7] one of the characteristics
of concrete is that water resistance increases with increas-
ing age.

Considering the expressed above fact, it can be assumed
that a further increase strength of samples in favorable condi-
tions, decrease permeability of the concrete will be.
Metakaolin, interacting with calcium hydroxide to form a
calcium hydroaluminosilicates [8] that “by embedding” with
the matrix, increase the density of concrete, while the nano-
tube dispersion promotes a more complete the flow of the
cement hydration process and towards the formation of tu-
mors in the concrete body, thereby occurs colmatation pores
and capillaries in the composite matrix to form conditionally
closed micropores, thereby improving basaltfiberconcrete
water resistance there is.

The positive effect on the durability of basaltfiberconcrete
with nanostructural additives also confirmed an increase in
the frost resistance of the modified composite to F150, which
is higher than the unmodified basaltfiberconcrete frost resis-
tance 1.5 times (F100), and the control cement-sand mortar
— 2 times (F75).

As the results of microstructural analysis (Fig. 2), in-
creased basaltfiberconcrete durability the criterion of frost
resistance should be associated with significant compaction
structure of concrete caused by filling the intergranular
voids and micropores reaction products of metakaolin with
portlandite (calcium hydroaluminosilicates) and directed
them to structure formation in the interfacial layers by in-
troducing MWCNTs, which contributes to colmatation of
the capillary network in the body of the concrete and obtain
system provisionally closed micropores, preventing the pen-
etration of water into the concrete body. Moreover, struc-
ture formation in the concrete hardening by heat treatment
is a complex process in which the temperature increase from
one side intensifies hardening processes, and on the other
— leads to an increase destructive processes due to tempera-
ture and humidity deformations caused by contraction phe-
nomena of [9]. Thus, the structural defects formed at heat
and humidity treatment creates additional network capillar-
ies and pores. In such conditions colmatation pores in a
short time under the influence of the modifier is less effi-
cient in comparison with concretes, hardening in normal
conditions, as evidenced by the different authors study re-
sults [10, 11].

According to the results of previous studies [12] found
that the introduction of the fiber-reinforced concrete mix-
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LIMM LIEMEHTAa. DTO MPUBOAUT K TOSIBJICHUIO OOJIBIIOTO KO-
JINYECTBA TPOAYKTOB T'MApATAllMM 1IEMEHTa, KOTOpbIe aj-
COpOMPYIOTCS Ha TMTOBEPXHOCTHU YIJIEPOIHBIX HAHOTPYOOK U
CTUMYJIMPYIOT POCT (pOpMUPYIOIIMXCS KPUCTAIUIOB. B cBOIO
ouepelnb, BBeJCHUE BhICOKOAKTMBHOIO MeTaKaoJlnHa obec-
TeYMBaEeT CBSI3bIBAHME CBOOOMTHOTO TUAPOKCHUIA KATBIIUS B
TUIPOATTIOMOCUIMKATDI, o0ecrieunBasl TEM CaMbIM 3allUTY
06a3aIbTOBOTO BOJIOKHA OT IIEJIOYHOM KOppo3uu. B pe3yb-
Tare TaHHBIX (PU3UKO-XMMUYECKHUX TTPOLIECCOB MPOUCXOIUT
VIUTOTHEHUE MUKPOCTPYKTYPHI IIEMEHTHON MaTpUIIbI, 00e-
CMeYnBalolee MOBBIIICHWE MPOYHOCTHBIX XapaKTepPUCTUK
MonMduIpoBaHHOro 0OaszanbToprudpodeToHa. IlogoOHas
MOJIJNIb IEUCTBUSI MOAM(PUKATOPOB B cocTaBe 6azanbTohu-
OpobeToHa MO3BOJISIET MPEANOIOXHUTh, YTO 32 CYET HAMpPaB-
JICHHOTO POCTa KPUCTAJUIOB W YIUIOTHEHUSI CTPYKTYPHI TH-
JPOATTIOMOCUIMKATAMM KAJIbLIMST YMEHBIIAETCS] KOJIMYECTBO
MUKpPOIIOp M KaIlWJLISIPOB, CIIOCOOCTBYIOIINX (DUIbTPALIIN
BOJIbI B TeJIO OETOHA, MOBBIIIASI TEM CAMBIM €TI0 DKCIUTyaTa-
LIMOHHBIE XapaKTepUCTUKH, a CJIeIOBaTeIbHO, U JOJITOBEY-
HOCTh 0a3aJIbTO(PUOPOOETOHHO KOMIO3UIIUH.

CnMcok mTepaTypbl

1. Byrr FO.M., Kyar6aeB K.K. Jloi1roBedHoCTh aBTOKJIaB-
HBIX CWJIMKATHBIX OeToHOB. M.: Crpoitusgar, 1966.
216 c.

2. KamutonoB A.M., Pempkun B.E. ®usmnko-mexaHu-
YeCcKHe CBOMCTBa KOMITO3UMIIMOHHBIX MaTepuasoB.
Vnpyrue cBoiictBa. KpacHosipck: COY, 2013. 531 c.

3. TMamenko A.A., Cepoun B.II., ITacnasckas A.Il. u np.
ApMUpPOBaHUE HEOPTAHNYECKHUX BSIKYIIUX BEIIECTB MU-
HepaibHbIMU BosiokHamu / Tlox pea. A.A. TlamieHko
M.: Crpoituznar, 1988. 200 c.

4. Capaiikuna K.A., T'oyoes B.A., Sxosnes I'.U., ITomm-
taeBa A.M., CenbkoB C.A. HaHocTpyKTypupoBaHuUe
LIEMEHTHOTO KaMHSI TIpYU JUCIIEPCHOM apMHUpPOBaHUU
0a3aJIbTOBBIM BOJIOKHOM // CmpoumensHbie Mamepuansi.
2015. Ne 2. C. 34-38.

5. Pabunouu ®.H. KoMIo3uThl Ha OCHOBE ITUCIEPCHO-
apMHUpPOBaHHBIX 0€TOHOB. Bompockl Teoprum 1 mpoeKTH-
pOBaHUs, TEXHOJOTHUsSI, KOHCTPYKIUU: MoHorpadusl.
M.: ACB, 2004. 560 c.

6. Capaiikuna K.A., Tomybe B.A., fxosaeB I.U.,
®enopona I'.J1., Anekcannpos I'.H., Ilnexanosa T.A.,
Hynecoa WU.I'. Momuduxkanus 6azanbrohpudbpodbeToHa
HaHOAMUCIIEPCHBIMU cucteMamu // CmpoumenvHbie Ma-
mepuans. 2015. Ne 10. C. 64—609.

7. BaxenoB KO.M. TexHonorust 6etoHa. M.: Beiciias 1mko-
na, 1987. 415 c.

8. dxomneB .M., Tanunosckuit A.Jl., Tomybe B.A.,
Capaiikuna K.A., TlonutaecBa A.M., 3wikoBa E.C.
HanoctpykTyprpoBaHue Kak crioco0 MOBHIIICHUS aJire-
3MOHHBIX CBOCTB CUCTEMBI «ILIEMEHTHBIA KaMeHb — ap-
MuUpylolliee 6a3anbTOBOE BOJOKHO» // U3eecmusa KTACY.
2015. Ne 2. C. 281-—288.

9. T'panoBckuii A.I'. CtpykTypooOpa3oBaHie B MUHEPAJIb-
HBIX BsKyliux cucremax. Kues: HaykoBa nymka, 1984.
299 c.

10. Anexcammn C.B. [ToBbillIeHHe MOPO30CTOMKOCTH 1 BO-
JOHETIPOHMIIAEMOCTU MEJKO3EPHUCTHIX OETOHOB IJIsI
PEYHBIX TUIPOCOOPYKEeHMM. [IUcC. ... KaHA. TeXH. HayK.
Mockga. 2014. 114 c.

11. [IynoB M.A. Hanomomudukanus mopTiIaHILEMEHTa
BOAHBIMU IUCMEPCUSAMU YIJIEPOIHBIX HaHOTPYOOK.
Hwuc. ... KaHa. TexH. HayK. Kazane. 2013. 185 c.

12. Capaiixuna K.A., Tony6es B.A., fxosneB I'.U.,
CoiuyroB C.B., INepsymun I'.H. [ToBeilieHre KOppo3u-
OHHOI CTOKOCTU 6a3aJIbTOBOTO BOJIOKHA B IIEMEHTHBIX
6etoHax // Cmpoumenvhbie mamepuanvt. 2016. Ne 1-2.
C.27-31.

ture dispersion of multi-walled carbon nanotubes promotes
a more complete the cement hydration process. This leads
to a large amount of cement hydration products which are
adsorbed on the surface of the carbon nanotubes and stim-
ulate the growth of the crystals formed. In turn, the intro-
duction of highly active metakaolin provides the binding of
free calcium hydroxide in the calcium hydroaluminosili-
cates, thereby ensuring the protection of basalt fiber from
the alkaline corrosion. As a result of these physical and
chemical processes going on compaction of the cement
matrix microstructure, providing an increase of strength
characteristics of the modified basaltfiberconcrete. This
modifier action model as a part of basaltfiberconcrete sug-
gests that due to the directional crystal growth and compac-
tion structures by calcium hydroaluminosilicates, amount
of micropores and capillaries to facilitate filtering water in
the concrete body reduced, thus enhancing its performance
characteristics, and therefore also basaltfiberconcrete com-
position durability.
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lMoBbilweHWe BOJOCTOWKOCTH FTMNCOBOro BAXYLLEro

napaguHoBoH 3MyNIbCUEH

PaccmoTpeHbl 0CO6EHHOCTI BAMAHUS NapadMHOBbLIX 3MYNbCUIA, COAEPXKALLMX HAHOPA3MEPHbIe YacTMLbl, HA BOLOCTONKOCTb MNCOBbIX BSKYLLINX
[3-moanchukaumm. PeaynbtaTbl NpoBeAEHHbIX MCCNEN0BaHWIA NOKa3biBAOT 3DAEKTUBHOCTL NPUMEHEHNS NapachMHOBLIX aMynbeuii «AMBAKC-TMNC-1»
1 «dMBAKC-TUMNC-2», comepxalumx HaHopa3MepHbIe YacTuLibl, ANs NOBbILLEHNS BOAOCTOMKOCTI U3AENI U3 TUMCOBBIX BSXKYLLMX [3-MOAMcMKaLWIA:
Ko3adhpuumeHT pasmardeHus nosbiwaetcs ¢ 0,35 go 0,52-0,72. YCTaHOBEHO, YTO OCHOBHBIM KpUTEPUEM, ONpeaenstowmum 3 qeKTMBHOCTb
NPUMeHeHNs NapachUHOBbLIX IMYNbCUI B TUMNCOBbIX BSXKYLNX [3-MOANUKALWIA, ABNSETCS pa3Mep OTAeNbHbIX YacTUL napaciuHa — 3HaYUTENbHOE
noBblLleHne 3PDEKTUBHOCTI JOCTUrAETCA NPU NPUMEHEHNN 3MYMbCUIA NapadmHa C 4acTMLamm MeHee 2 MKM, BK/K04as HaHOpPa3MepHbIe YacTuubl
meHbLue 300 HM. OnpeaeneHbl 0CO6EHHOCTM CTPYKTYPOOOPa30BaHMs TMNCOBbLIX BSXKYLLMX NPU BBEAEHUM NAapatMHOBbIX AMYMbCUIA C PA3NNYHBIMK

pasmepamiy 4acTu.
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Improvement of Water Resistance of Gypsum Binder by Paraffin Emulsion

The article describes the features of the influence of paraffin emulsions, which contain nano-sized particles, on fastness to water of gypsum binders of B-modification. The results of
these studies show the effectiveness of paraffin emulsions “EMVAKS-GIPS-1” and “EMVAKS-GIPS-2”, containing nano-sized particles, to improve the fastness to water of products
made of gypsum binders of 3-modification — softening factor increased from 0.35 to 0.52-0.72. It is established that the main criterion of the effectiveness of paraffin emulsions gyp-
sum binders of 3-modification is the size of individual paraffin particles — a significant increase in efficiency is achieved when used with the paraffin emulsion particles less than 2 mkm,
including nano-sized particles of less than 300 nm. Determined the features of structure of gypsum binders with introduced paraffin emulsions with different particle sizes.

Keywords: gypsum binder, paraffin emulsion, nano-sized particles, water resistance, structure.

For citation: Solovyev V.G., Eremin A.V., Eliseev D.M., Buryanov A.F. Improvement of water resistance of gypsum binder by paraffin emulsion. StroiteI'nye Materialy [Construction

materials]. 2017. No. 1-2, pp. 45-49. (In Russian).

IIpobGaemMa MoBbIIIEHUST BOJOCTORKOCTH TUIICOBBIX BSI-
KYIIUX [B-MOAMGMUKALIMY pellaeTcs B HACTOSINEe BpeMst
pa3IuYHbIMU criocobamu [1—3], HO TpY 3TOM MPOAOJIKAET-
¢S TIOMCK HOBBIX 3(P(hEKTUBHBIX pelteHuid. s ToBbIIIIe-
HMS BOIOCTOMKOCTH ITPU MTPOU3BOACTBE U3/ICIINIA U3 TUTICA U
TMIICOKAPTOHOBBIX TaHeNell MCIOJIb3YIOT, KaK IpaBuJo,
CUJIMKOHOBBIE KPEMHEOPTraHUYECKUE XKUIKOCTU — TOJMMe-
TUJICUIOKCAHBI, CTOUMOCTh KOTOPBIX 3HAYMTEJbHO BBIPOC-
JIa B TOCJIenHUE Toabl [4, 5]. AbTepHATUBOM IIJIT 3aMEHBI
MTOTMMETHIICUIIOKCaHa MOXET cTaTh mapaduH. OmHako BBe-
JIeHWe U paBHOMEPHOE paclipeie/ieHre TBepaoro napadruHa
B TUIICOBOM CMECH TEXHOJIOTMYECKU HEBO3ZMOXKHO, ITO3TOMY
MpeJiaraeTcsl MCIOJb30BaTh MapadUHOBYIO 3MYJbCHIO.
Bo3MoXHOCTb JaHHOTO criocoba BBeJeHUs MOATBEPXKIAeT-
¢ B psjie 3apyOexXHBIX paboT [6—9].

IMapacduHoBasi amysbCHs TIpEACTaBIsIET COOOUl cMech
IapuKOB TBEPIOTO TMapaduHa ¢ BOMHON B TPHUCYTCTBUU
SMYJIBTaTOPOB TMOBEPXHOCTHO-aKTUBHBIX BelecTB. Ilpa-
BUJIbHEE C TOUKH 3PEHUST KOJUTOMAHOM XMMUU Ha3bIBaTh ATy
CMeCh He dMYJIbCHSI, a CYCTIeH3UsI, TaK KaK arperaTHoe co-
CTOSTHME AUCTIepCHOM (ha3bl (mapaduH) U AUCTIEPCHOI cpe-
Ibl (Boja) pazHoe. OnHaKO CIoBOocoYeTaHUE «TapaduHoBast
SMYJIbCUSI» YK€ JaBHO 3aKPENUIoCh 3a 3TUM THUIIOM ITPO-
YKL, KOTOpasl Halllla IUPOKOe MPUMEHEHHe BO BCEM
MUpe B AepeBooOpadaThiBalollIeil IIPOMBIIIUIEHHOCTA B Ka-
yecTBe ruapododusaropa mpu npousBoactse minut JCM,
MI®, OCB u ABII [10].

The problem of improving the fastness to water of gypsum
binders of (3-modification is solving at the present time in
various ways [1—3], but the search continues for new and ef-
fective solutions. To improve the fastness to water in the
manufacturing of gypsum and gypsum plasterboards are typi-
cally used organosiliconic fluids — polymethylsiloxanes
whose cost increased significantly in recent years [4, 5]. An
alternative to replace the polymethylsiloxane may be paraf-
fin. However, the addition and uniform spreading of the solid
paraffin in the gypsum mixture is technologically impossible,
therefore, it proposed to use a paraffin emulsion. The possi-
bility of this adding mode of paraffin is confirmed in a variety
of foreign investigations [6—9].

Paraffin emulsion is a mixture of solid paraffin beads with
water in the presence of emulsifying surface-active additives.
More correctly, in terms of colloid chemistry, this mixture is
called suspension, because the physical state of the dispersed
phase (paraffin) and a dispersion medium (water) is differ-
ent. However, the phrase paraffin emulsion has a long time
been fixed for this type of product, which has been used
worldwide in the wood industry as a hydrophobisating agent
in the production of slabs MDF, OSB and other fiber-
board [10].

Experimental studies to determine the effectiveness of the
paraffin emulsion in the gypsum binders in order to increase
the fastness to water were carried out using “EMVAKS-45”
emulsion, “EMVAKS-GIPS-1” and “EMVAKS-GIPS-2”.
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Puc. 1. NHTerpanbHoe n pnuddepeHumanbHoe pacnpeaeneHune 4acTumL, no pasamepam napadurHoBbIX aMynbeunii: a — «9BMAKC-45»; b — «3BMAKC-TUMC-1»;

¢ - «9BMAKC-TUMC-2»

Fig. 1. Integral and differential particle size distribution of wax emulsions: a - <EMVAKS-45»; b — <EMVAKS-GIPS-1»; ¢ — <EMVAKS-GIPS-2»

DKcnepuMeHTaTbHBIE MCCIIeqoBa-
HUS 1o ompenesieHno 3¢¢GeKTUBHO-
CTU TIpUMEHEeHMS mapadUHOBBIX
SMYJIBCUI1 B TUTICOBBIX BSKYIIMX C 1Ie-
JIbIO TIOBBIIIEHHSI BOTOCTONKOCTH MTPO-
BOAWJIKMCH C UCIIOJIb30BaHUEM BMYJIb-
cuit  «DMBAKC-45», «®MBAKC-
TATIC-1» u «OMBAKC-TUTIC-2».
OTAMYUTETbHON OCOOEHHOCTBIO JaH-
HBIX BUIOB 3MYJbCUI SBISIOTCS CITe-
LIMAJIBHO TTOI0OpaHHbIE AMYJIbIaTOPhI,
MO3BOJISIONINE TMPEeIOTBPaTUTh KoOa-
JleclieHIMIo napaduHa Mpu B3auMO-
JNEeNCTBUM C TUICOBBIM BSIKYIIMM.
JlaHHBIe OSMYJIbLCUU BBOASITCS B TUIICO-
BOE€ BSIKyIllee C BOAOM 3aTBOPEHUS U
PaBHOMEPHO paclpeaesissioTcs Mo Bce-
My 00BbEMY THUIICOBOM CMeCH, a Takxke
HE3HAYUTEJIbHO BIMSIOT HAa HOpMasb-
HYIO TYCTOTY BSIXKYILETO.

I'panyioMeTpuYecKuii pa3mep Ta-
paUHOBBIX YaCTHUII B SMYJIbCHUSIX OTIPE-
JIeJISUICS. Ha JJa3epHOM MUKpOaHau3a-
Tope «Analysette 22», Auana3oH U3Me-
peHus koroporo ot 0,3 mo 300 MKMm.
Pe3ynbTaThl WCTBITAHWI TIPUBEICHBI
Ha puc. 1 u B Taom. 1.

AHaJIUTUYECKUI aHaIu3 WHTe-
TPAJIBHOTO paclpenesieHnus] 4JacTHIl
yKa3bIBaeT Ha cofiepxKaHue YacTUI] pa3-
mepom MeHee 300 HM B 3MYJbCUU
«<OMBAKC-THUIIC-1» B konuyecTBe
He MeHee 2%, a B OIMYIbCHU
«DOMBAKC-THUTIC-2» — He MmeHee 6%.

Bnusinue mapadmHOBBIX 3MYJIbCUI
Ha (pu3MKO-MexaHUYeCcKrue CBOMCTBA
TUIICOBOTO BSIXYIIEro OINpPeAessiioch
Ha BskyieM I'-5 b 11 ¢ BomoruncoBsiM
oTHomIeHHeM 61%. B KOHTPOJBHBIM
COCTaB BBOAWJINMCH TPYW BHIa Tapadu-
HOBBIX 3MYJICUI B KOJau4ecTBe 5% OT
BSDXYI1Iero (B IepecyeTe Ha mapaduH).
Pesynbrathl  (hU3UKO-MEXaHUYECKUX
HCIIBITAHU (MPOYHOCTD TIPU CXKATUHU U
n3rnube, BomomoIIolIeHNE, Kod3hdu-
IIUEHT pPa3MSITUYCHUS) TUTICOBBIX BSI-
KYIIUX ¢ TapacUHOBBIMM OMYJIbCUS-
MM, BBIMOJHEHHBIX B COOTBETCTBUM
¢ TY 5744-001-04001462—07 u
T'OCT 23789—79, npuBeeHbI B Ta0JI. 2.

PesynbTrarhl (DM3NKO-MEXaHMUECKHUX
WCITBITAHU TTOKa3aJv CJIeIyIoNIee:

— BBefeHUE TTapadUHOBOM dMYJIbCUM
«<9MBAKC-45» B TUIICOBOE BSIXKY-
mee sl TOBBIIIEHUS ero BOAO-
CTOMKOCTU Hea(p(DEeKTUBHO, TaK KaK

Puc. 2. CTpykTypa runcoBoro kamHsi npu ysennyeHum: X500 (a); X3900 (b)
Fig. 2. The structure of gypsum stone by increasing: X500 (a); X3900 (b)

Puc. 3. CTpyKkTypa rmrncoBoro kamHs ¢ amynbcuein «9BMAKC-45» npu yBenndeHun: X500 (a); X2600 (b)
Fig. 3. The structure of gypsum stone with emulsion « EMVAKS-45» by increasing: X500 (a); X2600 (b)

Puc. 4. CtpykTypa runcoBoro kaMHsi ¢ amynbcuein «9BMAKC-IMMC-1» npu yBenuueHun: X600 (a);
%2500 (b)

Fig. 4. The structure of gypsum stone with emulsion <EMVAKS-GIPS-1» by increasing: X600 (a);
X2500 (b)
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Ta6nuua 1
Table 1
Pa3mep vactuy,
Bua amynscun Particle size
Type of emulsion MeHee 2 MkM, % CpenHuit, MKM MakcuMasbHbIA, MKM
Less than 2 mkm, % Medium, mkm Mmax, mkm
«9MBAKC-45»
“EMVAKS-45" 7.8 24,48 99,1
«QMBAKC-TUMC-1»
“EMVAKS-GIPS-1 17.9 28,00 105,6
«9MBAKC-TUIMcC-2»
“EMVAKS-GIPS-2” 100 0.9 17
Ta6nuua 2
Table 2
U, g < [MPOYHOCTb B BbICYLLUEHHOM COCTOSIHUK, MIa < g © S o
Se o L., Strength in dried condition, MPa 8 I g ) % gl Ex %
Bua napaguHoBont | o ) %89@ ng -'9,382_ qs)g,rg
3MYNbCUM Tl Al 22 @€ Es33sfcsc|dzo
. Ol o x| 528 3 ck8zagcs58|82c
Type of paraffin os|e5| ceca Mpu narnbe Mpu cxatum IXSEESTED | 2565
emulsion 55| ox R Bending Compression 8°85 85°5|18=z%
sof 8 g c 5892 8|28&8
C a = @ © 2] a
Bes amynbcun 61 | 1180 | 34,8 1,06 56 2 0,35
No emulsion
«OMBAKC-45»
“EMVAKS-45 59 1170 24,6 0,63 2,8 1,4 0,5
«9MBAKC-TUIMC-1»
“EMVAKS-GIPS-1” 63 1160 19,8 1,05 4,9 2,5 0,51
«OMBAKC-IMNC-2»
“EMVAKS-GIPS-2» | 82 [ 1180 5.3 0,91 4.8 3,4 0,72
b A distinctive feature of these types of
a

emulsions are specially selected emulsi-
fiers helping prevent of the coalescence
of paraffin while contact with gypsum
binder. These emulsions are introduced
into the gypsum binder mixed with wa-
ter and evenly distributed in all the
volume of the gypsum mortar and in-
significantly affect the standard consis-
tency of the binder.

Granulometric size of paraffin par-
ticles in the emulsions were determined
by laser microanalyzer “Analysette 227,
the measuring range is from 0.3 mkm to

Puc. 5. CtpykTypa runcoBoro kamHs ¢ amynscuen «9BMAKC-IUMNC-2» npu ysenunyeHun: X600 (a);

%1600 (b)

Fig. 5. The structure of gypsum stone with emulsion <EMVAKS-GIPS-2» by increasing: X600 (a);

x1600 (b)

MPUBOAUT K CHUXKEHUIO MPOYHOCTH MPU CKATUU B BOJO-
HachIIIeHHOM cocTostHuu ¢ 2 1o 1,4 MIla;

— mnapacduHoBas amynbcust «IMBAKC-T'MITC-2» no3Bo-
JISIeT TTOBBICUTH BOIOCTOMKOCTb TUTICOBOTO BSKYIIIETO —
BOJIOITOITIONIEHNE CHIKaeTces ¢ 34,8 1o 19,8%, koadpdu-
LIMeHT pa3MsrdyeHus noseimaercs ¢ 0,35 no 0,51, ipu
CHIKEHUU MPOYHOCTHBIX XapaKTePUCTUK B BBICYILIEH-
HOM COCTOSTHUY — 110 13%;

— Haubojnee 3¢hGeKTUBHON TMapadUHOBOW 3MYJIbCUEH,
TTOBHIIIAIONIECH BOJOCTONKOCTH THUIICOBOTO BSIKYIIETO,
apisierca «9IMBAKC-T'MIIC-2», BBemeHue KOTOPOit
MO3BOJISIET 3HAYUTEJLHO CHU3UTH BOIOIOIJIOIIEHUE C
34,8 1o 5,3% v MOBBICUTH KO3 OUIIMEHT pa3sMsTrdeHuUs C
0,35 mo 0,72 npu CHUXEHUM MTPOYHOCTHBIX XapaKTepu-
CTUK B BBICYIIEHHOM COCTOSTHUM 110 15%.

300 mkm. The test results are shown in
Fig. 1 and Table 1.

The analytical analysis of the integral
particle size distribution indicates the
content of particles smaller than 300 nm
in the emulsion “EMVAKS-GYPS-1” in an amount of not less
than 2%, and the emulsion “EMVAKS-GIPS-2” — at least 6%.

Effect of paraffin emulsions on the physical and mechan-
ical properties of gypsum binder was determined on binder
G-5 B 11, with water-gypsum ratio of 61%. In control com-
positions three types of paraffin emulsions were injected in an
amount of 5% of the binder (based on paraffin). The results
of physical and mechanical tests (compressive strength and
bending tests, absorption of water, softening factor) of gyp-
sum binders with paraffin emulsions made according to the
specifications 5744-001-04001462—07 and GOST 23789—79
are shown in Table 2.

The results of physical and mechanical tests showed that:
— the introduction of paraffin emulsion “EMVAKS-45” in

the gypsum binder to improve its fastness to water is not
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AHanu3 pe3ynbTaToB, IPUBEACHHBIX B Ta0a. 1 1 2, mo-
3BOJISIET YCTAHOBUTh, YTO OCHOBHBIM KPUTEPUEM, OTpe/ie-
oM 9 GEKTUBHOCTD MPUMEHEHUsT mnapadUHOBBIX
SMYJIBCUIA B TUTICOBBIX BSKYIIUX [3-MOIU(UKALINIA, SBIISIET-
csl pa3Mep OTAEJbHBIX YacTUl] mapaduHa: 3HAYMTEIbLHOE
TOBBITIeHUE 3(D(HEKTUBHOCTH JOCTUTACTCS TTPU BBEACHUU B
TMIICOBOE BSIKYIIEe [3-MOAMGbUKALIMN SMYJIbCUU MTapaduHa
C YyacTMlLIaMM MeHee 2 MKM, BKJII04asi HaHOpa3MepHbIe Ya-
ctulibl MeHbI1e 300 HM.

MuKpocTpyKTypa 00pa3iioB TMIICOBOTO BSXYIIETO, MO-
IUUIMPOBAHHOTO TapaUMHOBBIMU 3MYJIbCUSMU, TIOCIE
MpoBeIeHNsT (HDU3NKO-MEXaHNUECKUX MCTIBITAHUI OIpesie-
JISJIaCh METOJIOM CKAHUPYIOLIEH 3J1EKTPOHHONW MMKPOCKO-
MU BBICOKOTO pa3pellieHUs] Ha 3JIEKTPOHHOM MUKPOCKOIIE
FEIQUANTA 200. Pe3yabTaThl UCClIeqOBAHUIA IPUBEACHBI
Ha puc. 2—5.

Pe3ynbTaThl MpOBEAEHHOIO UCCIEAOBAHUSI TMIICOBBIX
BSDKYIIUX ¢ TTapapMHOBOM 3MyJbCHEl TTO3BOJUINA YCTaHO-
BUTh OCOOEHHOCTU (hOPMUPOBAHUS UX CTPYKTYPHI:

1. YacTtuusl napaguHa pa3MepoM MeHee 2 MKM CBOOO/I -
HO pacnpeaessiioTcs Mo BceMy 00beMy TMIICOBOTO BSIXKYIIIE-
ro P-momuduKaluu W MPU STOM HE BIMUSIOT Ha COCTaB
TUTICOBOTO KaMHsI, Ha (OopMy U pasMephbl 00pa3yIOIIUXCs
KPUCTAJUIOB IBYBOAHOTO ruiica. [IpuMeHeHne mapachuHO-
BBIX 3MYJbCHI C pa3MepoM OTIEIbHBIX YacTUIl MeHee
2 MKM, B TOM 4ucie ¢ padMepoMm MeHee 300 HM, MO3BOJISIET
3HAYUTEJLHO CHU3UTDH BOAOIOIJIOIIEHHUE, MTOBBICUTD MPOY-
HOCTh MPU CKATUU B BOJAOHACHIIIICHHOM COCTOSTHUM U KO-
a(puumMeHT pasMArdeHUs] TUICOBOTO  BSIKYIIETO
B-MomuduKaum.

2. Yactunbsl mapaduHa pazMepoM Oojiee 2 MKM MpU
BBEICHHMU B TUIICOBOE BSKYIlee B-Moau(uUKaLUM HE OKa-
3bIBAIOT BJIMSIHUSI Ha COCTaB MPOAYKTOB T'MIOpaTallMu, HO
WX BBEACHUE CYIIECTBEHHO M3MeEHSsIeT (hOpMY U pasMephl
00pa3yoIIMXCs KPUCTALIIOB IBYBOJHOTO TUIICa — 00pasy-
JOTCSI KPUCTAJUTBI MIPU3MATUIECKON (POPMBI OTHOTUITHBIX
pa3MepoB. B pe3ynbrate MponCXOaUT CHUKEHUE KOJIUIe-
CTBa KOHTAaKTOB MEXIy OTAEJbHBIMU KpUCTa/IaMH, TO-
BBILIIEHNE CBOOOMTHOTO MEXKPUCTALINYECKOTO MPOCTPaH-
CTBa, YTO B UTOTE MPUBOAUT K 3HAUUTEIbHOMY CHUXEHUIO
MMPOYHOCTHBIX XapaKTEPUCTUK TUIICOBOTO BSIKYIIETO
B-momudukaum.

Pe3ynbTaThl MPOBENEHHBIX UCCISIOBAHUI MTOKA3bIBAIOT
9 HEeKTUBHOCTh MPUMEHEHUSI NMapadUHOBBIX 3MYJIbCHUMA,
colepxKallx HaHOpa3MepHbIe YaCTUIIbI, ISl TOBBIIIEHUS
BOJIOCTOMKOCTU U3AEAUNA W3 TUICOBBIX BSIKYIIUX
B-momudukanmii. Hwuskass cTomMocTh TapadhUHOBBIX
SMYJIBCHUI TTI0 CPAaBHEHUIO C TPAAWIIMOHHO TTPUMEHSIEMbIMU
CWJIMKOHOBBIMU KPEMHUMOPTaHUYECKUMU KUIKOCTSIMU
(pa3Hulia B LieHe OoJjiee YeM B TpU pa3a) IMO3BOJISIET IOy~
yaTh 3¢ HeKTUBHBIE U TOCTYIHbIE BONOCTONKME MaTeprabl
U U3[CJINST HA OCHOBE TMTICOBBIX BSKYIIIMX.
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effective because it leads to a reduction in the compressive

strength in water-saturated state from 2 to 1.4 MPa;

— paraffin emulsion “EMVAKS-GIPS-2” allows you to
increase fastness to water of gypsum binder - water ab-
sorption is reduced from 34.8 to 19.8%, softening factor
increased from 0.35 to 0.51, with a decrease in strength
characteristics in a dried state at 13%;

— the most effective paraffin emulsion improving fastness to
water of gypsum binder is the “EMVAKS-GIPS-2”, the
introduction of which can significantly reduce the ab-
sorption of water from 34.8 to 5.3%, and increase the
softening factor from 0.35 to 0.72 with decrease of
strength characteristics in the dried state at 15%.

The analysis of the results given in Tables 1 and 2 reveals
that the main criterion determining the effectiveness of paraf-
fin emulsions in gypsum binders of B-modification is the size
of individual paraffin particles — a significant increase in ef-
ficiency is achieved when the size of introduced particles of
paraffin emulsion into the gypsum binder of 3-modification
is less than 2 mkm, including nano-sized particles less than
300 nm.

The microstructure of samples of gypsum modified by
paraffin emulsions after physical and mechanical tests per-
formed by scanning electron microscopy, by high-resolution
electron microscope FEIQUANTA 200. The results are
shown in Fig. 2—5.

Results of the study of gypsum with paraffin emulsions
allowed to determine peculiar properties of their structure:

1. Paraffin particles smaller than 2 mkm are freely distrib-
uted throughout the all volume of gypsum binder of
B-modification and do not affect the composition of the
gypsum, the shape and size of the gypsum crystals formed.
Application of paraffin emulsions with separate particle size
below 2 microns, including a size less than 300 nm, can sig-
nificantly reduce water absorption, increase the compressive
strength in the water-saturated state and a softening factor of
gypsum binder of B-modification.

2. The particles of size greater than 2 mkm paraffin when
injected into gypsum binder of B-modification does not ef-
fect on the hydration products, but their presence signifi-
cantly modifies shape and size of the gypsum dehydrate
crystals formed — prismatic crystals of similar size. The result
is a reduction of contacts between individual crystals, and
increase of intercrystalline space, which leads to a significant
reduction in strength properties of gypsum binder of
B-modification.

Investigation results show the effectiveness of paraffin
emulsions containing nano-sized particles to improve fast-
ness to water of B-modification gypsum products. Low cost
of paraffin emulsions compared to traditionally used silicone
organic fluids (the difference in price is more than three
times) allows to get effective and cheap water-resistant mate-
rials and products based on gypsum binders.
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CBOMCTBA KOMNO3WULIMOHHOTO BAXYLLEr0
Ha OCHOBE HAHOCTPYKTYPHPOBAHHOMN CYCNEH3UM

OnmcaHbl CBOICTBA KOMMO3ULMOHHOIO BSXKYLLLEr0 HA OCHOBE HAHOCTPYKTYPUPOBAHHOI CycneH3uu. B kavecTse mogndmumpytoLLein o6aBku
NPEAN0XeHO MCNONb30BaHUe nopTnaHauemeHTa. 060CHOBAHO yny4LLeHre PU3NKO-MEXAHUYECKNX XapaKTePUCTUK NOMY4EHHOr0 KOMMNO3ULNOHHOTO
BsXyLLero. [lo6aska LemeHTa o6ecrneynsaeT NpupoCT NPOYHOCTM 6oNee 4eM B BOCEMb a3, YTO 06YCNOBMEHO, C OAHOI CTOPOHBI, YNOTHEHUEM
CUCTEMBI, @ C AiPYroit — (HOPMUPOBAHNEM KPUCTANINNYECKNX HOBOOOPA30BAHNIA B Pe3yrbTaTe rmaparalnoHHbIX NpOLEcCcoB B cucTeme. [okasaHo
U3MEHEHWE PEOTEXHONOMMYECKIUX CBONCTB KOMMO3NLMOHHOTO CBA3YIOLLEro, 06YCNOBMEHHOE NPUCYTCTBUEM aKTUBHOTO CTPYKTYPUPYIOLLEr0 KOMMOHEHTa
B CUCTEME. YCTaHOBNEHO CYLLECTBEHHOE COKPALLEHNE CPOKOB CYLLKN BAXYLLEro (80 40%), 4T0 ABNAETCA OQHUM U3 BXKHENLLWUX NOKa3aTenen Ka4ecTsa
Kak camoro CBA3YIOLLEro, Tak U Matepuanos Ha ero 0CHOBE. [1py 3TOM XapakTep KMHETUKW CYLUKWU HEe MeHAETCA. [0Ny4eHHOE CBA3YIOLLEE MOXHO
1CrONb30BaTh 415 NONYYEHNUS CTPOUTENbHBIX KOMMO3UTOB Pa3NINYHOro yHKLMOHANBHOMO Ha3HAYEHUS.

KnioyeBble cnosa: HAHOCTPYKTYPMUPOBaHHOE BAXYLLEE, KOMNO3NLINOHHOE CBA3YIOLLEE, MOJJ,VI(bI/IKaTOp, CTPYKTYPUPYHOLLINE KOMMOHEHTHI.
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Properties of Composite Binder Based on Nanostructured Suspension

This article describes the properties of the composite binder on the basis of nanostructured suspension. Portland cement is suggested to be used as modifying additive. Improving of
physical and mechanical properties of obtained composite binder was justified. Addition of cement provides gain of strength more than 8 times that on the one hand is due to the sys-
tem impaction, and on the other — due to the genesis of new crystalline formations as a result of hydration processes in the system. Here we give the description of change of rheo-
tehnological properties of composite binder due to the presence of the active structuring component in the system. A substantial reduction of terms of drying of binder (up to 40%),
which is one of the most important indicators of the quality of both the binder and the materials on its basis. The type of drying kinetics does not change. The obtained binder can be

used for building composites for various applications.

Keywords: nanostructured binder, composite binder, modifier, structuring components.

For citation: Strokova V.V., Netsvet D.D., Nelubova V.V., Serenkov I.V. Properties of composite binder based on nanostructured suspension. Stroitel’nye Materialy [Construction materi-

als]. 2017. No. 1-2, pp. 50-54. (In Russian).

MHOTOYMCIEHHBIMU UCCJIEIOBAHUSAMU, a TAKXKe OITbI-
TOM TTPOMBILIJICHHBIX UCTIBITAHUM JOKa3aHa BbICOKast -
(beKTUBHOCTH HAHOTEXHOJOTUUECKUX PELIEHUM 151 CTPOU-
TeabcTBa [1]. BTO 00YCIOBIEHO BO3MOXHOCTBIO MOBBIIIIE-
HUST KayecTBa MPOAYKIIMU B YACTHU YJIY4YIIEHUS] OCHOBHBIX
SKCIUTyaTallMOHHBIX XapaKTepHUCTHK, a TaKXe (opMHUpoBa-
HUSI YHUKAJbHBIX CBOMCTB KOHEYHBIX u3nmenuii. Tak, B
BI'TY um. B.I'. IllyxoBa pa3paboTaHO HAHOCTPYKTYPUPO-
BaHHOe Bsikyiee (HB) Ha ocHOBe MpUpPOIHOTrO U TEXHO-
TE€HHOTO ChIPbs Pa3IMYHOIO cocTaBa [2], mMpakTUYeCKue
00J1aCTU WCIOJIb30BaHUS KOTOPOTO HE OTpaHUYEHBI €ro
MMPUMEHEHHEM TOJILKO B Ka4eCTBE OCHOBHOTO CBS3YIOIIETO
MpU TIOJIYYEHUU CTPOUTEIBHBIX KOMITO3UTOB. B paborax
aBTOPOB 000CHOBaHA BO3ZMOXHOCTb €TI0 MMPUMEHEHHUS B Ka-
YeCTBE BBICOKOAKTMBHOTO MOAMMDUIIMPYIOIIET0 KOMIIO-
HEHTa MpU TMOJYYeHUU U3IEIUN DPA3IUYHOTO COCTaBa W
crpyktyphl [3—10]. Beenenne HB B kauecTBe Moguduka-
TOpa CIIOCOOCTBYET MHTEHCU(UKAIIUM IIpoieccoB (a3o-
00pa3oBaHUs, MPUBOMAIMNX K (GOPMUPOBAHUIO DPAIIAO-
HAJILHOTO COCTaBa KPUCTAUIMYECKUX HOBOOOPA30BAHUIA,
00YCJIOBIMBAIOIIMX B MEPBYIO OUePelb POCT MPOYHOCTHBIX
CBOICTB MaTepuasioB. TeM He MeHee, HecMOTps Ha a(dek-
TUBHOCTH HB, Mpo6iieMa JINTeTbHOCTHY CYIIKM KaK CAMOTO
CBSI3YIOIIETO, TaK U KOMIIO3UTOB Ha €ro OCHOBE BCeE ellle
ocTaeTcs aKkTyaJlbHOW. B Hacrosmiee Bpemsi aBTOpaMu
TIpeJIOKEH PS pellleHnid, HalpaBJeHHBIX Ha yCTpaHEeHUe
9TOro Hepocrartka [11, 12].

DPheKTUBHBIM CITIOCOOOM YCKOPEHHUSI CYIIIKU KOMITO3M -
LWl TIpeCTaBIsieTCs TMPUMEHEHUE BBICOKOCOPOUPYIOIINX

Numerous studies and experience in industrial testing have
proved high efficiency of nano technological solutions for the
construction [1]. This is due to the possibility of improving the
quality of products in terms of improving the basic performance
characteristics, as well as the formation of the unique properties
ofthefinal products. Thus, in BSTU named after V.G. Shoukhov
nanostructured binder (NB) on the basis of natural and techno-
genic raw materials of different composition was developed [2],
practical usage of which is not limited by only its application as
the primary binder in the production of constructional com-
posites. Works of authors have demonstrated the possibility of
its use as a high active modifying component in the production
of materials of different composition and structure [3—10].
Introduction of NB as modifier promotes intensification of the
processes of phase formation leading to the formation of ratio-
nal composition of crystalline new formations, causing in the
first place, an increase of strength properties of the materials.
However, despite the effectiveness of NB, the problem of the
drying time of both the binder and based on it composites is still
open. Currently, the authors have proposed a number of solu-
tions focused on this shortcomings [11, 12].

An effective way to accelerate the drying of the composi-
tion is the use of highly sorbing materials capable for binding
of free water in the system. It is necessary to take into account
the rate of sorption to prevent destructive effects (alteration
of rheotehnological properties, shrinkage strain, etc), and the
following processes of evaporation of water in the case of
physical sorption. In this paper, the use of Portland cement is
suggested as a sorbing (modifying) component that is due to
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Ta6nuua 1
Table 1
Cocras, % Mpenen NpoYHOCTU Mpenen NpPoYHOCTU
Ne n/n Composition, % HOPyr\g’:\g::aﬂ Wigr/ Wz(ljr/ npu nsrnbe, MMa npu cxatum, MMa
No. HB LiemeHT | Normal donsity | solid ratio | cement ratio Ultimate bending Ultimate compression
NB Cement strength, MPa strength, MPa
K 100 0 - 0,19 - 1,54 3,52
Control
1 90 10 0,15 0,35 3,48 1,21 7,8
2 80 20 0,16 0,33 1,65 3,18 15,7
3 70 30 0,16 0,31 0,99 4,22 28,5
4 60 40 0,16 0,29 0,73 4,8 25,6
5 50 50 0,17 0,28 0,56 4,5 28,22
Cerlr-1lent 0 100 0,27 0,27 0,27 2,93 40,65
MaTepHualioB, CIIOCOOHBIX CBSI3bIBATh CBOOOIHYIO BOAY B CH- Ta6nuua 2
creme. [Ipu 3TOM HEOOXOAUMO YUYMTHIBAaTh CKOPOCTh COPO- Table 2
LMK IS TIPeJOTBpAIleHUs JeCTPYKTUBHBIX TTOCIEACTBHIA =
(M3MeHeHNe PeOTeXHOJIOTUIECKUX CBOMCTB, YCAJIOYHBIC JIe- Bpems nocTuxenrunst 50% | Bpemsi AOCTIKeHMs
(opmanuu 1 1p.), a TaKXKe MOCJIeNYIOLIME MTPOLIECCH UCTIa- CocTtas Ha4asIbHOM BN&aXHOCTY, Hyneson
peHMs BOIBI B cilydyae GU3NYECKOi copounu. B HacTosmei Composition | —. MUH . BNIKHOCTMW, M1H
paboTre B KauyecTBe COpOMpYOLLEro (MoIu(ULMUPYIOLLErO) Time O_f_ reaching 50 /o_of Time of reaching
KOMITOHEHTAa MpELIOXKEHO UCIOIb30BAHNE MOPTIAHALE- the initial moisture, min_|[ «zero» humidity, min
MEHTa, YTO 00YCJIOBJIEHO psmoM (akrtopoM. LlemeHT aBIsA- K 7 35
€TCSl TUTPOCKOIMMMYHBIM MaTepHaJioM C BBICOKMM BOJOIIO- Control
riomeHueM. [1pu aToM Boma, ToTIONIeHHAsT [IEeMEHTHBIMU 1 6.5 19
yacTUIlaMU, OyIeT XUMUYECKU CBS3BIBATHCS B IMPOIECCE 5 : s
TMIpaTallMOHHOTO TBepAeHUs. Bce 3TO B COBOKYMHOCTU
MPUBEIET K COKPAIIEHUIO CPOKOB CYIIKA HAHOCTPYKTYpPH- 3 5,5 16
POBAHHOTO BSIXKYILETO, a TAKXKe IMO3BOJIUT MTOBBICUTH MPOY- 4 7 30
HOCTb MAaTPUILIBI 32 CUYET e¢ YIUIOTHEHUS U (POPMUPOBAHUS 5 75 5
MMPOCTPAHCTBEHHOTO KapKaca M3 KPHUCTAUTMYECKUX HOBO- .

o0pa3oBaHUIA.

7151 mosTy4eHus1 KOMIO3UIIMOHHOTO BSIXKYILETO UCTTOJb-
30BaJIOCh HAHOCTPYKTYPUPOBAHHOE BSIKYIIIEE CHUIMKATHOTO
cocraBa (Kak HauOoJjiee M3y4eHHas] U XMMMUYECKM YKUCTast
cucrema) u nopriaangneMedT LIEM 1 42.5H. KomyectBo
IIeMeHTa B CICTeMe, BBOIMMOTO B3aMeH a0 HB, Bapbupo-
Bajioch B Ananaszone 10—50% c marom 10 rmo cyxomy Beliie-
cTBYy (Tabu. 1).

CormlacHO MOJyYeHHbIM JaHHBIM, BBEJEHUE LIEMEHTA B
CHCTEeMY TIPUBOIUT K BO3pPACTAaHUIO 3HAYEHMST HOPMaJIbHOM
TYCTOTHI, T. €. K YBEJIMYECHUIO KOJIMUECTBA BOJIbI, HEOOXOMU-
MoO# g (hOPMUPOBAHUST TeCTa 3aJaHHOMN TOIBMXXKHOCTH.
BDTO 00YCIIOBIEHO B IIEPBYIO o4Yepenb creln@UKoil HaHO-
CTPYKTYPUPOBAHHOTO BSIXKYIIETO, MOJyYeHUe KOTOPOTO OC-
HOBaHO Ha JUIUTEJIbHOM MOCTAAUHHOM U3MENbYEHUU KPeM-
HE3eMCOJePXKAaIlMX ChIPbEBbIX KOMITOHEHTOB B BOJHOM Cpe-
nme. B pesymbraTe dopMuUpyeTcsT CYCHEH3USI C XKUIKOU
TIMCTIEPCUOHHOM Cpenoii, B 00beMe KOTOPOil paBHOMEPHO
pacripenesieHa IucriepcHas a3a B BUIE TBEPABIX pa3HOpa3-
MEpHBIX YacTHWIll, B JAaHHOM CcCJlydyae KBaplieBOro Iecka.
CycnieH3us1 TIpU 3TOM XapakKTepU3yeTcsi TAKCOTPOITHBIM Xa-
PaKTEpOM TEUEHMUSI, UTO MO3BOJISICT eii MPU HU3KUX ITOKa3a-
TeJISIX BJIAXXHOCTU (B JAHHOM cCJlydae BbIpaXkaeMoll HOp-
MaJIbHOH TYCTOTOM) 00€CITeYnBaTh BEICOKYIO IMTOABUXKHOCTb.
BBeneHue nemeHTa B ccTeMy IPUBOAUT K (POPMHUPOBAHUIO
nedunmuTa XKUakou daspl, obecrneduBalolieil Tpedyemylo
MOABUXXHOCTb, YTO CBSI3aHO C BBICOKOI TMT'POCKOIMEN lie-
MEHTHBIX YacTull. JlanbHeiiliee yBeIudeHre 10U LIeMeHTa
B cucTeMe npu cokpaineHnu HB npuBonut K crabunuzannu
CHCTEeMBbI I CHUDKEHUIO €€ BOIOTIOTPEOHOCTH [IJIs1 obecreue-
HUST HEOOXOMMMOM TeKYJYeCTH, UTO BBIPAXKAETCST CHUKEHU-
€M HOPMAaJbHOW TYCTOTHI KOMITO3ULIMOHHOTO BSDKYILETO.
DTO 00YCIOBIEHO PAaBHOMEPHBIM pacIipeneeHueM 4YacTHIL
LIEeMEHTa M0 00beMy CYCMeH3UU HaHOCTPYKTYPUPOBAHHOTO

several factors. Cement is a hygroscopic material with high
water sorption. The water that is sorbed by the cement parti-
cles will be chemically bond during the hydration hardening.
All this as a whole will reduce the drying periods of nano-
structured binder, and will enhance the strength of the matrix
due to its consolidation and the formation of volumetric
framework of the crystal growths.

Nanostructured silicate binder (as the most studied and
chemically “pure” system) and Portland cement CEM 1
42.5N were used for production of composite binder. The
amount of cement replacing NB in the system varied in the
range 10—50% in increments of 10 on a dry matter (Table. 1).

According to information received, the introduction of
cement into the system leads to an increase in the value of
normal density, i.e., increase of the amount of water that is
required to generate a preset flowability. This is due, primari-
ly, to the specifics of nanostructured binder, the preparation
of which is based on the long-term stepwise grinding of sili-
ceous raw materials in an aqueous medium. The result is for-
mation of a slurry with a liquid dispersion medium in the
volume of which the dispersed phase in the form of solid par-
ticles of different size, in this case, quartz sand, is well-distrib-
uted. The suspension is characterized by thixotropic flow
type, which allows it at low humidity indicators (in this case
expressed by the normal density) to provide high flowability.
The introduction of cement into the system leads to the for-
mation of a “deficit” of the liquid phase, that provides the
required flowability, due to the high hygroscopy of cement
particles. A further increase of cement ammount in the system
while reducing the amount of NB leads to the stabilization of
the system and reduction of its water demand to ensure the
necessary flowability resulting a decrease of normal density of
composite binder system. This is due to the homogeneous
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BSIKYILIETO, YTO obecrieunBaeT (GOpMUPOBAHKE COJTbBATHOMN
000JI0YKM Ha TTOBEPXHOCTH LIEMEHTHBIX YaCTHII, HEOOXOI-
MO¥ TSI peaii3aliiy COPOIIMOHHBIX MPOIIECCOB ITPU COXpa-
HEHUU OOLIEN MOABUXHOCTU CUCTEMBI.

[Ipoliecchl CYIIKM KaK CaMOro BSKYIIETO, TaK M MaTe-
pMaJIOB Ha €r0 OCHOBE SIBJISIIOTCSI BaXKHEHIITMMU (haKTOpamMu
obecriedeHMsT PEeIbsIBISIEMBIX K HUM 9KCIUTyaTallMOHHBIX
cBoiicTB. KMHETHKY CYIIKM M3y9ajaud TPU TOMOIIU 3JeK-
TPOHHOTO BJIaroMepa npu Temneparype 70°C a1 UHTEHCH-
¢ukamuu mpoueccoB. s ageKBaTHOrO CpaBHEHUSI Ha-
yaJibHasl BJIAXXHOCTb BCEX COCTABOB COOTBETCTBOBAJA BJIaX-
HOCTM MCXOTHOTO (YUCTOTO) HAHOCTPYKTYPUPOBAHHOTO
BsKy1ero 16%.

VYcranosneHo (TabdJ. 2), 4To BBeAeHUE LlieMEeHTa B COCTaB
CMeCH TpY MOJYYEHUH KOMITO3UIIMOHHOIO BSIXYIIETO MO-
3BOJISICT COKPATHTh BpeMsl CYIIKU Ha 15—55%. Ipu sToM
001N XapaKTep CYIIKU HE MEHSIETCSI, He3aBUCMMO OT CO-
cTaBa 00Opa3IoB: NMPONCXOIUT TJIABHOE CHMXKEHUE BJIaKHO-
CTU 00paslioB 10 ee HyJeBOro 3HaueHus. Tem He MeHee
BBeaeHue 20 u 30% LeMeHTa B3aMeH J0JIM HAHOCTPYKTYPH-
POBAHHOIO BSIXYIIETO IMO3BOJSIET MHTEHCUGMUIIMPOBATD
Mpoliecchl B paHHUE cpoKu (10 10 MuH). DTO 00YCIOBIECHO
¢usnueckoit copO1Meli BOIbl TMTPOCKOITMYHBIMY YacTULIA-
MU U €€ JaJbHEHIIUM XMMMUYECKUM CBSI3bIBAHMEM B Teue-
HUE TUIPATAlIMOHHBIX IPOIIECCOB.

VYBennueHne KOHIIEHTPAlMKM 1IeMEeHTa B CUCTEMeE MpaK-
TUYECKU HE OKa3bIBaeT BJUSHUS HA MPOLECCHI CYIIKU CH-
cTeMbl B 4acTu yckopeHusi. OObsicHeHMeM JaHHoro dakra
CIIYXXUT TIpeo0JiaiaHue TUApaTallMOHHbBIX MPOLIECCOB B lie-
MEHTHOI KOoMITOHeHTe. OUeBUAHO, YTO YCKOPEHHOE UCIa-
pEeHMe BOIBI M3 CUCTEMBI He IIPOMCXOIUT BBULY €€ CBSI3bIBA-
HUS B MEPBUYHBIE KPUCTAJUIMYECKUE HOBOOOPA30BaHUS B
Mpoleccax CXBaTbIBAHUS LIEMEHTA.

CokpallleHue [0 BOIIbl B CUCTEME B MPOLIECCE CYIIKU
OyneT oKa3bIBaTh BIUSHUE HA PEOTEXHOJOTMYECKUE CBOM-
CTBa CYCTEH3MHU, TTOKA3aTeIN KOTOPBIX OTHOCATCS K YUCITY
BaXXHEUIIUX TIPU TOJYYSHUU KOMIIO3UTOB Ha MX OCHOBE.
Peorpammbl 06pa3iuioB ObLIM IMOJYYEeHBI IIPU OOMHAKOBOM
B/T, paBHoMm 0,4 (HeoOXomuMoe 3HAYCHME IJIS STYEUCTBIX
MaTepuaioB, MJIs1 KOTOPbIX MOABUXKHOCTD SIBJISIETCS ONHUM
13 OCHOBHBIX MOKa3artesieil, o0ecrneurBaouIuX palMoHaIb-
HYIO TTIOPU3AIAI0 CUCTEMBI).

HeszaBucnumo OT KoMUYecTBa IEMEeHTa BCE COCTAaBBI OT-
JINYAIOTCS XapaKTePHBIM TUKCOTPOITHBIM XapaKTEePOM Teue-
HUS: HaOIIoJaeTcsl paBHOMEPHOE TafieHue HayaJlbHOW BSI3-
KOCTU 10 MMHUMAJILHOTO 3HAYeHUsT TTPU MPUIOKEHUM Ha-
rpy3ku. CorjlacHO MOJIyYeHHBIM AAaHHBIM (CM. PHUCYHOK),
MPAaKTUYECK MUHUMAJIBHBIMU 3HAUYEHUSIMU BS3KOCTH Xa-
PaKTepU3YIOTCS YMCThIC BsLKylue — liemMeHT u HB. D10
00yCJIOBJICHO BBICOKOI CTEINEeHBIO pa30aBIICHHUsI CUCTEM
NUCIIEPCUOHHON cpenoii. O4eBUAHO, YTO CheMKa PEOJIOTH-
YeCKHUX MoKa3aTeseil [Uisl NTaHHBIX CUCTEM NPU HOPMaJIbHON
TYCTOTe U3MEHUT OOIIYI0 KapTUHY B YaCTW POCTa Havallb-
HO# BSIBKOCTU. TeM He MeHee CTOUT OTMETUTh OOoJiblliee
3HaYEHUE BA3KOCTH JIJISI LIEMEHTHOM CUCTEMBI, B IECSITh pa3
TIpeBHINIAONIee aHAJOTMYHBIN TTOKa3aTes b IS pa30aBIieH-
Horo HB. D10 00yc/ioBI€HO BBICOKOU aKTMBHOCTBIO Iie-
MEHTHBIX YacTHUIl U MPOTeKaHWEeM MEePBUYHBIX THUApaTall-
OHHBIX MPOLIECCOB, MPUBOMSIIINX K CHUXKEHUIO TUCTIePCHU-
OHHOI cpelbl B CUCTEME, YTO BBIPAXKAeTCs YBEJIUYCHUEM
HavyaJIbHOU BSI3KOCTU CYCIIEH3UU.

VYBenuueHne 10J1 lIeMeHTa B KOMITO3UIIMOHHOM BSTKY-
IIIEM CTIOCOOCTBYET YBEJIMUEHUIO HaYaIbHOM BSI3KOCTH CH-
cTeMbl. Majible KOHLIEHTpaluy 1006aBKku HemeHTa (10 20%)
obecreunBalT MPUPOCT BA3kocTu B 7—10 pa3 mo cpaBHe-
HUIO C BBICOKOpPa30aBJICHHOW HCXOMHOW CHUCTEMOM, UTO
CBSI3aHO C aacopOuuell BOAbI HAa LEMEHTHBIX YaCTHUIlAX.
BBeneHue 60b111eTO KOJTMYECTBA IIeMEHTA ITPUBOIMT K 3HA-
YUTEJIbHOMY POCTY HadajJbHOI BsI3KOCTU (1o 35 pasz). D10
obecrneynBaeTcss HECKOIbKUMU akTopamu. McxonHoe Ha-
HOCTPYKTYPUPOBAHHOE BsIXKYlllee MpeNCcTaBisieT coooi cu-
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distribution of cement particles in the slurry of nanostructured
binder that provides solvate shell formation on the surface of
cement particles, that is necessary for implementing processes
of sorption, while maintaining overall system flowability.

Drying processes of both the binder and the materials on
its basis are essential factors to achieve required performance
characteristics. Drying kinetics was studied by means of an
electronic moisture analyzer at 70° C for an intensification of
processes. For adequate comparison the initial moisture con-
tent of the compositions was corresponded with moisture
content of the original (pure) nanostructured binder, which
amounted to 16%.

It was established (Table 2), that the introduction of ce-
ment in the mixture during the preparation of the binder can
reduce the drying time by 15—55%. The total drying nature
does not change, regardless of the composition of the samples:
there is a smooth decrease of humidity of samples to the value
zero. However, the introduction of 20 and 30% of cement re-
placing nanostructured binder allows to intensify the process in
the early stages (up to 10 minutes). This is due to the physical
sorption of water by hygroscopic particles of water and its sub-
sequent chemical bonding during hydration processes.

Increasing the concentration of cement in the system has
almost no effect on the drying process of the system in terms
of acceleration. The explanation of this fact is the prevalence
of the processes of hydration of the cement component.
Obviously, the rapid evaporation of water from the system did
not occur due to its binding into the primary crystalline new
formations during the cement setting process.

Clearly, reduction of proportion of water in the system
during the drying process will influence the rheotechnologi-
cal properties of suspension which value are among the most
important for the production of the composites on their basis.
Rheograms of samples were obtained at the same water/solid
ratio equal 0.4 (the required value for the cellular materials
which flowability is one of the key factors that provide a ratio-
nal porization of the system).

Regardless of the amount of cement all compositions are
characterized with thixotropic flow nature: there is steady
decrease of initial viscosity to a minimum value when a load
is applied. According to the data (Fig.), “pure” cement and
NB are characterized with almost minimal viscosity values.
This is due to high degree of dilution of systems with the dis-
persion medium. Obviously, the measuring of rheological
parameters for these systems at a normal density will change
in the general picture of the initial viscosity growth.
Nevertheless, it is worth noting that value of viscosity for the
cement system is 10 times higher than for the diluted NB.
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CcTeMy C pa3HOpa3MepHOI AucrHepcHoi da3oii, pacmpene-
JIEHHOI 10 00beMy IMCIIEPCHOHHON Cpeabl, pa3aeieHHOMU
TOHKMMU MPOCIOMKaMU XUAKOCTHU, 3a CUET Yero GopMupy-
€TCsl BBICOKOIIOJIBUXKHAsI cucTema. BBeneHue 1ieMeHTa B
0003HaUYEHHYIO CYCMEH3UIO TPUBOAUT K YBEJIUUEHUIO KPYII-
HOpa3MEPHBIX YaCTUII, TPEOYIOIIMX OOJBIIETO KOJIMYEeCTBA
IUCIIEPCUOHHON Ccpenbl Ml o0ecredeHUs 3aJaHHOM MO/~
BIXKHOCTH, TaK KaK CyMMapHBIii 00beM TBepAoi (a3bl yBe-
JINYMBAETCSI. DTO MPUBOIUT K HEKOTOPOMY YIUIOTHEHUIO
CHCTEMbl U YMEHBILIECHUIO COJIbBATHOW OOOJIOYKM Ha MO-
BEPXHOCTU TBepHoi (asbl, 4TO 0OYCIOBIUBAET B UTOre
YBEJIMYEHUE BI3KOCTU CUCTEMBI, IPUBOJISIICH K CHUKEHUIO
ee moABMXKHOCTU. OHAKO BBUAY COXPAaHEHUSI TUKCOTPOII-
HBIX CBOMCTB CYCIIEH3MU, YTO BAXXHO MPU MOJYYEHUU KOM-
IMO3UTOB CTPOUTEJBHOTO Ha3HAUYEHUS, YBEJIMUEHUE HAYallb-
HOU BSA3KOCTH NAHHBIX CUCTEM SIBJISIETCS MOJOXUTEIbHBIM
acCIeKTOM, MOCKOJbKY MO3BOJIMT COKPATUTh WJIHA MCKJIIO-
YUTb MOJHOCTBIO ycaouHble AedhopMaluy B pAHHHUE CPOKHU
TBEPAECHMUS 3a cUeT (PUKCAIIMU MMEPBUYHON CTPYKTYPHI.

Yka3zaHHOe MOATBEPXKIAIOT TakKe MoKa3aTesid TPOYHO-
CTH KOMIMO3UIIMOHHBIX BSXKYLIMX. BBeieHMe naxe He3HAuU-
TeJIBHOTO KoyimdecTBa IeMeHTa (10%) MpuBOIUT K yBETNYIC-
HMIO MPOYHOCTU CUCTeMbl B ABa paza. OOLUi MPUpPOCT
MPOYHOCTU MPU BBEACHUU LIEMEHTA BapbUpYeTCs OT 2 110
8 pa3 B 3aBUCMMOCTHU OT cocTaBa. OUeBUIHO, UTO yBeJIUYe-
HUE MPOYHOCTHBIX MOKa3aTeJiell B JaHHOM ciiydyae 00yClIoB-
JIEHO CYIIIECTBEHHBIM YIUIOTHEHUEM CUCTEMBI 3a CUET BBE-
JleHus 0oJiee KPYMHOIUCIIEPCHBIX YaCTULL, BOKPYT KOTOPBIX
pacrpenessiioTcsi TOHKOAUCIIEPCHbIE YaCTULbI KBAplIEBOTO
recka U3 HaHOCTPYKTYPUPOBAHHOTO BSIXYIIETO, COKpallie-
HUEM BOJIbI B CUCTEME 3a CUET €€ XeMOCOPOIIMU 1LIEMEHTHbBI-
MM YaCTULIAMU, a TAKXKe TUApaTallMOHHBIX MTPOLIECCOB, 00e-
crneyuBalommx GopMUpoBaHUe KPUCTALIMYECKUX HOBOOO-
pa3oBaHU pa3UYHOTO cocTaBa. Bce 3To mpuBOIMT K
YIPOUYHEHWIO MAaTPULIbl KOMIIO3HUTA.

Takum ob6pazom, B paboTe mokazaHa BO3MOXHOCTb T0-
JIy4€HUST KOMIIO3UIIMOHHOTO CBSI3YIOIIEr0 Ha OCHOBE Ha-
HOCTPYKTYPHMPOBAHHOTO BSIXYILETO CUJIMKATHOTO COCTaBa U
no6aBky LeMeHTa. OO0OCHOBAaHO M3MEHEHME PEOTEXHOJIO-
ITMYECKUX U (HU3UKO-MEXaHUYECKUX CBOMCTB CUCTEMBI TIPU
BBEIEHUHU 100aBKM LiemMeHTa. [Ipu 3TOM ¢ yueTom Heobxo-
JNIUMBIX XapaKTEePUCTUK Pa3pabOTaHHOE KOMIO3UIIMOHHOE
BSIKYIIIEE MOXET ObITh MCITOIb30BAHO IS TIOJIyYEHUST CTPO-
UTEJIbHBIX KOMITO3UTOB Pa3IMYHOTO (PYHKIIMOHABHOTO Ha-
3HAYEHUSsI, KaK MJIOTHBIX (MEJIKO3epHUCThIN OETOH JUIsl MO~
JIydeHUs IITYYHBIX CTEHOBBIX M3IENWii), TaK U SYEUCTHIX
(NMeHOOETOHBI Pa3TUYHBIX MapOK).
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This is due to the high activity of the cement particles and the
primary hydration processes leading to a decrease in the dis-
persion medium in the system, which results in increase of
the suspension initial viscosity.

The increase in the amount of cement in the composite
binder increases the initial viscosity of the system. Small con-
centration of cement additive (up to 20%) provide a viscosity
increase by 7—10 times in comparison with the highly diluted
original system, which is associated with water adsorption on
the cement particles. The introduction of higher amount of
cement results in a significant increase in initial viscosity (up
to 35 times). This is ensured by several factors. Initial nano-
structured binder is a system with different-sized dispersed
phase, distributed over the volume of the dispersion medium,
separated by thin layers of liquid. This ensures the formation
of highly flowable system. Introduction of cement into the
stated slurry results in increase of large-sized particles that
require larger amounts of the dispersion medium to provide
the desired flowability for the total volume of solid phase in-
creases. This results in some densification of the system and
reduction of solvate shell on the surface of the solid phase,
that ultimately causes an increase in viscosity of the system,
resulting in decreased flowability. However, due to the keep-
ing of thixotropic properties of the suspension, which is im-
portant during the production of composites for construc-
tional application, the increase in initial viscosity of these
systems is a positive aspect, since it would reduce or eliminate
completely the shrinkage strain in the early stages of harden-
ing due to fixation of the primary structure.

Mentioned above is also confirmed by the strength of the
composite binders. Introduction of even a minor amount of
cement (10%) doubles the strength of the system. Total
growth with the introduction of cement varies from 2 to 8
times depending on the composition. Obviously, the increase
of the strength in this case is caused by substantial system
solidification through the introduction of more coarse parti-
cles, around which fine particles of quartz sand of nanostruc-
tured binder are distributed, reduction of water in the system
due to its chemisorption by cement particles and hydration
processes, ensuring the formation of crystalline new forma-
tions with different composition. All this leads to strengthen-
ing of the matrix of the composite.

Thus, the possibility of obtaining a composite binder on the
basis of nanostructured silicate binder and addition of cement
was descrided. Changes of rheotehnological and physico-me-
chanical properties of the system with the introduction of ce-
ment additive were justified. At the same time, with the neces-
sary characteristics of the developed composite binder it can be
used for production of constructional composites for various
functional purpose both solid (fine-grained concrete for piece
wall products) and cellular (foam concretes of various grades).
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KazaHCcKmnin rocyfapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHLIN YHUBEPCUTET (420043, r. KasaHb, yn. 3eneHas, 1)

Moaudmkaums cTpouTenbHbIX NOAMMEPOB (NONMBUHUAXNOPUAA
W 3NOKCUJHbIX) OAHOCNOWHHbIMM YrNEpoHbIMU HAHOTPYOKAMM

PaccmMoTpeHbl 3aKOHOMEPHOCTI U3MEHEHUS CTPYKTYPbI MPY MOANMKALNN CETHaTbIX (3MOKCUAHBIX) W JIMHEAHBIX (MONMBUHUIXIOPUAA) NONUMEPOB 1
KOMIMO3UTOB Ha UX OCHOBE OJHOCTOAHBIMM YINepPOAHbIMU HAHOTPY6Kamu B 06nacTi KoHueHTpaumid 1o 0,01%. [Ang mogndukaumm ncnonb3oBaHbl Kak
6a30Bble «4YUCTbIE» OJHOCONMHbIE YINepPOAHbIe HAHOTPYOKM, TaK 1 UX AMCMEPCUN HA HOCUTENAX PA3NIUYHONA XMMUYECKOR Npupoabl. [ns SNOKCUAHbIX
MONMMEPOB BbISBIEHO BUAHNE TPYOOK HA CTENEeHb KOHBEPCUM SMOKCMAHbIX FPYNN 1 HA XapakTep Xpynkoro paspyweHus. [ns nonMBMHUAXNOpUAA B
o6nactu KoHueHTpauuu fo 0,001% o06Hapy>XeHO yBeNWYeHne NPOYHOCTHLIX CBOWCTB C NOBbILIEHMEM TEKYYECTU pacnnaBoB. MMUKpOCTPYKTYpa XpynKunx
CKONOB 6MOYHbIX 06Pa3L0B ANOKCUAHBIX MONNMEPOB UCCNE0BaHA HA CKAHUPYHOLLEM 3NIEKTPOHHOM MUKpockKone. MUKPOCTPYKTypa NonepeyHbIX Cpe3os
MEHOYHbIX NONUBUHNAXNOPUAHBIX 06pa3L0B TONWMHON 100 HM N3y4eHa MeTOLOM NPOCBEYMBAIOLLEN 3NEKTPOHHOI MUKPOCKONUN. loka3aHa
NOKannu3auns HaHOTPY6OK B MEXCTPYKTYPHBIX Ae(DEKTHbIX 30HAX NOSIMMEPOB.

KntoyeBble cnosa: yrnepogHble HaHOprﬁKI/I, NONMBUHUNXNOPWA, 3NOKCUAHbIE NOJTIMMEPLI, MUKPOCTPYKTYPA.

Ins umtuposanus: Xo3uH B.I., Huzamos P.K., A6gpaxmaHosa J1.A. Moandumkaums CTpOUTENbHbIX NONNMEPOB (MOSMBUHUAXIIOPUAA W 3NOKCULAHbIX)
OZHOCTOMHbIMM YrNEPOLAHbIMU HAHOTPYOKaMu // CTpoutenbHblie matepuansi. 2017. Ne 1-2. C. 55-61.

V.G. KHOZIN, Doctor of Science (Engineering) (Khozin@kgasu.ru), R.K. NIZAMOV, Doctor of Science (Engineering) (Nizamov@kgasu.ru), Rector,
L.A. ABDRAKHMANOVA, Doctor of Science (Engineering) (laa@kgasu.ru)
Kazan State University of Architecture and Engineering (1, Zelenaya Street, Kazan, 420043, Russian Federation)

Maodification of Construction Polymers (Polyvinylchloride and Epoxy) by Single-wall Carbon Nanotubes

The article studies regularities of the structure changes in the process of modification of network (epoxy) and linear (polyvinylchloride) polymers and composites based on them by sin-
gle-wall carbon nanotubes in the field of concentration up to 0.01%. For epoxy polymers the impact of tubes on the conversion degree of epoxy groups and on character of fast fracture
is defined. For polyvinylchloride in concentration up to 0.001% it was found out the increase in strength properties with the rise of melt fluidity. Microstructure of epoxy polymer block

sample cleavages studied my means of scanning electron microscope. Microstructure of 100 nm film PVC sample cross section is studied by transmission electron microscopy method.

Localization of nanotubes in interstructural defect zones of polymers is also presented in the article.

Keywords: carbon nanotubes, polyvinylchloride, epoxy polymers, microstructure.

For citation: Khozin V.G., Nizamov R.K., Abdrakhmanova L.A. Modification of construction polymers (polyvinylchloride and epoxy) by single-wall carbon nanotubes. Stroite’nye Materialy

[Construction materials]. 2017. No. 1-2, pp. 55-61. (In Russian).

IMonuMepHble HAHOKOMIIO3UTHI — HOBOE ITOKOJICHHUE
MTOJIMMEPHBIX MaTEPUAJIOB C TIOBBIIIEHHBIMU 3KCTUTyaTalll-
OHHBIMU XapakTepucTukaMu (13 mMarepuanoB I MexmyHa-
ponHoro dopyma «Rusnanotech-2008»). HayyHas 6a3a mo
pa3paboTKe M MCCIeNOBAHWIO HOBBIX MOJMMEPHBIX HAHO-
KOMITO3MTOB JIOCTaTOYHO XOPOILIO pa3BUTa, U B TTOCJICIHUE
TO/IBI B JINTEpaType MOSBUIOCH MHOTO ITyOJIMKAIIMiA, Kacalo-
IIIUXCS 3TOTO HATPaBJIEHMS.

ABTOPHI HCCIIENYIOT 3aKOHOMEPHOCTY HaHOMOAU(pUKa-
LMY TTOJIMMEPOB, KOTOPbIe UMEIOT MEPBOCTENEHHOE 3HAYe-
HUE ISl TOJYYeHUs] MHOTUX BUAOB (DYHKIIMOHAIBHBIX
CTPOUTEJIBHBIX MaTepuajioB. DTO B MEPBYIO ouyepelb IMO-
suBuHWwIxopun (IBX) — nmonumep Ne 1 B ctpouTtenbcTie,
KOTOPBI UCTIOJIB3YETCS B IIPOM3BOACTBE IITMPOKOTO acCOP-
TUMeHTa MPOGUIBHO TTOTOHAXHBIX U3IENii, MaTepUaJioB
IUISI TIOKPBITUSI TIOJIOB, KPOBEJbHBIX MaTepuajoB U Ap.
Bropoii ki1acc moJMMepoB — 3MOKCUIHBbIE, MOJTyYaeMble
OTBEPXIEHUEM PEaKIIMOHHOCIIOCOOHBIX 3TMOKCHIHBIX
OJIUTOMEPOB. DTU CBA3YIOIIME BBITIOJHSIIOT OMpeaessiio-
Y0 POJIb B KOHCTPYKIIMOHHBIX KJIESIX, 3allIMTHO-IeKOpa-
TUBHBIX MOKPBITUSX, HAJMBHBIX T0JIaX U, YTO OCOOEHHO
BaXHO, B BBICOKOMPOYHBIX apMMPOBAaHHBIX IJACTUKAX
KOHCTPYKIIMOHHOTO Ha3HaueHUs. YcJoBUsl OpMOBaHUSI
U3IENIUii Ha OCHOBE 3TUX BUIOOB ITOJIMMEPOB BBUAY WX
MPUHIUIAAIBHOTO Pa3Inuus B XUMUYECKOM MPUPOAEC U
criocobax TmepepadboTKU TPeOYIOT W PA3TUIHBIX MTOAXOI0B
npu ux moaudukanuu. OgHAKO B II€JIOM, KaK BCe HaHO-
KOMITO3UTBI, OHM OTJIMYAIOTCS OT OOBIYHBIX UCKITIOUUTEb-
HO BBICOKOH yIeJIbHOI MOBEPXHOCTHIO pa3zjea (a3 HaHO-
yacTUlla — MoJIMMEepHas MaTpuila B eIMHUIIEe o0beMa. DTo

Polymer nanocomposites are the new generation of poly-
mer materials with the increased exploitation characteristics
(according to the materials of the I International Forum
“Rusnanotech-2008"). Scientific background on develop-
ment and investigation of new polymer composites is well-
developed enough and in recent years there appeared in lit-
erature many publications referring to this research area.

