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Hudopmanna

(nens umenn W.A. [pHiIManoBa

yupexaeHa PocCMMNCKON MH)XXEHEepPHOMN aKkaaeMuen

B NaMsTb BblOAKOLLErocs rocyaapcTtBeHHOro N X03MCTBEHHOIO AedTens,
['epos coumanucTnyeckoro Tpyga
nepsoro MmHuUcTpa NPOMBbILLNIEHHOCTU CTpouTenbHbIX MaTtepunanos CCCP
MBaHa AnekcaHgposuya puimaHoBa

BaH AnekcaHapoBuy lpuwmaHoB poaunncs 4 (17) okta6ps
1906 r. B 4. TatapuHoBo Teepckon ry6epHumn. Kak mHorue kpe-
CTbSIHCKWE IOHOLUN MOC/ePeBONOLMOHHOTO BPEMEHU, TPYLOBYHO
LedTenbHOCTb Hayan pa6oyum B Hebonbluom ropoge OcTallkoBe
B 1924 r. 3atem 6bina pabota Ha 3aBofe, BcTynneHue B BKI(6),
y4e6a B JIEHWHrpaACKOM WHCTUTYTE WHXXEHEPOB KOMMYHaNbHO-
ro xosfiictea. Pa6oTas B CTPOMTENbHbLIX OpraHu3auumsx, Visau
AnekcaHgpoBKy MocnefoBatenbHO MPOLLeN nyTb OT npopaba Ao
rMaBHOMO MHXeHepa. B 1944 r. oH 6GbiN Ha3HaYeH ynpaBAsLLUM
Tpectom «[1CKOBCTPOM», 3aTEM PYKOBOAWA NEHUHTPALCKUMU Tpectamu «JIeHKMpoBO-
TPaKTOpoCTpo» 1 «KnpoBcTpon». B 1951 r. ONbITHOrO X035/ACTBEHHMKA U OpraHM3aTo-
pa npoussoAcTaa M.A. MpuwmaHoBa NpuU3Banu Ha NApTUIAHYIO PaboTy — OH 6bIn M36paH
npegcenatenem KupoBckoro panvcnosnkoma.

B 1955 r. .A. TpuwmaHoBa nepesenn Ha padoty B MOCKBY Ha LOMKHOCTb 3aMeCTu-
Tens, a 3atem 3aseaytoLero Otaenom ctpoutensctea LIK KIMCC. B auape 1962 r. oH BO3-
rnasvn focynapcteeHHbli komuteT Coeta MuHuctpos CCCP no aenam CTpouTenbCcTBa
(Tocctpont CCCP). G avBaps 1963 no 1965 r. — npeaceaaresns [0CyAapCTBEHHOTO KOMUTETA
M0 NPOMBbILLIEHHOCTH CTPOUTESNbHBIX MaTepuanos npu focctpoe CCCP.

B 1965 r. nocne o4epeaHoil peopraHn3aLmny CTPYKTYpbl UCMOMHATENbHOM BNACTL 6bINO
€031aH0 MUHNCTEPCTBO NPOMbILLSIEHHOCTM CTPOUTENbHLIX MaTepuanoB CCCP. lMepBbiM Mu-
HucTpom MunnpomcTpoimatepianoB CCCP 6bin HagHaueH /iBaH AnekcaHapoBuy MPULLMaHOB.

bonbLuoe BHUMAHME OH YAeNsn pa3BUTU0 LLEMEHTHOI NPOMBILIEHHOCTH, A06WBAN-
CSl YCKOPEHHOr0 pacLuMpeHns 0Tpacnu, NOBLILLIEHIUS €€ TEXHNYECKOTO YPOBHSI, CO3AAHMS
YCNOBMIA AA1S1 NOAHOTO YA0BNETBOPEHMS NOTPE6GHOCTA HAPOJHOTO X03SMCTBA B LEEMEHTE.

VimeHHO W.A. TpuiLMaHOBY BbICLLAS LLIKONA B 06M1ACTU CTPOUTENIbHO-TEXHONIOTMYECKO-
ro 06pa3oBaHmns A5 NPOMbILLAEHHOCTM CTPONTENbHbIX MaTepuanos 0653aHa Ka4eCTBEHHO
HOBbIM 3TanoM pa3BuTus, Koraa B 1970 r. 6611 CO34aH NEPBLIA 1 eANHCTBEHHBIA HE TOMbKO
8 CCCP, Ho 1 B EBpONe TeXHOMOr4eckmin By3 AaHHOro npodouns — benropofckuii TexHo-
NIOTNYECKNIA MHCTUTYT CTPOUTENbHbIX MaTepuanos, KoTopoMy B 1979 r. 66110 NPUCBOEHO
ums Bana AnekcaHapoBuya MpuwmanoBa (B HacTosLee Bpems BITY um. B.I. LLyxosa).

3acnyrn /.A. TpuwwmaHoBa BbICOKO oueHeHbl. OH Tepoit Counanuctuyeckoro Tpyaa,
HarpaxneH Tpems opaeHamu JleHnHa, opaeHamu OKTa6pbCkoii Pesontouuu, TpynoBoro
KpacHoro 3HameHu, «3Hak lMoyeta», Meaansamu.
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MNpemua nmeHn AW, MpuwimaHoBa B
obnact Hayku, TEXHVKM U OpraHu-
3auMM NPOW3BOACTBA MPOMbILLNEH-
HOCTM CTPOWUTENbHbLIX MaTEPUasIoB,
KOHCTPYKLWA 1 CTOOUTENBHOW NHAY-
CTpuKn yypexaeHa lNoctaHoBneHnem
[Mpe3namnyma POCCUNCKOM MHXEHEP-
HoW akagemun 22 ceHTabps 2016 1. ¢
Lienbto MOOLLPEHNSA YHEHbBIX 1 Chneyna-
NMCTOB, BHECLUMX CYLLIECTBEHHbIN
BKNa B Hayky, TeXHWKY, opraHu3a-
LU0 NPOU3BOACTBA CTPOUTESNbHbIX
MaTepunanoB 1N KOHCTPRYKLMUIA.

[Mpemusa npucyxgaeTca paboTHMKam
npeonpuaTui, obbeauHeHW, opra-
HU3aUMM 1N YHPEXXOAEHUA MPOMbILL-
NEHHOCTV CTPOUTENbHBLIX MaTepua-
NOB U KOHCTPYKUWA, CTPOUTENBbHOW
NHOYCTPUN, MPOEKTHbLIX, HayYHbIX Y
y4eOHbIX 3aBefeHUI OTpacnn, MEeto-
WM CTak paboTbl B OTpacim He
mMeHee 10 net, a Takxe Opyrum nn-
LaM, BHEeCLUMM 3Ha4YUTENbHbIV BKNag
B pasBuUTME OTpacu

Jlaypearos 2016 r. onpepenuna KoH-
KypCHast komuccunsg Becepoccuimickoro
npodeccroHanbHOro KOHKypca Mo
NMPUCYXOEHUIO npemmn MMEHU
V.A. TouimaHoBsa B doeBparne 2017 .
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Information

HomuHauuns

Jlaypeat NMpemun umenn U.A. N'puwmaHosa 2016 r.

3a NoaroToBKy BbICOKOKBaNMGUUMPOBaHHbIX KAAPOB As
NMPOMBILLIEHHOCTN CTPOUTESbHBIX MaTEPUANIOB U KOHCTPYKLLMIA

HaumoHanbHbI nccnenoBaTenbCcknii MOCKOBCKUIM rOCYAaPCTBEHHbIN
cTpouTenbHbIi yHuBepcuteT (HUY MICY)

3a pa3paboTky 1 BHeApPEHVE HOBbIX CTPOUTENbHbIX TEXHONOM A
v MaTepunasnos, NO3BOKIOLMX CYLLIECTBEHHO MOBBLICUTL KAYECTBO
M 0ONFOBEYHOCTb

HUL, «CTpontenscteo»

3a coagaHue Ha TeppuTopun POCCHM MHHOBALMOHHBIX MPOVU3BOACTB,
CMoCco6GCTBYIOLLMX YAOBNETBOPEHUIO CNPOCA HACENEHUS U OpraHn3aumi,
1 CYLLLECTBEHHOMY MMMOPT 3aMEeLLEHUI0

pynna komnanui «TexHoHNKOJ1b»

3a pa3paboTKy 1 BHEAPEHVE COBPEMEHHbBIX METOO0B UCC/EA0BaHMS,
COBEpLUEHCTBOBAHWE CUCTEMbI HOPMATMBHbIX JOKYMEHTOB MO
CTPOMTESIbHLIM MaTepuanam v KOHCTPYKLUMSIM

®upma 000 «LlemMurckoH»

3a pa3paboTky rocyapCTBEHHbIX NPOrpamMm 1 NepcrnekTUB PpasBmuTus
NPOMBILLIEHHOCTM CTPOUTESIbHLIX MaTepuanos Poccumn

AHanutnyeckoe areHTcTeo OO0 «CMIpo»

3a nponaraHay COBPEMEHHbIX METOAOB UCCNEA0BaHNS, HOBELLEN
TEXHWUKM U TEXHONOMNN NPON3BOACTBA CTPOUTENbHbBIX MaTeEPVaIoB
1 KOHCTPYKLMIA

Hay4yHO-TeXHMYECKMIA U NPON3BOACTBEHHBIN XYypHan
«CTpouTenbHble MaTepuarbl»®

3a MHOrOfIETHUI TPYA, U 3acayrv B 061aCTU MPOMBILLIEHHOCTU
CTPOUTESIbHLIX MATEPUANIOB U CTPOUTESBHOM MHAYCTPUN

BAXXEHOB KOpuit MuxainoBuuy, 4-p TexH. Hayk, akagemuk PAACH,
3aB. kacdenpoit «TeXHONOrMN BAXYLLMX BELLECTB 1 6eToHoB» MICY.
3acnyxeHHblin aestens Hayku Poccuiickoii depepaumun, MpeanageHT
Accoumaumm y4eHbIX U CneumanmcToB B 061aCT CTPOUTENIbHOTO
mMaTtepuanoBeneHus

BAPUHOBA Jlapuca CTenaHoBHa, KaHA,. XUM. Hayk, JlaypeaT npemumn
MpasuTtenbctBa PO 2003r. B 06n1aCTV HayKW 1 TEXHUKW, 3aCNTY>XXEHHBIV
aKoHoMuCT P®D, noyeTHbI cTpoutens Poccun

BYTKEBWUY Neopruit PoMaHOBUY, KaH[,. TEXH. HAYK, MOYETHbIN YeH
AKageMnn ropHbIx HayK, MOYETHLIN CTpouTens Poccuu,

Hay4HbIi pyKoBOOMUTENb accoumaumm «<Hegpa»,

yyeHslii cekpeTapb Oy «BHUMUKWcTpomcbipbe»

F'YCEB Bopuc BnaguMupoBu, [-p TEXH. HayK, Y1eH-KOPPECTNOHAEHT
Poccwuiickor akagemMun Hayk. npesnaeHT Poccuiickon n MexayHapoaHomn
MHXEHEPHbIX akagemMuii, 3acnyXeHHbli aeaTens Hayku Pd, 3aBepyioumii
kadeapoii «CTpoutenbHble MaTepuasibl U TEXHONOrMn» MockoBCKOro
rocynapCTBEHHOIO YHMBEPCUTETA NyTein coobuieHns (MUNT)

KPbIJ1IOB Bopuc AnekcaHapoBMY, [i-p TEXH. HAYK, 3aC/yXXEHHbI
nesitens Hayku n TexHnkn P®, Naypeat npemun CoBeta MUHUCTPOB
CCCP, no4eTHblin cTpouTenb Poccun, NoYeTHbI TPAHCMOPTHbI
cTpouTesib, akagemMuk MexayHapoaHon u POCCUINCKON MHXEHEPHON
akagemMuu, rnaBHbI Hay4Hbl coTpyaHnk HUN 6eTtoHa 1 xenesobeToHa
(HUNXKB)

DYPMAHOB Bopuc AnekcaHapoBUY, 3aCTyXeHHbIN cTpouTenb PO,
MOYETHLIN cTpouTenb Poccun, Jlaypeat npemun Coseta MuHuctpos CCCP,
LENCTBUTENbHLIN YiieH AKaaeMUn TPaHCMOPTHOIO cTpouTenscTea Poccun

3a pa3BuTne MeXAyHapoaHOro coTpygHmnyecTtea
B 061aCTV CTPOUTENBHBIX MaTepPUanos

DAJIMKMAH BayecnaB PyBUMOBUY, JOKTOP MaTtepuanoBeneHus,
naypeat npemuu Mpasutenbctea PO B 0651aCTV HAYKN U TEXHUKU,
MOYETHbI CTpOUTENL POCCUK, 3aBEOYIOLNIA CEKTOPOM A0rOBEYHOCTN
Xenes3obeToHHbIX KOHCTPYKumii HAVDKB um. A.A. F'Bo3aesa HUL,
«CTponTenscTeo», Npodeccop kadenpbl BAXKYLLMX BELLECTB U GETOHOB
MOoCKOBCKOro rocyjapCTBEHHOr0 CTPOUTENILHOrO YHMBEPCUTETA,

1-7 BUUE-Npe3naeHT accoumaumm «<XXKenesobeToH».

MpepcTtaBuTens MexayHapoaHOro coto3a aKcnepToB 1 labopaTtopuii

B 06N1aCTN CTPOUTESIbHBIX MAaTEPUANOB, CUCTEM U KOHCTPYKLMIA —
PWJIEM B cTpaHax BocTouHoii EBponbl n CpepgHeii A3uu,

3acnyxeHHsblin yneH PUJIEM (Fellow Member). Taea HaunoHanbHowm
neneraunn Poccun B MexxayHapoaHoi dpeaepaumm no KOHCTPYKLMOHHOMY
6eToHy — PUB. YneH AMepPUKaHCKOro MHCTUTYTa 6eToHa 1 TEXHUYECKMX
komuteToB ACI «<MaTtepunanosegeHue» 1 ACI 241 no HaHOTEXHONOMNSAM
B 6eToHe.

PaspaboTka 1 BHeApeHUe COBPEMEHHbIX METOLOB UCCeA0BaHNS,
HOBEWLLEW TEXHWUKM 1 TEXHOOMMIA MPOU3BOACTBA CTPOUTESbHBIX
MaTepuanoB U KOHCTPYKLMIA

YLUEPOB-MAPLLAK AnekcaHpgp BnagumnpoBuu, a-p TeXH. HayK,
npodeccop kapenpb! «PU3nNKo-XMMMHECKON MEXAHUKN N TEXHOOrUN
CTPOUTESbHBIX MaTepManoB» XapbKOBCKOr0 HALIMOHANIbHOrO
YHMBEpPCUTETA CTPOUTENBCTBA M aPXUTEKTYPbI, 1aypeat npemMum

nm. akaa. H.C. Kyprnakosa AH CCCP, rocyaapcTBeHHOM npemun YkpaviHbl
B 06N1aCTN HAYKN N TEXHUKM, 3aCNYXEHHbIN AesaTesb HAYKN 1 TEXHUKN
YKpavHbl, 3acnyXeHHbI nHxeHep Poccum (2007 r.)

Top)kecTBEHHOE BpyYeHNe Medanei 1 aunaoMoB naypeatam MNpemun um. N.A. IprimaHosa cocToanace 19 mas
2017 r. B pamkax o6Llero cobpanuna MexxayHapoaHon nHxXeHepHon akagemun B Mockse.

Iodpo6uee wumaiime na caiime http:/, / ‘grishmanov.ru
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InterConPan—-2017

International Conference of Large-panel Construction

Vil Me)yHapoguas Hay4Ho-NPAKTUYECKAA KOHCepeHyms
«InterGonPan-2017: ot KMJ Kk kapkacHo-naHenbHOMY JOMOCTPOCHHID»
cocToanach B cTonuue YysawcKoi PecnyenmKu

4—6 anpens 2017 r. B Yeb6okcapax cocrosinach VIl MexpayHapogHas Hay4Ho-npakTuyeckas koHthepenuus «InterConPan-2017: ot KN/l k kapkacHo-
naHenbHOMY AOMOCTPOEHM0». OpraHusatopamu kKoHtpepenuuum sbicTynunu AO «HUUIN xunuwa» v o6beauHeHHas pefakuus XypHanos
«CTpouTenbHble Matepuanbl»® u «KunuwHoe CTpouTeNbCTBO» NPU noaaepxke Yysawckoro rocygapcTBeHHoro yuusepeutera um. W.H. Ynbauosa.
bonee 160 npocheccuoHanos u3 30 peruoHoB Poccuiickoit deaepaunn U YeTbipex 3apybeXHbIX CTPpaH NPUHANM y4acTHe B KOHCHepeHLuu.
OCHOBHbIE Y4aCTHUKW MEPONPUATUS — PYKOBOAUTENW U BeAyLMe CNELUNanucTbl CTPOUTENbHO-UHBECTULMOHHBIX KOMNAHWIA, JOMOCTPOUTENbHBIX
npeanpuaTHiA U NPOEKTHLIX OPraHu3auui, NPefCcTaBUTENN MALLMHOCTPOUTENbHBIX W WHXUHUPUHIOBLIX KOMNAHWIA, NOCTABLUMKN NPOrpamMMHOro
obecneyexus u3 Poccum, ctpad CHI, Tepmanuu, Utanum, benbrun, y4eHblie poccUncKkux By30B U Hay4HO-UCCNE[0BATENbCKUX MHCTUTYTOB.

C 2011 r. koHchepeHums «InterConPan» Npoxo4uT B pasHbiX ropoAax.
Konnern nosxakomunuce ¢ npegnpuatuamu Mocksbl, PocTosa-Ha-[loHy,
Kazanu, Cankr-Metepbypra, KpacHopapa. B 2017 r. mectom npoBefeHus
6bina BbibpaHa cTonuua Yysawickon Pecnybnukn Yebokcapsl. fopog, rae
KpynHONaHenbHoOe 1 KapkacHo-naHenbHoe [OMOCTPOEHWE BCeraa 3aHu-
Mano BefyLyMe No3uLMM Ha CTpoUTENbHOM pbiHKe. B VII MexayHapogHoil
Hay4HO-NpakT14eckorn KoHdepeHunn «InterConPan: ot KM K KapkacHo-
naHenbHOMY JOMOCTPOEHMIO» aKTUBHOE Y4acTue NPUHANKW yyeHble YyBall-
CKOro rocyaapcTBeHHOro yHusepcutera um. W.H. YnbaHoBa, NpoekTMpoB-
LLUMKWN, TEXHUYECKME CMEeunanncTbl, TEXHONOMN NpeanpusTuii 4ysaLickoi
Pecny6nuku: 000 «AKB «Monucnpoekt», 0AQ «)KBK Ne 1», 3A0 «PekoH»,
Bomxckoro [1ICK, 000 «3koknuHkep», GCK «Yebokcapckuii», 000 «EBpo-
Kapkac». CNOHCOPOM KOH(DepeHuW CcTana WUTaNbAHCKAA KOMMaHUs
Nordimpianti — npoussoautens 06opynosanus ans 3asogos XKBK. Mog-
LEePXKY MepornpusTuio 0Kasanm noctosHHble naptHepsl — 3A0 «TATPUOT-
WxuHnpuar> (Mocksa), PROGRESS GROUP (fepmanus) u Allbau Software
GmbH (Fepmanus). B 2017 r. napTHEPOM KOHJ)EpeHLMM BNEPBbIE BbICTYNN-
no 000 «aneH» (Hebokcapbl).

Ha nneHapHOM 1 CekuMOHHbIX 3acefanuax 4-5 anpens 2017 r. sacny-
LWIaHo 28 [0KNAafoB, MOCBSALLEHHbIX NMPOEKTUPOBAHUIO KPYMHOMAHEMbHBIX U
KapKacHO-NaHenbHbIX JOMOB B YCIOBUAX U3MEHSEMOrO PbIHOYHOIO CMpoca;
KOHKDETHbIM BOMPOCaM TEXHUHECKOr0 NEPEBOOPYXKEHNS [ECTBYIOLLMX AOMO-
CTPOUTENbHbIX NPEANPUATUI; NPOEKTUPOBAHWIO ANS YAOBNETBOPEHUs Tpebo-
BaHWIi BCEX Y4aCTHMKOB OU3HEC-LieNOYKN: AeBeNonepoB — NPOEKTUPOBLLNKOB
— NpOW3BOAMTENENA; BbIGOPY TEXHONOMMYECKOro 060PYAOBAHUS; CHUKEHWHO
3HEProeMKoCTM NPOU3BOLCTBA; TEXHONOIUM NErKIX 6ETOHOB; UCMOMb30BAHNIO
KOMMO3WUTHBIX CBSA3EI; NPUMEHEHMIO HOBBIX U TPAAMLMOHHBLIX MaTepuanos u
KOHCTPYKTUBHbIX PELLIEHWIA NPY BbINYCKE COOPHbIX XKENe3006TOHHbIX M3AENNA.

Mo oueHke MuHcTpos PO, 06bemBBOAA XML BPoccunB2016 . cocTa-
Bun 81 MaH M2, Mpn 3TOM [0NS UHAYCTPUANBHOTO AOMOCTPOEHUS — 60,5%.

B moknage HayyHoro pykosogutens AQ «LIHWW3M »xunuwa» a-pa TexH.
Hayk C.B. Hukonaesa npeanoxeHa MHHOBALMOHHAA CUCTEMA NaHENbHOro
JAOMOCTPOEHNSI MHOTKBAPTUPHBIX XWAbIX JOMOB C MMOKOI NAaHUPOBKOI
KBapTup. BonnouleHne npuHUMNA rm6KOCT NAAHMPOBOYHBIX PELUEHUI B
MaHesNbHbIX A0MaX BO3MOXHO TOSIbKO MPWU MCMNONb30BAHUU MHOTOMYCTOT-
HbIX NANUT NEpPekpbITUA AnnHON 7 M 1 6onee. MNepexos ¢ «y3koro» wara
HECYLLMX MOMEepeyHbIX CTeH (40 3,6 M) Ha «wmMpoKuiA» war (0T 4 po 7,2 M
1 60MblUe) NO3BONAET CO3AaBATb KOMHATHI nnowagsio 50-60 m2. Mepe-
XOA Ha NPOLOSbHbIN LWAr HEeCyLWmX CTeH 06ecnevnBaeT rubKyo nnaHMpoB-
Ky XWNbIX NOMELLEHUIA, co3aaBas npocTpaHcTBa Ha 80-100 m2 u Gonee.
BeefeHne B 3Ty cuctemy psafa nonepeyHblX BHYTPEHHUX HECYLLUX CTeH
N03BOMAET CO34aBaTb CMELLAHHYIO CUCTEMY OMMPAHUA NAUT NEPeKpPbITUIA.
Bo3HMKaeT a6CONKOTHO rMbKas NNaHMPOBKA NOMELLEHNA C BO3MOXHOCTbIO
c03aBaTb 6ANKOHHbIE YaCTW 3[aHMIA N0 BCEMY KOHTYPY, YBENuU4uBas 06-
LLYt0 Nnowaab 34aHNiA OTHOCMTENIbHO NepBoro ataxa. Cuctema onmpaHus
MAUT NePeKPLITUA Ha NPOJOILHO PACMONOXKEHHbIE HECYLLNE CTEHbI ABNSA-
eTC OCHOBOW CUCTEMbl HOBOIO MOKOJIEHWUS MAaHEeSTbHbIX MHOTOKBAapTUp-
HbIX JOMOB C FMOKOI NNAHUPOBKOI KBAPTMP W BO3MOXHOCTbI) CO3AaHUS
60NbLIMX CEMENHbIX KOMHAT. 3a CHET MUHUMN3ALMN HECYLLUX 3EMEHTOB
BO3MOXXHA OpraHu3auus He TOMbKO TMOKOI NAaHMPOBKM KBApTMP, HO W
TMOKUIA NOAxoh K BbIGOPY accopTumeHTa ksaptuporpaduu. CtaHucnas
Bacunbesuy 0TMETUN, YTO YXKe CO3LaHbl LMGPOBbLIE TEXHONOMMK, KOTOPbIE
MO3BONIAOT CO34aBaTh CNOXHbIE N0 KOHPUrypauun naHenu 6e3 notepu
KOHCTPYKLMOHHbIX Ka4ecTB. Tenepb eCTb W LMcPOBbIE OCHOBbI, KOTOPbIE
MCNOJb3YKTCA NPU CO3[aHUN IOMOB, B TOM 4ucne BIM-texnonorum. Uc-
nons3osaxue BIM nossonset Ha 22% 6bICTpee NPOEKTUPOBATL U CTPOUTD;
KONM4EeCTBO OLIMO0K COKpaLLaeTcs Ha 52%; CTOMMOCTb 3KCMTyaTauun CH1-
xaetcs Ha 10%. Takum 06pa3oM, C MOMOLLbHO NaHenein MOXHO C03AaBaThb
YHUKanbHbIe Pa3paboTku. Mpuyem 310 He nepecTaeT ObiTb MHAOYCTPUANb-
HbIM, T. €. MaCCOBbIM IOMOCTPOEHNEM!

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

f‘"'r_'_.r

waii 2017 BArERAs



Information

B Yysawuu 3a cuem 6cex ucmounukoé ¢u-
Hancuposanus 6 2016 e. eéedeno 6 3Kkcnaya-
mauuro ncuavs 629,8 moic. M? obweti naowadu.
U3 nux 249,5 moic. M — Jicunve KOHOMU-
yeckoeo Kaacca, umo cocmaeisiem 40% 6
obuem obseme 6sedennoeo cunvs. Ha 2017 e.
3aNAQHUPOBAHO  68eCMU 6  IKCHAYAMAUUIO
630 moic. M? obwei niowadu Hcunvs, 6 mom
yucne no cmaxHdapmam KOHOMUHECK020 KAdC-
ca 285 moic. M%. 3a aneapb—mapm 2017 e. yyuce
66edeno 6 skcnayamayuio 68,9 moeic. M> 00-
weil naowadu Heunvs, umo cocmaesuno 108,7%
K nepeomy keapmany 2016 e.

(http://gov.cap.ru/info.aspx ’gov_id=21&i
d=3561960&type=news&size=20/ [ama 06-
pauenus 12.05.2017)
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B 2016 r. 8 OAQ «KBK-1» (HYe60kcapbl) NOCTPOEH KOMMNEKC 34aHUA U COOPYXEHUI, 06eCneynBatoLLNi U3-
FOTOBMIEHME MHOrOMYCTOTHbIX MAWT NEPeKPbITUS CTEHLOBLIM CMOCOOGOM METOAOM 3KCTPY3uUWM Ha 060pyA0BaHMM
utanbaHckon dupmbl Nordimpianti. ViHBecTuuMmM B MacLuTabHyto MOAEPHU3ALMIO NPON3BOLCTBA COCTABMAN 6oree
400 mnH p. CoBmecTHO co cneumnanuctammn Nordimpianti Ha npeaNpuATAM YCTAHOBNEHO COBPEMEHHOE 060pya0Ba-
HIE — TEXHOOrMYeCcKNe NNHNKA, KOTOPbIE OTKPbIBAIOT HOBbIE BO3MOXXHOCTM [11 CTPOUTENbHOI chepbl Kak B YyBa-
Lunu, TaK 1 3a ee npegenamu. FeHepansHbin gupektop OAO «KBK-1» A.B. KoponeB pacckasan 06 atanax mogep-
HU3aLMKM 3aBOAA U OTMETWII, YTO B HacTosLlee BpeMs npeanpuatne 06nafaeT YHUKaIbHbIMUA BOSMOXXHOCTAMM MO
NPOW3BOACTBY MHOTOMYCTOTHBIX MANT NEPEKPbITUS TONLWMHONA 220 MM, WinpuHoit 1,5;1,2 11 M n nponetom o 10,5 m
Pa3nnyYHbIX TUMOB HArpy3oK. [JaHHas TeXHONOrus NO3BONAET TAKXe NPU HE06XOAUMOCTI NPON3BOAMTL NNNTHI Pa3-
NINYHON TOMLLMHBI (BbICOTON ceveHus Jo 500 mm) n nponetom Ao 18 m. B uexy pasmectunu cemMb POPMOBOYHbBIX
NOpOoXeK. Tpy NomnHoIA 3arpy3ke 3aBoJ MOXET NPoKU3BOANTL B rof 270 Thic. M? NepekpbITMiA. Koonern Bbipasunu
6narogapHocTb A.B. KoponeBy 3a BO3MOXHOCTb MO3HAKOMUTLCS C COBPEMEHHBIM NPEANPUATUEM.

[MpeacTaBuTenb CNOHCOPa KOHpepeHUun — ntanbsHekoin komnasum Nordimpianti A. bopuceHKoB cenan ak-
LIEHT Ha aBTOMATK3aLMM NPOLECCOB NPON3BOACTBA NYCTOTHBLIX NANT 6e30nany604HbIM Cnoco6oM. B npeseHTaumm
OH NMOKa3an 0CO6EHHOCTM NOATOTOBKN CTEHAA, aBTOMATU4ECKON NOAa4N GETOHHON cMecu, (DOPMOBKU, Pa3METKM
1 TBO n3gennii, nopeskn rotoBbix NuT. Ha BbieapgHoit ceccum Ha OAQ «)KBK-1» K npeactaButensm KoMnaHum
Nordimpianti o6pawanncb Konnern ¢ UHTEPECYIOWMMI X BONPOCAMM M NOMyYany UCYepnbIBaloLLne OTBETbI O
TOHKOCTSX MPOEKTUPOBAHUS N MOHTaXKa 060pyaosaHms Nordimpianti.

CoBpemMeHHOe 060pyAO0BaHNE C KOMMbIOTEPHbLIM YMpaBfieHneM W LO3aTOPHbIMI YCTPOWCTBAMU MO3BOJIAET Bbl-
nyckatb 6ETOHHbIE CMECM N0BOr0 COCTaBa C rapaHTMen Ux BbICOKOTO kayecTea. ONTMMU3aLMs NPOM3BOACTBEHHbIX
613HEC-NPOLIECCOB 1 CHUKEHME CE6ECTOUMOCTM BbINYCKAEMOiA NpoLyKLMU 6e3 NOTepu Ka4ecTsa U3nenuii — 3afava,
KOTOPYK HEOBXOANMO peLLaTb KoMy NPeAnpUsTAO B COBPEMEHHBIX PbIHOYHbIX ycnoBusx. B noknage U.B. Axu-
CHMOBA — INPEKTOPa KOMNaHuM «TeH3oTexcepsiuc» (KadaHb) NpeAcTaBfeHbl KI04eBble HanpaseHus, 3a CHeT KOTo-
PbIX CHKAETCS Ce6eCTOMMOCTb 6ETOHHOI CMECU: CHIKeHMEe (DOHAA OnnaThbl TPYAa U COKPALLEHNEe 06CNYXMBAIOLLEr0
NepcoHana; noBbileHne aHeproaddekTneHocT BCY; npumeHeHne COBPEMEHHOro 060pynoBaHUs; aBTOMATM3aLNs
NPOM3BOACTBEHHbIX 6U3HEC-NPOLIECCOB. B NPE3eHTaLMOHHOM BbICTYMAEHWN, @ 3aTEM W HA BbIE3AHON CECCUM Y4aCTHU-
Kam KOH(hepeHLMn 66110 NPeSCcTaBneHo MHOXECTBO HIOQHCOB, C BHEAPEHUEM KOTOPbIX MOXXHO CHU3UTL NOTpebneHune
3Hepruu, NPOANNTL CPOK CAYXObI BUGPALMOHHOTO 060PYLOBAHNSA, COKPATUTL NOTPE6IIEHNE CXKATOr0 BO3AYXA, yNyy-
LUMTb TOYHOCTb NPUEMKM, TPAHCMOPTUPOBKM, JO3MPOBAHMS LIEMEHTA, 3an0SIHUTENEN, XMMUYECKUX B06aBOK.

HAYMHO-MEeXHUMEeCKUl U NPpou3e00cmeeHtbitl scypran Ty r e 1= gls
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0 BO3MOXHOCTM NPOEKTMPOBaHMA ¢ Ucnonb3osaHmem Allplan Precast
pacckasan B.N. Wkatos — gupektop Allbau Software GmbH (lepmaHus).
OH OTMETMN, Y4TO CKOPOCTb NMPOEKTUPOBAHUS MOXET ObiTb elle 60Mblie
YBEIMYEHA 3a CYET aBTOMATMYECKOr0 MOAENMUPOBaHWUS OCHOBHBIX Mapa-
METPOB BCEX U3AENNIA 3Taxa, aBTOMATM3NPOBAHHOIO BbIGOPA Y3M0B CTbI-
KOB, FEHEPUPOBAHMA YepTeXKen U3LeNNiA CO BCEro 3Taxa OAHON KHOMKOM.
MakcumanbHass CKOpPOCTb AOCTMraeTcs npu AOHACTPOMKe 6WU3Hec-npo-
LLeCCOB: ONTMMM3ALK NPOEKTHbIX PELUEHWIA U ananore ¢ NPON3BOACTBOM.
be3owwmnb04HOCTL 06€CnNeYMBaAETCS, B YaCTHOCTU TEM, YTO WMHTENNEKT CO-
OTBETCTBYIOLLEN CTPOUTENbHON CUCTEMbI Yxe 3anoxeH B Allplan Precast,
MCMONb3YIOLLEM AN NPOEKTUPOBAHUS [aHHblE APXMTEKTYPbl, PacyeTa,
NPOU3BOACTBA W CTPOANMOLLAAKN. YCNeX rapaHTUpyeTcs 3a CYeT MHTerpa-
LMK NpOLIECCoB, NPUBA3KN 060PYLOBaHNA NIHO60W CTENEHN U B3auMOoaen-
CTBMS NPOEKTUPOBAHUS, NPOU3BOACTBA, NOTUCTMKM.

O NpuMMeHeHNN TEKCTYPHbIX NONNYPETAHOBBIX MATPULL Kak cnocobe fo-
CTVXKEHWUS| apXUTEKTYPHON BbIPA3UTENbHOCTM COOPHBIX XKENne3066TOHHbIX
U3fenuii pacckasan Ha4anbHuK pa3sutus v nponssoacTsa 3A0 «MATPNOT-
WHxuHnpuHr» (Mocksa) C.A. Kykea. OH nog4epkHyn, 4to B Poccum Hana-
XKMBAETCA NPOM3BOACTBO MATpUL, ¢ 601ee NPUBMEKaTeNbHbIMU LIEHOBBIMM
napameTpamu, Yem Te, KOTOpble NPeAnaraioT 3anafHble KoMnaHun. 3agada
COCTOMT B COXPAHEHMN TEXHNYECKNX U IKCMyaTaLUNOHHbIX XapaKTepucTuK
TEKCTYPHbIX MATPUL, NOCNE MaKCMMANbHOTO KOMWNYECTBa LMKNOB NCMOMb-
30BaHuA.

HoBble pa3paboTku 060pyfoBaHMA AN MOAEPHM3ALUKA CYLLECTBY-
OWMX M CTPOUTENbCTBA HOBbIX 3aBOA0B npeacTasun B.A. JinxTHep —
npeacrTasutens naptHepa koHdepeHuum PROGRESS GROUP (lepma-
HUA).

06 MHTEPECHOM OMbITe NPOEKTUPOBAHNA 25-3TaXHbIX KPYNHONAHENb-
HbIX XXU/bIX JOMOB B HyBaLLuM C HAPYXHbIMI NAHENSAMU, 067IMLOBAHHBIMN
KNMHKEPHBbIM KMPNWUYOM, paccka3an reHepanbHblil aupektop 000 «AKB
«[TONTNCIMPOEKT» A.A. CMMpHOB.

Sl nterConPan- Illﬂfl
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06 1Ccnonb3oBaHWN MANTKM «KaBaH4WK» LUNPOKON LiBETOBOI ram-
Mbl B KayecTBe O06SIMLOBKM CTEHOBbIX NaHeseit pacckasan A.A. [leMuu
(3A0 «Kepama Llentp», Mocksa). OH 0TMETUN, 4TO 06MMLOBAHHbIE NANT-
KON «KabaH4MK» B 3aBOACKMX YCIOBUAX HAPYXKHbIE CTEHOBbIE MaHEeNn nMe-
10T 6e3ynpeyHyt0 NOBEPXHOCTb 32 CYET HANNYMA AOMOSHUTENIbHOMO Kpe-
MNEHNS TUNA «1ACTOYKUH XBOCT».

Kak Bcerga amounoHanbHo BbicTynun reH. aupektop 3A0 «PekoH»
B.A. Llem6akoB, KOTOpbIi OTMETMN aKTYaNnbHOCTb NPOBEAEHUS KOH(De-
peHuun B YyBalwimm 1 BbICOKWIA YpOBEHb OpraHu3auun meponpuatus. OH
pacckasan 0 cneumanbHOM NPefioKeHN — YHNBEPCASTbHOI TEXHONOrnye-
CKOM NUHUM «MuHn-ACK» MOLHOCTbIO 15 ThiC. M? 06LLEN NNOLAAN B roj.
[laHHOe HanpassfieHne BNepBble NPeanaraeTcs CTPOUTENbHbIM KOMNAHNUAM,
BbINOMHAOLLMM CTPOMTENbHYI0 nporpammy oT 15 ao 50 Tbic. M? BBOJA 06b-
€KTOB B FOf, C LIeNbK0 CYLLECTBEHHOIO CHIDKEHUS Ce6eCTOUMOCTI CTPOU-
TeNbCTBA, Tak Kak COOCTBEHHOE NPOW3BOACTBO CTPOMTENbHbLIX KOHCTPYK-
1A 06€CNEYUT CHINKEHNE PACXOAO0B NPU BO3BEAEHNM 06BEKTOB.

B poknage kaHA. TexH. Hayk A.H. MnoTHukoBa (YyBawckuii rocy-
[apCTBEHHbIN yHMBepcuTeT uM. W.H. YnbsiHoBa) nokasaHbl pesynbratbl
UCMbITAaHUA HECYLLen CNOCOBHOCTW HAPYXHbIX CTEHOBbIX NaHenen u3
KOHCTPYKLWOHHOTO Kepam3uTo6eTOHa CO CTaNlbHOW M KOMMO3MTHOW
apmatypoii, rae NoKa3aHo, 4YTO Nepemblye4yHass W NPOCTEHOYHbIE YaCcTU
TPEXCNOAHOA CTEHOBOW MaHeNn NpW BbINOSHEHUN HECYLLMX CNOEB W3
KOHCTPYKLUWOHHOTO Kepam3uTo6eToHa, B TOM 4MCNie CO CTEeKNonnacTu-
KOBOI apmaTypoii, 061afatoT JOCTATOYHON NMPOYHOCTBIO, XKECTKOCTbH U
TPELINHOCTONKOCTbI. Tpn NCNONb30BaHUM CTEKNONNACTUKOBOW apma-
TYpbl HECYLLAA CNOCOGHOCTb NAHeNN CHUXaetcs He 6onee yem Ha 20%.
OAHaKo 3T0 CHWKEHWe NPy A0CTATOYHOM 3anace Hecyllen cnoco6HOCTU
11 XKECTKOCTU COBPaHHOr0 KPYMnHOMaHebHOro 34aHns He OKa3blBaeT Cy-
LLIECTBEHHOr0 BUAHUSA HA pe3ynbTar.

B 2017 r. Ha KoHepeHUKM 60NbLLIOIA WHTEPeC 6bin NposBneH K BIM-
moaenuposanuto. Mpeactasutens komnanun Trimble Sollutions, Poccus

HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA
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Hudopmanna

AH0. EmenbsiHOB pacckasan 06 ONTUMU3ALMKN MOJENMPOBAHUS, BbIMyCKa
YyepTexeil 1 NPoM3BOACTBA XXeNe3066TOHHbIX u3genuit. OH oTMeTUN 6bl-
CTPYIO W HAaAeXHYI0 nepedayy AaHHbIX MEXAY Y4aCTHWUKAMU, UCMONb3Yio-
LUMMI pasnnyHoe NporpaMmHoe obecneveHne n 060pyaoBaHue B eAMHON
MHopmaumoHHoit mogenn. beina npepactasneHa Tekla Warehouse — 6u-
671M0TeKa AAHHBIX, MPUI0XEHUA N PACLUMPEHUIA, B KOTOPON BCE YHACTHUKN
npoLecca; NPOeKTMPOBLLMKIA, NPON3BOANTENM W IP. 0OMEHNBAOTCSA LIEHHOM
MHopMaLmeit AN MOAENNPOBAHNS W NS BONSIOLLIEHWUS NPOEKTOB B XWU3Hb.

B MK JINPA CAMP 2017 nosBuncs cneunanbHbIA MHCTPYMEHT Ans ach-
(PeKTUBHOIO MOAENNPOBAHMUS W pPacyeTa CTbIKOB KPYMHOMAHENbHbIX 3A4aHNIA.
[naeHbI MHXeHep P.H). BoponbsiHOB pacckasan, 4To pa3paboTaH cneuu-
aNbHbIA KNace MHAOPMaLUMOHHBIX 06bEKTOB — «CTbIK NaHeneii», KOTopbIi
MO3BOMSET CYLIECTBEHHO YNPOCTUTL 1 aBTOMATM3WUPOBaTL MPOLIECC MOAe-
NNPOBAHUS CTbIKOB MaHENbHbIX 3AaHWIA C MOCNeAyoLen TpuaHrynaumeir n
MONY4EHNEM KOHEYHO-31IEMEHTHOIA PacHeTHON CxeMbl. B 6MbnmnoTeke KoHey-
HbIX 3IEMEHTOB MOSBUNMCb HOBbIE TUMbl MNACTMHYATBLIX ANIEMEHTOB CheLu-
bHO AN MOAEIMPOBAHNSA TOPU3OHTANIbHOIO CTbIKa NaHenemn B NUHEHON 1
(PM3NYECKM HENMHEHOI NOCTaHOBKE. HenuHeHble 3DeKTbl TaknX CTbIKOB
YYUTBIBAOTCA KaK B YNPOLLEHHOI NOCTAHOBKE C UTEPALIMOHHBIM YTOYHEHUEM
)KECTKOCTelA CTblKa, TaK W C MCMONb30BAHMEM LLIArOBOro MeTofa, KOTOpbIN
M03BOMSAET JOBECTI KOHCTPYKLMIO 40 Pa3pyLLeHus, T. e. NO3BOSISET MOAENM-
pOBaTb Takne BO3AENCTBUS KaK MPOrPeCCUpYIOLLIEE Pa3pyLLEHME.

HosuHkn komnaHum Weckenmann npeactasun [1.E. HolpkoBckui, Ko-
TOPbIA BLICTYNUA C JOKNAAOM «JIMHMA C LeHTpanbHO-nepemeLLaroLiencs
TENeXKON — rnokas, Kak noBOPOTHbIA CTON, 3DMEKTUBHASA, KaK NUHMSA
uupKynauun». Komnauus NoCTaBNseT Kak KOMMIEKCHbIE IMHUN Ans npo-
M3BOACTBA XXENe3006TOHHbIX W3AENWiA, TaK U OTAENbHbIE KOMMMEKTYH0-
Le: 6eTOHOPA3dATHNKN, 3arnaXnBaTen NOBEPXHOCTH, BOPTOCHACTKY CO
BCTPOEHHbIMI MarHuTamm, onany6o4Hbie po60Tbl, CTOMbI-KAHTOBATENM,
pasfnunyHble CTaLUMOHapHble 0nanyoKn u MHOToe ApYroe.
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BonbLUoit MHTEPEC Y4ACTHUKOB KOHCHEPEHUWW BbI3BAN KDYIibiA CTON
«PbIHOK JUKTYeT npasuna paboTel CrEUnamcToB B 00/1aCTH KAPKACHO-
NIAHEJTLHO0 1 KPYITHONAHENbLHOIO JOMOCTDOEHNS», OBHUM N3 camblX 3110-
60[IHEBHbIX BOMPOCOB, MOCTAB/EHHbIX HAa KPYrnoMm CTOMe 3amMecTUTENem
reHepanbHOro AvpekTopa no TexHudeckomy pas3sutio 000 «IOMKOP»
TB. dartbixoBoi (HabepexHble YemHbl), cTana nepuoanyHOCTb BHECEHUSA
W3MEHEHWNA B HOPMATWBHYIO AOKYMeHTaumio. Mpon3BOANTENsM W NPOEKTH-
POBLUMKAM NPUXOAUTCA CPOYHO KOHCONMANPOBATL YCUNNS ANS BbINONHEHNs
BHOCUMbIX B HOPMATWUBHYIO OKYMEHTALMIO U3MEHEHNIA. A B YCTIOBUAX Nagato-
LLIero NoKynaTenbCKoro cnpoca 3To NPMBOAMT K eLLe 60MbLIEMY YBENNYEHMIO
cebectoumocTu. upektop no Hayke AO «LHUW3AM xunmwa» AA. Marai
npn3Ban y4aCTHUKOB 06paLLaTbCst ¢ NOA06HLIMI BOnpocamu. [eno B ToM, Y10
WHCTUTYT y4acTBYeT B pa3paboTke HOPMATUBHBIX JOKYMEHTOB, NO3TOMY 06na-
[aeT aKTyaNbHON MHAOPMALME O HOBbIX U3MEHEHUSX, NNAHNPYEMbIX B 61n-
Xaiiwee Bpems. VcnonHuTenbHbli aupekTop Accoumauun «XKeneao6eToH»
C.B. BpOHMH HanoMHWM, YTO B LIENSIX COBEPLUEHCTBOBAHMS 1 Pa3BUTMS paboT
Mo CTaHAapTU3auun B 06/1aCTW CTPOMTENbHbIX MaTepuancB, KOHCTPYKLMIA
1 M3aennia, B cooTBeTCTBUM ¢ DeaepanbHbiM 3akoHOM 0T 29 uioHsa 2015 T.
Ne 162-®3 «0 cTanaptusaumv B Poceuiickoit ®epepaumn», Npukasom Poc-
cTaHaapta ot 304aekabps 2016 r. No 2034 co3gaH TeXHUHECKUIA KOMUTET MO
ctaHgapTuaaunm No 144 «CTpouTenbHble matepuans! (U3LeNnns) N KOHCTPYK-
unn> (TK 144)». Ha 6a3e Accoumaumm «)Kene3o6eToH» CO34aeTC NOAKOMUTET
1o 6ETOHY 1 Kene306eToHy. B HacTosLLee BpeMst HEOO6XOAMMOCTb aKTyanusaumm
HOpMAaTWUBHON 6a3bl MOL COBPEMEHHbIE TPe6OBaHMA Ha3pena. bbino oTMeYeHo,
4TO NPEIOKEHNS NO FAPMOHM3ALMM POCCUIACKIX CTAHAAPTOB C MEX/AYHapOA-
HbIMW HOPMATMBHbIMI JOKYMEHTaMI He06X0AMMO HAaNPaBNsTb B ACCOLMaLMNo.

06cyxpanucb BoNpockl MHconAuuu. MHEHMS y4aCTHWKOB pasge-
NUANCh: OAHW CMEeLnanucTbl NPU3biBanit BOOOLLE NEPecTaTb Y4MTbIBaTh
Tpe6oBaHMA N0 MHCONALMW NpW NPOEKTUPOBaHWM, Apyrue obpalianm
BHMMaHNE Ha BO3MOXHOCTb COOMIOAEHMS TPe6OBaHUA NO WMHCONALUM
Mnpu rpaMmoTHOM NpOgeCCUOHaNbHOM NOAX0/e: YCTPONCTBO 3pKepa BMe-
CTO NOLKNM, 3aMeHa NIMHEAHON 6MOKMPOBKI Ha 6MIOKMPOBKY yCTynamu,
pa3BopoT [OMA, W3MEHeHWe KBapTuporpaduu. 3Tm n Apyrue npuemsl
13BECTHbI — HEO6XOANMO CBOEBPEMEHHO NPUMEHATL UX HA NPAKTMKE.

OTmeyanacb akTyanbHOCTb CTPOUTENbCTBA KPYMHOMAHENbHbIX [JOMOB
B ropogax P®. 3a nocnefgHue rogpl B ropojax BO3BOAMIOCH MHOXECTBO
HOBOCTPOEK B MOHOJIUTHOM WMCMOJIHEHWMW, OfHAKO 3TO HE Cfenano ropoaa
Kpacusee U rapmoHu4Hee. Heo6xoAuMo NpOEKTUPOBATb (DYHKLUMOHANb-
Hble, KPacuBble [OMA C ONTUMANbHbIMKU NNaHMpOBKamu. B HacTosLee
BPEMS Npu CTPOUTENbCTBE KPYMHOMAHESNbHBIX UK KapKacHO-NaHeNbHbIX
[OMOB MPaKTUYECKN HET Npefenos coBepLueHcTBy. MoXHO BO3BpaLLaTbCs
K KIacCUKe: UCMoNb30BaTh apXUTEKTYPHbIA 6ETOH, UMUTPOBATL KOOHHDI,
NOPTUKMN, 6aNKOHbI. BbicTynneHne reHepansHoro gupektopa AQ «[CK-1»
ILA. KanbipuHa (Mocksa) 0606Lw1no npeAcTasieHne 0 COBPEMEHHOM CO-
CTOAHWUWN MHLYCTPUANBHOTO XeNe306eTOHHOr0 JOMOCTPoeHus. OH OTMe-
TUA, 4TO B BNiKanLLee BpeMs He06X04UMO aKTUBHO paboTaThb Haf BHeApe-
HWEM W COBEPLUEHCTBOBAHWEM METOLOB NMPOMBbILLIIEHHOr0 U3rOTOB/EHMS
1 MOHT@Xa JOMOB W3 COOPHbIX XKeNe306eTOHHbIX KOHCTPYKUMA. Konopu-
CTMKY (hacafjoB MOXHO Pa3HO06pa3nTb 3a CYET COYETaHWS MCMONb30Ba-
HWS Pa3nUYHbIX OTAENOYHbIX MaTepuanos, NPUMEHATb CTEKNO, MeTann;
06€eCne4nTb CMEHAEMOCTb (hacajos.

[-pom TexH. Hayk B.I'. Xo3unbiM (KasaHcKkuil rocynapCTBeHHbIN ap-
XWTEKTYPHO-CTPOMUTENbHbIA YHUBEPCUTET) Bbl 3aTPOHYT BONPOC UCMOSb-
30BaHUA BbICOKOMPOYHOr0 BETOHA NS YBENUYEHWs Lwara KOnoHH. OH
cAenan akLueHT Ha COBPEMEHHOM COCTOSHUM TeXHONOrnM 6eToHa: CoBpe-
MEHHbI# TEXHOMOr MOXET PeLUMTb NOYTH Nt060e 3afaHne KOHCTPYKTOopa.
OfHAKO 3aMEHATb METaNINYECKy0 apMaTypy B HECYLLMX KOHCTPYKLMAX
Ha KOMNO3UTHYK0 Henb3s. 3amectutens aupektopa 000 «buiickuit 3a-
BOJ, cTeknonnactukos» (Antanckuii kpait) A.A. Banbg o6patun BHUMa-
HWe KONMer Ha HeBO3MOXHOCTb 3aMeHbl CTanbHOW apmatypbl Ha KOM-
NO3UTHYK0 C 3ameHOii guameTpa. Ero konnera, pykoBoauTenb rpynmbl
TexHuyeckon noggepxkn 000 «b3C» AT. Kospurux nokasan, yto nns
HaZeXHON U ANMTENbHON 3KCnyaTaunu KOHCTPYKLUIA C KOMNO3UTHBIMY
rMOKMMM CBA3AMMU MOCNEAHNE AO0KHbI 06nagatb He06X0AMMbIMN N3N-
KO-MEXaHW4ecKUMU NoKasaTensmm, BbICOKON LLENOYECTONKOCTbIO U Te-
MNOCTOMKOCTbIO. [1NA 3TOr0 CneunanucTsl NPOBOAAT UCTbITAHUA B aKKpe-
JUTOBAHHbIX N1a60PaTOPUAX M rapaHTUPYIOT HALEXKHOCTb NPOU3BOANMBIX
KOMMO3UTHbIX CBSA3EIN.
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TpaguuMoOHHO y4acTHUKaM KoHdgepeHumn InterConPan-2017 6bina
npefocTaBneHa BO3MOXHOCTb NMO3HAKOMUTLCA C UCTOPUER U apXuTek-
TYPOIi . YeboKcapbl, HALMOHANBbHBLIM (DONTbKIIOPOM U TPAAULNAMMN Hy-
BaLLEMN.

Y4aCTHUKN KOHDEPEHLMM 11 OPraHin3aTopbl BbipaXatoT 611aro4apHoCTb
pekTopy YyBalLCKOro rocyaapcTBEHHOro yHuBepcuteta um. V.H. YnbsiHosa
A.10. AnekcaHaposy, 3aBeaytoLiemy kaceapoi «CTpouTeNbHbIE TEXHONO-
TN, re0TEXHUKA U 3KOHOMMKA cTpouTensbcTBa» H.C. Cokonosy. bonbluyto
NOMOLLb B OPraHM3aLun MeponpusTus 0Kasanu CTyAeHTbl CTPOUTENBHOIO
(hakynbTeTa YHUBEPCUTETA NO PYKOBOACTBOM CTyfeHTa Bsivecnasa Llory-
NNHA, KOTOPbIA ABNsSeTCA YneHom MonofexHoro npasuTenbcTea Yysatu-
ckoii Pecny6nukun, 3akpenneHHbiM 3a MUHMCTEPCTBOM CTPOWTENBLCTBA,
APXUTEKTYPbI M XUNLLHO-KOMMYHANbHOr0 X035icTBa YyBalickoii Pecny6-
MKW, [1Ba OHA TEXHUYECKYI0 NOLAEPXKY MeponpuaTUio okasbiBan VeaH
TuxoHoB. B 0630pe ncnonb3oBaxbl doto [. A6pamosa u [. LLypyakosa.

HAy4HO-mexHuueckuil u npoussodcmeennsiil acypnan Tyt
maii 2017 j" #15
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3aBepLuuna paboTy KoHepeHummn Bble3aHas ceccust Ha 000 «laneH»
(Ye6oKcapbl), KOTOPOE ABNAETCA Pa3paboT4MKOM U NPOM3BOAUTENEM CO-
BPEMEHHbIX KOMMO3WUTHBIX MaTepuanoB W3 6as3ankTonnactuka M CTeKno-
nnacTuka ANs NPOMbILLAEHHO-TPXAAHCKOr0, LOPOXHOr0 CTPOUTENbCTBA,
rOPHOLOObLIBAOLLIEN MPOMBILLNIEHHOCT W 3neKTpo3HepreTukn. B 2017 r.
000 «laneH» BbICTYNKUNO NapTHepoM KoHdepeHuun InterConPan. Ha nne-
HapHOM 3acefaHny 3amecTuTeNb reHepanbHoro avpektopa EA. JlutBuHoB
BbICTYNWA C JOKNALOM, e aKLEeHT Obln CAenaH Ha NpeACcTaBAEHNN BCeii K-
HeiKM BbINyCKAeMOii NpeanpusaTMeM NpoayKumMn. KomMnosutHas apmatypa u
CeTKa BbINycKatoTcs B cOOTBETCTBNN C TY. B nioHe 2016 r. komnaHus «[anex»
3anyctuna MOMHbIA LUMKN NPOM3BOACTBA KOMMO3UTHBIX OKOHHBIX CUCTEM.
BbIn0 NpeanoXeHo 0CYLLECTBUTL NEPEXOA Ha NAHOPAMHOE OCTEK/IEHIE BbICO-
Toi [0 2300 MM B KpynHONaHeNbHOM AOMOCTPOEHMI: pacxod 6eToHa no nio-
Laaun OfHOIA NaHeNN MOXHO YMEHbLNTL Ha
20,5%. Mpwu 3TOM BbIPA3UTENBLHOCTL (hacaja
MOXHO 6YfEeT NOAYEPKHYTb Pa3HO06PA3HbIM
4YEpEMOBAHMEM  OCTEKMEHN.  VYaCcTHUKM bt ’ s
KOHChepeHLMN NO3HAKOMUIUCh C NPON3BOJ- S '
CTBOM W METOAAMM WCMbITAHNS NPOAYKLIMAN. '

MocelieHne HOBbIX MWKPOPAiOHOB

B Yebokcapax u HoBodye6okcapcke no-
3BONNNO MO3HAKOMUTLCA C HOBLUECTBAMM,
npumeHsiembiMi B YyBawmun. Hanpumep, B
[OMax 3KOHOM-Knacca NpUMEHeHbl Npo-
X0AHble NudpThI. lNepBas ocTaHOBKAa And yA0OHOr0 A0CTyNna ManoMOOUbHBIX FPynn Hace-
NEHNs BbINOJHAETCA HA OTMETKe MAOLaAKN BXOAA B 3faHue. KONOpMCTUKA NOCTPOEHHbIX
MUKPOPANOHOB 04EHb ApKas.

