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(57) CTpOI/ITCIIBHBIﬁ COCTaB Ha OCHOBE HU3BECTHAKOBOI'O KaJIbIIMHHUPOBAHHOI'O ITIMHHUCTOI'O HEMEHTA (LC3) COCPIKUT:

a) [IEMCHTHOE BSDKYIIIEe BEIIECTBO, KOTOPOE BKIIOUAET B cedsl ONHY MM HECKOJBKO MUHEPANBHBIX (a3 CHIMKaTa
Kanpl¥si ¥ OJHY WIM HECKOJIBKO MHHEPANbHBIX (a3 allOMHHATa KalbIMs, W HMEIOIee YAeNbHYIO IUIOMIANb
TOBEPXHOCTH TI0 BIeiiHy, COCTABISIONIYIO 10 MeHbIreil Mepe 3800 cM>/r, B KOMHdecTBe, cocTapisomeM 180-400
KT Ha M’ CBEKECMEIIIAHHOTO CTPOHTEIBHOIO COCTABA; 6) ONONHUTEIBHBINA BKYIMIT MaTepHal, HMeromuii Dv0,
cocraBistomuii MeHee 200 MkM, B o0mieM koimdecTBe, cocraisiomeM 50-100 gacreit mo macce, u3 pacyera 100
YacTel Mo Macce LEMEHTHOTO BSDKYIIErO BEIIECTBA &), IIPH ITOM IONOIHUTENBHBIN BOHKYIIUI MaTepual COIepiKUT
(6-1) xanpPIMHUPOBAHHBIH ITIMHUCTHIA MaTepual 1 (6-2) MOpoIIOK KapOOHATHOH MOPOIBI B COOTHOIIEHHH Macchl (0-1)
K (0-2) B nuamazone 0,5-2; B) HeoOsA3aTeNbHO, TOCTOPOHHUN MCTOYHUK AJIOMHHATA; T') UCTOYHHK Cynb(ara; u 1)
MOJIHOJI, B KonmndecTBe, coctaisiomeM 0,3-2,5 mac.%, u3 pacdeTa KOJIMYECTBA IIEMEHTHOTO BSKYIIETO BEIIECTBA
a). CocTaB COepIKHUT JOCTYIHBII anomuHar, B iepecuere Ha Al(OH),", 3 MuHepanpHbIX (a3 amToMUHATa KaabLus,
TUTIOC HEOOS3aTeNbHBIN TOCTOPOHHHN HCTOUHHK antoMUHATa, Ha 100 I IEMEHTHOTO BsDKYIIETO BEIIECTBa a), B 00IIeM
KOJIMUECTBE, COCTABIAOMEM 1o MeHblel Mepe 0,08 Moib, €Clii KOJMYECTBO HEMEHTHOTO BSHKYIIEro BEIIECTBA
a) HaxoauTcs B auarazoHe ot 180 mo menee 220 kr Ha M> CBEXECMEIIAHHOTO cocraBa, 1o MeHslueil mepe 0,06
MOJIb, €CJIM KOJIMYECTBO LIEMEHTHOIO BSDKYILETO BellecTBa a) HaxogurTcs B AuamazoHe oT 220 mo menee 280 kr
HA M° CBEXKECMELIAHHOTO COCTaBa, W 10 MeHbuleil Mepe 0,05 MOIb, €CIIH KONHYECTBO LEMEHTHOTO BSKYIIErO
BEIeCTBa a) cocTaBiser 280 Kr min Gojee Ha M° CBEKECMELIAHHOTO COCTABA; H TPHYEM MOJAPHOE COOTHOLICHHE
BCEro JIOCTYIIHOTO JIIOMUHATA K cyabdary cocrasisier 0,4-2,0. CTpOUTENBHBIN COCTAB JAOMOJIHUTEIIBHO COICPIKUT €)
peryiastop oopa3oBaHus STTPUHTUTA, cofepkamuii (1) IMOKCHIIOBYIO KUCIIOTY, COJIb INTMOKCHIIOBOM KUCIOTHI W/HIIH
MPOU3BOIHOE IHOKCcHIIoBoH kucioThl; U (1) mo menbiueit Mmepe onun n3 (I11-a) ucrounnka 6opara u (I11-6) ncrounnka
kapOoHara, IpUYeM HCTOYHHK KapOOHATa BBIOMPAIOT M3 HEOPraHWYECKHX KapOOHATOB, MMEIOUIUX PAaCTBOPUMOCTD
B Boze, cocraBisitonryto 0,1 ro1 wiam Gojee, OpraHNYeCKUX KapOOHATOB, M MX CMeceil; U ) CO-3aMeIJIMTeb,
BBIOpaHHBIA U3 (K-1) 0-THAPOKCHMOHOKApOOHOBBIX KHCIOT M UX colied, (k-2) hocOHOBBIX KUCIIOT U HX COJNeEH,
(x-3) MOMMKapOOHOBBIX KHCIOT M MX cojied, U uX cMmeceil. CTpOUTEeNbHBIH COCTaB Ha OCHOBE HM3BECTHSKOBOTO
KaJIbIIMHAPOBAaHHOTO IHHKICTOrO IieMenTa (LC3) nmpencTasiseT co6oii COCTaB ¢ yMEHBIICHHBIM YIJIEPOIHBIM CIISIIOM,
U IEMOHCTPUPYET BBICOKYIO PAHHIOIO IPOYHOCTb, BEICOKYIO KOHEYHYIO NPOYHOCTH, JOCTAaTOYHOE BPEMsI OTKPHITOH
BEIJICPIKKH U BEICOKYIO JIONTOBEYHOCTD. VIHIPETMEeHTHI CTPOUTEIFHOTO COCTaBa IIMPOKO TOCTYITHEL
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CTPOUTEJIbHBI COCTAB HA OCHOBE U3BECTHAKOBOI'O
KAJIBHUHUPOBAHHOI'O I'V'TMHUCTOI'O IEMEHTA (LC3)

Hacrosimee n3obpereHre OTHOCUTCS K CTPOUTEIbHOMY COCTaBY Ha OCHOBE
M3BECTHSKOBOTO KaJbIIUHUPOBAHHOTO MIHHUCTOTO LeMeHTa (LC3) u k BogHOMY
CBE)KECMELIAaHHOMY CTPOUTENBHOMY COCTaBY C YMEHBIIEHHBIM COAEP KaHUEM BOIBI,
npeaHA3HAYEHHOMY JUJI TPUMEHEHUsI, HallpUMep, B KauecTBe COOPHOro kene300eToHa,
C BBICOKOW paHHEHN NPOYHOCTHIO.

beroH siBasieTcss HanboJiee MUPOKO MPUMEHSIEMbIM KOHCTPYKIIHOHHBIM
MaTepuanioM B Mupe. [Ipu 3ToM OETOH sIBIsIeTCSI TEPMUHOM, KOTOPBI OTHOCHUTCS K
KOMIO3ULIMOHHOMY MaTepHajy BSIKYINEH Cpelbl, UMEIIIeMy YaCTULIbI U (ParMEHThI
3aMOJIHUTENIS, BKJIOYEHHbIE B HEr0. B GOJNBIIMHCTBE MPUMEHSIEMBIX B HACTOsIIIEe
BpeMsI CTPOUTENbHBIX OETOHOB, BSIKYINAsl cpefa o0pa3yeTcs U3 CMeCcH
THIPABINYECKOTO [IEMEHTa U BOJBI.

H3roToBieHHbIE 3apaHee 3IeMEeHThl U3 OeTOHA, TaKue KaK MOAYJIbHbIE
CTPOUTEbHbIE KOHCTPYKIHH, MOJYYAIOT MOCPEACTBOM CMEIIUBAHUS MAaTEPHAJIOB,
BKJIFOYAIOI[UX LIEMEHT, 3alIOJIHUTENb, BOAY, U TUCIEPTUPYIOIIee BEIIECTBO,
dopMoBaHUs B pa3nuUHBIX popmax, U oTBepkaeHus. ITockonapky GopMy UCIIONB3YIOT
IOBTOPHO MHOT'O pas, ¢ TOUYKHU 3PEHHS IPOU3BOJUTEIbHOCTH H IS YBEJIHYEHHUS
ko3 dureHTa UCMONb30BaHUS (OPMBI, YTOOBI OETOHBI JEMOHCTPUPOBAJIH BBHICOKYIO
PAHHIOK MPOYHOCTD.

BONBIIMHCTBO TUAPABINYECKUX LIEMEHTOB, IPUMEHSIEMbIX CErOJHs, OCHOBAHbI Ha
noptiaHaneMente. [lopTaaHAIIEMEHT U3rOTaBIMBAETCS B OCHOBHOM M3 OIpEAeIeHHBIX
TJIMHUCTBIX MUHEPAJIOB, U3BECTHSKA U TMIICA, BO BPeMsl BBICOKOTEMIIEPATYPHOTO
npouecca, KOTOPbIH yaaiseT AUOKCU] yIiiepoaa U XUMUYECKH O0beqUuHseT
nepBOHAaYaIbHbIE HHTPEIUEHTHI B HOBbIE coequHeHus. [IoCKONbKY TUOKCH] yriiepoaa
o0pa3yeTcs Kak B pe3yJIbTaTe CaMOro MPOLecca U3rOTOBJIEHHS LIEMEHTA, TaK U B
HHEPTeTHYECKUX YCTAHOBKAX, KOTOPbIE BhIPA0ATHIBAIOT SJEKTPOIHEPTHIO st
NPOBEIEHHs MpoLecca MPOU3BOACTBA, U3TOTOBJIEHHE LIEMEHTA B HACTOSIIIEE BPEMs
SIBJIIETCS] BEAYLIUM UCTOYHUKOM TEKYIIHMX BHIOPOCOB AMOKCHIA yriepoaa B

aTMmocdepy.
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Tak xak rno0anpHOE MOTEMJIEHUE U 3aKUCIEHUE OKeaHa CTAaHOBATCS Bce Ooee
Cepbe3HOH MpoOeMOi, U CTPEeMIICHHE YMEHBIIUTH BIOPOCHI Ta3000pa3HOTO NHOKCUAA
yriepoja (OCHOBHAasi MPUYMHA TJI00AJbHOTO MOTEIIEHHS ) COXPaHSIeTCs,
IPOMBIIIJIEHHOCTh U3TOTOBJICHHS LIeMEeHTa OyeT MOABEPraThCs MOBBILIEHHOMY
KOHTpoJr0. Kpome Toro, ieMeHTHbIE 3aBOABI MPOU3BOJAT APYTUe 3arPsI3HSIOLNE
BemecTna, Takue kak NOy, SOy, VOC, TBepabie yacTulibl U pTyTh. L{eMeHTHbBIE 3aBObI
TaKKe MPOU3BOIAT LIEMEHTHYIO MblJIb, KOTOPYI MHOTIa HEOOXOIUMO 3aChINaTh
3eMJIeH, 4acTO Ha CBAJKaX OMACHBIX MAaTEPHAIOB.

XKenatenbHbIM ABISIETCS 00ECMEUUTh CTPOUTENBHBIN COCTAB C YMEHBLUIEHHBIM
YIJIEPOJHBIM CJIEIOM, IO CPABHEHUIO C OOBIYHBIMH CMECSIMH Ha OCHOBE
nopTJIaHaIeMeHTa, 0e3 yuep0a Jisi OCHOBHBIX CBOWCTB, TAKUX KaK BPEeMsI OTKPBITOU
BBIIEPIKKH, BbICOKAsl pAHHsISl IPOYHOCTD, BBICOKAs KOHEYHAsI MPOYHOCTb,
IOJITOBEYHOCTD, M YMEHbIICHHAS YCAIKA.

US 2012/0055376 A1 OTHOCHTCS K LIEMEHTY, COJIEpPIKAIIEMY
NOPTJIAHALEMEHTHBIH KIMHKEP U JOTOJHUTEIbHBIN BSUKYLIUHA MaTepual.
JIOTIONTHUTENBHBIN BSDKYIIUH MaTepHal COOEPKUT TEPMUUIECKH 00paboTaHHbII
TJIMHUCTBIN MaTepuai U KapOOHATHBIA MaTepuall. YKa3aHo, YTO LIEMEHT UMeeT Ooiee
BBICOKYIO IPOYHOCTD, Y€M MOXKHO OBLIO ObI IpeACKa3aTh.

WO 2012/133870 Al packpsiBaeT cmoco0 U3rOTOBJIECHHS OTBEPIKAEHHOIO
U3JIeJIUS U3 TUAPABINYECKOr0 COCTaBa, KOTOPBIM BKJIIOYAET CTAJUU U3TOTOBJICHUS
I'HAPaBINYECKOI0 COCTaBa MOCPEACTBOM CMEIINBAHUS INIMLIEPUHA, LIEMEHTa U BOJBI,
IIPU 5TOM THAPABINYECKHI COCTaB COAEPIKUT CyJb(aT-uOHBI B ONPEaEIEHHOM
COOTHOIIEHHUH; U BBIAEPKUBAHUS U OTBEPIKICHUS THIPABINYECKOTO COCTABA.

H3BeCTHO, YTO OUCIIEPTHPYIOIIHNE BellecTBa J0OABISAIOT B BOAHbIE CYCTIEH3UU
THAPABINYECKUX BSUKYIIHMX BELIECTB JJIs VIYYIICHUS UX YIOOOYKIaabIBAEMOCTH, T.€.
CMELINBAEMOCTH, PACTEKAEMOCTH, PACTIBUIIEMOCTH, MEPEKAYNBAEMOCTH HIIH
TekydecTu. Takue 10O6aBKU CIOCOOHBI MpeAOTBpaIaTh 0Opa3oBaHNE TBEPABIX
arJIoMepaToB, H AUCMEPTUPOBATH yKe MPUCYTCTBYIOIINE U BHOBb OOpa30OBaHHBIC B
pe3yibTaTe rugpaTalii YaCTULBl M, TAKUM O00pa3oM yJIydllaTh
ynoboykiaasiBaeMoCcTh. [IJ1s npeBparieHnst NOPOMmKOOOPa3HbIX BSDKYIIUX BEIIECTB B
CBEKECMEILIAHHYIO MPUTOAHYIO Il 00paboTku GopMy, BOABI s 3aTBOPEHUS
TpeOyeTcst 3HAYUTENbHO OONbIIe, ueM OyneT HeOOXOIUMO IJIs MOCIeAYIO e
ruapartanus u npoiecca orsepxkaeHus. [Iycrorelr, oOpasyemsblie B Tene OeTOHA B

pe3yabTaTe n30bITKA BOAbI, KOTOpPAasa BINOCJICACTBHUH UCTIAPACTCA, IPUBOAAT K
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MOJYYEHUIO HU3KOM MEXaHUYE€CKOM MPOYHOCTU U MEXaHUUECKOTO CONpOTUBIeHus. Jns
yMEHbIIEHUs N30BITOYHON NMPOMOPIIUU BOABI IPH 3alaHHON pabodyell KOHCUCTEHIUU
W/WIU I yAy4IIeHus y1o00yKIaabIBA€MOCTH MPU 3aJaHHOM COOTHOIIEHUHU
BOJA/BsDKYIIEE BELUIECTBO, MPUMEHSIOT 100aBKH, KOTOPBIE, KaK MPAaBUJIO, HA3BIBAIOT
YMEHBLIAKOMUMHU COAEPKaHUE BOIBI Ar€HTAMH WM IUIACTU(PUIUPYIOIUMHI 100aBKaMH.

[Ipu rugpatauuu BSOKYIIEH CUCTEMBI, B pe3yJibTaTe ObICTPOH peakiuu
o0paszyeTcst STTPUHTUT. DTTPUHTHUT NpeEACcTaBisieT coboi coequnenune cyiabdara
amoMuHus U Kaabuus, umeromee Gopmyny CacAl,(SO4); * 32 HyO unm, B kayecTBe
anprepHaTuBbl, 3 CaO * Al,O3; * 3 CaSO4 * 32 H,0. Drta peakuus, cpeau mpodero,
OTBETCTBEHHA 34 CXBAaThIBAHNE U Pa3BUTHE pPaHHEH NPOYHOCTH Ha CXKaTHE
LEMEHTHPYIOLIEr0 COCTaBa. DTTPUHTUT 00pa3yeTcs B BUAE JIIMHHBIX UTOJIbYAThIX
kpuctayuios. OqHAaKO, BHOBb 0Opa30BaHHbIE HEOOIbIINE HTOJbYATHIE KPUCTAIIIBI
STTPUHTHTA UMEIOT TEHAEHLUHIO YXYAIaTh yA0OOYKIaAbIBAEMOCTD UIIH TEKYYECTh
LEMEHTUPYIOLIEro coctaBa. Kpome TOro, STTpUHIUT COAEPKUT 32 MOJISL BOABI B CBOEH
cTexuoMeTpuueckoi Gpopmyine. ITo 03HaA4YAET, YTO NpU 0OPa30BAHUH STTPUHTUTA
3HAUYUTEIbHOE KOJIUYECTBO BOJAbI CBA3BIBAETCS B TBEPJble KPUCTAJIIIBL.
JIOTIOJIHUTENPHOE KOJMYECTBO BOABI aACOPOUPYETCs HA BHOBb PAa3BUBAIOIINXCS
MOBEPXHOCTSX 3TTPUHIUTA. B pe3ynbpTaTe, TEKy4eCTh COCTaBa YMEHbINAETCS.

WO 2019/077050 Al packpbIBaeT cOCTaB JJisl KOHTPOJISI CXBAThIBAHUS IS
BSDKYIIUX CUCTEM, COJEp KalUN a) KOHAEHCAT aMUHA U INIMOKCUIIOBOH KHCJIOTHBI, U
0) no menbineit mepe onun u3 (I) ucrounuka 6opara u (II) ucrounuka kapooHara.
VYka3bIBaeTCsl, YTO COCTAB MOAABJIET 00Opa3oBaHUE STTPUHTUTA U3 ATIOMHHATHBIX (a3
U UHTUOMPYEeT KPUCTAIIM3ALMIO STTPUHTUTA. BBUAY 3aMeaIstomero qelcTBUs COCTaBa
ISl KOHTPOJIS CXBATBIBAHUS, JO3UPOBKA THCIIEPTUPYIOLIEro(-1X) BemecTBa(BELUIeCTB),
HEOOXOIUMBIX IS TIOJyYEHHsI 33JAHHON TEKYYECTH BSKYIIEH CUCTEMBI, MOXKET
YMEHBIIATHCH.

CooTBeTCTBEHHO, HAaCTOsIEe H300PETEHNE HAIPABIEHO HAa oOecreueHne
YMEHBIIEHHOTO YIJIEPOJHOrO cliefla CTPOUTENbHOIO COCTaBa, JEMOHCTPUPYIOLIETO
BBICOKYIO PAHHIOIO NTPOYHOCTD, BBICOKYIO KOHEUHYIO MPOYHOCTh, AOCTATOUHOE BpeMs
OTKPBITON BBIJEPIKKU U BBICOKYIO JOJroBe4HOCTh. [Ipu 3TOM MHIpeaneHThI
CTPOMUTEIBHOIO COCTABA JOJKHBI OBITH IIMPOKO JOCTYIHBI.

VYka3aHHas BbIlIE 3a/la4a PEIIaeTcsl C MOMOLIbIO CTPOUTEIBHOIO COCTaBa Ha
OCHOBE M3BECTHAKOBOIO KaJbLIMHUPOBAHHOTrO ruHUCcTOro nemenra (LC3),

coaepKamero
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a) [IEMEHTHOE BSIKYILEee BEIIECTBO, KOTOPOE BKIIOYAET B ce0s1 OAHY WU
HECKOJIbKO MHUHEPaJbHBIX (a3 CUIMKATA KaJbLUHs U OJHY MU HECKOJIBKO
MUHEpaJbHBIX (pa3 aJroMUHATA KaJlbLMs, 1 UMEIOINee YASIbHYIO IJIOMAalb
NOBEPXHOCTH N0 bieliny, cocTaBaAmLy0 M0 MeHblIel mepe 3800 cm’/r, B
kosnuuecTse, cocTapisomeM 180 - 400 kr Ha M CBEXKECMELIaHHOIO CTPOUTEIBHOTO
COCTaBa,

0) NOTMOMHUTENBHBIN BsKYIHI MaTepuai, uMmerouuidi Dv90, coctaBnsomui
MeHee 200 MkM, B 0011eM KojauuecTBe, cocTapisaromeM 50 - 100 yacreii mo macce, u3
pacuera 100 yacTei Mo Macce LIEMEHTHOTO BSIXKYIIETrO BEUIECTBA a), JOTIOJHHUTEIbHbBIN
BSDKYILIUH MaTepHuall Py 3TOM coaep uT (0-1) KaTbLUHHUPOBAHHBIN TJIIMHUCTBIN
maTtepual u (6-2) mopourok kapOOHATHON MOPOABI B COOTHOIEHUHU Macchl (6-1) k (6-2)

B auamnasone 0,5 - 2;

B) Heo0s13aTeNbHO, MOCTOPOHHUH HCTOYHHK aTFOMUHATA;
r) UCTOYHUK Cyibdara; u
) MOJIMOJ B KOoJH4ecTBe, coctapistouiem 0,3 - 2.5 mac. %, u3 pacuera

KOJIMYECTBA LIEMEHTHOTrO BSKYIETO BELIECTBA a);

IpUYEM COCTaB COMAEPIKUT AOCTYIHBIN amtoMuHaT, B nepecuere Ha AI(OH),, u3
MUHEpaJbHBIX (pa3 aTroMHHATA KaJbLIHS ILUIIOC HEOOS3aTeIbHbIN MOCTOPOHHUIA
UCTOYHUK ajitoMuHaTa, Ha 100 T IeMeHTHOTO BSIKYINEero BelecTBa a), B o0uem
KOJINYECTBE, COCTABJISAIOLIEM

- no Menbweil Mmepe 0,08 MouIs, €CIU KOJINYECTBO LEMEHTHOTO BSXKYILETO
BEIIECTBA a) HAXOAUTCs B Auamna3zoHe oT 180 no meHee 220 kr Ha M®> CBEXXECMEIIAHHOTO
COCTaBa,

- no MmeHbueit mepe 0,06 MOJIsI, €CIU KOJUYECTBO LIEMEHTHOTO BSIKYIIETO
BEIeCTBa a) HAXOIUTCS B nuamna3done oT 220 no meHee 280 Kr Ha M> CBEXKECMEIIAHHOTO
cOCTaBa, u

- no meHbuieit mepe 0,05 MoJist, €Ciu KOIUYECTBO LIEMEHTHOTO BSIKYILETO
BemecTBa a) coctapysieT 280 kr win Oosiee Ha M> CBEKECMEIIAHHOTO COCTABA;

U IPUYEM MOJIIPHOE COOTHOIIEHHE BCEro JOCTYIMHOIrO aJlOMHHATA K cyabdaTy
cocrasiisieT 0,4 - 2,0;

IIPU 5TOM CTPOUTEJBbHBIN COCTAB AOMOJHUTEIBHO COAEPKUT

e) peryisitTop oOpa3oBaHus STTPUHTUTA, coaepxkamuil (1) rTHOKCHIOBYIO
KHCJIOTY, COJIb TNIMOKCHUIJIOBON KHUCIIOTHI W/ WU NMPOU3BOAHOE INIMOKCUIIOBON KUCIIOTHI, U

(IT) no menbiueit mepe onuH u3 (Il-a) ncrounuxa 6opara u (II-6) ncrounuka
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kapOoHaTa, Mpu4YeM HCTOYHUK KapOoHaTa BEIOUPAIOT U3 HEOPTraHUYECKUX KapOOHATOB,
MMEIOLIIX PACTBOPHMOCTB B BOZE, cocTaBmsomyo 0,1 r-1' umu Gomee, opraHHIecKix
kapOOHATOB, U UX CMeCeil; u

x) CO-3aMeTUTeNb, BBIOpaHHBIN U3 (K-1) OL-THAPOKCUMOHOKaPOOHOBBIX
KHCJIOT U uX coyieit, (5k-2) GpocGOHOBBIX KHCJIOT U UX cojiel, (3k-3) moaukapOOHOBBIX
KHCJIOT ¥ UX COJIU, U UX CMeCeH.

bru1o 0OHapyKEeHO, YTO €CIIU ONpeNesICHHbIE MapaMeTphbl COONIIOAAIOTCS, TO YaCTh
LIEMEHTHOTI'O BSIXKYIIEro BELU[ECTBA MOKET ObITh 3aMeHEHa BbIOPAHHBIMU
IOTOJHUTEIbHBIME BsUKYIIUME MaTepuaiamu (SCM) 6e3 yxyameHus XxapakTepUCTHK.
CrnenoBarenpHO, H300pEeTEHHE MO3BOJISIET O0ECTIEYUTh CTPOUTENbHBIA COCTAB,

COZIep KAl YMEHbIIEHHOE KOJMYECTBO [IEMEHTHOTO BSIKYINETO BEI[eCTBA, TAKOTO
KaK OOBIYHBINA MOPTIAHALEMEHT, M0 CPABHEHHUIO C TUIIMYHBIMU O€TOHHBIMU CMECSIMHU.
VMeHblLIeHHEe KOJMYECTBA EMEHTHOTO BSXKYLIETrO BEeI[ECTBA MO3BOJISIET YMEHBLIUTD
YIJIEPOAHBIN CIEN.