We study the regularities of nanomodification of poly-
mers which have the primary importance for production of
many types of functional construction materials. First and
foremost it is polyvinylchloride (PVC) — polymer #1 in con-
struction which is used in production of wide range of shaped
and linear articles, flooring materials, roofing materials, etc.
The second class of polymers is epoxy resulted from reactive
epoxy oligomers curing. These binders perform the defining
role in structural adhesives, protective-decorative coatings,
poured-in-place floors, and what is more important in high-
strength reinforced plastics of structural purpose. The condi-
tions of products formation on the basis of these polymers
types due to their fundamental difference in chemical nature
and processing methods also require various approaches dur-
ing their modification. However, generally, like all nano-
composites they differ from the ordinary ones exclusively by
the high specific surface of phase interface nanoparticle —
polymer matrix in a volume unit. It leads to formation of
boundary layers of polymer with another structure and prop-
erties than the initial one, which drastically influences rheo-
logical and maintenance engineering properties of polymer
matrix and the whole composite material. It is logically to
expect that for the transfer of the whole volume of polymer
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CBOMCTBaAMH, YeM MCXOAHBINA, 4TO Cy-
IIECTBEHHBIM 0Opa30M BIIMSIET HA PEO-
JIOTMYECKUE U DKCIUTyaTallMOHHO-TEX -
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CTU W TIOBEPXHOCTHOM 3Hepruu. bes-
YCJIOBHO, 3¢ GEeKTUBHOCTb MOAU(UKA -
1IMY 3aBUCUT U OT paBHOMEPHOTO pac-
Tpeie/IeHNsT HAaHOYACTHIL 0 00beMy
MaTpUIIbl U UX aATe3MOHHOTO B3aUMO-
IEVCTBUS.

IIpu BrIOOpPE ONTUMAILHOM KOH-
LIEHTPALIMK YIIePOIHBIX HAHOTPYOOK
(YHT) 0GBIYHO CTpPEeMSTCSI K JTOCTH-
KEHUI0 MaKCHUMAaJbHBIX TMOKa3aTelleil (pU3NKO-MeXaHU-
YeCKHUX CBOWCTB, B MepBYlo odepenb Monynast FOHra,
MMPOYHOCTHU U Ap. Bo MHOrMX paborax HamIydIiie moka-
3aTeIM TOJYYeHBl ITPU HU3KMX KOHIEHTPALMsIX HaHOYA-
ctuil — ot 0,1 mo 0,75%. JaHHBIX MO KOHLEHTPALIUSIM
VYHT wmenee 0,1% ouenp mano [1]. Ho uMeHHO 3Ta 06-
JIaCThb YIBTPAMUKPOA03 TIPEACTABIISIET OYEBUIHBIN UHTE -
pec ¢ TOYKM 3peHHUs TEXHUYECKUX M DKOHOMHUYECKUX
TMOKAa3aTeJen.

Panee Obuta paccMorpeHa 3¢ ¢GeKTMBHOCT HAHOMOIM -
(ukaluy MOJMMEPHBIX KOMIIO3UTOB MHOTOCIONHBIMU
yriaepoaHbiMu HaHoTpyokamu (MYHT) dupmbr «Arke-
ma» [2—5]. B HacTosIeii cTaThe paccMOTpeHa MoanuuKa-
LIS TIOTMMEPOB OAHOCIOMHBIMU YIJIEPOAHBIMU HAHOTPYO-
kamu (OYHT) xkommaaum OO0 OCSiAl (r. HoBocnbupck).
OVYHT mnopn mapkoii TUBALL umeroT cpeaHuii BHEITHUI
nuametp 1,8 HM, mnHy 6oJiee 5 MKM. TTnomank moBepxHo-
cti coctassiet 500 M%/r.

JI1s1 UICTIOJTb30BaHMSI B COCTaBe MOJTMMEPHBIX KOMITO3UTOB
OVYHT npezncrapneHbl B BUe 6a30BOTo MpoayKTa 0e3 Crieim-
aJTbHOM XMMMYECKOM M TepPMUYECKOl 0OpabOTKM, a TaKKe
B Bume aucnepcuii B guoytwidranare (0,1%), B 2%-HoM
BOITHOM pacTBope cyiabdhanona (0,1%) u B adupax KMPHBIX
KapOOHOBBIX KUCIIOT (10%).

PaccmoTpuM pe3ysbTaThl HAHOMOIU(UKALIMM KOMIIO-
3uLmit Ha ocHoBe [1BX.

B cocras 6a3oBoii peuentypsl I1BX (100 mac. gacteit
cycnieHzuoHHoro IBX mapku C7059M; 5 mac. yacreit
cTabunauszatopa — JBYXOCHOBHOI'O cTeapaTa CBUHIA;
7 mMac. yactu Moaudukatopa yaapHoil TPOYHOCTU MapKU
FM u 3 mac. gactu ctabuinm3aTtopa — CMa3KM cTeapaTa
kanbius) BBoausan uucteie OYHT B Buse cyxoro nopoii-
Ka, TIpeIBapuTeIbHO IPUTOTOBUB UX cMech ¢ [IBX B ma-
HEeTapHO-IIapOBOM MeJbHMIIE B TedeHUe 5—7 MHUH MpU
ckopoctu 300—350 06/muH. Konnyecteo OYHT B koM-
no3uiuu Bapbrposanoch ot 0,001 1o 0,007 mac. yacteit Ha
100 mac. yacreit [1BX. Onpenensivce: mokasaresb TEKY-
yectu pacruiaBoB (I1TP), mpoyHOCTh TpM pacTsKeHUU
(0,), TepMocTabuibHOCTD (T) U BopomorioieHue (W).
MuKpocTpyKTypa IUIEHOUYHBIX 00pa31l0B UCCIeI0BalIach B
MMPOCBEYMBAOIIEM 3JeKTPpOHHOM MuKpockone Hitachi
HT7700 Exalens npu yckopsitonieM HanpsikeHuu 100 kaB.
H3MepeHnst Ha 2JIEKTPOHOTpaMMax MPOBOAUIUCH B MPO-
rpamme EMIP u3 nporpammHoro obecriedeHust 31€KTPOH-
Horo Mukpockomna. O6pa3usl ObLIN 3a(PUKCHUPOBAHBI I10-
CPEACTBOM 3aJIMBKU B cMoity Epon [1st 21IeKTPOHHOM MU-
KPOCKOMUM, TIOC/Ae 4Yero IpoM3BOAMIACH pe3Ka Ha
ynbTpamukpoTome Leica UC7; cpesnl ToamuHoi 100 HM
MOMEIIINCh Ha 3 MM MeliHble ceTouku. OBOpasibl uccie-

0,004 0,006

Copnepxanue OYHT, mac.yacreit
Contents of SWCNT, phr

0,002

Puc. 1. 3aBucumocTtu npoyHocTn (1), BogonornoweHusa (2), MTP (3) n TepmocTabunbHoCTU (4)
MBX-06pa3suos ot copepxaHus OYHT

Fig. 1. Strength - SWCNT content relation (7), water absorption - SWCNT content relation (2), melt
flow index — SWCNT content relation (3) and thermal resistance-content relation (4) PVC samples —
SWCNT content relation

into the condition (phase) of boundary layers it will be re-
quired very little volume concentration of nanoparticles de-
pending on their surface area and surface energy. Certainly,
the effectiveness of modification also depends on regular
distribution of nanoparticles in the matrix volume and their
adhesive interrelation.

When choosing the optimal concentration of carbon
nanotubes (CNT) one is usually aimed at getting maximum
rates of physical mechanical properties, primarily, Young’s
modulus, strength and others.

In many works the best results were received at low con-
centration of nanoparticles: from 0.1 to 0.75%. There is very
little data on carbon nanotubes’ concentration less than
0.1% [1]. But exactly this scope of ultramicro-doses presents
evident interest from the point of technical and economical
indicators.

Earlier in our works there was considered effectiveness of
polymer composites nanomodification with the help of multi-
wall carbon nanotubes (MWCNT) by «Arkema» company [2—
5]. In the present article we consider polymers’ modification
by single-wall carbon nanotubes (SWCNT) by OCSiAl Ltd
company (Novosibirsk). Single-wall carbon nanotubes of
TUBALL brand have mean external diameter of 1.8 nm, and
length of more than 5 micron. The surface area is 500 m?/g.

To be used in polymer composites single-wall carbon
nanotubes are represented as core product without any
chemical or thermal treatment and also as dispersions in di-
butylphthalate (0.1%), in 2% aqua solution of sulphanole
(0.1%) and in oily carboxylic acid esters (10%).

Consider the results of PVC-based compositions’ nano-
modification.

In composition of PVC basic formula (100 phr. of suspen-
sion PVC of C7059M type, 5 phr. of protective agent — dibasic
lead stearate, 7 phr. of impact modifier of FM type and 3 phr.
of stabilizer-friction reducer of calcium stearate) were intro-
duced “pure” single-wall nanotubes in form of dry powder,
their mixture with PVC was previously prepared in planetary
ball mill during 5—7 minutes at the rate of 300—350 rev/min.
The amount of single-wall nanotubes in composition varied
from 0.001 to 0.007 phr. per 100 phr. of PVC. In our work
there was determined: melt flow index (MFI), tensile
strength (o,), heat stability (t) and water absorption (W). Fine
structure of film samples was studied in transmission electron
microscope Hitachi HT7700 Exalens at accelerating voltage
100 keV. Measurements at electron-diffraction pattern were
carried out in EMIP program from electron microscope soft-
ware. The samples were fixed by pouring into Epon resin for
electron microscopy, then scission at ultramicrotom Leica
UCT7 took place and shearing-off with the thickness of 100 nm
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JIOBAJIMCh 0€3 JOTOJIHUTETbHOTO KOH- a
TPaCTUPOBAHMUSI.

Ha puc. 1 moka3zaHbl KOHLIEHTpaI-
OHHBIE 3aBUCUMOCTU TPOYHOCTH, Tep-
MOCTaOUJILHOCTH Y BOAOIOTJIOIIEHUS,
KOTOpBIE TIPOXOMSIT Yepe3 IKCTPEMyM
npu 0,001 mac. yacteit OYHT. UmenHO
B 3TO# 00J1aCTH MTPOYHOCTH MPU PaCTSI-
KEHWUM ToBbIIaeTcs Ha 16%, tepMo-
crabuiabHOCTh Bo3pactaeT Ha 80°C, a
BOJIOTIOTJIOIIEHUE YMEHbBIIIAeTCs MTOYTH
Ha 70%. I1pu stom IITP pacreT ¢ yBe-

muyeHneM kKoHueHTpauun OYHT B
KOMITO3U1IMHU, JOCTUTAsI CBOETO MaKCU-
myma 1nipy 0,007 wmac. yacrtei.
OnHoCI0iHBIE YIJIEPOIHBIE HAHOTPYO-
KA B TaKOM MaJICHBKOM KOJIMYECTBE

SWCNT (scale 20 nm)

Puc. 2. MukpodoTorpacdum nonepeyHoro cpesa nineHouHbix o6pasuos MNBX, copepxatumnx 0,001 (a) n
0,007 (b) mac. yacteit OYHT (macwtab 20 HMm)

Fig. 2. Microphotography of film-type PVC sample cross section with 0.001 (a) and 0,007 (b) phr.

MPU CABUTOBOM TEUEHUM, BEPOSITHO,
OPUEHTUPYIOTCS, YTO CIIOCOOCTBYET
CHUXEHUIO BS3KOCTU  DPAcCILIaBOB.
VBennyeHre BSI3KOCTU MOXET IpPOsIB-
JIATBCA B Cllydyae, Korja KOHLIEHTPaLus
HUX BBICOKAa M B XOJI€ TEUEHUS] MOTYT
¢dopMupoBarbcs JIAOMJIbHBIE CETKHU.
IMpu oxymaxkaeHUU pacriaBa B CBSI3M C
TEM, YTO aCNEKTHOMY COOTHOIIEHUIO
nuameTpa U miuHbl OYHT momoGHBI
MakpoMoJieKyjaM, OHU 00pasyloT co-
BMECTHBIE CTPYKTYPHI.

a

DJIEKTPOHHO-MUKPOCKOITNYECKHE
cHuMKu st obpasmoB ¢ 0,001 m
0,007 mac. vactamu OYHT npencras-
JIeHbl Ha puc. 2 (lieHa MaclTabHOro
nenaeHust 20 HM).

Puc. 3. MukpodoTtorpadum noBEPXHOCTAN XPYNKOro CKofla 3aNOKCUAHbIX 06Pa3sLLOB: UCXOOHbIX () 1 B
npucytcteumn 10 mac. yacteit AB®D ¢ 0,01 mac. yactet OYHT (b) (macwtab 10 Mkm)

Fig. 3. Microphotography of epoxy sample cleavage surface: original (a) and with 10 phr. of
dibutylphtalate and 0.01 phr. SWCNT (b) (scale 10 micron)

W3 npencTaBieHHBIX HA pUC. 2 1aH- a
HBIX BUAHO, yTo B Matpuiie OYHT
pACITOIOXEHBl HE B BUIE OTIEIbHBIX
TPpYyOOK, a B BUIE JOKAJIM30BAaHHBIX
YYaCTKOB B CTPYKTYpe MaTpHUIIbI.
OueBUAHO, 3TO MOXET ObITh U Cle/-
CTBHMEM TOTO, YTO TPYOKU B OTJINYME OT
MaKpoMoJieKyl1 He 00janaiT rudKo-
CTBIO, XOTSI ¥ MOTYT COOMpPAThCs B OT-
JeJIbHbIe XKTYyThl (mayku). BugHo, 4To
yBennuyeHue KoHueHtpanuun OYHT
MPpakTUYEeCKU He OTpaxaeTcs Ha BeJu-

b

yuHe ckoriennit OYHT u ux Konuue-
ctBe. CnemoBaTebHO, JOCTUXUMBIC
OoNnTUMaJIbHbIE 3((HEeKTH MOTYT yXe
MPOSIBAATECS B 00JIACTM KOHILIEHTpa-
uuii 6onee 0,1%, xorma mpeobGiagaeT
npyroit MexaHusm B3aumogericteus YHT ¢ makpomoneky-
JlaMM MoJjiuMepa.

OnHO M3 caMbIX MEPCIEKTUBHBIX HAIpaBJIeHUI co31a-
HUS ¥ IPpUMEHEHUsT MaTepraioB Ha ocHoBe [1BX — nmpeBec-
Ho-nomuMepHble KoMno3uThl (AI1K). Mx HasHaueHue —
IIUPOKasi TaMMa CTPOUTEJIbHbBIX U3JIeUid (CTEHOBbIE MaHe-
JIU, TIOJIOBbIE€ JIOCKM WM HACTUJIbl, OKOHHBIE U JBEPHbIC
npoduav, MOAOKOHHMKM, JIEMEHTbl KPOBJIU, 3a00pbl U
IIp.), MOJIlyd4aeMbIX MmyTeM 3KCcTpy3ur. OCHOBHOM IyTh TO-
BBILLIEHUsI TIPOYHOCTHU BbicCOKOHamnosHeHHOoTo JITTK — 060-
CHOBAHHbBI! BBIOOP MOAM(DUILIMPYIOILIETO CBSI3YIOIIETO areH-
Ta, 00EeCIeyMBalOlIEro aJre3MOHHOE B3aMMOJEWUCTBUE Ha
rpanuie [IBX — apeBecHasgs Myka. CaMylo OOILIMPHYIO
rpymnmny casa3yowmux areHtos s JI1K Ha ocHoBe nonmoe-
unos (T19, ITIT) cocTaBasiiOT MaJeMHUPOBAHHbBIE TTOJIMO-
neduHbl, HO B osipHoM I1BX oHU He JafoT MOJI0XUTEIb-
HOro pe3ynbrata. ABTopaMmu [6—10] pa3paboTaHbl pa3ind-
Hble BUIbl cBsa3ywoumux areHTtoB mist [IBX—IAIIK, cpenu
KOTOPBIX BBICOKYIO 3(h(heKTUBHOCTD MOKa3aIM MHOTOCJION -
HbIe yriiepoaHbie HaHOTPYOKU (MYHT). Mx coBMellieHue ¢

Puc. 4. MukpodoTorpadum NnoBepxXHOCTM XPYNKOro ckosa anokcuaHbix 06pa3uos ¢ OYHT B npucyT-
ctBun 5 (a) n 10 (b) mac. yacteit B (macwTad 100 HM)

Fig. 4. Microphotography of epoxy sample cleavage surface with SWCNT with 5 (a) and 10 (b) phr. of
dibutylphtalate (scale 100 nm)

were placed to 3 mm copper grids. The samples were studied
without additional staining.

In Fig. 1 there shown concentration dependence of tensile
strength, heat stability and water absorption which go through
extreme points at 0.001 phr. of single-wall nanotubes. Exactly
at this range tensile strength increases for 16%, heat stability
increases for 80°C, and water absorption decreases almost for
70%. In this case MFI goes up with increasing of single-wall
nanotubes concentration in the composition, reaching its
maximum at 0.007 phr. At such low single-wall nanotubes con-
centrations in case of shear flotation they probably orientate
that contributes to hot melt viscosity reduction. Viscosity
growth may take place in case when their concentration is high
and in the course of flowing stream there may form labile grids.
At melt cooling in connection with the fact that according to
aspectual correlation of diameter and length single-wall nano-
tubes are similar to macromolecules, they form joint structures.

Electron micrograph for samples from 0.001 and
0.007 phr. of single-wall nanotubes and shown in Fig. 2 (scale
division 20 nm).
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CopepxaHue opeBecHOn Myku, Mac. YacTew
The composition of wood flour, phr
I'Ilzz?:;; ergb Be3 mogndukatopa C BopHoI pucnepcueit Tpy6ok C macTepbatyem
Without modifier With the water dispersion of tubes With master-batch
25 50 75 25 50 75 25 50 75
['Ipou_Hocn, npwm pacTtsxeruun, MMa 37 30 07 35 30 2% 35 31 %
Tensile strength, MPa
TepMOCTaG/TIbHOCTE, MuH 130 136 140 140 152 158 128 129 131
Thermal stability, min
I'IOKaaaTe_nb TeKY4ecTy pacnnasa, r/10 MUH 0.8 0.4 0.2 11 07 03 24 15 0.9
Melt flow index, g/10 min

IIBX-kOoMMO3ULIMSMUA OCYIIECTBIISLIM 4Yepe3 00paboTKy
JIPEeBECHON MYKM BOAHBIMM AMCIIEpCUSIMU TpyOoK. Mest B
Hamuuuu aucrnepcuio OYHT B BomHBIX pacTBOpax MOBEpPX-
HOCTHO-aKTMBHOTO BellecTBA M MacTepOaTd Ha OCHOBE
3(GUPOB KUPHBIX KAPOOHOBBIX KMCJIOT, aBTOPAMU MPEIPU-
HSITa TIOTBITKA MCIOJb30BAHUSI UX B KAUECTBE CBSI3YIOIIMX
areHToB B cocTaBe [1BX—JITTK.

KonuuecTBo npeBecHoi myku (JIM) B KOMITO3UIIUM CO-
crapyisiio 25, 50 1 75 mac. yacreit Ha 100 mac. gyacreit [1BX.
Konnenrpauust OYHT B nepecuere Ha 100 mac. vacrteit
[BX B KoMno3uuusx HaxoauTcs: B uHTepsaie 0,0125 no
0,0375 mac. yacteii. Pe3ynbTaThl ICTIBITAHUI ITPEICTABICHBI
B TabsuLe.

W3 npencTaBieHHBIX B TaOJIWIIE JaHHBIX CJIEAYeT, 4TO
HauboJbass 3(p¢GeKTUBHOCTh MO TpeM II0Ka3aTesIsIM
(IpoYyHOCTU, TepMOCTabWIbHOCTU U Bsa3koctu — [1TP) no-
cTUraeTcsl mpu o0paboOTKe NPEeBECHOW MYKM Iucrepcueit
OYHT B pactBope [TAB. HemanoBaxkeH u TOT akT, 4To B
npucyrctBuu [TAB crabunbHOCTb nucniepcuiit OYHT Bech-
Ma BbICOKasi. XOTs MPOYHOCTh KOMIIO3UIIMI OCTaeTcs Ha
YpOBHE HeMOAM(ULMPOBAHHBIX 00pa3loB, OMHAKO Iepe-
pabaTteiBaeMocTh paciuiaBoB [1BX-kommo3unuit mpu Bcex
KOHLEHTPAUMSAX HAHOMOIUMPUIUPOBAHHOW APEBECHOM
MYKH 3HaYUTEJIbHO 00serdyaercs. M3 aHaimmsa MukpodoTo-
rpacduii MOBEPXHOCTH TIJIEHKM, TMOJYYEHHBIX B OTpaxkeH-
HOM CBEeTe Ha OINTUYECKOM MMKPOCKOIIE, CIEAyeT, 4TO
YIJIEpOIHbBIE TPYOKM PACTIoaraloTcs MpeuMyIeCTBEHHO Ha
TMOBEPXHOCTH YAaCTUI] IPEBECHON MYKHU, YTO, OUEBUAHO, U
MO3BOJISIET CHU3UTD CABUTOBbIE YCWJIUS TIPU TEUEHUU pac-
rutaBa [TBX.

Takum obpa3oM, TexHmdeckass 3¢pGEeKTUBHOCTh HaHO-
moaudukaiun JATTK—T1BX ynbrpago3aMu OIHOCIOWHBIX
VHT mapku TUBALL oueBugHa, a 5KOHOMUYECKas 1iejie-
C000Pa3HOCTD BPSII JIM BHI30BET COMHEHMUSI.

Crenyroliiasi cepusi 9KCIIepUMEHTOB KacaeTcsl ToJiuMe-
POB Ha OCHOBE 3IMOKCUIHBIX CMOJI, SIBJISIIOIIUXCS] TEXHOJIO-
TMYECKOI OCHOBOM JIJISI CO3/IaHUSI IITMPOKOTO Kpyra KOMIIO-
3UIMOHHBIX CTPOUTETBHBIX MAaTePUATIOB M M3ICIUA KOH-
CTPYKIIMOHHOTO Ha3HAYEHUS.

Hanomoaudukaimy 3moKCUIHBIX TOJMMEPOB YIJIePOI-
HBIMU HAHOTPYOKaMU, KaK He(DYHKIIMOHATM3UPOBAHHBIMU,
TakK U (PYHKIIMOHAIM3UPOBAHHBIMU, TTOCBSIILIEHO MHOTO pa-
oot [1, 5, 12—17). B [1] naetrcs aHanu3 pobjieM HAaHOMOIU -
(uKany SMOKCUAHBIX TTOJMMEPOB YIIEPOTHBIMA HaHO-
Tpyokamu. B padore [12] 06006111eHEI ¥ TTpOaHAIU3UPOBAHBI
pe3yJabTaThl paboT B 00J1aCTU MOAU(PUIIMPOBAHUS YIJIEPOI -
HBIX TPYOOK M CO3MaHMSI KOMITO3UTOB C MX Y4acTUEM ISt
MOJIyYEHUS MaTepuajioB HOBOro MokoJjieHust. OTMmedaercst
MMPOTHBOPEYMBOCTh MHOTHMX 3KCITEPUMEHTATbHBIX JaHHBIX
TpY MOAMGUKALIMKM SITOKCUIHBIX CMOJ, KaK IMpU M3MeHe-
HUU CKOPOCTH OTBEPKACHUS, TaK U IO TToKa3aTesIsIM Mexa-
HUYECKUX CBOMCTB OTBEPKACHHBIX MATPUIL.

HawubGouee mvpoko ucmnosb3yercs: Mmeton BeeneHust YHT
B CMOJIy C YYacTHEM PacTBOPUTEJ WK 0e3 Hero, a 3aTeM

From the data in Fig. 2 it is seen that in the matrix single-
wall nanotubes are situates not as separate tubes but as local-
ized areas in the structure of the matrix. It is evident that it can
be the result of the fact that nanotubes, comparing with mac-
romolecules, don’t have that flexibility, though they can form
separate strings (bunches). It is seen that increasing of single-
wall nanotubes concentration almost doesn’t reflect on the
size of single-wall nanotubes accumulation and their quantity.

Obviously, the achievable optimum effects may already
occur in the field of concentration more than 0.1% when
another mechanism of CNT interaction with the polymer
macromolecules predominates.

One of the most promising trends of creation and applica-
tion of materials based on PVC — wood-polymer composites
(WPC). Their purpose is wide range of building products
obtained by extrusion (wall panels, floor boards and flooring,
window and door profiles, window sills, roof elements, fenc-
es, etc.). The main way to increase the strength of highly
filled WPC — it is an reasonable choice of modifying “binding
agent”, which provides an adhesive interaction at the bound-
ary of PVC—wood flour. The most extensive group of binding
agents for WPC on the basis of polyolefins comprise the ma-
leated polyolefins, but in polar PVC they do not give a posi-
tive result. Various types of binding agents for PVC—WPC
were developed by the authors [6—10], among which the
multi-wall carbon nanotubes (MWCNT) showed the high
efficiency. Their combination with PVC compositions was
performed by processing of wood flour by water dispersions of
tubes. Due to the presence of the single-wall carbon nano-
tubes dispersion in aqua solution of surfactant and master-
batch on the basis of oily carboxylic acid esters, we attempted
to use them as binding agents in PVC—WPC.

The amount of wood flour in the composition was 25, 50
and 75 phr per 100 phr of PVC. The concentration of single-
wall carbon nanotubes for 100 phr of PVC in compositions is
in the range of 0.125 to 0.375 phr. The test results are shown
in Table.

Presented in Table data show that the highest efficiency for
the three indicators (strength, thermal resistance and viscosity)
is achieved by processing of wood flour by dispersion of single-
wall carbon nanotubes in surfactant solution. It is also impor-
tant that in the presence of surfactant the dispersions stability
of single-wall carbon nanotubes is very high. Although compo-
sitions strength remains at the level of the unmodified samples,
however, the processing properties of PVC composites melts at
all concentrations of nano-modified wood flour is greatly
lightened. Due to the analysis of photomicrographs of the film
surface obtained in the reflected light at the optical micro-
scope, the carbon nanotubes are located mainly on the surface
of wood flour particles, which, obviously, allows to reduce the
shear pulls during the flow of PVC melt.

Thus, the technical efficiency of WPC-PVC nanomodifi-
cation with ultra doses of single-walled CNT of TUBALL
type is obvious, and economic viability causes doubt hardly.
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BBOIMUTCSI OTBEPAMTETb. ABTOpAMU HUCTIOIb30BaHbI IUCTIEP-

cur OYHT B puobyrundranare. AudytuiagraaaT — U3BeCT-

HBIN MJIACTU(MUKATOP MOJSPHBIX MOJUMEPOB, XOPOIIO CO-

BMECTHM C 3TTOKCUTHOI CMOJIOH, BIMSIET Ha pa3Mep ee IJ1o-

Oyn1 1 ux 00bEMHOE cofiepKaHUe, OOBIYHO KOHIICHTPUPYSCh

TIpY OTBEPKIECHUH B Pa3peXeHHBIX 30HAX MPOXOMHBIX IIe-

neit [18]. OTBepXneHue MPOBEACHO MOIUITUICHITOIMAMM -

HoM (IIBI1A) B konmuectBe 15 mac. yacteii Ha 100 mac. ya-

cteit anoKcuaHoi cMobl DJ1-20 Mo cTyneHYaToMy pexu-

My: 24 9 mpu 25°C, 6 4 npu 80°C. KonuuecrBo JIbd

cocrasysuto 5 u 10 mac. yacreii Ha 100 mac. yacteit D/1-20.

CootBerctBeHHO cogepxanne OYHT B koMmo3uimsx pas-

Hsutoch 0,005 1 0,01 mac. gacreii.
3auKCcUpOBaHEI CIEAYIOLINE IKCIIEpUMEHTaIbHbIE pe-

3yJIbTAThI:

*  BSIBKOCTb CBSI3YIOILIEro npu BBeaeHuu aucrnepcu OYHT
B JIB® no cpaBHeHMIo ¢ ynucThiM JIb® Bo3pacTaeT mou-
™ Ha 20%. DTO CBsSI3aHO, OYEBUAHO, C TEM, YTO B THUOY-
TuiadTanare HabIIOmaeTCsl MPOLECC AMCIIEPTUPOBAHUS
arperatoB OYHT, a notomy cTerneHb pu3n4ecKoi CeTKU
3aleIUIEHUI BO3pacTaeT;

* CTelneHb KOHBEPCUU SITOKCUAHBIX TPYIII B TPUCYTCTBUU
OYHT ymeHbI1aeTCs, TTIOCKOJIBKY J0JISI 30J1b-(DpaKiuu
yBesmuuBaeTcs ¢ 7 1o 10%;

* TIPOYHOCTh TPU CXKATUU OCTAECTCS TPaKTUYECKW Ha
YPOBHE MoKa3zaTesieli KOHTPOJbHBIX HeMOAMMPUIINPO-
BaHHBIX 00Pa3IIOB;

+ Ha 10—30% BoO3pacTaeT MHUKPOTBEPIOCTh OTBEPKICH-
HBIX 00pa3II0B.

Conemka MOpPQOJIOTUH ITOBEPXHOCTH XPYIIKOTO CKOJIa
MPOBOAMIACH HA aBTOOMMCCHOHHOM BBICOKOpa3peliai-
IeM CKaHUPYIOIIEM 3JeKTPOHHOM MMKpocKorie Merlin
kommnanuu Carl Zeiss npu yCKOPSIIOLIEM HaIpsSKeHUU
MePBUYHBIX 3JIEKTPOHOB 5 KB M 30HmoBoM Toke 300 mA
IIJIsT MUHUMAaJIbHOTO BO3IEWCTBUSI Ha OOBEKT MCCIiea0Ba-
Hus. MeToarKa rpenapupoBaHusl CIeaAyIolas: 3IMOKCHUI-
Hble 00pa3lbl MOMEIIAINCh B XUAKUN a30T, TOCJIEe 4eTO
nmpousBogwicsa ckKoyu. CKoybl 00pa3ioB (pUKCUPOBAINUCH
Ha JIepkaTesie M MOMeIIaIMCh B KaMepy BaKyyMHOI ycra-
HoBkM Quorum Q 150TES. HaHeceHue mnpoBoasiero
CJIOSl MPOBOIMJIOCH METOJOM KAaTOJAHOTO pacCHbUICHUS
criaBoM Au/Pd B cootHowenuu 80/20.Tonmuua HaHe-
CEHHOTO CJI0sI COCTaBJisieT 15 HM.

COM-mukpodoTorpadum Xpynkoro ckojia o0pa3loB
(pu 1eHe MaciuTabHoro aeneHus 10 MKM) IpeacTaBIeHbI
Ha puc. 3, a MukpodoTtorpapuu oopasloB, coaepKalINX
pasHoe KonmdecTBo JIB® (cooTBETCTBEHHO M pa3HOE KO-
smaectBo OYHT), — Ha puc. 4 (rpu 1ieHe MacmITaGHOTO
nenenus 100 HM).

O6nacth, KoTopyio 3anumalor YHT, npeacrapisier co-
00li 00;1aCTh C CYIIECTBEHHO HM3KOM CTEIEHbIO XMMMYE-
CKOM CIIMBKU. AncopOII1s MaKpOMOJIEKYJI TPYOKOM yCHIn-
BaeT €€ CBSA3b C MaTPUILICii, TO3TOMY, HECMOTpPSI Ha HaJTu4yue
GoJibleil 1e(PeKTHOCTH CTPYKTYPhl B MOAU(DUIIMPOBAHHBIX
IUOYyTIII(hTaIaTOM 00pa3iax, MPOYHOCTh MX He CHIUXKAETCS.
XpynKoe paspylieHrue MPOMCXOIUT HEe IO TpaHUIlE TTOIH-
MepHas MaTtpuua — TpyoOka. IlocienHsist siBisieTcs cBoe-
00pa3HbIM apMUPYIOIIUM 3BEHOM B CTPYKTYpPE OTBEPXKIEH-
HOT'O 3MOKCUIHOTO MoJIMMepa.

Takum obpazoM, MoguduKalvs HandoJIee N3BECTHLIX B
crpouTesibcTBe nojauMmepoB — [1BX u anmokcunoB HedyHK-
IMOHAJIM3UPOBAHHBIMU OJHOCIOMHBIMM YIJIEPOJHBIMU Ha-
HOTPYOKaMM 110 KOHCTPYKILMOHHBIM 3¢ deKTaM IogooHa
TaKOBBIM ITPU MCTOJb30BaHUY MHOTOCIOMHBIX HAHOTPYOOK
U Opyrux HaHouactull [2]. X pacnipenesieHre B MOJIUMeEp-
HOI MaTpulle HAa MUKPOYPOBHE HE MOXET ObITh OJHOPOJI-
HBIM BBUIY TE€TEPOTEHHOCTH, JIaxke B XXUIAKMX CMOJax.
Jlokanu3aiust HAHOTPYOOK B MEXKCTPYKTYPHBIX Te(DEKTHBIX
30HaxX MOJMMeEpa, YTO BUAHO Ha 3JEKTPOHHBIX CHUMKaX,
MOXET IPUBOAUTH K pa3HbIM 3¢pdeKTaM HU3MEHEHUs
cBoiicTB. B ciyuyae mukpoapmupytoiiero sgpdekra YHT

The next series of experiments concerns the polymers
based on epoxy resins, which are the technological basis for
the creation of a wide range of composite building materials
and products for constructional purposes.

There are many papers [1, 5, 12—17], which deal with the
nanomodifications of epoxy polymers with carbon nanotubes
both non-functionalized and functionalized. In the work [1]
the problem of nanomodification of epoxy polymers by car-
bon nanotubes is analysed. The work [12] generalized and
analyzed the results of research in the field of modification of
the carbon tubes and creation of composites with their par-
ticipation to get materials of new generation. In the work we
pointed out the contrariety of experimental data at the modi-
fication of epoxy resins both at changing speed of curing and
in terms of the mechanical properties of the cured matrix.

The most widely used method is that of introducing car-
bon nanotubes in resin with or without solvent and then
hardener is introduced. We used the dispersion of single-wall
carbon nanotube in dibutylphthalate. Dibutylphthalate is a
well-known plasticizer of polar polymers, well compatible
with the epoxy resin, has an influence on the size of its nod-
ules and their volume fraction, at curing usually concentrat-
ing in the zones of “continuous chain” [18]. Curing is done
by polyethylene polyamine (PEPA) in amounts of 15 phr per
100 phr of epoxy resin ED-20 by inch mode: 24 hours at
25°C, 6 hours at 80°C. The quantity of dibutylphthalate was
5and 10 phr per 100 phr of ED-20. Accordingly the SWCNT
content in the composite equals to 0.005 and 0.01 phr.

The following experimental results were specified:

» the viscosity of the binder at the introduction of SWCNT
dispersion in dibutylphthalate compared with undiluted
dibutylphthalate increases by almost 20%. Apparently this
is due to the fact that there is the dispergating process of
SWCNT aggregates, and therefore the degree of fluctua-
tion network increases;

» the conversion level of epoxy groups in the presence of
SWCNT decreases as the proportion of sol fraction in-
creases from 7 to 10%;

* compressive strength remains almost at the parameter
level of straight control samples;

* microhardness of the cured samples increases by 10—30%.
Imaging the morphology of cleavage surface was carried

out on a high-resolution field emission scanning microscope
“Merlin” of the company “Carl Zeiss” at the accelerating
voltage of primary electrons 5 kV and probe current 300 pA
for minimal impact on the object of research. The prepara-
tion method is as follows: epoxy samples were placed in liquid
nitrogen, and then the cleavage was made. The cleavages of
the samples were fixed on the adapters and placed in the
vacuum chamber Quorum Q 150TES. The application of the
conductive layer was carried out by the method of cathode
sputtering with Au/Pd alloy in the ratio of 80/20. The thick-
ness of the applied layer is 15 nm.

SEM micrographs of the cleavage samples (scale division
10 microns) are shown in Fig. 3 and micrographs of samples
containing different amounts of dibutylphthalate (respectively
different amount of SWCNT) in Fig. 4 (scale division 100 nm).

The area occupied by the CNT is an area with a signifi-
cantly low degree of chemical cross-linking. The adsorption
of macromolecules by the tube strengthens its connection
with the matrix, therefore, despite the presence of more
structure imperfection of the samples modified by dibu-
tylphthalate, their strength is not reduced. Fast fracture is not
on the border of the polymer matrix—tube. The latter is a
peculiar kind of reinforcing element in the structure of the
cured epoxy polymer.

Thus, the modification of the most well-known polymers
in construction — PVC and “epoxy” by non-functionalized
single-wall carbon nanotubes in terms of structural effects is
similar to those at using other multi-wall nanotubes and
other nanoparticles [2].
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MOXET TTPUBOANTH K TOBBIIIEHUIO (PU3UKO-MEXaHMUECKUX
CBOICTB BCETr0 KOMITO3UIIMOHHOTO Martepuaina. g mpak-
Tyeckoro ucnonb3oBanus OYHT nenecoobpa3Ho onTu-
MM3UPOBATh COCTaBbI PA3IUYHBIX MOJMMEPHBIX KOMIO3HU-
TOB, OMUPASICh HA YCTAHOBJIEHHbIE KOHIIEHTPALIMOHHBIE 3a-
KOHOMEPHOCTH, MEXaHU3M KOTOPBIX IMOKa OCTaeTcsl Ha
YPOBHE TUIIOTE3.

Asmopui 6aazodapsm:

— xomnanuro 000 OCSiAl 3a npedocmasnertbie 0b6pa3zibl
odHocaolinbix Hanompyboxk TUBALL;

— MeNCOUCUUNAUHAPHBIL YeHMD «AHarumu4ecKas Mukpo-
ckonus» (KDY) 3a nposedenue ucciedosanuii MUKpocmpyk-
mypuL 06pa3zyos.
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Their distribution in polymer matrix on micro level can-
not be homogeneous because of heterogeneity even in syrups.
Localization of nanotubes in interstructural defective zones
of polymer, that can be seen in the electronic pictures, can
cause various effects of changes in properties. In case of mi-
cro reinforcing effect CNT can lead to increase in physical
mechanical properties of the whole composite material. For
practical application of single-wall carbon nanotubes it is
necessary to optimize the composition of various polymer
compositesrelying on the set concentration regularities the
mechanism of which is still remains on the hypothesis level.
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Kak nucatb CTaTby B XYypHanbl, UHAEKCUPYEMbIE B MEXAYHAPOAHbIX
HayKoMeTpuyeckux 6asax gaHHbix - pekomenayet MuHo6pHayku P®

MuHICTEPCTBO Pa3padoTajIio KpaTKHe PEKOMEHIAIMH 11 ABTOPOB 10 MOAr0TOBKE M 0(hOPMJIEHHIO HAYYHbIX CTATEl B XKypHAJIAX,
HHIEKCHPYEMBIX B MEXKIYHAPOIHBIX HAYKOMETPHYECKHX 0a3aX JAHHBIX
(http://xn--80abucjiibhv9a.xn--p1lai/m/%D0%BF%D1%80%D0%B5%D1%81%D1%81-%D1%86%D0%B5%D0%BD%D1%82%D1%80,/9481 ).

PekomeHpaummn noaroToBneHbI
KONNEKTMBOM aBTOPOB Mop, 06LLein
pegakunen O.B. Kupunnoson wu
npu nogpepxke Accouvaumn Ha-
YYHbIX PEfaKkTopoB WM nsgartesnen.
B Hux petanbHO 06bsCHAETCSA
ny6nnKaunoHHbIA npouecc, npo-
Leaypbl peLeH3npoBaHust U ony-
6nvMKoBaHuA, a Takxe obLienpu-
HATble TPeboBaHWA K CTPYKType
Hay4HOW cTaTbW.
JdetanbHO paccMmoTpeHbl pas-
Jenbl Hay4HOW CTaTbW, 3Tanbl Nog-
FOTOBKM PYKOMUCM.
Oco6oe BHUMaHVe ydeneHo
LUUTUPOBAHMIO W COCTaBMEHUIO
cnvicka nuTepaTypbl, KOTOPbIA
KOpxmH Tapdwung, cospartens
WMHcTutyTa Hay4Hom uHdopma-
umn CLUA n nnatdopmel Web of Science, HasbiBan cbl-
pbeMm Oons aHanusa umtupoBaHus («Reference lists are the
raw material for carrying out citation analyses»). BonbLuon
WHTepec NpeacTaBnseT CBOAHas MHopmaumsa no Mexay-
HapOAHbIM CTUNSAM OMOPMIEHUS CCbINOK. OTO BaXHO
y4nTbIBaTh MPU MOArOTOBKE CTaTer B pasfnunyHble 3apy-
6eXHble XypHarnbl.

Ona MHormx aBTOpoB 6ydeT noneseH pasfgern, Noces-
LLeHHbIN MPOABWMXXEHMIO CBOMX Hay4HbIX CTaTel, O KOTO-
pOM pekoMeHZyeTcs AymaThb elle Ao nyénukauum.

PekoMmeHgaumn ana aBTopoB Mo NoarotToBke N ohopM-
NEeHVIO Hay4HbIX CTaTer B XypHanax, MHOEKCUPYeMbIX B
MEeXAYHapOAHbIX HayKOMEeTPUYeCcKnx 6asax AaHHbIX HaLe-
NeHbl Ha NOMOLLb Hay4HbIM PaboTHMKaM U MOBbILLEHNE UX
ny6MKaunoHHON aKTUBHOCTW.
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CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA

Namatu Bnagumupa Wearosuya KANRLIHHKOBA

(18.01.1941-6.01.2017)

Koanexmug Ilensenckoeo eocy0apcmeennoeo yHueepcumema apxXumexmypvl U Cmpoumeniscmea
¢ enyboKum npuckopouem coobwaem o mom, 4mo Ha 76-m 200y CKOPONROCMUNICHO CKOHUAACS 3ACAYHCEH -
Hblll Oesimens Hayku PD, 3acayxcennbviii pabomuuk evicuteil ukoavt PO, nouemmuiii pabomHux evicuie-
20 npogheccuoranvioeo oopazosanusi PO, nouemuoiit dokmop Ienszenckoeo I'VAC, coeemuux PAACH,
akademux MAHDB, dokmop mexnuueckux Hayk, npogheccop, 3asedyrouuii kagedpoil «Texnonoeuu
CMpOUmMenbHbIX Mamepuanos u depesoobpabomru» Bradumup Heanosuu KAJIAIITHUKOB.

B.M. KajanrHukoB ObLT OAHUM U3 SIpYaRIIX TTPeICTaBUTENEH «CTapoii» ITKOJIbI CTPOUTEITh-
HOTO MaTepuaJloBeNeHMS, YbM MUPOBO33pEHYECKHE U HayyHbie B3IJISIABI C(HOPMUPOBAINCH B
TIePUO PaciiBeTa COBETCKOTO OETOHOBENCHWS, MPU3HAHHOTO W TOYMTAEMOTO BO BCEM MIUIpE.
OxoHuuB B 1963 r. [1eH3eHCKMIT MHXKEHEPHO-CTPOUTEIbHBIN MHCTUTYT, B. 1. KaanHukoB noiies paboTaTh Ha IIPOU3BOI-
cTBO. be3 Mpon3BoACTBEHHOTO OIBITa B T€ TOABI OblJIa HEMBICIMMA JaTbHEHIIAsA pean3alis CreuaInucTa B MPUKIaIHOM
Hayke. C 1965 r. ero TpymoBasi AeTeIbHOCTh ObLIa MOJHOCThIO MOCBSIIEHA HAYYHOM U MPENoaaBaTeIbcKOM paboTe, cTax
KOTOpo¥i cocTaBu 6osee 50 ser.

B xpyr HayuHbIX nHTepecoB Biagumupa MiBaHoBMYA BXOAWIM pa3pab0OTKa OCHOB IIACTU(MUILIMPOBAHUSI MUHEPAIbHbBIX
JIACTIEPCHBIX CUCTEM, PEOJIOTHH GETOHHBIX CMeCeii, ITOPOITKOBO-aKTUBUPOBAHHBIX OETOHOB O0IIIECTPOUTETHFHOTO Ha3HAYe-
HUSI, OETOHOB IMOBBIIIIEHHON TPOYHOCTH, BEICOKOTIPOYHBIX U CBEPXBBICOKOITPOUYHBIX OETOHOB U (hMOPOOETOHOB, OTINYAIO-
IIUXCS HU3KUM YIETbHBIM PacXOIOM IIeMEHTa Ha eIMHUILY TIPOYHOCTH U JIOJITOBEYHOCTHIO. ITom pyKoBOICTBOM Ipodecco-
pa B.W1. KananiHukoBa BnepBble B Poccuu ObutM pa3paboTaHbl M BHEAPEHBI MpenebHO-HAMOTHEHHbIE MOPOIIKOBBIMU U
TOHKO3€PHUCTHIMU KOMITOHEHTAMU BBICOKOITPOYHBIE ¥ CBEPXBBICOKOITPOYHBIE GETOHBI HOBOTO ITOKOJICHHUS.

B.M. KanaiHukoB — oCHOBaTe/Ib HOBOTO HAYyYHOT'O HAIlpaBJeHusl B CTPOMTEbHOM MaTepuaioBeaeHu B Poccuu: pas-
paboTKa M CO3MaHNe MaJIOIHEPTOSMKHX 0€300KUTOBBIX TEOCUHTETUIECKHMX W TEOIIIAaKOBBIX BSKYIIIUX U3 KPYITHOTOHHAXK -
HBIX OTXOJOB — 30J1 M 1uiakoB TOLl u MeTaiaypruuyeckoil MpOMBIIIJIEHHOCTH, TUCIIEPCHBIX OTCEBOB KaMHeEIPOOIeHUs
TOPHBIX MOPOJI, 3aMEHSIOIINX IIEMEHT, U3BECTh, TUIIC.

PesynbraThl uccieqoBaHMi BHEAPEHBI B MPAKTUKY MPOEKTUPOBAHUS Y CTPOUTEILCTBA IMyTEM UX UCMOJIb30BaHUSI B HOP-
MAaTUBHBIX, PEKOMEHIATEIbHBIX, CITPABOYHBIX MaTepuaiax. PazpaboTaHHbIe UM XUMHUYECKHUE T0OaBKY Ha OCHOBE OTXO/IOB
npeanpusiTuit MuHMmennpoma ObUTM BHEAPEHBI HA 3aBojax ctpoilmHayctpuu B Mockse, Illenkoso, Cankr-IlerepOypre,
Kyprane, Kypcke, ITense, ITpotBuHo, Cepnyxose, Uepemnosue, Mowmkap-One, Ve, Muncke, Kponorkune, Psizanu,
KpacHosipcke u apyrux ropogax Poccuu.

BykBanbpHO o mocienHux aHeit B.M. KamalrHMKOB TeCHO COTpyIHMYAN C TPEANPUITUSAMU CTPOUTEIBHON OTpaciu
Poccuu 1o BormpocaM COBEPILIEHCTBOBAHUST TEXHOJIOTHIA, CO3MaHUS HOBBIX CTPOMTENbHBIX MAaTEPUATIOB Y KOHCTPYKIIUIA.

3a repuoa HaydyHO-IIeJarorndeckoi nestenbHoct Biagumup MBanoBrny KananHnkoB moaroToBmia 38 KaHAUIATOB TeX-
HUYECKUX HayK, TpeX JOKTOpOB HayK 1 6ojiee 50 maructpoB no HarpasieHuto «CtpoutenbcTBo». OH aBTop 60see 1000 Ha-
YYHBIX U y4eOHO-MeToanIecKux padoT. Ero 3aciayru ObLIM BHICOKO OLIEHEHBI PYKOBOICTBOM CTPaHBI U IPO(eCCHOHAIBHBIM
coo0111ecTBOM He ToJbko B Poccun, Ho 1 3a pybexxom. B 2003 r. KemOpumkckuii MexayHapoIHblii 6udiuorpabuiyeckuii
ueHTp Bmouw B.M. KanamHukosa B sHIMKIoNeauio «YeaoBek roga». OH HarpaxaeH Menanbio «CtpouteabHas CraBay,
Bonboit Mmenansio PAACH, a takke opneHoM [II'YAC «3a 3aciayrv B pa3BUTUN CTPOUTEIHHOTO 00pa30BaHUS U HAYKW».

Bragumup MiBaHoBrY KananrHUKOB MOJIb30BAJICS 3aCTYKEHHBIM aBTOPUTETOM KOJUIET U CTYACHTOB. 3aMeuaTebHBbIi,
JOOPBIi, OT3BIBYMBHIN YEJIOBEK, JIOOMMBIN CTYIEHTAMM IPEIOIaBaTe/lb, MHOTOYBaXXaeMbIi M BHICOKOKBATU(PULIMPOBAH-
HBIN CMELUANNCT, IEAPO AEIUBIINNACS OOTaThIM XKU3HEHHBIM OIBITOM, YUUTENb U HACTABHUK HE TOJILKO IS CTYACHTOB U
ACTIMPAHTOB, HO U JUTS KOJIJIET.

C xcypnasom «Cmpoumeavnoie mamepuaasr>® Baadumupa Heanosuua cesaszwisaiu decamuiemus 63aumno UHMEPECHON
meopueckoti pabomot. On 6bLa 0OHUM U3 CAMBIX AKMUBHBLX, HUMAEMbBIX U YUMUPYEMBIX AGHIOPOE euie 8 nie 200bl, K020a 80 21agy
yeaa pabomol y4eHo20 cmaguAluch HAy4uHble OOCMUNCEHUS U UX 6HeOpeHue 6 NPAKMUKY, a He NYOAUKAUUOHHAS AKMUBHOCHDb.
beckoneuno earobaennntii 6 ceoro pabomy, oboxcarouiuii, OyKeaibHo HAHUAWUI CBOUX YHEHUKO08, HECKOMNPOMUCCHDLIL, HO 000pO-
JceaamenvHolil peyensenm, 6e30MKa3HbLil HAYYHbIIE KOHCYAbMAHM, NPEKPACHbLI CAYIAMEeab U COOeCeOHUK — MAaKum Mol 3anom-
Hum Baaoumupa Heanosuua Kasawnuxosa.

Ceemaas namameo, dopo2oil kKoaieza u opye!

YOK 691.32

|B.I/I. KAﬂALIJHl/IKOB|, O-p TexH. Hayk, O.B. TAPAKAHOB, o-p TexH. Hayk (zigk@pguas.ru)

[eH3eHCKMIM TOCYAapCTBEHHbIV YHUBEPCUTET apXUTEKTYPbI U CTpouTenbcTia (440028, r. NMeH3a, yn. epmaHa Tutosa, 28)

0 npumeHeHUn KOMNAEKCHbIX A06aBOK
B 6eTOHax HOBOIr0 NOKOJIEHUA

PaccmMoTpeHbl BONPOCh! TEXHONOMNYECKOr0 NPOEKTMPOBAHMUS BbICOKONPOYHbIX 6ETOHOB HOBOIO MOKONEHNS C KOMMNIEKCHbIMM A06aBKaMI Ha OCHOBE
COBPEMEHHbIX CynepnnacTnnKaTopoB 1 MUHEPANbHbIX HANOMHUTENEN Pa3NIMYHOr0 XMMUKO-MUHEPANIOTNYECKOr0 COCTaBa. BbiaeneHbl OCHOBHbIE
thakTopsl, onpeaenstowme 3hHeKTMBHOCTb L06ABOK TOHKOLMCMEPCHbIX HANOHUTENE B TEXHONOrM 6eTOHOB. [10Ka3aHo, YTO AN BbICOKOMPOYHbIX
6ETOHOB MMHEpanbHble MUKPOHAMNOMHUTENW HApSAY C BbICOKOW PEONOTYecKoii akTUBHOCTbIO B NNACTUULMPOBAHHBIX BETOHAX [OMKHbI 06nanaTh
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rnapatauMoHHON aKTUBHOCTbI0. BbiNonHeHa cepus PeHTreHO(a30BbIX UCCNe0BaHMIA C LEMbi0 ONPeaeNeHns XxapakTepa BAMAHNS COBPEMEHHBbIX
cynepnnacTUUKaTopoB Ha COCTaB NPOAYKTOB ruaparaumm uementa. Mokasaxo, 4to cynepnnactugomkatopbl Melflux cnocob6CcTBYIOT 3amMefneHuto
MpOLECcCcOB ruapaTtauni CUAMKaTHbIX ha3 LeMeHTa u cTabunusaumm ruapoantoMHaTHbIX ghas. YCTaHOBNEHO, YTO TOHKOAMCNEPCHBIA KapOOHATHbINA
MUKPOHANOHUTENb CNOCOBCTBYET aKTUBALMM MApaTaLMK CUIIMKATHbIX (ha3 LieMeHTa. K nepcnekTUBHLIM ANst NPUMEHEHNS B TEXHONOrMM 6eTOHOB
HOBOrO NOKOMEHMs OTHeCEeHb! 406aBKN HOBOrO Knacca — PerynaTopbl BA3KOCTW GETOHHbIX CMECEH, @ TAKXKe CMHTE3UPOBAHHbIE HAHOMETPUYECKNE
TMAPOCUNNKATbI KanbLWs, BbINOHAIOLIME POMb LIEHTPOB KPUCTANNN3aALNN B CTPYKTYPE LIEMEHTHOrO KaMHS.
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B HacTosmiee BpeMsi B IpOM3BOJACTBO OETOHA IMPOKO
BHEIPSIOTCS TEXHOJIOTMU MHOTOKOMIIOHEHTHBIX OETOHOB
HOBOT'O MTOKOJIEHHsI, KaK BbICOKOIPOUHbIX, TaK U TPAAUILI-
OHHBIX, 00513aTeJIbHBIM KOMITOHEHTOM KOTOPBIX SIBJISIIOTCS
XUMUWYECKNE T00aBKU pa3TUdIHOro (yHKIIMOHAJILHOTO Ha-
3HaueHwus [1].

Oco0oe BHUMaHUE yIOESIeTCs] MPOSKTUPOBAHUIO BHICO-
KOTIPOYHBIX I CBEPXTEXHOJIOTUUHBIX, BHICOKOTOIBVXKHBIX 1
CaMOYILIOTHSIIOIIUXCSI OETOHOB C UCTOIb30BaHUeM 3 deK-
TUBHBIX cyrep- U runepruiactudukaTopos (CIT u I'TI) [2].

IlIupokoe pa3BuTHE TEOPETUUECKHUE U TEXHOJIOTUYECKHE
OCHOBBI OETOHOB HOBOTO MOKOJIEHUS TTOJIYYWIM B paboTax
B.M. KanamnaukoBa u ero 1mkoasl [3—10]. OcHOBHBEIMU
5BOJIIOLMOHHBIMU 3TAllaMU B TEXHOJOTUH BHICOKOITPOYHBIX
U CBEPXIpPOYHBIX OETOHOB SIBJISIIOTCS pa3pabOTKa COBpe-
MeHHBIX BbICOKOaGhdekTnBHBIX CIT 1 ucnonb3zoBaHue peo-
JIOTUYECKU aKTUBHBIX M PEeKpeallMOHHO-aKTUBHBIX MUHE-
pPaJIbHBIX TTIOPOIIIKOB, 0€3 KOTOPBIX HEBO3MOXKHO TTOJIyUeHUE
6eToHoB kiaccoB B130—150. Ocoboe BHUMaHKE B paboTax
B.N. KanamHukoBa yaelsiyioch UCCASAOBAHUIO PEOJIoThYe-
CKOTO MOBEACHUSI MUHEPAJIbHBIX M CMEIIIaHHBIX LIEMEHTHO-
MUHepaJbHbIX cucTeM B npucytctBuu CII, a Takke xapak-
Tepa TUApATalluM, KWHETUKU CTPYKTypooOpa3oBaHUS U
TBEPIACHMS LIEMEHTHBIX OETOHOB C MUHEPAIbHBIMU 100aB-
KaMU Pa3IuJIHOM TUApATAIIMOHHONW aKTUBHOCTU U TIPUPO-
nbl. KoMIuiekcHbIe opraHoMuHepaabHbIe 100aBKH Ha OCHO-
B€ MOJIOTHIX TOPHBIX MOPOJ U CYIEPIUIacTU(GUKATOPOB TTPU
pPallMOHAJILBHOM COOTHOILIEHUM MUHEPaJbHOro MOpOIIKa,
recka, MeJIKUX, CpeIHUX U KPYITHBIX (hpaKIInii ClTocOOCTBY-
0T TIOJYYEHUIO HE TOJIbKO BBICOKOTOIBUXHBIX U CaMO-
VIUTOTHSTIOIIMXCSI GETOHOB, HO M YIUTOTHEHUIO CTPYKTYPBI
0eToHa, TOCTMXKEHHUIO BBICOKHMX IT0KA3aTeIeil MOPO30CTOM-
KOCTH M Hu3Koro Bopororomenus (0,8—1%) [3, 11, 12].

XHUMUKO-MUHEPAJIOTUUECKUI COCTaB HCIOJb3YyEeMbIX
MMWHEpaJIbHBIX HAIMOJHUTEJNICH TOCTaTOYHO IIMPOK, U Tpe-
OOBaHME K COYETAHUIO B HUX PEKPEAIITMOHHON U peoJiorruie-
CKOM aKTUBHOCTH MOXKET OBITh He00s13aTeIbHEIM. 7151 6eTOo-
HOB ITpoyHOCThIO0 50—80 MIla kameHHass MyKa MOXET ObITh
JIMIIb PEOJIOTUYECKH aKTUBHOI, 9TO OTHOCUTCS, HAIPUMeEDP,
K HarOJHUTESIM U3 TJIOTHBIX U TIPOYHBIX U3BECTHSIKOB, J0-
JIOMUTU3UPOBAHHBIX W3BECTHSKOB WJIM JOJOMUTOB. [ls

0eTOHOB 00Jiee BHICOKMX KJIACCOB XOPOIIIEe COUETaHUE pe-
KpEalMOHHON M PEOJIOTMYECKOM AKTMBHOCTU BBISIBJIEHO
I 6a3aJIbTOBOM, KBaplieBO-IallMTOBOI, TPAHUTHOM, aHIe-
3UTOBOM MYKM U psAlla OPYTUX MOJIOTBIX TOPHBIX IMOPO.
Oco00¢ MoJI0XEeHNEe ¢ TOYKY 3peHUs] aKTUBHOCTU 3aHUMAET
MOJIOTBII KBaplIeBbIi MECOK, KOTOPBI HEe 00JIagaeT peoso-
TMYEeCKON aKTMBHOCTBIO, HO 3HAYMTEILHO TMOBBIIIAET €€ B
cMmecH ¢ eMeHToM B cycrieHsusix ¢ CIT [13].

Crenyer OTMETUTh, YTO B O€TOHAaX HOBOIO MOKOJEHUS
TPAAULIMOHHO MCIOJIb3yeMble BO3IYXOBOBJIEKAOUIME 10-
0aBKM CTAHOBSITCS HEOOA3aTeIbHBIMU, TTOCKOJIbKY 3TO TIPU-
BOIUT K CHUXKEHUIO TTPOYHOCTH.

OPdeKTUBHOCTh TOHKOAMCIIEPCHBIX HAIIOJHUTENEH B
OeToHaX HOBOTO TOKOJIEHUS OIpeAeseTcsl CAeayloluMu
OCHOBHBIMM (DaKTOpaMU:

— KPUCTANIMYECKUM CTPOEHUEM U CTPYKTYpOW MUHE-
pajos;

— 3apsIIOBBIM COCTOSTHUEM TTOBEPXHOCTH ;

— TOHKOCTBIO TIOMOJIA;

— CITOCOOHOCTBIO K TUAPATAIIMOHHOMY TBEPAEHUIO B
npucyrctBun Ca(OH),, oOpa3symoluerocss npu rugparauuu
LIEeMEHTA.

IMosbimenue acddexruBHocTu CIT u I'TI nmpu ucnonb3o-
BaHUM Psila MUHEPAJIbHBIX TTOPOIIKOB B OTJIUYME OT TTOPT-
JIAaH/ILIEMEHTOB MOXET OBbITb O0BbSICHEHO HE TOJIbKO THAPaB-
JINYECKOW WHEPTHOCThIO MUHEPAJbHBIX YACTUL[ U HECIO-
COOHOCTBIO K CBSI3bIBAHUIO 3HAYUTEIBHOTO KOJIWYECTBA
BOJIbI YK€ C TIEPBBIX CEKYHJI MOCJIe BOA03aTBOPEHUSI, HO U
BO3MOXHOCTBIO YCUJIEHUSI MHOTOILIEHTPOBOI ancopOouuu
modekyn CIT u I'TT Ha Mo3anuHO 3apsIKeHHOM TMTOBEPXHOCTH
YACTUL MUHEPAJIbHBIX IOPOIIKOB, HAIIpUMEp TpaHuTa [9].

Bonee crnoxHoit 3agayeii mpu BbIOOpe MUHEPaIbHBIX 10-
0aBOK B KaueCTBE MUKPOHAIOJHUTEEN LIEMEHTHBIX OeTO-
HOB SIBJISIETCS OTPEAEJIEHUE HE TOJIbKO UX PEOTEXHOJIOTUYE-
CKOI aKTMBHOCTU B CPABHEHUH C LIEMEHTHBIMU CUCTEMaMH,
HO 1 peaklMOHHOW aKTUBHOCTH 110 OTHOIIEHUIO K IIEMEHT-
HBIM CHUCTEMAaM C TOUKU 3PEHUST CBA3bIBAHUS TUIPOJIUZHOMN
MU3BECTH, BBIACHSIONICHCS MPU TUApaTalMu LIEMEHTa, W
BO3MOXHOCTH 00pa30BaHMsI KOHTAKTOB CpacTaHUs Mo 0e3-
NeEeKTHBIM TTOBEPXHOCTSM MUKPOKPUCTALIOB, (hopMUpYy-
IOIIMXCS Ha MOBEPXHOCTU TMIPATUPYIOIIMXCS YaCTHIL Lie-

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN

saneaps/hespany 2017

63



CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA

MEHTa W MUKpoHanojHutens. Hemamo- | 4
BaXHOE 3HAaueHME MMeEeT BO3MOXHOCTh
SMUTAKCUAIBHOTO HapallMBaHUSl TUAPAT-
HBIX (pa3 LIEeMEHTa Ha TOMJOXKE YaCTHIL
MUKpoHaroaHuTtessa. C 3Toil TOUKM 3peHust
HauOoJiee 1eaecoo0pa3HbIM SIBIISIETCS TIPU-
MEHEeHUE B KaueCTBE MMKPOHAIIOJHUTEIS
TOHKOMOJIOTOIO KajbLuTa [14].

B HamosHEHHBIX LIEMEHTHBIX CHUCTeMax
ONTHUMAJIbHbIE YCJIOBUSI ISl arIOMEpaluU U
cpacTaHUsI YaCTUI[ MOTYT ObITh TOCTUTHYTbI
MPUMEHEHUEM TMAPATAllMOHHO-aKTUBHBIX
MUKPOHATIOTHUTENIEH M COKpaIlleHHeM pac-
CTOSTHMIA MEXIy YaCTMIIaMU 3a CUET OINTH-
MaJIbHOI TPaHYJIOMETPUM U CHUKEHMsI BojocoaepxaHusi. B
5TOM CJIyyae MEXJy YaCTULIAMU LIEMEHTA WM LIEMEHTA U MU-
KPO-HaMoOJTHUATEJISA, COMDKEHHBIMU IO MUHUMAJIBHBIX PACCTO-
STHUM, MeCTa KOHTAKTOB MOTYT SIBJISIThCSI aKTUBHBIMU 30HAMU
KPUCTAJUTU3AIIMH, CBA3BIBAIOIINE YaCTUIIBI MEXIy coboit. B
npucyrctBun Makpomosiekya CII u I'Tl mpornecc HayaabHOM
KPUCTAJIM3ALK OCJIOXHSIETCS U 3aMeiuisieTcs. B Gosblieii
crerneHn HeratuBHoe BivsiHUe CIT u I'TI MoxeT nposiBasIThCS
TSI TUAPOATIOMUHATHBIX (ha3, MOCKOJIbKY OpraHUUECKUe MO-
JIEKYJIbI MOTYT TIPOHUKATh MEXIY CIOSIMU CTPYKTYpbhl AFm-
(a3 1 06pa30BHIBATH TOBEPXHOCTHBIC KOMITJIEKCHI OJ1aromapst
BaHIepBaaIbCOBLIM CHJIaM 1 BOMOPOIHBIM CBSI3sIM [15].

B pabote Oblia BBIIIOJIHEHA CEPHUS JIEKTPOHHO-MUKPO-
CKOINMUYECKHUX UCCclenoBaHui noBepxHocTu C;A, ruapaT-
POBaHHOTO B MPUCYTCTBUU KapOOHATHOTO MUKPOHATTOJTHU-
Tenst. Ha aeKTpoHHBIX MUKpOdOoTOrpadusx MOBEpXHOCTH
C;A, ruapatMupoBaHHOIO C J00aBKOW TOHKOIUCIEPCHOTrO
KaJIblIMTa, BUAHBI KpUCTaJLIBI ruapaToB AFm-ga3z, umero-
1Me TIJACTUHYATYIO CJIOUCTYIO CTPYKTYpy (CM. puCY-
HOK, a, 6). ['ugpaTHast Macca TrpecTaB/lIeHa B BUJE CKOTLUIE-
HUs KPUCTAJUIOB HEMIPaBUJIBHOM reoMeTpU4ecKoil (hopMbl,
UMEIONINX OYEePTaHUSI TUTACTUHOK, JIETIECTKOB, XJIOTIbEB,
M30THYTHIX TJIACTHH U T. 1. [1pu geTaaTbHOM MPOCMOTPE MO-
BEPXHOCTHU KPUCTAJLJIOB IIPaBUJIbHOI IreKcaroHajabHOMI (op-
MBI TIPAaKTUYECKU He oOHapyxeHo. OIHAaKO TpU aHaIU3e
noBepxHocTU C;A, TMApPATUPOBAHHOrO 6e3 N00aBOK, IMO-
JIOOHBIE KPUCTAJLJIBI OOHAPYXEHbI (CM. PUCYHOK, 6).

Ob6pazoBanue ruapatoB AFm-@das npu rugpatauuu C;A
MOATBEPXKIEHO AaHHBIMU PEHTreHO(a30BOro aHajau3a.
IMonydyeHHbIe TaHHBIE JIEKTPOHHOM MUKPOCKOUU CBUJIE-
TEJIBbCTBYIOT O MPOTEKAHUM KPUCTALIM3AIIMOHHBIX MTPOIleC-
COB TIpM HAJIMYUU TIPUMECEH, MCKaXKaWIIUX CTPYKTYPY
KPHMCTAJUIOB.

CremyeT OTMETUTb, YTO B MPUCYTCTBUM MUHEPATbHBIX
J00AaBOK, TTPUMECHBIX MOHOB M OCOOEHHO MaKpPOMOJEKYI
CyIepIuIacTU(UKaTOPOB BO3MOXHO (hOPMHUPOBAHMUE TUA-
POCWIMKATOB KaJlbIMsSl PA3IMYHOIO CTPOEHUs BCIIEACTBUE
U3MEHEHUSI CTPYKTYPbl TMAPOCUIUKATHBIX MOTUBOB B MPU-
CYTCTBUM NpuMeceit. PeHTreHo(ha30BbIMU UCCIETOBAHUSIMU
MPOAYKTOB THUApPATALIMM LIEMEHTHOTO KaMHSI YCTaHOBJIEHO,
YTO B IPUCYTCTBUHU T0OABKM TOHKOAMCIIEPCHOTO KapOOHaT-
HOTI'O HamoJHKUTENS B KojudecTBe 10% OT Macchl BSIKYIIETO
Ha peHTreHorpamMmax 3aUKCUPOBAHbI OTPaXKEHUSI, XapaK-
TEepHbIE ISl TUPOJIUTA, KCOHOTIMTA U TPYCKOTUTA, OTCYT-
CTBYIOIIIE Ha peHTreHorpaMmMax obpasioB 0e3 nodasku. B
MPUCYTCTBUM TOHKOMOJIOTBIX KPeMHE3eMCOEPXKAIINX MU-
HepaJIbHBIX T0OABOK 1 BHICOKOTO YPOBHS TIEPECHIIIEHUS TT0
Ca(OH), BO3MOXHO oOpa3oBaHUe TUu-
POCWJIMKATHOM Macchl Kak Ha MOBEPXHOCTU LIEMEHTHBIX Ya-
CTHII, TAK Y Ha MOBEPXHOCTHM YACTUL] MUKPOHATIOJTHUTES.
DopMUPOBAaHKE COXHBIX THAPOCUIMKATHBIX CTPYKTYP pas3-
JIMYHOTO CTPOCHMUSI SIBJISICTCS OMHOM M3 IPUYWH TIOBBITIICHUS
MMPOYHOCTH LIEMEHTHBIX CUCTEM B ITPUCYTCTBUM TOHKOMOJIO-
TBIX KPeMHe3eMcoaepKalllnX MUHEePaJIbHBIX T00ABOK.

B nocnenHee BpeMst Ha pbIHKE XUMUYECKUX 100aBOK MO-
SIBJISIETCS MHOXKECTBO MOAMGUKATOPOB, OMHUMU U3 OCHOB-
HBIX KOMITOHEHTOB KOTOPBIX SIBJISIIOTCS CyTiep- U TUIepruia-

MoBepxHOCTb rmapaTupoeaHHoro CzA: a — ¢ Jo6aBKoi KapboHaTHOro MukpoHanonHutens (10%),
cKkaHupytoLLas anekTpoHHas Mukpockonus (X3000); 6 — ¢ nobaBkoin kapboHATHOro MUKPOHAMOo-
HuTens (10%), ckaHupytoLwas anekTpoHHas Mukpockonus (X4500); ¢ — 6e3 406aBOK, CKaHUPYIO-
Las anekTpoHHas Mmukpockonus (X3000)

crudukatopbl. [logoOHBIE M0O0ABKM MMEIOT JOCTaTOYHO
CJIOXKHBIN XUMUYECKHI cOCTaB U KOH(GOPMAIIMOHHOE CTPO-
€HMe MOJIEKYJl OPraHMYECKUX BEIEeCTB, YTO, ECTECTBEHHO,
HEe MOXET He OoTpaxaThCsl Ha TIpolleccax TUapaTaiuu |
TBEpIEHUS LIEMEHTHBIX MaTepranoB. CocTaB MHOTUX Opra-
HUYECKUX J00aBOK U3BECTEH, XOTS HE MHOTHE TIPOU3BOIH-
TeJIW yKa3bIBAalOT TOUHBINM cocTaB. [Ipu 3TOM XMMHUUYECKOE
MoBeieHUue MOJAU(PUKATOPOB MOXKET CYIIECTBEHHO pasJiv-
yaThbCsl, HAIPUMED MPU UCTIOJb30BAHUU LIEMEHTOB PA3HBIX
3aBOJIOB U MUKPOHATIOJIHUTEJIEH, OTJIMYAIOIIUXCS TUCTIEPC-
HOCTBIO U MUHEPAJIOTMUYECKUM cocTaBoM [15].

M3BecTHO, YTO MHOTHE TUTACTU(UKATOPHI Ha MOJIUKap-
OOKCWJIATHOM OCHOBE OTJIMYAIOTCS APYT OT Apyra IJIMHOK
OCHOBHBIX 1 OOKOBBIX 1IeTel, YTO MO-pa3HOMY BJIMSIET Ha
XapaKTep MHOTOLIEHTPOBOM aIcOPOIIMU UX Ha TOBEPXHOCTHU
LIEMEHTHBIX YaCTHII U TPOAYKTaX IMIpaTalluu.

B Teopuu 1 nipakTHKe IpUMEHEHUs cymepIiacTuduka-
TOPOB BaXXKHBIM (DAKTOPOM SIBJISIETCSI XapaKTep WX BIMSHUS
Ha COCTaB MPOAYKTOB TUAPATALIMU IIEMEHTHBIX CUCTEM.
M3BecTHO, 4TO B OOJIBIIMHCTBE CJIydyaeB OpraHM4ecKue Iia-
cTuduuupytoye 106aBKy BbI3bIBAIOT 3aMelJIeHUEe TUpa-
TalMy CUJIMKATHBIX (pa3 lIeMEeHTa U CTaOMJIM3AIUIO aTIOMU-
HaTHbIX AFm-®a3, nHTeHCUBHO 00pa3yoIINXCs Ha paHHUX
CTaIUSIX TUAPATAIINH.

CoBpeMeHHBIE TUIEPIUIAaCTU(DUKATOPHI Ha ITOJMKap-
OOKCMJIaTHOM OCHOBE BechbMa 3((GEKTUBHBI U IO3BOJISIOT
JIOCTUYb 3HAYUTEJbHBIX IUIACTUhULIMPYOIKNX 3D bhEKTOB
MPpY MEHBIINX T03MPOBKax, ueM, Hanpumep, C-3 u apyrue
KOMILIEKCHBIE 100aBKU Ha €T0 OCHOBE. B CBS3M ¢ 3TUM BBI-
cokue Bomopenyiupyoiiue 3¢ GeKTh TO3BOJISIIOT MOJy4aTh
OETOHBI BEICOKOM 1 0CO00 BBICOKOI IIPOUYHOCTU IIPU Pallyi-
OHaJILHO MOJ00pPaHHOM I'PaHYJIOMETPUUYECKOM COCTaBe Oe-
TOHA, BUIAX, KOJMYECTBE M CBOMCTBAX MUHEPAJIbHBIX MU-
KpOHarojHuTesei [9].

