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NYHIOJAHUYECKASA AKTUBHOCTb TOHKOJANUCIIEPCHBIX MUHEPAJIBHBIX
KOMIIOHEHTOB PA3JIMYHOM MPUPObI BBETHAMA

Taunr Ban Jlam, Hryen 3oan Tynr Jlam

Onpedenenue akmusHOCMU MUHEPATbHbLX 000A60K 0JI pACMEOPO8 U OENMOHOE 6 COOMBEMCMEUU C HAYUOHATLHLIM CIAHOAPIOM NPOU3-
800UMCA NO OAHHBIM QUUKO-MEXAHUYECKUX UCHbIMAanull (npourocms Ha cocamue). OOHAKO 6OTbUUHCIBO Uccaedosamenell Ol 9Mo2o
UCNONBL3YIOM MEMOOUKY NO NO2TOWEHUI0 D0OABKOU U36ECMU U3 U3BECIKO8020 pACMeopd. B opyeux cmpanax maxoice uchoib3yom anao-
2UiHble MeMOOUKU, KOMOopble OMAUYAIOMCS KAK N0 MeMNepamypHuiM PejcuMam, max u no Kunemuxe npomexanusi npoyecca. Iloomomy
Pe3yIbManmvl PA3IULHbIX UCCAe008ameieli N0 ONPeOeieHUIo AKMUGHOCMU 0OHO U MO20 Jice MAmepuad CUuibHo pazmyaromces. Llenvio dan-
HoU pabomvl ObLIO YCMAHOBNIEHUE NYYYOLAHULECKOU AKMUGHOCTU MOHKOOUCHEPCHBIX MUHEPATbHBIX KOMNOHEHMO8 PA3IUYHOU NPUPOObl
Bvemnama no ¢panyysckomy cmanoapmy u no memooy no2noujenusi 006a6Kol U36eCmu u3 U36eCmKo8020 pacmeopd, UCHOIb3YeMO20 8
Poccuu, a makoice conocmaenenus nonyueHHbIX pe3yabmamos, s 6blo0pa payuoHATbHOU MEeMoOUKU OnpedeieHus Cmenenu akmueHoCmu
006as0K. Ycmanoenenvl akmueHOCMU MUHEPAILHBIX KOMNOHEHMO8, ONpedeilehtbie MEMOOOM N0 NO2N0WEHUI0 00DABKOTU U36ECmU U3 U3-
secmkoo2o pacmeopa 3a 30 cym. u no memody gpanyysckoeo cmandapma NF P18 - 513 : 2010. [Toxazano, umo munepaivhvie 006agKu
11V, 3V TOC «Byne Aney, 3P u MK-90 moocho omHuecmu K MUHEPATbHLIM 006ABKAM C BbICOKOU RYYYOIAHUYECKOU akmusHocmbio, a JILIT
— €O cpeoHell NYYYoIanu4ecKol akmueHOCMyIo.

Kniouegvie cnosa: nyyyoranuueckas akmueHoCmy, amop@ublii KpemHesem, npupoOHbsLd NYYYOIAH, 3011a PUCOBOU WeTYXU, MUKPOKPEM-

He3EM, MONAUBHDBIL 30]10-WUIAKOBbIL OMX00, MUHEPATbHAS 006asKa

BBenenne. B nocnennee BpeMsi MOSBHIIOCH MHOTO ITy0-
JMKAIMH IO WUCIIOJIb30BAHUIO aKTHBHBIX MUHEPAIBHBIX H0-
0aBOK B pacTBOpax W OeTOHax BO MHOTHX cTpaHax [1-3].
3oa pUCOBOH MIEYXH U MUKPOKPEMHE3EM, a TaK)Ke MeTa-
KaOJIMH OTHOCSITCS] K OJJTHOM U3 CaMbIX BBICOKOI(PEKTUBHBIX
MyLI[0JaHOBBIX MUHEPAJIBHBIX N00aBOK [4-6].

CornacHo uccnenoBaHusM [7-9], cylmecTByeT TpU OCHOB-
HBIX ()aKTOPa, BIHSIOLINE HA BKIIAJl, KOTOPBIH BHOCST aKTHB-
HBIE MUHEPAJIbHBIE 00aBKHU JUIS IIEMEHTOB, PaCTBOPOB U Oe-
TOHOB IIpU YaCTUYHOM 3aMEHE NmopTiIaHAUuEMEHTAa TTIOMUMO
TTOBBIIICHUS] TPOYHOCTHBIX TIOKa3aTesleil U J0JITOBEYHOCTH
MaTepHaJIOB 3TO - YCKOPEHNE PEaKIMii THAPaTallui B CMECH,
MIPOTEKAaHNE ITyLIOJAHOBBIX PEAKIUH C MOPTIAHAUTOM H
nposiBiicHrE 3((PeKTa YIPOUHSIONIETO BINSHNS HAllOJTHNTE-
JIel Ha UX CBOMCTBA.

