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AHHOTanus. PaccMOTpeHO HCIONIB30BaHME CaMOBOCCTAHABJIMBAIOLIETOCA —JE€KOpa-
TUBHOrO OeTOHa I IMpeNOTBpAllleHHs] NOSABICHUM TPEIIMH, a TAaKKe YCUJICHHMsS CTOHKOCTH
MaTepuaia K pa3IMdHbIM IPUPOJTHBIM M TEXHOTEHHBIM (hakTopam. OrpeneneHbl COCTaBbl OETOHA,
KOTOpbII  BK/IIOYaeT B cebs Oenblii MOPTIaHIUEMEHT, IECOK CpeAHel KpYIMHOCTH,
BBICOKOAKTHBHBI METaKaOJIMH, PACHIUPSIONIYI0 CYIb(OATIOMHUHATHYIO H00aBKY, MOJIOTHIH
I'paHyJIMPOBAHHBIA JIOMEHHBIA LUIAK, a Takxke cynepruiactugukarop. OTMEUeHO, YTO OLEHKa
npolecca caMo3ajJeurMBaHUs TPEIIMH Ha IOBEPXHOCTH OETOHA OCYILIECTBIISIETCS BHU3YyalbHbIM
METOI0M, a TaKXK€ C HCIOJIb30BAHMEM KOCBEHHOH XapaKTEPUCTUKU CaMOBOCCTAHOBIICHHUS —
Kod(puIMeHTa TPEIMHOCTONKOCTU. lccnenoBaHue HampaBiIeHO Ha YCHWJICHHE MPUPOIHOTO
HOTEHIMajJa K CAaMOBOCCTAaHOBJICHUIO (QyTOT€HHBIH MEXaHHU3M) C IOMOUIbIO CHEIHMaIbHbBIX
n00aBOK, OO0JIAMAIOMUX IYIIIOTAHOBOKW AaKTHBHOCTHIO. [IpMBEIEHBI KOMILIEKCHBIE XapakTe-
PUCTUKHA TOTOBOTO M3J€IMs, a TaKKe pe3yibTaThl SKCIEpPUMEHTa MO HaOJIOJCHUIO 3a
3aTATMBaAHUEM TPCUIMHBI HA TIOBCPXHOCTH Oerona.
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IIJIaK, BBICOKOAKTHBHBIA METAKaOoJIMH, cynepriacTugukaTop, Kod)PHUIHMEHT TpeumHOoCTOM-
KOCTH, ayTOI'€HHBIN MEXAaHU3M.
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BBEJIEHHUE

OOpa3oBaHue TpeUIMH B OETOHHBIX M )KEJI€300€TOHHBIX KOHCTPYKIMSIX HA MPOTSHKEHUHU
UX JKM3HEHHOTO IMKJIa HEU30€XKHO, B CBSI3M C YE€M IIOCTOSIHHAs HEOOXOAMMOCTh PEMOHTA
CYIIIECTBEHHO BIUSET HA OOIIYI0 CTOMMOCTh CTPOUTENHCTBA U 00CHyXuBanus [ 1, 2].

Hcnonb30BaHne JEKOPAaTUBHBIX OETOHOB C CaMOBOCCTAHABIMBAIOLIMMUCS CBOMCTBAMH
OpyU TPOU3BOJCTBE OOBEKTOB OOJaropakuBaHusi U OOYCTPOMCTBa TOPOACKHX TEPPUTOPHIA
npejcTaBiIsieT coOO0l OJWH M3 CHOCOOOB TMOBBIIEHHS KayecTBa TOPOJCKHX MPOCTPAHCTB,
MOCKOJIBKY MOXET MPOJUTUTh CPOK CITYKOBbI U3/1€1HsI U COKOHOMUTH 3aTpaThl B Oy IyIIEeM.

K BO3MOXHBIM HpUYMHAM CAMOBOCCTAaHOBIIEHHSI O€TOHAa OTHOCATCS O0Opa3oBaHUE
KapOOHaTa WJIM THJIPOKCHAA KaJbIMs, OCAXKACHUE YaCTHIl, MPOAOJDKAIOIIASACS THIpaTalus,
HaOyxaHue [eMeHTHON MaTpullbl [3, 4]. OOblYHAs U 10XKA€Bas BOAA MPH peakluu ¢ OETOHOM U
YIJIEKHCIIBIM Ta30M B aTtMocgepe crnocobcTByeT o0pa3oBaHMIO KapOoHaTa KaibIUsi B OETOHE,
KOTOPBI 3aJIeUMBACT TPEIIMHBI HA MOBEPXHOCTH OeToHa [3].

VYdeHble, HCCIEIOBABIINE IPOILECC CAMOBOCCTAHOBJICHHMS OETOHA, BBIICIWIM JBa
OCHOBHBIX MEXaHHU3Ma caMo3aedYMBaHus TpeluH [1-7]:

1. AyToreHHsblii (aBTOHOMHBI), KOTOPBIA peanu3yeTcst 0e3 BBEACHUS B COCTaB OeToHa
Ouosnornyeckux J00aBOK M OOYCJIOBJIEH JajbHEWINEW TruapaTanyel HeruapaTUpOBaBILNX
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[IEMEHTHBIX YacTHIl (KIMHKEPHBIA (HOHT), MYIIIOIaHOBON peakiuei MaTepraioB U HACHIILICHUEM
THIPOOKCH 1A Kanbius [ 1-4].