B npucyrcTBrUM XMMUYECKMX 10OABOK MPOLIECC TUApaTO-
00pa3oBaHMsI B IEMEHTHBIX CUCTEMAaX 3HAYUTEIBHO OCJIOX-
HSIETCSI, TIOCKOJIBKY TapalIeIbHO TMPOTEKAIOT TMPOLEeCCHl
ajcopOIMM, PAacTBOPEHHUSI, MOBEPXHOCTHOW TUApaTalllM,
TMapaTallid B pacTBope, oOpa3oBaHMSI 3apojbllliell Kpu-
cTaJuu3aluuu. BriojgHe ecTecTBEHHO, UTO CJIOXHbBIE MO KOH-
(hopMallMOHHOMY CTPOEHUIO MOJIEKYJIbI CyTepIuiacTuduka-
TOPOB, MMEIOIINE OTPULIATETbHO 3apsLKeHHbIE (DYHKIIMO-
HaJIbHbIe TPYIIIbI, N30MPATeJIbHO afacopOUpysSCh Ha MOJIO-
JKUTEJIBHO 3apsSDKEHHBIX LIEHTPaX, OKa3bIBalOT HEraTMBHOE
BJIMSIHME Ha CKOPOCTh MPOIIECCOB MOBEPXHOCTHOM KpUCTaI-
JIU3alMK, a TaKXKe Ha CTPYKTYPY 3apOoJblilieil KpUcTauin3a-
umu [16]. Jdnmuanbie 60koBble 1enu Mojiekya CIT B cBoro
ouepelib BJIUSIOT Ha CKOPOCTb 3apOXICHUSI U 00pa3oBaHUE
3apOoMbIIIel KPUCTAUTM3AIMY B TIEPECHIIIICHHOM PacTBODE.

INonoxuTreabHbIM (haKTOPOM MCIOJIb30BaHUS B COCTaBe
LIEMEHTHBIX KOMIO3UILIMIA TOHKOAMCIIEPCHBIX MHUKPOHAa-
TOJTHUTEJIEN SIBJISIETCS HE TOJIbKO TMOBBILIEHUE PEOJOoTruye-
cKoli 3 (PEeKTUBHOCTU CyTePIIacTU(PUKATOPOB U YIUIOTHE-
HUE CTPYKTYPhI, HO ¥ BO3MOXHOCTb KPUCTAJLTU3ALUY THJI-
paTHBIX (Da3 Ha YacTUIIaX MUKPOHATIOJTHUTEIS, YTO CTIOCO0-
CTByeT (pOPMUPOBAHUIO KPUCTALIN3ALMOHHBIX 000JI0YEK 1
CpacTaHUIO YaCTHUII, TOBBIIIEHUIO TIJIOTHOCTU U MTPOYHOCTH
HaIOJIHEHHBIX IEMEHTHBIX CUCTEM B LIEJIOM.
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Modern concretes: science and practice

Ta6nuua 1 Tab6nuua 2
MHTEeHCMBHOCTbL OTpaXeHuii n3BecTun WNHTEeHCUBHOCTb oTpaXxxeHuii C;S u 3-C,S
WNHTEHCMBHOCTb Imax npy d (A) MHTeHcmBHOCTL Imax
Cocras
493 | 311 | 263 | 1,93 | 1,79 | 1,69 | 1,485 [ 1,45 Cocras At | Benur
Ne 1 (KOHTPObHbIIA) 87,3 23,7 | 1105 | 38,6 | 24,8 | 23,4 | Her | 10,8 (d=277614) | (d=2.7444)
Ne 2 (0,5% Melfluxd930F) | 55,2 | 49,9 | 856 | 19 | 21,6 | 11,9 [ 19,2 [ wer || [Nt (KoHTROMbHAI) 277 16,3
0,
Ne3 (0,5% Melflux 5581F) | 654 | wer | 55,3 | 253 | 24 | 152 | 18,6 | rer | [2.2(0.5% Melflux 4930F) 407 547
0,
Ne 4 (0,5% Melflux 1641F) 58,2 20,4 | 736 | 159 | 24,4 | 18,3 | 12,5 | 13,6 Ne 3 (0,5% Meiflux 5581F) 47,6 518
Ne 4 (0,5% Melflux 1641F) 38,8 58,5

B OoablIMHCTBE 3KCIIEPUMEHTAJbHBIX MCCIIeIOBAaHUN
MPOIIECCOB TBEPACHMSI HAMOJHEHHBIX LEMEHTHBIX KOMIIO-
3ULIMI 1 GETOHOB HOBOT'O IMOKOJIEHUsI 3(PPEeKT 3HaUUTEIbHO-
rO TIOBBIIIIEHUS TTpoyHOCTH Tipy HM3KuX B/Ll mpeBanupyet
HaJl TIPOLIECCOM 3aMeIJIEHUsI, KOTOPBIi B OOJIbIIEl CTENEHU
TIPOSIBIISIETCS B TIepro (hOPMUPOBAHUS KOATYISIIUOHHBIX 1
PaHHMX KOATryJSIIMOHHO-KPUCTATU3ALMOHHBIX CTPYKTYDP.
B Gosee mo3nHuMit mepron TBEPACHUS CaMOOPTaHU3YIOIIHe-
€ LEMEHTHBIE CUCTEMBI CIIOCOOHBI K pejlaKCalluM PAaHHUX
HaNpsDKeHUW W TIOBPEXIEeHUM CTpyKTypbl. O4eBUIHO, B
OoJIbILIEl CTENeHU 3TO OTHOCUTCS K THAPOATIOMUHATHBIM
(azam, KOTOpBIE THTEHCUBHO (POPMUPYIOTCS B PAaHHUIA TTe-
puon ruapataiuu. OgHako Majaoe KOJIMYECTBO allOMUHAT-
HbIX (a3 B cOCTaBe 1IEeMEHTa He OKa3bIBAET CTOJIb 3HAUUTEb-
HOTO BJIMSIHUSI HA KOHEYHYIO MPOYHOCThH LIEMEHTHBIX KOM-
ro3unuii. B To e BpeMs cynepruiacTiruKaTopbl OKa3bIBalOT
HEeraTMBHOE BJIMSIHUE HA CTPYKTYPY PaHHUX TUAPOCUIIN-
karoB Kanblusa (I'CK). B mocienyromieM HOpMaIbHBIN 1O-
psnok kpuctausanuu ['CK BoccraHaBiuBaeTcsa U Ie-
MEHTHBIE KOMIIO3UIIMK JOCTUTAlOT BBICOKOW MPOYHOCTH.
Bo3MOXHO, UTO W MOJIEKYJbl CynepruiacTuduKaTopos,
BCTPanBasiChb B TMIPOCWIMKATHBIE CTPYKTYpbl Ha PaHHUX
9Tarnax, Mmo3JaHee He OKa3bIBAIOT CYIIECTBEHHOTO BIIVSIHUS
Ha TTPOYHOCTh LIEMEHTHBIX MaTepUAJIOB.

JlornyHO MpenrnoaoXuTh, YTO TPOAYKTHI THApATAlluU B
MO3HKUE CPOKHU B COCTABAX C 100aBKAMU MOTYT OTJIMYATbCS
oT 6e3100aBOYHBIX 00Jiee B KOJTMYECTBEHHOM OTHOLIEHUU
TUIPATOB, YeM B KQU€CTBEHHOM.

C 1enblo ompeneeHus XxapakTepa BIAWSHUS pas3jidy-
HBIX 3HAUYECHU JUTMH OCHOBHBIX ¥ OOKOBBIX LIeTIeH TUTIep-
acTuuKaTopoB cucteMbl Melflux (TOCKOJIBbKY 3TH Ilj1a-
CTUGhUKATOPHI UMEIOT IOCTATOYHO OTNpeleeHHOe KOH-
(bopmaniMoOHHOE CTpOEHUE MOJIEKYJT) Ha COCTaB MPOJAYKTOB
rufpaTaliiy LIEMEHTHOTO KaMHsI Obljla BBITTOJIHEHA Cepust
peHTreHo(ha30BbBIX MCCIEAOBAaHUIN Ha AUGPAKTOMETpE
OPOH-7 B wmntepBane yrinoB 10—75° ¢ marom 0,05°.
HccnenoBanust mpoBOAWIKNCH HA 00pa3lax, TBepAEBIIMX B
HOPMAaJIbHBIX YCJIOBUSIX B MIEPUOJ LIIECTh MECSILIEB.

AHaM3 peHTreHOIpaMM I10Ka3aJl, YTO OCHOBHOM OTJIH-
YUTEJIbHOI OCOOEHHOCTBIO MPOAYKTOB THUApPATALUU C J0-
6aBkamu [Tl siBysIeTCS CHUXK€HME MHTEHCUBHOCTE OTpa-
XeHMs u3Becty (Tabim. 1) ¥ yBelIMYeHNEe MHTEHCUBHOCTEM
OTpaxkeHUM Oe3BOAHBIX CUIMKATHBIX (pa3 eMeHTa (TalJI. 2).

ITonydyeHHbIe TaHHBIE CBUAETENbCTBYIOT, UTO, HECMOTPSI
Ha [TOCTaTOYHO TMO3IHUI MEePUON TBEPAECHMS, MPOLECCHI
ruaparaluy B IeMeHTHOM KaMHe B ipucytctBuu I'T1 Ha Ha-
YyaJbHOM 3Tare 3aMeIeHbI U 3TO 3aMeIJIeHue, Cy/Is 1Mo WH-
TEHCUBHOCTSM BBIACIMBIINUXCS KPUCTAJUIMUYECKUX THUApAT-
HbIX (a3, coxpaHsieTcsl Ha Tepuoa IO IIECTU MeECSIEB.
XapakTepHBbIM SIBJISIETCS CHUXKEHWE MHTEHCUBHOCTEH OT-
paxeHUil U3BeCTU B cocTaBax ¢ pobaskamu CII mpakTuye-
CKH JUISl BceX 3HaUeHUi d (A). DTO CBUIETEJILCTBYET O TOM,
yto no6aBku CII B leMEHTHOIi cucTeMe SIBISIOTCS TOPMO-
391UM (baKTOPOM B TIpolleccax TMApaTallMi W TUAPOJIN3a
OCHOBHBIX CWJIMKATHBIX (ha3 1IeMEHTA.

B uesnoM cHuXXeHue BOIOCOIEpKaHUsl B cOCTaBax C J0-
0aBKaMU MO3BOJISIET MOJy4YaTh 00Jiee BHICOKYIO TPOYHOCTh B
MO3IHUE CPOKU TBEPAECHUSI, HO oO0Iasi KapTMHA KUHETUKU

ruapaToo0pa3oBaHMs U yU4acTHsI CUIMKATHBIX (ha3 B IIpoLiecce
TMApaTalMy CBUAETEILCTBYET O HEKOTOPOM €T0 3aMeJIEHUU.
OT1OT (haKT SIBJSIETCS] BECbMa BAXKHbBIM C TOUKW 3pEHMSI TOHU-
MaHUsI MexaHU3Ma JeCcTBUS JOOABOK: C OMHOMN CTOPOHBI, Kak
CUJTbHBIX BOJOTIOHVIKAIOIIINX, a C PYTOil — KaK YTHETAOIINX
TIPOLIECCHI TUIPATAIIMU CHIMKATHBIX (ha3 [IeMEHTA.

B oTHoLIeHNHU THAPOATIOMUHATHEIX (ha3 claeayeT OTMe-
TUTh, UTO HA pEHTTeHOorpaMMax oopa3ioB ¢ nodaBkamu ['TI
MOSIBJISIIOTCSL  OTpaXeHuss MetactabuibHbiX AFm-ga3
(C,AHy), a Taxke Hanbosee TEPMOIMHAMUYECKU CTAOWIIb-
HOU ruapoamoMuHaTHON ¢aser C;AHg, 4TO CcBUIETEND-
CTByeT O BO3MOXHOCTH HM30MpaTEIbHOM CTaOMIM3alUU
TUApOATIOMUHATOB Kajbliusgd AFm-¢a3 B mpucyTcTBUU A0-
6aBok I'TI.

PeHTtreHodas3oBble HcCIeA0BaHUS OOPa3lOB LIEMEHT-
HOTO KaMH$I, TUAPATUPOBAHHOTO B HOPMAaJIbHBIX YCJIIOBUSIX
B TeueHue 1,5 j1eT, c KoMruiekcHoi go6askoit C-3 (0,5%) u
TOHKOIMCIIEPCHOTO Kayibluta (20% OT Macchl IeMEHTa)
MoKa3aju, 4YTO Ha peHTreHorpaMmax oopa3ioB ¢ 100aBKOM
3HAYMTEJIbHO CHMXKAIOTCS MHTEHCUBHOCTU OTPaXCHUMI
Ca(OH), (4,93; 3,11; 2,63A) 0 CpaBHEHUIO C KOHTPOJIb-
HBIM cOCTaBOM 0e3 100aBku. OnHAKO XapaKTEepHbBIM SIBJISI-
eTcsl (pakT MPUMEPHO PaBHBIX MHTEHCHBHOCTEM OTpaxe-
HUI1 alnTa B KOHTPOJBbHOM 00pa3lie 1 B oOpasiie ¢ 100aB-
Ko#. B 11eJ1oM moslydeHHbIE pe3yJibTaThl CBUAETENbCTBYIOT,
YTO MPOLECC TUAPATALIMU B IPUCYTCTBUU 100aBKu C-3 He-
CKOJIbKO 3aMejyieH. OnHako KapOOHATHBI HaMOJHUTEb
SIBJISIETCSI aKTUBATOPOM TBEPIAEHUS aIUTa, BO3MOXHO,
BCJIEACTBUE BMUTAKCUAIBHOTO HapalluBaHUS TUAPOCUIIN-
KaToOB KaJIblLIMs, a TakKxke ruapatoB AFm-¢a3 Ha yacTuiax
KaJIbIIUTA.

BaXXHBIMM TEXHOJOTMYECKUMU TMapaMeTpaMM Kak JUIst
OOBIYHBIX OETOHOB, TaK M JJISI BHICOKOMPOUYHBIX SIBIISIETCSI
COXpaHEeHUE MOIBWXHOCTH, KU3HECTTOCOOHOCTU U MTPENOT-
BpauleHue pacciauBaeMmoctu cmeceil. [Ipu BBeneHuu cra-
OWIM3UPYIOIINX W BO3MYyXOYAEePKMBAIOIINUX T00aBOK IPO-
HCXOINT YBEJIMYEHHE NUCTIEPCHOCTU TBepaoi has3bl, 4TO
CIMOCOOCTBYET aKTHMBALUM MEXYaCTUYHOTO B3aMMOJEii-
CTBUSI, CO3aHUIO TTPOCTPAHCTBEHHOW CTPYKTYPHOI CeTU U
CHIKEHUIO BOJIO- U PACTBOPOOTAEIEHUSI.

B 6eToHax HOBOTO MOKOJIEHMSI, OCOOEHHO CaMOYIUIOTHSI-
IOLINXCS, CHIDKEHUIO PacCIauBaeMOCTH CTIOCOOCTBYET MpH-
CYTCTBHE 3HAYMTEJbHOTO KOJMWYECTBA TOHKOAMCIEPCHOM
MMHepaibHOI (pa3bl [4]. B HacTosilee BpeMsl B TEXHOJIOTUU
0ETOHOB HOBOT'O MTOKOJIEHUST U OOBIYHBIX HAPsITY C TPAAULIM-
OHHO UCTMOJb3YeMBbIMU (DPUpPaMU LEJLUTIONO3bI U MOJTUMEpP-
HBIMU J100aBKaMU HauMHAOT 3(h(MEKTUBHO TMPUMEHSITHCS
JI0O6aBKM HOBOTO KJlacca — PETyJIsITOPhI BA3KOCTH OETOHHOM
cMecu. B Hacrosiiiee BpeMsi B TEXHOJIOTUU OETOHOB OTMeYa-
€TCsl MpUMEeHEeHUe MPUHIMITUAILHO HOBOTO, ellle HeloCcTa-
TOYHO KCCIET0BAaHHOTO Kilacca 106aBoK SAP co cBepxBbICO-
KOi1 afcopbupylolleii cnocooHoCThI0. B 6osblIMHCTBE City-
yaeB SAP mpencrtaBisior co0o0if KOBaJIEHTHBIE ITOJIM-
3JICKTPOJIUTHI C TIOTIEpEYHBIMU CBSI3sIMU. SAP MoryT anmcop-
OMpoBaTh KOJMYECTBO Boabl, B 20 pa3 IpeBHIIIAIONIEEe MX
coOcTBeHHYIO Maccy. JlobaBKa BBOAUTCS B CyXyl0 OETOHHYIO
CMeCh B MOPOILIKOOOPa3HOM BUJE U MOIJIOIIAET BOAY B MPO-
11ecce MPUroTOBJIEHUSI OETOHHOI CMECH.
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[lepcneKTUBHBIM HaIIpaBJI€HUEM B TEXHOJIOTUM OETO-
HOB HOBOTO TOKOJIEHUS SIBJISIETCSI TPMMEHEHUEe HaHOMe-
TPUYECKUX CUHTE3UPOBAHHBIX TUAPOCWIMKATOB KaJbLIMS.
B 11e;10M HOBBIE KJTacChl 10OaBOK MOTYT 3(p(HEKTUBHO C 1ie-
JIBIO JIOCTUKEHUSI CMHEPTeTHYeCKUX 3 (HEKTOB MPUMEHSITh-
csl C TPAAMIMOHHBIMM YCKOPUTEISIMU U 3aMeIJTUTETSIMU
TBEPACHUS KaK JJIs1 OETOHOB, TBEPACIOIINX B HOPMaJIBHBIX
YCIOBUSIX, TaK U JIJIs1 «XOJIOAHBIX» 0€TOHOB [17].

B ycioBuUsIX MHTEHCUBHO pa3BUBAIOIIMXCS TEXHOJOTUI
IIPOU3BOACTBAa XMMUYECKUX NOOABOK U OGETOHOB HOBOTO
IMOKOJIEHUSI HEOOXOAMMO YAEIUTh 0c000€ BHUMaHUE UC-
C/IeZIOBaHUSIM MEXaHU3MOB JAeHCTBUS 100aBOK B CIIOXHBIX
IIEeMEHTHO-MUHEPAJbHBIX CUCTEMAaX, XapaKTepy WX BIIMSI-
HUS Ha TIPOLIECCHI TUAPATALINU, KWHETUKU PAHHETO CTPYK-
TypooOpa3oBaHUs U TBEPIAEHMSI, YTO BO MHOTOM OIpeaesi-
€T B JaJbHEWIIEM OCHOBHBIE 3KCIUTyaTallMOHHBIE CBOW-
CcTBa OETOHOB.
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Yuumearo u napmnepy

s monvssmmurckoeo Onsimuoeo 3a600a CMuK Baaoumup Heanosuy Karawnuxoe 6vin
Hay4HbIM PYKOBOOUmMeneM u HA0elCHbIM NAPMHEPOM NPU OP2AHU3AYUY NPOMBIUAEHHO20 NPO-
U3600cmea NOPOUIKOBOAKMUBUPOBAHHBIX OEMOH08 U CAMOYNAOMHAIOUUXCS UeOeHOUHbIX U
necuanvix 0emoHoeé — 06emoHoe H06020 nokoseHusa. OHU NO360AAIM NOAYHAMb OMAUYHbIE
NPOYHOCMHbIE XAPAKMEPUCIUKY NPU YMeHbUeHUU PAcX00a UeMeHma U UCHOAb308aHUU & CO-
cmaee pasHOPPAKYUOHHBIX OMX0006 OpOOAEHUS 20PHBIX NOPOD, 8 MOM HUCAe U3BECHIKOBYIX.
s Onvimuoeo 3a600a CMuK 3mo ouens 6acHo, 6edb mbl ceoepaghuuecku pacnonoiceHsl 8
HenocpedcmeeH ol 6AU30CIU OM U36eCKO0BbIX Kapbepos (XKueynesckue 2opbi).

Koeda na 3a600e 6cman 6onpoc o pekoOHCMPYKyUU NPOU3B0OCMEA C Yeablo e20 ONMUMU-
3auuu u nepexoda Ha bINYCK UHHOBAUUOHHOU NPOOYKUUU, Mbl 00PAMUAUCH 3d COBEMOM K
ceoemy yuumento — B.H. Karawnukogy.

Ilo e20 pexomendayuu 6vin co30aH OpOOUALHO-COPMUPOBOHHBLI YHACMOK 3AMKHYMO20
YUKAA C YUKAOHAMU 0451 OMOOpa MeaKux gpaxkuyuil, ux cywkoi u nomoaom. Ilod pykosoo-
cmeom u HenocpedcmeenHom yvacmuu Baadumupa Heanoeuua é 3a6o0ckoii aabopamopuu
npouseoduncs noo6op peyenmyp 6emMoOHHbIX cMeceil N00 HOMEHKAAMYPY GbINYCKAEMbIX U3-
deauti. Takxuce Bradumup Heanosuu nomoe nodobpamse 0as nabopamopuu Hoseliuee 060-
pyooeaHue, no360asi0uee nPoeooUmMs 6ce Heo0X00UMble UCNbIMAHUSL.

Credyrouum waeom 00axcHA Obiaa cmamb PeKOHCMPYKYUA OEmMOHOCMECUMENbHO20
KOMHAEKCa ¢ 3aMeHOll 08YX8AAK08bIX 20PUBOHMANLHBIX OeMOHOMeUlAN0K HA CO8DeMeHHble ¢
Dpezyaupyemoli ckopocmuio 045 mypOyAeHmMHO20 nepeMeliueanus Komnonenmos. K coocane-
HUto, 5my pabomy molL 6ydem deaams yice 6e3 Bradumupa Heanosuua...

Mui 6ceeda 6ydem ¢ 6aa200aprocmvio ROMHUMb 00 3MOM YOUBUMENbHOM Heao8eKe, Ha-
wem yuumene, HacCMagHuKe, 6OALUIOM YHEHOM, He OMOPBABUIUMCS OM NPOU3BO0CMEA.

C.A. Epémun, oupexmop

u compyoHUKU

Onvtmuoeo 3a600a CMuk,
Toavsammu, Camapckas 06a.

(In Russian).

Moemy 3ameuamenvnomy opyey

Y mens ckonuanca opye,

Kak-mo neoxcudanno, nekcmama...

Cpedb MOP0306 U AHBAPCKUX 8bl02

On ywen u3 bpamckoii Hawei pamu.

OH 6bi1 npocm, Kak poccusne éce,

Ilo-npocmomy moe on 0bssicHambcs,

H maunyncs éceii dywoii ko ecem,

He cmpemuacs moavko npexaonsmocs!
Y neeo 60 6cem Gbin c60ii n00x00 —

Jluws 6 3xcnepumenmax euden cuny,

H yemenma mpenemmoiii pacxod

Ynopadouun, kax 6yomo munvix.

Hmsa on 6 nayke 3akpenun,

Mhuenue écezda e2o gecomo,

Y3b1 dpyacovr npasdoro kpenua,

U padywnsiil 6bin x032uH doma...
[Tomnum, kak paboman mol u Heun,
Tlomnum, kak arobun opyseil xopowiux
H cmapancs, ckoavbko 6vi10 cua,

Hcmuny ceepcmamsb no mansvim Kpoxam.
H mebe, naw nezabeenHblil Opye,
Beunvim cragnbim namsmuuxom 6yoym
Te yuenuxu, umo, 6346 «pedym»,

U 20106 ynopuwix ne ocmyosm!

A.IL Iluuyeun,
0-p mexH. Hayk,
Hoeocubupck

On 3Ha41 00HY Auwb dymol 6aacmo,
O0Hy, HO naameHHyI0 cmpacme...

Jlepmonmosckue cmpoku kax 6yomo nanucarst ¢ Bradumupa Heanosuua Karawnuxosa. Cmpacme k 6emony — écenoeiouiaroujee omuouie-
HuUe conposoNcaano 6Cio €20 APKYIO JCU3Hb U PE3YAbMAMUEHOe MEOPHECME0 8 HaY4HO-00DPA306aMenbHOl cepe.

He moey ecnomuums, ckonvko sem mbl Oblau 3HAKOMbL, REPUOOUHECKU 6CIMPEUAsch HA KOHGepeHUUsX, nPOGecCUOHAanbHO 00MEHUBASC 83215~
damu, a uHo20a OUCKYMUEHO 00cyxcdasn Kk 000100HOI noab3e umoau ceoux, 0a u uyxcux pabom. Ho daxce 6e3 nocmosHHbIX AUMHBIX KOHMAKMO8,
menepb yuce no 0be CMopoHbvL 20CY0apCMEEeHHbIX 2PAHUL, Mbl HO00epICUBANU OpYe OpYyea, OeAUAUCh UHpOpMayuel U UHMePeCHbIMU NYOAUKAUUAMU.
Jopoxcras kapma (Kak meneps MOOHO HA3bIGANb) NPUSEAQ €20 MHOL0ACMHIOK 0esIMEeAbHOCMb 8 CIEOD COBPEMEHHbIX MUPOBLIX BEAHULL U MEHOeH-
yuii. Bvicokogynkyuonansvrsie nopowkosocodepicauiie 6emoHsl — NOCACOHSS, K CONCANCHUI, «OeMOHHA CMPAHUYA» HeJONUCAHHOU KHuelu

meopuecmea 60161020 HeCcMmHO20 mpysiceHuKka.

A yucmo no-uenoseuecku, vlbupas u3 Koinee, ¢ Kem 0vl nouten 6 paszeedky, HasepHska eviopan 6vt Bradumupa Heanosuua Karawmnukosa

O0OHUM U3 NepebXx...
Ceemaas namsms!

A.B. Yuepos-Mapuak, 0-p mexn. nayx, Xapokos, Ykpauna

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA

YK 666.972:666.972.53

C.H. TOITMAHEB, a-p TexH. Hayk (Tolmach_serg@mail.ru),
E.A. BEJTMHEHKO, kaHg. TexH. Hayk (Belichenko_khadi@mail.ru)

XapbKOBCKNIA HaLMOHasbHbIN aBTOMOOUNLHO-A0POXHbI YHMBepcuTeT (YkpanHa, 61002, r. XapbkoB, yn. [NeTposckoro, 25)

BnusaHue BoBne4YeHHOro Bo3ayxa
Ha CBOWCTBA A0POXHbIX 6eTOHOB M (hMbpo6EeToHOB

[Noka3aHo BnMsHWE AONOHUTENBHO BOBMIEYEHHOIO BO3JyXa Ha CBOICTBA AOPOXHOMO LIEMEHTHOro 6eTOHa. MpoaHanuavpoBaHbl pe3ynbTaTbl UCCHeA0BaHNS
Pa3NNyYHbIX ABTOPOB MO BAMSHIIO BOBMEYEHHOMO BO34yXa Ha MPO4HOCTb BETOHOB. OTMEYEHbI CYLLIECTBYIOLLME B HUX NPOTMBOPEYMS. [pnBeAeHbI HOBbIE
9KCMEPUMEHTANbHbIE Pe3yNbTaTbl, NOKA3bIBAIOLLME, YTO CYLLECTBYHOT UHTEPBAbI COLEPKaHNS BOBIEYEHHOIO BO3MYXa, B KOTOPbIX MPOYHOCTb 6ETOHA
CHKaeTCs A0 14% Ha Ka/blit NPOLIEHT BOBMEYEHHOM0 BO3AyXa. YCTAHOBNEHO, YTO ONONHUTENbHbI BO3[YX MOXHO BOBMIEYb B 6ETOH C MOMOLLbHO
B03/yX0BOBMEKAIOLLMX [JO6ABOK MW C NOMOLLbIO NOANMPONUIEHOBON DMOPbI, MPK 3TOM NOPOBas CTPYKTypa 6eTOHA 3aBWUCUT OT Crnocoba BO3AYXOBOBEYEHNS.
B nopoBoii cTpyKType 6ETOHOB C MONUMPONMIEHOBOI OMBPOIA, HO 663 BO3AYXOBOBMEKAOLLIMX J06ABOK NPUCYTCTBYIOT 60ee Menkue nopsbl. Vix pacnpeaeneque
paBHOMepHee, a NPOYHOCTL BGETOHA CHUXKAETCA MEHbLLE, YeM B CAy4ae Nop, KOTOpble 06pa30BaHbl 3a CHET BO3AYXOBOBNEKAOLLEH J06aBKM. ATO NOATBEPXAAIOT
pe3ynbTaTbl MUKPOCKOMUYECKOr0 aHann3a. TeopeTuieckn 060CHOBaHbI NPUYMHbBI OTNNYMS B NOPOBOI CTPYKTYpe 6eTOHa ¢ hrbpoaobaBkamu.

KntoveBble cnoBa: JOPOXXHbIA 66TOH, (ONBPO6ETOH, BO3AYXOBOB/EYEHNE, MPOYHOCTb, MOPO30CTOMKOCTb, MOPOBAs CTPYKTYypa.

Ins yutuposanus: Tonmayes C.H., bennyerko E.A. BnusiHne BOBNEYEHHOr0 BO3AyXa Ha CBOWCTBA JOPOXHbIX 6ETOHOB U hUOPOBETOHOB // CTPOUTENbHbIE
marepuansl. 2017. Ne 1-2. C. 68-72.

S.N. TOLMACHEYV, Doctor of Sciences (Engineering) (Tolmach_serg@mail.ru), E.A. BELICHENKO, Candidate of Sciences (Engineering) (Belichenko_khadi@mail.ru),
Kharkov National Automobile and Highway University (25, Petrovskogo Street, 61002, Kharkov, Ukraine)

Influence of Entrained Air on Properties of Road Concrete and Fibrous Concrete

The article shows the influence of additionally entrained air on the properties of road cement concrete. The results of studies of various authors concerning the the effect of entrained air
on the strength of concretes are analyzed. The existing contradictions in them are noted. New experimental results, which show that there are intervals of the content of entrained air, in
which the strength of concrete is reduced by 14% per each percent of entrained air, are presented. It is found that the additional air can be engaged in concrete by using air-entraining
additives or using polypropylene fibers at that, the pore structure of the concrete depends on the method of air entrainment. It is proved that in the pore structure of concrete with poly-
propylene fibers, but without air-entraining additives, smaller pores are present. Their distribution is more uniform, and the strength of the concrete is reduced less than in the case of
pores which are formed by an air-entraining agent. This is confirmed by the results of microscopic analysis. Concrete properties are improved in this case. The article gives a theoretical
justification of reasons for differences in the pore structure of concrete with fibrous additives.

Keywords: road concrete, fibrous concrete, air entrainment, durability, frost resistance, pore structure.

For citation: Tolmachev S.N., Belichenko E.A. Influence of entrained air on properties of road concrete and fibrous concrete. Stroite/'nye Materialy [Construction materials]. 2017.

No. 1-2, pp. 68-72. (In Russian).

B MupoBoii mpakThkKe JTOPOXHOIO CTPOUTEILCTBA OO0JIb-
1I10e BHUMaHUe TO-TIPEXKHEMY YIETISIeTCST BOIIPOCcaM, CBSI3aH-
HBIM C TIOBBILIIEHUEM KauyecTBa U JTOJTOBEYHOCTH OETOHHBIX
MOKPHITUIA aBTOAOPOr. B CBsA3M C MOsIBIeHMEM HOBBIX, OoJiee
JIOPOTMX KOMITOHEHTOB OETOHHOI CMeCH HE OCTaloTCs B CTO-
POHE BOMPOCH 9KOHOMUYHOCTHU, B MEPBYIO 0Yepeib CeOECTo-
nmocTu 6eToHa. OCHOBHBIMM TTOKa3aTeJISIMU KadecTBa OeToHa
SIBJISIIOTCS TIPOYHOCTD, BOAOIIOIIOIICHUE, U3HOCOCTOMKOCTD U
MOPO30CTOMKOCTD ITOKPHITUIA. Bce OHM 3aBUCST HE TOIBKO OT
KayecTBa COCTaBJISIIOIIMX OETOHHOM CMeCH, HO 1 OT (OpPMUPY-
IOIIEICSI CTPYKTYPbI, B IIEPBYIO OUepelb IOPOBOM. YIIpaBieHUe
XapaKTepoM MOPOBOii CTPYKTYpbI 6ETOHA MOXKHO 3 (HEKTUBHO
OCYIIECTBJISITh TIyTeM pETyJIMpOBaHUSI BUIAa M KOJIMYECTBA
MPYMEHSIEMbIX XMMUYECKUX JOOABOK U, TT0 MHEHUIO aBTOPOB,
TIOJIATIPOITJICHOBOM WM 0a3aIbTOBOM (PHOPHI.

W3BecTHO, 4TO yBeJIMYEeHUE MOPUCTOCTU OETOHA IPUBO-
JIIUT K CHWXKEHMIO ero npodHocTu. Iloatomy mpu moabope
cocTaBa TSDKeJbIX OETOHOB CTapaloTcsl 00eCeYUTb MaKCH-
MaJIbHYIO TUTOTHOCTB JIJIS1 3aTBEPAEBILNX OETOHOB. JIOpOXKHbBIE
U a3poApPOMHBIE OETOHBI SIBJISIIOTCS UCKITIOYEHVEM U3 TIpa-
BWJI, TIOCKOJIbKY B MX COCTaB BBOISIT XMMHUYECKHE TOOABKH,
CITOCOOCTBYIOIIME TOTOJHUTEILHOMY BO3IYXOBOBJIECUEHMIO,
YTO MPUBOIUT K HEKOTOPOMY CHUKEHMIO MPOYHOCTH, HO 00e-
CIieuyrBaeT MOBbIIIEHHE MOPO30CTOMKOCTU. [IpuHsSITO Ccuu-
TaTh, YTO YBEJIMYEHUE COIEP>XKAHUST BOBJICUEHHOTO BO3MyXa Ha
1% TIpUBOOUT K CHIKEHUIO TTPOYHOCTH OETOHA NP CXKATUN
Ha 4—5% [1]. [ToaTOoMy yaydlieHre IToKa3aTtesieil MOXXHO T10-
JIYIMTD 32 CYeT U3MEHEHMsI CBOMCTB ITOPOBOTO MPOCTPAHCTRA.
Hanpumep, B crathbe [2] 1moKa3aHO, 4YTO IPUMEHEHKUE JIUTHO-
CyIb(OHATHBIX IUIACTU(hUKATOpOB-MoayJsitopos (JITIM) B
KOMIUIEKCE ¢ Bo3ayxoBoBiekatoleit nobaBkoit CHB mo3Bo-

JISIET TI0JTy4YaTh OETOHBI TPAHCIIOPTHOTO Ha3HAYEHUST C MOPO-
30CTOMKOCTBIO BBIILIE, YeM Yy OETOHOB, COAEpXKAIMX KOM-
wrekc C-3-+CHB. B0, mo npearronoxeHnio aBTOPOB, MOKHO
0OBSICHUTD 00JIee MEJIKMMU 1 00Jiee paBHOMEPHO pacrpee-
JIEHHBIMU ITy3bIPbKaMH BO3IYLITHOM (ha3bl.

[ToaToMy BaKHBIM SIBJISIETCS HE TTPOCTO BOBJEUEHUE J0-
TMOJTHUTEJIBHOTO KOJIMYECTBA BO3/lyXa, HO M OJTHOBPEMEHHast
Moau(UKaIs ITOPOBOM CTPYKTYPHI.

B nocnentee Bpemst IOSIBUTMCH pe3yJIbTaThl UCCIIEA0BA-
HUI TIPOYHOCTH OETOHOB, B COCTaBEe KOTOPBIX KpOMe TuIa-
cTU(dUIMpYIOLIeil 1 BO3AyXOBOBIEKalolleil 100aBOK HaX0-
IUTCs MUKpoHanosHuTenb [3]. [TokazaHo, YTO MPOYHOCTh
0eTOHOB ¢ 3TUMU Jgob6aBKamu u3 cMmeceit ¢ OK=1-3 cMm u
HuszkuM B/11=0,31-0,33 npu u3MeHeHUU conepKaHUsI BO-
BJICYEHHOTO BO3/AyXa MEHSIeTCS pPa3IMYHBIM 00pa3oMm.
3aBUCUMOCTb IIPOYHOCTA OETOHA OT COIEp>KAaHUSI BOBJIC-
YeHHOro Bo3ayxa [3] mpuBeaeHa B Ta0I. 1.

DTU pe3yabTaThl HE MOTYT He BbI3BaTh COMHEHMUS, TaK Kak
B HUX €CTh OUYEBMIHbIC TIpOoTMBOpeumsi. Hanmpumep, npu yBe-
JIMYEHUM COJEPKAHMS BOBJICUEHHOro Bo3ayxa ¢ 5 1o 7,8%

Ta6nuua 1
Bo3nyxoBoBneueHue, % R%, MnNa R2 ., MMa

6,5 51,2 4,69

5 57,6 4,83
7,8 58,8 4,86

5,4 66,4 5

5,8 65,4 4,87

6,6 49,4 4,16
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Modern concretes: science and practice
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Puc. 1. IameHeHne MPOYHOCTN 6eToHOB npu cXXaTunm OT KonmnyecTea BOBJSIEHEHHOI0 Bo3ayxa: a — no AaHHbIM [4]; 6 - No uccnepoBaHusa aBTOpOB

MPOYHOCTh Bo3pacTaeT. C APYyroil CTOpOHBI, TIPU MEHBIIEM
yBeIMYeHUN Bo3myxoconepxkanus (5,8—6,6%) mpouyHOCTb Ta-
JIaeT, IpUYEM OYEeHb CYILIECTBEHHO — Ha 32%. MajioBeposITHO,
YTO 3TU MPOTUBOPEUUST MOKHO OOBSICHUTh Pa3inireM B MHU-
HEpPaJIbHOM COCTaBe MPUMEHSIEMbIX MUKPOHAIOJHUTENEH.
Tem Gosee 4TO aHAJIOTHYHBIE IPOTUBOPEYHSI TTOKA3aHbI aBTO-
paMu M B COCTaBax, comepKaliux 0a3ajabToBylo (GUopy.

IMono6GHBIE pa3nMnuust B XapakTepe BIMSHUS BO3IYXO-
BOBJICUCHMSI Ha CBOMCTBA OETOHA TPEOYIOT COOTBETCTBYIO-
LIIMX YTOYHEHUIA.

PekomeHayemoe coaepxkaHue BOBJIEUEHHOTO BO3ayXa B
JIOPOKHBIX M a3POAPOMHBIX OeToHaxX cocTaBisieT 4—6%, 4To
oTMeyYaeTcsl B OOJIBIIMHCTBE MPoeKToB. OIHAKO B ACHCTBY-
roueM B YkpaudHe BBH B.2.3-218-008—97 Ha nipoekTupo-
BaHHWE U CTPOUTETLCTBO KECTKMX TOPOKHBIX OMEXN yKa3a-
HO, 4YTO 00bEeM BOBJICUEHHOI'O BO3ayxa B OETOHAX ISl BEpX-
HEro cJiosi JOPOXHOTO TOKPBITUSI JAOJKEH HAXOMWUTHCS B
npenenax 5—7% st Tskeaoro 6etoHa u 2—7% A MEKO-
3epHUCTOr0. DTO paCHIMpPSIET PAMKHM PEKOMEHAYEMbBIX Tpe-
JIEJIOB BO3AYXOBOBJIEUEeHUSI. [IJ1s HUXKHETO CJI0sl IBYXCJIOM-
HOTO TOKPBITHS 3TU Tpeaesbl eie Oojiee pacIuIbIBYATHI:
3—5% nna Tsxenoro 6etoHa u 1—12% (1) mwist MeKo3epHU-
cToro. BaxkHO OTMETUTh, UTO COIEPKaHUE BOBJIECUEHHOTO
Bo3myxa 70 12% B TOPOXHBIX W a3pOJAPOMHBIX OETOHAX B
TIPUHITUITE HEBO3MOXKHO, TaK KaK B 3TOM CJIy4ae MBI UMeeM
JIeJIo ¢ 00JIeTYeHHBIMU WU JiaXe JIerKuMu 6etoHamu. [1pu
TaKOM JOTIOJIHUTEIIBHOM BO3IYXOBOBJICUEHUU WX ILJIOT-
HOCTb He mpeBbicuT 1900—2000 kr/M>. Ho eciam paccMaTpu-
BaTh TOJBKO BEPXHUI CJIOM MOKPBITUS, TO TSI MEJIKO3EPHU-
cToro 6eToHa pa3dpoc 2—7% BOBJIEUESHHOTO BO3IyXa Mpe-
ctaBisieTcsl abcypaHbIM. HemoHSTHO, uMcxoms W3 4Yero
Ha3HayaJics 3TOT MUHTepBal BO3AyXoBoBieueHUs1. Kak mo-
BIIMSET TaKOe colepkaHue BOBJIEUESHHOTO BO3ayXa Ha ¢u-
3MKO-MeXaHNYeCKME CBOMCTBA JOPOXKHOro 6eToHa?

B nocnenHue aecsTUaeTUS IS UBTOTOBJICHUST Pa3ivy-
HBIX TI0 Ha3HAYEHUIO OETOHOB, B TOM YHUCJIE U TOPOXKHBIX,
JIOCTATOYHO IIMPOKOE MPUMEHEHUE HALLTU TTOJMITPOITHIIE-
HoBasl M OazanbpToBasi pubpa. MMerTcst cBeeHUsI O TOM,
YTO TIPU TepeMeIIMBaHUM TTOJUITPONIEHOBas (hrubpa Mo-
JKET BOBJIEKATh JOTMOJHUTEIbHBIN BO3aAyX. OIHAKO TOYHBIE
CBEICHUS O BeJIMYMHE STOTO BO3AYXOBOBJICUEHUSI, XapaKTe-
pe bopMUpPyeMOIli TOPUCTOCTH U ee BIMSIHMU Ha CBOICTBA
0OeTOHa OTCYTCTBYIOT, UTO TaKKe TPeOyeT YTOUHEHUS.

Llenbio NprUBEAEHHBIX UCCIIEIOBAHU SIBIISLIOCH U3YUEHUE
XapakTepa BIMSHUS BO3MyXOBOBJICUCHUSI Ha CBOMCTBA GETO-
HOB, COAEPKAIMX MOJUIIPONIWICHOBYIO (UOpPY U O3 Hee.

7151 OLIleHKU BIMSIHMSI KOJIMYECTBA BOBJIEYEHHOTO B Oe-
TOHHYIO CMECh BO3/lyxXa Ha MPOYHOCTb OETOHA MOXHO MpPU-
BECTU pe3yJbTaThl IPOBEACHHBIX UCCIeIOBaHUN [4].
KosruecTBO BOBJIEYEHHOTO BO3AyXa B OETOHAX, KOTOPOE
PETYJIMPOBATIA C TTIOMOIIbIO M3MEHEHUSI pacxoja BO3MyXO-
BOBJIEKAIOIIEI J0OaBKM, M3MeHsIM oT 1,6 10 12% (puc. 1, a).
IlepBoHayaabHO MpPM aHAIU3E PE3YJbTATOB ObLIM BhIIEIE-
Hbl TPY OCHOBHbBIE 00JACTU, B KOTOPBIX U3MEHEHUE MPOY-
HOCTH OETOHA TTPOUCXOAUT MO-Pa3HOMY.

O6nacts I (comepkaHre BoBIe4eHHOTo Bo3ayxa 1,6—6%).
B aToM muarazoHe BO3MyXOCOmEpKaHUS KaxKIbIi TOMOTHU-
TEJIbHO BOBJICUSHHBIN MPOIICHT BO3IyXa IPUBOAMT K CHIKE-
HUIO TIPOYHOCTH B cpeaHeM Ha 13%. B oGnactu 11 mpu co-
JepXKaHUM BOBJIEYEHHOIO Bo3ayxa 6—9,5% Ha 1% noronHu-
TEJIbHO BOBJIEYEHHOTO BO3/yXa MPOYHOCTh OETOHA B CpeTHEM
cHikaetcst Ha 9%. B obmactu 111 mpu comepaHuu BOBJIe-
YyeHHOro Bosayxa 9,5—12% Ha KaXIblii JOMOJHUTEIbHBIN
TIPOLIEHT BO3IyXOCOIEPKAHUSI IPOYHOCTb OETOHA YMEHbIIIa-
eTcs Ha 7%. CnemyeT OTMETUTD, YTO BO BCEX TPeX O0JIACTIX
CHIZXEHUE TTPOYHOCTH TTPU TOTIOJTHUTETbHOM BO3IyXOBOBJIE-
YEeHUU 0Ka3aJI0Ch 0OJIbIIIE, YEM MPUHSITO CYUTATD.

DTH 00J1aCTU BO3AYXOCOAEPKAHUS ObLTN BBIIEIEHBI HC-
XOIs M3 PeKOMEHIALW MO BO3AYXOBOBJECUYEHHUIO (OMTH-
MaJIbHBIM CUMTAETCsl COIepKaHWe BOBJIEYCHHOTO BO3IyXa
4—6%). Mis1 6ostee TOYHOM OLIEHKU BIMSHUSI TOIOJIHUTE b~
HOTO BO3IYXOBOBJIEYEHMS] Ha MPOYHOCTb TOPOXKHBIX OETO-
HOB 10 9TOI 3aBUCUMOCTH CJIeyeT BbIASIUTDb He TPH, a MSITh
obmacreit: 1,6—4,1%; 4,1—6%; 6—8%; 8—9,5% wu Gonee
(puc. 1, 6). YuurtbeiBasi MUPOBOIi OMBIT U PEKOMEHIAIINU TI0
JOTIOJTHUTEILHOMY BO3IyXOBOBJICUYCHUIO B GETOHHYIO CMECh
JUTSL TOPOKHBIX I a3POJIPOMHBIX OETOHOB, CJIEAyeT paccMa-
TpMBaTh AMana3oH 1,6—8%, Tak Kak BO BCeX HOpMAaTHBax
JIOTIOTHUTEIbHOE BO3IYXOBOBJICUCHME OrpaHU4IeHO 7%.

MOXHO OTMETUTh, YTO B MHTepBasie 1,6—4,1% mpou-
HOCTb OeTOHa CHIKaeTcs Ha 13,7% Ha KaXIbIil MTPOLEHT
BOBJICUEHHOTO Bo3ayxa. B mHrepBane 4,1—6% MpoyHOCTD
CHIKAeTCsl B MEHBIIIE cTelleHn — Ha 8%, a B ciieaylomiemM
uHTepBaje (6—8%) Ha KaXIbli MPOICHT BO3IYyXOBOBJICUE-
HUSI TIPOYHOCTL OeToHa ymeHblmaeTcss Ha 10%. ITostomy
HaunboJiee OMACHBIM C TOUYKU 3PEHUST CHYKEHUST TPOYHOCTH
GeToHa SIBJISICTCS MHTEPBAJI, B KOTOPOM COIEPXKaHHUE TOIOJI-
HUTEJIbHO BOBJIEUEHHOI0 BO3ayxa cocTasisier 1,6—4,1%.

Ecnm paccmaTpuBaTh o0lliee YMEHbIIEHUE TTPOYHOCTH
6eToHa, To MpH 5% BOBJIEUEHHOTO BO3MyXa MPOYHOCTH Oe-
TOHa CHUXaeTcst Ha 48% (10 cpaBHEHMIO ¢ OETOHOM, CO-
nepxarM 1,6% Bo3smyxa, T. . 6¢3 BO3MyXOBOBJIEKAIOIIICI
no6asku). Ilpu 3,5% BOBIEUEHHOTO BO3AyXa MPOYHOCTh
cHuxaercs Ha 26%. Ecnu yautheiBath, 4T0 2—3% MpOYHO-
CTH COOTBETCTBYIOT U3MEHEHUIO pacxoja 1emMeHTa Ha 1%,
TO, B TIEPBOM BCJIy4yae, PpU TPAIUIIMOHHO TPpeOyeMOM ISt
JNIOPOXHBIX OETOHOB BO3IYXOBOBJIEUEHUM Ha YpPOBHE
5-5,5% pacxom BSIKYIIEro HEOOXOMWMO YBEJIUYUTh Ha
16—24%. Tlpu cpemHeM comepXaHWHU IIeMEHTa B GeTOHE
JIJIST BEPXHEro CJI0s1 MOKphITUs mopor 360—380 KF/M3 3TO
coctaBuT 58—91 kr/mM>. TIpu CTOMMOCTU 1IEMEHTA OKOJIO
74 non. CIIA/T cebectouMocTb | M? GeTOHHOI cMecH BO3-
pactet Ha 4,3—6,74 mon. CLLIA.

Hcxons 3 manHbIx rpaduka (puc. 1, a) mpu Bo3ayxo-
BOBJICUEHNU OKOJIO 3,5% Tmepepacxom IleMEHTa COCTaBUT
npumepHo 37 xr/M>, win 2,64 non. CIIIA, 4To 3HAYNUTETBHO
MEHbIIIe, YeM B MPEIbIIYIIEM clydae.

CieayeT OTMETUTb, YTO OOIIEM3BECTHOU NPUUYUHON
CHIKEHUST TIPOYHOCTU OETOHOB SIBJISIETCSI YBEJIWYEHHUE B
TEePBYIO ouepeib O0IIeH U OTKPBITOM MOPUCTOCTH.
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CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA

Ta6nuua 2
KonnuecTBo BOBNEYEHHOMO MPOYHOCTBL MPK CXaTUM Boponornouienve Kups nocne uvcna unknos
Bo3ayxa,% nocne 28 cyt R, MlNa W, mac. % 200 300
3,6 43,1 2,5 1,04 0,96
5,6 36,8 2,9 1,1 0,97
MpumeuaHune. B coctaB 6E€TOHHON CMECU BXOAMT KOMMJEKC cynepniacTudunkaTop + Bo3ayxoBoBekatowas nobaska.
WccnenoBanus, mpoBeIeHHbBIE aBTOPaMM, IIPU HAYIHOM Ta6nvua 3
COMIPOBOXICHUN CTPOUTENILCTBA YIACTKOB OCTOHHBIX JOPOT
U momanok B nepuox 2005—2015 rr. mokasanu, 4To Tpu BU 11 KONNYECTBO N0GABKM Conepxarue
6 i BOBJIEYEHHOr 0 BO3ayxa, %
colepXaHUM B OETOHHOI CMECH BOBJIEUEHHOIO BO3[AyXa B
konmyecTBe 3,4—3,7% MOpPO30CTOMKOCTH OETOHOB COOTBET- BB, 0,1% oT M, 4,6
ctByeT Mapke He Hike F300 (tabu. 2). Ob6cnenoBaHue 3TUX CM0,7% + BB 0,1% o My 52
yuacTkoB B 2016 r. mokasajio, 4YTO OHU HaXOISITCSI B YIOB- -
JIETBOPUTEIIBHOM COCTOSSTHUH. [IpOYHOCTH GETOHOB C BO3- & 0,24% ot My 4,2
IyXoBOBJIeYeHEeM 5,6% Ha 15% MeHbIle, 4eM GETOHOB C CMN0,7% +BB 0,1% + ® 0,24% oT M,, 6,8
COLCPKAHMEM BO3/yXa 3=5%' Bozonoryomenne cocrapa ¢ MpumeuaHune. BB - Bo3ayxoBoBnekawLas nobaska Sika Mix
60J1]>g.ll/lM BO3/1yXOBOBJICYCHUEM O0IbLLe Ha 16%, 4TO MOX- || piys: CI — cynepnnactudukatop Sika 2508; d — brbpa nonw-
HO OOBSICHUTbH YACTUYHBIM YBEJIUYEHUEM OTKPBITOHN TOPHU- .
y p p NPONMIEHOBaAs; M, — Macca LIeMeHTa.

CTOCTH, KOTOPOE COIPOBOXKIAE€T POCT BO3MYXOBOBJIECUCHMUSI.
Koaddummentsr mopo3ocroiikoctu mociie 200 u 300 mu-
KJIOB 3aMOpaXXUBaHUS-OTTaMBaHUS OOOUX COCTaBOB HeE
Hixe 0,95, 4yTo BhIIle, YeM B OeTOHAX ¢ OOJIbIIMM KOJIMYe-
CTBOM BO3/lyXxa.

CBoiicTBa GETOHOB C Pa3IMYHBIM KOJUYECTBOM BOBJIE-
YEHHOTO BO3/lyXa IPUBEICHBI B Ta0I. 2.

BaxxHbIM clieCTBUEM 3TUX MPAKTUYECKUX MCCIea0Ba-
HUI SBJISIETCS TO, YTO TIPOYHOCTh OETOHA COCTaBa C MEHb-
LM BO3IYXOBOBJIEYEHUEM COOTBETCTBYeT MapkKe M450, a ¢
6osiee BbICOKMM — Mapke M350. KpoMe 5KoHOMUM LIeMeHTa
CHMKEHME KOJIMYECTBA BOBJEUYEHHOTO BO3AyXa MO3BOJUT
pacIIMpuTh 00JIACTh MPUMEHEHHUS TAKMX OETOHOB.

HccnenoBanus rmokasaim, 4TO YBEJIMYEHUE KOJIMUECTBA
BOBJICUCHHOTO BO3/yXa 3a CUET TPAAUIIMOHHOTO TTpUMEHe-
HUSI BO3IYXOBOBJIEKAIOIIMX M00aBOK TMPUBOAMT TaKXe K
YBEJIMUEHUIO YHUCIa OTKPBITHIX MOP M BO3PACTAHUIO MX
CpeIHEro paauyca.

JpyruMm cnocoGoM yJIydllieHUsI CBOMCTB O€TOHA, B TOM
YUCJIe MOPO3OCTOMKOCTHU, SIBJSETCS BBeAeHUE (UOPHI.
OmHako 3TO OOBSICHSIIOT OOBIYHO, TAaK Xe KaK 1 B [5], Iyd-
1IIeit aare3ueil BOJIOKOH K LieMeHTHOI Matpuiie. Kak Gbu10
IOKAa3aHO B UCCJIENOBAHUSX [4], mMpUMeHEHME TTOJTUITPOITU-
JIEHOBOI (DUOPBI MPUBOAUT K JOTOJHUTEIHLHOMY BO3IYXO-
BoOBJIeueHUIO. B Tab1. 3 mpuBeneHbI pe3yabTaThl UCCIIEI0BA-
HUI 10 BO3IYXOBOBJICUEHUIO B 3aBUCUMOCTH OT 100aBOK B
OCTOHHBIX CMECSIX.

JlanHble TaOJI. 3 MOKAa3bIBAIOT, YTO IPUMEHEHUE BO3IY-
XOBOBJIeKalollel 100aBkM obecrieunBaeT HEOOXOAMMBIH
YPOBEHBb COIEpXKaHUS AOIOJIHUTEIbHOTO Bo3myxa (4,6%
mipu 0,1% no6asku). [1py BBeIeHNM KOMILIEKCA CyTiepIria-
ctudukaTop + BO3AYXOBOBJIEKaOIasl 100aBKa CoaepxKa-
HHUE BOBJICUEHHOTO BO3AyXa BO3pacTaeT, UYTO CBS3aHO CO
c1aboi1 BO3MyXOBOBJIEKAIOIIEH CIIOCOOHOCTBIO CymepILIa-
CTU(PUKATOPOB.

YCTaHOBJIEHO, YTO K TMOBBILIEHUIO COAEPXKAHUST BOBJIE-
YEHHOTO BO3/JyXa MPUBOJUT TakXke BBEAEHUE MOJIMITPOINM-
JieHoBoM (uOpHI (10 4,2%). YUuThIBasg BO3MyXOBOBIIEKAIO-
IIYIO0 CIIOCOOHOCTH BCEX TPeX J00aBOK, MX COBMECTHOE BBE-
JleHWe B OETOHHYIO CMeCh MOJIKHO TTPUBECTU K 3HAYUTEIb-
HOMY BO3IyXOBOBJICUEHMIO, YTO MOATBEPAMIN PE3YIbTATHI
uccienoBaHuii (taba. 3) — KOJIMYECTBO BO3AyXa BO3POCIIO
1m0 6,6%. DTO KOJIMYECTBO TIPEBBIIIACT PEKOMEHIyeMbIe
Mpeesbl U MOXKET TMPUBECTU K 3HAUUTETbHOMY CHUKEHUIO
MPOYHOCTH 6€TOHA, 0COOEHHO eCJIM JOTIOJTHUTEIbHO BOBJIE-
YEHHBIN BO3MYX 00pa3yeT KPYIHYIO MTOPUCTOCTh. YUUTHIBAs
TO, YTO IOJMIIPONUJIEHOBas (ubpa MpencTaBIsaeT coOOoi
JIOCTATOYHO MPOYHBIE BOJIOKHA, MOXHO IPEANOI0XHUTD,
YTO 3TY BOJIOKHA TPU MepeMellIMBaHUM OYayT CITOCOOCTBO-

BaTh pa3pylICHMIO B TTEPBYIO 0YePEIb KPYITHBIX BO3MYITHBIX
ITy3bIPHKOB.

UccnenoBanusi, mnposBeneHHbie A. Illenygpko wu
MioiiBucoM [6], mokasanay, 4TO0 MUHHMMAaJbHAs TOJIIMHA
IUIEHKY B BOJAHOM DAacTBOpE OyieaTa HAaTpus, oOpasyroleit
Mmy3bIpeK Bozayxa, coctanisieT 40A, a B BOTHOM pacTBOpe
cmaumBatens OIl-7 — B aBa pasa GoJiblIe, MPUMEPHO
85A [6]. TonuHa 3TUX IUIEHOK B JBa pa3a 00JIbliIe JIMHBI
Mostekyisl [TAB u, Tak ke Kak MOBepXHOCTHOE HATSKEHME,
3aBUCHUT OT KoHIeHTpauuu [TAB.

ITo nannbiM TOCT 8433, npu KOHLIEHTpALUU pacTBOpa
OI1-7 C = 0,5% ero MoBepXHOCTHOE HATSDKEHHE COCTaB-
aser 0=35-102 H/m. Ina oneara Hatpus mpu C=0,1%
0~30-10° H/M, a ipu C=0,05% MOBEpXHOCTHOE HATSIXE-
Hue yBenuuuBaercs 10 0~40-107 H/m [7].

M3BecTHO, YTO B YCTOMYMBOI MeHe (KOTOPYIO CO3AAI0T C
MMOMOIIBIO TTEHOOOpa3oBaTeNisd THIA ojicaTa HATPHUS WU
OI1-7) oTnenbHbIE €€ My3bIPbKK CO BpeMEHEM MOTYT M3Me-
HATh CBOM pasMephl [6]. [Ipu 3TOM pa3mMepbl MeJIKUX ITy-
3BIPHKOB BCETNla YMEHBINAIOTCS, a KPYITHBIX — YBEJIUYMBa-
foTCsA. DTO MPOUCXOAUT, TaK KakK Tra3 B MEJIKMX Iy3bIpbKax
HCTIBITHIBAET OOJIblliee AaBJIeHWE, YeM Ta3 B KPYIHBIX ITy-
3bIpbKax. Takoe AaBieHue HaMpaBIeHO HapyXy My3bIpbKa U
CTPEMUTCS YPAaBHATHCA C BHEIIHWUM JaBJICHUEM, HaIpaB-
JICHHBIM BHYTPb Iy3bIpbKa 3a c4eT mud@ys3um rasa depes
KUOKYIO TUIEHKY. B COOTBeTCTBMM C ypaBHEHUEM
Jlannaca [8] xamwuisipHOe IaBjieHUEe BO3pPacTaeT C YMEHb-
IIEHWeM paauyca IMy3blpbKa U YBEJIUYEHUEM TMOBEPXHOCT-
HOTO HaTSDKEHUSI:

Ap=40/R.

KoaddummeHT 4 yauTbIiBaeT TO, YTO IIy3bIPEK UMEET JIBE
MOBEPXHOCTU — BHYTPEHHIOIO 1 BHEIITHIOIO.

IIpu HEU3MEHHOM O 3TO JaBJeHUE 3aBUCUT OT paauyca,
3HAYUT, C YBEJIMUEHUEM paanyca CTAaHOBUTCS MEHBIIIE, YTO
MPUBOAMT K BO3MOKHOCTU POCTa pa3mepa Imy3bipbka. M Ha-
000pOT, TPU MAJIBIX PagIuycax OHO BO3PACTaeT, IPOMCXOAUT
cXaTHe Iy3bIpbKa.

Heob6xonymo yuuThIBaTh TaKKe TO, UTO IIPU IepeMelly -
BaHUM OETOHHOI CMecH, comepxkalleil My3bIPpbKU BOBJIEC-
YEHHOTO BO3[yxa, HaOJonaeTcs paspylieHue Haubosiee
KPYITHBIX ITy3bIPbKOB UMEHHO B CHJIY TOTO, UTO C yBEJIUYE-
HUEM paauyca My3bIpbKa MPOUCXOIUT YMEHbILIEHUE BeJU-
YUHBI KaMWUISIpHOTO naBieHus. [Ipn 3TOM CTaGUILHOCTD
(YCTOMYMBOCTD) My3bIpbKa cHUXKaeTcs. [1prioxeHue B 3TOT
MOMEHT K IMy3bIPbKY BHEIIIHETO AaBJ€HUSI TPUBOIUT K €ro
pa3pylIeHUI0. YUUTBIBAs TO, YTO MOJMITPOIIeHOBast (huod-
pa npeacTaBiiseT co00i BOJIOKHA TUAMETPOM OKOJIO S MKM,
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Cn+BB Crn+®dubpa

Crn+BB Cr+dwnbpa

Puc. 2. Ctpyktypa 6eToHa ¢ fobaskamu: a — ysenuderue 32X; 6 — ysenudexve 100X

yIeJIbHOE JaBJIeHUE, OKa3biBaeMOEe TAKMMU BOJIOKHAMU TTPU
repeMeliMBaHUM, 1OCTaTOYHO OOJIbIIOE U MOXET MPUBO-
IIUTH K TOTIOJTHUTEJIbBHOMY Pa3pyIIEeHUIO My3bIPbKOB BOBJIE-
YEHHOrO BO3/yXa, B MEPBYI0 ouepenb KpynHbiXx. C apyroi
CTOPOHBI, ¢ubdpa CrocoOCTBYET MOIOJHUTEIBHOMY BO3IY-
XOBOBJIEYEHUIO, HO pa3Mepbl 3TUX My3bIPbKOB BO3AyXa
JIOJKHBI OTJIMYAThCSI OOJIBbIIEH OZHOPOIHOCTBIO M OBIThH
MEHBIIIETO pajauyca.

BrickazaHHOE TTOATBEPKAAIOT JaHHBIE U3MEHEHUS KO-
JINYECTBa BOBJIEUEHHOI'O BO3/yXa C Pa3UYHbIMU JOOABKaAaMU
(tabn. 2). Hanpumep, npu BBeAEHUU B COCTaB OETOHHOI
CMeCHU OJHOBPEMEHHO cyIlepIulacTudukaropa, BO3IyXO-
BOBJIeKaoIlel 106aBKU U HUOPBI KOJTMYECTBO BOBJIEUEHHO-
IO BO3/1yXa BO3pACTaeT HEANAUTUBHO.

JaHHbBIE ONTHYECKON MMKPOCKOITUM CKOJIOB PacTBOP-
HOU yacTu OeTOoHa, COoAepXKalllMX CyINepriacTuukarop B
KOMILJIEKCE C BO3IYyXOBOBJIeKalolllell n100aBKoOW wiau ¢Gpuod-
poii, MOATBEPAWIM BbICKA3aHHOE MPEATOJIOXEHUE O TOM,
YTO BBeIeHUE (hUOPHI MPU NEpeMeIIUBAaHUU CMECU CIIOCO0-
CTBYET pa3pylIEHUIO KPYITHBIX BO3MYIIHBIX Iy3bIPHKOB
(puc. 2). OueBuaHO, UTO B OETOHE, COepKaIleM Cyrepriia-
ctudukarop Sika 2508 ¥ BO3MYyXOBOBJIEKAIOIIYIO HOOABKY
Sika Mix Plus, BMecTe ¢ MEJIKMMU BO3AYIIHBIMU ITy3bIpbKa-
MM MPUCYTCTBYIOT TaKXe KPYIHbIE, KOTOPbIE€ M CHUXAIOT
MpOYHOCTb O6eToHa (puc. 2). B ornyue ot 3Toro B 6eToHe
6e3 Sika Mix Plus, HO comepxalemM MOJUMIPONUICHOBYIO
(ubpy, KoaMYECTBO BOBJIEUEHHOIO BO3[yXa MEHbIIE (UTO
corjiacyercsl ¢ IaHHBIMU TaOJ. 2), U OH MpPEACTaBleH ITy-
3BIPHKAMM MAJIOTO JuaMeTpa (OKOJIO 6 MKM).

HexoTtopbsiM 00bsicHeHHeM OoJbliieii OMHOPOIHOCTUA U
0oJiee BBICOKOW YCTOMYMBOCTU BOBJIEYEHHBIX (DUOPOIA BO3-
IYIIHBIX ITy3bIPbKOB MOXET CJIYXWUTb TO, YTO YBEJIUYCHUE
BSIBKOCTM CpeNlbl TTPUBOAUT K TMOBBIIIEHUIO YCTOMUYMBOCTHU
neHbl. Eciiv cuyuTaTh, 4TO BBEACHME BO3IYXOBOBIEKAIOIIETO
ITAB 6yzneT crioco0CcTBOBaTh HEKOTOPOMY CHIKEHUIO BSI3-
KOCTM O€TOHHOI cMecH, a BBeaeHUe (DUOpPHI IPUBOAUT, KaK
MU3BECTHO, K MOBBILIEHUIO BSI3KOCTH, TO OTHOCUTEJIBHO 00-
Jiee BsI3Kasli CMECh OOECIEUUT OOJIbIIYI0 CTaOUIBLHOCTb CO-
JlepKaIiuxcsl B Hell BO3MYIIHBIX My3bIPbKOB.

B paccmarpuBaembix cucTtemMax ecThb ellle OAUH KOMIIO-
HEHT OETOHHOM CMECH, KOTOPBIN BIMSIET HA CTAOMJIBHOCTh
BO3JYIIHOIO TY3bIpbKa, — 3TO cylnepruiacTudukKarop.
IToBbIIEHNIO YCTOWYMBOCTU BO3AYIIHBIX MTy3bIPHKOB OyaeT
Croco0CcTBOBATh TaK Ha3biBblaeMblit ahdekT ['Mb6ca, KoTo-
PpHIii TIposIBIIsieTCS TOJIBKO B cpenax ¢ [TAB [6]. OH 0ObsICHS-
eTCs HAJIMYMEM Y TIJIEHKM, OTPaHUYMBAIOIIIEH Ty3bIpeK, 10-
CTaTOYHO BBICOKOW BSI3KOCTM B MOBEPXHOCTHOM CJIOE.
[loBhilIeHHAsT BSI3KOCTb OOYCJIOBJIEHA CYIIECTBOBAaHUEM
MPUIMOBEPXHOCTHOTO ABOWHOIO 3JEKTPUYECKOTO CJIOS.
B 3TOM Cciydyae nmeeTcst HEKOTOpOe MPOTUBOPEYUE: C OMHOMN
CTOPOHBI, coracHo opmyJe Jlannaca mpu CHUXKEHUHU MO-
BEPXHOCTHOTO HaTSDKEHUsI 00Jier4aeTcsi BOBMOXHOCTD JIe-
(opmupoBaHus U pa3pyllieHUs] BO3IYIIHOTO My3bIpbKa, a ¢
JIPYrOil — YCTaHOBJIEHO, YTO OCHOBHYIO POJIb UTPAET CIO-
COOHOCTb IJIEHKU MOBBIIIATh WJIM MOHUXATh MTOBEPXHOCT-
HOE HaTsSDKEHME MPU JIOKATbHBIX AedopMalusix. DTy cro-

0,95 +

09+ | | | |
0 50 100 150 200 250 300 350 400

KonnyecTso umknos

Puc. 3. Mopo3ocToikocTb 6eTOHOB C pasdHbiMu gobaBkamu: 1 — cocTas
¢ CMN+®d; 2 - cocTtas ¢ ClM+BB

cobHocTh TmM60C HasbiBal «3(P(PEKTUBHON YIPYTrOCThIO
meHku». OHa 3aKJII04aeTcsl B TOM, YTO €CJIM OJMH y4acTOK
MJIEHKU MOABEPKEH PACTIXKEHUIO, TO TPOUCXOIUT YBEIUYE-
HUE ero MOBEpPXHOCTH, a 3HAYUT, KoHlleHTpauusi [TAB Ha
5TOM y4YacTKe CHU3UTCS. DTO MPUBEIET K MOBBIIIEHUIO M0~
BEPXHOCTHOTO HATSDKEHUST Ha TpaHMIle pasaena das u, cie-
JIOBaTeJIbHO, K TOSIBJIEHUIO Ha 3TOM YYacTKe CKMMAaIOIINX
YCWINIA, IPUBOASIIUX K YIIPOUHEHUIO. DTOT 3(PpeKT mpo-
SIBJISIETCS] B TEM OOJIbLIEN CTENEHU, YEM BbILIE CITOCOOHOCTD
TUIEHKU OBICTPO U3MEHSITh TOBEPXHOCTHOE HATSKEHUE TIPU
JIOKaJTbHOM U3MEHEHUU KoHIleHTpauu. KpoMe Toro, naH-
HBIN 3P dEKT MPaKTUIeCKU He TMPOSIBISETCS B pacTBOpax
ITAB, xoTOpBIE UMEIOT ITOCTOSTHHOE ITOBEPXHOCTHOE HATSI-
JKE€HME, He 3aBUCsIIee OT KOHLIEHTPALUM, YTO XapaKTepHO
s [TAB, obragaroniux BO3AyXOBOBIEKAIOIIYM ACHCTBHEM.
BT10, HanpuMmep, ojieaT HaTpus win xe OIl, B KOTOphIX G
CTaHOBUTCSI HEM3MEHHOM MTPU KOHIIeHTpalusx Boite 0,1%.
Ho oH MOXeT Xopo1110 MPOSIBISATLCSI B pACTBOPaX MOHOTEH-
Heix [IAB, Hanmpumep cynepruiacTugukaTopoB. Iloatomy
BO3MIYIIIHbIE Ty3bIPbKM, BOBJIEYCHHBIC B ILIACTU(PUIIMPO-
BaHHYI0O OETOHHYIO CMECh 3a CYET IMOJUIPONUICHOBOMN
(ubps1, OyayT Oojee yCTOMYMBBIMU, YEM TTY3bIPbKU, 00pa-
30BaHHbIC JEWCTBMEM BO3IYyXOBOBJIEKAIOUIEH HT0OaBKMU.
Bosblias ycToMUMBOCTb BO3AYIIHBIX MY3bIPHKOB B MPUCYT-
cTBUU (DUOPHI MOATBEPXKIEHA W B IPYIUX HMCCIEIOBaHU-
s1X [9]. ABTOpBI OOBSICHSIIOT 3TO JIYYIIUM CHEIJICHUEM MeX-
Iy HUMM U TIPOTSKEHHBIMY BOJIOKHAMU (DUOPHI.

JaHHble TabJ1. 4 TakKe MOATBEPXKAAIOT BHIIIIEU3TIOKEHHOE.
ITpu mpuMepHO OMMHAKOBOM KOJIMUECTBE BOBJICUEHHOTO BO3-
nyxa 6eToH, coaepxaiuuii KoMmiuieke CIT+BB, umeer Ha 2%
MEHBIIYIO IJIOTHOCTh ¥ Ha 11% MeHbIIyI0 MPOYHOCTh 10
CpPaBHEHMIO ¢ OeTOHOM, coaepxamuMm kKomruiekc CIT+O.
O MeHbI1IEM CoiepXKaHU M KPYITHBIX TTOP CBUETEIbCTBYET TaK-
K€ HECKOJIbKO OoJibliiee BOMOIOMIONIEHNE TaKMX OETOHOB.

[Ipsimoe uccenoBaHe MOPO30CTOMKOCTH OETOHOB, CO-
JepKalIuX yKasaHHbIE KOMIUIEKCHI 100aBOK, TTOKa3aJIo, YTO
HUX MOPO30CTOMKOCTb cOOTBeTCTBYET Mapke F400 (puc. 3).
Hecwmotpst Ha TO 4TO KO3(h(OULIMEHT MOPO30CTONKOCTH MO~
cie 400 UMKIOB MCHOBITAHUK y OETOHOB, COIEpKaIIMX
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CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA
Ta6nuua 4
Mokasatenu Cn+®+BB | CN+d | CN+BB

BosayxosoBneyeHue, % 6,6 4,6 4.8
MpoyHocTb, Mla 41,4 49,7 441
MnoTHOCTb, Kr/m® 2330 2400 | 2360
McTupaemocTs, r/CM2 0,3 0,25 0,3
Boponornowenue W, mac. % 2,8 2 2,3

CIT+®, HecKOIbKO HUXE, YeM Yy OETOHOB C KOMILIEKCOM
CII+BB, ocoboe BHMMaHNE BHI3BIBAIOT JIYYIIIME ITI0KA3aTe-
JI MIPOYHOCTHU, BOJOTOTIONICHUS U UCTUPAEMOCTHU B OEeTO-
Hax, comepxamux komiuieke CIT+®, yto BecbMa BaxkHO
IIJIST TOPOXKHBIX U a3POAPOMHEIX 6ETOHOB. B peanbHBIX yc-
JIOBUSIX KCIUTyaTalluM 3TH MoKa3aTtesu OyayT cnocobcTBO-
BaTh MOBBIIIEHHIO TOJTOBEYHOCTH TAKMX OETOHOB.

IIpoBeneHHbIN pacyeT KalmUIIPHOTO MaBJIeHMsI, BO3HHU-
KaloIIero B BO3AYIIHBIX My3bIpbKax, MOKa3aJl, YTO B CUCTEME
CII1+BB cpenHuii nnamMeTp Imy3bIpbKOB COCTABIISIET 15 MKM, a
B cucteMe CIT+® oH yMeHbIIeH 10 6 MKM (puc. 2).

ITo pe3ynbTatam, OJy4YeHHBIM aBTOpaMU, TTOBEPXHOCT-
HOE HaTsSKeHUE Ha TpaHuIle pasziena $ha3 «BOTHBIN pacTBOp
ITAB — Bo3nyx» npu koHuentpauuu CIT Sika 2508 1% co-
crapisger 0 = 0,047 H/m. [ToBepXHOCTHOE HATSKEHUE MPU
KOHIICHTpallMM BO3MyXoBoBIeKawlleid nodoaBku Sika Mix
Plus 0,25% coctapisier 0 = 0,062 H/M. BenmunHa moBepx-
HOCTHOTO HaTsKeHUs BogHoro pactsopa CIT1%+BB0,25%
yKa3aHHBIX KOHLIeHTpaiuii coctasisier 0 = 0,043 H/m.

Torma misi cucrembt CIT1%+BB0,25% Ap=40/R=
=4-0,043/7,5-10°=22930 ITa, wu 22,9 kI]a.

st cuctembl CIT+® Ap=40/R=4-0,047/3-10"°=62666,
nu 62,7 xl1a.
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To ecTb KanMJUIAPHOE NaBJIeHUE B BO3MYITHBIX My3bIPhb-
Kax MpHY BBEJEHUM B COCTaB OETOHHOI CMeCH TOJUMPOIH-
JIeHOBOI (buOpHI B 2,74 pa3a Bbllle, YeM B ITy3bIpbKax, 00-
pPa30BaHHBIX BO3MYXOBOBJIEKAlOIEH M00aBKONH. DTO MOA-
TBEPKAAET OOJIBIIYIO YCTOMUMBOCTD TAKUX ITy3bIPHKOB.

BriBobI.

1. IMoka3aHo, YTO BBEICHHUE B COCTaB OETOHHOI CMecHu
BO3IyXOBOBJIEKAIONIMX N100aBOK MPUBOAUT K CHUXKEHUIO
MPOYHOCTHA OETOHOB. BBIIENIEHO HECKOJIBKO OUANa30HOB
coziep>KaHusI BOBJICUEHHOTO BO3yXa, B KOTOPBIX Ha KaXKIbIit
MPOLIEHT BO3IYXOBOBJIEYEHUS TPOYHOCTh OETOHA CHUXKAET-
cs ot 8 10 13,7%. YcTaHOBIIEHO, UTO B HAMOOJIBIIEH CTEIe-
HU 5TO KacaeTcsl MHTepBajia BO3ayxoBopieueHus 1,6—4,1%.