AKTHBHBIC MUHEpaJbHBIE NOOABKU IO3BOJISIOT YIUIOT-
HSTb CTPYKTYpY OeTOHA ITyTEM YMEHBILIEHHSI HOPUCTOCTH 11e-
MEHTHOTO KaMHS ITOCPEACTBOM CBSA3BIBAHUS CBOOOZHOTO
THJPOKCHAA KajJbLusi B MEHEE PacTBOPHMBIE M MEJKOJIHC-
TIEpCHbIE HU3KOOCHOBHBIE TMPOCHINKATHI KaIbLIUs, a TAK)KE
OHU CIIOCOOHBI CBSI3BIBATH IEJIOYM B HEPACTBOPHMBIEC HOBO-
0o0pa3zoBaHusi. DTO CBOWCTBO 00YCIOBIHBAET 00JIce HAICK-
HYIO 3aIIUTy U3AEINH U KOHCTPYKIMH U3 OCTOHHBIX U JKelle-
300€TOHHBIX OT TPEUIMHOOOPa30BaHUS U Pa3pyLICHHUs O]
JEHCTBHEM PacTBOPOB CyIh(HaTOB, KUCIOT U COJICH B arpec-
CHBHBIX cpeax [10-12].

Bricokuii TemMn mpoMbinuieHHOTO pasButHs Cormanm-
crnyeckoi PecrryOnmku Beetnam TpeOyer 60IbII0ro KOJH-
YeCcTBa AIEKTPOIHEPIHH, OCHOBHBIM HCTOYHUKOM KOTOPOii B
HacTofIIee BpeMs SBISIOTCS Tertodnekrpoctaniun (TOC),
paboTarolye Ha yrie, 4To OOBSICHAETCS UMEIOLUUMHUCS CY-
IIECTBEHHBIMH NIPUPOAHBIME 3amacamu. B pesynbraTte cxu-
TaHus yriel exeroaHo o0pa3yercs 3HAUYUTEIbHOE KOJIHYe-
CTBO TOIUIMBHBIX 30JI0-IIIAKOBBIX OTXOJOB, YXY/IIIAFOLINX
9KOJIOTUYECKYIO CUTYalHIO B CTpaHe M TpeOyIOMHUX yTUIIN-
3aIUu, TeM OoJiee YTO OrpaHUYeHHas IUIOAlb TEPPUTOPHH
HE MTO3BOJISIET MCIIOIB30BaTh 3eMEIbHBIC PECYPCHI IS MX 3a-
xopoHeHus [13, 14].

OnmHNM M3 MEPCHEKTUBHBIX CIIOCOOOB yTHIIM3AUK TOTI-
nuBHOM 30ubI-yHOca TOC (3VY) siBisieTcst MX BBEJICHUE B CO-
CTaB MUHEPAIbHBIX BSDKYIIUX BELIECTB, a TAKXKE OETOHHBIX
1 PACTBOPHBIX CMECEH B Ka4eCTBE aKTHBHBIX MHHEPaJIbHBIX
J00aBoOK, o0magaronux MPOJIOHTUPOBAHHBIMU

ITYLIIOTaHNYECKUMHI CBOWCTBAMHM Ojaromaps 3HA4UTEIb-
HOMY cofepkaHuio amopdHoro kpemuesema [15, 16].

Kpome Toro, B cTpaHax-IpOM3BOJUTENSAX pHCA, B TOM
gricie ¥ BO BreTHame, mpu mporiecce ero nepepaboTku 00-
pa3yercst OrpOMHOE KOJINYECTBO CETbCKOX03SHCTBEHHBIX OT-
XOJIOB B BHJI€ COJIOMBI, OTpyOeii u mmenyxu (6omnee 1 T. puco-
BOM COJIOMBI M LIETyXH Ha | T. 3epHA), KOTOPBIE CKUTAFOTCS
¢ obpa3oBanueM 301bI pucoBoii memyxu (3PL) [17, 18]. Io-
sTOoMy IpobieMa parmoHansHOH yrrmm3anuy 3PII Bo Beer-
HaMe TaKKe 3JI000IHEBHA, KaK U 30JIbI-YHOCA, I03TOMY 3(-
(EeKTUBHBIM CIIOCOOOM €€ peIIeHHs SBIAETCS HCIOJIb30Ba-
Hue 3Pl B xauecTBe TOHKOAMCHEPCHOW aKTHUBHON MMHe-
payIbHOM T00aBKHU B OETOHBI 1 CTPOUTEIBHBIE PACTBOPEI, T103-
BOJISTIOIIEH 3aMEHUTh MMIIOPTHBIE W TIOATOMY JIOPOTHE MHK-
POKpEMHE3eM K BBICOKOAKTHBHBIN MeTakaoiuH [19, 20].