2. buonornyeckuii, OCyluIeCTBISIEMbII 10 TaKOMY NMPUHIUILY: JIAKTAT KaJbLUs BMECTE C
OakTepusMH TOMEIAeTCsl B KalCyjbl U3 OuopasjaraeMoro IJjacTHKa JUaMeTpoM 2-4 MM,
KOTOpHIE C MOMOIIBI0 XMMHUYECKH AaKTUBHBIX J00aBOK BHEAPSAIOTCS B OeTOHHYIO cMmech. [lpu
HOPMAJIbHBIX YCJIOBUSX HCIIOJIB30BAHMS KaICYJIbl COXPAHSIOT CBOIO LIEJIOCTHOCTb, U OaKTepuu
HAXOJATCS B COCTOSHMM aHaOmo3a. OIHAKO MpPU MOSBICHUH MUKPOTPEUIMH CTPYKTypa Kamcyi
HapyIIaeTCs, YTO NPUBOAUT K MPOHUKHOBEHUIO BHYTPb HUX BJard M BBIBOJUT OaKTEpUH U3
aHaOMo3a, AaKTUBUPYS MX; 3aT€M HACTyHaeT OBICTPbI POCT YHUCIEHHOCTH OaKTepui,
NOTPEOAIOMIMX KalblUUK JlakTaTta. Beigensemblii OakTepusMu B MpOLECCE HX KHU3HE-
JIeSTEIbHOCTH U3BECTHSIK 3aIOJIHSACT MUKPOTPEUIMHBI [5—7].

CormacHo paboram [1-4], Haubosee 3p(PEKTUBHBIM MEXaHU3MOM CaMOBOCCTAHOBJICHUS
ABJIIETCS ayTOTEHHBIM, OOYCIIOBIEHHBIN MYIIOJAHOBOW peakiuueil MHHEPAIbHBIX W KpPHUCTAJI-
andeckux goOaBok. [locTosiHHas ruaparanys MUHEPaNbHBIX J100aBOK  CIIOCOOCTBYET
ayTOr€HHOMY BOCCTaHOBJICHHIO, TIOCKOJIBKY OOJIbINIAst 4acTh ATUX J00ABOK (HampuMmep, MOJIOTHIN
JIOMEHHBIH 1IJTaK) OCTaeTCs HErHApaTHPOBAHHOW Jake B MO3HEM BO3pAcCTe.

Cpenu Takux 100aBOK MOKHO BBBIJICIMTH MOJIOTHIN IPaHyJMPOBAHHBIN JOMEHHBIN IIIaK
Y BBICOKOAKTHUBHBIN MeTakaoauH (BMK).

BBenenue nuiaka B COCTaB IO3BOJIAET IMOBBICUTH CTOMKOCTh O€TOHAa K OOpa30BAHUIO
TPEIIUH, CHU3UTh KO3(PPHUIIMEHT TEIUIONPOBOAHOCTH U YBEIHMUUTh YCTOMYHBOCTh K arpeCCUBHBIM
cpenaM. PesynpraTaMu HMCCIIEIOBaHMM W MPAKTUKOW YOEIUTENHHO JOKa3aHO, YTO OCTOHBI Ha
LIEMEHTAX, COAEPIKAIMX MOJIOTHIN TPaHYIMPOBAaHHBIM JOMEHHBIN IIJIaK B KonuuecTBe oT 20 1o
60 %, UMEIOT CylIecTBEHHBIE YKOHOMHUYECKHE, IKOJIOTHMUYECKHE, TEXHOJIOTHUYECKHUE M IKCIUTya-
TaIlMOHHBIE TPEUMYIeCcTBa Nepes 0eToOHaMHU Ha MOpPTIaH/IeMeHTe 0e3 MUHEepalbHbIX J00aBOK
[8,9].

BbICOKOAKTHBHBII METaKaoJlMH NpPUMEHSEeTCs B cOCTaBe O€TOHa M yCUJICHUs
(ynnotHeHus1) crpykTypsl [10]. DTo rujgpaBiMyecku akTHBHas Jo0aBKa, CHOCOOHas Hpu
B3aUMOJICHICTBUM C THAPOKCUIOM KajblMs OOpa30BBIBaTh HEPACTBOPHMbIE HU3KOOCHOBHBIE
ruapoamtoMocuinnkarel kanbius [11, 12]. Kpome toro, BMK sBasiercss KpuCTaITHYECKOM
N00aBKOM — 4Ype3BbIUANHO THAPOPUIBHBIM NPOJYKTOM, CO3/IaHHBIM C MOMOILBIO «AKTUBHBIX
XUMHUYECKHUX BELIECTB», KOTOPBIM YacTO CMEIIMBAIOT C LIEMEHTOM M meckoM. B mpucyrcrBun
BOJIbI OHU BCTYIAIOT B PEaKIUI0, 00pa3ysl HEPACTBOPUMBIE B BOJIE OCATKH, KOTOPbIE OJIOKUPYIOT
MOpPhl U TPEHIMHBI M MOBBIMAKT MIOTHOCTh CSH M yCTOMYMBOCTH K NMPOHUKHOBEHHUIO BO/IBI
[2, 12].

