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MHHOBALIMOHHASA TEXHOJIOTUA I'IOHMCTVIPOHBETOHA
C ONTUMAJIbHbIMU CBOUCTBAMM

B.A. PAXMAHOB, reHepanshbin avpektop OAO «BHUWxenesobeton», uneH-koppecnonaeHT PAACH, npogeccop

B cTaTbe paccMaTpuBaloTcs BOMPOCh] ONTUMM3aLMN OCHOBHBIX
PU3NKO-TEXHUYECKUX CBOICTB NONUCTUPONBETOHOR ~ NpUHLUM-
NWUanbHO HOBOTO KNACca Tennon3oNALMOHHO-KOHCTPYKUMOHHbIX
6eToHOB, OTBEYAIOLMX NOBbLILWEHHbIM TpeboBaHMAM 3Heprope-
cypcocbepexenus B 06nacTn crponTenscrsea.

MossiweHwe TpebosaHWi No IHepropecypcocbepexeHuio B CTpou-
TenbCTBE CTABWT B NPUOPUTETHOR NONoXeHue 0cobo nerknin NonucTv-
ponBetoH (MCB) nnotHocTeo 0T 150 A0 600 kr /M, npaurocTeio 0,2-3,5
Mna, mopo3socronkocTbio F25-F100 no MOCT P 51263-99, paspaboraH-
HbI BHUWxene3obetoHoM, 3aHMMaloLwmiA ocoboe mecTo kak Haubonee
3DPEKTUBHBIA TeNNOUIONALMOHHO - KOHCTPYKTUBHbBINA Matepuan.

OH He TpebyeT CyLecTBeHHbIX 3aTPaT Ha CO3/jaHue NPOU3BOACTBA,
a ero NpuMeHeHue, Npu obecneveHnn coBpemenHbIX TpeboBaHui no
TENNO3aALNTE, HE NPUBOANT K YTONLLEHWIO HAPYXHBIX CTEH 3AaHWI, KaK
3T0 UMEET MECTO NPW UCNOMb30BAHUM AHEUCTLIX DETOHOB, HTO CHXAET
PPEKTUBHOCTL MHBECTULIMOHHBIX 3aTPAT Ha CTPOMTENLCTBO.

B otnuume ot Bnuxanwero aHanora — adencroro betoHa — no-
nuctuponbetoH npeactagnser coboi NPUHLUMNUANEHO HOBLIM KNAcC
TENNOM3ONALMOHHO -KOHCTPYKLIMOHHBIX BeToHoB, obnapawowmnx
YHUKaNbHBIMW CBOWCTBAMK: NOBLIWEHHOW B cpeaHem B 2,5 pa3a
NPOYHOCTLIO Ha pacTaxeHue npu n3rube u Ha 10-15% NPOYHOCTLIO Ha
©Katne, NoHWxXeHHbIMK B 1,5 pasa sogonornowexuem, Ha 10-30%
TeNNONPOBOAHOCTLIO ¥ B 2,7 pa3a NaponpoHULaemMocTbio.

Moposoctonkocts MCE 3Ha4UTENLHO BbilE, YeM Y aBTOKNaBHbIX
A4encTbiXx GETOHOB, UCNBITEIBaEMbIX NO pernamenTupyemon MOCT
31359-2007 MArkOM METoAWKe C OTTanBaHWeM 3aMOPOXeHHbIX 06-
pasLoe Haf BOAOW, YTO NPUBOAKWT K MX NOCTENEHHOMY BbIChIXaHWIO,
YMEHbLUEHWIO AECTPYKUMOHHbIX MPOLECCOB W 33BbILUEHWIO NoKasare-
Nnei MOPO30CTOMKOCTM Ha 2-3 Mapku NPoTYB xecTkon metogukm FoCT
10060.1-95 ¢ otTauBaHmem obpa3uos B Boae. B yCrnoBuax OTCYTCTBUA
EAVHOWN METOAVKW UCMbITaHWIA Nerkux GeTOHOB ANs CONOCTaBNeHNs C
AYencTbiM BetoHom Mp3 nonmucTponbeToHa A0NXHA YMHOXATLCA Ha
NoBbIWAWKMA KO3PDUUMeHT K=2.

B nonucTponBGeToHHBIX KOHCTPYKUMAX NNOTHOCTLIO oT 250 kr/m?
MeTannuyeckan apmarypa g otnuyme ot suencroro GetoHa He Tpebyer
3aLWMTHBIX NOKPLITUIA. [laHHbIA MaTepyuan MMeeT BbICOKME nokasarteni
110 3BYKOM30NALMM M AONTOBEHHOCTH, Nerko obpabarteisaercs, Grocro-
eK, HE NOBPEeXAAETCA rPbi3yHamMM.

TennoTexHUYeCcKMiA NoTeHuMan nonuctuponbeTora, uarotasnu-
BAEMOro No TPAAWLUMOHHOW TEXHONOMMK, B HACTOALLEe BPeM: MMeeT
3HAYUTENbHbIE PE3EPBbI, CBA3aHHLIE C BOIMOXHOCTBIO TeXHONOMMHec-
KOro yNpasnéHua CBONCTBaMK MaTeprana, 0CHOBAHHOIO Ha pacyeTHoON
MOQENK 3aBUCUMOCTEI NPOYHOCTK, MNOTHOCTHA KU TENNONPOBOAHOCT
nonucrponBeToHa oT COCTaBa U Ka4ecTBa ero KOMNOHeHTOB.

