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MonnkKap6oKcMnaTHbIie AncnepraTopbl

17 April , 2008 - AkageMmns KOHbHOHKTYPbI MPOMbILLIEHHbLIX PbIHKOB | FlpocMoTpoB: 587
XVIMUYECKas NPOMbILLIIEHHOCTb

MosiBNeHVe NONIMKAPGOKCUNATHBIX AVCNEPraTopoB (NMPOAYKTOB CTPOUTENLHOW XUMUK), BBEEHUE KOTOPLIX B MaTepuan no3BossieT CYLLECTBEHHO YNyuULLaTh
ero CBOICTBA, CTaN0 KONOCCAIbHBIM NPOPLIBOM /151 6ETOHHOI NPOMbILLAEHHOCTH. CynepnaacTUtMKaTopbl HOBOTO NMOKOMIEHWS MO3BO/ISKOT CO3AaBaTh HOBbIE
TWMbI LEMEHTHBIX CMeceli 1 06eCneynBatoT JONONHUTENbHbIE NPEUMYLLECTBA.

XuMuyeckne NpUMecH LLIYPOKO NPUMEHSIHOTCS B MHAYCTPUM GETOHA ANS MOBbILIEHUS 3(EKTUBHOCTY 6eTOHA. B0O3yXOBOB/IEKAIOLLME, YCKOPSIOLLE U
pa3xmKatoLLye NPUMeCK SBNSIOTCA CYLLLECTBEHHBLIM OMNOMHEHNEM K KOMM/IEKTY MaTepUanos, 4OCTYMHbIX NPOM3BOANTENAM 6eTOHA. OCOGEHHO MONE3HbI
pa3KMKatoLLYE MPUMECH, TaK Kak OHW NMO3BOMIAKOT NPOU3BOAUTENAM BbINOMHATB [Ba 3a4aCTy0 NPOTMBOPEUMBLIX TPEGOBaHNS: XOPOoLLas 06pabaTkIBaeMoCThb
GeTOHa BO BPEMS 70 HAHECEHWS U CHIKEHWUE COOTHOLLIEHUS (B/CM) MeXy BOZOW M BSXKYLLMMI MaTepuanamm, KOTopoe CrocoGCTBYET MOBbILLIEHMIO
MPOYHOCTY 1 PYrUX CBOICTB 3aTBEP/EBLLErO GETOHA.

TepMUH «pa3XxmKaroLLas NpPrYMecb» UCMosb3yeTcs yxKe MHOro niet. CtaHgaptT ASTM C 494 knaccumumpyeT paxumkaroLye NpUMec Ha HECKO/bKO
KaTeropuii:

o Tun A, Pa3xmkarowias

e Tun D, Pa3axwxkaroLLas v 3ameansoLas

o Tun E, PaxumxkaroLwas 1 yckopsatoLLas

» Tun F, Pa3xukaroLLas, BbICOKO3(M(eKTBHAA

o Tun G, PaxukaroLas, BbICOKOI(MMEKTUBHAA U 3aMe1AH0LLan

K Tomy e, ASTM 0XBaTbIBaeT UCMO/Mb30BaHNE XUMUUYECKUX NPUMECEit 4119 NPOU3BOACTBA NOABWXKHOI GeTOHHOM cmecy B ASTM C 1017. [aHHblii
CTaHAapT COCPeaoTOUeH Ha 06PaboTKe BETOHHOM CMECH C MCMO/b30BAHUEM XUMWUYECKOH NPUMECH C eAMHCTBEHHO LIE/bIO - MPON3BOACTBO MOABUKHOIO
GeToHa Ge3 peayLIMpOBaHIS BOAbI AN NPUIOTOB/EHS PacTBOpA.

B 60nbLUMHCTBE CyyaeB npumecy knaccugrkauum C 494 Tun F unm G TakKe MOXHO 1CMOMb30BaTh CNOCO60M, YKazaHHbIM B ASTM C 1017. 3Tu
BbICOKO3((hEKTVBHbIE Pa3XIKAIOLLIME NPYMECH He MPOCTO PefyLMpYIOT BOLY 3aTBEPAEHMS, HO TakKe 1 paccenBaroT YacTuLbl LieMeHTa. MogobHoe
pacceviBatoLLee fieficTBME BNOCNEACTBUM MO3BONSET PeAYLIMPOBaTL BOAY UK MOBBICUTb CTEMeHb MOABUXHOCTY, UK NOMyYnTb 06a addekTa. Moatomy
MOXXHO CKa3aTb, YTO AOCTYMHO 60/bLUE TMOKOCTYU U MPEVMYLLECTB, YEM 3TO MOAPa3yMeBAETCA MO Ha3BaHMIO.