OmnpeneneHne akTHBHOCTH MUHEPATBHBIX JOOABOK IS
pacTBOPOB M OETOHOB B COOTBETCTBHHM C HAllMOHAJIBHBIM
CTaHAAPTOM IPOU3BOJHUTCS 0 AAHHBIM (DU3UKO-MEXaHHUe-
CKUX ucnbITaHui (mpouHocTs Ha cxkatue I'OCT P 56592-
2015). OmHako OOJBITUHCTBO HMCCIEAOBATENCH TSI TOTO
UCIIONIB3YIOT METOJIMKY IO MOTJIOMIEHHUIO T0OAaBKOW M3BECTH
13 U3BECTKOBOTO pacTBopa [21,26]. B apyrux ctpanax Taxxe
UCIIOJNIB3YIOT AHAJOTUYHBIE METOJUKH, KOTOPHIE OTIMYAIOTCS
KaK [0 TEMIIEpaTypHBIM PEXHUMaM, TaK U 110 KHHETHKE IPO-
TekaHus mpouecca. [22-25]. Bo BreTHaMe akKTHBHOCTH MH-
HepaJIbHBIX J00aBOK yarle yka3siBaercs o Yamemo [24, 25],
ompenenseMast MeToZoM (paniy3ckoro crangapra NF P18 —
513 : 2010. [ToaTomy pe3ysibTaThl pa3IMuHbIX UCCIIENOBATE-
JIeH 1O ONpeneNeHUI0 aKTUBHOCTH OJJHO U TOT'O e MaTepH-
aJla CHIIbHO Pa3InJaroTcs.

Ienbto naHHOM pabOTHI OBUIO YCTAHOBJCHUE MYIIOJIA-
HUYECKOH aKTHBHOCTH TOHKOAMCIIEPCHBIX MHHEPaIbHBIX
KOMITOHEHTOB Pa3jMn4YHON npuposl BeeTHama o ¢paniys-
CKOMY CTaHJapTy U [0 METOAY MOIJIOIIEHHs 100aBKOH n3Be-
CTH U3 U3BECTKOBOIO PacTBOpa, UCNONb3yemoro B Poccun, a
TaKXXe COITOCTABJICHUS IOJyYEHHBIX PE3yJIbTaTOB, IS BBI-
Oopa panMOHAIBLHON METOIVKH OINPEAEICHHs CTENEHN aK-
TUBHOCTH J100aBOK.

Matepuaibl 4 MeToabl. B manHON paboTe MCMONB30-
BaHbl foMeHHbIi nutax (J111) 3aBona «Xoa [Ixar» (BreTHam)
u npuponusiii mymnonad (ITY) BrerHama ¢ octatkom Ha
cure 0,09 mm 12,5%.

Hcnonb3oBanHasi B JaHHOW paboTe 30J1a PUCOBOM Iiie-
JYXH SIBJISIETCS OTXOOM 00pabOTKH pHca, BHIPAILICHHOTO Ha
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ceBepe BretHama. PucoBas menryxa Cymmiach 1 3aTeM CxKH-
rajach B JaboparopHoii neuu npu temmneparype 800°C [3, 9,
17] ¢ mocnenyrommmM OBICTPBIM OXJIaXAeHHEeM. [ moyde-
HUSI MEXaHOAKTUBUPOBAHHOM 30161 prcoBoii menyxu (3PILI)
B BHJIE TOHKOTO ITOPOIIKAa OHA M3MeNIb4anach B BUOPAIIMOH-
HOM MeJbHUIE B TeueHne 60 MuH.

Kpome Toro, npyrue akTUBHBIC MHUHEPAIBHBIC JT00aBKH
MPEJCTaBIsUIN COOOW HU3KOKAIBIUEBYIO 30iy-yHOoca (3Y)
TOC «Bynr Anry (Beernam) xmacca F u MUKpoKpeMHE3EM
SF-90 (MK-90) npoussoacrea ¢pupmsl «Vina Pacificy. Xu-
MHYECKHH COCTaB ¥ (PU3HMYECKHE XapaKTePHUCTHKU HCII0JIB30-

BAaHHBIX TOHKOAHUCHCPCHBIX MATCPUATIOB IPHUBCACHBI B TabI1.
1.

Ta6auna 1 XuMmuueckuii coctaB u pusnyeckne XapaKTepUCTUKH TOHKOANCIIEPCHBIX MATePHAJIOB

Hcnonp3oBaHHBIC T v 3Y TOC 3P MK-90
MUHEpaIbHbBIC JOOABKH «ByHr AHr»
CpenHuil XUMUYECKHIA COCTaB, % Macc.
SiO2 35,45 48,75 54,62 88,23 91,65
Al:03 13,52 22,13 24,17 1,25 2,25
Fe203 - 12,44 6,15 1,75 2,47
SO3 0,14 1,25 2,81 0,61 -
K20 0,28 0,87 1,28 1,14 -
Na20 - 0,52 1,25 2,67 0,58
MgO 7,89 5,74 1,57 0,81 -
CaO 40,88 4,56 1,48 0,52 0,51
P20s - 0,48 1,63 0,25 -
[loTepu npu npoxkauBaHUH 1,34 3,26 5,04 2,77 2,54
Du3nuecKre XapaKTePUCTUKU
VenbHast MOBEPXHOCTB, M%/T 4550 4280 3980 9570 10150
VIcTHHHAS IIOTHOCTB, I/CM° 2,29 2,81 2,23 2,32 2,15
HachInmHas IIOTHOCTB, KI/M3 830 980 572 650 765

C momonipio MeTo/1a JIa3epHo rpanyjaoMerpun B MHCTH-
TYTE CTPOMUTENILHOM HayKH M TEXHOJIOI'MH BO BreTHame Obn
ompeneneH rpanynomerpudeckuii coctas A1 ITY, 3Y TOC

a

«Bynr Anr», 3Pl u MK-90, koTopble IpeacTaBIeHb HA
puc. 1.