B nanHom pabote Ha ocHoge pazpaboranHoin BHU M xenesobetoHom
[1, 2] pacuetHOM MOAENK NONMCTUPONDETOHA KaK ABYXKOMMNOHEHTHOM
MaTepuana CNUTHOW CTPYKTYPbI NpeanoxeHsl hopMynbl N8 onpeae-
nexua npodHocTy (1, 2) n nnotHocT matepurana (3):

Rocs = 0,24R, - (0_'001_;9'3:2@5.)1.(1-(,,)" )

LA

v
Rocs = 0.3R,- (UU/B-0,5) - (1- 22

)-(1-g)" (2)

Prcs = 1000 [@*prgr + (1- )*py] (3)

®opmyna (1) censbiBaer npouHocTs MNCE € ero NNOTHOCTLIO, Xapak-
TEPUCTUKIMW KOMMOHEHTOB 1 COAEPXaHWeM NeHONONNCTUPONLHOMD
BCNEHEeHHOro rpaHynupoeaxHoro 3anonuutena (MBr). Gopmyna (2)
onuceiBaeT npodHocTe MNCE kak hyHKUMIO NPOYHOCTN LEMEHTHON
MaTpuLbl cornacHo obuenpuHaton 3asucumoctt R = f (Ru, L/B) ¢
YHETOM CHUXEHWA NPOYHOCTHU MaTpULbl NMPY g8 NOPU3aunK, a Takxe
BNepBbie MCNOoNb3yembix KO3IMMOUUMEHTOB, OTPaXalwmx BnnaHne
KOHLUEeHTpauumn <¢> v ceoucrea <n> MBI

Mpeobpa3zya copmyny (1), MOXHO Nony4rTs yaobHoe ANs NPaKTVKK
ypasHerwe (4), noasonsiowee paccimtars nnotHoctb MCB ¢ rpebyemoin
MPOYHOCTLIO:

— Rncs

Pncs = 1000 [prgr + (1-p) m ] (4)

B hopmynax (1-4):

- Rice — NPO4HOCTL NonucTMponBetoHa npu cxatm, MMNa;

- Prics — NNOTHOCTL NONUCTUPONDETOHA B CYXOM COCTORHUW, K /M,

- Prgr = NNOTHOCTb BCMEHEHHbBIX rPaHyn NonucTMponsHoro bucepa
MBI, r/cm?;

- Puw — NNOTHOCTL MOPU3OBAHHOW LIEMEHTHOWM MaTPULLI B CyXOM
COCTOAHUM, T/CM?,

- p — 0bbemMHan koHueHTpauws MBI, onpegensemasn u3 creneHHon
3aBUCUMOCTH;

Rncs=Ru (1-4)", (5)

raeR,.=0,24 R, p% ..

8 Cy4ae Nopy30BaHHOM LIEMEHTHOM MaTpuLibl

N

«=0,3R, (L/B-0,5)(1- 700

2,

roe V,“* = obwem BoBneveHHoro so3ayxa, %;

p, ~ NNOTHOCTb LI@MEHTa, I/cM?;

R, — aKTMBHOCTb LEMEHTa, B BO3pacTe 28 CyT. unu nocne Tennosou
obpabarku, MNa;

- N~ KOMMNNEKCHbIA NOKa3aTenb, XapakTepu3yowmnin COBOKYNHOCTL
csoncTs MBI 1 ux BAnaHKe Ha npoYHocTs MNCB.

Bapbupyembie napamerpel B 31X opmynax:

- 0B BEMHAA KOHUEHTPaUMA @ -0,3-0,65

- NAOTHOCTL FPAHYA Prgr -0,02-0,06 r/cm3,

4TO COOTBETCTBYET HackINHOW NAOTHOCTH - 7-30 kr/m?

- /B -orl,2po3

- 06bem BOBNEHEHHOTO BO3/lyXa B LLIEMEHTHOW MaTpuLe V
-or 30 00 70%.

Tpebyeman nposHocTs NCB mapok D250 v ebiwwe (oTnyckHas unv B
NPOEKTHOM BO3pacTe), y41TbiBaeMas Npu pacyeTe CTeH 1 nepeMbidex
Tenno3deKTUBHbLIX 30aHNA, NPUHUMAETCS B 3aBMCMMOCTI OT Knacca
no npo4Hoctu MCB (B0,35-B2,5) n ero ogHopoaHoctk. CornacHo MOCT
P 51263-99 HOpMaTWUBHbIN NAaPTUOHHLI KO3 dMLMeHT Bapraumm (V)
NCE pasex 18%. OaHako, Kak Nokasan npou3BoACcTBeHHbIN ONbIT, NPU
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HaANEeXaLlen TEXHONOMMIM K KOHTPONE Ka4ecTsa 3HadveHune V, Moxer
coctaenats 10-12%. 310 B coorBeTCTBIAM C MeToaukon MOCT P 18105-90
NO3BONAET CHU3UTL Tpebyemyio NNOTHOCTL A0 25% u nony4uTs MCB ¢
3a1aHHOWN NPOYHOCTBIO.

Hanuuaure dopmyn NO3IBONAET PacCHUTaTh BNUAHME Pa3NUYHbIX
(haKTOpOB Ha NPOYHOCTL W NNOTHOCTL MCE. MNpu cHuxeHnn Boaoco-
AEPXaHUA CMECK, HaNPUMEP 33 CYET BBEAEHMA BOAOPENYLMPYIOLINX
A06aBOK UMW NOBLILIEHWA e XeCTKOCTU, NPo4HOCTL MCB NpakTuyeckn
HEe MEHABTCA, TaK KaK [N COXPaHeHWA OAMHAKOBOW NNOTHOCTU BeToHa
Heobxoanmo ysennynTb 06LEM BOBNEHEHHOMO BO3AYXA, YTO HUBENW-
pyet adpexT or noesiweHna LL/B. Kak cnenyert U3 aHanunsa opmynsl
(4) v kpuBbIX Ha prc. 1 1 2, B 3aBUcUMOCTK OT ceoncTs MNBIM Bo3mMoXx-
HO NONy4YeHWe COCTAaBOB HaWMEeHbLUeW NNOTHOCTA NPM Pa3NUYHbIX
3Ha4YeHuAxX ¢. Mcnons3oBaHue seicokokadecteseHHoro MBI (n=1,6) ¢
ontumansHon ¢=0,6 nozsonseT Ha 30-40% CHU3UTL NNOTHOCTL NO
cpasHenmnio ¢ NCB, npurotosnedHom Ha MBI HM3koro kavecrsa (n=2,8)
c Tem xe ¢=0,6.