Kpome toro, 6bu10 0OHAPYKEHO, YTO CTPOUTENbHBIN COCTAB HA OCHOBE
U3BECTHSKOBOTO KaJblMHUPOBaHHOTO rianHucToro uementa (LC3) obecneunBaet
CBE)KECMEIIAHHbIN CTPOUTENIbHBIA COCTAB C YMEHBIIEHHBIM COOTHOLIEHHEM BOJABI K
LIEMEHTHOMY BSIKYILIEMY BeLIeCTBY (B/I) MO CPaBHEHHUIO C TPAAULMOHHBIMH
OETOHHBIMU CMECSIMU Ha OCHOBE MOPTJIAHALEMEHTa, COXPaHss IPU STOM HJIU JaxKe
yaydiasi yno0oyKIaabBaeMOCTh. Y MEHbIIEHHOE COOTHOIIEHHE B/II 00ecrneunBaeT
Oomnee ObICTpOE CBSI3BIBAHME LIEMEHTHOIO BSIKYILETO BEIEeCTBA U YaCTHI
IOTIOJIHUTEJBHOIO IEMEHTHOTrO MaTepuana. CUUTaeTcs, YTO COCTaBbl B COOTBETCTBUH C
n300peTeHNneM UMEIOT TJIOTHYK MUKPOCTPYKTYpY. [ns oOpasoBanus rugpara
CHJIMKATA KaJbLHsl JOCTYTHO MEHbIIE BOJbI, YTO MPUBOJAUT K YBEJIHYCHUIO paHHEH
NPOYHOCTH U Jy4lIeil TOJrOBEYHOCTH, HAPUMEP, YCTONYMBOCTH K 3aMOPaKMBAHUIO U
OTTAaMBAHUIO, YCTONYMBOCTH K KapOOHU3aLHH, 00Jiee BBICOKOMY yAEIbHOMY
COTPOTHUBJICHUIO U YCTOWUHUBOCTH K CYJIb(paTaMm.

IleMeHTHOE BSIKyIEe BEIIECTBO a) COAEPIKUT OJHY MIIU HECKOJIBKO MHUHEPAJIbHBIX
¢a3 cunukaTa KaubUus U OJAHY MM HECKOJIbKO MUHEPAIbHBIX (pa3 KPUCTAJUIMIECKOTO
AFOMHUHATA KaJIbLIHSL.

Jlns ynoOcrBa, MuHepasorundeckue gpaspl B 3TOH 3agBKe 0003HAUEHBI
COOTBETCTBYIOLINM 0003HaYeHHEM LieMeHTa. [lepBUUHbIEe COeMHEHHS PEICTaBICHBI B
0003Ha4YeHNU LIeMEeHTa MOCPeaCTBOM pasHoBuaHOCTelH okcunoB: C miust CaO, M nus

MgO, S nns Si0;, ansa Al,Os, $ nnsa SOs, F nns Fe, 03, u H ansa H,O.
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Kak npaBuno, MuHepanbHble (pa3pl CUIMKAaTa KaJbLUs U MUHEpalbHbIE (Pa3el
aJIOMHUHATA KaJbLUsl COCTABJISIIOT MO MeHbuUIeld Mepe 90 Mac. % LEMEHTHOIO BSIKYIIEro
BemecTsa a). Kpome Toro, MuHepaibHble (pa3pl CUINKATA KAJbLHS NPEINOYTUTENBHO
COCTABJISIIOT IO MeHbIIel Mepe 60 Mac. % LEMEHTHOro BSKYIIEeTo BelecTna a), Oonee
INPenNnoOYTUTEIbHO O MeHblIeH Mepe 65 mac. %, Hanbosee npeanouYTUTENbHO 65 -

75 mac. %.

CooTBeTCTBEHHO, MUHEpabHbIe (pa3bl cuankaTa Kajapuus BeiOuparoT u3 C3S
(amut) u C2S (6enut). MuHepanbHbie (a3bl CUIMKATA KaJbIUs, KaK MPAaBUIIO,
00ecrneynBarT XapaKTePUCTUKU KOHEYHOH MPOYHOCTH.

CooTBeTCTBEHHO, MUHEpaJbHbIE (Pa3bl amFOoMUHATA Kajbluus BeIOuparoT u3 C3A,
C4AF u C12A7, B yactHoctu, C3A u C4AF.

B onHOM BapuaHTe OCYLIECTBICHUS, IEMEHTHOE BSIKYIIEE BEIIECTBO a)
npeAcTaBsieT COO0H MOPTIAAHALEMEHT, B YaCTHOCTH, OOBIYHBIN MOPTIAHALIEMEHT
(OIIL). TepmuHu “mopTianHaneMeHT  0003Ha4YaeT JIOOYI EMEHTHYIO CMECh,
COAEpIKALIYI0 MOPTIAAHALEMEHTHbIN KJInHKep, B yuacTHocTH, CEM I B cooTBETCTBUH CO
crannaptoMm EN 197-1, maparpad 5.2. [IpennoyTuTenbHbIM HIEMEHTOM SIBJISIETCS
oObruHbIi nopTinanaueMmeHT (OIILL) B coorBercTBum ¢ DIN EN 197-1. ®a3zsl,
COCTaBJIIOLIHE MMOPTIAHALEMEHT, B OCHOBHOM NpeacTaBsitoT coboi anut (C3S),
oemut (C2S), amomunar kanbius (C3A), peppoantomunar kanpuus (C4AF) u npyrue
BTOpocTeneHHble (a3bl. Jloctynubiil Ha perake OINL] Moxer nmubo coneprkaTh cyiabdar
kanpLus (< 7 mac. %) win NpakTUYECKH He COIeprKaTh cyibdara KaJbIHs
(<1 mac. %).

IlemeHTHOE BsKylIlle€e BELIECTBO CTPOUTEIBHOIO COCTaBa UMEET YAEIbHYIO
MJI0LAAb MOBEPXHOCTHU IO bieiiHy, cocTaBaAIy0 Mo MeHbinel Mepe 3800 cm’/r,
NPEeANOYTUTENBHO MO MeHbluel mepe 4500 cm’/r, Hanbomnee NPEANOYTUTEIBHO I10
MeHblei mepe 5000 cM/r. VY nenpHyro miomaab NOBEPXHOCTH MO bieliHy NpUMEHSIOT
B Ka4eCTBE MapaMeTpa TOHKOCTU nmomouia. bonee Torkuit momona obecrneunBaer Oomee
BBICOKYIO PEAKIIMOHHYIO CIIOCOOHOCTh. Y AEIbHYIO IUIOMab NOBEPXHOCTH O bnelny
MOKHO onpenenuTsb B cooTBercTBuu ¢ DIN EN 196-6.

Kak nmpaBuyio, KONHMYECTBO IEMEHTHOTO BSIKYLIEr0 BEIIECTBA a) B CTPOUTEIbHOM
COCTaBe HaXOIUTCs B nuamnazoHe oT 8 no 20 mac. %, npennoururensHo 10 - 18 mac. %,
U3 pacuera COAep>KaHUs TBEPJbIX BELIECTB CTPOUTEIBHOIO COCTaBaA.

B coorBercTBUM ¢ N300peTEeHUEM, CTPOUTENBbHBII COCTAB COAEPIKUT JOCTYITHBIN

amomuHat, B nepecuere Ha AI(OH)4™, u3 MuHepanbpHbIX (pa3 amOMUHATA KaJIbLHS,
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KOTOpPBIE COAEPIKATCS B LIEMEHTHOM BSIKYIIEM BEIECTBE a), MIC He00sA3aTeNbHbIN
NOCTOPOHHUH UCTOYHHK alfoMUHATa, HA 100 I HEMEHTHOrO BsXKYIEro BELIeCTBA a), B
o01IeM KOJTHUYECTBE, COCTABIAIOIIEM

- no Menbueil Mepe 0,08 Mouis, €CIu KOJIUYECTBO LEMEHTHOTO BSXKYILETO
BEIIeCTBa a) HaXOAUTCs B Auamna3zoHe oT 180 no meHee 220 kr Ha M®> CBEXXECMEIIAHHOTO
COCTaBa,

- no MmeHbleit mepe 0,06 MOJIsI, €CIU KOJIMYECTBO LIEMEHTHOTO BSIKYIIErO
BEIleCTBA a) HAXOIUTCs B nuamna3done oT 220 no meHee 280 Kr Ha M> CBEXKECMEIIAHHOTO
cOCTaBa, u

- no meHbuieit mepe 0,05 MoJist, €CIM KOJIUYECTBO LIEMEHTHOTO BSIKYIIETO
BemecTBa a) cocrasysieT 280 kr min Oosiee HA M CBEKECMEIIAHHOT'O COCTaBA.

Hacrosimue n3obperarenu oOHAPYKUIN, YTO YMEHbIICHHE MPONOPLUU
LIEMEHTHOTO BSDKYIIEro BelecTBa a) 0e3 ymepoa jkenaTelbHbIX CBOMCTB BO3MOXKHO
TOJBKO MOCPEACTBOM MOAAEPKaHUs KOJUUECTBA JOCTYITHOTO ajJlOMUHATA B Npeaesax
yKa3aHHBIX BbIIE AUAMa30HOB. Takum 00pa3oM, 4eM HIKE MPOMOPUHS LIEMEHTHOTO
BSDKYIIErO BEIEeCTBA a), TEM BbIlIe TpeOyeMoe KOTUYECTBO JOCTYITHOTO aJlFlOMUHATA.

Kax npaBuio, CTpOUTENBHBINA COCTAB COAEPKUT 0,2 MOJIA UIIM MEHEE BCErO
OOCTYITHOTO ajgroMuHaTa, Ha 100 r HeMEeHTHOTrO BSIKYLIETO BEIIECTBA a).

brio 00HapykeHO, YTO CTPOUTENbHBIE COCTABBI, COAEPIKAIME JOCTYITHBIN
aJIOMUHAT B YKa3aHHBIX BbIII€ MUHUMAJIbHBIX KOJUYECTBAX, AEMOHCTPUPYIOT
ONTHUMAJbHBIE XapaKTEPUCTHKH, KACAKOIHECS BPEMEHHU OTKPBITON BBIAEPKKHU 10
CXBaThIBAHUS U Pa3BUTHS paHHEH npoyHocTH. C Apyroi CTOPOHBI, €CIU LIEMEHTHOE
BSDKYIIlEE BELECTBO coaep kUt Oosiee 0,2 MOJIsI BCEro AOCTYIMHOTO ajqtomMuHara Ha 100 r
LIEMEHTHOTO BSKYIIEro BEIEeCTBA ), TO BPEMsI OTKPBITOH BBIIEPIKKU MOXKET OBbITh
KOpoUe, TaK KaK pa3BUTHE PAHHEH MPOYHOCTH MOXKET ObITh OYEHb OBICTPBIM.

OO6pruHO, MPUOIU3UTENBHBIE TPONOPIIUN OCHOBHBIX MUHEPAJIOB B
NOPTIIAHALIEMEHTE PACCUHUTBIBAIOT C MOMOLIbI0 (hopMyel bora (0rs pacuema
MUHEPAN02UYECK020 cOCMABA KIUHKepd), KOTOpasi, B CBOIO O4Yepellb, OCHOBAH HA
3JIEMEHTHOM COCTaBe KJIHWHKepa, ONpeAeeHHOM, HallpuMep, C MOMOILbIO
pentrenodayopecuenTHoro ananusa (XRF). Takue ciocoObl o0ecrnednBarOT OKCUIHBIN
COCTaB 3JIEMEHTOB. JTO O3Ha4aeT, 4To koauuecTBo Al ykaswiBaercs kak Al,O;. Beuto
0OHapy>KEHO, UYTO LIEMEHTHI C IBHO OJIMHAKOBBIM coaepxkanuem Al,O3 neMOHCTpHPYIOT
COBEPILIEHHO pa3Hble CBONCTBA, Kacaroluecss paHHeH NMPOYHOCTU U PETYJIUPYEMOCTH

MOCPENCTBOM PEryJMPOBaHUS ruapaTtauun. LleMeHT BKIOUYAeT OUE€Hb pa3HbIe
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ucTouHuku Al mo MuHepanoruueckon npupoae u pacrsopumoctu. Hacrosmue
nzo0perarenu 0OHAPYKIIH, YTO He BeCh Al MpUroaeH Win AOCTyNeH st 00pa3oBaHUs
3TTpuHrura. B oOpasoBaHuu 3TTPUHIUTA YHACTBYIOT TOJNBKO Al-comepxkainue
MUHepaibHbIe (Pa3bl ¢ JOCTATOYHONW PaCTBOPUMOCTHIO B BOJHOW Cpelie LIeMEeHTHOM
nactel. [Ipyrue Al-comepikalnye MUHEpabl, TAKHE KaK KPUCTAIINIECKHE OKCHUIBI
ANIOMUHUS, HAIIPUMEP KOPYHJ, He 00pa3yloT allOMUHAT B BOAHBIX Cpeaax BCIEACTBUE
UX OTpaHU4YeHHOH pacTBopuMOCTH. Clle0BaTEIbHO, TOJBKO 3JIEMEHTHBIN aHAIU3 HE
MOKeT 00€eCIeUnTh HAeKHBIX 3HAYEHHI JOCTYITHOrO aJIOMHHATA.

CrnenoBarenbHO, H300pETEHHE OCHOBAHO HAa JOCTYITHOM QJIOMHHATE, B IepecyeTe
Ha AI(OH), ™. “JlocTynHBIH aTrOMUHAT MTPEACTABISIET COOOH 3HAUEHHE, KOTOPOe
OXBaTbhIBa€T MUHEpaJbHbIE (a3bl U Al-comepkaiime coeIMHEHUsI, KOTOPbIE CIIOCOOHBI
obpasosbiBaTh Al(OH)s B menodnbie BOOHBIX cpenax. Pas3bl aFOMUHATA KAJTbIHS,
takue kak C3A (CaszAl;O¢), pacTBOPSIFOTCS B IIEJOYHON BOAHOH cpene, B pe3yjbTaTe
gero noay4aror AI(OH),™ u Ca®” monsr. s meseil 5Toro H306peTeHns, KOHIEHTPALHS
MUHepanbHBIX (a3 u Al-comepkamux COeNMHEHH, KOTOpbIE CIIOCOOHBI 0OPa30BBIBATH
Al(OH); mpencrasnsiercs B Bune mois AI(OH)4™ Ha 100 r meMeHTHOTO BSIXKYINETO
BEIECTBA ).

Cunraercs, 4To OObIYHbIE MUHEPATbHbIE (a3bl ANIOMUHATA KAJbLUS — B OTJIIMYHE
OT KPUCTAJUIMYECKUX OKCHUJIOB AJIOMHUHUS — SIBJIAIOTCS UCTOYHUKAMH AOCTYITHOTO
antoMuHaTa. COOTBETCTBEHHO, KOJIMYECTBO JOCTYIIHOTO AJIIOMHUHATA B IAHHOM
LIEMEHTHOM BSXKYII€M BEIIECTBE MOXKHO ONpPEeeInTh METOJaMH, KOTOPbIE MO3BOJISAIOT
pasnuyuath MUHEpaJIbHbIE (a3bl, COCTABISIOLIUE [IEMEHTHOE BSIXKYIee BEIIeCTBO.
ITone3HbIM METOIOM 1JIsl 3TOH LieJU ABJsAETCS YTOUHeHne PurBenbaa nopomKkoBoOi
pentrenorpammsl (XRD). DToT MeTox nmporpaMMHOTO oOecTieueH s MPUMEHSIIOT IJIs
YTOYHEHHUS L[eJIOTO Psiia MapaMeTPOB, BKIIOYAKOIUX MapaMeTPhbl PEIIETKH, MOJ0KEHUE
NUKa, UHTEHCUBHOCTh U (OpMYy. DTO NMO3BOJISIET PACCUYUTHIBATH TEOPETHUECKUE
nudpakuuOHHBIE KapTHHBL. Kak Tonbko paccuntaHHas AuppakLUOHHAS KapTUHA OyneT
NPaKTHYECKH UICHTHYHA JaHHBIM HCCIIeNyeMoro odpasua, MOXHO ONpPEAeTUTh TOUHYIO
KOJMYECTBEHHYI0 HHYOPMAIIHIO O COAEPIKAIMNXCS MIHEPAJIbHBIX (a3ax.

Kak nmpaBuyio, MuHepanbHbIe (pa3bl aJFOMHHATA KaJbLHs, KOTOPbIE CIOCOOHBI
obpazosbeiBaTh AI(OH), B menodnbie BOXHBIX Cpelax, MPenCcTaBIsIOT COOOM
anromuHaT Tpukaiapuus (C3A), amomunatr moHokanbnus (CA), matienut (C12A7),
rpoccut (CA2), Q-pazy (C20A13M3S3) unu 4eThIpexKaJbUHEBbIH aTIOMOpEPPUT

(C4AF). C npakTH4eCcKO TOUKHU 3pEHHUs, €CJIM LIEMEHTHOE BsXKYyIlee BEIEeCTBO a)
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IpeaCTaBsieT COOOH MOPTIAHALEMEHT, TO, KaK MPaBUIIO, JOCTATOYHO OLIEHUTh TOJBKO
crenypoimue MUHepaiabHble pa3bl: amomuHaT Tpukanbnusa (C3A), antoMuHaT
moHokanb1us (CA), matienut (C12A7) u uerpipexkanbunensiii antomopeppur (C4AF),
B YaCTHOCTH, amroMUHAT Tpukaiablus (C3A) u yeTblpexkanblueBblil amoModeppuT
(C4AF).

B xauecTBe anbTepPHATUBBI, KOJUYECTBO JOCTYITHOTO AJTIOMUHATA MOXET OBITh
MOJIYYEHO TMOCPEICTBOM OMpenesieHus: o0uero konuuectsa Al B COOTBETCTBHUH C
3JIEMEHTHBIM COCTaBOM LIEMEHTHOTO BSIKYINETO BELIECTBA a), HAPUMED, C MOMOLIBIO
XRF, 1 BIUMTAHUSA U3 HErO KOJUYECTBA KPUCTANIMYECKUX COEJUHEHUN aIlOMUHUs, HE
cnocoOHBIX 00Pa30BBIBATH NJOCTYIHBINA JIFOMHUHAT, KaK onpeaeneHo nocpencrsom XRD
U YTOYHEHUs PUTBenpaa. DTOT METOA TaKKe YUUThIBAET aMOp(HBIEC, pACTBOPUMBIE
COEMHEHHs AIFOMUHUSA, KOTOPbIE CIIOCOOHBI 0OPa30BbIBATH AOCTYIHBIN AIFOMUHAT.
Takue kpuCTAJUTHYECKNE COCNUHEHUS AIIOMUHUSI, HE CTTIOCOOHBIE 00pPa30BBIBATH
JOCTYIIHBIE alFOMUHATBI, BKIIOYAKOT COEIMHEHUs TPYINIbl MEJIUINTOB, HAIPUMED,
reneHuT (C2AS), coenuHeHus rpynmsl MIIHHENeH, Hanpumep, mmnuHenb (MA), MyaauT
(A12A12+2XSi2.2X010-X), U KOpYHA (A1203)

B onHOM BapuaHTe OCyLIECTBIEHUS, B H300PETEHNHU IPUMEHSIOT BRIOpAHHbBIE
LIEMEHTHBIE BSKYLIME BEIIECTBA, COAEPIKAINE JOCTATOUHbIE KOJUYECTBA JOCTYIIHOTO
aNIOMMHATA U3 MUHEPAJbHBIX (a3 alfoMHHATA KaJbLUs, KaK ONpeaeseHO, HalpuMep, ¢
nomoinbio XRD ananuza, ¢ TeM, 4TOObI COOTBETCTBOBATH KOJUYECTBAM, YKA3aHHBIM
BBILIE.

B xauecTBe anbTepHATUBBI, €CIU LIEMEHTHOE BSKYIee BEIeCTBO a) caMo 1o cede
COJZIEPKUT HEAOCTATOUHYIO KOHLIEHTPALMIO NOCTYIHOro aatoMuHara Ha 100 r
LIEMEHTHOTO BSKYIIEro BEIIEeCTBA a), MOXKET NOOABJISTbCS MOCTOPOHHHUI UCTOYHHK
anromuHaTa B). ClieoBaTEIbHO B HEKOTOPBIX BAPUAHTAX OCYLIECTBIICHHUS,
CTPOHUTEIbHBINA COCTAB CONEPIKUT MOCTOPOHHUH UCTOYHUK AJIOMHHATA B).

ITocTOpOHHMI HCTOYHUK ATOMUHATA B) 00€CTIEYNBAET JOCTYITHBIN aJIFOMHUHAT,
KOTOpBIH omnpeneneH Boime. COOTBETCTBEHHO, MOCTOPOHHHUI UCTOYHHK AJIFOMUHATA B)
BBIOMPAIOT U3 HE COAEPIKAIMNX KaIbI[Us UCTOYHUKOB JFOMUHATA, TAKUX KaK COJHU
amromuauA(11), Komnekcs! amoMuHuA(11l), kpuCTANTUYECKUN THAPOKCU ATFOMHUHUSA,
aMOp(HBIN THAPOKCHA ATFOMUHUS, a TAK)KE U3 COAEPIKAIMUX KaJbLHI HCTOUHUKOB
AFOMHMHATA, TAKUX KaK BBICOKOTJIMHO3EMHUCTHIH LIEMEHT, CYJIb(OATIOMUHATHBIA [IEMEHT

HUJIM MUHEPAJIbHBIC (1)2131)1 CUHTCTUYCCKOIO aJIlOMHHATA KaJbIIHA.
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IMonesusie conu amromunusi(1Il) npencrasmusitor coboii conu amromuHusi(11I),
KoTophle jerko oopasywT Al(OH), B menounoi BogHol cpene. Iloaxonsmue conu
anroMuHuA(11l) BKIOYAOT, HO HE OrPAHUYUBAIOTCS UMM, FaJIOT€HUbI AJIIO MUHUS,
takue Kak xjopun amoMunusi(1Il), u ux cooTBeTCTBYIOLINE rUAPATHI, aMOP(HbIE
OKCHUBI AIFOMUHUS, THAPOKCUBI ATIOMUHUS MJIM UX CMeIIaHHbIe (OPMBI, CyabdaTel
ANIOMUHUS MJIM COAEpIKaIue cyjabdara CONM aIFOMUHUS, TAKHME KaK KaJlueBble KBACLIBI,
U UX COOTBETCTBYIOIIHME F'UAPAThI, HUTPAT aJFOMUHUS, HUTPUT AJIIOMUHUS U UX
COOTBETCTBYIOLINE THAPATHI, KOMIUIEKCHI aIFOMUHHUS, TaKUE Kak Tpudopmar
aJIOMUHUSA, TpUALIETAT aJIIOMUHUS, AUALleTAT aJIOMUHUS U MOHOALETaT allOMUHUS,
coziepiKaIue aJlOMIHHUNA METAJJIOOPTaHNYECKUEe CTPYKTY I, Hanpumep ¢pymapar
anroMuHUs, Hanpumep Basolite™ A520, u okcoruapats! amomunnst M(II), Hanpumep,
ruaporpasat. I'uapokcuasl antoMuHUA(IIl) MOTyT OBITH KPUCTATUTMYECKUMHU HITH
amopdHbIMH. [IpeAnOYTUTENBHO, TPUMEHSIOT aMOP(HBINA THAPOKCH/T aJTFO MUHUS .

IleMeHT ¢ BBICOKUM COJAEp KaHUEM aJlOMHHATa O3Ha4daeT LIEMEHT, COAep KAl
BBICOKYIO KOHIIEHTpaUHio (a3 arroMUHATA KaJbLUHs, HAIPUMEp, IO MEHbIIEH Mepe
30 mac. %. Ecnu TouHee, ykazaHHasi MUHepajJorudeckas gasa aJlOMHUHATHOTO THIIA
comepxut amoMuHaAT Tpukainbuus (C3A), amomunatr moHokanbus (CA), malieHUT
(C12A7), uerbipexkanbiuesslii amomopeppur (C4AF), nnn koMOMHALIUIO HECKOJIBKUX
U3 YKa3aHHBIX (a3.

CynbdoantoMUHATHBIN LIEMEHT UMEET COAepIKaHNe SITUMUTA (XUMUYECKas
dopmyna 4Ca0.3A1,05.S05 unu C4A33% B 0003HaYEHHH LIeMEHTa), OOBIYHO
cocrasistoniee donee 15 mac. %.

[Mogxonsimue MuHEpadbHbIE (Pa3bl CHHTETHYECKOTO AJIFOMUHATA KaJIbIUS
BKJIOYAOT amopdubld Malienut (C12A7).

CTpouTenbHBIN COCTAB COMEPIKUT JOMOJHUTEbHBINA BSOKYIIHI MaTepua 0),
umermuii Dv90, cocraBnsomuii MmeHee 200 MKkM, peaAnoYTUTENbHO MeHee 150 MM,
Oosiee mpeanoyTUTETLHO MeHee 70 MKkM, win MeHee S0 MKM.

Dv90 (o 06bemMy) cooTBeTcTBYeT 90° MPOLIEHTHIIIO pacIpeneeHusl Ppa3MepPOB
YaCTHIl, YTO O3Ha4daeT To, 4To 90 % vactuu umeroT pazmep DvO0 unu mensiie, u 10 %
uMerT pasmep Oonbine, yem Dv90. Kak npaBuno, Dv90 u npyrue 3HadeHHsI TAKOTO XKe
THIIA SIBJISIFOTCS] XapaKTEPUCTHKON TPAHYJIOMETpHUECKOro npoduis (pacrnpeneneHue mno
00beMy) COBOKYIMHOCTH dacTHI] uiu 3epeH. CoorsercTue TpedoBanuo, 4Todsr 90 %
JaCTULl UMENIH pa3Mep, cocTaBiasrouuid 200 MKM Hiin MeHee, 00ecreunBaeTcsi, €CJIH 10

MeHnblIel mepe 90 % o 00beMy YacTHI] MPOXOIUT Yepe3 CUTO, UMEKIIee pa3mep
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saueek, coctapiaromui 200 mxm. B kauectse anbrepHaTusbl, DvO0 moxeT
paccUMTHIBATLCS HA OCHOBE PaclpeAesieHUsl pa3MepOB 4acTHL, YCTAHOBJIEHHOMY C
MOMOIIBIO CTATUYECKOH JIa3epHOl nudpakunu ¢ ucrnojip3oBanuem Malvern
Mastersizer 2000.

Pacnpenenenue pasMepoB 4acTHUL BIUSAET HA MJIOTHOCTb YIAKOBKHU, KOTOpas, B
CBOIO OYepeb, BIUSET Ha MOTPEOHOCTh B BOJIE U HA MEXaHMYECKHE CBOICTBA
CTPOUTENBHOrO cocTaBa. IIIOTHOCTE yIakOBKH CTPOUTENBHOIO COCTaBa U, B
YaCTHOCTH, JOTIOJHUTEIBHOTO BSIXKYIErO MaTepualia JOJKHA ObITh KaK MOXKHO BBILIE
IUTs1 yJIy4YLIeHHs] yA00OOyKIaAbIBAEMOCTH U YMEHbLIeHHs moTpedHocTH B Bone. Kak
NPaBUJIO, pa3Mep 3€pPEeH NOMOJHUTENBHOTO BKYLIEro Marepuaia 0) BappbUpPyeTCs OT
50 M no 1 Mm.

