Ximia, XiMiuna mexnonozis ma exono2is ISSN 2079-0821 (Print)

YK 666.9.015.66

B. H. IIYMEHKO, I'. H. IIAFAHOBA, C. M. TOTBHHKOB, A. H. KOPOT O/ICKAA, A. 0. HATOPHBIH

SJIEKTPOKHHETUYECKHWE U MUKPOCTPYKTYPHBIE OCOBEHHOCTHU 'HAPATAIIMN
MNOPTJIAHAIEMEHTA B [TIPUCYTCTBHUHU JOBABOK B BOJIE 3ATBOPEHU A

IIpencraBiieHi pe3yabTaTH CICKTPOKIHETHYHNX BUMIPIOBAHb B PEaKIiiiHii cucTeMi “IIOPTIaHALIEMEHT — Boja — JobaBka”. [IpoBefeHO CIiBCTaBICHHS
3MIH TeMIlepaTypH, OKHCIIOBAaIbHO-BiIHOBIIOBAIILHOrO MOTEHIIiay, KoHnenTpanii OH -ioniB i 3Hauens pH y cucreMi “HOpPTIAaHIIEMEHT — BOJA —
n00aBka” B 3aJIKHOCTI Bijl 4acy rigparaunii. BcTaHOBICHO 3aKOHOMIPHOCTI Ta 0COOJIMBOCTI BILIMBY KOXKHOI 3 100aBOK, 10 JOCIIIKYETHCS, HA IPOLIE-
CH TiApaTaliifHOro CTPYKTYpo- i (h)a30yTBOPEHHS B NOPTJIAHAIIEMEHTHOMY TICTi y paHHI TepMiHM TBepIHEHHS. J{OCIiKEHO MIKPOCTPYKTYpY i IOBEp-
XHI 371aMy 3pa3KiB IIEMEHTHOI'O KaMEHsl, 10 YTBOPHUBCS IPH TBEPAHEHHI LEMEHTHOrO TiCTa 3 ONTUMAJIbHUM BMiCTOM 100aBOK. BigoOpaxeni ocodmu-
BOCTI TiJpaTaliiHUX MMPOLECIB B MIKPOCTPYKTYPi IEMEHTHOT'O KAMEHSI.

K11040Bi c10Ba: NOpTIIaHIIEMEHT, 100aBKa, €IEKTPOKIHETUYHI TapaMeTpH, TiApaTalis, [eMEHTHUH KaMiHb, MIKDOCTPYKTYpa.

IIpencraBieHb! pe3yIbTaThl MICKTPOKHHETHUECKHX U3MEPEHHI B PEaKIMOHHOH CHCTeMe “IOpTIaHILEMEeHT — Boja — qobaBka”. [IpoBeneHo comoc-
TaBJIeHHE H3MEHEHHI TeMIIepaTyphl, OKUCIUTEIFHO-BOCCTAHOBUTENBHOTO IIOTeHIINaNa, KoHneHTpanuun OH -noHoB u 3Hauenuil pH B cucreme “nopt-
JIaHJIIEMEHT — BOJa — 100aBKa” B 3aBHCHMOCTH OT BPEMEHHU T'HPATAllIH. Y CTAHOBICHBI 3aKOHOMEPHOCTH B 0COOCHHOCTH BIIHSHUS KaXKIOU U3 HCCIIe-
JIyeMBIX 100aBOK Ha IIPOLECCHl THAPATAIMOHHOIO CTPYKTYpO- U (pa3000pa3oBaHUs B MOPTIAHIEMEHTHOM TeCTe B paHHHUE CPOKH TBepaeHus. Hccie-
JIOBaHO MHKPOCTPYKTYPY U IOBEPXHOCTH H3JI0Ma 00pPa3lOB IEMEHTHOro KaMHs, 00pa30BaBIIErocs NPH TBEPAEGHUH IEMEHTHOI'O TeCTa C ONTHMAlb-
HBIM cofiepkaHneM 106aBok. OToOpaxeHbl 0COOEHHOCTH THIPATAOHHEIX IPOLECCOB B MUKPOCTPYKTYpE [IEMEHTHOT'O KaMHSI.

KiioueBble c/10Ba: IOPTIAHAIIEMEHT, 100aBKa, 2IeKTPOKHHETHIECKUE TapaMeTphl, THApaTanys, [eMEHTHBIH KaMeHb, MUKPOCTPYKTYpa.

The paper sets out the resultant electrokinetic evaluations of “Portland-cement — water — additive” investigated system. A comparison of the tempera-
ture, redox potential, OH" - ions amount and pH values changes in “Portland-cement — water — additive” system depending on the hydration time has
been carried out. Influence features of additives investigated on structure and phase forming processes of hardened Portland-cement paste in early
curing times were determined. A probability of directed synthesis the crystallohydrate phases required combination, the desired morphology crystal
growth, and also unstable solid solutions structure stabilization along with cement stone density and strength increasing are critically dependent on
effect of reaction system electrokinetic variables. The microstructure and fracture surface of cement stone specimens obtained during the cement paste
with optimum additives amount curing have been investigated. The cement stone microstructure hydration processes features are shown. The mutual
individual phase arrangement into the crystallohydrate splices of cement stone and its microstructure porosity were studied. It is directly correlated to

the electrokinetic variables performance corresponds with the latest curing times of cement stone.

Key words: Portland-cement, additive, electrokinetic variables, hydration, cement stone, microstructure.

Beenenue. DGQPEKTUBHBIM TEXHOJIOTHUECKUM pe-
IIEHUEM B OOECHEYCHWH T'apaHTHPOBAHHOW IPOYHOCTH
LIEMEHTHOTO KaMHs SBJISICTCS MOAM(UIMPOBAHUE €ro
(hazoBOro cocraBa W MHUKPOCTPYKTYpPBHI TOIMH(YHKITHO-
HaJIBHBIMH J00aBKaMHU JUISl PETryINPOBaHUS paHHETO KOa-
TYISIIIMOHHO-KPUCTAJUIN3AIIMOHHOTO TBEpJACHUS 0e3 pas-
BUTHS MUKPOHANPSDKECHUH 1O KPUTHYECKOTO YPOBHS NPH
apMHUPOBAaHUM TEIEBOH (a3bl 3a CUET CHHTE3a HOBOOOpa-
30BaHUI UTOJIHYATON MOP(OIOTHH.

W3 ocHOBHBIX (a3 HEMEHTHOTO KIMHKEPAa OCHOB-
HYI0 pOib B OOECIIEYEHHH MNPOYHOCTH WIPAET allUT —
TBEPABIA PaCTBOP HA OCHOBE TPEXKAIBIIMEBOI'O CHIIMKATA
Ca;Si0s, Tak Kak IEMEHTHBI KaMEHb W3 MOHOKpHC-
taimoB Ca;SiOs mMeer 1o gaHHeM [1] mpenen mpovHO-
ctu ipu cxxartuu 68 MIla, Ca,SiO4 — 63 Mlla, Ca;Al,O4
— 8 MIIa u CayAl,Fe,0,9 — 17 MIla. Onnako, momwdas-
HBIIl COCTaB MOPTIAHAIEMEHTa BHOCHT 3HAYHMTEIbHBIC
W3MCHEHHS B MEXAaHU3M THAPATAIIOHHOTO TBEPACHUS
KaXmoro m3 MuHepanoB. [lo mMHeHmio [2] numb B Ha-
YaabHBIA MOMEHT THIpATallid IIEMEHTa, MeEXaHH3M
B3aMMOJEHCTBHS OCTAaeTCAd TaKUM K€, KaK B MHIMBHIY-
anpHBIX cucteMax. [locnmemyromnee Hanu4yue B BOJHOM