Mpw oNTUMU3aALMK @ YMEHbLUAETCH pa3nuuue B nnotHocTk MNCB,
NPUroTOBNEHHbIX Ha MBI € HU3KMM K BBICOKMM Ka4ecTBOM. Npuyem 3ToT
ahexT Mano 3asncuT ot npo4HoCcTK MCB. ONTUMU3aLUWA BENUYUHDI @
naet bonbwui ahdext ana beToHos, NPUroToBNEeHHLIX Ha MBI HM3Koro
kavecrsa (n=2,5-3,0 — cHuxeHue pne Ha 20-25%). [ina NCB, npuro-
ToBNeHHoro Ha MBI Beicokoro kadectea (N=1,5-1,7), achdekT cHuxXeHUn
NNOTHOCTK coctasnset 5-10%.

Takum oBpasom, ana nonyqenms NMCE HaMMeHbLeR NNOTHOCTK
HeobXxoaMMO yCTaHaBNMBaTE ONTUMANbHBIE 3HA4YEHWUA @ C YHETOM
CBOWCTB npumeHaemoro MBI MNpwu 3tom Heobxogumo obecnevnts
Tpebyemyio ynoboyknaabiBaeMocTs, BO3AYXOYAEPXKUBAIOLWYO CNO-
coBHOCTL, HEpaCCNanBaeMOoCTb, COXPaHAEMOCTb U NepeKavnBaeMocTb
(na moHonuTHOro BETOHa) NPUrOTOBAREMBIX CMECei. YNNoTHeHHas
CMeCh [IONXH3 UMETb CNUTHYIO (Nopu3oBaHHyO) CTpyKTYpy. [lns 3T0r0
Heobxoaumo cobniofate HaANeXalWn PeXUM NPUIOTOBNEHUA CMe-
CW, NPaBMUNBLHO HA3HA4aTb NO3MPOBKY BOALI U BO3AYXOBOBNEKAIOWEN
nobasku.

MNpakTuyeckoe MCNONb30BaHWE BblBEAEHHbIX hopmyn Tpebyet
YBA3KM KOMMNEKCHOro NOKA3aTens N C KOHKPETHLIMK ONpeaenseMbiMim
1 KOHTPONUPYEMbIMU XapakTepuctukamm MBI (KpynHOCTL, NNOTHOCTL,
NPOYHOCTE M OAHOPOAHOCTL rPaHyn). Pe3ynbraTel 3KCNEPUMEHTOB
BbIABUNK ABHYIO TEHAEHUMIO K POCTY N NO Mepe yBennyeHus pasMepa
rpanyn MBI 1 CHUXEHWA MX NNOTHOCTK (NPOYHOCTH).

[ns coBoKyNHON oueHku xapakrepuctuk MBI Bein npeanoxex
napamerp m, paccynTbiBaeMbli No hopmyne:

m = 0,001 ﬁT (6)
roe: d, — cpeaHun pas-

-L ‘ — ‘7/4—] Mep rPaHyn, MM; Prg: = NAOT-

HOCTb rpaHyn, r/cm’,;

g B | K, = COBOKYNHbIN KO3th-
- —'If_‘ -

g. - N $ UUNEHT, y4UTBIBIIOLLWN W3-
_— =3 : MEHEHWEe NPOYHOCTI rpanyn,
i ol | . i OOHOPOAHOCTA UX NOPOBOW

- Sl CTPYKTYPSI, TEMNEpPaTypPHOTO
* pexuMa M KpaTHOCTH BCne-

Puc. 1. Pacuemnnie 3asucumocmu HUB3HUA U OXNAXACHWUA
MCI&y RAOMHOCMBIO U NPOHHOCMbIO
HICB npu sapsuposanuu noxazameis (K=2);
xawecmsa IIBI" (n) u ezo codepucanun K; = ko3dppuymenT,
8 noaucmupoatemone (¢): Y4MUTbIBAIOWMIA OQHOPOA-
1”'23_' fn'jf.ﬁ‘?j‘, 2'3_':;;:;'; 6 T"f’;f:‘ HOCTb rpaHyn no pamMepam
7,8 -n=28 (K;=1,1)
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Puc. 2. Bausnue noxazamean xavecmsa IBI' (n) na naomnocms [1CH
NPU PAITUNHOU O U NPOHHOCIIU ROTUCTUPOADEMmOna:
1-3 = RIICE=0,5 MIla; 4-6 — RIICE=2,0MIa; 1,4 - ¢ 0,3; 2,6 - ¢ 0,6;
3, 5 — onmumanvnoe ¢ das [1CH Oannoti npounocmu

ObpaboTka pe3ynsLTaTtos IKCNEPUMEHTOB NO3BONKUNA NOCTPOWUTL
06061WeHHYIO 3aBMCMMOCTE MeXay N W M, KOTOpas OnucbIBaeTca
popmynon:

n=15+17ym-0,03 (7)

Ha pwc. 3 nokasaHa ycpeaHeHHas 3aBUCUMOCTL MEXAY KOMMNEeKC-
HbIM NOK33aTenem n 1 NapamMeTpoM m

PacueTHbie hopmy- »

Nbl Y4UTBIBAIOT pe3ynb- 11—
TaThl UCNbITaHWA Bonee . P L 1
80 cocrasos MNCBb ma- A LTl 4"
pok D150-D550 ¢ npo- s 25 A 2]
yHocTeio 0,2-3,0 MMa, /% =
NPUrOTOBNEHHbLIX HA g '%
33 naptuax MBI, nony- /
YeHHbIX Ha 3asoge 3A0 s
«OHuKkoH-3CK» (puc. 4)
W pRAe NpeanpuaTuin e
Poccuun. B mucnbitaHmax
m