JIONOMHUTENBHBIN BXKYLUI MaTEPUAT COAEPIKUT KaJIbLIUHUPOBAHHBIN
IIMHUCTBIN Matepuan (0-1) u mopomok kapboHaTHOH mopoxas! (6-2) B COOTHOLIEHUH
maccol (0-1) k (6-2) B nuanazone ot 0,5 no 2, npeanoururenpHo ot 1,8 mo 2.

KanpuuHupOBaHHbIE TIMHUCTBIE MaTEPHUAIbl IONYYaOT OCPEACTBOM
TepMHUYECKOH 00pabOTKU I'JIUH, COAEpP KAUX (PUIIOUIUKATHI, T.€. CIOUCThIE
cunukaThl. Quitonnukats! BKIOYaOT 1:1 u/unu 2:1 caoucteie (MpUPOIHBIE) MITUHBI
WIN UX CMECH, COAepIKalue I1- W/ MU TPHOKTA3IPUUECKHUE CION UM UX CMECH, U
3apsA0M cJiosd, paBHbIM O, HaIpUMep, KAOJUHUT, O OTPULIATENIBHOIO 3apsaa Closl,
paBHOTO 1, HampuMmep, O, UK UX cMecH. Tepmuueckas oOpaboTKa FIIUHBI
npeoOpa3yeT rIIMHUCTbIE MUHEPaIbl MOCPEACTBOM EeTUIPOKCUIINPOBAHUS C
BbIZIeJIEeHHEM BOJbl. HampuMep, KaOJTUHUT MOKET ObITh TEpMHUYECKH 00paboTaH 10
nony4yenusi merakaonuna (Al,Si,07). ITony4ueHHbIH KaabLUUHUPOBAHHBIA TJIMHUCTBIH
MaTepua MpeacTaByseT CO00H MyuuosaH NPUPOIHOTO MPOUCKOKASHUS. [ THHBI,
nojiyuyaemMble U3 MPUPOJHBIX MECTOPOXKAEHUH, ISl IPUTOTOBJIEHUS
KaJIbLIUHUPOBAHHBIX TNIMH, MOTYT Pa3jN4yaThbCs MO COCTABY U KPUCTAIIUUECKON
CTPYKType B IIUPOKOM nuamna3oHe. [{ns neneit HacTosmero n3o0peTeHus,
KaJIbIINHUPOBAaHHAS TJIMHA MPENCTaBIsAeT OO0 000l MaTepua, MmojJy4eHHbIH
NOCPEACTBOM TEPMUUYECKONH 00pabOTKH IJIMHBI, YTO 00eCIeUnBaET MYII[OJTaHOBYIO
pPEaKIMOHHYI0 crTOCOOHOCTD. ITOCKONBKY COCTaB, KPUCTAIIINYECKASI CTPYKTYPa,
TOHKOCTB ITOMOJIa M YCJIOBUSI TEPMUUECKOH 00paboTKH, TaKue KaK TeMIepaTypa u
BpeMs MPUMEHEHHS TelJla MOTYT CHUJIBHO Pa3IN4aThCs, CAe10BATENbHO, pEaKLIMOHHAs

CIIOCcOOHOCTh KaJbIUHUPOBAHHBIX TJIMH TAKXKE€ MOXXECT CUJIbHO OTJINUYAaTbCA.
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IlynuonaHoBasi peakLiHOHHAS CIIOCOOHOCTh BTOPUYHOIO BSDKYIEro Marepuaa,
BKJIFOYAsl KaJbIIHHUPOBAHHBIE TJIMHBI, MOJKET OBITh YCTAHOBJIEHA, HAIPUMED, C
nomounpio “tectra [lamens (NF P 18-513). Tect ocHoBan Ha peakunu Ca(OH); ¢
KPEMHUICOAEPIKAIMUMHU UJIU AJIFOMOCUINKATHBIMU MaTepHuajaMy, IPUCYTCTBYIOIIUMHU B
nymonaHax. Cycnensuro nyunoiana u Ca(OH), noxsepraroT peakuuu npu
temmneparype 90°C B reuenne 16 yacos. Konuuectso uzpacxonosannoro Ca(OH),
PacCUYMUTBHIBAETCS MO pa3HULIE MeKIy N0OaBIIEHHOW U OCTaBlIelcs u3BecThi0. [lone3Hbie
KaJTbLIMHUPOBaHHbIE TIHHBI UMeIOT notpednenue Ca(OH),, cocraBnsmomee mo
Menbluei mepe 200 mr Ha 1 r MaTepuaa KaabLUUHUPOBAHHOMN IJIMHBI,
NPEeANOYTHTENIBHO M0 MeHbIIeH Mepe 660 Mr Ha 1 r, OoJiee MPeAnoUYTHTEIBHO O
Menbiueid mepe 1000 mrua 1 r.

Jpyro#i noaxoa sl KOJUYECTBEHHOMN OLIEHKU MYLI0JaHOBOW PEaKLIUOHHOU
COCOOHOCTH TOMOJIHUTENBHOTO BSDKYINETO MaTepHalia, BKIOYAO IIEro
KaJbLIUHUPOBAHHbIE IJIMHBI, BKIOYAET KAJIOPUMETPUUECKUN aHAIN3 CMELIaHHBIX
neMmeHToB; cmoTpu Development of a New Rapid, Relevant and Reliable (R3) Testing
Method to Evaluate the Pozzolanic Reactivity of Calcined Clays, Rilem Bookseries 2015,
DOI:10,1007/978-94-017-9939-3 67. lleMeHTHYIO MOJEJBbHYIO ACTY MMOJYYaIOT
nocpenctsoMm cMmemuBanus 11,11 r nonoxHUTENBHOTO BsXKYyIIero matepuana (SCM),
33,33 r nopTinanauta, 60 r genoHu3npoBaHHON BOAKBI, 0,24 r ruapokcuaa kamus, 1,20 r
cynbgara kanus u 5,56 T kanpuuTa. Beiaenenue Teniaa perucTpUPyOT Ha IPOTSIKEHUH
7 nueii. CymmapHoe termio (“temno”) paccyuTbiBaeTcs uepe3 1,2 yaca mocje Havdana
KaJopuMeTpu4eckoro ucnbitanue u gainee. Oomee BoiaenaeHue Temia (“Hyescaled™)

ykasbeiBaeTcs B Jx/(r SCM) crnenyroouum odpazom:

Tenno
(mpx0,0997)

Hyescatea =

npuueM Tenno sBnsgeTcss CyMMapHBbIM TeMIoM B JIXKOYJISIX, H M, PEACTaBISIET
coboii Maccy EMEHTHOH MOAENbHON MAacCThl B IpaMMax.

[Tone3Hble KaNbLUHUPOBAHHBIE TIIMHUCTBIE MAaTePHAJIbl JEMOHCTPUPYIOT ol1iee
BBIIEJICHUE TEIJIa BO BPEMsI UCIBITAHHUS HAa My LLIOJAHOBYIO PEAKLIHOHHYIO
crocoOHOCTB, KoTopoe coctasisieT 100 - 600 JIx/r, B wactHocTH, 150 - 400 J)/T.

[IpuMeHeHne KalbIIUHUPOBAHHBIX NIMHUCTBIX MAaTEPHAJIOB B KAYECTBE YACTUYHON

3aMEeHBbI MOPTIAHILIEMEHTA MO3BOJISIET COKPATUTh BEIOpOCh CO,, coxXpaHss Ty xe

MPOYHOCTH OETOHA, TOCTUTAEMYI0 TTOCPEICTBOM OOBIYHBIX MOPTIAHALEMEHTOB. [Ipu
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5TOM METAKaOJUH U Jpyrue ajJlOMOCUINKAThI, BCTPEUAKOIUECS B KaJIbLIHHUPOBAHHOM
IJIMHE, UMEIOT TOJIBKO OFPaHUYEHHYIO PaCTBOPUMOCTD B LIEJOYHON BOJHOM cpene u,
KpOMe TOTr0, pacTBOPSIIOTCS JIUIIb OUYeHb MelsieHHo. Crenyer oxxunate ropasno 0osee
MEIJICHHOTO KHHETHYECKOTro 000poTa, KOTOpOMY TPpeOyIOTCS AHU, WU AaXKe HENeIH,
ISl NOCTUIKEHHUsI CBOero MakcumyMma. Takum oOpa3oM, KaJbLIHHUPOBAHHBIE TJTHHBI
OynyT cnocoOCTBOBATH MOBBIMEHUIO O0MUX QU3HMUECKUX XapPAKTEPUCTUK W/HITH
nonroBedHocTu LC3-0eToHA TOJMBKO MOCHE AJIUTENbHBIX MEPUOIOB BPEMEHH.
KanpuuHUpPOBaHHBIE TJIMHBI, B OTJIMYHE OT OOBIYHOTO MOPTIAHALEMEHTA, HE BHOCST
3HAUUTENbHOTO BKJaJa B pa3BUTHE paHHEH NPOYHOCTH B TE€UEHUE MEPBbIX HECKOJbKUX
yacoB nocyie cMemuBanus. CienoBaTeNbHO, AT LeJield N300peTeHusl,
KaJIbLIUHUPOBAaHHbIE MIHMHUCTbIE MAaTePHUAJIbl HE CHUTAIOTCA HUCTOYHUKOM JOCTYIIHOTO
aJIOMUHATA.

bruto 0OHapykeHO, YTO MOAXOMSIIIIE MITUHUCTBIH MaTepHUaIbl OTHOCITCS K
rpynmne KaoJUHOB, TAKUX KaK KaOJUHUT, AUKUT, HAKPUT Ui rannyasut. [Ipuemnemyro
MPOYHOCTb TAK}KE€ MOXHO MOJYUYUTh B pe3yJbTaTe NPUMEHEHUs I'IMH CMEKTUTOBOM
IPYINIBI, BKJIOYasg JUOKTA3ApUYECKHe CMEKTUTBI, TakUe KaK MOHTMOPUJIJIOHUT U
HOHTPOHMUT, U TPUOKTA3APUYECKHUE CMEKTUTHI, TAKHE KAK CAllOHUT, UJIU BEPMUKYJUT, U
UX cMeceil. DTO OTKPbIBAET BO3MOXHOCTb IPUMEHEHHUS TJIMH, KOTOpbIE ropasno 0ojee
OOCTYIIHBI, Y€M KAOJMH.

B ogHOM BapuaHTe OCyLIE€CTBJIECHUs, KAJbLIUHUPOBAHHBIN TIMHUCTBIN MaTepua
npencTasisieT coO0H MaTepHal, MOJyYeHHBIH TOCPEACTBOM TepMHUECKO 00paboTku
riuHbl ipu Temneparype 400 - 900 °C, npennoutrurensHo 500 - 900 °C, Gonee
npeanoututenbHo 500 - 750 °C. KanpuuHUpOBaHHbIE TIMHUCTBIN MaTepual
NPEeATOYTHTEIbHO MPENCTAaBIsAET COO0I MaTepual, MOJy4eHHbIH MOCPEICTBOM
TePMHYECKOH 00paOOTKHU IIIUHBI IO CYTH MPH OTCYTCTBUU U3BECTHSKA.

JIOTIOTHUTENBHBIN BSUKYIIUN MaTepuai 0) JONMOIHUTEIbHO COAEPIKUT MOPOIIOK
kapOoHaTHOH moposs! (0-2). ITopomku kapOOHATHON MOPOABI COCTOAT U3 MEJKO
U3MEeJTbYEeHHONW KapOOHATHON MOPOBI, U P 3TOM LIUPOKO NOCTYIHBI. X mpuMeHeHne
HE BHOCHUT 3HAUUTEJIbHOTO BKJaja B yriepoaHsblil cien. Ilone3Hrie npuMepbl BKIIOYAIOT
U3BECTHSIK, TAKOW KaK MOJIOTBIN U3BECTHSK WJIN OCAXAEHHBIN U3BECTHSAK, OJOMUT, U
ux cMmecu. [IpeanodTuTebHO, MOPOIIOK KapOOHATHOM MOpoasl (0-2) CONEePIKUT MO
MeHblIeld Mepe 90 Mac. % U3BECTHSKA.

IIpenmoyTuTenbHO, JOMOTHUTENbHBIN BAXKYLIUNA MaTepruan 0) COCTOUT

MPEUMYIIECTBEHHO U3 KaJbIUHUPOBAHHOTO MIIMHUCTOTO MaTepuaina (0-1) u mopomka
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kapOoHaTHOM nopons! (0-2), B yacTHOCTH, U3BecTHsIka. Hanmpuwmep,
KaJIbIIUHUPOBAHHBIN MNIMHUCTBIA MaTepuain (0-1) u nopomok kapOoHaTHON mopoxas! (6-
2) BMeCTe COCTaBIAIOT MO MeHblIel Mepe 80 mac. %, B 4aCTHOCTH, 110 MEHbLIEH Mepe
90 mac. %, JOMONTHUTEIBHOTO BSIKYLIEero Matepuaia 0). B npyrux BapuanTax
OCYIIECTBIIECHHUS, AOMOJTHUTEIbHBIA BKYIIHA MaTepuan 0) COOEPIKUT AOTOTHUTEIbHbIE
MaTepUalbl, TAKUE KaK aKTUBUPYEMbIE LIEJOYbIO BSXKYILIHUE BELIeCTBA, APyTrue, 4em
KaJIbIIAHUPOBAHHBIE TJIUHBI, U/ HJIH MOPOLMIOK CUIUKATHON MOPOBI.

TepMmuH “akTUBHpPyEMOE HIEJIOUBIO BSIKYIIEE BEIIECTBO TMPEIHA3HAYEH IJIs
0003HaYeHHs] MaTePHUAJIOB, KOTOPbIE B BOJHOMW INEJIOYHOHN Cpene 3aTBEPACBAIOT
nonoOHO nemMeHTy. TepMUH OXBaThIBAET MAaTEPUAIIBI, KOTOPBIE OOBIYHO HA3BIBAIOT
“CKPBITBIMU TUJIPABINYECKUMU BSKYIIUMHU BEUIECTBAMHU U “TYLI[OJAHOBBIMHU
BSDKYIIMMHU BeIleCTBAMU .

JInst uenel HacTOSIIEro u300peTeHusl, “CKPBITOE THIPABINYECKOE BSIKYIIEe
BEIIECTBO  MPEANOYTHUTEIBHO MPEACTaBIsIeT COOON BSIKYIIEe BEI[ECTBO, B KOTOPOM
mossipaoe cootHomenue (CaO + MgO):Si0; cocrasisiet ot 0,8 10 2,5 U B 4aCTHOCTH,
ot 1,0 1o 2,0. B o0mem, ynOMsIHyThI€ BBIIIE€ CKPBITbIE THAPABINYECKHE BSIKYIHE
BEI[ECTBA MOTYT OBbITh BBIOPAaHBI U3 MPOMBILIIEHHOIO W/WJIM CHHTETUYECKOTO IIJIaKa, B
YaCTHOCTH, U3 JOMEHHOTIO IIJIaKa, 3JIEKTPOTePMHUIECKOro GpochopucToro miaxa,
1IJ1aKa OT MPOU3BOACTBA CTalH, U Ux cMmeceil. “Ilynionanosbie BAXyIIUe BeLIeCTBA
KaK IPaBUJIO, MOTYT OBITh BBIOpaHBI U3 aMOP(PHOro KpeMHe3eMa, IPEeANOYTUTEIbHO U3
OCaXJEHHOI'0 KpeMHe3eMa, MUPOr€HHOr0 KPEMHE3eMa U MUKPOKPEMHE3eMa, MOJIOTOr 0
CTEeKJIa, METaKaOJNHA, AJIIOMOCUINKATOB, JIETy4el 30J1bl, IPEANOYTUTENbHO U3 JIeTyueil
30J1bI OyPOTO yIJIsl U JIETY4YeH 30JbI KAMEHHOTO YTJIsl, U3 TPUPOAHBIX MYLIIOJAHOB,
TaKUX Kak Ty, Tpacc U BYJKAHUUECKHI Neres, U3 KaJIbIIUHUPOBAHHBIX TJIHH,
000X KEHHOTO CJIaHLa, 30JIbl PUCOBBIX OTXOAOB, MPUPOIHBIX U CHHTETHYECKUX
LIEOJIUTOB U UX CMeCeil.

[ITnax MokeT OBITh JTUOO MPOMBIIIIEHHBIM IIJIAKOM, T.€. OTXOJaMH U3
NPOMBILIJIEHHBIX MPOLECCOB, TUOO CHHTETUYECKUM HUTakoM. [locinenHuii MOKeT OBITh
NPEUMYIIECTBEHHBIM, TTOCKOJbKY MPOMBIIIJICHHBIHN [IJIAK HE BCEra JOCTYIEH B
HEOOXOUMOM KOJIMYECTBE M KaYEeCTBE.

Howmennsrit mnak (BFS) siByisieTcst 0TXONOM CTEKJIOBApEHHOTO MPOU3BOACTBA.
Jlpyrue maTepualnsl NpeaCTaBIsAI0T co00H rpanyiupoBaHHblii foMeHHbIN mutak (GBFS)
¥ MOJIOTBIH rpaHynupoBaHHbIN noMmeHHBIH mak (GGBFS), koTopeiit npencrasiser

co0oit rpaHyJIMPOBAHHBINA TOMEHHBIH MIJAK, KOTOPbIH OBbLI TOHKO U3MEJIbYEH.
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MonoThIN rpaHyJIMPOBAHHBIA JOMEHHBIN LIJAK Pa3IU4aeTCs IO TOHKOCTH MOMOJIA U
pacnpeneneHuio rpaHyJOMETPUYECKOTr0 COCTaBa M0 KPYIHOCTH 3€PeH, KOTOPhIe
3aBUCSAT OT NMPOUCXOXKAEHUS U crioco0a oOpabOTKH, U B JTaHHOM Clly4ae TOHKOCTD
IIOMOJIa BIIUSIET HA PEAKLIHOHHYIO CIIOCOOHOCTD.

Onnaxo, aist 1esneil HacTosmero n300peTeHus, BhIpaXKeHne “TOMEHHBbIH HIIaK”’
OXBaTbhIBA€T MaTepUAaJIbl, MIOJyYEHHbIE B PE3YJIbTATE BCEX YIIOMSIHYTBHIX YPOBHE
oOpabotku, momona, u kadecrsa (T.e. BFS, GBFS u GGBFS). JlomeHHbIl mIaK, KaK
npasuiio, couepxkut ot 30 no 45 % no macce CaO, npumepno 4 - 17 % no macce MgO,
npumepHo 30 - 45 % nmo macce Si0; u mpumepro 5 - 15 % no macce Al,O3, 06bIuHO
npumepHo 40 % no macce CaO, npumepHno 10 % no macce MgO, npumepHro 35 % mno
macce Si0; u mpumepno 12 % mo macce Al,Os.

DnextporepMudeckuil HOCHOPUCTHIN MIJIAK SBISIETCS OTXOIOM
3NEKTPOTEPMUIECKOTO Mpon3BoacTBa Gocdopa. OH sABIAETCS MEHEE PEAKLIHOHHO
CIOCOOHBIM, YeM JOMEHHBIN IJIaK, U COnepskuT mpumMepHo 45 - 50 % mno macce CaO,
npumepHo 0,5 - 3 % mo macce MgO, npumepno 38 - 43 % no macce S10,, npumepHo 2
- 5 % mno macce Al,O3 u mpumepno 0,2 - 3 % no macce Fe;O3, a Takxke ¢propun u
docdar. [llnaku OT MPOU3BOACTBA CTAJH SABJIAETCS OTXOIOM PA3JIUUHBIX MPOLECCOB
IPOM3BOJICTBA CTAJH C CHUJIIBHO PA3IMYAIOLIUMCS COCTaBOM.

AMOpOHBIN KpEMHE3EeM MPEANOYTUTENBHO IPEACTaBIsIET COOOH
peHTreHoaMop(HBII KpeMHe3eM, T.€. KPeMHE3eM, B OTHOIIEHUH KOTOPOTO METOX
NopOLIKOBOH nudpakunu He oOHapykuBaeT kpuctammuunoctu. Conepxkanue SiO; B
aMoppHOM KpeMHe3eMe B COOTBETCTBHH C U300PETEHUEM MPEUMYILECTBEHHO
cocTaBiseT no MeHbliei mepe 80 % mo Macce, NpenNnOUTUTENbHO 1O MEHbIIEH Mepe
90 % mo macce. OcakIeHHbIe KpeMHE3eMbl MMOJIYYAIOT B MPOMBIIIJIEHHOM MaciuTabe B
pe3yabTaTe MPOLEeCcCOB OCAKIACHUs, HAUMHAS U3 JKUAKOro crekaa. OcaxaeHHbIN
KPEMHE3eM B Pe3yJbTaTe HEKOTOPBIX MPOLIECCOB MPOU3BOJACTBA TAKIKE HA3BIBAIOT
CUJIUKATEJIEM.

[TuporeHHBINH KPEMHE3EM MONTYUYAOT B PE3YJbTaTe PEAKLUH XJIOPCHUIIAHOB,
HaIlpuMep, TETPaxXJIOpHaa KPEMHHs, B BOAOPOIHOM/KUCIOPOAHOM TIJIAMEHHU.
[TuporeHHbIN KpeMHE3eM MpeacTasisier codoi mopomok amopdroro SiO; ¢
AUAMETPOM dacTtul oT 5 A0 50 HM, U C yAENbHOH IUIOIAAbK MOBEPXHOCTH,
coctaBiswoinel ot 50 go 600 Ve

MUKpOKpEeMHE3eM SBJISAETCS MOOOYHBIM MPOAYKTOM IPOU3BOICTBA KPEMHHUS MU

IpOU3BONCTBA (PEPPOCUIHULINS, U TAKIKE COCTOUT B OCHOBHOM M3 MOPOILIKA aMOP(GHOTO
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S10;. luameTpbl 4aCTUI UMEIOT MOPSAOK 3HaUeHHH, cocTapistomuit 0,1 MKM.
VY nenpHas miomaab NOBEPXHOCTH UMEET NOPSAOK 3HaAYE€HUM, COCTABISAIOIWMUN OT 15 1o
30 M

JleTy4yro 301y, Cpeau Mpodvero, MoJy4aroT BO BPEMsl CKUTAHUs yIJis Ha
snekTpocTaHuusax. Jleryudas 3oma knacca C (serydas 3oma Oyporo yrisi), B
coorBetrcTBur ¢ WO 08/012438, conepxut npumepro 10 % no macce CaO, B To Bpems
KaK JieTy4as 30Jja kjuacca F (Jetydvas 301a KaMeHHOTO YIUIsi) CONEpKUT MeHee 8 % 1o
Macce, IpeanoYTUTENbHO MeHee 4 % 1o mMacce, U 00bIMHO puMepHO 2 % 1o mMacce
CaO.

ITopowkyn CUIUKATHON NOPOABI COCTOSAT U3 MEJKO U3MEIbYEHHONW CUIMKATHOU
MOPOABI U LIUPOKO AOCTYNHBI. UX MpUMEHEHNE HE BHOCUT 3HAYUTENBHOTO BKJIana B
yriiepoaHbii caen. [Ipumepsl mopolmka CUANKATHON MOPOABI BKJIOYAKOT MOPOLIOK
0a3anbpTa U KBapua.

B ogHOM BapuaHTe OCYIIECTBIICHUS, JOMOJHUTENbHBIN BSOKYIHU MaTepua 0)
JOTOJIHUTENbHO CONEPKUT Heopranuueckuit murmeHt. [logxonsiue HeopraHu4ecKue
MUTMEHTHI BKJIFOUAOT OKCHABI Kejie3a, TUOKCU]T TUTaHa, KOOAIbT-XPOM-aJTF0 MUHUEBBIE
mnuHenu, u okcunabl xpoma(lll), Takue kak XxpoMoBbIf 3eneHbli. [IpeanodTuTenbHo,
HEOPTaHUYEeCKHe MUTMEHTHI COCTABIAIOT He OoJsee 5 Mac. %, MPEaNnOYTUTENBHO He
bonee 3 mac. %, BCEro IIEMEHTHOTO BSKYIIEro BEIECTBA &) U JOMOJIHUTEIBHOTO
BSDKYIEro Marepuaia 0).

CTpouTeNnbHBIi COCTAB COAEPKUT UCTOUHHK Ccynbdara r). McTounuk cynbdara
npeacrasisieT codoil coenuHeHue, cnocodHoe o0ecrnedunBaTh Cyab(aT-HOHBI B
IeJIOYHON BOAHOM cpene. Kak mpaBuio, HCTOYHUK Cyib(daTa UMeeT paCTBOPUMOCTD B
BOJI€, COCTABJISIIOINYIO0 MO MeHbIel mepe 0,6 MMOJIb 1™ npu temneparype 30 °C.
PacTBOpuMOCTh B BOAE HCTOYHHKA Cyib(daTa Lesecoo0pa3Ho ONpeaessaTh B BOAE C
Ha4daJbHBIM 3HadyeHueM pH, paBHbIM 7.

B yacTHOCTH, MOJSIpHOE COOTHOLIEHHE BCETO AOCTYIHOTO AJIOMHHATA K
cyabdarty Haxonutes B quanazone 0,4 - 2,0, npeanouyrurenbuo 0,57 - 0,8, B
YaCTHOCTHU, COCTaBJisieT npuMepHo 0,67. ITO 03HAYAET, YTO COOTHOILIEHUS
KOMIIOHEHTOB B CMECH B COCTaB€ MOAOUPAIOT TAaKUM 00pa3om, 4T0OBI U3 TOCTYITHOTO
aNroMHUHATa 00pa3oBajach MaKCHUMAaJIbHO BO3MOXKHAS 1OJISI STTPUHTUTA.

