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KomnuiexcHasi 106aBKa [i/isi yCKOPEeHHSI TBepAEHHUsI H NMOBBbIMIEHHS MPOYHOCTH
0eToHa

N3o6perenne oTHOCUTCS K 0OJIaCTH CTPOUTENHCTBA, & HMEHHO K COCTaBy KOM-
TUIEKCHOMU 106aBKM Ju1sl O6eTOHA, U MOXKET MIPUMEHATHCSA MIPU MPOU3BOACTBE OETOHHBIX
M JKeJe300€TOHHBIX U3JeNHil U KOHCTPYKIUIA U B MOHOJIMTHOM CTPOHUTENBCTBE C €ro
IpUMEHEHUEM

M3BecTHa xuMudeckas nob6aBKa JUis YCKOpEHHUS TBepleHHs uLemeHta [1], ycko-
pstoilas TBEpAECHUE IIEMEHTa B COCTaBe OETOHOB U CTPOUTENBHBIX PacTBOPOB, BKJIFO-
qaromas, Mac. %o: cynbdat HaTpus — 60 — 80 u cynbdar amomunus — 20 — 40.

JlanHas nobaBka He obecrneynBaeT NOCTATOYHOM NMPOYHOCTH B IMO3JHHE CPOKH
TBEPACHHA. ‘

M3pecTHa KOMIUIEKCHas fo0GaBka i OETOHHBIX M PacTBOPHBIX cMecel [2],
BKJIIOYAIOI[asl TOHKOMOJIOTHI MUHEPaJIbHBIN KOMIIOHEHT (MHKPOKPEMHE3eM) U Ji0-
6aBku — C-3 ¥ HUTPHUT HATpPUA, NPU CIAEAYIOIMIEM COOTHOIIEHHH KOMIIOHEHTOB,
Mac. %: mukpokpemseseM — 10 — 21, C-3 — 14 -32, autput Hatpus — 47 — 75.

JlanHas nobGaBka He o0ecreurBaeT NOCTATOYHOH -IIPOYHOCTH B paHHHE CPOKH
TBEPHCHHUS.

U3BecTHa ruOpunHas opraHoMuHepajbHas nobaBka [3], comepxkaras B Kaue-
CTBE€ MUHEPAJIbHOM COCTaBIIAIONIEH CMECh, COCTOALIYI0 M3 MeTaKaoJiHa, Tperesa H
30JIBI-yHOCA, @ B Ka4eCTBE XMMHUYECKOH [00aBKH - THIIEPILIACTH(HUKATOP Ha TTOJIH-
kapbokcunatHoii ocHoBe CII-1, mpu crexyiomeM COOTHOLIEHHH KOMIIOHEHTOB,
Mmac. %: metakaonud — 19 - 20, Tpenen — 6 — 9,5, 3oma-ynoc — 70 — 73, CIl-1 — 1 —
1,5.

HenocratkoM yxazanHOW H00aBKH sBNsieTcs: ee Beicokas go3upoBka (30...40%
OT MacChl IEMEHTA), YTO Be/eT K yIOPOXXKaHHIO IPOIAYKTa.

Haubonee GIM3KUM IO COCTaBY M JOCTHTAEMOMY PE3YIbTAaTy ABJIAETCS KOM-
meKCcHbI Moauukarop GeroHa [4], BKIrOYarommi, Mac. %: MHKPOKPEMHE3eM —
77,2 — 94,0, cmech cyneprnactidukaropa C-3 u HUTpUT Hatpus — 4,7 — 15,7, Boma —
OCTaJIBHOE.

HenocratkoM 3ol 106aBKH sBiISeTCS U HEOOXOAUMOCTE CYIIKH C LIENBIO yaa-
JICHUS BIATH IS TIOJIy9eHHsS TOTOBOrO MPOAYKTa, a TaKXKe ee BBICOKas JO3MPOBKA,
coctasistomas (10 — 15) % ot maccel ieMeHTa, 9YTO YCIOXXHSET IPOLEeCcC MPUTOTOB-
neHus: 6eToHa ¢ y4eToM HEeOOXOAMMOCTH AO3MPOBaHHUSA OONBIIOrO KOJHUYECTBA IO-
0aBKM U BBEJEHHUS €€ B OETOH OTHENBHO OT APYTHX KOMIIOHEHTOB.

3anadeil HacTOALLErO U300PETEHHUS SIBJISIETCS YCKOpEeHHEe Habopa MpOYHOCTH Oe-
TOHA Ha PaHHEW CTaJuH TBEPICHHUs U 0OECIIEUYEHHE €r0 BEICOKOM KOHEYHOM MPOYHO-




CTH TIPH MEHBIIEM KOJHMYECTBE BBOJAMUMOI HOOaBKH, OHOBPEMEHHOM YIPOILECHHUH
IpolLiecca NPUroToBJIeHHUs O€TOHA 3a cUeT BBeIeHUs 100aBKH OJHOBPEMEHHO C BOIOH
3aTBOpPEHUSI.