BapbMPOBaNNUCh HackIN-
Has nnotHocTe MBI (7-30
Kr/m?), NnoTHOCTL rpa-
Hyn (0,02-0,06 r/cm?)
CO CPEAHUM pasMepoM
2,5-10 MM C pROOBLIM
1 PPaKLUMOHUPOBAHHBIM 3EPHOBLIM COCTABOM. B ONbITax NpUMEHANN
LIeMEeHTbI Pa3finyHbIX 3aBOAOE C aKTMBHOCTLIO 30-50 MMMa

§ 83 2 03 0a 05 04 07 08 0OF

Puc. 3. 3asucumocmn mexcoy KoMRAEKCHBIM
noKazamenem n u napamMempom m,
OUENUBAIOUUM COBOKYnHOCMY ceoticms [IBI:
1 e ]H’-"Hf‘”"(l}i JasUCUMOCTTTD,

2 u 2a — npedeam xorebanuii

Puc. 4. @opmosounsiit yex zasoda 3A0 «[Onuxon-3CK»
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Tabauua 2. Ipexmusnocms pazaAuHbIY MEXHOAOZUMECKUX NPUEMOE

PacxoxaeHus mexay daktmieckuMmim 1 pac- BN S -

HETHbIMW 3HaA4YeHWUAMW NNOTHOCTU KU NPOYHOCTKA

NCEb Haxoaunuce B npepenax +12%, cpeaHee TheGyeman Koadhpument PacueTHbIn ko3appuLmeHT
3% MnoTHoCTL | TENNONPOBOAHOCTK B CyXOM | TennonpoBoaHocTy, Br/meC,
e Knacc |NPO4HOCT,| - cocTonHmm, BT /meC NPU YCIOBUAX 3KCNNyaTaLmm b
Takum obpaszom, nposegexHble uccneno- | NCbno | MMa, npu i /M; nce [ MMCE nCE | MIICE

BaHWA NO3BONUNW NPEANOXWUTb ANA NPakTukK |NPOYHOCTH Vo %

NP NNOTHOCTK npw NNOTHOCTA

cTatMcTu4eckin 0BoCHOBaHHLIE IMNUPUYECKKNe 18 | 12 |mun] cp. | Mun. | cp. |mun.| cp. | mun. | cp. | Mum. | cp.
pactieTHbIe OpMyNbl AfiA OnpeaeneHma nMoTHoc- go 35 10,52 0,41 175 | 245 | 0,060 | 0,074 [0,049[0,064 0,067 | 0,087 0,054 0,073
™ NCB ¢ Tpebyemoi NPO4HOCTBIO. B0,5 [0,75]0,58] 220|290 | 0,069 [0,083]0,060|0,071] 0,071 | 0,101 |0,067|0,084

Monb3ysck 3TUMK hopmynaMu, MoxHo Ge3 BO,75 | 1,12 0,88 250|350 | 0,075 |0,095|0,065/0,081|0,090| 0,120 | 0,075 0,098
NpoBefeHnn TPYAORMKUX 3KCNEPUMEHTOB yC- B1,0 1,55 | 1,17 | 295 | 395 | 0,084 | 0,104 (0,072]0,088| 0,102 | 0,129 |0,085] 0,105
TAaHOBUTH 3HAYEHUA MUHUMANBLHOM NNOTHOCTU B1,5 2,2511,76 | 360 | 450 | 0,102 | 0,120 |0,083] 0,103 | 0,122 | 0,145 | 0,101 | 0,123
NCB c Tpebyemor NPO4HOCTLIO Ha NpUMeHseMbIX [ B2 0 [3,00(2,34 | 415 [500| 0,113 | 0,137 [0,091| 0,115 | 0,133 | 0,186 [ 0,109 0,149
Matepuanax 1 OnTMManeHeIM COCTaB NONMCTH- B2,5 3,75(2,93 (450|620 0,125 | 0,149 (0,097| 0,124 | 0,145 | 0,205 | 0,115 | 0,163
ponbertoHa (3Ha4eHus @, Pacxom LEMEHTA). B3,5 |5,25/4,10] 510 0,132 - |eo7] - 0,169 i 0.129 =

OxoH4aTeNbHbBIA COCTAB NOMXEH YCTAHABW-  Moymevanms: 1. MIICE — MOQMOUUMPOBANHBIA MOMMCTMPONBETOH, MPUIOTABNNBAEMBIF Ha LIEMEHTHO-
BaThCA MO Pe3ynbTaTaM NPUIOTOBNEHWA CMECeil WNAKoBOM BAXyUeM uni UL cneunansHOro HasHaveHns ¢ BOAOPEAYLUNPYIOLINMM OBaBKaMA.

B NPOM3BOACTBEHHBIX YCNOBUAX C YTOHHEHWEM
PacxonoB BOAbI M BO3AyX0OBOBNEKaoLLen nobae-
KW [1NS NONYYEeHUs CMecH € TpebyeMbiMmn CBOWCTBAMW M HAWMEHBbLLEN
CTOMMOCTBIO.

B 1abn. 1 npuBefeHbl 3Ha4eHUA MUHUMANLHON nnotHocTv MCE npu
MCNONb30BaHnK MBI C pa3nuuHBIM XapaKTEPUCTUKAMM, 3 TAKKE ONTUMarb-
HBIE 3HAYEHMSA @ 1 PACXOAbI LLIEMEHTa NS NOMYHeHWA Takmx BeToHOoB.

[auubie Tabn. 1 cBMAETeNbCTBYIOT O TOM, 4TO npumexeHve MNCB
MWUHUMansHOW NAOTHOCTK C ONTUManbHbIM copepxanuem MBI Han-
BbICLUErD Ka4eCTBa No3BONAET B CPEAHEM CHM3WUTL NNOTHOCTL A0 40%
W pacxof uemenTa Ha 20-25%.