Y4acTHUKM KOH(DEPEHLMI CMOTIN NOCETUTb BbiCTaBoYHyt0 nnowwaaky 000 «JKoknuHkep»
B . HoBo4e6oKcapck 1 Bomkekmin [ICK, rae no3HaKoMUAMCh ¢ NPoLeccOM NPON3BOACTBA KNNH-
KEpHOWM MAUTKM U UCNONb30BAHMEM ee B TPEXCIONHbIX CTEHOBbIX NaHenei. Ha Bomkckom [CK
Konneram npoAEMOHCTPMPOBANM NPEUMYLLIECTBA UCMONb30BAHNS NOMMYPETAHOBOI MaTpULbI.
[Mpn 3anunBke 6eTOHA B MaTpuuy ¢ 3adDMKCUPOBAHHbIMI NAUTKAMK 6ETOHHOE MOJIOYKO 3aTe-
KaeT TONbKO B CTbIK MEXAY MANTKaMK, a NOA NANTKY HET, TakK Kak NOBEPXHOCTb MaTpuLbl Mu-
pamuaanbHas Tam, rae yKnagplaeTca nauTka. [103aToMy nanTka NpwXuMaeTcs K matpuue no
nepumetpy. Mocne pacnany6ku He TpebyeTcs CMbIBKM
66TOHHOrO MOJI0YKa.

06LLeHMe Ha KoHepeHLUK 060raLlaeT HOBbIMM
3HAHUAMM, AaPUT WHTEPECHble 3HAKOMCTBA, NO3BO-
NSeT AeNUTbCS ONbITOM, a [MaBHOE, CTAHOBMTCSA Me-
CTOM BCTpey4u NpodheccuoHanos. 3a CeMb JieT MHO-
e cTanu Apy3bamu. Hageemcs, 4T0 Hawwm Konneru,
Y4aBCTBOBABLUME B KOHIEPEHLIMM, MONTY4UNIN HEOb-
XOAMMbIA 06bEM WHTEPECYIOLLEeR UX MHGopMaLMK.
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B KpbITbIX LexaX-koMnaHum Ergon obuier nno-
taabi0 49 ThiC. M2 NPOM3BOASATCA KOHCTPYKTUB-
Hble HKefe306€eTOHHbIE 3N1EMEHTbI, CTEHOBbIE
QNIEMEHTBI 71 NPefHanPsXXeHHbIE MepeKkpbITUS.
O6Lwas nnowans nPeanpusaTMs, OCHOBAHHOIO B
1963 r., cocTaBnsieT 240.1bic. M2,

e

Sy

saielelsissi=] GROUP

Wpnanackui ctpoutenbHbld KoHuepH CRH uuBecTupyer
B 3KCTPyAep ¢ HOBOW TeXHONOruen ynnoTHeHus

Komnanus Ergon — n3BeCTHbIA GENbIrUiiCKMi NPON3BOAUTEND NPEAHANPSKEHHbIX Xene306eTOHHbIX 3N1eMeHTOB — 06nafaet 6onee 4em fecs-
TUIETHUM ONbITOM NPOU3BOACTBA NPEAHANPSKEHHbIX NEPEKPLITUA. ABNAACL OAHOI U3 BEAYLIMX KOMNAHWUIA B OTPACK, OHA HEJaBHO 3aKynuna
ABa HOBbLIX 3KcTpyaepa npoussopcTea Echo Precast Engineering. 310 no3Bonuno He TONbKO NOAHATL NPOM3BOACTBO NPEAHANPAKEHHbIX
NepeKpbITUA HA CaMblii COBPEMEHHbI  TEXHOJIOrMYECKUA YPOBEHb, HO U PacLIMPUTL aCCOPTUMEHT NpoayKuun. PykoBoacTeo komnanuu Ergon
YBEPEHO B fAaNbHeiliLueM POCTE CNPoca Ha AaHHbIi TUN CHOPHLIX NEPeKPbITUA. B kKoMnanuu nonaratoT, YT0 NPEUMyLLECTBA TAKUX KOHCTPYKLNA

HEBO3MOXHO UrHOPUpPOBATh.

Benbrickuin Npon3soanTenb COOPHbIX XENe306ETOHHbIX KOH-
CTPYKUMin KomnaHus Ergon xopolio u3BecTHa B OTPacnu.
OcHoBaHHas B 1963 r. B ropoge JIvp Heganeko oT AHTBEPNEHa, OHa
ABISETCA NMOCTABLLMKOM KOMMMEKCHbIX PELLEHWA B cdepe CTpou-
TenbCTBa N3 COOPHBIX XXENE306EeTOHHbIX 3riemeHToB. OT nnaHmpo-
BaHVA 0O MPOW3BOACTBA M HEMOCPEOCTBEHHOrO CTPOUTENLCTBA —
komnaHua Ergon cnoco6Ha BbINOMHWUTL BCE 3Tanbl fit060ro Npoek-
Ta. He cny4ainHo iMeHHO aToMy npeanpusTuio, BxogsLuemy ¢ 2004 r.
B COCTaB MpNaHACKOro cTpoutensHoro koHuepHa CRH, 6bina go-
BepeHa peanmaaumnsi MHOrO4YUCAEHHbIX KPYMHbIX MPOEKTOB HE TOSb-
ko B Benbrumn, HO n B Jllokcembypre, HupepnaHgax, ®paHumm,
lepmannm 1 Bennkobputanmm.

COOTBETCTBEHHO LLUMPOK M aCCOPTUMEHT Npegiaraemoi npo-
OYyKUMK: B KpbITbIX Liexax obLuen nnowaabto 49 Tbic. M2 npoma-

Ons komnanun Ergon npegHanpsikeHHble xene3o06eTOoHHbIe NepekpbITUs
«IBASIIOTCS BaXHENLWMM HanpasneHnem B cdepe npousBoacTBa COOPHbIX
Xene306eTOHHbIX aNeMeHToB». Bnarogaps MHOrOYMCNEHHBIM NpenMyLLe-
CTBaM OHV MOJb3YIOTCS BLICOKMM CMPOCOM B CTPOWUTENBbHOM OTpacv

BOAATCA Pa3HOOOPa3Hble KOHCTPYKTUBHbIE XXene306eTOHHbIe
3MEMEHTbI, TaKMe KaK Ornopbl U HecyLLme 6arnku, CTEHOBbIE ane-
MEHTbl U MnpegHanps>KeHHble nepekpbiTusa. Ocobyto BaXKHOCTb
Ana NpegnpusaTUsa UMeeT NMPOU3BOACTBO MPeaHanpsXKEHHbIX KOH-
CTPYKUMIA NEPEKpbITUIA, YTO JOKa3blBAET HEAABHAS MHBECTULMA B
npuobpeTeHne aByx akcTpyaepos X-Liner FC npoussopctea Echo
Pre-cast Engineering.

BbICOKUI cnpoc 3aKa34MKOB Ha NpefHanpsHKeHHble
)Kene3o6eTOHHble NepeKpbITUS
Benbruiickas komnaxduns Ergon ganeko He HOBUHOK B 0651aCTH
NPOV3BOACTBa NpefHanpPsXKEeHHbIX MepeKpbITU: U3roTOBMEHWE
nepBbIX MpegHanpPsXeHHbIX 3fIEMEHTOB ObIIO Ha4yaTo ele B
1970-e IT. «Y>e Torga Ha pbiHKe cchopmmpoBasncs cnpoc Ha 60-

Hapsiny ¢ 60nbLUOW AfMHOW NPONETOB, Masioil Maccol U XOPOLUE orHe-
CTOMKOCTBIO HU3KME pacxopbl U BbICTPOE BPEMS MOHTaxa Takxe 00ycnoB-
NIBAIOT NPUBNEKATENbHOCTL NMpeaHanpPsXKeHHbIX Xene300eTOoHHbIX nepe-
KPbITUIA
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Bnaropaps oBym akcTpyaepam X-Liner FC komnaHnus Ergon He TOnbko
MOOEPHM3MPOBana CBOe MPOU3BOACTBO, HO M pacluMpuna acCopTUMEHT
BbINyCKaeMoui NpoayKLMmn

nee rmbkue 1 TOHKME peLLeHUst AN COOPHbIX MEPEKPbITUN», —
06bscHseT 1. Kamnc, MeHeppkep No MapKeTUHry nogpasgeneHuns
CRH Structural Concrete Belgium NV/SA. C Tex nop nonynsp-
HOCTb NpefHanpPsXKeHHbIX NEPEKPbITUN 3HAYUTENBHO BbipocHa.
Mo ero MHeHWto, NpeaHaNpPsXXeHHbIE XeNe306€TOHHbIE NePeEKPbI-
TMA SBNAIOTCA BaXKHEMLLMM HanpaeneHneM B cdepe npounssog-
CTBa COOPHbIX Xene306eTOHHbIX 3neMeHToB. brnarogaps Bbico-
KO CTeneHu aBToMaTU3auuy NMPOM3BOACTBA U MEHbLUEMY 06b-
eMy TpebyeMoro ChbIpbEBOro Martepuana TakuMe MNepeKpbITUs
SIBNAIOTCA YPE3BblHANHO 3KONornyHbiMU. Kpome TOro, mpepHa-
NPsXEHHblE NEpeKpbITUA 0651adatoT BbICOKON HeCyLLen cnocob-
HOCTbIO U BbICOKOW KOHCTPYKTUBHON 3(PPEKTUBHOCTLIO 6naro-
Japs cBoen HebOosbLLUOW ToNWMHe. PenyTauus Takux afieMeHToB
Ha LieneBbIX pblHKax NpeanpusaTus o4eHb Bbicoka. OHW mpexpe
BCEro npefHa3Ha4eHbl Ansi CTPOUTESIbCTBA MHOMOSTaXKHbIX 3Ma-
HWI, OOHAKO TaKXe NOAXOAAT A1 OPUCHBIX U LLKOMbHBIX CTPOe-
HUI, 30aHWUIN aBTOCTOSIHOK U APYruX COOpyXeHun. Huskue pac-
X0fbl U 6bICTPOE BPEMS MOHTaxa Takke 06yCnoBnvBatoT npu-
BNeKaTeslbHOCTb 3TUX NEePEKPLITUNA.

MopaepHusaums u paclumpeHue Npou3BoACTBa
KakK Nlorm4yHoe cnepcreve

Onsa komnanum Ergon NorMyHbIM crecTBMEM TAKOrO MOBbI-
LLIeHUs crpoca cTana MoAepHU3aums U pacLUMpeHne Npoussoa-
CTBa MNpepHanpsXeHHbIX NepeKpbITUiA. «OnbIT NpeaLecTByo-
Lier paboTbl ¢ npegnpuaTuamm koHuepHa PROGRESS GROUP
OblNT UCKIMIOYUTESIBHO MONOXUTENbHBIM, YTO HE B MOCMEOHIO
o4epefb MOBMMSANO HA Halle peLleHWe CoTpyaHUYaTh C KoMmna-
Huel Echo Precast Engineering», — pacckasbiBaeT T. CmeerTc,
pykosoauTens nopgpasgeneHns CRH Structural Concrete
Belgium NV/SA.

O6a akctpymepa X-Liner FC 6yoyt mcnonb3oBaTbcs Ans
NPOU3BOACTBA NpPefHanpPsKEHHbLIX XXene3006eTOHHbIX NepeKpbl-
TUIA WnpuHon 1200 MM 1 TonwmHom 265, 400 1 500 mm. PaHee
B ACCOPTUMEHTE MEPEKPbLITUIA TonwmHo 500 MM He 6blino.
Mcnonb3yemblil Ans STOro 3KCTpyAep NOCTaBMAETCA C QOMNOMHU-
TeNbHbIM KOMMMEKTOM ANs nepeobopynoBanua Ha 400-munnu-
METPOBbIE NepeKpbITUA. Tpebyemoe Ans nepeobopynoBaHus
BpeMsl He3HauuTensbHo. [ipyron akcTpyaep X-Liner FC 3amenut
CO60M CTapyto MaLLnHy.

Jesawe pProgress tecnocom
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Hapsiny ¢ npon3BoACcTBOM NpeaHanpsikeHHbIX XXene306eTOHHbIX Nepekpbl-
TWI ToNwwmHOM 265 1 400 MM, Takke ByayT BbiNyckaTbCs NEPEKPbLITUS TON-
wurHoi 500 mm

B 060umx 3KCTpyAepax Ncrnonb3yeTcs TexHonorus ynnotHeHus Flow Compaction
(NOTOYHOE YNNOTHEHWE): OHA MO3BONSIET YYYLIWUTb KA4€CTBO YMIOTHEHWS,
NOBbLICUTb MOBKOCTb U CKOPOCTL NPOM3BOACTBEHHOMO NPOLLECCA, A TakXKe CHU-
3UTb M3HOC 0B6opynoBaHus. Kpome Toro, akcTpyaeps! cepum X-Liner otnnya-
t0TCS YOOOGCTBOM B 3KCMJTyaTaLmm U TEXHUYECKOM OOCIYX1BaHUA

MHHOBAaLMOHHasA TEXHONOIUs YNNOTHEHUS

B 060X NONHOCTLI0 aBTOMATU3NPOBaHHbIX 3KCTPYAepax ans
koMnaHum Ergon mcnonb3yeTca TexHonorust ynnotHenus Flow
Compaction. 3ta TexHonorus n cneumanbHas KOHCTPYKUMS LUHe-
Ka MO3BONAT YBENUYUTb CKOPOCTb 3a5IMBKM CBEXEro GeToHa.
Taknm 06pa3oM He TOMbKO YNyHLLIAeTCs Ka4eCTBO Camoro ynnoT-
HEHWs1, HO M MOBLILLAETCH CKOPOCTb NPON3BOACTBEHHOMO NPOLIeC-
ca C 0QHOBPEMEHHBIM CHUXEHEM n3Hoca obopyaoBaHus. Kpome
TOro, OTKPbIBAETCH BO3MOXHOCTb MPON3BOACTBA 60ree TONCTbIX
npegHanpsXXeHHbIX NepekpbITUn 1 6onee rmékoro chopmuposa-
HWA nonocTer. B gononHeHme K Takon MOKOCTU 3KCTPYLepb! ce-
pumn X-Liner otnnyatoTcs yoobCTBOM B SKCyataumm 1 TexHuye-
CKOM 06CNy>XXBaHU.

MapTHepcTBO, a HEe OTHOLLEHUS
npopaseL-nokynarenb
PykoBoguTens npegnpuatua T. CmeeTCc AOBONEH COTPYQHU-
4eCTBOM C koMnaHuen Echo Precast Engineering. OH oTMeuaer,
YTO LeNblo NPOBeAeHHOM paboThl cTana paspaboTka MalluHbl,
KOTOpas Kak Mo LieHe, Tak 1 N0 CBOUM XapakTepucTMKam cMorna
naeasnbHO yAOBNETBOPUTL 3arnpochl CNELManvcToB.
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Menko3epHUCTbIA BETOH KaK KOHCTPYKLIMOHHBIN
CTPOMTENbHbIA MaTepuan 6ypouHbLEKUMOHHbIX cBal IPT

[Tpo4HOCTL 6ETOHA NONEPEYHOro CeveHNs BYPONHBEKLNOHHBIX CBail APT ABAAETCA OCHOBOMONAralLLMM nokKasatenem Ans OnpeaeneHus ee Hecyllei
CMOCOBHOCTM NO FPYHTY W N0 Teny. INeKTPopa3psaHas TeXHONOrus No3BONSET YBENMYUTL NPOYHOCTb MENKO3EPHUCTOr0 6eToHA. [pn 3TOM OHA MOXeT
MPEeBbICUTb MPOYHOCTb HE06PAOOTAHHOr0 6eTOHA AaNeKTpornapasnMyeckum cnocobom Ha 40-50%. BaxHyto ponb B npouecce Habopa NPOYHOCTM
6eTOHa UrpaeT cobnofeHne TeXHONOrM4ecKoro pernamMeHTa u3rotoeneHus ceaii 3PT. B reoTexHMYeCKOM CTPOUTENbCTBE 04EHb YacTbl CyYau
HECOOTBETCTBMS MPOYHOCTI BETOHA FOTOBbLIX CBA NPOEKTHLIM 3HAYEHMAM. B cTaTbe NpuBOANTCS CRyYail N3 re0TeXHMYECKON NPaKTUKM.

KnioyeBble ¢noBa: npo4HOCTb MENIKO3EPHUCTOr0 6eTOHA, 6YpOBbIE CBau, 3NeKTPOpa3psaaHas TexHonorns, cean APT, Menko3epHucTasn 6eTOHHAs CMeChb

(BCM), yno6oyknanbiBaeMocCTb.
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Fine Concrete as a Structural Building Material of Bored-Injection Piles EDT

The concrete strength of cross-section of bored-injection EDT-piles is a fundamental index for determination of bearing capacity by soil and by shaft. Electric discharge technology
makes it possible to increase the strength of fine concrete. Also it can exceed the strength of untreated concrete by 40-50% by using the electro-hydraulic method. An important role
in the process of development of strength in concrete plays a compliance with technological regulations of EDT-piles manufacturing. Cases of the inconsistency of concrete strength
with design values are very frequent in geotechnical construction. In the article below a case of geotechnical practice is given.

Keywords: strength of fine concrete, boring piles, electric discharge technology, EDT-piles, fine concrete mixture, workability.

For citation: Sokolov N.S., Sokolov S.N., Sokolov A.N. Fine Concrete as a Structural Building Material of Bored-Injection Piles EDT. StroiteI'nye Materialy [Construction Materials]. 2017.
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BosBeneHue 1106010 COOPYKEHUS IMpEATIoaraeT MoorIe-
PAlMOHHBIN TEXHUYECKUI KOHTPOJb KauyeCTBa CTPOUTEb-
CTBa, MO3BOJISIIOIIMI 00eCeYnuTh 0€30I1acHyI0 dKCILTyaTa-
LIMI0 BO3BOJAMMOTr0 00beKTa. Ocoboe 6eCIOKOMCTBO BhI3bI-
BaeT KaueCTBO U3TOTOBJIEHUs OYpOBBIX cBail. M3BecTHO, UTO
TEXHOJIOTUSI M3TOTOBJIEHUsI OYpPOBBIX CBail TpeACTaBJIsIeT
CJIOXKHYIO TEXHOJOTUYECKYIO 1IeTb, COCTOSIIYI0 U3 Oype-
HUsI, OETOHMPOBAHUS U apMHUpOBaHMs cTBojia. Ecim pac-
CMOTpETh OYPOMHBEKIIMOHHYIO CBal0, N3TOTABIMBAEMYIO 11O
aJIeKTporuapasindeckomy Merony (cau DPT), To K TexHO-
JIOTUM €€ U3TOTOBJIECHUS J0OABISIETCS elle IeKTPOruapaB-
Jnyeckasi o0paboTKa CTEHOK CKBaXKMHbBI B TEJIE CBEXEYJIO-
KeHHoro O6eroHa. Jis cait DPT texHoymormyeckast LeIb
BBITJISIIUT: OypeHne CKBaXKUHBI — OETOHMPOBaHUE — BJIeK-
Tporuapapindeckass o0padboTKa — apMHUpPOBaHUE CTBOJIA.

B HacTosIeil cTaTbe pacCMOTPEHO BIMSIHME KauecTBa
BBITIOJIHEHU S OETOHUPOBAHMSI CTBOJIA HA HECYIILYIO CITOCO0-
HOCTh CBau.

Huxe npuBonuTtcs nmpumep ajaropurMma rnojadopa cocra-
Ba MeJIKo3epHHUCTol 6eToHHOM cmecu (BCM) miist u3roros-
sneHus cait OPT.

OnHOIl M3 CTaauii CTPOUTESBHOIO IPOCKTUPOBAHMS
KOHCTPYKIIMI XKeJe3006TOHHOIO CTBOJIa OYPOMHBEKIIMOH-
Hoit cBan DPT aBisgeTcsa moadop coctaBa MEJKO3ePHUCTOM
6etonHoit cmecu (BCM) o 'OCT 7423—-2010 «Cwmecu Oe-
TOHHBIE. TeXHUYECKUE YCIOBUSI».

AnroputM nonbopa cocraa BCM mpencrasisieTcs: B
cienyloei mocaenoBaTeIbHOCTH:

1. Ilo BenMYMHAM MPOEKTHOM HeCylleil CmoCOOHOCTHU
ceau OPT F,;no rpyHTy Ha3Ha4aeTcs Kiacc (MapKa) 6eToHa

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeH b HCYPHAN

MO0 TPOYHOCTH Ha cxatme. I[Ipu 3TOM corjlacHO
T'OCT 26633—91 «BeTOHBI TSKENblE U METKO3EPHUCTHIE
CpeoHsist npouHOCMb 6emoHa 3aKJIaabIBaeTCs Ipy Ko3hGUII-
eHTe Bapuauuu V=13,5%, obecrieueHHOCTH He MeHee 95%
OT Ha3HaYeHHOro 3HayeHus. Hampumep, mpu mpoeKTHOI
Mapke Mesiko3epHuctoro 6erona M400 BenmurHa KyouKo-
BOI MPOYHOCTH A0KHA cocTaBsATh R=38,5 MIla.

2. ITo TOCT 7473-2010 «Cmecu OGeroHHbIe. TexHU-
YeCcKMe YCIOBUS» ITOAOMpaeTCsl MapKa I10 y1o00yKJIaabiBae-
MocTu G6etoHHOI cmecu Il W mokaszaTenb MOABUKHOCTH
(ocanka konyca). K npumepy, cumBon 114 o3HavyaeT ocaaky
koHyca 20 cM.

3. Hasnavatotcs yclioBust TBepicHUsI. B ocHOBaHUY HIKe
[JIyOMHBI TIPOMEP3aHUS YCIOBUS TBEPICHUST €CTECTBEHHbIE.
[Ipu ocyiiecTBIEHUM TEOTEXHUYECKHX Pa0dOT B YCJIOBUSIX OT-
pULATeIbHBIX TEMIIEPATyp MPUMEHSIOTCS WIM XMMHUYEeCKOoe
TBEpACHME C TPUMEHEeHUeM hopMuaTa HaTpusl, WU JIEKTPU-
YECKUI METOJ TMPOrpeBa ¢ MOMOIIBIO TPEIOIINUX TTPOBOIOB.
CrieyeT OTMETUTD, YTO 3JIEKTPONPOTPEB U3 OIbITA MPOU3-
BOICTBA pabOT HexesarenaeH. Bo3MOXHO BO3HUKHOBEHHE
yCaIlOYHBIX TPELIUH B Tejie OeTOHA B pe3y/ibTaTe OBICTPOTO
Habopa MPOYHOCTU U, KaK pe3yJIbTaT, OTPhIB yacTu cBau DPT
MPOrpeBacMOo OT YACTH TBEPLAEIOLLEH €CTECTBEHHBIM ITYTEM.

4. [TonGuparoTcst KOMITOHEHTBI K MEJTKO3epHUCTOMY OeTo-
HY — yemMeHm, MeaKuil 3anoaHumens, 006asexu k 6emory u eoda.

4.1. I[lopTnasaieMeHT, KaK IIpaBujIo, Ha OOBEKT IIOCTaB-
JIsieTcsl ¢ Ovpkaiinero IeMeHTHoro 3aBoga. B Cpemne-
BOJDKCKOM PETMOHE MCIIONb3YeTCsl 1IeMEHT MpPOW3BOICTBA
OAO <«MoppaosuemenT». CoriaacHo I'OCT 31108—2003
«IleMeHTHI 001IIeCTPOUTETbHBIE» KOHTPOJIUPYEMBIMU Tapa-
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Large-panel housing construction
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Puc. 1. MiHXeHepHO-reonornyecknin pa3pes NCnbITaTesIbHoro NoIMroHa n
CBai, BbIMNOIHEHHBIX MO 3NEKTPOPA3PSAAHON TEXHONIOMMM, C MHOrOMECTHbI-
MU YLIMPEHMSMU (CNieBa) 1 TOJbKO C YLUMPEHHOW NATON (cnpasa); BepTu-
KanbHast OCb — BbICOTHbIE OTMETKM, M

MeTpaMu SIBJISIIOTCS: MPOHOCMb HA Ccicamue B BO3PACTE
28 cyr R=50 MIla; Hopmanvras eycmoma LIeMEHTHOTO TecTa
27%; cpoku cxeambiganusa: Hadamo — 2 9 35 MUH, KOHeLl —
44 25 MUH; ucmunnas naomuocms p=2,63 r/cM>.

4.2. B xauecTBe MEJIKOTO 3aIlOJIHUTENST TTPUHUMAETCS
MpUpoIHbI pednoii ecok o N'OCT 8736—2014 «ITecok
IIJISI CTPOUTEbHBIX paboT. TexHnuueckue ycaoBus (¢ Ilo-
MpaBKOi)» ¢ modysem kpynHocmu He 6oaee M, =2. Ompe-
NEJIIeTCS  NpoueHmuoe codepircanue @GpaKyui KpynHee
M;>2 MM U naomHOCMb MUHEPANbHBIX HACMUY, .

4.3. JIns yBeaudeHUS IIPOYHOCTU O€TOHA U YBEIUMICHUS
MOABMXKHOCTH MCHOJB3yIOTCs nobaBku. Hampumep, mo-
6aBka ODMBOJIUT 8-100 — momudukarop 6GeTOHA IO
TV 5870-176-46854090—04 (OO0 «Ilpennpusitie Mactep
Beron», MockBa) 0OqHOBPEMEHHO SIBJISIETCS TIacTU(UKA-
TOPOM M MOAU(PUKATOPOM.

4.4. K Boze Takxke TIpeabsIBISIOTCS 0COObIe TpeOOBaHUSI
cornacHo I'OCT 23732—79 «Bopna 11t 6eTOHOB 1 paCTBOPOB».

5. B crpoutenpHoii nabopatopuy moa Ha3HAYe€HHbBbIE
NPOYHOCMb, NOOBUNICHOCHY, YO0OOYKAADbIBAEMOCMb, YCAOBUS
meepoenus cormacHo I'OCT 27006—86 «beronsl. I1paBuia
mox6opa cocTaBa 6eTOHA» MPOSKTUPYIOTCST:

5.1. Bodouemenmnoe omunowernue, Hannpumep B/11=0,51,
rae B — macca Bozbl.

5.2. CooTHOILIIEHHE MaTepuajioB IO Macce, HaIlpuMmep
L:I1=1:2,1, roe LI — macca uemenTa; I1 — Macca necka.

5.3. ConepxaHuie 1006aBOK 6 % om maccol yemenma, Ha-
nipuMep codepicarue IMBIJTUT 8-100= 10%.

5.4. Pacxox MatepuanoB Ha 1 M> GETOHHOM cMecH.

Jlst mpuMepa, Ha OMHOM 13 OOBEKTOB MCIIOJb30BAHBL:
neMeHT — 850 kr; mecok — 810 xr; no6aBka DM BOJIUT 8-100
— 85 kr; Boga — 465 KT.

Kpome xapakTeprcTUK HOMUHAJIBHOTO COCTaBa MEJIKO-
3epHUCTOTrO GETOHA B aJITOPUTME TTOI0Opa COCTaBa MPUBO-

b P -
A BN < md

Puc. 2. dparmeHTbl BbINOMHEHHbIX KOHTPHOPCOB

UTCs pasznen hakTuueckd BO3MOXHOTO pacxoja Marepua-
JI0B Ha | M’ GETOHHOIT CMECHL.

6. OU3NKO-MeXaHUYECKHE CBOMCTBAa GeToHa, 00s13a-
TeJbHBIC JIJIST TIOATBEPXKACHUS TTPaBUIILHOCTH MTOAOOpA CO-
cTaBa Ha OOBEKTE, — ITO cpeduss naomuocms bemona (p) B
cepuu 06pasuoB pazmepoM 10x10x10 ¢cM ¥ MPOYHOCTD TIPU
CcXXaTUU B Bo3pacTe 7 v 28 CyT.

[anee paccMOTpeH ciyyaii U3 CTPOUTETbHOM MPAKTUKMU.
IIpoekToM MO AECATUITAKHOE 3MaHWE TOCTUHUIIBI OBLIO
MPEeIyCMOTPEHO YCTPOMCTBO OYPOMHBEKIIMOHHBIX CBai, N3-
rOTaBJIMBAEMBIX T10 3JICKTpOpaspsiaHoii TexHonoruu (BPT).
DTa TEXHOJIOTUSI BKIIIOUYAET OypeHue, bemoHuposanue, s1ex-
mpo2uopasauHeckKyr 00pabomky, apmuposanue u 00AUBKY
bemona. BeieactBue TOro, 4To JaHHbIE CTaauU pabOT BbI-
TIOJTHSITA YeThIpE TOAPSIIHBIE OPTaHU3alMU U OTCYTCTBOBAI
JIOJDKHBIN MO3TANHBIM KOHTPOJIb Habopa MPOYHOCTU OeTOo-
Ha, ObUT HAapyIlIeH TeXHOJIOTUYECKUI LUK 1 0oJiee YeM IM0-
JIOBUHOI CBail He Oblja TOCTUTHYTa MPOEKTHAs Hecyllas
crocobHocTh. [ToaTOMYy BO3HUMKIJIA HEOOXOOUMOCTH Tepe-
MIPOEKTUPOBAHUS CBATHOTO MOJIS.

CTpouTeTbCTBO 00BEKTA BEJIOCh B CIIOKHBIX MHXEHEPHO-
reoJIOTMYECKUX YCIOBUSIX B cTapoM pyciie peku Bosru. I'eo-
JIOTUYECKMIA pa3pe3 Ha 3TOM y4yacTKe TpeACTaBlIeH CIIeMyIo-
IIMMU HMHXEHEPHO-reojlornueckumMu anemeHtamu (MI'D)
(cBepxy BHM3) (puc. 1): UT'D-1 — HachImHOI TpyHT (Hecre-
JKaBUIUICS CYTTIMHOK C CYTIECHIO U CTPOUTEIbHBIM MYCOPOM);
HI'D-2 — HernpocagouHbIi TYTO- M MITKOTIACTUYHBIN JIECCO-
Bbli cyrmuHoOK; MI'D-3 — HenpocagouHblil TeKy4YeruiacTud-
HBIi1 JIECCOBBIN CYyNNIMHOK; UTD-4 — Tyro- v MSIrKoOIiacTu4-
Hbl cymMHOK; MUT'D-5 — TBepnast u mosyTBepaast mecTpo-
nBeTHas Ha; UI'D-6 — IIMHUCTHIA TOJIMMUKTOBBIA IIECOK.

st mIolaaku CTPOUTENbCTBA XapaKTePeH BBICOKUIA
YPOBEHb I'PYHTOBBIX (HEHATIOPHBIX) BO/I.

CTpouTesIbcTBO 00BEKTa OBLIO HAYATO 34 ITSITh JIET 10 Ha-
yaJla OCHOBHOTO CTPOUTENILCTBA C BO3BENECHUS OTPaKICHUS
KOTJI0BaHa (I1yOMHOI 9 M) U3 ABYX PsIIOB OYPOUHBEKIIMOH-
HbIX cBaii nnamerpom 450 MM ¢ 1iarom 1 M. IoanmopHast cre-
Ha KOTJIoBaHa ObL1a yCTpoeHa BoJIb Yiiull. HermocpencTBeHHO
K KOTJIOBaHY NMpUMBIKaeT 10-3TaskHbIA KPYIMHOMAaHEeTbHBII
XKWJION JOM, BO3BEACHHBII Ha 3a0MBHBIX CBasIX.

HemocTatkoM TOCTPOEHHOTO OTrpaXkIeHHUs 0Ka3alocCh
OTCYTCTBHE MOHOJIMTHOTO OOBSI30YHOTO K€J1e300€TOHHOTO
rosica Mo Bepxy OypOMHBEKIIMOHHBIX CBail. DTO BBISIBUIIOCH
JIMILb TIPU OTPBIBKE KOTJIOBaHa. Psj cBaii orpaxiaeHust co
CTOPOHBI TIPUMBIKAIONIETO 3MaHUS HAKJIOHWJICSA B CTOPOHY
KOTJIOBaHa (MaKCMMaJIbHOE TOPU3OHTAIbHOE TIepeMeEIleHUE
nmocturiio 55 mm). B pesynbrare co3maBiieiicss CUTyalluy Ha
HapyXHBIX CTEHaX KUJIOrO JOMa BO3HUKIIM AehOopMalliOH-
Hble TpelllMHbI. [Ipy 3TOM ycTaHOBJIEHHbIE TUIICOBBIE Masi-
KU pa3opBajucCh U MPOIOJIKAIU PBATHCS.

HayuHO-mexXHU4ecKuil U NPOU3800CMBEeHHbIIL HCYPHAN
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KpynHonanenHoe f10MOCTpOEHHE

Harpyaka Ha csaio P, kH

130 260 390

520 650 780 910 1040 1170 1300 1430 1560 1690 1820 1950 2080

YcTpoiicTBO OypOMHBEKIIMOHHBIX CBail
OPT [1-14] non dyHmaMmeHTsI KOHTpGOp-

COB, KOHTP(OPCHI, a TAKKE CAMK POCTBEPKHU

MPOU3BOIINCH OTHOM IOAPSITHOM OpraHu-

3anueii. [1py 3TOM MOHMTOPWHT TOPU30H-

TaJIbHBIX MEPEMEILICHUMN TTOANOPHON CTEHbI

U aedopMaluii 0CaIOUHBIX MAapPOK XKUJIOTO

JIOMa TIPOBOAMJICSI €XEIHEeBHO, Graromaps

yeMy Ha JaHHOM Y4JacTKe He ObLIO Hapylle-

HUM B TEXHOJOTMYECKOM IIEMOYKe «Oype-

HHUEC — 6CTOHI/Ip0BaHI/IC —OJICKTPOTrUaApaBJInN-

yecKast 00paboTKa CTEHOK M IISIThI CKBAXKM-

HbI — MOHTaXX apMOKapKaCOB».

P

O0s13aTeIbHBIMU  3TallaMU, IIOATBEP-

BepTukanbHoe nepemellieHve cean S, Mv

JIUBIIMMH COOTBETCTBHME IPOEKTY 3aIpo-
eKTUpoBaHHbIX cBaii DPT noa pyHmaMeH-

| b

e TBI KOHTP(OPCOB, OBUTH:

1. UcnibiTaHust Ha TIPOYHOCTh 3apaHee

¥

Puc. 3. padukn pesynbTaTtoB MCMbITAHWIA CTaTUHECKOW Harpy3kon OYPOMHBLEKLMOHHBIX CBal
OPT: 1, 2 - TONbKO C YLUIMPEHHOW NATON; 3, 4 — C MHOrOMECTHbLIMU YLLIMPEHUSIMU

PesynbTaTtbl ucnbiTaHuii cBan APT Ha cTaTU4YeCKylo Harpy3ky

M3TOTOBJIEHHBIX KyOMKOB MEJIKO3ePHUCTO-
ro 6eToHa, mpeIHA3HAYEHHOTO MJis MU3ro-
TOBJICHMSI CBail, COIJIACHO aJITOPUTMY,
NPUBEACHHOMY BBIIIIE.

2. McnplTaHus CTaTU4eCKON Harpys-
KO onbITHBIX cBaii DPT.

Ha ucnbrtatenbHOM nojMroHe (B mpe-
Jieyiax yJacTKa M3TOTOBJICHUS KOHTpGOp-
COB) OBUIM BBIIIOJIHEHBI IBa CBAHBIX KyCTa

0 2JIEKTPOPA3PSIIHOI TexHoaoruu. B of-
HOM M3 HUX CBaM ObLIM M3rOTOBJEHBI 6e3
YIIUPEHUH, a B APYTOM — C MHOTOMECTHBI-
MM YITUPEHUSIMU (BEPTUKATBHYIO TIPUBSI3-

Hecywas PacueTHasa | lMpo4HOCTb o
Ne Mpu4nHa HepOCTaTOHHOM
caan cnocobHocTb | Harpyska, | 6eToHa Tena HeCYILIEH COCOBHOCTM CBau
Fu, kH N, kH cBawu, klMa
789 62,8 52,3 60
710 75,9 63,3 65 Hunskas npoyHoCTb 6eToHa
579 95 79,1 78
822 251,2 209,1 1200
728 565,2 471 2500
CpbliB cBaun
767 376,8 314 2600
803 251,2 209,3 1300

Ky cBaii cM. Ha puc. 1). Pe3ynbTaThl ncmbi-
TaHU# Hecylell cnocooHocTu cBait OPT ¢
TIOMOIIBIO CTaTUYECKOW HArpy3Ku MpUBe-
JIEHBI Ha puc. 3.

ITo Mepe ymajneHMsI pacHOpPHBIX KOH-

CosnmaHHasl B CBSI3U C OTUM 4Ype3BblUaiiHas KOMUCCUS
MOpYyYuJIa roJJOBHOM MPOEKTHOM opraHu3aluyu CpOYHO pas-
paboTaTh NMPOTUBOABAPUIHBIC MEPOTIPUSTUS IJISI CTAOWIIM-
3auuu Jedopmalnii Kak BO3BEJACHHON MOAMOPHOMN CTEHBI,
Tak ¥ pUMBbIKaloIIero 31aHus. B KauecTBe Takux Mep ObLiia
pa3paboTaHa cxeMa yCUJICHUS TIONIOPHON CTeHBI B BUIE
pacIOpHBIX KOHCTPYKIMU u3 TpyOo auamerpoM 1000 mm,
PAcCIONIOXKEeHHBIX Ha IBYX YPOBHSIX BO B3aUMHO TMEPIEHAM-
KYJISIDHBIX HampaBJeHUsIX (puc. 2). DT MEpOIpUSITUS MO-
3BOJIVJIM CTaOMJIM3UPOBATh CUTYalIMIO. [ UTICOBbIE MasiKu Ha
KWJIOM JIOM€ TIepecTaju pBaThCsl, TOPU3OHTAIbHbBIE Tepe-
MeIeHUS TTOATTOPHOM CTEHBI OBLIM TTPUOCTAaHOBICHBI. [Tpn
5TOM TFeOTeXHUUECKUI MOHUTOPWHT MPOAOJIKAICS.

IIpu npoekTHO¥ MTyOMHE KOTJIOBaHa 9 M pacropHble
KpeIieHusT OBLTM pas3MelieHbl Ha TiyoumHe 4,5—6,5 M.
IMosToMy BO u30eXaHWE HEraTUBHBIX TOCJIEACTBUI IS
MPUMBIKAIOIIETO XUJIOTO JIOMa TIpU JajbHEMNIlei OTKOIKe
KOTJIOBaHa OBbIT pa3paboTaH MPOEKT YCTPOUCTBA MOHOJUT-
HBIX KeJIe300eTOHHBIX KOHTP(OPCOB Ha MOTMOJHUTEIBHBIX
OypoMHBEKIIMOHHBIX cBasix DPT auamerpom 0,35 M u min-
HoM oT 12 10 19 M B 3aBUCUMOCTH OT UHXXEHEPHO-T€0JIOTU-
YECKUX YCJIOBUI B TOW WA UHOM YaCTU CTPOUTELHOM II0-
manaku. Pabotsl o ycrpoiictBy cBait DPT npuxoauiaoch Be-
CTH B OYEHbB CJIOXKHBIX YCIIOBUSIX MEXKIY TPyOaMu, a ynajaeHue
IPYHTa U3 KOTJIOBaHA MPOU3BOAWIOCH TOJBKO BPYUHYIO.

s obecnieyeHus 6€30IIacCHOM AKCILTyaTalliy MOAIOP-
HOM CTEHbI MPU CTPOUTENHCTBE HYJIEBOTO LIMKJIA, a TaKXKe
IIJISI CO3MaHMSI YCIIOBUI JIJISI IEMOHTAaXKa CTaJIbHBIX TPYyO pac-
TTOPHBIX KOHCTPYKIUI ObLT pa3paboTaH aJrOpUTM YCTPOIi-
cTBa KOHTP(HOPCOB.

BoimonHeHue paboT mo peanv3alvy BHIIEYKAa3aHHOIO
aJTOpUTMa TMO3BOJWIO TO3TAIMHO AEMOHTUPOBATh Pacop-
Hble TpYObI. JanbHeiux aecdopmaliuii MoANOPHON CTEHbI
U KWJIOTO IoMa He ObLIO OOHAPYXEHO.

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeH b HCYPHAN

CTPYKUUI1 0CcBOOOAMIACH 3HAUMTEJbHAs
YacTh IJIOMIAAM KOTJIIOBAaHA JIJIST yCTPOMCTBA CBAfHOTO TOJIS.

B cBs3M ¢ cokpailieHrneM MHBECTOPOM CPOKOB BO3BeIe-
HMSl 3TaHUS 3aKa3YMK PEI YBEJTUIUTh CKOPOCTh BO3BeIe-
HMSI HYJIEBOI YaCTH, pa3aesivB yCTPOUCTBO OYPOMHBEKIIMOH-
Hbix cBait OPT Ha atansl. [lpu smom 00na cmpoumenvras op-
2aHu3auus noopsaduAacs 8blNOAHUMb Oyposvle pabomsl, dpyeas
— 0emoHUpoaHue MeaKo3epHUCMbIM OemoHOM, mpembvsi —
2NEKMPOSUOPABAUHECKYIO 00PAOOMKY CIMEHOK U NAMbl CKEANCU-
Hbl, Yemeepmas — U320MoeaeHue U NocpylceHue apmoKapkacos
8 20mogble CKBAXICUHBL, 3ATIOTHEHHbIE MEJTKO3ePHUCTHIM Oe-
TOHOM Y 00pabOTaHHbBIE IO JIEKTPOPA3PSAHON TEXHOJIOTUH.

COOTBETCTBEHHO KayeCTBO BBIMOJHEHUSI PabOT Ha pas-
HBIX 3Tanax KOHTPOJIUPOBAIOCH Pa3HBIMU MOAPSITHBIMU Opra-
HM3ALMSIMU U KaK pe3yJIbTaT pe3KO MOBBICHIIACh BEPOSITHOCTD
€ro CHIDKeHUS1. Pe3y/IbTaThl MCIIBITAHUI CBali Ha CTAaTMYECKYIO
Harpy3Ky HOOTBEPOWIM 3TU omaceHus1 (cM. Tabmuiy). s
6onee yeM 50% WCITBITAHHBIX CBali He ObUIa JOCTUTHYTA IIPO-
eKTHast Hecylasi crnocooHocTb. OCHOBHOM MPUYMHON 3TOTO
OKa3ajlacb HU3Kas MPOYHOCTb MEJKO3EPHUCTOro OeTOHa
BCJICICTBUE OTCYTCTBUSI OJDKHOTO Haa3opa 3a ee HabopoM.
CrnenyeT OTMETUTh, YTO OfHA M3 TOAPSAHBIX OPraHM3ALIMIA,
OTBETCTBEHHAasI 3a OETOHMPOBAaHUE CBali, UCIOJb30BaIa OeTO-
HOCMeCUTEJIbHYI0 yeTaHOBKY PM-750, KoTopast mpu O0JIbIIIX
000pOoTax HACHIIIAET OETOH BO3IYXOM, YTO U MIPUBEJIO K HEN0-
0OOpy MPOEKTHBIX 3HAUEHUI TTPOYHOCTH. B TO ke Bpems moa-
60p cocraBa BCM 06bL1 mpon3BeieH MPaBIWIBHO.

st obecrnieyeHusT MPOEKTHOM HeCyIlel CIIOCOOHOCTU
POCTBEPKOB ¢ OPaKOBaHHBIMU CBAasIMU MIPUHSITO pelleHue
JIOMOJIHUTh UX CBastMU C MHOTOMECTHBIMM YIIMPEHUSIMHU.
Bbl10 nepenpoeKTupoBaHO Bce CBaifHOe moJie (M Bce pocT-
BEpKM) C YYETOM DPE3yJbTAaTOB MCIBITAHWI OTBITHBIX CBait
Ha UX HECYIIYIO CITOCOOHOCTh. biaromapst atomy ynamoch
00€eCIIeYnTh IPOEKTHYI0 HECYIIYI0 CIIOCOOHOCTH BCETO
(yHgameHTa 31aHMS B 1IEJIOM.
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Large-panel housing construction

B 3aknouenue xomenocw 6bt noauepchymb, Ymo uU3-3a envl-

NOAHeHUs. pa3HbiX 3manoe pabom no ycmpoiicmgy ceait IPT
YemolpoMsi NOOPSAOHbIMU OpeAHU3AUUIMU He Obli obecheueH
Heo0X00UMblll NOIMANHYII KOHMPOAL UX Ka4ecmea u 045 Uc-
NpasneHus HeeamueHvix nocaedcmeuil Ovlau nompauenst 00-
noaHumenvHvle MamepuatvHvle cpedcmea. i obecneuenus
HA0eNHCHOU IKCNAYaAMAayul 603600UMbIX COOPYICEHUT 3aKa34lU-
KU U noOpsiOHble Opeanu3ayuu He 00ANCHbI OONYCKAMb B03HUK -
HOBeHUsI NOOOOHBIX CUMYayuil.
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WccneposaHue nNpo4HOCTHLIX CBOMCTB
cranegmbpolinako6eToHa npu 0CEBOM PacTHXEeHUu
W CXAaTUW C YYETOM ero Bo3pacra

lpuBeneHbl pesynbTathl UCCNELOBAHNA NPOYHOCTHBIX CBOWCTB MENK03epHUCTOro craneduépoLunako6etora (COLLB) B Bo3pacTe 3—448 cyTok.
3Ha4ymMTeNbHAR YaCTb PACYeTOB M3rMb6AEMbIX 3IEMEHTOB CTPOMTESNbHbIX KOHCTPYKLMIA OCHOBBIBAETCA HA TAKNX XapakTepucTMKax matepnana, kak
NpOYHOCTb 6eToHa Npu cxatn Ry, R,, n npo4HOCTb 6ETOHA NP 0CEBOM PACTKeHNN Ry,. Llenbio HacToALEro NcCnefoBanHns ABNseTCA nonyveHue
PacyeTHbIX hopMYN, MO3BONSAIOLLIAX ONPEAENATb NPOYHOCTHBIE XapakTepucTukin COLLIB (NPOYHOCTL NPU OCEBOM PACTSXKEHUN U OKaTUN Ry, Ry)

C y4eToM Bo3pacTa 6eToHa. icnbiTaHns Ha pacTaXeHne 1 cxatne NPOBOANANCH HA 06pa3Lax, M3roTOBMEHHbIX HA OCHOBE 0TXOA0B OT AP06IeHNs
NATOTO LUNAKOBOTO LeBHS MeTannyprinieckoro npom3soacTsa ppakumnm 0-5 MM ¢ HacbiNHOM NNOTHOCTLIO 0T 1085 go 1135 Kkr/m® ¢ passMyHbIM
06beMHbIM coaepxaHnem pmbpoBoil apmatypbl 1 BO3pacTom 6eToHa. TeepaeHne 6eTOHA NPOUCXOANIO B Na6OPATOPHbIX YCOBUAX NpW TeMnepaType
+18 — +20°C 1 BnaxHocTn 70+5%. HarpyxxeHne npu UcnbiTaHAN HA CXXaTue NPOUCXoauno co ckopocTbio 0,6+0,4 MIMa/c, npu ucnbiTaHWK Ha
pactshxenue — 0,05+0,02 MMa/c. B pesynbrate NpoBeAeHHbIX UCTbITAHUIA 1 06PABOTKM OMbITHBIX AAHHbIX NOSTY4eHbl 3aBUCUMOCTHU

1 CKOPPEKTUPOBaHHbIE (hOPMYIbl pacHeTHbIX conpoTuereHni ans COLLUB npu pacTsxxeHun u Cxatum ¢ y4eTOM ero Bo3pacta, ABNsioLumecs 6a3oin
C03JaHns NPUKNAAHOr0 NPOrpaMMHOro 06ecneyeHns Ans aBTOMaTU3NPOBAHHOMO PacyeTa 3fIEMEHTOB CTPOMTENbHbIX KOHCTPYKLUMIA Ha ocHoBe COLLE.

KnioyeBble cnosa: ctanedu6poLLiako6eToH, (hMbpoapMmMpoBaHne, NPO4HOCTL GETOHA NPU OCEBOM PaCTSXKEHUM, MPOYHOCTb 6ETOHA NPW 0CEBOM

cxatun, nbpoBoONOKHO, KO3 MLMEHT (ONBPOBOro apMMPOBaHUS.

Ina umtuposanms: boHaapes b.A., YepHoycos H.H., YepHoycos P.H., Ctyposa B.A. iccnegoBaHne npo4HOCTHbIX CBOWCTB cTanednbpoLunako6eToHa
NPy 0CEBOM PACTSHKEHWUN W CXATUM C Y4eTOM ero Bospacta // CtpouTenbHble matepuansl. 2017. Ne 5. C. 20-24.
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Research in Strength Properties of Steel-Fiber-Slag Concrete in the Course of Axial Tension and Compression with Due Regard for Its Age

Results of the study of strength properties of the fine steel-fiber-slag concrete (SFSC) at the age of 3-448 days are presented. A significant part of the calculations of flexural elements of build-
ing structures is based on such characteristics of the material as concrete compression strength R,, R,, and axial tension strength of concrete Ry, are presented. The purpose of this study is
to obtain calculation formulas that make it possible to determine the strength characteristics of SFSC (strength under axial tension and compression Rﬂ,,, Rﬂ,) with due regard for the age of
concrete. Tests on tension and compression were carried out with samples fabricated on the basis of waste from crushing of molten slag crushed stone of metallurgic production on fractions
of 0-5 mm with bulk density of 1085-1135 kg/m® and with different volumetric content of fiber reinforcement and the age of concrete. The hardening of the concrete has taken place under the
laboratory conditions at temperatures of +18 — +20°C and humidity of 70+5%. Loading when compression testing has taken place at a rate of 0,6+0,4 MPa/s, when tensile testing —

0,05+0,02 MPa/s. As a result of test conducted and processing of experimental data, dependences and corrected formulas of the design resistance for SFSC under tension and compression

with due regard for its age have been obtained; they are the base for creating the application software for automated calculation of elements of building structures on the basis of SFSC.

Keywords: steel-fiber-slag concrete, fiber reinforcement, concrete strength under axial tension, concrete strength under axial compression, fiber, coefficient of fiber reinforcement.

For citation: Bondarev B.A., Chernousov N.N., Chernousov R.N., Sturova V.A. Research in Strength Properties of Steel-Fiber-Slag Concrete in the Course of Axial Tension and
Compression with Due Regard for Its Age. StroiteI'nye Materialy [Construction Materials]. 2017. No. 5, pp. 20-24. (In Russian).

PacimipeHne npUMEHEHUS Xele300eTOHHBIX KOH-
CTPYKLIMIT U3 OETOHOB, MO3BOJISIOIINX UCTIOIB30BATD JIST UX
MMPOM3BOJCTBA BTOPUYHBIC OTXOABI PA3IUIHBIX OTpacieit
MPOMBIIIJIEHHOCTH W MECTHBIE 3aIOJTHUTENM, TTPUBOIUT K
9KOHOMUYECKOMY MCIOIb30BAaHUIO MAaTEPUATbHBIX U dHEP-
TeTUYECKUX PEeCypCOB, CHIKEHUIO CTOUMOCTHU U TPYAOEM-
KOCTHU TEXHOJIOTUYECKUX npolieccoB. K TakuM GeTtoHaMm, B
YaCTHOCTH, OTHOCHUTCSI 1IJIAKOOETOH Ha OCHOBE JIMTOTO
nmakoBoro 1eoHs (JIIIIL) u MenKo3epHUCTHIN 1I1ako0e-
TOH Ha OCHOBe oTceBa oT ApooyseHust JILIII [1—4].

DKoHoMuYecKast 3(h(eKTUBHOCTb 3TUX KOHCTPYKIIW MO-
JKET TTOBBICUTBCSI, €CIM WCIOAb30BaTh B KOHCTPYKTUBHBIX
9JIeMEHTAaX B KauyecTBe 3allOJHUTENsl OTCEB OT JpOOJIeHMUS
JILOII (ppakimst 0—5 mm) momeHHOTO nipou3BoacTea HIIMK
C OIHOBPEMEHHBIM BBEICHUEM IHUCIIEPCHOTO apMUPOBAHUSI.
H3BecTHO, YTO BBeneHNE B OETOH TUCTIEPCHOM apMaTyphbl T10-
3BOJISIET MTOJTYYUTh KOMITO3UT C TTPOYHOCTBIO ITPU PACTSKEHUT
B HECKOJIBKO pa3 OOoJIbIIIEel, YeM 1151 OeToHa-MaTpuLisl [1, 5, 6].

PesynbTaThl MccieqoBaHUN AEUCTBUTEIbHONH PabOTHI
N3rndaeMbBIX 3JEMEHTOB M3 MEJIKO3epHUCTOro crajieusd-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

pountakob6eroHa (CPIIB) ucroab3yoTcs pu MpoeKTUPO-
BaHUU cTaje(pUOPOLULTAKOOE TOHHBIX KOHCTPYKIIMIA pa3ind-
HBIX COOPYXEHU, MOCTOB, MOKPHITUN aBTOMOOUJIbHBIX
JIOPOT, a3POJAPOMOB U IPYTUX CTICIIUATBHBIX COOPYXEHUH, K
KOTOPBIM MPEeIbsIBIISIOTCS 0COOBIE TPeOOBAHMS IO SKOHO-
MUYHOCTH, HaAEXHOCTU 1 JOJroBeYyHOoCTH [1, 7].

VYuer 3HaueHU I MPOYHOCTHBIX XapakTrepucTuk COIIb B
BO3pacTe OT 3 CYT IpU YKJIAAKe AOPOXKHBIX OACKI MOXKET
CMOCOOCTBOBATh CKOPENIIIEMY BBOJY B 9KCILITyaTallUIO CTPO-
UTETBHBIX OO BEKTOB.

3HayuTeabHas 4acTh PacueTOB 3JEMEHTOB CTPOUTEINb-
HBIX KOHCTPYKIMI OCHOBBIBAETCSl HA TAKMX XapaKTepUCTHU-
Kax Marepuana, Kak NMpU3MeHHas MPOYHOCTb OeToHa Ry,
KyOMKOBas MPOYHOCTh R,, U IPOYHOCTH OETOHA [TPU OCEBOM
pactskeHuu Ry, [8—10].

CreoBatesibHO, pacueTHas OlleHKa MPOYHOCTHBIX Xa-
paktepuctuk ¢ubpoderoHoB, a Takxke COIIB ¢ yuyerom
Bo3pacTa 6eToHa akTyajibHa [2, 6, 10].