Monmkap6oKcIaTHbIE AMCMePraTopsbl

3a nocnefHue AeCATb JIET XUMUS AUCTIEPraToOpOoB NPOABUHY/ACk AaneKo Brieped. Ctofa BKOYAETCS BBE/EHME 1 UCMO/b30BaHMNE MO/MKAPBOKCUNATHBIX
[MCNepraTopos BO BCcexX 06/1aCTsX GETOHHOM NPOMBbILLIEHHOCTU. [10 9TOr0 GO/bLIMHCTBY COCTABOB, /IEXALLMX B OCHOBE AMCMEPraTopoB, Gbln XapaKTepHbI
OrpaHNYeHNsi B OTHOLLIEHWI BHECEHUS MOAMGMKALIMIA B MONEKYy. HO NosiBneHre nosmkap6boKCunaTHbIX AUCNepratopos NpefocTaBuIn BO3MOXKHOCTb
paspabaTbiBaTb MOMEKY/IbI, CMIOCOGHbIE BNMATL Ha (EKTMBHOCTL MaTeprania onpeaeneHHbIM 1 3apaHee 3annaH1pPoBaHHbLIM CNoco6oM. [1s1 6eTOHHOI
MPOMBbILLIEHHOCTY 3TO CTAI0 KOJIOCCa/IbHBLIM MPOPLIBOM, TaK Kak 3T0 NO3BO/SAET UCMOML30BATL MO/IEKY/Ibl, Pa3paboTaHHbIe C eUHCTBEHHOM LIEfbIo -
AVCMepPrpoBaTh NOPTAaHALEMEHT, MPU 3TOM NPEXHUE AVCTepraTopbl NPeACTaBNANM co6oii IMaBHLIM 06pa3oM NOGOUHbIE MPOAYKTbI NPOKU3BOACTBA B
APYTVX NPOMBILLIIEHHOCTSIX.

Y paboTbl C MO/EKyNnamm, CpoeKTUPOBaHHbIMU 4115 BETOHHbIX 06/1aCTeld, UMEOTCSA HACTOSLLME NPeVUMYLLECTBA, NONE3HbIE AN NPOU3BOAUTENE GeToHA.
PaccMoTpeHne apxmMTeKTYpbl MO/EKY bl NOMKapboKeMnaTa no3BoSET flyyLle NOHUMATb, MOYEMY UX UCMO/b30BaHWe B 6ETOHHON NPOMBILLNEHHOCTH
06eLLaeT TaKMe NPeuMyLLeCTBa U TaKyt rMOKOCTb.

Bo-nepBbIX, NO/MKaPOOKCMNATLI KNaccutmumpyroTes Kak rpebHeobpasHble nonnmepbl (PucyHok 1). Camo Ha3BaHWe MHOTOe FOBOPUT O CTPYKTYPE 3THX
MO/EKY/1, KOTOpPbIe COCTOST U3 OCHOBHOM Lienu ¢ NOABECHBLIMY GOKOBbIMM LieNsiMU1, HaMOMUHAIOLLMMY 3y6bsi pacdecki. UToGbl 3TM MONEKyY bl CTanm
3(hheKTUBHBIMM AMCepraTopamm, X Heo6X0AMMO NePeHecT K NOBEPXHOCTH YacTMLbI LiEMEHTa.

OCHOBHas Lienb MOJeKy /bl NONMKapboKcunaTa 06bI4YHO BhIMOMHAET fBe BYHKLWN: MECTO pa3MELLEHNS TOUEK CBA3bIBAHNA (C MOBEPXHOCTLIO YacTHLb
LileMeHTa) 1 NpeJocTaBeHNe TOUEK 3aKpenseHns Ans 6OKOBbIX Lienel MoneKybl. MoaBecHble GOKOBbIE LENW SBNSIOTCS CTEPUUHECKUMMU, UMW (IN3NUYECKUMU,
nperpasamu f1s NOBTOPHOIO rpyNnMPOBaHIS PacCeAHHbIX YacTUL, LieMeHTa.