pacTBOpe Hapsly ¢ HOHAMH, BXOASIINMHE B COCTaB MHAH-
BUAYalbHBIX (a3, Ipyrux HOHOB NPHBOIUT K HaJOXKe-
HUIO Ha TIEPBUYHBIC PEAKINU TMPATANNH BTOPUYHBIX, C
y4acTHEM TNPOLYKTOB MEPBHUHBIX PEakiyii U o0pa3oBa-
HHEM B IIEMEHTHOM TECTE€ KOMIUICKCHBIX COEIMHEHUH.
IIpouecchl B3auMOIEHCTBYS KIMHKEPHBIX MHUHEPAJIOB C
BOJOM M TMEpPEBOA NPOIYKTOB THAPATALUH B PACTBOP
Ype3BBIYAWHO  CIOXHBI,  OTHOCSTCS K  aTOMHO-
MOJIEKYISIPHOMY HEpPapXW4eCKOMY YPOBHIO B3aMMOACH-
cTBUA [3] W HOMONHSAIOTCA Pa3BUTHEM OJIIEKTPOTETEPO-
TeHHBIX KOHTAaKTOB [4]. McciemoBanne STHX MPOLIECCOB
BXOJUT B 00JIACTh HAYYHBIX HANPABICHUN JESITEIBHOCTH
BEAYIINX CIEHUAINCTOB MO BSDKYIIMM MaTepuajam Hu
ABISIETCA aKTYaJbHBIM JUIS YIIPaBIEHHS MHKPOCTPYKTY-
POl 1 CBOIICTBAMU LIEMEHTHOT'O KaMHSI.

Ilenr uccnenoBaHuii mpeaycMaTpuBaja CONOCTaB-
JeHWEe W3MEHCHHMH  TeMIepaTypbl, OKUCIUTEIbHO-
BOCCTAaHO-BHUTEIILHOTO MOTeHIMaa, KoHneHTpanuun OH -
WOHOB W 3HaueHWil pH B cucreme “mopTiaHOIEMEHT —
Boza — j00aBKa” B 3aBUCHMOCTH OT BPEMEHH THApaTa-
OUH W OTOOpakeHHe OCOOCHHOCTEH THApATAIIMOHHBIX

MPOIIECCOB B MUKPOCTPYKTYPE IIEMEHTHOTO KAMHSI.
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MaTtepuanbl U MeTOABI HcciiegoBanus. B padore
MpUMEHSUICST 0€3700aBOYHBIH MOPTIAHALIEMEHT MAapKH
M1y 1-500-H (ACTY b B.2.7-46:2010), npou3BoacTBa
OAO “EBporemenT-Ykpanna”.

B xauecTBe 100aBOK HCIIOIB30BAIIN:

— HaTpueBble coiM (OCHOPHBIX KHCIOT: TeKcaMe-
tadochar nHarpus (IM®PH) u tpunomudochar Hatpus
(TII®H) no I'OCT 201-76, TY 6-09-03-384-73;

— azorHokucbIi Kanpiwi (HK) mo TY 2181-068-
32496445-2010;

— KOMIUIEKCHasI JT00aBKa, MPEACTaBICHHAs] CMECHIO
I'M®H, TII®H u HK B omnpeneneHHOM COOTHOUIEHUH
(c ycnoBHBIM 0003HaucHHEM HKDH).

DNEeKTPOKMHETHIECKNE M3MEPEHUsS IIPOBOIMIN Ha
CYBERSCAN PH700,
TIPEIBAPUTENHHO MPOBOAS €ro KaJuOpPOBKY IO HCTHII-

aBTomatuueckoM pH-merpe

mpoBaHHOH Boze (pH = 6,46, konnenTparws noHoB OH™
(Ciom), penokc-notennuan (ORP) = 20,5 MB, temnepa-
Typa (t) = 19,9 °C). Uccnenyemas peaknyoHHasi cuCTeMa
“NOpTIAHIIEMEHT — BOJa — JI00aBKa” MPUTOTABINBATIACH
ITyTeM pa3/ebHOTO PacTBOPEHUs 100aBOK B paHee ycTa-
HOBJICHHOM ONTHMalbHOM Komudectse [5] B 100 mur muc-
THUJUTHPOBAHHON BOJBI C MOCIEAYIONMM BBenenneM 10 r
[IEeMEHTa M Ha4yaJoM 3aMepoB C MHTepBaJoM 15 MHUH 10
Hayvajia cXBaTbiBaHUA (2 4 25 MuH).

MHUKpOCTPYKTYpY 00pa3oB LEMEHTHOTO KaMHS,
00pa30BaHHYIO NPH TBEPACHUH LIEMEHTHOTO TECTa HOp-
MaJIBHOHM T'yCTOTHI M C ONTHMAJIbHBIM COZIEPKaHUEM IO-
06aBOK pa3IMYHOTO BHUA, MCCIIENOBAIM Ha MHKPOCKOIIE
MUH-8 B mpoxosieM MoISIpU30BaHHOM CBETE UMMeEp-
CHOHHBIM METOZIOM U Ha MPO3pavHbIX HUIH(paxX IpH yBe-
mmaeHnax 160 — 480 pas. Kpome Toro, mccienoBamich
MOBEPXHOCTH M3JI0Ma 00pa3IoB ¢ MPUMEHEHHEM MHUKPO-
ckora BRESSER Advance ICD ¢ momomrsio x20-kpat-
HOr0 LIMPOKOYTOJIbHOTO OKYyJsipa ¢ JinH30M bapioy. He-
00XOIMMOCTh MPUMEHEHHSI KOMITIEKCa ONTHYECKHX Me-
TOJIOB HM3YYCHUS MHUKPOCTPYKTYpHI OblIa 00yCIIOBJIEHA
W3BECTHOM CIIOXKHOCTHIO M3TOTOBJICHHMA KadEeCTBEHHBIX
MPO3payvHbIX HUTU(OB M3-3a YACTHYHOW JETHIpaTalnuu
KPHUCTAJUIOTHPATOB IIEMEHTHOTO KaMHS IIPU IITH(OBKE
1 TEPMOIIPOTIUTKE CMOIaMH [6].

Kpome Toro, manslii pasmep 3€peH B COBOKYITHOC-
TH C BBICOKHM IIOKa3aTeNIeM CBETONPEIOMIICHHUS (IacTo
Beime 2,00) ¥ WHTEHCHBHOW OKpAcKOW “‘TIPOMEKYTOU-
HBIX” [6] — Keme30coaepKaluX KPUCTAJUIOTHAPATOB U
3HAYUTEINBHOTO KOJIMYECTBA aMOP(HBIX MIIN CKPBITOKPH-
cTaumdeckux (a3, — 3aTpyIHICT HATCKHYIO UIeHTU(DH-
KaIlAI0 COeTUHEHUMN.

OTMeueHHBIE OOCTOSATENECTBA OOYCIOBIUTH TIIA-
TENBPHOCTh W IJIUTENBHOCTh ONEPALi 10 MPHUIOTOBIIE-
HUIO TPO3PAYHBIX IITH(OB.

Ximin, ximiuna mexnonozcis ma exkonozis

Ockonku 00pa3noB (10 1 cM’) mpoBapHBaIMCh B
KaHBa3e — CMech KaHM(OIM W Ba3eNMHOBOro Macia. B
3aBHUCHMOCTH OT BHAa paboT (IpoBapka, HakjeWka 00-
pas3IoB Ha NPEIMETHOE CTEKJIO, HakJIelWka IMOKPOBHOTO
CTEKJIa) COOTHOIIEHHE MHTPEINEHTOB KaHBa3a BapbHUpO-
BaJIOCh M MOAOMPANOCh 3KCIepuMeHTanbHO. [IpoBapeH-
HBIE OCKOJIKA O00pa3moB NUIA(OBAIN C MPUMEHEHUEM
KOPYH/IOBBIX ITOPOIIKOB, HAYMHAs OT Ooiee KPYMHBIX K
Gonee METKUM U MOCTOSIHHO 00aBIIss BOLY JUISI OXJIaX-
JICHUSI 1 yAajIeHust conrpoBaHHBIX YacThIl. B mporecce
IUTHQOBKHA 00pa3lbl IPHOOPETaTH BUA TUIACTHHKHA TOJI-
IIMHOW 10 2 MM, OJJHY CTOPOHY KOTOPOH TMOJHPOBAIH 10
3epKaJIbHOTO OJeCKa M K KOTOPOH NMPHUKIEHBAIOCH IPE/-
METHOE CTEKIO. [IpHKIIeeHHyI0 TIIACTHHKY MPOIOIDKAIIH
nuTudoBaTh U monupoBaTh A0 TommuHb! 0,02 — 0,03 MM,
NPy KOTOpOH o0ecreunBaeTcss ONTHYECKas Mpo3pad-
HOCTB, IIOCJIC Yer0 HAKJIEHBAJIOCh MOKPOBHOE CTEKIIbIII-
KO.