WccrnenoBaHue MPOYHOCTHBIX CBOMCTB MEJIKO3EPHUCTO-
ro uakoberoHa-marpuiibl (IIIB) npusenens B [3].
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ufa=0,75%

Hy=1,3%

Puc. 1. Sckn3 onbITHLIX 06Pa3LOB U UX cevyeHuii ans ucnbitaHmus COLUB
Ha pacTskeHve

Puc. 2. UcnbiTanme CPLLEB o6pasLLoB Ha 0OCEBOE pacTsxkeHue: a — obpasel,
B 3aXMMax 3KCMNepUMEHTaNbHOW YCTaHOBKW; 6 — MCMbITaHWE MPOYHOCTU
aHKkepoBKM GUOPbLI B LLNAKOOETOHHOM 3JIEMEHTE; B, I — Pe3yNbTaT BblAepru-
BaH1s GrOPbI M3 WNakoBeToHHON MaTpuLbl (W, = 0,25% w iy, = 1,3% cooT-
BETCTBEHHO)

144,70,22% 147,70,45% 14,70,9% U72,23%
. i :=-'—:'“__‘_._1 =
I_I [ il '

m— |
[ [] +f

Puc. 3. Ocku3 onbiTHbIX 06pa3uoB ans ucnbitaHus COLLIB Ha cxaTue:
a — pubpa pacnonoxeHa xaoTuyHo (k, = 0,247); 6 — pnbpa pacrnonoxeHa
ynopsino4eHHo (k, = 1)

Puc. 4. Dotounnioctpaumm ncnbitaHnin CPLLEB 06pa3LioB Ha oceBoe cxartune

Hcnbrtanus npoBoawiIvch Ha oOpasliax, M3TOTOBJICH-
HBIX Ha OCHOBE IIJTAKOB METAJUTypruyecKoro MpoOU3BOACT-
Ba OAO «HJIMK». OHu mpeactaBiasioT coO0i OTXOAbI OT
NIPpOOJIEHUS JIMTOTO IIJIAKOBOTO IICOHST (l)paK]_[I/II/I 0—5 MM c
HACBIMTHOM TUIOTHOCTBIO OT 1085 mo 1135 xr/M>. B uccneny-
€MBIX COCTaBaX MUCIOIb30BAIUCH:

— B KauecTBe BsmKymlero uemeHT Mapku I111-500 DO
JIumenkoro 1eMEHTHOTO 3aBoja W IIacTUOUIMPYIOIIAs
nobaska «Pexamukc» (10% pacTtBop);

— B KayecTBe AMCIEPCHOTO apMUpPOBaHUS — GUODPHI
«)lpaMHKc» 3apy0OexXHOTO TPOM3BOJCTBA, py6neHHLIe nu3
CTaJIBHOM TPOBOJIOKU, muameTpoM 0,8 MM, mmuHOM 60 MM
(R, = 1100 MIla; E, = 1,95 10° MHa dr = 0,8 mm;
;=60 mm) [2, 7].

TBepaeHue 6eToHa MPOUCXOIUIO B JJAOOPATOPHBIX YC-
JIOBUSIX TIpu Temmepatrype +18 — +20°C um BIakHOCTH
70+5%. HarpyxeHue TIpy UCIIBITAHUW Ha CXAaTHE TIPOMC-
xomuito co ckopocthio 0,6+0,4 MIla/c, mpy UCTTBITAHUY Ha
pactskenue — 0,05+0,02 MTITa/c.

HcnbiTaHus o0pa3lioB Ha pacTskKeHue IIPOBOIMINCH
Ha CIIeIIMaJIbHOM 9KCIIepUMEHTaIbHOM ycTaHOBKe [11].

HcnbiTanust o0pasiioB Ha cxkaTre MPOU3BOAUIUCH B ITpec-
ce UIT-100 u Ha yHUBepcallbHOI pa3pbiBHOI MalHe P-20.

B wuccnenyembix Ha pactsokeHue u cxkatue COIIIB-
oOpasnax MCHoJb30BajIcs OeTOH-MaTpuia KkKiaaccoB BS5;
B7,5; B10; B15; B20; B25; B27,5.

CpeaHue 3KCIEepUMEHTaJbHbIe 3HAYEHMSI COMPOTUB-
JieHust 6eToHa-maTpuibl Ha ocHoBe JIIIII[ mpuBeneHbl B
Tadaulie.

B uccnenoBanusx o6pasios n3 COIIIB Ha pacTskeHUe
BapbUPOBAINCH HAMpPaBIeHHOE cofiepxkaHue GuopoBoil ap-
Martypsl Wy, %: 0; 0,125; 0,25; 0,375; 0,5; 0,75; 1,3 u Bo3pact
OeToHa (B cyTKax) 3 7 14 21, 28 56 112 224, 448.
OCKU3bl OMBITHBIX o6pa3LIOB npuBefeHbl Ha puc. 1.
Paccrosinust Mexny ¢puOpOBOIOKHAMU B CEUEHUSIX 0Opasiia
coctaBmsui 5 v 10 Mm. PoToMyuTIOCTpaliiK 06pa3IoB TIPU
WCTIBITAHUM TIPYBEICHBI Ha puC. 2.

Ipounocts COIIB npu oceBoM cXaTuu oIpenessiach
Ha o0Opaslax B Buie KyooB pasmepoM 60x60x60 mM. B uccire-

7

MpouHocTb CALUB npu pacTsixeHuun Ry, MIa

w 1=448 cyT

0,2 0,4 0,6 0,8 1 12 14
Wra, %

Puc. 5. MpoyHocTb CPLUE npu pacTsxeHun B 3aBUCMMOCTH OT Bo3pacTa
1 npoueHTa ¢prubpoBoro apmuposaHus (ana 6eToHa knacca B25)

MpPoOYHOCTHbIE XapaKTepUCTUKN 6eToHa-MaTpuLbl Ha ocHoBe JILLL,

ConpoTuBneHne 6eToHa-mMaTpuLbl Npu knacce 6eToHa-MaTpuLbl MO NPOYHOCTU Npu cxatuu, MMNa
Bua conpotmBneHus
B5 B7,5 B10 B15 B20 B25 B27,5

Cxatune ocesoe R, 5,24 7,19 10,24 15,56 20,03 25,11 28,1
CxaTtune ocesoe R, 5,71 8,15 11,13 15,82 21,87 26,34 28,74
PacTtsxeHve ocesoe Ry, 0,65 0,73 0,95 1,25 1,51 1,72 1,81
i = ENER BIE HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA
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Puc. 6. MNpouHocTe CHPLLUB npu cxatum B 3aBUCUMOCTM OT BO3pacTa U npoueHTa ¢prubpoBoro apMuposaHust: a — ans 6eToHa knacca B7,5 (k, = 1);

6 — nns 6eToHa knacca B15 (k, = 0,247)

JTyeMbIX Ha CxKaTre 00pa3iax TakKe BapbUpOBAICh O0bEMHOE
cozepxkatue (prUOPOBOK apMaTyphl Ly, %: 0, 0,22, 0,45, 0,9,
2,23 u Bo3pact GeToHa f, cyT: 3, 7,14, 21, 28, 56. DcKusbl
OITBITHBIX 00pa3lLoB IpUBEIeHBI Ha puc. 3. PaspyireHue o6-
paslia Mpy OCEBOM CXKaTUM TTOKa3aHO Ha puc. 4.

Pesynbratel ucnbitanuii oopasuos u3 COILB npu pac-
TsokeHUM (kjacc OertoHa-marpuubl B20) u npu cxatuu
(xnacc 6eToHa-MaTpuilsl BS, B15) nmpuBeneHs! Ha puc. Su 6
COOTBETCTBEHHO.

M3 onbITOB yCTaHOBJIEHO, YTO MTPOYHOCTh MTPU OCEBOM
pacTsokeHUn obpasioB u3 menkodepHucroro LB cocras-
sstet npuomm3ureabHo 0,03—0,08 KyOMKOBOII IIPOYHOCTH.
B pesynbraTe 00pabOTKM OMBITHBIX JAHHBIX YIAJIOCh MOy~
YUTh CAEAYIOLINE 3aBUCUMOCTHU:

R, =0,193/R? . (1)

B pa6ore [1] mpemnoxeHa dopmyna, MO3BOJSIONIAS
OMpPeNesSITh POYHOCTD Ha pacTskeHue (Ry,) cranedubpo-
nIakobeToHa:

Red
Ry = 02,MR,-(I—#T])+R,,(O,03—6ufv), )

tie /1 dp— JUIMHa U IMaMeTp UCTIONb3yeMol Gpubphl, MM;
k,, — K03 PULMEHT OpUEHTaLH, YYUTHIBAIOLINIT OPUEHTA-
o ¢Gudp B 00beMe 37eMEHTa B 3aBUCUMOCTUA OT COOTHO-
LLIEHUS pa3MEPOB CEUCHUSI IJIeMEHTA U JUTMHBI (UOPHI, TIPU-
HUMaeMblid o Tadi. 6.1 CIT 52-104—2006%; Ly — koadbu-
LMEeHT HGrOPOBOro apMUPOBAHMS 110 00BEMY; R, — IPOYHOCTH
GeroHa Ha cxarue, MIla; Ry, — IPOYHOCT Ha PACTSIKEHUE
¢bubpoberona, Mlla; R, — TIpoYHOCTH HUOPBI HA PasphIB,
MIla; 1 — k03¢ PpULIMEHT, yINTHIBAIOIINI aHKEPOBKY.

B npuBeaeHHOI 3aBUCMMOCTHY HE YUMTHIBAETCSI BO3pACT
OeToHa U (hakTOp B3aMMOBIIHUSIHUS (PUOPOBOJIOKOH B GETO-
He-MaTpulle.

Opnako npu pacuete npouyHocty COIIB Henb3s He
YUMUTHIBATH (haKTOpa B3auMOIEUCTBUS (PUOPHI C GETOHOM-
matpuuei [12, 13].

CyliecTByeT MHOXECTBO aHaJUTHUYECKMX MOJeNei,
ONKMCHIBAIOIIMX TepepacipeneieHue HarpsokeHUi B yrpy-
roii 30He B3aUMOJECTBUSI MOBEPXHOCTU CTATbHON (PUOpPHI
u 6etoHa [4]. Hekoropble Momen paccMaTpuBaIOT BbIIAEP-
ruBaHue miankoi ¢puodpbl U3 6eTOHA-MaTPUILIbl, OCHOBBIBA-
SICh Ha TEOPUH 3aIePKKY CABUTA BILUIOTh O pa3phbiBa CBA3U
U (GPUKLIMOHHOIO CKOJIbXeHUs puodpkl |5, 14, 15].

IpocrTeiiliie 3aBUCUMOCTH, OMpeAessIone 3HaYeHue
MpeaeabHBIX KacaTeIbHbIX HAMPSIKEHUH T,y , ASWCTBYIOLLIMX
BIIOJIb TTOBEPXHOCTU (DUOPBI, MOXHO TPEACTaBUTh B BUIE:

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

(o2}

MpouHocTb hpubpobeToHa Ry (28), Mla

0t T T
0,2 0,4 0,6 0,8 1 1,2 1,4
Was %6
Puc. 7. MpouHocte COLUB npu pactsxeHun B Bo3pacTe 28 CyT Ans knacca

6eToHa-maTpuubl B15: 1 — no ¢dopmyne (3); 2 - no popmyne (2); 3 - no
dopmyne (6.7) CM 52-104-2006

P
Tmax: 2Rbt = dm;?( H (3)
T 1t fan
rae P« — MakCUMaJlbHas HarpysKa, feiicTeyoasa Ha pub-
PY; If-un — aHKEpOBKa (UOpPBI, JOCTATOUHAS LIS €€ Pa3phiBa.
IIpu 3TOM MakcuMasbHble HaMpsIKeHUsI, BOZHUKAIOIINE B
¢ubpe npu pa3peiBe, ONPeneIsTIOTCS 110 (hopMyJie:
4p
Ry=—nex, “
ndy
C yueroM dopmya (3) u (4) npoyHOCTb OGETOHA ompee-
JisieTcs caeaylomyM oopazom:

_Rd, 1 _R(28)
R”’~81f'an_ liaw — 8M ©)
R 7

Pacuer B3aumoBnusiHUSL (PUOPOBOJOKOH B OETOHE-Ma-
TPULIE OCYIIECTBIISIETCS TTOCPEACTBOM MPUBEAEHHOTO KOA(D-
duumnenTa My,., YYNTHIBAIOLIETO AHKEPOBKY (GUOPHI 1
ornpenessieMoro 1o ¢hopmyJiam:

Ny red =M, kg (20044 0,15);
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Large-panel housing construction

k4=(0024-11,44—0,285)- 3%+ (0,77-0,052- l;.an)- hs+1;  (6)

7\/ =lffan /lf,um

rae lf on — AHKEPOBKA GUOPBI; /4 — CpeiHee 3HAYEHUE JTUH
AHKEPOBOK COCeTHMX (GUOD (B HALIEM CIIYYae [fqm = 30 MM,
7»/‘ = l).

Ha ocHoBe 00pabOTKM ONBITHBIX JaHHBIX, ITOJYYEHHBIX
MIPY UCTIBITAaHUSIX 00PA3IOB Ha PaCTSKeHUE, CKOPPEKTUPO-
BaHa opmyna (6.7) CIT 52-104—2006* ansa onpeneacHUst
PAcYETHOTO CONMPOTHUBIIEHUS PACTSKEHUIO (Rp,) TIPUMEHU-
tenbHO misgs COIIB:

k2w I
_3[p2 oy Y
R_,,,,(t)—,/R,, (t)[0,19+ T T :l 7

rae R,(f) — NpoOYHOCTb Ha cxkaTue OeTOHa B BO3pacTe f,
MIla; Ry,(#) — IpPOYHOCTB Ha PACTSIKECHUE COIIB (MIla) B
BO3pacTe ¢ (BBIUMCISIETCST TIO 3aBUCUMOCTSM, TPEIIOXEeH-
HBIM B [6]).

TeopeTnyeckue KpUBbIe Rp, (1), MOCTPOEHHbIE C MPUME-
HEeHUEM 3aBUCUMOCTH (7), U IKCIEepUMEHTAJbHbIE 3HaUe-
nust it COIIB (kmace 6eroHa-marpuiibl B20) mpeacras-
JIEHBI Ha puc. 5.

Ha ocHoBe 06pabOTKM ONBITHBIX TaHHBIX, ITOIYYEHHBIX
Ipu ucnbiTaHusx oopasuoB u3 CPOID Ha cxatue, MOXHO
clenath BBIBOA O MPUMEHUMOCTH (hopMyIhl (6.8), TIpemwro-
sxxeraHo B CIT 52-104—2006*, mis pacyeTa COMPOTUBIICHUS
cxatnio (Ry) npumenutensHo aigs COLIB ¢ yuetom ero
BO3pacTa:

Ry(0)=Ry () +(ky; @i Ry);
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g FECITT =0 = =)=

5+L
= ) 8
e 1+4,5L (8)
2
L= k, W Ry

Ry(t) ~

rae k, — Ko3(d@UUUEHT, YYUTHIBAOIINANA paboTy Gubp B
CEYCHUU, TIePIICHANKYISIPHOM HAIpaBIeHUIO BHEIIHETO
CXKMMAIOIIEro YCUINSA, U TPUHUMAEMBIA Mo Tadm. 6.2
CII 52-104—2006* (B HalIEM clTy4ae XaOTUIHOTO PACITONIO-
xeHust ¢duobpsl k, = 0,247, B ciayyae ynopsiiO4eHHOro —
k, = 1); us — xoadduureHT hprudbpoBoro apMUpOBaHUs MO
00BeEMY; Igb(t) — npouHocTh Ha cxkartue 1B B Bo3pacTe 7,
MIlIa; R;(7) — mpOYHOCTD Ha CXaTue COIIB (MIla) B Bo3-
pacte ¢ (BBIUMCISETCS MO 3aBUCUMOCTSIM, MPEITIOXKEHHBIM
B [5]); R,— mpouHocTh GubPL! Ha paspeis, MITa.

Teopetuueckue KpUBbie Ry,(f), MOCTPOSHHBIE C IPUMEHE-
HUEM 3aBUCUMOCTH (8), M BKCIepMMEHTAIbHbIE 3HAYEHMS
st COLIB xinacca BS ipu &, = 1 mpeacTaBneHs! Ha puc. 6, a;
st COLIB knacca B15 pu &, = 0,247 — Ha puc. 6, 6.

CpaBHEeHUE TEOPETUUYECKUX KPUBBIX, TTOCTPOCHHBIX IO
3aBucuMocTIM (2), (7) u (6.7) CIT 52-104—2006*, npusene-
HO Ha puc. 7.

Kak BugHO 13 puc. 7, HanboJjiee TOYHOE COBIAICHUE C
ONBITHBIMM JAHHBIMM JAeT KPUBasi, TOCTPOCHHAs TI0 3aBU-
cumoctu (3).

C ucnoab3oBaHueM 3aBucuMocTeit (3)—(4), mojaydeH-
HBIX U3 IKCMEPUMEHTATbHBIX JaHHBIX, CO3JaHO MPUKIIA/ -
HO€ MporpaMMHOe o0eclieyeHre, MO3BoJIsIolIee MPou3-
BOJUTb PacyeT 2JIEMEHTOB CTPOUTEJbHBIX KOHCTPYKUUI
Ha ocHoBe CODIIIB (cBUOETENBCTBA O TOC. PETUCTPALIUMN
nporpamMm miass OBM Ne 2013660227, 2014611015;
2014615530).

References

1. Mashukova A.I., Matveev S.F. New varieties of concrete.
Science Time.2016.No. 4 (16), pp. 485—488. (In Russian).

2. Chernousov R.N. Strength and deformability of struc-
tural elements of transport structures on the basis of fine-
grained steel-fiber-slag-concrete. Nauchnyi vestnik
Voronezhskogo gosudarstvennogo arkhitecturno-stoitelnogo
instituta. Stroitel’stvo i arkhitektura. 2011. No. 1 (21),
pp. 87—97. (In Russian).

3. Chernousov N.N., Chernousov R.N., Sukhanov A.V.
Investigation of the mechanics of the operation of fine-
grained cinderblock in axial tension and compression.
Stroitel'nye materialy [Construction Materials]. 2014.
No. 12, pp. 59—63. (In Russian).

4. Chernousov N.N., Chernousov R.N., Liventseva V.A.
Modeling of physical and mechanical properties of fine-
grained cement-sand concrete under axial tension and com-
pression. Tekhnicheskie nauki — ot teorii k praktike: Materialy
XXII Mezhdunarodnoi zaochnoi nauchno-prakticheskoi kon-
Serentsii. Novosibirsk. 2013. V. 1, pp. 78—80. (In Russian).

5. Bentur A., Mindess S. Fibre Reinforced Cementitious
Composites. Second edition. NewYork, USA, Taylor &
Francis, 2007. 604 p.

6. Chernousov N.N., Chernousov R.N., Sukhanov A.V.
Influence of age of high-strength dispersed-reinforced
slag-pouc-concrete on its strength and deformation char-
acteristics. Izvestiya vysshikh uchebnykh zavedenii.
Stroitel’stvo. 2014. No. 7 (667), pp. 22—31. (In Russian).

7. Chernousov N.N., Chernousov R.N. Flexible steel and
concrete slag-concrete elements. Beton i zhelezobeton.
2010. No. 4, pp. 7—11. (In Russian).

8. Karpenko N.I., Sokolov B.S., Radaikin O.V. To calculate
the strength, rigidity and crack resistance of eccentrically
compressed reinforced concrete elements using a nonlin-
ear deformation model. Izvestiya KGASU. 2013.
No. 4 (26), pp. 113—120. (In Russian).

HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA

- i §®
= el S

mai 2017

23



KpynHonanenHoe f10MOCTpOEHHE

. Kapnenko H.U., Pamaiixun O.B. K coBepiieHcTBOBa-
HUIO auarpamMm aedopMupoBaHus O€TOHA IJIsT OIIpeae-
JICHUSI MOMEHTa TPEeUIMHOOOpa30oBaHUsS W paspylialo-
IIET0O MOMEHTa B M3rM0aeMbIX KeJIe300€TOHHBIX 3Je-
MmeHTax // Cmpoumeascmeo u pexorncmpykuyus. 2012.
Ne 3. C. 10—16.

10. Maunss JI.®., Maunsau AJL., AitBazsH A.C. PacuetHas

OlleHKa TMMPOYHOCTHBIX W NeOPMATUBHBIX XapaKTepH-

CTUK UM auarpaMm Ae¢opMupoBaHUsl (HUOPOOETOHOB

C arperupoBaHHBIM pacipeneeHrueM BoJOKOH // HHoce-

HepHoull éecmuuk Jona. 2013. Ne 3 (26). C. 87-91.

11. Marear P® 2544299: MIIK GOIN3/08. -—

Ne 2013134589/28. Crnocob ucnvimarnus 06pa3yoé cmpou-

meavHbix Mamepuanos Ha pacmsaxcerue / Yeprnoycos H.H.,

Yepnoycop P.H., Cyxano A.B., IIpokoprer A.H.

3assia. 23.07.2013. Ony6u. 20.03.15. Broa. Ne 8.

12. YepnoycoB H.H., YepnoycoB P.H., Cyxanos A.B.,

Bonpapes b.A. UccenoBaHrie aHKepOBKM CTIbHOM (hrb-

pbI C OIVWHOYHBIMU OTTMOAMM TI0 KOHIIAM B LIEMEHTHO-

recyaHoM GetoHe // Hzsecmus FOeo-3anadnoeo eocyoap-

cmeennoeo ynusepcumema. 2014. Ne 1 (52). C. 111-117.

13. YepnoycoB H.H., YepnoycoB P.H., CyxaHoB A.B.

HccnenoBaHue aHKepPOBKU CTAJIbHOI (DUOPHI B LIEMEHT-

Ho-TIecuaHoM 6eToHe // Uzsecmus 6y306. Cmpoumenscm-

60.2014. Ne 2. C. 96—103.

14. Sujivorakul C. Model of hooked steel fibers reinforced

concrete under tension. — High performance fiber

reinforced cement composites 6, Springer Dordrecht

Heidelberg London New York, RILEM, 2012, pp. 559.

15. YepnoycoB H.H., Yepnoyco P.H., Cyxanos A.B.,

bonmapes B.A. MopaenupoBaHne aHKEPOBKHU TJIAIKON

¢GubpoBoit apMaTyphl B LIEMEHTHO-TIECYAaHOM PacTBOpE

// Hayunwiii secmuui Boaeoepadckoeo eocydapcmeennozo

apxXumeKmypHo-cmpoumenvHo2o ynusepcumema. Cmpou-

menvcmeo u apxumexmypa. 2014. Ne 35 (54). C. 126—134.

10.

11

12.

13.

14.

15.

Karpenko N.I., Radaikin O.V. To improve the deforma-
tion diagrams of concrete for determining the cracking and
breaking moment in bent reinforced concrete elements. Stroi-
tel stvo i rekonstruktsiya. 2012. No. 3, pp. 10—16. (In Russian).
Mailyan L.F., Mailyan A.L., Aivazyan A.S. Estimated
evaluation of strength and deformation characteristics
and fibrous-concrete deformation diagrams with aggre-
gated fiber distribution. Inzhenernyi vestnik Dona. 2013.
No. 3 (26), pp. 87—91. (In Russian).

Patent RF  2544299: MPK GOIN3/08. —
Ne 2013134589/28. Sposob ispytaniya obraztsov
stroitel’nykh materialov na rastyazhenie [Method for test-
ing tensile samples of building materials]. Chernou-
sov N.N., Chernousov R.N., Sukhanov A.V., Pro-
kof’ev A.N. Declared 23.07.2013. Published 20.03.15.
Bulletin No. 8. (In Russian).

Chernousov N.N., Chernousov R.N., Sukhanov A.V.,
Bondarev B.A. Investigation of anchoring of steel fiber
with single bends at the ends in cement-sand concrete.
Izvestiya Yugo-Zapadnogo gosudarstvennogo universiteta.
2014. No. 1 (52), pp. 111-117. (In Russian).
Chernousov N.N., Chernousov R.N., Sukhanov A.V.
Investigation of anchoring of steel fiber in cement-sand
concrete. Izvestiya vuzov. Stroitel’stvo. 2014. No. 2,
pp. 96—103. (In Russian).

Sujivorakul C. Model of hooked steel fibers reinforced
concrete under tension. — High performance fiber rein-
forced cement composites 6, Springer Dordrecht
Heidelberg London New York, RILEM, 2012, pp. 559.
Chernousov N.N., Chernousov R.N., Sukhanov A.V.,
Bondarev B.A. Simulation of anchoring of smooth fiber
reinforcement in a cement-sand mortar. Nauchnyi vest-
nik Volgogradskogo gosudarstvennogo arkhitekturno-
stroitel ‘nogo universiteta. Stroitel ’stvo i arkhitektura. 2014.
No. 35 (54), pp. 126—134. (In Russian).

= .

I\
»
bs,

AN

MoHa 2017
Mockea

LIBK s3xcnioueHTps
MaevneoH 8

Wl e el M
i A - - SETAA
e i METAN

2R MER IYHADOOHAR
CMELMANMIMPOBAHHAR BEICTAEES

MeTtanno
KOHCTpYKLMUMK
2017

et s et
e T PR S E

_ R s natareen gl

P TET BCT i

+7 {495) 734-99-66
WWW.mo-expo.ru

HAayuHO-MexXHU4ecKuil U nPoU3800CMBEeH bl HCYPHAN _f"' [ L3 TET BHEE

24

maii 2017 W = TR B



Information

|| MewpayHapoHbIi CUMMOSHYM N0 [0Nr0BEYHOCTH
W YCTOHYMBOMY [A3BHTHID KOHCTPYKUMOHHOID GETOHA
DSGS 2018

OpraHusaTopbl:

NTtanbsiHckoe oTaeneHne amepmkaHckoro MHCTuTyTa 6etoHa (ACI IC)
n Poccunckasa nHxeHepHas akagemust (PUA)
Mpu yyactum Poccuiickon akagemum Hayk (PAH) n Poccuiickon akagemmm apxmTeKkTypbl U CTPOUTENb-
HbIx Hayk (PAACH)

f..ﬁ.

MockBa, 6-7 niona 2018 r.
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(Durability of Concrete), C544 (Fiber Reinforced Concrete), C549 (Thin Reinforced Cementitious
Products and Ferrocement);

MexayHapoHas hefepaums No KOHCTPYKUMoHHOMY 6eToHYy (fib);

MeXxayHapoHbI COH3 SKCNEPTOB U1 nadopaTtopuit B 061aCTy UCMbITaHWUIA CTPOUTESbHBIX MaTepuasnos,
cucTeM 1 KoHCTpykuun (RILEM)
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6ETOHHOWN NPOMbILLNIEHHOCTU

¢ PeuvknupoBaHve 1 opraHn3auus yganeHms ot-
XOL0B B NPON3BOACTBE GETOHOB N PacTBOPOB
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¢ Llleno4eakTnBMpoBaHHbIE MaTepuanbl 1 reono-
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n3 6eToHa
* [TOBTOPHOE MCMONBL30BaHME W BOCCTAHOBIIEHWE
PYHKUMOHASTIEHOCTU XeNe306€TOHHbIX KOHCTPYKLMIA
* PeMOHT 1 akcnnyatauus
e KOHTpOsb, MHCMEKTUPOBAHME U MOHUTOPUHI
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Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH

YOK 691.357.332

.M. MACTYLUKOB, kaHga. TexH. Hayk (pavel-one@mail.ru);
B.I'. TATAPVH, o-p TexH. Hayk, 4neH-kopp. PAACH (gagarinvg@yandex.ru)

Hay4Ho-nccnenoBatenbCKuii MHCTUTYT CTpouTenbHoM donamnkin PAACH (127238, Poccust, . MockBa, JToKoMOTUBHBIN Mp., 21)

WccnepoBaHua 3aBUCMMOCTHM TENNIONPOBOAHOCTH
W KO3(h(huLMEeHTa TEeNnNOTEXHUYECKOro Ka4ecTea
OT NNOTHOCTH aBTOKNIABHOI0 ra3o6eToHa

AKTyanbHOCTb TeMbl PaboTbl 06YCNOBNNBAETCS, C OAHON CTOPOHbI, YCTAPENOCTbHO ONMCAHHBIX PaHee UCCNef0BaHMNA, TaK KaK NONYYEHHbIE B HUX
pe3ynbTaThl OTPAXKAIOT TeNNOMU3NYECKNE XapaKTEPUCTUKN ra306eTOHA, NPOM3BEAEHHOM0 HAa 060PYA0BAHNN 1 MO TEXHONOMUAM, OTAMYAIOLLMMKCS OT
COBPEMEHHbIX, 2 C APYroii — NPOBOANMON B HACTOSLLEE BPEMS AeATENbHOCTbIO N0 aKTyannu3auum HOPMaTUBHbIX AOKYMEHTOB B CADepe Tenno3alyuThl
3[aHniA. B paboTe npeacTasnieHbl pe3ynbTaTbl N0 ONPeAeneHuno TeNI0NPOBOLHOCTIA B CYXOM COCTOSHUN U KO3 ULMEHTA TENNOTEXHNYECKOrO KaYecTBa
(KTK) ans aBTOKNaBHOro raso6eTOHa COBDEMEHHOr0 NPON3BOACTBA G ANANasoHOM MapoK no nnoTHocTi oT 100 ao 600 kr/m®. MocTpoeHa 3aBUCMMOCTb
TENMONPOBOJHOCTM B CYXOM COCTOSIHAW OT NAOTHOCTH, NOMY4EHO YPaBHEHWE, ONMCbIBAIOLLEE 3Ty 3aBUCUMOCTb. POBELEHO CPABHEHME NOYYEHHON
3aBMCMMOCTY 1 JaHHbIX B AencTBytowwem G 50.13330 u caenaH BbiBOL 0 60MbLUEA TOYHOCTM NOMYYEHHbIX pe3ynbraTos. [peacTaBneHa 3aBMCUMOCTb
KTK razo6eToHa 0T MI0THOCTW: MOMYyYeHHbIe pe3ynbTaTbl KOPPENNPYIOTCS C KaccuyecKumi pabotamu no aToil Tematuke. HamgeHo, 4to 3HavyeHune KTK
MCCNeA0BaHHbIX MApPOK MO NAOTHOCTW ra306eToHa NPUMEPHO 0AMHAKOBO W paBHO 0,04 1/%. Mony4eHHble AaHHbIE TENNOMUINYECKUX NapaMeTpoB
MOryT 6bITb MCMOMb30BaHbI MPW HA3HAYEHWUN W aHANM3e PACHETHbIX 3HAYEHWIA TENONPOBOAHOCTY ra306€TOHA, a TAKXKe NPU akTyanu3awumnmu 1 Bbinycke
HOBbIX HOPMATWBHbIX IOKYMEHTOB B CDepe Tenno3allnTbl 3AaHNA U NPON3BOACTBA ra306eTOHa.

Knioyesble cnosa: TennonpoBo4HOCTb, KO3(D(MLMEHT TENNIOTEXHNYECKOrO Ka4eCTBa, NNOTHOCTb, aBTOKABHbIA ra3066TOH.

Insa yutupoBaunus: Mactywwkos [1.1., Marapux B.I. Viccnenosanns 3aBMcCMMOCTU TENAONPOBOAHOCTM OT MAOTHOCTU U KO3 ULMEHTA TENNOTEXHUYECKOIO
Ka4ecTBa aBTOKNABHOI0 ra3o6etoHa // CtpoutenbHble matepuansi. 2017. Ne 5. C. 26-28.

P.P. PASTUSHKOV, Candidate of Sciences (Engineering), (pavel-one@mail.ru);
V.G. GAGARIN, Doctor of Sciences (Engineering), Corresponding Member of RAACS (gagarinvg@yandex.ru)
Research Institute of Building Physics of RAACS (21, Lokomotivny Passage, Moscow, 127238, Russian Federation)

Research in Dependence of Heat Conductivity on Density and Coefficient of Thermo-Technical Quality of Autoclaved Concrete

The relevance of the theme of the work is due, on the one hand, to the obsolete nature of the studies described earlier, since the results obtained in them reflect the thermophysical
characteristics of aerated concrete produced on equipment and technologies different from modern ones, and on the other hand, the current activity of updating normative documents in
the field Thermal protection of buildings. The paper describes the results obtained for determining the thermal conductivity in the dry state and the thermo quality factor (TQF) for auto-
claved aerated concrete of modern production with a range of grades in density from 100 to 600 kg/m®. The dependence of the thermal conductivity of the material in the dry state on
the density is constructed, an equation describing this dependence is presented. A comparison of the obtained dependence and data in the current SP 50.13330 is made, a conclusion is
made about the greater accuracy of the results obtained. The dependence of TQF aerated concrete on density is presented — the results obtained are correlated with classical works on
this topic. It is found that the TQF value of the investigated grades according to the density of aerated concrete is approximately the same and is equal to 0.04 1/%. The obtained data on
the values of thermophysical parameters can be used for designation and analysis of calculated values for the thermal conductivity of aerated concrete, as well as for updating and issu-
ing new regulatory documents in the field of thermal performance of buildings and production of aerated concrete.

Keywords: thermal conductivity, thermo quality factor, density, autoclave aerated concrete.

For citation: Pastushkov P.P., Gagarin V.G. Research in Dependence of Heat Conductivity on Density and Coefficient of Thermo-Technical Quality of Autoclaved Concrete. Stroitel’nye

Materialy [Construction Materials]. 2017. No. 5, pp. 26-28. (In Russian).

B cBsI3u ¢ MOBBIIIECHUEM HOPMATUBHBIX TPEOOBAaHUI K
TEIUIOBOM 3alllMTe CTEHOBBIX OTPAXKIAIOIINX KOHCTPYKIIMH,
KOoTOpoe Tipou3onuio yxe oosee 20 et Hazam, B Poccum
TepecTaan MPUMEHSITHCS TIOYTH BCEe MaTepUabl, OTHOCUB-
myecs: K TUIY KOHCTPYKIMOHHO-TEIJIOU30JISIIIMOHHBIX.
IIpakTyecku eAMHCTBEHHBIM UCKIIOYEHNEM SIBIISIETCS aB-
TOKJIaBHbII ra300eToH. CTeHbI U3 3TOrO MaTepuajia BO3BO-
NISITCSI KaK OMTHOCJIOMHBIMU, TaK U B COCTaBE MHOTOCTOMHBIX
KOHCTPYKLIMI M 00eCcreurBaloT BBICOKMI KJIAcC 3HEpPro-
c6epexennst cornacHo CIT 50.13330'. CoBpemMeHHas Kiran-
Ka 13 ra300e€TOHHBIX 0JJ0KOB 00eCIeuyrMBaeT MUHUMAIbHOE
TEIMJIOTEXHUYECKOE BIUSIHUE KIaJOUHBIX IIIBOB, YEM TOCTHU-
raercst 60JiblIlIasi OMHOPOJHOCTb KOHCTPYKIIUIA. 3a CUET STUX
¢akTopoB nmobdeauTesIeM B HOMUHALIMU «JIydinuii peaauso-
BaHHBIN TIPOEKT 3HEProcOepekeHusT MPU CTPOUTEIHCTBE
KWJTbSI 9KOHOM-KJIacCa» Ha IpaJoCTPOUTEIHHOM KOHKYpCE
Munctpogs P® B 2015 1. cram KWJIO KOMILIEKC
«ConHeuHblit» B CBEpIIOBCKOM 00,1aCTU ¢ OTHOCIOMHBIMU

CTeHaMU U3 YKPYMHEHHBIX Ta3030J100€TOHHBIX OJIOKOB.
ITpoexr peanuzosan OO0 «IICO «TemmmT» pu ydacTUn
HUUNC®D PAACH [1]. T[ToaTomy B HacTosiiee BpeMsi 60JIb-
IIO# aKTyaJIbHOCTBIO 00J1a1al0T PabOTHI, HAITpaBJIeHHbBIE Ha
HCCIeNOBAaHMS TETUTOTEXHUYECKHUX CBOMCTB aBTOKJIABHOIO
razo0eToHa, B TOM YMCJIe B OKCILTyaTallMOHHBIX YCIOBUSIX.
B poccuiickoit HayuyHOIl U TpodeccUuoHaNIbHOR cpeje
xopo1o n3BecTHH padbotel E.C. Cumaenkosa [2], B.A. Kauy-
pbl [3] v 1p., TTOCBSIIIEHHBIE TAKMM UCCIIEIOBAHUSIM. 3a py-
0eXOM IIMPOKO pacrIpocTpaHeHa KHUTa XeiabMmyTa KioH-
e [4], koTopas BblAepKaia HECKOJIbKO u3gaHuii. OgHakKo
9TU pabOTHI OMUCHIBAIOT XapaKTePUCTUKU Ta300€TOHA, IPO-
uzBonusierocs a0 90-x rr. XX B. HecMoTpst Ha To 4To Ha
PBIHKE ellle BCTpevaeTcsl TMPOAYKIIMs, TPOoM3BOAMMAs Ha
000pyI0BaHUY TOTO BPEMEHMU, B MOAABIISIONIEM OOJIbIITMH-
CTBE COBPEMEHHBIM aBTOKJIABHBIN Ta300€TOH BBIITyCKACTCS
YK€ Ha HOBOM 000PYIOBaHUM U1 110 YCOBEPIIEHCTBOBAHHBIM
TexHojiorusiM [5]. B mocienHue roabl BBIXOAST pabOTHI C

!'CIT 50.13330.2012 «Termiosas 3amuTa 31aHuit. AKTyamsuposaHHas pegakimst CHull 23-02—2003». M.: Munperronpassutus Poccrm. 2012. 96 c.
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Puc. 1. 3aB1CUMOCTb TENIONPOBOAHOCTU ra306eToHa OT NJIOTHOCTU

HOBBIMU JaHHBIMU O TEIJIOIPOBOIHOCTH Ta3obeToHa [6].
K ynciy Takux paboT OTHOCUTCS M HACTOSIIIAST CTAThSI.
M3BecTHBIE 3aBUCMMOCTH TETUTONPOBOAHOCTH Ta300e-
TOHA B CYXOM COCTOSTHMH OT €r0 TUIOTHOCTH OBUIM OTpeme-
seHsl B 60-x rr. XX B. B P® 5T1a 3aBUCHMOCTS ObLIa Ipe-
craBieHa B CHull «CtpoutenbHast TEIIOTEXHUKA» U C He-
OOJBIIMMU JOMOJHEHUSIMHU Iepelula B AeWCTBYIOIIUI
CI150.13330 «TerroBas 3aniura 3naHuii». [IpeacraBaeHHbIC
naHHble B puioxeHun T CIT 50.13330 «PacueTHble Terio-
TEXHUYEeCKUE TOoKa3aTeJu CTPOUTEIbHBIX MaTepuajoB U
n3neani» 0061a7al0T MHOTUMU TTPOTUBOPEUNSIMU U BBI3BI-
BalOT KPUTHUKY CPEIM TMPOU3BOIUTENICH COBPEMEHHOTO aB-
TOKJIABHOTO Ta300€TOHA, HAUMHAas OT Ha3BaHUs MaTepuaa:
«l'a30- 1 MeHOOETOH Ha LIEMEHTHOM BSXYILIEM» U 3aKaHYU -
Basi 3HAUEHUSIMM PACUETHOM BJIAXKHOCTU B YCJIOBMSIX IKC-
mwryatauuu A u b [7]. Bonee Toro, Tonbko ABe MapKM 10
IJIOTHOCTU M3 YEThIPEeX MPEACTaBJICHHBIX B TaOJIMWIEe MPH-
MEHSIOTCSI B CTPOMTEILCTBE B Hacrtosiuee Bpems (400 u
600 kr/M>), pu 3TOM razo6eToH rotHocThio 800 1 1000 xr/M?
(bakTHuecku He MpousBoAUTCs. B Tabauliie HET JaHHBIX TSI
ra3o6eToHa TIOTHOCTBIO 500 KT/M3, KOTOPOTO B HaCTOsIIEe
BpeMsI BBITTyCKaeTcs 6ojiee 65% OT Bcero oObeMa, a TakxKe

U1 ra306eTOHA TUIOTHOCTBIO Huxe 400 Kr/M>, KOTOpOro ¢
KaXIbIM ToaoM mpou3Boautcs Oobiie [5]. [1oaTomy BbI-
nojHseMble B 2017 r. HUMC® PAACH paboThbl o akTya-
JI3ALWK AEUCTBYIOIINX W TMOATOTOBKE HOBBIX HOPMATHB-
HBIX JTOKYMEHTOB B cdepe TeIIo3alluThl 3MaHWi AealoT
0COOEHHO BaXKHBIMU HCCIICIOBAHUS 3aBUCUMOCTH TETLIO-
MTPOBOTHOCTH B CYyXOM COCTOSTHMU OT TUIOTHOCTH aBTOKJIAB-
HOTO ra3o0eToHa COBPEMEHHOTO IPOM3BOICTBA, a TakKXkKe
rapaMeTpoB JJIsl pacueTa TEIJIOMPOBOIHOCTU B YCJIOBUSIX
SKCILTyaTalluu.

JlaGoparopueii ctpoutenbHoil Teruodusnku HUNCO
PAACH coBmectHO ¢ HammoHanbHOIT accolmalnueit mpo-
n3BoauUTeNIel aBToKIaBHOrO razoberona (HAAI) nmposenexn
KOMILIEKC paboT IO ONpeAeIeHUIO TeIIoPU3NIeCKUX Mo-
KazareJsieil aBTOKJIABHOTO ra300eToHa ¢ TMana3oHoOM Mapok
no wiotHoct# oT 100 mo 600 kr/m>. TMo pesysnbTaTam 3Kc-
TIEPUMEHTOB YCTaHABINBAJIACh TEMJIOMPOBOIHOCTb B CYXOM
COCTOSTHUUY TIpU cpenHeit Temmepatype 25°C u ipupalieHue
TEIUTONPOBOAHOCTY Ha 1% BraxHocTH. [0 IMOSy4eHHBIM
pe3yabTaTaM pacCUMTHIBAICS KOIGMMUIIMEHT TeIrJIOTeXHM-
yeckoro kadyectBa (KTK) [8]: m=AA/Ay, 1/%. B tat6-
JIALIE TIPEACTABIIEHBI OCPEAHEHHBIE PE3YIbTAThl 3TUX UCCIIe-
NOBaHUM.

Ha puc. 1 moctpoeHa rmoxydeHHast 3aBUCUMOCTb TETLIO-
TTPOBOTHOCTH aIllPOKCUMUPOBaHHas TpsiMoii. TaMm ke Ha-
HECEeHBbI JaHHbIE MO TEIJIONPOBOAHOCTU ra3obeToHa u3 CII
50.13330.

Kak BUIHO, 3KCIEepUMEHTAIbHbBIC JaHHBIE XOPOIIO
MPENCTABISAIOTCS B BUIE JIMHEHHOM 3aBUCUMOCTH (DKCITe-
PUMEHTAJIbHBIC TOYKHM OYeHb TOUYHO JIEXKAT Ha arllpOKCUMM-
pyioieit npsimoir). IloaydeHHast 3aBUCHMMOCTh TEIUIOIPO-
BOIHOCTHU B CYXOM COCTOSIHUM OIMCBIBAE€TCS ypaBHEHUEM
NpU yCJIOBUU, YTO MPY TUIOTHOCTU 0 KI/M> TeIIonpoBo-
JMHOCTb PaBHA TETUIOMPOBOAHOCTH BO3AyXa B CIOKOWHOM
coctostHuu (0,026 Bt/(M-°C)):

A=0,00021p + 0,026, Br/(Mm-°C). 1

Taxxke mo puc. 1 MOXHO clienath BbIBOI, YTO MPeNCTaB-
neHHble ceituac nanHbie B CIT50.13330 rmo TerutonpoBoaHO-
CTHU B CYXOM COCTOSTHUM JIJIsI Ta300€TOHA B IWAITa30He IJI0T-

Pe3ynbTaTthl 3KCNEpUMEHTaNbHbIX onpeaeneHuii Tennodusnyecknx nokasareneii raso6eToHa

CpepfHsas NNOTHOCTb TennonpoBOOHOCTbL B CyXOM MpupaweHune Ha 1%

Mapka 06pasLos, P, kr/m° cocTosHn, Ay, BT/(M-°C) BnaxHocTu, A\, BT/(m-°C-%) KTK, M, 1/%
D100 112 0,049 0,002 0,043
D300 316 0,091 0,004 0,043
D400 416 0,111 0,005 0,045
D500 494 0,13 0,006 0,044
D600 616 0,158 0,007 0,044
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Puc. 2. 3aBrucumoctb KTK razo6eToHa OT NNOTHOCTU: @ — N0 pe3yfbTatam aKCnepuMeHToB; 6 — 13 [4]
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‘ Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH

HocTeit ot 400 10 800 Kr/M> GIM3KU K TIOCTPOEHHOIA TT0 pe-
3yJbTaTaM 3KCIIEPMMEHTOB 3aBUCMMOCTHM, OJHAKO
nojyyeHHoe ypaBHeHue (1) MO3BOJSIET HAXOMUTh TEILIO-
MPOBOIHOCTb ra300€TOHA CO 3HAYUTEJIbHO OOJIBIIICH TOUHO-
CThIO, a TAK3KE JJISI MApOK C TNTIOTHOCTBIO Hitke 400 Kr/M3.

Ha puc. 2, a npexacraBieHa IoixydyeHHast 3aBUCUMOCTb
KTK oT IIoTHOCTH COBPEMEHHOTO aBTOKJIABHOTO razobe-
ToHa. HaiineHHass 3aBMCHMMOCThH OJIM3Ka K 3aBUCUMMOCTH,
npencraBieHHoin B [4] (puc. 2, 6), mMoJydYeHHOM
X. KroHueneM ¢ Toii pasHulieid, uto B [4] OHa paccuMThIBa-
nach B % v Ha3BaHa «Zunahme» (poOCT, HeMm).

B [9] caenan BIBog 0 ToM, uto 3HaueHne KTK mst kax-
JIOTO BHIa MaTepuajia MpUMepHO oarHaKoBo. [TomyueHHas
3aBUCHMOCTD TIOATBEPKAAET 3TOT PE3YJIbTAT JJIs1 aBTOKJIAB-
HOro razo0eToHa coBpeMeHHOoro npou3BoacTsa. 1o nmpoae-
neHHbIM uccnenoBaHusM 3HayeHue KTK mis razoberona
coctaBnset: N=0,04 1/%. JJlaHHOe 3HaYe€HHE MOXHO IpH-
MEHSTh IJIsT HAXOKIEHMS pacUeTHOM TETUIOIPOBOIHOCTH, A,
Bt/(M-°C) mo dopmye [10]:

X=7\.0+A7»~W3=7¥0(1+AT>;'Wg)zko(Hn’Wa), %)

TIie W, — SKCIUTyaTallMOHHas! BIXKHOCTb MaTepriaia 1o Macce, %.
Ecau, ucnonn3dysa popmyny (2), paccuutath KTK mo
MIaHHBIM W3 TaOJUIIbl TETUIOTEXHUYECKUX IToKaszaTeneit
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(mpunoxenue T CII 50.13330) u cpaBHUTD UX C HaliAeH-
HBIMU, TO MOXHO CJeJaThb BBIBOA, UTO IJig MapKu IO
rtotHoctu 400 xr/M3 3Hauenus B CIT 50.13330 3anuxe-
Hbl (KTK npumepHo pasHo 0,03), a 1151 MapKu IO IJIOT-
Hoctu 600 kr/m°, Haoboport, 3aBbimeHbl (0,07). IMpu
9TOM HaigeHHoe ocpenHeHHoe 3HaueHue KTK, paBHoe
0,04, xoppenupyercs ¢ manHbiM U3 'OCT 31359-2007
«beToHBl  sg4YeucThle  aBTOKJABHOTO  TBEPIAECHUS.
TexHuueckue ycaoBusi». OQHAKO B 9TOM CTaHIapTe s
MapKy Mo MIOTHocTH 600 Kr/M> pacueTHble 3HAYEHMs
TEIJIONPOBOJHOCTU YKa3aHbl C OLIUOKOM: sl BJAaXHO-
ctn 4% KTK cocrasnster 0,036, a nist BmaxxHoct 5% —
0,061, T. e. HapylleHa JMHEWHAsI 3aBUCUMOCTb TEILIO-
MPOBOIHOCTHU OT BJaXXHOCTH.

Takum o6pa3zoM, B pe3yiabTaTe MPOBEAEHHBIX UCCIEI0-
BaHU HailjieHa JUHENHAs 3aBUCUMOCTh TEIJIONPOBOJHO-
CTU B CyXOM COCTOSIHUM OT MJIOTHOCTU aBTOKJIABHOT'O ra3o0-
0eToHa coBpeMeHHoro Tipou3BoacTBa. 3HaueHue KTK
HCCIIEAOBAaHHBIX MapoK IO TUIOTHOCTH ra3o0eToHa IpH-
MepHO onnHakoBo M paBHO 0,04 1/%. IMonyyeHHBIE DaH-
Hbl€ MO 3HAYECHUSAM TeII0GhU3NYECKUX TapaMeTPOB MOTYT
OBITh MCIOJL30BaHbI MPY HA3HAYEHUU U aHaU3e pacyeT-
HbIX 3HAYEHUI TEIJIONMPOBOIHOCTU ra300eToHa, a TakXke
MpU aKTyaJu3allMy U BBIMTYCKE HOBBIX HOPMATHUBHBIX JIO-
KYMEHTOB B c(pepe TeII03aInThl 3MaHNI U TTPOU3BOACTBA
razo0eToHa.
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lpo4yHOCTbL U fe)OPMATUBHOCTD KAMEHHON KNnaaku

U3 A4eucTo-6eTOHHLIX 6/1I0KOB aBTOKNIABHOI0 TBEPAEHUA
Ha NOJNIMYPEeTaHOBbIX LLBAX.

Yactb 1. lpo4HocTb ¥ gec)opmaTMBHOCTD NPU CXKATUK

[TpnBeaeHbI pe3ynbTaTbl IKCNEPUMEHTANbHbIX UCCEL0BaHWIA NPK CXXaTUKM 06pa3L0B KAMEHHOI Knagkn U3 S4emcT0-66TOHHbIX 6/10KOB HA TOHKOCIOMHbIX
MONUYPETAHOBbIX LIBAX. Ha 0CHOBaHUM 3KCNEPUMEHTANbHbIX UCCNEA0BaHNIA BbISIBNEHbI 0COBEHHOCTN AeDOPMUPOBAHMS 1 Pa3PYLUEHUS ONbITHbIX
06pa3LioB, MOMTy4eHbl 3HA4YEHNS MPOYHOCTM KAMEHHOI KNafKkn Npu cxatun 1 ee AedpopMaunoHHbIe XapakTepucTUKN. BbInonHEHO CONOCTaBneHNe
MONY4eHHbIX PE3YNLTATOB C pe3ymnbTaTamMil 3KCNEPUMEHTaNbHbIX NCCNeA0BaHNI KAMEHHOI KNaaKu N3 S4encT0-66TOHHBIX BI0KOB Ha TOHKOCNOMAHbIX
KneeBbIX NOMMMEPLEMEHTHbIX LUBAX. [OKa3aHo, Y4TO XapakTep AehOpMMPOBaHNS 06Pa3L0B KNagKkn Ha NONUMEPLEMEHTHOM KNeeBOM pacTBope 1 Ha
Knei-neHe otnmyaetcs. Moaynb aechopmaumini KAMEHHO KNaaKn Ha KNeii-neHe No Mepe NOBbILIEHNS CXMMAIOLLNX HANPSKEHWIA YBEIMYNBABTCS, YTO
06bACHAETCA BLICOKOW NOAATANBOCTbIO FOPU3OHTANbHBIX MONNYPETAHOBbIX LIBOB HAa HA4ambHbIX 3Tanax Harpy)XeHus onbITHbIX 06pa3LoB. o mepe
06>aTis NONNYPETAHOBbIX LUBOB MX A6OPMATMBHOCTb CHUXKAETCSA, HO BMAOTb 0 AOCTWXEHUS HAMPSXKEHWIA, 6IN3KNX K MPOYHOCTI NpU CXXaTUK
Knagku, 0cTaeTcs 60nee BbICOKOW, YeM NONMMEPLIEMEHTHbIX KNEeBbIX LWBOB. YCTAHOBEHO, YTO 3Ha4eHNe CeKyLLero Moayns ynpyroctit KaMeHHOM
KNagKu Ha TOHKOCNOIHbBIX NONNMEPLEMEHTHbIX LWBaX B 3,3 pa3a NpeBbILUAET 3HA4eHNe MOAYNA YNPYrocTu KNaaku Ha KNnen-neHe.

KnioueBble CNnoBa: kKaMeHHas Knajka, S4encTo-6eTOHHbIE 6710KM, NONMYPETaHOBbINA KNel, NPOYHOCTL NpK CXaTK, MOLYNb Aechopmaumii, koaddmumeHT MyaccoHa.

Ins yutuposanus: depkad B.H. MpoyHOCTb 1 AehOPMATMBHOCTL KAMEHHOM KNAAKK U3 S4encTo-66TOHHbIX 610KOB aBTOKNABHOIO TBEPAEHNS HA MOMNY-
peTaHoBbIX WBax. Yactb 1. MPOYHOCTb M AedOpPMaTUBHOCTL Npu Cxatn // CtpontenbHbie matepuans. 2017. Ne 5. C. 29-32.

V.N. DERKACH, Doctor of Sciences (Engineering) (v-derkatch@yandex.ru)
Branch of Republican Unitary Enterprise «Institute BelNIIS», «Scientific-Technical Center» (267/2, Moskovskaya Street, Brest, 224023, Republic of Belarus)

Strength and Deformability of Stone Masonry Made of Cellular Concrete Blocks of Autoclaved Hardening with Polyurethane Joints.
Part 1. Strength and Deformability under Compression

Results of the experimental study of stone masonry samples made of cellular concrete blocks with thin-layer polyurethane joints under compression are presented. On the basis of the
experimental study, the peculiarities of deformation and destruction of experimental samples have been revealed; values of the stone masonry strength under compression and its
deformation characteristics have been obtained. The comparison of results obtained with results of the experimental study of stone masonry made of cellular concrete blocks with thin-
layer polymer-cement joints has been made. It is shown that the nature of deformation of masonry samples on the polymer-cement adhesive solution and on the glue-foam is different.
The modulus of deformations of the stone masonry on the glue-foam increases with increasing compressive stresses that is explained by high ductility of horizontal polyurethane joints
at the initial stages of loading of experimental samples. In the process of compression of polyurethane joints, their deformability is reduced, but until the stresses close to the compres-
sive strength of the masonry, it remains higher than the deformability of polymer-cement glue joints. It is established that the value of the secant elastic modulus of the stone masonry

with thin-layer polymer-cement joints exceeds the elasticity modulus of the masonry on the glue-foam by 3.3 times.

Keywords: stone masonry, cellular concrete blocks, polyurethane glue, compressive strength, modulus of deformations, Poisson number.

For citation: Derkach V.N. Strength and Deformability of Stone Masonry Made of Cellular Concrete Blocks of Autoclaved Hardening with Polyurethane Joints. Part 1. Strength and
Deformability under Compression. Stroite’nye Materialy [Construction Materials]. 2017. No. 5, pp. 29-32. (In Russian).

B nocienHee BpeMs B MPaKTUKY TOMOCTPOCHUS Hayasia
BHE/IPSITHCSI HOBasl TEXHOJOTUM TIPOM3BOJICTBA KJIAJOUHBIX
paboT, OCHOBaHHAs Ha TIPUMEHEHNM KaMeHHBIX KJIaIoK U3
3¢ dEeKTUBHBIX KJIAAOYHBIX M3 Ha OJHOKOMITOHEHT-
HOI1 MOJINypeTaHOBOM Kiieii-nieHe [1—4].

IIpuMeHeHUe TaKuX KJIagoK MO3BOJISIET B ABa pa3a yBe-
JIMYUTh MPOU3BOIUTEILHOCTD TPyJa MO CPaBHEHUIO C Tpa-
NUIIMOHHBIMU METO/JaMU BBITIOJIHEHUST KJIaJOUYHBIX padoT,
IMOBBICUTH TETUIOTEXHUYECKYIO OTHOPOJHOCTh CTEH, COKpa-
TUTB 3aTpaThl HAa TPAHCTIOPTUPOBKY MaTepUaJIOB, ITOrPy304-
Hble paboThl U MX XpaHeHue. IIpu 3ToM croumocTb | M3
KJIaIKU Ha KJel-TieHe OKa3bIBaeTCsl HUXe, YeM KIIaIKH,
BBITIOJIHSIEMOM C TIPUMEHEHMEM TMOJMMEPLIEMEHTHBIX
TOHKOCJIOMHBIX PACTBOPOB.