BcriecTare Npupo/b! MPOLECCOB, UCTO/b3YeMbIX B NMPOU3BOACTBE CUHTETUYECKUX AMCMEPraToOpoB, BO3MOMXKHOCTY XMMMUKOB M0 MaHWMYIMPOBAHUIO X
CTPYKTYPOIA GbIN OFpaHnyeHbl. OBbIYHO NO/yYaeMble CTPYKTYPbI BbIN CIOXKHBIMUI, U MPOLLECCHI GbIN0 CPABHUTENBHO CIOXKHO KOHTPONMPOBATL C TOUKM
3PEHNSt MO/IEKY/IIPHOTO CTPOEHMS.

Tem He MeHee, NPYMPOAAa XMMUYECKOr0 COCTaBa, MO3BO/ISIOLLEr0 CO3aBaTh NONMKap6boKcunaThl, 6orata BO3MOXKHOCTAMKU. OH NO3BONSAET XMMUKaM
MPOEKTMPOBATb AWCrepraTop, NPeBOCXOAHO OCYLLECTBAAIOLWMIA pedyLpoBaHme BoAbl 3aTBEPAEHNS, B CPaBHEHUW C AUCMEPraTOPOM, KOTOPbIA MOXET
COXPaHsATb BbICOKMIA ypOBEHb 06pabaTbIBAEMOCTM B TeueHUe 601ee JONrUX NeproAoB BPEMEHN.

O[HaKOo BbICOKas CTeneHb MMOKOCTY COCTaBa, /IEXALLLEro B OCHOBE MO/IMKApPOOKCMIATOB, MPUHOCUT MO/b3y TOMBKO B TOM C/lyyae, eC/i YeNI0BEK XOPOLLO
pa3bupaeTcs B HIOAHCAX APYr1X MaTepuanos, BXOAALLMX B LIEMEHTHYH CMeCb. B KOHEUHOM CUeTe, pasnnuus B NOBEAEHWN BIA0B 6ETOHA YaCTO MOXKHO
MPOC/eANTb O MUHEPAIOTUYECKMX PA3/IMUMIA B LEMEHTE W 3aMONIHUTENSX. DTO MO3BOJISET XMMUKaM ONTUMU3MPOBAThL 3(EKTUBHOCTb AucrepraTopa Ha
OCHOBE Npeo6iafiaoLLyX MUHEPANor i, KOTOpble 06HaPYXKUBAIOTCS B KOHKPETHOM MaTepuasne. MpoeKTUpoBaHue Nofo6HbLIX AUCMEePraTopoB CeayHoLLEro
MOKO/IEHNSI MOXET 6a3VpoBaThCs Ha akKypaTHOM M pasyMHOM MaHWMy/IMPOBaHUM BCEX MPOEKTHbIX NapamMeTpoB NoMKapboKeuiaTa, MHANBUAYaIbHO
COCTaB/EHHbIX CMECSX, UM Ha 060MX NpuHLMNax. OAHO U3BECTHO TOUHO - B Pe3y/ibTaTe JOCTUrAeTCs YPOBEHb 3((EKTUBHOCTY, M3MEHSAIOLLMIA YCNOBYS
Urpbl.
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[MoKoneHme next

CnefytolLiee NOKONEHME NonMKapboKCMNaTHbLIX NpUMeceit 6asupyeTcs Ha NoAaoGHOM NepejoBoOM MOMEKYISIPHOM CTPOEHUM U CUHTE3e. MOXKHO YUUTbIBATb
60/bLUIOE KONMYECTBO (haKTOPOB U CO34aBaTb MOMEKY/Y AUCTepraTopa, Co34aHHyH CrneLmansHo Ans onpeaeneHHoro cLueHapus. PaHee 6bi10 yKasaHo, UTo
KOHLIENLWS 0603HaUYEHNS 3TVUX NOMMKAPBOKCMNATHBIX AUCTIEPraTOPOB KaK NPOCTLIX CPeACTB peayLiMpoBaHIs BO/bl 3aTBEPAEHMS HECKO/bKO ycTapena.

