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NPO4YHOCTb HAHOMOAQUOULUPOBAHHDLIX
BbICOKOMPO4HbLIX JIETKUX BETOHOB'

STRENGTH OF NANOMODIFIED HIGH-STRENGTH
LIGHTWEIGHT CONCRETES'

B pab6ore mpenacraBiieHbI pe3yJIbTATHI MCCJIETOBaHMIlI, HATPAaBJIEHHBIX Ha paspa-
00TKY HAHOMOAM(PUIIMPOBAHHBIX BHICOKOIIPOYHBIX JJETKUX 0€TOHOB KOHCTPYKIIHOHHOTO
Ha3HAYEHU I, 00JIaJAI0IMX HU3KOI CPeIHell IJIOTHOCTHIO U BBICOKMM ITOKa3aTeJieM Ipe-
JieJia MIPOYHOCTH IIPH CKATHHU. [[JIT M3TOTOBJIEHUA TAKUX 0€TOHOB 000CHOBAHO IIPUMEHe-
HHE IOJIBIX CTeKJAHHBIX U aJIIOMOCUJINKATHBIX MUKpoc(ep. B kauecTtBe HaHOMOMUDU-
KaTopa MOBEPXHOCTH MUKPOcHep I YBeJIUICHUA MPOYHOCTHU CIEIICHNA IeMEeHTHOTO
KaMH$ ¢ HAIOJIHUTEeJIeM IIPeJJIOsKeH KOMIIJIEKCHBIW HaHOpa3MepHbIA MoguduKaTop Ha
OCHOBeE 30JIb THAPOKCHU/IA JKejie3a U 30JIb KPeMHHEeBOH KHCIOTHI. BIIBUHYTaA rumoresa
0 TOM, UTO IpeajiaraeMbIii MOAU(DUKATOP OKa3bIBaeT KOMILIEKCHOE BIIMAHUE HA TUapa-
TAIIMOHHYI0 aKTHBHOCTH I[€MEHTA M CIIOCOOCTBYET YBEeJINUYECHUIO IIPOYHOCTH Ha TPAHUIIE
pasmesa (a3 HAMOJHHUTEIb/IIeMEeHTHO-MUHEepaJbHAA MaTpuia. PazpaGoTaHbl COCTABBI
3HepPro3d(p(PeKTUBHOT0 HAHOMOAN(PUIINPOBAHHOTO KOHCTPYKITUOHHOTO BHICOKOIIPOYHOTO
Jerkoro 6eroHa co cpeaHei maoTHocThio 1300...1500 kr/m3 u npegeIoM MPOYHOCTH IIPHU
cokatuu 40...65 MIla. IIpegcraBiaeHsl MOAX0abI K PACYETy COCTaBa BHICOKOIIPOYHOTO JIeT-
Koro 6etoHa cpemueii miaoTHocTbio MeHee 2000 kr/m3. OTMeueHo, 4To npeaaaraemMseie 6e-
TOHBI 00JIaTAI0T YMEPEHHOH MOABUKHOCTHIO, MOTYT OBITH ITOIBEP KEeHBI BHOPAIMOHHOMY
BO3JI€MICTBUIO MIPHU YKJIAJKe, HMEIOT pABHOMEPHYIO ILTIOTHYIO CTPYKTYPY 0€3 paccaoeHus.

! TTleuaTaeTcsa npu noagep:ke crunesguu Ilpesugenra P® MoJI0OALIM YUEHLIM 1 ACIUPAHTAM
CII-565.2012.1.
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B paGoTe 060CHOBaHBI 9KOHOMHUYECKHE U MTPAKTUYECKHNE MMPEeANOChLIKY IJI BHeIPEHU
pa3pabdoTaHHBIX COCTABOB HAHOMOAN(DUIIMPOBAHHOTO BLICOKOIIPOYHOIO JIETKOr0 0€TOHA
KOHCTPYKIITHOHHOTO Ha3HAYEHUA B IPOMBINLICHHOM IIPON3BOICTBE.

The paper presents the results of research aimed at development of nanomodified
high-strength lightweight concrete for construction. The developed concretes are of
low average density and high ultimate compressive strength. Itisshown that to produce
this type of concrete one need to use hollow glass and aluminosilicate microspheres.
To increase the durability of adhesion between cement stone and fine filler the authors
offer to use complex nanodimensinal modifier based on iron hydroxide sol and silica
sol as a surface nanomodifier for hollow microspheres. It is hypothesized that the
proposed modifier has complex effect on the activity of the cement hydration and, at
the same time increases bond strength between filler and cement-mineral matrix. The
compositions for energy-efficient nanomodified high-strength lightweight concrete
which density is 1300...1500 kg/m? and compressive strength is 40...65 MPa have been
developed. The approaches to the design of high-strength lightweight concrete with
density of less than 2000 kg/m? are formulated. It is noted that the proposed concretes
possess dense homogeneous structure and moderate mobility. Thus, they allow
processing by vibration during production. The economic and practical implications
for realization of high-strength lightweight concrete in industrial production have
been justified.