Hecmorpst Ha oueBUAHBIE TPEMMYIIECTBA KJIAA0K Ha IO-
JINYPETAHOBBIX IIIBaX, B HACTOsSIIEe BpeMsi He HaKOTUICH
JIOCTaTOYHBIN OMBIT MX MPUMEHEHMS] B HECYIIMX CTEHax
3naHuil. CrepxXuBaroiuM (GakTopoM IIIMPOKOTo BHeApe-
HMST TIOJIMYPETAHOBBIX KJI€eB MPU BO3BENAEHUM KaMEHHBIX
KOHCTPYKLIMI SIBJISETCSI OTCYTCTBUE HOPMATUBHBIX JOKY-

MEHTOB, PEerJIaAMEHTUPYIOIIUX MpaBuia MPOEKTUPOBAHUS
TaKUX KOHCTPYKIIUIA.

VYKkazaHHbIE OOCTOSTENILCTBA OMpPEneJUIM HEeoOXoau-
MOCTb TPOBEIEHMSI KOMITJIEKCHBIX MCITBITAHUN KaMEeHHBIX
KJIa[IOK Ha MOJMYPETaHOBBIX IIBaX C I1I€JbI0 YCTAHOBIEHUS
HX MPOYHOCTHBIX U 1e(POPMALIMOHHBIX XapaKTePUCTUK TTPU
Pa3IMYHBIX BUAAX HAIPSDKEHHOTO COCTOSIHMSI, KOTOpbIE
61K BeITIoTHEHBI B punane PYIT «Muacturyr bentHUUC»
— HTLI.

OnbITHBIE 00pa3Ibl KJIAAKW BBITTOJHSIUCH U3 STYEUCTO-
OETOHHBIX OJIOKOB aBTOKJIABHOTO TBEPIAEHUS IUIOTHOCTBIO
D400, pasmepamu 600x400x250 mm. CpeHee 3HaUEHUE TIPU-
BEIEHHOM MPOYHOCTU OJIOKOB MPU CXKATUH fi,, yCTAHOBJIEHHOE
B cootBeTcTBUM ¢ CTB EN 772—1, coctaBuiio 2,5 MIla.

Kianka staemcTo-6eTOHHBIX GJIOKOB MTPOU3BOAMIIACH Ha
OITHOKOMITOHEHTHYIO TTOJIMYPETAaHOBYIO KJIEH-TIEHY TOpPTO-
Boit Mapku TITAN PROFESSIONAL npousBoactsa Pec-
nyoauku ITosbina, KoTopass HAHOCWJIACh TPEMsI MOJI0OCaMU
Ha OMOPHYIO U CTBIKOBYIO ITOBEPXHOCTH Osioka. B cooTBeT-
crBuu ¢ TpeboBaHusiMu CTh EN 1052—1 Ob1710 U3rotonie-
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Puc. 1. OnbiTHble 06pasubl KaMeHHOWM knagku: 1 — onbITHbIA oOpaseLl;
2 — nHamkaTopbl nepemMelleHunin yacosoro tuna NY-10 ¢ ueHo peneHus
0,01 mm; hg — BeICOTa 06pasua; I — oanHa obpasua; t; — TonwyHa obpasua;
F — npunaraemas Harpy3ka; hy lp,s — 6a3bl U3MepeHus AedopMaLoHHOM
Knagku

HO Tpu o0pasla KJIaaKu Ha Kieii-nieHe. Kpome Toro, Obu1
MU3TOTOBJIEH OIMH OMBITHBI 00pasel] KJaaky ¢ MpUMEeHEeHHU-
€M TOJIMMEPLEMEHTHOTO KjeeBOro pactsopa M75 npu
CIIJIOIITHOM 3arOJTHEHUH TOPU30HTATBHBIX M BEPTUKATBbHBIX
IIBOB KJIAJIKH.

®opma 1 pa3Mepsl OMBITHBIX 00pa3IoB KJIaJKU Ha3Ha-
yanuchk B cootBeTcTBUM ¢ CTh EN 1052—1. Boicora 06pa3-
1oB cocrasisiia 1000 mm, immmpuHa 900 MM, TommuHa 400 MM
(puc. 1).

Cpasy nocjie U3roTOBJIEHUsI K KaXIOMY UCITBIThIBAEMO-
My 00pas3ily MPUKIAIbIBAIN MPEABAPUTEILHYIO BepTUKAIb-
HYIO PaBHOMEPHO paclpeAe/eHHYIO CXUMAIOIIYI0 HATPY3KY
TaKuM 00pa3oM, YTOObI CXKMMAIOIMe HAMPSKeHUs B ceve-
HUM 00pa3a focTUram okosno 2,5-103 MITa. B HarpyxeH-
HOM COCTOSIHUM OOpa3siibl XpaHWJIUCH B JIAOOPAaTOPHBIX yC-
JnoBusiXx Tipu Temreparype +10°C M BIaXXHOCTU BO3ayxa
60—70%. VcnbiTaHne 00pa3lioB, M3rOTOBICHHBIX Ha KJICi-
MeHe, MPOU3BOAWIOCH B Bo3pacTe 8 cyT, a obpaslia Ha Mmo-
JIMMEPLIEMEHTHOM KJIEEBOM PacTBOpe — B Bo3pacTe 28 CyT.

HarpyxeHue 06pa3iioB MpOUCXOAUIO ¢ TOMOIIBIO yCTa-
HOBKHM, OCHAIICHHOW IBYMS TUAPABIMYECKUMM JOMKpaTa-
MM TPY30TOIBEMHOCTBIO 50 T M CUJIOU3MEPUTECIBHBIM
ycrpoiictBoM. Harpyska Ha oOpasell mepemaBajiach 4epes
JKECTKYIO TpaBepcy, YCTaHOBJIEHHYIO Ha (pe3epoBaHHYIO
CTAJIbHYIO TUIACTUHY TOJIIMHON 25 MM, pa3Mepbl KOTOPOit
COOTBETCTBOBAJIM pa3MepaM MOMEPEYHOTo0 CEYEHUs OIbIT-
Horo obpasua. [lnacTuHa ykiaabiBagach Ha CJIOW LIEMEHT-

Puc. 2. OnbiTHLI 06paseL, B Harpyxatowem
ycTponcTee

HbIX KJ/Ie€eBbIX LUBaX

HO-TIeCYaHOro pacTBopa ToauHon 10 mm. O6pa3ubl B Ha-
rpyXalolieM YCTPOMCTBE pa3MelllaiuCh TaKuM 00pa3oM,
YTOOBI BEpTHKaIbHAsI OCh 0Opasiia coBHagaia ¢ OChblo MpU-
JIOKEHMST HaTpYy3KHu (puc. 2).

[TpousBoauaoch NepBOHaYaIbHOE HArpyXeHUE C LIETbI0
OTIpeieTICHUsT Pa3HUIIBI TIOKA3aHWI WHAWKATOPOB, yCTa-
HOBJIEHHBIX Ha TTPOTUBOITOIOXKHBIX JIUIEBBIX I'PaHsIX 00pa3-
1a. Pa3HuIIa moka3aHUi IpU UCIBITAHUSIX HE JOJIKHA OblLia
npesbiiark 20%.

Ycunve Ha obpasell nepeaaBaloch paBHOMEPHO, MpU
3TOM CKOPOCTh Harpy>XeHUsI BEIOMPAIach TaKOii, YTOOBI 10-
CTUYb paspylieHus: oopasiia B npeaenax 20—30 MUH OT Ha-
yaja npuioxeHus: Harpy3ku. B xozie ucnbitaHuii GUKCUpo-
BaJIMCh Harpy3Ka o0pa3oBaHMsI MEPBIX TPEIIMH U pa3pyIlia-
folllasi Harpy3ka, a Takxke OMNpelessuIuChb OTHOCUTEIbHbIE
nedopMalum Ki1aaku B BEPTUKAIBHOM W TOPU30HTAIBLHOM
HaITpaBJICHUSIX C TIOMOIIBI0 MHINKATOPOB YaCOBOTO THIIA C
neHoit genenus 0,01 MM, yCTaHOBJICHHBIX C 0a30ii, paBHOU
1/3—1/2 BBICOTHI ¥ IUPUHBI 0Opa3IIa.

IIpu ucneiTaHUSIX 00pa3LOB KAMEHHOM KJIaAKW, BBI-
MOJHEHHBbIX C TPUMEHEHUEM TOJIUYyPEeTaHOBOM Kieii-
MeHbl, 00pa3oBaHUe MEPBbIX TPEIIMH POU3OIILIO MTPU Ha-
rpy3ke F,, cocrapiswowein 0,4—0,58 or paspyuaromei
Harpy3ku F,,,. B obopasue Crl TpemMHBI BOZHUKAJIA HA
OOKOBEBIX IrpaHsXx, a B oopa3uax Cn2 u Cn3 — B OTAEIbHBIX
0JioKax Ha JMIEBBIX IpaHsax. [Ipy MOBBIIIEHWN HArpy3Ku
MPOVCXOAMJIO PA3BUTHE TPEIIMH B BEPTUKAIbHOM HaIlpaB-
JICHUU MO TeJy OJIOKOB, a TaKXKe MOSIBJEHUE HOBBIX TpeE-
IIIWH, KaK Ha JIUIIEBBIX, TAK ¥ Ha OOKOBBIX TPaHIX 00pa3-
110B. Pa3pyreHne OmbITHRIX 00Pa3IoB HOCUJIO TUTaCTAYE-
CKHUI1 XapakTep M HAcCTyInajo BCJIEICTBUE pa3daBIvWBaHUS
STYEUCTO-OETOHHBIX OJIOKOB TMPU HAMPSIXKEHUSIX B KJIaaKe
f=1,2—1,4 MIla (puc. 3, a).

B obpasue kimagku Cil, BBIIOJHEHHOM Ha IOJIMMeEp-
1IEMEHTHOM KJIEEBOM pacTBope, 00pa3oBaHUE MEPBbIX TPe-
mWYH 6bUTO 3aduKcupoBaHo mpu Harpyske F. ~0,44F ...
TpemuHbl BO3HMKAIM Ha OOKOBBIX I'PaHSIX oOpa3sma B 0J10-
Kax TepBOro psifia KJIaaku. YBeInYeHUe Harpy3Ky BbI3bIBa-
JIO POCT IIMPUHBI PACKPBITUS U JJIMHBI IEPBBIX TPEIIUH U
oOpa3oBaHue HOBbIX TpelldH. PaspyiieHue obpasiia mpo-
M3011LJI0 IPU HanpsikeHusix B kianke f=1,25 MTIla B pe3ysib-
TaTe pa3NaBIWBaHUS STIEUCTO-OCTOHHBIX OJIOKOB M COTIPO-
BOXIAJIOCh Pa3BUTHEM Ha TOPLIEBBIX TPAHSIX BEPTUKAIBbHBIX
TPEIIVH, pa3pbIBaIOIINX KJIAAKY B IMOMEPEYHOM HarpaBie-
Huu (puc. 3, 6).

PesynbraThl onpeneaeHust IPOYHOCTU KaMEHHOMN KJ1aj-
KU TIPU CKaTUU MpUBeIeHbI B Ta0 . 1.

Puc. 3. Xapaktep paspyLueHus 06pasLLoB KNaakn: @ — Ha NOSIMYPETAHOBRIX LWBAX; 6 — HA NOMMEPLEMEHT-
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Materials with Cellular Structure

Ta6amma 1
Pe3ynbTatbl onpegeneHus NPOYHOCTU KNaaKu Npu cxxaTtum
O6pasoBaHue XapaktepucTnieckoe
o PaspyLwatoLas Mnowaap, A;, [MpoYHOCTL Npu
Ne o6pasua NepBoM TPeWMHbI, || 0 H e oxarn. £. MMa 3Ha4YeHne NPOYHOCTH
Fereo H PY3Ka, Fimax: P npu cxatum, f,, MMa
O6pasupl KNaaky Ha NoANypeTaHOBOWM Kneli-neHe
Cn1 310000 533650 369900 1,4 1,2
Cn2 250000 460890 369600 1,2 1
Cn3 200000 456850 368000 1,2 1
CpepHee 3Ha4veHne 1,3 1,1
O6pa3seL, knagku Ha NoIMMEPLIEMEHTHOM Kileto
Cuf 200000 | 460890 [ 366000 1,25 | 1
0, Mla
1,4 = 1 Tabauna 2
» PesynbTaTbl onpeaeneHusa gedopmManmnoHHbIX
1,2 ‘_i"r 1

—_
i

€108

0 500

1000 1500 2000 2500 3000 3500

Puc. 4. N'padukun nedopmrpoBaHns 06pasLoB Knaaku Npu cxaTum

M3 T1abm. 1 ciemyeT, 4TO MPOYHOCTD IIPU CXKATUM KIJIaIKKN
Ha MOJMMEPLIEMEeHTHBIX IIBaX He MpeBbllIaja MPOYHOCTH
KJIaJIK¥1, BBITIOJIHEHHOW C MPUMEHEHUEM TMOJUYpPEeTaHOBOM
Kjei-mieHbl. [1pn 3ToM HEOOXOIMMO OTMETUTh TOT (DakKT,
4yTO OOpasell KJIaJKU Ha MOJMMEPLIEMEHTHOM KJIEeBOM pac-
TBOpE OBLIT BBITIOJHEH TIPU CTUIOIIHOM 3alOJIHEHUU TOPU-
30HTAJBHBIX IIBOB. B coorBeTcTBUM ¢ EBpokogom 6 [5] ipu
MOJIOCOBBIX TOPM3OHTAJIBHBIX PACTBOPHBIX IIBaX MPOY-
HOCTb KJIaJKU JOJKHA CHMXXAThCS B 3aBUCHMOCTU OT OT-
HOLIEHMST OOlIed IIMPUHBI TOJOC pacTBOpa K TOJIIUHE
kinaaku. Eciu ydyecth yka3zaHHBIN (pakToOp, TO NPU OIMHA-
KOBOW OOIIEel IMUPUHE MOJOC LIEMEHTHBIX KJIEEBBIX U IMO-
JINYPETAaHOBBIX ITBOB, TPOYHOCTH KJIAIKHN Ha TIOJINYPETAaHO-
BBIX IIIBaX OKAaXETCSl CYIIECTBEHHO BBIIIE CKOPPEKTUPO-
BaHHOTO 3HAYEeHMsSI TMPOYHOCTH KJIAAKM Ha KIEeBbIX
LIEeMEHTHBIX 1IBaX. JlaHHbBII BBIBOJ ITOATBEPKIAETCS K CCIIe-
JIOBaHUSIMH [6].

I'padhuku necdhopmMupoBaHusi 00pa3OB KAMEHHOM KJial-
KU TIPU C3KaTUM TIPUBEIIEHBI Ha puc. 4.

Ananus rpa¢ukoB a1eOopMUPOBAHUS ITIOKA3BIBAET, UTO
MPpY YBEJIUYEHUU CKUMAIOIIMX HANPSIKEHUN 10 3HAYEHUI
Ji 3aBUCHUMOCTb O-¢ KJIaIK1 Ha MOJMMEPLIEMEHTHBIX KJiee-
BBIX IIIBaX MMEET NMpaKTUYeCKW JIMHEWHBbINH xapakrtep. B
KJIaJKe Ha IMOJMYypeTaHOBBIX IIBaX HEJIMHEIHbIe nedopMa-
LMY HAOJTIOAIOTCS YK€ Ha HaYaIbHBIX TAIax HarpyKeHust
OITBITHBIX 00pa3uoB. I1pu MoBkIIeHNY HaNPsKeHUi o oT ()
1o 0,35f; npupocT OTHOCUTETBHBIX AehopMaluil KAMEHHO
knanku Ae coctaBui 0,0015—0,002, a mpu MOBBIIIEHUU Ha-
npsokeHuii ot 0,4f, no fi, — Ae =0,0007—0,001. BtoT acpdexr
OOBSICHSIETCST BBICOKOM TTOAATIIMBOCTBIO TOPU3OHTAIBHBIX
MOJIMYPETaHOBBIX IIBOB, KOTOpPasl CHUXaJach IO Mepe MX
obxatust. [Tpu HanpsixkeHUsIX B Kiaake o > 0,6f, TaHreHch
VIJIOB HakJIOHa OuarpaMMm JedOopMUPOBaHUS KIAJAOK Ha
MMOJIMYPETaHOBBIX M MOJIMMEPLIEMEHTHBIX IIBaX ObLIN OJIN3-
kumu. Cxoxuii xapakTtep nehopMHpPOBaHUs KIAIKU U3

XapaKTepuCTUK KNnagku

Ne CekyLmin moaynb KoaddpuumneHnt Ko
o6pasua | ynpyrocTtu E, MMa MyaccoHa V,, Ei

O6pa3sLpl knagkn Ha NoNNYPETaHOBOW KNneli-neHe
Cni 300 0,12 250
Cn2 300 0,08 290
Cn3 200 0,08 190
300 0,09 250

O6pa3seL, kNagku Ha NoNMMEpPLIEMEHTHOM KJielo

Cut 700 | o8 700

STYEUCTO-0ETOHHBIX OJIOKOB Ha TOJMYPETAaHOBBIX IITBax
MMeJI MEeCTO B MccienoBaHusx [7—8].

3HayeHUsT OTHOCUTEJbHBIX AehopMalvii MCIIBITAHHBIX
KJIaJIOK TIPU YPOBHSIX HAMPSDKEHUH 0, OM3KuX K f, Haxonu-
ymch B quana3one 0,0022—0,0032.

Moaynb yripyrocTv OTAeIbHOTO UCTIBITHIBAEMOTO 00pa3-
na xranku E; ompenensiics Kak CeKyIuii MOAYJIb IO 3HaUe-
HUIO CpeHel OTHOCUTEIbHOM AedopMaliiy, IOJIYYEHHOM B
yeTblpex Toukax npu Harpy3ke F;=1/3F, .. [Ipu 3Toil xe
Harpy3Ke ycTaHaBJIVBAJIMCh 3HaAUYeHUS KO3 UIIMEeHTa Mo-
HepevHbIX fedopMannii KAMEHHON KITAIKU Vy,. 3HAYCHUE
koaddummenta Kg;, XxapakTepusyouiero yrpyrue cBoiictsa
KJIaK1, B COOTBETCTBUM C [5] MPUHUMAIOCH PABHBIM OT-
Houenuio E,/f;.

Pesynbratel onpeneneHus neopMaLMOHHBIX XapaKTe-
PUCTUK KAMEHHOM KJIaJKU MIPUBEIACHBI B TA0JI. 2.

N3 Taba. 2 ciaenyeT, yTO 3HAYEHUE CEKYIIEro MOJIYJSI
YIIPYroCcTH KaMEHHOM KJIaK/ Ha TOHKOCJIOMHBIX TTOJIMMED-
IIEMEHTHBIX 11BaxX B 2,8 pa3a MpeBhIlIaeT 3HaUeHUEe MOIYJISI
YIOPYrOCTU KJIAAKWA Ha MOJUYPETAHOBOM KJEl-TIEHE.
3HayeHue kKoadhduumeHTa ITyaccoHa KiIaaku Ha MOJIUMep-
LEMEHTHBIX IBAX V,, TAKXKE OBUIO BbIIIIE 3HAYECHUS Vy, KITAL-
KU Ha MOJINyPEeTaHOBBIX I1BAX.

BoiBoapl. DKCTIEpUMEHTAIbHBIE 3HAYEHUST CXKUMAIOIIMNX
HamnpsDKeHUM, TpM KOTOPBIX TPOUCXOAMIO OOpa3oBaHUeE
TPEIIMH U pa3pyllieHrne KaMeHHOI KJIaaKu U3 sYercTo-0e-
TOHHBIX OJIOKOB Ha MOJIMMEPLEMEHTHBIX KJIEEBBIX LIBAX, HE
MPEeBbIIIAJIA 3HAYCHUSI HATIPSIKEHU I TPEIIMHOOOpa30BaHUS
U pa3pylIeHUs KJIaAK1 Ha TTOJIMYPETaHOBBIX IITBaXx.

YcraHoBIEHHOE 9KCTIEPUMEHTAIBHO 3HAYEHUE CeKYIIe-
rO MOMYJISI YIIPYTOCTA KaMEHHOM KJIaIKW Ha TMOJIMypeTaHo-
BoIX Bax (E) okazanock B 2,8 pa3za HIxXe cpeaHero 3Haue-
Hust (E) kiagku Ha MOJMMEPLIEMEHTHBIX KJIEeeBbIX IIBax.
3HaueHue KoabdullMeHTa TMonepeyHoil aedbopMaluu
KJIQJIKU Ha TOJMMEPLEMEHTHBIX KIIEEBBIX IBAX V,, MPH Ha-
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rpyske F;=1/3F,, B ABa pa3a MpeBbIIaJIO cCpeaHee 3HaYe-
HUE Vy, KJIAIIKHM Ha TI0JINy PETAHOBBIX LIBAX.

Monynb necdopMalivii KaIMEHHOM KJIaIKu U3 TYEUCTO-0e-
TOHHBIX 0JIOKOB Ha TIOJIMYPETAHOBBIX IIIBAX HEJIMHEMHO BO3-
pacTaet 1o Mepe MOBBIIICHUs CXXUMAIOIIUX HaNPsDKeHU 10
3HayeHuii fi. JIaHHBI akTop caemayeT yYuThIBaTh MPU YUC-

JICHHOM pacyeTe HanpsKeHui 1 aedopMainii Kak B MO3TaX-
HO OMEepThIX CTEHAX KapKaCHBIX 3MaHUI, TaK U B HECYLIMX
CTEHaX 3MaHUI U y3J1aX UX COMPSKEHUI C HEHECYIIIUMU CTe-
HaMU U TieperopoakamMu. Beicokyto nechopMaTMBHOCTb KIaI-
KW Ha TTOJIMYPETAHOBBIX IIBAX CJIECAYET TPUHUMATh BO BHUMA-
HUE TIPU BEIOOPE CLIOCOOOB OTAEIKU CTEH U IEPETOPONIOK.
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Materials with Cellular Structure

YAK 691.5
H.N. KOXKYXOBA, kana. TexH. Hayk (kozhuhovanata@yandex.ru), [.H. DAHAKIH, nHxeHep
Benropopackuin rocynapcTBeHHbIn TexHonornyeckunin yHnsepcuteT um. B.IM. Lyxosa (308012, r. Benropog, yn. KocTiokosa, 46)

Ctabunuaupyrowas no6aBka Kak cnocob onTumu3aLuu
NopoBOiA CTPYKTYPbl NErKOBECHbIX KOMNO3MTOB
Ha OCHOBE reonoIMMEpPHOro BAXYLLEro™

lpn NpOEKTUPOBAHMM 1 NPOM3BOACTBE AYEMCTHIX KOMMO3UTOB HE 3aBUCUMO OT TUNA CBA3YIOLLEr0 KOMMOHEHTA, OAHOI N3 aKTyanbHbIX NPo6iem
ABNAeTCA (DOPMIUPOBAHIME PABHOMEPHO NMOPOBOIA CTPYKTYPbI, 06€CneYnBaioLLeil ONTUManbHble MPOYHOCTHbIE, @ TAKXE TeNN0gU3NYecKue
XapakTepPUCTMKI NErkoBecHoro komnoauta. Hanbonee npo6nematnyHo 406MTLCA NPaBUNIbHON NOPOBOIA CTPYKTYPbI B CUCTEMAX B [BYX ClyyasX:
Hanu4yme HN3KOAKTUBHOM CBA3YIOLLEHA MATPULbl, ANUTENbHbIE CTPOKN (hOPMMPOBAHNS MPOYHOCTM Kapkaca MaTpuLbl. B 06oux cnydasx hopmupyoLascs
nopoBas CTPYKTYpa Ha Ha4anbHOM 3Tane MoJsly4eHns KOMNO3MTa 3a CHET OTCYTCTBNS MUHUMANbHO LOCTATOMHON PaHHeN NPOYHOCTM KapKaca, uMeeT
TEHJEHUMIO K Pa3PYLUEHNIO, YTO BEAET K YXYALLIEHMIO 3KCMyaTaLMOHHbIX XapakTepucTUK KOHEYHOro MaTepuana. B pamkax pa6oTbl NpoBeieHbI
1CCneioBaHNs No M3y4eHNK0 BO3MOXXHOCTU UCMONb30BaHMS LEEMEHTHOTO BSXKYLLIEr0 B Ka4ecTBe A06aBKM, CTABUNN3MPYIOLLEA NOPOBYHD CTPYKTYPY B
A4EMCTbIX KOMNO3UTAX HA OCHOBE reONONIMMEPHbIX BSXKYLLMX. YCTAaHOBNEHO, 4TO BBEAeHNe 10% nopTnaHAuemMeHTa 0T MacChl BSKYLLEr0 NO3BONSET
CHU3WTb NNIOTHOCTb FE0NONNMEPHOro neHo6eToHa 10 21% npu 0AHOBPEMEHHOM YBEANYEHUN NPOYHOCTU NPK CxXaTum Ao 8%.

Knioyesble CNoBa;: 3071a-yHOCA, re0nONMMEPHOE BSXKYLLEE, CTaBUNM3aLNs, NOPOBas CTPYKTYPa, MEHOGETOH.

Ins uutuposanus: Koxyxosa H.W., danakuu [.H., Ctpokosa B.B. Ctabunnampyowias o6aska Kak cnocob onTumm3anum nopoBoil CTPYKTYpbl IErKo-
BECHbIX KOMMO3UTOB Ha OCHOBE Fe0noNMMEpPHOro BKYLLEro // CTpoutenbHbie matepuansl. 2017. Ne 5. C. 33-35.

N.I. KOZHUKHOVA, Candidate of Sciences (Engineering) (kozhuhovanata@yandex.ru), D.N. DANAKIN, Engineer
V.G. Shukhov Belgorod State Technological University (46, Kostyukova Street, Belgorod, 308012, Russian Federation)

A Stabilizing Additive as a Method for Optimization of Porous Structure of Lightweight Composites
on the Basis of Geopolymeric Binder*

When designing and manufacturing cellular composites, independently on the type of a binding component, one of the relevant problems is the formation of a uniform porous structure
providing the optimal strength and also thermal-physical characteristics of a lightweight composite. The most problematic is to achieve the correct porous structure in the systems in
two cases: the presence of a low-active binding matrix and long lines of formation of the strength of a matrix framework. In both cases, the forming porous structure, at the initial stage
of composite obtaining due to the absence of minimum required early strength of the framework, has the trend to the destruction that leads to worsening of operational characteristics
of the final material. Within the work, research in the study of possibility to use the cement binder as an additive which stabilizes the porous structure in cellular composites on the basis
of geopolymeric binders, has been conducted. It is established that the introduction of 10% Portland cement of the binder mass makes it possible to reduce the density of geopolymeric

foam concrete up to 21% at simultaneous increase in the compression strength up to 8%.
Keywords: fly ash, geopolymeric binder, stabilization, porous structure, foam concrete.

For citation: Kozhukhova N.I., Danakin D.N., Strokova V.V. A Stabilizing Additive as a Method for Optimization of Porous Structure of Lightweight Composites on the Basis of
Geopolymeric Binder. StroiteI'nye Materialy [Construction Materials]. 2017. No. 5, pp. 33-35. (In Russian).

ITonydyeHue T9eUCTBIX GETOHOB C BRICOKUMMU 3KCILTyaTa-
LIMOHHBIMU XapaKTepPUCTUKAMM, COUETAIOIIMMU B ceOe BbI-
COKME TeIUI0(U3NYECKUE U OJHOBPEMEHHO HEOOXOIMMBbIE
MPOYHOCTHBIE XapaKTEePUCTUKU, HA CETOJHSIIIHUI NEeHb
SIBJISIETCS] aKTYaJIbHOM U B TO K€ BPEMsI IOBOJILHO CJIOXHOM
3a/ayeii, KoTopasl JOCTaTOYHO YCMEIIHO pellaeTcs JUisl Ma-
TeprajioB Ha OCHOBE LieMeHTa [1, 2].

B 10 e BpemsI IIpH MTOJTy4eHUM TTOPU30BaHHBIX MaTepH -
aJIoB Ha OCHOBE OECLIEMEHTHBIX BSLKYIIUX cucteM [3—13], B
YACTHOCTHU BSIXKYIIMX ILIEJTOYHON aKTUBAllMU, TAKUX KaK re-
orouMepsl [ 14—18], Bo3HuKaeT psn TpyaHocTeid. JIis reo-
MOJIMMEPHBIX CUCTEM TTpobJieMa MOJyYeHUs HeOOXOMUMO
MOPUCTON CTPYKTYpPbI, 00J1aat01el OMHOPOJHOCTbIO, 3aM-
KHYTOCTBIO TIOp M UX Y3KUM Pa3dpocoM B pa3MepHOM Jiva-
ma3oHe, OOyCJIOBJI€HaA CIeUU(PUKON CHHTe3a BSIXKYILETO
(XuMHYeCcKash aKTUBALIUST ATIOMOCUIMKATHOTO ChIPbS B yC-
JIOBUSIX BBICOKOIIEJIOYHOM Cpe/ibl) M MEXaHU3Ma €ro TBep-
neHus (MoJMMepU3alluOHHBIN).

Jns hbopMupoBaHMST pallMOHAIBHOM TTOPOBOI CTPYKTYpPhI B
NEPBYIO OYEPECIAb NOJIKHBIL OBITH CO6J'[IO,Z[CHLI CJICOYIOIIUNEC YCIIOBUS:

1. KopoTrkue cpoku CXBaThIBaHUSI U IIOCJIEAYIOLIETO
TBEPIEHUST BSDKYIIEH MaTPULBI (4TO XapaKTepHO IUISI CH-
CTeM Ha OCHOBE 1IEMEHTa).

2. Bricokasi ycTOMUMBOCTH TTOPOOOPA3YIOIIETO areHTa 1
MOJIy4aeMOM HA €ro OCHOBE SIYEMCTON MACCHI B 3aaHHBIX
YCJIOBUSIX TBEPACHUS.

OTH (pakTOpHI B UTOre 00ECIeYnBaOT B 00beMe KOMIIO-
3UTa COXpaHEHNE MCXOIHOI MOPOBOI CTPYKTYPHI Ha BCEM
MPOTSIKEHUU TBEPJEHUS CUCTEMbI 0 MOMEHTA €€ KOHCOJIH-
naiuy 1 (popMupoBaHUS TIPOYHOTO KapKaca.

M3BecTHO, YTO B BSIXYIIMX CUCTeMax IIeJIOYHON aKTH-
BallMM HA OCHOBE CUJIMKATOB HATPUS, XapaKTePU3YIOLIMUXCS
BbICOKMM pH-mokazaTeneM peaknMOHHOU cpenbl (00-
Jee 13), meHooOpa3zoBaTesud, KaK CUHTETUYECKME, TaK U
MPOTENHOBBIC, TEMOHCTPUPYIOT HU3KYIO CTOHKOCTbH TEHBI
13-3a BBICOKO! TIJIOTHOCTH I1I€JIOYHOTO KOMITOHEHTA.

ITpu 3TOM CYIIECTBYIOT aHAJIOTUYHBIE BSIKYIIUE CUCTE-
Mbl, TII€ aKTMBAaTOPOM BBICTYyNaeT TUApoKcua Hatpus. B
MOJOOHBIX CHCTEMax J0Ka3aHa BO3MOXHOCTb MOJYYEHUS
CTOMKOM TTEHOMACCHI.

OpnHako B BSLKYIIMX CHUCTeMaX IIEJOYHOM aKTUBAIUU
OoJibllIoe 3HAYEHME MMEIOT CPOKM Habopa MUHUMAIbHOMN
MPOYHOCTH TBEPACIONIETO SYEUCTOrO0 KOMIIO3UTA, J0CTa-
TOYHOM 1Jis1 PUKCcaIIKM KapKaca IIOPOBOIA CTPYKTYPHIL.

Cpeay OCHOBHBIX BUJIOB ChIPbS JJISI CUHTE3a BSIKYIIIUX
LIEJTOYHOM aKTUBALIMU CJEeIyeT BBIICIUTh aTIOMOCUINKAT-

* PaboTa BbIMOJIHEHA NP (UMHAHCOBOM Moaaepxkke JlemapTaMeHTa BHYTPEHHEH KaapoBoil moauTuku benropoackoi obiactu B ¢opMe rpaHTa Ha
MpOBeIeHNE HAyYHO-UCCIEA0BATEIbCKUX PAOOT 10 TPUOPUTETHBIM HATIPABICHHUSIM COLIMATbHO-9KOHOMIUYECKOTO0 pa3BuTust bearopomackoii obmactu. Jorosop
Ne 41-rp. ot 19.10.2016; B pamkax peanusauuu [Iporpammsl crparernyeckoro pa3putusi BITY um. B.T. IllyxoBa ¢ ucnosib3oBaHreM 000pyI0BaHUs Ha Ga3e
Hentpa Boicokux TexHosnoruit BI'TY um. B.T'. Illyxosa.

* The work has been executed at financial support of the Department of Internal and Staff Policy of the Belgorod Region in the form of grant for conducting
research works relating priority directions of the social-economic development of the Belgorod Region. The Agreement of October 10, 2016 Ne41-gr within the
realization of the Program of strategic development of the V.G. Shukhov BSTU with the use of equipment on the basis of the High Technologies Centre, BSTU
named after V.G. Shukhov
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‘ Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH

MUKPOCTPYKTYPHOIO reononnMepHoro neHo6eToHa Ha neHoobpa3oBartese
ESAPON: a - 6e3 nobaeku-crabunusatopa; 6 — ¢ 406aBKOi-CTabmnnsato-
pom B konunyectee 10%

Hble KOMIIOHEHTbl MPUPOAHOTO U TEXHOTEHHOIO MpOMC-
XOXACHUS C IIIMPOKUM pa3dpoCcoM B XUMUYECKOM COCTaBe U
cofiep>KaHUH IEJOYHBIX OKCUIOB, OT KUCJIBIX IO OCHOBHBIX
amoMocwiukaToB [14—16]. Tak, misg aqrOMOCUIUKATHOTO
CBIPBSI OCHOBHOTO cOCTaBa (0a3ajbThl, JOMEHHBIE TPaHYI1-
pOBaHHBIE IIJaKW, BBICOKOKAJBIIMEBBIE 30JIbI-YHOCA)
OTBepJieBaHWE CHUCTEMBI B MpOLIECCe PeaklUii ruapaTaluu
MMPOUCXOIUT JOBOJILHO OBICTPO. B TO ke Bpemsi BSLXyIIME
CHCTeMbl Ha OCHOBE KMCJIOTO aJIIOMOCUJIMKATHOTO ChIPbS
(TIepAUThI, HU3KOKAIbIIMEBbIE 30JIbI-YHOCA) XapaKTepu3y-
I0TCSA MEIUIEHHOM CKOPOCThIO Habopa MPOYHOCTH, YTO SIB-
JisieTcsl TYOUTEJIbHBIM JUISI TIEHOMACCHI, BXOMSIIEH B COCTaB
KOMITO3UTOB Ha OCHOBE IAHHBIX BEIIECTB.

AHaM3 TeonoJIMMEPHBIX BSIKYLIMX Ha OCHOBE HU3KO-
KaJblMeBbIX 30y1-yHoca TOC Kak sSIpKoro nmpuMepa TeXHO-
TEHHOTO AJIIOMOCUJIMKATHOTO ChIpbsl KMCJIOTO COCTaBa I10-
Kazajl, 4To, HECMOTps Ha (popMHMpOBaHME Ha HUX OCHOBE
KOMITO3UTOB ¢ IIpoyHoCcThIO 10 50 MIla [17], reononumep-
HbIE BSIXKYILIME C UCTIONb30BAaHUEM 30JI-YHOCA, 00J1a1al0IIuX
HU3KOI CKOPOCTbIO PACTBOPEHMSI axke B YCIOBHUSIX BBICO-
KOIIEJIOUHOTO BO3IEMCTBUS, XapaKTepU3YIOTCS IIUTEIb-
HBIM HaOOpOM TpovyHOCTH [18].

B cBs131 ¢ 3TM B paMKax UCCIIeIOBaHMS ObLIa pPacCMOTpe-
Ha BO3MOXXHOCTb CTAOMIM3aIIMU TTIEHOMACCHI TE€OTTOIMMEPHO-
rorneHo0eToHaHaOCHOBE KMCI01301bI-yHOca HoBoTpouIikoit
TOL ¢ HU3KOI peaKIIMOHHOM aKTUBHOCTBIO.

C nenblo obecrneyeHus1 CPpaBHUTEIHLHOTO aHau3a B Ka-
YecTBEe MEHOOOpa3oBaresieil MCMOoAb30BaIUCh CUHTETUYE-
ckuit — ESAPON u GenkoBeiit — Biofoam.

B kauectBe crabmimsaTtopa ObLT BBHIOpaH IOPTIAHILIE-
meHT Mapku LIEMI 42,5 (OAO «benropoackuii eMeHT» ).
Br160op naHHOro TMma crtabuwinzaropa oOyCJIOBIEH TEM, YTO
LIEeMEeHTCOepKalue CUCTEMbI, AKTUBUPOBAHHBIE 11I€JI0UaMK
WY COJISIMM IIEJOYHBIX METAJIJIOB, XapaKTepU3YIOTCS YCKO-
PEHHBIM HAaOOPOM TIPOYHOCTU M CITOCOOHBI (hOpMUPOBATH
MPOYHBII KapKac MaTpMIIbl Ha paHHUX CPOKaX TBEPIEHUSI.
B ¢BsI311 ¢ 3TUM B pamMKax MCCIeJ0BaHUS BHIIBUHYTA TUIIOTE-
3a, 4YTO J00aBKa 1IEeMEHTa K TeoroJMMEpPHOi SIYenCcTol CH-
CTeMe Ha HayaJlbHBIX dTarax CTPYKTypooOpazoBaHus OyneT
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CopepxaHne KOMMNOHEHTOB
B BAXYLEM, % MnotHocTb | MpoyHoCTb
Biofoam ESAPON LiemeHT
0,5 - - 728,57 0,92
- 0,5 - 721,83 1,298
0,5 - 10 571,48 0,992
— 0,5 10 629,73 1,354

BBICTYIIATh B KAYECTBE YCKOPUTEJISI TBEPIEHMS BCEil CUCTEMBI
B 1IeJIoM, obOecrieuynBasi TeM caMbIM (UKCAIMIO TTOPOBOM
CTPYKTYPHBI B 60JIee KOPOTKME CPOKU 1 COXPaHSIsl ee LeIOCT-
HOCTb Ha MPOTSKEHNWU BCETO TepUoia TBEPACHUSI.

JI71s1 TOATBEPXKIAECHWSI BBIABUHYTON T'MIIOTE3bl ObLIU 3a-
¢dopMOBaHbI COCTaBBI T€ONOJUMEPHOTO TTEHOOETOHA Ha OC-
HOBE 30JIbI-yHOCA C Pa3JIMYHBbIM COIEpXKaHWEM I100aBKU-
crabumm3aTopa (CM. TabJIHILY)

PesynbraThl 3KCriepuMeHTa, TpUBEIEHHbIC B TabIUIIe,
MOKa3aJiu, YTO MEHOOETOHHbIE 00Pa3iibl C UCIIOIB30BAaHUEM
000X TUIOB ITeHOOOpa3oBaTeeii, HE CoAepKalllie B CBOEM
cocTaBe n100aBKU-CTaOWIM3aTOpa, XapaKTepusyloTcsl ONu-
HAKOBOW TUIOTHOCThIO. OHAKO Ha CUHTETUYECKOM TEHO-
ob6paszoBareie ESAPON npouHocTh npu cxatuu Ha 41%
BBIIIIE TI0 CPABHEHUIO C aHAJIOTUYHBIM COCTAaBOM Ha OeJKo-
BOM neHooOpa3zoBateie Biofoam.

BBeneHue neMeHTHOI 100aBKM-CTabWUIM3aTopa CIIOCO0-
CTBYET CHIDKEHMIO MOKa3aTesl TUIOTHOCTU B COCTaBax Ieoro-
JIMMEPHOTO TMEHOOETOHA HAa OCHOBE 00OMX MEHOOOpa3oBaTe-
JIel, CUHTETUYECKOTO U OeJIKOBOro, B IuariazoHe ot 12,7 no
21,5% cooTBeTcTBEHHO. B TO e BpeMsT MPOYHOCTD TIPH CKa-
TUM 17151 OOOMX COCTABOB MPU BBeACHUHU N100aBKM-CTa0MIM3a-
TOpa yBETMUUBAETCSI HE3HAYMTEBHO (B Tipeesiax oT 4 10 8 %).

AHaJu3 MopoBOil CTPYKTYpPbl MEHOOETOHHbBIX T€OMOJIH-
MEpPHBIX 00pa3loB (CM. PUCYHOK), UCCJIENOBaHHBIX C HC-
MMOJIb30BAaHUEM CKAHUPYIOIIETO 3JIEKTPOHHOTO MUKPOCKO-
ma TESCAN MIRA 3 LMU (I'epmanus)** , mokasai, 4to B
obpa3siax, comepxKalyux J100aBKy-CTaOWIN3aTOP B KOJIMYE-
ctBe 10%, HaGmomaeTcss Gojiee paBHOMEpHasl MOpOBast
CTPYKTYpa, COCTOsIIasl MPEUMYIIECTBEHHO U3 3aMKHYTbIX
nop. [1pu 3TOM TpeluH U HapylLIeHU B MEXKITOPOBBIX Te-
peropokax He HabJogaeTcs.

TakuM 06pa3om, ycTaHOBJIEHA BO3MOXKHOCTh UCITOIb30-
BaHMs IOPTJIAHILIEMEHTA B Ka4eCTBe J100aBKMU, CTAOMIN3M-
pylolleii MeHoMaccy Ha OCHOBE TeOMOJTMMEPHOTO BSIKYIIIE-
ro. Beenenue 10% mopTiaHalieMeHTa GJIarompusTHO CKa-
3bIBaeTCSl Ha (PU3MKO-MEXaHUUYECKUX XapaKTepUCTHUKaX
(TJIOTHOCTB U TIPOYHOCTH TPU CXKaTUM), a TakKe Ha (hopMu-
pPOBaHWM paBHOMEPHOI 1 6e31eDEKTHOM ITOPOBOI CTPYKTY-
DBl TEOTOJIMMEPHOTO TMTEHOOETOHA, YTO MPUBOAMT K CHUXKE-
HMIO TUIOTHOCTH 10 21% Mpu COXpaHEHMM WM YBEIMYCHUU
MTPOYHOCTH NIPY CXATUU 10 8% B 3aBUCUMOCTH OT BUJIA TIPU -
MEHSIEeMOTO TIEHOOOpa30BaTeIs.
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Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH
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.B. KYSHELIOBA, nHxenep (Kuznetzowa.gal@yandex.ru), H.H. MOPO30BA, KaHa. TEXH. Hayk,
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KazaHCckuin rocyaapCTBEHHbIN apXUTEKTYPHO-CTPOUTENLHLIN YHUBEPCUTET (420043, r. KasaHb, yn. 3eneHas, 1)

KomnnekcHas fo6aBka ans aBTOKNnaBHOro ra3o6eroHa

B TexHonoruu aBTOKNaBHOrO ra306eTOHa BXXHbIMI XapakTepPUCTUKAMM ABNSIOTCSA NOABMXHOCTb CMECH, KUHETIUKA ruapaTalui N3BeCTKOBO-LEMEHTHOM0
BSKYLLLEr0, MPOLIECC BCMYy41BAHMS, BPEMS CO3PEBAHNA MacCKBa 1 aBTOKNABHAs NPOYHOCTb. pUBOAATCS Pe3ynbTaTbl MCCNELOBAHUS BNSHUS
KOMNEKCHbIX 106aBOK Ha OCHOBE MMAPOCUANKATOB M3 OTXO0B NPOM3BOACTBA CUANKATHOMO KMPMUYa, Cynepnnactudukaropa, cynbdaroB npupoaHOro
MPOUCXOXAEHNS (TMNCOBBI KameHb) 1 cofocynbgarHon cmecn (CCCM), Kak CaMmoCTOATENbHO KaXA0r0 KOMMNOHEHTA, TaK 1 B KOMMEKCe, Ha U3BECTb,
LIEMEHT, A4encT0-66TOHHYH CMEChb 1 aBTOKMaBHbIA 6eTOH. Hanbonbwmnm Ko3chuuMeHTOM 3amMeneHns rnaparaunmn n3sect obnagaet gobaska G-3, a
Cpeau cynbchaToB — rUNCOBbIA KaMeHb. [MAPOCUNNKATbI CAMOCTOATENIbHO HE U3MEHSIOT CPOKM CXBaTbiBaHUS LieMeHTa. KoMNneKchbl B KONU4ecTBe 5%
rMAPOCUANKATOB C NNACTUGIMKATOPOM W TMAPOCKUNINKATOB, CYyNbCHaTOB U NNacTUuUKaTopa 3ameNnAtoT KOHeL, CxBaTbiBaHNs, a B konnyectse 10%
YMEHbLUAKT 11 BPEMS Ha4ana CXBaTbiBaHMS. Pe3ynbTaTMBHOCTb KOMMMEKCA Ha CynbaTax NPUPOAHOr0 NPOMCXOXAEHUS U COA0CYNbMATHON CMECH B
KonuyecTse 5% yCTaHOBNEHA MO TemMnepaTtype, NOABMKHOCTI A4EMCTO-B6ETOHHOI CMECK W aBTOKNIABHOW NPOYHOCTH razobetoHa D600. MonyyeH

NPUPOCT NPOYHOCTN A0 23%.

KntoyeBble €noBa: ra306eTOH, CUAINKATHBIA KUpnuy, 4o6aBka, r’MapoCMANKaT, NnacTMdmkaTop, cynbgarsl.

Iina umtuposanus: Kysveuosa I.B., Mopososa H.H., Motanosa J1.11., Knokos B.B. KomnnekcHas no6aska ans aBTOKNaBHOMO ra3o6etoHa //
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L.I. POTAPOVA, Candidate of Sciences (Chemistry), V.V. KLOKOV, Student

Kazan State University of Architecture and Engineering (1, Zelenaa Street, Kazan, 420043, Russian Federation)

A Complex Additive for Autoclaved Concrete

In the technology of the autoclaved gas concrete, important characteristics are mix fluidity, hydration kinetics of lime-cement binder, swelling process, curing time of mass concrete,
and autoclaved strength. Results of the study of the effect of complex additives on the basis of hydro-silicates from waste of silicate brick production, superplasticizers, sulfates of natu-
ral origin (gypsum stone) , and soda-sulfate mixture both for each component independently and in complex on the lime, cement, cellular-concrete mix, and autoclaved concrete are
presented. An additive S-3 and gypsum stone among sulfates possess the greatest retardation coefficient of lime hydration. Hydro-silicates don’t change the time of cement setting sep-
arately. Complexes containing 5% of hydro-silicates with plasticizer and hydro-silicates, sulfates and plasticizer retard the end of setting, and in an amount of 10% retard also the time
of setting beginning. The efficiency of the complex with sulfates of natural origin and soda-sulfate mixture in an amount of 5% is established according to the temperature, fluidity of the
cellular-concrete mixture and autoclaved strength of the gas concrete D600. The increase in strength by up to 23% has been obtained.

Keywords: gas concrete, silicate brick, additives, hydrosilicate, plasticizer, sulfates.

For citation: Kuznetsova G.N., Morozova N.N., Potapova L.I., Klokov VV.V. A Complex Additive for Autoclaved Concrete. StroiteI'nye Materialy [Construction Materials]. 2017. No. 5,

pp. 36-39. (In Russian).

B TexHosOrMsIX COBpEMEHHBIX OETOHOB MPUMEHEHUE
KOMILIEKCHBIX 100aBOK Ha OCHOBE CYIepIIacTu(UKaTOPOB
IMO3BOJISIET TIOJIyYaTh U3JEIusl ¢ TpeOyeMbIMU CBOMCTBAMMU.
ITpumeHeHue cymnepriiacTuruKaTopoB B METKO3EPHUCTHIX
OeToHaxX U3 cMeceil C BHICOKOU TMOABMXXHOCTbIO OCOOEHHO
3¢ deKTUBHO, TaK KaK MO3BOJISET MOJIYyYUThb BLICOKYIO MPOY-
HOCTh U HU3KYIO IPOHUIIAEMOCTh MaTepuaioB [1]. OgHum
U3 TyTei yBeJaudeHUsT 3(PPEKTUBHOCTH SIUEUCTHIX OETOHOB
SIBJISIETCS] TIPUMEHEHNE MUHEPaIbHbIX HAIIOJTHUTEJIEH B CO-
YeTaHUU ¢ cymnepruiacTuduKaTopaMu U TUAPOCHINKATAMU
M3 OTXOHOB IIpou3BoacTBa. [1oaToMy 1enbI0 pabOTHI CTAIO
HccenoBaHNe BIMSIHASI KOMIUIEKCHBIX T0OaBOK HAa OCHOBE
cynepriacTuUKaTopoB, MUHEPAIbHBIX HAMOJHUTENEH U
TUIPOCWIMKATOB U3 OTXOIOB MPOU3BOACTBA HA TMIpaTalliio
KOMITOHEHTOB CMECU U IIPOYHOCTD STYEUCTOTO OETOHA aBTO-
KJIAaBHOTO TBEPACHMUSI.

ITpu MPOM3BOACTBE CUITMKATHBIX CTEHOBBIX MAaTEPHAJIOB
obpasyeTcsl JOCTaTOYHO OOJIbIIOE KOJIMYECTBO OTXOIOB B
BuAe 0051 CUJIMKATHOTO KWpIWYa, IOAPE3HOro CJI0sI U 00-
paTHOTO IIaMa B TEXHOJIOTMU aBTOKJIABHOTO Tra300eToHa.
Kaxmoe nmpou3BoACTBO pelliaeT JUKBUIALIMIO OTXOIOB I10-
cBoemy. OnvH 13 BapMaHTOB — MCIOJIb30BaHUE UX B BUIE
100aBOK.

CocTaBbl OTXOHOB KMpIIMYa U ra3o0eToHa IpU Kaxy-
LIEICs OMMHAKOBOI MPUPOIE HECKOJIBKO OTanJaloTcs [2],
MO3TOMY i1 YCTAHOBJICHUS] MX Pa3JIU4Uid ObUIM CHSITHI
HUK-cnexrpsl (puc. 1, 2).

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

W3 puc. 1 BUgHO, YTO OCHOBY COCTaBJISIET HEpaBHOMEP-
HO OKPHCTaIJIM30BaHHAsI CMECh I'MIPOCUJIMKATOB KaJbllus,
OJIM3Kas 10 COCTaBY K TMJIEOPaHANTY B COYETAHUU C THIPO-
JINTOM, OKEHUTOM Y KCOHOTJIUTOM.

Ananmuz UK-cnektpa (puc. 2) mokasbIBaeT, 4YTO OCHOB-
HBIE TTOJIOCHI OTHOCSITCSI K BaJICHTHBIM CBSI3SIM KPEMHUSI C
KUCJIOPOAOM Y Boaopona ¢ KuciaopoaoM. CyliecTBeHHBIM
otanuneM UK-criekTpoB sIBisieTCs MOsIBIEHUE MOJI0C B 00-
nactu 712 cm™! 1 monockr 858 cm!, mosockl B o6acty 1420
u 1453 cm™! u cmemmenue nonocsr 1627 cvm!. Tlepectpoiika B
o61actu 900—1200 cm™!, 778 1 800 cm™!' oTHOCHTCS K KOJNe-
b6anusim cBsizeit AI-OH u Si—O—Al COOTBETCTBEHHO.
VYBeJquyeHue MHTEHCUMBHOCTM OTUX KOJieOaHUM, a Takxke
nosockl 858 cM™! 1 nosockl 1465 cM™! cayxaT ocHoBaHuEM
IS TIONTBEPKACHUS M3MEHEHUST XapaKTepa CBsI3eil B TpyII-
max ¢ Al u Si.

3amavya MOBBIIIEHUST TPOYHOCTH SUYEHCTOTO MaTepuasa
aKkTyaJibHa Bcerna. BBeneHue isl 3TOi 11eJId TMAPOCHIINKA-
TOB U3 OTXOAOB MPOM3BOJACTBA CMJIMKATHOTO KUpIuya 60-
see 3¢ GEKTUBHO MO CPaBHEHUIO C OTXOAaMM razodeTo-
Ha [2], TaKk KaK MocCJIe[HUE TMOBBIIIAIOT BOAOTIOTPEOHOCTD
cmecu [3].

IIpou3BoaCTBO AYEMCTOrO0 OETOHA aBTOKJIABHOIO TBEP-
JIEHMSI CBSA3aHO C UCIIOJIb30BAHUEM IITUPOKOTO CIEKTpa Chl-
PBEBBIX KOMITOHEHTOB U COCTaBOB, CYILIECTBEHHO OTJINYAI0-
IIMXCs APYT OT Apyra no cBoiictBaM. B P® nmpousBoactso
ra3zo0eToHa OCHOBBIBAETCSl Ha MCIOJb30BAaHUM 1IEMEHTHO-
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Materials with Cellular Structure

0,055
0,05
0,045
0,04 i [ %
0,035
0,03
0,025
0,02
0,015
0,01
0,004
4000 3500

1089
7

1166

3390
2938
1634
1445

1802

3000 2500 2000 1500 1000 650

cm!
Puc. 1. IK-cnekTp oTXo40B kupnvya

80 ;
0+ 2
60
50 -

401 e

3
e 4

30 -

20 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10

Bpewms rawenws, MuH

Temneparypa rawenus, °C

Puc. 3. Bnuanne pob6aBkm CCCM Ha napameTpbl ralleHus U3BecTu:
1 — n3BecTb A=71%; 2 — konnyectBo fob6aekn CCCM 2%; 3 — KONM4eCcTBO
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Puc. 5. BnusaHne cynepnnactudukatopa C-3 Ha napamMeTpbl raweHus
n3Bectu: 1 — n3BecTb; 2 — n3eectb + 0,5% C-3; 3 — ussectb + 1,5% C-3

M3BECTKOBOTO BsKyiiero [4]. B TexHomoruu razobeToHa Ha
CMEIIaHHOM BSDKYIIIEM CUMTAETCS, YTO IIEMEHT HEOOXOAUM
B KayeCcTBe CTPYKTYpODOPMUPYIOLIETO KOMIIOHEHTa B J0-
aBTOKJIAaBHBIN TTepUO TBEpACHUS [S].

OrnbIT TpUMeHEHUsT 100aBOK B OETOH MOKa3bIBaeT, YTO
BO MHOTHUX Ciiydyasx Haubosnee 3¢hGhEKTUBHBIMU SIBISIIOTCS
KOMILIEKCHBIE 100aBKr. OCHOBHOE IIPEUMYIIECTBO MHOTO-
KOMITOHEHTHBIX [00aBOK B MOJUGMYHKIMOHAIBHOCTH.
[MpumeHeHUe MIaCTUGMULIMPYIONINX 10OABOK MO3BOJISIET HE
TOJIbKO 3HAYUTEJIbHO MOBBICUTDH MOABUXXHOCTh OETOHHBIX U
PacTBOPHBIX CMeceil, HO U 3aMeJINTh TBEpACHUE 1IeMEHTa
WJIA BBI3BATh HEJIOMYCTUMOE CHUKEHUE TTPOYHOCTH OETOHA.
Hau6Gonee momyngpnbeiii B Poccum cynepruiactuduka-
Top C-3 sIBsIeTCS HATPUEBOI COJIbIO HA(TAIMHOBON CYJb-
(doxucnorsr [6].