0

Pucynox 1 — I'panynomempuueckuii cocmas JILI, ITY, 3Y TIC «Bynz Aney, 3PII u MK-90

a - unmezpanvHas Kpuean pacnpeoenenus, 6 - ouggepenyuansvnuan Kpusas pacnpeoenenus

Kak crnenyer U3 mpeAcTaBIEHHBIX JAaHHBIX 30J1a-yHOCA
(3Y), mpupogmas myumonaHa (IIY) m momeHHBIH mUIAK
HMEIOT OCHOBHOM pa3mep vactull oT 5 10 10 Mxm. 3ona pu-
coBoii menyxu (3PIII) umeeT kak TOHKOIUCTIEPCHYIO (Ppak-
uuto yactun ot 0,5 10 1 MKM, Tak U 4acTULIBI pa3MEPOM OT 5
1m0 10 MmkM. MUKpPOKpPEMHE3eM MPEACTaBIeH TOJLKO TOHKO-
JCTIEpCHOM (ppakmmeii ¢ pa3MepoM 4acTHIl MeHee | MKM.

Metoabl. MeTomonorust 1aHHOUM paboThl BKIIIOUAa:

- OTIpeIeNIeHIE TPAHYIOMETPAYECKOTO COCTaBa U IOKa3a-
Tenel, xapakTepusyromux aucnepcHocts gactur I, ITY,
3V TOC «Bysnr Aury, 3PII u MK-90, mpoBoanmm ¢ momo-
IIHI0 METOJIA JIA3EPHON IPaHyIOMETPHH;

- MyNIOJAHNYECKass aKTUBHOCTh MUHEPAIbHBIX J0DABOK
oTpeeIsIach METOIOM TTOTJIONICHUS U3BECTH U3 PacTBOPA B
teuenue 30 cyTok [21, 24, 26];

8

- ISl OTIPEICTICHUS] COACPIKAHUS THIAPOKCUIA KATIbIHS B
o0pa3max MUHEpaIbHBIX J00aBOK B TedeHHWE 16 4acoB wc-
noJp30Bai Meto (paHiy3ckoro crannapra NF P18 - 513:
2010 [22, 23, 25].

Pe3yabTarhl M 00CyxKIeHUE

A - Onpeoenenue nyyyoaanu4ecKoll AKMUGHOCMU MU-
HEPaIbHBLIX 000a60K NO Memoody NO2N0uieHUs 000aeKoll
u3zgecmu u3 uzeecmKo6020 pacmeopa

B nmannO#t paboTe OblIa ompeneneHa MyIIIoTaHuIecKas
AKTHBHOCTb MHUHEPAJIBHBIX I00aBOK 110 CIIOCOOHOCTH TOTJIO-
IIaTh UMH M3BECTH W3 U3BECTKOBOTO pacTBopa. TOHKOmMC-
TIepCHbIE MUHEpaJIbHBIE JOOABKU CUNTAIOTCS TEM aKTHBHEE,
4yeM OoJIbllIe OHU MOTJIOMIAIOT U3BECTH U3 €r0 BOJHOTO pac-
TBOpa 3a OIpeJeTIeHHbII MPOMEXYTOK BpeMeHH. [lymmomna-
HHUYCCKass AaKTHUBHOCTb OLI€CHUBACTCA II0 HMHTCHCHBHOCTHU
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pacTBOPEHUS B IIENOYHOH cpene aMOpdHOTO KpeMHe3EMa,
KOTOPBIU SIBJISIETCS. OCHOBHBIM KOMITIOHEHTOM MHHEPaJIbHBIX
nobaBok, u ompexpensiercss kommaectBoM Ca(OH)z, mormo-
LIEHHBIM | T MUHepanbHOU 100aBkU. B pesynbrare Takoro
B3aMMOJIEHCTBUS TIPOMCXOAUT OOpa3OBaHUE HHU3KOOCHOB-
HBIX ruapocunukaToB Kambius (C-S-H), B pesynerare gero
koHneHTparus Ca(OH), B pacTBope CHIKaeTcs.

Brino mpoBeneHo ompenencHue MyLLOJIAaHUYECKOH aK-
TUBHOCTH MHMHEPAIBHBIX JOOABOK 110 METOY IOIJIOIEHHUS
JI00aBKOW M3BECTH M3 U3BECTKOBOTO pacTBopa B TedeHue 30
CYTOK B COOTBETCTBUH ¢ BretHamckum crangaprom TCVN
3735-1982 «IlyuionaHoBble Marepualib» W METOAWKOM,
onucanHoi FO.M. byrrom u B.B. TumameBsm B «IIpakTu-
KyMe€ 110 XUMUYECKOW TEXHOJIOIMH BSDKYIINX MaTepHajIoBy.