MonmkapGoKCUnaThl AEACTBUTENBHO PEAYLIMPYHOT BOAY, HO NPV 3TOM C MOMOLLbH0 MOJIEKY/ISPHOTO CTPOEHUS MOYXKHO MOMTYUYNTh JOMOSHUTE/bHbIE paGoune
XapaKTePUCTUKM, MOBbILLAOLLE SDPEKTMBHOCTbL NPOLLECCA MO CO3AaHMI0 LieMeHTa. K TakuM J0MOHNUTENbHLIM NPeMMyLLLECTBaM OTHOCATCS paHee
HEAOCTYTHbIe YPOBHW COXPAHEHNSI MOABIKHOCTY, KOTOPbIE MO3BO/ISKOT 3HAYUTENILHO MOBbLICUTL SN(PEKTUBHOCTL MaTepuaia U NpoLecca NpoU3BOACTBA A1
NPOV3BOANTENA LEEMEHTA W NOAPSAUMKA. Ha PUCyHKe 2 0TOGPaXKaeTCs CPpaBHEHe CBOICTBA MO COXPAHEHIO NOABMKHOCTY MeXAY Tpemst
NoNMKapboKcunaTaMu, CreLmanbHO paspaboTaHHLIMK /18 NPUMEHEHUS B CIeLUann3npoBaHHbLIX 061acTsX.

Takke MOXXHO NoNy4ynTb BHYLLUNTENbHYI Ha4Ya/lbHYH MPOYHOCTb MPU CXXaTun, KOTopasa noBbICUT 3(*)¢)6KTI/IBHOCTb nponseoAcTBa Ana NoApsaaAvYnNKOB, a Takxe
AN5 NPOM3BOAUTENEN CGOPHOro 6eTOHA. HEKOTOpbIE U3 3TUX HOBbIX MOMIEKY/ CO3LA0T COYETAHMA paHee YKa3aHHbIX XapaKTepUCTUK, Brarofaps KOTopbIM
6eTOH NpMobpeTaeT YHUKaIbHYI0 3(hPeKTMBHOCTL. Hanpumep, 6bia pas3paboTaHa MofeKy na, MO3BONAOLLAS COXPaHATb MOABWKHOCTbL B TeyeHue 45-60
MUHYT 1 NPU 3TOM COXPaHSHOLLAs BbICOKYH CKOPOCTb TBEPAEHUS.

[ns TOro, 4To6bI LIEMEHTHbIE CMECY C BbICOKOI CKOPOCTbIO TBEPAEHMS MOT/IM COXPaHATL MOABMKHOCTb, MX BCErAa TPeboBanoch «3amMeanaTb»; 04HaKO,
CNVILLKOM CW/IbHOE 3aMeA/IeHNe HEraTUBHO NOBAWAET Ha HauabHYH NPOYHOCTb NPY OKaTuu. BeneacTsre aToli HEO6XOAMMOCTUN HalTV CoYeTaHne Mexay
3aMefIeHVeM 1 MPOYHOCTBIO bl HEOBXOAMM KOMMPOMICC, He MO3BONSOLLMIA NONYUUTb OAHOBPEMEHHO BCE MPEMMYLLECTBA COXPaHEHUS MOABKHOCTY 1
BbICOKOI HaYa/IbHOV MPOYHOCTM NPU CXKATUN.

Ha PucyHkax 3 v 4 n3o6paxaeTcs CpaBHeHMEe NePBOro NMOKOEHNS MONMKapOOKCMIaTHO MOIEKY bl C BbICOKO CKOPOCThIO TBEPAEHMS B COUETAHNN C
3amefiIAoLLMM CPeACTBOM (AN COXPaHEeHWN NOABUXHOCTI) U NonMKapboKcuaata cnefyoLLero NoKONeHNs, CpoeKTUPOBAHHOTO CneLnanbHo 4N
COXpaHeHUs NOABUXHOCTM U BbICOKOI CKOPOCTM TBEPAEHWA 6e3 MCMONb30BaHNA 3aMefIA0LLEro CpescTBa. JaHHble 0To6paXaroT coxpaHeHwe
MOABWXXHOCTW, CKOPOCTb TBEPAEHUS Y MPOYHOCTb MPU CXATUM B TeueHne 14 4yacoB COOTBETCTBEHHO.

