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BBEJIEHUE

OCHOBHOI1 3aa4eil COBpEMEHHOI'0 MaTepuaJoBeACHUS SBJSIETCS
co3JaHKue MaTepuaa ¢ 3aJaHHBIMU 3KCILTyaTallMOHHBIMY CBOMCTBAMM
MPpY MUHUMAJIbHBIX 3aTpaTax pecypcoB. JIJist cTpouTeIbHBIX MaTepUaioB
KOHCTPYKIIMOHHOI'O Ha3HAYE€HMSI, K KOTOPBIM OTHOCSITCSI IIPEXKJIE BCETO
OETOH U XKeJIe300eTOH, TAKUM CBOMCTBOM CTAHOBUTCS MTPOYHOCTD, TaK
KaK ITPOYHOCTh [IEMEHTHOTO KaMHS ¥ 6€TOHA — 3TO BaXKHEHIIMHA MO~
Ka3aTesIb Ka4eCcTBa X CTPYKTYPhI, OMPEAC/ISIONINI IIPaKTUIECKHU BCe
OCTaJIbHbIE CBOMCTBA 3TUX MaTepuajoB U, CJIeA0BaTeIbHO, 00JIaCTh UX
MPUMEHEHMUSI.

B ocHoBe pa3BuTUS HayKu O MaTepualiax, TeXHOJOTMU UX MPOU3-
BOJICTBa, pacyeTa U KOHCTPYMPOBAHUS JIeXaT METObI MCIbITAaHUI. Oc-
HOBHOI1 1LI€JTbIO NCITBITAHUSI MATEPHAJIOB SIBIISICTCS OTIMCAHME MX CBOMCTB
M0 XapaKTepHbIM MPU3HAKaM U BbIpaXXeHUE 3TUX MPU3HAKOB B KOJIM-
YeCTBEHHOI (popMe B BUIE OIIPEAEICHHBIX ITapaMETPOB, KOTOPHIE JIeXKaT
B OCHOBE BbIOOpA, B YACTHOCTHU, KOHCTPYKIIMOHHBIX MaTepUaIOB JJIsl
KakoW-1100 onpeaeseHHOM 1ieau. B aToi cBsI3u Mepa 10CTOBEPHOCTH
TEOPUU MOJHOCTbIO 3aBUCUT OT UAEHHOM MTOTHOLIEHHOCTU U TOYHOCTH
3KCIIEPUMEHTA, ITOJIOKEHHOIO B €€ OCHOBY, 1 OT aIeKBaTHOIO OTOOpa-
JKEHMSI pe3yJIBTaTOB 3TOT0 9KCIIEPMMEHTA B MATEMAaTUIECKOM allrapare
TEOpUMU Yepe3 onpeaesoniee ypasHeHue [16].

IlonHas u neiicTBeHHAsl MporpaMMma OLeHKU MaTepHajioB TOJLKHA
JaBaTh UH(MOPMaIMIO, HEOOXOAUMYIO JJISI TPOTHO3UPOBAHMSI € JOCTa-
TOYHOI TOYHOCTBIO CPOKA CIIYKObI I BEPOSITHOCTHU €0 pa3pyllIeHUs C
Y4eTOM BceX (paKTOpOB, BIMUSIOIINX HA BO3MOXHOE MTOBEICHIE MaTe-
puaa nipu aKcruryatauuu [207].

PacnpocrpaneHHas1 B HacTosliee BpeMs OlieHKa KauyeCcTBa OETOHA 1
LIEMEHTHOT'O KaMH$I, B TOM UKCJIe HaJeXKHOCTH, OCHOBaHA Ha U3MEPEHU I
MEXaHMWYECKOI MPOYHOCTU IO MeToaukam cooTrBeTcTByIomx 'OCT.
BMecTe ¢ TeM U3BECTHO, UTO MEXaHUYECKHE XapaKTEPUCTUKU SIBJISIIOT-
csl Mano3(HEKTUBHBIMU MapaMeTpaMU COCTOSIHUS IIPY TMAarHOCTUKE
KOHCTPYKIIMOHHBIX MAaTEPHUAJIOB, TaK KaK HE YIYUTHIBAIOT U3MEHEHUS
MPOYHOCTHBIX U Ae(DOPMATUBHBIX CBOMCTB OETOHOB IO BIUSIHUEM Bpe-
MEHHBIX IIPOLIECCOB MUKPOTPEIIMHOOOPa30BaHNUS IPU HarpyKeHUH
[125].

IToBbllIeHUE KayecTBa OeTOHA U 3(P(PEKTUBHOCTU KOHCTPYKLIMM Ha
€r0 OCHOBE MOXXHO JOCTUYb KaK ONTUMU3ALNEH €T0 CTPYKTYPHI, TaK 1
YTOUYHEHUEM YXKE MMEIOLIMXCS UJIK BBEACHUEM HOBBIX XapaKTepUCTUK
MaTepHuaa, MO3BOJISTIOLINX COBEPIICHCTBOBATh KaK METOIbI IIPOEKTH -
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pOBaHUS M pacyeTa KOHCTPYKIIMIA, TaK M TEXHOJIOTUIO IIPOU3BOICTBA
MOCJIeAHUX, U TEM CaMbIM 00Jiee TTOJTHO UCTIOIb30BaTh KOHCTPYKIIMOH-
HBIE BO3MOXHOCTH O€TOHA.

IIpoGaema KkayecTBa OETOHOB IIPUOOPETAET OCOOYIO OCTPOTY U aK-
TyaJIbHOCTb B COBPEMEHHBIX 9KOHOMUYECKUX YCIOBUSIX, XapaKTepU3y-
IOIIIUXCS, C OMHOM CTOPOHEI, YBEIMYEHNEM CTOMMOCTHU SHEPIreTUIECKIX
U MaTe€PHUAIIbHBIX PECYPCOB, a C APYroM, B CBA3M C MHTEHCUBHOM pa3-
paboTKOU Y MpaKTUUYECKUM BHEJIPEHUEM B CTPOUTEIbHYIO NTPAKTUKY
TaK Ha3bIBa€MBbIX BEICOKOKAYE€CTBEHHBIX O0ETOHOB, — BBICOKOI 1 0CO00
BBICOKOI IPOYHOCTH, JJIs1 KOTOPBIX OLIeHKA AEMCTBUTEIbHBIX ITPEae/Ib-
HBIX COCTOSIHUI CTPYKTYpPbI TPUOOPETAET OCOOYIO0 HAYYHYIO U MTPaKTH-
YeCKYI0 3HAUMMOCTb, TaK KaK M3 MEXaHMKM MaTepraIOB U3BECTHO, UTO
BBICOKOTIPOYHBIE MaTepUasbl 00JaJal0T MaJIOK TPEIIMHOCTOMKOCTBIO
(BSI3KOCTBIO pa3pyllIeHts) U OCTATOYHOM MPOYHOCTHIO MPU HATUUUU
JIe(eKTOB CTPYKTYPHI.

CyllleCTBEHHbIE TOCTIKEHUS ITOCIEIHUX IECITUICTUI B TEXHOJIOTUM
O0eToHa 00YCJIOBJIEHBI 3HAYUTEIbHBIM POCTOM 3(D(HEKTUBHOCTU MOIM -
GuLMpPYOIINX 100aBOK pa3InYHON IPUPOII U IIPEXKAE BCETO XMMUYe-
ckux po6asok ITAB — cynep- u runepriactugukatopon. [TosTomy
U3yyeHue U pazpaboTka mpoiiecca CTpyKTypooOpa3oBaHMS IEMEHTHO-
ro KaMH$I, 06TOHOB Ha €r0 OCHOBE M HOBBIX METOJIOB MCCJICAOBAHMS UX
CTPYKTYPHI U (PU3NKO-MEXaHUUECKMX CBOMCTB MMEET OOJIbIIIOE 3HAaUCHHUE
U OyAeT cnocoOCTBOBATh Pa3BUTHIO OETOHOBEICHUS.