I[lo mamabM BperHamckoro cranmapra TCVN 3735-
1982, konuuectBo Ca(OH); (Q), normoiernoe 1 r akTHBHBIX
TOHKOJIMICIIEPCHBIX MHHEPAJIbHBIX JOOaBOK, PacCUNUTHIBA-
etcs o popmyme (1):

Q=x-V, mr Ca(OH),/ T akTMBHBIX MUHE- (1)
palbHBIX T00ABOK,

rae: X - konuuectBo CaO, comeprkaieecs B 50 miu pac-
TBOpA mociie 100aBICHUST N3BECTKOBOM BOJIBI IO HAYaJIa KC-
NIBITAHUHN, MT;

y - xonuuectBo CaO, coxepxamieecs B 50 mi pac-
TBOpa nocie 30-CyTOYHBIX UCTIBITAHUN, MT.

DKCIIEpUMEHTEHI 110 OTPEACICHUIO MYIIIOTaHNIeCKO aK-
tunoctu I, ITY, 3Y TOC «Bynr Anr», 3P u MK-90,
MPOBEAEHHOTO TO TPEOOBAaHHUIO ATOTO METOJA, IpPEACTaB-
JieHbI B Ta01. 2 1 Ha puc. 2. B tabmuie 2 npencraBieHs! pe-
3yJNbTaTBl TUTPOBAHHUS H3BECTKOBOTO PAacTBOpa C pa3imy-
HBIMH JTOOaBKaMHU, a Ha PUC. 2 TPE/CTaBIICHA KHHETHUKA T10-
riomenust Ca(OH)2 U3 U3BECTKOBOTO PacTBOpA.

Ta6auuna 2. PeSyJ’leaTLl TUTPOBAaHUA U3BECTKOBOI'0 pacTBopa ¢ pa3invYHbIMHU n00aBKaMu

(mr Ca(OH)2 / r akTHBHBIX MHHEPAJbHBIX 1002BOK)

IIporomkuTenEHOCTD 3Y TOC «Bynr

pI/Iclll'[HTaHI/II‘/'I, CyT. Al 1y AHD» ¢ SPII Ll
2 14,5 20,7 21,2 42,1 62,4
4 16,9 29,2 39,4 67,5 85,7
6 21,7 35,8 48,1 88,4 100,3
8 23,6 46,5 54,2 106,3 1251
10 24,8 58,1 60,8 1178 1516
12 30,6 64,1 66,8 126,6 164,7
14 36,8 67,6 77,7 136,3 186,8
16 41,9 77,5 92,0 143,2 198,5
18 56,2 86,6 102,6 151,6 2245
20 58,8 98,5 107,3 158,5 242,6
22 59,4 99,7 115,6 167,7 2717
24 60,2 100 1223 175,6 2924
26 61 101 126,6 180,6 310,3
28 61 102 131,3 191,3 319
30 61 102 134 197 326

Pucynox 2 — Kunemuxka noznowenusa Ca(OH); u3
U36eCmK06020 pacmeopa pa3jiuiHblMU MUHEPATIbHbIMU
dooasxkamu
W3 npuBeieHHBIX B Ta0J. 2 3KCIIEPUMEHTATBHBIX PE3YIIb-
tatoB cienyert, uro JII, ITY, 3Y TOC «Bynar Aury», u 3PIII
moromaroT 3a 30 cyT. cooTBeTCTBeHHO, 61 MI/T, 102 MI/T,
134 mr/r u 197 mr/r, a MK-90 - 326 mr/t, u Bce 3T J00aBKH

MOTYT MCHOJIB30BAaThCSl KaK aKTHBHBIE MHUHEpaJbHBIC JI0-
6aBku. Kpome Toro, aHamusupyst KHHETHKY ITOIJIOLICHUS
Ca(OH)2 ©3 M3BECTKOBOTO pPacTBOpa IOMEHHBIM MIIAKOM
(A1) u npuponuemM myruonanoM (ITY) (puc. 2) BunHO, uyTO
mocye 20 cyT. ¥ OHM MPAKTUYECKU YK€ HE MOTIIOMA0T THI-
poKcua KanbLus, B TO BpeMmst, Kak it 3Y TOC «ByHr AHry,
3PII nu MK-90 nornomenne Ca(OH); nmpoaomkaeT akTHBHO
pactu BIUOTh 10 30 cyT.

b - Onpeoenenue nyyyonanuueckoi aKkmusHocmu mu-
HepanbvHbIX 000a80K no ¢panyysckomy cmanoapmy NF
P18 - 513 : 2010

®panmysckuii cranaapt NF P18 - 513 : 2010 ocHoBaH Ha
N3MEPEHNH KoJIudecTBa rupokenaa kanpist - Ca(OH)2, mo-
TJIOLICHHOTO aKTMBHOW MHHEpPAJIbHOM J100aBKOM MU MOBBI-
IIEHHON TeMIepaTrype, CXeMa HCIbBITaTeIbHOW YCTAaHOBKH
IIpeJCTaBIeHa Ha puc. 3.
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Pucynok 3 — Cxema ucnvtmamenbHoil yCmanoeKu no mpeoo-
sanuio ¢ppanyysckozo cmanoapma NF P18 - 513: 2010
AMOpGhHBIN KpeMHE3EM B COCTaBE aKTUBHBIX MHHEPATb-
HBIX J00aBOK B HACBIIIICHHOM PacTBOPE B3aUMOICHCTBYET C
ruapokcuaoM kanpiwus - Ca(OH),, 00pa3ys coemuHeHwns, 00-
JIQIAIOIINE BSOKYIUMH CBOMCTBAMHU — HU3KOOCHOBHBIE C-S-
H, no cxeme peakuuu (2):
SlOZ (aMop(HBIH KPeMHE3EM B aKTHBHBIX MHHEPATBHBIX 100aBKaX ) +
80-+90°C
164acos