KaroueBsie cjioBa: BHICOKOIIPOUHBIN JIETKUUA OETOH, 3HEProdadeKTUBHBIA OETOH,
JIETKUI 0ETOH KOHCTPYKIIMOHHOTO Ha3HAUEHU .

Key words: high-strength lightweight concrete, energy efficient concrete, light-
weight concrete for construction.

TpaTerusi CoIuaJbHO-d9KOHOMHUYECKOro pas3BuTusa Poccuu 10

2020 roza, moarorosijenHas MUTHHICTEPCTBOM SKOHOMUYECKOTO pas-

Butus PP, npeamosaraet goctm:kenne Kk 2020 rogy amMOMIIMO3HBIX 3a4aY IO

obecreueH1I0 BEICOKOI'O YPOBHS 0JIaTOCOCTOSIHUA HACEJIEHU U YKPEIJIeHUIO

poOJIM CTPaHBI B TJIo0aMbHOM 9KOHOMUKeE [1]. IlocTu:keHMUe 9TUX ITesieil BO3-

MOJKHO IIPU PA3BUTUU PhIHKA BBICOKOTEXHOJIOTUYHLIX YCIYT U YBeJIUUYEHUS
JIOJIA BBIMYCKAaeMO MHHOBAI[MOHHON IIPOAYKIINY B IIPOMBIIIJIEHHOCTH.

CrpoureabHasa OTPACIb KAaK HEOT'heMJIeMasd YaCTh IPOMbIIIJIEHHOI'O KOM-

miexkca Poccuu ABasieTcsa OOHUM 13 MHCTPYMEHTOB AJISI PeIlleHns IIOCTaBJIeH-

HBIX 3aa4 1 JOJYKHA OPUEHTHUPOBATHCA Ha PA3BUTHE HOBLIX MHHOBAIIMOHHBIX
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u 3HeprospeKTUBHBIX TeXHOJIOTHi. VCIIo/Ib30BaHNE COBPEMEHHBIX KOH-
CTPYKTOPCKUX PEIIeHNIT, HOBEHIIINX CTPOUTEIbLHLIX MaTepraJjoB C IIpuMeHe-
HHeM pa3pabdoToOK B 00J1aCTH HAHOTEXHOJIOIMHU AOJIKHBI 00ecIeunBaTh NHTEH-
CUBHLIN IIePexXo] K BLICOKOTEXHOJOTMYHOMY CTPOUTEILHOMY ITPOM3BO/ICTBY.

IlepcrekTUBHBIM HaIpaBJeHUEM JJId CTPOUTEbHON MHAYCTPUU SIBJIS-
eTcs pasdpaboTKa MaTepuajioB, 00JaJaIINX YHUBEPCAJbHLIM COUETAHUEM
OKCILIyaTAIlMOHHBIX CBOMCTB. OJHUM 13 TAKUX HaIIPaBJIeHUN IBJIAETCA pas-
paboTKa KOHCTPYKI[MOHHBIX MATEPHUAJIOB C HM3KOHN CpPeJgHel IIJOTHOCTHIO
¥ BBLICOKOU IIPOYHOCTBIO.

OreuecTBeHHLI W 3apyOe:KHBLINM OIILIT, HANIPABJIEHHBIN Ha peIleHNe
aToM 3amauu, usBecteH ¢ 1999 roma. MupoBoit onwiT [2...9] mokasbIiBaer,
YTO BBICOKME 3HAUCHUA ITOKa3aTeJd YIeJIbHON IPOUYHOCTH 0eTOHA, KOTOPBIH
XapaKTepusyeT ero KOHCTPYKI[MOHHLIe KaueCTBa, JOCTUKUMBI TOJLKO IIPU
Pep = 1800 xr/m3. IIpu manpHeHIIEeM CHUKEHNY CPpeJHel IJIOTHOCTH 3TOT I10-
KasaTeJjb, BBIYNCJIEHHBIN 110 (hopMmy.ie:

Rle - RC)}C/pOTH (1)

(rme R__— mpenen mpoYyHOCTH Ipu caxatuu, MIla; p — oTHOCHTe/IbHAA
IIJIOTHOCTH) He mpeBsbItnaeT 30 Mlla.