Pe3ynabraThl HcciiefoBaHMIl W MX 00Cy:KaAeHMe.
W3MepeHHbIe 3HAYEHUST TEKTPOKMHETHIECKUX ITapaMeT-
POB cHCTeM “HOPTIAHIIEMEHT — BoJIa — J00aBKa™ OTO-
OpaxxeHbI TpaQUIECKUMHU 3aBHCHMOCTSIMH OT BPEMEHHU
THIpaTalliy Ha pUCyHKax 1 — 4.

Ha pucynke 5 3aduxcupoBaHO sBieHME, HAOIIO-
IaBIIeecs TONBKO B crucTteMax ¢ qoodaskamu HK u TMOH
(B MCHBIIEH CTENEHW) W JOCTHUIIIee MaKCHUMAalbHOTO
pas3BuUTHA Yepe3 15 MUHYT mociie Hadasna SKCIIEpPUMEHTOB.
Ha pucynke 5 BUAHO, YTO B OCEBLIMX CJIOSX MOPTIAHI-
[EMEHTHBIX 4acTHI] (BOIHM3H LIEHTpa) BCIYYWIICS KYIIOT B
thopme mapoBoro cekropa. JanHoe crenuduaeckoe sSB-
JieHHue OOYCIOBJIIEHO HapyIIEHHWEM CEANMEHTALMOHHOTIO
paBHOBecus IleppeHa, KOTOpoe U3BECTHO U IaBHO HCCIIE-
JIOBAJIOCh B KOJUIOWIHBIX CHCTEMaxX, Ha3bIBAEMBIX CyC-
nerzougamu [7, 8]. CyTb Takoro paBHOBECHS B TOM, UTO
YacTHYKa, JOKAIN3YIOIIAsicad y JHA, TIO0NajaeT B 00JacTh
Ooree BBICOKOW KOHIIEHTpAaIMHu W OyneT moiydarh 3a
CYeT IBIDKEHUH APYrux 4actul] (mogo0HO OpOyHOBCKO-
My [BW)KEHHIO) 3HAYUTEIBHO OOJbIIE TOTYKOB CHHU3Y,
YeM CBEpXY, — B PE3YyJIbTATE YEro OKa3bIBAETCS OIpee-
JIEHHOE TIPOTHBOJIEHCTBUE CUJIE TSDKECTH M YCTaHABIIMBA-
€TCsl HEKOTOPhIM TPaJUeHT KOHIEHTPAIUH YacCTHI] IO
BEPTHKAJIM CEAMMEHTAlMOHHOro cios. Iloatomy B crnoe
OCEBILMX YaCTHL MOPTIAHALEMEHTa CYIIECTBYIOT CHIIBI,
paznemnstonye ux. Eciau 4acTUdIKy BEIUKH, TO 000I0HBIE
TOJTYKH HE CMOTYT JOCTaBUTh TOT MHHHUMYM 3HEpPIHH,
KOTOPBI HEOOXOOUM I WX IIPUBEACHHSA B JBMKCHHE
nporuB cuwibl Tspkect [8]. CoorBeTcTBeHHO, HopMUPO-
BaHME Kymosa OOyCIOBIEHO [HCIepranyell YacTHIl
nmopTiaHAneMenTa K 15 muH rugparanuy. Jlokanmuszamms
Kylona BOJW3M LEHTpa CJO0S OCajKa, OYeBHUIHO, 00y-
CIIOBJICHA TE€M, YTO MMEHHO TaM HamOojee 3aTpyAHCH
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TEIJIO0OMEH IIPH MOBBILICHUH TEMIIEpaTyphl M3-3a K30-
TEPMUYHOCTH peakiuii ruapatanuu, ocodernno, HK n

pH

ISSN 2079-0821 (Print)

I'M®H (puc. 5).
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Puc. 1 — I'padmueckas 3aBucumocts m3MeHeHHWs pH OT BpeMeHM THApaTaly Uil BCEX BHAOB HCCIEAYEMBIX HT00aBOK

C[OH-], r-non/n
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Puc. 2 — I'pahraeckas 3aBUCHMOCTh M3MEHEHHUS KOHIeHTpanun HoHoB OH ™ oT BpeMeHn rujpatanyil IjIsl BCEX BUIOB HCCIE-

JIyeMBIX T00aBOK

Hemnocpencreennas mpuanHa HapyIIEHHUS CEIUMEH-
TAI[MOHHOTO paBHOBecus IleppeHa MMeeT >JIeKTPOKHHe-
THUYECKYIO TIPUPOAY U OOBSICHAETCS PA3JIMUHBIM BIIMSHH-
eM J100aBOK Ha peakIHOHHOE (hOPMHPOBAHUE KpHUCTAl-
JOTUAPATHBIX (a3.

[penBapsis aHanu3 BiIHsSHUS TO0ABOK Ha THIpaTa-
LU0 TIOPTIaHALEMEHTa, OTMETUM aHATOTHIO KPHBBIX IS
n3menennst pH u konnentpanmu nonos OH™ (puc. 1, 2)
JUIS BCEX BHUJIOB MCCIETYEMBIX JOOABOK, YTO IOMYEPKH-
BaeT JOMHHHPYIOIIEE BIUSHUEC THIPOKCHIBHBIX aHHO-
HOB, 00pa3ylomuxcsi B pe3yabTaTe THUApATaldd OCHOB-
HBIX KPUCTAJUTMYECKHX (a3 MOpTIaHALEMEHTa, B CpaB-
HEHUH C JAPYTMMH aHHOHHBIMH OCTATKAMH B PEaKIHOH-
Hoit cucteMe (SO4> — OT PaCTBOPEHHS THIICA — T00ABKH
Ha oMo kirHKepa; NO;~, PO;™ u ap. — ot pacTBopeHus
HCCIETyeMbIX 100aBOK).

Crop jxe OYeBH/HA AHAJIOTHSI B OOPATHBIX 3aBHCH-
moctsax pH, Cion | B CpaBHEHUU C 3aBUCUMOCTSMH IS
N3MEHEHHSI OKHCIIUTEIbHO-BOCCTAHOBUTEIHLHOIO TOTEH-
IMajga, KOTOPHIH B OTIMYHME OT KOHLEHTPALMH THAPO-
KCHJIBHBIX aHHOHOB BBICTYNaeT MEpOH CHOCOOHOCTH
MIPUCOETUHATH 3IeKTPoHbI (puc. 1 — 3). V3menenne Tem-
mepaTypel OT BpeMeHH (puc. 4) oToOpaxaer Ooiee CIIoX-
HBIC MIPOIECCHI, B TOM YHCIIC C HAaJIO)KCHHUEM TETUIOBBIIC-
JICHUSI OT MPOTEKAHUS PEeaKUWil TUApATAIIMN Pa3IHIHBIX
(a3, mPOIecCOB MHUCCOUMANNU W aICOPOINH, MEepeKpH-
CTAJUIM3AN KPUCTAIUIOTUAPATOB, TEIDIOOOMEHAa C OK-
pyxaroleit cpeaou u T. 1.