OneHuTh TIpoOllECC CaMO3aJICYMBAaHUS TPEIIMH Ha TIOBEPXHOCTH O€TOHA MOYKHO
BHU3YyaJlbHBIM METOJIOM [6], a Takke C HCIOJIb30BAHHEM KOCBEHHON XapaKTEPUCTHKH CaMo-
BOCCTAHOBJIEHMSI — KOO PHUIMEHTa TpelnHoCcTolKoCTH [ 13, 14].

MATEPHUAJIBI U METO/IbI

Bbutn M3ydeHsl BO3MOKHOCTH TIOJTYYEHHUSI CAMOBOCCTAHABJIMBAIOUIETOCS JIEKOPATHBHOTO
0eTOHa C MHCIOJB30BAHMEM OTXOJ0B METAIIyprU4eCKOil IMPOMBIIUIEHHOCTH (MOJOTOTO
IPaHyJIMPOBAHHOTO JOMEHHOro Ijiaka), kpucramnumdeckoid nobaBku (BMK) u cynbdoanto-
MHUHATHOW J100aBKHU. J{J1s1 3TOr0 ObUIM M3rOTOBIIEHBI 00PA3IBI-0ATOUKH U KYOBI JUIs ONpeAeIeHUs
npezesna MPOYHOCTH MPH U3THOE M C)KATUU B BOJOHACHIIIIEHHOM M €CTECTBEHHOM COCTOSIHUH.

Hcnonb30Banuce cieayromme KOMIOHEHTH: Oenblii mopriananement I1b 1-500-710
(Cemix); mecok cpeaHEedl KpPYyMHOCTH C MoayjieM KpymHocTH 2,38; cymepruiacTudukaTop
«Texnonukonb RM-304»; cynbpoamomunatHas pacumpsitomas nob6aska PJ-H ¢ ynenbHoit
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noBepxHOoCThIO 350 M?/KT; BBICOKOAKTHBHBI Merakaoans BMK-45 ¢ YAEIBHON IMOBEPXHOCTHIO
1 700 M2/KT M HACBIHOM MIOTHOCTHO 480 Kr/M°,

Marepuanbl, B3BEIICHHBIE C YYETOM 3apaHee PacCUYMTaHHOTO COCTaBa OETOHHOW cMecH,
3aChIAIUCh IOOYEPEJTHO M B TEUEHME 2 MUH IEepeMELIMBAIUCh JIONATKOH, IOciIe 4Yero
3aTBOPSJIMCH BOJOM.

KoHTponb M KOpPPEKTUPOBKAa IOJYYEHHOH CMECH OCYLIECTBISUIMCh IPH IOMOLIU
«MaJioro» KOHyca IO BEJIMYMHE pacIUIbiBa, KOTOpas JOoJbKHA Obiia coctaBiarh 160—180 mm
(5 MmM). B cinydae oTKIOHEHHS OT 3a/JaHHOTO JUara3oHa MPOBOAMIACH KOPPEKTUPOBKA COCTABA!
pY HEJOCTATOYHOM DACIUIBIBE JOMOJHUTEIHHO BBOAMIOCH 5 % BOABI W IIEMEHTAa C MAJIbIM
KOJINYECTBOM CyIepIiacTu(huKaTopa; Npy Ype3MEPHOM pacIlIbIBE YBEIMUMBAIACh 10JIs IIECKa.

CKOppeKTHpOBaHHAs CMECh TIIOCIOMHO YKJIAABIBAIIACh B IOJATOTOBICHHBIE (OPMBI
pazmepoM 4,0 x 4,0 x 16,0 cm u Gopmsl pazmepom 7,0 x 7,0 x 7,0 cM ¢ YIUIOTHEHUEM Ka>KJOTO
CJIOSI METAJUIMYECKON MITHIKOBKOW. OKOHUYATENBbHOE YIIOTHEHHE MPOU3BOMIOCH HA BHOPOCTOIIE
70 TIOSIBJIEHUS LEMEHTHOrO0 MOJIOKa Ha noBepxHocTd. Ilocie BuOpoymnoTHeHUs (HopMel
HAKPBIBAIUCH IJICHKON M BBIICPKUBAINCH B TEUCHHE 24 4.

Croycrss CyTKM NpPOM3BOAMIIOCH B3BEIIMBaHHE (opM ¢ mocieayromeil pacrnanyOKo.
beronnsie 00pa3bI-0aIOYKK  BBICPKMBAINCH B HOPMAJbHBIX YCIOBUAX (TeMmepaTrypa
18-22 °C, otHOCUTENbHAs BIaXKHOCTh Bo3ayxa 95 + 2 %) B Teuenue 28 cyr.

Mertox onpezneneHust KO3 PUIMEHTA TPEIINHOCTOUKOCTH, PACCMaTPUBAEMOTO B KAYECTBE
KOCBEHHOI'0 TIIOKa3aTresis CHOCOOHOCTM MaTepuaja K CaMOBOCCTAaHOBJIEHHMIO, OCHOBaH Ha
NIPOBEICHUH HCIIBITAaHUH 00pa3I0B HA PaCTsDKEHHE MPH M3THOE B IBYX COCTOSIHUSIX: HOPMAJIBHOM
(BO3IyIIHO-CYXOM) M BOJOHACHIIEHHOM. KputepueMm OLIEHKH BBICTYNAeT OTHOLICHHE
MOJIyYEHHBIX 3HaYEHUH MpeIeoB MPOYHOCTH, GUKCUPYEMOE B X0/1€ IKcIepuMenTa [13].