Kak ynmoMmuHanoce paHee, MOPTIAHILEMEHT B CBOEH NOCTYIHOW Ha pbIHKE popMme
OOBIYHO COAEPKUT HeOONMbIINE KOIUYECTBA HCTOUHNKA cynbdara. Ecniu cobcTrBenHOE

KOJIUYCCTBO cynb(baTa HEU3BCCTHO, TO €0 MOXHO ONIPEACINUTb METOAaAMU, U3BECTHBIMU
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CIEeUAJIUCTY B JAHHOUN 00JaCcTH, TAKUMH KaK 3JIEMEHTHBIN aHaiu3 ¢ moMouibio XRF.
OOBIYHO MPUMEHSAIOT MPHU U3TOTOBJICHUHN LIEMEHTA B KaUu€CTBE UCTOYHUKA cyibdaTa
Cynb(aThl LIETOYHO3EMETbHBIX METAIJIOB, CYJIb(aThl LETOYHBIX METAJJIOB, N UX
cMeliaHHble pOpMBbI, TaKHe KaK TUIC, MOJYTUAPAT, AaHTUAPUT, APKAHUT, TEHAPIUT,
CHUHT€HUT, JAaHTOCHHHUT, OOBIYHO SIBJSAIOTCS KPUCTAIIINYECKIMH, U UX KOJIUYECTBO
TaKXKe MOXKeT onpenensTbes ¢ nomoupio XRD. Kak coOCcTBEHHOE KOTUYECTBO
cyabdara, Tak U KOJUYECTBO JIOOOT0 N100aBIIEHHOrO MOCTOPOHHETO HCTOUYHHUKA
cynbdara YUUTHIBAIOTCS MPHU BHIYUCICHHH MOJISIPHOTO COOTHOIIEHUSI BCETO
OOCTYITHOTO aJIFOMUHATA K CyIb(paTy.

Kak nmpaBuio, MOCTOPOHHUH UCTOYHHK CYJb(aTa MOXKET ObITh HCTOUHHKOM
cynbdara Kanblus, TPEANOYTUTEIBHO BEIOPAHHOIO U3 AUTHApPATA CyJb(aTa KaJbLus,
AHTUJIPUTA, O- U B-ToNyruapara, T.e. a-6accanuta u [3-0accaHura, Ujin UX CMecCei.
[IpeanoyTuTeTILHO, UCTOYHUK CyJib(aTa KaabUus MpencTapisier codol a-OaccaHUT
u/unu -6accaHuT. J[pyrue HCTOYHHUKHU CyNib(aTa sSBISIOTCS Cyab(aTaMy MIeTOYHBIX
METAJIJIOB, TAKHE KaK CyJNb(aT KaJus UIu CyJb(aT HaTPHS.

IIpenycmarpuBaercs, 4To 100aBKa MOXKET AEHCTBOBATh B KAYECTBE HCTOUYHHKA
KaK aJIlOMUHATA, TaK U Cylbdara, HaIpUMep, rekcaaekaruapar cyiabdara altoMUHUS
WM OKTaAeKaruapar cyib(ara a0 MUHUS.

IIpenmoyTuTenbHO, HCTOYHUK CyJib(aTa I') sIBJISETCA UCTOYHUKOM cyibdara
KanpLus. McTouHMK cyibdaTa Kajablus, KaK MPaBUIIO, BKIIOYAIOT B KOJIHYECTBE,
coctasisitouieM 3 - 20 mac. %, npeanoururenbHo 10 - 15 mac. %, u3 pacuera
KOJMYECTBA LIEMEHTHOr'O BSKYIIETrO BELIECTBA a).

B coorBeTcTBHM C H300peTeHUEM, CTPOUTENbHBII COCTAB COAEPIKUT PEryISITOP
oOpa3oBaHus STTPUHTHTA €). Peryasarop oOpa3oBaHUst STTPUHTUTA COOEPKUT
(I) TTMOKCHUITOBYIO KHCJIOTY, COJIb MIMOKCHIJIOBOM KHCIOTHI M/UJIH TTPOU3BOIHOE
rinokcunoBor kucyaotsl; U (II) mo menpiieit mepe onun u3 (II-a) ncrounuka 6opara u
(II-6) ncrounuka kapbonara. McTouHNK KapOoHaTa BRIOUPAIOT U3 HEOPTAHUYECKHUX
KapGOHATOB, HMEIOIINX PACTBOPHMOCTb B BOAE, cocTaisromyo 0,1 r-1™' umu Goree,

OpraHHYeCcKNX KapOOHATOB, U UX CMECEH.

Cunraercs, uro koMnoHeHT (I), T.e., IITHOKCHIIOBAsST KUCJIOTA, COJIb TITMOKCUIIOBOM

KUCJIOThI U/HJIN IMPpOU3BOAHOC TJIMOKCHUJIOBOM KHCJIOTBI, B KOM6I/IHaLII/II/I C HOHaMHu

Oopara wiu noHamu kapOonara u3 komnoHenra (II), samennsatoT obpazoBaHue
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STTPUHTUTA U3 ATFOMHHATHBIX (a3, MTPOUCXOIAIINX U3 EMEHTHOTO BSIKYIIETO
BELIECTBA.

IIpennoururensHo, (I) rmuokcuiIoOBasg KUCIOTA, CONb MTHOKCHIOBON KHCIOTHI
W/UJIM TPOU3BOJIHOE TJIMOKCUIIOBON KHUCIIOTHI MPUCYTCTBYET B OOLIEM KOJIHYECTBE,
cocrasysroem 0,2 - 2 mac. %, npeanoururensHo 0,3 - 1 mac. %, u3 pacuera
KOJMYECTBA LIEMEHTHOTr'O BSKYLIETrO BELIECTBA a).

ITone3Hblie COMM TTUOKCUIOBON KMCIOTHI BKJIIOYAIOT TJIMOKCHIATHI L[E€JOYHBIX
METaJJIOB, HAIpUMeEp, TIMOKCHUJIAT HATPUS U TJIIMOKCUJIAT KaJusl.

ITone3Hple MPOU3BOAHBIE MTUOKCHUIIOBOI KHUCIOTHI BKIOYAIOT MOJUMEPbI
TJTUOKCHUJIOBOM KHUCJIOTHI M aAAYKThI TIMOKCUIIOBONU KUCIIOTHI.

B ogHOM BapuaHTe OCyLIECTBIIEHUS, TOJUMEp TIMOKCUIOBONW KHCIOTHI
npeacTaBysieT cOOOH KOHAEHCAT aMHHA U TJIMOKCUIIOBON KHUCJIOTHL. TepMuH
“KOHIEHCAT aMHUHA U TJIMOKCHJIOBOHM KUCIOTHI MpedHa3Ha4YeH 1t 0003HAYCHHUsS
KOH/IeHCaTa MNIMOKCUJIOBON KUCIOTHI C COEAUHEHHUEM, COAEPKALIUM aMUHO- WU
aMHUAOTPYIIbI, BCTYNMAKIINE B PEAKLHIO ¢ ajdbaerunaMu. IlpumMepsl coeTuHEHNH,
coAep KalluX BCTYNAKLINE B PEaKIUIO C albJernlaMi aMUHO- WJIN aMUJOTPYIIIbI,
BKJIFOYAIOT MOYE€BUHY, THOMOUYEBHUHY, MEJaMHUH, I'YaHUIUH, alleTOTyaHaMUH,
OeH30ryaHaMUH U IPyrye aliIryaHaMUHbI U MOJUAKPUIAMHUN.

IIpennodTuTenpHO, KOHAEHCAT AMUHA U TIMOKCUJIOBOM KUCJIOTHI IPEACTABIAET
co0oll KOHJIEHCAT MeJlaMIHA U TJIMOKCUIIOBOI KHCIIOThI, KOHAEHCAT MOYEBHHBI U
IJIMOKCUJIOBOM KUCJIOTHI, KOHACHCAT MEJIaMHUHA, MOYE€BUHBI U MIUOKCUIIOBON KUCIOTHI
W/WJIA KOHJEHCAT MOJHAKPHUIAMUAA U TJIMOKCUIIOBOM KUCIOTh. KOHAEHCAThI MOYEBUHBI
U TJIMOKCHJIOBOM KHMCJIOTHI SIBJISIFOTCS OCOOCHHO MpeanouTHTeNbHbIME. [Tone3Hbie
KOHAEHCAThl aMHHA U TJIHOKCUJIOBON KUCJIOTHI M UX TOJyYE€HUE OMHUCAHBI B
WO 2019/077050, u BKJIIFOYEHBI B 3Ty 3asIBKY MOCPEACTBOM CCBLUIKH.

KoHneHcaTsl aMUHA U TJIUOKCHIOBOH KHCIOTHI MOXKHO MOJYYUTh MOCPEICTBOM
peakL U rMUOKCUIOBON KUCIIOTHI C COEAMHEHNEM, COJlep KallluM BCTyMawL1ue B
peaKkLHIo C albJeruiaMu aMUHO- UJIH aMUOTPYyINbl. I THOKCUIOBAas KUCIOTAa MOXKET
MPUMEHSITHCS B BUJI€ BOJHOTO PAcTBOPA WU B BUAE COJU TNIMOKCHIOBOU KHUCJIOTHI,
NPEeANOYTUTENbHO COJIM MIETOYHBIX METAJJIOB INIMOKCUIOBON KUCIOThI. Takxke, B Buae
COJIU MOJKET MPUMEHSITHCS COEIMHEHUE aMHUHA, HATIpUMep, B BUAE COJIeH Ir'yaHUIUHHUS.
Kak mpaBuno, coequHEeHNE aMUHa U TNIMOKCUIIOBAsl KUCJIOTA BCTYNAKOT B PEAKLUI0 B
MOJIIPHOM COOTHOLIEHMH, COCTaBisAK0ImEM 0,5 - 2 3KkBUBAJIEHTA, NPEANOYTUTENABHO | -

1,3 3kBUBaJIEHTA, INIMOKCUIIOBOM KHUCJIOTHI Ha BCTYNAKUIYIO B PEAKLHIO C allbeTU1aMu
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aMHUHO- Uy amuporpynny. Peakuuro nposoaat npu temneparype 0 - 120 °C,
npeanoutuTenbHo 25 - 105 °C. 3nauenue pH npeanouturensHo cocrasisier oT 0 1o 8.
Bsskue npoayKThl, MOJYy4YE€HHBIE B PE3YJbTATE PEAKLIUU, MOTYT NIPUMEHATHCSA Kak
TaKOBbI€, TOBOAUTHCS A0 JKEJIATEIBbHOTO CONEPKAHUE TBEPABIX BEILIECTB MOCPEACTBOM
pa30aBlIeHHs WM BbIMAPUBAHUS HJIM UCTIAPEHUS 1O CYXOr0 COCTOSIHHS, HApUMep, €
IIOMOIIBIO CYLIKH PACTBUICHUEM, CYLIKH B OapaOaHHOW CYLINJIKE, WJIM CYLIIKH B TOTOKE
ropsiuero BO3ayxa.

Kax npaBuio, KOHAEHCAThl AMUHA U TIIMOKCUJIOBOW KUCIOTHI UMEKT
MOJIEKYJISIpHBIE Macchl B auamna3zone ot 500 mo 25 000 r/monb, npennoututensHo 1000
- 10 000 r/monb, ocobenno npeanoyrurenbao 1000 - 5000 r/mods.

[Tone3Hblil aAAyKT TIIMOKCUIIOBON KHUCIOTHI MPEACTABISAET COOOH aqayKT

OucynbpuTa TIMOKCUIIOBON KUCIOTHI (POPMYIIBI

OH
Vs
X0O0C—CH
™

SO,X

B KOTOPOH

X, HE3aBUCHUMO JAPYT OT ApyTra, BeIOuparT u3 H mnn kaTnoHa, S5KBUBAJIEHTHOTO
Cat,, mpuuem Cat npencrasisier COOOH KaTHOH, CIIEUANIbHO HE OTPAaHUYEHHBIN, HO
NPEeNNnOYTUTEIbHO BHIOPAHHBINA M3 KATHOHA IIEJIOYHOTO METaJUIA, IeJOYHO3EMeNbHOTO
MeTajlyia, IUHKA, JKelie3a, aMMOHUsA, WK GocOHMS, UK UX CMECeH, U IPeACTaBIsIeT
coboii 1/n, rae n mpeacTaBisieT BaJIGHTHOCTb KaTHoHA. [Ipu 3ToM anaykT Oucynsdura
IJIMOKCUJIOBOW KHCJIOTBI MOKET OBITh MOJy4YeH, Kak onucano B WO 2017/212045.

ITpu TOM, YTO TJIMOKCUIIOBASI KUCJIOTA M COJIM TJIMOKCUIJIOBOW KUCIIOTHI SBJISIOTCS
TBEPABIMH BEIECTBAMH, KOHAEHCATHI IITMOKCHUIOBON KUCIOTHI, KaK MPABUIIO, SIBISIOTCS
KUAKOCTSIMU B YCIOBUSIX OKPY’KArOLIEH Cpelbl. ITO MOKET ClIOCOOCTBOBATh
OIIHOPOAHOMY PacIpeesICHUI0 B COCTaBe.

Komnonent (II) nmpeacrasisier co6oi no MeHbinei mepe oqus u3 (11-

a) ucrounuka 6opara u (II-6) ucrounuka kapOoHara.

HUcTounuk Gopata 0OBIYHO CONEPIKUT OBICTPO PACTBOPUMOE, HEAOPOTOE,

coenqunenune Ooparta. [Tonxonsmue UCTOUYHUKHN OOpaTa BKIIIOYAKOT Oypy, OOpHYIO

KHCJIOTY, KOJIEMaHHT, U reKcarunpodopar.
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B cayuae ero npumenenus, (II-a) nucrounnk 6opara npeanoYTUTENbHO
NPUCYTCTBYET B KonndecTse, coctapystomeM 0,3 - 1 mac. %, npeanoururensHo 0,3 -
0,5 mac. %, u3 pacyeTa KOJIMYECTBA LIEMEHTHOTO BSDKYLIErO BEILIECTBA a).

Hcrounuk kapOoHaTa MOKeT ObITh HEOPTAHMYECKUM KapOOHATOM, UMEIOLITUM
PacTBOPUMOCTb B BOAE, cocTaBsouyto 0,1 r-1" umm Goee, npu temneparype 25 °C.
PacTBOpUMOCTb B BOAE HEOPraHMYECKOro KapOoHaTa LenecooOpasHo ONnpenensiTh B
BOJl€ ¢ HauaJdbHbIM 3HaueHueM pH, paBHbiM 7. IloHATHO, uTO 3HayeHue pH Ha npenene
pPacTBOPUMOCTH BBILIE, UeM HaualibHOE 3HaYeHue pH.

B npeanodTUTENbHOM BapUAHTE OCYIIECTBICHUS, PETYJISTOp 00pa3oBaHUs
srrpunrura couepxut (11-0) ucrounmnk xkapOonara. [IpucyTrcTBre HCTOYHHKA
kapOoHaTa obecneynBaeT TO, YTO BOAA IJISl 3aTBOPEHUS U3HAYAIBHO UMEET BBICOKYIO
KOHLIEHTpaLUIO0 KapOoHaT-uoHoB. CunuTtaercs, 4To KapOOHAT-HOHBI aACOPOUPYIOT Ha
MOBEPXHOCTAX MHUHEPAJNbHON (a3bl HAPAAY C TJIHOKCUIOBONH KUCJIOTOH, COSIMU
IJIMOKCUIIOBOW KHCJIOTHI U MPOU3BOJHBIMH IIMOKCHIIOBOM KUCIOTHL. [locnenHue Takxke
YaCTUYHO OCTAIOTCS B IOPOBOM PAcCTBOPE U M3HAYAJIbHO MPEAOTBpAIIAOT 00pa3oBaHue
STTPUHTHTA.

IIpennoururensHo, (I1I-6) ncrounuk kapOboHATAa IPUCYTCTBYET B KOJIUYECTBE,
cocrapisowmemM 0,3 - 1 mac. %, npennoururensro 0,3 - 0,5 mac. %, u3 pacuera
KOJIMYECTBA LIEMEHTHOIO BSKYILETrO BELIECTBA a).

Hcrounuk kapOoHaTa MOKeT ObITh HEOPTAHMYECKUM KapOOHATOM, UMEIOLITUM
PacTBOPUMOCTb B BOAE, cocTapisrouyto 0,1 r-1" wm Goee. “Heopranuueckuii
kapOboHaT” mpeaHa3HAYeH i1 0003HAYEHUs COJIM YIOJBHOW KUCIIOTHI, T.€., COJIH,
KOTOpast XapaKTepH3yeTcsl MPUCYTCTBHeM KapGoHaT-nona (CO3”") u/umn noHa
ruapokapdonara (HCOj3).

COOTBETCTBEHHO, B OJTHOM BapHAaHTE OCYLIECTBJIEHUs, HECOPTAaHUYECKHIH KapOoHaT
MOKET OBITh BBIOpAH M3 KapOOHATOB INEJIOYHBIX METAJIIOB, TAKUX KaK KapOOHAT KaJus,
kapOoHaT HaTpusi, OnkapOOHAT HATPUsS, UK KapOOHAT JUTHS, U KapOOHATOB
IIEeJIOYHO3EMENIbHBIX METAJUIOB, YAOBIETBOPSIOMUX TPeOyeMOil paCTBOPUMOCTH B
BOJE, TAKUX Kak KapOoHAT MarHus. JlonoJTHUTEIbHBIEC TOAXOSALIINE HEOPTAHUIECKUE
KapOOHATHI BKJIIOYAKOT KapOOHATHI a30TUCTHIX OCHOBAHMM, TaKHe Kak kapOoHAT
ryaHuanHus u kapbonat ammonusi. KapOonar HaTpus u OukapOOHAT HATPUS ABISAIOTCS
OCOOCHHO MPEANOYTUTENbHBIMH, B YACTHOCTH, OMKapOOHAT HATPHS.

B xauecTBe anpTEpHATUBBI, HICTOYHUK KapOOHAaTa BBIOUPAIOT U3 OPTaHUYECKUX

kapOoHaToB. “Opranndeckne kapooHaT’ 0003HAYAET CIOXKHBIN 3PUp yroabHOH
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kucaoTel. OpraHndeckuil kapOOHAT TUAPONHU3YETCs] B IPUCYTCTBUU BSDKYLIEH CHCTEMBI
¢ BBICBOOOJKI€HNEM KapOOHAT-UOHOB. B OIHOM BapuaHTe OCYIIECTBIECHUS,
opraHuydeckuii kapOOHAT BEIOUPAIOT U3 ATUJIEHKapOOHaTa, MponujieHkapoboHara,
riuuepuHkapOoHaTa, 1UMeTHIKapOoHaTa, AU(THAPOKCHITHI )KapOOHATA HIIH UX
cMecel, MPeAnoYTHTENbHO U3 dTHIeHKapOoHaTa, nponuieHkapboHara, u
rMnepuHKapOOHaTa UJIM UX CMECH, U B YACTHOCTH, U3 dTUJIEHKapOOHaTa W/Uin
nponmieHkapOonara. Takyke MOTYT MPUMEHATHCA CMECH HEOPTraHUYECKUX KapOOHATOB
U OpraHUYeCKUX KapOOHATOB.

CootHomenue maccol komnoHeHTa (1) k komnonenty (II) oObI4HO HAXOAUTCS B
nuamnaszone ot npuMepHo 10:1 no npumepno 1:10, npeanoyTuTenbHo OT NpUMepHO 5:1
1o npuMmepHO 1:5 unu ot npumepHo 1:1 no npumepno 1:4.

B coorBercTBHM ¢ H300peTeHNEM, CTPOUTENBHBIN COCTAB COAEPIKUT MOJUON 1) B
konnvecTse, cocrapisiromeM 0,3 - 2.5 mac. %, npeanourutenbao 1,5 - 2,5 mac. %, us
pacdeTa KOJIMYEeCTBAa LIEMEHTHOI'O BSKYIIETO BEILIECTBA a).

CuuTaercs, 4TO MOJHOJBI, TAKUE KAK MIULEPHUH, XeJIATUPYIOT HOHBI KaJIbIIH,
HanpuMmep, cynbdara kanpius win C3A. B pesynbprare, qucconnanus HOHOB KaJbIHs
yCcKopsieTcs. XenaTUpOBaHHWE MOHOB KaJbLHs TaKXKe CTAaOMIN3NPYET KaNbIlUN B
pacTBOpe M YCKOPSET pacTBOpeHue (a3 aJloMUHATA KaJIbIUA, TEM CaMbIM obecrieunBas
ANIOMMHAT U3 YKa3aHHBIX (a3 aJlOMUHATA Kaiblusa OoJiee JOCTYIHBIM.

“ITonuon” mpenHa3HaueH Ajsi 0003HAYEHUsT COSIUHEHHS, UMEIOIEero MO MeHbIIe
Mepe AB€ CIIUPTOBbIE THAPOKCHUIIbHBIE IPYIIBI B CBOEH MOJEKyJe, Hanpumep, 3, 4, 5
WK 6 CIIUPTOBBIX THAPOKCHIBHBIX rpyni. ITonauonsl, uMeromue cocenuue
TUAPOKCUJIbHBIC TPYIIIbI, SIBJASIOTCA MPEANOYTUTENbHBIME. [10THOMBI, UMEIOIIHE 1O
MEHbIIEH Mepe TPU THAPOKCUIIbHBIE TPYIIbI, MTOCIEIOBATEIbHO CBI3aHHBIE C TPEMSI
aTOMaMH YTJIepOoaa, SIBJSIOTCS HauboJjee mpeanouYTHTEIbHBIMU.

CnocoOHOCTH MOJIUOJIA XEATUPOBATH HOHBI KaJbIUS U, TAKUM 00pa3oM,
CTaOMIN3UPOBATh KAJIBILUHA B PACTBOPE, MOXKHO OL[EHHBATH MOCPEICTBOM UCIIBITAHUS
Ha OCaXIEHHE aIFOMHHATA KaJIblUs. B OMHOM BapuaHTe OCYIECTBICHUS, TOJUOJ, B
UCTIBITAHUH HA OCAXKICHHUE AIOMHUHATA KaJIbIUs, B KOTOPOM HCIIBITYEMBIH PacTBOD,
MOJIYYE€HHBIN MOCPEACTBOM TOTO, 4TO K 400 M1 BOGHOTO pacTBOpa MoJuosia ¢
koHIeHTpauuei 1 mac. % nodasnsror 20 mi BogHoro pacrsopa NaOH ¢
KoHUeHTpauue 1 mons/n u 50 mn BonHOTO pacrBopa NaAlO; ¢ koHIEHTpauuei

25 mmons/n, TUTPYIOT BoAHBIM pacTBopoM CaCl, ¢ koHuenTpanuei 0,5 mons/n npu
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temneparype 20 °C, uHruHOUpyeT ocaxAeHNE aJTFOMUHATA KaJbLHsI 0 KOHIEHTPALUH
KajJbLMs 75 4acTel Ha MUJIJIMOH, NPEANOUYTUTENBHO 90 yacTel Ha MUJUIMOH.

HcnbiTaHne BBIABISAET OCAXKAEHUE AJIFOMUHATA KaJIbLUS IO MOMYTHEHHUIO.
H3HavanbHO, UCHIBITYEMBIH PACTBOP ABJAETCS NPO3padyHbIM pacTBOpoM. IIpo3paunsbiii
UCHBITYEMBbII PaCTBOP TUTPYIOT BOAHBIM pacTBopoM CaCl, ¢ mOCTOSIHHOI CKOPOCTBIO
IO3UPOBKHU, HAIPUMEP, COCTABJISIFOLIEH 2 MJI/MHH, KaK OMUCaHO Bhime. [Ipu
HenpepbiBHOM aobasnennu CaCl,, ocaxkneHue aJlOMUHATA KAJIbIUS TPUBOIUT K
U3MEHEHUIO ONTHYECKUX CBONCTB MCIBITYEMOI'O pPacTBOpPa B pe3yjbTaTe MOMYTHEHUS.
KoneuHas Touka TUTPOBaHMUs, BBIPAKEHHAs] KAK MaKCHUMaJbHasl KOHLIEHTpAIUs
kanbius (8B Buge Ca’"), 10 HAYATa MTOMYTHEHHS MOKET PACCUMTHIBATBHCS IO BPEMEHH,
npouleaueMy 10 TOYKH Hadaja.

B npeanodTUTENbHOM BapUaHTE OCYIIECTBICHUS, MTOJTUOJ 1) BEIOUPAIOT U3
COEMHEHUH, COCTOSALUX TOJBKO U3 Yrieposa, BOJOPOAa, U KUCIOpPOa, U He
cogepxkamux kapdokcuwiabHo# rpynnsl (COOH) B cBOCH MOJIEKYITy.

B onHOM BapuaHTe OCYLIECTBICHUS, MOJTUOJ BEIOUPAIOT U3 MOHOCAXapHUIOB,
OJINTOCAaXapUIOB, PACTBOPUMBIX B BOJI€ MOJHCAXaPUAOB, COEAUHEHHI 001meit
dopmynsl (P-I) unm numepoB uau TpUMepoOB coenuHeHu obmei Gpopmynsl (P-1):

X

OH OH
(P-I),

B KOTOpO# X mpencTaBisier coOoM

& son T

(P-Ta) (P-Ib) (P-Ic)

, U
rae

R mpencrasasier coboii —CH,OH, —NH,,

n mpeacTaBisieT co0oH menoe uncio ot 1 1o 4,

m npencTasisieT co0oi menoe uncio ot 1 no 8.

B onHOM BapuaHTe OCYLIECTBIEHUS, MOJIUOI ) BHIOUPAIOT U3 CaXapuIO0B.

ITone3Hble caxapuabl BKIOYAIOT MOHOCAXAPHUABI, TAKHE KaK TI0K03a U PPYKTO3a,;
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AUCaxapubl, TAKHE KaK JJAKTO3a U €axapo3a; TpUcaxapuabl, Takue Kak padpuHO3a; U
pPacTBOpPUMBIE B BOJI€ MOJIUCAXAPUbI, TAKHE KAK aMHUJI03a U MaJbTOAEKCTPUHBI.
MoHocaxapu0B U AUCAXAPUIBI, B YACTHOCTH, €axapo3a, ABJISAIOTCA OCOOEHHO
IPEeANOYTUTEIbHBIMH.