[MoguepkHeM BakKHYI0 OCOOCHHOCTH H3MCHEHUS
BCEX M3MEPSACMBIX JJICKTPOKHHETHICCKUX MapaMeTpOB —
B paHHEH cTaiWy TUApATAMK TOpTIAHAINEMEHTa (IO
3 dgacoB, Mo MHEHHIO [2]) BBIACTAIOTCS TPHU IEPHOJA:
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1 — ouenn ObIcTpBIi (Ha puc. | — 4 He oroOpaxkaercs U
€ro HaJM4yHue CIEeAyeT M3 CONOCTABJICHHS 3HAUYCHUH Ia-
paMeTpoB KaJIHOPOBKH /10 Hadasla M3MEPEHHUH C TTEPBBIMU

Ximis, xXimiuna mexnonozis ma exkono2is

3Ha4eHUAMH IapaMeTpoB npu T = 0); 2 — OblcTphIi (OT
t=0 1o T =15 Mun) u 3 — MeaneHHsl (0T T = 15 MUH 1
bornee).

T, MUH
60 75 90 105 120 135

-306 T T I

-311 \

316 &

\
2 INQ
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-336

ORP, MB

—6— HK —8#—TM®H —&— TII®H —%— HK®H

Puc. 3 — Fpaq)nquKa;l 3aBUCUMOCTb UBMEHCHUSA OKHCIIUTECIBHO-BOCCTAHOBUTEIIBPHOTI'O MOTCHIINAIA OT BPEMCHU I'UJipaTaliii QI

BCEX BUJIOB HCCIIETYEMBIX JOOABOK

t, °C

20,8

20,7

20,6

—<—HK — #— IM®H - - & - -TIIOH — > - HK®H

60 75 90 105 120 135

T, MUH

Puc. 4 — I'paduyeckast 3aBUCUMOCTb H3MEHEHHS TEMIIEPaTypbl OT BpEMEHH T'HIpaTalliy Ul BCEX BUIOB HCCIIETYEMbIX 100aBOK

Puc. 5 — ®opmupoBaHme Kymona B CHCTEMax ¢ T00aBKa-
mu HK u TMO®H

Paznmane nepronoB 2 1 3 oTYETIMBO HAOMIOAACTCS
Ha pUCYHKax | — 3 10 M3MEHEHHWIO YIjla HAaKJIOHA COOT-
BETCTBYIOIINX 3aBUCUMOCTEH K OCH T, YTO XapaKTepu3y-
€T CKOPOCTh IPOLIECCOB.

Kpome Toro, B mepBoM mepuojie TUApATaldy Hau-
Oonee 3HaunmMo BiusHUe 1o6aBok TTIOH n HK®H, a Bo-

BTOPOM II€pHOo/ie HanOoJIbIIasi CKOPOCTh U3MECHEHHUS 3Ha-
YeHUH 3IIEKTPOKMHETHYECKHX ITapaMeTpoB OOecreynBa-
ercst nobaskoii HK m HemHOro memienHee — 1o0aBKOMH
I'M®H. B tperbeM nepuoje ruapaTaliiil BIASHUE BCEX
J00aBOK MMeeT CHUMOATHBIN XapakTep, HamOoyee IiaB-
HOE Pa3BHUTHE 3aBHCHMOCTEH W3MEHEHMsS SJIEKTPOKHHE-
THYECKHUX MTapaMeTpoB oTMedaercs i nodasku TIIDH,
a B meprog ot 75 no 120 MuH XapaKTepHO HHBEPCHOHHOE
pa3BHUTHE IIPOIECCOB C 00pa30BaHHEM JIOKAJIBHBIX 3KC-
TpeMyMOB (HamOoJee sIpKO BBIpaKEHHBIE IO IEHCTBHEM
nmobasku HK®H). Bmecte ¢ Tem, nobaBku HK u TM®H
obecrieunBarOT HawOONbIIMEe aOCOTIOTHBIE 3HAYCHUS M
CKOPOCTBh pocTa TemrepaTypsl B | u 2 mepuonax rujapa-
TalWy, 3aT€M TeMIIepaTypa IOHIKAeTCsS 10 MUHHMyMa
Ha COOTBETCTBYIOUIMX 3aBHcHUMOCTsX (puc. 4) mpu 105

MUHyTax. HanMmeHbIIHEe TeMIepaTypHbIe W3MEHEHHS
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HaOmomarores as fooaskn HK®H (8 mpenenax 0,1 °C),
COOTBETCTBYIOIIAsl 3aBUCUMOCTb HUMEET “pa3MbIThIe”
(hopMBI MAaKCUMyMa 1 MUHIMYMA U OYEBHTHO O0HCIUHS-
eT B ce0e MHIMBUAYAITbHBIC OCOOCHHOCTH TEMIIEpaTyp-
Horo noBeAeHus ot qobaBok HK, TM®H u TII®H, xo-
Topeie cnaratoT cocraB nobaBku HK®H. Haumbonbrmas
CKOpPOCTh M3MEHEHUS 3IEKTPOKUHETUICCKUX MTApaMeTPOB
U TeMIIepaTyphl B TCUCHHUE 15 MHUHYT ¢ Hadaia dKCIICpH-
menTa s fobaBok HK u TM®H (puc. 1 — 4) obycuos-
JTUBAIOT 3HAYUTEIHHOE PAa3BUTHE NWCICPranydd MPOTyK-
TOB THAPATAIIMOHHOTO B3aUMOICUCTBYS BILTOTH IO TIepe-
rpeBa W TposiBIieHUS 3(PQexTa HapyIIeHUS cenuMeHTa-
IUOHHOTO paBHOBecws [leppeHa ¢ 0Opa3oBaHHEeM KyIoia
(puc. 5).

Mexaum3M (a3o- U CTPYKTYpooOpa3oBaHHS B TIPO-
IyKTaX THAPATAIlUd TOPTIAHIIEMEHTa 10 HACTOSIIETO
BPEMEHH OCTAaeTCsA AMCKYCCHOHHBIM H3-32 IIOJIMMHUHE-
PANBHOCTH, pa3induii B (a30BOM cOCTaBe KIMHKEpa, B
JUCTIEPCHOCTH, B CTENECHU Ae()EKTHOCTH KpPHCTAJUTHYC-
CKUX COEIMHEHHH, KOHIICHTPAIlNil KOMIIOHCHTOB B aJITe
u Oenure (TBEpIbIe PacTBOPHI HA OCHOBE TPEX- M IIBY-
KaJIbIIMEBOTO CHIIMKATa, COOTBETCTBEHHO), COJCPIKAHUS
cTeKsIoda3sl 1 MHOTUX JPYTHX MPUYUH. B cBs3U ¢ 3TUM
PEe3yABTATHI MCCIIEOBAHUIN TPAKTYIOTCS ¢ Hambojee 00-
X mo3urmi [1 — 4] mpoTekaHust THIPATAIIH:

— anmcopOIwst MOJICKYJ BOJBI HA aKTHBHBIX IIEHTPaX
MTOBEPXHOCTH YACTHUI] I[EMEHTa C BO3MOXXHOCTBIO JIICK-
TPOJUTHYECKOTO PA3IOKCHUS YacTH MOJICKYJ BOIBI Ha
H' u OH jononuseMoe BIUAHHEM J00ABOK C COOTBET-
CTBYIOIINM BBIICTICHUEM WX HOHOB B PacTBOD;

— ycwieHue aacopOIMOHHOTO B3aUMOJCHUCTBHUS C
pa3BUTHEM XeMOCOPOIIMOHHBIX CBS3CH;

— BO3HHMKHOBCHHE YCIIOBHH IJIi MOHHOTO OOMEHa
tina Ca** < 2H' (mporoumsarus), o0yciI0BIMBAIONIEr0
MIEPEBOJT YaCTU CTPYKTYPHBIX CAWHUI] KPUCTAIUTHICCKUX
a3 noprmanmuementa (Ca®’, AI’", Mg®", K', Na" u np.)
B BOJAHBIA PacTBOP M BO3MOKHOCTH JJOCTYIIa MOHOB W3
pacTBopa K JPYTUM CTPYKTYPHBIM €IUHHIIAM C 00pa3o-
BaHHEM TICPBUYHBIX 3apOJBIIICH METacTaOMIIBHBIX KpH-
CTaJUTOTHU/IPATOB HECTEXHOMETPHUIECKOTO COCTaBa;

— MHTEHCU(UKAINA TTePEX0a B PACTBOP MPOCTHIX U
CIIOXHBIX THIPATHPOBAHHBIX HOHOB Tuma Ca(OH)',
HZSiO42' U T.IL. O HACBHIICHUS U TIEPECHILLICHUSI.