ABTOopamu [7] OBIJIO YCTAaHOBJIEHO, YTO BBeAeHUE 5%
C-3 oT Macchl U3BECTU B Ta30CUJIMKATHYIO CMECh TPUBO-
IWT K 3aMeIJICHUI0 TMapataluy B aBa pasa, a 10% — B
11,5 pa3. U3BecTHO, YTO YCKOPUTEISIMUA TBEPACHUS SIBJISI-
I0TCSI HUTPAT HATpUSl U TIOJIYIIPOIAYKT €ro NMpPOM3BOJACTBA,
MMEIOUIM B CBOEM COCTaBe HEOOXOAUMBbIE XUMMUYECKUE
coeIMHeHUs1, HanpuMmep conocyibdaTtHas cmech (CCCwm).
Xumuueckuii coctaB CCCm: Na,SO, — 71%; Na,O — 3,9%;
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Puc. 6. KoadbduumeHT 3amennenns ruapataumm nssectn ¢ nobaskamu:
1-TK;2-CCCm; 3-C-3

AlLO; — 2,7%; Na,CO; — 22,4%. IMmeHHO copepxxaHue
cyibdaTa HaTPUS U COIbI YKa3bIBae€T Ha BO3MOXHOCTD UC-
MOJb30BaHUSI ITOr0 MaTepuaja B KauyecTBe YCKOPUTEJs
TBepAeHUs Ta3obeToHa [6].

IlepBoHaYabHO BBITIOJIHEHBI MCCIIEIOBAHUS BIUSHUS
CCCwM u runcoBoro kamHsi (I'K) Ha rameHue u3BECTH.
PesynbraThel nmpencTaBieHbl Ha puc. 3 u 4.

Jo6aBka CCCM CHIMXaeT TeMIlepaTypy U yBeJIU4MBaeT
BpeMs raieHust u3BecTu. [logo6Has KapTrHA HabIoaaeTCsI
U Npu BBeneHUHU B u3Becth ['K.

Kak BMIHO M3 pe3yabTaToOB HUCCIENOBaHUS, OoJiblliee
CHUXXEHME TeMIlepaTyphl TallleHUsI M3BEeCTU HaOItomaeTcs
TIpY paBHBIX JO3UPOBKaX CcyabdaToB mpu BBeaeHU 'K,

B kauecTBe BOAOPEMYLIMPYIOIIETO KOMITOHEHTa KOM-
IUIEKCHOM 100aBKM ObLI BBIOpaH cCymnepriacTugUKaTop
C-3, neiicTBUE KOTOPOTO Ha raimeHue u3pectu cxoxe ¢ 'K u
CCCwMm. PesynbTathl TipeCcTaBIeHbI Ha pUC. 5.

D HeKTUBHOCTH MOHOI00aBOK 10 OTHOIIIEHUIO K U3Be-
CTH OLICHUBAJIU 11O KO3MDGHUILIMEHTY 3aMeIICHUS, PACCUNUTBI-
BaeMOTro Kak OTHOIIEHWE BPEMEHU TallleHUsI U3BECTHU C J10-
0GaBKOI K BpEMEHU TallleHUsT U3BeCTH 0e3 100aBKH (puc. 6).

B pesynbraTe HauOOJBIIUMM 3aMeUIEHUEeM 001aaeT A0-
6aBka C-3, a cpenu cyib(haToB TMIICOBBIN KaMeHb. Jlo6aB-
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‘ Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH
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Puc. 7. BnusiHue ruapocunmkaTtoB B COYETAHUN UX C CynbdaTamu 1 nna-
CTUHUKATOPOM Ha CPOKW CXBaTbiBaHUS MopTnaHauemeHTa: Ml — Hayvano
cxBaTbiBaHus!; [l — KOHEL, CXBaTblBaHUS
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KonuuecTso nobasku, %

°c

Temnepatypa cmecu

Puc. 9. BnuaHue komnnekcHol nobaBkn Ha TemnepaTypy cmecu: 1 — Tcm
K-1; 2 -Tcm K-2

ka CCCM nMeeT MeHbIIUH KOA(DOUIIMEHT 3aMelIeHUs 110
cpaBHenmio 'K Ha 20—25%.

Ha dopmupoBaHme MakpoCTpyKTyphI Ta300€TOHA CyIIle-
CTBEHHOE BJIMSIHME OKa3bIBAIOT CPOKU CXBATHIBAHMS STUEU-
croil popMoBouHOi cMecu. [lockonabKy cTpykTypodopmu-
pPYIOIIMM KOMITOHEHTOM Ha paHHMX CPOKaX TBEPIEHMS B
razo0eToHe SIBJASEeTCS MOPTIAHALIEMEHT, TMIPOCUIMKATHI
KaJIbLMS MOTYT CIYXUTh LIEHTPAMM KPUCTAJUTU3AIVN.

C 3TOi1 TOUKM 3peHUs TIPOBEACHO UCCIIeIOBaHNE 3aBU-
CHMOCTH CPOKOB TBEPJEHMS MOPTIAHAIEMEHTa OT KOJINIe-
CTBa 100aBKU, COCTOSIIIIEH 13 TUAPOCHIMKATOB B COYeTAHUHT
¢ cynbdaTaMu U miacTuuKaTopoM. MiaMepeHue IIpoBoaM-
JIA TI0 CTaHIAPTHOM METOIMKeE C UCTOJb30BaHMEM TTpUbdopa
Buxka. Pe3synbTaThl mpeacTaBiaeHbl Ha puc. 7.

Kak BusHO 13 pe3ybTaToB, TMIPOCUIMKATHI HE U3MEHS-
0T CPOKM CXBaThiBaHUs MopmiaHalieMeHTa. Komruieke u3
TMIPOCUIIMKATOB ¢ 106aBKoii mactudukaTopa (r/c+C-3) B
KoJmyecTBe 10 5% He BAUSET Ha HaYaJlo CXBAaTbIBaHUSI, HO
3aMemisieT KoHell, a 10% Takoii 106aBKM yMEHBIIIaeT BpeMst
cxBaTbhiBaHus1. CoueTaHue TMAPOCUIIMKATA C TUTICOBBIM KaM-
HeM (r/c+r/K) 3amemjisieT Havyajo U KOHEIl CXBaTbIBAHUSI
MOPTJIaHIIIIEeMEHTA, a JOTIOJIHUTEIbHOE BBEIEHUE N00aBKU
cyrneprutactudukaropa (r/c+r/k+C-3) yckopsieT Hayauio u
3aMeIsieT KOHEll CXBaThIBaHMSI.

Pe3yabTaThl MO3BOJISIOT MPENNOI0XUTh, UTO YaCTh Iia-
cTtudukaTopa aacopoupyercsi MOBEPXHOCTbIO TUIICA, TTPU
9TOM JI0JI51 peaKIIMOHHOCIIOCOOHOTO TUIICa U CITOCOOHOI K
amcopOoumm TIacTUGUIUPYIONIet J00aBKM CHMKACTCH.
JlaHHOE MpeAnoJIoXKeHUEe OBUTO TTOATBEPXKIECHO MCCIeI0Ba-
HusMU [7] B ra300€TOHHOI CMECH ¢ TUIICOM U ILIacTUugU-
KaTOpOM.

C 1enbl0 YCTAaHOBJIEHUSI BO3MOXHOCTU TPUMEHEHUs
KOMIUIEKCHOM J00aBKU JUISI SIMEMCTO-O0ETOHHOW CMecU U
WCCIIeIOBaHUS €€ BIMSIHUS Ha TeMIlepaTypHbIe, BSI3KOILIa-
CTUYIHBIC U MPOYHOCTHBIC CBOMCTBA OBLIM IMPUTOTOBJICHBI
oOpa3ipl razoberoHa. B kauecTBe umccliemyeMBIX pacCMO-
TpeHbl KoMiuiekc K-1, cocrosiuii U3 THMIAPOCUINKATOB,
TUIICOBOTO KaMHS U ruiactudukatopa C-3, U KOMILIEKC
K-2, B KOTOpOM THUIICOBBbIIi KaMeHb 3aMeHeH Ha CCCM.

39

Pacnneis, cm

27 1 1 1
0 2 4 6

Bpems rawenus, MuH

o -

10

Puc. 8. BanaHune komnnekcHon no6asky Ha NoaBuXHOCTbL cmecu: 1 — K-1;
2-K-2
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Puc. 10. BaunsHne komnnekcHbix 406aBOK Ha aBTOKJIaBHYIO NMPOYHOCTb

KoaddprumeHT KOHCTPYKTUBHOrO KayecTsa

SAdencto-6eToHHYIO cMech Mapku D600 roTOBMIN IO JIH-
ThEBOM TEXHOJOTMY HAa CMEIIAHHOM BSIXYIIEM IMPU OTHO-
IIEeHUH KPEMHE3eMUCTOr0 KOMITOHEHTa K BSIKYIIEMY
C=1,5. JIns IpuroToBJICHUSI CMECU BBIOpaH TOPTIAHALE-
MeHT 3A0 «KuryneBcKIIeMeHT», KOTOPBIM MO3BOJISIET I10-
JydaTh HanboJiee BBICOKYIO TeMIIepaTypy MacCuBa U COKpa-
TUTb BPEMSI €r0 CO3pEeBaHUsI, TOTa KaK IIeMEHThI IPOU3BO-
nuteneit OAO «BoabckuemeHT» 1 OAO «MopaoBLIEMEHT»
B COCTaBe BSIKYILErO IMO3BOJISIIOT MOJYYUTh TEMIIEPaTypy
MaccuBa Ha 12—16°C Huke [8]. B kauecTBe peosiornueckoit
XapaKTepPUCTUKU 3aMepsilach TeKydeCTb CMECHU, KOTOPYIO
omnpenensiau no pacribsiBy Cyrrapaa. Temnepatypy cMecu
3aMepsUIM Tocje 3aIMBKU B hopmy. Jlo6aBKa BBOAMIACH C
neckoM. Pe3yibTaThl npeacTaBieHbl Ha puc. 8§ U 9.

Kak BugHO u3 puc. 8, 06e 106aBKU yBeJIUUUBAIOT MO~
BIDKHOCTB CMECH, HO HanOOoJIbIIIee pa3KiKeHUe TOCTUTAeT-
cs 1ipu mpuMeHeHun nob6asku K-1, koropast 0oJibliie CHU-
XKaet Temrieparypy cMmecu (puc. 9). CorjlacHO TpeOOBaHUSM
uHctpykuuu CH 277-80 temmiepaTypa cMecH IO JUTheBOI
TEXHOJIOTMU OJKHA ObITh He MeHee 35°C. [ToaToMy ObLIn
3aIUThI 00pa3Lbl razoberoHa D600 ¢ nodaskamu K-1 1 K-2
B Kosim4yecTBe 5%. M3 MpUTOTOBIEHHON CMeCU 3ajuBajn
00pa3upIl-Kyon! ¢ pazmepoM 10x10x10 cMm.

CMech BCITyuyMBaIach ¢ 00pa3oBaHUEM ropOYILIKU, KOTO-
pylo nociie co3peBaHus cpe3aiu. Yepes 1 cyT HOpMaJIbHOTO
TBepAeHUST (DOPMBI PACKPBIBAIM W 0OOpa3ibl MOABEPrain
aBTOKJaBHON oOpaboTke mpu pasieHun 1,2 MIla.
PesynbraThl olleHMBaIN MO KO3GMUIIMEHTY KOHCTPYKTUB-
HOTO Ka4yecTBa, KOTOPBIE IIpeAcTaBieHbl Ha puc. 10.

W3 puc. 10 BugHO, uTO paspaboTaHHAasl KOMILIEKCHAs
mobaBka 2¢h@eKTUBHA B Ta300eTOHHBIX cMecsax D600.
ITpupocT NMPOYHOCTU TOC]E aBTOKJIABHOW 0OpabOTKU CO-
craBwit 19—23%.

Takum o0pa3oM, TexHudeckast 3(PpPeKTUBHOCTD IIpUME-
HEHUS TUAPOCUIMKATOB U CONOCYIb(MATHON CMeCH B Kade-
CTBE KOMILJIEKCHOM H00aBKM o4yeBuaHA. X mpuMeHeHue B
ra3zo0eToHe TpenoIpeacaseT U 3KOHOMMUYECKYI 3pdek-
TUBHOCTb, YYUTHIBAsl BOZMOXHOCTb CHIXEHMS IIMKJIA 3a-
IMapyBaHUS TIPU TIOJYYEeHUN PAaBHOTIPOYHBIX GETOHOB.
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OpgHum 13 nepBbix naypeatoB [lMpemun um. N.A. Tpuw-
MaHoOBa, YyYpeXAeHHOW POCCUMIACKOM MHXEHEPHOW akagemuen B
2016 r., B HOMUHaUun «3a MHOrOfIETHWUIA TPy W 3acnyrn B 06-
NacTy MPOMbILLNIEHHOCTU CTPOUTENBHBLIX MaTepuanoB U CTPOU-
TENbHOW MHAycTpum» cTtan MNeopru PomaHoBu4y BYTKEBWUY,
KaHO. TexH. HayK, MOYETHbIN 4YneH AKageMuMu TFOpPHbIX Hayk,
Mo4eTHbIN cTpouTensb Poccunn, Hay4YHbIM pykoBoguTeNnb accouma-
unn «Heppa», ydeHbii cekpetapb O YT «BHUMNWcTpoMCbIpbe»,
YfieH pefakLMOHHOro CoBeTa Hay4YHO-TEXHUYECKOrO 1 NPOU3BOA-
CTBEHHOrO XypHana «CTpouTenbHble MaTepuanbi»®.

OewncteutensHo, 3acnyrn leoprus PomaHoBu4ya B oTpacnu
TPYAHO nepeoueHnTb — B 2017 1. ucnonHsetcs 60 net ¢ MoMeHTa
Hayana TpyooBOW OeATEeNbHOCTU Nocne OKoOHYaHusA MOCKOBCKOro
ropHoro mHctutyTa. O BKNage B OTEYECTBEHHYI HayKy cBuae-
TenbcTBYIOT 60nee 230 nybnukauun, 20 N306peTeHnn U NaTex-
TOB, 6onee 50 cTaTen B raseTax.

Pedakuyus u pedaxyuonnwiii cosem xcypHanra
«Cmpoumensioie mamepuanrs»>® nosopaensiom Teopeus
Pomanosuna bymxkeeuua c nouemnoii Haepadoil u Hceaarom
MBOPHECKUX YCNexo8, KPenko2o 300p06vs U 61a2onoayvus!
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Hudopmanna

OT npgeun K BOnoLieHuIo.
Poccuiickue rasoo6pasoBarteny Ang npoM3BoAcTBa ra3o6eToHa

PacLumpeHne npMMeHeHns aBTOKIaBHOMO ra3obeToHa B
XKUINNLLIHOM CTPOUTENLCTBE OBYCNOBMMBAET NOSBIIEHMNE HO-
BbIX MOAMMMKaLMA 3TOr0 MaTepuana v aanbsHewLlee cosep-
LIEHCTBOBaHNE TEXHONOrMM ero U3roTtosfieHns. B ocHose
ctpatermm rpynnbl kKomnaHui «HCK» nexut Heobxoau-
MOCTb CO3[aHUS KOMMJIEKCHbIX PELLEHUI B NiiaHe KOMMo-
HEHTHOro cocTasa /19 3aBO[OB-N3roTOBUTENEN B COOTBET-
CTBUWN C OCOBEHHOCTSAMMU MPUMEHAEMOr0 UMW TEXHONOrnYe-
ckoro rnpouecca. VIMeHHO TakoM noaxon no3Bonser
obecrneynTb CTabuibHO BbICOKOE KayeCcTBO BbiNycKaemoun
ra3o6eTOHHOM MPOAYKLMN MPU CHUXXEHUM MPON3BOACTBEH-
HbIX 3aTpaT 1 pacLUMpPeH acCOPTUMEHTHOrO MepeYHs.

Bce Havanocb B ganekom 2006 r., korga KommnaHus
«HCK-TEK» npu aktnBHOM y4actum VHCTUTyTa opraHunye-
ckoro cuHTesa um. N.A. Moctoeckoro YpO PAH co3pana
HECKOMNbKO OMbITHLIX MapTUi cneunanMavpoBaHHbIX raso-
obpaszoBsarenen Ha OocHose anoMuHueson nyapsl MA€1-1,
06paboTaHHON KOMIMIIEKCHOW OpraHn4eckon [o6aBKOW.
HoBsble MaTepuanbl MPoLUY yCneLLHyo anpobaumio Ha nio-
wanke PedTuHckoro o6beanHeHuns «TEMJIAT». Vx BHen-
peHve 1 NpuMeHeHne cTano BaXHbIM LIaroM B NpousBofd-
CTBE OTEeYEeCTBEHHOr0 ra3o6eToHa, NOCKOSbLKY MCMNob30Ba-
HMe B KayecTBe rasoobpasosBarens TpagvUMOHHBLIX Myap
MAM-1 n MAM-2 cylwecTBeHHO OrpaHn4MBarno nouck onTu-
MalnbHbIX COCTABOB SA4EUNCTO-6ETOHHOW CMECU, PEXVMOB
3anveku 1 popmosaHus. CrneumanmanpoBaHHble razoobpa-
3oBaTenu, npegnaraemole «<HCK», 6bICTpo 3aBoeBany npu-

3HaHve notpebutenen. Ha npotsxeHun natu net ¢ 2007 no
2012 r. cnpoc Ha HUX 6onee 4Yem BOBOE onepexan pocT
Npoun3BoACTBa CaMoro ra3o6eToHa.

3a nocnepywwme rofgbl B pamMkax MporpamMmmbl
«Poccuiickme anoMmHueBble ra3oo6pasoBaTenu», HaMe4eH-
HOM W MOCNefoBaTenbHO peannayemMor rpynno KOMMNaHWM
«HCK?», cyLlecTBEHHO pacLUMpUICA acCopTUMEHT npeanara-
€MON NPoAyKLUMK 1o o6LLIEeN TOProBo MapKomr FABOBETO®.
VHVKanbHOCTb 3TMX MaTepMasioB 3aKmo4aeTcss B BOSMOXHO-
CTU NMPUMEHEHNA N aganTaumm K Npou3BOACTBY ra3o6eToHa
pasnny4Holi MIOTHOCTH (350—700 Kr/M3) ¢ y4eToM TpeBoBaHWiA
3aBofoB-u3rotosuTenen. Hanpumep, [azobetonant un
Ma306eTo+500 MNpuUMeHsOTCA Ans Npou3BOACTBa 6GIIOKOB
nnotHocTbio D500-600. Ons Bbinycka ra3obeToHa MioTHO-
ctbto D400 wucnonb3yoTca Mapkm [a306eTontokc U
Ma3o6eT10+400. [a3oo6pa3oBaTen Mapok [asobetonnact
(500 kr/m3) n Ma3o6eTolNJOC (400-500 kr/m®) npegnararoT-
csl NoTpebuTensmM ¢ 0CO6EHHOCTAMM MPOM3BOACTBA MU UC-
Mosib3yeMOro KOMMOHEHTHOMO COCTasa, Y4TO B LENoM daeT
BO3MOXHOCTb M MM COKPaTUTb NMPON3BOACTBEHHbIE N3OEPXKKU
npu M3roTOBNEHUM ra3o6eToHa UM CHU3UTL ero cebecTou-
MOCTb 6e3 yuiepba ana kadectsa. Bbinyck Bcex aTMx Mapok
cTan BO3MOXeH 6narofgapst BHEAPEHUIO HOBbIX TEXHONOrMYe-
CKMX pELLEHWI, NpuaaloLLmMX MPOAyKTaM XapaKTepUCTUKW,
CTabununampyoLLme NpoLecc BbleneHns BOLOPOAa.

Mo coBOKynHOCTM CBOWCTB rasoobpasoBartenu
FA3OBETO® siBnsitotcs Hamboree afanTMpoBaHHbLIMU K 0CO-

* He TpebyioT uﬁpﬂﬁu'rm NnAe
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FA3O BETO®

* paipoaboTaHel :neu.nunwu AAR NPOMIBOACTEO raiobeTtoHa
. AHd:diepEHquumHm No MOPKOM B 3JOBHCHMOCTH OT TpeByemoH nmnm-cm
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Information

6EHHOCTAM pasnuyHbIX (He BCerga BbICOKOKAYECTBEHHbIX)
CbIPbEBbIX KOMMOHEHTOB, UCMOMNb3YEMbIX NP MPON3BOACTBE
razo6eToHa, YTO BbIrOOHO OTNINYAET MUX OT 3apyBeXxHbIX aHa-
NIOroB 3a CHET AJMTENbHbIX CPOKOB XpaHeHus (1 rof) v Bbico-
KOV akTMBHOCTW. Kaxpas naptua marepuana conpoBoOXaa-
eTcs cepTudmkaTtaMmn KavecTBa, B KOTOpble BKIIOYEHbI He-
obxogvMble A1 3aBOACKUX TEXHOIOMOB XapaKTEPUCTUKM:
KMHETVKA ra30BblAeNeHns, rpaHynoMeTpUHecKuii CocTas,
cofep>XaHve akTMBHOrO antoMUHNSA, CMaqBaeMoCTb.

B ocHoBe ycnewHoro npoaswxeHus rasoobpasoBare-
nein TABOBETO® nexwT noctosHHas kponotnueas paéota
cneumanucToB Hay4HO-UCCefoBaTENbCKOro LeHTpa rpyn-
nbl komnauun «HCK». Bbina paspaboTtaHa addekTnBHas
METOAMKA OLEHKN KMHETMKM ra3o06pas3oBaHusi, aKTUBHO
NPUMEHSIETCSA 9KCMPECC-METOAMKA OLEHKWU CTEMEeHW Mbine-
Hus. B 2013 r. B coTpygHmnyecTse co cneuunanuctamu HIMM
«[eocpepa» cosgaH npmbop KanbummeTp maHomeTpuye-
ckni mapkn KM-03AM, npumMeHeHne KOTOporo no3sonusio
MOBbICUTb TOYHOCTb U3MEPEHU NPV ONPEeRENEHNN Macco-
BOW [JONN aKTUBHOIO antOMUHUS U KUHETUKM BblOENeHUs
BOoJopoAa B razoo6pasoBaTeniix U UCKIIYUTb MPEeCcnoBy-
TbIA «4enoBeYeCKUn hakTop».

BHumaHue K npo6nemam, BO3HUKAKOLUM Y 3aBOJ0B-N3-
roToBUTENEN ra3o6eToHa, HanM4yne o6paTHON CBA3N NO3BO-
NS0T ONepaTUBHO pearmpoBaTb Ha NocTynarLLme 3anpochbl
notpebutenen un Tekywme TpeboBaHMA pbiHKa. Tak, B
2012-2013 rr. no uHnumatmee MNCO «TEMJINT» 6bina npo-
BefeHa HNOKP no Bbinycky razoobpasoBarens ansa ras3o-
6eToHa nnotHocTbio D350, nokasaBllero B MNpov3BOA-
CTBEHHbIX UCMbITAHNAX XOopoLUume pe3yneTaThl. B npogonxe-
HMe 9TUX WUCCNeAoBaHW HaMe4YeHO MpOoBefeHune
KOMMJIEKCHbIX UCCNeaoBaHni No Cco30aHnio ra3zoobpasosa-
Tens pns rasdobetoHa nnoTHocTbio D200 coBMEcTHO Co
cneumanuctamu pmpmbl Eckart.

Opyroe HanpaBneHne TBOPYECKOrO MOMCKa CBSI3aHO C
CO3[aHVeM Cepun crneumanmM3npoBaHHbIX nnacTudmumpy-
lowmx nob6aBok ana rasdobetoHa. B HacToswee Bpems ak-
TUBHO MPOBOASATCS WCMbITAHUA HOBOrO MPOAyKTa U yXe
ceryac BMOHbI NepBble pe3ynbTaTtbl 3TOM paboThl: fobaBka
K nacte [a306eTonanT NCKNIOYaEeT NOSBEHNE BHYTPEHHUX
nedekToB B ra3ob6eTtoHe C MNOBbILLEHHOW MPOYHOCTBIO
(600-700 kr/m3).

HecmoTps Ha cnag B CTPOMTENBHOM OTpacnu, Bo3pac-
TaloLLY0 KOHKYPEHLMIO HA PbIHKE CneumanMavpoBaHHbIX
razoobpasosarenen, rpynna komnaHmn «HCK» 3a gBa
nocnepHux roga cTabunbHO Aepxana 3afaHHylo niaHky
B CBOeM pa3BuTun. CoxpaHeHbl CBA3M CO BCEMM npepn-
NpUATUSMU — MHOFONIETHMMW MapTHepaMu KOMMNaHuu,
LOMONHUTENBHO K 3TOMY P, POCCUMMCKUX NPEeAnpUATUN,
XenawLmux COKpaTUTb U3AEPXKN N yBENMYNTL 6e3onac-
HOCTb NPOM3BOACTBA, OblN NepeBefeH Ha UCMONb30BaHNe
cneuManu3vpoBaHHbIX MPOAYKTOB. B HacTosiee Bpems
6onee TPeTN BCeX 3aBOAOB MO MPOM3BOACTBY aBTOKNAB-
HOro razo6eTtoHa B Poccum mcnonb3yloT gnsd Bbinycka
cBoell npoaykuun rasoobpasosatenm [A30BETO®.
B KasaxcTtaHe 3TOT nokasaTersb elle 6onee 3Ha4YUTENb-
HbIK U cocTaBnseT nopsagka 85%. Takum ob6pasom, rpyn-
na komnaHunm «HCK» no npaBy yoepXvBaeT nepBoe Me-
CTO Ha pbIHKE CNeLManM3npoBaHHbIX razoobpasoBarenem
Poccun n KasaxctaHa.

MocTtosiHHO paboTas Haf KayecTBOM, COBEPLLEHCTBYS
NPOV3BOLACTBO M TEXHONOTMN BHEAPEHWS, Fpynna KOMNaHuim
«HCK>» yBepeHHO cmMOTpuT B Byayliee n genaer peasnbHo-
CTbl0 HOBblE TEXHUYECKME PELLEHUS, BOCTPEGOBAHHbIE KO-
HEYHbIMM NOTPEBUTENAMMU.

C.B. MNpoxopos,
avpekTop rpynnbsi komnaHwi «HCK» (EkatepuH6ypr)
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Hudopmanna

JNTHMMSALIHA MAT]MYHOA CTPYNTYRbI MM NOK3BOJICTBE ra3008TONA

C NOHWKEHHBIM GOREPIMAHHEM LIEMEHTA
Bnarofiapa MeTony NBYNCTYNBHYATOrD NBpEMELIHBaHNA

BeToH — oAnH 13 cambix LLIMPOKO PacnpoCcTpaHeHHbIX CTPOUTENbHbLIX MaTepuanoB B Mupe. B nocnegHee
BpemMsa 6narogaps pocTy MHOyCcTpuanmsaumm n ycuneHno ypbaHmsaunm rogosble 06bembl NoTpebneHns
6eToHa JOCTUraloT MMraHTCKMX pasMepoB, Npexxae BCEro B Tak Ha3biBaeMblX CTpaHax ¢ NepexoaHon aKo-
Homukon. C yBenn4eHnem Npomn3BoacTBa 6eToHa pacTeT pacxof LiemeHTa. Beibpochkl yrnekncnoro rasa
B aTMOcdpepy BCMNeACTBME MPOW3BOACTBA LIEMEHTA MO BCEMY MUPY cocTasnsaoT 6onee 7% oT obuiero
Konn4ecTea BbIOPOCOB AMoKcuaa yrnepoaa. [Npu npomn3BoAcTBe BCEro Nullb 1 T LeMeHTa BbloenseTcs

700-800 Kkr CO,.

MwupoBoe coobLLecTBO npunaraeT 3Ha4YUTENbHbIE YCU-
s, 4ToObl B YCMOBMUSAX MOCTOSHHO PacTyLLEero cnpoca Ha
6ETOH NpW NPOM3BOACTBE CTPOMATEPUAanoB, C OOHOM CTO-
POHbI, MUCNoNb3oBanMCb HOBblEe LIEMEHTHble CMecu nvinm
[06aBNANMCb HOBble BSXKYLLME, @ C OPYro CTOPOHbI, CO-
KpaLuanock 3arpssHeHne atmocdepsl Boibpocamu CO,.

He TOMbKO B Hay4YHbIX YYPEXAEHUAX N NPODUIBbHBIX WH-
CTUTYTax, HO U Ha MPEANPUATUSAX NMPOMbILLIEHHOCTU CTPOU-
TeflbHbIX MaTtepuasioB MpPoBOAATCA WCCenoBaHusi, MOCBS-
LLieHHble pa3paboTke TEXHONOMM NPon3BoACTBa CTponmare-
pvanoB ¢ MasnbiM UM MOHMXXEHHBIM COOEPXaHNEM LiEMEHTA.

Mo BCeMy MVPY eXerofHo MPOM3BOANTCA OKOMO 20 MITH M°
razo6eToHa. CpefHuii pacxop LemeHTa Ha 1 m® raso6eToHa
cocTtaenser okono 100 Kr, 4YTO COOTBETCTBYET BbIGPOCY
1,5 MH T CO,.

B pamkax 60pb6bl € rnobanbHbIM NOTENIEHNEM NPOU3-
BOAUTENM ra3obeToHa CTpemsATcs paspabartbiBaTtb U BHEO-
pATb TexHonoruu, obecrnedyvBarolLlMe paunoHanbHoe uc-
nonb30BaHNE CbiPbEBbLIX PECYPCOB M COKpaLleHne BbI6GpO-
cos CO, B aTmocdepy.

®upma MA3A T'm6X B nocnegHve rofpl Takxke 3aHnma-
nacb paspaboTKon MHHOBALWI, KOTOPblE NO3BONUAN Obl CO-
KpaTWTb JOMI0 LIEMEHTa B peLenType Npon3BoACTBa rasobe-
ToHa. Ha ocHOBe akTyasnbHbIX UCCNEeQoBaHWI U pe3ynsTaTos,
MOMy4YeHHbIX  nocne
BHEOPEHMSA COOTBET-
CTBYIOLLMX TEXHOMOMM-
YECKMX U3MEHEHWUI Ha
npakTuke, dhumpma
MA3A 'm6X ycnewuHo
BONNOTWMA B XWU3Hb
PEeXuM OBYXCTYMNEHYa-
TOro NepemMeLLMBaHNA
(DMB-Technik), koto-
pbii BCe 4alle uc-
nosib3yeTcs B Npous-
BoAcTBe OETOHOB MO
HeMeUKoMy cTaHpap-
Ty DIN EN 206.

Pexum aByxcTy-
neH4yaToro nepeme-
WMBaHNA — HoBas
OByxaTanHas cucTe-
Ma, paspaboTaHHas
ans TexHonormn 6Ge-
TOHHOrO  NPOWU3BOA-
cTBa. Ha nepsom aTa-
ne B BbICOKOMOLLHOM
CYCMEH3MOHHOM CMe-
cutene ¢ 60fbLUUM
4NCIOM 0B6OPOTOB U3-
rOTOBMAETCA LEMEHT-
Hoe TecTo U/unm Tecto

Puc. 1.
ra3o6eToHHOM 3aBoje

CyCNEH3NOHHbIN CMECUTENb Ha

13 OpYrux BSXYLLMX, KOTOPOE Ha BTOPOM 3Tane nepemeLumn-
BaeTCsi C OCTasIbHbIMWU COCTaBAAOLLMMM cMecu (puc. 1).

Ha nepBom atane 6narogaps 60nbLUMM CKOPOCTAM Bpa-
LLieHNs1 CMeCUTENbHbIX MHCTPYMeHTOB (600—1400 06/MWH) 1
MX creuunasibHOM KOHCTPYKLMKW CYCreH3us MofBepraeTcs
OTHOCUTESIbHO BbICOKUM COBUIrOBbIM ycunusaMm. B 3aBucumo-
CTM OT CBOMCTB MCMOJIb3YEMbIX MUHEPASIbHbIX KOMIMOHEHTOB
MU UTOrOBOW BA3KOCTM CYCMEH3VOHHOW CMECU MpOoUCXoauT
6ofiee UM MeHee CUMbHasA akTuBauws NMOBEPXHOCTEN CO-
CTaBNAIOLLMX MUHEPANbHBLIX KOMMOHEHTOB CYyCNEH3UN.

Bbicokaa 4acTtoTa BpalleHUsi CMEeCUTENbHbIX WMHCTPY-
MEHTOB M BO3HMKatoLLasA BCIEACTBNE STOr0 CABUIOBas Ha-
rpy3ka o6ycnoBnvBalT B3aUMOOENCTBME YaCTUL, LIEMEHTa
B CMecuTEene C Nocrnenyowen akTuBaumen nx KOHTaKTHbIX
noBepxHocTen. PaanunuatoT cnegyiowime Buabl B3aMMOogen-
CTBUS:

— TPEeHWe YacTul, Mexay cobou;

— CTONKHOBEHWE C BpaLLaloLMMUCA CMECUTENbHbIMMU
WHCTPYMEHTaMu;

— yaapbl O CTEHKU CMECUTENS.

OnucaHHble Mpouecchbl BNEKyT 3a cobon gpobneHue
YyacTuL, 1 obpasoBaHve Bce 6onee Menknx NpoayKToB pac-
LLEeNseHnsl, B TOM Yuclie HaHOpa3MepHbIX YacTuL, KOTopble
MOryT Cnoco6CTBOBAaTL 3HAYUTESIBHOMY POCTY 3HEPrun ak-
TMBauuK, coobLLiaemMon ANCnepcHom cuctTeme.

®uHanbHoe KayecTBO LIeMEHTHOM MaTpuLpl, obecneyum-
BaeMoe akTuBauueln nocpencTBOM BO3MOXHbIX B3avMoO-
OENCTBUMA LUEMEHTHbIX 4YacTul B BbICOKOCKOPOCTHOM Cy-
CMEH3MOHHOM CMecuTeSe, 3aBUCUT HE TONbKO OT CABMIrOBOM

Puc. 2. SkcnepuvMeHTanbHbIi cMecuTens o6bemom 100 n
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Information

Puc. 3. OkcneprMeHTanbHblli  Puc. 4. MNoarotoeka K onbITy

cmecuTenb B nabopatopumn
durpmbl MA3A Tm6X

Harpysku, KOppenvpyoLlen ¢ BA3KOCTbIO TEKYYMX KOMMO-
HEHTOB, HO 1 OT NPOJOIMKUTENBHOCTU NpoLecca nepemMeLn-
BaHWs.

Ha ocHoBaHuu NnpoBeeHHbIX UccnefoBaHunin 6611o ycra-
HOBMIEHO, YTO MOBbILLEHWE TemnepaTypbl CYyCneH3un, CBU-
JeTenbcTByOLee 06 akTuBauuy LiEeMEHTHOM MaTpuLpbl,
NPOUCXOOUT TOMbKO NPU HANIMYUN COOTBETCTBYIOLLIEN MUHN-
ManbHOM KOHLUEHTpaumn Jonu LemMeHTa.

Ortctoga cnepyeT BbIBOA, YTO MOBbILLIEHWE TEMMNepaTypbl
CycrneHaun, 3adMKCMpoBaHHOE Ha aTane akTusauuu, oby-
CMOBMIEHO B NEPBYIO Oo4Yepefb He rmaparaumen LeMeHTHbIX
yacTul, a X B3aMMOEeNCTBUAMIN BO BpeMsi COBUIOBON Ha-
rPpy3Ku.

Mcxops n3 paHHbIx npegnocbiiok ompma MA3A Mm6X
nocTtaeuna B CBOeW naéopatopun psif, OMbITOB NO NPOU3-
BOACTBY 6€TOHa C MOHWMXXEHHLIM COfEep>XXaHWeM LieMeHTa.
OnTMMu3aums LeMeHTHOM MaTpuubl focTuranack nocpep-
CTBOM NpefBapuUTenbHOro nepeMeLlMBaHns LEeMEHTHOro
TecTta B 3KCMEPUMEHTaNIbHOM CYCMEeH3MOHHOM CMecuTene
(puc. 2, 3).

OnbITbl C 3KCNEPUMEHTASIbHBIM CMECUTENIeM nokasanu,
YTO C YYETOM KayecTBa MMEIOLLErocsi Cbipbsi BO3MOXHbI
3HauuTenbHas ONTMMU3auus peuenTyp M MakcumarnbHoe
COKpaLLleHne Konm4ecTsa LiemeHTa (puc. 4-6).

3HauyuTenbHbIe NpeuMyLlecTBa JaHHOroO MeToaa

1. NoMMMO nepeynCeHHbIX Bbille NpeuMyLLecTs, 6na-
rogapsi cov4eTaHuio TpaguUMOHHOM TEXHONOMMU ra3o6eToH-
HOro MpPOW3BOACTBA WM CYCMEH3MOHHOrO MepemMeLLnBaHns
OOCTUTHYTO HEKOTOPOE YMyYllEeHWE nokasaTenemn Mnpo4vHo-
CTW NPOM3BOAMMOroO ra3o6eToHa, HECMOTPSA Ha coKpalle-
HWe Jonu LuemeHTa B peuenTe.

2. Ina BHeApeHUs pexuma OBYXCTYrneH4YaToro nepeme-
LLIMBaAHMA Ha CYLLECTBYIOLUUX N CTPOSALLUMXCS ra306€TOHHbIX
3aBojax He TpebyeTcs 3Ha4YMTENbHbIX (PUHAHCOBLIX WUHBE-
CTULINIA.

3. Mpu ncnonb3oBaHUN pexnmMa OBYXCTYneH4aToro ne-
pemMelunBaHusa B NPOU3BOACTBE ra3o6eToHa CHU3UTCHA Mo-
TPEeBGHOCTb B LIEMEHTE, YTO MO3BONUT COKPaTUTL 3arps3He-

Masa GmbH
Osterkamp 2

Puc. 5. lNepBoe nagenne ¢ NOHWXEHHLIM coaep-
XaHWeM LemMeHTa
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MNOTHOCTb B CYXOM COCTOSIHUN

2
M3penvs ¢ pecpepeHcHbIMU 00

XapakTepucTukamu

OnbiT 1 OnbiT 2

Puc. 6. Peaynbtatbl n1abopaTopHbIX ONbITOB. M3aenne ¢ pedepeHCcHbIMU
XapakTepucTMkaMmu nonyvyeHo 6e3 aktmeaumm n 6e3 CoKpalleHns Koanye-
cTBa LemMeHTa. OnbITbl 1 1 2 NO3BONMAN COKPATUTL KOIMYECTBO LleMeHTa 1
aKTUBaLMIO

HME OKpyXalollehn cpefdbl, B 4aCTHOCTU 3HAYUTENBHO
YMeHbLUNTb Bbl6pockl CO,.

4. YMeHbLUEHWe [onn LieMeHTa B peuenTe Ha okono 15%
He OKa3blBaeT HEeraTUBHOIO BIIUSIHUS Ha 3afaHHble MpPoY-
HOCTHblE XapaKTEPUCTUKN FOTOBOM MPOJYKLMW, HYTO MNoa-
TBEPXXOEHO HE TOMbKO B X0A€e NabopaTopHbIX OMbITOB, HO U
B Mpouecce Npon3BOACTBA HA OOHOM M3 HEMELIKUX ra3obe-
TOHHbIX 3aBOJOB, OOOCHALLEHHbIM MOAOOHON CMecUuTesb-
HOW ycTaHoBkom (puc. 1).

Mocne ycnelwHoro BHegpeHust MeTofa ABYXCTYMNeH4YaTo-
ro nepemMeLLnBaHns B NMPOU3BOACTBO ra3ob6eToHa C MOHU-
XXEHHbIM cofiepXaHnem uemeHTa oupma MA3A Mm6X roto-
Ba NPensioXnTb CBOMM KITMEHTaM MO BCEMY MUPY COOTBET-
cTByloLLlee 060pyooOBaHWE UM TEXHOMOIMIO, 3PEKTUBHYIO
KakK C 3KONOrMYECKON, TaK U C 3KOHOMUYECKOM TOYKU 3pe-
HUS.

I". PoseHnexep, A-p €CT. HayK,
O. WItpoToTTe, aunn. MHXeHep,
M. Knape, gunn. nHxeHep

Ma3a-Mocksa
Cp. TuLLMHCKUIA nep., 28, och. 220

Milestone to your success.

32457 Porta Westfalica / Germany
Phone:+49 5731 680-0

Fax: + 49 5731 680-183

E-mail: info@masa-group.com
www.masa-group.com
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Hudopmanna

Texsenorng npokssepcTea U-0GpasMbIX NepeMblYeN
N NjI0cBePNMBAHNA R4eucTOr0 GeTona Komnamm WKB Systems GmbH

Pa3padorka WKB Systems GmbH yckopuia u ynemeBu/ia cTpouTeJIbHbIH MpoLecc.
Kpome Toro, ee BHepeHHe MO3BOJIUIO0 MPOU3BOANTEIAM OTKPHITh HOBbI€ PHIHKHU CObITA.

®dupma WKB Systems GmbH paspa6oTana, cMoHTMpoBana
W 3anycTuna B 3KCniyataumio aBTOMaTU3MPOBAHHYIO JIMHUIO
Aana npowssofcTea U-o6pasHbix nepemblHek 1 npocsepnusa-
HUA GIOKOB U3 A4YencToro 6eToHa aBTOKNABHOMO TBEPAEHWS.
OTBepcTua B 6110Kax UCMONb3YOTCA AS1A BbIBOAA apMUPOBaH-
HbIX CEPAEYHWNKOB N YKNaAKN KOMMYHUKALMOHHBIX TMHUIA. 3TO
rapaHTupyeT 6bICTPOTY, SKOHOMUYHOCTb U CTabUIILHOCTb CTPO-
UTENbHOro Mnpovecca.

Ctmynom ans paspaboTku AaHHON MHHOBALMOHHON ycTa-
HoBkM cneunanuctam dupmel WKB Systems GmbH nocnyxun
BbICOKMI CNpoc Ha 3deKTUBHbIE cTpornmartepuansl. Mepeas
Takas nuHusa 6blna ycTaHoBMeHa Ha 3aBOAEe HEMELIKOro Npouns-
BoguTensa B 2011 r.

ABTOMaTV3NPOBaHHAs yCTaHOBKA A1 ckievBaHus U-o6pasHbix
rnepeMblYeK CO CBEPJIUIbHBIM Y3/10M /151 TEXHUHYECKMX OTBEPCTUI

ABTOMaTU3MpOBaHHAasA yCTaHOBKa ckiemsaHns U-o6pasHbix
nepembidek CO cBepnunbHbIM y3rom gmpmbl WKB Systems
GmbH oTKpbIBaET NPON3BOANTENIO HOBbIE PLIHKWN CObITA M MO-
3BONAET ObICTPO pearnpoBaTb Ha PasBUTUE PblHKA CTPOUTENb-
HbIX MaTepuasnos.

U-o6pasHble nepemMblYKM NPUMEHSIOTCA B CTPOUTENLCTBE
Onsi yCTPOMCTBA OKOHHbIX W ABEPHbIX NPOeMOB. Bnokn ns aqe-
MCTOro 6eToHa C OTBEPCTUEM WCMOMNb3YIOTCA ANA NPOKNagKu
apmaTypbl U PasnnyHbIX KOMMYHUKALIMOHHBIX JIMHWIA.

Paspa6oTtka npocTta B aKcnnyatauun, U ee BHEApeHVe He
TpebyeT BbICOKMX 3aTpaT. OCHOBHbIMWU COCTaBMSAOLLMMMN HOBOMN
paspabotku WKB aBnsiloTca nuna, y3en CKnevMeaHusa n ceep-
NnnbHbIN y3en. Po60T npuHUMaeT 650K s4encToro 6eToHa c

MnnTebl cknevBatoTcst B dopme NpouHoli U-06pa3Hoii nepeMbliKu CrieumasibHbIM KIIeeMm

HAayuHO-MexXHU4ecKuil U nPoU3800CMBEeH bl HCYPHAN
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Information

FotoBble U-06pasHble nepemblykm

nopdoHa v nofaeT ero Ha y4acTok pacnuna. 3gecb nuna pas-
JensieT 650K Ha NNUTLI NoaxoasLLero pasMmepa. 3aTteM Ha yarne
CKJIEMBAHUS MNNUTbl COEAUHAIOTCS B (HOPME MPOYHOM
U-06pa3Hoi NepeMbl4kM C MOMOLLBIO crieunansHoro Knes. B
3aksoyeHne poboT NPUHMMAET FOTOBYIO MEPEMBIYKY U pa3me-
LLaeT ee Ha [epeBSHHbIN NOOMOOH.

[Ona npoceepnuBaHna 610KOB WCMOMb3YETCA MOLLHbIN
CBEpnunbHbIA y3en. Po6oT nepemeltaet 650K ¢ nogaoHa K
NMOBOPOTHOMY YCTPOMCTBY, KOTOPOE MepeBOpayMBaeT ero Ha
90°. C nomoLLbo po6oTa 610K pa3MeLLaeTCsi HA CBEPNITLHOM
y3ne. 30ecb NPoOUCXOQUT BbICBEPSIMBAHWE KaHanoB Ons ycTa-
HOBKM apmaTypbl 1 YKNagku BoOONpoBoAa, CUCTEM kaHanmaa-
uuK, anekTpokabens unm tenedoHHbIX nuHuiA. danee po6oT
nepemMeLLaeT roToBbli 650K K MOBOPOTHOMY YCTPOMCTBY, rAe
OH BHOBb nepesopa4vmsaeTca Ha 90° 1 pa3meLlaeTca Ha noa-
[loHe.

WKB Systems GmbH npepnaraet yctaHOBKy AN Npou3BOA-
ctBa U-06pasHbix nepembldek ¢ nogaqein 6/10koB U NpuemMom
roTOBOW NPOAYKUMM C PpasfivyHbiM YPOBHEM aBTOMaTU3auMu.
O60pynoBaHne MOXET ObITb MOCTABIEHO B HECKOMLKO 3TaroB.

Ucnonb3ys aBTOMaTU3UPOBAHHYIO JIMHUIO ONS CKNeun-
BaHus U-06pasHbIX nepemMbi4eK CO CBEPUJIbHbIM Y3J10M,
MOXHO YBENUYUTb NepeyvyeHb ra306eTOHHbIX U3[enun u
npepnaratb KnMeHTam 6onee NosHbIA CNEKTP NPOAYKLUN.

Kpome Toro, komnanus WKB Systems GmbH npegnaraet BbI-
rofiHble NPOBEPEHHbIE PeLLEHUst MOAepHU3aLIMM NPOU3BOACTRA.

Mocne MopepHuM3auun 3aBoga Ha 060pPYAOBaHMM
WKB Systems GmbH pocturaetcsa 6e30Tx0OHOE Mpov3BOL-
CTBO C MMHUMAIbHBLIM PACXOL0M SHEPIUM U BbICOKOW CTEMEHBIO
aBToMaTm3auum.

MNpumeHeHne U-o6pasHbix nepembiiek 1 610KOB C OTBEPCTUEM

2 o)

3aroToBku — 6510kM FHencToro 6eToHa

MoBbILLEHWE NPONIBOAUTENBHOCTU U PEHTAGENBHOCTH NPO-
W3BOACTBA, COKpaLLeHNe ANUTENbHOCTU paboyero uuvkna, co-
KpalleHne pacxofoB Ha cofepXXaHwe nepcoHana, 3Ha4uTenb-
HO€e NOBbILLEHNE KayecTBa M pacLLUMpPeHe accCopTMMEHTa Npo-
W3BOAMMOW MPOAYKUMWN — TaKUe U3MEHEHUS] MOXHO MOSy4UTb
rocre MofepH13aLumu Npov3BOACTBa, NpeanaraemMol cneuva-
nmcTaMmn KomnaHum.

CornacHo pesudy «WHHOBauuMM Ha OCHOBE oOMbiTa»
(Innovation made by experience) komnaHus WKB Systems GmbH
pa3pabaTtbiBaeT WMHHOBALUMOHHbIE PELLUEHWUs, OCHOBaHHblE Ha
MHOFOJIETHEM OrbITE 6OMEe CTa BbICOKOKBANMAPULIMPOBAHHbIX
COTPYOHWKOB.

Hawa koMnaHus npegnaraeT MHAVBUAYanNbHbIE COBPEMEH-
Hble peLLUeHNs MOAEPHN3aLMM 1 ONTUMM3ALMM NPOU3BOLACTBEH-
HbIX MPOLIECCOB B NI0GbLIX CEKTOPaXxX NPOMBILLIEHHOCTU U NMPOU3-
BOJCTBA, & TaKXXe MOJHbIA CNeKTp yCnyr Ana peanuaaummn npo-
€KTOB:

* KOHCYNbTaLum o pa3paboTke TEXHUYECKOro 3afaHus;

° MPOEKTUPOBAHNE TEXHUHECKOIO PELLEHUS;

° UHXVHVPWHT 1 NpOrpaMmmnpoBaHue;

* MPON3BOACTBO 060PYAOBAHUSA, TECTOBbIN 3anyck;

o Wwed-MOHTaX, MyckoHanago4Hble paboTbl U BBOL, B 3KC-
nnyaTaumio;

* TECT Ha NPOU3BOAUTESILHOCTb;

» 06y4eHWe nepcoHana 3akas4yuka;

° TEXHMYECKOE 0OCNYyXMBaHWNE, NOCTaBKM 3anyacTe;

 COMPOBOX[EHME NPOM3IBOACTBEHHOrO NpoLecca rnocne 3a-
BEpLLEHNs npoekTa

HoBerumin TEXHONOrM4eCKUW ypoBEeHb NPOU3BOACTBA
6naropaps pewueHnsim mopepHusauum ot WKB Systems GmbH

WKBE

WKB Systems GmbH
Daimlerstr. 5-8 48477 Horstel
Tel. +49 5459 8059 297
Fax +49 5459 8059 25
info@wkb-systems.com
www.wkb-systems.com
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Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH
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H.B. TIOBOMUPCKIWN, a-p TexH. Hayk, npodeccop (niklub.ua@gmail.com),
E.HO. HUKOJIAEHKO, kaHa. TexH. Hayk (lesha29.04@mail.ru), B.B. HUKOJIAEHKO, nHxeHep,
A.C. BAXTWH, kana. TexH. Hayk, T.A. BAXTUHA, kaHA. TexH. HayK

KpbIMCKuin dbepepanbHbiii yHMBepcuteT umern B./. BepHaackoro

(295007, Pecnybnuka Kpbim, r. Cumdbeponons, np-T Akagemuka BepHapackoro, 4)

BnusHue npuHyauTenoHoi Kap6oHu3auuu Ha chopmupoBaHue
CTPYKTYpbl ra306eToHa Ha OCHOBE W3BECTKOBO-LEMEHTHOro
BSXYLUEro n Kap6oHaTHO-KanbLMeBOro 3anonHUTENA

lpeacTaBneHbl pesynbTaTbl 3KCNEPUMEHTaNbHbIX MCCNEA0BaHIIA MO YCTAHOBNEHNKO BO3MOXHOCTM NOJY4YeHNs ra3066TOHA HA OCHOBE W3BECTKOBO-
LLEMEHTHOr0 BSXKYLLEro N Kap6oHATKaNbLMEeBOro 3anonHMTENs (MpaMOpPOBUAHOMO N3BECTHAKA), TBEPAEHME KOTOPOr0 OPraHn30BaHo no
rUApaTaUuoHHOMY N Kap6OHM3aLMOHHOMY TUMY. BbIsiBNIEHbI 0CO6EHHOCTM PUSNKO-XUMUYECKNX NPEBPALLEHNIA, NPOTEKAOLLMX B TENE NOPUCTOro
martepumana npu 0praHu3aumm ero TBepAeHus B CPeAax C NOBbILLEHHON KOHLEHTpaUMel YrneKcnoro rasa. YCTaHoBEHO, HTO NPUHYAUTENbHAS
KapboHM3aLMa CNOoCOBCTBYET YNPOYHEHMIO KPUCTANIMYECKOTO KapKaca ra306eToHa M MOBbILIEHMIO €ro NPOYHOCTN B CPaBHEHUN C 06pasLamm
rMApaTaLMoHHOro TBEPLEHNS B Pesynbrate TennoBnaXXHOCTHON 06paboTku (TBO). MokasaHo, 4T0 npu kKom6uHUpoBaHHoM (TBO ¢ nocnenytoLen
Kap6oHu3aumeit) cnocobe TBepAeHUs ra306eTOHHbIX 06pPa3LI0B HA OCHOBE CMELIAHHOr0 BSXKYLLEro 06eCneymBatoTCs YCNOBUA Kak AN NpoTeKaHus
MpOLECCOB rMapaTauMoOHHOro TBePAEHNS LLEMEHTHbIX MUHEPAnoB, Tak 1 KapOOHATHOro TBEPAEHNS, YTO 06yCNaBnMBaeT NOSBIEHNE MAKCUMaNbHOr0
KOMMYeCTBA KPUCTANNYECKNX TMAPATHBIX N KapBOHATHbIX HOBOOGPA30BaHMIA 11 MOBbILLEHWE MPOYHOCTY. [TPOYHOCTL NPKM CXKATMM ra306eToHa
HenocpeaCTBEHHO NOCNE UCKYCCTBEHHOrO TBEpAeHUs npu aTom cocTtaensiet 90% 0T NPOYHOCTK B BO3pacTe 28 cyT. BbisiBNEHHbIE 0COBEHHOCTU (OM3UKO-
XUMUYECKNX NPOLLECCOB NO3BONAT B janbHENLLIEM ONTUMIU3UPOBATL YCIOBWA NONYYEHNUS TENNOU3ONALMOHHBIX U TENOM30NALNOHHO-KOHCTPYKLUOHHbIX

ra306eTOHOB C NOBbILUEHHbIMU d)I/I3I/IKO-M€XElHI/I'-IECKI/IMI/I CBOWCTBAMM.

Knrouesble coBa: ra306eToH, KapboHM3aLms, MUKPOCTPYKTYPa, U3BECTKOBO-LIEMEHTHOE BSXKYLLIEE, 3HEProath(PEeKTUBHOCTb.

Insa yutupoBaunus: Jlo6omupckuii H.B., Hukonaenko E.H0., Hukonaenko B.B., baxtun A.C., baxtuna T.A. BAusHue npuHyauTeNnbHOA KapboHU3aLmMN Ha
(hopMMpOBaHUe CTPYKTYPbl ra306eTOHA HA OCHOBE U3BECTKOBO-LIEMEHTHOMO BSXKYLLEr0 U KapBOHATHO-KaNbLMEBOrO 3anonHuTens // CTpouTesbHbIe

marepuansl. 2017. Ne 5. C. 48-51.

N.V. LYUBOMIRSKY, Doctor of Sciences (Engineering) Professor, (niklub.ua@gmail.com),

E.Yu. NIKOLAENKO, Candidate of Sciences (Engineering) (lesha29.04@mail.ru), V.V. NIKOLAENKO, Engineer,

A.S. BAKHTIN, Candidate of Sciences (Engineering), T.A. BAKHTINA, Candidate of Sciences (Engineering)

V.I. Vernadsky Crimean Federal University (4, Vernadskogo Prospekt, Simferopol, Republic of Crimea, 295007, Russian Federation)

Impact of Forced Carbonation on Formation of Gas Concrete Structure
on the Basis of a Lime-Cement Binder and Carbonate-Calcium Filler

Results of the experimental study to establish the possibility of obtaining gas concrete on the basis of lime-cement binder and carbonate-calcium filler (marble-like limestone), harden-
ing of which is arranged according to hydration and carbonation type, are presented. Features of physical-chemical transformations in the body of the porous material, when organizing
its hardening in media with high concentration of carbon dioxide gas, are revealed. It is established that the forced carbonation contributes to the hardening of the crystalline skeleton of
gas concrete and improving of its strength comparing with the samples of hydration hardening as a result of heat-humidity treatment (HHT). It is shown that the combined (HHT with
subsequent carbonation) method of hardening of gas concrete samples on the basis of the mixed binder provides conditions both for process of hydration hardening of cement minerals
and carbonate hardening that causes the appearance of the maximum amount of crystalline hydrate and carbonate new formations and improvement in the strength. The compression
strength of gas concrete immediately after artificial hardening is 90% of the strength at age of 28 days. Revealed features of physical-chemical processes make it possible to optimize
the conditions of production of heat-insulation and heat insulation-structural gas concretes with improved physical-mechanical properties

Keywords: gas concrete, carbonation, microstructure, lime-cement binder, energy efficiency.

For citation: Lyubomirsky N.V., Nikolaenko E.Yu., N.ikolaenko V.V., Bakhtin A.S., Bakhtina T.A. Impact of Forced Carbonation on Formation of Gas Concrete Structure on the Basis of a

Lime-Cement Binder and Carbonate-Calcium Filler. Stroite/'nye Materialy [Construction Materials]. 2017. No. 5, pp. 48-51. (In Russian).