JUis pelieHus MOCTABJIICHHOH 3aJjaud B KOMIUIEKCHYIO OOaBKY ISl YCKOpPEHHS
TBEepZeHUs OeTOHA, BKIIOYAIONIYIO CYNEpIUIaCTU(PUKATOP JOMOJIHHTEILHO BBEIEHBI
ynbTpagucnepcHeiii MukpoxpeMHeseM (YIMK), cynsdar Hatpus u cynbdaT aio-
MHHUS, TIPU CIEAYIOIEM COOTHOIIEHHH KOMIIOHEHTOB, Mac.%:

yIbTpagUuCIIEpCHBIA MUKpOKpeMHe3eM  40-60

cylepIuiacTuuKkaTop 20-30
cynabdar HaTpus 15-20
cynb¢ar alTfOMHHHIA 5-10

Ilpemnaraemyio no6aBky s GeTOHa TOTOBAT ciexyromuM obpasom: YJIMK,
Cynbdar HaTpHs, CynbdaT aIIOMUHHS H CylepIulacTH(UKaTopa JO3UPYIOTCS | TIepe-
MEIIHUBAIOTCS B MEXaHUYECKUX MeIlajKax JroOoro Tumna, 1ubo B MeJbHHIAX JI0O0ro
THUIA.

Ynempaoucnepcuutii (konnoudnwitl) amopghrviii Mukpokpemuesem, OTyIeHHbIH
IpH ClIE[MaIbHON 00paboTKe XHUAKOCTEKOIBHON MacChl IMyTeM THAPOXHMHYECKOrO
CHHTE3a, XapaKTepu3yeTcs HaHOpa3MepaMH OTAENBHBIX YacTHI], T.€. 6oJiee BBICOKOM
JHCITIEPCHOCTBIO, YeM TpaJAMLHOHHBIN MUKpokpeMHe3eM. Ero ynensHast IOBEpXHOCTh
MOXET JOCTHrareb S, ~ 300 m/r, T.e. Ha [IOPSIOK ‘' BBILIE TPAAHULIMOHHOIO MHKPO-
KpeMHe3eMa, YTO U NPUBOAUT K 3PPEKTUBHOCTH €ro HCIOIB30BaHMs, HO B MEHBILIUX
KOJIM4€ECTBAX, YeM TPaJAULIMOHHO HCIOJB3yEeMBbIiH MUKpOKpeMHe3eM. OCcoOeHHO, eclin
IPHUMEHSTH €ro B COYETaHUH C YCKOPSIOWEH TBEp/eHHE U YIUIOTHSIOIIEN CTPYKTYpy
OeToHa KOMIIIEKCHOH mo6aBkoi, cocrosmei u3 cynbdara Hatpus (CH) u cynbpara
amomunus (CA).

JlobaBka B 6€TOH aMOpP(HOro KpeMHe3eMa CIIOCOOCTBYET YIJIOTHEHHIO CTPYK-
TypPBl KOHTaKTHOM IepexXOoqHON 30HHI 3a cueT peakuuu ¢ Ca(OH),. B pe3ynsraTe cHu-
3UTCs €€ IIOPUCTOCTh, BO3PACTET KauecTBO (CHJIBI) CHEIUIEHHS LEMEHTHOrO KaMHA C
3aIlOJIHUTENIEM (M apMaTypoH B xkene300eToHe).