OreuectBeHHbIl onmbIT [10, 11] peanuszoBaH B paspaboTke HaHOOETO-
HOB Ha aJJIOMOCUJIMKATHBIX MOJIBIX MUKPOc(epax ¢ AUCIEePCHOII apMaTypoit
B Buje 0a3ayJbTOBOUN (puOPHI, HAHOMOAU(PUIIMPOBAHHON YIJIEPOAHLIMU Ua-
cTUIlaMu (PYJIEPOUTHOTO TUIIA, KOTOPhIe allpoOMPOBaHBI IPU PEKOHCTPYK-
U MOCTOB uepe3d peku Bojira u Barka.

IIpu sTOM OoTpacau HeoOXOIMMBI BLICOKOIIPOUHBIE JIeTKHE OeTOHBI KOH-
CTPYKIIMOHHOI'O Ha3HAUCHUA C YAEJbHOMU IIPOoUHOCThIO 6oee 30 MIla.

3apy0esKHbIil 1 OTeUeCTBEHHBII OITBIT II0 Pa3spadoTKe BHICOKOIPOUYHBIX
JIETKUX 0ETOHOB IIOKA3bIBAET, UTO HAWJIYUIIINE Pe3yJIbTaThl B 9TOM HallpaB-
JIEHUU TIOJYYEHbBI IIPU MCIIOJb30BAHUYN HOBBLIX HAIIOJHUTEJEN — IMOJILIX M-
Kpocgep [12]. CoipbeBoil pHIHOK MUKpPOC(hep OPpUEeHTUPOBAaH B OCHOBHOM Ha
MMoJIMMepHbIe KOMIIO3UITMOHHbBIe MaTepuaJibl [13], HO B ITocieiHee BpeMs Bce
00JIbIIIe ATOT HAIOJHUTENb UCIOJb3yeTcsa HedpTerasomo0LIBaIOINeil U CTPO-
UTEJbHOI OTPACJb0. BBIIEIAIOT ABe TPYNIIIBI MUKPOCHep: aJIIOMOCUIUKAT-
HbIe (KepaMuUecKue) U CTeKJAHHbIe. X XUMUUYECKUH COCTaB OIIpeaesIAeTCs
collep:KaHNeM ChIPbEBbIX KOMIIOHEHTOB U CIIOCOOOM ITOJTYUeHU .

AnromocunkaTHbIe MUKpocdeps! foobiBaoT Ha TOC, roe 30J1a oT cro-
PaHUA yIJid yoaJlseTcs B BUIe BOAHON myJblibl. MUKpochepsl, UMes ILJI0T-
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HocTh MeHee 1000 Kr/m3, caMONpPOM3BOJILHO BCILJILIBAIOT HA IMOBEPXHOCTD
BOJHBIX 0acCceilHOB 30JI0IILJIAKOBBIX OTXOJ0B, MIOCJE Yero UX cOOMparoT, Cy-
mat u Kjaccupunupyior. O6beMbl ITPOM3BOICTBA TAKUX MUKpOc(dep orpa-
HUYUBAIOTCA TPOUBBOAUTEIbHOCTBIO U TEXHOJOTUUYECKUMU 0COOEHHOCTAMU
TOC. ABropamu [14] mpoBeznen ananus 30J TOC Poccuu, n3 KoToporo cieny-
eT, YTO CTA0UIBLHBIA 00beM MTOOBIUM aJTIOMOCUINKATHBIX MUKpPocdep B Ilen-
TpanbHO-EBpomneiickoMm u CeBepo-EBporelickoM permoHax COCTABJISIOT 18
u 15 TwIC. T/TOXA, COOTBETCTBEHHO.

Ilpyras yacTh CBIPHEBOT'O PHIHKA OPUEHTUPYETCS Ha IPOMBIILIEHHOM
ITPOM3BOICTBE CTEKJIAHHBIX MUKpPOCchep. BOIBIITMHCTBO IMOJBIX CTEeKJIAHHBIX
MUKpoc(ep MPOU3BOAUTCA IIyTeM HNPOITyCKAHUSA MEeJIKUX YaCTHUIl, COAepsKa-
X TOPO0OPa30BaTEb, UePE3 BLICOKOTEMIIEPATYPHYIO 30HY. HacTUIIBI 111~
BATCSA UJIU PadMArdaiTcsA B ropsdeil 30He, a razoo0pasoBareab ()OPMUPYET
IIOJIOCTh BHYTPH YaCTHUII, PACIIUpPASI ux. [Ipu oxnakaenun chepbl Ha BO3IY-
X€e ee CTeHKH yCIIeBAIOT 3aTBEPIETh 0 MOMEHTA YMEHbIIIeHUA BHYTPEHHETO
naBiaeHusa rasa [13]. HecmoTps Ha BbICOKUE (PUBUKO-MeXaHUUYECKUE CBOM-
CTBa U MHEPTHOCTh CTEKJISAHHBIE MUKPOC(HEepPhl UMEIOT CYIIleCTBeHHBIN Hel0-
CTaTOK, 00YCJIOBJIEHHBIN MX BBICOKOI cToMMOCTBIO (B 8—10 pas mo cpaBHe-
HUIO C aJITIOMOCUJIMKATHBIMU MUKPochepamu).