B npyrom npeanodTHTENbHOM BapUaHTE OCYIIECTBJICHUS, IOJUOJ 1) BEIOUPAIOT
U3 COeIMHEHMH, COCTOSAIMX TOJBKO U3 yIJIepoaa, BOAOPOAA, U KUCIOPOAa, U IPU STOM
OH He conepuT Hu KapOokcunbHoi rpynnsl (COOH), HU KapOOHUIBHON TPYIIITBI
(C=0) B cBoeii monekyny. [IOHATHO, YTO TepMHH “KapOOHWIbHAS IPyINma” OXBATHIBAET
tayToMepHy Gopmy rpynmel C=0, T.e. mapy aTOMOB yrjiepoja ¢ IBOWHOU CBSI3bIO MO
cocencTBy ¢ runpokcunpHoi rpynmnoi (—C=C(OH)-).

Coenunenus popmynsl (P-1), rne X npencrasnser codoit (P-Ia), kak npasuio,
Ha3bIBAIOT caxapHbIMU cnupTaMu. CaxapHbIe CIIUPTHI ABJSIOTCS OPraHUYEeCKUMHU
COeIMHEHHUSIMH, OOBIYHO MOJYYaeMbIMU H3 CaXapoB, COAEPIKALIUMH OJHY
ruapokcuibHyto rpynmny (—OH), mpucoequHEeHHYI0 K KasKJOMy aTOMy yriepona.
ITone3Hble caxapHbIe CIUPTHI MPEACTABISIOT COO0H MAHHUTOJ, COPOUTOIN, KCHIIUTOI,
apaburoun, 3puTpuToN U rauuepud. Cpenu yKka3aHHOTrO, MIIULEPUH SIBJISIETCS OCOOEHHO
npeAnouTHTENbHbIM. [IpenycmaTpuBaercs, 4To kapOOHATbI MHOTOATOMHBIX CITUPTOB,
TaKue Kak IIULepUHKapOOHAT, MOTYT AeHCTBOBATh B KaU€CTBE UCTOYHHUKA MOJIHOJA.

Coenunenus popmynsl (P-1), rne X npeacrasnser codoit (P-Ib), BknrouaroT
HNEHTA’ PUTPUTOJ, U TPUC(TUAPOKCHMETHI)aMUHOMETaH.

Coenunenust popmynsl (P-I), rne X npencrasnsier coboit (P-Ic) BkarouaroT
TPUITAHOJIAMHUH.

Jlumephl WU TPUMEpbl 0003HAYAIOT COEAUHEHMS, B KOTOPBIX JABE HJIH TPH
MoJiekyibl 001med Gpopmysl (P-I) cBsi3aHbl MOCPENCTBOM MOCTHKA MPOCTOTO 3 upa, u
KOTOpBIe (POPMaAJIbHO MOJYYAKOT B PE3yJIbTATe PEaKIUH KOHACHCAIUH, C YAAJEHUEM
OJHOW WJIM ABYX MOJIEKYJ BOABL. IIpumeps! AuMepoB U TpPUMEPOB COEANHEHU N
dopmynsl (P-I) BKIFOYAOT AUMEHTA3PUTPUTON U TPUIIEHTAIPUTPHUTOIL.

B coorBercTBHM € H300peTEeHUEM, CTPOUTENBHBIN COCTAB CONEPIKUT CO-
3aMeIJINTENb XK), BBIOpaHHBIN U3 (k-1) OL-TUIPOKCUMOHOKAPOOHOBBIX KHUCIOT U UX
coyiel, (&-2) GocPOHOBBIX KUCIOT U UX CoJiel, (3k-3) MoTuKapOOHOBBIX KUCIOTHI U UX
coJsiell, u ux cmeceil. B ocoOeHHO MpeanoYTUTEIbHOM BapHaHTE OCYLIECTBIEHHUS, CO-
3aMEeTUTEINb K) COmep UT (0k-1) oL-rUAPOKCUMOHOKAPOOHOBBIE KUCIOTHI U/WJITH UX

COJIN.
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[IpenmnoyTuTenbHO, CO-3aMEIINTENb ) IPUCYTCTBYET B 00IEM KOJINYECTBE,
cocrapisomem 0,05 - 1 mac. %, npennoururensHo 0,05 - 0,2 mac. %, u3 pacuera
KOJIMYECTBA LIEMEHTHOIO BSKYILIETrO BELIECTBA a).

ITopxonsimue o-ruipOKCUMOHOKAPOOHOBBIE KMCIOTHI MU UX conu (k-1)

5 BKJIFOYAIOT IVIMKOJIEBYIO KHCJIOTY, INIFOKOHOBYIO KHUCJIOTY, U UX COJIM U UX CMECH.
I'moxoHAT HATPUS SIBISETCS OCOOEHHO MPEANIOUTUTENIbHBIM.

Moaxonsimmumu GochOHOBBIMU KHCIOTAMU H UX CONSIMU (3K-2), B YACTHOCTH,
SABJISIIOTCS TOJU(POCHOHOBBIE KUCIOTHI U UX COJIU, U MPU 3TOM BKJIHOYAOT |-
ruapokcusTHnnaeH- 1, 1-nudpochonoryro kucnory (HEDP), amuno-

10 tpuc(metunendocdonoyr kuciory) (ATMP) wnum [[(2-
THAPOKCUATHI )UMUHO |Ouc(MeTuinen)|0nchochoHOBYIO KUCIOTY, U UX COJIH U UX
cmecr. COOTBETCTBYIOLINE XUMUYECKUE (POPMYIIBI PEAMOYTUTENbHBIX AU- WU

TpudocPoHATOB MPUBEACHBI Aajee:

0O OHO
[ I

I
HO—P—C—P—OH

OH CH30H (HEDP)

~p N
FARRN N
HO OH k HO OH
—QH
s
15 OH (ATMP)

H,043P

N PO3H,
Ho /\/ N

[[(2-runpokcusTUn )uMuHO |ouc(MeTuieH ) |duchochoroBast KucioTa

IMonxonsmue monukapOOHOBBIE KUCIOTHI H UX COJH (K-3) BKIIFOYAIOT
bochoHoanKkunKkapOOHOBBIE KUCIOTHI, AMUHOKAPOOHOBBIE KHUCIIOTHI, U MOJUMEPHbBIE

20 KapOOHOBBIE KUCIIOTHI, U UX COJIM M UX CMECH.

ITox TepMuHOM MOTUKapOOHOBAS KUCJIOTA, KAK €T0 HCIOJB3YIOT B 3TOH 3asiBKE,
0003HA4YaKOT COEUHEHNE HIIH TMOJIUMEDP, UMEIOLUN 1BE UJIU HECKOJBKO
KapOOKCHIIBHBIX IPYIII Ha MOJIEKYJY.

ITogxonsimue nmoaukapOOHOBbIE KUCIOTHI BKIOYAOT HU3KOMOJIEKYJISPHbBIE

25 NOJINKapOOHOBBIE KUCIOTHI (MMEIILINE MOJIEKYISPHYIO MacCy, COCTABIISIO IO

Hanpumep, S00 uau MeHee), B 4aCTHOCTH, ajndaTudeckue moJukapOOHOBbIE KUCIOTHI,
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TaKHe KakK ILIaBejieBasi KUCJIOTa, MAJOHOBAs KUCJIOTA, THTapHAs KUCIOTA, TIyTapoBas
KHMCJIOTa, aAUNUHOBAs KUCJIOTA, MUMEINHOBAas KHCIO0Ta, (yMapoBas KUCIOTA,
MaJIeMHOBAs KHUCIOTA, UTAKOHOBAas KMCJIOTA, IUTPAKOHOBAs KUCIOTA, ME3aKOHOBAs
KHCIIOTa, A0J0YHAas KUCIOTa, BHHHAS KUCJIOTA, M JIUIMOHHAsI KHCJIOTA.

[Mopxonsimue ¢pochoHoANKNIKAPOOHOBBIE KUCIOTHI BKIOUAOT 1-pochorobyTan-
1,2,4-tpukapOoHOBYIO KHCIOTY, 2-pochonobOyTan-1,2,4-TpukapOOHOBYIO KHUCIOTY, 3-
dochonobyran-1,2,4-TpukapOOHOBYIO KUCIOTY, 4-hochonobyran-1,2,4-
TpukapOOHOBYIO KucCIoTy, 2,4-nudochonodyran-1,2,4-TpukapOOHOBYIO KHCIIOTY, 2-
dbochonobyran-1,2,3,4-TrerpakapOOHOBYIO KUCIOTY, 1-meTun-2-pochononenran-1,2,4-
TpUKapOOHOBYIO KUCIOTY, uiu 1,2-pocdoHosTan-2-1UuKapOOHOBYIO KHCIOTY.

[Mogxonsimue aMIHOKapOOHOBBIE KHCIOTHI BKJIFOYAIOT
STUJICHINAMHUHTETPAYKCYCHYIO KHUCJIOTY, UJIH HUTPUIOTPUYKCYCHYIO KHUCIIOTY.

[Togxonsimue nmoauMepHble KapOOHOBBIE KUCIOTHI BKIOYAIOT TOMOIIOIUMEPbI
AKPUJIOBOH KHUCIOTHI, TOMOIOJIUMEPBI METAKPHIIOBOH KHCJIOTHI, IOJUMAJIEHHOBYIO
KHCJIOTY, COMOJUMEPHI, TAKHE KaK COMOJIMMEDP STHIIEHA/aKPUIOBON KUCIOTHI U
COTIOJINMEP HTUJIEHA/METAKPHUIIOBOH KHCIIOTHI;, CONMOIMMEPHI aKPUIOBON KUCIOTHI W/ UIH
METaKPUJIOBON KUCIOTHI C MOHOMEPAaMH, COAEPIKAIUMHU CYJIb(PO- HIH CyNb(OHATHBIE
rpynnsl. B ogHOM BapuaHTe OCyIIEeCTBIEHHs, MOHOMEDBI, COJepIKaIUe CYIb(O- UIU
CyJib()OHATHBIE TPYIIIBI, BBIOUPAIOT U3 IPYINbl BUHUICYIb()OHOBON KUCIOTHI,
(MeT)annuncyabHOHOBON KUCTOTHI, 4-BUHHI(PEHUICYIbHOHOBON KUCIOTHI UITH 2-
aKkpuiIaMuno-2-mMerunnponuicyibdonosoii kuciaorsl (ATBS), ATBS npu stom
ABJIAETCS OCOOCHHO MPENNOYTUTEIbHbBIM. S BISETCS BO3MOXKHBIM, YTOOBI B
COTIOJIMMEpPAX COAEPIKAJICS eIle OJMH U3 YIOMSHYTBIX BbILIE MOHOMEPOB, COAEPIKAIINX
cynbdo- unu cysabpoHATHBIE TPYIIIIBL.

Kak mpaBuyio, MOJIEKYJIsIpHAs Macca MOJUMEPHBIX KapOOHOBBIX KUCJIOT
Haxonutcs B nuamnaszone ot 1000 no 30 000 r/monsk, npeanourutesabro oT 1000 oo
10 000 r/Monb. MOJIeKYJISIPHYIO MAacCy YCTaHABIHMBAKOT C MOMOIIBIO METO/A Ielib-
nporukarmei xpomarorpapun (I'TIX), kak ykazaHo noapoOHO B 3KCIIEPUMEHTAIbHON
YaCTH.

CooTBeTCTBEHHO, MOMUMepPHask KapOOHOBAsI KMCJIOTA U €€ COJb UMEET
MUJUTH3KBUBAJIEHTHOE YHUCJIO KapOOKCUIBHBIX Py, cocTasisomee 3,0 MIKB/T HIIH
BbILIE, peanouTuTesbHo 3,0 - 17,0 MakB/T, Oonee npeamoutrurenbHo 5,0 - 17,0 MaKB/T,
HauOonee npennoututeabHo 5,0 - 14,0 MaKB/T, mpeanonaras, 4To Bce KapOOKCHIbHbIE

I'PYIIBI HAXOAATCS B HEHEUTpaIu3oBaHHOU (opme.
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XOTs 3TO U He ABISAETCS MPEANOYTHTEIbHBIM, CTPOUTEIbHBIH COCTAB MOXKET
COMepKaTh yCKOPHUTEIN CXBATHIBAHUSA, KOTOPbIE TPAJUIIMOHHO TIPUMEHSIOT, HATIpUMep,
B CTPOUTENbHBIX PACTBOPAX JJIi PEMOHTHBIX PabOT M B CAMOBBIPABHUBAKOIIHX CS
CTSKKAX, HATIPUMED, TAKUe KaK CONH JIUTHA, B YACTHOCTH, KapOOHAT IUTHS MK
cynbdar nurus. [IpenMyInecTBeHHbIM MPU3HAKOM H300PETeH s SABIAETCS, UTO
pa3sBUTHE paHHEH MPOYHOCTH CTPOUTENHLHOTO COCTABA ABJIAETCS TAKOBBIM, YTO Oe3
yCKOpHTEJel CXBAaThIBAHMS HA OCHOBE JIUTHs MOKHO 060iiTHCh. ClIe0BaTeNbHO, B
NPEeANOYTHTEILHBIX BAPUAHTAX OCYIIECTBIEHHUs, CTPOUTEILHbIH COCTAB HE COMEPKHUT
YCKOPHTEJIs CXBATHIBAHUS HA OCHOBE JIUTHSA. DTO TAKKE CIOCOOCTBYET YMEHbIIEHUIO
CTOMMOCTH CTPOHTEIHLHOIO COCTaBA, TAK KAK YCKOPHTEIN CXBATHIBAHUS HA OCHOBE
JNUTHS ABJISAIOTCS JOCTATOYHO HOPOTOCTOSIIMMHI MHIPEIHEHTAMH.

[IpeanouTHTENLHO, CTPOUTEIbHBIH COCTAB B COOTBETCTBHH C H300pETeHHEM
JIOTIOJHUTEILHO COMEPIKUT MO MEHbIIeH Mepe OHO AUCHEPrUPYIOIIee BeIeCTBO A
HEOPTAHMYECKUX BKYIIMX BEIIECTB, B YACTHOCTH, NUCHEPIUPYIOLIee BEIeCTBO A
IIEMEHTHBIX CMeCeii, TAKUX KaK 6ETOH MM CTPOHTEIbHBIH PAaCTBOP.

TIpuMepbl TTOTE3HBIX AUCTEPTUPYIOHX BEIEeCTB BKIOUYAIT

- rpebeHYaThIe MOMMMEphI, HUMEIOIIHE YIIepOACOAEPIKAIYI0 OCHOBHYIO IIeTlb, K
KOTOpPOH MPHCOeIMHEHbl GOKOBBIE CLEILISIONINECS ¢ LIEMEHTOM I'PYIIBI U GOKOBbIE
LenH MPOCTHIX MOIU3GHUpPOB,

- HEHOHHbIE rpebeHYaThIe MOMMMEpbI, UMEIOIIHE yTIepOACOAEPKAIY0 OCHOBHYO
1enb, K KOTOPOil MPUCOeaMHEeHbl GOKOBbIE THAPONH3YeMble IPYIIbl U GOKOBBIE IIETH
TIPOCTHIX NONU3(GUPOB, TIPH STOM T'UAPOIU3yEMble TPYMIbI IPU THAPOIU3E
BBICBOOOKIAIOT CLEIUISIOINECS C LIEMEHTOM I'PYIIIIbI,

- KOJIJIOUTHO- U CIIEPCHBIE TIPeNapaThl KATHOHOB TOJIUBANEHTHBIX METAJIJIOB,
takue kak Al’", Fe’™ wiu Fe’”, u nonmMepHOe QUCIepPrupyoliee BemecTBO, KOTOPOe
CONEPKUT AHHOHHBIE /UM AHHOHOT€HHBIE TPYIIIbl U GOKOBBIE LEMH MPOCTHIX
o3 (GUPOB, U MPH STOM KATHOH MONHBAIEHTHOTO METAJIIa IPUCYTCTBYET B
CYHepCTeXHOMETPHUECKOM KOJHUYECTBE, B IIepecueTe Ha SKBUBANEHTH KATHOHA, U3
pacuera CyMMbI aHHOHHBIX W aHHOHOTEHHBIX TPYIII TOJUMEPHOTO AUCIEPIUPYIOLIEro
BEINeCTBa,

- cynb(HOHUPOBAHHBIE MEJIAMHHO-(OPMabIerHIHbIe KOHIEHCATHI,

- IUTHOCYJIb(OHATHI,

- cynb(hOHUPOBAHHBIE KETOHO-POPMATbIETUIHbIE KOHAEHCATHI,

- cynboHHpOBaHHbIE HAPTATUHO-(OPMATbIETHAHbIE KOHIEHCATHI,
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- pocdonaTconepkamue TUCIEPTUPYIOMINE BEIIECTBA,

- pocdarconeprkamue TUCIEPTUPYIOLINE BELIECTBA, U

- UX CMECH.

[IpeAnoUYTUTENIbHO, TUCIIEPTUPYIOINee BEIEeCTBO MPUCYTCTBYET B 00LIIEM
konuuecTse, cocTapisiouieM 0,08 - 0,4 mac. %, npeanoururensHo 0,15 - 0,3 mac. %,
U3 pacueTa KOJMYECTBA LEMEHTHOIO BSIKYLIErO BEINeCTBa a).

I'peGeHuaThie MONUMEPBI, UMEIOIIHE YIIEPOICOAEPIKAIIYI0 OCHOBHYIO IIETb, K
KOTOPO# MPUCOEANHEHbI OOKOBBIE CLEIUISIOLINECS C IEMEHTOM I'PYIIbl U OOKOBbIE
LU MPOCThIX MONUI(QUPOB, SABJISIOTCS 0OCOOCHHO MPENNOYTHUTETIbHBIMH.
Cuersiromuecs: ¢ HIEMEHTOM TPYIIITBI IPEACTABISIIOT COOOH aHUOHHBIE H/UITN
AHUOHOTEHHbIE CPYIIbI, TAKHE KaK KapOOKCHJIbHbIE TPYMIbI, TPyHIbl GOCPHOHOBOM HIIH
docdopHOI KUCIOTHI MU UX AHUOHBI. AHUOHOTEHHbIE MPYIIbI MPEACTABISIOT COOOH
IPYIIbI KACIOT, KOTOPbIE MPUCYTCTBYIOT B MOJHUMEPHOM JHCIEPTUPYIOLIEM BELIECTBE,
KOTOpbIE MOT'YT ObITh MPeoOpa3oBaHbl B COOTBETCTBYIOIIYIO aHUOHHYIO IPYIINY B
IIEJIOUHBIX YCIOBHUSIX.

[IpeAnoyYTUTENIbHO, CTPYKTYPHOE 3BEHO, COepIKallee aHMOHHbIE U/ HITH
AaHUOHOT'€HHbIE TPYNIbI, NpencTasiser coboit onny 3 odmux popmyn (Ia), (Ib), (Ic)

w/wmm (1d):

Ia,

rae

R! npexncrasinsetr codoit H, C,-C4 ankun, CH,COOH unu CHZCO-X-R3A,
npeanoutuTenbHo H unu metun,

X npexncrtasinsieT codboit NH-(CpiHopy) unu O-(CpiHani) ¢ nl =1, 2, 3 unm 4,
WM XUMUYECKYIO CBsI3b, IPU ATOM aTOM a30Ta WJIM aTOM KHCJIOPOa CBSI3aHbI C
rpynnoii CO;

R? npexncrasisier codboit OM, PO3;M;, unu O-PO3sM;; npu ycnosuu, 9to X

o 2 )
IpeacTaByIsieT cOO0H XMMHUECKYIO CBA3b, eciiu R” mpexacrasisiet codoit OM;

R34 npexncrasisier codoit POsM,, unu O-PO;M;;



28

H R’
oo
H (C,H,)—R*
Ib,
rae
R’ npeactaysier coboit H wnu C,-Cy4 ankun, npennoyrutensHo H unu
5 METHII;

nmopexacrasiset cobdoii 0, 1, 2, 3 unu 4;

R* npencrasisieT codoit POsM;, unu O-PO;M;;

R

oo
o Lo
z

Ic,

10 rae
R’ npexncrasinsier codboit H unu C,-Cy4 ankwn, npennoururensHo H;
Z npexcrasisier coboit O miun NR;

R7 NpeaACTaBIACT coboi H, (Canznl)-OH, (Canznl)-PO3M2, (Canan)'
OPO3M2, (C6H4)-PO3M2, nJjin (C6H4)-OPO3M2, u

15 nl npeacTaysieT coboit 1, 2, 3 unu 4;
H R°
o
Nt
T
Q OM
L
Id,
rae
R® npexncrasinsietr codoit H unu C,-Cy4 ankwn, npexnoururensHo H;
20 Q npexncrasnser coboit NR' umm O;

R7 nNpeaACTaBIACT coboii H, (Canznl)-OH, (Canznl)-PO3M2, (Can2nl)'
OPO3M2, (C6H4)-PO3M2, HJIn (C6H4)-OPO3M2,

nl npencrasisier codoit 1, 2, 3 unu 4; u
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npudeM Kaxnaas M He3aBUCUMO IpencrasiseT codoil H nnn 3kBUBaNeHT KaTHOHA.
IIpenmouyTuTenbHO, CTPYKTYPHOE 3BEHO, coaepiKaliee OOKOBYIO EMb IMPOCTOr0
nonudupa, npeacrasisier coboit oguy u3 obmux popmya (Ila), (IIb), (Ilc) u/mnu
(IId):
10 511
T
C|)—C

R" CHyy—Z'—E—-GAAOR"

Ila,
rae
R' R'" uR'? mesaBucumo npyr or apyra npencrasusior coboit H min C,-Cy
aNKUJ, IpeaAnouTuTe bHO H mnn metn;
10 7’ npencrasisiet codoit O unu S;
E npencrasinsieT codoit C,-Ce ankunen, uuknorexkcunen, CH,-C¢Hyo, 1,2-
¢denunen, 1,3-benunen wm 1,4-penunen,
G npexncrasisietr coboit O, NH unu CO-NH; unn
E u G BMecTe npenctaBasioT coOOOH XMMUYECKYIO CBS3b;
15 A npexncrasisier codoit C,-Cs ankunen unu CH,CH(C¢Hs),
npeanoytutenbHo C,-Cs ankumes;
n2 npexacTaysieT coboit 0, 1, 2, 3, 4 unu 5;
ampencrasiser coboii nenoe uncyo ot 2 no 350, npeanoururensHo 10 - 150,
Oonee npeanouytutenbuo 20 - 100;
20 R" npencrasisieT codboit H, Hepa3BeTBiIeHHYIO uiu pa3BeTBieHHy0 C-Cy

ankunpuyo rpynny, CO-NH; unu COCHj;
Tm T”
C—C

R‘B(cnsz o—Ez—rij—(AO)a—R19

(LO);~R®

IIb,
rae

25 RIG, RY u R'® wesaBucumo Opyr OoT npyra npencrapisitor codor H i Ci-Cy

AJIKWUJ, IPEeANOUYTUTENbHO H;
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npexncrasisier codoit C,-Cg ankunen, uuknorexkcunen, CH,-C¢Hyo, 1,2-

benunen, 1,3-penunen, wm 1,4-peHunen, win npencTapisieT cOOOH XUMHYECKYIO

CBSI3b,

A

npencrasisier codoi C,-Cs ankunen unn CH,CH(CgHs),

npeanoututenbHo C,-C; ankuines;

n2
L

npeacTasiysieT coboit 0, 1, 2, 3, 4 unu 5;

npeactaiysieT coboit C,-Cs ankunen niau CH,CH(CsHs),

npennoytutenbHo C,-Cs ankunes;

a mpexncTasiseT codoii nenoe ynciao ot 2 no 350, mpennoururensHo 10 - 150,

bonee npennouytutenbuo 20 - 100;

d mpencrasnser cobdoii nenoe yucio ot 1 no 350, mpennoururensuo 10 - 150,

bonee npeanoututenbuo 20 - 100;

RY npexncrasnsier codoit H unu C,-Cy4 ankwn;, u
R% npexncrasinsier codoit H unu C,-Cy ankw,
|— T21 T’ZZ—‘
RN
R® c—w L (A0),—R**
1 v
e

Ilc,
rae
R21 R22

23 .
u R™” HezaBucumo npeacrapisitoT codoit H wnu C;-C4 ankuin,

npeAno4YTUuTeNpHO H;

w
A%

eciimu W = N;
A

o 25 o
npencrasisieT codoit O, NR™, wiu npencrasiser coboii N;

w 25 -
npencrasisieT codoit 1, ecniu W = O unu NR™, u npencrasinsiet coboit 2,

npexncrasinsiet codoit C,-Cs ankunen unu CH,CH(C¢Hs),

npennoytutenbHo C,-Cs ankunes,

a mpexacrasiseT codoii nenoe yuciao ot 2 no 350, mpennoururensHo 10 - 150,

bonee npeanoururenbuo 20 - 100;

R24
R25

npexncrasinsier codoit H unu C,-C, ankw,

npexncrasinsier codboit H unu C,-Cy4 ankm,
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T
I - ]

Mo—cl: (lz—o (A0),—R**

| ‘

I1d,

rac

R® npexncrasisietT codoit H unu C,-Cy4 ankun, npennoururensHo H;

Q peacTaBsieT coO0M NR", N wnm O;

A% npencrasisieT codoit 1, ecau Q = O unm NRY, u npenacTaBisieT coboit 2,
ecan Q = N;

R" npexactasysier coboit H wnu C-Cy4 ankumn,;

A npexncrasinsiet codoit C,-Cs ankunen unu CH,CH(C¢Hs),

npennoututenbHo C,-C; ankumieH; u

a mpencTasiseT codoii nenoe uncio ot 2 no 350, mpennoururensHo 10 - 150,
bonee npeanouyrurenpao 20 - 100;

npudeM kaxnaas M He3aBUCUMO IpencraBiseT codoil H unu 3KxBUBaNeHT KaTHOHA.

MonsipHOE COOTHOLIEHHUE CTPYKTYPHBIX 3BeHbeB (1) kK cTpykTypHBbIM 3BeHbsM (II)
Bapbupyercs ot 1:3 no npumepno 10:1, npeanoururensHo 1:1 - 10:1, Gonee
npeanoyTuTensbHo 3:1 - 6:1. [lonuMepHble TUCNIEPTUPYIOLINE BELECTBA, COAEPIKAIINE
crpykrypHble 3BeHbs (I) u (II), MOryT OBITh MOJNy4YEHBI MTOCPEACTBOM TPATULIMOHHBIX
METOAO0B, HAIPUMeEP, MOCPEICTBOM CBOOOAHOPAANKAIBHON MOJUMEpPHU3ALNU HIIH
KOHTPOJUPYEMON paauKalbHON noaumMepusauuu. M3rorosnenre nucneprupyro mux
BellecTB, Hanpumep, onucaHo B EP 0 894 811, EP 1 851 256, EP 2 463 314, u
EP 0 753 488.