OIHOBpPEMEHHO, TOHKOJMCIIEPCHBIE YaCTHIBI MHKPOKpPEMHE3eMa MOILYT CIIy-
KHTh (LIEHTPAMH KPHCTAIUTH3AIMI» BOKPYT KOTOPHIX C MEHBIIMH 3aTpaTaMH 3Hep-
T'MH, a 3HaYUT — U B OoJiee BEICOKOM TeMIte, OPMHUPYIOTCS KPHCTAJLUIOIHAPATHEIE HO-
BOOOpPa30BaHUs — NPOAYKTHI B3aUMOIEHCTBHSA KIHHKEPHBIX MHHEPAJIOB LIEMEHTA C
BOJIOH. SIBNSsICH CBOCOOPA3HOH «TIOUIOKKOI» MeNnbyaiinie YaCTHIBI MUKPOKPEMHE-
3eMa KaTaIM3HpYIOT Iponecc (OPMHPOBaHMS KPUCTALUIOTHAPATHOW CTPYKTYpPHI B
TBEPJECIOLIEM LIEMEHTHOM KaMHE, YTO OTPaXKaeTcs B pocTe TeMma «Habopay MmpovHo-
ctu GetoHoM. KpoMe H3110)k€HHOTO, HENB3sl MCKIIOYATh PA3BUTHE PEAKLUH MEXITY
amopdusM Si0, u Ca(OH), He TONBKO MO paHee MPUBEAEHHOM CXeME, OTHOCAILENCS
K YIUIOTHEHHIO U YIPOYHEHHIO KOHTAKTHOU NEpPEXOHOM 30HBI MEXAY LIEMEHTHBIM
KaMHEM U 3aloJIHUTENIeM, HO (M Jaxe B IEpBYIO Odepeldb) CleAyeT YYHTHIBATH €€
pa3BUTHE IO XOAY T'HAPOIH3HO-THAPATAallHOHHOIO B3aUMOIECHCTBHS IIEMEHTa C BO-
noi. O4eBUAHO, YTO MOSBJICHUE C MIEPBBIX MHUHYT 3TOTO B3aUMOAEHCTBUS B XKHAKO-
CTH LIEJIOYH BBI30BET pa3BUTHE €€ peaKIMH C KPeMHE3eMOM M YaCTHYHOE CBS3bIBa-
HU€ B HEpacTBOpPHUMBIE COEQMHEHHS, YTO, B CBOIO OYepelb, OYJEeT CIIOCOOCTBOBATH
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HOBBIIIIEHHIO CKOPOCTH M'MAPOJIA3a ¥ THAPATAlllH TPeX U ABYX KalbLIHEBOIO CHUIIHKA-
Ta KJIMHKEPHOH YacTH [IeMeHTa.

IIpecnenys Lenp Moay4eHUs MaKCUMAIBHOTO 3¢ deKTa B 00eCreUeHHH He TOJb-
KO BBICOKOT'O TEMIIA pOCTa MPOYHOCTH O€TOHA MOJ BIMSHHEM IUTAaHUPYEeMO#i K pa3pa-
00TKe 106aBKH, HO M €€ yPOBHS K IPOEKTHOMY (28 cyTok) u Gojiee Mo3mHEMY BO3-
pacty, oYeBHHA 11€JeCO00Pa3HOCTh BBEJEHHUS B KOMILUIEKCHYIO JOOAaBKY COBpPEMEH-
HOro BhICOKO3GdekTHBHOTO MiactudukaTopa. Ero Hannuue B 106aBKe MO3BOJIMT, C
OJTHOH CTOpPOHBI, CHM3HMThL Ha4aJbHOE BOAOCOJEpIKAHNE IIPH COXPaHEHHH TpeGyeMoi
dopMyemocTn GETOHHOI cMecH, a ¢ Ipyroif CTOPOHBI, OyIET CrIOCOGCTBOBATH CTAOH-
NHU3alUA BOAHOW CYCIEH3UH NPH BBEJCHUH KOMIUIEKCHOH N00aBKH B GETOH u pas-
HOMEPHOMY pAaclpeleIeHUIO yIbTPaJAMCIEPCHOIO KpEMHE3eMa B 00beMe IIPUrOTaB-
nuBaeMoi cMecH. Tak Kak HEOOXOAMMO YYMTBIBAaTh, YTO MHUKPOKpEMHE3eM (make
YJIBTPaaMCIIEPCHBINA) HEPACTBOPHM B BojJie U MoseKyibl [IAB mnactudukaropa oka-
XKYT TOJIOXKHUTENBHOE BO3JCHCTBME HAa €ro NUCIEPralfio 0 «3JIEMEHTapHBIX» Ya-
CTHULI, ¥, KaK CJICICTBUE, HA OMHOPOJHOCTS (TOMOT€HHOCTh) UX BOIHOW JUCIIEPCHH U
ee CeIMMEHTALHOHHYIO YCTOMYHNBOCTh BO BpEMEHH. :

Oco0eHHOCTHIO TpUMEHEHUs aMOP(hHOTO KpeMHe3eMa sBJisieTcs pobiiemMa pas-
HOMEPHOI'0 pachpesieJieHHs €ro BellecTBa B 00BbeMe OeTOHa MpH UCHOJIB30BaHUHU B
MaJIOM KOJIMYECTBE OT MAcChl LIEMEHTa, T.K. Jo0aBKa HAXOIUTCA B TBEPAOM (IIOPOLI-
'koobGpaszHoM) coctostHuM. OAUH U3 MyTel penieHus: 3ToM npoGaeMBl — HCIIOIB30Ba-
* HHM€ BBICOKO3((EKTHBHBIX ITIaCTHGUIUPYIOMHX N00aBOK, MOJIEKYJIEI BEIIECTBA KO-
TOPBIX OGNAfalOT CHOCOGHOCTHIO [I€3arperaTHpPOBAHHS YAaCTHL M OGECleYHBAIOT
yCJIOBHS [UI PAaBHOMEPHOT'O paclipelieleHUs] TOHKOIUCIIEPCHOTO -HEPACTBOPHMOTO B
Bozie TBepaodaszHoro Y/IMK. BMecTe ¢ TeM HM3BECTHO, YTO HA HAYAJIBLHOM JTare
TBepAeHHs 6eToHa muacTHGHLUUpYyoLHe T00aBKH 3aMeUISIOT TeMI HaGopa MPOYHO-
CTH, B CBSI3H C 3THM B COCTaB BBOJUTCS YCKOPSIOLIE-YIUIOTHAIOIIMM KOMITOHEHT.