2. DKCIEepUMEHTAJIbHO YCTAHOBJIIEHO M JIOKA3aHO, YTO
YMEHBIICHUE COIePKaHMs BOBJICYEHHOTO BO3IyXa ¢ 5,6 10
3,5% He CHUXAeT MOPO30CTOMKOCTH 6eToHOB npu 300 1u-
KJIaX UCIIBITAHUM, HO TTOBBIIIAET UX TTPOYHOCTh M CHIKAET
BojoIoromenne Ha 16%.

3. BhIsgBI€HO, YTO IpUMEHEHH’E IOJIUIIPOIMICHOBOK
GuOpBI BMECTO BO3AYXOBOBJIEKAIOIIEH JOOABKM MO3BOJISIET
obecneynTh He0OXONMMOe BO3AYXOBOBJEUEHUE MPU OIHO-
BPEMEHHOM YJIYYIIEHUM SKCILTyaTallMOHHBIX CBOWCTB Oe-
TOHA. DTO 00YCIOBICHO (popMUpPOBaHUEM 00JIee OTHOPOI -
HOW M MEJKOMOPUCTOM MOPOBOM CTPYKTYphI 32 CUET Ieii-
CTBUS BBeIeHHOH (puOpkI. [loaTBep:KaeHo, 4To IIpUMEHEHe
MOJIUIIPONUIEHOBOM (pMOPHI MMO3BOJISIET IIPU HEOOXOAMMO-
CTU YMEHBIIUTh PACX0] BO3IyXOBOBJIEKAIOIIEH T00aBKH.

4. TeopeTrueckr 000CHOBAHO U PaCUETHBIM ITyTEM JI0-
Ka3aHO TTOJIOXUTEJIbHOE BIUSIHUE CYTepIiacTiu(UKaTopoB
COBMECTHO C TTOJIUITPOITMIIEHOBOM (hbOPOIi Ha TTOBBIIICHUE
CTaOMJIBHOCTH CYIIIECTBOBAHMS BO3MYIIHBIX MY3bIPHKOB IO
CPaBHEHUIO C CUCTeMOM CymnepruiacTu(uKaTop — BO3AyXO-
BOBJIEKao111asl 100aBKa.
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Modern concretes: science and practice
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Oco6eHHOCTH pacyeTa NPOYHOCTH Xene3006eTOHHbIX
KOHCTPYKLUHA, YCUNIEHHbIX KOMNO3UTHLIMWU MaTepuanami

113n0>XeHbl 0CO6EHHOCTM pacyeTa MPOYHOCTY XKene3066TOHHbIX KOHCTPYKLINIA, YCUAEHHbIX aDMUPOBAHMEM 3/1EMEHTaMU B BUAE XOICTOB, NaMUHATOB UK
CETOK N3 KOMMO3UTHbIX MaTepuanos. MpeacTaBneHbl yKa3aHus No pacyeTy NPOYHOCTI MO HOPMaNibHbIM CEYEHUSM M3TNOAEMbIX U CXKATbIX INEMEHTOB
METO[I0M NPeAesibHbIX YCUIniA 1 No AehOPMALMOHHON MOAENM, @ TAKXKE N0 PacyeTy NPOYHOCTM NO HAKNOHHBIM CeveHusM. NpuBeaeHbl 3aBUCMMOCTM
Ans y4eTa 0CO6EHHOCTE pacyeTa yCueHHbIX KOMNO3UTHBIMI MaTepuanamiu Xene306eTOHHbIX KOHCTPYKUMIA. [TpeACcTaBneHO CONOCTaBNEHNE
pe3ynbTaToB pacyeTa OMbITHbIX 06PA3L0B N0 NPOYHOCTM HOPMANbHBLIX CEHEHWNIA METOAO0M NpeAeNbHbIX YCUnIA 1 N0 AehOPMALMOHHON MOZenn

C pe3ynbraTamu 3KCnepuMeHTanbHbIX UCCNeaoBaHNiA. MpuBeAeHO CONOCTaBMNEHNE PACYETHbIX 3HAYEHWIA HECYLLLEN CNOCOBHOCTYU OMbITHbIX 06Pa3L0B

M0 HAKNOHHOMY CeYeHMto B 06LLen CNoXXHOCTM B 06paboTKy BKMOYEHO 0K00 850 06pa3LoB, MCMbITaHHbIX HA U3rMb, Ha CxxaTne 1 Ha AencTBUe
NonepeyHoN Cuibl. BbinonHeHa OLEHKa TOYHOCTW NpeanaraemMblX METOAMK pacyeTa.

Knioyesblie CNOBa; Xene306eTOHHbIE KOHCTPYKLMM, apMUPOBAHNE, KOMMO3UTHbIE MAaTepuabl, YCUNeHUe, apMarypa, HOpManbHOe CeYeHNe, HaKNoHHOe
CEYeHMe, PACcyeT MPOYHOCTH.

Ins uutuposanusa: Myxameanes T.A., 38e3aoB A.W. Oco6eHHOCTI pacyeTa NPOYHOCTM XKene306eTOHHbIX KOHCTPYKLMIA, YCUNEHHBIX KOMNO3UTHBIMY
marepuanamu // CtpoutenbHbie matepuansl. 2017. Ne 1-2. C. 73-77.

T.A. MUKHAMEDIEV, Doctor of Sciences (Engineering) (Takhirc0@rambler.ru), A.l. ZVEZDOV, Doctor of Sciences (Engineering)
JSC Research Center of Construction (6, ond Institutskaya Street, Moscow, 109428, Russian Federation)

Features of Calculation of Durability of Reinforced Concrete Structures Strengthened with Composite Materials

Features of calculating the durability of reinforced concrete structures strengthened with reinforcement elements in the form of canvases, laminates, and meshes from composite materi-
als are described. Instructions for calculating the strength of normal cross-sections of flexible and compressed elements by the method of limit forces and according to the deformation
model, as well as calculating the strength of oblique sections are presented. Dependences for accounting the features of calculation of reinforced concrete structures strengthened with
composite materials are also presented. The comparison of results of the strength calculation of experimental samples of normal sections by the method of limit forces and according to
the deformation model with the results of experimental studies is made. The comparison of calculation values of bearing capacity of experimental samples along the oblique section is
presented. In total, the processing included about 850 samples which were tested for bending, compression, and action of transverse force. The assessment of the accuracy of proposed

calculation methods is made.

Keywords: reinforced concrete structures, reinforcing, composite materials, strengthening, reinforcement, normal section, oblique section, strength calculation.

For citation: Mukhamediev T.A., Zvezdov A.l. Features of calculation of durability of reinforced concrete structures strengthened with composite materials. Stroitel’nye Materialy
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B mocinenHue roapl ycuieHue XKenae300€TOHHBIX KOH-
CTPYKIIMIi YCIIEIIHO MPOU3BOIUTCS C UCIIOJIb30BAHUEM CO-
BPEMEHHBIX KOMIMO3UTHBIX MaTepuanoB [1—13]. YcuneHnue
OOBIYHO OCYILIECTBJSIETCS MYTEM YCTPONCTBA CUCTEMBI
BHEIIIHETO apMUpPOBaHUs U3 3JIEMEHTOB, M3TOTOBJICHHBIX
13 KOMITO3UTHBIX MaTepPUaIoB — XOJICTOB, JIJAMUHATOB WJIN
ceTok. [l TpoeKTUPOBaHMS TaAKOTO BUIA YCUJICHUS KOJI-
snektuBoM u3 crietmanucroB HUMXKDB um. A.A. T'BozaeBa
COBMECTHO CO CIELMAIMCTaMU psiia CIelMaTu3UpOBaH-
HbIX OpraHu3aluil pa3paboTaH crienuaibHblii CBOA MpaBul
CIT 164.1325800.2014 «YcuneHue kene300€TOHHBIX KOH-
CTPYKILIMIA KOMMO3UTHBIMM MaTtepuanamu. [IpaBuia mpo-
ektupoBaHus». CIT 164.1325800.2014 oxBaTbIBaeT Xeae30-
OETOHHBIE KOHCTPYKIIMU, YCUJICHHBIE TI0 HOPMaJIbHBIM Ce-
YeHMUSIM TyTEM YCTPOMCTBAa BHEIIHEro apMUpPOBaHUS B
HampaBlIeHUU MPOAOJbHONW OCH WJIM MyTeM YCTPOWCTBa
000#IMBI BHEIITHUM apMUPOBAHUEM B TIOTIEPEYHOM HaIlpaB-
JICHVM, a TAaKXKe YCUJIEHHBIE TT0 HAKJIOHHBIM CEYEHMSIM T10-
TepeYHbIMU XOMyTaMU. YKa3aHus CBoja mpaBuiI pa3pado-
TaHbl HA OCHOBE aHaJM3a PE3YJbTATOB IKCIEPUMEHTATb-
HBIX MCCJIeIOBaHUM XeJe300€TOHHBIX KOHCTPYKIIMA,
YCUJIEHHBIX KOMITO3UTHBIMU MaTepuajiaMu. MeToauKu
pacyera MPOYHOCTH YCUICHHBIX KOHCTPYKIIMIA TTOCTPOESHBI
Ha pacuetHbIx Mogensix CIT 63.13330.2012 «beroHHbIe U
KeJ1e300eTOHHBIe KOHCTPYKIMU. OCHOBHBIE TTOJIOKEHMS»,
TIPUHSTHIX IS XKeJe3006 TOHHBIX KOHCTPYKIIUi, HO ¢ y4e-
TOM OCOOEHHOCTel paboOThl BJIIEMEHTOB YCUJIECHUS.
OcHoBHbie nojioxenust CIT 164.1325800.2014, yuuTthbiBaio-
e OCOOEHHOCTM pacyeTa YCUJIEHHBIX KOMITO3UTHBIMU

MartepuajiaMy Xeje300eTOHHBIX KOHCTPYKIMM, TTPUHSITHI
CJIEAYIOIIUMU.

Metoauku pacuyeTa yCUJIEHHBIX KOHCTPYKIIMI TTO TTPOY-
HOCTU MOCTPOEHBI C yYETOM HAYAJIBbHOTO HaIpPSXKEHHO-/1e-
(opMUPOBAHHOIO COCTOSIHUSI KOHCTPYKIIMHY TIEPE]T €€ YCU-
JIeHueM. 3HayeHMs] Ha4aJIbHOW OTHOCUTEIbHOU nedopma-
MM CYLIECTBYIOIIEH CTAIbHOI apMaTyphl € U HaYaIbHOM
OTHOCHTEJILHOM JehopMalIiy CKaTol rpaHu GeToHa €)) e-
pen ycuJieHueM M3rudaeMbIX U BHELICHTPEHHO CXAaTbIX KOH-
CTPYKLMIT PEKOMEHIOBAHO OMPEEISATh 0 COOTHOLICHUSIM
TEOPUHU YIIPYTOCTH, HO C YYETOM HEYIPYTMX CBOMCTB OeTOHA
MPU CKATUU Y OTCYTCTBUSI WY HAJWUYUS TPEUIUH B PacTsi-
HYTOM 30H€ C€YeHUSI KOHCTPYKIIWH.

Kak u B CIT 63.13330.2012, B KauecTBe OCHOBHOIO Me-
TO/a pacyeTa Mo MPOYHOCTU HOPMAJTBHBIX CEYEHUM XKee30-
OETOHHOW KOHCTPYKLIMY, YCWJIEHHOW BHEIIHUM apMUPOBa-
HUEM, TIPUHSIT METOJI, pacyeTa ¢ UCIOJb30BaHUEM JUarpaMm
nedopMupoBaHus 6€TOHA, CTAJILHOW apMaTypbl U KOMIIO-
3UTHOTO MaTepuasa, a sl YaCTHBIX ciiydyaeB (hOpMbI Tore-
PEYHOro CeYeHMsS] KOHCTPYKIMU W CUJIOBBIX BO3IEHCTBUI
JIOTYILIEHO UCITOJIb30BaTh METO/ MPEAEIbHbBIX YCUITUA.

PacueTHbIE 3aBUCUMOCTH ISl yueTa 0COOEHHOCTEM pa-
0OTHl YCUJIEHHBIX KOMIO3UTHBIMM MaTepuajlaMu KOH-
CTPYKIIUI TIPUHSATBH HA OCHOBE aHaJIM3a Pe3yJIbTaTOB 00-
pabOTKU 9KCNEPUMEHTAbHBIX UCCAEAOBAHUNA U C YUYETOM
PEKOMEHAALMM, MPUHATBIX B aMEPUKAHCKUX U €BPOIICH-
ckux HopMax. CobpaHHas 3KcIepuMeHTalbHas 0asa, 110
KoTopoii mpoBepstin npuHaTteie B CIT 164.1325800.2014
pacueTHbIE 3aBMCUMOCTH, COCTOSIa M3 OIBITHBIX OOpas-
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LIOB, UCIIBITAHHBIX 3apyOeXHBIMU U OTEYECTBEHHBIMU HC-
cJIeJOBaTeISIMU.

3aBUCHUMOCTH JIJI pacuera Mo MPOUYHOCTU HOPMAaJIbHBIX
CEYEHUI M3rnbaeMbIX U BHEILIECHTPEHHO CXaTbhIX KOHCTPYK-
LI METOJOM IIpEeIbHBIX YCUIIUI YCTAHOBJICHBI ICXO/IS U3
npeanocbutok CIT 63.13330.2012 u ciieayiomero J0MoaHI-
TEJLHOTO OrPAHUYCHMSI:

R/<(en-£)) Ej, (1)

rIe € — MpeaeabHOe 3HaUeHUEe OTHOCUTEJIbHOM aedopmMa-
IIMA CTaJbHOW apMaTypbl, TPUHUMAEMOE MO YKa3aHUIM
CII 63.13330.2012.

3HayeHue TPaHUYHON OTHOCUTEIBbHOI BBICOTHI CXKATOM
30HBI &Rf, MPpU KOTOPOM TPENESbHOE COCTOSIHUE 2JIEMEHTA
HaCTynaeT OMHOBPEMEHHO C TOCTUKEHUEM B KOMITO3UTHOM
MaTepuajie 3HAaYeHUsI HAMpPSKEHUs, PABHOTO PAaCYETHOMY
3HAUEHMIO CONPOTUBJIEHUsI R;, yCTAHOBJIEHO C yUeTOM Ha-
YaJbHOTO HaIMpSXeHHO-1e(OPMUPOBAHHOTO COCTOSIHUS
KOHCTPYKIIMU TIepe/l €€ YCUTIEHUEM:

=Lﬂ, )
&utey
1+~
b2
IJe ® — XapaKTepUCTHKA CXaTOi 30HBI OeTOHA, TPUHUMAae-
Masl [UIsI TSDKEJIOro 0eToHa KiaccoB 10 B60 BKIIOYMTETHHO
paBHoii 0,8, a st Tskesnoro 6eroHa kiaaccoB B70 — B100 u
IIJIST MeJTKo3epHUcCToro 6etoHa — 0,7; & — pacyeTHOE 3Have-
HUe TIpe/ieJIbHBIX OTHOCUTEJIBHBIX Ae(opMaliuii KOMITO3UT-
HOTO MaTepuaja, BEIMUCISIeMOoe TIPY pacyYeTHOM 3HAUYCHUU
€r0 COIPOTUBJICHUSI PACTSIKEHUIO; €5 — OTHOCHUTEIbHBIE
nedOopMaly CKAToro GETOHA NPy HanpsKeHusxX Ry, npu-
HuMaeMble 1o ykazanusM CIT 63.13330.2012.
3aBUCHUMOCTH JIJIsI pacueTa Mo MPOYHOCTU HOPMaJIbHBIX
CEeYEHUI M3rnbaeMbIX U BHEILIEHTPEHHO CXaThIX KOHCTPYK-
LW METOIOM TIPENeIbHBIX YCUINI TTPUHSTHI B BUJIE, TIPE/-
crasiaenuoM B CIT 63.13330.2012 maa KOHCTPYKLHMIA CO
CTaJIbHOII apMaTypoil, HO C y4eTOM pabOThl 2JEMEHTOB
YCUJIEHMS.

IMpu HapymeHun ycnoBus (1) pacyer M3rnbGaemMbiXx U
BHELIEHTPEHHO CXaTbhIX KOHCTPYKIIMI O TPOYHOCTU HOP-
MaJIBHBIX CEUYEHWI PEKOMEHYeTCSl BBITIOJHATh 0e3 yuyeTa
CYLLECTBYIOLIEH CTAJIbHOI apMaTyphl.

J171s1 pacyeTa Mo MpoYHOCTH HOPMAJIbHBIX CEYEHUI C HC-
MOJb30BaHUEM AMarpamMm aechopMUpoBaHusl 6eToHa, apMa-
TYpbl U KOMIIO3UTHOTO MaTepuajia MpUHsTa MpeaCcTaBIeH-
Has B CIT63.13330.2012 o61ast cucreMa (pU3n4eCKUX COOT-
HOIIIEHW, yCTaHABIMBAIOIINX CBSI3b YCUINI C KpUBU3HAMM
1 OTHOCUTEJIBHOM AehopMaIreit mpomoIbHOM OCH 2JIeMeH-
Ta. Ilpy 3TOM KEeCTKOCTHBIE KO3(h(GUIKNEHTH B CUCTEME
¢usmueckux coorHouieHuit B CI1 ycTaHOBJIEHBI C y4EeTOM
paboThl 2JIEMEHTOB YCUJICHUS U JIMHEHHON CBS3U MEXIy
MPOJOJbHBIMU HATIPSIKEHUSIMU U OTHOCUTEJIbHBIMM JIe-
dopmanMsIMU KOMIIO3UTHOTO MaTepuaa.

PacueT 1Mo NMpOYHOCTU HOPMATBHBIX CEUEHUIN yCHUJICH-
HBIX KOHCTPYKIIMI Ha OCHOBE AUarpamm neopMupoBaHUs
MaTepHuasioB BHIMIOJHSIOT B IBa dTara.

Ha nepBoM 3Tane npous3BoIsT pacyeT HaNPsSXKEHHO-/1e-
(opMUPOBAHHOIO COCTOSTHUS KOHCTPYKIIMU 0€3 y4yeTa 3J1e-
MEHTOB YCUJIEHUSI — Ha Harpy3Ku, ACHCTBYMOIIME Ha KOH-
CTPYKIIMIO IO ee ycwieHus. B pe3ynbraTe pacuera ornpesne-
JISIIOT HavyaJbHble 3HAYeHWs] KPUBU3HBI MPOIOJBHON OCH
CEUEeHUSI U OTHOCHUTEJbHBIX AedopMaluii 0eToHa U CyIlle-
CTBYIOIIEH CTaJIbHON apMaTypbl, KOTOPbIE 3aTeM YyUUThIBa-
I0TCSI Ha BTOPOM 3Tarle pacuera.

Ha BTOpOoM 3Tarie BBITIOJHSIOT pacyeT MO MPOYHOCTU
HOPMAaJIbHBIX CEUEHUM C yIeTOM 3JICMEHTOB YCUJICHUS 1 Ha-
JaJIbHOTO HAMPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSTHUS
KOHCTPYKIIUM.

PacueT HOpMaJIbHBIX CEUEHMI MO TPOYHOCTU Ha OCHOBE
nuarpaMm J1e(opMUpOBaHUS MaTepUAJIOB MPOU3BOIST U3

Sy
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KonnyecTeo 06pasiios
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Puc. 1. PacnpepeneHne koapdUUMEHTOB TOYHOCTU pacyeTa OMbITHbIX
06pasLoB, NCMblTaHHbIX Ha M3rnb: DM — pacyeT no auarpaMmmMHOMy MeToay;
PU - pacyeT no metoay npeaesibHbIX yCunun

yciioBuit, yctaHoBiaeHHbIX B CIT 63.13330.2012, u nomnoaHu-
TEJILHOTO YCJIOBUSI:

0
€ — &y &g, (3)

rae € — OTHOCUTEJNIbHbBIE iehOpMalluy BO BHEILIHE apMary-
pe 13 KOMIIO3UTHOTO MaTepuaa.

W3noxeHHbIe METOOUKN pacueTa U3rudaeMbIX 3JIeMEH-
TOB ObLUIM MPOBEPEHBI MyTEM pacueTa OMbITHBIX 00pa3loB,
BBINIOJIHEHHOr0 KaHA. TexH. Hayk [I.B. KyseBaHOBBIM.
PacueT OmbITHBIX 0Opa3lOB IO MPOYHOCTU HOPMAaJbHBIX
CeYeHUi ObL BBHITIOJHEH KaK METOAOM MpeaeIbHbIX YCH-
JINH, TaK ¥ TIO METOAY pacyeTa Ha OCHOBE IuarpaMm aecop-
MUpPOBaHMS MaTepuajaoB. B o01iei cioskHOCTH B 00pabOTKy
BKJII0YeHO 397 00pa3ioB, UCIIBITAHHBIX HAa U3ruo, 1 401 06-
pasell, UCIIBITAHHBIN Ha CXaTHe.

JIJIs1 ONBITHBIX 00pa3loB, UCIBITAHHBIX HAa U3TWO, pas-
pyllleHVe BCJEACTBUE pa3pblBa KOMITO3UTA WIM pa3pyllie-
HUSI CXKATO#l 30HBI OETOHA YCTAaHOBJICHO B 58 cirydasix, pas-
pyllleHUe BCJIEICTBME OTCIAMBAHUSI KOHIIEBBIX YYaCTKOB
KoMmIo3uTa — B 186 ciryyasix, a pa3pylIieHue ¢ OTCIanBaHU-
€M KOMIIO3UTa B cepearHe 0anoK — B 153 ciyvasx.

Ha puc. 1 npencraBiieHbl pe3yiabTaThl pacyeTa U3rubae-
MBbIX 00pa31ioB B BU/E pacrnpeneacHus: KoadhuiimeHTa Tou-
HOCTH pacyeTa, MpeaCcTaBIsIoIIEro coooit oTHoIIeHre haK-
TMUYECKOTO 3HAUEHUS HECYILEeil CIIOCOOHOCTU OIBITHOIO
obpa3sua K pacuetHoMy. CpenHee 3HaueHUE KOG GUIIEHTA
TOYHOCTU pacuera coctaBwio 1,03 mpu cTaHZapTHOM OT-
xkioHeHuun 0,16. CpenHee pacxXoXIeHHE pe3yIbTaTOB pac-
YETOB, BBIMOJIHEHHBIX 110 TMarpaMMHOMY METOY, U pacye-
TOB 110 METOY MpeAeTbHBIX YCWINI cOoCTaBmIO 2%.

Pacuer mo MpOYHOCTU CEUEHUI CXKATBIX JIEMEHTOB,
YCUJICHHBIX IIyTeM YCTPOMCTBA OOOMBI U3 KOMITO3UTHBIX
MaTepUaioB, MPOU3BOIST IIyTEM ydyeTa MOBBILICHUS TIPOY-
HOCTH OeTOHA MpU 0ObEMHOM HAMPSIKEHHOM COCTOSTHUMU.

Ha ocHoBaHuu 06pabOTKM pe3yabTaTOB IKCIEPUMEH-
TaJIbHBIX UCCJIEIOBAHUI pacyeTHbIE 3HAYEHUST COITPOTUBJIE-
HUsI GETOHA CXKATUIO B OCEBOM HaIlpaBJICHUU PEKOMEHI0Ba-
HO ompenesIsTh 1o (popMmyIie:

Ryz=Ryt+ky-ke-Ry- Uy, 4

rae ks u k., — COOTBETCTBEHHO KO3(PbULUEHT 3D PEKTUB-
HOCTU 000MMBI ¥ KO3(DPUIIMEHT, YIUTHIBAIOIINI HAINYNE
Pa3pbIBOB 110 BLICOTE 000IMBI; KOA(POULIMEHTH peKOMEH-
NIOBAaHO BBIYMUCIITL MO 3aBucumoctsM ACI 440.2R-02
«Guide for the Design and Construction of Externally
Bonded FRP Systems for Strengthening of Concrete
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Puc. 2. PacnpegeneHve koaddPUUMEHTOB TOYHOCTWU pacyeTa OMbITHbIX
06pa3LoB NPSIMOYroNbHOMO CEYEHUS!, UCMbITAHHbIX HA CXaTue: ycnosue 1 —
6e3 orpaHndeHns npousseneHus ko u k,; yCnosne 2 — ¢ orpaHmyeHrem
BennynHon 0,55; ycnosue 2a — ¢ orpaHnyeHnem senmymHomn 0,5

Structures» (American Concrete Institute (ACI), 2002,
Committee 440), KOTOpbIE IPUHSITHL B HECKOJIBKO CKOPPEK-
TUPOBAaHHOM BUJIE.

IIpu pacyere MO MPOYHOCTHM BHELEHTPEHHO CXKAThIX
3JIEMEHTOB MPSIMOYTOJILHOTO Y KPYIJIOTO CEYEHUS B pacyeT-
Hble 3aBUCUMOCTH BMecTO TapameTpoB R, u & moacrapms-
10T COOTBETCTBEHHO Rp; m Egs, ONpemensieMble C y4ETOM
00BEMHOTI0 HAIIPSIZKEHHOTO COCTOSTHUSI O€TOHA:

§R3=ﬁ; (5)
€,
Ry,
ep=ent2l Lr, (6)

MeTtonuka pacyeTa Obljla MpOBepeHa MyTeM COIOCTaBIIe-
HUS pacyeTHBIX M OMBITHBIX 3HAYEHUI Hecylleil crocob-
HOCTH OIIBITHBIX 00pPa31IoB, YCUJIEHHBIX MyTeM YCTPOWCTBA
000IMBI U3 KOMITO3UTHBIX MaTePUAJIOB, U UCITBITAHHBIX Ha
cxxaTtue. DKcnepuMeHTalbHas 6aza cocrosiia u3 249 obpasz-
LIOB ¢ Kpyrjoii u 152 obpasua ¢ npsiMoyrojibHOM opmoi
TOTEPEYHOTO CEUEHMUSI.

Pacder onbITHBIX 00pa3lOB MPSIMOYTOJBHOTO CEYEHMUSI
BBITIOJIHSIJIM C OTPpaHUYEHUEM TIPOU3BeNeHUS Ko3DhUIm-
€HTOB ko 11 k.. [10 pe3yabTaTaM pacyeToB YCTAHOBJIEHO, YTO
6oJiee BbICOKAsi TOYHOCTh pacyeTa JOCTUTAETCS TIPU Orpa-
HUYEHUU TPOU3BEACHUSI 3TUX KO3(DOUIIMEHTOB BEJIUYM-
Hoii 0,5. B aToMm ciaydae cpeaHee 3HaueHUe KO3 PUIIMeHTA
TOYHOCTU pacuera coctaBwio 1,01 mpu cTaHIapTHOM OT-
kioHenuu 0,17 (puc. 2).

J7s1 onmbITHRIX 00pa3IoB KPYIJIOTO CEYEHMST YCTaHOBJIE-
HO, 4TO cpeAdHee 3HaueHHe KO3 pUImeHTa TOYHOCTH pac-
yeta cocTaBiaser 1,09 mnpu cTaHIAapTHOM OTKJIOHE-
nuu 0,18 (puc. 3).

PacueT mo npoyHOCTH HAKJIOHHBIX K MPOAOIbHON OCU
KOHCTPYKILIMU CEYEHUM, YCUJICHHBIX BHEIITHUM apMUpOBa-
HUEM M3 KOMITO3UTHBIX MaTepuajoB B BUIE IBYXCTOPOH-
HUX, TPEXCTOPOHHUX WJIA 3aMKHYTBIX XOMYTOB, TIPOU3BOIST
MO TPOYHOCTU OETOHHOM IMOJOCH MEXIy HAKIOHHBIMU
TpelMHaMH1, MO0 HAKJIOHHBLIM CEYeHUsIM Ha IelcTBUE TO0-
MepevYHbIX CUJI U MO HAKJIOHHBIM CEYEHMSIM Ha JeHCTBUE
MU3rudaroX MOMEHTOB.

Pacuer mo mpoyHOCTM OGETOHHOI TOJOCHI MEXIy Ha-
KJIOHHBIMM TpEITMHAMM PEKOMEHIOBAHO MPOU3BOIUTH IO
ykazanusam CIT 63.13330.2012 6e3 yueTa paGOThI XOMYTOB
13 KOMITO3UTHBIX MaTepUasIoB.

PacueT no HaKJIOHHBIM CEYEHUSIM PEKOMEHAOBAHO MTPO-
n3Bonuth o Metoauke CIT 63.13330.2012, HO ¢ y4eToMm
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Puc. 3. PacnpepeneHne koapOUUMEHTOB TOYHOCTU pacyeTa OMbITHbIX
06pasLoB KPYrioro Ce4eHUs, UCMbITaHHbIX HA CXaTne

JIOTIOJIHUTENBHOTO BHYTpeHHero ycuus Oy, B ameMeHTax
YCUJIEHMSI, TIepeCceKaloluX HaKJIOHHYIO TPEITUHY.

3aBucumoctb s onpenenenuns Op, NPEATOKEHO Onpe-
NEJISITh 1o hopmyie:

As- Ry sina-C
Q= PSR )

rae ¥y — KOS(POULUMEHT, YIUTLIBAIOLIUIA CXEMY HAKIEHKN

XOMYTOB U TIPUHMMAEMBbIN paBHBIM: IIJISl 3aMKHYTBIX XOMY-

ToB — 0,95; 7151 ABYX- M TPEXCTOPOHHUX XoMyToB — 0,85;

Cy — IUTMHA TIPOEKIIMN HAKJIOHHOTO CEYEHUs, IIPUHUMAE-

Mas paBHOI:

_C(hg-a) ®)
h 9

C — nJIMHA NPOEKIMU HAKJIOHHOTO CeUeHMsl, TpUHUMaeMast
nipu Beraucaennn yeumit Q, n Q.5 hy, — BHICOTA HAKIEHKN
MOTIEPEYHOTO XOMYTa; Ay — TUIOIIALb CEUEHUS TTOTIEPETHO-
ro XOMYTa M3 KOMITO3UTHBIX MaTepuaaoB; R4, — pacueTHOE
3HAYEeHHUE COMPOTUBJICHUSI KOMITO3UTHBIX MaTepUAaIOB pac-
TSDKEHMIO TIPU pacueTe MPOYHOCTU CeYEHUM, HAKIOHHBIX K
MPOIOJIbLHOM OCH JIEMEHTA.

[Tpy HaIUYMU TTOMIEPEYHON CTAaTbHON apMaTyphl B CY-
IIeCTBYIOIIEN KOHCTpYKuMU 3HaueHue C B dopmyne (8)
MPUHUMAETCS PAaBHBIM OT /gy 10 2k, a IPU OTCYTCTBUMU —
paBHBIM A.

ITo naHHBIM 3KCIIEPUMEHTAIBHBIX UCCIEIOBAHUI, TIPU
pa3pylieHUH YCUJIEHHBIX KOHCTPYKIMI MO HAKJIOHHOMY
CEUYCHMIO HAMPSIKEHUS B XOMYTaX U3 KOMITO3UTHBIX MaTe-
pUAJIOB HEe JOCTUTAIOT MPEeTbHBIX 3HAYEHUI COMPOTUB-
JIEHUSI MaTepuaa pacTsokeHuto. KpoMe 3Toro yctaHoBIIe-
HO, YTO TIpelebHOe 3HaYeHWe IOMepeYHON CHMJIBI, BOC-
MPUHUMAEMOI 3JeMeHTaMU YCUJIEHUSI U3 KOMITO3UTHBIX
MaTepuasoB, B OOJIbIION CTENEeHN 3aBUCUT OT HAZEXKHOCTH
UX cuerieHusi ¢ ocHoBaHueMm. C y4yeToM OTOro B
CII 164.1325800.2014 ycTaHOBJIEHO OrpaHMYEHUE UX pac-
YETHOTO 3HAYEHMS COMPOTUBJICHMS PACTSIKEHUIO B BUIE,
npuHsaToM B ACI 440.2R-08 «Guide for the Design and
Construction of Externally Bonded FRP Systems for
Strengthening of Concrete Structures» (American Concrete
Institute (ACI), 2008, Committee 440).

PacueT ycrIeHHBIX TOTMIEpEYHBIMU XOMYTaMU XeJie300e-
TOHHBIX 3JIEMEHTOB 10 HAKJIOHHBIM CEYeHUSIM Ha JIeHCTBIE
M3TUOAIOIINX MOMEHTOB PEKOMEHIOBAHO ITPOU3BOIUTH IO
Metoauke CIT 63.13330.2012, HO ¢ y4ETOM JOIMOTHUTEIb-
HOTO BHYTpeHHero ycuius M, B a37eMeHTax yCuieHus, Tie-
peCceKaloIMX HAKJIOHHYIO TpeluHy. MomenT M., Bocrpu-
HUMAaEMBIii TOMEePEYHBIMM 3JIEMEHTAMU M3 KOMITO3UTHBIX

G,
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Puc. 4. PacnpepeneHne koaddOULMEHTOB TOYHOCTM pacyeTa NPOYHOCTU
HaK/OHHbIX Ce4eHWI NPy AeNCTBUM NOMNEePeYHbIX CU

MaTepuajioB, ICPECCKAOIMIMX HAKJIOHHOC CCYCHUEC, PEKO-
MCHIOBAHO NPpMHUMATh PaBHBIM:

M,=05-0, C. 9)

MeToauka pacyeTa Imo MpoOYHOCTU HAKJIOHHBIX CEYEHU I
JKeJIe300€ TOHHBIX KOHCTPYKIIWMA, YCUJIEHHBIX KOMITO3UTHBI-
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C. 490—493.

5. Mawnsan I.P., Muxy6 A., Iloasckoii I1.11. Boripocsl uc-
cJIe0OBaHUS U3TMOAEMbIX XKeJIe3006TOHHBIX 2JIEMEHTOB,
YCWJIEHHBIX Pa3IMIHBIMA BUIAMU KOMITIO3UTHBIX MaTe-
puanoB // Huxcenepuwiii eecmuux ona. 2013. T. 25.
Ne 2 (25). C. 99.

6. Cwmepnos [I.H., HepoBubix A.A. MeToanka IpoBeAeHUS
9KCIIEPUMEHTATbHBIX UCCIEIOBAHUN M3rM0aeMbIX XKe-
JIe300€TOHHBIX JIEMEHTOB, YCUJIEHHBIX KOMITO3UTHBIMU
marepuasniamu // Becmuux Cubupckoeo eocyoapcmeer-
Hoeo yHugeepcumema nymei coobujenus. 2009. No 21.
C. 146—155.

7. bokapeB C.A., CwmepmoB J.H., HepoBHbix A.A.
MeTtoauka pacyera Mo MPOYHOCTH CEYeHUI IKCIUTyaTH-
PYEMBIX KeJIe300eTOHHBIX MPOJETHBIX CTPOCHUM, YCU-
JICHHBIX KOMITO3UTHBIMM MatepuanamMu // Hzeecmus

MU MaTepuajlaMu, ObLIa IIpOBepeHa JaHHBIMU 3apyOesKHBIX
9KCIEePUMEHTATbHBIX UCCAET0BAHUIM (PacUeThl BBITOTHEHbI
kaHg. TexH. HayK C.1. UBaHOBBIM).

[MpuHaATas 1151 pacyeToB 3KCIIepUMEHTalbHas 6a3a co-
crosiyia U3 52 OMBITHBIX 00pa3loB B BUAE OJHOIPOJIETHBIX
0aJloK, YCWJIEHHBIX B OMTOPHBIX CEUCHUSIX KOMIIO3UTH BIMU
MaTepuaiamMu. bankuy ObUTH UCIIBITAHBI HA JEMCTBUE OMHOM
WU IByX COCPEIOTOUYEHHBIX CUJI, MPOJIET CPe3a COCTABJISLI
or 1,5 no 3,5k, YcuieHue HAKJIOHHBIX CEYEHMII Oajok
OBLTO BHITIOJTHEHO B BUIIE 3aMKHYTHIX (26 00pa3IioB), TpeX-
cropoHHMX (14 06pas31oB) U AByXCTOpOHHUX (12 00pa3iioB)
XOMYTOB, M3TOTOBJICHHBIX U3 CILIOIIHBIX XOJICTOB WJIUA U3
OTAEIBHBIX JIEHT. YacTb OMBITHBIX 00pa3L0B ObLIa BBIIIOI-
HEHa CO CTaJIbHOW MONEPEeYHON apMaTypOid.

CormocraBieHue pacyeTHbIX 3HAYEHUI Hecyllel cro-
COOHOCTH 00pa3II0B M0 HAKJIIOHHOMY CEYEHUIO C OTIBITHBIMU
3HAYEHUSIMU TIPEICTABIICHO Ha puc. 4.

CpenHee 3HaueHUE KO DUIIMEHTa TOYHOCTH pacueTa
coctaBuio 1,21 npu ctangapTHOM oTKiIoHeHuu 0,47. s
COIOCTaBJIEHUS] Ha PUCYHKE MPUBEIEHbBI PE3YIbTaThl pac-
yeTa, BbIMosHeHHBble 1Mo Metoauke ACI 440.2R-08. B
9TOM cilyyae cpefHee 3HaueHue KodbhbullMeHTa TOYHO-
CTM pacuyeTa cocTaBujio 1,48 mpu cTaHIapTHOM OTKJIOHE-
auu 0,43.

CyIIecTBEHHOTO BJIMSIHUS KaKWUX-JIMOO TapaMeTpoB
ONBITHBIX 0OPA3IIOB Ha UX MTPOYHOCTH MO HAKJIOHHOMY Ce-
YeHUIo (CXeMbl U CTeNeHU YCWJIeHMS, Kiacca OeToHa, Ha-
JIMYUST U KOJIMYECTBA CTaJbHOMN TMOMepevyHOl apMaTyphbl
U Ap.) HE BBISIBJICHO.
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HAYYHO-UCCNEAOBATE/IbCKUIA UHCTUTYT CTPOVITEHI:;HOVI_OVIBVIKVI
®OHA NOAAEPXXKWU N PASBUTUA SHEPTO3®®EKTUBHbIX TEXHOJIOTUWU A. POSEH®EJIbAA

4-6 vionsa 2017 roga coctontcs MexayHapogHas Hay4Has KOHgepeHLms
VIII Akagemuyeckue 4yTeHus, nocesaiieHHble namat akagemmuka PAACH TI'.J1. OcunoBsa
«AKTYAJIbHbIE BONPOCbI CTPOMTE/IbHOU ®U3UKW. IHEPTOCBEPEXXEHWUE HAQEXKHOCTb CTPOUTENbHbIX KOHCTPYKLIUW W 3KONTOMMYECKASA BE30NACTHOCTb»
Tematuka KoHthepeHuum:

+ JHeproc6epexeHune B CTPOUTENLCTBE
- CTpouTenbHas Tennogmsnka
- CTpouTenbHas 1 apxuTekTypHas akycTuka
+ CTponTenbHas CBETOTEXHUKA
+ JKONOrns B CTPOUTENLCTBE
- [10AroBEYHOCTb U MPOYHOCTb CTPOMTENbHBIX KOHCTPYKLNA 3AaHWIA
11 COOPYXXEHWI
+ [po6eMbl TEXHUYECKOTO PerynmpoBaHus
- PEMOHT 1 3kcnnyatayus 06beKTOB KOMMYHaNIbHOIO X035ACTBA
+ BbIcOTHOE CTPONTENLCTBO
+ HayyHas Lwkona ans Mosofiexm
B pamkax KoHchepeHuuu 6yaet nposoauThes KOHKYPC, Ha KoTopom Monogble
y4eHble, aCMPaHTbI 1 CTYAEHTbI CMOTYT NPELCTaBUTb CBOM NPOEKTbI 11 Pa3paboTKu:
1. Ha nyuLumin aunnomHBIA NPOEKT, BKIYatoLLmiA pasaen «GTpouTenbHas usuka»;
2. Ha nydLwuyto pa6oTy no HanpaeneHmio «CTpouTeNbHas 1 apxXUTEKTYPHAS akyCTUKa»;
3. Ha nyyqwwmii goknag B pamMKax Hay4yHOM LUKONbI ANS MONOAEXM
«CTpouTenbHas gusnka, 3HeprocoepexxeHne 1 3Konornyeckasn 6e30NacHoOCTb».
MobeauTtensam npucyxpaetcs npemus umexn akagemmka PAACH I.J1. Ocunosa.

4. Ha nyywee pelueHne 3afayn B 061acti aHeproadeKTMBHOCTU 1 3Hep-
rocoepexeHus. Mobeautensm Bpy4aeTcss Mefanb M NPemMus UMeEHW naypearta
MeXAYHApOAHO 3HepreTuyeckon npemun «fmobanbHas aveprus» 2011 r. —
ApTypa Po3eHdenbaa.

5. Ha camoe opuriHarnbHOe 1 TanaHTINBOE PeLLEHIe akyCTUHECKOI 3aa4u. Mpuabl
ot eHepanbHOro CnoHcopa KoHgepeHLvm — komnanun «Briiel & Kjaer» (HaHus).

6. 3a opuriHanbHbIA NOAX0A K PELUEHMI0 3afayn 3HeprocOepexxeHus B
3aaHunsx. Mpusbl 0T MeHepanbHOro cnoHcopa KOHEPeHLNN — koMnaHnn «CeH-
[o6eH CtpouTensHas Mpogykuns Pyc».

7. CneumanbHblii npu3 Accoumauny npom3BoaNTeNel KepaMmmyecknx cTe-
HOBbIX MaTepuanos..

8. 3a 3Ha4MTeNbHbI BKNAA B Pa3BUTUE CTPOUTENLHOA (OU3NKK BeayLLMM
y4eHbIM W Creuuanuctam Bpyyaetcs 3on0Tas Mefanb MMeHW akajemuka
PAACH T.J1. Ocunosa 1 namATHbIA 3HaK.

[1ns y4acTvs B KOHhEPEHLMM He06X0ANMO B CPOK A0 1 utoHs 2017 r. oTNpasuTbL
3ASBKY Ha y4acTue no agpecy: org.com@listru unn dakcy +7(495) 482-40-60.

BONEE NOAPOBHYHD WHOOPMALINKD O KOH®EPEHLWW U DOPMY
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OPIrAHU3ALMOHHbBIA KOMUTET
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YOK 691.335

.A. KOPABJIEBA, kaHp. TexH. Hayk, C.B. BABPEHIOK, unen-kop. PAACH, a-p TexH. Hayk (info@dalniis.ru)

Ounuman ®reY «UHWNIM MuHcTtpost Poccumn» [anbHEeBOCTOYHbIV Hay4YHO-MCCNeaoBaTenbCKMM, MPOEKTHO-KOHCTPYKTOPCKIMM
N TEXHOMOTMYECKMI MHCTUTYT Mo cTpouTenseTBy (dunuan OIrBY «LHNIAM MuHctpos Poccun» OansHWWC, BnagmsocTok)
(690033, r. BnagmsocTok, yn. bopoanHckas, 14)

OTBanbHas nopopaa yrnefo6blvM ¢ BbICOKOW NOTEHLWANbHOM
peakLMOHHOH CNOCO6HOCTLIO B NErkKUX pacTeopax U beToHax

[puBeaeHbI pesynbratbl ONpefeneHns NPUrogHoOCT 0TX0AA — OTBAbHOM TEPMON3MEHEHHOW NOPOAbI YrNeao6bldn ¢ BbICOKOA NOTEHLMANBHON
peakunoHHoi cnocobHocTbto (MPC) Ans nony4eHns 3anofHUTENS LEMEHTHbIX Nerknx 6eTOHOB 1 PAaCTBOPOB — METOAAMU U3MEPEHNIA OTHOCUTESbHBIX
nedopmauuii 06pasuos no FOCT 8269.0-97 «LLlebeHb 1 rpaBuid U3 NNOTHbBIX FOPHbIX MOPOJA 1 OTXOAO0B MPOMBbILLIEHHOrO NPOU3BOACTBA ANS
CTPOUTENbHbIX PaboT. MeToabl (DU3NKO-MeXaHU4eCKMX UCMbITaHMA». B KayecTBe 3anonHUTeNs B pacTBOPHbIX 06pa3Lax-6anoykax ncnosb30Banmch

B O[JHOM CNy4ae apo6neHas 4o necka nopoja 0AHOro LBeTa, B ApyromM — paccesHHas Ha cppakumn 0-5; 5-10; 10-20 mm psigoBas cmecb, 0To6paHHas
13 0TBana (cooTtHoweHme chpakumnit no FOCT 8269.0-97). [Inq yckopeHWs NposBieHNs BOSMOXHON KOppo3un 06pasLibl pacTBOpoB (6eTOHOB) TBEpAENH
B Pa3nnyHbIX Cpefax, a Aeopmaui 3amepanuch B TeHeHUe AnnTeNbHOro Bpemenn (8o 710 cyT).

Kniouesble cnoBa: TepMOU3MEHEHHas NOPOJa, OTXOA Yrefo6bluu, LIEnoyHas KOPPO3us, XMMUYECKIUI COCTaB, MIHEPANOTUYECKNi COCTaB,
OTHOCUTENbHasA AeopmaLua, cpeaa, ANUTenbHOCTb TBEPAeHNA.

Insa uutupoBanus: Kopabnéea I.A., BaspeHtok C.B. OTBanbHas nopoaa yrneao6blyu ¢ BbICOKON NOTEHUNANbHON peakLuyOHHON CnOCO6HOCTbLIO B NErkux
pacTBopax u 6eToHax // CTpouTtenbHble matepuansl. 2017. Ne 1-2. C. 78-81.

G.A. KORABLEVA, Candidate of Sciences (Engineering), S.V. VAVRENYUK, Corresponding Member of RAACS, Doctor of Sciences (Engineering)
Far Eastern Research, Design and Technological Institute of Construction, Branch of Federal State Budgetary Institution

«Central Research and Design Institute of the Ministry of Construction, Housing and Utilities» of the Russian Federation

(14, Borodinskaya Street, Vladivostok, 690033, Russian Federation)

Rock Refuse of Coal Mining with a High Potential Reaction Capability in Light Mortars and Concretes

Results of the determination of suitability of waste, thermally changed rock refuse of coal mining with a high potential reaction capability (PRC) for producing a filler of cement light
concretes and mortars, by methods of measuring relative deformation of samples according to GOST 8269.0-97 «Crushed Stone and Gravel from Dense Rocks and Waste of Industrial
Production for Construction Works. Methods of Physical-Mechanical Tests» are presented. As a filler in mortar bar specimens, a rock of the same color crushed till sand was used in
one case, an ordinary mixture selected from the rock refuse (the ratio of fractions according to GOST 8269.0-97) and dissipated at fractions of 0-5, 5-10, 10-20 mm - in another case.

To accelerate the appearance of possible corrosion, the samples of mortars (concretes) were hardened in different media and deformations were measured during the long time

(up to 710 days).

Keywords: thermal changed rock, rock refuse of coal mining, alkaline corrosion, chemical composition, mineralogical composition, relative deformation, duration of hardening.

For citation: Korableva G.A., Vavrenyuk S.V. Rock refuse of coal mining with a high potential reaction capability in light mortars and concretes. Stroitel'nye Materialy [Construction mate-

rials]. 2017. No. 1-2, pp. 78-81. (In Russian).

B pabGorax MHOTMX Y4eHBIX oOpallaeTcsl IMpHUCTaIbHOE
BHHUMAaHME Ha CBSI3b JIOJITOBEYHOCTU OETOHA U MCITOJIb3ye-
MOTO peaKIIMOHHOCTIOCOOHOTO 3arOJIHUTENS, B YaCTHOCTH
3aTIOJTHUTEJISI, COAECPKAIIEro paCTBOPUMBIN B IeI04Yax M-
OKCHI KpPEeMHHUS B TIOBBIIIEHHBIX KojmyecTBax [l1—4].
JlokazaHo, 4TO pa3BMBAIOUIAsCS BHYTPEHHSS WIEJ0YHas
KOPpO3Us B pe3y/ibTaTe B3aMMO/CICTBHUS 1LIEJI0Yei IeMEeHTa
C pacTBOPMMBIM B IIIEJIOYAX JTUOKCHUIOM KPEMHUSI MOXET
MPUBECTY K HEOOPaTUMOMY CHMXKEHHUIO KayecTBa OETOHA B
rpoliecce aKcruryatauu [5—15].

HccnenoBaHus ¢ LeAblo ONMPEAETUTh U MPEIOTBPATUTH
OIAaCHYIO CUTYyalMIO B OyIyllleM BeAyTCSi B OCHOBHOM LISt
TsDKeJ0ro 6etoHa. B To ke Bpemsi M3 JiIerkoro 0eToHa pas-
JIMYHOM MMPOYHOCTU MOCTPOEHO MHOTO OTBETCTBEHHBIX O0b-
eKTOB B pacyeTe Ha UIMTENIbHBIA CpOK CiyKObl. [losiB-
JISIONIMECcs] pa3pylIeHUs] JIeTKOOETOHHBIX KOHCTPYKIIMUI
OOBSICHSIIOTCSl TOJIBKO BO3IEMCTBUEM arpecCUBHOU BHeEIII-
HEM cpepbl.

WccnenoBaHbl OTXOAbI YIVIEAOOBIYM — TEPMOM3MEHEH-
Hasl OTBaJIbHAS MOpPoJa TePPUKOHA (TaK Ha3biBaeMasl Tope-
J1ast) 3aKpbITbIX ApTeMOBCKUX mIaxT [Ipummopckoro Kpas,
KOTOpasi MCITOJb30Bajach TMPU TOTYYCHUM 3aIlOTHUTEIIS
It 1erkux 6eToHoB B3,5—B20.

TepMousMeHeHHas OpoAa B OTBAJIE UMEET Pa3TUUHBIN
LIBET, MECTPbIi COCTAB U IpeCcTaBlIeHa recuaHo (ppakimeit
U Kyckamu (uiebHeM) pa3HOro lBeTa, pasMepa U Macchl.
LIBeT OTBa/JIbHOM MOPOMBI OTpaxkaeT M3HAYAJIbHBIN MUHE-

PAIbHBIA U XUMUYECKUI COCTaB BMEILLIAIOIIMX TTOPOJ, 3aBU-
CUT OT TeMIlepaTypbl U MPOJOLKUTEIbHOCTU CaMOOOXKMTa.

XapakTeprcTUKa OTBAJIBHOW TTOPOJIBI MO TEHETUYECKOMY
THUITY: OCAIOYHbIC — TJIMHUCTBIE M KPEMHUCTHIE CJIaHIIbI, ap-
TWJUIATBI, aJIeBPOJIUTHI, KPEMHH, TIeCYaHUK; MeTaMopdude-
CKME — KPUCTAJUTMYECKUE Y XJIOPUTOBBIE CIIAHIIBI, KBAPLIWTHI.

ITecuanas coctapstonias MOpoabl TEPPUKOHA MPEICTaB-
neHa: 63—68% ocamounsle, 25—30% nuiaku, 10 3% yroisb,
OCTaJIbHOE — KPEMHM, KBapll U MmeTamopduueckue (mo-
ciemaux — en.). llle6enounast cocrapnsiomas: 90—96%
ocajgounble, 2—9% wmetamopduueckune, 1—2% mnuIaKku,;
YIoJib, KaK IIPaBUJIO, OTCYTCTBYeT. TakuM oOpa3oM, Ucce-
nyeMasi TIopolia COCTOUT M3 TMOTEHIIMAJIbHO OIAacHBIX CO-
CTaBJISIIOIIMX (KPEMHU, CJIaHIIbl, apTUJUTATHI, aIeBPOJIMUTHI
U JIp.) C TOYKU 3PEHUS pa3BUTHSI KOPPO3MOHHBIX MPOLIECCOB
B LIEMEHTHOM OE€TOHE.

OTBajbHas Imoposa ObUIa YCJIOBHO pa3ielieHa o 1IBETY Ha
TIITh OCHOBHBIX TPEICTaBUTEIbHBIX PA3HOBUIHOCTE 11O HO-
mepaM (1 — cBeT10-0exXKeBblii, 2 — TEeMHO-0eXkeBbIi, 3 — KUp-
MMUYHBINA, 4 — CHPEHEBBII, 5 — ITOYTH YEPHBI1); UCCIIEAOBATIN
KaXXIyIo B OTIEJIBHOCTH, a TaKXKe 3aIllOJIHUTEJb U3 PSIIOBOIA,
OTOOpPaHHOI Ha OTBaJIE U Pa3IPOOIEHHOI MPOOBI MOPO/IBI.

B Tabn. 1 mpuBoAsTCS pe3ynbTaThl ONpeaeaeHus] OCHOB-
HBIX OKCHIOB, peaKIIMOHHOCIIOCOOHOTO KpeMHe3eMa U MU-
HEPAJIOTMYECKUI COCTaB KaXXA0K Pa3HOBUAHOCTU MOPOIbI
MO 1LBETY MO JaHHBIM XMMMUYECKOTO, PEHTreHO(a30BOro
anammsa u JTTA.
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Modern concretes: science and practice

Ta6bnuua 1 Hackonbko 3Ta mopona omacHa Ijist

" LIEMEHTHBIX OETOHOB, ONpPENessIOCh

MokasaTens OMEP TIOPOAKI MO UBETY 3aMepOM OTHOCUTEJbHBIX JedopMa-
1 2 3 5 1l oO6pa3loB pacTBOpa W OETOHA B

S0 65,66 69 52 69,33 27.03 YCKOPEHHBIX W JUIMTEJIbHBIX MCITbITA-

2 Husx, o meroguke F'OCT 8269.0—97.

AlO4 24,36 21,24 16,75 10,82 TIpu 3TOM ISl YCKOPEHUs IPOSIBIIC-

Fe,0;3 2,09 2,38 7,16 56,18 HUSI KOPpO3uX 00paslbl pacTBOPOB U

MgO 0.83 095 =T 128 0eToHa TBepAeJU B Pa3IUYHBIX YCJIO-

BUSX, a nedopmauuu 3amepsuiuch B

Ca0 0,3 0,29 0,39 1,1 T€UEeHUEe IJINTEJIbHOTO Ileproma — J0

Na,0 0,41 0,95 1,1 0,68 710 ot

KayecTBe 3aIlOJIHUTENSI B pac-

K0 2,78 2,69 2,65 105 TBOPHBIX 00pa3lax-0ajsouykax MCIOIb-
nnn 2,18 0,64 0,29 0,14 30BAJIMCh B OJHOM Cilyyae IpoOseHast
SI0, peaxu, JI0 TIeCKa TTOpoIa OTHOTO 1IBETa, B IPY-
annonb /n ' 314,2 429 345,8 305,8 275,3 roM — paccestHHas Ha (pakiumu 0-—5;
5—10; 10—20 MM psmoBast cMeCh, OTO-

Murepano- Q-keapL, Q.-kBapL, Q-ksapL, cnefpl O-kBapua |  GpaHHasT M3 OTBaja (COOTHOIIEHUE

rn4ecknn ansbut aHopTuT ansbut aHopTut dpaxunit mo TOCT 8269.0—7).

C0oCTaB rNayKoOHNT naparoHuT dnoronut remarut PesynbraThl onpeneieHUs aKTUB-
rannyasut onan aHopTOKNa3 (marHeTuT) HOIO IMOKCHUIA KPEMHMS 3alOJHUTE-
6EHTOHUT cneppl rematuta onan el U3 TepPMOM3MEHEHHON MOPOIbI
dnoronut amopdr3oBaHHas naparoHuT MIpUBEICHEI B Ta0I. 2.
naparoHnT (1)338 cnegpl rematuta B Ka4yeCTBE BSIKYILETO MCIIOIb30-

amopPu30BaHHas (marneTvTa) BaJIcAd NOPTIAHILEMEHT IOXXHOKOpEIi-
daza amop¢u30BaHHas cKkoro npoussozacTsa Mapku I111 500 J10
dasa ¢ comepxaHueM Iueioueit 0,9%. Pac-
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Puc. 1. KnHeTtunka oTHOCUTENbHbIX Aedopmaumii pacTBOPHbLIX 06pasLIOB C
3anofIHUTENEM U3 OTAENbHbIX PA3HOCTEN TEPMOU3MEHEHHOM NOPOAbI NPU
TBepaeHun B 1M pacteope NaOH: 80 cyt — TemnepaTypa pactsopa 80°C;
nanee 1o 180 cyT — Temnepatypa pacteopa 23-25°C. O603Ha4eHna B COOT-
BETCTBMM C Tabn. 1
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Puc. 3. KnHeTnka oTHOCUTENbHbIX Aedopmaumii pacTBOPHbIX 06pasLoB,
coaepXaLlmx TepMON3MEHEHHYIO MOPOAY Pa3HO akTUBHOCTU, B 3aBUCKMO-
CTu OT ycnosuin TeepaeHms: 20 cyT B nomeweHunn (20-27°C, oTHoCUTENb-
Has BNaxHOCTb Bo3ayxa 60-80%), panee 110 cyT TBepAeHue B BOAE.
0O603Ha4YeHnst B COOTBETCTBUM C Tabn. 1

Puc. 2. KnHeTtnka oTHoCUTENbHbIX Aedopmaumii pacTBOpHbLIX 06pasLLoB C
3anofHuTeNnem N3 TEPMON3MEHEHHOW NOPOAbl OTAENbHBIX PA3HOCTEN Npu
TBepaeHun B 1M pactsope NaOH npu 80°C B TeyeHue 60 cyt. O603Ha4eHUs
B COOTBETCTBMM C Tabn. 1
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Puc. 4. KnHeTtnka oTHOCUTENbHbIX Aedopmaumii pacTBOPHbIX 06pasLLIOB C
3anonHUTeNeM U3 TEPMOM3MEHEHHON Nopoabl Npu TBepaeHun B 1M pac-
TBope NaOH npu 80°C: 7 - webeHb 5-10 mM; 2 — webeHb 10-20 MMm;
3 - necok 0-5 mm
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Puc. 5. KuHetnka oTHOCUTENbHBIX Aedopmaumii pacTBOPHbIX 06pasLoB C
3anonHUTENEM U3 TEPMOM3MEHeHHO NopoAab! Npu TBepaeHnn ¢ 550 no 595 cyt
B HOpPMaJIbHbIX YCoBusix; ¢ 595 oo 710 cyT — B Tepmolukady (1=38,1°C, Hag,
Bogoi): 1 — webeHb 5-10 mm; 2 — wiebeHb 10-20 mMm; 3 — necok 0-5 Mm

XOH TIIeMEHTa BO BCeEX
I'OCT 8269.0—-97.

PesynbTaThl omnpeneneHUs] OTHOCHTEIBHBIX Iedopma-
1IMi1 00pa3IoB BO BPEMEHM U B Pa3HBIX CPElax TBEPACHUS
MpeacTaBieHbl Ha puc. 1—7.

Cyns 1o oIMHHAILATOMY U MOCIEIYIOIUIMM B TeUeHue
Mecsla pe3ysibTaTaM M3MepeHUs] OTHOCUTENBHBIX Aedop-
Manuii oopasuos (puc. 1—-2), TBepuetomux B 1M pactBope
NaOH npu Temniepartype cpenbt 80°C u majee mpyu KOMHAT-
HOI TeMIlepaType, WCCIeIOBaHHBIE PA3HOCTU TOPOABI C
BBICOKMM COAEpXKaHUEM peakLMOHHOro SiO, MOXHO cyu-
TaTh Ge3omacHpMU (0 'OCT 8269.0—97) mist GeTOHOB,
TaK Kak aedopMaliy He MpeBbIIaioT gomyckaemoit 0,1%.
OnHaKo NMpu JajdbHENIIEM TBEPICHUH B OTUX Xe YCIOBUSIX B
nieproa 40—100 cyT BenuuuHbI neopMalnii HAUMHAIOT U3-
MEHSTBCS. Y HEKOTOPBHIX O0pa3lloB OHM AOCTUTAIOT (MU
MPEeBBIIIAIOT) KPUTUYECKOE 3HAuYeHWe, y NPYrux HeT
(Ne 1, 5). CnenoBaTenbHO, MOBBIIIEHHBIE OTHOCUTEIbHBIE
nedopMaliy HAYaIKCh B YK€ 3aTBEpAEeBIIEM PACTBOPE, UTO
MOTJIO TIPUBECTH K pa3pyieHuto. OMHAKO 3TO He TIPUBETIO K
TTOSIBJICHUIO KaKMX-JTM00 BHEITHUX Ie(PeKTOB WU K paspy-
LIeHNIO 00pa3IoB.

IlogoOHbBIe 00pa3ibl IIpU TBEPACHUU B MOMEIICHUU B
teueHue 20 cyrt, a 3areM 10 130 cyT B Boe KOMHATHOI TeM-
nepaTypbl MOKa3ajqu OTpHULATeJbHble 3HAYEHUsI OTHOCH-
TeJIbHOM AedopMaliiu 3a Bech Nepuoj TBepaeHus (puc. 3).

Omnpenesuiich OTHOCUTENBHBIE TeOpMAaIy pacTBOP-
HBIX 00pPAa3IOB ¢ 3aITOJIHUTENIEM M3 TEPMOU3MEHEHHOM T0-
poasbl dpakuuiit 0—35; 5—10; 10—20 MM, OTCESIHHBIX U3 TIPO-
Ob1, oToOpaHHOI1 Ha oTBasie. [Ipu 3TOM mopona dpakuuii
5-10 m 10-20 MM TIpenBapuTeJbHO JpOOUIIACH.
CooTHollleHUe (PpakKiuii Wi 9KCIEPUMEHTOB MpPUHUMA-
sock o F'OCT 8269.0—97 (puc. 4-5).

3anepuon 15 cyT oTHOCHUTEIbHBIC AeOpMAIIM PACIIIN-
peHus 00pa3loB HE AOCTUIIM KPUTUYECKOTO 3HAYEHUS
0,1%. Onmnako B 'OCT 8269.0—97 ecTh yciioBUE: OMMHHAMI-
LIaThIil pPe3y/ibTaT MCIbITAHUS HE AOKEH OTIMYaThCs OT
Tpex Mpensaymux 6omee yeM Ha 15%. U ¢ ygeToM 3TOTO
YCIIOBUS 3allOJTHUTENb TOTANaeT B TPYIIY MOTEHIMAIBHO
PeakIMOHHOCITIOCOOHBIX. Jlanee 3T 06pa3ibl 10 BO3pacTa
550 cyr TBepmeau B HOpMaJbHBIX yCJIOBHUSX. B Bo3pacte
50 cyT oTHOCUTEIbHBIE AehopMaLIiy 00Pa3LOB yKe (PUKCH-
poBamuck B nipenenax 0,001—0,007%. OTHOCHUTENbHEIC JIe-
dopmannu 1o 550 cyt TBepaeHUs He 3aMepsiiuck. Ot 550 1o
710 cyr TBepaeHus (M MPU CMEHE YCJIOBUI TBEpACHUS)
(uKcUpoBaNMCh TONBKO OTPUIATEbHBIE OTHOCUTEIbHBIE
nedopmannu (ycaaka).

Hawnbonee 00beKTUBHOI CUMTAETCS OLIEHKA IIOPOJIbI 3a-
MOJHUTEJIS 3aMEePOM OTHOCHUTEIbHBIX AedopMalinii 6eToH-
HbIX 00pa3L0B-NIPU3M B TeueHue roaa [8, 10].
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HuM 12 mec B Tepmolukady (t=38,1°C, Hag Bogoin): 1 — dp. 10-20 mwm;
2 - dp. 20-40 mm
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Puc. 7. KuHeTnka oTHOCUTENbHBIX AedopMaumii 6ETOHHbIX NPU3M, U3ro-
TOBJIEHHbIX HA 3anonHuTesne 13 TepMOI/ISMeHeHHOVI nopoael, Nnpun TBEpAe-
HuK 60 cyT B nomewieHnn npu 20-27°C (90 cyt — B Boae): 1 — dp. 10-20 mum;
2 - dp. 20-40 mm

Tabnuua 2
®pakums Si0, aMopdH., % SiO, peaku,., MMONb/N
3anosiHiTens, Mm
0-5 0,84 88,2
5.0 1,56 102,5
10-20 1,63 307.5
20-40 22 117

B kauyecTBe KpyImHOro 3amojHUTENSl OETOHA UCTIOJIb30-
BaJicsl 1ieOeHb, OTCESTHHBINM U3 OTOOPaHHOM M3 OTBajia Mo-
ponsl Ha dppakuun 10—20 mm (kpuBas 1) u 20—40 MM (Kpu-
Bag 2) Ha puc. 6 u 7. Kaxnas ¢dpakiust TOMOJIHUTEILHO
IPOOMIIACK C LIEJIBIO TTOTYYSHUSI HEOOXOAUMBIX (hpaKIIUil IO
T'OCT 8269.0—97. CootHouieHre (Gpakiimii meOHs Ipu-
HUMAaJIOCh IO YKa3aHHOMY CTaHAapTy. Pe3ynabTarhl onpene-
nenus SiO, peaxil. 3aITOJHUTENS Kaxaoi hpakuyu nprse-
JIEHBI B TA0JI. 2.

MakcuMasbHbIe BEIMYMHBI OTHOCUTEIbHBIX AedopMa-
LMl OeTOHHBIX 00pa3loB 3aUMKCUPOBAaHBI 4yepe3 3 Mec:
0,024 u 0,032 % (3amomHuTEaL U3 (pakumii 10-20 u
20—40 MM cooTBeTcTBeHHO). /o KOHI1Ia rofa aedopmanuu
CHMXAJIUCh U MepexoNuau B oTpuliatesabHble. [1pu norpy-
SK€HWY 06pa31IoB B BOAY OTHOCUTENIbHBIE Ae(hOpMaIIH ITPO-
ToJKaJM cHUKaTbes 10 30 CyT, 3aTeM YBEIUIMBAINCH, Of-
Hako Kputuueckoro 3HaueHust (0,04%) He DOCTUIIN U Ye-
pe3 60 cyT TBEPIACHUS CTAIM CHUKATBCSL.

®da3oBHIif cocTaB 6eToHa B Bozpacte 30, 90, 360 m 610 cyT
TBEPIEHUS BO BIaXKHOM cpefie (onpenesieH KaHI. TeXH. HayK
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I0.B. Edpumenko), B Boae, o manHbIM A TTA, xapakreper
JUTSI 3pEJIBIX LIEMEHTHBIX MaTepPUaJIOB U MPEACTaBIeH OObIU-
HBIMU HOBOOOpPa30BaHUSIMU B (hOpMe TMAPOCUIMKATOB, IT-
TPUHTUTA, MOHOCY/IbdaTa, TUAPOATIOMUHATA, MOPTIAHAUTA
U ero ycroilunBoii (popmbl KasibliTa. B ropsiuem pactBope
IM NaOH k 70-cyTrouHOMY BO3pacTy MPOUCXOAUT U3MEHE-
HMe ($a3oBOro cocTaBa IIEMEHTHOM MAaTpHUIIBI — OH YXe
MpeNCTaBIeH B OCHOBHOM THAPOCWIMKATOM KaJIbLIKSI.
PesynbpTaTel uccienqoBaHUS CTPYKTYPbl LIEMEHTHBIX
KOMIIO3UTOB C 3amnosnHuTeseM Bbicokoit [TPC 1o Bo3pacra
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710 cyt, TBepAeBIIMX B pa3IWYHBIX Cpelax, He BBISIBUIN
HUKAaKHUX KOPPO3UOHHBIX MPOLIECCOB.

TakuMm o6pa3oM, JerKUiA 3aII0JHUTENb U3 TEPMOU3ME-
HeHHOM (ropenoit) mopoabl ¢ Beicokoil [TPC (akTuBHO-
CTBIO MO PeaKIIMOHHOMY KpeMHE3eMy B IIeCTh pa3 BBIIIE
JIOITYyCKAEMOTO OTEYECTBEHHBIMM CTaHIAPTaAMM) MOXET
CUYUTATBCS 0€30TaCHBIM IIJIST IIEMEHTHBIX OETOHOB U pac-
TBOPOB, TBEPICIOIIMX MPU MOJOKUTETHLHON TeMIIEpaType B
OTHOCUTELHO CYXMX, BJIQXHBIX YCIOBUSX W B MPECHOI
BOZE.
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0 makcumanbHO AONYCTUMOM COZEPXXaHUN XNOPUA0B B OeToHe

[laH KpaTKnin 0630p HOPMATUBHBIX JOKYMEHTOB, NOCBALLEHHbIX JOMYCTUMOMY COJEPXXaHUI0 XN0puaoB B GeToHe. MpuBEAEH pacyeT KoNuYecTsa
XNOPWUA0B B 6ETOHE NPU MAKCUMANbHO AOMYCTUMOM KOSIUYECTBE XNIOPWA0B B MCXOAHbIX MaTepuanax. Pacyer BbINOHEH Ans [BYX COCTABOB G6TOHA —
C HW3KIM W BbICOKIM COJiepXKaH1eM LiemeHTa. [ToKa3aHo, 4To KpUTUYECKOEe COJIePXKaHIe XNopuOB, BbIle KOTOPOro BO3HUKAET ONACHOCTb KOpPPO3ui
CTanbHOI apMaTypbl, 3aBUCUT OT 6ONBLLOTO YnCNa hakTOPOB, B TOM YNCE OT COAEPXKaHUA XNOPKUI0B, MIIHEPaNorMieckoro cocTaBa KIUHKepa,
COZLEPXKAHMA LLIENOYEN, HANMNYUA MUHEPANbHBIX 406aBOK, BOAOLEMEHTHOrO OTHOLLEHIS, YCNOBWIl TBEpAeHNs 6eTOHA. BBy TpyAHOCTM onpeaeneHns
KONNYECTBA HECBA3aHHbIX XNOPK/A0B B 6ETOHE NpeanaraeTcs co4eTaTh ONPEAeneHNe COAEPXKaHNsA XNOPUA0B C ANEKTPOXUMUYECKUMU

1 KOPPO3UOHHBLIMMW UCMBITAHUAMUN CTANIbHOI apmMaTypbl B 6ETOHE.

Knio4eBble cnoBa: 6eTOH, XNOPUbI, LLIEN0Yb, MUHEparbHas 106aBKa, AeNaccuBaLyMa CTanbHON apMaTypbl, KOPPO3MOHHAS AKTUBHOCTb XNIOPUOB.

Ina umtuposanms: PoseHtans H.K., Ctenanosa B.®., Yexuuii .B. O makcumanbHO JonyCTUMOM COAEPXXaHun XI0pUAOB B 6eTOHe // CTpoutesbHbie

matepuanel. 2017. Ne 1-2. C. 82-85.
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About Maximum Admissible Content of Chlorides in Concrete

A brief review of regulating documents devoted to the maximum admissible content of chlorides in the concrete is presented. The calculation of chlorides quantity in the concrete at the
maximum admissible content of chlorides in the initial materials is given. The calculation is made for two compositions of the concrete: with a low and high content of cement. It is
shown that the critical content of chlorides, higher of which there is a danger of corrosion, depends on a large number of factors including the content of chlorides, mineralogical com-
position of a clinker, content of alkalines, presence of mineral additives, water-cement ratio, conditions of concrete hardening. Due to the difficulty of determining the amount of free
chlorides in the concrete, it is proposed to combine the determination of chlorides content with electro-chemical and corrosion tests of steel reinforcement in the concrete.

Keywords: concrete, chlorides, alkaline, mineral additive, depassivation of steel reinforcement, corrosion activity of chlorides.

For citation: Rozental N.K., Stepanova V.F., Chekhny G.V. About maximum admissible content of chlorides in concrete. StroiteI'nye Materialy [Construction materials]. 2017. No. 1-2,

pp. 82-85. (In Russian).

Bompocy arpeccuBHOro BO3AEMCTBUSI COJiEl XJIOPUIOB
Ha CTaJIbHYI0O apMaTypy B OT€YECTBEHHBIX U 3apyOeKHBIX
MyOJIMKaILIMAX TOCBSIIEHO BechbMa OOJIbIIOE YUCIO pa-
60t [1—-7]. Tem He MeHee clieyeT BHOBb BEPHYTHCS K 3TOMY
Borpocy. Heo6xoaMMocCTh 3TOro CBsI3aHa CO CIAEOYIOIIUMU
00CTOSITEIbCTBAMU.

Cornacao CIT 28.13330.2012 «3ammuTa CTPOMUTEIbHBIX
KOHCTPYKLIMI OT KOPPO3WU» M €BPONMENCKUM HOpMam
EN 206. «Concrene — Part 1: Specification, performance,
production and conformity» MakcMMaabHO AOMYCTUMOE
KOJIMYECTBO XJIOPUIOB B pacuere Ha MOHBI Cl~ He MOJIKHO
npesbiiath 0,4% Macchl IEMEHTa B OETOHE KeJIe300€TOH-
HBIX KOHCTPYKIi 1 0,1% B GeTOHEe MpeaBapUTeIbHO Ha-
MPSCKEHHBIX KeJIe300€TOHHBIX KOHCTPYKLUM. [eiicTByIO-
myMu B PO ctangapTaMu yCTaHOBJIEHO CJIEAYIOIee MaKCH-
MaJIbHO IOITYCTUMOE COIepKaHWEe XJIOPUIOB B MCXOTHBIX
Marepuaiax JUisl IpUTrOTOBJICHUS OeToHA:

— B uemenre — 0,1%* (I'OCT 31108—2003 «IlemeH-
Thl OOIlleCTpOUTENbHbIE. TexXHUUYEeCKHe YCIOBUSI» U

TI'OCT 22266—2013 «IlemenTs! cyibdarocroiikue. TexHU-
YECKHUE YCIOBUSI»);

— B necke — 0,15% (IF'OCT 8736—2014 «Ilecox mis
CTPOUTENIbHBIX paboT. TexHnuecKre yCaoBuUs»);

— B1e6He u rpaBur — 0,10% (F'OCT 8267—93 «I1le6eHnb
Y TPaBUii M3 TJIOTHBIX TOPHBIX MOPOJ MJISI CTPOUTEIbHBIX
pa6oT. TexHnYecKue yCaoBuUs»);

— B Bome — 0,05-0,12%** (I'OCT 23732-2011 «Boma
11 6ETOHOB M CTPOMTENBHBIX PAaCcTBOPOB. TeXHUYECKHE
YCIIOBUST»).

Paccuntaem KOJIMYECTBO XJIOPUIOB B OETOHE TIPU MaK-
CHMAJIbHO JIOITyCTUMOM KOJUYECTBE XJIOPUIOB B MUCXOTHBIX
Marepuaiax. PacueTr BBIOJHUM JJIs1 IBYX COCTaBOB O€TOHA
— C HU3KMM M BBICOKMM coJiepXXaHUeM LieMeHTa (Taout. 1, 2).