Bormpock! pa3paboTKy TEXHOJIOTUM TOJTYYSHUSI SHEPTO-
3¢ GEKTUBHOTO TETJIOU30JISIIIUOHHOIO OETOHA CBSI3aHbI
MpeXIe BCEro ¢ MPUMEHSIEMbIMUA CHIPbEBBIMU MaTepuaia-
M. B coBpeMeHHOI MHpakTUKe MPOU3BOACTBA SIYEUCTHIX
OCTOHOB LIMPOKOE NMPUMEHEHME HallleJI MOPTIAHILEMEHT.
OmHaKo B yCJIOBUSIX TIOCTOSIHHO BO3pacTalOLLEeii CTOMMOCTH
Y1 HU3KOM 5KOJJOTMYHOCTU €T0 MPOU3BOJICTBA aKTyaJbHBIM
CTAHOBMTCS BOIPOC YaCTMYHOW WM TTOJTHOM €ro 3aMeHBI
M3BECTBIO, KOTOpas B CPaBHEHUU C LIEMEHTOM SIBJISIETCS
SKOJIOTMYECKM YUCTBIM BSDKYIIUM, CIIOCOOHBIM IpPUOOpe-
TaTh IPOYHOCTb U BOJAOCTOMKOCTh KaK 3a CUeT TMApaTaLi-
OHHOTI'O ¥ TUAPOCUJIMKATHOTO, TaK U 3a CUET KapOOHU3alU-
OHHOTO TBepAeHUs. B CBsI3M ¢ I100aJIbHBIMU 2KOJIOTUYE-
CKMMU ITpo0JIeMaMu, CBSI3aHHBIMM C POCTOM KOHLIEHTPALUU
CO, B atMocdepe 3emau, ocobyl0 aKTyaJbHOCTb MPHOO-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

peTaeT BHEAPEHUE TEXHOJIOTMI TTPOU3BOACTBA CTPOUTENb-
HBIX MaTepuasoB KapOOHU3AIIMOHHOTO TBEPACHUS U3Je-
JIMA ¥ MaTepuasioB 3a CYET TOTJIONIEHUSI TEXHOTEHHOTO
CO, [1-4].

KapbonatHoe TBepaeHUE OCYIIECTBISIETCS 3a CUET I10-
[JIOIIEHUS U CBA3bIBAHUSI YIJIEKUCIIOTO ra3a MaTepruaioM 1
B psifie CIy4aeB MOXKET OKa3bIBaTh KaK MOJIOXKUTEIbHOE, TaK
U OTpULIATEJIbHOE BIMsSHUE Ha (PU3MKO-MEXaHWUYECKUe
CBOICTBA CTPOUTEILHBIX KOMIIO3UTOB, BBI3bIBAsI KOPPO3UIO.
Tak, Hampumep, KapOOHM3aIMsI KOMIIO3UTOB Ha OCHOBE
ralieHol U3BECTH 3a CUYET NEPEKPUCTAITU3AIINY €€ B IIOT-
Hblii 1 NpoyHbli CaCOj; MOBBIIAET MX MEXAHUYECKYIO
MIPOYHOCTD U JOJTOBEYHOCTH [S], a KapOOHMU3ALIMIO LIEeMEHT-
HOTO KaMHSI B OOJIBIIMHCTBE CJIy4aeB BOCIIPUHUMAIOT KakK
¢akTOp, HEraTUBHO BJIUSIOIINI Ha 10JTOBEYHOCTD U MPOY-
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Materials with Cellular Structure

Wy =] d R

Puc. 1. MukpocTpykTypa onbiTHbIX 06pa3L0B ra3ob6eToHa B BO3pacTe 28 CyT B 3aBMCMMOCTM OT CNOCOBO0B TBEPAEHNS: @ — MOC/E NPONapuBaHus, Npu yBe-
nuyeHun X5000; 6 - nocne kap6oHusaumn, npu yeennyernn X3000; B — noce nponapuBaHus 1 kap6oHusaumm, npu yeennyeHnm X3000

HOCTb CTPOUTENIBHBIX MaTEPHAJIOB Ha ero ocHOBe [6, 7]. B To
K€ BpeMsI yCTaHOBJIEHO [8, 9], yTO BTOpUYHBI KapOoOHAT
KaJbIUs, 00pa3yoIMiics TIPU B3aMMOIEHCTBUM YTIICKHC-
JIOTO ra3a u CBOOOJHOTO I'MAPOKCUIA KaTbLIUSs, CTOCOOCTBY-
€T MOBBILICHUIO aTMOC(EPOCTOMKOCTA M TaKMM 00pa3oM
MOJIOXUTENBHO BIMSIET Ha CPOKM DKCIUTyaTallMu LIEMEeHT-
HbIX OETOHOB MPU YCJIOBUU OTCYTCTBUSI B HUX apPMUPYIOIIUX
MeTaJlTndecKux uanennit. KapOoHU3MpoBaHHBIN CIOM B
5TOM CJIyyae BBICTYAET B KaueCTBE Oapbepa Ha MOBEPXHO-
CTHM MaTrepuayia, YIUIOTHSIOIIETO TOBEPXHOCTh OCTOHA M
YMEHBIIIAIOIIEeTO €ro MPOHUIIAeMOCTb.

IMporiecc kapOOHM3AIMKM HOCHUT TMOBEPXHOCTHBINM Xa-
pakTep U MpoTeKaeT He OMHOBPEMEHHO IO BCEMY 00bEMY
Marepuasa, a mpoHUKaeT B Hero rociioiiHo [10, 11, 12]. Oto
CBSI3aHO C TUMUTUPOBAHHOU 1 Py3neil yIiaeKnCcIoro ra3a
OT TMOBEPXHOCTU B TJIyOb oOpasua. CremoBaTeslbHO, YeM
6oJIblIIe TUTOIIAlb B3aMMOIEHCTBHS YTIEKHUCIIOTO Tra3a ¢ M3-
BECTKOBO COCTaBJISIIONIEH, TEM BbIllle TPOLIEHT 0Opa3oBa-
HUS BTOPUYHOTO KapOoHaTa KaJlbLIMSI.

Hcxons u3 BIIEU3I0XEHHOTO LIEJIeCO00Pa3HbIM SIBISI-
€TCST BOIIPOC M3YYCHUS BIMSHUS TIpollecca MPUHYIUTEb-
HOI1 KapOOHM3AlLIMY Ha CTPYKTYpooOpa3oBaHue U hU3NKO-
MeXaHWYEeCKHe CBOMCTBA SUEHUCTBIX CTPOUTEIBHBIX MaTe-
pUAJIOB HAa OCHOBE M3BECTKOBO-KapOOHATHO-KAJIbIIUEBBIX
CHUCTEM C Pa3BUTOI MOBEPXHOCThIO, HAMPUMEP ra300€TOHA.

Lenblo HacTosineit paboThl CTAJIO YCTAHOBJIEHUE BO3-
MOXHOCTHU TOJIyYeHUs] ra300eToHa KapOOHU3ALMOHHOTO
TBEpIAEHUS TyTeM UCCJIeN0BaHUS OCOOEHHOCTEN (HUZUKO-
XUMUYECKUX TIPeBpallleHUi B Tesie Ta300eToHA Ha OCHOBE
CMEIIIaHHOTO M3BECTKOBO-1IEMEHTHOIO BSIKYIIETO U Kap-
OOHATHO-KaJIbI[MEBOIO 3aMOJHUTEJIS, TBEPACIOIIETO B CIle-
LIMAJIBHO CO3JaHHbBIX YCJIOBUSAX C MOBBILIEHHON KOHIIEH-
tpauueit CO,.

M3zyueHue cTpykTypbl U (a30BOro cocraBa uccliieaye-
MBIX CUCTEM MPOBOAWIIN C TOMOIIIbIO PACTPOBOM 2JEKTPOH-

v =00

Wik=] 6. Gmm

0. Y
Puc. 2. MnkpocTpyKTypa onbITHbIX 06pa3L0oB raso6eToHa nocne nponapusaHna 1 kapboHusaumm B Bo3pacTe 1 cyT, yBenuyenue: a — X500; 6 — X1200

IO

HOM MUKPOCKOIHMU (3JIEKTPOHHBI MUKpocKorm PEM-106,
SELMI) u pentreHodazoBoro aHaiuza (AudpakTomMeTp
JAPOH-3). UccnenoBaHusi TpOBOAWIMCH Ha OTBITHBIX 00-
pasuax razoderona mapku D500 pazmepom 100x100x100 mmM,
TBepJeHUE KOTOPBHIX ObLIO OPTraHM30BaHO Pa3JIMYHBIMU
croco6amu: mpornapuBaHue, KapOOHU3alus (BblaepK1Ba-
HUE B BO3MYILIHO-TA30BOI cpejie ¢ MOBBIIIEHHON KOHIIEH-
tpauueit CO,) 1 KOMOMHUPOBAHHOE TBEPAECHME (ITOCIEN0-
BaTeJIbHOE MpoTaprMBaHMEe U KapOoHu3aius). B kauecTse
BSDKYIIIMX KOMITOHEHTOB MCITOJI30BAIM TTOPTIAHALIEMEHT
Mapku IIEM 142,5H npoussonctsa AO «baxuncapaiickuit
KoMOMHAT «CTpOMMHAYCTPUs» W KAaJbLIMEBYIO M3BECThH
npousBoacTBa AO «EBnaTopuiickuit 3aBoji CTPOUTETbHBIX
MaTepuaioB» akTUBHOCTBIO 80%. COOTHOIIIEHNE U3BECTH U
eMeHTa B coctaBe Bskyiero — 1:1. ComepxxaHue BsSIXKy-
1LLIETO B CHIPhEBOI cMecu coctaBistio 50 mac. %. B kauectse
KapOOHATHO-KAJIBLIMEBOTO 3arlOJHUTENST UCIONb30BAIUCH
OTXOJIbl J1O0OBIYM MPAMOPOBUIHBIX M3BECTHSIKOB Kapbepa
«MpamopHblit» (c. MpamopHoe, Pecrny6onuka Kpbim).
ComepXaHre BSTKYIIETO B CHIPhEBOM CMECH COCTaBIISLIO
50 mac.%. s BcnyuynMBaHUS UCITOJIb30BaIACh aTlOMUHUE-
Bas nynapa [TAII-1. TeroBnaxxHOCTHas 00paboTKa MPOBO-
nunackBTedyeHue 8 4 nmpuremmepatype 60°C. KapooHusarus
MaTepHaja OCYIIECTBIIsLIach B ycIoBusax 30%-il KOHIICH-
tpauuu CO, B TeueHue 2 4. [IpoyHOCTb MpU CXKaTuu 00-
pa3loB razobeToHa ompenessuiach B Bo3pacte 1, 7, 14 u
28 cyT mocie BBICYIIMBAHUSI.

HccnenoBanust MUKpOCTPYKTYPBI Ta300€TOHA B BO3pac-
Te 28 cyt (puc. 1) mokazanu, 4to nociaedopMoBOUHast 00-
paboTKa OMBITHBIX OOPA3LIOB MMEET CYIIeCTBEHHOE BIIUsI-
HUe Ha MOPGOJIOrUI0 KPUCTAUIOB HOBOOOPA30BaHUIA, MO-
JIy9aeMBIX B TIPOIeCCe TBePACHUS ra300e TOHHOTO MacCHBa.
B nponapeHHbIX 00pasiax (puc. 1, @) cTpykTypa MaTepuaia
B OCHOBHOM CJIOXXEeHa pOMOO3IpUIECKUMU KpUCTAlIaMu
M3BECTHIKOBOI'O 3aIIOJIHUTEISI pa3MepoM 4—6 MKM, OpHEH-

T0.00kY  xl lik Sllam
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Marepnaabi ¢ A9€HCTOH CTPYKTYpPOH

MpoYHOCTL NpY CXaTUn
o6pa3uos razobeToHa, MlMa

Pexunm TBEpAEHMSA
Bpemsa TBepaeHus, cyT

1 7 14 28
MponapvBaHne 0,39 | 0,48 | 0,53 | 0,56
Kap6oHunzaums 0,49 | 0,57 | 0,62 | 0,63
MponapueaHue + kapboHn3auns 1 1,07 | 1.1 1,11

TUPOBAHHBIMU BOKPYT HUX IJIACTUHYATBIMU KPHUCTAJUIAMU
Ca(OH),, kpucraiaMmy LEMEHTHOTO KJIMHKEPA U MPOIYyK-
TOB TMApaTallMK LIeMeHTa ¢ pa3MepoM 1o 3 MkMm. Ha Heko-
TOPBIX YUACTKAX PA3TUUYMMBbI UTOJIbUAThIE KPHUCTAIIbI KaJlb-
1IUTa CyOMUKPOCKOMUYECKON BEJIMYMHbBI, 00pa3oBaBIlIue-
csl TpU TIOTJIOUIEHWM WM3BECTbIO YIVIEKUCIIOrO Ta3a W3
aTMocdephl B Ipolecce XpaHeHHUS.

Ha mukpodororpadusix cTpykTypel 00pa31oB, TBepIae-
IOIIMX B YCJIOBUSIX MOBBIIIIEHHOM KOHIIEHTPALIMU YTJIEKUC-
Jioro raza (puc. 1, 6), BUIHBI KpyIHbIE pOMOO3ApUYECcKe
KPUCTALIbI U3BECTHSIKOBOTO 3aMOJIHUTENISI, HAa TTOBEPXHO-
CTU KOTOPBIX HAOJIIOMAIOTCSI TPYMIIBl CPOCIIUXCS MEXIY
00011 KpUCTaUIOB HOBOOOPA30BAaHHOTO KAJIbIITUTa MUKPO-
METPUYECKOTO pa3Mepa 0 2 MKM. DTHU TPYIIITbl KPUCTAJI-
JIOB KaJbLIUTa 00pa3yioT IIPOCTPAHCTBEHHBIN KapOOHU3U-
poBaHHbIN Kapkac. [Ipu cpaBHeHUU CTPYKTYpbl MaTepuaa
MEXXITOPOBBIX MEPETOPOAOK MPOMAPEHHOIo ra3o0eToHa U
KapOOHU3UPOBAHHOTO Y MOCJIEIHEro HabI0aaeTCs YBEIu -
YyeHue TBepoi (ha3bl U YIIJIOTHEHNE MaTepuaia.

MUKpOCTpYKTYpa 06pa3lioB, MOIBEPKEHHBIX ITpOIa-
puBaHHUIO U IIocjaedyloleil kapooHuzauuu (puc. 1, 8),
NpeacTaBjieHa KPYMHBIMU CKaJIeHO3IPUYECKMMU U pOMOO-
3JpUYECKUMU KpUCTAIaMU KaibliMta. Ha moBepxHocTH
IOp pa3Mephl KPUCTAIIOB BApbUPYIOTCS OT 4 10 8 MKM, a B
MEXIOPOBBIX MEPeropoyikax — oT 1 10 4 MKM.

Jns ompeneneHus MPUPOABLI 00pa30BaHUS KablIMTA
nogoO6HOK MOpP(OJOruM KpUCTala OBLIM BBIIIOJIHEHEI
MUKpodoTorpaduu CTPYKTyphl 00pa3loB Tra3o0eToHa
KOMOMHUPOBAHHOTO TBEPAECHUSI B Bo3pacTe 1 cyT (puc. 2).
Ha muxkpodororpadusix oT4ETIMBO BUIHBI KPYITHBIE KPU-
crajutooOpa3zoBaHusa pasMepoM A0 50 MKM OeHIPUTHO-
cepouIoTMTOBOI TEKCTYPHI, CXOXHE C TEKCTYpOI aparo-
HUTa, KOTOphie 0Opa30oBajuCh Ha IpaHUIlE pasaeia a3
MEXIOPOBOI TMeperopoJku W TPOCTPAHCTBA MOPHI.
IMockonbky ¢aza aparoHuTa B Mpoliecce oOpa3oBaHMS
KapOoHaTa KajbLiUs SIBJISIETCS HEYCTOMYMBOI, 3TO 00Yy-
CJIOBJIUBAET TIEpPeXo] MeHee CTAaOWIbHOU MoJuMOpdHOI
MoauduKauuu B 60Jjiee YCTOMUMBYIO — KaJIBIIUT C TPUTO-
HaJIbHOW CUHTOHUEH.

IlonoGHoe siBNIEHUE MOXET ObITh OOOCHOBAHO YacTUY-
HBIM pa3pyllieHUeM TUAPATHBIX COEIVMHEHUI LEMEHTHOTO
KaMHs nof Bo3zeiicteueM CO, ¢ nocieayrommm oopasosa-
HUeM MoauduUKalrii KapboHaTa KaJbllvs: BaTepuTa, apa-
roHuTa, Kayupluta. CoriacHo paHee MPOBEACHHBIM UCCIIe-
noBaHUsAM [7—9], cpeau ruapaTHBIX COEAUHEHUN HaU-
MEHbIIeH YCTOMYMBOCTBIO K KapOOHHM3aluW 0O0JamaioT
TUAPOATIOMUHATHI KaJIbIIMsI, KOTOPbIE pa3jiaraloTcsl ¢ Bbl-
neJleHMeM KapOoHaTa KaJlblvsl, TUIPOKCHUIA aTIOMUHUS 1
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BOJIbI, a TAKXe HU3KOOCHOBHBIC TUAPOCUINKATHI KaJIbIINA,
paspyuapolumecs ¢ oopazopanueM CaCOj; u resieodbpasHoi
aMop®dHOI KPEMHEKUCIIOTHI.

UccnenoBanue (pa3oBoro cocraBa OMbITHBIX 00pa3loB
ra3o0eToHa pas3UyHbIX CIOCOOOB TBEPAEHUSI B BO3paCTe
28 cyT mokasajio, 4YTO MaTepuajl COCTOUT B OCHOBHOM W3
MPOAYKTOB ruapatauuun uemeHra (d, um = 0,419; 0,392;
0,377; 0,182) u xansuura (d, am = 0,304; 0,224; 0,209;
0,205) BHe 3aBUCHMMOCTU OT YCJIOBUIl TBEpACHMUS.
OxumaeMoil XxapaKTepUCTUKON PEHTreHOrpaMM SIBJISIETCS
YBEJIMYEHUE MUKOB KaJblIUTa C MPUMEHEHUEM CIIOCOOOB
KapOOHM3aLIMOHHOTO CIoco0a TBEepPJEHUsI OMBITHBIX 00-
pasioB razoberoHa. Haubosblliee KOIUUYECTBO KaJIbLIUT-
HBIX HOBOOOpa3oBaHUil HabMogaeTcsl y 00pa3loB, IOce-
GOpPMOBOUHOE TBEpPIEHUE KOTOPBLIX ObLIO OPraHU30BAHO
Tosbko B cpene ¢ CO,. ¥V 006pa3noB KOMOMHUPOBAHHOTO
TBepACHUSI NHTEHCUBHOCTh JaHHBIX MUKOB MEHBIIE, YTO
00BSICHSIETCST CBA3BIBAHNEM YaCTHU TUAPOKCHIIA KaJTbIWS B
rUApaTHBIE HOBOOOpA3OBaHUS Ha 3Tare TBepASHUS TIpU
MpoIapyuBaHUM.

Hcnonb3oBaHKue CIOCOOOB MPUHYIUTEIHLHOIO KapOo-
HU3ALMOHHOTO TBEPACHUSI MOBBIIIAET TPOUYHOCTHBIE CBOM-
cTBa razoberoHa. B tabGnulie rnpeacTaBiieHbl ONMBITHBIC JaH-
HBbIE MIPOYHOCTH TP CKATUU Ta300€TOHHBIX OIBITHBIX 00-
pa3loB B 3aBUCUMOCTH OT CIIOCOOOB OpTaHU3allUU WX
TBEPACHUsI, U3 KOTOPOI1 BUITHO, YTO KapOOHU3ALUS B TeUe-
HUe 2 4 MOBBIIIAeT TPOYHOCTh ra300€TOHA B CPABHEHUHU C
obOpaslaMu, TIporapeHHbIMM B TedeHue 8 4, Ha 25%, a B
Bo3pacrte 28 cyT — Ha 12,5%.

ITpu KOMOMHMPOBAHHOM peXUMe TBEPJEHMSI, BKIII0UYa-
IOIIETo TporapuBaHKue W TMOCIEAYIONIYI0 KapOOHU3AIINIO,
MIPOYHOCTh 00pa3loB ra3od0eToHa B Bo3pacTe 1 cyT B CpaB-
HEHUU C TMPOYHOCTHIO MPOIAapeHHBIX 00pa3loB BhILIE B
2,6 pa3sa, a yepe3 28 CcyT TBepIeHUs IPOYHOCTH MOBBIIIACT-
csl TIpPAaKTUYECKU BIBOE; B CpaBHEHUU ¢ oOpaslamu, IMoj-
BEPTIIMMUCS TOJbKO KapOOHATHOMY TBEPACHUIO, TPEBbI-
IIeHUE TTPOYHOCTH COCTABUIIO COOTBETCTBEHHO B 2 1 1,8 pasa.
Heo6xonnumMo OTMETUTD, YTO MPOYHOCTH IIPU CXKATUU OTIBIT-
HBIX 00pa3loB ra300eToHa KOMOMHUPOBAHHOIO TBEPACHMUS
B MepBbIe CYTKU (HEMOCPEACTBEHHO MOC/E NCKYCCTBEHHOTO
TBepAeHUsI) cocTaBisgeT 90% OT MPOYHOCTHU TTocie 28 cyT
TBEPICHUS.

Takum ob6pa3oMm, ITpy KOMOMHHUPOBAHHOM TBEpPACHUM
ra3o0eToHa Ha OCHOBE M3BECTKOBO-1IEMEHTHOTO BSIKYIIIETO
1 MPaMOPOBUIHOTO M3BECTHSIKA, BKJIIOYAIOIIEM MPOIapy-
BaHUE U TMOCJeaylollee BhIIepXKUBaHUE B CpeJie C BBICOKOI
koHueHTpauueit CO,, obecrneynBaroTCs YCIOBUS 11 IPO-
TeKaHMS KaK TUAPATalIMOHHOTO, TaK ¥ KapOOHU3aIIMOHHO-
T'O TBepACHUSI, YTO 0OYCIIOBIMBAET MOSIBIIEHNE MaKCUMAaJTb-
HOTO KOJWYECTBA KPUCTALINYECKMX HOBOOOPA30BaHUN U
MOBBILIEHUE TPOYHOCTHBIX XapaKTEPUCTHUK.

BrisiBIIeHHBIE 0COOEHHOCTHU (PU3UKO-XUMUYECKUX TPO-
11€CCOB, MIPOTEKAIONIMX B ra300€TOHE Ha OCHOBE U3BECTKO-
BO-IIEMEHTHOTO BSIXYIIETO M KapOOHATHO-KaJbIIMEBOTO
3aIOJIHUTEIS TIPU BO3AEHCTBUM Ha HETO BBICOKUX KOHIIEH-
TpalUM# YIJIEKMCIOTO rasa, IO3BOJIT B AalibHeHIIeM
ONTUMM3UPOBATh YCIOBUS TBEPACHHUSI ra300eToOHa U TIOJTy-
YEHMSI Ha eT0 OCHOBE U3MEUii C TOBBIIIEHHBIMU (U3UKO-
MEXaHUYECKUMU CBOWMCTBAMU.
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WccnepoBaHue BnusiHua bumoaynoHocTH hubponeHobeToHa
Ha NPOYHOCTb ApMMUPOBAHHBIX BAN0K

Ha npumepe Npon3BonbHO 0MepToi 6anKn NPAMOYrofbHOro NOMNepeYHOro ceveHus, paboTatoLLeli o AeRCTBMEM NPOM3BOMbHbBIX N3rUbaOLLMX
Harpy3ok, 060CHOBaHa He06X0ANMOCTb y4eTa 6UMOAYNLHOCTI MaTepuana npu pacyete KOHCTPYKUWiA. [1okasaHo, YTo npu y4eTe GUMOLYNLHOCTM
martepuana M3MeHSIeTC PaCHETHOE MOOXEHME HEUTPANbLHOI IMHUKM 1, KaK CNefCTBUE, MBMEHSAKOTCS BENNYMHbI MAKCUMAbHBIX CXKUMAKLLMX 1
pacTArMBAOLLMX HOPMANbHBIX HAMPSKEHUIA, YTO 0Ka3blBAET CYLLECTBEHHOE BAMSHWNE HA HECYLLYKD cNOCO6HOCTL 6anku. MpuBeAeHbI MpUMepbl PacyeToB
[NS NPOM3BOMLHO ONEPTOIA, MPON3BONLHO HArpYXEHHOI 6anku B 3aBUCMMOCTM OT Pa3niyHbIX COOTHOLLIEHWA MOLYNei YNpyrocTi Npu pacTsKeHum

1 CXaTun. YcTaHoBNEHa 3aBUCUMOCTb MAKCUMabHOr0 HOPMAbHOIO HANPSXKEHUS OT YCNA aPMUPOBAHHbIX CTEPXHEI, PaCMON0XKEHHbIX B CXKaTON

1 pacTsHYTOM 30He 6anku. YucneHHoe UCCneaoBaHne nokasano, 4To yyet 6umoaynbHOCT pubponeHo6eToOHa B psae CyvaeB CNOCOBCTBYET CHIDKEHIO

MaTepuanoemMKoCcTi CTPOUTENbHBIX KOHCTPYKLWA.

Kntovesble cnosa: hn6poneHO6eTOH, apMUpOBaHHas 6anka, 6UMOLYNbHbIA 3aNOfHUTENb, PACYET KOHCTPYKLWK, MOAYMb YNPYrocTu.
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Research in Influence of Bi-Modularity of Fiber Foam Concrete on Strength of Reinforced Beams

The necessity to take into account the bi-modularity of a material when calculating structures is substantiated on the example of a freely-supported beam of a rectangular cross-section
operating under the impact of arbitrary bending loads. It is shown that with due regard for the bi-modularity of the material, the calculated position of the neutral lines is changed and,
as a sequence, values of maximal compressing and tensile normal stresses are changed that significantly influence on the bearing capacity of the beam. Examples of calculations for the
arbitrary supported, arbitrary loaded beam depending on the various ratios of the modules of elasticity in the course of tensile and compression are presented. The dependence of the
maximum normal stress on a number of reinforced bars placed in the compressed and tensile zones of the beam has been established. The numerical study shows that accounting of
the bi-modularity of fiber foam concrete contributes, in some cases, to the reduction in material consumption of building structures.

Keywords: fiber foam concrete, reinforced beam, bi-modular filler, calculation of structure, module of elasticity.
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DOuOPOIeHOOETOH, SABISIACH PA3HOBUIHOCTHIO SYCH-
CTBIX OETOHOB, TIOSIBUJICSA B CTPOUTEJILHOM MPaKTUKE B ca-
moM Havajie XXI B. [1]. OObIT ero NpakTU4eCKOro mpumMe-
HEeHUs ToKa3aj, 4TO, HECMOTPSI Ha BBICOKYIO MOPUCTOCTh
KaMEHHOH CTPYKTYpbI, 3TOT MaTepuaj MOXKET YCIIeIIHO
MPUMEHSITHCS B CTPOUTEILCTBE HE TOJIBKO JIJIsI 00ecTieueHUsI
TpeOyeMbIX TETUIOM3OJISIIIMOHHBIX CBOWCTB KOHCTPYK-
uii [2], HO 1 oOecrieYnBaTh HEKOTOPYIO, TOCTATOYHYIO JJISI
X HaJeXXHOU 3KcIutyaTaluu [3] cOmpoTUBISIEMOCTD U3TH-
OaronIMM Harpy3kam.

B kayecTBe MOCTOBEPHOCTU BBILIETTPUBEAESHHBIX YTBEP-
XIeHUI B paboTe TipecTaBieH o0beKT (puc. 1), B KOTOpoMm
¢ 2002 r. B 1. PocTroBe-Ha-/loHy yCIIEIIHO 3KCIIyaTUPYIOT
TETJION3OJISIIIUOHHbBIE TAJITeNIA, U3TOTOBJIsIEMbIe U3 HUOPO-
MeHOoGETOHA TUIOTHOCTBIO He 6ostee S00 Kr/M>.

Ha puc. 1 BUgHO, 4TO UAET 3aMeHa paHee yCTAHOBJIEH-
HBIX OKOHHBIX 0JIOKOB, KOTOpBIE HENOCPEICTBEHHO KOH-
TaKTUPOBAIU C TUIUTAMU TEPEKPBITUN, HA TaJlTeId U3
¢bubponeHobeTOHA 1 6JIOKM MEHBIITMX pa3MepoB. Ha puc. 2
3a(pUKCHUpPOBAH 3Tall BO3BeAeHUS IieXxa (haCOBKM MeEIUKa-
MEHTOB 13 (UOPONEHOOETOHHBIX OJIOKOB ILJIOTHOCTBIO
400 xr/M> M mepeMblueK TIOTHOCThIO 700—800 Kr/M3,
colepXalluX KapkKac M3 CTepXHEBO apMaTyphl KJiac-
ca A400 [1].

B HacTostIee BpeMsT pacyeT Hecylleii CIToCOOHOCTH STYeH -
CTO-OETOHHBIX KOHCTPYKIIUI OCYIIECTBISIETCSI B COOTBET-
ctBuU ¢ «[locobreM 1o mpoeKTUPOBAHUIO OETOHHBIX U XKeJIe-
300€TOHHBIX KOHCTPYKIIMI U3 STYEUCTBIX OETOHOB», SIBJISIIO-
mumMces npuwioxeHuem K CHull 2.03.01—84. Orot 1oKyMeHT
HE YYMTHIBAET M3MEHEHWI, MPOM3OLISAIINX B TEXHOJOTUHU
TPOU3BOJICTBA STYCUCTHIX OETOHOB B TeUEHUE ITOCIICAHUX
30 ner. [TosTOMY aBTOPHI IOJIATAIOT, YTO Ha3pesia HeOOXOmU-
MOCTb B BBIMIOJTHEHUM UCCIENOBaHUM, OTPpaXKEHHBIX B TIPE/I-
CTaBJIEHHOM CTaThbe.

B pabore paccmaTpuBaeTcsi MPOU3BOJBHO oOIllepTas,
MMPOM3BOJILHO HAarpykeHHas 6ayika. bajika nmpssMoyrojbsHOro
MOTMepevyHoro ceueHus (puc. 3), U3rotoBjaeHHas u3 (pudpo-
MMeHOOeTOHa, apMUPOBAaHHAS CTAIBHBIMM CTEPXKHSIMMU, pac-
TMOJIOKEHHBIMU TTapaJUIEILHO €€ TOPU3OHTaIbHOM ocu. [Tpu
BBIBOJIE HOPMAaJIbHBIX HAMNpsDKeHUM [4—7] y4yUTBIBAIOCH
pazauyue MoOIyJeil YmpyrocTd Ha pacTsKeHMe M CXaTue
neHo(uopobdeToHa, MOJYYEeHHBIX SKCIIEPUMEHTAIBHO [3].

DopMyJTBI UTSI MAKCUMAaJTbHBIX HOPMaJIbHBIX HampsiKe-
Hu s 6aok [8, 9] mpu n3rube ¢ yauetoM 6MMOAYIBHOCTH
Marepuayiia UMeIOT BUIL:

vk
z =h =— }h: 1
| max+| 14 ]+ {k s ( )
HayuHo—mexHuuec;culZ u l’lpOLl36’00CI116€HHbIL7 HCYPHAN f"'_r'_-r__,;,;'[ = =i pleg|=
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Materials with Cellular Structure

Puc. 1. VickntoyeHne «MOCTUKOB X010a» C NOMOLLbIO rantenei n3 pubpo-

neHo6eToHa MeIMKaMeHTOB
Ta6nuua 1
HopmanbHbie HanpsXXeHus ¢ y4eToM GumoaynbHOCTU PUbponeHoO6eToHa
Ma Cpeansin | Conepxatne Pacierrioe snaseriue | PactetHoe awasene pacmrv':g:\gizztﬁnop?ﬂxeme cxmmlrlzﬁ:eM :;I:;:)GI(GHVIG
pRa | HoCT, DU, HayanbHOro Moayns Ha4abHOro MoZy NS o Pl
cocTaBa I % 1o 0BreMy YNpYrocT! Npu YNpyrocTv npu Pmax6+] 4 8 Pmax6—| 4 8
pactsxenmn Fg,, MMa | oxatum E;_, MMa [Minax | [Minax |
o-1 903 0,75 4620 2215 1829 1266
0-2 945 0 425 2106 1077 2398
0-3 1071 0 523 2160 1110 2257
0-4 1096 0,75 6496 2966 1857 1255
0-5 1005 1,5 4829 2695 1750 1308
0-6 987 1,5 7673 2734 2003 1196
a-7 952 0,75 6073 2519 1911 1231
0-8 943 0,75 5578 2593 1846 1259
0-9 953 0,75 5848 2513 1890 1239
0-10 949 0,75 5804 2499 1889 1240
Ta6Gnuua 2 Ta6Gnuua 3

MakcumanbHblie HOpMarnbHble HanpseHus 6e3 yueTta
pa3HomoaynbHocTu (E; = E;_)

MakcumarnbHbie HOpMarsbHble HanpsixxeHus 6e3 yueta
pasHomopynbHocTh (E; = E5.)

PacyeTHOE PacyeTHOe
CpenHss | Copepxanve SHAteHNe MaxouaniHoo Cpentas | ConepxaHve SHAEHNE MaxoyaziHoo
Mapka pen nep HavaneHoro | Hanpaxene Mapka pen hep HauanbHoro | ,Hanpsxexne
NNOTHOCTb, $ubpebI, G NNOTHOCTD, $ubpsI, o
cocTasa 3 mozyns max6 | 43 cocTaBa 3 Mozyns max6| 48
Kr/m % no 06bemy g Kr/m % no o6bemy )
ynpyrocth g, | [Mpax,| ynpyroctn Eg, | [Miay |
MMMa MnMa
-1 903 0,75 2215 1495 g-1 903 0,75 4620 1498
-2 945 0 2106 1495 g-2 945 0 425 1475
g-3 1071 0 2160 1495 0g-3 1071 0 523 1479
o-4 1096 0,75 2966 1496 o-4 1096 0,75 6496 1498
0-5 1005 1,5 2695 1496 0-5 1005 1,5 4829 1498
0-6 987 1,5 2734 1496 0-6 987 1,5 7673 1499
o-7 952 0,75 2519 1496 o-7 952 0,75 6073 1498
0-8 943 0,75 2593 1496 0-8 943 0,75 5578 1498
-9 953 0,75 2513 1496 0-9 953 0,75 5848 1498
g-10 949 0,75 2499 1496 0-10 949 0,75 5804 1498
rs I HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA
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Tabnuua 4

3aBucMMocCTb HanNpPs>XeHUM OT Yncsia apMmMpoBaHHbIX
CTEepXXHeMN C y4eTOM pa3HOMOAYJ/IbHOCTU 3anoJIHUTeNs

Ta6nuua 5

3aBMCMMOCTb HanNpPsXXeHU oT Yucna
apMMpOBaHHbIX cTepxHel npu E;_=2250 MMNa

Yueno Yneno MakcumansHoe | MakcumanbHoe Yucno Yneno MakcumansHoe | MakcumansHoe
apMUPOBaHHbIX | apmupoBaHHbix | PACTAMMBAlOWIEE | CxumaioLlee apMUPOBaHHbIX | apMupoBaHHbix | PECTAMMBAIOWIEE | CXMMaloLLee
CTepXHel CTepXHeli HanpsxeHne HanpsxeHne CTEpXHel CTepXHeli HanpsxeHne HanpsxeHne
BOXatoi 3oHe | B pactaHyroi | 1Omaxot] 48 | [Omaxe-| 4 BOXatoit 3oHe | B pactaHyroi | 1Omax6t] 443 | [Omax6—] 43
n 30He 1, [Minax | [ Minax | n 30He 1, [Minax | [Minax |
2 2 1864 1250 2 2 1495 1495
4 4 1860 1247 4 4 1490 1490
2 4 1860 1248 2 4 1491 1491
4 2 1863 1250 4 2 1494 1494
0 0 1868 1253 0 0 1500 1500
Ta6nuua 6 z
3aBUCUMOCTb HaNpsXXeHun oT Ymcna L
apMMpoBaHHbIX cTepxHei npu E;,=5000 MMNa
Yueno Yuero MakcumansHoe | MakcumanbHoe H
apMUPOBaHHBIX | apmMupoBanHbx | PACTATMBaIOWEE [ CkuMaloLiee )
CTepXHeli CTepXHeii HanpsixeHue HanpsixeHue
BOXaroii 3oHe | Bpactamytoi | [Omax6+] 443 | [Omaxo-] 48
. o | M) | Mo
hl X Y
2 2 1498 1498
4 4 1496 1496 |
2 4 1496 1496 |
4 2 1497 1497
0 0 1500 1500 i L b Puc. 3. Cxema pac4eTHoro
d > cedeHuns 6anku
3(1+ \/E ) \/k_ h B Ta6n. 2 u 3 npuBengeHbl 3HAYEHUS] MAaKCUMAJIbHOTO
|Omaxc +|:k-b-h3+3- VO End . +n IE [Miay|;(2)  HOpManbHOTO HampsikeHusi 6€3 ydeTa OGUMOIYJIBHOCTH
( oo tn 1, )/(Es:) (bubponeHo6eToHa (CXUMAalOLIee U PACTSATUBAIOLINE B 5TOM
cJlyyae paBHBI MeXIy co0oif). OHM MpakTUYeCKu He pasii-
| z | —p = 1 h- 3 YaloTCsl, HO MEHBIIIE PACTSITUBAIOIIMX HOPMAaJbHBIX HaIpsi-
max—| ¢ 1+\/k_ > ) SKEHUI 1 OOJIbIIIEe CXXUMAIOIINX HOPMAIbHbBIX HAMPSIKEHUH,
€C/I YyYUThIBaThb OMMOAYJBHOCTh MaTepuaia 3arojHUTe-
o = 3-k(1+k )-h Moo 4) I (_}&6)1. 1)6.
_|= aKke ObIJIO MPOBENEHO YMCIEHHOE BbIUMCIIEHUE IS
" ke b+ 3 (1 R By Lt n ) /(Es) Horo. oy

rIe /1, — BBICOTA PACTATHBAIOLICHCS 30HbIL; /i, — BHICOTA CXU-
MaoIEeCs 30HbI;
Vk_ 1

e T R ©)
1€ | Moy, | — MaKCHMAaTbHBII M3rMOAIOIIMIT MOMEHT OTHO-
CUTEJIbHO HEUTPaIbHOM JIMHUU B OTTACHOM CEYEeHUU OaJIKH;
n, — 4YUCJIO CTEpXXHEH apMmaTypbl B PACTIHYTOM 30HE;
n_ — 4MCJI0 CTepXKHEeM apMaTyphl B cxKaToii 30He; [, — oce-
BOM MOMEHT HHEpPLIMU TMOMNEPEYHOro CEYEHUSI OJHOTO
CTEePXHS apMaTyphbl B cXaroii 3oHe; /,, — OCeBOif MOMEHT
WHEPLUU MOTIEPEUHOTO CEUEHUsT OJTHOTO CTEePXKHSI apMary-
PBI B pacTSHYTOH 30He: £, — MOZy/Ib YIIPYTOCTH NPU PacTs-
>KEHUU CTEPXKHEW apMmatypsl; Fg, — MOOyJb yIpyroctu oe-
TOHA (3aIIOJIHUTEISI) IPU PACTSKEHUU.

YuceHHBIA pacyeT, MPUBEICHHBINA B Ta0a. 1, ITOKa3bI-
BaeT, YTO MaKCUMaJlbHbie HOPMAaJIbHbIC pPaCTITMBAIOIINE
HanpspKeHUs: OoJbllle, 4YeM MaKCUMallbHble HOpPMajbHbIS
CXMMAIIME HANpPSKEHUST TIpU y4eTe OUMOAYIbHOCTH
¢ubponeHobeToHa. MakcuMaIbHbIe HOPMAaJIbHBIE PaCTs-
TMBAOIIME HAMPSIXKEHUS! TPU UCTIOJIb30BaHUM MEHOOETOHA
6e3 (prOpbl HECKOJIBKO MOHUXAIOTCS, HO MPU 3TOM TMOYTH B
JIBa pa3a MOBBIIIAIOTCS MaKCUMaJIbHbIE HOPMAJIbHbBIE CXU-
Marolre HarpsKeHUsI.

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

0asIKu MpsIMOYTOJIbHOTO TorepeyHoro ceyeHust 2 = 0,3 m;
b= 0,2 M, apMUPOBAHHOI CTaJILHBIMU CTEPKHSIMM KPYTJIO-
TO MOTIEPEYHOTO CEYCHHS B PACTSHYTOM 30HE d), = 12:103 M
(212 AIll), B cxumaroleii 30He d,, = 8103 M (@8 Al ¢
MaTepHraJioM 3aMoJIHUTES U3 pubpodeToHa.

CsoiicTBa ¢pubporeHoOeToHA:

— cpeaHss IoTHocTh =902 Kr/m>;

— TIpeest MPOYHOCTH MPU CXaTUH Oy, =3,68 MI1a;

— IPeAEINPOYHOCTU NIPU PACTSKEHUU Oy, =0,282 MI1a;

— MOAYJIb YIIPYTOCTU NPU CXaThu Eg, =5- 103 MTTa;

— MO[LYJIb YIIPYTOCTHU [IPU pacTskeHuu Ey_=2.25 103 MTTa.

Kak BUIHO MO YMCIEHHBIM pe3yjbTaTaM, MaKCUMallb-
Hble HOpMaJIbHbIE HAMPSKEHUST 3aBUCST OT BapbUPOBAHUS
CTepKHEl, HO B Mpeneiax UCCAeNyeMOro Yncia CTepxHeil
JIOCTAaTOYHO HE3HAYUTENIbHO (TabI. 4).

Be3 yueTa OuMoayIbHOCTH MaTepraa (Tadi. 5 1 6) Mak-
CUMaJIbHble HOPMaJIbHble HaMpsDKeHUsI OOJIblle MaKCH-
MaJIbHBIX HOPMAaJbHbIX DPACTITUBAIOUIMX HAMPSKEHUH |
MEHbIIIe MAaKCUMaJIbHBIX HOPMaJIbHBIX CKMMAIOIIMX HAIPsI-
KEHUM.

BoinmonHeHHbIE MCCAEIOBaHMS TOKa3aiu, 4YTO IUC-
MepcHOe apMUPOBaHUE MEHOOETOHA TTOJIOXUTEILHO BIIH-
SIeT Ha €r0 CTPYKTYpYy W, KakK CJIelCTBUE, Ha TMOBeIeHUE
CTPOUTENbHBIX KOHCTPYKIIMI TMOA JAeicTBUEM M3rubalo-
IIUX W pacTATUBAIOIIMX Harpy3ok. OTcioga cieayer, yTo
IUIST pa3pabOTKM HOPMATUBHOM 06a3bl, HEOOXOAUMOM st

e e g TR B
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Materials with Cellular Structure

pacueTra Hecyllell ClIoCOOHOCTH CTPOUTEIbHBIX N3OSN U
KoHcTpykuuit [10—12] u3z ¢pubponeHobeTOHA, HEOOXOAU -
MO MIPOBENEHUE NATbHEUIINX UCCIEA0BAHUM C 1Ieabt0 60-
Jiee TOYHOTO U OOOCHOBAHHOTO YCTAHOBJIEHUS Mapame-
TPOB B3aMMOCBSI3U MEX/ly YDOBHEM U OCOOEHHOCTSIMHU €TO
IMCIIEPCHOTO apMUPOBAHUS U IUAMTa30HOM PA3HOMOYJIb-
HOCTH.
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YAK 666.189.3

A.1. BAICMAH, a-p Men. Hayk; A.A. KETOB, g-p TexH. Hayk (alexander_ketov@mail.ru);
M.A. KETOB, vH>xeHep-akonor

[epMCKMin HaLMoHanbHbIN NCCNeaoBaTeNbCKMN NONUTEXHNYECKUIA YyHMBEpPCUTET (614990, . MNepmMb, KomcomMonbekuii np-T, 29)

BropuyHoe ucnonb30BaHWe NEHOCTEKNA
npu Npou3BOACTBE NEHOCTEKNOKPUCTANINTUMECKUX MITUT

B TeueHWe cpoka 3kcnnyatauuu nofasnsoLLee 60MbLUMHCTBO CTPOUTENbHBIX MaTEPNUANOB TEPSIET CBOW NOTPEOUTENBCKNE CBOMCTBA, U 3aBEpLLEHIE
XKM3HEHHOTO LWKNA NpeAnonaraeT ux pasmeLLeHne Ha NoUroHax TeepAbIX KOMMYHaNbHbIX 0TX0A0B. OfHAKO C TOYKM 3peHst KOHLENUMI YCTOMYMBOrO
Pa3BUTUS MPOU3BOACTBO HOBbIX MAaTEPUANoB [/l CTPOUTENLCTBA AOMHKHO GbITb OCHOBAHO UCKIHOYNTENBHO HA BO30GHOBNSIEMOM CbIpbe. PaccMOTpeHbI
BOMPOCHI BTOPUYHOO MCMOfb30BAHNS MEHOCTEKNAHHBIX U NEHOCTEKNOKPUCTANNYECKUX NAUT ANS IPOM3BOACTBA HOBbIX MNTHBIX
CTEKIOKPUCTANINYECKNX MATEPNANIOB IHEUCTOr0 CTPOEHMUS. N0Ka3aHo, Y4T0 NOCIEe 3aBEPLUEHNS XXN3HEHHOTO LWKNA MINTHOE NEHOCTEKNO MOXET ObITh
nepepaéoTaHo B NEHOCTEKNSHHbIA LEGEHb, KOTOPbIA B CBOKO 04YEPeib MOXET ObiTb 3aMONHUTENEeM NPy NPOM3BOACTBE HOBBIX MAUTHbIX
MeHOCTEKNOKPUCTANNMYECKUX MATEPUANoB. YCTAHOBNEHO, YTO MONYYEHHbIE MUTHbIE U3[enUs N0 CTPYKTYPE He OTNIMYAIOTCS OT
NEHOCTEKNOKPUCTANMYECKIUX MNNT, NPOU3BEAEHHBIX U3 NEPBUYHBIX MATepUanos.
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Secondary Application of Foam Glass when Producing Foam-Glass-Crystal Slabs

During the operation, overwhelming majority of building materials loses their consumer properties and the completion of the life cycle assumes their location at the polygons of solid
communal waste. However, from the point of view of the sustainable development concept, the production of new materials for construction must be based on the renewable raw mate-
rials exclusively. Issues of the secondary use of foam glass and foam-glass-crystal slabs for producing new slab glass-crystal materials of cellular structure are considered. It is shown
that after the completion of the life cycle, slab foam glass can be processed in foam-glass crushed stone which, in its turn, can be used as a filler when producing new slab foam-glass-

crystal materials. It is established that obtained slab products are not structurally differ from foam-glass-crystal slabs produced from the primary materials.

Keywords: foam-glass-crystal slabs, foam glass crushed stone, sustainable development concept, energy efficiency, secondary use of materials.

For citation: Vaysman Ya.l., Ketov A.A., Ketov P.A. Secondary Application of Foam Glass when Producing Foam-Glass-Crystal Slabs. Stroitel'nye Materialy [Construction Materials]. 2017.

No. 5, pp. 56-59. (In Russian).

PaccmoTrpeHure 00beKTOB MTPOMBIIIIICHHOTO U IpaXkIaH-
CKOTO CTPOMTEJILCTBA C TOUKW 3PEHUS KOHUEIIINU YCTOM-
YUBOTO Pa3BUTHUS U «3€JIEHBIX» TEXHOJIOTUI Mpernoaraet
HEoOXOMMMOCTh HE TOJIbKO 3KOJIOTUYECKM 0e30MacHOTo
MPOU3BOJACTBA M 3KCILTyaTallMM CTPOUTEJbHBIX MaTepua-
JIOB, HO M MX YTWJIM3ALMIO 10 OKOHYaHWM KWU3HEHHOTO
uukia [1, 2]. B TeueHne cpoka 3KCITyaTallMu TOAABIISIO-
1ee GOJBIITMHCTBO CTPOUTETHLHBIX MATEPUAJIOB TEPSIET CBOU
MOTPEOUTENbCKHUE CBOWCTBA M 3aBepIlIEHUE XU3HEHHOTO
LIMKJIA MPEATNOJaraeT ux pa3MelleHUe Ha MOJUTOHAX TBEP-
JIBIX KOMMYHaJIbHBIX OTX0A0B. OIHAKO B MEPCIEKTUBE MPO-
M3BOJICTBO HOBBIX MaTE€pPHUAJIOB ISl CTPOUTEIBCTBA JOJIKHO
OBbITh OCHOBAaHO MCKJIIOUUTEIbHO HA BO3OOHOBJISIEMOM Chl-
pbe [3], mO3TOMY MCIIOJB30BAaHME OTXOIOB, B YAaCTHOCTU
nosyyeHue 3HeprodhHeKTUBHOTO STYEUCTOTO CUIIMKATHOTO
Marepuajia U3 OTXOJOB CTeKJa, MOXET CTaThb BBHIXOIOM U3
CUTyalluM, OTBevaloleil TpeGOBaHUSIM YCTOMUYMBOIO pas-
BUTHUS ob1IecTBa [4].

TpyaHOCTH BTOPUYHOTO MCMOJb30BAHUSI OCOOCHHO Xa-
pPaKTepHBI TSI TETUIOM30JISIIIMOHHBIX MaTepHaJioB, YTO MO-
JKET OBITh OOBSICHEHO UX BBICOKOM YIEIbHOM MOBEPXHOCTHIO
U, KaK cJeICTBUE, 0COOEHHO BHICOKMMU CKOPOCTSIMU B3au-
MOJIEMCTBMSI C KOMIIOHEHTaMU aTMocdepbl, MPexae BCEro
KHCJIOPOIOM M Biaroii Bo3ayxa. OQHUM M3 HEMHOTMX HC-
KJTIOYEHUH B PSIAY TETUIOM3OJISILIMOHHBIX MaTepUAJIOB SIBJISI-
eTCs TIeHOCTEKJIO WJM SYEeHCTas CTeKJIoKepaMuKa.
JIeliCTBUTENBHO, JaXke TEeOPETHMUECKU MaTeprall He MOXET
B3aMMOJIENICTBOBATh HU C KUCJIOPOIOM, HU C TTapaMu BOJIbI,
MO3TOMY CPOK €ro 3KcrutyaTauuu (hakTUYeCKu HeOorpaHu-
YEeH U OTIpelesIsieTCs] CPOKOM IKCIUTyaTalluM 30aHUI 1 COO-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

pyXeHMH, rae oH npuMeHseTcs. CTpyKTypa Matepuaia He
TpeTepIieBaeT U3MEHEHU CO BpeMeHeM, M MOTPeOUTEb-
CKHE CBOMCTBAa OCTAlOTCSI HEM3MEHHBIMU. DTO O3HAYaeT,
YTO Hanbosiee S KOHOMUYECKU 1 9KOJIOTUUECKU 3DHEKTUB-
HBIM METOIOM YTUJIM3AIIMU MEeHOCTEKIIA SIBJISIETCS] €r0 BTO-
PUYHOE MCIOJb30BaHME JIJISI TIPOU3BOJCTBA HOBBIX CTPOU-
TeJIbHBIX U3ETUA.

Panee Obl10 ycTaHOBJIEHO, UTO OOJBIIMHCTBO COBpE-
MEHHBIX TPOM3BOAUTENEH TEHOCTEKISIHHBIX TITUT BBIITY-
CKaloT (haKTMUECKU OKPUCTAJUIM30BAaHHBIM MaTepual, T. €.
MEeHOCTEKJIOKePaMUKY [5], TpaAMIIMOHHO Ha3bIBasi MaTepy-
aJl MeHOCTEKJIOM. DTa 0OCOOEHHOCTh HE MMEET CYILEeCTBEH-
HOTO 3HAUEHUsI C TOYKM 3PEHMS SKCIUTyaTalluu, HO SIBJISIET-
Csl KPpUTUYHOW TIPU BTOPUYHOW MepepaboTKe maTepuana,
TaK KakK HaJMYre KPUCTAIIMYeCKOi (a3bl MOMABISIET TEP-
MOIJIaCTUYHBIE CBOMCTBA MaTepuaa.

Ha nmpakTtuke u3Bjedb NeHOCTEKISIHHbIE WK NTEHOCTEK-
JIOKPUCTAJUIMYECKHUE TUTUTBI U3 CTPOUTEIbHBIX KOHCTPYK-
1IUii B HEU3MEHHOM BUJIE HE MPEICTaBJsSIeTCS BO3MOXHBIM
0e3 MexaHMueckux moBpexnaeHuit. Kpome Toro, eimie Ha
CTaluM CTPOMTEILCTBA TUIUTHI Pa3pe3aloT B COOTBETCTBUU C
TpeOOBaHUSAMU IIPOEKTa, YTO OOYCIOBIMBAET HEBO3MOXK-
HOCTb TMOJIYY€HUS] MPU YTUIU3AIUMU CTPOUTEIbHBIX KOH-
CTPYKLIMI TOBAPHBIX IITYYHBIX U3AETUI TPEOYeMBbIX pa3Me-
poB. OfHako Bcerga MOXHO DPa3ApoOUTh W3BJICYEHHBIN
SYEUCThI MaTepuay B I11Ie0eHb, KOTOPBIM MO CBOMCTBAM
HEOTJIWYUM OT CIEeHMAJIbHO IPOU3BEACHHOTO TEeHOCTe-
KJASSHHOTO WJIM TI€HOCTEKJIOKPUCTAIINYECKOTO IeOHS.
IToaToMy 3amaya BTOPMYHOTO MCIIOJb30BAHMS TEHOCTE-
KJISTHHBIX IV IEHOCTEKJIOKPUCTANTMYECKUX TUIMT Ha TTpaK-
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Puc. 1. ®oTtorpadum cpesoB KOMMO3MLMOHHOIO MaTepuana U3 YepHOro NeHOCTEKNSIHHOMO LLEeOHS
1 6enoro NopTNaHAUEMEHTHOMO BSXKYLLErO NPW HEAOCTATKE CBA3YIOLLEro (a) U Npu 3amnofiHEHWUN

CBA3YIOLLMM BCEr0 MEX3EePHOBOIro NPOCTPaHcTBa (6)

THUKE MOXET ObITh CBeJieHa K 3aJaue U3TOTOBJIEHUS HOBBIX
SIYEMCTBIX TUTAT U3 MIEHOCTEKJISTHHOTO MJIU TIEHOCTEKIOKPH-
CTaJIMYECKOrO 11eOHS.

HaunGonee oyeBUOHBIM pellIeHUEM 3TOM 3a7a4u MOXKET
OBbITh M3MeJIbYCHUE TTOJTYYeHHOTO SYEHCTOrO IIeOHS 0
¢pakumii meHee 80—100 MKM M IMpUMEHEHUE TAKOro IO-
pOIlIKa B TEXHOJOTUHU STYEUCTHIX TJIUT Kak ChIpbsi. OIHAKO
TaKoe pelieHNe He IPUBOIUT K KeJJaeMOMY pe3yJIbTaTy Ipe-
K7€ BCETO IMOTOMY, UTO U3METbUYEHHAS B MOPOIIOK CTEKJIO-
KepaMUKa He MOXeT ObITh TIPUMEHEHA B KaUeCTBE ChIPhS B
TEXHOJIOTUM TEHOCTEKISTHHBIX TUIMT BCJIEICTBHE OTCYT-
CTBUSI Y CTEKJIOKEpAMMKKM HEOOXOIMMOI TePMOIIJIaCTUYHO-
CTH, T. €. 3arOTOBKa, MOJyYeHHasl U3 TAaKOTO MOpPOIIKa, He
BcrieHuBaeTcst Mpu Harpese. COpTUPOBKA BTOPUUHOTO siue-
HUCTOTrO MaTepuaja B COOTBETCTBUHU € (ha30BbIM COCTaBOM Ha
aMOop(MHBIN U CTEKJIOKPUCTAIIMYECKUI BECbMa 3aTpYyAHU-
TeJIbHA KaK ¢ TEeXHUIECKOM, TaK M C SKOHOMUYECKOMN TOUeK
3peHMs.