B ma6oparopusax HOILL «Hawmorexmomorum» MI'CY paspaboTaHbl co-
cTaBbl 9HEProa(pPeKTUBHBIX HAHOMOIM(MUIIMPOBAHHBIX BBICOKOIPOUYHBIX
JIeTKUX OEeTOHOB, COoJep:Kalllue BAKYIlee, MUHEPAJIbHYIO YaCTh, HAHOMO-
IU(UITTPOBAHHBIN HAIIOJHUTENb, ILJIaCTU(MUIINPYIONIYI0 JO00ABKY U BOXY.
B kauecTBe BAKYIIEr0 BEINIeCTBa HCHOJIB3yeTCA IOPTJIAHAIIEMEHT MapKU
II11500 10, coorBerctBytomuit 'OCT 30118-2003. HamonuuTesnem, ompe-
IEeJIAIOIUM CPEeIHIOI MJIOTHOCTh OETOHA, SABJIAIOTCA MOJIbie aJIOMOCUJIU-
KaTHbIe 1/UJIN CTeKJAHHbIe MUKpochepbl. MuHepasbHaa YacTh COCTOUT U3
KPEMHE3eMUCThIX 3all0JIHUTEel IMOJUANCIIEPCHOTO cOocTaBa, obeclieunBa-
IIuX o0pasoBaHUe IJIOTHOTO KapKaca 3a CUeT 3aIllOJIHEHUSA ITYCTOT MEXKIY
HamoJiHuTeaeM. JJIsi CHUMKEeHUS BOJOIIOTPEOHOCT U YBEJINUYEHUS TTOABUMK-
HOCTH CMECHU BBOJAT ILIACTU(GUITUPYIOIIYIO T00aBKYy Ha MOJUKapOOKCUIaT-
Ho# ocHOBe Meflux 1641F.

OueBUIHO, UTO BasKHEWIIUM (PAKTOPOM, OKA3BIBAIOIIIUM BJIMSHUE HA
IIPOYHOCTH JIETKUX O€TOHOB Ha IOJBIX MUKpOchepax, ABIAETCA IPOUYHOCTD
o0osiouku Mukpocdep. McecaeqoBanusa BIUAHUA BUIa U MapKu MUKpPochep
Ha yIeJbHYIO IPOYHOCTh BBICOKOIIPOUYHBLIX JIETKUX OETOHOB MOKAa3bIBAIOT,
YTO IIOJIbIe CTEeKJIAHHBIe MUKPOCc(hepPhl, aMOpP(HBIE 10 IPUPOE, UMEIOT 00-

http://nanobuild.ru/magazine/nb/Nanobuild_1_2013.pdf K copiepXaHuio



2013 - Tom 5 - N21/2013 - Vol.5 - no. 1 Nanobm

A.C. UHO3EMIEB, E.B. KOPOJIEB [Ipo4yHOCTb HAHOMOAUGHHYNPOBAHHBIX BbICOKOMPOYHbBIX IETrKNX 6ETOHOB

Jiee BBICOKUE IIOKAa3aTeJau yAeJbHON mpouHocTU (puc. 1). 9To 00bACHAETCA
0oJiee TPOUHON CTPYKTYPOM MaTepuaJja 000J0OUYKN MUKPOcHEP U MEHBIITUM
pasMepoM YaCTHIl, CPeaHUui pasMep KoTopeix — 30...85 MKM, uTO obecrieun-
BaeT (popMupoBanmue 0oJjiee IIJIOTHOYIIAKOBAHHOUN CTPYKTyphl. CocTaBbI Ha
AJIIOMOCUJINKATHBIX MHUKpochepax o00/agaloT IPHUeMJIEeMBbIM HOKasaTeseM
YIEeJIbHOM IPOUYHOCTH RW1 > 30 MIla, mosTOMy TEXHHUYECKU 1 DKOHOMUUYECKU
IIPUBJIeKATEJIbHBI IIOJIbIe ATIOMOCUINKAaTHBIE MUKPOC(HePHI.
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YpenbHas npodHocTb, MlMa