Pacuer ko3¢ punmenTa TpemmuHOCTOMKOCTH BBITOIHAETCS 10 popMyIie

KTpCH.I = RI/I3I‘. BOI[/ RI/IBF 1

€ Rysr. sox — MPEACT MPOYHOCTH HA PACTSHKEHHUE MPU M3TMOE B BOJIOHACBHIIICHHOM COCTOSTHUH,
MIla; Ry, — nmpenen mpoYHOCTH HA pacTsKEHUE IPU U3rude B €CTeCTBEHHOM cocTosinuu, Ml]a.

BospacTanue 4HCIEHHOTO 3HAYEHHUS JJAHHOTO Kod(QUIMEeHTa CBHUIETENBCTBYET O
MOBBIIIEHUY HTHTEHCUBHOCTH MPOLECCOB CAMOBOCCTAHOBIICHUSI CTPYKTYPBI MaTepuaa.

Onpenenenue kodpduIMeHTa pa3MIrdeHus MperojaraeT MpoBeleHUe UCIBITAHUN Ha
cxaTUe OETOHHBIX O0pa3IOB, TAKXKE HAXOANIMXCS B ECTECTBEHHOM M BOJIOHACKHIIIIEHHOM
COCTOSIHUM. VICKOMBIN IOKa3aTellb BBIUUCISIETCS KaK OTHOLIEHHWE COOTBETCTBYIOLIMX IPENEIOB
MPOYHOCTH MIPH CHKATHH.

KoaddutimenT pazmsrueHus: pacCUUThIBaeTCs M0 hopMyIie

Kpa3M = chc. 3011/ chu

e Rex. sox — MPeeN MPOYHOCTH Ha PACTsHKEHHE NMPH M3rHOe B BOJOHACHIIIEHHOM COCTOSIHMH,
MlIla; Ry — npenen mpoyHOCTH Ha pacTsbKeHHe U M3rude B ecTeCTBEHHOM cocTosiHuu, MIa.
Januplii K03()(HUIMEHT KOJMUYECTBEHHO XapaKTepU3yeT BOJOCTOMKOCTh Marepuana,
OTpaskasi CTeNIeHb COXPAHEHHsI IPOYHOCTHBIX CBOMCTB MPH BOJAOHACHIIIEHUH.
DKcIiepUMEeHTaIbHasE OIIEHKAa CHOCOOHOCTHM MEJKO3EpHUCTOrO OeTOHa K CaMOBOCCTa-
HOBJICHHIO Ha OCHOBE BHM3YaJIbHOTO aHaJIM3a BBIMOJHSIACHE Ha oOpasmax KyOudeckoi (hopmbl
pasmepom 10 x 10 x 10 cm. CocraB mccienyeMbix 0Opas3IoB COOTBETCTBOBAJI COCTaBY,
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MPOJICMOHCTPHPOBABIIEMY MaKCHUMalbHOE 3HAuYeHHE Kod(D(HIMEeHTa TPEIHUHOCTOWKOCTH TIO
pe3ysbTaTaM IpeaBapUTeNbHbIX UCIIBITAHUNA. TBepaeHrne 00pa3lioB OCYIIECTBIISIIOCHh B YCIOBUSX
TETUIOBJIAYKHOCTHOM 00pabOTKH HA MPOTSHKEHUU 28 CYT.

[lo 3aBepmieHMH TepuOJa TBEPACHUS OO0pa3lbl MOABEPraJiuCh HArPYKEHUIO C
UCIIOJIb30BaHUEM THJIPABIMYECKOTO Ipecca C IEeNbi0 00pa30BaHUsSl TPEIIUH PACKPBITHEM 0
0,2 mMm. BenuuuHy Harpy3ku MNOIOMpand SKCIEPUMEHTAIbHO, OPUEHTHPYSICh Ha MOMEHT
BU3YaIbHOTO OOHApYXEHHUsS TEepBbIX TpemuH. DUKCHpOBaHHAS MIUPUHA TPEUIUH H3MEPSIIACh
mrynoM (B cootBerctBHM ¢ ['OCT 882) B 30HE WX MaKCHUMAaJbHOTO PACKPBITHS, IMMOCJIE YEro
y4acTKH 00pa30BaHUs TPEIIMH MAPKUPOBAIHUCE.

3areM 00pa3lbl MOMEMIAINCH B BOAHYIO Cpely, IJ€ BBIACPKUBAIUCH B CTAI[MOHAPHBIX
ycioBusix. C  TMEpUOAMYHOCTBIO 7 CYT MPOBOJUIIOCH KOHTPOJBHOE HW3MEPEHHE IIUPUHBI
MpeBapUTEeIbHO OTMEUEHHBIX TPEIIMH. PerucTpanus 1MHaMUKUA U3MEHEHUS PACKPBITUS TPEIIUH
MPOJI0JDKAJIACH O MOMEHTA X TOJIHOTO 3apacTaHus (CaMO3ajJeqrBaHuUs).

Kputepuem ontuManbHOCTH cOCTaBa  SIBJSUIACh  MPOJODKHTENBHOCTh — MEpUOAA
3a)KHUBJICHUS, COCTaBIIstomas oT 28 10 56 cyt. CocTaBbl, 00€CIEYNBAIOIINE 32KUBIICHNUE TPEITTH
B YKa3aHHOM BpPEMEHHOM HHTEpBajle, paccMaTpUBaINCh Kak oOnajgarouie Haubolee
BBIPAKEHHOU CITOCOOHOCTHIO K CAMOBOCCTAHOBIICHHUIO [3].