Kak 6bL10 yKazaHo Bbllle, aHAJIOTUYHYIO 3a/1a4y I10 MC-
MOJIb30BAHUIO MEHOCTEKJITHHOTO IEOHSI B CTPOMTENbCTBE
pelaT U npousBoauTean. Eciau octaBUTh B CTOpOHE Tpa-
IUIIMOHHOE HCIOJIb30BaHWE TMEHOCTEKISIHHOTO IeOHS B
CTPOUTENIBCTBE JOPOT U 3aCHIITHOM TETUTOU3OJISILINK, TO TTPO-
JTOJIKAIOTCS TIOMBITKY TTOJIYYUTh TUTUTHBIE U3METUST Ha OC-
HOBE€ TMEHOCTEKJISTHHOTO IIeOHSI MPU CKPEeIIeHWU YacTHIL
mebHs TeM WM WMHBIM BUAOM cBssytoulero. [lonydyeHue
AHAJIOTUYHBIX KOMITO3UILIMOHHBIX TUTUT Ha OCHOBE 3aITOJTHU-
TeJIsl B BUZE TIEHOCTEKJISTHHOTO I'PpaBUsl MIO3BOJISIET MOJTyYUTh
KOMITO3HUIIOHHBIE TUIUTHI INIOTHOCTBIO OT 350 Kr/M° [6]. B
OTJIVYME OT MEHOCTeKJISIHHOTO TpaBusl (IpaHyJsita) MeHO-
CTEKJISIHHBIN 111€0eHb UMEET NMPUHIUMITUATIBHO UHYIO CTPYK-
TYpy TToBepXHOCTH. DaKTUYECKU TTOBEPXHOCTh KaXKI0M ya-
CTUIIBI 1IeOHS MPEeACTaBIsIeT CO00Il CKOJI TBEP/IO TEHBI C
OTKPBITBIMU STYeHKaMK. DTO MPUBOIUT K 3aKOHOMEPHOMY
00s13aTeIbHOMY 3aITOJIHEHUIO OTKPHITHIX STYeeK KaXkaoil Jya-
CTULBI CBSI3YIOLIENW KOMITO3ULIMEN €llle N0 TOr0 MOMEHTA,
KOT/Ia OHO CMOXET CKPENUTh KYCKM IeOHsT MeXIy cOOOM.
®otorpaduu cpe3oB TAKOro KOMIMO3UIIMOHHOTO MaTepuaa
MpeACTaBIeHbI Ha puc. 1.

OO6paniaeT Ha ceOs1 BHUMaHUE TOT (hakT, UYTO JAaxe Mpu
HE3HAYUTEJbHOM KOJIMYECTBE CBSI3YIOIIETO KOMIIOHEHTA B
KOMTIO3UIIMU TIPOUCXOIUT 00sI3aTeIbHOE 3aloJHEHUE MM
MOBEPXHOCTH KYCKOB SIU€UCTOT0 MaTepuasa U TOJbKO Moc/e
TOJIHOTO 3aITOJIHEHUSI BCEX OTKPBITHIX sTYeeK Ha TMTOBEPXHO-
CTU KyCKOB MaTepuajia BO3MOXEH IPOLIECC CKPEIICHUS
KYCKOB, TTOKPBITBIX 000JIOYKO CBSI3YIOIIET0, MEXIY COOOMA.
IIpu cpemnem mmametpe ssueek marepuaia 0,8—1,2 MM Ha
MOBEPXHOCTH KaXKIOTO KycKa IMOTpeOyeTCsl I X CKpeTuie-
HMS B €MHBII OJIOK KOPKa U3 CBS3YIOIIEero MaTepuasa ToJ-
IIMHOW He MeHee YKazaHHOro auamerpa siueek. HetpyaHo
paccuuTarh, YTO B 3TOM CJIydae TUIOTHOCTh TOTOBOM KOMITO-

e

Puc. 2. ®dotorpadus cpesa KOMMO3ULMOHHOIO
mMartepuana n3 6enoro (OKMCNEeHHOro) NeHoCTeK0-
KPUCTaNIM4eckoro LebHs Ha CBA3KE U3 YepHOro
(BOCCTAHOBJIEHHOI0) MEHOCTEKIOKPUCTANINYECKOrO
MaTepuana

3ULMOHHON TUIMTHI U3 SIYEMCTOrO IIeOHSI Ha CBSI3KE U3
NOpT/IaHIleMeHTa Mojyuutcst Bbime 600 kr/M® u mpu
YMEHBILIEHUM CPETHETO pa3Mepa KyCKOB 111eOHS TUIOTHOCTD
ITUTBI OyIeT TOJIbKO Bo3pacTaTh. [103TOMY rOBOPHUTH O Ta-
KUX 0J10Kax, KaK TETJIOU30JIAIIMOHHBIX, HE TIPSACTABISICTCS
BO3MOXKHBIM. [IJ1s1 ToydeHMs] TeTUTOM3OJSIIIMOHHBIX 0J10-
KOB M3 TIEHOCTEKJISIHHOTO WJIM TEHOCTEKJIOKPUCTALINYE-
CKOTO IIeOHS HEeOOXOIUMO U3MEHUTh BUJ CBSI3KHM MEXIY
KyCKaMH I11eOHSI.

B cBsi3u ¢ M3NMOXEHHBIM 3a/auyy TOJIYYeHUS IITYYHBIX
MMEHOCTEKJITHHBIX WJIN MEHOCTEKJIOKPUCTATNISCKUX U3JIe-
JINi HEBBICOKOM TUIOTHOCTM U3 HACHITTHBIX STYEUCTBIX MaTe-
pYajoB MOXHO paccMarpuBaTh upe. [To MHEHMIO aBTO-
POB, C TOYKM 3PEHUST IKCIUTyaTAllUOHHBIX XapaKTePUCTUK
Marepualia He UMeeT IMPUHIUMITUATIbLHOTO 3HaUYeHUs (ha30Boe
COCTOSIHUE M3MIENNSI — MaTepuasl MOXET ObITh aMOP(MHBIM
WY KPUCTAITMIECKUM, HO BaXKHO, YTOOBI TOTOBOE U3MIEIINE
HMMeJI0 TOYHBIe pa3Mephl ¥ 00J1a1aJ10 HU3KOM TJIOTHOCTBIO U
TEIJIONPOBOAHOCTbIO. TOUHO Tak Xe SIBJASETCS Hecylle-
CTBEHHBIM (hazoBoe cocTosiHMe U (hOpMa HACBIITHOTO sSTYeH-
CTOro Marepuajia, IpUMEHSIeMOro B KayecTBe JIETKOTo 3a-
TTOJTHUTEJISI JUTSI TIOJTyYeHUST TOTOBOTO U3ACIUS. DTO MOXET
OBITh KaK IeOeHb, TaK U CQEepUYeCKMid TI'paHyJIST.
KpUTUYHBIM SIBISIETCSI CTPYKTYpA CBSI3KU TAKOT'O 3aIOJTHU-
TeJisl B TOTOBOM U3MIEJIUU, HEOOXOAMMO, YTOOBI CBSA3KA UME-
JIa STYEUCTYIO CTPYKTYPY.

IIpoBeneHHBIE KCIIEPUMEHTHI TTOKa3aJdu BO3MOXHOCTh
MPUMEHEHUSI CUHTE3MPYEMOTO STYEUCTOTO CTEKJIOKPUCTANI-
JIMYECKOTO MaTepraa B KaueCTBe CBSI3KH JUTS TICHOCTEKIISTH-
HOTO WJIM TIEHOCTEKJIOKPUCTALTMIECKOTO 1IeOHST WA Tpa-
Bus. JleiicTBUTENIbHO, paHee ObLIO YCTaHOBJIEHO, UTO IIpU
MOJIyYEeHUU TIEHOCTEKJIOKPUCTALIMYECKOTO MaTepuaia o
TUIPATHOM TEXHOJIOTMU Ha TIEPBOM 3Tare ChIplioBasi CMeCh
00JlafaeT BICOKMMM BSDKYIIMMU cBoicTBamu [7]. ODT10 00-
CTOSITEJTLCTBO MOXKET OBITh MCITOJIb30BAHO JUTSI CBSI3KU SIUCH -
CTOTO IIEOHST B MOHOJUTHYIO KOMITO3UIIMIO HA CTaaWH TTO/I-
TOTOBKM MaTepuaia I BCIieHWBaHUs. B KadecTBe ChIpbsI
ObLIT BBIOpaH MEHOCTEKIISHHBIN 1Ie0eHb (ppakimy 5—20 Mmm
C HACBITTHOM IIOTHOCTHIO 105 Kr/M°>. XapaKTepUCTUKY CTPO-
UTeIbHBIX MaTepuanioB onpexaensyiu no 'OCT 17177-94
«Martepuaibl U U3IEIUs CTPOUTEIbHBIC TETUIOM3OJISIIMOH-
Hble. MeTObl UCTIBITAHU .

[MonucunukaTtHas cBs3Ka ToJydyeHa M3 OUATOMUTA
[ToTaHMHCKOTO MECTOPOXKICHUS U TUIPOKCHUIA HATPUS T10
MeTO1Ke, ONMcaHHoi B [7]. B mpoiecce TepmoodpaboTKu
TTOJTy9eHHBIN KOMITO3UITMOHHBIN MaTepral, COCTOSIINIMA U3
STYEUCTOTO IIEOHS U TIOJIMCYIIMKATHOM CBSI3KU, HE U3MEHSI -
€T CBOMX IeOMETPUYEeCKMX Pa3MepoB, a MOJMCHIMKATHASI
CBsI3Ka 00pa3yeT SYEUCThI CTEKIOKPUCTALIMYECKUIA Ma-
TepuaJl, CBA3bIBAIOLIUI STYEUCTHIN 111e0eHb B €MMHOE U3/e-
sme (puc. 2).
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OO0pasyolnuiics MaTepuag MMeeT HeMpPePbIBHYIO OJHO-
POHYIO STUEUCTYIO CTPYKTYPY U 110 XapaKTEepPUCTUKAM HEOT-
JIMYUM OT TTEHOCTEKJIOKPUCTAINTMYECKOTO MaTepuaa, rmojy-
YEHHOTO MO CTaHAAPTHOW TEXHOJOTUM U3 TEPBUYHOIO
ChrIpbs. SluencToili me6eHb aMOpOHON WM CTEKIOKPH-
CTAJTUYECKOM CTPYKTYPHI BBHIMOJHSIET POJb 3arlOJHUTENS,
MO3TOMY HaJIMYUE WIM OTCYTCTBUE Y HETO CBOMCTBA TEPMO-
IUTACTUYHOCTU HE WUIpaeT poJIM B Ipolecce oOXKura.
HWHTepecHOil 0COOEHHOCTBIO CIIEKaHUsST (hOPMUPYIOIINXCS
13 KOMITO3UIIMOHHBIX 3aTOTOBOK MaTEPHUAJIOB SIBJISIETCS Of-
HOPOIHOCTh IIOJIy4aeMOIl CTPYKTYpPhI II€HEL. DTO 0OCTOSI-
TEJIBCTBO MOXKHO MCIOJb30BaTh JJIS1 TIOJYUYEHMS STUEHCTBIX
6J10KOB U3 c(peprueckux 3arotoBok [8]. [ToaTroMy Hanuuue
MOJIMCWINKATHOM CBSA3KM MEXIY YacTULIaMU 1eOHSsI, oOpa-
3yIOILEH TYEHUCThI MaTepuasl TIpy HarpeBaHWUM, TPUBOAUT K
MOJYyYEHUIO TMEHOCTEKIOKPUCTALINYECKOTO MaTepuaia B
MPOCTPAHCTBE MEXIy 4JacThllaMu IeOHsa. B pesynbrare
CTPYKTYpa TEHOCTEKJISTHHOTO INEOHS OCTaeTCsl HeM3MeH-
HOM, a MPOCTPAHCTBO MEXAY KyCKaMu SYEUCTOro IIeOHS
3ar0JHSETCSI HOBBIM TEHOCTEKJIOKPUCTALIMYECKUM MaTe-
puanom. JIyist BU3yaausaiyu 3Toro akra ObLTA U3rOTOBJIE-
HbI 00pa3IIbl U3 MEHOCTEKJIOKPUCTAJUIMYECKOTO IeOHSI, TT0-
JIY4EHHOTO TI0 BOCCTAHOBMTEJIBLHOMY BapuaHTy (YepHOTO
1IBeTa), Ha CBA3KE U3 MEHOCTEKIOKPHUCTAIINIECKOTO MaTe-
puajia oKucjiaeHHOro tuna (0ejoro 1Bera) Mo OMUCAHHOM
paHee Metoauke [9]. OueBUIHO, UTO SIYEUCTHIi 11eOeHb Op-
TAaHUYHO BXOIUT B CTPYKTYpPYy FOTOBOTO Marepuaia (puc. 3).
[MosyyeHHBIN SYEUCTHI MaTepuay 00JiafaeT CTEKIOKPU-
CTaJUTMYECKOM CTPYKTYPOIi, UTO OBLIO MoKa3aHo paHee [10].

Ka)l(yl.l.l,aﬂc'il MJIOTHOCTb U NPOYHOCTb Ha CXaTue
uccnenoBaHHbIX 06pa3u,os si4encTbiX MmaTepuanos

Puc. 3. d)omrpacbmm Cpe30B KOMMO3ULUMOHHOIo Mmatepuana n3 4epHoro NeHOCTeKNaHHOro webHsa
n 6enoro NEHOCTEKJIOKPUCTAJININHECKOro BAXYLLEro rnpu 3arnosiHeHUU BAXYLUMM MeX3epPHOBOro

Kaxyuwascs | MNpo4yHOCTb
Bup matepuana MAOTHOCTb, | Mpu cxartuu,
kr/m3 MMa
O6paseL, Npom3BoaCTBa
Pittsburgh Corning 140 0.7
O6paseL, Npon3BoacTBa 160 11
«CT3C-Bnagnmnp» ’
O6paszeL, npon3BoacTea
HMNMN «TexHonorus» 135 0.7
O6paseL, Nosy4YeHHbIN
Mo ONMCaHHOM MeToanke 260 2 1
13 rpaHy/IMPOBAHHOIO NEHOCTEKNA ’
npounssoacTtea Baugran
O6paseL, MaTepurana, NoJy4eHHbIn
Mo ONUCaHHO METOAUKE U3 MEHO- 290 2,3
CTEKIOKPUCTaINYECOro WebHs

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

Puc. 4. 3aBMCMMOCTb OTHOCUTESILHOrO PACLUMPEHNS
obpasua (L/Ly) — kpmBas a n kaxyLeincs nIoTHOCTH
— KpuBas 6 OT KONMYECTBA CBA3KM B UCXOLHOW KOM-
noauumm (r/100 r NeHOCTEKNSHHOrO Le6Hs) YHepHOro
(BOCCTAHOBJIEHHOr0) MEHOCTEKIOKPUCTAIINYECKOrO
martepuana

OtnenbHOM 3aayeil B paMKax CO3MaHMUSI TEXHOJIOTMU
IUTUTHOTO TTIEHOCTEKJIOKPUCTAJUIMUECKOTO MaTepraja Ha oc-
HOBE STYEUCTOTO 11IeOHSI SIBJISIETCS OIpeNeIeHue KOJIMYecTBa
CBSI3KM, OOECIIeYMBAIOIIEH 3aIlOJIHEHWE BCEro CBOOOTHOTO
MPOCTPAHCTBA MEXIY KyCKaMU IIeOHST CHUIMKATHOM ITIeHOI B
npoliecce TepMoodpadoTku. I1pu cBoOOIHOM pacllMpeHUU B
npoiiecce MeHOO0OPa3oBaHMsl 3arOTOBKM M3 MPECCOBAHHOTO
nopoiika [11] uam u3 XuMU4YeCKH CBI3aHHOTO MOHOJIUTHOTO
610ka [10] TporcXoauT yBeIMYEHNE Pa3MEPOB 3aTOTOBKM U
00pa3oBaHue STYEUCTOTO u3nenus. B ciyuyae pacrionoxkeHust
TTOJIMCUJIMKATHON CBA3KM MEXIY YaCTMIIAMM IeOHS Tpe-
ToJ1araeTcs, YTo yBeJMUeHUe KOJIMYeCcTBa CUJIMKATHOM CBSI3-
KU B UCXOAHOM KOMIO3UILIMK IPUBOIUT IIPU TEPMOOOPaOOT-
Ke K 3alOoJIHEHUIO CBOOOMHOrO MPOCTPAHCTBA U TOJIBKO TO-
cJie TOTO HAUHYT PAcTU JIMHEWHBIe pa3Mephl oOpaslia.

Ha puc. 4 mokazaHbl 3aBUCUMOCTH OTHOCUTEJILHOTO pac-
IMUpeHnsT 00paslia U KaxyIleics: MIOTHOCTA OT KOJWYeCcTBa
CWJIMKATHOM CBSA3KM. MOXHO TPEAION0XKNUTh, YTO TIPU KOJIH-
YeCTBE CHJIMKATHOM CBA3KM MeHee 26—45 r Ha 100 r stuercToro
1EeOHST TPOVCXOAUT 3alOJIHEHWE HOBOM CHJIMKATHON MeHOM
MEXX3EpHOBOTO TIPOCTPAHCTBA MEXIY KYCKaMM ITEHOCTEKIIO-
KPUCTAJTMUYECKOTO 111e0HS. OMHOBPEMEHHO KaxyIIasics TJI0T-
HOCTb 00PAa3IIOB pacTeT, YTO OOBSICHSETCS 3aMellieHUeM BO3-
JtyXa MexK3epHOBOT'O IIPOCTPAHCTBA Ha 00pa30BaBIITYIOCS CUIIY -
KaTHylo meHy. [locie TOro Kak KOJIMYECTBO CHJIMKATHOM
CBSI3KM CTaHET IOCTATOUYHbIM JUIS1 3aMTOJTHEHMSI BCETO MEX3ep-
HOBOTO MPOCTPAHCTBA, JalbHelIlee YBeJIUYeHNEe ee KOoarde-
CTBa IPUBOJIUT K POCTY OJIOKA U yAAJICHUIO KYCKOB 3aIlOJTHUTE-
JIsS IPYT OT ApyTa BHYTPU paciimpsitoiieiics neHsl. Kaxyinasics
IJIOTHOCTb MaTtepuaja Mpu 3TOM OCTaeTcsl HeM3MEeHHOM, Xa-
PpaKTepu3ysl KaKYILyIocs TUIOTHOCTh OMHOPOIHOM TIEHBI.

CpaBHeHHUEe Kaxyllleicsl MIOTHOCTU U TTPOYHOCTU MPU
CXKaTUM TIOJYYEHHBIX M3IEIUIA C TTPOMBIIUIEHHO M3rOTOB-
JICHHBIMU (CM. Ta0JIMILy) TTO3BOJISIET 3aKJIIOYUTh, UTO TTOTY-
YaeMBblil STYEUCTBIN CTEKIOKPUCTAIMYECKUI MaTepural He-
3HAYUTEBHO YCTYMaeT 1O TEeIUIOM3OISLIMOHHBIM CBOM-
CTBaM M3BECTHBIM M3MAEIUSM, YTO MOXET OBbITh CBSI3AHO C
YBEJIMYEHHOM KaXyIlelcsl TNIOTHOCTbIO MaTepuaa. OaHaKo
TaKoe yBeJIMYCHUE TIJIOTHOCTU MIPUBOAUT K CYIIIECTBEHHOMY
YBEJIMYEHUIO MIPOYHOCTH, YTO IOIMyCKAeT MpUMEHEHUE Ma-
Teprajia He TOJIbKO KaK TEeIJTIOM3OJISIHMOHHOIO, HO M KakK
CaMOHECYIIIeTO, a TPU OMpEIeJeHHBIX YCIOBUAX U KakK
TEIUIOU30JISIIMOHHO-00JMIIOBOYHOTO, YTO 3HAYMTEIHHO
pacuipsieT obJacTb IpuMeHeHus [5].

Panee 6b110 TTokazaHo [ 10], uTo B ripoliecce TepMooOpaboT-
KU MOJMCUINKATA 1 TTOJTyYeHHUs STYEMCTOro MaTepuaia 1o rvji-
paTHOM TEXHOJIOTMU TMpeoOafarolleil Kpuctajuimueckon ¢a-
300 B MOJYYeHHOM Matepuajie SIBJISETCS O-KBapll ¢ He3HAYM-
TeJIbHOIM MPUMEChIO KpUcTobaiuTa. B mpemioxxeHHOM MeTozie
TTOJIyYEeHUsI KOMITO3UILIMOHHOTO MaTepuajia peHTreHo(a30BbIit
aHaJIM3 TTOATBEPAWIT HaJIMUME 3TUX (ha3 B TOTOBOM IMPOIYKTE.
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Materials with Cellular Structure

Takum 06pa3om, IIpUMEHEHNE TTOMMCUINKATHOM CBSI3KH,
Jiexalleil B OCHOBE KOMITO3ULIMM ISl CUHTE3a MEeHOCTEKIIO-
KPUCTAUIMYECKOTO Marepuaia Mo TMAPATHOW TEXHOJIOTUM,
MO3BOJISIET TOJTy4aTh Ha OCHOBE MEHOCTEKJISIHHOTO U MEHO-
CTEKJIOKPUCTAJUIMYECKOTO IEOHS Y TPAaBUSI TTATHI 3aIaHHBIX
pa3MepoB ¢ IYEUCTON OMHOPOIHOM CTPYKTYpOii. [TomydeHHbII
Marepua 1o CBOei CTPYKTYpE U MOTPEOUTEIbCKUM XapaKTe-
pUCTUMKaM OJIM30K K MEHOCTEKJIOKPUCTAUIMYECKUM TUIATaM,
MOJYYEHHBIM M0 TPAAULIMOHHBIM TEXHOJIOTHSIM, & TTO HEKOTO-
PBIM MOKA3aTeNISIM IPEBOCXOIUT UX, YTO PACILIUPSET O0JIACTH
MpYMEHEeHUsT MaTepraia B CTpOUTeNbcTBE. B pesynbrare oT-
KPBIBAETCSI BO3MOXHOCTh BO3BPAIEHUST IEHOCTEKIISTHHBIX 1
MEHOCTEKJIOKPUCTAUTMYECKUX TTUT B MOBTOPHbBIN XXU3HEH-
HbI/ LIMKJI, YTO B IOJIHOM MEpe COOTBETCTBYET CTaHAAPTaM
3€JICHBIX TEXHOJIOTUI U YCTOMYMBOIO PA3BUTUS.
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Bbiwna B cBet kHura A. Ketoa
= boii CTEna: TPYQHLIA NYTb K AYEHCTOMY
CTEIy 0T Gecnonesblx 0TX0[0B

Ha aHrnuickom a3bike.

B KHure paccmoTpeHbl BOMPOCHI HAKOMIEHUS W

BTOPUYHOTO MCMONb30BaHNA OTXOAOB CTeKna.

[TokasaHo, 4T0 CNIOXXHOCTM C NepepaboTKoN CTek-

N1a CBA3aHbI C MHEPTHOCTbIO MaTepuana u ero He-

BbICOKOI CTOMMOCTbI0. Oco60e BHUMaHue yae-

NEHO XMMWUYECKUM 1 TePMWUYECKUM CBOIACTBAM
CTeK/1a Kak OCHOBbI 1St TEXHONOrMM ero nepepaboTki B BOCTPEOOBAHHbIE
NPOAYKTbI. Ha 0CHOBE AeTanbHOr0 ONUCAHWUS WOHOOOMEHHbIX 1 TePMOXM-
MUYECKNX CBOWCTB AUCMEPCHOTO CTEKNA NPeAn0XeHbl METOAb!I MPOMBbILL-
JIEHHOTO MCMONb30BaHNSA CTEKN0608 KaK CbIpbS.

Moapo6HO OMMUCaHbl TEXHONOrMM NPOU3BOACTBA BSXKYLUMX KOMMO3M-
LUMIA 1 AYEUCTbIX MaTepuanoB M3 CTekno60s. 3noxeHbl pesynbratbl UC-
CnefoBaHuii ra3006pa3oBaHust B TEPMOMIACTUYHBIX CUMIMKATHBIX KOMMO3M-
umax. MokazaHo NpeMMyLLEecTBO MMAPATHOr0 MexaHn3ma ra3ao06pa3oBaHus
M0 CPABHEHMIO C TPAANLMOHHBIM CyNb(haTHbIM, TPUBOASALLEE K BO3MOXHO-
CTW nepepaboTKN HECOPTOBOrO CTEKNA, U TEXHONOMMM 06XKNra 3aroToBOK B
neyn 6e3 MeTannnyeckunx hopm.

0Oco60e BHMMaHWe yaeneHo noTpebuTensCKMM CBONCTBAM MOMYYEHHbIX
MaTepuanoB 1 PbIHOYHLIM OCOBEHHOCTAM UX MpuMeHeHus. MpeacTaBneHbl
NpUMEpbI UCMOMIb30BAHUS MONYHYEHHBIX SHEUCTbIX MATEPNANIOB B PA3NINYHbIX
00beKTax M 06CYXAAI0TCH BOSMOXHbIE HOBbIE 06/1aCTV MPUMEHEHMS.

KHura npefHasHayeHa ans WupoKoro Kpyra cnewnanucTos B 061actu
BTOPUYHOI NepepaboTKM OTXOL0B CTEKNA U CTPOMTENbHbIX MaTepuanos, a
TaKke OydeT nonesHa CTyheHTam NPUPOSOOXPaHHbIX, MaTepuanoBeye-
CKUX U XMMMUYECKMX CNELManbHOCTEN.

KHMFV MOXHO npuoﬁpecm B UHTEpPHET-MarasuHe
www.morebooks.de
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ynnotHutenoHble ycTpoicTea u3 MMPM-AcTuku
npuemMHbIX 6YHKEpPOB NEHTO4YHbIX KOHBEepoB

06bI4HO NpUEMHbIe BYHKepa NEHTO4YHbIX KOHBEEPOB BbINONHEHbI B BUAE ABYX NapanfefibHO YCTAHOBMEHHbIX LWIUTOB C HaknoHom 20-30°

K BEPTMKANbHOM NNOCKOCTU. K HUXHEN 4acTW LUMTOB KPENUTCS YNNOTHEHUE, BbINOSHEHHOE, KaK NPABUIIO, U3 TEXHUYECKOA PE3UHbI Unu
0TpaboTaHHON KOHBENEepPHON NeHTbl. MNpu Takoil KOHCTPYKLMM NPUEMHOr0 6YHKepa BOSHWUKAIOT MOBbILIEHHbIE HArPY3KW HA 6OKOBbIE LNTbI

1 PE3NHOBbIE YNNOTHEHUSA, NHTEHCUBHO U3HALLIMBAETCA BEPXHAA paboyas 06KMazfKa NeHTbl KOHBENepa Ha KOHTAKTE C YNIIOTHEHNAMU

1 06pa3yIOTCA 3HAYMTENbHBIE NPOCHINW FPYHTA Y MECT 3arpy3kiu NeHTbI. YCTaHOBKa YNIOTHUTENbHbLIX nonoc u3 MNOMN-Actuku

C PackKpbIBaKOLLMMCH 3230pPOM B HaNpaBJiIeHNN ABWXEHUS NIEHTLI KOHBEWepa no3BOJIAET UCKMOYNTL 3aKIMHUBAHWE TBEPAbLIX KYCKOB rpyHTa
MeXAY NEHTON 1 YNNOTHUTENSAMW, YTO NPUBOAMUT K 3HAYUTENIbHOMY YMEHbLUEHWIO MPOAONLHOIO NOS0COBOr0 M3HOCA PaboYelt CTOPOHbI JIEHTDI,
YBEJINYEHUIO ee 3KCNNyaTauMoHHOr0 CPoKa CnyX6bl, @ TaKXXe No3BONAET NONHOCTbIO NUKBUAMPOBATL NPOCTON 6YHKEPOB, BbI3bIBAEMbIX 4aCTbIM
06pbIBOM PE3MHOBLIX YNIIOTHUTENEN.

KnioyeBble cnoBa: npueMHbli 6YHKep, KOHBENEP, rPYHT, PE3NHOBbINA YNNOTHUTENb, NeHTa, ynnoTHUTeNb u3 MMNOM-Actuku.

Ina umtnposanus: KysHeuos B.T., KysHeuos .. YnnoTHutenbHele ycTporicta ua MNMIM®MN-ACTUKM NpUeMHbIX 6YHKEPOB JIEHTO4HbIX KOHBEREpOB //
CtpontensHbie matepuansi. 2017. Ne 5. C. 60-62.

V.G. KUZNETSOV, President, General Director (ppfp_astiki@mail.ru),
|.P. KUZNETSOV, Commercial Director (astik_kp@mail.ru)
000 «As-Tik KP» (16, Teterinsky pereulok, 109004, Moscow. Russian Federation)

Sealing Arrangement Made of PPFP-Astiki for Receiving Hoppers of Belt Conveyers

Usually, the receiving hoppers of belt conveyers are made in the form of two parallel shields with inclination of 20-30° to the vertical plane. Sealing is made, as a rule, of technical rub-
ber or a spent conveyer belt which is fixed to the bottom parts of shields. This design of the receiving hopper causes increased loads on the side shields and rubber sealing, an upper
working cover of the conveyor belt intensively wears on the contact with sealing and, as a result, considerable soil spillages are formed near the place of belt loading. The installation of
sealing strips of PPFP-Astiki with an opening gap in the direction of movement of the conveyor belt makes it possible to exclude the wedging of solid pieces of soil between the belt and
sealers that leads to significant reducing the longitudinal strip wear of the working side of the belt, increasing its operation life as well as making it possible to liquidate downtimes of

hoppers caused by the frequent breakage of the rubber sealers.

Keywords: receiving hopper, conveyor, soil, rubber sealer, sealer made of PPFP-Astiki.

For citation: Kuznetsov V.G., Kuznetsov I.P. Sealing Arrangement Made of PPFP-Astiki for Receiving Hoppers of Belt Conveyers. Stroitel'nye Materialy [Construction materials]. 2017.

No. 5, pp. 60-62. (In Russian).

OnbIT 9KCTUTYaTallMd KOHBEWEPHOTO TpaHCIOpTa OTe-
YECTBEHHOT'O U MMIIOPTHOTO MPOM3BOJCTBA Ha Kapbepax
u paspesax Poccuu u ctpan CHI cBuzmeTenbcTByeT, 4TO B
OTKa3aX Meperpy304yHbiX yctpoicTB 10—15% BpemMeHu co-
CTaBJISIIOT MPOCTOM, BbI3BaHHBIE OOpbIBAMU PE3MHOBBIX
YIUTOTHSIOWIMX YCTPOMCTB, 3aKPBIBAIOLIUX IIEIb MEXIY
HENOABUXHBIMU OOKOBBIMU IIMTAMKU W KOHBEMEpHOI
JICHTOM C 1IeJ1bI0 MPEAOTBPALEHUS] TPOCHINIAHUSI TOPHOI
macchl. OOpBIB BO3HUKAET BCJIEACTBUE TTOBBIIIIEHHBIX AW~
HaMUYeCKHX Harpy3ok B MOMEHT (pOpMUPOBAHUS TPY30-
MOTOKA TOPHOW Macchl B HAMPABJISIOLIUX IIMTAX TPUEM-
HBIX OYHKEPOB.

OOBIYHO TIpUEMHBIE OYHKepa JIECHTOUHBIX KOHBEHepOB
BBITIOJHEHbI B BUJIE JIBYX MapauleJIbHO YCTAHOBJIEHHBIX
MeTaJUTMIeCKUX IIIUTOB ¢ HakioHOM 20—30° K BepTUKaJIb-
HoM 1utockocTH [1]. K HMzKHE# 4yacTu IIUTOB, KaK IIpaBU-
JIO, KPEMUTCS YIUIOTHEHUE U3 TEXHUYECKOW Pe3UMHBbl WU
oTpaboTaHHOI KOHBelepHoii JeHThl (puc. 1). I1pu Takoit
KOHCTPYKILIMU ITPUEMHOT0 OyHKepa BO3HUKAIOT ITOBBIIICH-
HbI€ Harpy3kv Ha OOKOBbIE IIIUTHI U PE3MHOBBIE YIIJIOTHE-
HUSI, MHTEHCUBHO W3HAIIIMBAETCS BEpXHsisI pabodasi 00-
KJ1aJKa JIEHThl KOHBelepa Ha KOHTAKTe C YIUIOTHEHUSIMU U
00pa3yloTcsi 3HAYMUTEIbHbIE MNPOCBHINU Y MECT 3arpys-
Ku (puc. 2).

beuto ycraHossieHO [1], 4TO TBepable TMOJUMEpPHBIE
MaTepualibl, UMEIOLIe HU3KHE NTOKa3aTeJ I MPUIUNnaeMo-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

CTH YBJIaXKHEHHBIX TOPHBIX MTOPOJ M 06JIamarole 10cTa-
TOYHOM yAAPOTIPOYHOCTBIO Y U3HOCOCTOMKOCThIO, MOXKHO
3(hGEKTUBHO WCITOJB30BaTh B KayeCTBE YIJIOTHUTENEH
PE3MHOTKAHEBBIX U PE3WHOTPOCOBBIX JICHT MPUEMHBIX
OyHKepoB. [l 3TOil Lieid peKOMEHAYeTCsl IPUMEHSITh
VIUIOTHUTEHU, U3TOTOBJIEHHBIE U3 TTOJTMMEPHBIX MPOTHUBO-
HaJUMAaoInX @YTepOBOYHBIX TJIACTUH — ACTUKH
(TITI®IT-Actuku) [2—10]. Takue ymiaotHuTenu (puc. 3)
ObUIM YCTAHOBJICHBI B MPUEMHBIX OYHKepaX JICHTOYHBIX
KOHBEEepPOB BCKPHIIITHBIX POTOPHBIX 9KCKaBaTOPOB, JKC-
IUIyaTUPYIOLIMXCS HA poTOpHOM Komiuiekce SRS-2400 B
SBopoBckom ITO «Cepa» (YKpauHa) U BCKPBILIHOM PO-
TopHOM KoMrIuiekce DP-1250 Ha AdpaHacheBCKOM Kapbepe
eMeHTHOro chipbsi (Poccust). CrnenyeT OTMETUTh, 4YTO
pa3pabaTpiBaecMasi TOpHas Macca Obla MpeacTaBlieHa B
OCHOBHOM TSIKEJIBIMU MEPTeJIMCTBIMUA TJIMHAMU, CE30H-
Hasg BJIAXHOCTh KOTOPBIX M3MeHsutach oT 20 mo 35%.
[ToBbllIeHHAsT BAaXHOCTb IJIMHBI OIpefessija €€ BbICO-
KYIO JIMIIKOCTh K CTaJbHBIM METAJIOKOHCTPYKIUSIM |
JICHTE.

Pe3ynbTaThl OMBITHO-TTPOMBITIUIEHHBIX UCITBITAHW TTO-
Kasajd, 4YTO YCTaHOBKA VYIJIOTHUTEIBHBIX II0JIOC U3
TITIPII-AcTuku ¢ pacKphIBaIOLIMMCS 3a30POM B HaIlpaB-
JICHUU JBUKEHUsI KOHBEWEpPHOM JIEHThl IMO3BOJIWJIA MC-
KJIIOYUTh 3aKJIMHUBAHUE TBEPIBIX KYCKOB I'PYHTa MEXIY
JICHTOM 1 YIIJIOTHEHUSIMU. B CBOIO 0uepenb, 3TO MPUBEINIO K
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B NPUEMHOM ByHKepe NIEHTOYHOr0 KOHBelepa

YMEHBIIIEHUIO MTPOJIOJILHOTO MOJOCOBOro U3HOCa paboyeit
CTOPOHBI JIEHTHI KOHBeiepa, KOTOPBIM MPOMCXOAUT MH-
TEHCUBHO TMPU MCITOJIb30BAHUM PE3UHOBBIX YIUIOTHUTE-
Jieit. D10 cyliecTBeHHO (0oJiee YeM B IBa pa3a) YBEJIUUMIO
9KCIUTyaTallMOHHBIN CPOK CIIYXObI JieHThl. Kpome TorO,
YCTAaHOBKA TaKUX YIJIOTHUTEJICH IO3BOJIMJIA TOJTHOCTHIO
JIMKBUIMPOBATh TPOCTOU TI€PEerpy30UHBIX YCTPONCTB, BbI-
3BaHHbBIE YaCThIM OOPBIBOM paHee UCITOJb3yeMbIX PE3MHO-
BBIX YIUIOTHUTEJICIA.

JlanbHeiM pa3BUTHEM KOHCTPYKIIMU YTUIOTHUTEb-
HBIX YCTPOMCTB SIBJISIETCSI BApMAHT O0PTa IEHTOUHOTO KOH-
Beliepa, mpeIcTaBIeHHbIN Ha puC. 4.

31ech MpeaycMOTpeHa BO3MOXHOCTb pearupoBaHUsI
VIJIOTHUTEILHOM MOJIOCHI B ClIydae MomnagaHus MeXny Helt
Y KOHBEMEPHOM JIEHTOM TBEPAbIX BKIIOYEHU I MOPOABI pa3-
MepOM OOJIBIIIUM, YeM 3a30p MEXIY JEHTON M YIJIOTHU-
TeJbHOU Tosiocoil. BopT JIeHTOYHOrOo KOHBeliepa MMeeT
OrpaXIAIIUI IUTOK [, K HUKHE 4aCTH KOTOPOTO MpHY-
KperuieHa ¢ 3a30poM 2 OTHOCUTEJILHO JIEHThI 3 KOHBeliepa
C BO3MOXKHOCTBIO TIepeMEIIeHUS TI0 BEPTUKAIU YTUIOTHU-
TeJIbHas 1MoJjioca 4 13 JIMCTOBOTO MOJIMMEPHOTO MaTepuania,
usrorosiaeHHoro u3 [MIPII-Actuku.

YIuloTHUTENbHAS TMOJ0Ca OAHUM KOHIIOM IIIAPHUPHO
3aKperuieHa K OOpTY C BO3MOXHOCTbIO BpaliaTesIbHOTO
NBUKEHUSI B BEPTUKAJIbHOM TIJIOCKOCTU. DTO KperieHue
BBITIOJIHEHO C TTIOMOUIBIO CTYIEHYATOTO Najiblia 5 ¢ HApe3-
KO Ha OMHOM KOHIIe TalilKi 6 M IIai0bl 7, 00pa3yloimmx
mapHup. [lasel MIOTHO BCTaBJIeH B TEJO YIUIOTHUTEb-
HOI1 MOJIOCHI M CBOOOIHO MPONYIIEH B OTBEPCTHE, BBIMOJI-
HEHHOE B OrpaxjalolleM IIUTKe, AUaMeTp ero Hape3aH-
HOI YacTW MEHbIIlEe, YeM auaMeTp CMEXHON HeHape3aH-
HOM, HECKOJIbKO BBICTYIIAIOIIEl 32 OOpPT B HAIpaBIeHUU
mraiioel. Takoe BBIMIOJHEHHE IIAPHUPHOTO COETMHEHUS
obecrieunBaeT rapaHTUPOBAHHBIN 3a30p MeXAy 11aiiooi 7

53—z,

Puc. 4. Cxema 6opTa NEHTOYHOro KoHBelepa [2]: 1 — orpaxgalowmi
LWMTOK; 2 — 3a30p; 3 — NeHTa KoHBeliepa; 4 — yNnoTHUTENbHas nosoca u3
MA®MN-Actukn; 5 — cTyneHyaTblii nanew; 6 — raika, 7 — wanba; 8 — cTyneH-
YyaTble 60NTbl; 9 — BepTUKanbHble Nasbl WuTka; 10 — raika; 171 — waiiba;
12 — ynpyrvie anemeHThbl

Puc. 2. ®parmMeHT NpoaonLHOro Nos0CoBOro
M3HOCa BepxHen paboyelrt 06knagknm pesrHo-
TKaHEBOW NEHTbl KOHBEeMepa

M
-

k.
" !

Puc. 3. YcTaHoBKa MOAMMEPHBLIX YMIOTHUTENEN Ha
ocHoBe MMN®M-AcTrki B IpUeMHOM ByHKepe NIeHTOu-
HOro KoHBenepa

1 CMEXXHOM ITOBEPXHOCThIO IIIMTKA U BO3MOXKHOCTD Bpallla-
TEJIbHOTO (KauyaTeJIbHOTO) ABMXEHMS YIUIOTHUTEIbHOM
MOJIOCHI.

Ilo nnvHe yrJOTHUTEIbHAs MMOJIoca B HaIpaBIeHUU
JBVKEHUS JIEHThI MPUKpPEIUIEHA TAKUM 00pa3oM, 4TO OHa
MOXET MepeMellaThbCsl 10 BEPTUKAIU CTYIIeHYaTBIMU 00JI-
TamMu &, XXeCTKO 3aKpeIlJIEHHBIMU B €€ TeJie U TPOITyIIeH-
HBIMU B BEPTUKAJIbHBIX Mazax 9 murka. bontel 3adukcu-
poBaHkbl raikamu /0 u maiibamu /1. BeicoTa ma3za Gonblie
nraMeTpa TPONYIIeHHOro B HeM 0oJjita § Ha BEJMYM-
HY XOJa YIJIOTHUTEJIbHOU IMOJIOCHl MO BepTUKanu. Takoe
KperieHUe YIJIOTHUTEIbHON MOJIOCHI MO3BOJISIET 3a30pY
pacKpbIBaTbCsl (YBEJIMUYMBATHCS) B HAIPABJICHUU JBUXE-
HUS JIEHTBI TTOJ AECTBHMEM MOTIAaBIIEro B HEro KyckKa rpyH-
Ta. DTO CIIOCOOCTBYET CKOpPEUIIeMY BBHIXOOY (BBIHOCY)
9TOro KyckKa M3 3a30pa, B pe3yJibTaTe Yero yMeHbIIAeTCs
MPOJOJBHBIN MOJOCOBOM M3HOC JIEHTHI MOJ, YIUIOTHUTEb-
HOM TMOJIOCOM.

B BepTuKanbHBIX Ma3zax IojJ OOJTaMU YCTAaHOBJIEHBI
yIIpyryue 3JeMeHTbl /2, KOTOpbIe CyKaT IJis TIPUHYIU-
TeJIbHOTO BO3BpaTa YIUIOTHUTEIbHON MOJOCHl B UCXOIHOE
TOPU30HTAJIbHOE MOJIOXEHUE.

YcrpoiictBo paboTaer ciaemylomuM oOpa3oM. I'pyHT,
MOCTYHAIIUI CBEpXY Ha JBUXYIIYIOCS KOHBEHEpPHYIO
JIGHTY 3, MoJ AMHAMWYECKUM HAIlOpOM TepPEMEIaeTCsl €10
OTHOCHUTEIBHO OTPaXIAI0IIUX IUTKOB. [T0CKOMBKY yI10T-
HUTEJIbHBIE TTOJOChI 4 YCTAaHOBJIEHBI C 3a30pOM OTHOCH-
TEJIbHO JIEHThI, €€ M3HOC OT TPEHUS C 3TUMM IOJOCAMU
OTCYTCTBYET. 3a30p YyCTaHaBIMBAeTCsl MUHUMAaJIbHON Be-
JIMYUHBI, UCKJTIOYAIOIIEH KacaHUe JICHTHI U YIIJIOTHUTEIb-
HBIX T10J10C. [ pYHT He NpWIMIIAeT K YIJIOTHUTEIbHBIM T10-
JlocaM, TaK KaK OHM M3TOTOBJICHBI U3 MaTepuasa, UCKI0-
yaroniero Haaumanue. Takum o6pa3oM, HIDKHsIS pabodas
YacTh LIMTKOB 3alllMIlleHa YIUIOTHUTEJbHBIMU TOJOCAMU
OT HAJIMIIaHWS TPYHTa U U3Hoca. [lon AeiicTBMEM yCUINIA,
HaIlpaBJICHHBIX TTOMEPeK KOHBEMEPHOI JIGHTHI U CBEpXY,
4yacTh TPyHTa Mepej 3a30pOM HECKOJIBKO YIJIOTHSIETCS, B
3HAUUTEILHON Mepe TepeKpbIBasi TOCTYIl OCHOBHOW €ro
Macce B 3TOT 3a30p.

B ciyyae momagaHusl B 3a30p TBEPIbIX aOpa3vMBHBIX
BKJIIOUEHUI TPpyHTa C pa3MepaMUi MEHBIIUMU, YEM BbI-
coTa 3a30pa, 3TU BKJIIOYEHUS] HE CKAIUIMBAIOTCSI B HEM
MU3-3a MPUINIIAHUSI CHU3Y K YIUIOTHUTEJIBbHOM MoJjioce U
najiee Mexay coOoii U He apamnaloT JIEHTY, a BBIHOCSITCS
U3 3a30pa, TaK Kak MpUIMNaHue K YyIJIOTHUTEJIbHON Mo~
Jloce B JaHHOM cllyyae uckiaoueHo. [Ipu monagaHnuu B
3a30p Mo ACUCTBUEM AUHAMUYECKOTO MONEPEYHOTO Ha-
rmopa TBEPAbIX BKJIIOYEHUI T'pYHTa ¢ pa3MepaMu 00Jb-
IIMMU, YEM BbICOTA 3TOTO 3a30pa MpPU rOPU3OHTATBHOM
MOJIOXEHUN YIJIOTHUTEJbHOW IOJOCHI, 3aKJIMHUBaHUE
UX B 3a30pe, a CJIeI0BaTE/IbHO, U MOBBILIEHHbIH M0JI0CO-
BOM M3HOC BepXHell 00KJIaaAKy KOHBEEpHOM JIEHThI UC-
KJloyaeTcsd. DTO MPOUCXOAUT MOTOMY, UYTO YIJIOTHU-
TeJIbHas T10JI0OCAa UMEET BO3MOXHOCTb HECKOJBKO MpHU-
MOJHUMAThCS MO AeCTBUEM ITOIaBIIEro B 3a30p KyCKa,
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TexHo. 10T H 000pyAOBaAHHE

MOBEPHYBIIUCH Ha LIapHUpE-TIablie 5 U CXaB yrnpyrue
aneMeHThl 2. [1pu 3ToM 3a30p pacKpbIBae€TCSI B CTOPOHY
IBUXEHUSI KycKa, YTO CITOCOOCTBYET 3TOMY NBUXEHUIO
noja AeMCTBUEM ABUXYIIECS JICHThI 0€3 3aKJIMHUBaHUS
U CYLIIECTBEHHO YMEHBIIIAET €€ MPOJIOJbHBIN MMOJOCOBOM
usHoc. [locne BbIXOAa TBEPAOTO BKIIOYEHUS TPYHTA U3
pacKpBIBIIEroCcs 3a30pa YIJIOTHUTENbHAs I0Jioca IO
JIeMCTBUEM COOCTBEHHOU MacChl U YIIPYTUX 2JI€MEHTOB
BO3BpAlLlA€TCsI B MCXOJHOE TOPU30HTAJIBbHOE IMOJIOXKEe-
Hue. ObGecrniedeHUEe BO3MOXHOCTH BO3Bpara YIJIOTHU-
TEJBbHOW MOJIOCHI B TOJIOKEHWE C MUHUMAJIbHBIM 3a30-
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HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

POM CYIIIECTBEHHO CHUXAET KOJTUIECTBO ITPOCHIITU TPYH-
Ta C JICHTHI.

PaccMoTpeHHBIE BbIlle KOHCTPYKTMBHBIE PELIECHUS
VIUTOTHUTENbHBIX ycTpoicTB u3 [ITIPII-Actuku MoryT
LIUPOKO, HAIEXKHO U 3G (HEKTUBHO UCMOIb30BaThCsl KaK B
TIPOCKTUPYEMBIX, TaK U B IKCIUTYaTUPYEMBIX TTPUEMHBIX
OyHKepax ¢ HOPMUPOBAaHHBIMU IIUPUHAMU MEXITY WX
cTeHKaMu B auamnasoHe 800, 1000, 1200, 1350, 1750 u
2000 MM B coOYeTaHUM C IIMPUHAMM TKAHEBBIX U PE3UHO-
TPOCOBBIX JICHT KOHBeIepoB cooTBeTcTBeHHO 1200, 1600,
1800, 2000, 2500 1 2800 mm [11].
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MOCTABKA MOJIMMEPHbBIX MPOTUBOHAJIUMAKOLLINX
OYTEPOBOYHbIX MITACTVH — MMN®M-ACTUKA
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KMX S3KOHOMMYECKMX NMokasaTtesien B oTpacneBom pentuHre no OKB3[ 25.24.9
«[pepocTaBnenHne ycnyr B 0651acTv NPOM3BOACTBA MNAaCTMacCOBbIX AeTaNemn».

Mpo6nema HanunaHua marepuana Ha pa6oune NnoBepxXHOCTU

obopynoBanusa pewena!
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Hudopmanna

0630p cOCTOAHUA POCCUMNCKOro PbIHKA LE6HA U rpaBua

MpuBeAeHbI CBEAEHUS O COCTOAHWM 11 OCHOBHbIX TEHAEGHLNSX PA3BUTUA POCCUICKOrO PhiHKA LEOHS W rpaBus: AaHHbIe 06 06bemMax 1 AUHaMUKe

NPOU3BOACTBA W NOTPEBNEHMNS, YPOBHE LiEH.

Kniouesble cnoBa: Lig6eHb, rpaBuii, HepyaHbIe MaTepuabl, aHanu3 pPhiHka

ToBapHBIil cerMeHT IIeOHSI M TpaBUsl 3aHUMAET CyIlle-
CTBEHHYIO JOJII0 pbIHKA HEPYIHBIX MartepuayioB. [Ipu stom
y4eT 00BeMOB TTPOM3BOICTBA STUX BUIOB TOBAPHOI TTPOIYK-
1M1 OpTaHaMM TOCYIAPCTBEHHOM CTaTUCTUKMU, KaK U JJIS psia
JIPYTUX BUIOB CTPOMTENILHBIX MAaTEPUAIOB BEAETCS HE BIIOJIHE
KOPPEKTHO. DTO 00YCIOBIEHO HECKOJILKUMU (hakTOpaMu.

Bo-niepBbix, Metonosiorueit yuera. C 2010 r. Poccrar
repeies Ha y4eT oObeMOB MPOU3BOJICTBA TOBAPHOW TPO-
IYKIIMU B COOTBeTCTBUH ¢ Kinaccuduraropom OKIII. B To-
BapHyio rpymnmy 24.10.10.110 «T'ampka, rpaBuii, meOeHb»
BXOIWJIM CJICAYIOIIME TTOArPYMIIbl: TPAaBUA MBITHIM, IrpaBUit
HEMBITBI, CMECh MeCYaHO-TpaBUIiHAS, TaJIbKa U KPEMHE-
BBII rpaBUii, IeOEHb CTPOUTEIbHBIN MBITHIH, IIIEOEHb CTPO-
WUTEJIbHBIN HEMBITBIi, 11Ie0€Hb U3 TIOPUCTHIX TOPHBIX TTOPOJ,
1e6eHb ¥ TpaBUii U3 MPUPOJHOTO KaMHs Tipoune. [1pu aTtom
pasaesieHre JaHHBIX Ha TOBapHbIE MTOATPYMIILI TIPU OIepa-
TUBHOM (€XEeMECSIYHOM) y4YeTe He IPOBOIAMIOCH, TaKUM
o0pa3oM BKJIIOYEHME B y4yeT IeCYaHO-TPaBUNAHBIX CMeceil
(3aHnMaa mopsiaka 20% ot ob1ero o6beMa MPON3BOACTBA
T10 TPYIINE «rajbKa, e0eHb, TpaBUii») MPUBEJIO K 3aMETHO-
MY «yBeJIMUeHU10» 00beMoB npousBozacTBa. C 2017 r. yuer
BEIETCSI B COOTBETCTBMM C HOBBIM KJIacCH(MUKATOPOM
OKIIJI 2, rapMOoHU3MPOBAaHHBIM cO CTaTUCTUYECKOM KJ1ac-
cudukanueil TMPOAYKIMM IO BHUIAM JAESITeJIbHOCTH B
EBporeiickom skoHomuueckoM coodbiectBe (CPA 2008).
ITpu nmepexone Ha HOBBIN KitaccudukaTop Poccrar mianu-
PYET MPOBECTH PETPOCIIEKTUBHBIN MTepecyeT MHIEKCOB MTPO-
M3BOJACTBA 10 MecsaM u nepuogaM 2015—2016 rr. ¢ «uc-
MOJTb30BaHUEM YCOBEPIIEHCTBOBAHHOTO BapyaHTa MpHMe-
HSBIICHCI paHee <«KOP3UHBbI» TOBAPOB-IIPEACTABUTENEH
(KaK 3a cueT BKJIIOYEHMSI HOBBIX MO3UIIMI, TaK U 3a CUET
3aMEHbI CBOIHBIX TPYIIMPOBOK TOBAPOB UX aCCOPTUMEHT-
HBIM COCTaBOM)». OIHAKO TOKa IepecyeT BEAEeTCS TOJBKO
MPU COTIOCTaBJICHUM JAHHBIX OIEpPaTUBHON TPOU3BOJI-
cTBeHHOM cTaTuCTUKM 2017 T. ¢ aHAJIOrMYHBIMY IIEPUOIAMU
2016 r. ITpu aToMm B HoBOoM Kiaccudukarope OKIII 2 To-
BapHbIC TPYMIIbI «IIeOEHb» U «TPaBUil» YUUTHIBAIOTCS U B
orepaTuBHBIX TaHHBIX Poccrara.

Bo-BTOpBIX, psin MpennpusiTUii BOBCE HE TIPEIO0CTaBIIsSIET
JaHHBIe 00 00BbeMax MPOU3BOMICTBA B OPTaHbl CTATUCTHKH
WIN TPEAOCTaBJIsSIeT HEKOPPEKTHBIE JaHHbIE. DTa MHMOP-
Manus mnosaydeHa aHaautukamu «I'C-DkcnepT» B pamkax
MPOBEJAEHHBIX OMPOCOB HECKOJIbKUX COTEH KPYIHBIX M
CPeIHUX TPEANPUSITAN TIPU BBIOJHEHUM KOMIUIEKCHBIX
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Puc. 1. O6bembl Npon3BoacTBa LebHs 1 rpasus B Poccumn B 2006-2016 rr.
WcTouHmk: PoccTart, oueHka «C-3kecnepT»: 1 — ranbka, rpaBuii, webeHb;
2 - webeHb 1 rpaeuit; 3 — webeHb

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

HCCeNOBAaHUI PETrMOHATBHBIX DPHIHKOB ILEOHS U TpaBUS
(40 pernonoB Poccun), BeimoiHeHHBIX B 2016 T. B yacTHO-
CTU, HEKOTOPBIE KapeJIbCKUe MPOU3BOINUTENN EeOHST OTUH-
THIBAIOTCSI B TOHHAX, a He KYOMYECKUX METpax, YTO TIPUBO-
AT K CYIIECTBEHHOMY 3aBBIIICHUIO IMPOU3BOICTBEHHBIX
nokasaresieil. Takke HEKOTOpbIe MPOM3BOAUTENN U3BECT-
HSIKOB JUISl TPOM3BO/ICTBA 1IEMEHTA U U3BECTH, B TOM YUC/IE
U JUIs COOCTBEHHOTO IMPOM3BOACTBA, YUYMUTHIBAIOT BBIMTYCK
9TOM MTPOAYKIINU KaK TTPOU3BOACTBO MIEOHSI, 4TO TAKXKE Be-
JIeT K HEKOPPEKTHOMY OTPAXEHUIO PEAIbHOW CUTYalLUHU.