Pacxopn uemeHTa paccqmTbiBany no opmyne:

_ Pncs =9 Prar
1-1——“—“———“1'15 (8)

Ons nonyveHna NCB ¢ MUHUMaNLHOWM NNOTHOCTLIO CNeayeT uc-
nonb3o8atk MBI ¢ BO3MOXHO MEHbLLer BEeNMYMHOW Nokasartens n

= xenarensHo 1,5-1,7. Takow MBI MoxeT BbiTb NONYHEH NPY 3HAYEHWUAX
m, paexbix 0,03-0,05.

Tatumua 1. Munumansioie snavenus naomuocmu IHCE (8 cyxom cocmosnuu)
u pacxod yemenma npu npumenetuu IIBI' pazaumnozo xavecmea

Tpebyeman MnotHocTe NCB/pacxon uemeHTa, kr/m?
npo4Hocts MCh npu npumeHeHm MBI C n 1 3HaYeHnax @
yepes 28 cyToK, n=1,6; N=2,0; | n=24; | n=28;

MMa 9=0,5-0,69=0,3-0,6|9=0,3-0,4| ¢=0.3
0,5 205/160 | 235/190 | 250/210 | 250/210
0,75 245/194 | 285,235 | 300/255 | 315/270
1,0 265/210 | 325/270 | 335/285 | 360/305
S 335/270 | 395/330 | 415/355 | 435/370
2,0 385/315 | 450/380 | 485/415 | 495/425
2,5 425/350 | 500/420 | 535/455 | 560/480
3.5 485/405 | 590/500 | 630/540 | 660/570
5,0 595/500 | 700/605 - -

Npumeyvarme: INpy pacyetax aKTHBHOCTb UeMeHTa npuHaTa 45 Mia

Axanu3 dhopmyneil (6) nokaswbiBaer, 410 ANA 3TOrO HAA0 MCNONL30-
Bate Menkui MBI (dppakumn 1,25-5 mm) ¢ nnotHocTeO rpanyn 0,02-
0,06 r/cm?, OTAMHAIOWMXCA NOBLILLEHHOW NPOYMHOCTLIO (BenuMHa K,
He MeHee 2). HacbinHaa nnoTHOCTL Takoro MBI Byaer HaxoauTheA B
npepenax 11-25 kr/m?® (ans NCB D350-D600) v 8-10 kr/m? (ana NCB
D150-D300), a ero pacxog Ha 1 m? MCB — 0,9-1,1 M3,

B 1abn. 2 noka3zaHbl 3hHEKTUBHOCTL Pa3NUYHBIX TEXHONOTUHECKMX
NPUEMOB CHUXEHWA Ko3hduumeHToB TennonposogHoctu MNCB (8 cy-

2. MuunmansHan nnotHocTs [1CE paccymteiBanack no gopmyne (3) npu R, onpeaeneqHHom
no FOCT 18105 npm V,=12%, $=0,5-0,6, n=1,6. Cpeanns nnotrocte — npu $=0,3-0,4, n=2,8

XOM COCTOSIHWUM 1 NPK YCNOBUAX IKCNNyaTauumn b), Bknioyas noseiwe-
HWE OAHOPOAHOCTM NPOW3BOACTBA NONUCTUPONBETOHHLIX M3aenui
B 33BOJICKUX YCNOBUAX C yMEHbLUEHMeM KO3 duuMeHTa BapuaLum
no npo4Hoctn ¢ V,=18% no V,=12%, 1 BbINyCK ONbITHbIX NapTyi
MoauduumposanHoro nonucrnponbetorda (MMNCE) ¢ npumeHeHem
wnakonoptnasauementa (LLMLL).

Kak cnenyet u3 fanHeix Tabn. 2, npuemsl, CHUXaIoLWWe NNOTHOCTL
NCB, — ontumu3sauma coctasa w ceoncte MBI (n) 1 nosbiweHue ero
OAHOPOAHOCTK ~ MO3BONAKT YMEHbLUWTE KO3 ULMEHT Tennonpo-
BOAHOCTW B CYyXOM COCTOAHWM Ha 15-25%, a pacHeTHbIn Ko3hduumeHT
TennonpoBoaHocTK — Ha 20-30%.

Mogudukaumsa NCE cHuxaeT ko3hPUUMEHT TeNnNonpoBOAHOCTA
Ha 13-20% ans BetoHa MUHUMANBLHOWM NNOTHOCTK U Ha 14-17% ana
MNCB co cpeaHen NNOTHOCTLIO. Pac4eTHLIN KO3POULMEHT yMeHbLUa-
erca Ha 16-20% pns MNCB co cpegHer NnoTHOCTEIO U Ha 30-45% ans
MMCBE MUHUMaNbLHOW NNOTHOCTK NO cpasHeHMio ¢ MNMCB co cpeaHen
NNOTHOCTBIO.

Bo Bcex cnyyanx KOHeYHbIe NokKasaTeny HacbinHow nnotHocTw MBI
M SKOHOMMK LIEMEHTA AOMXKHBI BbiTh YBA3AHbI C 3KOHOMUKOMN NoNyya-
emoro MNcb.

Yyuteigan, 4to ueHa 1 m? MBI 3as8mcuTt ot crtoumoctv Bucepxoro
CTMpona NPy cnonb3osaHnK B NCB MUHKMManNLHOM NnoTHocTk MBI ¢
NOBBILLEHHOW NAOTHOCTLID, CTOMMOCTb ChipbA Ha 1 M* CB, HecmoTpA
Ha CHWUXEHWE Pacxoa UEMEHTa, MOXET NOBLICUTBCS.