Psin mone3HbIX qUCTIEPTUPYIOIINE BEIECTBA CONEPIKUT KapOOKCHIIbHBIE IPYTIIIbI,
UX COJIM WJIU THAPOJIM3YEMbI€ TPYIIIBI, BBICBOOOXKIAKOMNE KAPOOKCUIbHBIE TPYTIIIbI
npu ruaposuse. [IpeaAnodTuTeTpHO, MIJUITM3KBUBAJIEHTHOE YHCJIO KapOOKCHIIBHBIX
IPYIII, KOTOPBIE CONEPIKATCSA B YKA3aHHBIX AUCIEPTUPYIOMUX BeUIeCcTBaX (MU
KapOOKCUIIBHBIX T'PYIII, BBICBOOOKIAEMBbIX IPH FUAPOJIN3€E THAPOINU3YEMBIX TPYIII,
KOTOpPBIE COAEPIKATCS B JUCIEPTHPYIOIIEM BEIIECTBE), cOcTaBisieT MeHee 3,0 MIKB/T,

npeamnojiaras, 4To BCEC Kap6OKCI/IJ'II:>HbIe rpynmnbl HAXOOATCA B HeHeﬁTpaHHSOBaHHOﬁ

dbopme.
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bonee mpeanodTHTENHO, AUCMIEPTUPYIOLIEE BEIECTBO BHIOUPAIOT U3 IPYIIIIBI
nonukapOokcunaTHbix npocteix 3¢gupos (PCE). B PCE, anuonssie rpynmnsl
NPEACTABJSIOT COOON KapOOKCUIIbHBIE IPYIIBI U/UIN KapOOKCUIIATHBIE TP YIIIIHI.
IIpennoururensHo, PCE M0OXXHO NOAYy4YUTh NOCPEACTBOM paguKalbHOMN
COMOJIMMEPHU3aLUYU MaKPOMOHOMEpa MPOCTOro noaudpupa U MOHOMEpPA, COAEPIKALIEro
AHWOHHBIC W/WJIM AHUOHOTEHHbIE rpynmbl. [IpeanodrurensHo, IO MEHbIIEH Mepe
45 mon. %, npeAnoYTUTENbHO IO MeHbInel Mepe 80 Mo % BceX CTPYKTYPHBIX
3BEHBEB, KOTOPBIE COCTABJISIOT COMOJUMEp, MPEACTABISIIOT COOOH CTPYKTYPHBIE 3BEHbBS
MaKpOMOHOMEpA MPOCTOro noaudpupa Uiu MOHOMEpPA, COAEPIKALIero AaHNOHHBIE W/ UIH
AHUOHOT'E€HHBbIE TPYTIIIHI.

JIOTIOJIHUTENBHBIN KJIACC MOAXOASAIIUX IpeOeHYaTHIX MOJIMMEPOB, HMEIIIHX
yTJIEpOACOAEPKAIYI0 OCHOBHYIO IIeMb, K KOTOPOH NMPUCOEANHEHBI OOKOBbIE
CLETUISIOLINECs C [EMEHTOM TPYIIbI U OOKOBbIE LEMH MPOCTHIX NOJTUIPUPOB,

conepskat cTpykrypHsie 3BeHbs (III) u (IV):

26

n3
I11,
rjae
T npencrasisieT co0or GpeHns, HaQTHI UK reTepoapu, uMeromuii 5 - 10

KOJIbLIEBBIX aTOMOB, M3 KOTOPBIX | MJiK 2 aTOMa MPenCTaBIsAIOT COOOH reTrepoaToMsl,
BbiOpanHbie U3 N, O u S;

n3 npencrasisieT codoit 1 wiu 2;

B npencrtasisiet codoit N, NH unu O, npu ycjaoBuH, 4TO n3 MpeacTaBisieT
coboii 2, eciu B mpexncrasnsetr coboit N, u n3 npexacrasiseT codoii 1, ecniu B
npeactasisieT coboit NH umu O;

A npexncrasinsieT codoit C,-Cs ankunen unu CH,CH(C¢Hs),
npennoytutenbHo C,-Cs ankunes,

a2 npencrasisieT codoit uenoe yucyo or 1 go 300;

R?¢ npexncrasinsiet codoit H, C;-C ¢ ankun, Cs-Cg OUKIOATKIII, apwl, UITH
rerepoapui, UMermun 5 - 10 KOJIbLEBbIX ATOMOB, U3 KOTOPBIX 1 uiau 2 atoma
MPECTABISIIOT COO0M reTepoaromsbl, BeiOpanHble 13 N, O u S;

npudeM cTpykTypHoe 3BeHO (IV) BbIOMpArOT U3 CTpYKTYypHBIX 3BeHbeB (IVa) u
(IVDb):
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-l
D—E®——AO—P—OM

OM
IVa,
raue
D npeacTaBysieT co0ol GpeHus, HaQpTHI WIIH TeTepoapu, uMeromun 5 - 10

KOJIbLIEBBIX aTOMOB, M3 KOTOPBIX | MJiM 2 aTOMa MPEeNCTaBISAIOT COOOH reTrepoaToMsl,
BbIOpaHHbie U3 N, O u S;

E’ npencrasisiet codoit N, NH unu O, npu yCja0BHH, 4TO M MPEACTABIsET
coboii 2, ecnu E’ npencrapisier coboli N, u m npencrasisier coboil 1, ecnu E’
npexactasysieT coboit NH umm O;

A npencrasinsiet codoit C,-Cs ankunen unu CH,CH(C¢Hs),
npennoytutenbHo C,-C; ankunes,

b mpencraisier coboi uesoe yncio ot 0 no 300;

M HE3aBUCHMO MPEACTaBsieT co0oi H min 5KBUBaJIEHT KaTHOHA,
\’/2 R?A
IVb,
rue
2 .
\Y% npeacTaBysieT cobolt Gpenun unu HapTHI, U HeOOsA3aTeNIbHO 3amelieH |

WU IBYMs pavKaliaMu, BBIOPAHHBIMU K3 R® OH, OR?, (CO)RS, COOM, COOR®,
SO;R* u NOy;

R’ mpexcrasuser co6oit COOM, OCH,COOM, SOsM unu OPOsMy;

M npencrasisieT codoit H unu sxBUBajeHT KaTUOHA, U

R® npencrasinsiet codoit C,-Cy ankun, ¢penun, Haptun, pennn-C,-Cy ankun
umu C,-C, ankundennn.

[Tonumepsl, cogepxamue cTpykrypHbie 3BeHbs (111) u (IV), MOXKXHO moay4uTh
NOCPEACTBOM MOJHKOHICHCALUH apOMATUYECKOTr0 HWIIH FeTePOoapoOMaTHIECKOTO
COEIMHEHHUs], UMEIOIEro MOJNOKCHAIKIJIEHOBYIO TPYIINY, TPUCOEANHEHHYIO K
apOMaTHUYECKOMY HJIM reTepOoapoOMaTHIECKOMY SIAPY, apOMATHUYECKOTO COCIUHEHNUS,
UMEIOIero KapOOKCHIbHBIN, CyNbPOHOBBIN HiH (pochaTHbI GparMeHT, U COEAUHEHHS

anpAeruaa, Takoro Kak GopMajbIerun.
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B onHOM BapuaHTe OCYLIECTBIEHUS, AUCIEPTUPYIOIIEE BEIECTBO MPEACTABIAET
co0oli HEMOHHBIN rpe0eHYaThIi TOJUMEDP, UMEIOIUNH YTIIepOACOAEPIKAINYI0O OCHOBHYIO
1lenb, K KOTOPOH NMPUCOEANHEHbI OOKOBbIE THAPOIU3YEMbIe IPYIIbI 1 OOKOBBIE LIeNU
IPOCTBIX MOJUI(PUPOB, IPU STOM TUAPOIUIYEMbI€ TPYIIIBI IPU TUAPOTIU3E
BBICBOOOIKAAIOT CUETUISIOIINECS ¢ IeMeHTOM rpymmbl. st ynodcTBa, CTpyKTypHOE
3BEHO, coneprkaiee OOKOBYIO LEMb MPOCTOro nmoauddupa, mpeacTapisieT coOoi
CTpYKTypHOE 3BeHO u3 oomux popmyn (I1a), (IIb), (Ilc) u/unu (IId), xoTopeie
obcykaanuchk Beine. CTPYKTYypHOE 3BEHO, UMeEKIIee OOKOBbIE THAPOJIH3YEMbIS
IPYIIIbI, MPEANOYTHTEIBHO MONYYAIOT U3 MOHOMEPOB CJIOKHBIX 3()HUPOB aKPHUIOBOM
KHCJIOTHI, 00Jiee MPEeANOYTUTENBbHO U3 CIOKHBIX THAPOKCUANKHIOBBIX MOHO3(DHPOB
AKPUJIOBOM KHUCIOTHI M/UJIH CJIOKHBIX THAPOKCHAIKHIOBBIX TU3(PUPOB, Hauboiee
NPeaNnOYTUTEIbHO THAPOKCHITPONUIAKPIIATA W/ UK THAPOKCUITUIAKPUIIATA.
@DyHKUNOHANBHAS TPYIINA CIOXKHOTO 3pupa OyaeT ruapoIU30BaThCs 10
(menmpOTOHMPOBAHHBIX ) TPYIIN KUCIOT MPH BO3AEHCTBUU BOJbI B MPEANOYTHTEIBHO
menogyHoM pH, uTo oOecniednBaeTcs MOCPEACTBOM CMEIINBAHMS LIEMEHTHOTO
BSDKYIIErO BEIEeCTBA C BOJAOH, M 3aT€M IOJYYEHHbIEC B Pe3yJbTaTe (PyHKIIMOHAJIbHbBIE
IPYIIBI KUCIOTHI OyAyT 00pa30BbIBATH KOMILJIEKCHI C LIEMEHTHBIM KOMIIOHEHTOM.

B onHOM BapuaHTe OCYLIECTBJIEHUS, AUCIIEPTUPYIOIIEE BEI[ECTBO BHIOMPAIOT U3
KOJUTOUIHO-THCIIEPCHBIX MPENapaToB KATHOHOB MOJUBAJICHTHBIX METAJIJIOB, TAKUX KaK
Al’", Fe’” unu Fe’™, u monmMepHOro AUCIeprupyoLIero BeecTsa, KOTOPoe COTePIKHT
AHUOHHBIE W/WJIM AHUOHOTEHHBIE IPYMITBl U OOKOBBIE LIETTH MPOCTHIX MOJUIPUPOB.
KaTnoH nonuBaneHTHOro MeTajuia NPUCYTCTBYET B CYNEPCTEXUOMETPUIECKOM
KOJIMYECTBE, B MepecyeTe Ha SKBUBAJIEHTh KATHOHA, U3 pacdyeTa CYMMbl aHHOHHBIX U
AHUOHOTEHHBIX TPYIII MOJTUMEPHOTO AUCIIEPTUPYIOLIEro BelecTBa. Takue
AUCTIEPTUPYIOIIKE BenecTBa Oojee moapodHo onucansl B WO 2014/013077 Al,
KOTOpasl BKJIIOYEHA B 3TY 3aBKY IMOCPEICTBOM CCBHLIKH.

[MoaxoasmuMu CyibPOHUPOBAHHBIMU MEJAMUHO-(OPMaTbIAeTHIHBIMU
KOHJEHCATaMH SIBJISIIOTCS T€, KOTOPbIE YaCTO MPUMEHSIIOT B Ka4eCTBE
WIACTUPULUUPYIOIHUX 100ABOK IJisi TUAPABINYECKHUX BSIKYLIUX BEL[eCTB (KOTOpPbIE
takxe Ha3biBalOT MFS cmonamu). CynbpoHUpPOBaHHBIE MEIAMUHO-()OpMaIbIeTHAHbIE
KOHAEHCAThl U UX U3TOTOBJIEHHE, Hanmpumep, onucadbl B CA 2 172 004 A1,

DE 44 11797 A1, US 4 430 469, US 6 555 683 u CH 686 186, a taxxe B Ullmann's
Encyclopedia of Industrial Chemistry, Se u3n., T. A2, crpanuna 131, u B Concrete Admixtures

Handbook - Properties, Science and Technology, 2. u3a., crpanunsr 411, 412.
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[IpeanouyrurenpHbie CYabPOHUPOBAHHBIE MEJTAMIUHO-()OpMaIbAETHHbIE KOHAEHCATHI

OXBAaTBIBAIOT (OYEHBb YIPOIIEHHbIE U UI€ATU3UPOBAHHbBIE) 3BEHbsSI (HOPMYITBI

:CHZ.—NH—I//NW—NH—CHZ—O:
Na. N
Y

NH
o
— SO, Na* -

n4

B KoTOpoi n4 oObruHO coctanseT oT 10 o 300. MonspHas macca
5 MPEeANOYTUTENbHO HaxoAUuTcs B Auanazone oT 2500 no 80 000. Kpome toro, B
CyJb(OHUPOBAHHBIE MEJIAMUHOBBIC 3BEHbSI MOXKHO MOCPEACTBOM KOHAEHCALIMHU
BKJIFOYATh Apyrue MoHoMmepbl. OCoOEHHO moaxonsuen sipiusercs MmoueBrnHa. Kpome
TOT0, MOCPEACTBOM KOHIEHCALIMH MOTYT OBITh TaKXK€ BKJIIOUEHBI JOTIOJHUTEIbHbBIE
apOMaTHUYeCKHe 3BEHbs, TAKHNE KaK rajijioBasi KHCJI0Ta, aMHHOOEH30JICyIbpOHOBAS
10 KHCJIOTA, CyJNb(paHUIbHAS KHUCIOTA, (EeHONCYIb(POHOBASI KUCIOTA, AaHUJIHH,
aMMOHUOOEH30iHasT KUCIIOTA, TUATKOKCHOEH30JICYIb(pOHOBAS KUCIIOTA,
IUAKOKCUOEH30MHAs KUCIOTa, MTUPUANH, MUPUAUHMOHOCYIb()OHOBAs KHCIIOTA,
NUPUANHINUCYIB(POHOBASI KUCIOTA, MUPUANHKApOOHOBAs KUCIOTA U
nupuauHIUKapOoHoBas kucaora. [Ipumepom MenaMuHCyIb()OHATO-POPMaANIbIETUIHBIX
15 KOHJIEHCATOB SIBIIAIOTCA MPOoAYKTh Melment®, nmocrasisiemble koMmnanue Master
Builders Solutions Deutschland GmbH.
[MoaxoasimuMu JTUTHOCYJIb(OHATAMH SBJISIOTCS MPOAYKTHI, KOTOPBIE MOJIYYAIOT B
BUJIe TOOOYHBIX MPOAYKTOB B OyMakHOM mpombitaeHHocTH. OHu onucansl B Ullmann's

Encyclopedia of Industrial Chemistry, 5-e uza., . A8, crpanunsl 586, 587. OHu

20 BKJIIOYAKOT 3B€HbsI OYEHb YIPOILIEHHON U UAeaNU3UPOBAHHONU (GOPMYJIbI
H2(|30H H2(|)OH
——O—4<::>FCH——CH—O—<C:j}—?H—CH—O CH~-CH;-CH-SOH

0 SO,H OH
Jluraun OCH,

SO,H

HO CH—CH—CH,OH
OCH,
H,COH
HO CH~-CH OH
SO,H

3
OCH, OCH,



10

15

20

25

30

36

JlurHocynb(pOHATHI UMEIOT MOJIIPHBIE MAcChl, HAXOAAIKUECS B AuamnasoHe ot 2000
1o 100 000 r/mone. Kak mpaBmiio, OHM MPUCYTCTBYIOT B BUJE UX COJIEH HATpHs,
Kanblus u/unu Maraus. [IpuMepamMu noaxoaaImmux JUTHOCYIb()OHATOB SIBJISIFOTCS
nponykThl Borresperse, mocraBnsiemble komnanueit Borregaard LignoTech, Hopserusi.

[Mopxonsimue cynbGOHUPOBAHHBIE KETOHO-(OPMaTbAETHIHbIE KOHEHCATHI
NPENCTABISIIOT COOOHM MPOAYKTHI, BKIFOYAKONINE MOHOKETOH MJIM TUKETOH B KA4eCTBE
KETOHHOTO KOMIIOHEHTA, MPEANOYTUTEIbHO alleTOH, OyTaHOH, MEHTAHOH, T€KCAHOH MU
ukjIorekcaHoH. KoHgeHcaTsl 3TOro TUMa sIBISIIOTCA U3BECTHBIMU, U, HalpUMeD,
orncanbl B WO 2009/103579. CynbpoHupOBaHHBIE alleTOHO-(OPMaJIbAETHIHBIC
KOHJIEHCAThI ABJSAIOTCS NMpeAnoYTUTeabHbIMU. OHU KaK MpaBUiIo, COAEpPKaT 3BEHbs

dopmynsl (B coorBercTBuU ¢ J. Plank et al., J. Appl. Poly. Sci. 2009, 2018-2024):

m2 ns
O
H M203S

rae m2 u nS, oObIYHO, KaXKabli cocTaBiseT oT 10 mo 250, M? NIPENCTABISAET
co60ii HOH LIETOYHOr0 MeTaJlla, Takoil kak Na', ¥ COOTHOIIeHne m2:n5, KaK MPaBUJIIO,
HaXOAUTCsl B AUaNa3oHe OT npuMepHo 3:1 o nmpumepHo 1:3, B 4aCTHOCTH, IPUMEPHO
1.2:1 - 1:1.2. bonee TOro, Tak:xe BO3MOXHO MOCPEACTBOM KOHIAEHCALUU BKIOYaTh
ApyTrHe apoMaTUYEeCKHe 3BEHbs, TAKUE KaK rajljioBas KUCJIOTa,
aMUHOOEH30JICYIb(OHOBAST KUCJIOTA, CYNb(paHMIbHAS KHCIO0TA, (EeHONCYIbPOHOBAS
KHCJIOTA, aHUJIMH, aMMOHHOOEH30HHAasI KUCIIOTa, THATKOKCHOEH30JICyTb(OHOBAS
KHUCJIOTA, JUAJIKOKCUOEH30MHAsI KUCJIOTA, MUPUAUH, MTHPUAUHMOHOCY Ib(OHOBAS
KHUCJIOTa, MUPUIAMHIAUCY Tb(MOHOBAST KUCIOTA, MUPUAUHKAPOOHOBAS KUCIOTA U
nUpUINHAUKApOOHOBas kKucyioTa. [IpuMepamMu moAXOAS X CYJIb(OHUPOBAHHBIX
aleTOHO-(QOpMaNBAETHAHBIX KOHAEHCATOB SABJSIFOTCS npoaykTel Melcret K11,
nocrtasjsieMble komnanue Master Builders Solutions Deutschland GmbH.

IMonxonsimue cynbhoHUPOBaHHBIE HaQTATHHO-(QOPMaNbIeTHAHBIE KOHIEHCATHI
MPECTABISIIOT COOON MPOAYKTHI, OJYYEHHBIE B PE3yJIbTaTe CYJIb()OHUPOBAHUS
HaTanmuHA U MOCHenyo el NoJuKkoHaeHcanuu ¢ GopmanbaerugoM. OHU OTIUCAHBI B
ccbutkax, Bkirodasi Concrete Admixtures Handbook - Properties, Science and Technology,
2. u3n., crpanunsl 411 -413, u B Ullmann's Encyclopedia of Industrial Chemistry, 5-e

3., T. A8, crpanunsl 587, 588. IIpu 3TOM OHU comepKaT 3BeHbs POPMYJIbI
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SO;Na

OO0BIuHO, MONYy4arT MOJIsipHbIE Macchl (Mw), Haxonsmuecs: B auamna3zone ot 1000

10 50 000 r/monb. bonee TOoro, Tak:ke BO3MOKHO MOCPENCTBOM KOHAEHCAIUH
BKJIIOYATh JAPYrHe apOMaTUYE€CKHE 3BEHbs, TaAKHe KaK rajjioBasi KUCJIOTa,
aMUHOOEH30JICYIb(POHOBAsT KUCIIOTA, CyJb(paHuIbHAS KUCTOTA, PEeHONCYTh(HOHOBAS
KHUCJIOTa, aHUJIMH, aMMOHUOOEH30MHAsT KUCIOTa, TUANKOKCUOeH30ICy1b(poHOBaAs
KHUCJIOTA, JUAJIKOKCUOEH30MHAsI KUCJIOTA, MUPUIUH, MUPUIUNHMOHOCY Ib() OHOBAS
KHUCJIOTa, MUPUIANHIAUCY Tb()OHOBAST KUCJIOTA, MUPUAUHKAPOOHOBAS KUCIOTA H
nupuauHIuKapOoHOBas kucjora. [IpumMepamMu moaxoasuiux Cyab)OHUPOBAHHBIX [3-
HadTanmuHO-(HOpMaTbIETHAHBIX KOHIEHCATOB SABISIOTCS NpoaykTel Melcret 500 L,
nocTtasisieMble komnanue Master Builders Solutions Deutschland GmbH.

Kaxk npasuino, pocoHarconepkamuye 1UCIEPTUPYIONINE BEIECTBA BKIFOYAIOT
¢dochonaTHbIe rpynIbl 1 OOKOBBIE TPYIIIBI MPOCTHIX MOJUIPUPOB.

IMogxonsmumu ¢pochoHaTCOaEPKAIMUME JUCTIEPTUPYIOINMH BEIIeCTBAMU
ABJISIIOTCS TUCIEPTUPYIOLINE BELIECTBA B COOTBETCTBHU CO CleAyIOIel popMyioi

R-(0A?%)6-N-[CH,-PO(OM?;)1],

rue

R npencrasisier coboi H mnu yrieBogopoaHblil OCTATOK,
npennoytuTenbHO C;-Cis anKUIbHBIA paguKal,

A’ He3aBHCUMO nipeacTasisier cobon Cy-Cig anKkuiaeH, NpeanouYTHTEIbHO
STHUJICH W/UJIHM MPOIMIIEH, HanboJiee MPeanoOYTUTEIbHO YTUIIEH,

n6 npeacTaBysieT coboit uenoe unucyo ot 5 no 500, mpeanouyrurenbHo 10 -
200, Haubonee npeanoururesbro 10 - 100, u

M’ npencrasisieT codboit H, menoynoi merasmn, 1/2 menodHo3emMeNnbHbIN
MeTaJlT /WU aMUH.

B onHOM BapuaHTe OCYLIECTBIEHHUS, CTPOUTEIbHBIN COCTAB JOTIOJHUTEIBHO

COZIEPIKHUT MO MEHbIIEH Mepe OJHMH 3aMoJHUTENb 3). TepMuH “3amonHuTens”’

ITIOHUMAIT KakK TaKOI>'I, KOTOprfI OTHOCHUTCA K MAaTCpUAITYy HAIIOJTHUTEIIA, T.€. HHEPTHOMY

MaTepuany, KOTOPBIA MO CYTH He 00pa3yeT NPOAYKTOB FUApAaTALHH. 3aMOJHUTENb

MOKeT OBITh BBIOpAH M3 KBaplia, Mecka, MpaMopa, HallpuMep, MpaMOPHOH KPOIIKH,
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CTeKJITHHBIX [IAPUKOB, TPaHUTA, Oa3ajbTa, M3BECTHSKA, MECYAHUKA, KAJbIUTA,
Mpamopa, CEpIeHTHHA, TPaBEPTUHA, JOJOMUTA, MOJEBOrO LIMaTa, rHeica,
AJUIFOBUAJIBHBIX MECKOB, U UX cMecel. [IIMOTHOCTh yITaKOBKM 3alOJHUTENEH NOJIKHA
OBITH KaK MOKHO BBILIE, a UX paclpeneeHne pa3MepoB YacTHI[ B Uealie IPeaCTaBIsIeT
co00ii CUTOBYIO KPUBYIO OOJiee MOJHOrO THUIIA.

3anmoTHUTENN MOTYT KJIacCH(PULHMPOBATHCS MO pa3Mepy 4acTHL. MelKO3epHUCThIE
3aMOJIHUTEIH, HAIPUMeEP, MECOK, KaK MPaBUJio, UMEIOT pacrnpeieieHrne THaMeTPOB,
cocrapisapouee 150 MkMm - 5 MM. KpynHO3€pHUCTBIE 3aNI0OJHUTENH, KaK IPaBUIIO,
UMEIOT paclipenesieHne TUaMeTpOoB, COCTaBisromee donee 5 Mm.

[IpenmnoyTuTeNnbHO, CTPOUTENbHBIA COCTAB COAEPKUT MeHee 5 mac. %, Oonee
MPEeaNnoYTHTENbHO MeHee 3,5 Mac. %, HauboJjiee mpeanoUTUTENIbHO MeHee 2 Mac. %
[IEMEHTHPYIOLUX MPOAYKTOB FUApPATAllUH, U3 pacdeTa o0IIel MacChl CTPOUTEILHOTO
cocraBa. [Ipu 3TOM, Kak MpaBUIIO, TOCTATOYHO OLEHUTH CIEAYIOLINE [EMEHTUPYIO LIHE
MPOAYKTHI THAPATALMU . STTPUHTUT, MOPTIAAHAUT, CHHTEeHUT. [IpucyTcTBue u
KOHLEHTPALHNHU YKa3aHHBIX LIEMEHTHPYIOMIUX MPOAYKTOB THAPAaTALIIA MOXKHO
OTNPEeNEeIUTh MOCPEACTBOM YTOUHEHUS PUTBENb1a MOPOIIKOBON PEHTIE€HOTPAMMBI
(XRD). 310 03Hauaer, 4YTO CTPOUTENbHBIH COCTAB OOBIYHO HE XPAHUTCS B yCIOBUSX
BBICOKO! BJIAXHOCTH. MBI mojiaraeM, 4To B IPOTUBHOM CJIydae, STTPUHTUT B YUCJTE
APYTUX LEMEHTUPYIOIUX MPOAYKTOB TUApaTallui 00pa3yeTcs yxe B
MOPOLIKOOOpa3HOM cocTaBe. XOTS YKa3aHHbIE KPUCTAIbI STTPUHTUTA Pa3pyLIAKOTCS
BO Bpe€Msl CMEIINBAHUS CTPOUTENBHOTO COCTaBa ¢ BOJAOM BO BpeMsl IPUMEHEHMUS,
perynupoBaHue o0pa3oBaHUs STTPUHTHUTA, KOTOpPOE o0ecreunBaeTCss U300peTeHueM,
MeHee 3aMeTHO. Takum o0pa3oM, XpaHEHHs] CTPOUTENHHOIO COCTaBa B YCIOBUSX
BBICOKOH BJIQJKHOCTH CJienyeT u3beraTh.