IIpu comepXaHNU MaKCUMAaJIBHO JOITyCTUMOTO KOJINYIe-
CTBa XJIOPUIOB B MCXOTHBIX MaTepuaiax Ux oblmee comep-
JKaHMe B 6eTOHE MPEBHIIIaeT HOPMUPOBAHHOE KOJIMIECTBO B
0eToHe Xene300€TOHHBIX KOHCTPYKLMI IpeaBapUTeIbHO
HanpsDKEHHBIX U 03 MpeABaApUTEIbHOTO HAPSIKEHUS, paB-

Ta6nuua 1
CocTaB 6eToHa U KONIMYECTBO XJIOPUAOB, BHOCUMOE B 6€TOH
npu MakCUMasibHO AONYCTMMOM KOJINYECTBE XJIOPUAOB B UCXOAHbIX MaTepuanax
MaTtepuan LlemeHT, kr/m> Mecok, kr/m3 LLle6eHb, kr/m® Bopa, n/m® B/,
BeTtoH Ne 1 287 725 1106 172 0,6
BeTtoH Ne 2 464 811 938 186 0,41
KonunuecTso xnopuaos, Kr/m®,
B 6eToHe Ne 1 0,287 1,087 1,106 0,206
B 6eToHe Ne 2 0,464 1,216 0,938 0,223

* BTOCT 31108—2003 B iemenTax LIEM 111 nomyckaercst 6onee 0,1% CI-.
** B T'OCT 23732—-2011 B OeToHe MpenBapUTEIbHO HAIMPSIKEHHBIX KeJe300€TOHHBIX KOHCTpyKuuii momyckaetcs 0,05% Cl7; B GeToHe

KeJIe300eTOHHBIX KOHCTpYKInid — 0,12% CI~.
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Ta6nuua 2 Tabnuua 4
OGLee coaepxaHue xnopuaoB B 6eToHe Hanunune cBo60AHbIX XJIOPUAOB U COCTOSIHUE apMaTypbl B
CMMOCTU OT KOJINYECTBA XJIOPMAOBE M COCTaBa LeMeHTa
Obuee cogepxxaHue XIopuaoB
</ % MacCh! LiemeHTa . Hanunune cBo60AHbIX XNI0PUAOB
FoGaeka, % Macchl B 06pasLiax Ha LiemeHTax Ne
B 6etoHe Ne 1 2,686 0,94 uemenTa CaCl,/Cl ] > 3 2
B 6etoHe Ne 2 2,841 0,61 0/0 /- /- /- /-
Ta6nuua 3 0,5/0,32 -/- -/- -/ -/~
MuHepanoruyeckmin coctae noptiaaHaLeMeHTa 1/0,64 —/+ -/- —/- -/-
Ne T CopepxaHvie MuHepanos, % 1,5/0,96 +/+ -/- -/ —/+
nn ueMeHTa
uemeHTa . C,;S C,S CsA C,AF 2/1,28 +/+ —/- -/- +/+
BenunToBbiii 2.5/1,6 +/+ +/+ +/HeT )+
1 HU3KOoasno- 3,72 73,16 5,25 15,14 AaHHbIX
MUHATHbIA 3/1,92 +/+ +/+ /- +/+
Benutosbii Hanuuve npoaykToB KOPPO3UK Ha CTanbLHON apMaType
2 BbICOKOASIO- 12,78 | 64,54 9,96 9,91 poay PP P b
MUHATHBIN 0/0 -/ -/- -/- -/-
AnNTOBLII 0,5/0,32 —/* -/- -/ -/
3 BbICOKOAMO- 73,76 5,7 10,3 7,6 1/0,64 +/+ —/+ -/~ -/~
MWHATHbIN
1,5/0,96 +/+ +/+ -/t —/-
ANNTOBBIN
4 HW3KOANIO- 66,29 | 9,24 | 48 | 17,94 2/1,28 +/+ +/+ -/+ -/-
MWHATHbIN 2,5/1,6 +/+ +/+ +/+ —/+
3/1,92 +/+ +/+ +/+ —/+
Hoe cooTBeTcTBeHHO 0,1 1 0,4% Maccel emeHTa. OgHaKO / / - / / /
MPAKTUKA SKCIUTyaTalUM KEJIE300€TOHHBIX KOHCTPYKLIMIA Mpumeuanme. Mepen deptoii — obpasubl ¢ B/LI=0,5, 3a 4ep-
MOKA3BIBAET, YTO B OTCYTCTBUE KAPOOHU3ALUY 3aLIUTHOTO Toit — ¢ B/U=0,6; «+» — xnopuabl v NPOAYKTbI KOPPO3MM
CJI0S1 CTajlibHAasl apMaTypa B IUIOTHOM OETOHE, U3TrOTOBJICH- CTanbHOM apMaTypbl MMEIOTCA; «—> — X/I0pUAbl UK NPOAYKTHI
HOM 0e3 100aBOK XJIOPWIOB, HE TOABEPTacTCs KOPPO3UHU. KOppO3uy cTanu He oGHapyxeHsl.

Koppo3sust HaunHaeTcs B ciiydyae KapOOHU3alUKY 3alIUTHOTO
CJIOSI WUIM TIPY TIPOHUKHOBEHUU B GETOH TOTIOJIHUTEILHOTO
KOJIMYECTBA XJIOPUIOB U3 OKpyXKalolieil cpeasl. YacTHIHO
9TO OOBSICHSIETCS TEM, UTO pealbHOe CoJepKaHue XJIOPUI0B
B MaTepuaiax IJisl MPUTOTOBJIEHUsI OeTOHa CYIIECTBEHHO
HMXXE MaKCHUMAaJIbHO JOIYCTUMOro. AHalu3 MOpTIaHIle-
MEHTOB 18 poccuiicKMX 3aBOJIOB IMOKAa3aJj, YTO COAepXKaHue
XJIOpUIOB B LieMeHTax 16 3aBogoB coctasiser 0,001—0,05%
U JIMIIb Y IBYX 3aBOJOB KOJMUYECTBO XJIOPUIOB B IIEMEHTE
npubsmkaercs K 0,1%. TToBbllIEHHOE COAEPXKAHME XTOPH-
JIOB B 3alOJHUTENSIX OOHApYXKMBaeTCsl B MaTepuaiax, J10-
OBITBIX U3 MOPSI ¥ U3 KapbepOB, HAXOISIIUXCS HAa TEPPUTO-
PYU HbIHE HE CYIIECTBYIOIIUX IPEBHUX MODEiA.

Hpyroit TpeOytomnii o0bsicHeHUs1 (hakT — aernaccuBa-
LIMS CTAJIbHOM apMaTyphl IPU HU3KOM COAEpKaHUU XJIOpH-
OB B HACBIIIEHHOM PAacTBOpe TUAPOKCHUAA KaJblvs U B
KUJIKOCTH, OTKaToi U3 0eToHa. PaHee BhINMOJHEHHBIN aHa-
JIU3 OTEYECTBEHHbIX U 3apybexkHbIX MaTepuaioB [8, 9] mo-
KazaJl CJIeyIolIue pe3ysbTaThl. B HachIIIEHHOM pacTBOpe
Ca(OH), koppo3uIo cTajly BBI3BIBAIN XJIOPUIBI IPU KOH-
uentpaunn 0,002—0,0035% CIl™. B BBITSKKE U3 IMOPTJIAHI-
LIeMEHTa MaCCUBHOCTb CTAJIM HapylIanach MPU COAePKaHUU
NaCl 4—6 mr/m.

OTcyTCcTBME KOPPO3UM CTAJIbHOM apMaTyphl B OeTOHE,
cojiepXallleM OrpaHMYeHHOE KOJIMYECTBO XJIOPUIOB, 00b-
SICHSIIOT CBSI3bIBAHUEM YACTH XJIOPUJOB MPOLYKTAMU THIpa-
TallMM IIeMEeHTa — aJloMUHaTaMM, (deppoaTioMUHATaAMMU,
TMIPOKCUIIOM KaJbllMsg — B MajopacTBOPUMBIE COEIMHE-
HMS. XJIOPUIBI MOTYT CBSI3bIBAThCSl MPOMYKTaMU TMIapaTta-
uuu TpexkanblueBoro cuiaukara [10]. I1pu stom B Boze,
HaXOAAIIEICST B KOHTAKTE C COAEePKAIIMMU XJIOPUILI MUHE-
pajiaMu IIeMeHTHOTO KaMHsI, 06pa3yeTcsl pacTBOpP, KOHIIEH-
Tpamus KOTOPOTO HAaXOMUTCSA B OMpPENeIEHHOM 3aBUCUMO-
CTH OT BUJIa MUHEpaJa.

Haim uccnenoBaHusi KOppo3uu CTaIbHOM apMaTyphbl B
0OeToHax Ha LIEeMEeHTax Pa3IMYHOrO0 MUHEPATIOTMYECKOTO CO-
craBa (Tabs1. 3) rMokasaiu clieayolee.

O06pasiibl TOTOBWIM U3 LIEMEHTHO-TIECUaHbIX PACTBOPOB
cocraBa 1:2 ¢ B/II=0,5 u 1:3 ¢ B/L1=0,6. JobaBky CaCl,
BBOIWIX B KomyecTBe oT 0,5 1o 3% OT Macchl LiEMEHTA.
OO0paslibl UCHBITHIBAIM BO BJIaXHOW cpele B BO3pacTe
180 cyr. Hanmnuue cBOGOAHBIX XJIOPUIOB OIPEACIISUIN Kaue-
CTBEHHO — PacTBOPOM a30THOKMCJIOTO cepebpa (MeTox mo-
3BOJISIET OTPENEISITh HATMYMeE XJI0puaoB okoio 0,4% u 60-
Jiee); COCTOSTHME CTaJIbHOI apMaTyphl OLIEHUBAIM B 3aBUCH -
MOCTH OT HaJIMYMsI MPOAYKTOB KOPPO3UM Ha MOBEPXHOCTH
CTaJIbHOM apMaTyphbl OC/Ie BCKPBITHSI 00pa31ioB. Pe3yabTaThl
MpUBEICHBI B Ta0. 4.

HauGosnbiiee comepxanue xiaopuaoB — 1,28% Cl-, He
BBI3BaBIllee KOPPO3UM CTaJTbHOI apMaTyphbl, MMOKa3aau 00-
pasiibl, U3TOTOBJICHHBIE Ha AJIUTOBOM IIEMEHTE C BBICOKUM
conepxanuem C,AF. HauMeHblliee KOJIMYECTBO XJIOPUIOB,
MpY KOTOPOM Pa3BUBAJICS MPOLIECC KOPPO3UM CTAIM, TTOKa-
3aJ11 006pasIibl Ha OEJTUTOBBIX LIEMEHTAX C HU3KUM COIepXKa-
HueM C;A. Koppo3us HauMHamach yxe MpU COnEpXKaHUU
Cl~ 0,32% ot mMaccel ieMeHTa. McnblTaHus MTOKa3aIu, YToO
BCE OCHOBHBIE MMHEDPAJIBI IEMEHTHOTO KIIMHKepa OKa3bIBa-
0T BJIMSIHME Ha KOPPO3UMOHHYIO aKTMBHOCTb MOHOB Cl~
B OeTOHe.

B BBIMOJIHEHHBIX UCIIBITAHUSIX KOJIMYECTBO XJIOPUJIOB,
BBI3BIBAIOIIMX KOPPO3UIO CTAJIbHOM apMaTyphl, 3aBUCEJIO OT
MHHEPAJIOTUIECKOTO COCTaBa IieMeHTa, KOJIMIEeCTBA IIeMeH-
Ta B OETOHE, BEJWYMHBI BOJOLEMEHTHOTO OTHOIICHMS.
B r1oTHBIX 6eTOHAX Ha ATUTOBBIX IIEMEHTAX C YU€TOM BbICO-
KOTO Y HU3KOTO COMEPKaHMS aJTIOMUHATOB OMACHOCTh KOP-
pPO3UM CTaJIbHON apMaTypbl BO3HUKaJa IMPU COAEPXKaHUU
noHoB Cl~ 6osiee 1% Macchl LieMeHTa, B 6eTOHAX Ha OeJIUTO-
BBIX IleMeHTax — 6oee 0,3—0,6%.

Koppo3uoHHbIe WCIBITAHUSA CTAaJbHOM apMatyphl [8]
apMUPOBAHHBIX 00PA31I0B B MOPCKOM Cpejie MoKa3au:

— B GeToHe ¢ pacxomoM LeMeHTa 450 Kr/M® B MOpCKoit
arMocdepe yepe3 3,2 roma apMaTypa IoaBeprajiach Koppo-
3uu ipu copepkaHuy noHoB CI~ 1% macchl IeMeHTa;
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— B 6etoHe ¢ B/11=0,5 ¢ Bo3myxoBoBJIeKatolel 100aB-
KO# B 30HE MIEPEMEHHOTO YPOBHSI MOpS MPHU TOJIIIMHE 3a-
mutHOro cjiost 30 MM mocie 30 Mec UCIBbITAHUI apMaTypa
Koppo3upoBaa mpu coaepxannu noHosB Cl~ 1,2% macchbl
LIEMEHTA.

B myb6nukanusx o BIUSHUM XJIOPUAOB Ha KOPPO3HIO
cTayiv B 6eTOHE, TOMUMO XMMUYECKOTO CBSI3bIBAHMS XJIOPH -
JIOB B MQJIOPAaCTBOPUMBIE COSAMHEHMS, OTMEYAETCS BIMSI-
HUE COPOIIMU XJIOPUAOB IMAPATUPOBAHHBIMU COSTUHEHMSI-
MM TIOPTJIAHALIEMEHTHOTO KIIMHKEPa, POJIb OTHOIIEHUS
Cl~/OH™. Yka3zaHo, 4TO Ha CBSI3bIBAHUE XJIOPUJIOB BIUSIOT:
MMHEPAJTOTUIECKHI COCTaB IIeMEHTa; KOJIMIECTBO IIeIodeit
B LIEMEHTE; KOJIMYECTBO BBEJACHHOIO B COCTaB OETOHA XJIO-
puaa; BUI KaTMOHA, CBsI3aHHOTO ¢ moHOM Cl~; BOIOLIEMEHT-
HOE€ OTHOIlIeHUEe OETOHHOI CMecH; TeMIlepaTypHble yCJo-
BUSI TBEpIACHMSI OETOHA; YCJIOBUs 3KCIUTyaTallMM OeTOoHa
(BbllIETaUMBaHUe, KapOoHMU3alus). B pasnanuHbIX MCTOY-
HUKaxX coobIIaeTcs o cBa3biBaHuM oT 30 10 95% BBeIeHHBIX
XJI0pUIOB, B oCHOBHOM 60—85%. Ilpu 3TOM pe3yJabTaThl
MOJTy4yeHbl Ha 00pa3iiax u3 6eToHa pa3HOTO COCTaBa, Ha pa3-
JIMYHBIX LIEMEHTaX pa3HbIMU METOIaMM — OT aHaju3a lie-
MEHTHOTO KaMHsI J0 aHaju3a BBITSDKEK U KUAKON (a3bl,
OTXAaToM IPpY BBICOKOM JIaBJieHMU U3 O6eToHa. CKa3zaHHOE He
TTO3BOJISIET CIEJIATh OAHO3HAYHBIX BBIBOJOB O KPUTUIECKOM
conepKaHUU XJIOPUIOB B OETOHE, a CYIIeCTBYIOIINE KPUTe-
PUM MOXHO MPUHSTH KAK OPUEHTUPOBOYHEIE.

B Poccuun oTcyTCcTBYeT cTaHAApT HAa METOJ ompeiese-
Hus xjaopunoB B 6etoHe. B TOCT 5382—91 «llemeHTHl U
MaTepHuabl IEMEHTHOTO MTPOM3BOACTBA. MeTOIbl XUMUYe-
CKOTO aHaJiu3a» JAaHbl METOIbI OMpeeIeHUs OOIIEro Co-
JepXKaHUS XJIOPUIOB U KOJTMYECTBA PACTBOPUMBIX XJIOPH-
0B B emeHre. B TOCT 8269.1-97 «I1lebeHb 1 rpaBuii U3
TJIOTHBIX TOPHBIX TTOPOJ U OTXOJ0B MPOMBIIIIEHHOTO TPO-
MU3BOJICTBA JIJIS1 CTPOUTENbHBIX Pa0bOT. MeToIbl XMMUYECKO-
rO aHaJi3a» TPUBEAEHBI METOABI OMNpeleeHUs OOIIeTo
comepkaHusl U KOJIMYEeCTBa PACTBOPMMBIX XJIOPUIOB B 3a-
MOJTHUTENSAX. B 060mX ciaydasix (3KCTpaKIvs BOAON U pac-
TBOPEHMEM B a30THOW KHCJIOTE) aHAJIM3 BBITTOJTHSIETCS Ha
TOHKOPA3MOJIOTBIX ITPo0Oax, MpocestHHbIX yepe3 cuto Ne 008
mo 'OCT 6613—86 «CeTku MpOBOJIOYHbIE TKAHBIE C KBaJI-
paTHBIMU sTYeiiKaMK. TeXHUYeCKUe YCIOBUSI» ¢ sSTdeiiKaMu
0,08 MM B cBeTy. BomHast BHITSIKKA TTPUTOTaBIMBACTCS TIPU
cootHomreHn 1:10 Macchl Ccyxoif MpoOOBI M ITUCTHLINPO-
BAHHOM, HE colepXalllei yrJIeKUCIOThl BOABI ITepPEMELIN-
BaHUEM B TeueHue 10 MUH.

B pa6orte [11] mokazaHO, 4YTO MPU IKCTPAKIIMU 3TAHO-
JIoM U3 6eToHa u3BjeKanu 7,5—9,4% BBeIEeHHBIX XJIOPUIOB,
a Bomoii — 65,5—74,9%, cuuTasi, 4TO B IIEPBOM ClIy4yae U3-
BJICKAIOTCSI CBOOOMHBIC XJIOPUIBI, a BO BTOPOM — CBOOOJI-
Hble U c1a00CBsI3aHHBIE.

Jlnst aHanu3a OeToHa mpueMjieM METOH OIpeaeeHUS
00111er0 colepXKaHUsI XJTOPUIOB B OETOHE C pacTBOPEHUEM
TOHKOPa3MOJIOTOM TTPOOHI B a30THOM KHUCIIOTE C TTOCIEIYI0-
UM TUTpoBaHWeM. OXHAKO pa3leUuTh 3T XJIOPHUABI Ha
CBSI3aHHBIE W HECBSI3aHHBIC HE MPEICTaBJISETCS BO3MOX-
HbIM. [IpUYUHBI 3TOTO B TOM, YTO IMPU IKCTPAKIIMU BOJIOM
B PacTBOP MOTYT NEPEXOIUTh COPOMPOBAHHBIE LIEMEHTHBIM
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Kopposus: mamepuanst, 3awuma. 2015. Ne 2. C. 14-27.

3. Jleonosuu C.H., CrenaHoBa A.B. MoaenupoBaHue XJio-
PUIHON arpeccuy Ha BHICOKOKAYECTBEHHBIN OETOH I

KaMHEeM XJOpHUIbl M HeOoIpenesieHHas YacTh XJOPHUJIOB,
XUMHMYECKU CBSI3aHHBIX C COCAMHEHUSIMM LIEMEHTHOTO
KaMHSI.

OTMeyaeTcsl 3aBUCHMOCTb KPUTUYECKOTO CONEPXKaHUS
XJIOPUJIOB OT conepxxaHus ienodeid. [To manHbM [12], ¢
yBenmuueHueM pH pactBopa, Hanpumep 11,6; 12,6; 13,2,
KpUTUYecKass KOHIEHTpALMs XJIOPUAOB YBEIUUYMBAETCS
cootBeTcTBeHHO 72, 710, 890 Mr/n. B KauecTBe Kputepust
UM npemioxeHo otHomeHue Cl1-/OH™, koTopoe He 10K~
HO ObITh 6onee 0,60. OGBACHSIETCS 3TO KOHKYPHUPYIOIIEH
copOuMeld Ha TOBEPXHOCTU CTaJIbHOW apMaTypbl MOHOB
Cl"u OH".

KonnuectBo nonoB OH™ 3aBucuT ot comepxkaHus Iie-
noueit Na™ u K* B iemeHre, T. €. B 6eTOHAX Ha LIEMEHTAX C
BBICOKMM COJIep>KaHUeM IleJI04Yeil OMacHOCTb XJIOPUIHOMN
KOPpPO3UHU CTaJIbHOI apMaTyphbl HUXKE.

MuHepanbHble 100aBKU, CBSI3bIBAIOIIME TUAPOKCUIL
KaJIbIIMST M OTYACTH IIEJIOUM, TTOHIKAIOT 3HaueHue pH Oe-
TOHA W TEM CITOCOOCTBYIOT Pa3BUTHIO XJIOPUIHOM KOPPO3UHN
cTaJlbHOM apMaTyphl. B To ke BpeMsi MuHepaabHble 100aBKU
MOTYT YMEHbIIATh TU()dY3NOHHYIO TPOHUIIAEMOCTh O€TOHA
U 3aMeJISITh MOCTYIUIEHUE XJIOPUIOB B OETOH U3 OKPYXKalo-
mieit cpensr [9].

OrnpeneneHre conepXaHUsl XJOpUIOB B OETOHE MMeEeT
1LIeJIbIO OLICHUTH 3aIlIUTHOE AEMCTBUE OETOHA Ha CTAJbHYIO
apmatypy. OnHaKo IjIsl 3TOW 1eJIi MOXHO MCMOJb30BaTh
NpPSIMOM METOH OIPEACICHUS MAaCCUBUPYIOLIETO ACUCTBUS
0eToHa 2JIeKTpOXMMHUYeCKUMU Metogamu. B Poccum yka-
3aHHbIe MeToabl puBeneHbl B [OCT 31383—2008 «3armura
OETOHHBIX U XeJIe300€TOHHBIX KOHCTPYKIIMI OT KOPPO3UU.
MeToabl UCTIBITAaHUIM».

CraenyeT oOpaTuTb BHMMaHMHE e€llle Ha OIHY OCOOEH-
HOCTb BO3IEMICTBUSI XJIOPUIOB HA KOPPO3UOHHOE COCTOSTHUE
apmaTtyphbl B 6eToHe. I1pu obGciienoBaHNM KeJ1e300€ TOHHBIX
KOHCTPYKLIUI, HaXOAUBIIUXCS B XJIOPUIOHOW cpene, ¢ Mo-
MOUIbIO UHAMKATOPAa — a30THOKUCJIOro cepedbpa B 0Opas3o-
BaBIIMXCS KOPPO3MOHHBIX S13BaX Ha MOBEPXHOCTU apMary-
DHI IO/ CJIOEM TIPOJYKTOB KOPPO3UM OOHAPYXKMBAeTCs Ha-
KOIJIEHWE XJIOPUIOB, KOTOPbIE XOpOIIO (DUKCHUPYIOTCS
Ha3BaHHBIM MHIMKATOPOM B BUJEe 00pa30BaHUsI OEJbIX TIsi-
TeH ocanka xjopuaa cepebpa. [lpuumHa KOHIEHTpaluu
XJIOPUIOB B KOPPO3MOHHBIX SI3BaX OUYEBHMIHA — MepeMele-
Hue annoHoB Cl™ B aHOJHBIE 30HBI TATbBAHUYECKUX ITap Ha
TOBEPXHOCTU KOPPO3UPYIOLIEH CTaIu B GETOHE.

TakuM 00pa3oM, KOPPO3MOHHASI AKTUBHOCTh XJIOPUIOB
10 OTHOIIEHUIO K CTAJIbHOM apMaType 3aBUCUT OT OOJIbIIIO-
ro yucia ¢hakTopoB, B TOM YUCIIE OT COAEPXKAHMS XJIOPUIOB,
MMHEPAJIOTUIECKOTO cOCTaBa KIMHKepa, CoAepKaHUs IIle-
JIoUeil, yCJIOoBMIA TBepAcHHUsI OeTOHa M APYrux (PakTOpOB.
OrnpeneneHue KOJIMYECTBA COPOMPOBAHHBIX U XMMUYECKHU
CBSI3aHHBIX XJIOPUIOB U COOTBETCTBEHHO CBOOOIHBIX XJIO-
PUIOB B 6€TOHE MPEACTaBISIET COOOI TOCTATOUHO CIOXKHYIO
3amady. JIJist BBISIBJIEHUST arpeCCUBHOCTH XJIOPUIOB, BHOCH-
MBIX B OETOH C UCXOJHBIMY MaTepUalaMu, MPeICTaBISIeTCS
11eJ1IeCO00pa3HBIM IOTIOJIHATh PE3YJIbTaThl XUMUUECKUX aHa-
JIN30B KOPPO3MOHHBIMHU, B TOM UHCJIE JEKTPOXUMUUECKU -
MM, UCTIBITAHUSIMU CTAJILHOM apMaTyphl B OETOHE.
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0 HecTauMoHapHOCTH (PU3UKO-XUMUYECKHUX NPOLECCOB,
npoTeKaroLwux B 6ETOHHON CMecH

[peAcTaBneHbl XapakTepUCTUKIN GETOHHON CMECH 1) ee NoACUCTEMbI Ca0-Si0,—H,0. NpusoaaTca TennoTbl aacopoLmm 1 CPOACTBO K INEKTPOHY
OCHOBHbIX MPOMEXYTO4HbIX YacTul: H*, OH™, Hu OH. Moka3aH mexaHnam B3anmoaeiicteus Ca0 ¢ BOAOW M NPUYUHBI MHOFOBANEHTHOCTU aToMa
KanbLys. PacCMOTPEeHbI FMAPOCUNKATHI KanbLmA Kak TBepAble pacTsopbl BHeaperusa Ca0 u H,0 B renb nonukpemHnesoit kncnotbl Si0y-nH,0 ¢
LUMPOKMMUN 06112CTAMM rOMOreHHOCTU. [puBefeHbl 3KCNepUMEHTANTbHbIE JAaHHbIE MO KUHETUKE NOTMOLEHUS KaTMOHOB KanbLyUs NOMNKPEMHIUEBON
KMCNOTON 1 KUHeTUKe pacTtBopenns Si0,. YeTaHoBneHbl aBToKone6aHus atux npoueccos ¢ go6askoil J1CT. Mogcuctema Ca0-Si0,—H,0 1 6eToHHas
CMeCb NonucTaLMoHapHbl. ABToKoNe6aHns koHueHTpaumit Ca0 u Si0, B xuakoi dase noacuctembl Ca0-Si0,—H,0 yKasblBaloT HA HECTALMOHAPHDIN
HemMHeNHbIA XapakTep aTUX NPOLEcCcoB. XUMU4ecKMe NpoLeccs B3anmopencTams MuHepanos (3-C,S u C5S ¢ Bogoi ¢ 06pa3oBaHnem rupocunnkaTos
Kanbuua cnegyeTt paccMaTpmBaTth He € NO3ULMIA KNACCUMYECKON XMMUYECKON KMHETUKIA, 2 METOA0M KOMMbIOTEPHOrO MaTeMaT4eckoro MoAenupoBaHns.

KnioueBble cnosa: HECTaLMOHAPHOCTb, 6ETOHHAA CMECh, TMAPOCUIINKATbI KanbLns, MPOMEXYTOYHbIE YaCTMLbI, aBTOKOJIE6aHNA KOHLEHTpaLun,
noNNCTaLUNOHApHOCTb, KOMNbIOTEPHOE MaTEMaT4eCKOe MOJENNpoBaHue.
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About Nonstationarity of Physical-Chemical Processes Occurring in Concrete Mix

Characteristics of a concrete mix and its sub-system Ca0-Si0,~H,0 are presented. Adsorption heats and the affinity of main intermediate particles H*, OH, F v OH to the electron are
given. The mechanism of interaction of CaO with water and reasons for multivalency of the calcium atom are shown. Calcium hydrosilicates as solid solutions of the introduction of CaO
and H,0 into the gel of the polysilicic acid Si0,-nH,0 with wide spheres of homogeneity are considered. Experimental data on the kinetics of calcium cations uptake by the polysilicic
acid and the kinetics of Si0, dissilution are presented. Self-oscillations of these processes have been established with addition of LST. The subsystem Ca0-Si0,—H,0 and the concrete
mix are polystationary. Self-oscillations of concentrations of Ca0 u Si0, in the liquid phase of the subsystem Ca0-Si0,~H,0 indicate the non-stationary, non-linear character of these
processes. Chemical processes of the interaction of minerals 3-C,S and C;S with water with formation of calcium hydro-silicates are necessary to analyze not from the positions of

classical chemical kinetics but with the method of computer mathematical simulation

Keywords: nonstationarity, concrete mix, calcium hydrosilicates, intermediate particles, self-oscillations of concentrations, polystationarity, computer mathematical simulation.

For citation: Vernigorova V.N., Sadenko S.M. About nonstationarity of physical-chemical processes occurring in concrete mix. Stroitel'nye Materialy [Construction materials]. 2017.

No. 1-2, pp. 86-89. (In Russian).

BeToHHas cMech — 3TO KOJUTOMAHO-XMMMYECKAsT JTHC-
repcHasi cucteMa, obJsiafaroliasi BCEMU CBOWCTBAMU 3TOTO
pona cucteMm. beToHHas cMech 001agaeT BSI3KOCTbIO, U O
9TOMY TPU3HAKY €€ MOXHO OTHECTU K TBEPIOMY Tey.
O/HaKO TMPUCYTCTBUE BONbI JEJIaeT €€ MPOMEXYTOUHBIM
MaTepraJioM MEXIy KUAKOCTbIO W TBEPABIM TEJIOM.
BeToHHast cMech — 3TO yNpyroBsi3kas HEOMHOPOIHAS CH-
cTeMa ¢ MOCTOSTHHO MPOTEeKAIIUMU B Hell (hu3MuecKuMu,
(hU3UKO-XUMUYECKUMHM W XUMUYECKMMHU TMPOIecCaMM.
ITocne 3ameniMBaHUSI UCXOJHBIX KOMIIOHEHTOB cpa3y Ha-
YUHAETCSI B3aMMOJICICTBUE UX C BOAOM, IMPU 3TOM B OETOH-
HOI cMecu (GOPMUPYETCSI HECKOJIbKO MOJCUCTEM, TIaBHON
U3 KOTOphIX sBjsiercs: noacuctema CaO-SiO,—H,O0.
XuMMYeCKHe peaklUu B3auMOACHCTBUSI MUHEPAJIOB 3TOK
noncucteMbl 3Ca0-SiO, (C;S) u B-2Ca0-Si0, (B-C,S) ¢
BOJIOW SIBJISIIOTCS TIaBHBIMU. MICTOUHMKOM 3HEPTUU SIBJISI-
€TCsl DK30TEPMMUYECKAs PEaKUMsl IMCCOUMAaUUU MOJIEKYII
Bonbl H,O Ha nonst HY 1 OH™ u pagukanst H u OH, koto-
past HeoOpatuMa. Auccoumanys MOJIeKyJI Boabl TpeOyeT 3a-
TpaThl 3Hepruu 485 kI /Moiib, uTo Ha 25 KJIXK/MOJIb 0601b-
e cpenHero 3HaueHus1 sHeprum cBsizu O—H B Boge. [Tpu
peakiuy pPeKOMOWHALIMM MOJIEKYJI TOJy4aeM BBIMTPBILII
9Hepruu, paBHbiit 25 KX/Moib. [J1aBHBIM (hakTOpOM ca-
MOITPOU3BOILHOTO TIPOTEKAHMS peaKIIuy THAPOJIN3a CHIIH-
kaTHoro MuHepana C;S gBigeTcd HECTEXMOMETPUYHOCTH
coenrHeHus. C;S — 3T0 TBEpIbIA NEPECHILIEHHbIA PACTBOD
CaO B B-C,S. PactBoputenem spasiercs B-C,S, uMeromui
MOHOKJIMHHYIO KPUCTALIMYECKYIO peleTKy. [Tpaktuuecku
9Ty XK€ KPUCTAJUIMYECKYIO PEIIETKY UMEET U TpeXKalbliue-

BbIit cuiikat C;S. B C;S pactBopeH He Tonbko CaO, HO u
MgO u Al,O3, 1 Tako# TBEPIbIA PACTBOP Ha3bIBACTCS AJlU-
ToM. MuHepan $-C,S — cTeXoMeTpru4yeckoe CoeIUHEHUE,
umMerolee nedeKTHYI0 CTPYKTYpY M CYIIECTBYIOIIEe B He-
CKOJIbKUX NomMopdHeIx Mogudukauusx; B-C,S obpazo-
BaH O4YeHb cnaboil kucnorot H,SO; u Gojee cHIIBHBIM OC-
HoBaHueM CaO. He meHee BaxkHBIM (DaKTOPOM CaMOIIPOM3-
BOJIBHOTO CTPYKTYpOOOpa3OBaHMSI SIBJISIETCS HaJIuuue
CBOOOJHOTO HecBsI3aHHOTO okcuaa Kaibiusa CaO B KIMH-
Kepe B KoJIM4yecTBe, He mpeBblimatomeM 0,75—1% [1]. D1o
CBUJIETEJLCTBYET O HEMOJHOTE MPOTEKAaHUs peaklinii oopa-
30BaHUS CHJIMKATOB KaJbIUS B KIIMHKepe. HeycToianBbIM
SIBJISIETCS] M TPEXKAJIbLIMEBBIN amoMuHatT C;A, peakiiusi Ko-
TOPOTO C BOJOM SIBJISIETCSI UICTOYHUKOM SHEPTUU U HEYCTOM -
YUBOCTH.

[Tpu B3aumoneiicteun MuHepana C;S ¢ BoJoi mpowuc-
XOIUT MTHOBEHHBI pacnan MuHepana Ha CaO u SiO,'nH,0
(B Buze renst): CaO akTMBHO B3aMMOJEHCTBYET C BOMOM C
BBIIC/IEHUEM SHEPruM, paBHOM 65,2 KJIxk/Moib. Kak mosa-
raet B.B. Kanpanos [2], nmpouecc B3aumoneiictBust CaO ¢
BOJION 00YCIOBJEH HEYCTOMUMBOCTBIO IBYX3apsITHOTO MOHA
kuciaopona. Tak, CpoiCcTBO aToMa KUCJIOPOJa K DJEKTPOHY
pPaBHO:

O+e—01+2,3398; (1)
0 +2e — 0> — 6,76 5. ()

Kak BWIHO, CPOJCTBO aToMa KHCJIOpPOAa KO BTOPOMY
SJICKTPOHY SIBNIIETCS OTPULATENIBHONW BEIMYUHOW W TIPO-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

86

aneaps/heepanv 2017



Modern concretes: science and practice

nece O?~—1le—0~! conpoBoxxaaeTcs BbIIENIEHUEM SHEPTUN
9,09 9B., uiau 873,62 kIx/Mojib. B 00beMe KpHcTalia MOH-
Has napa Ca*O~ ycroitunBa. Ha moBepXHOCTU 3Ta HOHHAA
Mapa HEeyCTOWYMBA, W ISl Hee XapaKTepeH dJIeKTPOHHBI
Mepexon;

0> — le + Ca®* — CatO~ — 6,76 3B. 3)

DEeKTPOHHBIN ITepexol (3) U3MEHSIET COCTOSIHUE HOHOB
Ha MOBEPXHOCTU Y CHUXKAET DHEPIUIO UX CBSI3U C KPUCTAJI-
oM CaO BBUIY yMEHbIIICHUS! BeJMUUHBI 3apsina. OmHaKo
SHEPIruu, BbIIEISIEMON MTPU alcOpPOLIUM BOJIbI, HEMOCTATOY-
HO IS TIPEOIOIEHUST SHEPTEeTUIECKOTO Oapbepa 3J1eKTPOH-
Horo nepexopa (3). Munepanst 3-C,S u C;S aBnstorcs op-
TOCWIMKATaMU, B CTPYKTYpe KOTOPBIX TeTPa3Aphl [SiO4]4‘
CBSI3aHBI MeXy o001 aToMaMu Kanblus [3].

B pe3ynbraTe ruposinza u ruipataliii 3TUX MUHEPAaJioB
ob6pasytorcs ruapocwinkaTtel Kanbiys (I'CK), umerorniue
BOJIOKHHCTYIO CIIOUCTYIO CTPYKTYPY, B KOTOPOI TeTpasaphl
KOHIEHCUPOBAaHbI M CBS3aHBI Yepe3 aTOMbl KHUCJIOpOAa C
KasnbLMeBbIMU OKTasapamu CaOg. Takum obpasom, B po-
Leccax TUAPOIU3A M TUApATALlMM MPOUCXOIUT (da3oBoe
npeBpallieHue.

betoHHast cMech mpeacTaBisieT coO0i CIOXHYIO, MHO-
TOKOMITOHEHTHYI0, HEOTHOPOIHYIO MHCIIEPCHYIO CUCTEMY,
TTOBEPXHOCTH YaCTHUII KOTOPOI HACHIIIEHBI KaK KMUCIOTHBI-
MM, TaK M OCHOBHBIMU aJCOPOLMOHHBIMU LIEHTPaMMU.
Mosiekysbl BOIbI MOTYT afcopOMpoBaThCsl Kak Ha KUCIOT-
HbIX LeHTpax Si*', Tak u Ha ocHoBHBIX neHTpax O?~. C
KHCJIOTHBIMM LICHTPaMU MOJIEKYJIbI BOAbI 00pa3yloT JOHOP-
HO-aKIIeNITOPHbIE CBSI3M, 2 C OCHOBHBIMU — BOJOPOIHBIE
cBs13u. B m1000M citydyae IIpoMCXOOUT AMCCOLMALIMS MOJIE-
KyJ1 BOZIbI Ha MOHBI Bogopona H™ u mons! ruapoxcuna OH™.
Teriota XxeMocopOLMK MoHa Bogopona (mpotoHa) H' Ha
aToMax Kucjioponaa paBHa +2156,88 k/I3k/Moib, a 3HEpTHs],
BBIIENIAIOIIAACS TIPH ITPUCOoeqMHeHNK noHa H K Momekye
Bombl, paBHa +760,76 kJIxx/Monb. CpOACTBO K 3JIEKTPOHY
noHoB H* paBHo +1308,34 kJIxx/Moib. Ternora agcopoumm
noHoB H' Ha moBepxHocTu yactui okcuaa Kanbumsg CaO
cocraBnsger +1128,6 k/Ixx/momb. Ternora agcopOoLu KO-
HoB runpokcuia OH™ Ha noBepxHoctu yactuil CaO co-
crapisieT +472,34 kJIxx/Monb. CpoaCcTBO K 3JIEKTPOHY paiu-
kaa OH™ coctaBnser +163,1 kIx/Monb. Terutora ancop6-
uuu Mouekys Boabsl H,O Ha noepxHocTu CaO cocrapisieT
+74.,4 xJIx/Monb. CpoacTBo K 31eKTpoHy noHoB Ca?’ Be-
JIMYMHA TepeMeHHass u cocTasisier +389,57 kJIX/MoIb;
+341,92 x/Ix/momb; 216,52 xJIx/mMonb; 576 kIX/MOJb;
+138,77 xIxx/Monb; +667,96 KJI>x/MOJb.

IMpuBeneHHBIE BETUIUHEI TIO XeMOCOPOILIN U CPOJCTBY
K 3JIEKTPOHY IMOKa3bIBAIOT, YTO CAaMbIMHU PEaKIIMOHHOCIIO-
COOHBIMM YaCTHLIAMHU SIBJISTIOTCSE TPoToHbl H' 1 cBOGOAHbIE
aToMbl Bogopoaa H, MCTOUHMKOM KOTOPBIX SIBJISIETCS BOJA.

Takum o6pa3zom, peakuuu TUAPOIU3A U TUApaTalluU B
noncucreme CaO—Si0,—H,0 6eToHHOI cMecH MpoTeKa-
10T C y4acTHEM MPOMEXYTOUHBIX aKTUBHBIX YacTul H™ n
OH™. B pesynbrare peakuumii ruapojn3a W THUApaTaldu
00pa3yloTcsl TUAPOCWIMKATBI KaJbIUsl, XUMUSI KOTOPBIX
CJIOXXHA, a KpYCTa/UIM3allusl HEOObIYHA U COMIPOBOXKAAETCS
npoieccamu cxBatbiBaHusl u TBepaeHusi. [CK HepacTBo-
PMMBI B BOJIe, HEYCTOMUMBHI JaXe B TAKO# C/1ab0ii KMCIIO-
Te, KaK YroJibHas; YCTONIMBHI TOJILKO B IIEJIOYHOM cpefie 1
colepxKaT IOBHIIeHHOe KonmuyecTBO Bombl. ['CK mmeror
JPYrOM THUIT KPUCTAUIMYECKOU PEIIeTKM U COCTaB UX I10
bBorry (0,8—1,5)Ca0-Si0,(0,5-2)H,0, xoTopsle 0603Ha-
yaotT CSH(B).

I1pu n30bITKe M3BEeCTH B OETOHHOI CMeCcH 00pa3yroTCs
I'CK cocraBa (1,7-2)Ca0O-SiO,(2—4)H,0. Ilo borry sto
C,S—H,. B nacrosee Bpems B cucreme CaO—SiO,—H,0
MOJIyYeHO M U3y4eHO He MeHee 24 uHauBunyaibHbix [CK,
13 KOTOPBIX OKOJIO 15 BCTpevaroTcsl B BUIE MTPUPOAHBIX MU-
HepasioB. [TouTu Kaxmoi MHAMBUIYAJbHOM (ha3e COOTBET-
CTBYET HECKOJIbKO pa3HOBUAHOCTEN. Bce oHU oTiamyaioTest

JIPYT OT IpyTra XUMUIECKMM COCTaBOM, CTEIIEHbIO KOHICH-
callMM KpeMHEKMCIOPOAHOTO MOTHBA U CTEIEHbIO obora-
IIEHUsI €ro OKCUAOM Kanbumsi ¥ Bomoitl. Hampumep, I'CK
kcoHoTutT — 6Ca0-6Si0,-H,0; TI'CK ToGepmopur —
5Ca0-6Si0,°5,5H,0. B ocHOBe KpeMHEKHMCIOPOIHOTO MO-
TUBa KCOHOTINTA JIEXUT pagukai (SigO;7)«, @ B OCHOBE TO-
6epmopuTta — (SigO;5)e [4, 5]. [IpuBeneHHBIE BbILIE POPMY-
JIbl yKa3biBaloT Ha To, 4To 'CK — 3T0 TBepable pacTBOPHI
BHeapeHus CaO u H,O B rene SiO,, obpa3oBaBLierocsi B
pedynbrate ruaponusa MuHepanoB p-C,S u  CsS.
Tob6epmoputonogobHsie ['CK TobGepMopuTononooHoit
rpynnsl umeroT oranyHyo ot CaO u SiO, opropombuye-
CKYIO KPUCTAJUIMYECKYIO PEIIETKY C TapaMeTpaMu dJIeMeH-
TapHOil sAyeitku: a=1,12 um; b=0,73 uM; napametp C'y
I'CK pasnbiit. U3 npuBeneHHbix ¢popmya 'CK BuaHo, uTo
HX TBEPIbIE PACTBOPHI UMEIOT IIUPOKKE 00JIACTU TOMOTEH-
Hoctu. Atombl Si, Ca, O, H HeB3anMo3aMeHsieMbl, TaK Kak
MMEIOT pa3Hble pa3Mepbl, BAJICHTHOCTH M dHEPTeTHYECKUE
xapakTepuctuku. TBepabie pactBopbl I'CK mpeacraBisior
000l HeNpPephIBHBIM HA0OP CXOMHBIX XMMUYECKUX COCIU-
HEHUI ¢ HepalMOHAJIbLHON (hOPMYJION, JiexallluX B TpaHu-
1ax obsactell TOMOTeHHOCTH, KOTOPbIE ONpPENEesIIoTCsl Ba-
JICHTHBIMA OTHOIIEHUSIMU KOMITOHEHTOB. O0JIaCTH TOMO-
TeHHOCTH B TBEPIbIX pACTBOPAX BHEAPEHUST — 3TO TPAHUIIBI
BaJICHTHBIX HAChIIEHWI. BeamunHa o6iacT¥ TOMOTEHHO-
CTH B TIEPBYIO OUEPEIb OTIPEACIISIETCS ANEKTPOHHBIM (haKTO-
DPOM, CBSI3aHHBIM C YMCJIOM 3JIEKTPOHOB KaXKJIOTo aTroma,
YYacTBYIOIIUX B 0Opa3OoBaHUU XUMHUYECKUX CBSI3EH.
DJIEKTPOHHBIN (HAKTOP OIpPEACIISIETCS TOJBKO CTPYKTYpOi
KOMITOHeHTOB, oopasytommux ['CK.

I'uapocuamKaTel Kajablds — 3TO HECTEXHOMETPUUYECKIE
XUMUYECKHE COeTUHEeHNs, (pa3bl IEPEeMEHHOI0 COCTaBa, 00-
pasoBaHHBbIe TpeMsi okcunamu: SiO,, CaO, H,0, ctpykTtypa
KOTOPBIX HEperyJsipHa, Tak Kak aedektHa. HeperynsspHocTb
CTPYKTYpBI SIBJISIETCS TIPUYUHOM TOTO, YTO PACCTOSTHUS
mexny atomamu Si—Q0; O—0; Si—Si; Ca—0; H-OH; O—H
HMMEIOT TlepeMeHHOe 3HaueHrue. OT MeXaTOMHBIX PacCTOsI-
HMI 3aBUCST KOOPAWHAIIMOHHBIE YMC/a, T. €. YUCJIO XU-
MMYECKUX CBsI3eil, obpasyeMbix atomamu Si, Ca, O, H.
Bosbilioe 3HaYeHUE MMEET CTPYKTypa 3JeKTPOHHOU 000-
JIouku aToma. KaTHOHBI Kayblvsl, HAXOSIIIUECS B BO30YX-
JIEHHOM COCTOSTHUH, UMEIOT TTOBBIIIIEHHbIe KOOPIWHAITNOH-
Hble uncia. B Takux nonax Ca?' mociie oTpbIBa BHELIHUX
S-3JIEKTPOHOB yBeJu4eH 3(MEeKTUBHBIN 3apsii siapa, a Mo-
3TOMY 00JIeryeHo 3anojHeHue 3d-opbOuraneii, mpukumMae-
Mbix K saapy. C.A. LykapeB nokazana 3TO KOJMYECTBEH-
Ho [6]. TTpu nepexomne ot Ca® x CaM tepm 3d omyckaercst ot
3HavyeHus 3,59 3B. mo 10,18 3B., T. €. Ha 5,76 3B. B atrome Ca
TepMbl 3d 1 4s He CWUIBHO COIMIKEHEI, II03TOMY IIPpU HaTeKa-
HUM 3JIEKTPOHHOM IUIOTHOCTU OT JIUTaHAOB TepM 3d urpaet
HEKOTOPYIO POJib B KOH(MOUTYPAIlMOHHOM B3aMMOJAEWCTBUU
cBOGOIHOrO MoHa Kanbuus. IIpu nepexone ot Ca'™ k Ca’"
tepM 3d onyckaercst ot 10,18 no 25,94 3B., 1. €. Ha 9,25 3B.
B peaynbrate TepM 3d B moHe Ca”* exurt Ha 4,82 3B. IIyOxe
TepMa 4s U SBJISIETCSI TIEPBBIM Hall 3alOJIHEHHBIM TepPMOM
3p. Ilpu nepeTeKaHUM JIEKTPOHHON IUIOTHOCTU OT JIMT'aH-
JIOB 3acCeJIEHUIO MOoJBepraeTcs B MepBylo ouepeab TepMm 3d,
noatoMy noH Ca** crnocobeH 06pa3oBbIBaTh ¢ KUCIOPOAOM
MPOYHbIE OKTA3IPhI, B KOTOPHIX cBsI3b Ca—O mpouyHee CBsI-
3u Si—O. Yuactue 3d-opOuraneii B 00pa3oBaHUU XUMHUYE-
CKUX CBA3EH SBNAETCA MPUUMHONW TOTO, YTO KOOPAMHAIIW-
OHHOE YHMCJIO ¥ BAJICHTHOCTb aTOMOB KaJIbIIUSI B CTPYKTypax
TBEPIbIX BELIECTB CITIOCOOHBI U3MEHSTHCS B IIUPOKUX TIpe-
nenax. Hampumep, B MUHepalie MOpTIaHALIEeMEHTa OeauTe
KaJblIM HaXOAWUTCS B JABYX BaJIeHTHBIX COCTOSTHUSIX.
HewmanoBaxkHoe 3HaUeHUE UMEET BUIL ITyCTOT OKCUIA-XO35T-
MHa, KOTOPbIEe MOTYT OBITh 3aHSITHI aTOMAaMU KaJbLIUS U
MoJieKyamMu Bofibl. [TyCTOTBI MOTYT OBITh KJIETOYHOTO THTIA,
T. €. 3aKPBITBIMU, HEOTPAHUYEHHO MTPOTSKEHHBIMU B OTHOM
HanpaBieHUM — TYHHEJIbHOTO TUIIa U HEOTPaHUUYEHHO TPOo-
TSOKEHHBIMM B IBYX HaIlpaBJIeHUSX — CJIOMCTOro Tuma. Bee
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CoBpeMeHHbIe OETOHbI: HAYKA H NPAKTHKA

1 8,2
2 6
3 8,3
4 9,7
5 9,7
6 9,7
7 8,7
8 11,5
9 12,3
10 13
1 12,4| i=0,1-26
12 12
13 9
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Puc. 1. KuneTvka cop6Lumm kaTvioHos Ca?* B mpycyTcTaum CJICT (50 Mr/am®)
npu 20°C

9TU (HAKTOPHI BAUSIOT Ha IIMPUHY 00JIACTU TOMOTEHHOCTH
TBepabix pactBopoB 'CK B coBokymnHoctu. bbuia uccieno-
BaHa KMHETHKA NOMIONIEHNS KaTHOHOB Kaibuus Ca’?' re-
JieM nonukpeMHUeBoi kucioTel SiO,nH,O m kuHeTnka
PpacTBOPEHUS NOJUKPEMHUEBOU KHUCIOTHI B MOIEJAbHOM CH-
cteme CaO—SiO,—H,0 npu temneparype 20°C u Bomo-
TBepnoM otHomeHun B/T=60. Ha puc. 1 mpeacraBieHa
KUHETHKa copbuun kaTuoHoB Ca’* ¢ mo6askoit CIT JICT
npu KoHUeHTpauyuu 50 Mr/aM>, a Ha puc. 2 mpejacTaBIeHa
KMHETHKA PacTBOPEHMUS Si032 ¢ nmobaskoii JICT, B3gToii ¢
KoHueHTpamueir 50 mr/am°. C TMOMOIIBI0 KOMIIbIOTEpa
ObLIO TIPOU3BENEHO CIJIaXMBaHWE KPUBBIX TMOTJIOIICHUS
KaTMOHOB KaJbI[UsI MOJIMKPEMHUEBOM KUCIOTON TTO METOY
HaWMEHBIITUX KBaJPaTOB, a TAKKE B IIPUOJMKSHIH K CTaITh-
OHApHOMY COCTOSIHMIO. DTO M0Ka3aHo Ha puc. 1, 2.

TaHreHCH YIJIOB HAKJIOHA PETPECCHOHHBIX MPSIMBIX K
ocl abCIMCC OTPaKaroT CKOPOCTh 3aTyXaHMsSI KoJIeOaHUI
koHueHTpauuu CaO B KUIKOM (pa3e CUCTEMbI, a TAKXKE CKO-
POCTb Pa3BUTHSI HEYCTOMUMBOTO COCTOSIHUSI B CUCTEME
Ca0-Si0,—H,0, npuBonsiero K cxpateiBaHuo. OTpes-
KU, OTCEKaeMble PETPECCUOHHBIMU TTPSIMBIMUA HA OCH OPIH-
HaT, TIPEACTABIISIOT C060i1 0000IIeHHbIe KOHCTAHTHI CKO-
pocteii peakuuu B3aumoneicteus CaO, SiO,, H,0. U3
puc. 1 u 2 caenyer, yto mpoiecchl Bzaumonaeiicteus CaO,
SiO, ¢ H,0 HocAT HeJIMHEHBI XapakTep U YTO B MOICHU-
creme CaO—-SiO,—H,0 mnporekaooT aBTOKOJIEOATEIbHBIE
npouecchl KoHueHtpauuii CaO u SiO,. ABrokonebaHus
koHueHTpauuil CaO n SiO, nokasaHbl aBTOpaMH paHee B
pabotax [7—9]. ABTokose6aTeIbHbIe MPOLIECChl — 3TO MPO-
11IeCChl TIEPUOANYECKHEe, KOTOPbIe XapaKTepPU3yIOTCs eI1H-
CTBOM MecCTa IIPOTeKaHUs OTIAEJbHBIX €r0 CTaANI U HeycTa-
HOBUBIITUMCST COCTOSTHUEM BO BPEMEHM TaKMX ITapaMeTPOB,
KaK TeMIlepaTypa, KOHIICHTPAI!sI KOMIIOHEHTOB, 0COOEHHO
AKTUBHBIX TIPOMEKYTOYHBIX YACTHII H*, OH™ u pagukanos
H u OH. KoTopble NpUHUMAIOT YIaCTHE B TUAPOIM3E U TH-
JpaTallii BCeX MUHEPAJOB MOpTJaHAleMeHTa. B omHux
Mpoleccax 3TY YACTUILIbI PACXOJYIOTCS, B APYTUX MpoLeccax
9T YACTHIIBI TEHEPUPYIOTCS, M 3TH MPOIIECCH HEe COBMama-
1ot 1o Bpemenu [10, 11].
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Puc. 2. Kunetuka pacteopenus SiO, B npucytcteum CI JICT (50 mr/om3)
npu 20°C

IMopTaaHaLIEeMEHT UMEET CAOXHBII XMMUYECKUMN U MU~
HepaJIOTMYeCcKUii COCTaB, U BCe MUHEpasibl 0ETOHHOI cMe-
CU B3aUMOJIEHCTBYIOT C BOJOH C pa3HbIMU CKOPOCTSIMU U B
pasHoe BpeMs. [Ipu 3ToM BbIAEISIETCST KOJIOCCATbHOE KO-
JIMYECTBO 3HEPrum, Kak ObLIO moka3zaHo paHee. Ilomas B
CUJIbHOE 3HepretTuyeckoe noiue, Mmonexyisl H,O pacnaga-
J0TCS HE TOJIbKO Ha MOHBI, HO 1 Ha paauKaibl. Bce mepuo-
NUYecKure Mpolecchl, MpoTeKawliue B 6eTOHHON cMecH,
SIBJISIIOTCSL HecTalmoHapHbIMU. [lockoibKy B OGETOHHOI
CMECH KpOMe€ XMMHUYECKHUX TPOLIECCOB IMPOTEKAIOT IMPO-
1IeCChl IPYTroif MPUPOIbI, a UMEHHO TUAPOMEXaHUYEeCKUe
npolecchl (TpaHCIOPTUPOBKA XKUAKOM OETOHHOI CMECH),
TeIUI0BbIe, MaccooOMeHHbIe (Muddy3us), MeXaHUUeCKue
npoliecchl (MepeMeliiBaHue, yIoTHeHWe) U Jp., KOTO-
pble HUKOTJA He OyayT paboTaTh C ONMHAKOBBIMU CKOPO-
CTAMU, OETOHHASI CMECh €CTh OTKPbITasl MOJMCTallMOHAP-
Has cUcTeMa.

HccrnenoBatb 3aKOHOMEPHOCTH MPOTEKAHUST XUMUYE-
CKMX IPOLIECCOB B HECTALlMOHAPHOI OETOHHOI CMeCH, HC-
MOJb3Ys MpeacTaBieHus GopMaabHON XUMUYECKONW KUHE-
TUKU, HE TPEICTABIISIETCS BO3MOXHBIM. MccienoBaTh Koje-
6arenbHOe cocTtossHMe cucteMbl CaO-SiO,—H,0 B
OETOHHOI cMeCcH BO3MOXHO TOJIbKO METOJOM MaTeMaThye-
CKOTO MOJEIMPOBAHUSI C UCTIOJb30BaHMEM KOMITbIOTEPHBIX
TEeXHOJIOTHi. MaTemaTuuyeckoe MOAEIMPOBAHUE TOJIKHO
PacKpbITh MEXaHU3M B3aUMOJAEHCTBUSI KOMIIOHEHTOB CH-
CTeMbl HA MOHHOM YPOBHE, ONPEAEIUTh YCJIOBUSI BO3HUK-
HOBEHMSI KOJIeOaHW1 M OTBETUTH HAa BOIIPOC, YCTOWYMBA JIN
noacucrema CaO—-Si0,—H,0 B 6eTOHHOI cMecu. DTO no-
Ka3aHo B pabote [12].
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Pyopunka

K 6 0 -1emuro

Braoumupa Muxatinoeuua [opuna,

KaHouoama mexHuveckKux Hayk, 2eHepanvHo2o oupexmopa HU U Kepamszum,
npedcedamensa Coro3za npouszeodumeneil Kepam3uma u Kepam3umobemona,
nouemuoeo cmpoumensi Poccuu

Braoumup Muxaiinosuu lopun poduacs 21 sneaps 1957 . 6 copode Kyiibviuege (noine Camapa). Cepeduna 1970-x ee. 6 cmpa-
He 0blaa 03HAMEHOBAHA PACUBEMOM CHPOUMENbHOL 0MPAcAU, U MO NO8AUAN0 HA eblbop npogeccuu: Bradumup Muxaiinosuu
nocmynua Ha gaxysomem IIT'C Kyiibviuesckoeo unicenepHo-cmpoumenvho2o uncmumyma um. A. M. Mukosna, no okoHuanuu
Komopoeo 6vin Hanpaenen Ha pabomy 6 Hayuno-uccaedosamenvckuii uHcmumym no uzyveruro kepamzuma (HUHKepamzum).

C mex nop yace b6e3z manoeo 40 a1em mpydosas desmeavnocms Bradumupa Muxaiinosuua ceészana c 00HOU U3 8aXHCHEUUUX NO-
dompacaeil nPOMbIUACHHOCIU CIPOUMEAbHbIX MAMEPUAN08 — NPOU3E00CMEOM 6a3068020 1€2K020 3an0AHUmeNs 6emoHa — Kepam-
suma. B uncmumyme B.M. [opun nocaedosamenvHo npouiea nyms om uHxiceHepa 00 eeHepanvbhozo dupekmopa. Bo mHozom eeo
VCUAUAMU 8 CAONCHbBIE 200bl NePeCcMpPOiKU UHCMUMYM Obll cOXpaHeH Kak ompacaesoit HUU.

Hayunvie unmepecwt Bradumupa Muxaiinoguua césa3ansl ¢ co30anuem HcapocmoiKux NOPUCMbiX MAMepuanios, 02He3auum-
HbIX NOKPBIMULL, A€2KUX JHCAPOCMOUKUX OEMOH08 U BbICOKONPOYHBIX 02HEYHOP08, A MAKJice ¢ pa3padomkKoil HOGbIX CIPOUMENbHbIX
Mamepuanos, mexxHoao2uell ux npou3eo0cmea U HeOpeHUuem @ NPOMbIUACHHOE U PANCOAHCKOe CIMPOUMEAbCmeo.

B.M. I'opun sieasiemcst agmopom bonee 45 Hayunoix nyoaukayuil, 12 asmopckux ceudemenvcme u namenmos Ha u3obpemenus,
Haepaxcoer cepedpsanoil medanrsto BIHX CCCP. Eeo pabomul 6HedpeHbl Ha pside npeonpusmuii ompaciu.

B.M. I'opun sieasiemcs uneHom Hay4Ho-mexHu4ecko2o cogema npu Munucmepcmee cmpoumenscmea Camapckoil oonacmu. Ou
ObL1 00HUM U3 UHUYUamopos cozdanus ¢ 2005 2. Coroza npouzeodumeneil Kepamsuma u Kepamsumobemona, Komopbulii 006e0uHUN
Kepamzumosvle npednpusmusi Poccuu u 6auxcnezo 3apybexces. Bom yuce boaee 10 nem 3asoduarne doeepsiom Baadumupy
Muxaiinosuuy éozenaenasms ompacaegoe obsedunenue. CIIKuK éedem akmuenyro pabomy no akmyaiuzauuu HOpmMamueHo-mex-
HU4eckol 6azvl ompacau, 6He0pPeHUr Ha NPeOnpUSMUSX HOBbIX MEXHOA02ULL U COBPEMEHHO20 B8blCOK03)peKkmueroeo obopydosa-
HUs, RO 3auume uHmepecos NPou3gooumenell Kepam3uma Ha PoiHKe U RPOOGUINCEHIUIO e20 8 HOGble 001aCMU NPUMEHEHUS.

Mnoeue 200vt Baadumup Muxaiiaosuyu Iopun sasasemcs uaenom pedaxuyuonnozo cosema xcypraia «Cmpoumeavhole mame-
puais»®, HayMHbIM KOHCYALIMAHMOM U PeeH3eHmoM No HANPAGAEHUI0 NPOU3G00CMEa U NPUMEHEHUA Kepam3uma u Opyux
nopucmuix 3anoanumeneii.

Om Jdywu nozopasasiem Koaaezy ¢ 60-aemuem u xceaaem 300po6vsa, 61a20N0AYMUS U YCNEXO0E 60 6CEX HAMUHAHUSX.

YAK 624
M.K. KABAHOBA', kaHg. TexH. Hayk, C.A. TOKAPEBA', oupektop (keramzit_union@mail.ru);
M.M. YBAPOB?, coBeTHVK

T AO «HUWMKepamaunT» (443086, r. Camapa, yn. Epoliesckoro, 3a)
2 Poccuitckas vHxeHepHas akagemua (125009, r. Mocksa, [aseTHbIi nep., 9, cTp. 4)

OcHOBHbIE KpuTepun - 6e30NacHOCTb, IKONOrMYHOCTD
W IONrOBEYHOCTb CTPOMTENbHbIX MaTepuanos

MpnBedeHbI NPUMEPbI HEraTUBHOMO OMbITA NPUMEHEHNS HEOMPOGUPOBAHHDIX TENOM30NSLUMOHHBIX MATEPUASIOB, BPEAHbIX ANS 300POBbA 1 KN3HN
NI0fieN, Ans TENMIOBOI 3aLUTLI 30aHINA. YKa3bIBAETCA OTCTABAHME U HECOBEPLLEHCTBO TEXHUYECKOTO PEryinpoBaHna B CTPOUTENLHOM KOMMIIEKCe, B
pa3paboTKe 1 YTBEPXKAEHUM TEXHUYECKOrO PernaMeHTa 0 6830MaCHOCTY CTPOMUTENbHBIX MATEPUanos 1 usgenuii. MpeanaraeTcs Bbipa6oTars
TOCYIapPCTBEHHYIO TEXHUYECKYIO MOSIMTMKY MO NPOU3BOACTBY 6830MACHBIX 1 IKONIOTMYECKIX CTPOUTESTbHBIX MATEPUANOB, B YaCTHOCTN [OSITOBEYHbIX,
3HEProadI(heKTMBHbIX, NOXKAPOOE30MACHbIX, AKONIOTMHECKN YNUCTbIX, AOCTYMHBIX N0 LEHE 1N HAZEXKHbIX B AKCMTyaTaLMn KepamanTa 1
KEPaM3UTOGETOHHbIX U3AENNIA 1 KOHCTPYKLMIA HA ero 0CHOBE. COBPEMEHHbIE NPO6/eMbI 6830MACHOCTM 1 3KOMOMAW XXUNULLA JOMKHBI PELLIATLCS
KOM/EKCHO 1 CUCTEMHO Ha Hay4HOW OCHOBE. CTPOMTENbCTBO 6830MACHOTO 11 3KOMOMMHECKMN YUCTOrO XNNbst JOMKHO CTaTh COCTABHON YaCTbi0
KOM/IEKCHOM rOCYapCTBEHHOM NPOrpamMmbl Hapogoc6epexeHns Poccuu.

Knioyesble cnoBa: 3HeprocOepexxeHne, XUnuLHoe CTPOUTeNbCTBO, 6630MacHOCTb 3aHUIA, 3KOMOrMYHbIE MaTepuanbl, TEXHUYECKOE PerynupoBaxne B
CTPOUTESIbHOM KOMIMJEKCE, TEeNn0Bas 3awura 34aHnii, Kepamaur, KepaM3I/IT066TOHHbIe n3genua.

Ins umtuposanms: KabaHosa M.K., Tokapesa C.A., YBapoB I1.[1. OCHOBHble KpuTepuu — 6630NaCHOCTb, 3KONOTMYHOCTb 1 [ONTOBEYHOCTb CTPOUTENbHBIX
marepuanos // CtpoutenbHbie matepuasnsl. 2017. Ne 1-2. C. 90-93.

M.K. KABANOVA', Candidate of Sciences (Engineering), S.A. TOKAREVA', Director (keramzit_union@mail.ru); P.P. UVAROV?, Counselor
T AO «KERAMZIT» (3a, Eroshevskogo Street, 443086, Samara, Russian Federation)
2 Russian Academy of Engineering (9, bldg. 4, Gazetny Pereulok, Moscow, Russian Federation, 125009

Main Criteria are Safety, Ecological Compatibility and Durability of Building Materials

Examples of negative experience in the use of non-tested heat insulation materials harmful to health and life of people, thermal protection of buildings are presented. The lag and short-
comings of technical regulation in the construction industry, in the development and approval of technical rules for safety of building materials and products are indicated. It is proposed
to develop the state technical policy aimed at producing safe and ecological building materials, especially durable, energy efficient, fire safe, ecologically clean, affordable and operation-
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ally reliable expanded clay and expanded clay products and structures on its base. Present problems of safety and ecology of housing should be solved complexly and systematically on
the science base. The construction of safe and environmentally friendly housing should be an integral part of the complex state program of people preservation of Russia.

Keywords: housing construction, safety of buildings, eco-friendly materials, technical regulation in construction complex, heat protection of buildings, expanded clay, expanded clay-

concrete products.

For citation: Kabanova M.K., Tokareva S.A., Uvarov P.P. Main criteria are safety, ecological compatibility and durability of building materials. Stroitel'nye Materialy [Construction materi-

als]. 2017. No. 1-2, pp. 90-93. (In Russian).

Poccus Berynuna B BTO 6e3 cOOTBETCTBYOIIETO TEXHU -
YeCKOro peryJiMpoBaHusl 6€30MacHOCTH CTPOUTEIbHBIX Ma-
TepuagoB U uanenauii. Jlo HacTosiero BpeMeHu He TIPUHST
DenepanbHbIil 3aKOH « TeXHUIECKHUIA perJIaMeHT o Ge3011ac-
HOCTU CTPOMTEJIbHBIX MaTepuanoB u uanenuit». C 2011 r.
BeZieTCsl pa3paboTKa M COrIacOBaHME TEXHUYECKOTO perJia-
MmeHTa EADC «O 6e30macHOCTU 3MaHMI M COOPYXKEHUIA,
CTPOUTEJIbHBIX MATEPUAIOB U U3ACINIA», TIPUHSTHE KOTOPO-
IO OTKJIaZIbIBAETCSI HA HEOMPEIEIEHHBIN CPOK.

Hepazbepuxa B TEXHUYECKOM PETYJIMPOBAHUU B CTPOU-
TEeJIbHOM KOMIUICKCe, Jubepanu3anus cepTu(GUKALUN U
MOATBEPXKICHWS TTPUTOTHOCTH MaTepuasioB ISl TIpUMeEHe-
HMSI UX B CTPOMTEJILCTBE OTKPBIBAIOT HEAO0OPOCOBECTHHIM
MIPOU3BOAUTENSIM CTPOUTETbHBIX MAaTEPUaTOB BO3MOXHOCTh
BBINTYCKa HEKAYeCTBEHHOM TMPOMYKIIMH, HEKOPPEKTHOTO €e
MPUMEHEHUSI B CTPOUTEIbHBIX KOHCTPYKIMSIX, TTO3BOJISIOT
ne3nH(MOPMUPOBATH IMTOTPEOUTEIIS O €€ CBOMCTBAX.

B 2THX ycnoBUSIX MPOEKTUPOBIIIMKAM, CTPOUTENSIM, 3a-
KazyuKaM U 9KCIepTaM TPYAHO OMNpPEAEIUTh MPUTOIHOCTh
MaTepuasioB U U3AETUI TSI TPUMEHEHMS B CTPOUTETLCTBE B
COOTBETCTBUM C HOPMATUBHBIMU TPEOOBAHUSIMU TEXHUYEC-
CKOTO perjiamMeHTa 06e30MacHOCTU 3[aHU U COOPYXKEHUI,
MMOXXapHOM W CAaHUTAapPHOU 6€30MTaCHOCTH.

CornacHo ct. 10 ®DenepanpHoro 3akoHa Ne 384-D3 or
30 nexabpst 2009 r. «TeXHUYEeCKUIi periiaMeHT 0 6e30I1aCHOCTH
3MaHUI U COOPYKEHMIt» 3MaHUST U COOPYKEHUST JOTKHBI ObITh
CITPOEKTUPOBAHBI U TTIOCTPOEHBI TAKUM 00pa3oM, UYTOOBI TIPU
MPOXVMBAHUM U TIPEeObIBAHUM B HUX YeJIOBeKa He BO3HUKIIO
BPEIHOTO BO3NEHCTBUS B pe3y/ibTare (PU3NIECKUX, OUOJIOTH-
YeCKUX, XUMMUYECKUX, PAAMALIMOHHBIX M MHBIX BO3ICHCTBUIA 1
YTOOBI B IIpoliecce IKCILTyaTalluy obecleurBaIich 6e3omac-
HbI€ YCJIOBUS IUIS TIPOXKUBAHMS U MpedbiBaHus aoaeid [1]. K
COXaJICHUIO, Ha MPaKTHUKE 3TO HE BCer/a BhIoyHseTcs. B Ha-
el cTpaHe ObLT HEraTUBHBIN OMBIT MPUMEHEHUS B SKMJIUII-
HOM CTPOUTEILCTBE HEMPOBEPEHHBIX, IMOXAPOOIACHBIX U
BPEIHBIX IUTST 3MOPOBbSI U XKU3HU JIIOICH CTPOUTETbHBIX MaTe-
puaioB 1 uznenuii. CrielaaucThbl CTapIlero MOKoAeHUs, KO-
HEYHO, BCIIOMHSIT TaK Ha3bIBaeMble «(heHOJIbHbIE» JOMa — Ma-
HeJIbHbIe MHOTO3TaXXKHU cepuu [1-4911, moctpoeHHbIe B 1970—
1980-x rr. B MockBe; «hopMaabIeTUIHbIE» KOTTCIKI B
MUKpopaiioHe «Ycoibe-2» B T. bepesnuku (ITepmckuii Kpait),
npu3HaHHBIE PocnioTpeOHan30poM HEMPUTOAHBIMU TSI ITPO-
JKWBaHWS JIIONEH 13-3a MPEBBIIIIEHMS] TOTyCTUMbBIX HOPMATHB-
HbIX 3HAYEHUI KOHLIEHTpALMK (DOpMaIbaervaa B S pa3; IByX-
3TaXKHble 8—12-KBapTUPHBIE IePEBIHHBIC TTAHEIBHBIE XIS
JIoMa, yTerieHHbIe (PeHOJIPEe30IbHBIM TIEHOTIACTOM, TIOCTPO-
eHHbIe B AKyTuu 1o TMmnoBbIM TpoekTam cepun 111-139-1m,
pa3paboTaHHBIM ITPoeKTHBIM MHCTUTYTOM LIHWMMBII rpax-
naHcenberpoil I'occtposs CCCP, BriocieacTBuu 3arpelieH-
HbIx CaHsnuaHana30poM PO.

Hacrostieit nmpo6sieMoii SIBISIIOTCS UITUTENIbHbIE TOCIEe/-
CTBUSI HETaTUBHOTO BJIMSIHUSI HEKAYECTBEHHBIX CTPOMTENb-
HBIX MaTepUasioB Ha 310poBbe oaeit. Hanpumep, B Axkytnn y
JKUTEIe TOMOB, YTETUIEHHBIX (heHOIPE30JbHBIM TTEHOTLIA-
CTOM, OBUIM BBISIBJIEHBI aJIEPTUYECKKe, OHKOJIOTUYeCKUe 1
JIpyTHie XpOHUYECKUe 3a001eBaHUsI.

Hupekrop DeaepaibHOro HayyHOro IEHTpa TUTHMEHBI
Pocnorpe6bnan3opa akamemuk PAMH, mnpodeccop
A.W. Toranos B muckMe Ne 63-B/28 ot 13.07.2011 r. oT™me-
TWJI, YTO TIPUMEHEeHUe (PeHOTbHO-PE30THbHOTO TICHOTIIACTA B
CTPOUTETBHBIX KOHCTPYKITUSIX KWJIBIX U OOIIECTBEHHBIX 31a-
HMI1 He AOITyCKAeTCsl, TaK KaK OH BBIAEISIET PSII BPEIHBIX TSI
310POBbsI YeJOoBeKa BellecTB — (eHos1, hopMabaeru, aM-

MHUaK M JIp., a IPU CrOpaHuM (hpeHOTbHO-PE30JTBHOTO MEeHO-
Jiacrta, eHOMNoMypeTaHa, IEHOMOJIMCTHPOJIAa B BO3AYIIHYIO
cpelly BbIAESIOTCS (DOpMabIeri, aMMUaK, OKCUJ YIJIepo-
Ila, HeTIpeIe/IbHbIC YIJIEBOIOPOIbI, KOTOPhIE OKA3bIBAIOT He-
OylaronpusiTHOE BIMSIHUE Ha (DYHKIIMOHAJTBbHOE COCTOSIHUE
OpPraHOB M CUCTEM 4YeJIOBeKa, B IMEPBYIO ouepeab Ha TICUeHb.

B ycnoBusix BceMepHoli 00pbOBI 3a 3HeprocoepexxeHue
U TIOBBIIIEHUE YHEPreTUYECKOil 3(h(HEeKTUBHOCTU IIPOEKTH-
POBIIMKY Y CTPOUTEIH 10 CUX MOP AOMYCKAIOT MPUMEHEHE
B 3[IaHUSX XUJIUIIHO-TPAXIAHCKOTO HAa3HAYCHUS yTeIIU-
TeJieit U OOJIMIIOBOYHBIX MAaTePUAIOB BHICOKOM TOPIOYECTH.
A Bellb OTHUM M3 CaMBIX OTTACHBIX (haKTOPOB TIoKapa sIBJIsI-
€TCSl TOKCUIHOCTD TIPOAYKTOB TOPEHUSI CTPOUTEIbHBIX Ma-
TepuasioB. MHCTpYMEHTaTbHBIMU UCCAENOBAHUSIMU YIEHBIX
ITepMcKOro HalMOHAJIBHOTO MCCIEI0BATEIbCKOTO TMOJIH-
texHuueckoro yHusepcuteta b.C. baranuna, B.B. Kapma-
HoBa, A.A. KeToBa ycTaHOBJIEHO, YTO IIPU IMUPOJINU3E B BO3-
IYITHOM aTMocdepe caM03aTyXalollero MeHOIOJIUCTUPOIa,
CONIEP3KAIETo XJIOPOPTaHMUECKUE aHTUITUPEHBI, TIPOMCXO-
JIUT 00pa3oBaHue B MPOAYKTaX TOPEHMSI BBICOKOTOKCUUHBIX
XJIOPCOJEPKAIIUX COSAUHEHUI, B TOM uucie ¢hocreHa.
KoHiieHTpanusi Toibko ¢ocreHa, obpasyolerocs U3 oo-
pasua IIIIC-C npu oKUCIMTEILHOM IHUPOJIN3E, Jaxe 0e3
ydJeTa UHBIX TTPOIYKTOB MOXET OBITh JOCTATOYHOM IJISI JIO-
KaJIbHOTO JOCTMKEHHUSI CMEpTEJIbHOM KOHIEHTpauuu [2].