PE3YJIbTATBI U UX OBCYXJIEHUE

OnTUManbHbBI COCTaB CaMOBOCCTAHABIHMBAIOIIErOCS OETOHA BKIIOYACT CIIEAYIOIINE
KOMITOHEHTHI (pacxon, Kr): nemeHT (539); BMK-45 (66.,4); PI-H (66,4); necok (1 675); RM-304
(4,7); Boma (269).

Ha ocHoBaHMM pe3ynabTaToOB MPOBEACHHBIX HCCIIEAOBAaHHM ObUI YCTAaHOBJIEH KOMILIEKC
XapaKTEPUCTHK ONTHMAIBHOTO COCTaBa CAMOBOCCTAaHABIIMBAIOIIETOCS JIEKOPATUBHOTO OETOHA:

CPEHSs ¥ MCTHHHAS TUIOTHOCTD, KI/M',

IpeJiest MPOYHOCTH TPH CKATUHU M PacTsHKEHUH Tpu m3ruoe, Mlla;

BOJIONOIJIOLIEHHE IO Macce U 00bemy, %o;

rapaMeTpbl HOPUCTOCTHU (OTKPBITasA, 3aKpbITast U MoJHAas), %;

KOA(QPUIMEHT pa3MsAryeHus (BOJOCTOMKOCTD);

koa¢pdunmeHT koHcTpykTUBHOTO KauecTBa (KKK);

KO3 PHUIHUEHT TPELMHOCTONKOCTH.

KomruiekcHbIe XapaKTepUCTUKU M3/ICIHsSI TPEICTABICHBI HIDKE!

XapakTepucTHKa ’ 3HaueHNE
MexaHn4yecKre CBOMCTBa
[Ipenen npoyHOCTH TIPH U3THOE
6,5
B Bo3pacre 28 cyt, Mlla
[Ipenen mpoYHOCTH MpU CKATHU
39,15
B Bo3pacre 28 cyt, Mlla
Kiacc mo npounoctu B30
II;ToTHOCTE ¥ BOOOIOIVIOIICHUE
CpefHsisi IIOTHOCTb, T/CM° 2,08
HcTrHHAS NIIOTHOCTb, /e’ 2,36
Bopomnormomenune no macce, % 51
Boponornomenue no o6bemy, % 10,6
[1OpHCTOCTD, CM"
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XapakTepucThKa 3HaueHUE
OTkpbiTas 10,6
[Tonunas 11,86
3akpsbiTas 1,26

KoaddunmeHts

TpenmHocToMKOCTH 1,18
Pasmsaraenus 1,14
KOoHCTpyKTHBHOTO KayecTBa 21,23

[Tony4yeHHblii OETOH XapakTepusyeTcssi cpeaHedl 1uioTHocThio 2 080 kr/m3, dTO
COOTBETCTBYET TSKEJIBIM MEJIKO3EpHUCTHIM OeToHaM. VIcTMHHAs IUIOTHOCTH COCTaBIISET
2 360 kr/m?. Knacc mpouynoctu Ha cxatue B30 (cpennssi mpounocts 39,15 MIla) nocrarouen
it snementoB MA®. [lpoynocte Ha pactspkenue npu m3rubde (6,5 Mlla) nHaxomutcs Ha
YIIOBJIETBOPUTEIHLHOM YPOBHE U1 MaTepUajoB, paboTaromMX Ha U3TUO.

[lonnas mopuctocTs Matepuana coctaBuna 11,86 % ¢ mpeoGnagaHueM OTKPBITON
nopuctoctu (10,6 %). Bononornomenue no macce (5,1 %) u oovemy (10,6 %) TunuyHO As
IUIOTHBIX LIEMEHTHBIX KOMITIO3UTOB. KpUTHUECKM Ba)KHBIM SIBIISIETCSI 3HaueHUe Kod(dduumenra
pa3msruenus, paBHoe 1,14. Koadduiuenrt, npeBblmaomuil equHUIy, yKa3blBaeT Ha TO, YTO
BOJIOHACBILIEHUE HE MPUBOJUT K CHU)KEHUIO IIPOYHOCTH NPU CKATUH, a B JAHHOM Cllydae Jaxke
HECKOJIBKO €€ YBEJIMYMBAET. DTO MOKa3bIBa€T BBHICOKYIO BOJIO- M MOPO30CTOHMKOCTh MaTepuala,
YTO KpaliHe Ba)KHO /1J1s1 O€TOHA, SKCILIIyaTUPYEMOTr0 B BO BJIAXKHBIX YCIIOBHUSX.