HN300peTeHne Takke OTHOCUTCS K CTPOUTEJIBLHOMY COCTaBY B CBEXKECMEIIAHHOM
BHUJIE, T.€. CMEIIaHHOM ¢ BoAo#. KonndyecTBO BOABI HAXOAUTCS B AuanaszoHe oT 120 go
225 nHA M

npeanoytuteapHo 130 - 180 n Ha M>, CBEKECMELIAHHOTO CTPOUTEIBHOTO

2 2

COCTaBa.
CexxecMeImaHHbIi COCTaB MOKET, HAIPUMEp, MPEACTABIATh coO0i OeToH,
CTPOUTENIBHBIN PACTBOP UJIU LIEMEHTHBIH PacTBOP.
Tepmun “cTpouTenbHbINA pacTBOP” WU “IEMEHTHBIN pacTBOp” oOO3Ha4daeT
LIEMEHTHYIO M1acTy, K KOTOPOi J0OABIAIOT MEJIKOAUCIIEPCHBIE 3aMIOJTHUTEINH, T.€.
3aMOJHUTENH, Y€l TUaMeTp HaXOAUTCs B AuamnazoHe ot 150 MkM 1o 5 MM (Hampumep,

MeCOK), U HeoOs13aTEeIbHO OUYE€Hb MEJIKONUCIIEPCHBIEC 3aMOoNHUTEeNN. [{eMeHTHBIH
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pacTBOp MpeAcCTaBIsIeT cOOOH CMECh TOCTATOYHO HU3KOW BA3KOCTH JJIsl 3AIIOJTHEHUS
NyCTOT WJIU 3a30pOB. BA3KOCTH CTPOUTENBHOTO pacTBOpA ABJISAETCS JOCTATOUHO
BBICOKOH, 4TOOBI BBIIEPKUBATh HE TOJBKO COOCTBEHHBII BEC CTPOUTENBHOTO PacTBOPA,
HO TaK»e U BeC KJAJKH, PACIOJOKEeHHONW Haa HUM. TepmuH “Oeron” o0o3HayaeT
CTPOUTENbHBIN PACTBOP, K KOTOPOMY AOOABJIEHB! KPYITHO3EPHUCTBIE 3AMIOTHUTEINH, T.€.
3aMOJTHUTENIH C JUAMETPOM, COCTABJISIIOIIUM Oosiee 5 MM.

[IpennoyTuTeNnbHO, 3aMOJHUTENb 3) MPUCYTCTBYET B KOJUYECTBE, COCTABISAIOIIEM
500 - 1900 kr Ha M3, npeanoutrurenbHo 700 - 1700 xr Ha M3, CBEKECMEIIAHHOTO
CTPOHUTEIBHOIO COCTAaBA.

CtpouTenbHbIi COCTAaB MOKET ObITh OOECIieYeH B BUJE CYXOl CMeCH, K KOTOPOW
Ha MECTEe BBINOJHEHHS pa0oT 100AaBIAIOT BOAY AJISI MOJTYUYEHHUS CBEKECMEIAaHHOTO
CTPOMTEIBHOIO COCTaBa. B KauecTBe albTEpPHATUBBI, CTPOUTEIbHBIA COCTAB MOXKET
OpITh OOEcTeueH B BUAE OTOBOIO K MPUMEHEHHUIO WJIN CBEXECMEIIaHHOI0 COCTaBa.

BonHblii cBeXE€CMEMAHHbIN CTPOUTENBHBIA COCTAB MOKHO MOJYUYUTH
NOCPEICTBOM CMELINBAHUS MOPOIIKOOOpa3Horo komnoHeHTa C, comepikamero
[IEMEHTHOE BSIKYIIee BEI[ECTBO a) M UCTOYHHUK Cyib(daTa r), a TakKe KUAKUI BOJHBIN
KOMIIOHEHT W, Mpu4eM peryaarop oOpa3oBaHMs STTPUHTUTA €) CONEPIKUTCS B OJTHOM
win obonx komnonernTax C u W. Ilonnon 1) u co-3aMeIIUTENb ) IPEANOYTUTEIBHO
cozpepskarcs B komnoHeHTe W. HeobOs3aTenbHbIi NOCTOPOHHUN UCTOUYHUK
AJIOMHMHATA B) MPEANOYTUTENBHO COAEPKUTCA B koMnoHeHTe C.

ITocnenoBarenbHOCTh 1OOABIEHHUS JOMOJHUTENBHOTO BSIKYIIETO MaTepuana 0) B
OCHOBHOM 3aBUCHUT OT COZEpKaHUsI BOABI B UHrpeauente 0). B ciyyae, korna
UHTpeIneHT 0) mpencTaByieH o cyTu B 6e3BoAHOH Gopme, ero ynoOHO BKIKOYATh B
koMmnoHeHT C. B mpoTHBHOM ciiyuae, 4TO 4alne, MHTPEIUeHT 0) MpeaBapuTEIbHO
CMELINBAIOT C KOMIOHEHTOM W, 1 KOMIOoHEHT C 100aBIsIOT BIOCIEACTBHH.

Takast cxema CMEIIMBAHUS MPEIOTBPAINAET HEMEIJIEHHOE 00pa3oBaHme
STTPUHTHTA, YTO MPOU3ONULIO OBI, €Ciii OBl HIEMEHTHOE BSIKYIIEe BEIIECTBO a)
MOABEPTaT BO3EHCTBUIO BOABI 0€3 ONHOBPEMEHHOTO NMPHUCYTCTBHS PETYJISITOPa
o0pa3oBaHUs STTPUHTHUTA €).

B npuMeHsieMOM Ha MPAaKTHUKE BaAPHAHTE OCYLIECTBICHUS, PETYISTOP
o0pa3oBaHUsl STTPUHTHUTA €), MOJIHOJ 1) U CO-3aMEIUIUTENb K) PACTBOPSIOT B YaCTH
BOJBI 1L 3aTBOPEHUS], U IPH 3TOM AO0ABISAIOT JOMOTHUTEIbHBIH BSIXKY LUK
matepuain 0). Bnocinencrsuu, B cMech 10OABISIIOT MPeABaPUTEIBHO MPUTOTOBICHHYIO

CMeCh [IEMEHTHOTO BSDKYIIETO BEIIeCTBa a), UCTOYHUK Cyib(aTa I'), U HeoOs3aTeIbHO
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NOCTOPOHHUH UCTOYHHUK AJIFOMHUHATA B). 3aTeM, IJIsl PeTryJIUpOBaHUS KOHCUCTEHIUH,
N00aBJSIIOT OCTAJIbHYIO YaCTh BOJBI.

SBasiercst OMaronpUsITHBIM, €CJIM COCTaB JEMOHCTPUPYET MPOYHOCTD Ha CIKATHE
yepe3 3 Jaca, COCTaBIAOMYI0 o MeHbinell mepe 10 MIla npu temnepatype 20 °C.
Hanpumep, cOopHbIe xkene300eTOHHBIE 3JIEMEHTBl IEMOHCTPUPYIOT BBICOKYIO
IIPOYHOCTH Ha CXKaTHEe uepe3 KOPOTKoe BpeMs nocie 3aiuBku. ClieqoBaTeNnbHoO,
BO3MOYKHO paHHee U3BjIeYeHHe U3 POPMBI, 4TO 00eCIeunBaET BICOKYIO CKOPOCTh
LUKJIa U3BJIeYeHUs U3 GopMmbl, Oe3 ymepOa KOHEUHOW MPOUYHOCTH U TOJITOBEYHOCTH.

CTpouTebHBINA COCTaB B COOTBETCTBUH C H300pETEHHEM MOJIE3€H B TAKUX
NPUMEHEHHUSIX, KAK M3rOTOBJIEHHE CTPOUTENbHBIX MPOIYKTOB, B YaCTHOCTH,
NpeIHa3HAYEHHBIX [JIsl TAKUX OETOHOB, Kak OETOH, U3rOTOBJIEHHBII HA MECTe
BBIMOJIHEHHsI pabOT, rOTOBbIe OETOHHbIE U3MeJUs, TPOMbILLIEHHbIE OETOHHbIE U3EHUs
(MCP), cbopHbIe xene300eTOHHbIE U3ANUs, JKeJIe300eTOHHbIE U3AeNusi, OeTOHHAs
IUTMTKA JJIs1 MOIIEeHHsI, OETOHHbIE KUPIUYH, MOHOJMTHBIA OETOH, TOBapHBI OETOH,
TOpPKpeT-0eTOH, HAOPBI3r-0€TOH/CTPOUTENbHBIN PACTBOP, CUCTEMBI IS
BOCCTaHOBJEHHUs OeToHa, 3D-neuaTHbIll OETOH/CTPOUTENBHBIN PacTBOP,
NPOMBIIIJIEHHOE LIEMEHTHOE HAaNOJbHOE MOKPBITHE, OJJHOKOMIIOHEHTHbIE U
ABYXKOMIIOHEHTHBIE 3aMOJHAIOINE CYCIIEH3UH, CYCIIEH3UH ISl YIYYLISHUS] TPYHTa
WJIM TOPHBIX MOPOA U KOHIAMIIMOHUPOBAHMS MOYBBI, CTSKKH JUIS 110J1a, 3aNOJHAIOINE U
CaMOBBIPABHUBAIOIHUECS COCTABBI, TAKHE KAK 3AMOJHUTENH IIBOB WU
CaMOBBIPABHUBAKOLINECS CTSKKU, 0€TOH BhICOKUX TexHosoruii (HPB) u 6GeTon
yabTrpaBbicokux TexHojoruii (UHPB), roroBbie repMeTUuHbIE OETOHHBIE TUTUTHI,
aApXUTEKTYPHBIN OETOH, CBSI3YIOLIME BEINeCTBA IJIsl IUTUTKU, TIEPBBIi CJION ITYKATYPKH,
LIEMEHTHBIE IITYKATYPKH, CBSI3YIOI[HE BEIIECTBA, FT€PMETU3HUPYIOIIHUE COCTABBI,
CHUCTEMBI [IEMEHTHOI'O TIOKPBITHS M MOKPACKH, B YaCTHOCTH, Uil TYHHEJEH,
KaHaJM3alHOHHBIX CTOKOB, CTSIKKH JUIS MOJIa, CTPOUTEIbHbIE PACTBOPbI, TAKHE KaK
CyXHe CTPOUTEJIbHbIE PACTBOPHI, YCTOHYMBbIE K 00pa30BaHUIO MOTEKOB, TEKYUYUE UIIU
CaMOBBIPABHUBAOIHUECS CTPOUTEIbHBIE PACTBOPBI, CTPOUTENIbHBIE PACTBOPHI U OETOH
IJIsl IPEHAKHBIX CHCTEM, MJIM CTPOUTEJIbHBIE PACTBOPBI AJIsi PEMOHTHBIX padoT,
LIEMEHTHbIE PACTBOPbI, TAKHE KaK LIEMEHTHbIE PACTBOPBI AJIsI IIBOB, LIEMEHTHbBIE
pacTBOPBI, HE JAKOIUe YCAAKH, IEMEHTHbIE PACTBOPBI AJIs IUIUTKH, HATHETaeMbIe
LIEMEHTHbIE PACTBOPBI, LIEMEHTHBIC PACTBOPBI AJIsI BETPSHBIX JIEKTPOCTAHLIMHA
(LIeMeHTHbIE PacTBOPBI IJIsl BETPSHBIX TYPOUH ), LIEMEHTHbIE PACTBOPHI AJIsI KPEIJICHUS,

TEeKy4He WJIM CaMOBbIpaBHUBaromuecs neMeHTHole pacTBopel, ETICS (komnosutHsbie
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CHUCTEMBI HAPYKHOW TEIMIOU30JAINH ), IeMeHTHbIe pacTBopbl EIFS (cucTems! oTnenku
BHEIIHEH n3oyA1uy, Ha0yXaruyue B3pblBUaThle BEIECTBA, TUAPOU30JIALIHOHHBIE
MeMOpaHbl UJIU [IEMEHTUPYIOLINE MTEHBI.

H3o0peTeHne NONOIHUTENBHO MPOUJUTIOCTPUPOBAHO NPHJIAraeMbIMU
rpaMueCKUMHU MaTeprualaMy U MPUBEAEHHBIMHI HIKE TTPUMEPAMH .

@ur. 1 nokaseiBaeT rpaduk curHaia GoToToka B MB, B 3aBUCHMOCTH OT BpEMEHH
no3upoBanusi CaCl,, B MCTIBITAHUM HAa OCAXKAEHUE AJIOMHHATA KAJbIUS B COOTBETCTBUHU
C OTHUM BapUAHTOM OCYINECTBJIECHHS H300pETEHMUS.

Metonasl

HcnpiTanne Ha MYLIIOJAHOBYIO PEAKIMOHHYIO CIIOCOOHOCTH

IleMeHTHYIO MOAENBbHYIO MACTY MOJY4YarOT NOCPEeACTBOM cmewmnBanus 11,11 r
IOOTIOJIHUTENBHOT O BspKymero Marepuaia (SCM), 33,33 r nopTiaangura
(nabopartopHoro, menee 5 mac. % CaCQOs), 60 r nenoHusupoBaHHoO# Boasbl, 0,24 T
ruapokcuaa kanus (maboparopuoro), 1,20 r cynsdara kanus (madopaTtopHoro) u 5,56 r
kanpuuTa (1aboparopHoro, dso coctasisier 5 - 15 mkm). Bece ucxonapie MaTepuais
IpeaBapUTEIbHO, Iepell CMeIlNBaHUeM, Harpesaau npu temnepatype 40 °C Ha
HNPOTS)KEHUU HOYH.

Kanopumerp ycranasnusainu Ha 40 °C ¢ mocnenyrouieid KaTuOpoBKOH KaHAJIOB
TEIUIOBOTO MOTOKA. 3aTe€M, B KAJIOPUMETP BCTABJISAJIN I€PMETHYHBIE STAJOHHBIE KOJOBI
(comepskamue NpuMepHO 9,4 © TEMOHU3UPOBAHHON BOJIBI JIJI1 COOTBETCTBUSA
TETJIOEMKOCTH 00pa30B), U CUCTEMY OCTaBJISLIN 15 cTabuausanuu (OKoio 2 nHei).
TennoBeie MOTOKKU 6a30BOr0 ypOBHs (KaK HAYaJbHOT'O, TAK U KOHEYHOTO 0a30BOro
YPOBHS) KaKIOTO KaHaja onpenessui Ha npoTsokeHu 180 muH. [Tpubnusurensuo 15 r
(mp) cBexxeCMeIIaHHOH LIEMEHTHONH MOJEeIbHOI MacThl BBOJUIIN B HATPEThIE KOJOBI I
00pa3LoB cpa3y ke Mocje CMEIIUBAHUS.

Brinenenue tensia perucTpupyoT B TedeHue 7 qHell. CyMMapHOe Terio
(“Tenno”) paccuuThiBaeTcs yepes 1,2 yaca mocjie Hadana KaJJOPpUMETPUUECKOTO
ucnbitTanus u nanee. Oomee Boigenenne Termna (“Hyescaled™) YKa3biBaercs B Jxx/(r SCM)

CIEAYIOIUM 00pa3oM:

H _ Temno
rescaled (mpx0,0997) >

npu 31oM Temno npeactasaser coboil cymmapHoe Temo B JkoyJsax, U my

npeacrasiisieT cod00i Maccy IeMeHTHOH MOJeNbHOM macThl B rpaMmmax. Yucno 0,0997
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IpeaCTaBsieT COO0H MacCOBYIO MPOMOPLHUIO AOMOJHUTENBHOIO BSXKYILIEr0 MaTepHuaia
B 00pasie macrel.

Metoa ucnbITAHUN — OCaiKa MUHHU-KOHYCA

IIpumensiemslii Metoa anajgorudeH meroay DIN EN 12350-2, ¢ Toi
MonupHuKanKuei, 9To BMECTO TPAAHIIMOHHOTO KOHyca AGpamca NpUMEHsUIH MUHHU-
KOHYC JUUIS HCIIBITAHUS Ha O0CankKy (BeicoTa: 15 cM, mupuHa ocHoBaHusA: 10 cM, mupuHa
Bepxa: 5 cM). MUHH-KOHYC JUIS HCIIBITAHHS HAa OCAJIKy HATIOJHSUIN 2 J1 BOJHOTO
CBEXXECMELIAHHOTO CTPOUTENBHOr0 cocTaBa. KOHYC 3aMONHANN MOJTHOCTBIO, CPa3y Ke
nocie cMemnBanus. ITocie 3TOro, KOHyc nNoMeInaay Ha MJIOCKYI0 MOBEPXHOCTH, U
NOAHUMAIHU, U U3MEPSAIU OCaAKy KOHyCa CMECH CTpOuTeNbHOro pacrsopa. Ocaaky
KOHyCa BCeX cMmecell noBoauau a0 11 cm, perynupys 103UpOBKY
cymnepruiacTuuKaTopa ¢ TeM, 4ToObl 00eCeYuTh BO3MOKHOCTh CPABHEHUS.

MeTon uCnbITaHUN — pa3BUTHE PAHHEW MPOYHOCTHU

Kaxnyro u3 10BeAeHHBIX A0 HYKHOTO COCTOSIHUSL CMeCeH CTPOUTEIbHBIX
pPAcCTBOPOB HAIOJHSJINA B CTAJIbHbIE IPU3MBI JJIsI CTPOUTENBHOTO pacTtBopa (16/4/4 cm),
u yepes 3 4 npu temneparype 20 °C 1 OTHOCUTENbHON BJIAKHOCTH, COCTaBJISAIOLIEH
65 %, mony4anu OTBEP KAECHHYIO IPU3MY U3 CTPOUTEIBHOTO pacTBopa. OTBEPKAECHHYIO
IPU3MY M3 CTPOUTEIBHOI'O PaCTBOPA M3BJEKAIU U3 (OPMBI U B COOTBETCTBHHU C
DIN EN 196-1 usmepsiau npo4YHOCTb HA CKaTHE.

Meton ucnelTaHU — BpeMs CXBaTbIBAaHUS

BpewMst cxBaTbIBaHUS ONpPEAENsAIN ¢ MOMOIIBIO UIJbl Buka B COOTBETCTBUHU C
DIN EN 480.

HcnbiTaHne Ha OCakJeHHe aJIFOMUHATA KaJbLus

JIns ucnbITaHUs Ha OCAaXIAEHUE aJlfOMUHATA KaJblUs, IPUMEHSJIN MOIYJIb
aBromarudeckoro turpoBanus (Titrando 905, noctynHslli oT KoMnannu Metrohm),
ocHaueHHbIH BpIcOK03 G PexkTuBHbIM pH-31eKkTponom (iUnitrode ¢ TemneparypHbIM
natunkoMm Pt1000, noctynHeiil oT kommanun Metrohm) u ¢poronataukom (Spectrosense
610 HM, mocTynHbBII OT KoMnanuu Metrohm). Cravana, pactsop u3 400 My BOOZHOTO
pacTBOpa mojuoJia ¢ KoHIeHTpamuen 1 mac. %, nmopnexaiero ucciegoBanuto, u 20 mi
BogHoro pacteopa NaOH ¢ xoHeHTpanueii 1 Monb/n ypaBHOBEIINBAIU HA
MNPOTS)KEHUU 2 MUH B YCJIOBHSX I€peMEIINBAHUS B MOAYJ€ aBTOMaTUUYECKOTO
TUTPOBaHUA. 3aTeM, K HeMy nobasisanu 50 mu BogHOTO pacrBopa NaAlO; ¢
KOHLIEHTpaLueh 25 MMOJIB/JI, C MOCIEeAYIOINM YPaBHOBEIINBAHUEM Ha MPOTIKEHUN

CIENYHIIUX 2 MHUH, I1OJy4as IPU 3TOM IO CYTHU NPO3PAaYHBIM HUCIBITYEMBINA PaCTBOP.
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Ha cnenyrommeii ctaquu, HCIBITYEMbIH pacTBOP TUTPYIOT BOAHBIM pactBopoM CaCl; ¢
KOHIeHTpauuei 0,5 Mob/JI, KOTOPBIA JO3UPYIOT C MOCTOSTHHON CKOPOCTHIO,
cocTaBJsiroLIel 2 MiI/MUH. B TedeHue Bcero skCnepuMeHTa, TeMIepaTypy
HNOJAEeP KUBAIOT MOCTOSIHHON Ha ypoBHe 20 °C. Bpems, npoueniee 1o neperuda
NOMYTHEeHHs], perucTpupyroT. C 3Tol menbo, curHai GoToToka B MB HaHOCST Ha
rpadguk B 3aBUCUMOCTH OT BpeMeHHU n03upoBaHus BogHoro pacteopa CaCl,. Ha
rpaduke, TOYKY Hadajia OMPENENSIOT KaK NepecedyeHne KacaTelbHOW 0a30BO JIMHUU C
KacaTeJbHOW K KPUBOMW Mocyie nmeperuda KpuBoOi.

IIpumepnl

N3o0pereHne mpoHJLTIOCTPUPOBAHO MOCPEACTBOM CIEAYIOLIUX MTPUMEPOB,
NOKa3aHHBIX B Tabauuax HIDKe.

CpaBHuTenbHbIil npuMep: CBOMCTBA MOJHUOJIOB, NPENATCTBYIOLUE OCAXKIAEHUIO
aJIOMUHATa KaJblUsl

Pa3Hble MOAMONBI OLIEHUBAJIN Ha MPEAMET UX CBOMCTB OCAXKIE€HUsI B UCIIBITAHUU
Ha OCaXJEHHE aJlOMHHATa Kanblus. PesynbraTel nokasansl B Tabnune, koTopas
npusenena nanee. J{ns koutposs, npuMensian 400 M OMAUCTHILUITUPOBAHHON BOMBI
BMecTo 400 MJ1 BOOHOTO pacTBOpa nmonuoJia koHueHtpauuen 1 mac. %. Koneunyro
TOYKY TUTPOBAHUSI, BBIPAXKEHHYIO KaK MAaKCUMaJlbHAasl KOHLEHTPALUs KaJblus (B BUJE
Ca’") 10 Hayana MOMYTHEHHUS, BRIYUCISIOT 1O BPEMEHH, MPOMIEIIEMY A0 TOYKH
Havaja. @ur. 1 mokaseiBaer rpaduk curHana pororoka B MB B 3aBUCHUMOCTH OT
Bpemenu nosupoBanus CaCl,. Kpusas a) @urypse! 1 mokasbiBaeT pe3yJbTaThl MpH
orcyTcTBHH nojuoia (“koHTposb”). Kpuas 0) @urypsl 1 mokasbiBaeT pe3yibTaThl
npu nodasnenun 1 % Tpustanonamuua. st kpuBoi 0), MOKa3aHbI epBas
KacaTeibHas 1, KOTOPYI Ha3bIBAIOT “KacaTeNbHOM 0a30BOM JIMHUEH , U BTOpasi
kacatenbHas 2. Ha ocHOBaHMM KacaTenbHOU 0a30BO# uHUK | U BTOpOH
KacaTeJbHOM 2, TOUKY Hauaja B C MOXXHO ONpeesIuTh Kak IepeceyeHne KacaTelbHOoN

6a30Boii TMHUU 1 CO BTOPOI KacaTeabHOU 2.

IMonuon KOHTPOJIb |3TUJICHTJIMKOJb | TJIUIEPUH |TPUITAHOJ- [SPUTPUT
(6e3 aMUH
TOJINOJIA)
Touka Hauana [c] 42 42 64 500 686
KOHeLIIjaSI touka Ca 59 59 93 682 924
[dacTelt HAa MUJLJIMOH |

Bce mac. % nonumaroT kak % bwoc (no macce cyxozo yemenma), T.e., U3 pacuera

Macchl IEMEHTHOTO BsDKYINEro BellecTBa a). Bo Bcex mpumepax, 3ameniaurenb 7 B
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coorBeTcTBUH ¢ WO 2019/077050 mpuMeHsiin B Ka4eCTBE MOJTUKOHAECHCATA
TJIMOKCUIIOBON KUCIOTH U MoueBUHBI. [Ipumensanu nemente Karlstadt CEM I 52.5 R
(0,092 mons nocrynHoro amomuHara Ha 100 r) u Mergelstetten CEM I 52.5 R

(0,084 mons nocrynsHoro amomuHara Ha 100 ). KonndecTBO HOCTYNHOTO allOMUHATA B
LIEMEHTHOM BSDKYLIEM BELIECTBE OMpPEAesIu MOCPEACTBOM YyTOuHeHue Putsenbna
nopourkoBoit pearrenorpammbl (XRD). OuenuBanu TobKO MuHepaidbhbie pazel C3A u
C4AF. IlpumeHsnHN OOMOJHUTENbHBIN BSKYILIUI MaTe€pHUaloB B COOTBETCTBUU C
Tabnuneii 1.

Cwmecu cTpoUTeNbHBIX pacTBOPOB 1 - 8 U3roTaBiIMBaINu B COOTBETCTBUU C
Tabnunelt 2, TOBOIMJIM 10 OJNUHAKOBOW OCAAKH KOHYCA, U H3MEPSUIN UX PA3BUTHE
paHHEN NPOYHOCTH.