Taxum 06pa3oM, KOMIIOHEHTH! 100aBKH 00ECIIEYHBAIOT BBHICOKYIO IUIOTHOCTD M
IPOYHOCTh 6ETOHA B paHHHE CPOKH TBEpJCHHSA U GoJiee BHICOKHH IOKa3aTelb IMpoy-
HOCTH B BO3pacTe 28 CyTOK.

Ilo onrcaHHOMN BBILIE TEXHOJIOTUH OBUIH MPUTOTOBIIEHE! JOOABKH IIECTH COCTA-
BOB U mpoTtoTuna (tabnuua 1), B KadecTBe CynepILiacTHQHUKATOPOB HCIOIb30BAH
Penamuxkc I1K u C-3.

Tabmuua 1
CocraB no6aBku, Mac. %
KoMnioHeHTBI 1 ) 3 4 5 6 7 8 9
(ananor) | (mportotun)

MK - - - - | - - - - 85
YJIMK 40 | 50 {60 |70 | 60 | 40 | - - -

C-3 - | - - | - 120130 | - - 5
Penamukce IIK 302512010 | - - 1100 - -
Hutput Hatpus - - - - - - - - 10
CynedarHarpus | 15 | 17 [ 10 [ 15 15 | 10 | - 67 -
Cynpbatamomunus { 15| 8 | 10| 5 | 10 | 15| - 33 -




I'oToBBIe MOGaBKH, B KommyecTBe 0,5-10% OT Macchl IEeMEHTa, BBOIHIA B BOZY
3aTBOpeHus (Temmepatypa Boabl 20...30°C) u cMelMBald C NOPTIAHALIEMEHTOM
ITII500-10 st nonmy4eHuss LEMEHTHOTO TeCTa HOPMAJbHOM I'ycTOTHL. M3 moiydeH-
HOTO LIEMEHTHOT'O T€CTa U3IOTABIUBAIM 00pa3bI-KyOsl 2X2X2 cM, Ha KOTOPBIX MPO-
BOAMIIM HCIIbITaHUs Ha cxkarde mo Metoauke [IHUUIIC — 2. Pe3ynbTatel HCnBITaHUMN
[IpUBEJIeHBI B TabIuIE 2.

Tabnuma 2
IIpounocts (MI1a) B Bo3pacTe, CyT.
- Ne cocraBa : ‘
1 3 7 28
1 44,5 78,3 87,7 90,5
2 | 45,6 78,8 88,7 91,1
3 432 76,8 86,1 92,0
4 402 | 748 | 851 87,7
5 37,7 69,6 | 792 85,5
6 360 | 705 80,7 87,8
7 | 391 | 721 795 | 820
8 40,7 573 72,32 81,5
(ananor)
0 37,0 70,7 82,6 88,0
(npoToTui) -

W3 tabmuupl 2 BUIHO, YTO IPOYHOCTH OOpPa3sOB-Ky6OB, H3TOTOBIEHHBIX C HC-
NONB30BaHHEM IIpeAIaracMoi 100aBKH BBILIE, YeM y 00pa3IoB ¢ 100aBKOM - IPOTO-
THnoM. Ilpu 3ToM f03MpoBKa 1OOaBKH-NIPOTOTHIA cOocTaBiasia 15 % ot Maccel Iie-
meHTa (coctaB Ne 9), a mpennaraemoit 1o6aBku 1,5 % OT Macchl 1ieMeHTa (COCTaBbI
Ne 1 -Ne6).

OKCIIEpUMEHTAIBHO YCTAHOBIIEHO, YTO TOJNBKO IIPH TAKOM COOTHOLICHHH KOM-
IIOHEHTOB 00€CIeUNBAETCS NOCTIKEHHE HEOOXOAMMOrO TEXHMIECKOTO pe3yIbTara.
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®opmyaa u3odpeTeHus

KommiekcHas a00aBka I YCKOPEHHMA TBEPACHHSA M IOBHINEHUS MPOYHOCTH
0eToHa, BKIIOYAIOINAA CYNePIUIaCTUGHUKATOD, OMIUYAIOUAACA MeM, YmO B COCTaB
BBEJICHBI yiapTpagucnepcHsiii MukpokpeMuesem (YIMK), cynsdar HaTpusd # Cyib-
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