ITpuMepoB KPYITHBIX MOXKAPOB ¢ TPArMUECKUMU TOCE-
CTBUSIMU U OOJIBILIMM MaTepPUAIbHBIM YILIEPOOM B IOCJIEI-
HMe roabl UMeeTcsl Hemano. Hukorna He 3a0yneTcst moxap,
npousomenmuii 9 ngexkabps 2009 r. B HOYHOM KiyOe
«Xpomasi omanae» B [lepmu, KpyrmHEHRIINHI 10 YUCTTY KEPTB
B IIOCTCOBETCKO# Poccum, roe moru6io 156 yenopek, mpu-
YUHOM CMEPTU OOJIbIIIE YaCTU KOTOPBIX OBLIO UMEHHO OT-
paBiieHue mpoaykrtamu ropenus [3]. 21 centsopst 2014 r.
3aropesicst 25-aTaxHblil oM B KpacHosipcke, cropesa Best
dacannas obuiroBka v 90 kBapTup us 145.

OTU U MHOTHUE JIpyTrue NoXapbl HATJISIHO TTOKAa3bIBaIOT,
KaKyIo OMaCHOCTb JIJIST 3M0POBBS U KU3HU JIIOICH MpeIcTaB-
JISIIOT TOPIOYME MaTepUaibl, KaKOM S5 KOHOMUYECKUIA Y MaTe-
pUATbHBIN yilepd HAHOCUT UX UCTIOJIb30BAHUE.

B 2016 r. B Poccuu 6611 pa3pa®oTaH ¥ MPUHST K pean-
3allUM Psiji BAXKHBIX CTPAaTernyecKuX JOKYMEHTOB MHHOBa-
LIMOHHOTO M HayYHO-TEXHOJOTUYECKOTO Pa3BUTHSI CTPaHHBI,
KacalolIuXcsl CTPOUTEIBHOTO KoMrutekca: CTpaTerust Hayd-
HO-TeXHOJIOTHYecKoro pa3sutus Poccuiickoii Deaepanuu;
CrpaTeruss ”HHOBAllMOHHOTO Pa3BUTUSI CTPOUTEIbHOMN OT-
paciau Poccuiickoit denepauuu Ha nepuon 1o 2030 r. [4];
CrpaTterusi pa3BUTHSI TIPOMBIIIJIEHHOCTH CTPOUTEIbHBIX
MarepuanoB Poccuiickoit ®enepanuu Ha nepuon 1o 2020 r.
U ganbHenyo nepcrnektuy go 2030 r. [5].

24 mions 2015 r. [pesunent P® B.B. [Tyrun Ha 3acena-
HuM ['occoBeTa 1Mo Hayke U 00pa3oBaHMIO 0OpaTUI ocoboe
BHUMaHUE, YTO HaA0 3aHUMAThCs BOMPOCAMU KayecTBa
JKU3HU YeJIoBeKa, a 9TO Mepe/ioBble MEAULIMHCKUE TEXHO-
JIOTUH, TIPOU3BOJCTBO 3I0POBBIX ITPOIYKTOB MTUTAHUS, KO-
Jorusi, Ge30IacHbIe MaTepUabl IS KWJIMIITHOTO CTPOM-
TenbcTBa. CII0BOM, 3TO BCE TO, YTO 00SCIEUMBACT YEIOBEKY
JIOJITYI0, KOM(OPTHYIO, aKTUBHYIO XHU3Hb [6].

17 mast 2016 r. B.B. I1yTuH mopy4Yus akTUBHO 3aHATHCS
BHEJIPEHUEM COBPEMEHHBIX, B TOM UMCJIe SHEprocoepera-
IIMUX, TEXHOJOTUI U 0e30IMacHbIX, 3KOJOTUYHBIX MaTepra-
JIOB, TIOBHIIIIEHNEM TpeOOBaHMI 10 obecIeueHrIo Ge301mac-
HOCTHY 3KCIUTyaTallud 3JaHU U COOPYKEHUM (3acemaHue
l'occoseta P® no BompocaM pa3BUTUSL CTPOUTEIBLHOTO
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KOMITJIEKCA W COBEPIIEHCTBOBAHMS TPajOCTPOUTEIHHOMN
nesitebHOCTA B Mockase) [7].

IIpe3uneHT cTpaHbl yKazai, 4To pa3pabdbaTbiBaeMasi CTpa-
TErWsl HayYHO-TEXHUYECKOro pa3Butus Poccuu Ha mosro-
CPOYHBII TIEpUOJ TOJKHA 6a3MPOBATLCS HAa OTEUECTBEHHBIX
CYIIECTBYIOIINX 3a/IeJIax, HO TPU 3TOM, 6€3yCI0BHO, OpHEH-
TUPOBAHHBIX B Oymymiee. K coxaneHuio, pa3pabOTUMKU
Crpateruu pa3BUTHsI TPOMBIIIUIEHHOCTU CTPOUTEIbHBIX Ma-
TepuasioB Ha repuoj 10 2020 T. 1 JaTbHERIITYIO TEPCIIEKTUBY
1o 2030 r. K pekoMeHmauuu [1pe3uneHTa He TPUCTYIIAINCh.

OcHOBHOI 11esbl0 CTpaTerny MHHOBALIMOHHOTO Pa3BH-
THS CTPOUTENIFHOM oTpaciau Ha nepuox 1o 2030 r., pa3pabo-
TaHHOU MuHcTpoeM PD, sBnsieTcs co3naHue KOHKYPEHTO-
CIOCOOHOI CTPOUTEIbHON OTpaciu, ¢popMUpylollel 6e30-
MacHyl0O U KOMMOPTHYIO cpeay XW3HU M JesTETbHOCTH
moaeit. OnHako B CTpareruu pa3BUTHsI TPOMBIIIUIEHHOCTH
CTPOUTENBHBIX MaTepuanoB Poccuiickoit MDemepaunu Ha
nepuon g0 2020 r. u ganpHelryio nepcnektusy a0 2030 T.
(mokymeHT pa3paboraH Munmnpomroprom P® u yrBepxkaeH
pacropszkeHueM rmpaBuTeabcTBa Ne 868-p ot 10 mast 2016 1.)
HEeT YeTKOW KOHIIETIMY MTPUOPUTETHOTO HAMPaBIeHHUS pa3-
BUTHSI TPOU3BOMICTBA OE30MACHBIX U 9KOJOTUUHBIX CTPOU-
TETbHBIX MATEPUATIOB W U3ICTUIA ISl KWIMIIHOTO CTPOM-
TeNbCTBA. B HacTosIee BpeMsT B TOKyMeHTax, pa3paboTaH-
HBIX ABYMS (defepaTbHBIMU MUHUCTEPCTBAMM, HET €AMHOMN
COTJIaCOBAaHHOM KOHIICTIIIMU paclIMpeHus MTPOU3BOACTBA U
MPYMEHEeHUs B XWIMIIHOM CTPOUTEILCTBE 0€30MacCHBIX U
9KOJIOTUYHBIX CTPOUTEbHBIX MaTEPUAIIOB.

IIpoBeaeHre TOCYTapCTBEHHOM MOJUTUKU B 0OJACTH
WHHOBAIIMOHHOTO Y HAayYHO-TEXHOJOTMUYECKOTO Pa3BUTUS
CTPOUTEIBHOTO KOMILIEKCA CTPAHBI OYJET 3aBUCETh OT KOH-
KPETHBIX Mep MO peaTu3alivyi MPUOPUTETHBIX HAITPaBICHU I
pa3BUTHS OTpaciu, 3(PpPeKTUBHOI KOOpAUHALIUM IESITEb-
HOCTU HaY4YHO-TTPOEKTHO-CTPOUTEIHHOTO U MpeANpUHUMA-
TETbCKOTO COOOIIECTB M COOTBETCTBYIOIIET0 MX MOHHUTO-
PYHTA CO CTOPOHBI (heIepaTbHBIX M PETHOHAJTBHBIX OPTaHOB
rOCyIapCTBEHHOM BJIACTH.

HMHaye roBops1, 3TUM CTpaTETMIECKUM TOKYMEHTaM CKO-
pee BCero yroToByieHa cyan0a, mocturinasi CTpaTeruio pas-
BUTUSI MPOMBIIUIEHHOCTU CTPOMTEJbHBIX MaTepuaoB W
UHIYCTPUAIBHOTO JAOMOCTpoeHuUs1 Ha mepuon ao 2020 r.,
pa3pabotaHHylo MuHpernoHpassutuss P® u yTBepkaeH-
Hyto TipukazoM Ne 262 ot 30 mas 2011 r., KoTopast Hocuia
NeKJIapaTUBHBIN XapakTep, OblIa IBaXKIbl aKTyaTu3UpoBaHa
1 He obecrevyunsia peaau3aluy MoCTaBIeHHbBIX 1ieael 1 3a-
Jla4 TI0 Pa3BUTUIO TPOMBIIIIEHHOCTH CTPOUTENbHbBIX MaTe-
pYAJIOB U MHIYCTPHUATILHOTO JOMOCTPOSHMSI.

OtmeTuM, uto B Poccun ectb 3¢hheKTUBHBIE U 10JITOBEY -
HBIE 9KOJIOTMIEeCKN 6e30ITacHbIe CTPOUTETbHBIC MaTepHab.
OnHUM 13 HUX SIBJISIETCS TOCTYITHBIN, HAIEXKHBIM B 9KCILTya-
TallMd Kepam3uT, 00Jagaloliuii moXapHOH, XUMUYECKON 1
O1OJI0rMYeCcKOol 6€30IaCHOCThIO, UTO MMOATBEPXKIEHO MHOTO-
YUCJIEHHBIMU UCCJIEIOBAaHUSIMU, a TJIABHOE, MHOTOJIETHEM
MPaKTUKOM TPUMEHEHMS. 3a cYeT TPUMEHEHUST KepaM3uTa 1
KepaM3UTOOECTOHHBIX M3MIEINII U KOHCTPYKIIUI B COBETCKOE
BpeMsI B OCHOBHOM ObLTa pellleHa OCTpast XXWJIUIITHAS TTPo-
OJieMa CTpaHbl, BOSHUKIIAS B PE3YJIbTATE TSKEIBIX BOSHHBIX
U MOCJEBOEHHBIX JIET. B CpaBHUTENIbHO KOPOTKUE CPOKM B
CCCP ynanoch peluTh 3Ty CIOXKHYIO COLIMaTbHO-3KOHOMU-
YecKylo TpobieMy Ojarogapss WHIYCTpUATM3ALUNA CTPOU-
TEJIbCTBA OBICTPOBO3BOAUMOTO SKOHOMUYIHOTO XWJIbsI. bblta
co3/1aHa MOIIIHAs TIPOM3BOICTBEHHAs 06a3a MO BBIMYCKY Ke-
paM3uTa U KepaM3UTOOETOHHBIX U3aeunii. BbIyck kepaM3u-
ta B 1964 r. coctaBi1 5,3 MiTH M2, a K 1989 T. TOCTHT MaKcH-
MaJIbHOTO 00BbeMa — 39—40,2 MirH M°. B pesynbrate GbUTH
JIOCTUTHYTHI PEKOPIHbBIE TOKA3aTEIN; 00hEM BBOAMMOTO KU -
abst B 1988 T. coctaBun 76 miH. M2 (80% obuiero oobeMa
ObLTO 0OecIeYeHOo 3a CYET MPUMEHEHUSI KepaM3UTOOETOHA).

DTU ycrexu SIBWIMCh PE3yJbTaTOM CO3AaHHOM B CTpaHe
XOPOIIIO OPraHW30BAHHOMU, OTJIAXKEHHOU CUCTEMBbI WHIY-
CTPUAIBHOTO TOMOCTPOEHMUSI.

B nepecTpoeunbie Toabl ObLT HAHECEH OOJIBIION yIIepo
MPOMBIIIJIEHHOCTU CTPOUTENIbHBIX MaTEepPUaIoOB, B YaCTHO-
CTHU, MPOU3BOACTBY KEPAM3UTOBOIO TPaBUS U KEPaM3UTOOE-
TOHHBIX U3AEIUN U KOHCTPYKIIUA.

B 1990 r. B Poccuu paboTanu 338 mpearipusiTuiii 1o mpo-
MU3BOJCTBY KEpPaM3UTOBOIO TpaBUsl C OOBEMOM BBIMTyCKa
36,9 mutH M> B rox (manHbIe Tockomcrata CCCP) [8]. B Ha-
cTosilliee BpeMsl UX YMCIEHHOCTh COKpaTUiach 0ojiee YeM B
IIBa pasa, a 00beM ITPOU3BOJICTBA — MOYTH B ISITh pas.

Bosbioii ommnbKol B TEXHUYECKOM PETyJUpOBaHUM B
CTPOUTENILCTBE OBLIO CKOPOTIAIUTEIbHOE MIPUHSITHE HAYIHO
HeoOOCHOBAHHBIX, 3aBEOMO 3aBBIIIEHHBIX TPEOOBAHUI T10
TETJIOBOM 3allliTe 3MaHWi BBedeHWEeM U3MeHeHMit No 3 K
CHulII I1-3—-79* «CtpouTtebHast TEIIOTEXHUKA».

B nocrnepectpoeyHblii NEPUOA B HEKOTOPBIX PErMOHaX
0e3 yyeTa MECTHBIX KJIMMaTUY€CKUX OCOOEHHOCTEN, 6€3 Ha-
YUYHOTO M TEXHHUKO-3KOHOMMUYECKOTO OOOCHOBAaHUS CTau
TTOBCEMECTHO TIEPEXONNTh HAa TaK Ha3blBaeMbIe «Iepeao-
BbI€» 3alalHbIe TEXHOJIOTUHU 1O TEIJIOBON 3alllUTe 3AaHUM,
HarnpyMep Ha MHOTOCJIOMHBbIE yTEIJIEHHbIE Orpaxaaroliue
KOHCTPYKIIMU C BEHTWIMPYeMOii (pacamHON CUCTEMOIA.

DakTUyecKu MHOTOCIIOMHBIE Orpaxaalolyue KOHCTPYK-
1IMM, YTETJICHHbIE M OOJMIIOBAHHBIC TOPIOYMMU U HEIOJTO-
BEYHBIMU CTPOUTEJIbHBIMU MaTepuajiaMyd M W3IOCTUSIMU, He
OTBEYAIOT TEXHUYECKUM TPeOOBaHUSM IO JOJITOBEYHOCTH,
MOKAPHOI Y 3KOJIOTMYECKOM 0€30IacHOCTH 3TaHUIi. DTO TaK-
K€ CBSI3aHO C HECOBEPILIEHCTBOM TEXHUUYECKOTO PeryarupoBa-
HUS B CTPOUTENIBCTBE, OTCYTCTBUEM JOJKHOTO CTPOUTEBHOTO,
TOXXapHOTO ¥ CAHUTAPHOTO HA/I30pa U KOHTPOJIS, OTCYTCTBUEM
COOTBETCTBYIOILIEH KOOPAWHALIMM Pa3pabOTKU, COTJIACOBAHUSI
U YTBEPK/IEHUSI HOPMAaTUBHO-TEXHUUYECKOU JOKYMEHTAIIMH.

JloJrOoBeYHOCTh CTPOUTENIbHBIX MaTePUATIOB — OJUH U3
BaXKHEUIINX KPUTEPUEB MX TEXHUKO-3KOHOMUYECKOUN -
(bexTuBHOCTU. BbhICOKAsH BKCILTyaTallMOHHAs HAAEXKHOCTb U
JIOJITOBEYHOCTh KePaM3UTOOETOHHBIX M3IEINi TONTBEepPXK-
JTaeTCsl MHOTOJIETHUMU HaOMIOACHUSIMU, TIPOBOIUBIITUMMUCS
B Hameil crpadHe (LIHUUBII xumma, BHUMWCrpowm,
HWHWKepam3ur), 60o1ee TOro, o6 3TOM CBUIACTEIBCTBYET
OOILIMPHBIA MPAKTUIECKUIA OTIBIT UCIIOJb30BaHMS KEpaM3U-
tobeToHa B CIIIA u Kanane (cBbite 100 siet).

l'apaHTMpOBaHHBII CPOK IKCIUTyaTallMd KEPaM3UTOOETO-
Ha COOTBETCTBYET HOPMAaTMBHOMY CPOKY SKCILTyaTallMu Ka-
MUTATLHBIX 31aHnil — mopsiaka 100 set. VickyccTBeHHBIE Op-
raHUYeCcKre MaTepraibl, UCTIOIb3YEMbIE [JIs1 TETUIOM30JISLIM -
OHHBIX U3JEJIUIA, MaTepUaJIbl C MIPUMEHEHUEM CUHTETUUECKUX
CBSI3YIOIIIMX, KAaK MMOKAa3bIBAET MPAKTUKA, CO BPEMEHEM Teps-
10T CBOM TEILIO3AIMTHBIC CBOMCTBA, pa3pyllasiCh OT Pe3KUX
CMEH TeMIIepaTypbl, OKUCICHUS, ICHCTBUSI BOIBI U MOPO3a.
DTO pe3yabTaT MPUCYIIETO TAKUM MaTepuaiaM eCTeCTBEHHO-
ro mpoiecca crapeHusi B teuenre 10—15 (20) ner [9, 10].
Ilocne 3aBepiiieHUsI CpoKa SKCIUTyaTallud TpeOyloTCs 3aTpa-
Thl HA PEMOHTHO-BOCCTAHOBUTEJbHbIE Pa0OTHI, a TaKXKe Ha
YTUJIU3ALMIO OTPAaOOTaHHBIX MaTepHAJIOB.

J1oroBeYHOCTh, a TaKKe BbICOKAsI 9KOJIOTMYHOCTh U T10-
3KapoOe30MacHOCTh SIBJISIIOTCS CYIIECTBEHHBIMM apTyMEHTa-
MM B I0JIb3Y KEpaM3UTa U KepaM3UTOOETOHA. DT MaTepUaIbl
HE TOPST U HE BBIICJSIIOT TOKCUYHBIX Ta30B B YCJIOBUSIX TO-
>Kapa, a TakXke B TeYeHUE BCEro Nepuroa IKCIuTyaTaluy 31a-
HUil. BTO 0OYCJIOBJIEHO CAMOI TEXHOJIOTHUEH TTOJIydeHUs —
BBICOKOTEMIIEpaTypHbIM 00kurom. Ilo orHecToiikocT OHU
3HAYMUTEJILHO TPEBBIIIAIOT MMEHOOETOHbI U JaXe KOHCTPYK-
LIMU U3 TSDKENIBIX OETOHOB, TTIOCKOJIBKY B YCJIOBUSIX TIOXKapa He
paspyiiaiorcsa 0osee LIUTeNIbHOEe BpeMsl. VcrbiTaHus OrHe-
CTOMKOCTH, BBIMIOJHEHHbIE MO CTAHJAPTHBIM METOAMKAM,
TOKa3aJIMu: TIPeesl OTHECTOMKOCTH CTEHBI U3 KepaM3UToOe-
TOHHBIX OJIoKOB mpu Temmeparype T=1050°C cocraBisier
RE180; peaxkiusi Ha oroHb — K1acc Al (Heropou).

Kepam3utr 1 KepaM3UTOOETOH OOECIIeUMBAIOT JTUTEILHBINA
CPOK CJTY>KObI 0€3 yXyALLIEHMS SKCIUTYaTalIMOHHBIX XapaKTePUCTHK.

MHoOroJIeTHU# TMpPaKTUYECKUI OMBIT, UCCIACIOBAHUS U
HOBBIE pa3pabOTKW MOCAEAHUX JIET YOeIUTEJIbHO CBUJIE-
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TEJbCTBYIOT 00 3(D(EeKTUBHOCTH JIETKMX OETOHOB Ha OCHOBE
KepaM3uTa: OHM 00eCIeYMBalOT IIUPOKUI CIIEKTP MpUMe-
HEHUS B CTPOUTEIIbHBIX U3IEIUAX U KOHCTPYKIIUAX B Kade-
CTBE TETUIOM3OJISILIMOHHOTO, KOHCTPYKIIMOHHO-TETION30-
JISILIMOHHOTO U KOHCTPYKILIMOHHOTO MaTepuaioB JJIsl MaJlo-
9TaXHOTO, KPYMHOMAaHEJIbHOro, COOPHO-MOHOJIUTHOTO U
BBICOTHOTO JoMocTpoeHus [11, 12, 13].

KomrmnekcHoe HCIob30BaHUE KepaM3UTOOETOHHBIX
WU3IETUI U KOHCTPYKIIUI B XXUJTUIITHOM CTPOUTEILCTBE AacT
OOJIBIIION TEXHUKO-I9KOHOMMYECKUN 3(MHEKT: CHUXEHUE
MaTepHUaOeMKOCTH (YMEHbIIIEHUE MACChI 3AaHui 10 35%),
CHIDKCHUE pacxoia CTajbHOU apmatypsl o 20%, 3Ha4u-
TeJIbHOE YMEHBIIIEHUE TEeIJIONOTePh, B TOM YHMCJIe Yepe3 He-
CyIIIME BJIEMEHTHI 32 CUeT KEPaM3UTOOETOHHBIX KOHCTPYK-
LIMii; CHUXeHUe cTouMOocTH 1 M2 sxubst 1o 20%.

st obecnieueHust moTpedHOCTEl cTpaHbl B 9P dHEeKTUB-
HbIX JIETKOOETOHHBIX MaTepuaiax HeoOXOJUMO MPOBECTU
MOJIEPHU3AIINI0 JACHCTBYIONIUX W IPOCTAWBAIOIIMX TIPEI-
TIPUSATHI TIO TIPOM3BOICTBY KEPAM3UTa U KEPaM3UTOOETOHA
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Ha MHHOBAIIMOHHOI, 3HEpropecypcocoeperaioiieii ocCHOBe.
CrpaHa uMeeT OOraTylo ChIpbeBYIO 0a3y ISl MPOU3BOACTBA
Kepam3uTa (IJIMHBI, TUATOMUTBI, TPEMesbl, TEeXHOTC€HHOE
CBIpbE — 30J1bl, LIIJIAKW) ¥ 00JIalaeT 3HAUUTEIbHBIM HAYYHO-
TeXHUYECKHM U MPOMBIIIJICHHBIM MOTEHIIMAIOM, KOTOPbIi
HeoOXO0AMMO MCIIOJIb30BaTh B TIOJIHOM Mepe.

Pa3BuTue KepaM3UTOBOTO MIPOU3BOACTBA HA HOBOM Kaue-
CTBEHHOM YPOBHE U IIMPOKOE TPUMEHEHUE KepaM3UTOOETO-
Ha, 3TOT'0 JOJIFOBEYHOr0, 3HePro3(p@eKTUBHOrO, MoXapooe-
30MaCHOT0, 9KOJIOTMYECKN YMUCTOTO, HAIEKHOTO B IKCILTya-
TalMy ¥ JTOCTYITHOTO T10 1IeHEe CTPOMUTEbHOIO MaTepuaia B
KWJIALIHOM CTPOUTEJILCTBE — 3TO OIHO M3 NMPUOPUTETHBIX
HanpasJIeHUM s peav3aluy TocyIapCTBeHHOW MTporpam-
Mbl «/locTymHoe U KOMGMOPTHOE XWIbe — TIpaxaaHaM
Poccun». CoBpeMeHHBIE TTPo0JIeMbI 6€30ITaCHOCTU U 9KOJI0-
T XWIWINA JOJDKHBI PEIIaThbCcsl KOMIUIEKCHO M CUCTEMHO
Ha Hay4yHOI ocHoBe. CTPOUTENBCTBO OE30MaCHOTO U DKOJIO-
TMYECKU YMCTOTO KWJIbsl IOJDKHO CTaTh COCTABHOM YaCThbIO
KOMILJIEKCHOM TTporpaMMbl HaponocoepexeHus: Poccum.
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MatemaTtuyeckue moienu TeXHU4ecKux TKaHeh ¢ NoKpbITUEM

B nocneaHee Bpems MHTEpPeC K MATKMM 060/10464HbIM KOHCTPYKLMAM BHOBb BO3poc. MaTepnanom, n3 KOTOpbIX BbINOSHEHbI NOA06HbIE COOPYXEHUS,
ABNAETCA TEXHNYECKAsA TKaHb C MOKPbITUEM. BaXXHbIM acCreKTOM Npu NPOeKTUPOBAHWUN MATKUX 060J104€4HbIX KOHCTPYKLWA ABNSETCS UCCefoBaHNe
noBefEHNS TEXHNYECKNX TKaHe! C MOKPbITUEM NPU PA3NNYHbIX BHELLHWUX BO3AENCTBUAX. B CTaTbe NpefAcTaBneHbl Hanbonee pacnpoCTPaHeHHbIe 1
BEPU(DMLMPOBAHHbIE C HATYPHLIMYU UCTIbITAHUAMU MaTeMaTuyeckme (Y1cneHHble) Moaenu matepuana. O6bI4HO, OHU JENATCA Ha LBE OCHOBHbIE FPynMbl,
Y4UTbIBAIOLLNE OTAENBHO FEOMETPUYECKYIO U PU3NYECKYH0 HEMMHEIAHOCTb, KOTOPbIE XapaKTePHb! 415 TEXHUYECKNX TKAHER C NOKPbITUEM. B 0CHOBHOM,
aKLeHT B paboTe CAeNnaH Ha 3apy6exkHble MOAENN, B CBA3N C HEBOMbLUNM KONUYECTBOM OTEYECTBEHHbIX Pa3paboToK B 06/1aCTU MaTeMaTUYECKUMX
(4ncneHHbIX) Mofienen matepuana.

KntoyeBble cnoBa: TexHn4eckas TkaHb C MOKPbITUEM, YACTIEHHOE MOAENMPOBAHNE, MATKNE 0605104€4HbIE KOHCTPYKLMN.
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Mathematical Models of Technical Fabrics with Coating

Recently, the interest in soft shell structures increased again. The material from which these structures are made is a technical fabric with coating. An important aspect, when designing
soft shell structures, is the study of the behavior of technical fabrics with coating under various external impacts. The article presents the most distributed mathematical (numerical)
models of the material verified with field tests. Usually, they are divided into two main groups taking into account the geometric and physical non-linearity separately which are typical
for technical coated fabrics. Mainly, the emphasis in the work is placed on foreign models, due to the small number of domestic developments in the field of mathematical (numerical)

models of the material.

Keywords: technical fabric with coating, numerical simulation, soft shell structures.

For citation: Kustov A.A., Ibragimov A.M. Mathematical models of technical fabrics with coating. StroiteI’nye Materialy [Construction materials]. 2017. No. 1-2, pp. 94-98. (In Russian).

B HacTtosiiiee Bpemsi BHOBb OOpETalOT TOIYJIIPHOCTh
MSTKHE 000J109eUHble KOHCTpYKUMU (puc. 1—4). YHuKamb-
HOCTb CBOICTB ITIOAOOHBIX COOPYKEHUI 3aK/II0YAeTCS B UX
MHOTO(DYHKIIMOHAIBHOCTH, JOCTAaTOYHOM MPOCTOTE MPOU3-
BOACTBA M OTHOCUTEJIHLHO HEOOJBILIONW CTOMMOCTH, Majoit
Macce U HU3KOW MaTepualoeMKOCTH, ObICTPOTE MOHTaXKa U
JIEMOHTaXa, MHOTOKPaTHOW 000paynBaeMOCTH, BO3MOXHO-
CTH TIOJIHOHM 3aBOJICKOW TOTOBHOCTHM, BBICOKOM CTOMKOCTU
K IMHAMWYECKUM U CEICMUYECKMM Harpy3kaM, MajioM 00b-
€M€ B TPAaHCIIOPTHOM COCTOSIHUM M BO3MOXHOCTH UX J0O-
CTaBKH JIIOOBIM BUJOM TPAHCIOPTA Ha JIIOObIE PACCTOSTHMS.

INoBeneHne TeXHUUECKOW TKaHU C MOKPHITUEM O] Ha-
Ipy3KOi sBJisieTcsl cJIoXHbIM. OHa TIpencTaBisieT codoit
KOMITO3UTHBIM MaTepual, COCTOSIIIUIN U3 IBYX Pa3HbIX Ma-
TepUaIOB (HUTEU 1 MMOKPBITUS ), KOTOPbIE UMEIOT OTJIMYUS B
cBouX (pu3nMUecKux cBoiicTBax. bojee Toro, Bo Bpems ae-
(hopMalIK HUTK MOTYT U3MEHSITh CBOE HampaBieHue (yroj
MEXIY OCHOBOM 1 YTKOM). TeXHUUECKUM TKaHSIM C TTIOKPBI-
THEM CBOMCTBEHHA reOMeTpUUYecKasi HeIMHEHHOCTh, B CBOIO
ouepeb HUTU U TTIOKPBITUE SIBJISIIOTCS (PU3UUYECKU HeJIMHEe-
HBIM MaTepUaJIOM.

KOHCprKTI/lBHI)Ie MO/JIeJIM TEXHUYECKUX TKAHEH
C NOKPbITHEM

Br100p KOHCTPYKTUBHOM MOIEIU IS ONMMCAHUS HEeJlu-
HEIHOTO MOBEACHUs TEXHUUECKON TKAHU C MIOKPBITUEM SIB-
JISIeTCsl OTHOM M3 BaXKHEMIIIMI COCTABSIONIMX TPU MOJIEH -
poBaHUM MaTepuana. MHOXECTBO pa3IMYHBIX TPYIHOCTEMH
CBOMCTBEHHBI JAHHOMY MaTepuaiy, TaKUX KaK HeJTMHEeTHbIe
COOTHOIIIEHUSI MEXAY HaMpPsDKEHUSMHM U nedopMalvsaMu,
JIUCKPETHAas MUKPOCTPYKTYpa, CJIOXHOCTb BO B3aMMOJEHi-
CTBUM HUTEW U MOKPBITUSA, OoJblIMe AechopMalluy U T. I.;
OHU OCJIOXHSIIOT CO3JaHUe U BbIOOP KOHCTPYKTUBHON MO-
nenav. BeiienasioT 1Be OCHOBHBIE TPYIITbl KOHCTPYKTUBHBIX

MOJIeJIeil 11 MOIEIMPOBaHUS TEXHUYECKUX TKaHel ¢ mo-
KPBITUEM:

* CIUIOLIHAsI, HeIIpephiBHA (continuum);

* IMCKpeTHasl, pa3aeiabHas (discrete).

B HenpepwiBHOI (continuum) Momenu TeXHUYecKast
TKaHb C TOKPBITUEM IMPEACTABISCTCSI CIUIOIIHOW Cpeaoit
0e3 pazjesieHus] Ha MUKPOCTPYKTYypy. Takoe mnpeacrasiie-
HUEe MaTepuaja 4yacTo Ha3bIBAalOT MOJEIMPOBAHUEM MaTe-
puana Ha Me3oypoBHe (mesolevel). JocTturaercs 3a cuer
ocpeaHeHus1 (homogenization) MUKpPOYPOBHSI TE€XHUYE-
CKOIi TKaHU C TMTOKPBITUEM 10 OMHOPOIHON cpeabl (pUc. 5).
B KOHEYHOM UTOTe HEINpepbIBHbIE MOAEIU 00Jiee MPOCThI
B MOJICJINPOBAHUU M MMEIOT MEHbIIIee KOJIMYECTBO HE00-
XOIMMBIX TTapaMeTpPOB IJIs CO3MaHUS MONEIU, YeM JUC-
KpETHBIE.

B muckpertHoii (discrete) mMomesi MaTepuag MOAEIUPY-
€TCSl Ha MMKPOYPOBHE C YYETOM pPasJW4HbIX (haKTOPOB:
TUMA TKAIKOTO MepervieTeHMsl, TeOMETPUUECKUX TMapame-
TPOB HUTEW U TIOKPBITHUS, B3aUMOJEUCTBUS HUTEH MEXIy
c000i1 1 ¢ TOKpBITUEM U T. M. CIIOXHOCTb TUCKPETHBIX MO-
Jiesieii 3aKirroyaeTcsl B 60JIBIIOM Habope ImapaMeTpoB MaTe-
puanga, KOTOpble HEOOXOMMMO OMPEACTUTh ISl KaxKmoi
TEXHUYECKOM TKaHU C MOKPBITUEM WHIAWBUIYaJbHO HE
TOJIbKO C TIOMOILIbIO HATYPHBIX UCMBITAHUM, HO U IPYTUX
HCCIIeOBaHUII MaTepuasia Ha MUKpoypoBHe. OaHaKO mpu
MOJIEIMPOBAHUM TEXHUYECKUX TKaHEW C TOKPhITUEM Ha
MHKPOYPOBHE TOSIBJISIETCSI BO3MOXHOCTb Y4eCTh OCOOEH-
HOCTHU CTPYKTYPBI MaTepHrajia M PEeIIUTh PSAA BaXKHBIX 33134
(puc. 6, 7).

B orevecTBeHHOI Hay4yHOI JUTepaType MaTeMaThye-
CKUMM (YUCIIEHHBIMUA) MOJACISIMU TEXHUUECKUX TKaHei
C MOKPBITUAMM 3aHuUManuch aBTopbl B.I1. barmyros,
H.H. bepenneeB, P.A. Kaiomo, J[I.A. KoxaHOB,
A.M. CyneiiMaHOB 1 apyrue. B ocHOBHOM Moaenu mpem-
CTaBJISIM CO0OI CTPYKTYPHO-UMMTALMOHHYIO MOJENb B
BUJE MPEACTABUTEIbHON SYEUKU TJIEHOYHO-TKAHEBOTO
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Materials and equipment

Puc. 1. Bo3ayxoonopHble COOpyXeHus

Puc. 2. TkaHeBas NNOTUHA

Puc. 3. MembpaHHasa KOHCTPYKUMS

Puc. 4. KoHCTpykums cuctemsl Tensairity

Puc. 5. MopenuposaHve marepuana Ha
MEe30YypPOBHE (3KBMBANIEHTHbLIE fedopmMaumnn)

Puc. 6. MogennpoBaHve matepuana Ha MMKPOYpPOBHe (HanpsixeHust B MIa)

HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA

(CIIONCTO-BOJOKHUCTOTO) KOMITO3UTA
C YYETOM I€OMETPUYECKON HEJIMHEMN-
HOCTHU W HAaKOTUJIEHUS MTOBPEXIECHUN B
matepuaiie. Hanpumep, B padote [1]
ObLJIO BBITIOJIHEHO MOJIEIUPOBAHUE
3JIEMEHTAPHOW MEPUOTNIECKON STUEii-
Ka TKaHOTO KOMITO3UTa B MPOrpaMM-
HoMm kommekce ANSYS. Vmopyro-
IUIaCTUYECKUE CBOMCTBA MaTepuaa
BBIPAXAIOTCS YEPE3 TEOPUIO TEYEHUS C
JIMHEHHBIM KUHEMATUYECKUM YIPOu-
HeHueM. [Ipu MoaenupoBaHUM TTOBE-
NEeHUs KOMITO3UTa TMOJA JeHCTBUEM
Harpy3okK yuyTeéHa BO3MOXHOCTb BO3-
HUKHOBEHUS TOBPEXAEHUNH B €ro
crpyktype. [locTpoeHbl Toss Hampsi-
XKeHUM, nedopmalmii M ITOKa3aHBI
30HbI BHYTPEHHUX MOBPEXACHUN Ma-
Tepuajga Mpu OJHOOCHOM JedopMu-
pPOBaHUU.

HenpepbiBHble Moae M
(continuum models).
Nonlinear elastic constitutive model

B pa6ore [2] mpemioxeHa HeM-
HeMHO-ympyras KOHCTPYKTUMBHasi MO-
JIeJIb 7151 OTTMCAHMSI TIOBEIEHUS TEXHU-
YecKMX TKaHeu ¢ TokpbeiTueM. B mpen-
CTaBJICHHOW MOJENIN YYWUTHIBAIOTCS:
OCHOBHBIE MEXaHU3MbI BpAIlEHUST BO-
JIOKOH, YIJIMHEHUE HUTEH U MOKpPHI-
TUSI, KOTOPbIE MOJTYyYEHbl MyTeM BbIpa-
KEHUS ypaBHEHU paBHOBECUs st
2JIEMEHTAPHOUN sSIYeliKu MaTrepuasa.
Marematnueckass Mojelb Marepuaja
MOCTPOeHa Ha YpaBHEHMSIX PaBHOBE-
cus sl nuckpetHoi (discrete) Mome-
JIi, 3aTeM Pe3yJbTaThl ObUIU MOAUGDU-
LMPOBaHbl B 3(DheKTUBHbIE HaINpPsKe-
HUS U AeopMalivu 111 HENTPEPBIBHOM
MOJIENHN.

Fabric lattice model. KoHcTpyK-
TUBHAsl MOJeJb, TpeAcTaBJIeHHAs B
cratbe [3], omuchIBaeT HeJIMHEHHOE
MOBeJICHUE TEXHUYECKOI TKaHU C MOo-
KPBITUEM NPU PACCMOTPEHUU MaTepura-
Jla Ha Me30ypoBHEe. B maHHOI Monmenun
Marepuasl TKaHW 3aMEeHEeH 9KBUBAJICHT-
HOI CTPYKTYpOMi, cocTosieil u3 ¢ep-
MEHHBIX 2JIEMEHTOB (CTEpXKHEil ), pe-

Puc. 7. KoHeYHO-3N1EMEHTHOE MOAEeNVpoBaHMe
HUTW MaTepuana C y4eToM KpyTKun
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CTaBJIAIONIMNX HUTU U TIOKPBITME JaHHOTO Marepuara.
VYpaBHeHus, nipeacraBieHHble B fabric lattice model, pac-
CMaTpUBAIOT T€OMETPUYECKYIO HETMHERHOCTh TEXHUYECKOM
TKAHU C TIOKPBITUEM W YYUTHIBAIOT KOHTAKTHBIE 3agadi
(«0OXMMHBIE» B3aUMOJIEWCTBUS), BO3HUKAIOIINE MEXIY
HUTSIMU OCHOBBI U yTKa. B cratbe [4] mokazaHa peanuzanust
KOHCTPYKTUBHOI Mozenu fabric lattice model Ha e-TKaHsIX
(«2JIEKTpOHHAs TKaHb» WX «yMHasl TKaHb» ). [IpeacraBieHbl
pe3yabTaThl CpaBHEHUSI YUCIEHHOTO MOJEIMPOBAHUS U Ha-
TYPHBIX UCTIBITAHUIA.

A non-orthogonal constitutive model. B pabotax [5, 6]
MpeAcTaBlIeHa KOHCTPYKTUBHAs MOJEJNb, OMMUCHIBAOINAs
aHM30TPOITHOE MOBEICHUE KOMITO3UTHBIX TKaHei ¢ 0O0Jb-
muMu aedopmanmsiMu. OCHOBHAsE KOHUENIUS MOAETU —
Ha OCHOBE aHajix3a HaIlpsKeHU U nedopmaliuii B OpTOro-
HaJIbHBIX M HEOPTOTOHAJIBHBIX KOOPIAUHATHBIX CUCTEMAaX U
MaTpHUIlbl BpallleHUsI TBEPAOTO TeJia TMOJYYUTh COOTHOIIIE-
HUST MEXIY HANPSDKEHUSIMU U ieDopMaliisiMU B TJ106aJTb-
HBIX KOOpIWHATAaX.

Pseudo-continuum model. B pabote [7], cocTosiieii u3
JIByX YacTei, MpeacTaBieHa KOHCTPYKTUBHAsI MOJIENb B 3a-
Jayax MiocKoro HampsikKeHHO-1eOPMUPOBAHHOTO COCTO-
SHUAS TeXHUYECKON TKaHU ¢ TOKphITHEM. Jledopmaumm
Marepuaja TIOJOTHSHOIO TeperieTeHus Kiaccubuiupy-
I0TCS IO TPEeM TUTIaM JedopMalinii HUTEH: yIIIOBOe CMellle-
HUeE, BBIIPSAMIICHUE, YIIMHeHWe. JlaHHass Monesb Mpeood-
pasyeT aedopMalMM TKaHW B OCEBbIE pacTITMBAlOLINE U
MoIepeyHO-CXUMaloIlue nedopMaliim oOTIeabHO AJIs1 OC-
HOBBI U YTKA.

A continuum constitutive model. B cratbe [8] mipeniaraeT-
¢s HOBast KOHCTPYKTUBHAS MOJIEJb, B KOTOPOI CTPYKTYpHAst
KOH(MUTYpaIus TKaHU CBsI3aHA ¢ MAKPOCKONTMIECKUMMU JIe-
bopManmsIMu yepe3 MeTOJ MUHMMU3ALIUU SHEPTUU U HC-
MOJIB3YETCS ISl BBIYMCICHUS BHYTPEHHUX CUJT B HarpaBJie-
HUSIX OCHOBBI U yTKa. MaKpOCKOMUYECKHE HATPSIKEHUS
OTIPECIISIIOTCS C TIOMOIIBIO BHYTPEHHUX CHII, IJTS HAXOXK/Ie-
HUS KOTOPBIX WCITOJB3YIOT YpaBHEHUs paBHOBECUS.
I'maBHBIM MPEATIONOXEHUEM 3TOI MO SIBJISIETCS TO, UTO
MPOCKaJIb3bIBAHUE HUTEH TOJKHO MTPOUCXOAUTH TAKUM 00-
pa3oM, YTOObI TOYKM MOIABEPraiuch aAeOpMUPOBAHUIO B
CXOX€EW MaHepe €O CIUIOLIHOM CPpenou.

A simple model. Mopnenb, nipefuioxxeHHas1 B ctaTtbe [9],
OCHOBBIBAeTCSI Ha OKCIIEPUMEHTATbHBIX HAOMIONCHUIX 3a
HUTSIMU TIPU IBYXOCHOM PACTSIKEHUM TEXHUIECKOMN TKaHU
¢ MokpbiTUeM. JIMHeltHasi 3aBUCHUMOCTb MEXIY MOIyJeM
VIPYTOCTU M COOTHOILIEHUEM HAarpy30K NP ABYXOCHBIX
WUCTIBITAHUSX HaiiieHa sKcrepuMeHTanbHO. [Ipenmnonara-
€TCsI, YTO MaTepuasl SIBJISIETCS OPTOTPOITHBIM U HAXOIUTCS
B TIJIOCKOM HampsiKeHHO-1e(hOPMUPOBAHHOM COCTOSTHUH,
B TO BpeMsI KaK YIpyrue CBOMCTBA MOTYT MEHSTHCS B 3a-
BUCHMMOCTHU OT COOTHOIIEHUST HArpy30K. DTO CIEIaHO IS
MPpeACTaBICHHUSI CJI0XKHOTO B3aUMOAECHCTBUSI MEXIY HUTS-
MM OCHOBBI U yTKa. Takxke ObUIM MPOBEAECHbI YUCIEHHOE
MOJIeJIMPOBaHUE MaTepuaia B TPOrpaMMHOM KOMILIEKCe
ANSYS, B KOTOpbIii OblJlJa MHTETPMPOBaHA TPEACTaBIEH-
Has MOJIEJTb.

Kinematic model. B pabote [10] pa3BuTa HOBasl KOH-
CTPYKTHBHAs MOJI€Jb TEXHUYECKON TKaHU C MOKPBHITUEM,
MpeAcTaBIeHHasl ISl TpeX PasIuyHbIX apaMUIHBIX TKaHbIX
MarepuasioB. OCHOBHasl uiesl TPenIoXKEeHHOW MOAEIU CO-
CTOUT B TOM, YTOOBI CBSI3aTh 3((HEKTUBHYIO NehOpMalINIo
rpagueHta F HempepbIBHOTO 3jieMeHTa ¢ AedopMaimeit
KUHEMATUYECKOM MOIENU, MPEACTABIEHHOU TKAHBIO Ha
ME30YpPOBHE, U OIpeneJuTh 3(P@PeKTUBHOE HaMpsiKEeHNe
Kommn.

The dense net model. bonbiioii monyssipHocThiO B EBporie
noJyb3yeTcs the dense net model. DToit MozebIO OBLTU pe-
IIeHBl MHOTHME TpaKTHUUECKUe 3aladyu, Harpumep B pabo-
Te [11], B TOM 4mcie gJaHHAs Monelb Oblla MCIIOJb30BaHA
MpH MPOEKTHPOBAHUM HOBOI KpbILHM TUIomanso 4000 M2
Il OTKpBITOM TuTomanky tearpa B [lonbmre (Forest Opera

in Sopot, Poland) [12]. The dense net model siBisIeTCS J1€TKO
MPYMEHUMBIM B COOCTBEHHBIX MM KOMMEPUYECKHX IpOo-
rpaMMax, 6a3upyronIuxcsl Ha METOJIe KOHEUHBIX 2JIEMEHTOB.
OH MOXeT ObITh MCIOJb30BaH JJIsI OMUCAHUS MOBEACHUS
Marepualia B pa3IMYHbIX BUAAX TEXHUUYECKUX TKaHe (¢ pa3-
HBIMU TUTIAMH HUTEU U TTIOKPHITHS).

OcHOBHasl uesT MOIENM 3aKJII0YaeTcs B TOM, YTO Ha-
MPSDKEHUSI, BO3HUKAIOIIME B CEMEUCTBAX HUTEW OCHOBBI
WU yTKa, 3aBUCST OT OCeBbIX AecopMalluii TOJbKO B Ha-
MpaBJIeHUSIX aHAJIOTMYHBIX CEMENCTB HUTEH OCHOBBI WU
yrka. B the dense net model MOXHO TTpaBUJIBHO BBIPA3UTh
CIIBUTOBbIE M aHU3OTPOITHbIE CBOMCTBA TEXHUYECKOM TKAaHU
C TTOKpPBITHEM. XOPOoIIas CXOAMMOCTb YMCJIIEHHBIX Y HATyp-
HBIX UCTIBITAHUM TTOATBEPKIEHA MHOTOUMUCIEHHBIMU Hay4-
HBIMU PabOTaMU U CTaThsIMU.

Bo mHorux pa6orax, HanpuMep B [13], KolieKTUBa aB-
topoB P. Klosowski u A. Ambroziak mipencraBieHo omnuca-
HUE HEJIMHEIHOTO MOBEACHUsI TEXHWYECKOW TKaHW, OIU-
caHHoro ¢ nmomoipio the dense net model. HenuneiiHbie
COOTHOIIEHUST MEXIY HaIpsLKeHUsIMUA U AedhopMaiusaMu
MPY UCTILITAHUSIX HAa PACTSDKEHUE B TEXHUUECKUX TKAHSX C
MOKPBITUEM MOXHO anMpOKCUMUPOBATh KaK KYCOYHO-JIM-
HeWHEBIe C TOMOIIBIO MeToAa piece-wise linear. JIyist onpene-
JIEHUSI 3TUX COOTHOIIEHWUI OOBIYHO MOJIb3YIOTCSI METOIOM
HaMMeEHBIINX KBaApaToB B BapuaHTe Marquard-Levensberg.

Jluckpemuwvie moodeau (discrete models). Micro/macro-
mechanical model. B cratbe [14] Gbula pa3paboTaHa KOM-
MJIEKCHAs1 MUKPO-/MaKPOKOHCTPYKTUBHAsI MONEIb, OCHO-
BaHHasl HA MUKPOCTPYKTYpe MaTepuaiie, B KOTOPYIO BXOAUT
psii TTapaMeTpOB: TEOMETPUYECKUE pa3Mephbl BOJIOKOH, HU-
Tel M SYEeKM, CBOMCTBA MaTepualia, COCTABIISIONINX KOM-
MO3UT, OPUEHTALIMSI HUTEU M T. M. Mojesb MPOTHO3UPYET
HeJMHEeHOoe MOoBeIeHNe TEXHUIECKUX TKaHeil ¢ MOKPBITH-
€M BO BpeMsi 0oJbIuX AedopMaivii. MoneaupoBaHue Ha-
YUHAETCS ¢ FeOMETPUYECKOTO OMHUCAHUS HUTU U SYEHKU
(unit cell) Bo Bpemst necopmarivu cipura. Jlanee mpoBoauT-
cs MeXaHWYeCKWM aHaau3 STYEeUKW IS OTpeleIeHUs
CBOICTB 3KBMBAJICHTHOTO CIABUTA B TEXHUYECKUX TKAHSIX C
TOKPBITUEM, C TIOMOIIbIO HEOPTOTOHAIBHOM KOHCTPYKTUB-
Hoii Mopnenu. IlpennoxeHHass MoIedb MOKa3bIBaeT XOPO-
Y0 CXOAMMOCTb C OKCIEPUMEHTATBHBIMA TaHHBIMU HC-
MBITAHWIA U pe3yibTaTaMu 3D-MoaeMpoBaHUsI KOHEUYHbBI-
MM 35IeMeHTaMu. YHCcIeHHBIE UCTTBITAaHUSI OBITN TTPOBEICHBI
B mporpamMmMHoM KoMruiekce ABAQUS.

Multiscale modeling techniques. 1lenbio paboTsl [15] sB-
JISLTOCh OTMMCaHue MeToJa MHOTOYPOBHEBOT'O MOJEIUPOBA-
HUSI AJ1S1 TIPEICTaBICHUsI TMOKON TeXHUYECKON TKaHU C Mo-
KpbiTUeM. JlaHHas Mozieib BKJTIOUaeT B ce0s1 MOeIMpoBa-
HUE MaTepuasia C UCMOJb30BAaHUEM CTPYKTYPhl Ha YPOBHE
HUTH BOKPYT 00JIACTU BO3IEUCTBMSI HATPY30K M OCPEIHEH-
HBI WJIM MEMOpPAHHBIM TUI CTPYKTYPhl B OTAQJIEHHBIX OT
BO3IEMCTBUSI 00JaCTIX. YPOBEHb «pa3pelleHMs» MOIEIH-
pOBaHUS MaTepuaia Ha MUKPOYPOBHE YMEHbIIIAETCS C yBe-
JIMYEHUEM pacCTOSIHWSI OT 30HBI BO3JCMCTBUSI HArpy3Ku.
DTO MPUBOAMT K FOPa3ao MEHBIIMM BBIYMCIUTEIIBHBIM T10-
TPEOHOCTSIM B KOHEUHO-3JIEMEHTHBIX Momeisax. Hutu mo-
NEUPYIOTCST ¢ TIOMOUIBIO IBYX KOHEUYHBIX 2JIEMEHTOB —
TBEPAOTO TeJla U 000JI0UKU.

B paGorax [16—20] npeacTaBieHbl Apyrue AUCKPETHBIE
MOJIEJIU JISI MOJEIMPOBAHMS TEXHUUYECKOM TKAHU C TIOKPBI-
THEM Ha MUKPOYpPOBHE.

Monenu MaTepuania, OMUCHIBAIOIIME CBONCTBA
TeXHUYECKNX TKAHEl C TOKPbITHEM

Boei6op Momenu st onmucaHusi CBOWMCTB TEXHUYECKOM
TKaHU C MOKPBITUEM 3aBUCHUT HE TOJIBKO OT TUIIA MaTepurana,
HO M OT BUAA BO3OEHCTBUI (KPaTKOBPEMEHHBIC WJIN IJIH-
TeJbHbIe 3arpyxeHus). BriOop Mopdenau, omuchiBalOIIel
CBOICTBa MaTepuasia B LIEJIOM, BCETa SIBJISIETCS CIOXHBIM U
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CHOPHBIM BOITPOocoM. JIJIst orMcaHus CBOMCTB TEXHUYECKOM
TKaHU C MOKPBITUEM Yallle BCETO MPUMEHSIOT CeayIole
MOJIeJIU: HEeJMHEWHO-YIPYTyIo, BI3KOYIPYTYyIO, Bs3KOILIa-
CTUYECKYIO U YIIPYTOBSA3KOIIACTUYECKYIO.

ITpuMeHeHMe HEIMHEWHO-YIIPYTroi MO CIIpaBe I -
BO JIMIITB TTPU BO3JEHCTBUSIX, KOTOPBIE HEe BBI3BIBAIOT PEOJIO-
TMYecKue Tpoliecchl B MaTepuaie (ToJ3ydecTh, perakca-
1IMI0), T. €. IIpU KpaTKOBPEMEHHBIX Harpy3kax. JlaHHast Mo-
NIeNb JUTSl TEXHUYECKO TKaHU ¢ MOKPBITUEM MCTOJb30BaHa
B pabore [21].

[anee nmpeacTaBiieHbl paclpoOCTpaHEHHbIE MOACIN ISt
OIKCaHMS CBOMCTB Marepuasna. Bce Moaenu, puBeneHHbIE
HIKe, YKe ObUTA TPUMEHEHBI K TEXHUYECKUM TKaHSIM C T10-
KPBITUEM.

A simple continuum elastic-plastic model. B pa6ote [22]
MpeacTaBieHa NpocTasi MoJeb MaTepuaia JUisl TPOrHO3M-
pOBaHUsI YIPYroruIaCTUYECKOTO MOBEACHUSI KOMITO3UTHBIX
TKaHel. Mojielsib UCTIONIb3YeT CKAJISIPHBIN IMapaMeTp yrpod-
HeHUsT (BMecTo 3(P(dOEKTUBHOTO COOTHOIICHUS HampsiKe-
HU-geopMalmii) WIS ompenesieHUs] IpUpalleHU IUia-
cTuueckux aedopmanuii. st ABYX pa3aiuuHbIX KOMITO3UT-
HbIX MaTE€PUaIOB C MCIMOJb30BaHUEM IKCIEPUMEHTATbHbIX
JNIAHHBIX I0Ka3aHO, YTO MOJIEJIb XOPOIIIO OMUCHIBAET HETU-
HelHbIe YIPYTOIJIacTUYECKMe CBOMCTBA MaTepraa B 3a/1a-
YyaxX IJIOCKOTO HaNpsKeHHO-IAe(hOPMUPOBAHHOTO COCTOS-
HUSA. Mozenb MOAXOAUT IS KECTKUX TKAHBIX KOMITO3UT-
HBIX MaTepuajoB C HEOOJbIIUMU OTHOCUTEIbHBIMU
nedopMauusIMU (HUTH — CTEKJIOBOJIOKHO,/TpadUT, MaTpu-
11a — MOJIMACTEP,/TOJUaMUN).

A new elasto-plastic material model. B cratbe [23] npen-
cTaBJIeHa HOBas YIpyroruiacTuyeckasi Mojaedb MaTepuaa.
OHa ocHOBaHa Ha TAaHHBIX OMTHOOCHBIX M ABYXOCHBIX UCIIbI-
TaHUil Ha pacTskeHue. [IpemtoxkeHHass MOIEAb MOXET
YUUTBIBATh HEJIUMHEHHOCTb, 3G@EKT OPTOTPOMHOCTU U
ocTaTouyHbIe AedopMalid B KOHCTPYKTUBHOM MOJAEIH MO-
BeneHus1 Matepuana. OOQUHHAILATh TapaMeTPOB BXOIUT B
JTAHHYIO MOJIEJTb, BOCEMb M3 KOTOPBIX OIPEIeICHbI U3 OJHO-
OCHBIX MCITBITAHUI, OCTAJIbHBIE — U3 IBYXOCHBIX. YnCIeHHOE
MOJIeJIMPOBaHUE MTPOBOAMIIOCH B POrPaMMHOM KOMILIEKCE
ABAQUS ¢ ucnonb30BaHUEM IOJIb30BATEIbCKUX MOIAIPO-
rpaMM JUIsI ONMcaHusl Mojiesu Matepuana. [lokazaHa xopo-
mas CXOAMMOCTb MEXIY Pe3yJbTaTaMU YMCJIEHHBIX U Ha-
TYPHBIX WUCIBITaHWM. Takke maHHas MOJAeTb MaTepuala
ObUla MpUMeHeHa B padote [24], rae ObUT IIpencTaBIeH He-
JIMHEWHBI KOHEYHO-3JIEMEHTHBIA aHaJIu3 MeMOpaHHBIX
KOHCTPYKLIWI, UCMOJb30BAHHBIX B apXUTEKTYPHBIX pellie-
HUSX CKJIQJHBIX COOPYKEHMUIA.

Unit cell approach. B pa6ote [25] npemioxeHa Mojiesb
MaTepuaja, KoTopas BKJIIOYaeT B ce0s1 CepUIo HeJIMHEIHO-
VIIPYTUX 3JIEMEHTOB, 3JIEMEHTOB TPEHUSI U KECTKUX CBSI3Ei
JUJISI MOJIEIMPOBAHUSI HUTEH, a TAKKe M30TPOITHYIO TIacTH -
HY I MOIEJUPOBAHUSI MOKPHITUS. Bbicokass cTemeHb
TOYHOCTHU Y JOCTOBEPHOCTM IOKa3aHa CPaBHEHUEM C pe-
3yJbTaTaMU HATYPHBIX 9KCIIEPUMEHTOB. [J1aBHOE pas3iu-
yre MeXAy TNMpeaCcTaBIeHHONW MOJEIbIO U IPYTUMU CYIlIe-
CTBYIOIIIMMHU MOJIEJISIMU 3aKJII0OYAETCS B TOM, KaK CMOJIEIIH -
poBaHBl HUTU. MoJeab HHUTU COCTOUT U3 YEThIpEX
3JIEMEHTOB — BOJIOKOH, KOTOPbI€ UAYT BIOJb IJMHBI HUTH,
a TakXe IPUCYTCTBYET «pa3pylIalOLIUACTd» 3JIEMEHT
(crushing element) B Touke mepernba HUTEH U KECTKMUX
cBsi3eil. B Touke mepernba HUTEH U Ha TpaHUIE DJIEMEH-
TapHOU SIYCMKM YeThIpe 2JIEMEeHTa BOJIOKHA CBSI3aHBI MEX-
Iy co0oii TOCPenCTBOM XKECTKMX CBSI3€il, YTO MOAEIUPYET
paccTosiHMe MeXay HUTAMU. B crathe [26] mpemioxeHa
yIpOILIEHHast MOJIeIb, OCHOBaHHAs Ha BbILIEU3I0KEHHOM.
Mogaenb ycTpaHsieT U30bITOYHOCTh JIEMEHTOB, UTO obec-
MeYnBaeT BBIUMCIUTEIbHYIO 3 (hEKTUBHOCTD U OoJiee sic-
HOe TIOHMMaHWe TIpeACTaBIeHHONW Monmeau. TOYHOCTb U
JIOCTOBEPHOCTh HOBOI MOJIENIM MaTeprajia B CPABHEHHMH C
pe3yibTaTaMM HaTyPHBIX UCIIBITAHUI OCTAeTCsI HAa TOM Xe
BBICOKOM YPOBHE.

Murnaghan model. B pa6otax [27, 28] npuMeHeHO nBa
MeToJa TS OTIMCaHMsI HeJIMHEMHOTO TTOBEICHUST MaTepra-
JIa: piece-wise linear mist IpeacTaBlIeHUs HEIUHEUHBIX CO-
OTHOILIEHUN MeXIy HanpssKeHUsIMU U JAedhopMalusaMu, a
takke Murnaghan model st onmucaHusi HEJTUHEHHBIX
cBoMCTB MaTepuaia. [TapameTpbl MaTepuaia ObUIM Halie-
HBI B XOJI¢ TIPOBEICHUSI OMHOOCHBIX MCIIBITAHWI TeXHUYE-
CKOI1 TKaHU ¢ TTIOKPHITHEM Ha pacTsoKeHUe B HapaBJICHUH
ocHOBBI 1 yTKa. KoHcTpykTtuBHast Moneinb the dense net
model ucnonb3oBaHa A1 CO3AAHUSI HEIIPEPHIBHOU MOJEN
TEXHUYECKON TKaHU ¢ TMoKpbiTMeM. [lokazaHa xopomuias
CXOIMMOCTb MEXIY YMCIIEHHBIM MOAETMPOBAaHUEM M HATYP-
HBIMM KCITBITAHUSIMU MaTepuana. Takxke B pabote [29]
VCIIEITHO TIpUMEHeHa KOHCTPYKTHMBHAs Monedb the dense
net model coBMecTHO ¢ Moaenbio Murnaghan model.

Bodner-Partom u Chaboche model (with damage). B cta-
The [30] ObLT MpuMeHeH the dense net model st YMcaIeHHO-
rO MOJEJIUPOBAHUS TEXHUUYECKOM TKAHU COBMECTHO C BSI3-
KortacTuyeckuMu mojaensiMu Bodner-Partom u Chaboche
JUTSE oncaHms cBoicTB. [TapaMeTpsl TEXHUYECKOM TKAHU C
TTOKPBITUEM OBLIU OTpeneeHbl HA OCHOBAHUM OITHOOCHBIX
WCTIBITAHUM TIPM PaCTSKEHWM B HaIlpaBJIeHUU OCHOBBI U
yTKa. [TokazaHa xopoliiasi CXOAUMOCTb MEXIY YMCACHHBIM
MOJIEJIMPOBAHUEM U Pe3ybTaTaMU HATYpHBIX UCIBITAHUH.
Taxxe yrnpyrossizkoruiactuueckasi Bodner-Partom monenb
ObUIa yCITeIIHO IpuMeHeHa B pabotax [31—33] misg onuca-
HUSI HEJIMHEMHBIX CBOMCTB MaTepuana. B craresax [34, 35]
IMoKa3aHa BO3MOXHOCTb IpuMmeHeHus: Chaboche model
with damage mi1s1 omucaHus yIPYTroBsI3KOIJIACTUYECKUX
cBoiicTB. ITokazaHa BO3MOXHOCTb pa3pabOTKU COOCTBEH-
Hoil moamporpammbl (user-defined subroutine UVSCPL)
JUTSL OTTCAHUST JAHHBIX MOJIeJiel B TTPOrpaMMHOM KOMTLTEK-
ce MSC Marc.

Schapery model. 11enbio paboTs! [36] SBISIIOCH TTPEITO-
JKUTb MOJEJb JUISl ONMCAHUsI HEJTMHEMHOTO BA3KOYIPYroro
MOBEICHUSI TEXHUUYECKOM TKAHU C MOKPBITUEM. BbuiU BbI-
MOJTHEHBI B TISITU Pa3IMYHBIX HaMpsKeHHO-Ie(hOopMUPO-
BaHHBIX cocTosHusAx Matepuana (10, 20, 30, 40 u 50% ot
paspymiaionieit Harpy3ku) JUIUTETbHbIC OMHOOCHBIC UCIThI-
TaHMS C YUETOM Toj3ydecT. [TokazaHO, YTO HeJIMHEWHAs
BSI3KOYIIpyrasi MoJieJib Marepuaia Schapery COBMECTHO C
KOHCTPYKTUBHOI MojieJibio the dense net model noctaTouHO
TOYHO OIMMCHIBAET MOBEACHNE MaTepraa Py AIUTETbHBIX
BO3IECUCTBUAX.

3akmouenne. Beioop Mome MaTepuaa Jutst YUCIEHHO-
T'O MOJEIUPOBAHUS TEXHUUECKOM TKAHU C IMMOKPBITUEM SIB-
JIIeTCsl BaXKHOM COCTaBJISIONIEH B MPOEKTUPOBAHUM MSITKHX
obonouyeyHbIx KOHCTpyKUMid. [logsonst uror o63opa mare-
MaTUYECKUX MOJeJNieli MaTepuajia, MPUBEICHHBIX BHIIIIE,
cJienyeT OTMETUTD CJIeAYIOoIee:

*  1IeJIecO00pa3HOCTh BBIOOpPA KOHCTPYKTUBHON MOIETU
(continuum wim discrete) U Moaesel, OIMMCHIBAIOIIUX
CBOIiCTBa MaTepuaa, 3aBUCUT HE TOJIbKO OT IOCTaBJICH-
HOI 3a7auu, HO U OT KOHEUHbIX Pe3yJbTaTOB, KOTOPhIE
HEOOXOAMMO TIOJTYYHUTb;

* MOJACJMPOBAHUE MaTepuaiia Ha MUKPOYPOBHE He BCeraa
saBiisieTcss 3(p@ekTUBHON 3amavyeil M3-3a TPYAHOCTEN,
BO3HUKAIOUIUX TP CO3TaHUM MOMEIIN;

* HeMajoe KOJIMYECTBO MPeIIoKeHHBIX MaTeMaTHIeCKNX
(4MCIIEeHHBIX) MOJeJiell MaTepuralia IOKa3blBaeT CyIIle-
CTBYIOIIYIO CJIOXHOCTb B ONMUCAHUU TIOBEAEHUS] TEXHU-
YeCKUX TKaHEW C MOKPBITHEM;

* TIpeICTaBJICHHbIE COBPEMEHHBIE HayYHbIe MCCIIeI0Ba-
HUS B TaHHOM 00JIaCTH TOKA3bIBAIOT aKTYaJIbHOCTD U3Y-
YeHUs 1 MOJIEIMPOBAHUS TTOBEIEHMST MaTepuraa.
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CHuXeHue BAUAHUA NUNKOCTH FOPHLIX NOpoA
! CbIpbEBbIX MaTepuanoB Ha paboTocnoco6HOCTDb
o6opyaoBanus 3a cyet npumeHeHus MNMMOM-Actrku

BaXHbIM CBOWCTBOM YBNTaXXHEHHbIX FIMHUCTbIX FPYHTOB ABASETCA UX CNOCOBHOCTL NPOSABAATL IMMKOCTb, T. €. NPUIUNATL K NOBEPXHOCTAM,
KOHTaKTMPYIOLLMM C HUMU B NpOLecce pas3paboTki 1 NOCNeLyIoLLe TPAHCNOPTUPOBKU. KONMYECTBEHHbIE 3HAYEHMS IUMKOCTU pa3pabaTtbiBaeMblX
TPYHTOB HaXOAATCA B LWNPOKOM ananasote (0T 0,5 fo 50 KlMa u 6onee). OTMe4eHO, 4TO 06beM HanWnLLeR NoOpoabl B KOBLUAX 9KCKaBATOPOB COCTaBNAET
15-35% 0T ux pac4eTHON BMECTUMOCTH, MPONYCKHAsA CNOCOOHOCTL BYHKEPOB yMeHbluaeTcs Ha 20-50%, rpy3onobeMHOCTb aBTOCAMOCBASIOB
CHWXaeTCs Ha 16-22%, a aymnkapos Ha 15-20%. [pumeHeHne npoTuBoHanunawLmx nnactH MIOMN-AcTkn No3BONSET CYLLECTBEHHO YMEHbLUNTD
(o 2 KMa), a 3a4acTyto 1 NOSIHOCTbIO YCTPAHUTL MIUMKOCTb YBNIAXHEHHbIX FOPHBIX MOPOA U CbIPbEBbIX MATEPUANnoB, ee BIUAHNE HA PE3KOE CHUKEHNE
paboTOCNOCO6HOCTI 060PYA0BAHMSA M NO3BONAET YBENNYUTL: NPONYCKHYIO CNOCOOHOCTb NEepechINHbIX YCTPOUCTB U 6yHKepoB B 1,4—1,8 pasa;
NPOU3BOANTENbHOCTb 3KCKABATOPHOI TEXHNKM HA 12%; rpy30M0AbEMHOCTb aBTOCAMOCBANOB 1 AyMMNKapoB Ha 15—18%. OQHOBPEMEHHO NIMKBMANPYETCS
TSOKENbIA PU3NYECKNIA TPYA, MPUMEHSIEMbIA, KaK NPABMO0, MPU PaCHMCTKe 3annnLINX YCTPOUCTB 060pya0BaHUS.

KntoyeBble cnosa: NPOTMBOHANMNAIOLLME NNIACTUHBI, FOPHAs NOPoJa, CbiPbeBbIE MaTepuansl, HanunaHue, paéoTocnoco6HOCTb, MMAOM-AcTuKK.

Ins uutuposanus: Kysreuos B.I., Kucenes H.H., Kovetos E.B., KyaHeuos V.M. CHYXeHWe BAUAHWA NMNKOCTM FOPHbIX MOPOA M CbIPbEBbIX MATEPMANoB
Ha paboTocnoco6HOCTL 060pyA0BaHMA 3a cyeT npumeneHus MMNON-Actuku // CTpouTensHsie matepuansl. 2017. Ne 1-2. C. 99-103.
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Reducing the Influence of Stickiness of Rocks and Raw Materials on Working Efficiency

of Equipment Due To Application of PPFP-Astiki

An important property of moistened clay soils is their stickiness, their ability to stick to surfaces which contact with them in the process of earthwork and following transportation.
Quantitative values of stickiness of excavated soils are in a wide range (from 0.5 to 50 KPa and more). It is noted that the volume of stuck rock in excavator buckets is 15-35% of their
estimated capacity, discharge capacity of bunkers is reduced by 20-50%, load capacity of a dump truck is reduced by 16-22%, dump cars — by 15-20%. The use of anti-sticking plates
PPFP-Astiki makes it possible to significantly reduce (up to 2 KPa) and often completely eliminate the stickiness of moistened rocks and raw materials, its impact on the discharge

capacity of lifters and bunkers by 1.4-1.8 times, performance of excavator equipment by 12%, load capacity of dump trucks and dump cars by 15-18%. Simultaneously, the heavy
physical work which is used, as a rule, for cleaning of stuck devices of equipment is liquidated.

Keywords: anti-sticking plates, rocks, raw materials, stickiness, working capacity, PPFP-Astiki.

For citation: Kuznetsov V.G., Kiselev N.N., Kochetov E.V., Kuznetsov I.P. Reducing the influence of stickiness of rocks and raw materials on working efficiency of equipment due to appli-

cation of PPFP-Astiki. Stroitel'nye Materialy [Construction materials]. 2017. No. 1-2, pp. 99-103. (In Russian).

BaxXHbIM CBOWCTBOM TJIMHUCTBIX TPYHTOB SIBJISIETCSI UX
CITOCOOHOCTD TIPOSIBJIATEL TIPU OTIPENEIEHHOM COAepPKaHUN
BOIBI JIMIIKOCTh (aAre3uio), T. €. IMPUINUMNaTh K ITIOBEPXHO-
CTSIM, KOHTaKTUPYIOLIUM C HUMU B Tpoliecce pa3paboTKu 1
nocyenytoleil TpaHCopTUPOBKU. CyIIeCTBYeT HECKOJIbKO
TEOpUil, OOBSICHSIONIMX MEXaHU3M JeHCTBUS aare3vuu: aj-
copOLIMOHHAsI, 3JieKTpuueckasi, muddysronHas, ooias. [1o
MHEHUIO aBTOPOB, HAaM0O0JIee TTOJTHO OTPaKaeT HAKOTUIEHHBII
dakTryeckuii Mmatepuan runore3a E.M. CepreeBa, pa3pabo-
TaHHas Ha Kadenpe MHXEHEPHOU reojoruu MOCKOBCKOro
rocynapcTBeHHoOro yHuBepcurera um. M.B. JloMoHocoBa,
YUUTBIBAIONIAsl SHEPreTUUECKOE COCTOSIHME KUIKOM hasbl
BJIaXKHBIX TPYHTOB. OHa OOBSICHSIET JIMTIKOCTh OaJIAHCOM CHJT
MOJIEKYJIIPHOTO U 3JIEKTPOCTATUYECKOTO TPUTSIXKEHUS-0T-
TaJKWBAHUSI, Pa3BUBAIOIIMXCS MEXIY aJcopOLIMOHHBIMU
LIEHTPaMM YaCTUIl TPYHTA, MMAPOBOTO PAcTBOpPA U MOBEPXHO-
CThIO COIPHMKACAIOLIUXCSl ¢ TPyHTOM TeJl. [IpuueM periato-
UM (HakTOpoM B MPOSIBJICHUM JUMKOCTU TTIMHUCTBIX TPYH-
TOB SIBJISIETCSI HAJIMYME B HUX BOJBI IIEPEXOTHOTO SHEPTETH-

YECKOro TUMa. DTa TUIMOTe3a MOATBEPXKIAETCS KCTpe-
MaJIbHBIM XapaKTepOM 3aBUCUMOCTH JIMITKOCTUA TJIMH OT UX
BiaxxHocTH (puc. 1). Takum o6pa3oM, TUIMKOCTh TPYHTOB 00-
VCJIOBJIMBAETCS CWJIAMM B3aMMOJAEUCTBUSI, BOZHMKAIOIIUMU
MEXy MOJIEKYJIaMU CBSI3aHHOM BOJIbI M YACTULIAMY IPYHTA, C
OITHOI CTOPOHBI, U MOJIEKYJIaMU BOJIbl U MIOBEPXHOCTHIO CO-
MPUKACAIOILIETOCS C TPYHTOM TpeaMeTa — ¢ Apyroil. OcCHOB-
HBIMU TOKA3aTeISIMU, XapaKTepU3yOIUMU JIUIKOCTb [JIK-
HUCTBIX TPYHTOB, SIBJISIIOTCS €€ MaKCUMaJlbHas BeJIMIMHA 1
BJI&XXHOCTh MAaKCUMAJIBHOM JIMTTKOCTH TIPY TaHHOM Ha3Hayve-
HUU BHEIIHEro napjieHus. JIMIKoCcTh Hanboiee xapakKTepHa
JUTSI TJIMHUCTBIX TPYHTOB. BBITTOJIHEHHBIMU MCCIETOBAHUSIMU
YCTAHOBJICHO, YTO HAWOOJIblIEH MPOYHOCTHIO HAJIMIAHMS
(mmnkocts 1o 0,08 MIla) obGnamaioT TIMHBI BAAXKHOCTHIO
25-70%. BaxHeWmmumu HakTopamMu, OMNPeneISIOIUMI
JIUTIKOCTb TPYHTOB, SIBJISIIOTCSI BEJIMUMHA BHEIIHETO JaBlie-
HMSI U BpeMsI ero JefCTBMSI, TeMIlepaTypa rpyHTa, CKOPOCThb
OTpbIBa IPyHTa WM paboyero opraHa, BUj Matepuaia u co-
CTOsTHHE ero ToBepxHOCTH. M3BecTHO, 9To OKoso 30% Tep-
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Puc. 1. 3aBMCUMOCTb MNMMNKOCTM NOPOA, OT BRaxHocTu: 1, 2, 3, 4 — rpyHT C
coaepXaHMeM FANHUCTLIX YacTuy, cootBeTcTBeHHo 10, 40, 60, 100%;
5 — xenTasa rnnHa; 6 — 3eneHas rnvHa; 7 — cepo-3eneHas rmHa; 8 — YepHo-
cepas rnnHa; 9 — cepas ravHa
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Puc. 2. Tunosoi rpacdmk 3aBUCUMOCTU NPOMYCKHOM CnOcoBHOCTM nepe-
rPY304HOIO YCTPOWCTBA OT YMEHbBLUEHMWS LUMPWHBI BOPOHKU UM MPUEMHOIO
OyHKepa 3a CHET HaIMNAaHNS Ha UX CTEHKW FPyHTa Npu BLICOTE Neperpysku
1,27 M, K0apdurLMEHTE BHYTPEHHEro TpeHus rpyHTa 0,7 v LWMPUHE KOHBE-
€pHOWN NeHTbl, paBHOM cooTBeTcTBeHHO: a — 1200; 6 — 1600; B — 1800;
r—2000 mm; 1, 2, 3, 4, 5 — npw yrne HaknoHa NPUEMHOr0 KOHBENEpPA, paB-
HoM cooTBeTcTBeHHO 0, 5, 10, 15, 20°

BnaxHoCTb MakCUManbHOW NMNMNKOCTH,
o . JNunkocTsb, kMa HassaHue
Buabl rpyHTOB %, NPV BHELLHEW Harpyske rPpyHTa Mo
Menee 0,1 MMa 0,1-1 MMMa MwuHumanbHaa | MakcumanbHas JiMnKocTK
Cynecwu nerkue, CyrivHKu rnoayTeepnon OueHb cnabo
Y » CY yTBepAa 17-19 12-13 0,5 2
KOHCWCTEHUMIN HEHAPYLLEHHOIO CIIOXEHUS nnkue
Cynecu Tsxesble, CyrivHKN Nerkue,
4 A 19-22 14-15 1 5 Cna6o nmnkve
Wbl HEHAPYLLEHHOMO C/IOXEeHMNS
CyYrVHKU CPeHVE 1 TSXeNble, MNHbI erkue
4 pea ' 22-25 16-17 2 10 Nunkme
HEHaPYLLEHHOrO CIOXEHUs!
[ INHBI NErkne HapyLEHHOrO CNOXEHWUS, CpepHei
Py 25-30 19-20 4 20 peA
TJINHBI TAXESbIE HEHAPYLLEHHOMO COXEeHNS JIUNKOCTU
TNUHBI TSXESblE (KAaoSUHUTIUAPOCTIIOANCTbIE CunbHO
( APOCIOANCTSIE) 30-35 2225 6 50
HapYLLEHHOrO CNOXeHUs nunkue
T NINHBI TSXENbIE (MOHTMOPUIITIOHUTOBLIE OueHb CUMbHO
( P ) 50-65 35-45 8 Bonee 50
HaPYLLEHHOMO CJIOXEHUS nnkue

putropuu Poccum 3aHMMaeT 30Ha TPYHTOB ITOBBILLIEHHOM
VBIAXXHEHHOCTH, a TOJIOBMHA pa3pabaThbiBaéMBIX TPYHTOB
COCTOMT M3 CYNIMHKOB W TJIMH. [TOBBIIIIEHHAs! BIaXKHOCTb
TPYHTOB OCOOEHHO TIPOSIBJISIETCSI B OCEHHE-BECEHHUN TIe-
puon. B tabnuie [1] mpeacraBieHa KiaccupUKalus TPyHTOB
110 JTUTIKOCTU. [Tp1 3TOM KOJIMUeCTBEHHBIE 3HAYCHUSI JTUTTKO-
CTH pa3padaTbIBaeMbIX TPYHTOB HAaXOMSATCS B IITMPOKOM JMa-
mazoHe (ot 0,5 no 50 KIla n Gonee), uro TpeOyeT moucka
3G dEKTUBHBIX 1 YHUBEPCAIBHBIX PEIICHUH, HAaITpaBIEHHBIX
Ha yMEHbIIIEHUE WIN TTOJIHOE YCTpaHeHUe UX HAJIMTIaHMs Ha
pabouue MOBEpXHOCTU O00PYIOBAHMUSI.