Hexotopsie coBpeMeHHBIE HCCIIENOBATENIH, HAIPHU-
Mep [3], JONOMHSIOT O0IINE MOMIOKECHUS CXEMaTHIECKOH
3aIHCHIO OTACTHHBIX IPOIECCOB MPOTOHU3AIMH TTOBEPX-
HOCTH KJIMHKEPHBIX MHHEPAJIOB TI0 THIYy TOIIOXHMHYe-
CKHX PEaKLIMH:

MeO + H" — Me(OH) o5, (1)
500050
MeO + ZI_I’+ - Mez+n03. + HZO (2)
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[Momo6GHEIM B3aMMOJCHUCTBHEM C TIPOTOHHU3ANNEH
OKCHIHOTO MOHA OOBSICHSETCS HapylIeHHE CBA3U B KpH-
CTAJUTMIECKOI perieTke W dcTadeTHHIN TepeBO]l MOHOB
Metamuia (Me) moj BAMSHWEM CHII THApATAallid B pac-
TBOD.

ITpu 3TOM MeXaHW3M MPOTOHHM3ALMH MPUMEHUM HE
TOJBKO K TIPOCTBIM OKCHJIaM, HO M K CIIO’KHBIM COEIMHE-
HUSM THIIA CHJIMKATOB, aJIOMHMHATOB, a CIIOCOOHOCTH K
peann3aniy 3TOr0 MEXaHM3Ma XapaKTepu3yeTcs MUHH-
MaJbHBIM 3HaueHHeM pH, HeoOXomMMBIM Ui pa3phiBa
cBs3u Me — O.

Hnst okemmoB CaO, MgO 3mauenue pH = 10 — 11
mojaraloT [3] IOCTaTOYHBIM U MPOTOHHU3AIMH, IS
Ooiee CIOKHBIX OKCHIOB Y(PQEKT MPOTOHHU3ANWH, CO-
MPOBOK/IAEMBIH TIEPEBOJIOM OKCHJAA B PAacTBOpP, BO3MO-
JKEH TOJIbKO IPH 00Jiee BHICOKMX KOHLEHTPAIMAX MPOTO-
Ha, 4TO TpeOyeT MOAKNCIICHHUSI NCXOAHON BOMBI 3aTBOpE-
Hus. B mccnenyempix cucremax 3¢ (exT mpoToOHH3auu
BO3MOJKEH 3a CUET MPUMEHEHHUs 100aBOK M CXeMa Iiepe-
Jladdl MPOTOHA CIIOKHBIM OKCHIaM MOXET OBITh Mpesn-
CTaBJICHA KaK:

2B-Ca,Si04 + H — Ca,SiO;0H 10y 3

J1s Togo0HBIX OKCHUIOB XapaKTepPHO HAJMYWE WOH-
HOro Xapakrepa cBszeit Ca — O — Me u3-3a Oonee 3Ha4H-
TENbHOU 3JEKTPOOTPULIATEIIBHOCTH Me B CpaBHEHUHU C
Ca, HO TIOHW)KEHHAsI CIIOCOOHOCTh K WX NMPOTOHHU3AINHU
00yCJIOBIMBAETCS OJHOBPEMEHHBIM BO3PACTAHHUEM CTe-
MIEHW KOBAJIEHTHOCTH CBS3€H MPH YBEIHMYEHHUH DIIEKTPO-
orpunatensHocTd Me. [Toatomy B psimy Ca — O — Ca, Ca
— 0O - AL Ca-0 - Fe, Ca— O — Si npu HOHHOM Mexa-
HU3ME PACTBOPEHHS aKTMBHOCTH IO OTHOIICHHIO K BOJIE
JIOJDKHA BO3pAcTaTh, B TO BpeMS KaK IUIA TOMOXHMHYE-
CKOr0 MEXaHM3Ma B3aUMOJEICTBUA C Mepeaayveil mporo-
Ha — nomkHa magaTh. COOTBETCTBEHHO, JIOTHYHO 000cC-
HOBaTh 0oOjiee BBICOKYIO THAPABINYECKYIO aKTHBHOCTH
Ca;Si0s5 B cpasuennn ¢ B-Ca,SiO; TOBBIIEHHBIM CO-
nepxanneM cBsizeit Ca — O — Ca, 9ro mpenmoaraeT Bo3-
MOYKHOCTh pPeaJM3allid MEXaHHW3Ma pPacTBOPEHHsI B Ha-
yaJapHBII MoMeHT KoHTakTa Caz;SiOs ¢ BOJOM 10 CXEME:

Ca;Si0s + 3 H,0 « 3 Ca®" + H,SiO& +40H . (4)

B amomuHaTHBIX (a3ax MOPTIAHALEMEHTa MEX-
(hazHBIIA IPOIIECC IO MEXAHU3MY TOTIOXMMHIYECKONW peak-
MM TIPOTOHM3ALMKM JOJDKEH IPOTEeKaTh Oonee JIeTKo,
MEPEBO/ YAaCTH CTPYKTYPHBIX EIUHHUI] UX KPHCTAJUIOB
clieqyeT OXHIATh 3aTpardBaloliUM Oomee TiryOOKue
CJION, TOCKOJBKY aJIOMHHHHA MEHEe 3JICKTpOOTpHUIIaTe-
JieH, yeM KpeMmHuil. Hekoropsle uccnenoBareny, B 4acr-
HOCTH [3], 000CHOBBIBAIOT KPOME TOMOXHUMUYIECKOTO Me-
XaHW3Ma, €IIe M aBTOKAaTAJUTHYECKUI XapakTep T'Mapa-
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TalMd 10 MEXaHU3MY THAPOJIM3a TPEXKAIBIMEBOIO
aJIOMUHATa ¢ MEPEBOIOM B PACTBOP THIPOKCHIATIIOMH-
HaTHBIX KoMIiekcoB. OOmMiA Ipomecc pacTBOPEHUS
paccMaTpuBalOT KaK MHOTOCTaJMHHOE pa3pylIeHHEe MOo-
BEPXHOCTH KJIMHKEPHBIX YACTHII: TTO/{BOJI PACTBOPHUTEIS K
TBEpZOH HOBEPXHOCTH, COOCTBEHHO XMMHYECKHE peak-
UM Ha TpaHWIEe pasiena a3 “TBepaoe — KHUIKOCTh U
OTBOJ B 00BEM >KHAKOCTH MOJIEKYJ M HMOHOB, 00pa3yro-
X pacTBOp, B KOTOPOM 00pa30BaHKE THAPOCUINKATOB,
THAPOATIOMHUHATOB, TUAPOGEPPUTOB U IPYTUX THAPATH-
pOBaHHBIX (a3 SBIAETCA pPE3YIbTATOM XHUMHUYECKOI0
B3aMMOAEHCTBUSI IPOJYKTOB T'MAPOIN3a M THAPATALIIH.