IIpn cpaBHEHUM mpenena MPOYHOCTU B €CTECTBEHHOM M BOJOHACHIIIEHHOM COCTOSIHUM
MOKHO YBUJETb, UTO IMOCJIEIHUN YBEIMUMBAETCS, MOCKOJIbKY B COCTaBe OETOHAa MPHUCYTCTBYET
BMK. KnroueBbIM ME€XaHU3MOM IIPU 3TOM BBICTYNAET aKTUBHU3aLMs MYLLI0JIAHOBOW aKTUBHOCTH
METaKaoJMHAa B YCIOBHUSX HW30BITOYHOTO BOJOHACHINIEHUS. MeTakaoluH, Kak BBICOKO-
TUCTIEPCHBIM  aMOpQHBIA  aTIOMOCHIIMKAT, BCTYMaeT BO  BTOPHYHYIO  PEAKIHUI0 ¢
NOpTJIaHIEeMEeHTHBIM TuapokcuioM Kanblius (Ca(OH),). B BogoHackIieHHOM cpesie KUHETUKA U
IIOJIHOTA JIaHHOW pEeakLUMM CYIIECTBEHHO BO3pPACTalOT, 4YTO MPUBOJUT K MHTEHCHBHOMY
JOTIOJTHUTETIPHOMY ~CHHTE3y HHU3KOOCHOBHBIX ruapocwimkaroB Kampnus (C-S-H  rems).
OtnoxxeHre HOBOOOPa30BaHHOW THApPATHOM (a3sl B  MEXK3EPHOBOM IIPOCTPAHCTBE H
KalMWUISIPHBIX TTOpax o0ecreynBaeT JOYINIOTHEHHE MUKPOCTPYKTYPhl Ha CYyOMHKPOCKOITUYECKOM
YPOBHE.

B cBoro ouepenb, M30BITOK Biaru CrocoOCTByeT Oojiee TOJHOW W MPOJODKHTEIBHON
TUApaTaIiK KaK KIMHKEPHBIX MUHEPAJIOB IIEMEHTA, TaK 1 KOMIIOHEHTOB PaCIIMPSIONIEH 100aBKU
(PA-H). OT0 mpuBOAUT K ONTUMHU3ALUN KAIWIISIPHO-TEIEBON CTPYKTYpPbl LIEMEHTHOTO KaMHsI, a
UMEHHO: K CHIDKCHHI0O OOBbEMOB KPYIHBIX KANWIISPHBIX MOP M YBEIMUYEHHUIO TOIU MEIKUX
reieBoeIx [12].

PaccmoTpeHHOE sIBIEHHE CBHUETENBCTBYET O BBICOKON NOTEHLMAIBHON J10JITOBEYHOCTH
MaTepuaia B YCJIOBMSIX AKCIUTyaTallid C IMEPEMEHHBIM BIQXKHOCTHBIM pekUMoM. KoHTakT ¢
BOJIOM B JJAHHOM cJy4yae HE MHHULMHUPYET MPOILECCHl pa3pylleHHs, a HAlpOTUB, CIIOCOOCTBYET
00ecrevyeHnI0 CTPYKTYPHOM LIETOCTHOCTH MAaTPUIIbI, YTO SIBJISETCS IIEHHBIM dKCILTyaTalllOHHBIM
MPEUMYIIIECTBOM JIJIsl MAJIBIX apPXUTEKTYPHBIX (HOPM.

Koaddurment TpemmuHOCTOMKOCTH, ONpeaeeHHbI B Bo3pacTe 28 cyrt, coctaBui 1,18.
3HaveHue, crabuibHO npesbimaromee 1,0, moaTBepkIaeT BHIBObI, C/ICIaHHBIC Ha IEPBOM JTarle.
OHO yKa3piBaeT Ha (GOPMHPOBAHHE OCOO0 TIUIOTHOM H OJHOPOAHOM MHKPOCTPYKTYPHI
LIEMEHTHOI'O KaMHs, B KOTOpPOM IIpOLeCChl YNPOUYHEHUS B BOAHOM cpeae (moruaparauus,
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MYIIIOJIAHOBAsT PEaKIUs) MPeo0IalaloT HaJl HETaTUBHBIM BO3ACHCTBHEM BOJIbI. Takas CTpyKTypa
o0JaziaeT MOBBIIICHHOW COMPOTHUBIIIEMOCTBIO 3apPOXKICHUIO U DPA3BUTHIO TPEUIUMH, a TaKke
CO371a€T MPEANOCHUIKU JJIi aBTOMEHHOTO 3aJICYMBAHUSI MHUKPOTPELIMH 3a CYET MHPOJOJIKEHUS
MPOLIECCOB FUApATAIMKU U KapOOHU3ALIUU B 30HE UX 00pa30BaHUSI.

Bricokuii ko3 dunuent koncrpykruBHoro kadectBa (KKK = 21,23) moarsepikmaer
paIOHAIBHOCTh MOJ00PAHHOTO COCTaBa, AEMOHCTPUPYS XOPOIIEe COOTHOIICHHWE MPOYHOCTU U
MJIOTHOCTH.