Merton cMemnBaHUsl — CMECH CTPOUTENbHBIX PACTBOPOB

[IMebens (2 - 5 Mm) cymmnm B cymuiabHOM mkady npu temnepartype 70 °C Ha
npotsokeHun S0 4. [Tecok (0 - 4 MM) CyIIuIN Ha NPOTsKEHUH 68 U mpH TeMIepatype
140 °C. Ilocne sToro, mebeHb U ecok XpaHunu npu temneparype 20 °C Ha
NPOTSXKEHUU 110 MEHbIIEH Mepe 2 AHEH NPU OTHOCUTEIbHON BIAXKHOCTH,
coctaBysiromei 65 %. [lonmukoHAEHCAT MTUOKCUIOBONW KUCIOTH U MOYEBUHBI,
rmokoHat Hatpus, NaHCO3 u cynepnnactudgukaTop Ha OCHOBE mojukapbokcunara
(Master Suna SBS 8000, nocrynusiii or komnanuu Master Builders Solutions
Deutschland GmbH) no6apisiinu xk 001meMy KOJMYECTBY BOIBI IJIsl 3aTBOPEHHUSI, C TEM,
YTOOBI MOJYYUTh KUAKHI BOAHBIH KOMIOHEHT. BnocneacTsuu, mebeHb, MeCoK,
LIeMEHTHOE BsiKyliee BemecTBo, aHruaput (CAB 30, nocTynHbIl OT KOMIAHUH
Lanxess) u u3BecTHsIK 100aBsiu B cMecuTesib Xobapra oobemoM 5 i1. K Hemy
n00aBISAIN JKUAKUA BOAHBII KOMIIOHEHT, M CMECh MEePEMELTUBAIH HA MPOTIKECHUN
2 muH Ha ypoBHe 1 (107 06/MuH), U Ha TPOTSIKEHUU NOMOJHHUTEIbHBIX 2 MUH Ha
ypoBHe 2 (198 006/MuH), 05 MONyYeHHs] BOMHOTO CBEKECMEIIaHHOTO CTPOUTEIbHOTO
COCTaBa.

Tabauua 1 — JIONOJHUTENBHBIE BLKVIIUE MATEPUAJBI.

VnenvHast BET Pazmep Dv90 Al,O3*
IIOIAab [M*/r] |3epen [MKM] [mac. %]
MOBEPXHOCTH [MKM]
no buenny
[em’/T]
Kanpuunuposannasa |7489 4,11 0,3 - 60 34 21,7
rivHa 1, nony4yenHas
oT KommnaHuu Liapor
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VnenbHast BET Pasmep Dv90 Al,O3*
TJIOIAAb [M*/r] |3epen [MKM] [Mac. %]
MOBEPXHOCTH [MKM]
no bneiny
[em’/r]
Kanpuunuposanuas |9250 27,8 0,6 - 80 51 14,1
IJIMHA 2, IOJIy4YeHHas
OT KOMITAaHUU
Arginotec
IMopomok 6250 H.0.%* 10,25 -130 |23 0,17
U3BECTHSIKA
* kak omnpeneneHo ¢ moMmombio XRF B TBEpIOM COCTOSHUH
** H.0. = He ONmpeaeseHo
Tabauua 2 — CMecu CTPOUTENIBbHBIX PACTBOPOB.
CMech CTpOUTENBHOTO 1% % 3 4 5 6 7 3
pacTBopa #
CEM 1525 R [kr/m?] 276 276 (276 |276 [276 |276 |276 |276
ITecok (0 - 4 mm) [kr/m?] 1344 1344 [1338 |1338 [1338 |1338 |1332 [1332
Ile6enn (2 - 5 mm) [kr/m3] 300 [300 (298 |298 (298 |298 |297 [297
JlocTymHbIH a0 MHHAT 0,092 |0,084 0,092 [0,092 |0,084 0,084 |0,092 |0,084
(Monip/100 1 IeMeHTa)
VY nenpHas miomanb
noBepXHOCTH 1O bieliny 5000 (4800 |5000 [5000 |4800 |4800 (5000 |4000
[em?/1]
KanpuunuposanHas riausHa 1 0 0 0 138 1o 138 1207|207
[xr/m3]
KanbuuHupoBaHHas riauHa 2 0 0 138 o 138 o 0 0
[kr/m3]
ITopomok usBecTHsika [kr/m®] [276 [276 |138 |[138 |138 |138 (69 69
Bona [n/m?] 183 [183 [183 |183 |[183 |183 |183 183
Anrunput (CAB 30) [xr/m?] |41 41 41 41 41 41 41 41
MonsipHO€ COOTHOLIEHHE
BCEro goctynHoro ajmromuHara |0,61 |0,60 |0,61 |0,61 |0,60 |0,60 [0,61 0,61
K cyJabdaty (LeMeHT)
Master Suna SBS 8000 0,3 103 |09 045 [0,9 |04 (0,50 |0,45
[Mac. %]
I'nmunepun [mac. %] 2 2 2 2 2 2 2 2
[Tonukonaencar
TJTIMOKCUIIOBOM KUCIOTHI U 1 0,67 |2 1,2 0,67 (0,67 [1,2 1,2
MoueBHHbI [Mac. %]
NaHCO; [mac. %] 0,5 10,5 |05 10,5 (0,5 0,5 0,5 0,5
I'mrokoHat Hatpus [mac. %] 0,077 (0,077 |0,077 {0,077 [0,077 |0,077 {0,077 0,077
Bpewms cxBaTpiBaHus [MUH | 40 55 45 40 45 15 30 45
IIpouHOCTB IIpU CXKATUH
wepes 3 4 [MITa] 13,3 8,5 14,8 17,0 |7,8 12,4 (19,7 (14,4
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CmMech CTPOUTENBHOTO 1% % 3 4 5 6 7 2
pacTBopa #

IIpouHOCTB IIpU CXKATUH

uepes 24 4 [MTTa] 17,0 (29,9 |18,4 (21,1 |22,7 (23,6 (27,8 |24,5
IpotinocTs npu CxaTui 69,7 1603 (68,7 |76,9 602 |72,9 |u.0.**|n.0.
yepe3 7 1 [MIla]

*CpaBHUTENbHBIN TPUMEP
** H.0. = He ONpeaeseHo

[1] no3upoBka B mepecyeTe Ha AKTUBHOE BELECTBO

Cmecu B COOTBETCTBHH € U300pETEHNEM JEMOHCTPUPYIOT OBICTPOE pa3BUTHE

MPOYHOCTH IOC]e Hauaua cxBaTbiBaHUs. Clel0BaTENbHO, BpeMsl OTKPBITON BBIIEPIKKU

B 3HAYHUTEJbHON CTEIIEHHU COOTBETCTBYET BPEMEHU CXBAaTbIBaHUA.
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DOOPMVJIA U30BPETEHUA

1. CtpouTenbHBIi COCTaB HA OCHOBE U3BECTHSIKOBOIO KAJIbLIUHUPOBAHHOIO
TJIMHUCTOTO LIEMEHTA, COAEPIKALIUN

a) LIEMEHTHOE BSDKYIIee BEI[eCTBO, KOTOPOE BKIIOYAET B ceOsl OHY MU
HECKOJIbKO MHUHEPAJIbHBIX (a3 CHINKATA KAJbLUHS U OAHY HJIU HECKOJIbKO
MUHEpaJIbHBIX (Pa3 aJrOoMHHATA KaJbLHs, 1 UMEIOIIee YASIbHYIO IO b
MIOBEPXHOCTH O bieliHy, cOCTaBAAINYO MO MeHbluel Mepe 3800 cm’/r, B
konudecTse, coctapisaomeM 180 - 400 xr Ha M? CBEXKECMEIIAHHOIO CTPOUTEIBHOTIO
COCTaBa,

0) JOTIOJIHUTENbHBIN BSKYIUN MaTtepuan, uMmeromuit Dvo0, cocTasnsaromuii
MeHee 200 MkM, B 001eM KojauuecTBe, cocTapisatomeM 50 - 100 yacTeii mo macce, u3
pacuera 100 gacTeil Mo Macce LEMEHTHOTO BSIXKYIIErO BEUIECTBA a), TPUIEM
JIOTIOJIHUTEbHBIN BSUKYIIUN MaTepuai coaepxkut (0-1) KaaTpLHHIPOBAHHBIN
TJIMHUCTBIN Matepual u (0-2) mopomok kapOOHATHOH MOPOABI B COOTHOLIEHUH MaCCHI

(6-1) x (6-2) B nuanazone 0,5 - 2;

B) Heo0s13aTeNbHO, MOCTOPOHHUH HCTOYHHK aJFOMUHATA;
r) UCTOYHUK Cynbdara; u
) NOJIMOJI B KOJM4ecTBe, coctapistouiem 0,3 - 2.5 mac. %, u3 pacuera

KOJIUYECTBA LIEMEHTHOTO BSIXKYIIETO BELIECTBA a);

IPHYEM COCTaB COAEPIKUT NOCTYIHBINH antoMuHaT, B nepecuere Ha AI(OH),™, u3
MUHEpaJIbHBIX (Pa3 aJrOMHHATA KaJbLHS, TUTFOC HEOOsI3aTeIbHbIA MOCTOPOHHUI
UCTOYHHK ajitoMuHaTa, Ha 100 T [eMEHTHOTO BSIKYINEro BELIeCTBA a), B 00LeM
KOJIMYECTBE, COCTABJISAIOIIEM

- no MeHbIe Mmepe 0,08 MO, €ClIM KOJIMUYECTBO LEMEHTHOTO BSIXKYILETO
BEIeCTBa a) HaxXOOUTCs B nuamna3done oT 180 nmo meHnee 220 Kr Ha M> CBEKECMEIIAHHOTO
COCTaBa,

- no MeHbe Mepe 0,06 MO, €CJIM KOJIMYECTBO LEMEHTHOTO BSIXKYILLETO
BEIIEeCTBA a) HAXOIUTCS B nuamna3one oT 220 no meHee 280 Kr Ha M> CBEXKECMEIIaHHOTO
cOoCTaBa, u

- no MeHpIe Mmepe 0,05 Mo, €ClIM KOJIMUECTBO LEMEHTHOTO BSIXKYILLETO
BemecTBa a) cocrasysier 280 kr mim Oosiee Ha M> CBEKECMEIIAHHOTO COCTABA;

U IPUYEM MOJISIPHOE COOTHOLICHUE BCEro JOCTYITHOTO aJlOMHUHATA K CyJb(arty

cocrasisieT 0,4 - 2,0,
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IIPH 3TOM CTPOUTENbHBIN COCTAB AOIOJHUTEIbHO COAEPKUT

e) peryisiTop oOpa3oBaHus STTPUHTUTA, coaepxkamuil (1) rTnoKCcHIOBYIO
KHCJIOTY, COJIb TJIMOKCUJIOBON KHUCIIOTHI W/ WU NMPOU3BOAHOE INIMOKCUIIOBON KUCIIOTHI, U
(IT) no menbiueit mepe onux u3 (Il-a) ncrounuxa 6opara u (II-6) ncrounuka
kapOoHaTa, MpuYeM UCTOUYHHUK KapOOoHaTa BHIOMPAIOT M3 HEOPTraHMYECKUX KapOOHATOB,
MMEKIIUX PaCTBOPUMOCTD B BOJE, cocTaBisomyto 0,1 r-1" nmm Goee, npu
temneparype 25 °C, opraHu4ecKkux KapOOHATOB, U UX CMECeH; U

x) CO-3aMeTUTeNb, BBIOpaHHBIN U3 (3k-1) OL-THIPOKCUMOHOKaPOOHOBBIX
KHUCJIOT U uX cojier, (3k-2) pochoHOBBIX KUCIOT U UX coyiell, (k-3) monukapOOHOBBIX

KHCJIOT U UX COJIEH, U UX CMecCeil.

2. Cocra o nyHKTy 1, mpuueM MUHepaibHble (pa3bl CUINKATA KAJIbIUS U
MUHEpaJbHbIE (a3bl ATIOMHHATA KaJbLH COCTABIAIOT 1O MeHbInei mepe 90 mac. %
LIEMEHTHOTO BSKYIIEro BEIEeCTBA a), U MUHEpalbHbIe (a3l CUIMKATa KaJbLIHs

COCTABJISIFOT 1O MeHbInel Mepe 60 mac. % EMEHTHOTO BSIKYLIEro BEIIEeCTBA a).

3. Cocras no nyHkty 1 unu 2, npudyemM MUHepajbHble (pa3pl aNroMUHATA

kanbuus BeioupatoT uz C3A, C4AF, u C12A7, B vactHoctu, C3A u C4AF.

4. CocraB Mo OJHOMY U3 NMPEAbIAYIIUX MYHKTOB, MPUYEM [[EMEHTHOE
BSDKYIIEe BELIECTBO a) MPeacTaBisieT cO00H MOPTIAHALEMEHT, B YaCTHOCTH, OOBIYHBIN

nopTianauemest (OITLL).

5. CocTaB 1o 0OJHOMY U3 NMPEABINYIUX NYHKTOB, IPUYEM
KaJIBIIMHUPOBAHHBIN MIMHUCTBIA MaTepuan umeer pacxox Ca(OH), cornacHo Tecty
IMManens, cocraBnAromuil no Mmenbiueid Mmepe 200 Mr Ha 1 r KaJIbIUHUPOBAHHOTO
TJIMHUCTOTO MaTepHala, MpearnoYTUTENIbHO 0 MeHbIneil Mepe 660 mr Ha 1 T, Honee

NpPEeaNOYTUTENbHO O MeHblnel mepe 1000 mrHa 1 r.

6. CocTtaB o 0OAHOMY U3 NpPEAbIAYLUIUX MYHKTOB, IPUYEM MMOPOILIOK

KapOOHATHOW MOPOBI BEIOUPAIOT U3 U3BECTHAKA, TOJIOMUTA U UX CMECEH.

7. CocTaB o 0OJHOMY U3 NPEABIAYIIHUX NYHKTOB, KOTOPBIN JOMOJHUTEIbHO

COACPIKUT HeOpFaHI/I‘{eCKI/Iﬁ MNUTMEHT, NPEATIOYTUTCIIBHO Bbl6paHHbIﬁ Hn3 OKCHUIO0B
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JKeJe3a, TUOKCUAa TUTaHa, KOOaIbT-XpOM-aTIOMUHUEBbIX HMITTUHEIEH, U OKCUIOB

xpoma(IlI).

8. CocrtaB o 0OgHOMY U3 NPEAbIAYLIUX YHKTOB, NIPUYEM JONOJHUTEIbHbIN

BsDKyI M MaTepuan 0) umeet Dv90, cocrapnsromuii menee 150 MxM.

9. CocTaB Mo OAHOMY U3 MPEAbIAYIIUX MYHKTOB, MPUYEM MTOCTOPOHHHUHN
UCTOYHUK aJIOMHHATA B) BBIOMPAIOT M3 HE COAEPIKAINMX KaJbIUs HCTOYHUKOB
anroMuHaTa, Takux Kak conu amomunus(I1l), komnnekcer anromuausA(111),
KPUCTAJUIMYECKHI THAPOKCUTT ATFOMUHHS, aMOP(HBINA T’HAPOKCHA aJTFOMHUHUS, & TAKIKE
U3 COJIePIKAIUX KAJbLHI UCTOUYHHKOB aJJFOMUHATA, TAKMX KaK BHICOKOTITMHO3EMHUCTHIN
LIEMEHT, CYJIb(OATIOMUHATHBIA IEMEHT UJIM MUHEpaJIbHbIE (ha3bl CHHTETHYECKOTO

AJIFOMHHATa KaJbIHA.

10. CocrtaB 1o 0OJHOMY U3 NpPENbIAYLIUX NYHKTOB, IPUYEM UCTOYHUK

cyib(ara r) nmpencrapisier CoOOOH UCTOYHUK CyJbdaTa KaabLus.

I1. CocTaB o OJHOMY U3 MPEAbIAYLUIUX MYHKTOB, IPUYEM LIEMEHTHOE
BSDKYII€€ BELIECTBO a) UMEeT YAEJbHYIO IUIOIMAaAb MOBEPXHOCTH 1Mo bieliny,

COCTABIIAIOIIYIO MO MeHbIIeit Mepe 4500 cm’/T.

12. CocTaB Mo OAHOMY U3 MPEAbIAYIIUX MYHKTOB, MPUYEM MOJHOJ, B
UCTIBITAHUH HA OCAXXICHHUE AIOMHUHATA KAJIbIUs, B KOTOPOM HCIBITYEeMBIH PacTBOD,
MOJIYYE€HHBIN MOCPEACTBOM TOTO, 4TO K 400 M BOOJHOTO pacTBOpa MoJjuosia ¢
koHIeHTpauuei 1 mac. % nobasnsrot 20 ma BogHoro pacrsopa NaOH ¢
koHIeHTpauueit 1 monw/nm u SO mn BogHOro pacteopa NaAlO; ¢ koHIeHTpanuei
25 mmons/n, TuTpyroT BogHBIM pactBopoM CaCl; ¢ koHuenTpanuei 0,5 mons/n npu
temneparype 20 °C, HHrHOUpyeT ocaKAeHUE aJFOMHHATA KaJIbIUs 10 KOHUEHTPALUH

KaJbLMsA 75 yacTell Ha MUJIJIMOH, NPEANOUYTUTENBHO 90 yacTel Ha MUJUIMOH.

13. CocTtaB Ay KOHTPOJIA CXBAaTbIBAHUS MO NYHKTY 12, mpuyeM nojauon
BBIOMPAIOT M3 MOHOCAXapHUIOB, OJUTOCAXaPUOB, PACTBOPUMBIX B BOJE
MoJucaxapuaoB, coenuHenui odmeit Gopmynst (P-I) unu numMepos uiu TpUMEPOB

coequHeHuit obuen popmyisl (P-I):
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OH OH
(P-I),

rne X npeacrasiseT coOon

(P-Ia) (P-Ib) (P-Ic)
rae
R mpencrasasier coboii —CH,OH, —NH,,
n mpeacTaBisieT co0ol menoe uncio ot 1 1o 4,

m npeacTasisieT co0ol mnenoe uncio ot 1 no 8.

14. CocTaB 1o 0OJHOMY U3 NPEABIAYIIUX NYHKTOB, IPUYE€M IPOU3BOJHOE
TJIMOKCUJIOBON KHCJIOTHI MPECTaBIsAeT COO0H MoIuMep riIUOKCHUIOBON KUCIOTHI, B
4aCTHOCTH, KOHAEHCAT NNIMOKCUJIOBON KUCJIOTHI, IPEANOYTUTEIbHO KOHAEHCAT aMUHA U
TJIMOKCHUIJIOBOH KHUCJIOTHI, O0Jiee MPeanoYTHTEIbHO KOHAEHCAT MeJlaMUHA U
IIMOKCUIIOBOM KUCJIOTHI, KOHIEHCAT MOYEBUHBI U MIMOKCUIIOBOM KUCJIOTHI, KOHAEHCAT
MeJaMUHa, MOYEBUHBI U TNIMOKCHIIOBON KHUCIOTHI M/WUJIN KOHJAEHCAT MOJUAKPUIIAMHIA U

TJIMOKCHJIOBOI KUCJIOTHI.

15. CocTtaB 110 OJHOMY U3 NPEABIAYIUX NYHKTOB, MPUYEM INIMOKCUIOBAs
KHCJIOTA, COJIb TNIMOKCHIJIOBON KHCJIOTHI W/MIIH IPOU3BOAHOE TJIMOKCHIIOBOM
kucyoTsl (I) mpucyrcTByer B 00mem konmdecTBe, coctapisitomem 0,2 - 2 mac. %,
npeanoututenbHo 0,3 - 1 mac. %, u3 pacuera KOJUYECTBA LIEMEHTHOIO BSIXKYLIEro

BEIECTBA a).

16. CocTtaB 10 OJHOMY U3 NPENBbIAYLIUX NYHKTOB, MIPUYEM HEOPraHUYECKUM
kapOoHaT BbIOMpAIOT U3 KapOoHaTa Kanus, kapOoHaTa HaTpus, OukapOoOHaTa HaTpHs,
kapOoHaTa nuTHsA U KapOOHAaTa MarHus; 1 OpraHUYeCKUi KapOOHAT BHIOUPAIOT U3

TUJIeHKapOoHaTa, mponujaeHkapboHaTa u riuuiepruHkapOoHara.
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17. CocTtaB 10 0OAHOMY U3 NpPEAbIAYLIUX MYHKTOB, NIPUY€M UCTOUYHUK
kapOonara (II-6) nmpucyTcTByeT B KoauuecTse, coctaBusammeM 0,3 - 1 mac. %,
npeanoutuTenbHo 0,3 - 0,5 mac. %, U3 pacyeTa KOJIMYECTBA LIEMEHTHOTI'O BSIXKYILIETO

BEIIECTBA a).

18. CocraB 1o 0OgHOMY U3 MPENbIAYIIUX NYHKTOB, IPUYEM COJIb

OL-TUAPOKCHUMOHOKapOOHOBOW KHUCJIOTHI MPENCTABIAET COOOM IIIFIOKOHAT HATPHSI.

19. CocTaB Mo ogHOMY U3 MPEbIAYIIUX MYHKTOB, MPUYEM MOJHKapOOHOBAS
KHCJIOTA WJIH €€ COJb (3K-3) MMeeT MIJUTM3KBUBAJIEHTHOE YNCJIO KapOOKCHIIbHBIX
rpym, cocTasisonee 3,0 M3KB/T UK BbIIIE, MpeanoYTuTensHo 3,0 - 17,0 MakB/T,

npeanoJaras, 4YTo BCce KapOOKCHIIbHBIE IPYIIIBI HAXOASITCS B HEHEHTPaIN30BaHHOM

dbopme.

20. CocraB 1o OOHOMY U3 MPENbIAYIUX TYHKTOB, MPUYEM MOJTUKAPOOHOBYIO
KHUCJIOTY BBIOHPAIOT U3 PocHOHOATKUIKAPOOHOBBIX KUCIOT, aMUHOKapOOHOBBIX

KUCJIOT, U MOJIUMEPHBIX Kap6OHOBbIX KHCJIOT.

21. CocTaB 110 OAHOMY U3 NPEABIAYLIUX IYHKTOB, IPUYEM COCTaB
JONOJHUTEIBHO COAEPIKUT

3) IO MEHbIIEH Mepe OUH 3aNOJTHUTEb.

22. CocraB no OOHOMY H3 IPEAbIAYILIUX MYHKTOB, JOIMOJIHUTECIIBHO

conep KaIluil AUCTIEPTUPYIOLIEE BEIECTBO.

23. CocraB o NMyHKTY 22, NpUYeM AUCIEPrUPYIOLIee BEUECTBO BBIOUPAOT
U3 FPyNIbI

- TpeOeHYaThIX MOJUMEPOB, UMEIOIUX YIIIEPOACOAEPKAIYI0 OCHOBHYIO I€Mb, K
KOTOPO# MPUCOETUHEHbI OOKOBBIE CLEIUISIOIINECS C IEMEHTOM IPYIIbl U OOKOBbIE
LENH MPOCTHIX MOJTUIHUPOB,

- HEHOHHBIX IpeOeHYaThIX MMOJUMEPOB, UMEIOIINX YTJIEPOACOAEPIKALIYIO

OCHOBHYVIO II€Ib, K KOTOPOH MPUCOEIUHEHBI OOKOBBIE THIPOJIU3YEMbIE I'PYIIbI U
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OOKOBbIE LIEMH MPOCTHIX MOJIUIPUPOB, MPUUYEM THAPOJIU3YEMbIE TPYTIIbI IPH
THIPOJH3€E BBICBOOOKIAIOT CHEIUISIOIIUECs C IeMEHTOM IPYIIIbI,

- KOJUJIOUAHO-AUCIICPCHBIX NIPCIapaTOB KATUOHOB MMOJHUBAJICHTHBIX MCTAJIJIIOB,
taxux kak AI’", Fe’” umu Fe’*, u moamMepHOro QMCIEeprupyouero BemecTsa, KOTopoe
CONEP)KUT AHUOHHBIE U/ AHHOHOTEHHBIE IPYIIIbI H OOKOBBIE IEIH TPOCTHIX
nonusGUPOB, U MPUYEM KaTHOH MONMBAIEHTHOTO METAJIa IPUCYTCTBYET B
CYHNEPCTEXUOMETPUIECCKOM KOJIMUCCTBE, B NNEPECUCTE HA SKBUBAJICHTHI KaTHOHA, U3
pacue€Ta CyMMbl aHUOHHBIX U aHUOHOT€CHHBIX I'PYIII MOJUMEPHOroO JUCIECPTUPYHOIIETO

BEIECTBA,

Cy.]'[b(i)OHI/IpOBaHHbIX Me.]'IaMI/IHO-(bOp MAJIBACTUIHBIX KOHACHCATOB,

JUTHOCYJIB(OHATOB,

CyIb()OHUPOBAHHBIX KETOHO-()OPMaJIbIETUIHBIX KOHIEHCATOB,

Cyb(pOHUPOBAHHBIX HapTaTNHO-(HOPMANbAETHAHBIX KOHICHCATOB,

dochonaTcomepKamUX AUCTIEPTUPYIOMUX BELIECTB,
- pocdarcomepkamUX AUCTIEPTUPYIOLINX BEIIECTB, U

- UX CMecell.

24. CocTas 110 OJHOMY U3 NPEABIAYIIHUX NYHKTOB, IPUYEM CTPOUTENbHbBIN
COCTaB COEePKUT MeHee 5 mac. %, OoJiee mpennovYTUTENHLHO MeHee 3,5 mac. %,
HauboJiee MPeanoUYTHTENBHO MeHee 2 Mac. % IEMEHTHUPYIOIIHNX MPOAYKTOB

THApaTaluy, U3 pacuera oOeil MacChl CTPOUTENBHOTO COCTaBa.

25. CocTaB 10 OTHOMY U3 MPEAbIAYIINX MYHKTOB B CBEXECMEIIAaHHOM BHE,
. 3
COJlep KAl BOAY B KOJIMUECTBE, cocTaBisitomeM 120 - 225 1 Ha M

2

3
npeanodyTuTenbHo 130 - 180 1 Ha M™, CBEKECMELIAHHOTO CTPOUTENBHOTO COCTABA.

26. CocTtaB 1o NyHKTY 25, 1€MOHCTPUPYIOLINUI IPOYHOCTD HA CKaTHE MO
HWCTEUYEHHUH 3 4aCOB, COCTABJAIOIIYIO O MeHblIel Mepe 10 MIla npu Temnepartype

20 °C.
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