OTMeTrnM, 9TO M3MeHeHneM pH BoApl 3aTBOpeHHS
paBHOBecHE peakiuu (4) u el MomOOHBIM MOXET CMe-
mathes: u36brok H (umm H;O") mommkaer pH u cme-
IIaeTcss paBHOBECHE BIPaBO, BIUIOTH J0 0Opa3oBaHUS
renst opTokpemHueBor kucnotsl HySi0,; yBenmuenne pH
3a cueT m30bITKa HoHOB OH™ cMmemaeT paBHOBecHe BIIpa-
BO M3-32 TIOBBIIICHUS BEPOSATHOCTH  00Opa30BAHUS
Ca(OH), 1 COOTBETCTBEHHOT'O MOHIKEHHUS €r0 PacTBO-
PUMOCTH.

Kpome Toro, nccienyemble 100aBKH pa3indaroTcs
10 3HAYCHWSIM JHTANBINK B PEAKNUAX MX THUApATAINH,
YTO COOTBETCTBYIOIIMM 00pa3oM JIETEPMUHHUPYET pa3iv-
YHe B HAYaJbHBIX 3HAUCHUSIX HCCIEAYEMBIX MTapaMeTPOB
(puc. 1 -3).

JlononautensHblii 3gdexT yckopeHms mpormecca
THApaTalliy M0 peakuysaM Tuma (4) oOyCcIIOBIeH pasiu-
YHEM B CXEME THApONN3a 100aBOK.

Jlo6aBKku, KOTOpEIE THAPOINU3YIOTCA IO CXEMeE:

Me** + H,0 <> MeOH' + H' %)

MOT'YT CIIOCOOCTBOBATh YCKOPEHHIO T'MIpPATALNH 33 CUET
TpaHcnopra HoHoB Turma MeOH' mpu ero JBMKeHHH K
MOBEPXHOCTH IEMEHTHOH YacCTUIIBI HE TOJIBKO MOJIEKYJIIBI
H,O, 0 1 monoB OH . be3ycnoBHO, YTO KaTHOHHAS CO-
CTaBIISIONIAst T00ABOK TAKXKEe BHOCHT CBOW BKJAJ B BO3-
MOKHOE YCKOPEHHE PeaKIuil TMApaTaliy, Tak Kak Na'
(mobaBku 'M®H, TII®H nu HK®H) moxer obecrieun-
BaTh BO3JICHCTBUE MOJOOHOE MPOTOHU3AINH, a Ca* (mo-
6aBku HK n1 HK®H) sBisieTcst clnumKoM KpyIHBIM Ka-
THOHOM H, K TOMY Je€, IMPUCYTCTBYET B MNpPaBOH 4YacTh
peaxmmu (4). [TosTomy yckopsiromiee neicTBre 100aBOK B
HadaJIbHOM MEPHOJIE THAPATAIH BHICTPANBAET UX B A
TII®H, HK®H, TM®H, HK.

YckopeHHOE pa3BUTHE peakiuii Tuma (4) ompenerns-
eT O4YeHb OBICTPBIN pocT 3HaueHHWs pH wuccremyeMbrx
cucrem (puc. 1) mo 13,24 — 13,47 (oObIuHBIC 3HAYCHUS
MIpY TUApATANWU TOpTIaHAneMenTa Omm3ku 11,5) u 3a-
KJIaJIIBAIOT OCHOBY (hOPMHPOBAHHUS KPUCTAIIOTHIPATOB
B NpORyKTax B3ammonercTBua. ComocTaBisis Temrepa-

Ximin, ximiuna mexnonozcis ma exkonozis

TYpHBIE 3aBUCUMOCTH (pHC. 4) ¢ 3aBUCHMOCTSIMH IJIS U3-
MEpPSIEMBIX JIEKTPOKHHETHUIECKUX MapameTpoB (puc. 1 —
3) BO BTOpOM mepumozae ruaparamuu (1o T = 15 muH),
MOJKHO TIPEIIOIOXKHTE, 4TO (ochaTHbIe TOOABKH HaW-
Gonee CyIIECTBEHHO YCKOPSIOT PEAKIHH THUAPATAIMU C
MEHBIINM YK30TepMHuIecKiM d(dekroM (c ydacTrueM ch-
JUKATOB Kamblus: TeroTa rugpartammm 500 k/[x/monb
Ca;Si05 1 260 x/Ix/momb Ca,SiO;4 [2]), a a30THOKHCHBIN
KaJbIUi yCKOpsieT Ooyiee PK30TEpPMHUYSCKUE peakuu (c
yJacTHeM aFOMHUHATa M almoMo(eppuTa KambIs: 865 —
1090 u mpumepHo 419 x/I>k/MOIB, COOTBETCTBEHHO [2]).
IIpu 3TOM Ha OCHOBE CHIIMKATHBIX COCOMHEHUH (pOpMH-
pyercs renb u 00pa3yroTcs TOOepMOPUTONON00HEIE (pa3hI
pa3Hoit
(xCa0-ySi0,°zH,0, koropeie mpunsato [l — 4] obo3Ha-
gare CSH(I), CSH(II) mmn CSH(A), CSH(B)), a Ha oc-
HOBE AIIOMUHATHBIX M aTOMO(QEPPUTHBIX COEAMHEHUH

CTEIEHN KPUCTAJUIMYHOCTU W  OCHOBHOCTHU

tdhopmupyercs rugporpanat cocraBa 3Ca0O-AlLO;6H,0,
runpoamtoMuHaTHeie AF,, u AF; da3sL

Wunexcsl m u t B THAPOATIOMUHATHBIX (pa3ax oTBe-
YalOT MOHATHAM MOHO M TPH, KOTOPBIC XapaKTepU3yIOT
MIOBTOPSIEMOCTH OPTIAHANTONOJOOHBIX CJIOEB B UX KPH-
CTAJUIMYECKUX pelIeTKaX. BeposTHocTh 00pa3oBaHUS
KyOMYeCcKHX KPHCTAJIOB 'MAPOrpaHaTa Maja u3-3a €ro
TepMonuHaMmdeckoi crabmisHocTH Bhime 25 °C [1], a
TeMIepaTypbl PEaKIMOHHOTO B3aWMOJCWUCTBHS HE Ipe-
BermaroT 21,2 °C (puc. 4).

[losToMy, BO BTOpPOM IiepHOje THApATalMH (10
T = 15 muH) XapakTepHbIM sBisiercs cuaTe3 AF, u AF,
(a3, gvemy B HanOONBIIEH Mepe CIocOOCTByeT moOaBKa
HK. Otu ¢a3sr kpucTammn3yloTcss B TeKCaroHAIBHOW U
TPUTOHANBHON CHHTOHMAX, IJle KPyIHble KaTHoHbl Ca’’
pacnonararorcs B cepeauie nakeros u3 OH -rpymm.

Kpucramnoxumraeckyto ocHoBy AF,, (a3 cocras-
nsror rpynmuposku [1] [Ca,Al(OH)s]", a AF, ¢as —
[Ca;Al(OH)s 12H,07*".

BeposATHOCTD UX CHHTE3a 3aBUCUT OT COOTHOILECHUS
OH /Ca":

- ecm Menbie 2, To Ca’’ u A" pasgenensr B o1-
JeNbHBIE CIIOW CTONOYAaTOH CTPYKTYphl M 00pa3yroTcs
STTpUHrUTONON00HbIe KpucTamisl AF, ¢a3 c¢ uronpya-
TBIM TaOUTYCOM;

- €CJIM OTHOIIEHME OT 2 [0 3, TO YacTh Ca*" 3anuma-
€T B MOPTJIAHAUTOBBIX CJIOSX MO3UITIU Al . uro orpeze-
JSIeT KPUCTAJUINYECKYIO IeKCaroHaJbHyI0 ynakoBky AF,
¢a3. AF,, }a3bl crpykTypHO MOIOOHBI JBOWHBIM THIPO-
okcrmaM [(Me*) 1, (Me*")y(OH),]-[xX'nH,0], B xoto-
pBIX TpeThst yacTh Ca’' MOXKeT GbITh 3aMeIleHa Ha KATHO-
uet AIY, Fe*', Cr’" u 1.11., a anmonamu moryr 6biTh [1]:
onnoBasienTHble annoHsl X = OH', CI, Br, NO; ", ClO,;
JIBYXBaJIeHTHbIE aHHOHBI X = 0,5 [CO2’, SO42’, 82032’,
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CrO,” ] ¥ Jaxe TpexXBAIEHTHbIE KOMIUIEKCHbIE KATHOHBI,
nanpumep, X = 1/3 [Fe(CN)s]* .