TV HOBbIe paboume CoUeTaHMs NO3BONSAIOT NPOM3BOANTENAM LEMEHTA N NOAPSAUMKAM NOMYyUUTb ropasfo Gosee BbICOKME NOKa3aTe/un, Yem C NPeXHUMM
[ucnepratopamu. Msydas aeiicTene LeMeHTa, He06X0AMMO CAeNaTh CEAYHOLLMI AT COOTHECTU 3TO C (DAKTUUYECKIM MOKA3aTeNIeM /1S MPOMBbILLJIEHHOCTU.
Takue paboume XapakTepUCTUKM, KaK COXpaHeHue NOABUXHOCTM, MOTYT CO3faTb CleayHoLLye NPerMyLLeCTBa;

« YCTpaHeHve Unu ocnabieHne NOBTOPHOTO NEPEMELLIVBAHMA HAa MeCTe NpoBeeHNs paboT, uTo obecnednBaeT 6os1ee NNOTHOE M AEKTMBHOE
HaHeceHue 6eToHa

* YyullieHVe BHELLHEro Bua NOBEPXHOCTY 6/1arofaps BO3MOXHOCTM MOCTOSHHOV 06paBoTKK, B pe3y/bTaTe Yero CoKpallatTes paboTbl no
3aA€enblBaHNO NOBEPXHOCTU

« B LiefIom 60/iee NIOTHBbIA 1 BbICOKOKAYECTBEHHbINA LIEMEHT

3TV nonvKapboKcunaTHbIe CynepnaiacTMhKaTopbl HOBOTO MOKOMEHWS NCMOAb3YIOTCA Ha BCel TeppuTopui CeBepHO AMEPUKM TeMU NOfAbMU, KOTOpbIe
MOHVMAIOT LIEHHOCTb VX CBOWCTB. OHM NOMOratoT CO3/iaBaTb HOBbIE TWMbI LIEMEHTHBIX CMECEW, NPefOCTaBsAA NOAPAAYNKY LONOMHUTENbHbIE
MpeMMyLLECTBa, a Takxe NoBbILLas A eKTMBHOCTb MPOM3BOACTBA. Hanpymep, 3T HOBble MOJIEKY /bl UCMOMb3YIOTCS 415 NPOM3BOACTBA
BbICOKO3((hEKTUBHbLIX CMECel, Hanpumep camoynoTHstoLwerocs 6etoHa (SCC).

3TN XOPOLLIO CMPOEKTUPOBAHHbIE CMECH MPUMEHSIOTCSA B HEKOTOPbIX LIEMEHTHbIX 061aCTAX, U HOBble MOMMKapBOKCMNaTbl CTan BKHLIM KOMMOHEHTOM
NOA06HBIX CMecei. K ToMy e, HeKOTOpble U3 KpYMHbIX MPOU3BOAWTENel CH0PHOro 6eTOHa Ha4aan UCMo/b30BaTb NOMMKAPHOKCMNATBI C BbICOKOI
CKOPOCTbHO TBEPAEHMSA / COXpaHeHWsi MOABUXHOCTMW AN TOF0, YTOObl 06/1erUYnTh HaHECEH e BbICOKO3((eKTUBHbIX cMeceil SCC. Bnaroaaps sTomy
npoun3BoanTCs 60/1ee NNOTHbIN GETOH, 1 eLe 60MbLLIE YNYHLIAETCH NOBEPXHOCTHAsA OTAE/KA 3/1EMEHTOB, OT/IMBAEMbIX C GETOHOM.

Mofo6HbIe NONMKAPBOKCHUAATHBIE CYNePNAacTUMKATOPbI CNEAYIOLLEN0 NOKOMEHNS PacCMaTPUBAOTCS Kak HEUTO GosbLLee, YeM NPOCTO CynepatipeKTUBHbIE
pazXKaroLLme Npumech. VX HasbIBalOT «paBbounMm NpumMecsiMny». OrpOMHbLIM JOCTOMHCTBOM 3TOW TEXHOIOMMM IBASETCS TO, YTO OHA MO3BONSAET
NPO3BOANTENSM LiEMEHTA HAXOAWTb HOBbIE CMOCO6LI NMPOM3BOACTBA LIEMEHTA, a TakKe C034aBaTh BCe 60/1ee IPHeEKTUBHbIE LLEMEHTHbIE CMECU. DTO
MAgaNbHbIN BbIGOP AN UHAYCTPUM, ABUXKYLLECS B CTOPOHY CO3A4aHUS LIEMEHTA, F/1aBHble JOCTOMHCTBOM KOTOPOrO SBASIOTCA paGoumne XapaKTepUCTUKN.
O[HO M3BECTHO TOYHO - 3TO BCETO /INLLbL HAYaso.
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