DOKCIepUMEHTAIBHBIM IyTeM pPa3padoTaH M KOMIUJIEKCHO OXapaKTepHU30BaH COCTaB
CaMOBOCCTaHABIIMBAIOIIETOCS JIEKOPAaTUBHOIO OETOHAa Ha OCHOBE Oenoro IeMeHTa. BBenenue
KoMIuiekca Momaupunupyronmx no6aBok (BMK u cynabdoadroMUHATHOW pacIIMpsrOIIei
M00aBKH) IMO3BOJIIIO IICJICHANIPABICHHO C(OPMHUPOBATH IUIOTHYIO, XUMHUYECKH CTAOWIBHYIO
MUKPOCTPYKTYPY C MUHUMAIbHBIM KOJMYECTBOM CIAObIX 3BEHbEB, TaKUX KaK MOPTIAHIUT U
Makpomnopsl. JT0 oO0ecrneunsio wmaTrepuaiqy He TOJIBKO JIOCTATOYHbIE MPOYHOCTHBIE U
JIEKOPaTUBHbBIE CBOWCTBA, HO M MOBBIIICHHbIE 3KCIUTYyaTAallMOHHBIE XAPAaKTEPUCTUKU: BBICOKYIO
BOIOCTONKOCTh (Kpasw = 1,14) m tpemmnocToiikocts (Kipewy = 1,18). Ilocnmennsas cayxut
dbyHIaMeHTalIbHON OCHOBOW Ui MpOosBIeHUs 3PdeKTa cCaMOBOCCTAHOBICHUS MHUKPOTPEIIUH B
yCJIOBHSX OKCIuTyaTanuu. [lomydeHHBI O€TOH COOTBETCTBYET IIE€JIEBBIM IOKAa3aTessiM JUIst
MPUMEHEHHUS B IPOU3BO/ICTBE JIOJITOBEUHBIX U HA/ICKHBIX MAIIBIX apXUTEKTYPHBIX (HOpPM.

BusyanbHas oleHka Tmpoliecca 3aJieUMBaHHUS TPEIIMHBI Ha TIOBEPXHOCTH O€ToHa
MPOBOJIMJIACH Ha 00pasmax, coaepkamux B cBoeM coctaBe BMK-45 u P/I-H B konmuyecte 10 %
OT Macchl IeMeHTa. JlaHHBIA cocTaB OBUI  ONpPENEIICH Ha OCHOBE KOA(PPHUIIUEHTA
TPEIIMHOCTOMKOCTH — KOCBEHHOM XapaKTEepHCTHKM CaMOBOCCTaHOBJIEHUs. VccienoBanuch
CTaHaapTHBIE 00pa3nbl-Kyosl pasmepom 7,0 x 7,0 x 7,0 cm. Ilporecc 3aneunBaHus TPEIIMH HA
MOBEPXHOCTH OETOHA MOKa3aH Ha puC. 2.

wy g - ~y

: s s \ < / \ X
{\ BMK-45=109%5 t 7N BMK 45 =10 %: = | / | BMK-45 =10 %; / | BMK-4S = 10 %;
'Y i £ 4 X Koa1-BO Tpemun =2 uirs - ¢ \ Koa-Bo Tpemus = 1 wr; ( / 1 Koi-Bo Tpemas - 1 wit.; { 1 Kon-Bo Tpemus - 0 mT.;
1 Mlupuna Tpemun - 0,2 Mt / \ Hlnpana TPemmH - 0,2 My5 ¢ f { THupuaa Tperun - 0,1 Ma; / ‘ IIIHpHHA TPEMHH - 0 M1;
u 0,1 My P J § HHIL"TBITYY; =0 S O / 1 HHI] "TelTY"; y“ ! HHIL "Il TY";

HAITarTys b ot [ | 13.01.2026r. % S | | 23.01.2026r. / { iy oyl
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Puc. 2. Tlporiecc caMoBOCCTaHOBJIEHHS O€TOHA

Ha pucyHke BUIHO, 4YTO pe3yJIbTaT JOCTUTAETCS MOCTENEHHO: CHavYajla UCUe3at0T MEJIKUE
TpemuHbl mmpuHoN g0 0,1 MM BKIOUMTENHbHO, a 3aTeM W Oosbimme. Ha BTOpOoM sTtame
HaOmoaeTcst oOpa3oBaHue Oemoro Hamera wu3BecTd. [IpoBepka mokazama, 4YTO TIpHU
(GbopMHUpPOBaHUH HAJET HE CMBIBACTCS BOJOW, OJTHAKO Ha IMOCJEAYIOIIMX dTalax OH IMOJHOCTHIO
MCYE3aeT CAMOCTOSITENFHO. JTOT (aKT MOATBEPHKIAET, YTO HaJeT SBISETCS BPEMEHHBIM
MOOOYHBIM TMPOAYKTOM pEaKIMH W HE BIUSET Ha KOHEYHBIA pe3ynbrar. CliemoBaTenbHO,
NoJ00paHHBIA COCTaB MOJHOCTBIO paboTocnocoOeH, a Ha0oJaeMblil IpoLecc TOTOB K
JTanbHENIeH 1opaboTKe U MPUMEHEHHUIO.
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BbIBO/IbI

DKCHEePUMEHTAIBHBIM IyTEM YCIICIIHO pa3paboTaH COCTaB CaMOBOCCTAHABIMBAIOLIETOCS
JIEKOPaTUBHOTO OETOHA, MPEeIHA3HAYCHHOTO JJIsl MPOU3BOJCTBA MAJIBIX apXHUTEKTYPHBIX (HOpM.
KiroueBbIMM ~ KOMIIOHEHTaMHu, OOECHEYMBIIMMHU  CIIEIUAJbHbIC CBOWCTBA, CTanmud OEJbIi
noptinanauement, BMK-45 u cynbdoantomunaTtaas pacmmpsitomas fo6aska (PI-H).

OcCHOBO# 17151 TPOSIBIICHUSI ayTOTEHHOTO CAMOBOCCTAHOBIICHHMS (3aJI€YMBAHHUS MHKPO-
TPELINH) CIYXKHUT LEJICHAIPABICHHO CO3/1aHHAs MUKPOCTPYKTYpa LIEMEHTHOTO KaMHS.