OmHUM U3 OyTell JaJIbHEUIIEeTO BEISCHEHMS IIPUPOIBI MEXaHIIe -
CKOro MOBeAeHUS O€TOHA IO HAarpy3KOi MOXET CIY>KMTh HOBBIM IO -
X0/l K TpobJjieMe MPOYHOCTH, B OCHOBE KOTOPOTO JIEXKUT ACTATbHOE U3-
Y4eHME CaAMOTO IIPoIecca pa3pyIIeHHS C O33N (DU3UKY 1 MEXaHUKI
paspylIeHus, Tak KaKk UICTUHHas TTPUPOJa 3TOTO XOPOIIIO U3BECTHOTO
SIBJIEHUS BbISICHEHA AaJIeKO He MOJHOCTHIO.

KonHnemuus MexaHuKy pa3pylieHns 3aKJII09aeTCs B TOM, YTO pa3-
pyllIeHNe TBEPAOTO Tejia oA Harpy3KOoM IIPpOMCXOIUT B pe3yJIbTaTe pas-
BUTHS B HEM peabHbIX 1e(EeKTOB.

ITockonbKy MexXay CTPYKTYpOil U ITapaMeTpaMyi MEXaHUKHU pa3py-
LIEHMSI CYILLIECTBYET TeCHasl (pu3nuecKasi CBSI3b, TO MOXKHO HAaiTU HOBBIE
0oJiee nuphepeHIIMPOBaHHbIE U 0UeHb 3(D(HEKTUBHBIE XapaKTePUCTUKU
MOBEIeHWSI MaTePUAJIOB I10[ HAarpy3KOM, IIO3TOMY METOIbI MEXaHUKM
pa3pyllieHUs BCe IMPe HAUMHAIOT IPUMEHSITh IJISI OLIEHKM KayecTBa
KOHCTPYKLIMOHHBIX MaTepUaa0B U ONTUMM3ALIUMU UX MEXaHUYECKUX
CBOICTB.



Takum oGpaszom, B paboTe IpeacTaBIeHbI pe3yJIbTaThl UCCAeA0BaHUMA
10 aKTyaJIbHOMY HallpaBJIEHUIO COBPEMEHHOI'O CTPOUTEILHOTO MaTe-
pUaIoBeaeHUS — MPoOIeMe IMTPOYHOCTHU U pa3pyIlleHUs MOAUDUITAPO-
BaHHOI 100aBKaMM I'MApaTallMOHHOM CTPYKTYPhI HIEMEHTHOIO KaMHS
1 KOHCTPYKIIMOHHBIX OETOHOB, 1 B YaCTHOCTH I10 BoipocaM (opMUpO-
BaHM4 BAXXHEHIIIMX IapaMEeTPOB JOJITOBPEMEHHOM MEXaHUYECKOM POy -
HOCTU — CUJIOBBIM, Ae(OpPMaIIMOHHBIM 1 9HEPTreTUUYECKUM XapaKTe-
PUCTUKAM TPEUIMHOCTOMKOCTU (BSI3KOCTH pa3pylleHUs), U3YYEHUIO
CaMOro IIpoliecca pa3pylleHUs B peaIbHOM MaciTabe BpeMeHH!, OITH -
MU3aLUU CTPYKTYPBHl U MEXaHUYECKUX CBOMCTB C LIE/IbIO MOBBILICHUS
COMPOTUBICHUS MOAU(ULIMPOBAHHON CTPYKTYPhI IEMEHTHOTO KaMHSI
¥ 0eToHA CTA0MIBHOMY M HECTAOMJIbHOMY Pa3BUTHIO TPEIIMHOIIOHI00-
HBIX 1e(DEKTOB IO HAarPy3KOiA.

VYrayonenue puznuecKux MpeacTaBIeHUI 10 JaHHBIM BOIIpOCaM
MO3BOJIMT pean30BaTh MaTepHUaIOBETUECKOE O0eCTIeUeHE MOBBIIIEHNS
KayecTBa KOHCTPYKIIMOHHOIO OETOHA Y TEM CaMbIM — ITOBBIILICHMS Ha-
JIeKHOCTH, TOJTOBEYHOCTU U SKOHOMUUYECKOH 3(h(heKTUBHOCTH KOH-
CTPYKLMI 1 COOPYKEHUIT HA €T0 OCHOBE, UTO SIBJISIETCS BeCbMa aKTy-
aJIbHOM 3a7a4yeil COBpeMEHHOI'0 CTPOUTELHOIO MaTepUalOBEeICHUSI.



I'nasa 1

COBPEMEHHBIE ITPEICTABJIEHUA O ITPOLIECCAX
CUHTE3A KOHCTPYKIHMOHHOU ITPOYHOCTI
HEMEHTHBIX IVUCITEPCHBIX CUCTEM

1.1. Tnaparamms, cxBaTbiBaHWe, TBEpAeHHE
U CTPYKTYPOOOpa30BaHNe EMEHTHBIX JUCTIEPCHBIX CHCTEM

ITo coBpeMeHHBIM MPEACTaBIEHUSM CXBAaTbIBAHME U TBEPACHUE 1ie-
MEHTHO-BOJIHBIX CUCTEM — 3TO COBOKYITHOCTh MOCJIeA0BATEIbHBIX ITPO-
1IECCOB, CBI3aHHBIX C 00pa30BaHMEM THIPATOB U BO3SHUKHOBEHUEM
CTPYKTYDBHI.

boinee cra et Hazax (1887 r.) Jle IllaTenbe moaoXua HavyalIo Kak
CHUCTeMaTUYECKOMY U3YYEHUIO CTPOCHUSI MUHEPATbHBIX BSIKYIIIUX, TAK
M BOIIPOCAM UX B3aUMOAECUCTBUS C BOAOM, T.€. TMAPATALIMU U TBEPACHUS.

K navany XX B. yeTKo o(popMuUInCh ABe (PUZUKO-XUMUYECKUE T€O-
pUM CXBaTbIBAaHUS Y TBEPIEHUS, CBI3aHHbIe ¢ UMeHamu Jle [laTenbe u
Muxasnmca [96]. B Ux OCHOBY OBLIH TTOJIOKEHEI TIPEICTABIICHHMS O TOM,
YTO BCSKOE BSLKYIIIEE BEILIECTBO PACTBOPSIETCS B BOJIE, 00pa3ys Hachl-
LLIEHHBIH pacTBOP. BeaencTBue ero nepechliieHUs BOSHUKAOIIME MPOo-
JIyKTBl TUApaTaluu, Kotopbie, no Jle [laTenbe, BbIAEASIOTCS B BUIE
KPHCTaJIJIOB HOBOOOPa30BaHUi, BO B3aMMOAECTBUY 1 CO3IAI0T CTPYK-
Typy TBepAeHus. He oTpuiiast ykazaHHOTO MyTU CO31aHUs ITPOYHOTO
KpUcTaJlInyeckoro cpoctka, Muxasnuc (1893 r.) cuutan, 4to ropasno
0oJiee BaXKHBIM 0OCTOSITEILCTBOM U151 OOBbSICHEHUSI BOAOCTOMKOCTH 1i€e-
MEHTOB SIBJISIETCS rejieo0pasoBaHue NPy TBEPACHUM LIEMEHTA.

ITpoTBOpeUYnBOCTh HPUBUKO-XUMUUYECKHUX BO33PEHUI 110 BOIIPOCY
CXBaTbIBaHUS Y TBEPACHUS BSIKYIIMX MbITAICS cOMM3UTh A.A. baiikos.
B pa6ote [210] oH BbIcKa3aj cooOpaxkeHHe 0 TOM, UTO ITepBOHAYaIbHOE
pacTBOpeHHUE MOCJIe MepechIlleHNs] CMEIaeTCs TePeX0a0M CUCTEMbI B
KoJimougHoe coctosiHue. A.A. baiikos [10] paccMaTpuBai Ipoliecc TBep-
JNeHUs KaK eMHbI KpUCTAUIOXMMUYECKUIA MTPOoLecC, UMEIOLINI He-
CKOJIbKO CTaJIuii: paCTBOpPEHUE, 00pa30BaHUE KOJUIOUIHBIX TPOAYKTOB
3a CYET TOMOXMMUYECKOMN peakliuy U, HAaKOHELL, TTepuoa KpUcTaain-
3alMU.

OTMeueHHbIe BO33PEHUS JIETJIM B OCHOBY KPUCTALIM3aIIMOHHOM Te-
opuu Jle IllaTense u Tak Ha3bIBAGMOM «KOJIJIOMIHOM» Teopun Muxas-
JIca.