OnHaKo NP TEXHUKO - 3KOHOMUWHECKOW OLEHKe CTPOMTENbHbBIX MaTe-
PUanos AnA HaPY>XHbIX OrPaxXAaloWmnx KOHCTPYKLWIA pacyeTbl cneayet
BLINONHATL He Ha 1 M¥ MaTepuana, a Ha 1 M? KOHCTPYKLWIA NpU ux Tpe-
Byemom ypoBHe Tennosawmrsl. NMpw nogobHom noaxoae Heobxoaumo
YYUTBIBaTL CHWXEeHHOe [0 20% 3HavyeHue pacHeTHoro Koadduunerta
TennonpoBoAHOCT NCE MUHUMAaNLHON NNOTHOCTK. B pe3ynsTaTe ToMWm-
Ha OAHOCNIONHON BNOYHON NOAMCTUPONDETOHHOW KNaAKM ANA HapyXHbIX
CTeH [laXe B YCNOBWAX MOBbILLEHHbIX TpeBoBaHWIA K CONPOTUBNEHMIO
Tennonepenaye ao R.=3,5 m*C/Bt (ana LieHTpansHOro permoxa Poccum
81,4-1,8 pasza) MmoxeT BbiTb yMeHbLueHa Ha 10-15%. Mpu pacyeTe Ha 1m?
CTeHbI 3T0 0BCTOATENLCTBO CHUXAET PACX0M MaTepUanos, SNeKTpo3Hep-
N W [GET 3HAYUTENBHYIO IKOHOMWIO Npu npou3soacree MNCB nsgenmin
W CTPOMTENLCTBE IHEProaMMeKTUBHBLIX 30aHUIA.

OnaHUM K13 NPENMYLLIECTB TaKOro NOAX0AA ABNAETCA BOIMOXHOCTL
WCNONbL30BaHWA ANA OrPaXAI0LLMX KOHCTPYKUMIA NCB cpeaHen 1 no-
BbllweHHOW nnotHocTy (D400-D450) Hapsay € yBeNnMYeHeM pa3Mepos
CTeHoBbIX BNoKoB.
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O6obwerHne 3kCNepUMeHTanbHbIX
NaHHbIX B YCNOBMUAX 3aBOACKOro NPOM3-
BOACTBA NOKa3ano, 4To sogonotpebHocTb
NONUCTUPONBETOHHBIX CMECen NOBLILABTCA
¢ poctom nnotHocT NCB 1 pacxonom ue-
MenTa. [na NMNCB D150 sogonotpebHoCTh
cocrasnaetr 90-100 n/m?, ana NCB D600

170-180 n/m* (Mapkm cmecu no yaobo-
yknaasisaemoctu M,-M,). Ana nonyyeHus
CMeCcH nosblweHHon yaoboyknaasisae
MoCTH (Mapku My-T) gonxHb NPUMEHATh
nnacTupukaTopbl, CHUXaKUWMe pacxon
BOAbI, HO HE BAWAIOWMWME HA NPOYHOCTL
Betona. LI/B uemeHTHOro Tecta no mepe
yBenuyenua nnotHoct MNCE nosbiwaerca
c1,0-1,3 (D150) go 2,7-3,0 (D600). O6b
eM BOBMeYeHHOro so3flyxa 8 beroHHon
cMecH, HeobxoauMbln ANA NONy4YeHUR
CNUTHOW CTPYKTYPbI, C NOBbILWEHWEM
NNOTHOCTKH ymeHblwaetcsa ¢ 30-35% no 15
20%. Ymenblwenue ¢ ¢ 0,6 pno 0,3 Tpebyer yBenn4eHUa CTeneHu
nopu3auuu v A03MPOBKK BO3AyxoBoBnekawwen nobasku. OgHako
NpY UHTEHCUMBHOM PeXuMe nepeMellmBaHua 370 yBenn4yeHue He
npesbiwaer 10-20% v He3HaYUTENbHO 3aMeNAeT CXBaTbiBaeMOoCTb
cMecn

CywectBeHHOe BNUAHWE Ha NepeMelLnBaHne U NOPU3aLmio CMecu
oKkasbiBaeT snaxHocrs MBI C nosbiweHnem BnaxHocru Ao 20-30%
HacsiNHaa nnotHoCTL Bl ysenuymeaerca Ha 10-15%. MNpwu obbvem
HOM A03UPOBAHKUK 3TO NPUBOANT K YMEHbLUEHWIO (PaKTUYeCcKoro
COAEPXKAHWA 3aNONHUTENA, BbI3LIBAA NPU HEM3MEHHOW A03UPOBKe
BO3AyXOBOBNekawoLien obasky ymeHbLueHWe 0bbema BOBNEYeHHO
BO3/1yXa W NoBbiWeHWe NnoTHoCTK BetoHa. Ana npurotoBnenns MCH ¢
BLICOKOW OHOPOAHOCTLIO CneayeT ucnons3oeats MBI ¢ noctoaHHOM
BnaxHocTbio 10-12%.

AHanus npuMeefeHHbIX Bbilwe GopMyn U HAaKONNEHHOMO OnbITa
33BOACKOTO NPOM3BOACTBA NONUCTUPONDETOHHBIX OrpaxaanLmnx
KOHCTPYKLWIA 1 3aenui Ha 3asone 3A0 «lOHukoH-3CK» 1 Maccosoro
CTPOMTENLCTBA C UX NPUMEHEHWEM B MOCKOBCKOM pervoHe Tennoad
(HEKTUBHBIX XUNbIX U 0DWECTBEHHBIX 3AaHWA NO3BONAET PEKOMEH-
N0BaTh CNEeAyowmMe OCHOBHLIE TEXHONOMMYECKME MEPONPUATUA ANS
YNYHLIEHWA CBOWCTB 1 ONTUMM3aUMK COCTaBOB nonucTmponbetoHoB