. @
a(OH); + H20

kanpuus (C-S-H)

[To ucTeyeHM yKa3aHHOTO BPEMEHH KOJIOY OXJIAKAAIOT
0O KOMHATHOHM Temmeparypbl. [amee B kKomOy HOOABISIOT
250 mu1 pacTBOpa CBEKEMPUTOTOBIIEHHOM caxapo3ssl (60 T ca-
Xapo3bl pacTBOPSIOT B 250 M BOABI) M MEPEMEIINBAIOT
MAarHUTHOW MEIIANIKOH B TEYEeHUE 15 MUHYT B 1abopaTopuu.
3areM cOnmep)uMoe KOJIOBI (puiIbTpyIOT depe3 0e330bHBII
GUIBTp. AHAJIOrMYHOE (X0J0CTOE) UCTIBITAHHE TIPO BOJUTCS
0e3 MUHEPATLHBIX T00aBOK.

ConepkaHue OCTaBUIErOCS THUAPOKCHIA KalbLUs -
Ca(OH); onpenensitoT IKCTpaKIMel caxapo30i ¢ MOCIeay -
M tutpoBanuem 0,11 pactBopom HCL

OT OCHOBHOT'O PacTBOPa B KOJIOE KATMOPOBAHHOW MUTIET-
KOH OTOMpPArOT aJMKBOTHYIO 9acTh (25 MIJI) U TUTPYIOT C TIO-
mouisio 6roperku 0,11 HCL, ncnons3ys dpenondranenn (2+3
Kar) B KadecTBe mHAWKaTopa. Ompenemnsior oovem 0,10
HCI, momemmumii Ha TMTpOoBaHWe 25 MJI pacTBOpa ITyCTOH
(xomoctoit) mpo6sr (V1) u o6bem 0,11 HCI, momemmmii Ha
TUTPOBAHKE 25 MIT PacTBOPa, MOIYICHHOTO 10 MTyIIOIaHO-
BOM peakiuu ¢ aMOp(HBIM KpEeMHE3EMOM MUHEPaIbHBIX
nob6aBok B ocHOBHOM pacTBope (V2). Peakiuu TuTpoBaHUs
TIPOMCXOIMIIN CIEIYIOIUM 00pa3oM:

CaO + 2HCI — CaCl; + H,0, 3
Ca(OH); + 2HCI — CaCl; + 2H,0. 4

[Myumomnanmdaeckas aktuBHOCTH ([1A) MUHEpaTBHBIX I10-
6aBOK paccuuTbiBaeTcs o popmyie (5):

u>l<7—2’*1000 (5)

)
rae: [TA — mymijoanryeckass aKTHBHOCTh MUHEPATbHBIX
nobaBok, BeIpakeHHas B Mr Ca(OH), / T MUHEpanbHOH 10-
0aBKH;
V1 — 06bem 0,11 HCI B M1, HCOOXOTUMBIH ISl THTPOBA-
HUSA 25 MJI XOJIOCTOTO pacTBOpa 03 MUHEpaITbHOM J00OaBKH;
V2 — 06pem 0,11 HCI B M1, HEOOXOTUMBIH A7 TUTPOBA-
HUS 25 MJT KOHEYHOTO PacTBOpa ¢ MUHEPaIbHOM J0OaBKOH.
DKCTepUMEHTANIbHBIE PE3yIbTAaThl ONPEACIICHUs MYIIIO-
nanndeckod akrusHoctu U1, ITY, 3V TOC «ByHr AHry,
3PII u MK-90 npencrasiens! B Tabin. 3 u Ha puc. 4.

10

TUAPOCUIIUKATBI

TTIA =2

1

Tabmmua 3. Iynnonannyeckasi aAKTHBHOCTh HCCJIeyeMbIX
MHHePAJIbHBIX 100aBOK, OnpeaeléHHasi M0 MeTody (ppaHIy3-
cxoro cranaapra NF P18 - 513 : 2010

3y
DKCIepuMeEHTab- T2C MK-
HbIe 00pa3IbI Al | Iy «ByHr Sl 90
AHr»
[yumonanudeckas
aKTHBHOCTb

B TeueHue 16 yacos
[IPU TEMITEpPAType
85+ 5°C,
mr Ca(OH)2/ r no-
0aBKM

62 99 123 194 320

Pucynox 4 — Konuuecmeo Ca(OH),, noznowiennoe akmue-
HbIMU MUHEPATLHLIMU 000a8KAMU NO Memoody (panyy3ckozo
cmanoapma NF P18-513: 2010