BusyanpHas omeHka mporecca caMOBOCCTaHOBIICHHS ITPOJEMOHCTPHPOBAJIA MPHUCYITYIO
MaTepuaigy CHOCOOHOCTh K 3aJ€YMBAHMIO WCKYCCTBEHHO CO3JAQHHBIX TPEIIMH IIMPHUHON 10
0,2 MM B yCIIOBUSIX MOBBIIICHHOW BIXHOCTHU. [Ipr 3TOM BpeMeHHOEe 00pa30BaHHE N3BECTKOBOTO
HaJIeTa ABISIETCA TOOOYHBIM MPOYKTOM PEAKINI U HE yXY/IIaeT KOHEYHBII pe3yIbTar.

[Tpumenenne pazpaboTaHHOTO OETOHA MPH MPOU3BOJCTBE MaJbIX apXUTEKTYPHBIX (OpM
MO3BOJIMT: YBEIMYUTH JOJTOBEYHOCTh W3JEIUN 3a CUET CHIDKEHHUS CKOPOCTH JIerpajialliil OT
BJIarM ¥ MUKPOTPEIINH, COKPATUTh OyIyIIUe HKCILTyaTallMOHHBIE PAcX0/Ibl HA PEMOHT U 3aMEHY
3JIEMEHTOB TOPOJCKOTr0 OJaroyCTpOWCTBA, a TaKXKe IHOBBICUTH ICTETHUECKYIO IPHUBIICKATEIb-
HOCTHb 00BEKTOB OJ1aro/1apsi COXpaHSHHMIO IIETIOCTHOCTH MX JEKOPATUBHOM MOBEPXHOCTH.
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SELF-HEALING DECORATIVE CONCRETES FOR THE MANUFACTURE
OF SMALL ARCHITECTURAL FORMS

N.A. Belov, Yu.Yu. Kuryatnikov, V.V. Belov

Abstract. The use of self-healing decorative concrete to prevent the appearance of cracks
and to increase the material's resistance to various natural and man-made factors is considered.
The compositions of concrete, which include white Portland cement, medium-grained sand,
highly active metakaolin, an expanding sulfoaluminate additive, ground granulated blast furnace
slag, and a superplasticizer, are determined. It is noted that the assessment of the self-healing
process of cracks on the surface of concrete is carried out using a visual method, as well as using
an indirect characteristic of self-healing, such as the coefficient of crack resistance. The study
aims to enhance the natural potential for self-healing (autogenic mechanism) using special
additives with pozzolanic activity. The article presents comprehensive characteristics of the
finished product, as well as the results of an experiment on observing the healing of cracks on the
surface of concrete.
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OIEHKA CTPYKTYPHO-T'PYIIITIOBOI'O COCTABA BUTYMOB,
MOJIU®UIINPOBAHHBIX PE3MHOBOW KPOIIIKOM,
METOAOM UK-CIIEKTPOCKOIIUA

IO.E. Kabanos, C.A. Heanos, H.C. I'ypkun
Kyzbacckuii cocyoapecmeennviil mexuuueckutl ynugepcumem umenu T.@. opbauesa
(e. Kemeposo)

© Kabanos 10.E., Banos C.A., I'ypkun U.C., 2026

AnHoTauus. [IpuBenensl pe3yabTaTsl CPaBHUTEIBHOIO HCCIEAOBAHHUS CTPYKTYPHO-
rpymnmnoBoro coctaBa outyma mapku bBHJL 70/100, moauduimpoBaHHOTO PE3MHOBON KPOIIIKOM 1O
OJTHOCTAIUHWHON W JBYXCTAJAMHNHON TEXHOJOTHsAM. VcciemoBannue BBIMOIHEHO METOAOM HH(pa-
kpacHoii (MK) cmekTpockonuu Ha CKaHHMPYIOIIEM 3JIEKTPOHHOM MuKpockore JSM 6480 LV.
YcraHoBneHO, 4TO 6a30Bas yIIeBOAOPOIHAS MaTpUIia OUTyMa COXpaHsAeTCs MPH MOIU(PUKALIIH, O
YeM CBUJIETENIbCTBYIOT XapaKTepHbIE MOJIOCHI momiomeHus B obmactsax 2 750-2 900, 790-910 u
1600 cm™'. KpuTtepuem ycremrHoro BBEJCHUS PE3MHOBOIO MOAU(UKATOpPA CIYKUT IMOSBICHHUE
HOBBIX T0JI0C morionieHnst B uHTepBaiax 1 950-2 190 u 2 200-2 300 cM™!, 4TO KOppeaupyer ¢
IPUCYTCTBUEM B CUCTEME COECAMHEHUM KaydyKOBOM MPUPOJbl. YcuiieHue moaocs! npu 1 590 cm™!
yKa3blBae€T Ha YBEJIMUYEHHUE COACP)KaHUS BBHICOKOMOJCKYISPHBIX ac(aabTeHOB M CTPYKTY-
pUPYIOIIUX CMOJ B MomauuuupoBaHHbIX OuTymax. KadectBeHHbIX pazmmuuii B UK-cmekrpax
00pa3LoB, MOJIYYEHHBIX [0 Pa3HBIM TEXHOJIOTUSM, HE BBISBICHO.
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