- nonyyenue MNCB ¢ ynyyweHHsiMKu cBonCTBaMu Tpebyer opraHum-
3aUMK CNELMANM3INPOBAHHOID NPOM3BOACTBA NEHONONUCTUPONLHOMD
3anoNHUTENA BLICOKOro kavecrsa (nokasarens n — 1,5-1,7) 13 nog
FOTOBAEHHOMO CbiPbA — (hPakUMOHMPOBAHHOIO BucepHoro crupona,
obecneYmBalowero NPy ONTUManNbHbIX PEXUMaxX BCNeHMBaHWA K OX
NaxeHnna nonyseHne Menkoro 3anonHutens (dpakuuin 1,25-5 Mm) ¢
nnotHocTbio rpanyn 0,02-0,06 r/cm?, BnaxHocTbio 10-12%, HacbiNHOM
nnotHocTLIO 8-10 kr/m? ana NCBE D150-D300 n 11-25 kr/m? ana NCb
D350-D600. KoHcTpykuua ycTaHOBOK (purc. 5) nonxHa obecneymnsats
MUHUMANbHBLIA PACXOA TeNNa, NOTepy CbipbA U HeOBXoANMYIO SKONO-
ru4eckyo beonacHoCTs;

- npurotosneHue MNCE gonXHO OCYWEeCTBAATLCA C Nopuy3auven
BO3YX0BOBNEKAOWMMK noDaBkaMK. 33 C4eT NOCTOAHCTBA NNOTHOC-
TW, 3ePHOBOrO COCTaBa u BnaxHoctu MBI NnpuMeHeHus 0BBLEMHbIX
no3atopos (ToyHoCTe £2%), perynsipHoro KOHTPoONs NNOTHOCTU
NPUroTOBNEHHOW CMECK (OTKNOHEeHWe OT 3afaHHon £3% ) U TOHHOCTW
no3uposaHua aobasok, Boasl v LemenTa MNCH AonxeH UMeTb BbICOKYIO
OAHOPOAHOCTL NO NAOTHOCTY M NPOYHOCTA. MNaPTHOHHBIN KOIPPULIMEHT
BapuWaLMK NO NPOYHOCTH He [oMXeH npesbiwats 12%. 210 no3sonser

Puc. 5. Yemanoexa das npouzeodcmaea
REHONOAUCMUPOILHOZ0 3ANOTHUMENR

npu npurotosnexdn NCb mapok D250 v Bbiwe CHA
3uTb Tpebyemyio NNoTHOCTL A0 25% c obecnedeHnem
3a/laHHOWM NPOYHOCTM MaTepuana,

- ANA AONONHUTENbHONO YMEHbLEeHUA KO-
thrumrenTa TennonposogHoctu MNCE ¢ NoHMXeHHOM
NAOTHOCTLIO PEKOMEHAYETCA TeXHONOrMA MOAMW-
huumposanHoro nonuctuponbetoHa (MMCBE) ¢
MCNONb30BAHMEM B KAYECTBE BAXYLUErO WNakonop
TnasauemenTa (LUML) cneymansHOWM NOCTaBKK C
rapaHTuposanHon mapkon 400-500 1 NOHWXEHHON
Ha 30-40% 1ennonpoBOAHOCTLIO C COAepPXaHUem
mMonoToro rpadwnaka 30-50%, a npy npurotoBneHum
CMECHM — BBEAEHWEM BOAOPEeAyUMpYOLLMX A00aBOK
1-2 rpynn 3 dekTmeHOCTU. TennonpoBoAHOCTL MO-
XKET NPU 3TOM CHU3UTLCA AononHuTensHo Ao 15%,
a B UENOM C Y4ETOM NOHWXEHHON NNOTHOCTK — 10
20-25%. [1na peanu3sauun 310oro adexra Heob-
XOAWMMO OpraHu3oBate Ha ocHose LUIMLL maccosoe
NPOMBbILLNEHHOE NPOU3BOACTBO «TENNOro» UEeMeHTa

Puc. 6. Omxanutposanivie noaucmupoabemonnsiii cmenosou baox
U nepeMbuiiKu
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C rapPaHTUPOBAHHOW NOHWXEHHOW TENNONPOBOAHOCTLIO U CTabunNbHON
akTMBHOCTLIO (40 MIMa v bonee);

Hanu4me NonyYeHHbIX pacHeTHbIX GopMyn NO3BONRET Ha CTafuM
NPOEKTUPOBAHMA HAMEYAEMbIX K CTRPOUTENLCTBY 303aHUK M OpraHM3aumm
npown3BoAcTBeHHOW Ba3sl BLINONHKUTE B pamkax T30 ontuMuiaumio

NPOMHOCTYA,

COCTasosB IC M MX paC4eTHbIX NoKad3iatenen (NNOTHOC T,
TennonpoBOAHOCTX), HeoDXoOAMMBIX ANA YCTAHOBNEeHUA TONWMWHBI
HaPYXHbIX OrpaxAai0WnX KOHCTPYKUWK, NpeanonaraeMyilo CTOMMOCTE

MNCBE v KOHCTPYKUMK, TEXHUKO - IKOHOMUYECKYI0 3P DeKTUBHOCTL Hame
4aemMoro cTporTensCrea

B 3aknooyeHne HeobxoamMMo OTMeTUTh, YTO cneyunanucramm
BHWWUxene3zoberona noa pykosoacTsom astopa pa3paborana
KOMNNEeKCHaA MHHOBALUMOHHAA TeXHONOrMa nonuctuponbetoHos,
OCHOBAHHAA Ha