ComocTaBmnsisi pe3yabTaThl ONpPENeIeHHH MyIIoIaHuIe-
CKOM aKTHMBHOCTH HCCICAYEMBIX MHHEPaIbHBIX J100aBOK
MIPUBEICHHBIX B Ta0J. 2, 3 ¥ Ha puC. 4 clieayeT, 4TO KoJrde-
ctBo Ca(OH),, mormomennoe nqodaskamu JIII, ITY, 3V TOC
«Bynr Anr», 3PII u MK-90, ompexneneHHOe MO METOIY
¢paniy3ckoro craagapta NF P18-513 : 2010, npu koTopom
aKTUBHOCTH Ompesensercs 3a 16 Jac., COBNajaeT ¢ KOJIude-
CTBOM THIPOKCH/IA KAJIBIUS, ONPEACICHHBIM 10 METOAY TI0-
TJIOIIECHUS TOOABKOW M3BECTH M3 M3BECTKOBOTO PAacTBOpA B
TeyeHue 30-CyTOUHBIX HCIBITAaHUH.

B pesynbprate nmpoBeIeHHBIN HCCIEIOBaHUI OBLIO yCTa-
HOBJICHO, 4TO MHHepanbHble no6aBku I1Y, 3Y TOC «Bynr
Anry, 3PII 1 MK-90 MOXHO OTHECTH K MHHEPAJIbHBIM JI0-
0aBKaM C BBICOKOH ITyIIIOJIAHUYECKOW aKTUBHOCTRIO, a 111
— €O cpelHed MyLIOJaHUYeCKONM aKTMBHOCTBIO, COIVIACHO
TI'OCT P 56592-2015.

BobiBoabl

1. MeTtomoM moriomenus 100aBKOM N3BECTH U3 U3BECT-
KOBOT'O PacTBOpa ObLIO YCTaHOBJICHO, YTO KCCIICIOBAHHBIC
muHepanbHbie go6asku [1, IV, 3V TOC «Bynr Aary,
3PII 3a 30 cyr. nornomiarotr Ca(OH), u3 u3BecTKOBOTO pac-
TBOpa COOTBETCTBEHHO, 61 mr/r, 102 mr/r, 134 mr/r u 197
mr/t, a MK-90 - 326 mr/r. I1pu atom A1 u ITY mocne 20 cyT.
MIPAKTUYECKH YK€ HE TOTJIONIAI0T THIPOKCU]] KabIUs, B TO
BpeMs, kak 3Y TOC «Byur Aury, 3PII u MK-90 nponon-
*aroT akTUBHO cBs3bIBaTh Ca(OH), mocne 20 cyT., 4TO CBU-
JETEIbCTBYET O WX MPOJIOHTUPOBAHHOM JICHCTBUH.

2. o pe3ynbpraTaM Hccae0BaHUM MyHIIOJaHUYECKOM aK-
THBHOCTH OBIJIO YCTaHOBJICHO, YTO MUHEpAJbHBIC TOOaBKU
1y, 3¥ TOC «Bynr Anry», 3PII u MK-90 MoxHO oTHECTH
K MHUHEpaJbHBIM M00AaBKaM C BBICOKOHM MYIIIOJIAHUYECKOU
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akTUBHOCTBIO, a Il — co cpenHell mylII0JaHUYECKOH aK-
TUBHOCTHIO, cornacHo 'OCT P 56592-2015.

3. B pesynbpTaTte MpOBEICHHBIX MCCICIOBAaHUI YCTaHOB-
JeHo, uTo ucnonb3oBanue MecTHox 11V, 3V TOC «ByHr
Anr» u 3PII BMeCTO MMITOPTHBIX TOHKOJUCIEPCHBIX MUHE-
panbHBIX 100aBOK - MUKpOKkpeMHe3éM SF-90, npuMeHseMbIx
B HacTosIIee BpeMs BO BreTHame [1s ToTy4eHHUs COBPEMEH-
HBIX OETOHOB U CTPOUTEIBHBIX PACTBOPOB, a TAK)KE B Kade-
CTBE JONOJIHUTEIBHOIO IIEMEHTUPYIOLIEro MaTepuana, 1mo3-
BOJIUT 3HAYUTENILHO CHU3UTh MX CTOMMOCTh, OyJeT crnocob-
CTBOBATh YJIYUIIEHUIO JKOJIOTUYECKOM CHUTyalluu U Mpen-
CTaBIISIETCS aKTyaJbHBIM M MEPCHEeKTHBHBIM Tt Corpanu-
ctrdeckoit PecrryOnmku BretHaM.
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Pshenichny G.N. Studies of hardening of construction gypsum
Pshenichny G.N. Kuban State Technological University mitry Mendeleev University of Chemical Technology of Russia

The traditional scheme of building gypsum hardening, which involves the dissolution of the binder, chemical interaction of reagents,
supersaturation of the pore fluid with new formations, precipitation and coalescence of crystals, does not reflect the essence of the real process.
It is no secret: the hydration of gypsum is reversible, i.e. the hardened gypsum composite is technologically easy and simple to transfer to the
initial binding state. As a consequence, we should not talk about the chemical, but only the physical nature of the interaction of reagents by
adsorption binding of the solid phase to the associated liquid medium. The dynamics of a number of properties accompanying the hardening
of the building gypsum, which logically fit into the hydration model presented in the article, is presented.