Puc. 1. BnusHue Bua MUKpocdep Ha yIeJbHYI0 IPOYHOCTH BHICOKOIMIPOYHBIX
aerkux 6eroHoB: IICMC — moabie crekasaaable MuKpochepsl; IITACMC — mosrsie
asroMocminKaTHbie MuKpochepsl; IISMC — mosbie 3010MUKpochephl

PaspaboTana MmeToanKa IPOEKTHUPOBAHNS COCTABOB HAHOMOIMU(PUIIIPO-
BAaHHBIX BBICOKOIIPOYHBIX JIETKMX OETOHOB C Pa3JMYHON MApPKOM IIO IIJIOT-
HOocTu. COOTHOIIIEHNE COCTAaBHBIX UACTell 0eTOHAa ompeleiisieTcs TpeOyeMbl-
MU (PU3UKO-MeXaHNUYECKUX MOKA3aTeJIIMU U3AEeJUA U IPOeKTUPYETCA IJIs
Ka)KJIOM MapKU II0 IIJIOTHOCTY MHANBULYAJIBHO.

OnpepensaomuM PAaKTOPOM AJIs (GPUINKO-MEeXaHNUYECKUX CBOMCTB 0eTo-
Ha SBJISIeTCS HAIIOJIHUTEJIb (IIoJible MuKpocdepsl). Ero comep:xaHue mo3Bo-
JIIeT PeryJupoBaTh ILIOTHOCTL O€TOHA M eT'0 IIPOYHOCTH IOCPEACTBOM pery-
JIMPOBaHUSA MJOTHOCTHU YIAKOBKM KapKaca uacTuil. IIpounocts 6eToHa mIpu
IPOYNX PABHBIX YCJIOBHAX 3aBUCHUT OT IIPOYHOCTH OOOJIOUKM MUKpPOchep
U IIeMEHTHO-MUHEePAJIbHON MATPUIIbl, 00BOJAKMBAIOIIE YACTHUIIbI HAIIOJI-
HuTeJsd. [ yBeJndeHUA IPOUYHOCTH O00JOUKM IOJIBIX MUKpPOcodep IIpes-
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JlaraeTcs WCIIOJb30BaTh KOMILJIEKCHBIN HaHOPA3MePHBIA MOAM(MUKATOP HaA
OCHOBe 30JIb TUJIPOKCH/IA Kejie3da U 30JIb KPeMHUEeBOM KucaoTel. [Ipuroros-
JIeHre Moau(UKaTOpa OCHOBBIBAETCSA Ha HOBOM CIIOcO0e CUHTEe3a 30JId KpeM-
HUEeBOU KUCJOTHI [15], KOTOPBINA 3aKJII0UAETCA B XUMUYECKOM CBSI3LIBAHUU
MMOJIOKUTEJIbHO 3apAKEeHHBIX MOHOB HATPUsS. BRIIBUHYTa TMIIOTE3a O TOM,
UYTO KOMILJIEKCHOE BO3JeiicTBHMe HaHoOMoOAu(UKaTOpa O0ECHIeUYMuT IIOBBIIIe-
HUe TUAPaTAIMOHHONM aKTUBHOCTH IIeMeHTa U, KaK CJIeJCTBUe, IIOBLIIIIEHIe
IIPOYHOCTH II€MEHTHOTO KaMHs. AITre3us IeMeHTHO-MUHepaJIbHON MaTpu-
IIbI K HAIIOJHUTEJI0 YBeJINUNBAETCA 3a CUeT 00pa30BaHUA Ha MMOBEPXHOCTHU
MuKpochep To0epMOPUTOIIO00HBIX r'uaApocuankaToB Kaabiiua Tuna CSH (1)
u ntoABJeHUdA npeacraBiaenHoit rerutom FeOOH [16] HoBOI (hasHl.

3aBUCUMOCTh (PU3UKO-MEXaHUUYECKUX CBOMCTB BBICOKOIIPOUYHBLIX JIeT-
KHX 0ETOHOB OT COAEpP:KaHUA aJIOMOCHUJIUKATHBIX MUKpocdep (puc. 2) 1mo-
Kas3bIBaeT, UTO BBeleHNe YKasaHHOTO HAIIOJHUTEJS CIIOCOOCTBYEeT 3aKOHO-
MEePHOMY CHUKEHUIO IIpeiesia IPOYHOCTH IIpu cxkaTtuu. OmHaKO IToKa3aTelb
TeXHUYECKOHN 3(h(PeKTUBHOCTH, XapaKTepPU3yeMblil yIelIbHON MPOYHOCTHIO,
M3MeHseTCs MeHee MHTeHCUBHO, UTO 00bACHAETCA KOHCTPYKTUBHBIM BJIMS-
HUeM KOMIIJIEKCHOTO HaHOpasMepHoTro Mmoaudukaropa. IlpuMeHeHe HAHO-
pPasMepHOTo MOAU(MPUKATOPA IIO3BOJIAET YBEJIUUYUTD IIPEAes IIPOUYHOCTD IIPHU
cokaTuu 6eToHa He MeHee 15% B 3aBUCHUMOCTH OT 00'beMHOI CTeIIeH! HaTO0JI-
HeHUuA MUKpocdep.