Cnop CTOPOHHUKOB MPOTUBOOOPCTBYIOIIMX TEOPUIA, IMOATBEPKAa-
IOINX B IETAISIX TY WUIH APYTYIO TEOPUU TBEPACHMUS, TIPOIOJIKAJICS 10
TeX Mop, Koraa ObUT YCTAHOBJIEH HayYHbIH (haKT, YTO KPUCTAUIbl MOTYT
MMETh KOJUIOMIHEIEC pa3Mephl. 3aTeM, KaK OTMeUeHO B padote [132],
BOIIPOC O Mpolieccax TBEPACHUS TPUOOPeIT APYToii aCHEKT: SIBJSIETCS 1
MPOLIECC TBEPACHUS KPUCTATUIM3ALIMOHHBIM (CKBO3bPACTBOPHBIM) WJIH
TOMMOXUMUYECKUM?

ITocnenymoliiee pa3BUTUE TEOPUU OTMEUYEHO MOBBIIIEHHBIM BHUMA-
HHEM K COTTPOBOXAAIOIINM MPOIIecC TBepAeHUS DU3MIECKUM SBJICHM -
siM. MOXHO OTMETUTb, UTO BIUSTHUE (PU3NIECKUX (DaKTOPOB Ha CBOMCTBA
U CTPYKTYPY LIEMEHTHOTO TECTa M KAMHSI BITEPBBIE CTPOTO HAYYHO OBLIO
paccMoOTpeHo B pabotax [143, 144, 226].

HoBgwie npencraBaeHusI o Tpolieccax rupaTalliOHHOTO TBEPACHUS
BSIXKYIIMX BEIIeCTB ObLIM co3aaHbl B padoTtax I[1.A. PeOunnmepa u ero
mkosbl. C TOUKY 3peHUsT GU3UKO-XMMUYECKOI MEXaHUKHM, pa3pabo-
tanHoii [1.A. PeOuHaepoM, B OCHOBY T€OpUM TBEPASHUS IOJIOKEH IIPUH-
LIUIT CTPYKTYPOOOpa30BaHUsI.

31ech YMECTHO OTMETHUTD, YTO 00pa30BaHUE CTPYKTYPHI TBEPACIOIINX
CHCTEM Ha OCHOBE MOPTJaHALIEeMEHTa SIBJIIeTCS LIeHTPaJIbHbIM BOTIPO-
coM (pU3UKO-XUMUYECKOM MexaHUKU [ 165]. B camoM 000011IeHHOM BHIE
CTPYKTypa 03HAYaeT COBOKYITHOCTD CBA3el, 00eCTIeUnBaIONINX POPMU-
pOBaHUE CBOMCTB MaTepyrajia, 00yCIOBIMBAIOIIMX €0 CIIOCOOHOCTh CO-
MIPOTUBJISITHCS BO3AECUCTBUIO BHEITHUX CHJI BIUIOTH 10 Pa3pyIIeHMUS.
B 6osee y3koM cMmbiciie oHa AuddepeHIIMpyeTcs Mo TpeM MpU3HaKaM:
1) cTpyKTypa BellecTBa, onpeaesomasics XMMIUYeCKUM 1 MUHEPaJIo-
TUIECKUM COCTAaBOM M He 3aBUCAIIAS OT TEOMETPUUYECKUX CBOMCTB CH-
CTEMBI; 2) CTPYKTypa CUCTEMBI (IIOPOBOTO MPOCTPAHCTBA), XapaKTepU-
3YIOIAsCs COBOKYITHOCTBIO TEOMETPUUYECKUX CBOMCTB; 3) CTPYyKTypa
CBsI3eli, 00yCIOBIMBAIOIIASICS KaK CTPYKTYpOI BEleCTBa, TaK U CTPYK-
TypoOIi IIOPOBOTO IpocTpaHCcTBa [147].

OOGBIYHBIN IIeMEeHTHBIN KIMHKep comepkuT 70...80 % 6e3BOTHBIX
CHJIMKATOB KaJIbIIUsl, TUAPOJIN3 U THApaTallsd KOTOPBIX COMTPOBOXIA-
I0TCSA MOABJIEHUEM CBOOOIHOTO ruapokcuaa Kanbuus, Ca(OH),, B3au-
MozeicTByIoIEro ¢ SiO, ¥ ONpeIeIAIoIIETO BAXYyLIMe CBOMCTBA Lie-
meHTa. O0pa3yroniyecs IMpy 3TOM CUHTETUYECKUE eUOPOCUAUKAMbL KAAb-
yus (I'CK) siBAsIIOTCS T7IaBHBIM CBSI3YIOIIIMM KOMITIOHEHTOM 1 HOCUTEIEM
MEXaHWYECKOM MPOYHOCTH KOMITO3UTHBIX MaTepUaIoB Ha OCHOBE I1e-
MEHTHOW JIUCIIEPCHOM CUCTEMBI.

IIponecchl ruapaTaliuiy U TBEPACHUS KTMHKEPHBIX MUHEPATIOB OYeHb
cioxHbl. [lon ruaparamnueii MpUHSITO TOHUMATh B3aUMOICHCTBHE Ya-
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CTHUI] UICXOIHOTO LIeMEHTa ¢ BoAoil. [MapaTauns CKiiaapiBaeTcs U3 dJjie-
MEHTApHBIX CTAANN — CMauMBaHUSsI, aiCOPOLIN, pAaCTBOPEHUS, TU(-
(by3un, co6CTBEHHO XMMUYECKOI peaKIMM 3apoAbIIIco0pa3oBaHUSI U
00pa3oBaHUS TUAPATOB, OCIIOKHEHHOM IS TOJTMMUHEPATbHBIX BSIKY-
LIMX MPAKTUYECKUMU YCIOBUSIMU MPOTEKaHUsI TPOLIECCOB 3a CUET B3a-
VMHOTO BJIUSIHUSI MUHEPAJIOB APYT Ha Ipyra U CO3AaHUSI CTPYKTYPHI €
ornpeaeeHHbIMU (PU3NKO-MEXaHUYECKUMU CBOMCTBAMMU.

TBepaeHre LIEeMEHTHOTO KAMHSI — CJIOKHOE SIBJIEHUE, CBSI3aHHOE C
KOMILIEKCOM MPOLIECCOB XUMUIECKOTO M (PU3NIECKOT0 XapakTepa. Ou-
3UKO-XUMUYECKHE MPOLIECCHI, TPOTEKAIOIIKE MPU TBEPASHUU BSKYILMX,
MIPUBOISIT K 00pa30BaHUIO ITPOUYHOTO KPUCTAINTMYECKOTO cpocTKa. Bo3-
HUKHOBEHME TAKOTO CPOCTKA 3aKOHOMEPHO COITPOBOXKIAETCS AECTPYK-
TUBHBIMU SIBJICHUSIMU, BI3BAHHBIMU HapYLIEHUSIMU KOHTaKTOB Cpa-
CTaHUS B IIPOLIECCE PA3BUTUS OTAEbHBIX COCTABILIONINX CTPYKTYPhI
[211].

CoBpeMeHHBIE UCCIIeJOBAHUS ITPOLIECCOB THIPATALINU U TBEPACHUS
OTJINYAIOTCS ITyOOKHMM MPOHUKHOBEHUEM B MEXaHU3M 3JIEMEHTApHBIX
CTaJuii HAa3BaHHBIX BBIIIIE TPOLIECCOB, a UCCJIEIOBAHME PEAKIIMU TUIpa-
TallMU BSLKYIIMX BEIIECTB HAa MOHHOM YPOBHE sIBJIsIeTCSl HauboJiee mio-
JOTBOPHBIM 1 aKTyaJIbHBIM HampasiaeHueM [30].