MHoOrojieTHUE TeOpPeTUYECKUE U IKCIEPUMEHTATbHbIE
HCCIeIOBaHMSI, HaYaThle B OTPACIeBOI HAyYHO-UCCIIE0Ba-
TeJIbCKOW  JabopaTopuM  MOIIHBIX  3KCKaBaTOPOB
(OHUJ MD) xadenpel «CTpoUTEIbHBIC U TOABEMHO-
TPaHCIIOPTHBIE MalIMHBl» MOCKOBCKOTO TOCYIapCTBEHHO-
0 CTPOMTEJILHOIO YHUBEPCUTETA, SBJISIOLIENCS TOJOBHOMN
opranuzanueit obiBiiero Munrskmama CCCP, a Briocnen-
ctBuu npoaoskeHHbie B Kommanun OO0 «Ac-Tuk KIT» B
COIPYXECTBE C PSIIOM TPEANPUSTUI TTPOMBIIUIEHHOCTH
CTPOUTEIBHBIX MaTepHUaIOB TOPHOIOOBIBAIOIIETO KOMITICK-
ca Poccun u ctpan CHI', mo3Bosivin yCTaHOBUTh OCHOBHBIE
(hakTopbl, XapakTepu3ylolIue Mpolecc HaTUIaHus, pa3pa-
060TaTh MaTeMaTM4eCKUe MOJEJIN OLLEHKU MPOU3BOLUTEIb-
HOCTU 000PYIOBAaHUS C YI€TOM TMHAMUKY HAJUTTaHUS Ma-

TEPUAJIOB, a TaKXe JaTh KOHKPETHBIE MPEMIOXEHUS II0
00OpKEOE C YKa3aHHBIM SIBIICHUEM.

OMBIT 3KCIUTyaTalliy IIATAOIINX 3KCKAaBaTOPOB Jpar-
JIAfHOB Ha Kapbepax M pa3pe3ax TOPHOIOOBIBAIOIINX TIPEI-
MPUSTHI CBUAETENHCTBYET O TOM, YTO MX LIMKJIOBAS TEXHU-
yeckasi TIPOU3BOIUTEIBHOCTh CYIIECTBEHHO YMEHbIIIACTCS
3a CYeT MHTEHCHUBHOTO HAJUITAHUSI BCKPBIIIHBIX TOPHBIX
MOpPOJ Ha BHYTPEHHIOI pabouyi0 MOBEPXHOCTh KOBIIIA.
C KaxIbIM NOCJCAYIOIIUM IMKIOM TPaHCIIOPTUpYyeMast
ropHasl ITopoja HAapacTaeT Ha paHee HAJUIIIIYIO, B PE3YIIb-
TaTe Yero yMeHbIIIaeTCss BMECTUMOCTD KOBIIA, YBEIUYHUBA-
€TCST BPEMSI €ro BCTPSIXMBAHUS U CYILIECTBEHHO CHUXKAETCS
€ro BBIHOCHAST CITOCOOHOCTD. C y4eTOM HaJTUMaHUsI TOPHBIX
IOPOJI B KOBIIIE M BpEMEHU €ro BCTpsIXMBaHUS o0111ast pop-
MyJTa OoTpeieNIeHUsT TeXHUIEeCKOU mpon3BoauTenbHocT 1,
SKCKaBaTOpa UMEET BUII:

N N, -1
I, =60(0—J, 0,dN,) 51— K, K,, (1)
|+A2
T,
rie Q — TreoMeTpuueckas BMECTUMOCTb KOBIIA, M>;

0, — 00beM HAJIMIIILIETO IPYHTA B KOBIIIE 32 ONPeIeIeHHbII
LMKI paGoThl Apariaiina, M*; N, — 4iCcIo LUKIOB, MUH
T, — NPOIOJIKUTENBHOCTb LMKIA, C; T, — MPOJOIXKUTENb-
HOCTb BCTPSIXMBAaHMSI KOBIIA [UIS YOAJIECHWS HAJIMIIIIErO
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rpyHta, ¢; K, — Koa(hduiMeHT paspbixJieHUs] TPYHTa;
K, — xosdduuureHT HarnonHeHUs KOBLIA.

MHOIOYUCIEHHBIMU WCCIeI0BAaHUSIMU, BBIMOJTHEHHbBI-
mu cnequanuctamMu OHUJTI MO 1 OO0 «Ac-Tuk KII» Ha
JEMCTBYIOIIMX 9KCKAaBaTOPaX B pa3JIMYHbBIX TOPHO-TEOJIOT -
YECKUX YCIOBMSX, YCTAHOBIIEHO, YTO MAaKCUMAJIBHBIM CIIOM
Hagumux mnopox (250—300 MM) nMeeT MeCTO B OCHOBHOM
Ha 3aJHeil CTeHKe KOBIlIA, a 00beM HAJIMIIIIEH TOPOIbI CO-
ctaBisieT 15—35% oT ero pacuyeTHOI BMeCTUMOCTH. Bpemst
OYMCTKH, OCYUIECTBJISIEMOI, KaK MpaBUJO, BPYyYHYIO, CO-
crapnser 1,5—3 u B cmeHy. KoBin ¢ Hanumieir moponoi
3HAYMTEIBbHO YCJIOXHSET AaJIbHENIINHI TIPOLIecC ee DKCKa-
BalMu 13 32004, 4TO TpebyeT norcka 3¢ GEeKTUBHBIX ITyTei
pelieHus IpoOJIeMBI.

Ha BCKpBIIIHBIX POTOPHBIX KOMILIEKCAX HEMIPEPHIBHOTO
NEACTBYSI TOJNIMHA HAJMIIILIETO CJIOSI MOPOJbl Ha paboune
MMOBEPXHOCTU TIPUEMHO-TIMTAIOIIMX M TePEeTPy30YHBIX
ycrpoiicTtB coctaBisieT 50—300 MM, B pe3ybTaTe 4ero mpo-
IyCKHasl CIIOCOOHOCTh YCTPOIMCTB yMeHbIaeTcst Ha 20—50%
1 COOTBETCTBEHHO 0o0Jiee YeM B 1Ba pa3a UX MPOU3BOIUTEb-
HocTb. [IpomyckHasi cmocoOHOCTh OYyHKepa 3aBUCUT OT
IJIOIIAU €r0 MPOXOAHOTO CEYEHUSI U CKOPOCTU JBMKEHUSI
Marepuaina. [1pu nmporyckHoii crmocoOHOCTH OyHKepa ¢ Ha-
JIMITIINM cJIoeM Matepuana O, U YucToro 6yHkepa Q) UMeeT
BBIpaXEHMUE:

9_B, )
0, B,
rae B — mmpuHa BOpoHKYU uiu OyHKepa.

TommuuHy ciiost ¢ MaTepraja, HaJIUIIIETO Ha OXHY W3
METAJNINIECKUX CTEHOK OYHKepa, MOXHO BBIPa3UTb 4yepe3
3HaueHHe B u cooTBeTCTBYIOLIMI KOIDOULIMEHT Mponop-
nuoHanbHoCcTH K, T. €. = KxB.

[Ipy1 cpaBHEHUM MPOITYCKHOM CIMOCOOHOCTH OYHKepa ¢
HaJIUMIIUM cloeM marepuana Q, u yucroro OyHkepa O,
TTOJTYYUM:

%_(BI—ZKBI)_(I_ZK)z
0= B - : (3)

YCTaHOBJIEHO CYILIECTBEHHOE BUSIHUE TOJIIMHBI Ha-
JIMMILETO CJI0sl MaTepualla Ha MPOIYyCKHYIO CIOCOOHOCTb
oynkepa. Tak, mpu TommmHe ciosd 300 MM mpoITycKHast
CIOCOOHOCTh OyHKepa CHMXKAETCs IIPUMEPHO B IBA pasa I10
CPaBHEHMIO C IIPOIYCKHOIl CIOCOOHOCTBIO YMCTOIl KOH-
CTPYKILIMHU, a MPpU ToJIrHe c1ost 800 MM COOTBETCTBEHHO B
necsath pa3. Ha puc. 2 npuBeneHbl 3aBUCUMOCTU MPOIMYCK-
HOI CMOCOOHOCTM MEPErpy30UHbIX YCTPOMCTB OT U3MEHE-
HUS IIMPUHBI BOPOHKM MPUEMHOTro OyHKepa 3a CYeT Hajlu-
MMaHWs CJIog MaTepdaja Ha ero pabouyme CTeHKM.
TpaHcOpTUPOBaHUE TOPHBIX MOPOA MOBBIIIEHHON BilaX-
HOCTU AyMIIKapaMM M CaMOCBaJlaMM COIMPOBOXIAETCS MX
MHTEHCUBHBIM MPWIAMAHUEM, a B TIEPUOJ] OTPULIATETbHOI
TeMrepaTypsl — MpUMep3aHUEeM K METIMYeCKUM pabo-
YUM TIOBEPXHOCTSIM KY30BOB M KEJE3HOMOPOXHBIX TLIaT-
dopmM. Ipu sKcIUTyaTallMM KapbepHOTO aBTOTPAHCIIOpTa Ha
JIMTTKMX TTOPOAax ero hakTuyeckasi rpy30MoabeMHOCTh 3HA-
YUTEJbHO HUXEe MACMOPTHOM M3-32 MHTEHCUBHOTO HaJUIIAa-
HUST TPAHCTIOPTUPYEMBIX MOPOJ, Ha CTEHKU W JHUILE KYy30-
BOB aBTOCaMOCBaJIOB.

TexHnyeckast MPOU3BOAUTEIBHOCTb O, KaPbEPHOTO aB-
TOTPAHCIIOPTa C YYETOM HAJIMIIAHWSI TOPHON TMOPOALI Ha
CTEHKU M JHUILE Ky30Ba OIMpenesieTcs Kak:

n Qgi .
0,= Qn"_fr_? X nizizl Qq: K;'K,,, 1/cmeHa 4)

rae (, — TacmopTHasli TPY30TOABEMHOCTh ABTOCAMOCBA-
na, 1; T, — mmurenbHOCTh cMeHBI, 4; T, — JUIMTENTbHOCTh
peiica aBTocamMocBaia, u; # — YMCJIO PeiicOB aBTOCaMOCBajia
3a BpeMs1 paboueit cMeHbl; Oy, — GakTuIecKast rpy30noab-
€MHOCTb aBTOCAMOCBaJIa BO BpeMs i-ro peiica, T; 0, — Mak-
cUMaJibHas rpy30IobeMHOCTh aBTOCaMocBaa, T; K, — ko-

p

s¢duuueHt paspeixiieHust rpyHra; K, — koadbduumeHT

HaroJHEHMS Ky30Ba.

HccnenoBanusimu, BbimoaHeHHbIMM HUMOIP, ycra-
HOBJICHO, YTO M3-3a HAJIMMAHUS TTOPO IPY30MOABEMHOCTD
KeJIe3HOMOPOXKHBIX TyMIKapoB CHiKaetcst Ha 15—20%, a
aBTOCAaMOCBaJIOB Ha 16—22% [2]. OnHOBpeMeHHO 00CIen0-
BaHUS psAZia KapbepoB C MPeobaTaHueM PBIXJIbIX BCKPBIIII-
HBIX MIOPOJI ITOKA3aJI, YTO U3-32 MHTEHCUBHOTO HAJIMTIAHUSI
K CTeHKaM U JHUILY Ky30BOB KaphepHBIX aBTOCAMOCBAJIOB
KO3(DULIMEHT HCTONb30BAHUS HX TPY30MOIBEMHOCTH
CIMIIKOM HU30K M cocrasiser 0,74—0,88. YcranosieHo,
YTO MPU TPAHCIIOPTUPOBAHUH BCKPBIIITHBIX ITOPOJ, C TTOBBI-
IIEHHBIM COMePKaHNEeM INIMHUCTBIX BKIIOUEHU yKe TIocTie
nepBoro peiica 75- u 110-TOHHBIX KapbepPHBIX aBTOCAMOCBA-
JoB BenA3 B ux Ky30Bax OCTaeTCsl 3HAYUTEIbHBINA 00beM
HEBHITPY:KeHHO TTopos! (0Koito 20% oT 06beMa Ky30Ba), a
C YBETMYEHUEM YU CIIa PECOB KOJIMYECTBO HEBBITPYKEHHOI
Mopo/ibl, 0COOEHHO B 3UMHUIA TIeproj paboThI, BO3pacTaeT
1o 40—50% ot o6beMa Ky30Ba.

B pesynbraTe mpoBeaeHHBIX JIAOOPATOPHBIX U HATYPHBIX
HCCeOBaHMM, a Takke aHaiu3a 3apyOeXXHOro OrmbiTa B
OHWJI M3 6b11 nipemioxkeH 3(pGeKTUBHBINA crtocod 60pb-
Obl C HATMITAHWEM BJIAXXKHBIX TIOPOJ M CHIPhEBBIX MaTepHa-
JIoB, Oasupyooumiicss Ha TuapododU3aluu pabouyux To-
BEPXHOCTE 060pyI0BaHUS MyTeM IIPUMEHEHMUS JIETKO MOH-
TUPYEMBIX U 3aMEHSIEMBIX TIPY M3HAIIMBAHUY TTOJIMMEPHBIX
MPOTUBOHAIUNAIOIIUX (DYTEPOBOYHBIX TJIACTUH CO CIEIH-
aJlbHO MOAOOpaHHBIMU cBoiicTBamu [3—9]. TIpumMeHeHUe
TaKUX TMPOTHBOHAIMIAIONINX TJIACTUH ITO3BOJISIET CYIIE-
cTBeHHO YMeHbIMTh — 10 2 KIla, a 3a4acTyio 1 ITOJTHOCTBIO
YCTPaHUTh M(MPOBBIE 3HAYCHUSI JIMITKOCTH YBIIAXXKHEHHBIX
TOPHBIX TIOPOJl U CHIPbEBBIX MAaTepUaIOB U €€ BIUSIHUE Ha
pe3Koe CHIDKeHHE paboTOCIIOCOOHOCTU 000pYI0BaHMSI.

VYKazaHHbIe pabOThI COCTABUIU HAyYHYIO OCHOBY 1 ObLITU
B JaJIbHEMIIIEM MCIOJb30BaHbl M PaCIIMPEHbI CITELMAaIN-
cramu OO0 «Ac-Tuk KII», obpaszoBanHoro B 1992 r. u o1-
meuatotiero B 2017 r. cBoe 25-1etue. 3a 3TOT Mepuo/ ObLTH
pazpaboranbl MeToauku rogaodopa IMITDII-AcTuku B 3aBU-
CHMOCTH OT KPEMOCTU MaTepHaIOB U OTpeAesIeHUsT T -
HbI TJIACTUHBI B 3aBUCUMOCTUA OT TOPHO-TEOJIOTUYECKUX U
FOPHOTEXHUYECKMX YCJIIOBUI 3KCIUTyaTalluu obOopyaoBa-
Hus [10—12].

OCHOBHBIM BHUJOM 5SKOHOMHUYECKOM JeATETBHOCTH
000 «Ac-Tuxk KII» sBasgeTcs BBITYCK ITOJMMEPHBIX IIPO-
TUBOHAJIUMAOMMUX (DYyTepOBOYHBIX IJIACTUH-ACTUKHU
(IITPIT-Actukm) 1o TY2246-001-22711279—2008 mon
KOHKPETHBIE TOPHO-T€0JIOTMYECKe U TOPHOTEXHUYECKHUE
YCIIOBUS KCIUTyaTalluM 9KCKaBaTOPHOTO, TPAHCTIOPTHOTO U
TEXHOJIOTMYECKOTO 000pyIoBaHUsI, pabOTAIONIET0 Ha TOp-
HOIMOOBIBAIOIIMX M IepepadaThIBAIONINX TPEIIMPUATHAIX
MIPOMBIIIJIEHHOCTU CTPOUTENbHBIX MaTepuaioB, YepHOU U
LIBETHOMH METAJJIypruu, TOIUIMBHON MPOMBIIIIEHHOCTH
Poccun u crpan CHI' [13—-22]. BHeapeHue npomyKuuu
TI®PIT-AcTuky Ha pabouYMx MOBEPXHOCTIX 0O0OpYIOBa-
HMS, pabOTAIOIIEeTO Ha YBJIAXXHEHHBIX TTOPOIAaX U ChIPbEBBIX
MaTtepuaiax, o3BOJISIET YBEJIUIUTh:

— TIPOIIYCKHYIO CIIOCOOHOCTb OYHKEPOB U IEPErpy30UHbIX
ycrpoiict B 1,4—1,8 pasa;

— TIPOM3BOIUTEIHLHOCTh 9KCKaBaTOPHON TeXHUKM Ha 12%;

— TPY30IOAbEMHOCTh aBTOCAMOCBAJIOB M IYyMIIKapoB Ha
15—18%;

— TIPOM3BOIUTEILHOCTh KOHBEHEPHOIrO TpaHCIIOpTa Ha
18—29%;

— TOYHOCTb BECOBOTIO IO3MPOBaHMsI BOIbI HA +2%, 3amoJi-
HHTeNel Ha £3% W Ka4eCTBO IIMXTHI B IICJIOM.
OIHOBpEeMEHHO JIMKBUANPYETCS TSKENBINA, Hebe3ormmac-

HBIY (PUBUYECKUI TPYI, TPUMEHSIEMBI, KaK IMPaBUIo, TIPU

pPACYMCTKE 3aJUIIINX Y3JI0B W 3HAYUTEIBHO YIyUYIIAIOTCS

TEXHUKO-3KOHOMUYECKUE T10Ka3aTeIu WCIOJb30BaAHUS

9KCKaBaTOPHOTO, TEXHOJOTMYECKOro W TPaHCIOPTHOTO

000pyI0BaHUS.
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HauvoHanbHbIn nccnepgoBaTensCekmnii MOCKOBCKMIN rOCYAaPCTBEHHbIV CTPOUTENbHBIV YHUBEPCUTET
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[oBepXHOCTHOE HATAXEHWe B CTPYKTYpoobpa3oBaHum
MaTepuanos. 3Ha4eHue, pacyeT U NPUMEHeHUe

PaccMoTpeHo NOBEPXHOCTHOE HATSHKEHNE — BXHEIALLIAA TePMOANHAMUYECKAs BENMYIHA, OKa3blBaOLLAs BIUSHUE Ha MHOTUE (DU3NKO-XMMUYECKME MPOLIECCHI,
MpoTeKaroLLye B BELECTBE, — OT pa3mMepa KpUTUYECKOTO 3apofibILLia MPY FOMOreHHOM HyKnealyn 10 KanuanapHbIX SBNeHWi  Npi NOrMOLLEHNN XIAKOCTH
MOPUCTO-KaNMANSIPHBIM TeNoM. VccreoBaHa pasMepHas 3aBUCUMOCTb MOBEPXHOCTHOMO HATSHKEHNS, YCTAHABNMBAOLLAS €70 CHIDKEHNE MPU YMEHbLLEHNU
pasmepa YacTuu,. MoKasaHo, YT0 HaMBOmee CyLLECTBEHHOE BNUSIHUE NOBEPXHOCTHOE HATSKEHME OKA3bIBAET HA 3Tane PaHHEro CTPYKTYpOO6pa3oBaHis
BELLECTBA KOMMO3UTA NPU arperMpoBaHnI CTPYKTYPHBIX 37IEMEHTOB BELLECTBA B CTPYKTYPbI GOSEe BbICOKOrO MEPapXYECKOr0 YPOBHS, 0COGEHHO

B MPUCYTCTBW NOBEPXHOCTHO-AKTMBHBIX BELLECTB C BbICOKUAM YPOBHEM NaTepaibHoro B3anmMofencTams. MpoBefeHe 3KCIePUMEHTabHbIX UCCed0BaHMiA

B YKa3aHHOM HanpaBeHUN NO3BOSNT OTBETUTb Ha BECbMA BAXKHBIE A1 COBPEMEHHBIX CTPOUTENbHBIX KOMMO3UTOB MaTePUATOBEAYECKME 3a[ia4M, @ UMEHHO:
npeo6nagatoLas ponb pa3mepoB AeeKTOB; paLoHasbHbIE HaNPABNEHNS NPUMEHEHNS NPUEMOB HaHOTEXHOMOMAN, @ TAKXKE BbIBUTL PaLMOHATbHbIE TPy
MOANMKATOPOB ANS YNPaBeHNs NapamMeTpamu CTPYKTYPbI U CBOICTB CTPOMUTENbHBIX KOMMO3WTOB.

KntoyeBble cnoBa: noBePXHOCTHOE HATSXKEHUE, AUCNEPCHOCTb, MOBEPXHOCTHAR 3HEPrUs, AedheKTbl, CTPYKTYPOO6pa3oBaHue.

Insa yutuposanus: Kopones E.B., Mpuwmna A.H., Myctosrap A.M. [T0BEpXHOCTHOE HATSHXKEeHWE B CTPYKTYPOOBPA30BaHINM MaTepuanos. 3Ha4eHne, pacyert
1 npumeneHue // CtpoutenbHbie matepuansl. 2017. Ne 1-2. C. 104-108.
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Surface Tension in Structure Formation of Materials. Significance, Calculation, and Application

Surface tension, the most important thermodynamic value influencing on many physical-chemical processes occurring in the substance — from a critical nucleus at homogeneous nucle-
ation to capillary phenomena at water absorption by a porous-capillary body — is considered. The size dependence of surface tension establishing its reduction with decreasing particle
sizes has been studied. It is shown that the surface tension most significantly influences at the stage of early structure formation of a composite substance in the course of aggregation
of structural elements of the substance in structures of a higher hierarchical level, at the presence of surfactants with a high level of lateral interaction especially. Experimental research
in this direction will make it possible to answer very important material science issues for current building composites, namely the dominant role of defect sizes, rational directions of

application of nano-technology methods as well as to reveal the rational groups of modifiers for controlling parameters of the structure and properties of building composites.

Keywords: surface tension, dispersion, surface energy, defects, structure formation.
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[ToBepxHOCTHOE HATSDKEHME KaK OJHA M3 OCHOBHBIX
(bu3nYecKUX BeTMINH, OTIPEACIISIONINX MEXaHUUECKOEe paB-
HOBecHe B CHCTeMe KOHTAKTUPYIOIIUX (a3, 4acTo MCIOJb-
3yeTcsl KaK BaxkHas BeJWYMHA TPU aHaIu3e pasJInyHbIX
acIeKTOB CTPYKTYpOOOpPa30oBaHUsI KOMITIO3UTOB, B TOM UHC-
JIe CTPOUTEILHBIX MAaTEPUAJIOB: KPaeBOM Yrojl CMauyMBaHUs,
KanuuIsIpHOE NaBjieHue, aacopOLusi, paboTa oOpa3oBaHUS
KPUTHUYECKOTO 3apoibllia, Tpe/iesia TeKydyecTh MaTeprana u
np. BausiHre MOBEpXHOCTHOTO HATSIKEHUS Ha 9TU M HEKO-
TOpbIE APYTUe CBOMCTBA MaTEPUAIOB MPENCTABICHO, B YaCT-
HOCTH, B pabotax [1—14].

[lepeuncieHHble CBOMCTBA U SIBIEHUSI MOXHO KJIacCH-
¢umpoBaTh Ha (pU3MYECKUE BEIUYUHBI, KOTOPbIE OKa3bi-
BaIOT BJIMSIHUAE HA PaHHEE CTPYKTYpOOOpa3oBaHUe MaTepra-
Jla KaK Ha 9Talle arperupoBaHUs BellecTBa (TPaeKTOPUS
CTPYKTYpoOOpa30BaHMsI «CHU3Y — BBEpPX»), TaK 1 Ha YBEJIH-
yeHue oOIIel IIoIaa/ IpaHUIIbl pa3aesa (a3 U UHTEHCUB-
HOCTHU MX B3aMMOJEHCTBUS Ha 3TO IpaHULIe MOCPENCTBOM
M3MeJIbYEHMST TBEPAOTO BellleCTBa (TPaeKTOPUST CTPYKTYPO-
00pa30BaHUsI «CBEPXY — BHU3»).

IMocnenHsas tpaekTopust siBisieTcss 3(PGhEKTUBHBIM WH-
CTPYMEHTOM YIIpaBJIeHHS CTPYKTYpOOOpa30BaHUEM MaTepH -
aja, KoTopasi obecrieuyrmBaeT ycpenqHeHe XUMHUYECKOTO CO-
cTaBa JUCTIEPCHOM (a3bl, a TaKXe yBeJUYeHUe CBOOOTHOMN
SHEPruM MOBEPXHOCTH pasznena a3 (jagee — sHEprusi rpa-

HMIBI pasaena das). [Ipu nocrossHHBIX TeMmneparype 7, co-
craBe (2;n;=const; 31eCh W; U 1; — XUMUIECKUI TIOTEHIINAT
U KOJIMIECTBO MOJIb /-TO KOMIIOHEHTa COOTBETCTBEHHO) U
SHTPOIMU S SHEPrusl rPaHULIbI pa3aeia ¢a3 paBHa [2, 3]:

E,= oS, (1)

rIe 0 — MOBEPXHOCTHOE HATSKEHUE; .Sy — TUIOIIAlb TPAHN-
16l pasaena das.

M3 3TOro Kjiaccuueckoro ypaBHEHUS, KOTOPOE TaKXe
MOJYYUJI0 HAMMEHOBAHME TMOJHOIO0 TEPMOAMHAMUYECKOTO
MoTeHIManNa, B [15] mojgy4yeHo ypaBHEHUE IS OTIPEAEIICHUS
CBOOOIHOM yaenbHOM 3Heprun ['m66ca (0OTHECeHHOM K T1J10-

maay pasaena ¢as):
11

AG,=AG+0yIn S—T , Syn = Sy, )
. Syﬂ
rue S;ﬂ — yAenbHas MOBEPXHOCTh AUCTIEPCHOM (a3bl; i — CO-
CTOSIHUE IUCIIEPCHON CUCTEMBI.

[Tpu Bceit 3HaUMMOCTU TIOCTAeaHEe hOPMYJIBI, K COXKa-
JICHUIO, OHA COJIEPKUT HETOUHOCTH U HETIOJHO packKpblBa-
€T CYLIIHOCTb (PU3MUYECKUX MPOLIECCOB, MPOTEKAOIINUX Ha
rpa”ule pasgena ¢as v BAMSIOLKX Ha CTPYKTYpooOpa3o-
BaHUe MaTepuana (BeulecTtBa). PaccMoTpuM ykazaHHOe
noapooHee.

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeH b HCYPHAN

104

aneaps/heepanv 2017



Results of scientific research

3aBHCHMMOCTD OBEPXHOCTHOI SHEPIHHU OT AUCTIEPCHOCTH

IMepBoHauyanbHO ¢ mpuMeHeHreM popMyJbl (1) ycTaHo-
BUM M3MEHEHME SHEPIUU IpaHULIbl pasaena ¢a3 mpu u3Me-
HEHUU JAMCIEPCHOCTU TBEPJOro BeleCTBa (ajee TakxkKe
MIPUMEHSETCS 0003HAUCHUE «IUCcTiepcHas dazar):

AE =E - E ,=0,AS;—AcS,—ACAS,, 3)

3nech UHAEKCOM «0» 0003HAUEHO HAaYaJbHOE COCTOSIHUE
cuctembl. [lpeamnonaraercs, 4To MOBEPXHOCTHOE HATSIXKE-
HUe O paBHO MTOBEPXHOCTHOMY HATSIKEHMIO TUTOCKOM TIO-
BEPXHOCTH, T. €.: Op=0c.

3aBUCUMOCTD (3) BbIBeeHA IIPU YCJIOBUU YMEHbBIIEHUS
BEJMYMHBI MTOBEPXHOCTHOTO HATSIKEHUSI C YBEJIUMUYEHUEM
JUCTIEPCHOCTH, T. €.: 0=0;—A0C (MPaBUJIBHOCTb YKa3aHHOTO
OyneT rmokaszaHa ganee). [IpencrasiaeHHast 3aBUCUMOCTD Ha-
TJISTTHO IEMOHCTPUPYET: 1) IMHEHBIN XapakTep U3MEHEHUST
AE; OT paccMaTpuBacMbIX MEPEMEHHBIX (O WK Sy) U 2) U3~
MEHEHUe BeJIMUYMHBI MOBEPXHOCTHOTO HATSDKEHMS C YBEJIM-
YeHWEM IMCIIEPCHOCTU CHUXKAET BEIMUMHY SHEPIMU IpaHu-
bl pazaena das. [TocneqHee 6oiee HATISAHO IEMOHCTPUPY-
€T OTHOCUTEJIbHOE U3MEHEHUE BeJTMYMHBI SHEPTMU IPAHULIBI
paznena ¢as:

OE =85, — 80— 80dS 4)

3[1ECb 3HAKOM «3» 0003HAYEHO OTHOCUTEIbHOE U3MEHEHUE
BEJIMYWHEI.

ITpu 5TOM OUEBUAHO, UTO 3HAK U3MEHEHUS OF, OyneT 3a-
BUCETH OT BeIMUMH OS; 1 80. HeoGX0aMMO OTMETHTh, 4TO
npu 8S,>86 OTHOCUTENbHOE U3MEHEHUE SHEPTUU TPAHULIBI
pasnena ¢da3 MOXHO ONpeaeJuTb 1o dopmyJe:
OE =(1-80)08S,, T. e. BKIal BEJIMYMH MOXHO PACIOJIO-
XUTb B psilt: 8S,>808S,>80.

Hns conocraBnenust popmyn (2) u (4) mpeobpasyem 1mo-
CIIeAHIO (DOPMYITY K BULY:

dro

AES_ _ Syu _ AEs_ _ S50
Es,O_(l 86)[Syu,oj 1, umm ES,O_(I 60)( df) 1, (5)

rae dy— pasMep YacTHLbL.

I[Ipn BeIBOmE Qopmyasl (5) mpousBegeHa 3aMeHa
Sy = Syam;, 31eCh M, — Macca AMcnepcHoi ¢aspl. BaxHo or-
METUTh, UTO TIPU ITOM JIMHEHHBIN XapaKTep 3aBUCMMOCTHU
E;=f(Syx/Syx0) He U3MEHSIETCSL.

IMpousBenem opmanbHblii aHanu3 Gopmyn (2) u (5).
ITpu 3TOM KpUTEPpUSAMHU TS TIPABUJIBHOCTH YKa3aHHBIX 3a-
BUCUMOCTEN TIPUMEM CJIENCTBUSI, KOTOPbIe BHITEKAIOT U3
dyHaaMeHTaabHOI 3aBUCUMOCTH (1):

1. DHeprus rpaHUllbl pa3aeia ¢a3 JMHEHHO YBeIMUUBAET-
Csl C POCTOM IUJIOLIAAM TPaHULIbI pa3nena ¢das (Uau auc-
MEePCHOCTU IUCTepCHON (a3bl), a Caeq0BaTeNbHO, MPO-
MU3BONHAS (PYHKIMU TOJIKHA ObITh OCTOSIHHOM BETUYM-
HOI1 (KOHCTaHTOM).

2. Tlpu mpouyrx paBHBIX YCIOBMSIX YMEHBIIEHUE TTOBEPX-
HOCTHOTO HATSIKEHMSI MPUBOOUT K CHUXEHUI FE,.
[TpouzBoaHbie GyHKIMT (2) U (5) MO Sy, /Syu0 IpenCTaB-
JIEHBI COOTBETCTBEHHO 3aBUCUMOCTsIMH (6) 1 (7), aHaN3
KOTOPBIX TTOKA3bIBACT, YTO TOJTHOCTBIO CICICTBUSM U3
¢dopmysl (1) COOTBETCTBYET 3aBUCUMOCTD (7).

d(AG,) oy .

T = 7 * COIlSt, (6)
d(AE,) B
T = (1 - SG)ES’() = COl’lSt’ (7)

IJIe X — COOTHOIICHWE YAETbHBIX TTOBEPXHOCTEN AuCTepC-
HOI (ha3bl B pa3IUUHBIX COCTOSIHUSIX TUCTIEPCHON CUCTEMBI.

M3 dbopmynbl ?6) cjlenyeT, 4To CKOPOCTb M3MEHEHMUs
dyHkunm E; ot S,/ Sy, GyneT yMEeHbLIATbCS C POCTOM 9TOTO
COOTHOUIEHMUSI, YTO MPOTUBOpeduT (1).

CnenctBue No 2 m3 dopmyabl (1) BBITIOJHSIETCS Kak
st (2), Tak v g (5) (pu x=1):

AG=Ac n AE;=-00E, ,=-AcS,,. (8)

B mepBoM cirydae 3HaK U3MEHEHMS ITOBEPXHOCTHOTO Ha-
TSOKEHMSI HEe YCTAHOBJIEH, a BO BTOPOM BBIBOI (DOPMYITBI
OCYIIECTBJISIICSL B TPENIONOXKEHUU 00 YMEHbBIIEHUHU TO-
BEPXHOCTHOTO HATSKEHMSI.

Taxkum obpazoM, Gopmyiy (2) Helb3sl IPUMEHSITh MPU
aHaim3e (MW TIPOTHO3€e) BIIMSIHUSI TeOMETPpUYECKOro ak-
TOpa — TUIOIIAAW TPAaHULIBI padnena (a3 (WM gucrepcHO-
CTH) — Ha BEJIMYMHY DHEPruM I'paHUIBl pa3mena ¢das. s
YKa3aHHBIX LeJeil 1eaecoodpa3Ho IPUMEHSTh (opMmy-
1y (5), KoTopast IMIlieHa HETOYHOCTe (popMyJibl (2).

Binsnue JUCHEPCHOCTH HA MOBEPXHOCTHOE HATAKECHUE

W3 dbopmynsl (4) ciemyeT, 9TO MI3MEHEHNE ITOBEPXHOCT-
HOTO HATSDKEHUST CJTBHO BAMSIET Ha SHEPTUIO TPaHUIIBI pa3-
nena a3 aucrepcHoil cucteMbl. OTHOCUTEILHOE U3MEHE-
HMe IUTOIAAY IPaHULBI pasaena das 8S, — 3To 10cTaTOYHO
MPOCTO MHCTPYMEHTAJIbHO KOHTpOJIMpyeMasl BeJIMYMHA, a
M3MEHEHME TTOBEPXHOCTHOTO HATSKEHUSI C YBEIUYECHUEM
TIMCTIEPCHOCTHU 3aBUCUT OT MHOTHX (DAKTOPOB, B TOM UHUCIIE
OT (pM3MUECKUX CBOMCTB BElIECTBA.

PasmepHas 3aBUCMMOCTb MOBEPXHOCTHOTO HATSIXKEHUS B
M30TEePMUYECKUX YCITOBUSIX JUISI CPePUISCKUX YACTHULL OTIPEe-
nmensieTcss ypaBHeHueM I'nbooca — Tonmmena — Kénwmra —
Bbadda [4—6, 8—10]:

)

213(1 +
1(@) __r r).
o\dr/y 1+2—5(1+§+l§)
r r 3r
rae & — nocrostHHasT ToMeHa.

Pemenus ypaBuenust I'mbo6ca — Tonmena — K€nura —
badda MHOrourciIeHHBI M 3aBUCAT OT Pa3IMYHBIX IIPEIAIo-
JnoxeHuit. Tak, HampuMep, B padboTe [5] moKazaHO BIMSIHUE
dopmbl yacTuibl, a B [4] TIpUBeNeH pacyeT MOCTOSTHHOM
Tonmena. ns chepruueckux 4acTUIl MOJYYEHO HECKOIbKO
pemennii ypasaenus (9) [5, 11]:

— ypaBHeHue ToaMeHa, MoaydYeHHOE TPU YCIIOBUU 7> >8:

o(r)= Gm(1+ 2},&)71;

— TOYHOE pellieHue ypaBHeHus (9), KoTopoe 6e3 cyle-
CTBEHHOM TTOTEPU TOYHOCTH aIIPOKCUMUPYETCS B BUJIE:

G(r)=($wexp(— 3162 r), (11)

e 6., — MocTosiHHast TojMeHa TSl IIOCKO# TOBEPXHOCTH.
AHaJIOrMYHbIE 3aBUCUMOCTU O(7) IMONYYEHB U3 APYTUX
coobpaxkeHuit, Harpumep [9]:

(10)

_2mA
- 30),2,1;’2’
rme ® — MOJISIDHBIH 00OBbeM BelllecTBa; A — KOHCTaHTa
JlonnoHa.

IMTpumenenue dopmyn (10) u (11) 3arpyaHseT HeoOxo-
IMMOCTB BhIYMCIeHUs ocTossHHOM TonmeHa. B padore [4]
MpeaaokeHa 3aBUCUMOCTD JJIsl OTpeneeHus] TTOCTOSTHHOM
TonmeHa /IS MJIOCKON MOBEPXHOCTHU:

8.=3a,(a—1)/2, (13)

TIe @y — BBICOTA MOHOCJIOS CTPYKTYPHBIX 3JIEMEHTOB Bellle-
CTBa; 0. — KO3(p(PUIIMEHT, XapaKTepU3yIOIINil CHUKEHIE
CpeTHEeKBaAPATUIYHOTO CMEIICHUSI CTPYKTYPHBIX 2JIEMEHTOB
Ha MOBEPXHOCTU U B 00beMe BellecTBa (00=2—4).

[IpruMeHeHue yKa3aHHOI 3aBUCMMOCTHM TaKXXe CBSI3aHO
C TPYAHOCTBIO OIpeieeHIs Koo duiimeHra o.

o(r)=0c (12)
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Pe3yabTaTbl HAYYHbIX HCCA€10BAHHI

Bonee nmpocToii SIBIISIETCS TEOMETPUIECKOI MOeNb, KO-
TOpasi TakXe XapaKTepu3yeT BIMSHHUE pa3Mepa YacTULIbI
TBEPAOrO BEUIECTBA U SHEPreTUYECKYHD aCUMMMETPHUIO T0-
BEPXHOCTHBIX CTPYKTYPHBIX 3JIEMEHTOB (aTOMOB, MOHOB,
MOJIEKYJT) TBEP/IOTO BEIECTBA Ha BEJIMUUHY TOBEPXHOCTHOTO
HaTsDKeHus1. B kadecTBe ympollgHMsI B paccMaTpuBaeMoit
MOJIEIN TIEPEXOMHBIN CiIoi1 oTcyTcTByeT. Cremys oOlei 3a-
KOHOMEPHOCTH, 3aIUILIEM BETMYMHY TOBEPXHOCTHOTO HATS-
JKEHHUSI CIeAYIOIUM 06pa3oM (I1sl chepruuecKoii YacTUIIbI):

p— NCeC
=—cc
nD '
rae N, — KOJIM4eCTBO CBsI3el B TOBEPXHOCTHOM CJIOE 4aCTU-
1bl TUAMETPOM Df; €, — QHEprus CBA3U.

KonuuecTBo CBS3eit u QHEPIUI0 CBA3M MOXKHO OIIpEIc-
JINTh:

(14)

e,=uy—kgT

15)

NL-:N/'(”k_ 1)= g(l’l,;_—l) [D; - (Dj'_W)S ]:

rae “o:U/ (N,n,) — sHeprus cyoJMMaLIMK BEIECTBA, OTHE-
CeHHasl K eAMHUYHOM CBSI3U; 1, — BEJIMYMHA, YUUTHIBAIOIIAs
CTPYKTYpY BellecTBa (13 hopMybl Ditnepa [16] MuHUMAaITB-
HOeE 3HauyeHue n,=2); N, — nocrosiHHast ABorazipo; kg — rno-
crosiHHas bonbumana; T — temreparypa; v,, — NpencTaBu-
TeNbCKUI 00bEM, 3aHUMAeMbIll CTPYKTYPHBIM 3JIEMEHTOM
BellECTBa:
M,
PolNs’

rae M,, — MoJIsipHasi Macca; Py — TUIOTHOCTb BellleCTBa.
ITocne npeobpazoBanuii (14) moryuyum:

(uy— k5T )p,N, 3
T < el

Vi

=K (16)
roe K=2(n,—1)/3.

IIpoBenem aHanu3 MOJYYEHHOU (OPMYIIbI, U3 KOTOPOI
cJeyeT, YTO BIUSIHUE TEOMETPUYECKOro hakTopa OMMUCHI-
BaeTCsl 3aBUCUMOCTbIO:

1=l = = -2+ ) an

IMocnenHee BbIpaXeHUe TMOJIYYEHO TMIPU 3aMEHe:
D,=k3/v,, rae k — npon3BoJIbHOE LieIoe Yucio; k>1.

[lpu yBennyeHnu k reomeTpuueckuil dbakrop f, (pucy-
HOK) NpUOINXKAETCS K MAKCUMAJIbHOM BeJIMYUHE, PABHOIA:

: 3
fg,max: /!1—131(];) = VZT

(18)
OTC}OZ[a CJICOyeT, 4TO IJId TJIOCKOH IIOBEPXHOCTU ITO-

BEPXHOCTHOC HATSAKCHUE paBHO:

(”0 —kgT )

B 19)

m

c.=3K

ITony4yeHHYI0 3aBUCUMOCTh MOXHO MCMOJIb30BaTh IS
BepuduKauuu GopMyibl — onpeaeauTs Benuunny K. [pu
k=1 MOBEepXHOCTHOE HATSKEHUE UMEET MUHUMAaJIbHOE 3Ha-

YCHUC:
uy —kgT
(0 2/35 ). (20)

A%
m
Takum o06pa3oM, MaKCUMaJIbHOE€ OTHOCUTEJILHOE U3Me-
HEHME MOBEPXHOCTHOTO HATSDKEHUSI COCTABUT:

Gmin =K

66max= (Gm_cmin )/600: 2/3 (21)
HeobOxonuMo OTMETUTH, UTO aHAJIOTUYHOE 3HAYEHUE
86, crenyet u3 hopmyias! Toamena (10) mpu d,=r.
MakcuManbHOe OTHOCHUTEIbHOE U3MEHEHME IMOBEpPX-
HOCTHOTO HATAXEHUA 00, (k€ 1 [1; °0]) IPOMCXOIUT B CylIIEe-
CTBEHHO GosbllieM nuanaszoHe usmeHeHus 8S,. Jlns ycra-

06 |-

04}

0,2 I I I I I I I I I
0 50 100 150 200 250 300 350 400 450 500

k/@eo/1)

3aBncnMocTb %?zf(x) (30ecb x=k unn x=5«/r): 1 — rpacmyeckoe otobpa-

XeHve pesysbTaToB pacyeToB no dopmyne ToniMeHa; 2 — no npeanaraemon
3aBUCMMOCTH

HOBJICHUA BSf BOCIIOJIB3YEMCA 3aBUCHUMOCTBLIO ILIOIIAaIn
TpaHMIIbI pasacia (1)3.3 OT JMaMe€Tpa 4aCTull:

_3 my

ETWR (22)
OTHOCHUTENBbHOE U3MEHEHUE SS 7 DAaBHO:
S-S, D k
=2 T0_Zf0 20
SSf SO Df 1 k 1, (23)

Mpu k=1 nonyunm: 8S,~ky—1 unu npu kp>>1 — oTHO-
CHUTEJIbHOE U3MEHeHHe 85, =k
Orcrona u3 GhopMyibl (4) MAaKCUMalbHOE OTHOCHUTEIb-
HO€ U3MEHEHUE SHEPTUY TPaHULIbI pa3ziesa (a3 paBHO:
SE,. =Lp,

s,max 3

24

a AEs,max - 1 my

AEs,max zcwpom'
IMocnenusiss hopmysia mosesHa 1jisi OLIEHKH pe3yIbTaToB
pacyeToB /WK SKCIIEPUMEHTAIbHBIX JAHHBIX 110 U3MEHE-
HUIO DHEPTUM TPAaHMIIBI pa3zesia (a3 npu yBeTMYeHUU T1C-
MEePCHOCTU YaCTUIl TBEPAOTO BEIEeCTBA MOCPEICTBOM W3-
MEJTbUEHMS 10 Pa3MEPOB, TTPU KOTOPBIX BIMSIOT pa3MepHbIe
s¢hdekThl. Ha yuactke 3aBucuMmoct 0=f(r), ciabo 3aBUCSI-
el OT pa3Mepa YacTUIlbl (PUCYHOK; YYaCTOK, Mapajiesib-
HbIA ocu r/k), pacyeT AE, MOXHO MPOU3BOAUTD MO opMy-
Jie, mojiydyeHHo# u3 (5):

(25)

AEs,S,: Gwmf (Syn_Syﬂ,O)~ (26)
31ech BaXXHO OTMETUTD, YTO Ha CTPYKTYPOOOpa3oBaHUE
KOMITO3UTHBIX MaTepUaJoB 3aKOHOMEPHOE BJIMSIHME OKa-
3bIBAaET KaK o011asl MJI01adb TpaHulIbl pa3aena a3, Tak u ee
XUMHUUYecKuit coctaB. HeoOxomnumocTs yuera aTux (pakTopoB
CJIelyeT U3 BbIPaXKEHUs JJII BHYTPEHHEU SHEepruu TepMo-

IMHAMMWYECKOM cucTeMsl [3]:
dU =TdS+odS, +),Ww;n, (27)

1

[MosTomy 1ienecoobpa3HO TPU YCTAHOBJIIEHUU 3aBHUCH-
MOCTHU BJIUSIHUS IUCIIEPCHOCTU YaCTUL] TBEPIOTO BellleCTBa
Ha MapameTpbl CTPYKTYPbl U CBOMCTBa KOMIIO3UTHOTO MaTe-
puasia OUEHKY MPOBOAUTH C MPUMEHEHWEM TOJTHOM TJIoIIa-
JIA 4aCTUI IUCTIEPCHOM ¢asbl, T. €. C yYETOM IUIOIIAIU O~
BEPXHOCTHM OTKPBITHIX HApyXXy TpeliuH u 1op [17], a Takxe
BEJIMYUHBI aficOpOIIMK BelllecTB (Taza, XUAKOCTEN) Ha Mo-
BEPXHOCTU YacTHUlII.

I1pu u3menbueHUU TBEPAOTO BEIIECTBA 10 TUCTIEPCHO-
CTU MeHee | MKM BCJEACTBUE TPEHUS MEXIy 4YacTULAMU
MPOUCXOOUT amopdu3alusi MOBEPXHOCTHOTO CJIOSl ya-
crui [18]. OLieHKY BeJIMYMHBI SHEPTUU, 3aTpaunBaeMOi Ha
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amMopdu3aluio MOBepPXHOCTU YacTull, B [18] mpemraraercs
MIPOBOAUTS 110 (hopMyJie:

Ean): Bsz ZaM(b, (28)

rae B — cpeiHsisi 00beMHas IJIOTHOCTb SHEPTUM, 3aTPAYECH-
HOI Ha aMOpPGhU3aINI0 TTOBEPXHOCTH YaCTUIL; /D~ — TTOBepX-
HOCTb YacTUIIbl; f — KOa(bULUEHT POPMBIL; L4 — TIIyOUHA
aMop(duU3MPOBAHHOIO CJIOS].

M3MeHeHue CTPYKTYphI TOBEPXHOCTHOTO CJIOSI YACTUIL —
Mepexoji BeleCTBA U3 KPUCTALIMYECKOro B aMOpGhHOE Co-
CTOSTHUE — SIBJISIETCS (pa30BBIM MIEPEXOI0M, KOTOPBIi1 CONTPO-
BOXX/IaeTCsI UBMEHEHUEM DHTPOTIHNU:

AS=E,,,/T>0. (29)

M3 coBmectHOro aHamusa (opmyra (28) u (29) BumHO,
YTO M3MEHEHHE SHTPOITUY ITPU U3MEJIBYEHUH TBEPIOTO Be-
TIecTBa 3aBUCUT KaK OT CBOMCTB BEIIECTBA, TaK M OT XapaK-
TEPUCTHK TEXHOJIOIMUYECKOro obopymoBanms. Comepxka-
TEJIbHBII aHAIN3 BIMSHUS OCOOEHHOCTEM TeXHOJOTMYECKO-
ro 00OpyIOBaHUSI I U3MEJIbYCHMSI TBEPAOIo BEIlEeCTRa, B
YaCTHOCTH, MpeacTapieH B [19].

Biamsane MOBEPXHOCTHOI0 HATS2KCHUA

Hecmortps Ha cnaboe BIMSIHAE U3MEHEHUS IIOBEPXHOCT-
HOTO HaTSDKEHMSI Ha 3HEPruio rpaHullbl pasieia ¢a3 (Imo
CPaBHEHUIO C M3MEHEHWEM OMCIEPCHOCTH; CM. (opmy-
a1 (21) u (23)), pasMepHasi 3aBUCUMOCTb O =f(r) OKa3bIBaeT
3HAUMMOE BIUSIHUE HA dTare HayaJbHOro CTPYKTYpOooOpas3o-
BaHMS BeIlleCTBA. YKa3aHHOE YETKO TPeICTaBIeHO B paboTax
npodeccopa E.M. Yepnsiosa [11]. [IpyHIMIMaIbHBIM OT-
JINYMEM paHee PaCCMOTPEHHOTO BIMSHUS MOBEPXHOCTHOTO
HaTSDKEHUST Ha SHEPreTUIeckoe COCTOSTHUE NUCTIEPCHOM Cch-
CTEMBbI, B YaCTHOCTHM 3HEPTUU I'paHMIIbI pa3iena a3, ssBisieT-
sl yIIpaBJieHUE CTPYKTypOOOpa30BaHKEM BEILIECTBA Ha ITare
€ro arperalyu, T. €. peau3allii TPAeKTOPUU <«CHU3Y —
BBepX». B JaHHOM HampaBJIeHUH Y€ HaKOIUIEHO TOCTaTO4-
HO TEOPETUYECKUX 3HAHUI U IKCTIePUMEHTAIbHBIX TaHHBIX,
MOATBEPKIAIOIINX TEOPETUUECKUE 3AKTIOUEHHUSI.

B yactHocTH, B [10] Moka3aHo BIUSHKUE TOBEPXHOCTHO-
aKTUBHBIX BEIIECTB Ha paJlyc HAaHOYACTUIl, CM., HaIpu-
Mep, [20]:

2v,,6
FC—A—M—%, (30)

n kiT 1 4 4 :
- DelB7 _1L ‘/ _alp 4 ‘/ e
roe 6=0_+ . ln(l 2(11 1 a)}LS(li 1 a) X

n, — MakCUMaJbHasl CJI0eBast KOHIIEHTPALUs afncoponpyio-

IIUXCS MOJIEKYJT; @, v — TapaMeTphl M30TePMbI aCcOPOIIIN.
M3 popmyasl (30) cienyet [10]:

1. TIpu 6=0 ¢opmyna (30) nmpeobpasyercss B M3BECTHOE
KJIaCCUYECKOe YypaBHEHUE JUIsl OMNpe/eieHusl pa3mepa
KPUTUUYECKOTO 3apo/iblliia HOBOH (ha3bl.

2. ng BbINOJTHEHUA YCIOBUS 7,>(0 BeIMYMHA PAa3HOCTU
XUMUYECKUX TIOTEHIIMAIOB IS YAaCTULBI U PeaKIIMOH-
HOIt cMecU ALl TOJKHA ObITh:

Au<-v,0/8.

3. Tlpu d>0 ns1 mepechillieHHOTO PacTBOPA YACTULII MOTYT
YBEJIMYMBATLCSI B pa3Mepax A0 MOJHOro nepexoja pac-
TBOPEHHOTO BellleCTBa B KOHACHCUPOBaHHYIO (asy.
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HOCTHOT'O HATSDKEHUSI.

3aknoyenue

VrpaBieHre paHHUM CTPYKTypoOoOpa3oBaHMEM Bellle-
CTBa KOMIIO3UTA TIOCPEACTBOM BIUSHUS Ha BEJIMUMHY I10-
BEPXHOCTHOTO HATSIXKeHUsT BOBMOXHO B OCHOBHOM Ha 3Ta-
Me arperupoBaHUsl CTPYKTYPHBIX 2JIEMEHTOB BelllecTBa
(aTOMOB, MOJIEKYJI, MIOHOB) B CTPYKTYpbI 60Jjiee BHICOKOTO
nepapxudeckoro yposHs. [Ipu aTom octaercs rnmpuopmureT-
HBIM BIMSIHUE Je(EKTOB CTPYKTYPbl BEPXHUX HMepapxuye-
CKUX ypoBHei [21].

JucneprupoBaHrue KOMIIOHEHTOB KOMIIO3UTa, O0ecIie-
yyBaIIMX (OPMUPOBAHKE IPaHUILIBI pa3aena ¢as3, Mo3BO-
JIIeT PellUTh KaK PelenTypHble, TaK U TeXHOJOTUYEeCKUe
3a/lauM: YCpeIHEHUE XUMHUYECKOTO COCTaBa IMCIIEPCHOM
a3zpI (perynpoBaHye BETMYMHBI 2|1,;#;); U3MEHEHHE CTPO-
€HUSI U CBOICTB MOBEPXHOCTHBIX CJIOEB IMCIIEPCHON (ha3bl
(TOBBIILIEHUE SHTPOMUU TOBEPXHOCTHOTO CJIOSI TBEPIOTO
BellecTBa). M3MeHeHUe yKa3aHHbBIX (PU3MUECKUX BEIUUUH
3aKOHOMEPHO OTpakaeTcsl Ha BHYTPEHHEW 3HEepruu Jauc-
rnepcHoi cuctembl. OXUAAETCS, YTO pellIeHUe TOJIBKO yKa-
3aHHBIX 337a4 JOJDKHO TIPUHECTH CYIIECTBEHHbIE MaTepra-
JIoBemuecKue pe3yabTathl [22]. Heo0xonmMo OTMETUTh, 9YTO
MpY U3METbUEHUU IUCTIEPCHOM ha3bl 10 AUCIIEPCHOCTH,
MIpY KOTOPOI HAUMHAET MPOSBISITHCS Pa3MepHbIil a(pdekT,
M30BITOK SHEPTUM I'PaHMIIBI pasziena ¢a3 6oJiee CyleCTBEH.
Tak, comocraBieHue Gopmya (25) u (26) ykas3pIBaeT, 4TO
AE; 5,> AE; max TOJIBKO TPH:

12k,
kg +12°

Hnd ky, n3MeHsIo1erocs: B 10CTaTOYHO LIMPOKOM Jra-
na3oHe 3HaueHuit, k=10—11 (rpu ky—oo 3HaueHue k=12).
IMpu Takux 3HaYEHUSX kK HAUMHAET MPOSIBIATHCS pa3Mep-
HBI 3¢ heKT (CM. pPUCYHOK).

JIpyruM BaXHBIM DE3€PBOM PETyJHUPOBaHUs Tapame-
TPOB CTPYKTYPbl KOMIIO3UTA SIBJISIETCSI TIPUMEHEHUE TMO-
BEPXHOCTHO-AaKTUBHBIX BEILIECTB C BLICOKMM YPOBHEM Jia-
TepaJbHOTO B3aUMOJEUCTBUS MEXIY MOJIEKYJaMu.
IIpoBeneHne 3KCIepUMEHTATbHBIX UCCICIOBAHUI B yKa-
3aHHOM HaIpaBJIeHUU MMO3BOJIUT OTBETUTh Ha BeChMa BaXK-
HbI€ JUISI COBPEMEHHBIX CTPOUTEIBbHBIX KOMITO3UTOB MaTe-
puasoBeaUecKUe 3a7a4M, a UMEHHO: Ipeobianaliias poJb
JNUCTIEPCHOCTU U pa3MepoB AeheKTOB AucrnepcHOl ¢hasbl
Ha OCHOBHO# 3 deKT neiicTBus Moan(pUKaTOpOB Ha OCHO-
BE€ MOBEPXHOCTHO-AKTUBHBIX BEIIIECTB; pallMOHAIbHbIE Ha-
MpaBJieHUsT IPUMEHEHUS MPUEeMOB HaHOTEXHOJIOTMM (Ha-
HOMOAU(UIIMPOBAHUE WIM HAHOCTPYKTYPUpPOBaHHUE), a
TakXe BbISIBUTh PAllMOHAJIbHBIE TPYIIbl MOAUDUKATOPOB
Ha OCHOBE MOBEPXHOCTHO-aKTUBHBIX BEILIECTB [JIs1 YIIpaB-
JICHUSI TTapaMeTpaMu CTPYKTYPHI U CBOMCTB CTPOUTEIbHBIX
KOMIIO3UTOB.

k<
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Information

B n3patenncTe «GTpoiimarepuanb> Bbl MOMETE NPHOGECTH CREUKANbHYID NHTERATYDY

MoHorpachus «3awura gepeBsHHbIX KOHCTPYKLUA»

AsTop — JTomakuu A.[.

lMpmBeaeHb! pe3ynbTartbl UCCIeA0BAHNIA U PEKOMEHAALMMN N0 KOHCTPYKLIMOHHON 1 XUMUYECKO 3aLLnTe AepeBAHHbIX
KOHCTpYKUWiA. 0co60€e BHUMAHME YAENeHO 3aLLMTe HECYLLMX KIEEHbIX EPEBAHHbIX KOHCTPYKLMIA U KOHCTPYKUMiA u3 J1BJ1
0T SKCNNyaTaLUWOHHbIX BO3AECTBNIA 1 BO3ropaHns. OnucaHbl TpaauLUMOHHbIE U Pa3paboTaHHbie aBTOPOM METOAbI OLEH-
KW 3aLMTHBIX CBOWCTB MOKPbLITUA L1 APEBECUHbI, METOAMKA W PEe3yNbTaTbl HATYPHbLIX KAUMATUYECKUX WUCMbITAaHUNA
MOKPbITWIA Ha 06pasuax u pparmeHTax KOHCTPYKLWIA. MpeacTaBfieHbl pesynibTaTbl MOHUTOPUHIA BAIQXXHOCTHOMO COCTOS-
Hua Hecywmx KK B Takux KpynHbix 06bekTax, kak LiB3 «MaHex», KpbITbli KOHbKOGEXHbIA LeHTP B KpbinaTtckom B
Mockse n gp., npu NpoBeAeHWUM KOTOPOro WUCMOMb30BaHa pa3paboTaHHas aBTOPOM METOAMKA OLEHKW APeBECUHbl C
MCMOSIb30BAHNEM MOJENbHbIX 06PA3LI0B.

Yye6Hoe nocobue «Xumnu4eckas TeXHONOrMs KepaM1kn»

ATopbl — AHgpuaHos H.T., bankesuy B.J1., bensikos A.B., Bnacos A.C., Tyaman W.4., JlykuH E.C., Mocux H0.M., CkugaH b.C.

OcBeLLeHbl BONPOCHI COBPEMEHHOIO COCTOAHUSA TEXHOOrMM OCHOBHbIX BUAOB KEPaMUYeCKNX U3AeNIUiA CTPOUTENIbHOTO,
X03SMCTBEHHO-ObITOBOr0 U TEXHUYECKOr0 Ha3HAYeHUs, @ TaKXe PasfUyHbIX BUAOB OrHEYnopoB. [MaBHOe BHUMAHUE YOENeH0
OCHOBHbIM MPOLECCaM TEXHONOTMN KepaMuKkn 1 ee CBOWCTBaM. [10ApPO6HO WM3NOXEHbI XapakTepUCTUKA PasNnyHbIX BUOB
Cbipbsi, NPO6IEMbI NOATOTOBKM KEPAMUYECKNX MACC PA3NNYHOr0 BuAa 1 UX DOPMOBAHWE PA3NNYHbIMI METOAAMMN, 0CO6EH-
HOCTM MEXaHWU3MOB CMeKaHus, a TaKXe JONOHUTENbHbIE BULbI 06paBOTKM KepaMUKL: MeTannm3aums, rnasyposaHue, feKo-
puUpoBaHue, MexaHuyeckas 06paboTka. [letanbHO onucaHbl CBOACTBA KepaMUYeCKMX U3Lennii — MexaHuyeckue, aedopma-
LIMOHHbIE, TeNN0M3NYecKne, 3NeKTPOM3NYECKNe, B TOM YIUCE NPU BbICOKUX TeMNepaTypax.

Yye6Hoe noco6ue «[IpakTUKYM N0 TEXHONOrMU KEPAMMUKM>»

ABTOpbI — KONNekTnB y4eHbIx PXTY um. [.1. Mengeneesa.

PaccmoTpeHbl OCHOBHbIE MeTOLbI 0T60PA NPO6, UCMbITAHWIA CbIPbEBLIX MATEePUaNoB, KOHTPOS W UCCNEA0BAHNS TEXHO-
NOrMYECKMX NPOLIECCOB, @ TAKXE ONpefeneHns CBOMCTB rOTOBOW NPOAYKLAN, NPUMEHSEMbIE B KEPAMIYECKOW, OTHEYMOPHOIA
1 CMEeXHbIX 0TPacnAX NPOMbILLAEHHOCTU. [Toco6ue MOXeT 6bITb MCMONb30BAHO HE TOMbKO Kak y4e6HOe, HO 1 B KayecTBe
MOSIE3HOr0 PyKOBOLCTBA ANt MHXXEHEPOB 3aBOACKMX M HAy4HO-WNCCNEA0BATENbCKIX TA60PaTOPUIA.

KHura «Kepamuyeckne nurmeHTbI»

AsTopbl — MacnenHukosa I".H., Muw, 1.B.

B MoHorpachum paccmoTpeHbl (hU3MKO-XUMUYECKNE OCHOBbI CMHTE3a MUIMEHTOB, B TOM YUCNE TEPMOANHAMUYECKOE
060CHOBaHME peakLMin, Teopus LUBETHOCTU, COBPEMEHHbIE METO/bI CUHTE3a NUIMEHTOB 1 UX Knaccudukaums, MeToAbl OLEH-
Kn KayecTBa. MpuBeaeHbl CBEEHNS N0 TEXHONOMNI MUTMEHTOB 1 KPacOK Pa3fMyHbIX LBETOB M KPUCTANNYECKMX CTPYKTYP.
OnucaHbl coBpeMeHHble METOAbl [eKOPUPOBAHUS KepaMUYecKUMKU Kpackamu M3fenunii M3 copToBOro ctekna, chapcopa,
thasiHca 1 Maitonukn. KHura npeaHasHadyeHa Ans Hay4HbIx COTPYAHWUKOB, CTYEHTOB, CNeLManin3upyoLLmxcs B 061acTi TeXHo-
NOTUN KepaMnKn W CTeKNa, a TakKe ANS MHXEHEePHO-TEXHUYECKUX PaBOTHMKOB, 3aHATLIX B MPOWU3BOACTBE KEPAMUYECKNX
N30enuii U Kpacok.

KHura «Cyxue cTpoutenbHbie cmecu. CocTas, CBOMCTBA»

AsTopbl — KopHees B.I., 303yns [1.B.

13n0eHbl 0CHOBbI COBPEMEHHbIX NPEACTABMEHMIA O CyXWUX CTPOUTENbHbLIX CMECSX 1 pacTBopax. [puBeAeHbl OCHOBHbIE
OnpeaeneHns 1 knaccudukaumm cyxmx cmeceii. OxapakTepn3oBaHbl COCTABNAOLLME: BSKYLLNE, 3ANOMHUTEN, HANOMHUTENN,
(byHKUMOHaNbHbIe f06aBKK. [ToKkasaHa METOAMKA NPOEKTUPOBaHMs cocTaBoB. OnncaHbl 0cHOBHbIe rpynnbl GCC, ux cocTas u
CBOIACTBA. B MpunoXxeHnn JaHbl OCHOBHbIE MPUMEHseMble TePMUHBI 1 OMpeaeneHus, Hanbonee ynoTpebnsemble egUHULbI
N3MepeHMs, NepeyeHb POCCUIACKIX 1 3apy6eXHbIX CTaHAAPTOB U Ap.

KHura «TexHonorus NpoM3BoicTBa CTEHOBbIX LIEMEHTHO-NECYaHbIX U3JEeNUii»

AsTopbl — banakwuH 10.3., Tepexos B.A.

OnncaHo Npon3BOACTBO M NPUMEHEHME CTEHOBbIX MaTepKUanoB METOA0M BUOPONPECCOBAHMSA U3 LIEMEHTHO NecYaHbIX
6eTOHOB. PaccMOTpeHa CyLLecTBYtOLLas U NepcnekTMBHAs HOMEHKaTypa U3fennii u nx CBOICTBA. [JaHbl XapakTepucTu-
KU CbIPbEBbLIM MaTepuanam — necky, We6H, BXKYLLUM N XUMUYECKUM J06aBKaM, U pekoMeHZauum no nog6opy cocra-
Ba 6eTOHHOM cmecu. MMoApo6HO NpenCcTaB/ieHa TEXHOMOMMS NMPOM3BOACTBA LIEMEHTHO-MECYaHbIX BUOPONPECCOBAHHbIX
CTeHOBbIX u3genuit. 0co60e BHUMAHWE YAENEHO TEXHONOrMYEeCKOMY KOHTPOMKO Ha NPON3BOACTBE W TEXHUYECKOMY KOH-
TPONo U 06CNyXMBaHUID 060pynoBaHuS. KHuUra npefHasHadeHa Ans OopraHusauuy npou3BOLCTBEHHO-TEXHUYECKOrO
06y4eHus Ha NpeanpuaTmn, 6yaeT nonesHa UHXEHEPHO TEXHUYECKOMY NePCOHany 1 LWUPOKOMY Kpyry CheumanncTos.

3akasartb nuTepaTypy MOXHO Yepe3 pefakuuto, Hanpasus 3asBKY NPOU3BONLHON hOpMbI
no thakcy: (499) 976-22-08, 976-20-36; e-mail: mail@rifsm.ru,
UNn O(POPMUTL 3aABKY Ha canTe www.rifsm.ru
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A.A. TTAK, KaHa. TexH. Hayk (pak@chemy.kolasc.net.ru), P.H. CYXOPYKOBA, Hay4. cOTpyaHVK

VHCTUTYT XUMUN 1 TEXHONOMMK PEAKMX 3NIEMEHTOB M MUHEPAaNbHOro Chipbs M. V.B. TaHaHaeBa Konbckoro Hay4yHoro LeHtpa PAH

(184209, MypmaHckas 0611., r. AnaTtutbl, yn. Akagemropofok, 26a)

0Oco6eHHOCTM TEXHONOrUM ra306eTOHHbIX U3AENUIA
W NpeanoXeHus No ee coBepLIeHCTBOBAHUIO

lprBOANTCS aHanM3 TPaAMLMOHHON TEXHONOMMM ra3068TOHHbIX U3LENUiA, OTMEYEHbI €6 OTAIMYUTENbHBIE 0COGEHHOCTM 1 HegocTaTku. CdopmynupoBaHsl
NPEANOXeHNs N0 YCTPAHEHWK0 OTMEYEHHbIX HeJOCTATKOB: 3aTBOPATL ra300ETOHHYIO CMECh XONOLHON BOLOW, N3roTaBNMBATL U3LENNUA B 3aKPbITbIX
(hopmax 1 Ha4MHaTb TENNOBNVKHOCTHYIO 06paboTKy M3genuii 6e3 npefBapuTenbHON BbiAePKKW. bnarogaps BCECTOPOHHEMY 06XKaTuio 6eToHa
XKECTKMMU CTEHKaMn (POPMbI MOXHO OCYLLECTBAATL YCKOPEHHBIA MOALEM TeMNepaTypbl B TENNOBOM arperare 663 onaceHus LeCTPYKTUBHbIX
pa3pyLueHuii 6eTOHA. BbINONHEHHBIMM KCMEPUMEHTaMM YCTAHOBMIEHO, 4TO ANS NOMy4eHUs 6TOHA NOBbILIEHHON NPOYHOCTU HEOBXOAMMO 06ecneyunTb

B 3aKPbITON hopme 3PAEKT NOANPECCOBKM ra306eTOHHON CMECK (BHYTPEHHEE HanpsxkeHue). [ing 3Toro pekomeHayetca hopmoBath 13fenus

B 3aKPbLITOIA (HOPME N3 ra306ETOHHOI CMECH PACYETHOI MNOTHOCTBLIO Ha 0AHY MapKy (100 Kr/M3) MeHbLLe, YeM B OTKpLITOl hOpME, MPU YCRoBUN

3a7MBKM B (HOPMbI OJMHAKOBOFO KOSINYECTBA GETOHHOM CMECH.

Knrouesble cnoBa: ra306eToH, TeXHONOMUs, aBTOPPETTAX, OTKPbITAs U 3aKpbiTas hopma.

Ins uutuposauus: Mak A.A., Cyxopykosa P.H. OCO6eHHOCTI TeXHONOMMM ra306eTOHHBIX U3LENUA 1 NPeanoXKeHUs N0 ee COBEPLUEHCTBOBAHNIO //

CtpoutenbHbie matepuansl. 2017. Ne 1-2. C. 110-112.

A.A. PAK, Candidate of Sciences (Engineering) (pak@chemy.kolasc.net.ru), R.N. SUKHORUKOVA, researcher
The I.V. Tananaev Institute of Chemistry and Technology of Rare Elements and Mineral Raw Materials of the Russian Academy of Sciences Kola Science Center

(26a, «Academic Town», Apatity, 184209, Murmansk region, Russian Federation)

Features of Technology of Gas Concrete Products and Proposals for Its Enhancement

An analysis of the traditional technology of gas-concrete products is presented, its distinctive features and shortcomings are noticed. Proposals for the elimination of noticed shortcomings
are formulated: to add cold water to a gas-concrete mix, produce the products in the closed moulds and begin the thermal-humidity treatment of products without preliminary curing. Due
to the full compression of concrete by rigid walls of the mould, it is possible to implement the accelerated temperature raise in the heating aggregate without fear of destructive destruc-
tions of concrete. Experiments conducted found that to obtain the concrete of improved strength, it is necessary to ensure the effect of pre-pressing of the gas-concrete mix (internal
stress) in the closed mould. For this, it is recommended to form the products from gas-concrete mix with calculated density for a mark lesser (100 kg/ms) in the closed mould than in the

open mould under the condition that equal quantities of concrete mix are filled in both moulds.

Keywords: gas concrete, technology, strength, open and closed mould.

For citation: Pak A.A., Sukhorukova R.N. Features of technology of gas concrete products and proposals for its enhancement. Stroite/'nye Materialy [Construction materials]. 2017.

No. 1-2, pp. 110-112. (In Russian).