OueBUIHO, UTO BBeeHNE MUKPOC(hep IPUBOAUT K CTPYKTYPHBIM IPeoo-
pas3oBaHUAM B 6eTOHe. Pa3muuHbBIME HCCIEI0BATEIAMU IPEIJI0KEHBI CTPYK-
TypHBIe Kputepuu [17...19]:

=<, (2)
II
3,-3
\Ilp:£:1_ (PI" :1—H ’ (3)
Ao, 9,

_ 1439 1430 v, —Vv_
hom 3 AT 3 )
+e)  (1+9)  Va
rone C — cogep:kaHue BAXKyIero; Il — mopucTocTh Marepuajga; Ac —

YIPOYHEHNe IPY TEKYIEeM Y ; AG,— MaKCUMAaJIbHOE YIPOUHEHNEe KOMIIO3HUTa
npu y = 1; ¢ — Kospunment pasgenenus Gas; 3, Sp — 00'beMHBIE JJOJIU ILJIe-

: (4)
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O6bemMHoe copepxaHue Mukpocdep, %

Puc. 2. ®usuko-mexaHMYeCKHe CBOICTBA HAHOMOAU(PUITUPOBAHHBIX
BBICOKOIIPOYHBIX JIETKUX 0ETOHOB: a — 3aBUCHUMOCTb IIPeJeia IPOYHOCTH HPU CIKATUM
U CpeJHeH MJIOTHOCTH OT COepKaHmus MUKpocdep; 6 — 3aBUCUMOCTbD yAeJIbHOM
IIPOYHOCTH OT COLEPKAHUST MUKPochep

HOUYHOI 1 00'beMHOM (Da3bl MaTPUILbI, COOTBETCTBEHHO; 3p — 00'beMHasA 09
MaTPHUIBI B KOMIIO3UTE; V, , V. — 00beMHBIE J0JIM MATPUIILI ¥ IIOP B KOMITO3HU-
Te, COOTBETCTBEHHO.

3aBUCUMOCTD YAeJbHON IIPOYHOCTH BBICOKOIIPOUYHBIX JETKUX OETOHOB
OT KpuTtepues L, Y, u K,  TpencraBiieHbl HA puc. 3.
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50,0

R,, = 0,4265(- 19,215L + 252
R2=0,8187
O

45,0

&

Ry, = 93,321K, > 138,11K,,,, + 88,425

2=
40.0 R==0,5257

YAaenebHasa npoyHocTe, MMa

35,0

Ry= 107y,2- 7-10°, + 9,3-10°
RZ = 0,8473

L | -
18,0 19,0 20,0 21,0 22,0 23,0 240 25,0 26,0
. d 2 ] 3 :

" 0,45 0,50 0,55 0,60 0,65 0,70 0,75 0,80 0,85
P

0,2778 02780 002782 0,2784 02786 02788 0,2790 0,2792  0,2794

—— -0 -
e Khom Wo CTpyKTYpHBIA KoadhhuLmeHT

Puc. 3. 3aBUCHMMOCTS yI€JIbHOM IIPOYHOCTH BHICOKOIIPOYHBIX JIETKUX 0€TOHOB
OT CTPYKTYPHBIX Kpurepues L, Y, u K, .