BakHO OTMETHTB, YTO TOHKHE HIrOJbYaThIC KpH-
CTaJUIBl 3TTPUHTUTONOAOOHBIX (a3 crocOoOHBI B Oonee
MO3JIHUE TIEPUOABl THIPATalUM TEePeKPUCTAITH30BbI-
BaThCs B MEHEE HU3KOOCHOBHBIC T'€KCAarOHAIbHBIE THAPO-
AITIOMUHATHI KIBIHS ¥ TBEPAbIE PACTBOPHI HA X OCHOBE
(AF,, da3er), a Taxke B Kyonueckuit 3Ca0-Al,O5-6H,0.

Taxkast mepekpucTa/UIM3aIys 10 Hadaja CXBAaThIBa-
HUS LEMEHTHOTO TECTa HE BBI3BIBAET TEXHOJIOTHYECKH
HeraTuBHBIX 3((eKToB, HO MO0 Mepe Habopa MPOYHOCTH
LIEMEHTHOTO KaMHS MOJET 3HAYUTEIbHO YBEIIMYHUTH €ro
MIOPUCTOCTh, OOYCIIOBUTH YCaJo4HBIE aedopMarmu M
MOHU3HTH TIPOYHOCTb.

B ocHOBe mepexpuCTaTN3alMOHHBIX IIPOIECCOB
TAKOTO THIA JIOKHUT 3HAYUTEIIBHOE PA3IIMINe KaTHOHHBIX
pamuycos Ca”" u A", 4To 0GyCII0BIMBAET BO3MOKHOCT
CTaOMIM3aUK STTPUHTUTONOAOOHBIX KPUCTAIUTHUECKUX
(a3 3a cyeT YACTUYHOTO 3aMEIICHUsI aHHOHHBIX TPYIIH-
poBok OH™ ma CO;>, SO,>, PO;™ U T.II., KOTOpBIE CIIO-
COOHBI yMEHBIINTH PAa3MEPHYIO HECKOMIICHCHPOBAH-
HOCTPH B HOPTJIAHIUTONOJOOHBIX CIIOSIX.

HNMeHHO 3THM OOCTOSITENBCTBOM  OOYCIIOBJICHO
aHOMaJIbHOE (HE aJUIMTUBHOE 110 OTHOLICHHIO K CJararo-
MM WHTpenueHTam) Biustare 1o6aBku HKOH nHa n3me-
HEHUE JJIEKTPOKMHETUYECKUX I[1apaMeTPOB BO BTOPOM
MeproJie THAPATANHN, 0COOCHHO XapakTepHoe pu T = 90
u 105 muH (puc. 1 — 3).

[oBpImIeHHast CIIOCOOHOCTE K OOpa30BaHUIO THI-
paTHBIX KpPUCTAUIOB CMEMIAHHOTO THIA OOYCIIOBICHA
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HamboIee pa3HOOOpa3HBIM HaOOpOM KATHOHHBIX W aHU-
oHHBIX Tpymn B mobaBke HK®H, uro mposmusercs B
paHHUE CPOKH THIpATalliH, HE BBI3BIBACT YNPYTHX Ha-
NpSDKEHUH W COMPOBOXKIAETCS 3aTpaTaMU  TEIUIOBOM
SHepruu (puc. 5) Ha CTAOWIN3ANUIO STTPHHTUTONON00-
HBIX ¢a3.

Kpome Toro, crabmnmzanmsi STTPHHTHTOIIONOOHBIX
(a3 co cMemaHHBIM COCTAaBOM AHHOHHOW ITOJPEIIETKH
1 BBICOKHM COJIEp)KAHHEM CBSI3aHHOW BOZBI CIIOCOOCTBY-
€T CHIKEHHUIO 3HaueHuil pH peakuMoHHON cucTeMsl
(puc. 1), 9To co3maeT yCIOBHS AJIS TPOUICHUS BHICOKOM
THPATAMOHHOW aKTUBHOCTH BCEX KOMITOHEHTOB H TOJI-
HOTBI TIPOTEKAHUS AAIbHEHINNX KpPHCTAJUTM3AIIHOHHBIX
MPOLIECCOB.

MukpocTpykTypa 00pa3IoB LEMEHTHOTO KaMHS C
WCCIIEIOBAaHHBIMU J100aBKaMH HMeEET JIMIIb HE3HAdH-
TeNbHBIC pa3nuaus (puc. 6).

OCHOBHYIO MacCy HMCCIEIOBAHHBIX TeTporpadude-
CKHUX MPOO COCTABIISIET MOMYNPO3payHasi KpUIITOKPHUCTA-
JUYECcKas Macca M TYCTOH CPOCTOK M3 MENKUX (< 4 MKM)
KPHCTAJJIOB HETIPABUIBHON (POPMBI, ONITHYECKHA HE OpH-
EHTUPOBAHHBIX, YTO MPHAAET MaTepHanxy obpasia TOH-
KOMO3aW4YHOE I[IOracaHWe M TI03BOISIET HMX WACHTH-
(unmpoBaTh Kak MOPTIAHIUT U BTOPUYHBIN KaabIuT. B
MEKKPHCTAIUTMYECKOM TPOCTPAHCTBE OTMEYAIOTCA MHO-
TOYMCIICHHBIE CKPYYCHHBIC TOHKOIUICHOYHBIC M HUTE-
BHIHBIC 00pa30BaHMA, MOP(OIOTHIECKAE OCOOCHHOCTH
KOTOPBIX YKa3bIBAaIOT HA WX MPUHAJICKHOCTh K HAIMOJO-

BHHY 3aKpucTamn3oBanHbIM Tobepmopuram (CSH(I),
CSH(II)) u 3TTpuHTHTONIONO0HBIM (hazaM.

Puc. 6 — MukpocTpyKkTypa eMEeHTHOro KamHsI B Bo3pacte 28 cyrok (yBemmuenue x480): a — HK, 6 — TM®H, B — TIIOH,

r — HK®H.

UronpyaThlii rabUTyCc KPUCTAJUIOB M HAINYUE HHUTE-
BUAHBIX (hopM Oosiee XapakTepHo B podax (puc. 6).

Bo Bcex oOpasnax NpUCYTCTBYIOT B HEOOJBIINX KO-
JIMYECTBAaX MUCXOJHbBIC KPUCTAIUINYECKUE (a3bl ITOPTIaH/-
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nemenra — Ca;SiOs u Ca,Si0,4, okaiiMIeHHBIE IUNIOTHBIM U
Oonee TeMHBIM (OYpBIM) BEIIECTBOM — THApoaiitoModep-
puthl Kanblus. Kpome Toro, n3peika NpucyTCTBYIOT Clia-
060 mepepoXxIeHHbIE 3epHA (DEPPUTOB U ATIOMO(EPPHUTOB
KaJbpLust (B OoJiee 3HAYMTEIFHOM KOJIMYECTBE B 00pasIax
¢ nobaskoit TII®H (puc. 7)).

Puc. 7 — PenuxroBsle 3epHa GeppuroB u amomodhepuron
B leMeHTHOM KamHe ¢ nobaBkoii TIIOH (yBemmuenne x480, 28
CYTOK).