Bormpoc 0 B3anMoaeiicTBUM BSKYILETO C BOIOM MOJTYIUII OCBEIICHUE
B MHOTOUYHCJICHHBIX TPYyAaX OTeUeCTBEHHBIX U 3apyOEXKHBIX UCCIeA0Ba-
TeJiel, B KOTOPBIX MOKA3aHO, YTO C MOMEHTA 3aTBOPEHUS BOJOI KOM-
TMOHEHTOB OETOHHOI CMeCH B Hell TTapaJlieIbHO MPOTEeKAaeT PsiT CIIOKHBIX
XUMMYECKUX, GU3NKO-XUMUUYECKUX 1 (PU3UKO-MEXaHMIECKUX MTPeBpa-
IIEHWI1, TECHO CBSI3aHHBIX APYT C IPYrOM U OKa3bIBAIOIIMX HETIOCPEI-
CTBEHHOE BUsIHUE Ha (hopMupoBaHUe (ha30BOro COCTaBa U CTPYKTYPhI
oetoHa [3,4,7,9, 49, 52,95, 133, 202, 209].

WTak, mpoliecc TBEpASHUSI — 3TO COBOKYITHOCTb CJI0XKHBIX 1 MHOTO-
00pa3HBIX QU3NKO-XUMUUECKUX ITPEBPALLEHUI, pe3yJIETaTOM KOTOPBIX
SIBJISIETCS CYILIECTBEHHOE U3MEHEHUE CTPYKTYPHO-MEXaHUYECKOTO CO-
CTOSIHUS LIEMEHTHOM JUCIIepCcHOM cucTeMbl. M3ydyeHre XuMu4yecKoi
TUApaTalAu YUCTOTO LieMeHTa (0€e3 3al0JIHUTEIS ) TIOYTH Beerma 6oiee
Lesecoo6pasHo, ormedaeT X. Teitnop [180].

Ha puc. 1.1 mpeacraBiaeHa cxeMa mpoliecca TuapaTaluy LieMeHTa U
pa3BUTHE CTPYKTYpPHI LIEMEHTHOTO TecTa Mo JaHHBIM pabot [97, 133,
176].

M3 cxemaTtuzaimmy MexaHu3Ma TBEPICHUS CAeyeT, YTO XUMUuUecKast
peakius SIBISIeTCs IEPBONPUYNHON pa3BUTUS MTOCIEAYIOIIUX (hU3NUe-
CKUX M3MEHEHUI 1 TpeBpalleHUI TBePACIOIIET0 MaTepraa: IIPOIyKThI
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MNOPTIAHALIEMEHT

MTla C;S =64,6 %; C,S = 13,92 %; C;A=6,17 %
C, AF—12 22%eunc—4%
20 S 3000 cM2/r (T10 TOBAPY)

5 B/LI—OS't—22°C

4vMun 6y 84y 10u 71 1 cyr 3cyr 7 cyT 28 cyT gt

Puc. 1.1 Cxema MexaHM3Ma TBepAECHUSI MUHEPaIbHbBIX BSIKYILLIMX MaTEpUaioB
U 3JIEKTPOHHO-MUKPOCKOIIMYECKE CHUMKU MO0 JaHHBIM padoT [97] (a);
[176] (6); [133] (6):

I — HeycToituMBasg cTpyKTypa; 2 — HOPMUPOBAHUE OCHOBHOI CTPYKTYpbI;

3 — YIUIOTHEHME CTPYKTYPHI; 4 — CTabuIbHAsI CTPYKTYypa; 5 — 0Opa3oBaHME IJTMHHBIX
KPMCTAJUIOB; 6 — 3TTPUHIHUT; 7 — 00pa3oBaHKe KOPOTKMX BOJIOKOH; & — MOHOCYJIb(DAT;
9 — nopucTocTb; /0 — MPOYHOCTH
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ruapaTalliy U TUAPOJIM3A SIBIISIIOTCS KaK Obl «11o1ydadbpukaTaMu»,, CIIo-
COOHBIMM K TOCJIeAyIolIeMY CTPYKTypooOpazoBaHuto [205].

Me:xny nucnepcHoOM yacTulieit M OKpyxKarolleii ee coJibBaTHOI 000-
JIOUKOi1 pa3BuBaloTcs 1 Gy3HbIE TPOLIECCHI, KOTOPhIE HA OIpeIeIeH-
HOW CTaiuu pa3BUTHUS MPUBOIST K 00pa30BaHUIO BOKPYT Hellpopearu-
POBaBIIIei YACTH LIEMEHTHOTO 3¢pHA reJie00pa3HbIX 000J104eK, KOTOPhIe
€O BpeMeHeM CITOCOOHBI CTapeTh, 3arycTeBath [61, 143, 200].

ITpu panbHelIeM B3aUMOAECMCTBUY XUMUYECKH aKTUBHBIX AVCIIepC-
HOI1 (pa3sl ¥ IUCIIEPCUOHHOM Cpebl MPOAOJIKACTCI XUMIUIECKoe U (pr-
3UYECKOe CBSI3bIBAHME BJIarM — HaKOIJIEHHUE TPOAYKTOB peaKluu
(puc. 1.1, 8), KOTOpOE OTOXIECTBIISIOT C POCTOM IIPOYHOCTHU TBEPALIO-
el cucteMbl. OMHAKO IJaBHAsi TPUYKMHA POCTa IPOYHOCTU, TTO MHEHUIO
[60, 61, 175, 176], — 3TO 3aMellleHUE aAT€3MOHHBIX U KOTe3MOHHBIX
KOHTAKTOB 3JIEKTPOCTATUYECKOM U 3JIEKTPOMATHUTHOM MPUPOILI (CHITBI
JAJTbHOJEHUCTBYS ) KPUCTAUTM3ALMOHHBIMI KOHTAKTaMU (CUJIbI KOPOT-
KOJIeICTBHUS), KOTOPBIE 00pa3yloTcs BCISACTBIE HATMUUS HEHACHITIICH-
HBIX MOBEPXHOCTHBIX BaJIeHTHBIX cui (puc. 1.1, 6).

Hraxk, crpykTypoobpazoBaHue NOPTIaHALIEMEHTa IPU TBEPACHUU
SIBJISIETCSI CJIOKHBIM, MHOTOOOPa3HbBIM MTPOLIECCOM, OTIPeIe/IsieMbIM KOM-
TUIEKCOM M3MEHEHMI pa3IMYHbIX CBOMCTB cucTeMbl (puc. 1.1, a), B Ko-
TOPOM pPa3BUTHE KPUCTAIN3AIMOHHON CTPYKTYPBI COITPOBOXKIACTCS
JIEeCTPYKTUBHBIMU SIBJICHUSMU, MPOSBIISTIONINMUCS KaK HapyIlIeHe
KOHTaKTOB CpacTaHUs, 0COOEHHO B YCIOBUSIX KPUCTAJUIM3AllUU HOBO-
00pa3oBaHuii B MAJIbIX 00beMax MTPU HEAOCTATOYHOM KOJIMYECTBE BOJIBI.
B pe3ynbraTe omHU KPUCTAJUIbI IPEIISITCTBYIOT POCTY APYTUX, UTO MIPU-
BOJUT K pa3BUTHUIO OTpULIATEIbHBIX HanpsixkeHuit [11, 27, 200].

00600111 HKE PEe3YBTaTOB UCCIeA0BaHNI 3aKOHOMEPHOCTEH CTPYK-
TypooOpa3oBaHUsI U TBEPAECHUSI IPUBOJUT K BHIBOY, YTO COOCTBEHHO
TBEpACHUE KaK Mpoliecc 00pa3oBaHusl U pa3BUTUS KAIIUJUISIPHO-TIO-
PUCTOI CTPYKTYpBI MaTepHajia MOXET IIPOTEKATh TOIBKO 110 JOCTHKEHU N
CHUCTEMOI «<MUHEpaIbHOE BSIKYIEe — BO/Ia» ONMpeaeJeHHBIX Crieludu-
YECKUX YCIIOBUIA, KOTOPbIC Pa3IUYHbIMU UCCICIOBATEISIMA TPAKTYIOT-
cs no-pasHoMy. Hanmpumep, no Jle Illatenbe, 3TO CTeNEHb IePEChIIEHUS
pactBopa, o A.®@. ITonaky u B.b. Patunosy [148, 152, 156, 158], — 310
mopor Koaryasaiuu, mo M.M. CerueBy [175, 176], — «ycnoBus cTecHe-
HUS» U JP.