Amnanus puc. 3 MOKa3bIBaeT, UTO HE3aBHCHUMO OT BHUIA CTPYKTYPHOTO
KpuTepus uM3MeHeHUe YAeJbHOU HPOYHOCTU OT COAep KaHus HaIlOJHUTEe-
JIsl IJis pa3paboTaHHBIX JeTKUX OeTOHOB MMeeT SKCTPEeMAaJIbHBIN XapaKkTep.
IT0 00BsACHAETCA caeaymnum oopasoM. Mukpoc@epbl, BBOZUMEIE B BBICO-
KOIIPOUHYIO IIEMEeHTHYI0 MaTPUILy, ABJSIOTCA €CTeCTBEHHBIMHU JTedeKTaMu
CTPYKTYpPbl. OUeBUIHO, UTO YBeJINUeHEe KOHIeHTpaInuu ne)eKToOB IIPUBO-
IUT K CHUKEHUIO IIPOUYHOCTU MaTepuaJia (puc. 2, a). B Teopuu nepxoaamumn
[19] paccmaTpuBalOTCs ABe IIOPOTOBbIe KOHIIEHTPAIIUU COAEP:KAHUA TUC-
mmepcHou (pasnl: I = 0,16 1 3 = 0,34. IIpu mocTHUKeHUU IIEPBOTO mopora
IEePKOIALUY 3, | GOPMUpPYeTCs KaPKAC U3 YACTUL HAIIOJIHUTEJLSA (MUKpoche-
pBI), KOTOPBII o0ecrieunBaeT HEIIPEePhIBHOCTDL AMCIIEPCHON (has3bl, a caemo-
BaTeJIbHO, N1e()eKTOB CTPYKTYPBI. ITO CIIOCOOCTBYET CHUIKEHUIO IPOYHOCTH
MaTepuaja Ha ~26% . JlambHelilllee yBeJMueHNEe KOJUUYECTBA MUKpPocdep
0 BTOPOrO IOPOra MePKOIANUY 3, | IPUBOAUT K (JOPMUPOBAHUIO KapKaca
C JOCTATOYHO IIJIOTHBIM PACIIOJIOMKEeHeM MUKpocdep (puc. 4), Ipu KOTOPOM
TPEIUHLI MHTEHCUBHO BETBATCS, UTO YBEJINUYUBAET dHepreTuYecKue 3aTpa-
Thl Ha PaspyllleHre W CHUKAET CKOPOCTh M3MEHEeHU: NpouHoctu dR/dC, .
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6)

Puc. 4. Mukpodororpadus cTpyKTypPbl HAHOMOTU(PDUITUPOBAHHBIX
BBICOKOIIPOYHBIX JIETKUX 0ETOHOB:
a — yBesqmmueHnue x100; 6 — yBesrmuenue x200

ITpm 5TOM CKOPOCTH CHUXKEHUA CPeqHel miaoTHocTu dp/dC,,  He n3MeHseT-
ca: p,, = f(C,,.) omuceIBaeTcA tuHelHOX yHKIMen (puc. 2, a). Kpome Toro,
OMm3Kas K uaealbHO# chepe opMa HAIOJHUTEJS CIIOCOOCTBYET BBICOKOM
TPEIUHOCTOMKOCTH OeToHa. PasBuTHe TPENIUH IIPOUCXOAUT MPU OOJIbIIe
HarpysKe 3a cueT PaBHOMEPHOI'O pacIlipeiesieHUs HaIpaKeHUui, TelCTBY-

G I
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IOMIUX HA YaCTUIILI IIPaBUJIbHON (hopMbI. [LOMOJTHUTEIBRHOE YCUJIUBAIOIIEE
BO3JelicTBMe Ha TpaHUIle HANOJHUTEJb/IeMEeHTHO-MUHEepPaJbHAsA YacTh,
MIPENATCTBYIOIEe PACIPOCTPAHEHUIO TPEINH, OKa3bIBaeT HAaHOPA3MEPHBIHN
mogupurarop. Takum ob6pasom, hopmMupoBanue CTPyKTypsl npu C, . > 3 .
IPUBOJUT K yBeaudeHuio R . Kpowme Toro, TBepmas o6os0uKka MUKPOcHEP
obecrieunBaeT 3aKPBITYIO IIOPUCTOCTD, COXPAHASA BBICOKIME 9KCILIyaTaIlluoH-
HbIe CBOMICTBa OeTOHA.

Muxpocgepsbl, uMesa HU3KYIO HACBIITHYIO IIJIOTHOCTh, B HUSKOBA3KUX BO-
MOHACBHIIIIEHHBIX CHUCTEeMaxX MOJHUMAIOTCA B BepXHUE CJIOU, UTO HeAOMYCTU-
mo. IIpumeHeHMe TOMMKApPOOKCUIATHBIX MIacTugukaropoB tumna Melflux,
00JIafa0MINX BBICOKUM BOAOPEAYIIMPYIOIUM M ILIACTU(DUIIUPYIOITUM (-
(heKTOM, ITO3BOJISIET IMOJYUYUTH CTAOUJIBbHYIO, PABHOMEPHYIO OETOHHYIO CMEeCh
yMepPeHHO¥ MOABUKHOCTY 6€3 pPaccJIOeHs He3aBUCUMO OT 00'beMHOI cTele-
HU HaAIOJIHEHUA MUKpocdep.