Keyword: construction gypsum, production, hydration, structure formation, hardening, volume deformations

Tang Van Lam, Nguyen Doan Tung Lam. Puzzolanic activity of fine mineral components of various nature of Vietnam

Tang Van Lam Hanoi University of Mining and Geology, 18 Pho Vien, Duc Thang, Bac Tu Liem, Ha Noi, Vietnam
Nguyen Doan Tung Lam NRU MGSU Moscow state University of civil engineering, Moscow, Russia

The article was compared the activities of blast furnace slag, natural pozzolan, low-calcium fly ash of the "Vung Ang" TPP, mechanically
activated rice husk and silica fume silica SF-90 established by different methods for determining the pozzolanic activity of finely dispersed
active mineral components.

Materials and Methods: blast furnace slag (BFS), natural pozzolan (PU), low-calcium fly ash (LCFA) of "Vung Ang" TPP, mechanically
activated rice husk ash (RHA) and silica fume silica SF-90 (FS-90), as well as river quartz sand, were used. The following research methods
were used: the shapes and sizes of particles of powdered raw materials were determined by laser granulometry, the pozzolanic activity of
mineral additives was determined by absorption of a lime solution and by the French standard NF P18 - 513: 2010.

Results: determined puzzolanic activity of mineral additives by the method of absorption by the lime solution in 30 days respectively:
BFS - 61 mg/g, PU - 102 mg/g, LCFA "Vung Ang" - 134 mg/g and RHA - 197 mg/g, and SF-90 - 326 mg/g. It was established that the
amount of Ca (OH)2 absorbed by the additives BFS, PU, LCFA "Vung Ang", RHA and SF-90, determined by the method of the French
standard NF P18-513: 2010, in which the activity is determined for 16 hours, coincides with the amount of calcium hydroxide determined by
the method of absorption by the lime solution for 30 days.

Conclusions: According to GOST R 56592-2015, mineral additives PU, LCFA "Vung Ang", RHA and SF-90 can be attributed to mineral
additives with high pozzolanic activity, but BFS - with average pozzolanic activity.

Keywords: pozzolanic activity, amorphous silica oxide, natural pozzolan, rice husk ash, silica fume, ash and slag waste, mineral additive

Sarkisov Yu.S., Gorlenko N.P., Zubkova O.A., Sarkisov D.Yu. Particular qualities of the structure and properties of water in a
liquid aggregate state

Sarkisov Yu.S., Gorlenko N.P., Zubkova O.A., Sarkisov D.Yu. Tomsk State University of Architecture and Building Russia

Water was and remains the most extraordinary substance on Earth. Until very recently, the structure and anomalous properties of water
have caused heated discussions among both domestic and foreign scientists of different generations. This is due, first of all, to the complexity
of the object of study, the ability of water, even with insignificant external influences, to easily pass from one metastable state to another. Of
course, the state of water at the triple point on the phase diagram is of particular interest. In this regard, the paper considers the particular
qualities in the pressure-temperature coordinates of some substances in the liquid state of aggregation. The authors hypothesized that all
substances in a liquid state of aggregation should have common features, despite their original individuality. A universal feature that unites
all possible aggregate states of water is the ability of the systems to smoothly transition from a homogeneous to a heterogeneous state. This
transition from a single-phase to a two- or more phase system, that characterized by the appearance of a phase boundary under certain
conditions, i.e., the formation of a dispersed system. It is especially noted in the work that until now, when analyzing the transitions of water
from one state of aggregation to another, the time factor of the existence of a particular phase in an equilibrium or metastable state as well as
the lifetime of the dispersed system were not taken into account. The explosive development of water sciences has led to the discovery of the
unique properties of water in extreme conditions. For example, the ability of water not to freeze even with superdeep cooling, much lower
than the freezing point of liquid nitrogen, or the experimentally proven fact that at -68 °C water acts as a mixture of two liquids of different
densities, and others. Further advances in the study of the properties and conditions of water are inevitably associated with the convergence
of natural sciences.

Keywords: Water, oil, liquid, state of aggregation, diagram, structure, loose, relay mechanism, rheology, viscosity, fluidity, dispersed
system, phase boundary, time factor, extreme states, superdeep cooling, convergence

Zaitseva A.A., Zaitseva E.I., Samchenko S.V. Perspective heat insulation materials based on glass and liquid glass

Zaitseva A.A., Zaitseva E.I., Samchenko S.V. Federal State Budgetary Educational Institution of Higher Professional Education «Na-
tional Research Moscow State University of Civil Engineering». Moscow, Russia

Currently, foam glass and gas glass are widely used among inorganic heat-insulating materials. This article describes the possibility of
producing aerated concrete using a low energy-intensive technology using technical glass breakage together with liquid glass. It is shown
that finely ground unsorted breakage of technical glass with a specific surface area of 450, 500 and 550 m2/kg gives the necessary strength
to aerated concrete. It has been established that the optimum is grinding to a specific surface area of 500-550 m2/kg, a finer grinding is
irrational, because it does not lead to a significant increase in the surface of the particles. It is also shown that the use of only finely ground
cullet in the composition of aerated concrete is not effective, since the density of the samples increases with a significant decrease in strength
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