N3 aHanu3a pe3ynsTaToB UCCIEAOBAHUI 3aKOHOMEPHOCTEM CTPYK-
TypoOOpa30BaHUsI U TBEPACHUS MUHEPAJBHBIX BSKYIIUX BEILIECTB, 10~
JIy4EHHBIX KaK OT€UeCTBEHHbIMU, TaK U 3apyOeKHBIMU UCCIICIOBATEIS -
MU, MOXHO BBIIEIUTH IBA OCHOBHBIX HAIIPaBJICHUSI B TPAKTOBKE pac-
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cMarpuBaeMoii mpobsembl. OMHO HanpaBIeHKWE MTOCBAIIEHO U3YYEHUIO
Ha3BaHHbIX 3aKOHOMEPHOCTEN 1 paCCMOTPEHUIO MOBEACHUS BSIKYIIINX
B MIPOYHOCTHOM acMekTe (T.€. C TOUKU 3peHMUs Mpoliecca TBEPACHUS);
JIpyroe — npeacTaBjieHo 60jee CKPOMHO paboTaMU, CBSI3aHHBIMU C U3-
yU4eHUEM XUMUYECKOM MPUPOIbI BSKYIIVX BEILIECTB U XMMUUYECKUX ITPO-
11eCCOB, 00YCIOBIMBAIOIINX TBEPAECHNE (XUMUYECKUIA aCIIEKT), HECMO-
TPs1 HA TO, YTO Ha TIEPBBIX ITOpax CTAHOBJIEHUSI HAyKU O BSLKYILIUX Bellle-
CTBax ObLI0 BbIZIBUHYTO HECKOJIBKO TEOPUI, 0a3UPYIOIINXCS B OCHOBHOM
TOJIbLKO Ha XUMUYECKUX MpeIcTaBleHUsIX. BeposTHO, 3T0 00yCI0BIEHO
TeM, YTO XMMMUS B Te BpeMeHa He MMeia ellle HeoOXOAMMOM TeopeThude-
CKOI1 0a3b1, TO3BOJISIONIEH OOBSICHSITE C TTO3ULIMI XUMUY MEXaHNYECKHE
CBOICTBa CUCTEMBI (ITPOILIECChI CXBAaThIBaHMS U TBepacHUs) [194].

Bmecrte ¢ TeM, Kak otMedeHo B paboTtax [30, 194], komtonaHast Teo-
pusi TBepaeHUs Muxasjrca He MOXET PelliUTh, a KpUCTALIM3allMOHHAs
teopus Jle Lllarenbe He cTaBUT 3aaa4y I1yOOKOTrO U3y4YeHUs Mpolecca
XMMMUYECKOTO MpeBpallieHUs, MPOUCXOSIIIETO C HEOPraHUYECKMMU BSI-
KYILIMMU BelllecTBaMu. PaccMOTpeHre XMMUYECKUX MTpeBpallleHU i Tak-
JKe He SIBJISIETCS MpsIMOM 3afadeii (pU3MKO-XUMUIECKON MEXaHUKU.

M3 pabot oTeuecTBeHHbBIX HMCClie0BaTee, OTPaXKAOIINX XUMUYe-
CKUH acMeKT MPOLECCOB CXBATbIBAHUS U TBEPIECHNS, CJIEAYET OTMETUTD
[30, 62, 130, 175, 194].

Tak, mo MmHeHUIO [194], Tpoliecc TBepACHUSI ITPU BCEX YCIIOBUSIX CBO-
JATCS K OCHOBHBIM XMMHUYECKUM PEAKIIMSIM: COPOLIMU KATUOHOB KaJlb-
LYS TI0 MeXaHU3My HOHHOrO oOMeHa TMOJMCUIOKCAHOM U MOJIEKY-
JISPHBIM peakilvsIM MOJUKOHAEHCAIIUU U AENOJIUMEPU3ALINHN TTOJU-
CUJIoOKCaHa B MPUCYTCTBUU MOHOB KajbliuMs B pacTBope. Peakuus
TUIPOJIUTAYECKON IETIOIMMEPU3ALINY TTPOSIBIISIETCS B pa3pbIBE CBA3EH
Si—O—Si mox BIussHMEM pacTBOpa TMAPOKCHIA KajbLus. Oopa3syloia-
SICS OPTOKPEMHMEBAsI KUCI0Ta HEYCTOMYMBA 1, KOHASHCUPYSICh B BOTHOM
cpele, B IPUCYTCTBMU MOHOB KaJIbLIMS TPEBPAIAETCS B TOJIMCUIOKCA-
HAaT KaJblius, T.e. peaKllMK JeToJMMePU3allui U TTOJUKOHAEHCALIUU
WUIYT OMHOBPEMEHHO, HO C MIPUMATOM PEAKIIMU JETNOJUMEPU3ALIUU.

B.®. XKypapneB [62] moKa3a, 9TO BSXKYIIHUE BEIIeCTBA — 3TO
OOILIMPHBIN KJIacC COeAMHEHU, B KOTOPBIX CBOMCTBA «BSI3aTh» MPO-
SBJISIOTCS TIEPUOANYECKU B COTJIacUU C MEPUOAUUYECKUM 3aKOHOM
O.N. Menneneesa. Unen B.®. XKypasieBa mony4uiau pa3BuTHe B pa-
6ote H.A. Momanckoro [130], koTopblii moKa3aJj, YTO BSLKYIIE CBOM -
CTBa OMpeaesIOTCS HE TOJbKO pa3MepaMy MOHOB, HO TaKXe UX 3apsi-
JlaMU, CTETIEHbIO MOJISIpPU3alluU, KOOPAUHALIMENA U TEOMETPUYECKUMU
¢axropamu.
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M.M. Crrues [175] paccMaTprBaeT BOSHUKHOBEHUE CTPYKTYPHI IIPU
TBepACHUHN KaK 0O6pa30BaHUe TBEPIOTO Teja ITyTeM KOHIACHCAIINH JUC-
MEePCHBIX YACTUII, CBSI3bIBASI TOT MPOLECC MPU MAJIOM KOJIMYECTBE BOJIbI
C HaJIMYMEM TOJISIPHBIX TPYIIT U «CTECHEHHBIM» COCTOSTHMEM, KOTa
MOTYT MPOSIBJISITHCS] MEKMOJIEKYJISIpPHBIE CUJIbI JabHOAeCTBUS. Jlab-
HeiiIee yrmpoYHeHHe pe3yIbTHPYeTCs KaK MePeXo YaCTH alre3MOHHBIX
KOHTaKTOB 3JIEKTPOMArHUTHOM 1 371€KTPOCTaTUYECKOU TPUPOIbI B KpH-
CTAJUTM3alIMOHHbIE BAJICHTHOM MPUPOJBI, YTO U OMpeaessieT XuMuye-
CKUI aCITeKT TBEPICHMSI.

ITo N.H. AxBepnoBy [3], KWHETMKA YIIPOYHEHMST LIEMEHTHOTO KaM-
HSI MOXXET OBITh TTPEICTaBIeHa B BUIE ITpoIiecca, 00YCIIOBIEHHOTO YBe-
JIMYeHNEM KOJIMYECTBA U CONMXKEHUEM CYOMUKPOKPHUCTAJIIIOB, YTO CO-
MMPOBOXIAETCS «ITOCTEIEHHBIM» YTOHBIIEHUEM ITPOCIOEK XUIKOCTH
MEXITy HUMU 1 BO3paCcTaHNEM CIJI CBSI3H (IIPEUMYIIECTBEHHO MOHHBIX),
MPU 3TOM UHTEHCUBHOCTb CWJI MIPUTSIKEHUS (CBSI3€i1) MEXIY OTIEb-
HBIMM KPUCTAJUTMYECKUMU arperaTaMy ¥ KpUCTAJUTOTUApAaTaMI 3aBUCUT
OT XMMWYECKOTO MOTeHIIMalla MUHEPaJIOB LIeMEHTa, COCTaBJISIIOIIUX
CYOMUKPOKPHCTAJUIBI ¥ B3aUMOJIECHCTBYIOIMINE C HUMU KUIKOCTH.