Ha ocHOBe TpoBejeHHBIX MCCJIEOBAHUM ITOJIyUYEHbI COCTaBbl HAHOMO/ M-
(punpoBaHHBIX BHICOKOIIPOUYHBIX JIETKNX 0€TOHOB C BLICOKUM ITOKa3aTejJeM
TeXHUUYECKOUN 5(pPeKTUBHOCTHU Ryﬂ > 30 MIla, uTo MO3BOJIAET CYIIECTBEHHO
pacIIupuTh 06J1aCcTh IPUMEeHEeHUA Jerkux 0eToHoB. Takue OeTOHBI IT03BOJIA-
10T 6oJtee ueM Ha 40% yMeEHBIINTL HATPY3KY HA KOHCTPYKIIMOHHBIE 3JIEMeH-
THI 3JAHUA, COXPAHUTH HECYITNE XapPaKTePUCTUKU U YIAYUIIUTD TEMI0(hU3U-
yecKue cBoiicTBa (cM. TabJ1.).

Tabauua
HexoTopsie cBoiicTBAa HAHOMOTU(DUITUPOBAHHOTO
BBICOKOIIPOYHOTO JIETKOTO 0eTOHA

HaumeHnoBaHue mokasaTeib 3HaueHue
Cpenusas IJIOTHOCTh, KI'/M? 1300...1500
IIpenen npounocTu npu cxxkatum, MIla 40,0...70,0
Y nenbHas npousnocTs, MIla 30,0...55,0
Bogonorsoimienue, % MeHee 2,5
Koapdunuent rentonposoguaoctu, Br/m K menee 0,60
Kosddumnuenr remneparypouaposoguoct, 107 m2/c meHee 5,00
Y nenbHas tertoeMmkocTs (ipu T = 25°C), vk /KK 0,80...1,15
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IJKoHOMUUYEeCKasa 000CHOBAHHOCTH BHEAPEHUS MpejsaraeMbiX OeTOHOB
TpebyeT KOMILJIEKCHOTO IIOAX0/Ia, YUNUTHIBAIOIIETO BCe CBOMCTBA U IPEUMY-
mectBa Mmatepuaja. B[20] chopMyaupoBaHbl SKOHOMUUECKE ITPEAIIOCBLIK T
IpUMeHeHNA HaHOMOAN(PUIIMPOBAHHBIX BBLICOKOIPOUYHLIX JIETKUX OETOHOB,
OCHOBAaHHBIE Ha YMEHBIIIEHUM OOINEero Beca KOHCTPYKIIMU 3TaHUA, S9KOHO-
MUY Ha TEIJIOU30JIAIMOHHBIX Pad0oTaxX 1 COKPAIeHNN MaTePUATIOeMKOCTH.

IlepcieKTHBHOCTDL MCHOJIB30BAHNS Pa3pabdOTaHHBIX BBICOKOIIPOUYHBIX
JIETKUX OETOHOB 00YCJIOBJIEHA ITOJOKUTEILHBIMY KaUeCTBAMHU U ITPeMYyIIe-
CTBaMH IO OTHOIIIEHHUIO K IIINPOKO IIPUMEHAEMBIM TAMKEJILIM 1 JIETKUM 0eTo-
HaM Ha IOPUCTHIX 3aIOJHUTEIAX.

YBaskaeMmble KoJLieru!
IIpu mcmorb30BaHUM MaTepHUaJia TAaHHOU CTATHhH IIPOCUM JIeJIaTh OMOJIuorpa-
(huuecKyIo CCHLIIIKY HA Heé:

Hnosemuyes A.C., Kopones E.B. IIpounocTh HaHOMOAU(DUIIUPOBAHHBIX BBICO-
KONPOYHLIX JIETKUX 0eTOoHOB // HaHOTEXHOJOTUH B CTPOUTENIBCTBE: HayuHbIiT VIH-
repuer-:KypHas. M.: ITHT «HanoCrpourenncTtBo». 2013, Tom 5, Ne 1. C. 24-38.
URL: http://nanobuild.ru/magazine/nb/Nanobuild 1 2013.pdf (zara o6patie-
HUA: ).

Dear colleagues!
The reference to this paper has the following citation format:

Inozemtcev A.S., Korolev E.V.Strength of nanomodified high-strength light-
weight concretes. Nanotechnologies in Construction: A Scientific Internet-Jour-
nal, Moscow, CNT «NanoStroitelstvo». 2013, Vol. 5, no. 1, pp. 24—38. Available
at: http://www.nanobuild.ru/magazine/nb/Nanobuild 1 2013.pdf (Accessed
). (In Russian).
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