BropuuHslil kKanbuT B mpodax HaOmMogaeTcst B BUIE
OTZAEJBHBIX 3€peH Pa3MEpoM 10 6 MKM H, PEAKO, B BHIE
CKOIUTeHHH 10 20 MKM.

Xopowmo pa3BUTBIX KPUCTAUIMYECKUX TpaHEd BO
Bcex o0pas3max HEe OTMEYalloch, OOBIYHBIMHU SIBJISIOTCS
OKpYTJIbIE ()OPMBI YACTHUI] U MIX arJIOMEPaTHBIX MPOLIECCOB.
Bricokoe nBympenomiieHHE M MEIKO3EepHUCTOCTh KpH-
CTaJJIOB BTOPHYHOTO KapOOHAaTa KaJIbIHS 9acTO ITEPEKPHI-
BAlOT U MAacKHPYIOT JApYIrue MPOAYKTH THIpATAlWH, 4TO
XapaKTepHO ISl HACHTH(UIPYEMBIX KpucTamwios [10].

[ToBepxHOCTH CKONa 0OPA3IIOB IIEMEHTHOTO KaMHS C
HCCIeAyeMbIMU obaBkamMu (puc. 8 — 11) mpoxonsT uepes

Ximis, xXimiuna mexnonozis ma exkono2is

HavMEHee MPOYHBIE CTPYKTYPHBIE 3JIEMEHTHI, pe3yibTa-
TOM HY€ro SIBJISETCS BCKPHITHE 3HAYUTENIHHOTO KOJINIECTBA
Top, 3€peH BTOPUYHOTO KajbIUTa (CBETJIBIE TOYCUHBIC
BKpAIUIEHNS) ¥ UX CKOIICHUH.

BmMmecre ¢ Tem, oTMmewaeTrcsl IUTOTHas MEIKO3EpHU-
cTas CTPYKTypa Marepuajga Bcex 00pas3loB C HEpaBHO-
MEpHO pacIpeieIeHHBIMH OpaMH (B IIEMEHTHOM KaMHE ¢
nobaBkamu M®H u TTI®H (puc. 10 u puc. 11)).

B ommume ot o0pasmoB ¢ mobaBkoit HKOH
(puc. 8), Ha m3mome obOpa3oB ¢ mobdaskoir HK ormeua-
JIMCh YYaCTKH C M3BHIIMCTBIM XapakTepoM 1op (puc. 9, a),
pacrionararonyecs Ha 3HaYNTENbHOHN TUIOIMIA/IH.

B obpasnax ¢ nobaskoit M®H nabmomanocs (1o
cpaBrennio ¢ HK®H u HK) 6omnpiree uncio mop (mpeod-
JaaloNid pa3Mep OKOJIO 6 MKM), OCHOBHOE MX KOJIMYe-
CTBO MMEET M30METPUYECKOE CEUCHHE, OJHAKO, BCTpeya-

KpYITHbIC
(mo 30 MKM) ¢ XapakTEpHBIM OKpPYIJIBIM CEYCHHEM

I0TCI W OTHeNbHBle  Oonee TOPBI
(puc. 10 6). BHyTpeHHSS Y4acTh MMOBEPXHOCTH TAKUX IIOP
B HEMOJHOW Mepe 3arojHeHa TOOEpMOPHUTONOI00HBIMU
YaCTUYHO 3aKPUCTAINTM30BAaHHBIMY (ha3aMu.

B obpasmax ¢ mo6askoit TII®H momobHbIe HOpEI
BCTPEYAIOTCS B OOJIBIIIEM KOJIIMYECTBE U JAaXKe OTMEUa
10TCS 00J71aCTH UX CKOTuIeHHH (puc. 11, B).

Kpome Toro, B 00Opasmax HEMEHTHOrO KaMHs C J0-
6askoit TII®H oTMeueHa oueHp KpymHAs HMpPOHHIAEMAs
mopa (90 MKM IHMaMeTpoM), CCUCHHE KOTOPOH OIU3KO K

neanbHO OKpyX)HOCTH (prc. 12, 6).

Puc. 9 — Cxon obpasma nemenTaoro kamust ¢ qodaskoit HK (28 cyrok): a, 6, B — pa3yidHbIe yH4acTKH HOBEPXHOCTH CKOJIA.
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Puc. 12 — XapakTepHast MOPHUCTOCTH B IfeMeHTHOM Kamue ¢ fgobaBkoil TIIOH (28 cyrox): a, 6, B — pa3inW4HBIC YJacTKH

TIOBEPXHOCTHU CKOJIa.

BriBoabl.

BbInomHEHHBI KOMIUIEKC HCCIEIOBaHUM IO ycTa-
HOBJICHMIO KHHETHKH W3MEHeHus KoHueHTpaumun OH -
HOHOB, OKHCJIUTEIHHO-BOCCTAHOBUTEIHHOIO ITOTEHIMAIIA
u pH cpensl B cucreme “OpTIaHALEMEHT — BoJa — JIO-
0aBKa” TIO3BOJIMJI YCTAHOBHUTH 3aKOHOMEPHOCTH U OCOOEH-
HOCTH BIIMSIHUSI Ka)KAOW M3 J00aBOK Ha MPOLECCHI TH-
THIPATalMOHHOTO CTPYKTYpo- H (ha3000pa3oBaHus B
MOPTIAaHAIIEMEHTHOM TECTE B PAHHHE CPOKH TBEPJICHHS.

OO6HapyxeHHbIE 3P PEKTH B KHHETHIECKOM IOBEJIe-
HUM DJIEKTPOKWHETHYECKUX I1apaMeTPOB PEaKIOHHON
CHCTEMBI TPEIOCTABISAIOT TEXHOJIOTraM JOMOJIHHUTEIbHbIE
BO3MO)KHOCTH B HAIlPaBJICHHOM PErYJIMpPOBAHUH CHHTE3a
3aJaHHON KOMOWMHAINH KPUCTAUIOTHAPATHBIX (a3, pocTa
KPHCTaJUIOB C JKeNaTeNbHOH Mopdonorued, a Takxe
obecrieueHnN CTaOMIN3ANH CTPYKTYPHO-HEYCTOHYMBBIX
TBEpABIX PACTBOPOB C TOBBIIICHWEM IJIOTHOCTH M TPOY-
HOCTH IIEMEHTHOT'O KaMHSI.

N3ydyenne ocoOeHHOCTEH B3aMMOpPACIOIOXKEHHUS OT-
JIETBHBIX (ha3 B KPUCTAJUIOTHAPATHBIX CPOCTKAX IIEMEHT-
HOTO KaMH$, a TaKXKe XapakTepa MOPHUCTOCTH €ro MUKPO-

CTPYKTYpPBI TOATBEP)KAAET HAIMYME OONIMX KadecCTBEH-
HBIX KOppeISIUI C MOBEICHHEM 3IEKTPOKHHETUYECKUX
apaMeTPOB HCCIEAYEMBIX CHCTEM, ANNPOKCUMHPYEMBIX
Ha OoJee Mo3IHIEe CPOKU TBEPACHUS [IEMEHTHOTO KaMHS.
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	Рис. 6 – Микроструктура цементного камня в возрасте 28 суток (увеличение x480): а – НК, б – ГМФН, в – ТПФН, г – НКФН.
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	Рис. 8 – Скол образца цементного камня с добавкой НКФН (28 суток): а, б, в – различные участки поверхности скола.
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	Рис. 9 – Скол образца цементного камня с добавкой НК (28 суток): а, б, в – различные участки поверхности скола.
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	Рис. 10 – Скол образца цементного камня с добавкой ГМФН (28 суток): а, б, в – различные участки поверхности скола.
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	Рис. 11 – Скол образца цементного камня с добавкой ТПФН (28 суток): а, б, в – различные участки поверхности скола.
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	Рис. 12 – Характерная пористость в цементном камне с добавкой ТПФН (28 суток): а, б, в – различные участки поверхности скола.