ABTOp paboThl [75] monaraet, YTO0 KWUHETHMKA POCTa MIPOYHOCTH 11ie-
MEHTHOTO KaMH$I MPEeNCTaBsIeTCs KaK MOCTEIIEHHbIN MepeXxo/ 10 Mepe
COMIXEHNST KPUCTATMIECKIX 00pa30BaHMil OT TUITOIh-TUITOIBHOMN K
WOH-IUIOJbHOM U MIOH-UOHHOM CBs13U. [1pu 3TOM CyllieCTBEHHOE BV -
sSTHME Ha TIPOIIeCcC TBepASHMS OKa3bIBAIOT TAKXKe BHEIIHNE (haKTOPHI:
BOJIOLIEMEHTHOE OTHOLLIEHUE, TeMITepaTypa, BIaXXHOCTb Cpebl, BHEIII-
Hee JaBJIeHUe, YTO MOJIyYMII0 OTPaKeHNE B MHOTOUHCIEHHBIX padoTax.

OOCTOSITETbHBIN 0030p XUMUYECKUX TIPEICTABICHUI TT0 KMHETHUKE
obpazoBanus 'CK 1 MexaHU3My cXBaTbIBaHUS U TBEPACHUS MOPTAAHI-
HeMeHTa npeacrasieH B padote [30]. B.H. Bepauuroposa orme4aet, 4To
B3aumozeicraue kpeMHesema ¢ CaO B cucreme CaO—SiO,—H,0 nox-
pobHo uccnenonain eiie Jle Illatenbe, KOTOPHIN ITOKAa3all, YTO U3BECTh
MOTJIONIAeTCs KOJUTOMAHBIM KpeMHe3eMoM ¢ oopaszoBaHreM 'CK B ocai-
Kax IMepeMeHHOr0 COCTaBa, a ellie paHblie B 1892 r. Muxasiuc BhICKa3as
MHeHME, 4YTO obpasymwoiuecs npu ruapaTtauuu 'CK He obmamaior Tou-
HBIM CTEXUOMETPUYECKUM COCTABOM, a SABJISIIOTCSI CMEILIaHHBIMU TeJIsI-
MU, KOTOPbIE COJIEpXKaT TMAPaThl KpeMHe3eMa, nHosema, Fe(OH), u
angcopoupytomue CaO.

I'CK — 510 IpOAyKT B3aUMOAENCTBUS JaILTOHUI0B: MoJiekyl H,O,
katronos Ca’", aH1oHOB Sin_, noHoB OH™, MoJeKyJI M1 MOHOB JI0-
0aBOK ¢ OepTOIMAAMU, KAKUMU SIBJISTIOTCS] CUIMKATBI KJIbLIUS B [IOPT-
nanauemente. OopazoBanue 'CK — 370 momIMHHO XUMUYECKUI IIPO-
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11ecc, KOTOPbIii, KaK ¥ BCE XUMUUYECKHE ITPOLIECCHI, ABISICTCS IMPOLIECCOM
AKTUBUPOBAHHEKIM, T.€. TPEOYIOIINM JIJISI CBOSTO MPOTEKAHUS OIpee-
JIEHHOI Hepruu aKTUBaAUUU. TaKUM UCTOUYHUKOM SHEPTUM aKTUBALIMH,
no [30], siBasieTcst caMOIIPOU3BOJIBHO MpOTEKatollasi HeoopaTumMasi pe-
aKLMs JUCCOLIMALIMY BOABI Ha MOBEPXHOCTH YacTull 6eproinuaa. [Tpu
3aMellIMBaHUM MOPTIAHILIEMEHTA C BOIOM MOJIIPHEBIE MOJIEKYJIBI BOJIBI
aTaKyloT KMCJIOTHbIE 1 OCHOBHBIE LIEHTPbl MMHEPaJoB BsKy1iero. [1po-
WCXOAUT pacciaablieHue U pa3pbiB XUMUUECKUX CBSA3EH 1 IUCCOLMALIUS
BOJIIbI ¢ 0Opa30BaHMEM aKTUBHBIX YACTULl, CBOOOIHBIX aTOMOB BOJIO-
pona H u cBobogubix pagukanoB OH, a takxke nono H+u OH™. Pe-
aKI1us JUCCOLIMALIMU BOJBI SIBJIIETCSI 0a3MCHOM 9K30TEpMUUECKOM pe-
aKluen, MuTalolleil 3Heprueil Bce mMpolecchl, YTO COOTBETCTBYET KOH-
nenuuu I1.T. KomoxoBa [81] o poji BOabI KaK SHEPreTUYECKM aKTUBHO
JEUCTBYIOIIETO CUIIOBOTO MCTOUHUKA B IIPOIeCcCaX TUApATALIMKA U CUH-
Te3a MPOYHOCTHU LIEMEHTHOTO KaMHSI.

[To mueHwm1o [194], B OOJBIIMHCTBE PadOT, MOCBSIILICHHBIX XUMUU 1
(pM3UKO-XMMUM LIEMEHTOB, TOBOPUTCS O MEXaHU3Me TBEpACHUS (0 Me-
XaHU3Me THUAPATALIMOHHOTO TBEPACHMS) HEOPTraHUUECKOTO BSIKYIIETO
BeniecTBa. [1pu TakoM pacCMOTpPEHUU XMMU3M TTPOLIECCOB B3aUMO/Ieli-
CTBUSI BSLKYILIETO C BOJOI OTOABUraeTCs Ha BTOPOI T1aH. B aTol CBSI3U
cnemyetr otMeTuTh ciioBa I. Kions [26], cka3zaHHBIE UM BOCEMBIECST JIET
Hazan: «BHUMaHMe HEUCKYIIIEHHOTO HAa0IIoaaTe s B IIpoliecce TBepae-
HUSI BSDKYILMX BEIECTB MPUBJIEKAIOT HE CTOJIbKO XMMUYECKUE PeaKIIvH,
BBI3BIBAIOIIME 3TOT MPOLIECC, CKOJIbKO (PM3NUYECKOE UX CIEACTBUE —
npeBpalleHre B KAMHEBUIHOE TEIO».

B pabote OymyT paccMOTpeHBI HEKOTOPbIE XUMUYECKIE IIpeBpaliie-
HUSI, TIpeAonpeaesole Mpolece TBEPASHUS OPTIaHALEMEHTA.

1.2. Bausnue Moauumpyomux 100aBoK Ha (hopMUpOBaAHHE
JUCTIEPCHO-KPUCTAJUIMTHON CTPYKTYPbI IEMEHTHOTO KAMHS
n 0eToHa

ITpumeHeHre pa3IMyHOIO poaa 100aBOK ITPU U3rOTOBJIEHUM OETOHOB
U IPYTUX CUJIMKATHBIX CTPOUTENbHBIX MATEPUAIOB UMEET JOCTATOYHO
OOJIBIIIYIO ICTOPUIO.

ITo muenuto [203], pazmuyHOro pona 100aBKU, BBOAMMbIE B IIEMEHT-
HbIE JUCIIEPCHBIE CUCTEMBI, MOXKHO pACCMaTPMBATh KaK IMIPUMECH, KO-
TOpPbIE U3MEHSIOT X0, KPUCTA/UTM3allM HOBOOOpa3oBaHUii, (pa30oBbIii
COCTaB ¥ CTPYKTYPY LIEMEHTHOTO KaMHS.
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CornacHo npeacrasneHusiM bpeHcrtena-Jlaypu u JIprorca mo Teopun
KUCJIOT M OCHOBaHUi1 [22] M COBpeMEHHbBIM MPEACTaBICHUSIM O XUMUU
TBEPIOTO TeJIa, B COOTBETCTBUM C KOTOPHIMU TBEPIOE TEJIO PACCMATPH -
BaeTCs KaK COCTOSIIIEee U3 OCTOBA 1 (PYHKIIMOHAIBHBIX TPYTII ITOBEPX-
HOCTH, JieXXallluX B OCHOBE CO3IaHMsI JOHOPHO-aKIIeNTOPHON MOJEN
CTPOEHMS ITOBEPXHOCTH TBEPIOTO TeJla, BCe KOMITOHEHTHI, BXOISIINE B
COCTaB LIEMEHTHOTI'O TeCTa WX OETOHHOM cMeCH, MOXKHO paccMaTpUBaTh
KakK CMecCh BellleCTB, CIIOCOOHBIX KaK OTAaBaTh (IOHMPOBATh) MPOTOH,
TaK U IPUCOEINHATH (aKIENTUPOBaTh) IPOTOH, 1o bpeHcreny-Jlaypm,
WIX aKLENTUPOBaTh (KMCI0Ta) WM JOHMPOBATh (OCHOBAHME) HEIO-
JIeJISHHYIO Mapy 2JIEKTPOHOB, 10 JIboucy.