MCNONL30BaAHWA NONYYeHHbLIX CTaTUCTUYeCKM ODOCHOBdAHHbBIX dHd

NATHUYECKUX 3aBucMMOocCcTen Ang pacy4eta MMHMMansHOM NNOTHOCTK K
TennonpoBoaAHOCTA NPKX ONTUMAITbHOW NPOYMHOCTU NONUCTUPONDETOHA
C Y4ETOM HOBbIX KOMNNEKCHLIX NapameTpos MBI, ocHOBaHHbIX Ha ONbITe

yabotsl 3A0 « K OHukoH-3CK» 1 apyrnx npownssoncte Poccum
f Apy f A s

oTpaboTtaHHON B NPOU3BOACTBEHHbIX YCNnoBUAX 3A0 «lOHWKOH
3CK» TeXxHONOrm H(]le‘il‘!iﬂﬂ NoBbLILWEHHOW OAHOPOAHOCT NPOAYKLIMA
L P b) € poBeaeHremM NapTMoOHHOIO c:)'n}'s-l_n‘u,'.ﬂ-wﬂ.i no NPOYHOCTK
beroHa no V,=12%;

TEXHONOIMK NPOU3BOACTBA MOANPUUMPOBAHHBIX DETOHOB (
MCNONb30BaAHWEM uementos (LLIMLL),

«Tennbix» OTpabOTAHHOW Ha

ONbITHOM Da3e NHCTKUTYTA. 3aBOACKOe NPOU3BOACTBO U3Aenn NO AaH

| lexwepanbHomy gupextopy OAO «BHUMxene3o6eTon»
B.A. PaxmaHoBy

OT UMeHn peaakuUMoHHOro coBeta XypHana «CrpoutensHbie
marepuansi, obopynosanue, TextHonorun XXI seka» npumute
HalW ceppeyHble NO3ApaBNeHus CO 3HamMeHaTeNnbHON AaTon —
70-neTuem co AHA poxaeHus!

Kak KpynHbIi y4eHbii 1 OpraHu3aTop B 06NacTv CTROMTENbHbIX MaTep-
anos Bl BHOCWTE BaXHbIN BKNAA B pa3BuUTVUe 3TON aTpacni. Bosrnasnaemoii
Bamu uucruTyt «BHUWxene3obeToH», ABNAACH BEAYLLIEW OPraHn3aLmen B
chepe CTPOUTENbHBIX MaTepPUanos, B 4acTHoCTH B obnacty BetoHa v xene-
300€T0Ha, BHOCUT 3HaYMTENbHbIV BKNAM B Pa3BUTME 3TON OTPacIK, co3paer
J WHHOBALIMOHHbIE MaTeprarnbl U KOHCTPYKLIMK [INA LWMPOKOTO NPUMEHeHUA
8 cTpouTenscree B Mockee n Apyrux permoHax CTpaHbl.

BuinonHerHas nof Bawmm pykosoacteom pabora MHCTUTYTa no co3aa-
| HWIO HOBbIX M3TEPUANOB M KOHCTPYKLIMIA Ha OCHOBE KOMNO3WLIMOHHBIX NO-

AUCTMPONBETOHOB, NO OPraHU3aLKM X NPOU3BO/ACTBA HA OTEHECTBEHHOM
! UMNOpPTO3aMeLLaouemM 0BopPYAOBaHMN N BHEAPEHMIO 3TUX MATePUanos B
| MaccoBoe CTPOMTENbLCTBO A NOBbILLEHWA IHeProaheKTMBHOCTH 3AaHUIA
|
|
|

yaoctoeHa Mpemuun npasutenscrsa Poccunckon Mepepauun 8 obnactm
Hayku 1 TexHuku 3a 2009 rog.

3a KpynHbie NU4HbIE ROCTUXEHUA B cdepe cTpouTenscTBa Bol oT-
MEeYeHbl roCyAapCTBeHHBIMU Harpagiamu, HarpafaMu npasuTensersa
MockBbl M 0BLECTBEHHbIX OpraHM3aumnia, ABNRETECH NPOHECCopPomM,
4YneHoM-koppecnoHaeHToM PAACH, noyeTHbIM AesaTenem Hayku u Tex-
| Huku r. Mockebl.

Ot ayww nosppaensem Bac, ysaxaemsit Buktop Anekceesuy,
obuneem, xenaem 30POBLA, CEMEMHOM CHACTLA U AANBHENLIMX TBOP-
HeckMx yCrnexos.

PepakuynoHHbIN COBET XypHana
«CTpouTensHbie Marepuansi,
obopynosanune, TexHonorin XX seka»

HOW TexHonornn byaer oCyuwecTBNeHo NP NPOMbILLNEHHOM BbiNycke
«TeNNOro» uemMeHTa,
MOLEPHU3MPOBAHHOW TeXHONOrMKM npouseoacrea 3A0 «lOHM

3CK», MCnonb3ylouwlero HoBoe cMecuTensHoe, PoOpMOBOYHOE,

kanwbposo4Hoe obopynosaHue u Mogundgmukatopsl csoncts MNCb
obecne4mBaloWwme BO3MOXHOCTA KOMNbIOTEPHbLIX TEXHONOMK ANA NpyY
orosnexdua NCh ¢ 3anaHHbIMKA CBOWMCTBAMM C y4eToM nokasatenen MBI
WM aBTOMATN3MpOBaHHOIO NPOM3BOACTEA NO pe3aTteNbHOW TEXHONOIMK (
PaCHETHOW TONLMHOW OrpaxaaiowmMx KOHCTPYKUWKA 3HeproaddexTns
HbIX 3laH, onpenensemMoun B 3aBNCMMOCTA OT PanOHa CTPOoUTeNnbLCTBa,
TKUNa 30aHKUA 1 HOPMATHBHbLIX TPEDOBAHWMK NO TeNNO3almTe

[Mpw 3TKUX YCNOBUAX PEanM3yInTCA 3HAYUTENbHbIE TEXHOMOrMYecKkne
pe3epBbl NONKC II.-![,}(\:"")HT{:HJ, MCNONb3yemMoro AnA orpaxaarwmnx
KOHCTRYKUMIK 3Hepro3@dexTuBHbIX 3aHn cuctembl «OHMKOH», KO
TOpbLIe NO NPaBy 3aHUMAIOT NMOAVPYIOLLLEeS MeCTO Cpeauv CTPOUTeNbHLIX

Mmatepuanos B Poccun
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