Haub6onee xapakrepHBIMU OCOOEHHOCTIMU TEXHOJIOTHHI
ra300€TOHHBIX U3ICUI SBJISIOTCS: TTPUTOTOBICHUE OETOH-
HOI cMecH 0e3 KPYITHOTO 3arOoJHUTENIS; TUTasi KOHCUCTEH-
LIMs1; 3aTBOPEHUE CMeCU Bojoi ¢ TeMmrieparypoii S0—70°C.
[Tpu popMoBaHUM U3JEINIi Ta300€TOHHASI CMECh HAJTUBAET-
cs B (hopMy He Ha BCIO €€ BbICOTY, TaK KaK B pe3yJibTaTe ra3o-
00pa3oBaHMs OHA BCITYYMBAETCS, YBEJIMIMBASICh B 00beMe Ha
20—70%, 3amoHAs TIPU 3TOM OCTaBILIUICSI 00beM (HopMo-
BOYHOI TOJIOCTH C MOAHITUEM U3IUIIKA CMeCH Hal 6opTa-
MU (DOpMBI 1 00pa3yst Tak Ha3biBaeMylo ropOyiky. Ilocie
Habopa OETOHHOW CMEChl0O HEOOXOAWMOUN KPUTUYECKOMN
MPOYHOCTU ropOyIlKa cpe3aeTcs U Harpasisercss Ha 6eTo-
HOCMECUTEJIbHBIN y3eJT ISl TOBTOPHOTO MCTIOJIb30BaHMS (Ha
KPYIHBIX, TTOJHOCTHIO MEXaHU3MPOBAHHBIX 3aBOIaX) JMOO
yaajusercss B OTBajl (Ha MPEANPUATUSIX MaJoil MPOU3BOAM-
teapbHocT) [1, 2]. Takue TeXHOJOrnYeCKue orepaluu ocy-
LIECTBJISIIOTCS TOJIBKO C ra300€TOHHOI cMechio. dpyrue Oe-
TOHHBIE CMeCH (TSKeJIble Ha TIOTHBIX W JIETKMEe Ha TOpU-
CTBIX 3arOJHUTENSX) YKIaaplBalOTCs B (HOPMY Ha BCIO €€
BBICOTY M IToABepraioTcss BuOpoyrotHeHuio [3]. Ilocie
BUOPOYIIOTHEHUSI O0BEM 3THUX OETOHHBIX CMECE OCTaeTCs
y>Xe HeM3MeHHBbIM. [Ipolnecchl ra3000pa3oBaHUs U BCITyUM-
BaHUSI OETOHHOI cMecH OYeHb HeCTAOUJIBLHBI U 3aBUCSIT OT
MHOXecTBa (PaKTOPOB: PEOJTOTMUECKUX CBOMCTB CMECU, TEM-
neparypbl ChIpbsl U OKPYXAIOLIEN Cpelpl, 1IEJTOYHOCTU U
9K30TEPMUYHOCTH BSDKYILIETO, KojicbaHUil aTMochepHOro
NaBJIeHUsI, Jaxe COTpsiceHrs (hOPpMBI M HAJIMYUS CKBO3HSI-
KOB B 1iexe [4]. HecTaGuibHOCTb BCITyUMBAHUSI CMECH TIPU-
BOAMUT K KOJIEOAHUSIM TUIOTHOCTM ra3o0eToHa, KoTopas B
OTJIMYME OT APYIMX BUIOB OETOHOB OMpeAesieT OONbIINH-

CTBO JPYTMX B3KCIUTyaTallMOHHBIX TOKa3aTesieil SYeucToro
OeToHA: TTPOYHOCTh, TEIJIOTIPOBOMHOCTD, JTOJTOBEYHOCTD,
ycanky u ap. [5, 6]. Eciau Tskesble 0eTOHBI, HE3aBUCUMO OT
Kjacca Mo MPOYHOCTH, UMEIOT MPaKTUYECKU OJMHAKOBYIO
MIOTHOCTB (0K0JI0 2400 KT/M3), TO y T4eUCTBIX GETOHOB Be-
JIMYMHA TUIOTHOCTHU Bapbupyetcst ot 200 1o 1200 xr/m>.
Kpome Toro, HeMatoBaXKHBIM (DaKTOPOM TTOJTYIEHMS 13-
JIEJTAI C MaJIbIM MHTEPBAJIOM TUIOTHOCTH SIBJISIETCS 3JIMBKA B
¢opMy CTPOro ompenejeHHOro KOJMYeCcTBa Ira300eTOHHOI
cMecu 6e3 oOpazoBaHusi ropOymiku. OTciofa JIOTMYHBIM
ObLTIO TIpe/toXeHe (HopMoBaTh ra300€TOHHbIE M3IENNS B
¢opmax, TOKpbIBa€MbIX CBEpPXY KpbILIKO. MeTon ¢hopmMoBa-
HUSI M3IEJI TT0A KPBIIIKOM OBLT IPeIIoXeH emme B 1959 1.,
MOJYYMBIINIA BIOCIAEACTBUM Ha3BaHUe asmogpemmagnc [7].
BoinonHeHHbIE 3KCIEPUMEHTHI IMOKa3alu, 4To (hopMoBa-
HUe ra300eTOHHBIX M3AEAMM IOA KPBIIKOK 0JaroTBOPHO
BJIMSIET Ha CTPYKTYpooOpa3oBaHUe ra300eTOHA: OTXKUMAeT-
Csl U3 CMECH MBJIMIIEK BOJbI 3aTBOPEHUS, 00ecrieunBaeTcst
CHUXEHME YIEJbHOTO pacXoja MaTepuaibHbIX, TPYAOBBIX U
SHEPreTUYECKUX PEeCypCoB, JMKBUIUPYETCS OTXOI MPOU3-
BoICcTBa (ropOyIlKa), yaydllaeTcsl 9KoJorudeckass obcra-
HOBKa, MOBBIIIAETCS KaueCcTBO razobeToHa. OaHaKo 10 Ha-
CTOSIIIETO BPEMEHM TOMNBITKM MPAaKTUYECKOTO BHEAPEHUS
MeToaa aBTopeTTaxa BbISIBUJIM MHOTO CYIIIECTBEHHBIX HE-
noctaTkoB. CBSI3aHO 3TO C MOBBIIIEHWEM METaUIOeMKOCTU
dbopM, yBenmnueHHeM BBICOTHI (DOPM U CHIDKEHHEM K03(-
¢uLIMeHTa 3aII0IHEHMS IIPOIIapOYHO KaMephbl, HEOOXOI1 -
MOCTBIO JOIOJHUTEIBHOM TPOU3BOACTBEHHON IUIOLIALA
ISl CKIaIMPOBAHUSI KPBILIEK, YBEIMUEHUEM PYYHOTO Tpyaa
MpU pacrnaayoKe, YUCTKe, cMa3ke (opM, YCTaHOBKE M 3a-
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Results of scientific research

Ta6nuua 1
MpoyHOCTb ra306eToHa B 3aBUCUMOCTU OT BuAa GOpPMbI U BbICOTbI 3aJIMBKU GETOHHOW cMecH
Ne BbicoTa 3anmBky 6€TOHHOM MnoTHOCTk, Kr/m3 MpoyHocTb, MMa
dopma
$opmbl CMecK B GOpMy, CM PacyeTtHas Paktnyeckas | CpepgHas | daktuyeckas | CpepgHsia
470 1,6
1 5 500 462 472 1,5 1,6
OTKpbITan 482 17
699 3,4
2 6 700 696 702 3,8 3,7
710 3,9
582 2,3
3 5 500 649 609 3,1 2,4
596 1,9
533 1,9
4 4 500 564 552 2,1 2
3akpbiTas 560 21
760 5,9
5 6 700 804 805 5,8 6,1
852 6,5
660 3,5
6 5 700 681 676 3,9 3,9
686 4,2
Ta6nuua 2
Pe3ynbTaThl MPOYHOCTHbIX UCTILITAHUI Fa306€TOHA, NONy4YEeHHbIX B OTKPbITOM U 3aKkpbiToii popmax
13 Pa3HOMJIOTHbIX G€TOHHbIX CMecei
MNOTHOCTb, Kr/M> MpouHocTs, MMa / %
Homep MpuseperHas | Bua dopmbl
o6Gpasua PacuyeTHas ®dakTnyeckas CpepHsist ®dakTnyeckas CpepHsis Ky =700 kr/m?
1-1 679 3,6
1-2 700 693 684 4 3,7 3,9/100% OTkpblTas
1-3 681 3,6
2-1 768 6,9
2-2 600 706 722 5,2 5,7 5,4/139% 3akpbiTas
2-3 692 5
3-1 625 3
3-2 600 634 631 3,4 3,4 3,8/97% OTkpbITas
3-3 633 3,9

KperUIleHNH KpbilleK Ha (opMme. [TepBoHavaabHO He ycITe-
BajJli JaXe YCTAHOBUTh M 3aKPEMUTh KPBIIIKK Ha dopme,
TaK KaK pa3orpeTasi ra300eTOHHas cMeCh HauMHaJIa BCITy4IM-
BaThCs M BBITEKATh M3 (DOPMBI. 3a TPOLIEAIINE NeCATUICTHS
pa3paboTaHbl pa3IMuHbIE TEXHUYECKNE PEILIeHMs, KOTOphIe
YCTPaHSIOT MPAKTUUYECKHU BCE TEPEUNCICHHBIE HETOCTATKU
TEeXHOJIOTMHY aBTodpeTTaxa [8].

B monasngioniemM OGONBIIMHCTBE CIy4aeB sSYenCTO-0e-
TOHHBIE U3IeNNs (DOPMYIOT TI0 TPATULIMOHHOM TEXHOJIOTUN
B OTKPHITBIX (popMax. K HemocTaTkaM ra300e TOHHOM TEXHO-
JIOTUM B OTKPBITHIX (hOpMax MOXKHO OTHECTH 3aTpaThl SHEP-
MU Ha OJ0rpeB Boabl 3aTBOpeHust 10 S50—70°C; Heobxonu-
MOCTb BBIIEPKKU 3a()OPMOBAHHBIX W3IEIUN B TeUCHUE
3—5 49 (ecou B CITeLIMAJIBHOM KaMepe M03peBaHUs TeMIiepa-
Typa okpyxaroueit cpenbl 40+5°C, To 1—1,5 4) s HaGopa
0ETOHOM KPUTUYECKOM MPOYHOCTH; 00pa3oBaHKe ropOyIiI-
k1 (10—15% ot Maccel u3mens); HeOOXOMUMOCTh B IIIaB-
HOM MOIbeMe TEMITEPATYPhI B IPOIMTApOYHOIT KaMepe B Teue-
HUe 2—4 9 Bo u3bexanue nedpopmalnii B 6eTOHE.

C 1enpio ycTpaHEeHUS YKa3aHHBIX HEJIOCTAaTKOB aBTOpa-
MU TIpejiaraeTcs:

— 3aTBOPSTh ra300€TOHHYIO CMECh XOJOMHOM (HEIMoa0orpe-

TOM) BOIOIA;

— U3roTaBIMBaTh ra3o0eTOHHbIE U3Aeaus B (opmax, 3a-

KpBbIBaeMbIX Cpasy Tocjie 3aJMBKA OETOHHOW CMecH

>KE€CTKOM KPBIIIKOi, (GhUKCUPYeMOIi C 0OpTaMu WU TIO/I-
JIOHOM (hOPMBI;

— CTaBUTh 3a)OPMOBAHHbBIEC U3METUS B TPOMIAPOYHYIO Ka-
Mepy, IpeaBapUTeIbHO pa3orperyio 1o 40—45°C;

— Ha4YMHATh TEIUIOBJIAXHOCTHYIO OO0pabOTKy W3aennid
cpasy IocJjie yCTaHOBKY (hOpM B MPOITapOYHOI Kamepe;
Bo BpeMsi TBO mnpoucxoauT BCIydnBaHUE Tra300€TOH-
HOU CMECH C MOCJIEAYIOIINM TIPMKaTUEM U BhIpaBHUBA-
HUEM 10 TUIOCKOCTHU KPBILIKU C 3aMOJTHEHUEM YIJIOB U
KpaeB usnaesns 6e3 GopMrupoBaHUsI TOPOYILKHU;

— TMOIBbEM TeMIEpaTyphl B MPOIMAPOYHON Kamepe OO0 TeM-
TepaTtypbl U30TEPMUYECKON BBIIEPKKHU OCYILIECTBISThH
3a 1—1,5 4 6e3 onnaceHUsT BOSHUKHOBEHUSI TEMIIEpaTyp-
HbIX AedopMaliuii B 6ETOHE, Pa3BUTUIO KOTOPBIX OyIyT
MPEMSTCTBOBATh XECTKUE CTEHKU (DOPMOBOI1 OCHACTKMU.
bnaromapst ¢opMoBaHUIO M3AEIUI B 3aKPBHITO (hopme

U3 XOJIOAHOU ra300€TOHHOM CMeCH JOCTUTaeTCsl BCIyuuBa-

HUE Ta300€TOHHON CMECH B MPOLIECCE TETUIOBJIAXKHOCTHOM

00paboTKMU B ITPONAapOYHOil KaMepe; BhITTOJIHEHUE TIpOoLieC-

COB 3aJIMBKM Ta300€TOHHOW CMeCU M 3aKpbITUS (HOPMBbI

KPBIIIKOI B CIOKOWHOM pexkuMe 6e3 oraceHusl IpexaeBpe-

MEHHOTO BCITyYUBAaHUSI CMECH; UCKITIOUEHME 3aTpaT TeIIo-

BOIl 3HEpPruMM Ha TOAOTPEB BOJAbI 3aTBOPEHMUS; CHUXXEHUE

pacxojia ra300€TOHHOW CMecH, 3aTpauMBaeMoil Ha 00pa3o-

BaHUe ropOYIIKU; YIJIOTHEHUE BCEX MOBEPXHOCTHBIX CJIOEB
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MpoyHocTb rasobeToHa B 3aBMCUMOCTU OT Buaa GOPMbI U pacyeTHOM NnoT-
HOCTM ra3obeToHa

n3aenns (MoJiydeHre BapUOTPOIHBIX M3ACINIA); COKpaIlle-
HUE TEXHOJOTUYECKOTO IIMKJA M3TOTOBJIEHMS] M3AEIUN Ha
4—6 9 3a CYeT MCKITIOYCHUS IPEIBAPUTEIILHON BBIICPXKKU
Ha co3peBaHue ropOyIlKU U Habopa ra300€TOHHOU CMeChlo
KPUTHUYECKOM TTPOYHOCTH, a TAKXKE YCKOPEHHOTO pa3orpena
W3IEINI B TIpoliecce TEIIOBIaKHOCTHOM 00paboTKY.

C 1esbIo MOATBEPXKICHNSI OCHOBHBIX BBIIBUHYTBIX TEX-
HOJIOTMYECKHX MPUEMOB M MX BIWSHUS Ha MPOYHOCTHBIE
CBoOliCcTBa ra300€TOHA OB BHITTOJIHEH LIMKJT 9KCIIEPMMEHTOB
MyTeEM HU3TOTOBJIEHUSI 0Opa3LoB-KyOOB pa3mMepaMu
7,07x7,07x7,07 cM B OTKpHITOI (hopMe IO TPaaUIIMOHHOM
TEeXHOJIOTMY (Ha Topsiueit Bojie) 1 3aKpbiToit (popme (Ha XO-
JoaHou Bone). B Tabi1. 1 mpuBeneHb! pe3yabTaThl IPOYHOCT-
HBIX WCIBITAaHWM ra3o0eToHa Tocje TMpomapuBaHUS TTPU
85+5°C B OTKpHITOI U 3aKpBITOM (DOPMAaxX U BBICYIIIMBAHUS
I1o TocTostHHOM Macchl Tipu 105—110°C.

Kak BunHO 13 1a6:1. 1, ipu 3aaMBKe B POPMbI OIMHAKO-
BOTO KOJIMYECTBA CMECH B 3aKPHITOI (hopMe (BbICOTA 3aTUB-
KM OETOHHOM cMecH B (popMy) TTOTydaeTCsl Ta300eTOH IIJI0T-
Hee, 4eM B OTKpPbITOi1 hopme, Ha 100—130 kr/m> (popmbr |
u 3; 2 u 5). O0bsICHEHEM 3TOMY MOXET CIIy>KUTh TO, YTO B
3aKpbITOi (hopMe MaTepuaa TOpOYIIKM He yHaasieTcs, a
BIABJIUBAETCSI B TEJIO U3JEIUs. DKCIIEPUMEHTBI TTOKa3aIH,
YTO JIJIST TIOJTy4eHUsI 6eTOHA OMMHAKOBOW TJIOTHOCTU HYXK-
HO B 3aKpHITYyI0 (hOpMYy HaJIMBAaTh ra300€TOHHYIO CMeCh Ha
20% MeHbliie, 4eM B OTKPBITYIO hopmy (dbopmbl 1 1 4;2 1 6).
IIpu sTOM, Kak MOKa3ajid MCIBITAHWS, TIPU PaBEHCTBE
IJIOTHOCTEN MPOYHOCTh OETOHA Kak B OTKPHITON hopme,
TaK U B 3aKPBITON MPAaKTUYECKU ofArMHaKoBa. OTCIOIa MOX-
HO TPEAIOJIOXUTb, YTO JUISI TTOJyYeHHUsT OETOHA ITOBBI-
IIEHHOM MTPOYHOCTY HEOOXOIUMO 00€CIIeYnTh B 3aKPBITOM
dopMe 00sI3aTeNIbHbBIN MOAIIOP, MOANPECCOBLIBAHNE ra30-
OETOHHOI CMecH, TMPUBOJSILIEE BMECTE€ C TMOBBILIEHUEM
IJIOTHOCTY K YBEJIMYEHUIO MPOYHOCTU TazobeToHa. UHbIMU
clioBaMM, 0e3 moAaIopa, IJIOTHOTO MPIMKaThus OeTOHHON
CMeCH K CTEHKaM 3aKpbITOi (DOPMBI TPOUHOCTh ra300eTOHA
HE YBeJINIMBACTCS.

Jnst co3maHus BHYTPEHHErO HAIPSDKEHUSI CTPYKTYPHI
0OeToHa IpeaI0XEeHO B 3aKpbITOol hopMe (popMOBaTh U3 ra-
300€TOHHOI CMeCH pacuyeTHOM MIOTHOCThIO Ha OJIHY MapKy
(100 xr/M%) MeHblle, 4yeM B OTKpHITOi (hopme. B Tab. 2
TIpUBEICHBI pe3ybTaThl UCITBITAHUI 00pa3IioB ra300eToOHa,
MOJIy9eHHBIX M3 Ta300€TOHHOI CMECH PacyeTHOM ILIOT-
HocTbio 700 Kr/M> B 0TKpbITOI (hopMme 1 600 kr/M> — B 3a-
KPBITOM.

Pe3ynbTaThl UCIIBITAHUI M3 Ta0J1. 2 MOKA3bIBAIOT, YTO ra-
300€TOH, TTOJIy4YEHHbI B 3aKpbITOil (hopMe, TIpU paBEHCTBE

IUIOTHOCTE M CO3JaHUM BHYTPEHHETO HaIpskeHUs Ha 39%
MpoyHee ra3o0eToHa, IOJIYYeHHOTO B OTKPBITOM (hopMe.

Ha pucyHke mnpencraBieHbl YyCpeJHEHHbIE MPOYHOCT-
Hble MOoKa3aTeJd razo0eToHa pa3jiuyHoOi TUIOTHOCTU B 3a-
BUCHMOCTH OT Buaa (h)OPMOBOI OCHACTKU.

BoiBoapl. BbinoiHeH aHaiIM3 TPaaUIIMOHHON TEXHOJIO-
MU Ta300€TOHHBIX M3AETUN U CHOPMYIUPOBAHBI OCHOB-
HbIe ee HegocTaTKU. Pa3paboTaHbl IIpeaioXeHUsI [0 COBEP-
IIEHCTBOBAHUIO ra300€TOHHON TEXHOJOTMM U BBITIOJHEHbI
CPaBHUTE/IbHbIE MPOYHOCTHBIE MCIBITAHUSI Ta300eTOoHA,
MOJIyYEHHOTO TI0 TPAIUIIMOHHON U YCOBEPIIEHCTBOBAHHOIM
TEXHOJIOTUU.
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Oco6eHHOCTH NoNyYeHus reonosiMMepHoro ra3o6eToHa
Ha ocHoBe 30nbl-yHoca HoBoTpouukoil TIL

Bonpocbl nony4eHnst 3HeproachdeKTUBHBIX 3KOMOTNYECKM YNCTbIX M B TO XKE BPEMS HELOPOrux CTPOUTENbHbIX MaTepUanoB ¢ UCMONb30BaHMEM
KPYMHOTOHHXHbIX MPOMBbILLAEHHbIX OTXOL0B HE TEPAOT CBOEN aKTyanbHOCTU. B pamkax paboTbl MCCneAoBaH OfNH M3 CNaboBOCTPe6OBaHHLIX BUAOB
0TX0/1a NPOMbILLNEHHOCTM — 30Ma-yHoca HoBoTpouukon TAL, kKucnoro coctaBa ¢ HU3KOI rnAapPaBNUYECKO aKTMBHOCTbIO B Ka4€CTBE OCHOBHOIO
KOMMOHEHTA NpM NOMY4YeHNN S4EUCTbIX KOMMO3UTOB HA OCHOBE re0nOSIMMEPHOr0 BSXKYLLEr0. Ha 0CHOBAHMM 3KCMEPUMEHTaNbHO-aHANNTYECKIX
MCCNEA0BaHNIA YCTaHOBNEHA NPUTOAHOCTL PACCMATPKUBAEMON 30/1bl-yHOCA B Ka4€CTBE PeaKLNOHHO-aKTMBHOIO KOMMOHEHTA B Pe3yNibTate ee LieN04HON
aKTUBALMN NpY NOMYYEHUN reonoNMMepHOro BsXXyLLero. PazpaboTaHbl COCTaBbl FeONOSIMMEPHOr0 ra306eTOHA C HUSKUMI NOKa3aTeNAMN NAOTHOCTI

1 TennonpoBoAHocTU. 060CHOBaHa Lieneco06pa3HOCTb M NePCNeKTUBHOCTL NOAYYeHUs 3EKTUBHBIX ra3066TOHHbLIX KOMMO3MTOB HA OCHOBE
reonosIMMEpHOro BSXKYLLEro C MCMNONb30BaHneM 301bl-yHoca TAL| kucnoro cocTasa.

KntoyeBble COBa: 30/1a-yHOCa, reonoNNMepHbIii ra306eToH, 3HeproadeKTMBHOCTb, OTXOAbI MPOMbILLNEHHOCTH.

Ins uyutuposanus: Koxyxosa H.W., danakun [.H., XKepHoscknii 11.B. OcobeHHOCTW Nony4eHns reonoanMMepHOro ra3o6eToHa Ha 0CHOBE 30J1bl-yHOCa
HosoTpouukoii TAL, // CtpontensHbie matepuansi. 2017. Ne 1-2. C. 113-117.
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Features of Producing Geopolymeric Gas Concrete on the Basis of Fly Ash of Novotroitskaya TPS*

Issues of producing energy-efficient, environmentally friendly and affordable building materials with the use of large-tonnage industrial waste do not lose their relevance. Within the
frame of this research, one of the weakly demanded industrial waste, fly ash of the Novotroitskaya Thermal Power Station of acidic composition with a low hydraulic activity as a main
component when producing cellular composites on the basis of a geopolymeric binder, has been studied. On the basis of experimental-analytical studies, the suitability of the fly ash
considered as a reaction-active component as a result of its alkaline activation when producing the geopolymeric binder has been established. Compositions of the geopolymericas con-
crete with low indexes of density and heat conductivity have been developed. The reasonability and perspectivity of producing efficient gas concrete composites on the basis of the geo-
polymeric binder with the use of fly ash of TPS of acidic composition has been substantiated.

Keywords: fly ash, geopolymaric gas concrete, energy efficiency, industrial waste.
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B coBpeMeHHOII 5KOHOMUYECKOI CUTYaLIMU IIepel CTPO-
UTEJIbHOM nHayctpuein PO cTosT 3agaun 5KOHOMUN MUHE-
PaJIbHBIX PECYPCOB, CHUXXEHUS MaTepUATIOEMKOCTH, TPYI0-
€MKOCTHU 1 SHEPreTUYeCKuX 3aTpaT. VX BBITTOJTHEHNE HeMo-
CPEJICTBEHHO CBSI3aHO C TPOU3BOICTBOM CaMOT0 0O EMHOTO
U KPYITHOTOHHaXKHOTO CTPOUTEIBHOTO MPOIYKTa — CTEHO-
BBIX U3IEJINIA U COOPYXKEHMI ¢ X ucnonb3oBaHueM. C yde-
TOM TEIUIOTEXHUYECKUX HOPM B CTPOUTEJILCTBE [1], Bompo-
COB MPOMBILIJIEHHON 3KOJIOTHU, a TaKXe C YBEJIWYECHUEM
LIEH Ha 9HEPTOHOCUTEJNIM €XETOHO Bce 00siee OCTPO BCTAET
BOIMpPOC pa3pabOTKU U MCMOJIb30BaHUSI HEProdhGeKTuB-
HBIX ¥ DKOJIOTUYECKN YUCTBIX CTEHOBBIX MaTEPUAJIOB C BbI-
COKMMM TeIUIO3aIIUTHEIMY CBOMCTBaMu [2—5].

DT TpeOOBaHUS aKTYyaJIM3UPYIOT WHTEHCU(UKALIUIO
Ppa3pabOTKX HOBBIX TEXHOJOTMYECKUX MPUEMOB UCITOIb30Ba-
HUS B IPOU3BOJCTBE STYEUCTHIX OETOHHBIX MATEPUAIOB MECT-
HOW CHIPbeBOi 06a3bl [6—9] M MUHEPATBHBIX TPOMBITIUICHHBIX
OTXOZIOB, 1O BOIIPOCAaM MCIIOJb30BaHUSI KOTOPHIX B HACTOSI-
1ee BpeMsl YKe BelyTCsl aKTUBHbBIE ucciaemoBanus [10—16].

C 1ebIo pacIIMpPeHUS CHIPheBOM Oa3bl IEIIEBOTO CHIPhSI
IIJISI TIOJIy9eHMST DHepro3(eKTUBHBIX 0€CLEMEHTHBIX S4e-
HCTBHIX MaTepUaIOB B HACTOsIIIEH paboTe N3yueHa BO3MOX-
HOCTb MOJYYeHUsI ra300€TOHHBIX KOMITIO3UTOB Ha OCHOBE
TeOIMOJIMMEPHOTO BSIXYILIETO C UCMOJIb30BAaHUEM 30JI-YHOCA
TOBII kucnoro cocrana.

B kadecTBe CHIPEEBOTO MaTepuraia ISl TIOMYYeHUSI TeoITo-
JIMMEPHOTO BSDKYILETO MCIONb30Bajlach 30jla-yHoca HoBo-
tpoutikoii TOLI (OpeHOyprckast 0611.). XUMUYECKU U MUHE-
PaJibHbII COCTAB 30JIbI-yHOCA MPeICTaB/IeH B Tad. 1 1 Ha puc. 1.

BaxHeitmmMu xapakTepuUCTUKAaMHM ChIPhEBOTO KOMIIO-
HEHTa, BHICTYMAIOLIETO B KAYECTBE OCHOBHOTO CBSI3YIOLIETO
B TEOTMOJIMMEPHBIX BSIKYIIUX, SIBIISIOTCS €r0 MUHEPATbHBII
COCTaB, TUCIIEPCHOCTh 1 TPAHYJIOMETPUSI, KOTOPhIE OTBEYa-
IOT 32 PEaKIMOHHYI0 aKTUBHOCTb B Cpejie IIeJJOUHOTO aKTH-
BaTopa, a Takxke (OpMUPOBaHUE ONTUMAIbHON MOPOBOIt
CTPYKTYPBI STYEUCTOIO KOMITO3UTA.

151 oueHKM xapakTepa 3€pHOBOTO paclipelesieHus Ya-
CTHII 30JIbI-yHOCA TI0 pa3MepaM ObLT MPOBEICH TpaHyJIo-

Ta6nuua 1
Okeuppl Sio, Al,04 TiO, Fe,05 MnO MgO Ca0 Na,0 K,0 P,05 V,05 z
Cogepxatue, mMac. % 58,98 | 28,29 0,97 4,63 0,08 1 3,74 0,63 0,65 0,36 0,02 99,35

* PaboTa BhIMOTHEHA 1pu (DMHAHCOBO#I MofIepxkKe JlemapraMmerTa BHYTpEeHHe | KaapoBoil moautuku benroponckoit obiactu B hopme rpaHTa
Ha TIPOBEJCHME HAyYHO-UCCIIeIOBATEIbCKUX PA0OT MO MPUOPUTETHBHIM HAIMPABICHUSIM COIMATbHO-9KOHOMUYECKOTO Pa3BUTUsI benroposickoii
o6nactu. lorosop Ne 41-rp. ot 19.10.2016, ¢ ucnonb3oBaHuem obopynoBanus Ha 6ase Lientpa Bricokux TexHomnoruit, BI'TY um. B.T'. LLlyxoBsa.

* The work is made under the financial support of the Department of Internal and Personnel Policy of the Belgorod Oblast in the form of a grant
for conducting scientific and research works according to the priority directions of the social-economic development of the Belgorod oblast. The
agreement Ne 41 gr of 19.10. 2016 with the use of equipment on the basis of the Center of High Technologies of the Belgorod State Technological
University named after V.G. Shukhov.
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Pe3yabTaTbl HAYYHbIX HCCA€10BAHHI

000 R s arabon), T e 1075008 ]
g o e Mynnnt 23,54+1,38
g 11000F ' AvopraT 431108
z o Marnetut 1,03£0,57
2 8000 Amop. pasa  60,42+2,31
o

= E
g 5000} . ¥ 3
5 : 1 -
2 2000 F : i A
% ila_n_,‘u._h --II k w._-'\-.-\.'-._nl-._-l‘\.«.'.!.'-"«. (5 N --'I'«.'I\ I -
g -1000 | :
g : (i N IERINIYIE e (HN PO R ] | 8 | E
= -4000 B
=

-7000
8 16 24 32

40 48 56 64 72 80
20 (9)
Puc. 1. Pe3ynbtatbl KONMYECTBEHHOro nonHonpodunsbHoro PMA 305biI-

yHoca HosoTpowuukoi TIL,

10
9l
\"8_
S
g r
=
5 6
g
» 5|
S
s 4
2
() —
53
o 2+
ok WM
0 ikt rou T T T 0 I 0 B O R A
N @Y =t O © OO ND 0w = D0
c o~ ITOST ~ T NTYTRS TR @
o o — AN M 1N 0 — O N O O O ™M <
- ¥ o3 - <+

Pa3mep vactuL, Mkm

Puc. 2. NpaHynomMeTpunyecknini cocTas 30Jbl-yHoca

a o6

TOHKOIMCIIEPCHBIE YaCTUIIBI pa3MEPOM
IO 5 MKM 1 UX PBIXJIBIE aCCOLIMAIINM.

C yueTOM MPOBEACHHBIX AaHAJIM-
TUYECKMX MCCJCAOBAaHMUI 30JIbI-yHOCA
ObLIa pa3paboTaHa MaTpUla TJIaHUPO-
BaHMSI, COIJIACHO KOTOpOM ObLIO 3a-
¢opMOBaHO NEBSITb COCTaBOB Trazobe-
TOHA C BapbUpPyeMBIM COAEpPXaHUEM
LIEJIOYHOTO KOMITOHEHTa M Tra3000pa-
3YIOILIEr0 areHTa B COCTaBe ChIPhEBOIt
cMecHd Kak (DakTOpOB BapbMpPOBaHUs
MaTeMaTU4eCcKoil MaTpUIbl TJIaHUPO-
BaHus (Tabu. 2). B kauecTBe razoodpa-
3YIOIIETO areHTa UCITOJIh30BaIach allio-
muHueBas mnacrta. CocTtaBbl ObUIM 3a-
¢opMoBaHbI B GOPMBI-KYOBI 7X7X7 M,
MOJABEPKEHBI TEPMUYECKOI 00paboTKe
M0 CclenylomeMy pexumy: 1 94 — mpu

Puc. 3. MukpocTpykTypa 3051bl-yHoca HoBoTpouukoi TOL,: a — ysennueHmne 1000X; 6 — yenmyeHne 10000X

H.y. — 24 4 — npu 35°C — 24 4 — npu
50°C. Tepmuueckast o6paboTKa 3KCIIe-

Tabnuua2  ,y\eHTaIbHBIX COCTABOB FEOMOIMMED-
Xapal('repuc'rm(u reonosiuMmepHoro raso6eToHa B 3aBUCUMOCTMU OT COCTaBa HOTO BSIXYIIETO OCYILIECTBIISIACH B
Ne | Bapbupyemie napametpsl | oo | finenen nposHocTs Koabduument VCJIOBHSIX TETIOBOM CYIIKH C MOCHEH-
o T TennonposoarocTi ), | YIOIMM OCTbIBAHMEM OOPa3LOB 10
n/n | NaO/A,O; | Al-nacra, % o, kr/M* | npu cxatvm Rex, MMa BT/(M2°C) KOMHaTHO# Temmeparypsl (20£3°C),
" 05 0.2 541 0,075 0,081 ux pachopMOBKOI U HajJbHEUIIUM
TBEPACHUEM B €CTECTBEHHBIX YCIOBHSIX

2 05 05 A 0.112 0,082 JIO TOCTUKEHMS Bo3pacTa 28 CyT.
3 05 08 426 0,126 0,079 TermnoBast cylKa — criocod 06e3B0-
4 0,75 0,2 588 0,439 0,101 JKUBAHUS MaTepualioB, IpU KOTOPOM
5 0.75 05 735 0,798 0,104 yIoajeHue BJIaTM U3 MaTepuaia Tpouc-
5 075 08 557 0.305 0,094 XOL[I/I[TI | B OCHOBHOM IIyT€M MCIIape-

Hus [1].

7 1 02 604 0,773 0.1 B Bospacte 28 cyT IS 9KCIEpH-
8 1 0,5 712 0,693 0,109 MEHTAIbHBIX O00pa3loB OBLINA OIpene-
9 1 0,8 531 0,261 0,093 JIEHBl TIOKa3aTeJId TUIOTHOCTU, TPOY-

METPUYECKUI aHaJIM3 ¢ TTOMOIIBIO JIa3epHOTO aHajM3aTopa
pa3mepoB yactul ANALYSETTE 22 NanoTec plus* (puc. 2).

CoriacHo rpaHyJIOMETPUYECKOMY COCTaBy (puc. 2), 30/1a-
yHoca HoBotpounikoit TOL sBisieTcsi npenMylIeCTBEHHO
olHOMOJaJIbHOM nonuaucnepcHoi. [Tpeobnanatoniast yactb
YacTHIl 30JIbI-yHOCa HaxomuTtcs B auamna3zoHe 30—200 MM ¢
pasMepHbIM KoM B Touke 100 mxMm. ComepxaHue Oosee
70% 3epen Haxonutcs B npeaeaax 30—120 MKM.

JlaHHBIE TPaHYJIOMETPUYECKOTO COCTaBa MOATBEPXKIAIOT
pe3yabTaThl BUYAIM3aLUM MUKPOCTPYKTYPBI 30JIbI-YHOCA,
WUTIOCTPUPYIOIIME UX MOJUANCIIEPCHBIN cocTaB (puc. 3) ¢
MPENMYILECTBEHHBIM COlepKaHUEeM CPeprUeCKUX YACTHIL.

CortacHO MUKPOCTPYKTYPHBIM JaHHBIM, B COCTaBe 30-
JIBI-YHOCa TaKXXe BCTPeYalTcsl KpymHOpasMepHbie (10
40 MKM) OOJIOMKM MUHEPAJIbHOI COCTABISIONICH, a TaKXe

* Lentp Boicokux TexHosoruit (LIBT) BI'TY um. B.T'. Illyxosa.

HOCTH U TEIUIONPOBOAHOCTH (Tab. 2).

IMonydyeHHbIe pe3yabTaThl (PU3MKO-MEXaHUISCKMX Xa-
PAKTEPUCTUK IKCIEPUMEHTAILHBIX COCTABOB TeOIOJUMEP-
HOro ra3zo0eToHa (Tab:1. 2) mokas3aiu He3HAYUTEIbHbIC BapU-
allyi B KOHTPOJIMPYeMbIX MapameTpax. Haubosnee HU3KUMU
TTOKAa3aTe SIMKA TIPOYHOCTH 00JIAIAI0T COCTaBBl C MOJISIPHBIM
cootHoleHueM Na,O/Al,0;=0,5 Bo BceM Auana3oHe conep-
>XKaHWs TOpoo0Opa3oBaTesisi, UYTo SIBJISIETCS HeXeJaTeTbHbIM
addexToM. B To ke BpeMs 1151 3TUX COCTAaBOB XapaKTE€PHbBI
MUHUMAaJIbHbIE TMOKa3aTedu TUIOTHOCTHM U KoadduleHTa
TETUTONPOBOTHOCTH, 3HAYCHMSI KOTOPBIX B CPSITHEM HIDKE Ha
17 1 16% cOOTBETCTBEHHO B CPABHEHMHU C COCTaBaMHU C GoJjiee
BBICOKMM cooTHoIeHneM Na,O/Al,O; (Tadr. 2).

CocTaBbl TeOIOIMMEPHOTO ra300€TOHA C MOJIIPHBIM CO-
otHoueHusimu Na,0/Al,0,=0,75 u Na,0/Al,0;=1 xapak-
TEPU3YIOTCSI TPUMEPHO OJAMHAKOBBIMU XapaKTepHUCTUKAMU
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Puc. 4. BnuaHue coctaBa reonosiMMepHoro ra3o6eToHa Ha: a — npeaen NpoYHOCTM Npu cxatumn, Mra; 6 — NNoTHOCTb, Kr/M3; B — TEMNONPOBOAHOCTb, BT/(MZ-K)
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Puc. 5. KnHeTuka nameHenus nokasarenen njaoTHOCTH (@), Npo4HOCTU (6)
1 TENNIONPOBOAHOCTU (B) reonosiMMepHoOro ra3o6eToHa B 3aBUCMMOCTH OT
cocTaBa — cogepxaHusi nopoobpasosartens: 1 — 0,5%; 2 - 0,75%; 3 - 1%

B MCCJIEIyeMOM JMara3oHe KOHIIEHTpalMu opoodpa3oBa-
Tens, oqHako B coctaBe Ne 7 (Na,O/Al,0,=7) npu MUHU-
MaJIbHOM CoJepXaHuU Topoobpasyomeii no6asku (0,2%)
ToKa3aTesib MPOYHOCTU 3HAYMTENbHO BHIIEe (Ha 43%) B
cpaBHeHuM ¢ coctaBoM Ne 4 (Na,0/Al,05=0,75).

CoctaB No 3 obecrnieurBaeT MUHMMAJIbHYIO IJIOTHOCTh U
MMUHUMAJIbHBIA KOA(DOUIIMEHT TEIJIONPOBOAHOCTU CpPeau
BCEX UCCJIEyeMbIX COCTaBOB.
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2. Koxyxosa H.M., BoiitoBnu E.B., YepesatoBa A.B.,
XKepnosckuit U.B., Anexun [.A. TepmocToiikue ssuen-
CThIe MaTepUabl HA OCHOBE KOMITO3UIIMOHHBIX TMIICO-
KPEeMHE3eMHBIX BSIKYIIMX // CmpoumenvHvie mamepua-
abt. 2015. Ne 6. C. 65—69.

3. Zhernovsky 1.V., Cherevatova A.V., Voitovich E.V,,
Kozhukhova N.I., Evtushenko E.I. High-temperature

JInsa ycTaHOBJIEHUSI TEHASHIIMM W3MEHEHMST IKCILTya-
TallMOHHBIX XapaKTePUCTUK MCCIETYEMbIX COCTaBOB I'e0-
MOJIMMEPHOTO ra300eToHa B 3aBUCUMOCTU OT COCTaBa Chl-
PbeBO CMECH MO JaHHBIM pa3pabOTaHHOM MAaTPHIII TTa-
HUPOBaHUs ObUIM IMOCTPOEHBI HOMOTpaMMbl (puc. 4), a
TaKXe CBOIHBIC TpaUKU U TpEX KOHTPOJIUPYEMBIX 9KC-
TJTyaTallMOHHBIX TTapaMeTPOB T€OTNOJMMEPHOTO Ta300eTo-
Ha (puc. 5).

Ha ocHoBaHuM moJy4eHHBIX HOMorpamMm (puc. 4), a
TakXe Ha OCHOBaHUMU KPUBBIX (PUC. 5) HEOOXOIUMO OTMe-
TUTH CIIEAYIONINE 3aKOHOMEPHOCTH:

— TIpY CHIDXEHMU COAEpKaHUs IMOpooOpa3oBareis 0
0,3-0,4%, a Takke TIpU YBEJIMUYEHUHN MOJIIPHOTO COOTHO-
meHus okenaos Na,O/AlLO; o 0,9 Habmonaercst mocre-
MEeHHBII POCT Mpeneaa MPOYHOCTH MPU CXKATUM Te€OTOJIH-
MEPHOTO Ta300eTOHA, YBEIWYCHUE KOTOPOTO JOCTUTAET
ABYX pas,

— M3MEHEHHWE ITUIOTHOCTH Ta300€TOHHBIX COCTAaBOB
HMMEET BBIMTYKJIO-TTOPaboJNIeCcKyl0 3aBUCUMOCTh TIPU M3-
MEHEHUM 00O0MX IapaMeTpPOB: ColepxKaHUs IOpoodpa3o-
BaTeJisl U MOJISIPHOTO COOTHOLIeHUs okcuoB Na,0/Al,04
¢ MUHUMAJIbHBIMU 3HAYEHHUSIMM B IMAINa30HEe COOTHOIIE-
Hus Na,O0/ALO; = 0,5-0,7, a Takxe B KpallHUX TOYKax
comepkaHus mopoo6pasoarenst — 0,2 u 0,8%:;

— TI0Ka3aTeJM TeTUIONPOBOAHOCTH XapaKTepU3yIOTCs
PE3KOM TEHACHUMEN K CHUXKEHUIO IPYA YMEHBILIEHUMU COOT-
HoumeHust Na,O/Al,O; U yBeJIMYEHUM KOHUEHTpaLUU IMOo-
poobpa3oBaTesii ¢ MUHUMAJIbHBIM 3HAaYe€HUEM B TOYKE
Na,0/Al,0;=0,5 n conepxxaHuem nopoodpaszonatess 0,7%.

Ha ocHoBanum npuBeneHHBIX TpaduKOB (pHC. 5) IS
BCEX COCTaBOB I'eOINOJMMEPHOTO ra3o0eToHa HabonaeTcs
MpsiMasi 3aBUCUMOCTb ITapaMeTPOB MeXIy COOOM: TTPU CHU-
JKEHUU TUIOTHOCTU MTPOUCXOAMT YXYyAIIeHUE TTPOYHOCTHBIX
TToKa3areyieil Ipy OMHOBPEMEHHOM YITYyJIIEHUH TTOKa3are-
JIeil TerIonpoBOoIHOCTU. OJHAKO MOTYT OBITh BBIACIEHBI
CIIEOYIOIINAE COCTaBBI T'€OIOJIMMEPHOTO Ta300eToHa, 00e-
CIIeYMBaloIIie ONTUMAJIbHOE COOTHOIICHUE ToKa3aTeseit
TJIOTHOCTH, TETUIONTPOBOJHOCTH U Tpeaesa MPOYHOCTY TIPH
CXKaTHM: COCTaBbl 3, 6, 7 (Tabi. 2).

TakuM 00pa3oM, yCTaHOBJIEHa BO3MOXHOCThb TOJTyde-
HUST Ta300€TOHHBIX KOMITO3UTOB Ha OCHOBE T€OIMOJIMMED-
HBIX BSDKYIIMX C TIpUMEeHEHUeEM 30J1bI-yHoca TOC.

B 10 ke BpeMs Ha OCHOBaHMU MPOBEACHHBIX MCCIIEH0-
BaHUM HEOOXOAMMO OTMETUTh, YTO CJ1Iab0Oil CTOPOHOM 3KC-
MEePUMEHTAIbHBIX COCTaBOB T'eOMNOJMMEPHOIO razobeToHa
SIBJISIETCS UX HU3Kasl MPOYHOCTh MPU CXKATUU. DTO B MOJ-
HOI Mepe MOXET ObITh 00BSICHEHO HEBBICOKOM peaKIMOH-
HOI aKTUBHOCTBIO UCXOTHOTO JTIOMOCHJIMKATHOTO KOMITO-
HeHTa — 30JIbI-yHOoca. [Ipu 3TOM ecTb Bce OCHOBAaHUSI TIpe-
noJjlaraTb, 4YTO 30JIbI-yHOCA C BBICOKOM pPEaKIMOHHON
aKTUBHOCTBIO CIIOCOOHBI 0OOecredyuTh (opMHUPOBaAHUE
CTPYKTYpPhI STYEUCTOrO0 KOMIIO3UTA MOBBIIIEHHON MPOYHO-
CTU TIPY COXPaHEHMM HU3KHUX TETUTO(PU3NYECKUX MMapaMe-
TPOB TUIOTHOCTH U TETIJIOMPOBOAHOCTH. DTOT (pakT 060CHO-
BBIBAEeT MEPCIIEKTUBY MOJyYeHUS T€OMOTUMEPHBIX ra300e-
TOHHBIX KOMITO3UTOB C MCIIOJb30BaHUEM 30JI-yYHOCA
KHCJIOTO cOCTaBa ¢ 6oJiee BBICOKUMHU KCILTyaTallMOHHBIMU
XapaKTepUCTUKAMMU.
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Hudopmanna

Mexyapofiuan 8y o-NpaNTHIECKRS KORDEPHYNS
«lTDONTE/bHbIE MATEPNANS, NOHCTDYNUNN H Coopynetna XX] bexe»

22-25 HosA6pst 2016 1. Ha Bage [NeTepbyprckoro rocynapcTBEHHORO YHMBEPCUTETA MyTen coobLUeHMsa nMneparopa Anek-
cangpa | (MIrYMNC) npw nogoep>xke MuHMcTepcTBa TpaHcnopTa Poccuiickon Menepaunn, DefepanbHOro areHTCTBa »Xe-
nesHogopoxkHoro TpaHcnopta, OAO «Poccuinckre enesHble oporu» coctosnack MexayHapoaHasa Hay4HO-NpaKTnieckas
KOHbepeHUns «CTponTenbHble MaTepunarnbl, KOHCTRYKLMK 1 coopykeHnd XXI Beka», nocesLleHHas 100-netuio npodeccopa
0.B. KyHueBM4a. MHdopMaLMOHHBIM MapTHEPOM KOHDEPEHLIMM BLICTYNWA »ypHan «CTpouTenbsHsle Matepuansi»®. Yyactue
B KOHIDEepEeHUMM MPUHANK yYeHble 1 cneumanmcTsl n3 Poccuu, a takke Mepmanum, Micnanum, PymbiHnm, Monsu, JTuTsebl 1 Ap.

The International Scientific-Practical Conference “Building Materials, Constructions and Designs of XXI Century” dedicated to the 100th
Anniversary of Professor O.V. Kuntsevich was held on 22—25 November 2016 on the base of Emperor Alexander | St. Petersburg State
Transport University with support of the Ministry of Transport of the Russian Federation, Federal Railway Transport Agency, and JSC Russian
Railways. The information partner of the conference was the “Stroitel’nye Materialy” Journal. Specialists from different cities of Russia, as well
as from Germany, Spain, Romania, Poland, Lithuania et al. took part in the conference.

K 100-1emuro Oaeca Bacuaveeuua Kynueeuua (1916—1995)
YyueHo20-mamepuanoseod, 00H020 U3 KPYNHelwux Cneyuaiucmos 6 ooaacmu
M0p030cmoﬁlcocmu bemona.

Oner Bacunbesny KyHuesny poguncs 17 vioHs 1916 r. B Bute6eke. O6y4ancst B JIeHMHrpaackom nNonuMTeXHUKYMe
nyTei coobLleHnsi, 3aTem nepesencs B JIEHUHrpafackuii HCTUTYT MHXeHepoB nyTen coobiueHns (JIAVDKT), koTopbin
okoHuun B 1939 r. C pofHbIM By30M CBfi3aHa BCA Hay4Has W nepjarornyeckas pestenbHocTb Onera Bacunbesnya —
6onee 45 net. B camom Havane TpyaoBas AesTENbHOCTb MOMOAOrO creuyanucTa 6bina npepsaHa B Hauane CoBeTcko-
dhunHckow BoiHow 1939-1940 rr., a 3aTtem Benukort OtevectBeHHow, korga O.B. KyHuesu4 pa6oTtan B cocTase cneicop-
MUPOBaHWI Ha BOEHHO-BOCCTAHOBUTENbHbIX paboTax. Oner Bacunbesny 6bin1 HarpaxaeH mepansmu «3a nobepy Hap
lepmaHuenn», «3a gobnectHbl Tpya B Benukoii OTe4ecTBEHHOWM BOMHE».

Mocne BoliHbl Oner Bacunbesuy BepHynca B JIMVXKT v noctynun B acnvpaHTtypy. B 1949 r. oH 3awutun KaH-
OMAATCKYIO auccepTaumio U cTan npenopasath Ha Kadeape «TexHONorus CTpouTeNbHbIX MaTtepuanos». B 1950-x rr.
0.B. KyHueBWY Hayan nay4aTb MOPO30CTOMKOCTb U KaBUTALMOHHYIO CTOMKOCTb MMAPOTEXHUYECKUX GETOHOB.

Mo pesynsratam nccneposanmin O.B. KyHueBuya Ha cTponTenbctee NnoTuHbl 3evickor MAC (Amypckas 06:.) 6binv
BHeApeHbl NPO4HbIE M MOPO30CTOMKME GETOHbI HA FPaBUK C KPeMHeopraHnyeckon fo6aBkor. 3a 3T pa3paboTku B
1966 r. Oner Bacunbesuy 6bin HarpaxaeH opaeHoM «3Hak Moveta», 6poH3oBo Medanbio BOHX CCCP u 3Hakom «CTpoutens 3evickoit F3C».

B 1968 r. O.B. KyHLeBWY 3aLmTn AOKTOPCKYIO AMccepTaumio Ha Temy «MccnepoBaHuns U3NHECKUX U TEXHONOMMHECKUX OCHOB NPOEKTUPOBAHUS MOPO-
30CTONKNX GETOHOB».

B 1973-1990 rr. Oner Bacunbesuy Bo3srnaensn kadenpy «CTpouTenbHble matepuanbl». 3a 3TOT nepuof Kadegpa AOCTUINA BbICOKUX Mokasatenein
B y4e6HOW W Hay4HON paboTe. B TeueHue 15 neT oH ABRANCA NpeAcepaTeNieM CreuManu3vpoBaHHOrO COBETA MO 3alluTe KaHOMAATCKUX OUCCepTauuii.
Mop ero pykoBOACTBOM Gbinn 3aluymLLeHbl 6onee 20 kananaaTckmx gucceptaumin. O.B. KyHUeBMY SBRsncs YneHom Hay4Ho-KOOpAMHALUMOHHOMO COoBETa no
6eToHy 1 xene3obetoHy Focctpos CCCP, pa6oTan no rocyaapcTeeHHoi nporpamme «Ctpoiinporpecc-2000». EMy npuHagnexut 6onee 250 Hay4HbIX TPYA0B
1 10 n3o6peTeHnin.

C npuBETCTBEHHBLIM CINOBOM K y4YacTHMKam ob6partunacb npopektop MrYrcC no
Hay4Hon pa6oTe T.C. TutoBa. OHa oTMeTUna, 4To KOHbepeHLUus, NpoBoaMMas Brnep-
Bble, He cny4varnHo nocesieHa 100-netuo co gHa poxgeHuns O.B. KyHuesunya — Bua-
HOro y4eHoro-maTepuanosefa, OfHOro 13 KpyrnHemwmnx cneumanmcToB cTpaHbl B 06-
nactTm MOPO30CTOMKOCTM 6eToHa, KoTopblii 23 roga Bo3rnaenan Kadenpy
«CTpouTtencHble matepuansl» JIMKTa.

O Hay4HOW pesTenbHOCTM U Bblgatowmxes 3acnyrax O.B. KyHueBmya paccka-
3ana 3aBepylowas kadpegponn «CTpouTenbHble MaTepuanbl U TEXHONOrnn»
T.M. NetpoBa. Takxe oHa fonoxuna o6 UCTOPUWN CTaHOBMEHUA kadeapsbl, NAsX,
KOTOpblE CTOSINMN Y €€ UCTOKOB, COBPEMEHHOM Pa3BUTUN U Pa3BMBAEMbIX HAY4HbIX
HanpasneHnsX.

BonbLLoi MHTEpPEC yHaCTHMKOB BbI3BaNW OOKIaAbl MHOCTPaHHBIX Konner. Tak, B

csoeM BbicTynneHun X.-b. ®uwep (H.-B. Fischer) (Belimapckuii CTpouTeNbHbIN
yHuBepcuTeT, [epmanns) NpeacTaBun pe3ynsTaThl akTyanbHbIX UCCIIeA0BaHWi B 06-

NacTu rMrncoBbIX MaTepurasnos, a Takxe NogpobHO OCTAHOBWACA Ha BAMSHUW UHAWBU-
ZyasibHbIX [OGABOK HA CBOMCTBA MMCOBbIX BSKYLLMX.

Ooknagpl konner n3 PymblHMM Oblnv MOCBSALLEHbI TAKOW akTyasibHOW npo6ne-
Me, Kak nepepaboTka MNPOMbILLIIEHHbIX OTXodoB. B 4vacTHocTu, A. BapaHony
(A. Badanoiu) (MonuTtexHn4eckun yHmBepcuteT Byxapecta) npepctaBuna MeToq
CMHTEe3a BCMY4YEHHOro reononumepa, KOTopbIin 6bin MOMy4eH C UCMONb30BaHWEM OT-
XO[OB CTEK/10605 B Ka4eCcTBe MCXOOHOro cbipbs U pacTtBopa NaOH B kadecTee Lie-
NOYHOro akTMBaTopa. Yepe3 7 cyT TBepOeHVs reornofiMMepbl GbiNn NMOABEPrHYThI
TemnepaTtypHoli o6pa6otke npu 800—1000°C. 3HauuTenbHoe yBenMyeHue oGbema
6bino 3adpmkeunpoBaHo npu 900°C U BbigepXke B TedeHne 1 4. B MUMKPOCTPYKType
TepMMyeckn o6paboTaHHbIX reononMMepoB nNpeobnafatoT 3akpbiTble NOpbl pasme-
pom 1-100 MKM. NS NOBbILEHUSI CTOUKOCTU K TMAPONM3y B pa3paboTaHHble reono-
numepbl 6bin BBeAeH wnak (ot 5 o 20% OT Macchl cTekno6os). 310 NO3BONWUIO

HAYYHO-MeXHU4eCKUil U npou3800CEeHHbLI JHCYPHAN
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Information

YBENUYUTbL NPOYHOCTHBLIE NOKa3aTeNU Kak Jo0, Tak U Nocre TepMmyeckor 06paboTkiu.
Brnaropgaps [ocTaTo4HO BbICOKOW MOPUCTOCTU NOMNYHEHHbIE FEONONMMEpPbI MOTYT 6bITh
peKOMeH[0BaHbl B KA4ECTBE OrHE3ALUMTHBIX TEMMON3ONALUMOHHBIX MaTEPUAnoB.

Hoknag H.A. EpowikuHon ([TeH3eHCKMIn rocyaapCTBEHHbIA YHUBEPCUTET apXxu-
TEKTYpbl U CTPOUTENLCTBA) Takxe 6biN NOCBALEH NepepaboTke OTXOA0B, & UMEHHO
BAMSIHWIO Pa3nnyHbIX (hakTopoB (Braa U JO3UPOBKN MUHEpPasnbHbIX JO6ABOK K BAXY-
LLieMy — OOMEHHOr0 rpaHynMpPOBaHHOrO LWnaka 1 3onbl-yHoca TOC; cocTaBa akTuBa-
Topa TBEPAEHWS; OMCNEPCHOCTM KOMMOHEHTOB 1 TEMMNePaTypbl TBEPAEHNSA) HA KMHE-
TUKY TBEPAEHUS KOMMO3ULIMOHHOMO reonoNMMEPHOro BSXKYLLErO Ha OCHOBE M3METb-
YeHHbIX OTXO[0B A06bI4N U NepepaboTKn MarmaTn4eckux ropHbIX nopog.

BonbLuo nHTepec Bbi3Ban AOKNaA BbIAAIOLLErocs y4eHOro B 061actu LemeHTa
A. NManomo (A. Palomo) (MHcTUTYT cTpouteneHbiX Hayk Sayapaa Toppus, VcnaHus),
NOCBSALLEHHBIN PasnnyHbIM crioco6am NPUMEHEHUST KOHLIENLMM LLEENOYHON aKTMBaLmm
ANsi NMONyHYeHNs 3KOJNIOrMYECKN YACTOro 6eTOHA.

3HauuTenbHasa fonsa foknagos 6bina NocBsLLeHa CTPOUTENbHBIM KOHCTPYKLMAM.

K.B. TanaHTtoBa ([MTYIC) paccmoTpena KOHCTPYKLMU HAa OCHOBe cTanedumépobe-
ToHa. CTpyKTypa ctanedmnépobeToHa hopMUPYETCH HA OCHOBE CTPYKTYPbl UICXOOHOIO
6eToHa 1 B 60NbLLIOV CTENEHW ONPeaenseTcs Hannm4nem cTanbHOn UbPbLI — ee KoNu-
4eCTBOM, TUMOM, ASIMHOW, AMaMETPOM, MPOYHOCTbLIO, AedhopMaTUBHOCTLIO. OgHUM 13
onpefensiowmx napamMmeTpoB, obecrneymBaoLLnX 3aJaHHble SKCMyaTaluuMoHHbIe xa-
PaKTEPUCTUKN KOHCTPYKUMIA Ha OCHOBE cTanedmbpobeToHa, ABNSeTCA 06beMHoe
cogepxaHue pmbpbl B MaTepumane. ABTOPOM paspaboTaHbl NporpaMMHble CPEACTBa,
C NOMOLLIbIO KOTOPbIX 06beMHOE cofep>xaHune puobpbl B cTanemnbpobeToHe onpene-
NSIeTCa B COOTBETCTBUM C HanpsiXXeHHO-Ae(hopMUPOBaHHbLIM COCTOSIHMEM pa3pabarthbl-
BaeMOW KOHCTPYKLMMU.

3asepnytownin kachegpoit «Moctel» MIYMNC B.H. CMMpHOB paccMoTpen Tunbl
KOHCTPYKLMIA MOCTOB BbICOKOCKOPOCTHbIX >XXEME3HOAOPOXHbIX MarncTpanemn ns xene-
306eToHa 1 MeTanna, NpeacTaBui KOHCTPYKTMBHbBIE PELLEHWUS MOCTOB B 3aBUCUMOCTH
OT npumeHsiemoro matepunana. OTMeYeHo, YTO AN CHUXKEHUA CTOMMOCTU 1 obecne-
YeHusi 6e30NacHOCTN ABUXKEHWNS BbICOKOCKOPOCTHbIX 3KCMPEeCcCoB Heobxoauma pas-
paboTKa KOHCTPYKTUBHO-TEXHONOrMHYECKNX MOCTOB, YAOBNETBOPAOLLMX TPe6OBaAHNAM
KOM(OPTHOCTU Mpoe3aa Npu BbICOKOW CTEMNEHWN HAAEXHOCTU.

C TpaguumoHHou ans ceba TemaTunkon Boeictynuna J1.B. MopryH (doHckow rocy-
JapCTBEHHbIV TEXHNYeCKMI yHnBepcuteT). OHa npeacTasmna pesynbsraTbl NPOMbILL-
JIEHHOr0 pasBuUTUSA TexHonorun uoéponeHobeToHa B PocToBCKOoM 06nacTtu, npofe-
MOHCTpVpoOBana BO3MOXHOCTU COBEPLUEHCTBOBAHUSA apXUTEKTYPHO-XYA0XKECTBEH-
HOWM BbIPA3UTENLHOCTM FOPOACKON Cpefbl 3a CHET UCMOMb30BaHUA cneumnUuYecKmx
CBOWCTB MaTtepuana pasfnuMyHOWM nnoTHocTW. [logvepkHyna, 4To paspaboTaHHas
TEXHOSI0rNSA NO3BONAET PABHOMEPHO pacnpenenuTtb puobpy B o6beme 6€TOHHOM Mac-
Cbl Y NPON3BOANTL PUIYPHbIE KOHCTPYKLIMKN C BbICOKUMM NPOYHOCTHLIMU XapaKkTepu-
CTUKaMMW.

AKTUBHOE 3auHTepecoBaHHOE O6LLEeHME YHaCTHUKOB KOH(bepeHUMM B pamkax
nneHapHbIX 3acefaHnini U OUCKYCCUI BbISIBUNO aKTyalnbHble Hay4Hble HanpaslieHus
AN ganbHenWwmnx UccnegoBaHuii M NPakTU4eckon peanu3auumn. KoHevHo, ocobyto
LleHHOCTb NpefCcTaBnseT HEMOCPEACTBEHHOE XUBOE O6LLEHVE C 3apy6eXHbIMU KOJ-
neramu, KOTopble K peLleHnIo MHOTMX BOMPOCOB UMEIOT HETPUBMANbHBIA METOANYe-
CKui nogxod. Ana y4acTHUKOB KOHdYepeHUUn 6bin NposBedeHbl SKCKYPCUn no ogHo-
MY 13 CTapemLLnX TEXHNYEeCKnX By30B Poccun — MeTepbyprckoMy rocynapcTBeHHOMY
YHUBEpCUTETY nyTen coobLUeHus nmnepaTtopa AnekcaHgpa |, cosgaHHomy B 1809 r,
OOHOMY M3 KPYMHEWLUMX BbICLUMX YyHEOHbIX 3aBefeHuii Poccumn, B CTeHax KOTOpOro
6bINM co3daHbl OCHOBbI TPAHCMOPTHOWM Hayku, CKnaapiBanacb CUCTeMa PYCCKOro WMH-
XXEHEePHO-CTPOUTENBHOro 06pa3oBaHus.

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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‘ Hudopmanna

NaK NOJroToBuTH K NYGNMKALMH HAYYHO-TEXHHYBCKYID CTATDID

KypHaibHas HaydHO-TEXHMYECKasl CTaThsl — 3TO COYMHEHME HeOOMBILOro pa3Mepa, YTo camo Mo cebe
OTIpeIeIseT TPAHMIIBI M3JI0KEHUS TEMBI CTaThU.

HeoOxomuMbeIMu 351eMeHTaMy HAYIHO-TEXHIIECKO CTaThH SIBJISTIOTCS:

—  TIOCTAaHOBKa IPOOJIEMBI B 00IIIEM BUIIC 1 €€ CBSA3b C BAXHBIMU HayYHBIMU WM TTPAaKTUYECKUMU 3a1a4aMu;

—  aHaIM3 MOCNEIHUX JOCTIKEHUI 1 MyOIMKAIIiA, B KOTOPBIX HAYaTO pellieHe JAHHOH MPpo0JIeMbl U Ha
KOTOpbIE OMUPAETCS aBTOP, BbIAEJIEHHE paHee He PEICHHBIX YacTeil o0mieil mpobieMbl, KOTOPHIM
MOCBSIIEHA CTAThs;

— (opMmyaMpoBaHue 1ieNeii CTaThbk (TOCTAHOBKA 3a/1aUK);

—  W3JIOXEHUEe OCHOBHOTO MaTepyaa NCCIeNOBAHMS C TIOTHBIM 000CHOBAHWMEM TIOTyJeHHBIX PE3YITbTATOB;

—  BBIBOIBI M3 JAHHOTO MCCIIEIOBAHMS U TIEPCIIEKTHBBI JalbHEMIIIEro Morcka B N30paHHOM HaIPaBICHUM.
HayuHble cTatbu perieH3UpyIOTCS CIIeIMATICTAMK. YUUTBIBAst OTKPHITOCTD XKypHasa «CTpoUTeIbHbIe MaTe-

pmaJ1b1>>® JUTSL YYEHBIX M ICCIeIoBaTe el MHOTUX JIECATKOB HayuHbIX yupeskaeHuii u By3oB Poccum u CHI, mpen-

CTABUTEJIM KOTOPBIX HE BCE MOTYT OBbITh MPECTABICHbI B PEAAKIIMOHHOM COBETE M3NAHMSI, XKeIaTe/IbHO Mpe-

CTaBJISITh OMHOBPEMEHHO CO CTaTheli OTHOIIEHHE YIEHOTO COBETA OPTaHM3AIINH, TIe IPOBEIeHa paboTa, K TIpeI-

CTaBJIIEMOMY K TTYOJIMKALMI MAaTePUATTY B BIIIE COTPOBOIUTEHHOTO TTHChMA WM PEKOMEHAINN.
bubmmorpaduyeckre CMcKy IUTUPYEMOIA, MCIOIB30BaHHOM JTUTEPATYphl JOJKHBI MOATBEPKAATh

ClieIOBaHKE aBTOpa TPEOOBAHUSM K COAEPXAHUIO HAYYHOM CTAThH.

HE PEKOMEHIYETCA:

1. BxutouaTh cChUIKM Ha (enepaibHble 3aKoHbI, Moa3akoHHble akThl, [OCTbel, CHullel u mp.
HOPMATHBHYIO JIUTEPATYpy. YIIOMUHAHNE HOPMATHBHBIX TOKYMEHTOB, Ha KOTOPBIC OMMPAETCS aBTOp B
UCIIBITAHUSAX, PAcUeTaX MJIM apTyMEHTAIMH, JIYYIIe IeNaTh HETIOCPEACTBEHHO TI0 TEKCTY CTAaThH.

2. CchlnaTbes Ha yueOHBIe M y9eOHO-METOMMUECKIE MTOCOOKS; CTaTbi B MaTepHaiaXx KOH(epeHIii 1
cOOpHUKAxX TPYIOB, KOTOpbIM He mpucBoeH ISBN 1 KoTopble He momamaioT B Beayliude OMOIMOTEKU
CTpaHbl U He MHAEKCUPYIOTCS B COOTBETCTBYIOIIMX Oa3ax.

3. CchlmaThbes Ha IUCCEPTALUM (CCHUTKM Ha aBTOpedepaThl IMCCePTAIIMid He TOTYCKAIOTCS ).

4. CaMOLIMTHPOBAHUE, T. €. CChUIKU TOJIBKO Ha COOCTBEHHbIE MyOIMKalMK aBTopa. Takasi mpakTuka He
TOJIBKO HapyIlaeT 3TUYECKUE HOPMBI, HO M TIPUBOIUT K CHIDKEHWIO KOJMUYECTBEHHBIX MyOJMKAIIMOHHBIX
ToKazareseii aBropa.

OBA3ATEJIBHO caenyer:

1. Ccbnatbesl Ha CTaTbU, ONMYOJMKOBAHHbBIE 3a TOCAeAHME 2—5 JIeT B BEAYIMX OTpACIeBbIX HAYYHO-
TEXHUYECKUX Y HAYYHBIX M3TAHMSX, Ha KOTOPBIE ONMUPACTCS aBTOP B MOCTPOCHUM apTyMEHTAIIMU WA
MOCTAaHOBKE 3a/1a91 UCCIICNOBAHNSI.

2. Cchinatbesl Ha MOHOTpauu, OMyOIMKOBaHHBIE 3a TOCIenHNE 5 JeT. bonee maBHME MCTOYHUKA
TaKXe HeTaTUBHO BIMSIOT Ha TIOKa3aTeNu My0IMKAIlMOHHOI aKTUBHOCTH aBTOpA.

HecomHeHHO, YTO BO3MOXKHBI CChUIKM M HA KJIaCCMYECKKE pabOThl, OMHAKO HE CIeAyeT 3a0bIBaTh, UTO
HayKa BCeraa pa3BMBAeTCsl MOCTYMATeJbHO BIEpel M HE3HaHWE aBTOpaMM TMOCTETHMX TOCTMXKEHWI B
00J1aCT! MCCIIeIOBAHMIA MOXKET MMPUBECTH K TyOIMPOBAHHUIO PE3yIbTATOB, ONTMOKAM B TOCTAHOBKE 3a1a9i
UCCIIeOBAHUS M MHTEPTIPETAIIMY TAHHBIX.

CraTby, HarpaBJIsieMbIe TS OITyOIMKOBAHMUS, IOJKHBI O(POPMIISITHCS B COOTBETCTBUY C TEXHUUECKHU-
MU TpeOOBaHUSIMU U3NAHUIA:

— TeKCT CTaThM JOJKeH OBbITh HabpaH B penakTope Microsoft Word u coxpanen B ¢hopmate *.doc, *.docx
uu *.1tf ¥ He TOJIKeH cofepXaTh MITIOCTPALIMA;

— Tpaduyeckuii Matepual (rpadyKu, CXeMbI, YePTEXH, TMarpaMMBI, JIOTOTUIIBL 1 T. T1.) TOJDKEH OBITh
BBITIOJTHEH B rpadmdeckux penakropax: CorelDraw, Adobe Illustrator w coxpaHeH B opmarax *.cdr,
*.ai, *.eps cooTBeTCTBeHHO. CKaHMpOBaHMe TpahIeCKOro MaTeprana ¥ UMIIOPTUPOBAHME €T B Iepe-
YUCJICHHBIE BBIIIE PEIAKTOPHI HEMOIYCTUMO;

—  WITIOCTPAaTUBHBINA MaTepuan ((pororpaduu, Komiaxku U T. 11.) HEOOXOOMMO COXpaHSTh B (popmare
* tif, *.psd, *.jpg (KauecTBO «8 — MaKcUMabHOE») M *.eps ¢ paspemienneM He meHee 300 dpi, pa3-
MepoM He MeHee 115 MM o mmpue, nsetosas moaenbr CMYK unu Grayscale.

Marepuan, mepenaBaeMblii B PETAKIIMIO B SJIEKTPOHHOM BHJIE, IOJDKEH COTIPOBOXIATHCS: PEKOMEH/IA-
TETbHBIM TTMCHMOM PYKOBOAUTEITSI IPEANPUSATHS (MHCTUTYTA); TMLIEH3MOHHBIM JOTOBOPOM O TIepeiaue TpaBa
Ha MyOMMKAIIMIo; pacneyaTKoid, JIMIHO MOANHCAHHOI aBTopamu; pedepatoM odObemoM He MeHee 100 cioB Ha
PYCCKOM M aHIJIMIACKOM SI3bIKAX; MOATBEPXKICHUEM, UTO CTaThsl MIpeIHA3HAYEHA LTS ITYOIMKALIMKU B XXypHAIe
«CrpourtesibHble MaTepuaib»®, paHee HULIE He MyOIMKOBANACh U B HACTOSIIEE BPeMsl He MepeiaHa B IpyrHie
U3NaHKUS; CBEICHUSIMM 00 aBTOpax ¢ YKa3aHUEeM MOJHOCTbIO (haMIIMU, UMEHH, OTYECTBA, YUEHOM CTETIeHH,
JIOJDKHOCTH, KOHTaKTHBIX TeJle(hOHOB, TIOYTOBOTO M 3IEKTPOHHOTO aipecoB. MIUTIOCTpAaTHBHBI MaTeprat
JIOJXKEH OBITH MepeaH B BUIE OpUTMHAIOB (hoTorpaduit, HETaTUBOB WM CNIAMIOB, pacrieyaTtku (aiiios.

B 2006 r. B xypHaine «CtpoutenbHbie Matepraibi»® GbUI omybanKoBaH psj crateil «HaunHaomemy
aBTOPY», 03HAKOMUTBCS C KOTOPBIMKM MOXKHO Ha caiiTe xypHana www.rifsm.ru/files/avtoru.pdf

IToapoOHee MOXKHO 03HAKOMHUTBCS ¢ TPEOOBAHMAMH HA caiiTe u3marenbcTBa http://www.rifsm.ru/page/88

Moanucano B nevatb 13.02.2017 OtnevataHo B 000 «C-MpuHT» HabpaHo 1 ceepcTaHo
®dopmar 60x887/5 Mocksa, JlIeHuHCckuiA Np-T, A. 95 B PU® «CTpoiimaTepuansi»
Bymara «layap»

Meyatb odpceTHas B po3Huuy LieHa AoroBopHas BepcTtka . Anekcees, H. MonokaHoBa

O6wwmin Tpax 5000 aka.



AO «LIHUWN3IMM xunuiia — MHCTUTYT KOMMJIEKCHOIO NPOEKTUPOBaHNSA &lﬁgmiﬂtﬂbﬁ

IJH 3" XUNbIX N 06LeCTBEHHbIX 3gaHnin» (AO «LJHUN3I xunnnwa»)
—— KMAMUHOE ___——

—— O6beanHeHHas pefakums Hay4HO-TEXHUYECKMX XYPHaoB

KUNniLA «KnnuuHoe cTponTenbcTBo» N «CTponTENbHbIE MaTepmanbl»® UTP“"TEJ“)CTB"

VII MexpayHapoaHas Hay4YHO-npakTuyeckaa KoHdepeHUKna
«InterConPan: ot KN/ X KapKacHo-naxneJbHOMY JOMOCTPOCHHIO»

InterConPan—-2017

International Conference of Large-panel Construction
4-6 anpensa 2017 r. / April 4-6, 2017 Yeookcapbi / Cheboksary

TEMATUKA KOH®EPEHLINM:

— CocrosiHie 0a3b1 KPYNMHONAHEJILHOIO A0MOCTpoeHus B PO
— Monaepuu3anus npeanpustaii KIT

— O0opynoBaHue W TEXHOJOTHH

— CoBpemMeHHbIE 0€TOHBI, T00ABKH M MATMEHTDI

— ApPXHMTEKTYPHO-TJIAHUPOBOYHbIE PEHICHUS

— KavecTBo u 3Heproa¢eKTMBHOCTD NOJTHOCOOPHBIX 31AHMIA
— PacueT 1 KOHCTpYMpPOBaHUE y3JI0B COOPHBIX JIEMEHTOB

— Hosble pemenus acanos

— OnbIT CTPOUTETHCTBA KPYNHONAHEIBHOTO KHJIbSI

NMPOrPAMMA KOH®EPEHUUM:
4 anpensa 1) nneHapHoe 3acepaHue
2) Bble3fgHasn ceccus:
OAO «XKenesobeToHHble KOHCTPYKLUMK Nel»
Okckypeusa no r. HYebokcapbl
5 anpensa Hay4Ho-npakTuyeckas KoHcepeHuums.
Cekuun: «ApXUTEKTypa n 0CO6EeHHOCTU MPOEKTHbIX
PELLIeHNVI KPYMHONAHEsIbHbIX 34aHN»;
«[bkas TexHonorvs npegrnpuvstmi JCK v KI14»
6 anpens Bble3gHas ceccus:
000 «ANEH»
XKunble kommnnekebl (HYebokcapbl)

CnoHcop KoHdepeHunn:

nerdimpiant

MapTHepbl KOHepeHLUn:

ALLBAU o5 <[P ::ii TANEH
software (044 .'lﬁlfn"pB.T mmmEm KOMMO3UTbI BYAYLWENO

aiefelzi==1s] GROUP

K npoBefieHn0 KOH(epeHUMN roTOBATCS TEMATUYECKINe HOMEPA XKYPHaNoB
«KunuwHoe ctpoutenbcTso» Ne 3-2017 r. n «CTpontenbHble MaTepuanbi»~ Ne 3-2017 .,
B KOTOPbIX 6yyT 0My6i1MKOBaHbI OCHOBHbIE MNIEHAPHbIE U CEKLMOHHbIE JoKnaabl. pefcTaBneHne JOKNaLoB B BuAe ctateil Ao 15.02.2017 r.

OpraHM3auMoOHHbIA KOMMUTET:
TenecpoH/pakc: +7 (499) 976-20-36, 976-22-08

kpd-conf@mail.ru; mail @rifsm.ru www.rifsm.ru
Apnpec ans koppecnosaeHuuu: 127434, Mocksa, [imutpoBckoe L., A. 9, cTp. 3 peaakuus xypHana «KunuwHoe cTpouTenbcTBo»
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THE SCIENTIFIC AND PRACTICAL EDITION

:% BEDESCHI ﬂaa 3%Bemlmm

14-15 NIOH4A 2017 ON JUNE 14-15, 2017
YEBOKCAPbI, POCCUA CHEBOKSARY, RUSSIA
FTOCTUHNULUA «POCCUA», HOTEL «RUSSIA»,
3AN1 <MOAEPH» HALL «MODERN»

THE SCIENTIFICALLY-PRACTICAL CONFERENCE
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NOCELLEHUE
KETP/l KvPNUYHOrO 3ABOAA <KETPA» (14.06.2017)
w NPEANPUATNSA «3KOKJIMHKEP» (15.06.2017) KO BB KAMHKEP
VISIT TO
KETRA BRICK-PLANT & ECOCLINKER

15.06.2017
Fana-yXwH c Bpy4yeHueM npod)eccuoHanbHbiX Harpag B pectopaHe «PonaHp»
CERAMIC AWARDS DINNER — RESTAURANT «ROLAND»

PykoBogutenb npoekra — fOmaleBa EneHa ViBaHoBHa
MeHepXxep npoekTa — JleckoBa EneHa JlbBoBHa
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