Takum 06pa3oM, TI0O60e XUMIIECKOE B3aNMMOICHCTBIE TBEPIOTO Tejia
C peareHTOM HayMHaeTCs C ero MoBepxHocTu. [1oaToMy mpu 3aMern-
BaHUM TUCTIEPCHOTO MOPTIAaHALIEMEHTA C BOIOU 1 JOOaBKaMu 10001
IIPUPOIBI TIEPBEIM IIPOLIECCOM SIBJISIETCS alCOPOIIMOHHBIN, COTTPOBO-
KIAIOITUHCSI U3MEHEHEM XUMMUECKHX CBOMCTB MOBEPXHOCTH YaCTHUIL
MUWHEPaJIbHOTO BSIXYILIETO BellleCTBa ¢ 00pa3oBaHEM XeMOCOPOILIMOH-
HBIX TTOBEPXHOCTHBIX KOMITJIEKCOB Pa3INIHON XUMUYECKOM ITPUPOIHI,
a BO3HUKAIOIIUE TTPY 9TOM XeMOCOPOIIMOHHBIE CBSI3U OYEHb MHOT000-
pa3HBbl.

B.H. Bepuuropogsa [30], aHanmmn3upys 3KCIiepuMeHTaJIbHBIE JaHHBIE
0 BIWSIHUIO 100aBOK nosepxHocmuo-akmusruix seujecme (IIAB), anpo-
monubix kucaom (AK) u cynepnaacmugpuxamopoe (CI1) Ha KUHETUKY
CopOLMM KaTMOHOB Kanbuus rejieM Si0,, KuHeTuKy pactsopenus SiO,,
(dazoBnlii coctaB I'CK, pH xuakoii (pa3bl, KOHCTaTUPYET, YTO BIUSIHUE
n06asok B cucreme CaO—Si0,—H,0 cBonuTcsa K MoaubuLMPOBaHUIO
MOBEPXHOCTH YacTUll reig SiO, ¥ K MOBLIIIEHUIO N€(PEKTHOCTU €TI0
CTPYKTYpHI. SiO, aBigeTcs OMpYHKUNOHATBHBIM ancopbeHToM. B 3a-
BUCUMOCTH OT MPUPO/IbI JOOABKHU MTOBEPXHOCTb OKCUAA KPEMHMUSI CTa-
HOBUTCS WJIN TEOMETPUIECKH, SJIEKTPUICCKU Y XMMUYECKH HEOTHO-
pOOHOM, MK Ooyiee crieUMPUUHOMN, ¢ TTpeodlalaHMEM OCHOBHBIX
CBOICTB, 00Jiee reOMETPUUYECKHU CIITAXKEHHOM. DHEPreTUUeCKU U XUMU-
YeCKHM HEOTHOPOIHAS IIOBEPXHOCTD CITOCOOHA aicOPOMPOBATh YACTHUIIHI
JIT00O0# TIPUPOJIBI.

AncopounonHbie MoyieKyiabl 1 MoHBI AK, TTAB u CII urpator poib
3aMeCTHTEeIIei Ha MTOBEPXHOCTH TUTAHTCKOM pa3ymopsmouyeHHON Ma-
KpoMosieKyJibl SiO, 1 0Ka3bIBalOT MHAYKLMOHHOE BJIMSAHKE Ha CBS3b
Si—O. MoHbl 1 MOJIEKYIIBI 100aBOK, BHEAPSAACH B CTPYKTYpY Si0O,, mo-
BBIIIAIOT KOHIIEHTPAIIHIO Ae(DEKTOB M PaCCIa0IISIIOT XUMUIECKIE CBSI3H.
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B0 o6neruaet nuddysuio nonos Ca’*, Si**, 0=, H*, OH™ u H,0 npu
o0pa3oBaHUM HOBBIX (ba3. Bce mpoliecchl, mporekaloiiue B CUCTEME,
MMEIOT KoJiebaTeIbHBIN XapaKTep, KOTOPHI BbI3BAH XUMUUYECKON 1
SHEPreTUYECKON HEOTHOPOIHOCTLIO MOBEPXHOCTH YacTull SiO, u ne-
PUOINYECKON TreHepallieil OCHOBHBIX M KUCIOTHBIX LIEHTPOB B PE3YJib-
TaTe AMCIIEPIUPOBaHKA CTPYKTYphI SiO, o1 AefCTBUEM MOJIEKY.T BOJBI,
aktuBHbIx yactur H', OH", HY, OH™, karronos Ca’>", nmoHOB 1 Moste-
KyJ go6aBok. I1pu 3TOM 00pa3zoBaHUE MTOBEPXHOCTHBIX XUMUUECKUX
COEIMHEHUI MOXET ITPOUCXOANTH O€3 CYIIeCTBEHHO nehopMalvu IT0-
BEPXHOCTH aJicopOeHTa U aOCOPOMPYIOLIMXCS MOJIEKYJ, C YaCTUIHOM!
nedopmalieid MoJeKyJIbl M TOBEPXHOCTU U C pa3pylleHUeM aacopou-
PYIOIIUXCS MOIEKYI [56].

TTosinenue CII B koH11e 60-x — Havaste 70-X I'T. IIPOIILIOrO CTOJIETHS
YBEHUYAJIO MHOTOJIETHIOIO TEHACHLIMIO «XMMU3aLMN» OETOHA — TTPUMeE-
HEHMUS B TEXHOJIOTUH PA3IMYHBIX J0OABOK-MOAU(UKATOPOB, YIIydIlla-
IOLIMX T€ WIM MHbIE CBOMCTBA OETOHHBIX cMeceid U 0eToHOB. Boaneii-
CTBYsI Ha ITpoLiecChl (POPMUPOBAHUSI CTPYKTYPhI, 0COOEHHO Ha HaYaJslb-
Hoi1, KoaryasgnuoHHoi, ctaguu, CII uaMeHsII0T peojJoTuuecKue
CBOICTBA LIEMEHTHOM CUCTEMbI, CLIOCOOCTBYIOT COKPAILIEHUIO €€ BOJIO-
MOTPEeOHOCTH, YTO B JaJIbHEMIIIEM OTpaxkaeTcsl Ha TapaMeTpax KpucTal-
JIN3aLIMOHHOM CTPYKTYpHI [78].

Baxxneiimm 10cTKeHeM B 001aCTH 06 TOHOBEIEHSI M TEXHOJIOTUM
LIEMEHTHBIX OETOHOB 3a ITOC/IeTHNE ABa AECATUIETUS SIBISIETCSI OCBOCHUE
¥ TIpUMEHEHNE B OTEUECTBEHHOM CTPOUTENILHOM MPaKTUKE CYIep- 1
TUNepriacTu(GUKaTOPOB B COUETAHUU C BhICOKO3((DEKTUBHBIMU MU~
HepaJlbHBIMU JOOaBKaMU U KOMILIEKCHBIX MoAuGuKaTopoB Tuna Mb.

CoBpeMeHHBII BLICOKOKAYECTBEHHbIN OETOH, OCHOBAaHHBII Ha MO-
JEeJIN BBICOKOH IJIOTHOCTH, TIPEACTABISET COOOM CIOXHYIO CUCTEMY,
BKJIIOYAIOIIYIO XUMUUYECKUE U MUHEPaJIbHbIEe 100aBKU B KaUeCTBE O/~
HOTO 13 CaMBIX OCHOBHBIX KOMITOHEHTOB, TTO3BOJISIIOIINX PETYIUPOBAThH
CBOIiCTBa OETOHHOI CMeCH U OEeTOHA B IIIMPOKOM AMAaria3oHe U Mpexe
BCEro TeXHOJOTUYHOCTb, MPOYHOCTD, INIOTHOCTb U JOJITOBEUYHOCTb.
B sTOM ImTaHe BecbMa noKa3aTeIbHa peTPOCIeKTUBHASI TCHACHIIYS pa3-
BUTUSI 6emonoe Ho6ozo nokonenus (BHII) c ncnonab3oBaHUEM XUMUYE-
CKHX U MUHEPaIbHBIX J0OABOK HOBBIX ITOKOJIeHUH (puc. 1.2) [214, 221].

3apyOexXHbIil 1 oTedecTBeHHbI onbIT npuaanus bBHIT HoBbix yH1-
KaJIbHBIX TEXHUKO-3KOHOMUYECKUX CBOMCTB MPEIONPeae/II OTHECEHUE
3TUX MaTepuaaoB K 0€TOHAM BBICOKUX M CBEPXBBICOKMX TEXHOJIOTHIA:
high performance concrete (HPC) — sbicoxoghynkuyuonanwvruiii bemon
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(B®B); self-compacting concrete (SCC) — camoynsomusroujuiics bemon
(CYDb); reactive powder concrete (RPC) — peakuyuonno-nopowxoguwiii
oemon (PI1B); ultra high performance concrete (UHPC) — 6emon co
ceepxevicoKumu IKcnayamayuoursvimu ceoiicmeamu (YBDB) u np.
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50 @ B/ Y{[Lnactupukarop H Bosokna
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1850 1900 1950 2000 Tomsr
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Puc. 1.2. Pa3BuTtue TexHoyioruu 6etoHa [214, 221]

JlutrepatypHble UICTOUHUKH, B KOTOPBIX pACCMATPUBAIOTCSI BOITPOCHI
piusiHust CIT Ha CTPYKTYypy 1 CBOMCTBA LIEMEHTHBIX CUCTEM, YPE3BhI-
yaifHO MHOTOYMCIICHHHI [4, 7, 13, 14, 33, 55,56, 68,71,76, 87, 137, 154,
157, 183, 185]. 3HaunTeNbHBIN BKJIAJ B pa3BUTHE 3TOM IMPOOJIeMbI BHEC-
mm U.H. Axsepnos, FO.M. baxenos, B.I. barpakos, B.B. badkos,
IN. bepnos, B.H. Bepauroposa, A.1. Boek, ®.J1. Ilekkens, B.T. Epo-
(dees, N.A. BanoB, ®.M. MBanos, B.N. Kanamnnkos, C.C. Kanpu-
enos, I1.I. Komoxos, A.B. Jlaroiina, H.. Makpuau, O.I1. Muemios-
[TerpocsiH, I.B. Hecetaes, B.b. Patunos, P.3. Paxumos, M.M. Chblues,
0O.B. Tapakanos, b.41. Tpodpumos, A.B. Yiiepos-Mapiuak, B.P. @anuk-
MmaH, B.I. Xo3un, E.M. Yepnsinos, A.B. [lleiitndensa, E.N. IlImutbko
U IIp., a U3 3apy0exHbIx uccaenonareieit — 1. bepnan, C. bpyHayep,
A. Ipynemo, C. Ipun6epr, JI. Koymutenn, @. Jiu, @. Jloxep, T. [Tayapc,
B. Pamauanapan, X. Teitnop u ap.

Ancop6uuio ITAB B ieMeHTHBIX CUCTEMaX Ha TOBEPXHOCTHU pa3jea
«TBEepIOe TEJIO — PacTBOP» MOXHO paccMaTpuBaTh, OCHOBBIBAsICh Ha
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JIBYX pa3In4yHbIX pusnueckux Mmoneiisax [13]. B mepBoit mpeamnonaraeT-
Csl, YTO aICOPOLIMS, IO CYLIECTBY, OTpaHUYEeHAa MOHOCJIOEM, HEOCpe/I -
CTBEHHO MPUJIETAIOIINM K TOBEPXHOCTHU, a ITOCIEAYIOIIME CJIOU (haKTU-
YECKHU MPEACTABIISAIOT CO00 MCTUHHBIN pacTBop. [1pu 3TOM CUJibI B3a-
UMOAEHCTBUS MEXIY TBEPAbIM TEJIOM U MOJIEKYJaMU PaCTBOPEHHOTO
BelleCTBa OBICTPO OCJIabeBalOT 110 Mepe YBEIUUEeHMSI paccTossHus. Bro-
past MOZIeJIb IPEAToJIaraeT, UTo ancopOLIMsI CBsI3aHa C TOBOJIBHO TOJICTHIM
(10 1000 HM) MOJIUMOJIEKYISIPHBIM MexK(a3HbIM CJIO€M, HaXOISIIIUMCSI
B MEJIJIEHHO CMaAarolieM MOTEeHIIUAIbHOM T10Jie TTOBEPXHOCTU TBEPAO-
ro BemectBa. C 3TOl TOUKM 3peHUsI, aAcOpOLIMs U3 pacTBOpa IMpeCcTaB-
JIIeT co0OM NepepacripeiesieHue BelllecTBa MeX Ty 00beMHOI U MOBEPX-
HOCTHOI (pazaMu.

O06pa3zoBanue ancopoLMoHHbIX coeB ITAB Ha moBepxHOCTH 3epeH
LIeMEeHTa SIBJISIETCSl BaXKHEH MM (DaKTOpoM MoAMGbUKALIUU CTPYKTYPbI
U CBOICTB LIEMEHTHOT'O TECTa U KAMHS.

OpnHako cyiiecTByeT u apyroe MHeHue [37]: ancopouus ITAB Ha mu-
HepabHBIX BSLKYIIMX MaTepuajax 3aTpylHeHa, TaK KaK OHM, pacTBO-
psIsiCh B BOZI€, TEHEPUPYIOT NTOTOK BELIECTBA, HANIPABJIEHHbBIU OT MEX-
(hazoBoit rpaHULIBI B CTOPOHY XUAKOCTH 3aTBOPEHUS. DTOT MOTOK, OT-
TecHss1 [TAB, moHMXKaeT TeM caMbIM BEpOSITHOCTb MX aJCcOpOLIMU Ha
MOJBUXHOM MOBEPXHOCTU METACTAOWILHOM (ha3bl.

B cBeTe 310l KOHLEMIIMY 3aMeIJIsiiollee TBepAeHUE IeliCTBHUE, OObIU-
HO CBOMCTBEHHOE IoaasJsionieMy 0oabnHCTBY IIAB, 00ycioBieHo
X afcopOLMell Ha BO3HUKAIOIINX, a 3aTeM Ha PacTyIIUMX THAPaTHBIX
oOpa3zoBaHusx. B pe3yiabrare aacopOLUM IPOUCXOIUT MOIUMDUIIMPO-
BaHUeE U MOBbILLIEHUE TUCTIEPCHOCTU HOBBIX (ha3; OHU MOCTENEHHO 3Kpa-
HUPYIOT 3€pHa LIEMEHTA, CHUXKasi CKOPOCTh MX TUIpATaLIUH.

BwmecTe ¢ TeM, eciu OJHOCTBIO UCKIIOUUTH agcopoumio ITAB Ha
MOBEPXHOCTH 3€PEH LIEMEHTA, TO HEeJIETKO OObSICHUTD T1aCTU(DULIUPY-
oniee AeMCTBUE 3TUX 100aBOK, MPOSIBISIOLIEECs HEMEMJIEHHO Moce
3aTBOPEHUS LIEMEHTA.

Heiictue ITAB Ha nipoliecchl TUApaTallMy BSKYIIMX HE UCUEPITbI-
BaeTcsl TOJbKO 00pa3oBaHUEM alCOPOLIMOHHBIX 000J0UeK Ha TTOBEPX-
HOCTU TUAPATUPYIOIIUXCS 3epeH LieMeHTa. CUMTaeTcs, 4YTO B IPUCYT-
CTBMU 3TUX COENMHEHU TP rMApaTaliiy IEMEHTOB U3MEHSIOTCS CKO-
POCTb BbIIEJIEHUSI TUAPATHBIX HOBOOOPA30BaHWIA U YCIIOBUSI KOHTAKTHBIX
B3aMMOIEHCTBUI MEXIy YaCTULIAMU JUCIIEPCHOM (ha3bl.

I0.M. Byrt u T.M. bepkoBuu oT™Mevaiu, YTO BBeIeHE OpraHuye-
CKMX BEILECTB U30UPATETbHO MEHSIET TAaKXKE U CTETIEHb TUApaTalluu
KJIMHKEPHBIX MUHEPAJIOB.
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