Takum o0pa3oM, MOXHO CKa3aTh, YTO IpobjieMa yJyeTa
00bEMOB MPOM3BOJCTBA HEPYAHBIX MAaTepUAIOB, B YACTHO-
CTH, IEOHSI U I'paBMsl, HOCUT KOMIUIEKCHBI CUCTEeMHBII
XapakTep ¥ MPUBOIUT K UCKAXKEHUIO TaHHBIX, KOTOPbIE KC-
MTOJTB3YIOTCS TIPU OTNEPATMBHOM U CTPaTErMUECKOM TJIaHU-
pOBaHMM Ha BCEX YPOBHSIX.

Ilo yrounennsiM maHHBEIM Poccrara, 00beM IIpOM3BOI-
CTBA «TAJIbKY, eGHS, TpaBus» B 2015 r. cocraBit 221,9 MtH M3,
410 Ha 7% MeHbIIe, YeM ToJoM paHee. COTIACHO OIepaThB-
HBIM JaHHBIM, 110 utToram 2016 . 06beM IMPOU3BOACTBA STOM
TPOIYKLNHY cHU3MICA eme Ha 0,3% mo 219,8 MuH M (yTou-
HEeHHbIE JaHHBIE OYIYT JOCTYITHBI HE paHee Mast-UIOHS TeKy-
wiero roaa). ITo ouenkam «I'C-Dkcnepr», 06beM NPOU3BOJI-
cTBa me6Hs 1 rpaBus B 2016 . cocTaBui okoio 172 MiH M3,
B TOM uucIe mebHs — okosto 161 miH M3, Takum o6pazom,
€CJIV COTIOCTaBUTh JAaHHbBIE C ypoBHEM qoKpu3ucHoro 2008 T.,
TO MOXHO YyBHMIETh, 4yTo B 2016 T., COTIaCHO MaHHBIM
Poccrara, 00beM TpoM3BOACTBA BEIpoc Ha 10%, ogHaKO TIpr
CONOCTaBJIeHUY JaHHBIX TOJBKO IO IIeOHI0 U HabII0maeTCs
TazieHre 00beMOB ITPOM3BOICTBA Ha 14%, T. €. 3a MOC/IeIHKE
8 JIeT TPOMBIIIIEHHOCTh HEPYIHBIX MaTepHaioB TaK M He
CMOTJIa BOCCTAHOBUTHCS.

CornacHo paHHbIM Poccrara, 3a 1-i1 kBaprtan 2017 r.
o0beMa IIPOU3BOACTBA 1IeOHS U TpaBusl B Poccum BeIpocn
Ha 8,4% 10 CpaBHEHMIO C aHAJIOTMYHBIM IIEPUOIOM IPEIbI-
Iy1ero roga 1o 33,6 MiaH M3 (puc. 2).

[Tpu 3TOM ecii Bo BTopoM moryronuu 2016 r. Habrona-
JIOCh CTaOWJIbHOE COKpalleHUue 0ObeMOB MPOU3BOJCTBA MO
CPaBHEHUIO C AHAJIOTMYHBIMU TTEPUOIAMU TIPEIBIIYIIETO
roaa, To B ssHBape-Mapte 2017 r. opraHbl CTaTUCTUKY (PUKCH-
PYIOT YCTOMYMBBIMA POCT ITPOU3BOACTBEHHBIX ITOKA3aTEe/ICH.

B 2016 r. pocT 00beMOB IPOM3BOACTBA HAOIIOHANCH
Tosibko B CeBepo-3anagHoM U YpajibCcKoM enepaibHbIX
okpyrax (puc. 3). [TonoxuTenbHas MpOM3BOACTBEHHAS T~
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Puc. 2. MNomecsiiHble 06beMbI MPOV3BOACTBA LLEGHS 1 rpasus B 2016-2017 rr.
WcTouHmk: PoccTart, oueHka «C-3kenept» : 1 —2015%; 2-2016*; 3 - 2016;
4 —-2017 (* — paHHble 2015-2016 rr. No rpynne «ranbka, WwebeHb, rpaBuit»)
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Puc. 3. lnHamuka npomsBoacTea WebHs 1 rpaBusi B paspese deaepanb-
HbIX OKpyroB. MIctouHuk: PoccTar, oueHka «C-3kcnepT»

HaMKKa OTMeYeHa JIUIIb B 26 U3 73 CyOBbeKTOB (beaepainu.
JlugepamMu 1Mo TeMIlaM pocCTa TPOU3BOJACTBA CTaJIU:
Pecnyoniuka Komu — poct B 3,7 pa3za; TromeHckast 0061acThb
— poct B 3 paza; Espeiickas AO — poctr B 1,8 pasa;
ApxaHrenbckas oosacte — pocT B 1,7 pasza; CaxainHckast
obnacTh — pocT B 1,5 pa3a. Hanbonbliee nageHne o0beMOB
rmpoun3BozacTBa (6osee yeM Ha 30%) MpoIEeMOHCTPUPOBAJIN:
MockoBckast, OpiioBckasi, MaragaHckasi 00JacTH, peciy-
onuku KabGapnuHo-bankapusi, Anpires, YeueHckas,
VYaomyprckas, UYysamickas, Antaii, Caxa (Sxyrus),
CraBponoyibckuii 1 XabapoBCKUil Kpasl.

ITo utoram 1-ro kBaprana 2017 r. pocT 06BEMOB MPO-
M3BOJICTBA 111€0OHSI M rpaBUsi OTMEYEH BO Bcex henepanb-
HBIX OKpyrax 3a MWCKJIIYeHHEeM YpaJbCKOro |
JanpHeBocTOUHOTO. [1oJI0XKUTENbHYIO IMHAMUKY IT0Ka3a-
nm 37 u3 68 cyobekToB (pemeparyu. JIngepsl Mo TeMIiam
pocra mpou3sBoacTBa: MaragaHckas o61. — pocTt B 16,8
pa3a, Pecnyonuka Komu — poct B 4,4 pasa, fpocnaBckast
obiacTth — pocT B 2,7 pa3a, CaxanmHckas u Tynbckast 00-
mactu — pocT B 1,8 pasa, KanunuHrpaackass o61acTh —
poct B 1,5 paza. HaubGosrbliiee nmageHue o0beMOB IIPOU3-
BoncTBa (6onee yem Ha 40%): Yamyprckas Pecrnybivka,
Ilenzenckas obnacth, Pecryonuka Anbirest, YyBamickast
Pecnyonuka, KabGapanuno-bankapckas Pecnyb6nuka,
INckoBckast obnacTs, Pecniybnuka bypsaTus.

ITocne mATH JIeT CTaOMIBLHOTO POCTa 0OBEMbBI MMITOPTA
me6Hs B 2015 r. CHU3WIKCH MMOYTH B AiBa pa3a 10 9,5 muiH M3
Garomapst BBeAeHMIO TToctaHoBIeHUs [IpaButenbcTBa PO
Ne815 o1 06.08.2015 r. «O nULIEH3UPOBAHUM UMIIOPTA 10~
HSI U TPaBUsl», KOTOPOE CYIIECTBEHHO OrPaHUYUIIO TTOCTaB-
KW yKpauHCKOTro 1eOHs. JleiicTBe maHHOTO MOCTaHOBIIE-
HHUSI HEOJHOKPATHO IIPOJIOTHUpOBaiock. B 2016 r. o6bem
MMIIOPTA COCTABIII BCETO OKOMO 9 MJTH M.

IIpu 3TOoM oKoso 72% 1ieGHsT ObLIO BBe3eHO B PD u3
benapycu, okono 20% — u3 YkpauHbl. CTOUT OTMETUTD, YTO
3a4acTylo yepe3 TeppuTopuio benapycu nocrasisiics U Mo-
MaBIIMI TIOJ OTpaHMYUTEbHBIE MePhl YKPAaWHCKWH IIle-
6enb. Kpome toro, Bo Bropom mosayromuu 2016 T. cyie-
CTBEHHO BBIPOC U JIETAJIbHBIN UMIIOPT YKPAMHCKOTO IEOHS.
Tak, ecau B 1-M kBapTaine 2016 r. B Poccuio 66110 TTOCTaB-
JIeHO Beero 39 Thic. M? YKpauHCKOro 1eGHs TpeX MPOou3Bo-
IUATeNel, TO B 4-M KBapTaje MOCTaBKU OCYIIECTBIISLIN YXKe
14 yKpanHCKUX KOMITAHUI, CyYMMapHO OTrpy3uBiiux B PM
nouytr 0,9 MiH M® cBoeil mpoxykiuu. Beero 3a 2016 r. B
Poccuio 6b110 0(hULMATBEHO BBE3eHO mopsaka 1,8 MiH M3
YKPauHCKOTO 1IEOHSI.

B siuBape-mapte 2017 1. 06beM MMIOpTa 1IEOHS U Tpa-
BYISI COCTAaBIJI OKOJIO 2,3 MJTH M>, uTo B 2,1 pa3a IpeBblmIaeT
ypoBeHb 1-To kBaprtana 2016 r.. Okojo 88% nMnopTa mpu-
nutock Ha nomo benopyccuu, 8% - Ha nomo Hopseruu (mo-
craBku B KanumHuHrpaackywo ob6iacts), 2% — Ha [0JIO0
YKpauHBbI.

JloJIst UMITOPTHOTO 1IeGHS Ha POCCUIACKOM PhIHKE B 1-M
kBapTaje 2017 r. yBeauumiach 1o 8,6% mipotus 5% B 2016 1.
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Puc. 4. O6bemMbl nmnopta webHs n rpasms B 2006-2016 rr. MICTOYHMK:
dTC PO, Bencrar, KI', M® PK, oueHka «C-3kcnepT»
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Puc. 5. NomecsayHble 06beMbl nmnopTa WwebHsa 1 rpaeus B 2015-2017 rr.
UcTtouHuk: OTC PP, Bencrar, K4 Md PK, oueHka «[C-3kcnept»:
1-2015;2-2016; 3-2017

OO0OBEMEBI 9KCIIOPTA POCCUMCKOTO IIeOHS ¥ TpaBUs B IO~
clenHue roapl He npesblmany 300 Thic. M B FO M TPaKTH-
YeCKM He OKasblBaJd BJMSHMS Ha COCTOSIHHME pPBIHKA.
B 2016 1. 3a py6Gex ObLIO OTIpyXeHO Bcero mopsiaka 100
ThIC. M3 3TOI MpoxyKuuu, B 1-M kaptaie 2017 r. — TONb-
KO 7 TBIC. M>. DKCIIOPTHBIE TTOCTABKH OCYLIECTBIISIOTCS,
npeumyiiectBeHHO B Kaszaxcran, Ykpauny ([onemkas
obnacth) u benapych, T. €. paKTUUECKM OCYIIECTBIISIETCS
MpUTpaHUYHast TOPTOBJIs.

B 2016 r., mo ouenkaM «I'C-DKcrepT», «BUAUMOE» I10-
TpebJieHue B CETMEHTE «rajibka, rpaBuid, 111e0eHb» (MPOou3-
BOJICTBO + MMITOPT — DKCIOPT) CHU3MI0Cch Ha 0,4% nmo 229
MIH M°. C y4eToM M3MEHEHUs HepeaJln30BaHHBIX CKJIaJ-
CKHUX 3aracoB TPOM3BOAMTENICH TOTpeOJieHe B TaHHOM
cerMeHTe BbIpocno Ha 1,6% mo 226 man m>. B cermenre
«11ebeHpb 1 rpaBuii» B 2016 1. MoTpebieHe OLIEHUBAETCS B
178 Mot M3 (+1,7% x 2015 1.).

B 2016 r. pocT 06beMOB TTOTPeOIECHUS EOHST U TPaBUst
otMmeueH B 40 permonax Poccuu. KpymHeimmmu peIHKaMu
cOBITa 3TOI mpoayKuuu ctanm MockBa 1 MockoBcKast 00-
JacTh — OKOJO 9% 0O6IIepOCCHUIACKOTO IOTPEOICHMUS,
Cankr-Ilerepoypr u JleHuHrpaackas o61actb — oKono 6%
u TroMeHcKas 067acTh — mopsiaka 5%.

Cpennsist ieHa rpousBoauteneit (6e3 yuera HAC u no-
CTaBKM) Ha IebeHb, 1o naHHBIM Poccrata, B 2016 T. cocta-
Buna 464 p./ M> (+2,2% mo cpaBHeHmIo ¢ 2015 T.), B SIHBape-
mapte 2017 r. — 457 p./m? (+3,3% k 1 xB. 2016 T.).

CpenHss neHa npuobpereHus mebHs (¢ yuerom HIC,
JIOCTaBKU, COBITOBBIX WU MOCPEHNIECKHX pacxomoB) B
2016 r. cocraBuna 1065 p./m> (+6,6% 10 CpaBHEHUIO C
2015 r.), B suBape-Mapte 2017 1. — 1122 p./M® (+7,8%
Kk 1 kB. 2016 1.).

A.A. Cemenos,

KaHo. mexu. Hayk, 2enepaavhotii oupexmop 000 «I'C-Dkcnepm»

E-mail: info@gs-expert.ru
WWW.gs-expert.ru
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N.0. YCTUHOB, a-p xum. Hayk, A.[l. LUYITOAKOB?, KaHA. TexH. Hayk,

THMK «MexaHo6p-TexHuka» (199106, r. CaHkT-lMNeTepbypr, Bacunbesckuii ocTpoB, 22 nuHus, 3)
2000 «WHTepcTpolinpoekT» (191036, r. CaHkT-TeTepbypr, Hesckuii npocnekt, 128, nut. A)

lpon3BoacTBO KYy6OBMAHOrO LWEO6HA - MHHOBALMOHHDLIA 3Tan
Pa3BUTUA NPOMBILLIIEHHOCTH CTPOUTENbHbIX MaTepnanos

[Toka3aHo, 4TO NOBbILIEHHBIA CNPOC HA KY6OBMAHBIN LiebeHb B Havane 2000-X rr. NpUBen K YCIOXHEHMIO TEXHONOMMYECKUX NINHUNA, KaK 3a CYeT
YCTaHOBKM AOMOSTHUTENBHOrO rMaBHbIM 06pa3oM MMMNOPTHOrO 060PYAOBAHMS, TaK 1 YBEMNYEHWNIO YMCNA BHYTPEHHINX BO3BPATHbIX LMKOB, 1 KakK
CNeACTBME, K 3HAYUTENIbHOMY POCTY KanuTanbHbIX U QHEPTreTUYECKNX 3aTpaT Ha NPOM3BOACTBO LLEOHS, a TakXKe YBENIMYEHNO 0TCEBOB APO6IEHNS
pakuymum 0-5 mm. MocTpoeHne MaTemaTU4ecKux MoLeneil paspyLleHns TBepablx MaTeprnanos B kamepe Apo6ieHns no3BonnuIo Te0PeTUecKn
060CHOBaTb METOJ, NPUHYAUTENbHOrO CaMOM3MENbYEeHN MaTepManoB BHYTPU COOCTBEHHOrO CNOS NOJ BO3AENCTBUEM BUOPOUMNYNLCHOMO CXATUs W
OHOBPEMEHHbIM CABUrOM MpY JLO3MPOBAHWN CANbl BO3AEACTBUSA Ha CNOI MaTepuana no BennyYuHe npegena Npo4HOCTM AeDEKTHbIX NOBEPXHOCTEN ero
CTPYKTYpbI. Ha 3T0i Hay4HO ocHoBe HIMK «MexaHo6p-TexHMKa» pa3paboTaHbl U BbINYCKAKTCA B LUMPOKOM KOHCTPYKTMBHOM W TUNOPA3MEPHOM
[Mana3oHe KOHYCHbIE MHEpLMOHHbIE Apo6unku KNO®*, B KOTOPbIX XecTkas CBA3b MeXAy KOHYCaMy 3aMeHeHa Ha ANHaMUYeckyto. MpueeaeHb
TexHu4eckue xapakrepuctuku gpoounku KNA-1500 n KNO-1750, koTopble N03BONSAIOT NONYy4aTh LebeHb 419 XKene3HoA0POoXHOro 6annacrta pakumm
25-60 mm. MNoka3aHa TexHONMOrN4Yeckas cxema AeiCTBYIOLLEA TeXHONOrMYeCKOA IMHMM Ha TYprosikckom pyaoynpasneHun B HensbuHckoid obnacty,

B KOTOPOIA poTopHas apo6unka I-1312 sameneHa Ha KI[-1500. Opo6neHne oCyLLeCTBAAETCSA B BE CTAANK C BbiMyCKOM TOBAPHbIX (DPAKLMIA LIEOHS
40-70, 2040, 5-20 mm. Bbixog otcesoB cokpatusics Ha 40-50%, a cpok cyx6bl pobsaLimnx (yTepoBoK nosbicuncs Ha 60—-70%.

Kntovesble cnoBa: Ky60BUAHbIN Lie6EHb, KOHYCHAS MHEPLMOHHAsA Ap06unKa, BU6PALMOHHbIA rpoXoT, Ap06UNLHO-COPTUPOBOYHOE 060PYA0BaHME,
[e3MHTErpaums, NPpUHYAUTENbHOE CaMmon3MenbyeHe, BUGPONMNYNbCHOE CXaTue.

Insa yutuposanus: Yeturos 1. Lynosikos A.[. Mpon3BoACTBO KYGOBUAHOO LIEOHS — NHHOBALMOHHbIA 3Tan pasBMTUS NPOMbILLMEHHOCTU CTPOUTENb-
HbIX MaTepuanos // CTpouTenbHble matepuansl. 2017. Ne 5. C. 66-68.

1.D. USTINOV', Doctor of Sciences (Chemistry); A.D. SHULOYAKOV?, Candidate of Sciences (Engineering)
" Research and Engineering Corporation “Mekhanobr-Tekhnika” (3, 22 liniya, V.O. 199106,St. Petersburg, Russian Federation)
2 000 «Interstroyproekt» (128A, Nevsky Prospect, 191036, St. Petersburg, Russian Federation)

Production of Cubiform Crushed Stone is an Innovative Stage of Development of Building Materials Industry

It is shown that the increase demand for cubiform crushed stone in the beginning of the 2000s led to the complication of technological lines both due to the installation of additional, import
mainly, equipment and increase in the number of internal return cycles and, as a consequence, to significant growth of capital and energy costs for production of crushed stone as well as to
the increase in crushing screenings of 0-5 mm fraction. The construction of a mathematical model of solid materials fracture in the crushing chamber made it possible to theoretically sub-
stantiate the method of forced self-crushing of materials inside the own layer under the effect of vibro-impulse compression and simultaneous shear when dosing the effect force on the
material layer according to the value of strength limit of defect surfaces of its structure. On this scientific base, REC «Mekhanobr-Tekhnika» has developed and produces in a wide structural
and dimension-types range the cone inertial crushers KWA® in which the rigid connection between cones was replaced by dynamic one. Technical characteristics of the crushers KiA-1500
and KI[-1750 (KID), which make it possible to receive the crushed stone of a 25-60 mm fraction for railway ballast, are presented. The technological scheme of the operating line at the
Turgoyak Mine Management in the Chelyabinsk Region, where the rotor crushed 1-1312, was replaced with KID-1500 is shown. Crushing is carried out in two stages with the production of
40-70 mm, 20-40 mm, 5-20 mm commercial fractions of crushed stone. The output of screenings was reduced by 40-50%, the lifetime of crushing linings increased by 60—70%.

Keywords: cubiform crushed stone, cone inertial crusher, vibration crusher, vibrating screen, crushing-sorting equipment, disintegration, forced self-crushing, vibro-impulse compression.

For citation: Ustinov I.D., Shuloyakov A.D. Production of Cubiform Crushed Stone is an Innovative Stage of Development of Building Materials Industry. Stroitel'nye Materialy

[Construction Materials]. 2017. No. 5, pp. 66-68. (In Russian).

Db GEKTUBHOCTD MPOMBIIIJICHHOTO 1 JOPOXHOIO CTPOU-
TEJILCTBA BO MHOTOM OIPEAETISIETCS COCTOSIHUEM OTpaciu He-
PYAHBIX CTPOUTENIBHBIX MaTepuayioB. Ob6janas orpoOMHBIMU
3armacaMu MUHEPAIBHOTO CHIpbsI, Poccus Bee ellie ycTymaer
3apy0eXKHBIM ITPOV3BOAUTEIISIM 10 TTPOU3BOICTBY CPEICTB €TI0
00b14M U nepepadbotku. OTcTaBaHKe MAILIMHOCTPOUTEIbHOM
oTpaciv B CO3JaHUU COBPEMEHHBIX CPEACTB A€3UHTErpaluu
MPUBEJIO K TOMY, YTO TEXHOJIOITMUECKUE TMHUU MHOTUX 3aBO-
JIOB TIO TIPOM3BOJICTBY 11IEOHSI COCTOAT U3 (PUBMUYECKU U MO-
paJIbHO yCTapeBIIIero 000pyI0BaHMS.

Bricokuii cripoc Ha 1mie6eHb B 2000-¢ IT. obecrieur Bo3-
MOXHOCTb PEKOHCTPYKIIMM MHOTUX TPEANPUSITUN, TJIaBHBIM
00pa3oM 3a CYeT UMIIOPTHOIO 00OPYAOBaHUS. DTO MO3BOJIIO
YIOBJIETBOPUTH ITOTPEOUTEIIST B 00BeMax, HO BO3pOCIIE Tpeho-
BaHMS K KauyecTBY IIEOHSI MOCTABMJIM TIPOW3BOAUTENIST TIEpeT
HoBOI 3anaueil. [TosiBUBIIMIACS CTTPOC HA KyOOBUIHbBIM 11IE0EHD
IUPOKOTO (DPAKIIMOHHOTO COCTaBa MPUBEN K YCIOXHEHUIO
TEXHOJIOTMIECKMX JIMHUI, KaK 3a CUeT YCTAHOBKM JIOTIOTHU-
TEJIBHOTO, INIABHBIM 00pa30M, UMITOPTHOTO 000pYI0BaHMsI, TaK

1 YBEJIMUEHUIO YKCIIa BHYTPEHHMX BO3BPATHBIX LIMKJIOB. Takoe
pellieH’e BbI3BAIO 3HAYUTESIbHBII POCT KAMUTATbHBIX U SHEP-
TeTUUYECKHMX 3aTpaT Ha MPOU3BOJCTBO IIEOHS 1, KaK CJISICTBUE,
CHWDKEHUE MpUObUM mpousBoautesieit. OQHUM U3 TMyTeil Bbl-
XOJa M3 BHOBb BO3HUKIIIEH MPOOIEMBI SIBJISIETCS CO3AaHNE HO-
BBIX BUIOB JIPOOMIEHO-COPTUPOBOYHOIO 00OPYIOBAHMSI OTeUe-
CTBEHHOTO MTPOU3BOJICTBA, MO CYTU, UMITOPTO3aMEIIIEHUE.
3HauuTeNbHbIE YCIIEXH B CO3MAHUU AE€3UHTErPUPYIOLINX
CHUCTEM OBLTM TIOCTUTHYTHI B pE3YJIbTaTe pa3pabOTKU TEXHOJIO-
Uy BUOpauoHHoro apobienus [ 1, 2]. IToctpoeHue maTema-
TUYECKUX MOJEJICH pa3pyIleHsT TBEPAbIX MaTepUaioB B Ka-
Mepe IpoOJIeHUS TT03BOIMIIO TEOPETUIECKN 000CHOBATh Me-
TON TIPUHYIUTEJBHOTO CaMOU3MeJbYeHUs MaTepuayioB
BHYTPU COOCTBEHHOTO CJIOSI TOJ BO3AEWCTBUEM BUOPOUM-
ITYJIbCHOT'O CXXaTHsI ¥ OTHOBPEMEHHBIM CIBUTOM MPU T03UPO-
BaHUY CWJIbI BO3AEHCTBUS Ha CJIOM MaTepuasa o BeJTUIMHE
Tpeaesia MPOYHOCTH Ie(heKTHBIX TIOBEPXHOCTEH €ro CTPYKTY-
pel [2]. st 3TOro B 3KCLEHTPUKOBOM IPOOWIKE KECTKast
CBSI3b MEXIy KOHYyCaMM 3aMeHeHa Ha JUHaMHUYECKYIO.

* KMA® — 3aperucTpupoBaHHbIil ToproBerii 3Hak HITK «MexaHoGp-TeXHUKa».
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£ Pue. 1. MpuHUMNManbHAas cxeMa pasmeLLeHmns 060-
pynoBaHus Ha TyprosikCKOM pyaoyrnpasieHnn.
o 1 - wekoas gpodbunka J-1175, 2 — poTopHast apo-
6unka 1-1312, 3 — KOHyCHas MHEPLIMOHHas apobunka

KnA-1500, 4 — rpoxoTbl BUOPALMOHHbIE

Brinmyckaemasi B IIMpOKOM KOHCTPYKTUBHOM M TUIIOpa3Mep-
HOM [Hana3oHe KOHYCHAas MHEepLMOHHas mpobmika KMI®
3¢ (GEKTUBHO WCIIOIL3YETCSI B PA3IMYHBIX OTPACSIX IIPO-
MblIlIeHHOCTU. dpobuiku tunopadmepoB oT KMJI-300 mo
KWJ/I-1200 MHOroKpaTHO IPOLUIA IPOBEPKY HA MHOTHX 3a-
PYOEXHBIX U OTEUECTBEHHBIX MPEANPUATUSIX |3, 4].

Hecmorpst Ha Bbicokyto addekrrBHOocTh KW/I-TexHO-
JIOTUU, €€ IIMPOKOEe PacpPOCTPAaHEHUE CASPKUBACTCS, TIPEXIE
BCETO, HEZIOCTAaTOUHOM OCBEIOMIIEHHOCTBIO, KaK 3aKa3unKOB,
TaK M TPOEKTHBIX opraHuzaiuii. Kpome Toro, orcyrcrBue
0OJIBIINX TUIIOPa3MepoB Apoduiok K/ 3atpyaHsio ux co-
YyeTaHUe CO IIEKOBBIMU IPOOMIKAMU TIEPBUYHOTO APOOJIEHMUSI,
a Takke He TO3BOJISLIO MOJTyYaTh 1eOeHb IS KeIe3HOM0POXK-
Horo Gaynacra ¢pakuuu 25—60 MMm. B cBa3u ¢ atum B
«MexaHoOp-TeXHUKe» pa3paboTaHa TeXHUIECKasT JOKYMEHTa-
st Ha apoowtku KIJT-1500 u KMI-1750. Texaudeckue xapak-
TEPUCTUKU ITUX IPOOMIOK IPYBEACHbI B TAOIMIIE.

J11st poBesieHsT TIOTHOMACIITAOHBIX MTPOMBIILIEHHBIX WC-
MBITAHWI TIPOEKTHAsI opraHm3aimst «MHTepcTpopoekT> 060-
CHOB&JIa BO3MOXHOCTb UCTIOJIb30BAHMST HOBBIX IPOOWIOK B A€ii-
CTBYIOIIVX TEXHOJOTMYECKUX JIMHMSX Ha TYprosikckoM pymoy-
nparieHuyd B YenssOuHcKoi obnacty U npeanpusitun «Kapar»
(mecropoxkaerue «Kapbep No7», 1. Bpatck, MipkyTtckoii obnacth).

DKcrutyatupyemast Ha npeanpusituu « Typrosikckoe pyno-
yrpaBJieHe» MOOMJTbHAsI YCTAHOBKA «Terex» COCTOUT U3 IBYX

Texnuueckue xapakrepuctuku gpobunok KWA-1500 u KNA-1750

[nameTp OCHOBaHWS ApOoOALLEro KOHYCa, MM 1500 | 1750
MakcumanbHas KpynHOCTb MCXOOHOr0O Kycka 140 250
Dmaxs MM, He Gonee

Mpon3BOAUTENLHOCTb, M3/Y4 180 310
MakcumanbHas KpyrnHOCTb KYCKOB B MPOAYKTE 40 70
Apobnenns, d ., MM

YcTaHOBNEHHas MOLLHOCTb ABurartens, kBT 315 500
[abapuTHble pa3Mepbl, MM:

— onMHa 4490 | 5230
— lwmpuHa 3000 | 3520
— BbICOTa 3850 | 4480
Macca, T 63 104

arperaTHbIX CaMOXOMHBIX YCTaHOBOK (/ 1 2) co cBomMu OyH-
KepaMu, MUTaTeIsIMU, IpOOMIKAMU, TPOXOTaMU U KOHBelie-
pamu (puc. 1)

[lepBasi cramusg OpoOOJIEHMST OCYILLECTBIISIETCS IIEKOBOK
npobukoit J-1175 ¢ mpocThiM KayaHueM 1eku. Pazmep mipu-
emHoro otBepctust 1070x762 MM (A), BTopasi — pOTOPHOIA
npobunkoii 1-1312 ¢ pasmMepoM NOPUEMHOrO OTBEPCTHUS
1100x1200 mMm (B). IpoGieHre n3BeCTHsIKA Ha 3TOI yCTaHOB-
K€ B IBE CTaIMU XapaKTepU3yeTcsl BLICOKUM BBIXOJIOM OTCEBOB
0—5 MM ¥ TIOBBIIIIEHHBIM U3HOCOM JIPOOSIIIUX OUT Ha pOTOP-
HOW 1poOuJIKe.

Crietmanmicramu HITK «Mexanoop-textuka» u OO0 «UHTep-
CTPOMIIPOEKT» OBLIN IIPOBEACHEI IIe()-MOHTAXKHBIE U ITyCKO-
HaJIaouHbIe pabOThI MO 3aMeHe POTOpHOI Apobuiaku 1-1312
Ha KM/I-1500.

PexkoHcTpyrpoBaHHasi cxemMa IKCILTyaTUpyeTcsl Cleiylo-
M obpasom (puc. 1). M3BeCTHSIK KPYITHOCTBIO 10 650 MM
MOCTYNAeT B 11IeKOBYIO Apoowiky J-1175 (1) u mocne npobie-
HUs 10 -140 MM KOHBeliepoM ITOmaeTCsl Ha BTOPYIO CTaAuIO B
KWAO-1500 (3). 3atem, npobaeHslii 1o -70 MM 1ebeHb Ha
BUOpALIMOHHBIX TpoXxoTax (4), pas3iesisieTcsl Ha TOBapHbIE
bpakimn40—70,20—40,5—20u0—Smm. [TpousBoAUTEILHOCTD
npoounku KMJI-1500 mpu atom coctaBuia 200—250 T/4.

ITpoBeneHHBIE COBMECTHBIE IPOMBIIIJICHHBIE UCITHITAHUS
TTOATBEPIVIIM BOZMOXKXHOCTD MOJTydeHUST 00Jice BHICOKHMX Ka-
YeCTBEHHBIX XapaKTepUCTUK IIeOHST TI0 CPABHEHMIO C paHee
JIOCTUTHYTBIMU. BbIxom oTceBoB cokpatuics Ha 40—50%, a
CPOK CJTYKObI IPOOSIIMX (hyTEPOBOK MOBbICHIICS Ha 60—70%.

IIpoBeneHNe TPOMBIIUIEHHBIX WCIBITAHUN IPOOUIKI
KWI-1750 (cMm. Tabnuily) TutlaHUpYeTCs Ha TIPEATIPUSTAN
«Kapar» B 1. bparck Upkyrckoit obaactu. Cremyer oTMme-
TUTb, YTO 3TO MPEANPUITHE YK€ UMEET TOJOXUTEIbHbBIN
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Puc. 2. TexHonornyeckas cxema npov3BoAcTBa KyOOBMAHOMO LWEeOHSA Ha
npeanpuatum «Kapat»
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TexHoJioruu H 060pyA0BaHHE

ombiT 110 BHenpenuwo KHWJI-texunonoruun. IlpousseneHHas
HECKOJIbKO JieT Haszana apoomnka KM-1200 u ycraHOBIEH-
Hasl B TeXHOJIOTMU BMecTo npoouinku KMJI-1750 obecnieun-
Jla CHMXKEHHME BBIXOJAa 3€peH IUIACTMHYATOM U UIJIOBATOM
¢dopMbI B tnaba3oBoM I11IeOHe B 3—4 pasa, a OTCeBOB — boJiee
yeM 2 paza. [lepexon Ha ABYXCTanMiTHYIO CXeMy ApPOOJIEHUS
npenmnojiaraeT MoHTax apoowiku KMJI-1750 Ha cyiecTBy-
omuii  dyHgameHt BMecTto apobunku  KCI-2200.
IMocraBnsemas npoounka KMJI-1750 ocHallieHa MacIoCcTaH-
LIMSIMU BBICOKOTO M HU3KOTO NaBjieHMsl, 6J0KaMu yrpaBie-
HUSI, BKJIIOUYAIOIIUMU Kadbl yrpaBieHUsT U TTpeoOpa3oBa-
TeJIeM 4YacTOThl TOKa, OOECIeYMBAIOIIMM PETYJIUPOBKY pe-
JKMMOB IPOOJIEHUS Ha «XOIY» U IPYTUMU BCITOMOTATETbHBIMU
ycrpoiictBamu. I1o cyTu, 310 yke MeXaTpOHHBIM KOMILIEKC.

TexHonoruyeckasi JMHUS TepepabOTKU Auada3oB Iped-
CTaBjieHa Ha puc. 2. [JIaBHbIM JTOCTOMHCTBOM 3TOM JIMHUU
SIBJISIETCS] MAKCUMAJIbHOE MOJTydeHUe Harbosiee BOCTpeOOBaH-
HbBIX TIPOMBILIIEHHOCTbIO (hpaKinii KyOOBMAHOTO IEOHST B
JIBE CTaIN.
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5. Baiicoepr JI.A., OpaoB C.JI., CnupumonoB IIL.A.,
KopoBHuukoB A.H., TpopumoB B.A. MHHOBalIMOHHBIE
TEXHOJIOTMM U 00OpYIOBaHWE MPOMU3BOICTBA BBICOKOKA-
YeCTBEHHOTO WeOHs // Jopoxcnas depacasa. 2010. Ne 26.
C.72-75.

TlepBast cranys ApoGIeHNS TIpeACTaBIeHa IBYMSI CTTapeH-
HbIMU 1IeKoBbIMU Ipobwikamu CMII-111B. Iocrynaromast
M3 Kapbepa B30pBaHHasl TopHast Macca pasmepoM 0—750 mm
npobutcst 1o Kycka 220 mM. Bropast ctanust npoGiaeHust ocy-
wectsisiercs: B apoduiike KMJI-1750. [Tomyyaemblit Ha BbI-
Xofe U3 IpOOMIIKY IIeOeHb KPYIMHOCTRBIO 70 MM ITomaeTcs Ha
CTaMIO KJTacCU(MDUKAILIMY C BbIICJICHIEM TOBAPHBIX (PpaKiTuit
0—5 MM, 5—10 MM, 10—20 MM, 25—60 Mm. Kiracchl KpyrTHOCTH
20—25 MM, a Takke 6osee 60 MM HaTPaBISIOTCS Ha BO3BpaT B
npobunky KMI-1750 [5]. IlnaHnupyemast MOIIHOCTb Tpei-
TIPUSTHSA TI0 TOpHO# Macce 1600 ThIC. T/TOI.

TakuM 00pa3oM, co3maHve KOHYCHBIX WHEPIIMOHHBIX
npobminok KMI-1500 u KNJI-1750 paktryecku 3aMbIKaeT
HEOOXOAMMBIN TUIIOPa3MEPHBIN psill, ITO3BOJISIOIINI CO3a-
BaTh COBPEMEHHbIE TEXHOJOTUYECKHNE JIMHUH 1T TIPOU3BOI-
CTBa BbICOKOKAYeCTBEHHOTO 1LIEOHS, KaK JIsl TOPOXHOTO, TaK
MPOMBIILJIEHHOTO CTPOUTEILCTBA M 3HAYUTENIBHO YKPEIHJIO
TMO3UIIMA OTEYeCTBEHHOTO MAIIIMHOCTPOECHUSI, KaK Ha OTeve-
CTBEHHOM, TaK I MUPOBOM pPBIHKAX.

References

1. Vaysberg L.A., Zarogatskiy L.P., Turkin V.Ya.
Vibratsionnye drobilki. Osnovy rascheta, proektirovaniya
i tekhnologicheskogo primeneniya [Vibratory crushers.
Basics of calculation, design and technological applica-
tion]. Saint Petersburg: VSEGEI. 2004.

2. Vaysberg L.A., Zarogatskiy L.P. New generation of jaw and
cone crushers. Stroitel 'nye i dorozhnye mashiny. 2000. No. 7,
pp. 16—-21. (In Russian).

3. Arsent’ev V.A., Vaysberg L.A., Zarogatskiy L.P., Shuloya-
kov A.D. Proizvodstvo kubovidnogo shchebnya i stroitel’no-
go peska s ispol’zovaniem vibratsionnykh drobilok [Pro-
duction of cubical crushed stone and building sand using
vibrating crushers]. Saint Petersburg: VSEGEI. 2004. 112 p.

4. Vaysberg L.A., Shuloyakov A.D. Technological capabili-
ties of cone inertial crushers in the production of cubical
crushed stone. Stroitel’nye Materialy [Construction
Materials]. 2000. No. 1, pp. 8—9. (In Russian).

5. Vaysberg L.A., Orlov S.L., Spiridonov P.A., Korovni-
kov A.N., Trofimov V.A. Innovative technologies and equip-
ment for the production of high-quality crushed stone.
Dorozhnaya derzhava. 2010. No. 26, pp. 72—75. (In Russian).

26-29 CEHTABPA

MecTo npoBengHWA

BAHXELEHIE

yn. Mengensesa, 158

N BB K S
G sEr

MOPYM YPAJICTPOUMHAYCTPUA

CTPOUTEJNILCTBO

KXV COe e ani W osaRHEN BT TERED

JEPEBOOBPABOTHA

1 Efvinipeiim S dnaHmEE DAL TaRKA

HEABUWHWUMOCTb g™

Kl CNEUSANHINDORAMEE BT AR Gl

(347) 2484 2-38, J46-43-3T7 Nerpoiban
E-mail: stroyE v Keepo,rg FET ROy TR A bH SR i C T B g
i f=ofe TRoyiba

wown stroybvin

YA 2017

ST AR AT .Eq' h-F_’- K. .‘:—%I

TR P

My === e Sl

EAAE e Tt

H T R A B O T ol

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

f‘"'r_'_.r

68

waii 2017 BArERAs



Technologies and equipment

YK 622.735.095:622.73

B.H. AMVMHOB', g-p TexH. Hayk, E.E. KAMEHEBA', kaHa. TexH. Hayk; W.[0. YCTUHOB?, a-p xvM. Hayk

" MeTpo3aBoackuit rocynapcTBeHHbI yHBepeuTeT (185910, r. MeTposasoack, yn. MexnHa, 33)
2 HMK «MexaHobp-TexHuka» (199106, Poccus, r. CaHkT-MeTepbypr, Bacunbesckuin ocTpoB, 22-a NHKs, 3)

WHHOBaLMOHHbIE pa3paboTKu ANs NOBbILEHUS
TOYHOCTY OLIEHKU (hU3UKO-MEXAHUYECKNX CBOWCTB
CTPOMTENbHbIX FOPHbIX NOPOA NPU FE0NOrM4ecKoil pasBepkKe

C uenbio onpeaeneHns NPUHLUNUANBHONA BO3MOXHOCTI NCNOMb30BAHMSA FOPHbLIX NOPOJ AN MPON3BOACTBA LLE6HA B 1Ta6OPATOPHbIX YCI0BUSAX
NCCNEAYIOT pAJ UX NapameTpoB B COOTBETCTBUN C HOpMaTMBaMU. Mony4eHHbIe AaHHbIe ABNSIOTCA OCHOBOW AN NPOEKTUPOBAHMUS TEXHOMOMNN
nepepabdoTKn N NpeaBapUTENbHOMN OLIEHKN BO3MOXHbIX HanpaBfeHWii NCNONb30BaHMSA KOHEYHOI TOBApPHOM NpoayKLuuin. I3BECTHO, 4TO CoaepXaHue
3epeH NNACTMHYATON M MINOBATON (HOPMbI B LeBHE ABNAETCA (PAKTOPOM, CYLLLECTBEHHO CHMKAIOLLMM ero (PU3NKO-MexaHW4ecKne XapakTepucTukm.
LLle6eHb ANS NCNbITAHWIA MONYYAKOT U3 UCXOAHOI KEPHOBOW UK WITYCPHON re0nornyeckoil npobbl NyTemM 04HOCTAAUIAHOIO APO6NEHNs B
NnabopaTopHbIX LLEKOBbIX Ap06uIKax, 0CO6EHHOCTbIO KOTOPbIX ABASAETCS MOBbILUEHHOE COAEPXXKaHME 3ePeH NAACTUHYATON N UINOBATON DOPMbI

B NPOAyKTe Apo6neHus. Ha npumepe UCNbITaHWA TPAHUTHOrO LLE6GHSA OJHOT0 U3 MECTOPOXAeHNA Kapenun nokasaHo, 4To 3T0 NPUBOAMT K
3aHVKEHHbIM 3HA4YEHNAM OCHOBHbIX MPOYHOCTHBIX XapaKTePUCTUK — MPOYHOCTH, MCTUPAEMOCTM U MOPO30CTORKOCTM U CYLLLECTBEHHO CHUMXAET
[IOCTOBEPHOCTb NPOTrHO3HOM OLEHKM KavecTBa Le6Hs. HIK «MexaHo6p-TexHUKa» NMpeanoXeHa HoBasi KOHCTPYKLMS NabopaToOpHOIA LLEKOBOM
npo6unkn 2LAC 100200, koTopas 06ecne4nBaeT NpMeM UCXOAHOMO MUTAHMA KPYNHOCTbIO A0 100 MM 1 nonyy4eHne Apo6eHoro NpoaykTa
KpynHocTbto 0—40 MM. CNoXXHble BO3BPATHO-NOCTYNATENbHbIE U ANNUNTUYECKINE ABVKEHUSA LeK 06eCneqnBaoT NpUNoXeHne K apodumomy
martepuany yCunnii capura i Cxxatusi M N03BONSKT NONyYaTh WebeHb C HU3KOM A0Mel 3epeH NNACTUHYATON M MINOBAaTON (hOPMbI, YTO COOTBETCTBYET
COLlePXKaHUI0 TaKMX 3epeH B LieBHE, N0ly4aeMOM B MPOMbILLAEHHBIX YCI0BMAX. 9TO N03BONSAET KOPPEKTHO CPaBHMBATbL (hM3MN4ECKME CBOMCTBA
MPOMBbILIAEHHOTO LWE6HS 1 LWebHS, NoTy4aemMoro B 1abOpaToOPHbIX YCIOBUSX.

KntoyeBble cnoBa: Le6eHb, Apo6neHue, Ky6oBuaHbIE 3epHA, 3epHA NNACTUHYATON M UrMOBATO (HOPMbI, Na6OPATOPHbIE UCTbITAHUA LLEOHS,
nabopaTtopHas LeKoBas apobunka.

Ina uutuposanmus: Amuros B.H., Kamenesa E.E., YcTunos 1.[. iHHOBaUMOHHbIE pa3paboTKu A1 NOBbILIEHNS TOHHOCTYU OLEHKIM (DU3NKO-MEXaHUYeCKMX
CBOWMCTB CTPOUTENbHBIX FTOPHbIX NOPOA NpU reonoruyeckon passeake / CtpoutesnbHblie matepuansl. 2017. Ne 5. C. 69-72.

V.N. AMINOV', Doctor of Sciences (Engineering), E.E. KAMENEVA', Candidate of Sciences (Engineering); I.D. USTINOV?, Doctor of Sciences (Chemistry)
' Petrozavodsk State University, (33, Lenin Street, Petrozavodsk, 185910, Russian Federation)
2 Research and Engineering Corporation «Mekhanobr-Tekhnika» (22, Line 3, Vasilevsky Ostrov, 199106, Saint Petersburg, Russian Federation)

Innovative Developments for Improving the Accuracy of Assessment of Physical-Mechanical Properties
of Construction Rocks at Geological Exploration

For determining the principal possibility to use rocks for production of crushed stone, some their parameters are studied under the laboratory conditions according to normatives. The
data obtained are the basis for designing the processing technology and preliminary assessment of possible ways for using final marketable products in a particular type of construction.
It is known that the content of grains of plate and needle-shaped forms is a factor which significantly reducing their physical-mechanical characteristics. Crushed stone for testwrn is
produced from an initial core or massive geological sample by means of one-stage crushing in the laboratory screw crushers, a feature of which is a high content of plate and needle-
shaped grains in the product of crushing. On the example of tests of granite crushed stone from one of the Karelian deposits, it is shown that this leads to conservative values of main
strength characteristics (durability, abradability and frost resistance) and significantly reduces the accuracy of predictive assessment of the crushed rock quality. “Mekhanobr-Tekhnika”
Research and Engineering Corporation proposes a new design of the laboratory screw crusher 2SHCHDS 100200 which provides the receiving of initial feeding of up to 100 mm fine-
ness and obtaining of the crushed product of 0-40 mm fineness. Complex reciprocating and elliptical motions of a crushing jaw provides the application of shear and compression forc-
es to the material being crushed and makes it possible to obtain the crushed stone with a low share of plate and needle-shaped grains that corresponds to the content of such grains in
the crushed stone produced in the production conditions. This makes it possible to compare correctly physical properties of industrial crushed stone and crushed stone produced under
the laboratory conditions.

Keywords: crushed stone, crushing, cubiform grains, plate and needle-shaped grains, laboratory tests of crushed stone, laboratory screw crusher.

For citation: Aminov V.N., Kameneva E.E., Ustinov |.D. Innovative Developments for Improving the Accuracy of Assessment of Physical-Mechanical Properties of Construction Rocks at
Geological Exploration. Stroitel'nye Materialy [Construction Materials]. 2017. No. 5, pp. 69-72. (In Russian).

TexHonornyeckue uccieq0BaHUsI MUHEPATbHOTO Chl-
pPbsl — BaXKHas 4acTh reoJIorTMYeckux pabort, odecrneuynBa-
IOUIUX UHBECTUIIMOHHYIO U KOMMEPUYECKYIO OLIEHKY Me-
CTOPOXKICHUMA.

[TpuopuTeTHOI LIeJbI0 U3YYeHUST (PU3UKO-MEeXaHUYe-
CKHX CBOMCTB CTPOMTEIbHBIX TOPHBIX MOPOJ SIBISIETCS
omnpenejleHre MPUHIAITUAIBHOU BO3MOXHOCTA HX MC-
MOJIb30BaHUS JJIsI MPOM3BOACTBA IieOHs. s 3TOro
OIpPeAesIoT CleAYyIIUe MapaMeTpbl MOPOAbI: Mpeaes
MMPOYHOCTU TPU CXATUU B CYXOM M BOJOHACBIIICHHOM
COCTOSIHMM, BOAOIOTJIOIIEHUE, MOPUCTOCTh, MUHEPAJIb-
HYI0 U CPEIHIOI IUIOTHOCTh, Hajluyue cilabbiX pa3HoO-
CTEH, cColep>KaHNE BPEIHBIX KOMIIOHEHTOB U IPUMECEN,

aKTUBHOCTb €CTECTBEHHBIX paaiuoHykaumoB. [Ipu coot-
BETCTBMM 3TUX IoKazaTeJieli yCTaHOBJIEHHBIM TpeboBa-
HUSIM IIPOBOASITCS MCIIBITAHUS 1eOHS ppakium 10—20 MM,
MOJYYeHHOTO MPU IPOOJIEHUN MCXOMHBIX TOPHBIX MOPOJT
B 1abopatopHbix yeaoBusx. Cornacuo 'OCT 31436—2011
«[Topoabl TOpHbIE CKaJbHbIE IJIsI MTPOU3BOJCTBA IIEOHS
IUJISI CTPOUTENIBHBIX paboT. TeXHUUYeCKUe YCIOBUS U Me-
TOIBl MCTBITAHUI» KOHTPOJUPYEMbIE IMOKa3aTeau —
MMPOYHOCTb, UCTUPAEMOCTh, MOPO30CTONUKOCTh, CPEIHSIS
U MUHepajbHas IJIOTHOCTb, BomororiolieHue. [lomy-
YeHHbIE JaHHBbIE SIBJSIIOTCS OCHOBOM MJisl TPOEKTUPOBA-
HUSI TEXHOJIOTMU TMepepabdoTKU U TMpeaBapuTesbHOI
OLICHKM BO3MOXHBIX HaIlpaBJIeHUI MCITOJb30BaHUS KO-
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TexHo. 10T H 000pyAOBaAHHE

Taomuna 1
XapakTtepuctuka naéopatopHbix apoounok (HMK «<MexaHoGp-TexHuKa»)
Tun apoBunkn Mogenb KpynHOCTb NUTaHus, KpynHocTb ApobneHoro HasHaueHne
He 6onee, MM npoayKTa, MM
LLlekoBasi AL 60x100 50 0-40 Ons xp)irn(mx nopoga,
CpefHein NpoYyHOCTU
[na xpynknx nopog,
X _
Hiexosas AL, 100200 90 0-40 cpenHen NPo4YHOCTU
KoHyCcHasa nHepunoHHas KnAa-60 * 5 0-2 Ans xpyr‘lex nopoa
pPasfIM4yHOMN NPOYHOCTH
KoHycHas nHepumnoHHas Kna-100 * 10 0-3 Ans XPYKMX NOPOA
pa3nNYHON NPOYHOCTU
* KU, — koHyCcHas nHepumoHHas apobuska, 3apermcTprupoBaHHbI TOBAPHbIA 3HaK.

Tabamua 2
CpaBHuUTebHbIE pe3ynbTaTbl UCTIbITAHUN LLLEGHS U3 rpaHuTa
Pesynbtathl PesynbTatbl ncnbiTaHui
MokazaTtenn nabopaTopHbIX MPOMBILLIIEHHO
OonbITOB* BbIMYCKAEMOro LebOHs
Copep>xaHne 3epeH nNiacTMHYaTon n nrnosaTon Gopmbl, % 47,2-54,7 6,9-13,6
JpobumMocTb (MoTeps Macchl Npu cxaTnun B unmnuHape), % 14,3-17,8 8,6-10,3
MctupaemocTb (MoTepsi Macchl MpU UCMbITaHUM B NOI04HOM GapabaHe), % 20,1-22,3 15,5-18,2
MOpO30CTOMKOCTb (NOTEPS MaCChl NPU UCTIbITaHUN), % 3,2-4,1 1,8-2,1

* Ppakummy WebHs nonydeHsbl Npu ApobneHnn KepHOBOI NpoObl B nabopatopHoit wekosol apobuke ALLL 60x100.
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CopepxaHue 3epeH nnactuH4aTon
1 Urnosatoi opmel, %

CofiepxaHue 3epeH nnacTuH4aToi
1 Urnosaroit hopmel, %

CopepxaHue 3epeH nnacTuH4aTon
1 urnosarov opmel, %

Puc. 1. BnusiHne coaepxaHuns 3epeH niacTuH4aTon n nrnosatoii GopMbl Ha ApoBUMOCTb (&), NCTUPaAEMOCTb (6) 1 MOPO30CTOMKOCTb (B) LLebHS dppakumm
10-20 MM 13 pasHoBMAHOCTEN rpaHnTa 1-3: 1 — rHeicorpaHunT; 2 — MUKPOIMH-NArnoKna3oBblii rpaHnT; 3 — nnarnorpaHnT

HEYHOW TOBApHOW MPOAYKIIMU B TOM WJIM WHOM BUIE
CTPOUTEJIbCTBA.

CornacHO yCTaHOBJIGHHBIM TPeOOBaHUSIM, 11IeOCHD IS
HCTIBITAHUMA JOJDKEH OBITh MOJYIeH U3 MCXOTHON KEPHOBOM
WIN TY(GHON TeoJOTMYEeCKON IPOOHBI IyTeM OTHOCTAIM-
aJIbHOTO JpoOJieHMsT M KJacCU(PUKALIMM MO KPYIHOCTU
(rpoxodeHus). CyuiecTBytolasi METOAMKA MpeaycMaTprBa-
eT TpUMEHEHME J1abopaTOpPHOM IPOOWIKMU, TUIT KOTOPOit
HOPMATUBHBIMU IOKYMEHTaMU HE PEr-JIaMEHTUPYETCS.

[IpakTuka MccieqoBaTeNbCKUX Ja00OpaTOpUii MOKa3bl-
BaeT, 4TO /ISl APOOJICHMS TEOIOTUIECKUX MPOO FOPHBIX MO-
poi, Kak TIpaBWJIO, MPUMEHSIIOT IIEeKOBbIe JAPOOUJIKHU
JII 60x100 mm JI 100x200, obecreynBaloline mpruem
HUCXOAHOrO KycKa He KpynHee 50—90 MM U MoslydyeHue mpo-
JlyKTa TpeOyeMOoit KpYITHOCTH ISl JAIbHEHIIUX UCTIBITAHUIA.
ITpuMeHeHre KOHYCHBIX JJaOOPaTOPHBIX APOOMIIOK UCKITIO-
YaeTcsl BBUIY TOTO, YTO OHM TNPUHUMAIOT CPaBHUTEJBHO
MEJIKMI KYyCOK, a KPYIMHOCTb UX APOOJIEHOTO MPOAYKTa He
npeBsbiiiaet 2—3 Mum (Tabin. 1).

[IpyuMeHeHUEe MIEKOBBIX APOOUIIOK, pa3pyllIaromnux Ma-
TepuaJl TPEUMYIIECTBEHHO 3a CUET YCWIIUI CXKATUSI, TIPUBO-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

AT K TOJYYeHUIO 1EeOHS C BHICOKUM CONEPXKaHUEM Iljia-
CTUHYATBIX U WIVIOBATBIX 3€pPeH, YTO OCOOEHHO 3aMETHO
npu ApoOJIeHUM KEPHOBBIX MpPo0. MHOTOYMCIEHHBIMU
OTBITAMU YCTAHOBJIEHO, YTO TIpU APOOJEHUU KEPHOBBIX
Ipo0 TOPHBIX MOPO B 1a0OPaTOPHOM IIEKOBOM APOOMIIKE
JIII 60x100 B omHY CTaguIo COAepXKaHUE 3epeH TUIACTHH-
yaToil m urioBatoil (opMbl B MpobOax 1eOHsI AOCTUTaeT
55—65% nas mopoa MacCMBHOM TeKCTYpbl 1 60—80% st
CJIaHLIeBATbIX TOPOJI.

dopMa 3epeH IIeOHS oTpenesieTcsl Kak TeKCTYpPHO-
CTPYKTYPHBIMU OCOOEHHOCTSIMU UCXOIHOTO CHIPhS, TaK 1
TUIIOM TIPUMEHsIEMOT0 000pyI0BaHM s, KOJUUECTBOM CTa-
nuit gpo6neHus [1-3]. Ha npoOuiibHO-COPTUPOBOYHBIX
MPEANPUSATUAX 1IEKOBbIE APOOUIIKYA MPUMEHSIOTCS TOJb-
KO Ha CTaJuM KPYMHOTO Apo0ieHus. [0TOBBII TOBapHbIit
eOeHb MOJYYaloT Ha CTAAUSIX CPEAHETO U MEJTKOTO APO0-
JICHUsI, TIPU 3TOM KyOOoBUIHAsS (popMa 3epeH JOCTUTAETCS
3a CYeT MPUMEHEHUs] KOHYCHBIX M yAapHBIX IPOOWIOK,
paboTarolux B 3aMKHYTOM LiMKJie. McnbITaHMS TPOMBIIII-
JIEHHO BBIITYCKaeMOTI'0 TPAaHUTHOTO 111eOHs (ppakinii S—10 MM
n 10—20 MM ITOKa3BIBAIOT, YTO COJAEpKaHME 3epeH Iiia-
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Puc. 2. O6wwuin Bua, apobunkm 2LLAC 100X200

CTUHYATOM M UIJIOBAaTOl (pOpMBI B HUX HE MPEBHIIIAET
13—15% mnpu ucnons3oBanuu B 11l cTagum KOHYCHBIX
npobusiok u 6—10% — 1IeHTPOOEKHO-YIapHBIX.

B T0 ke Bpems comepxXaHue 3epeH IIaCTUMHYATOW U
WUTJI0BaTOi (pOPMEI B IIeOHE ABJIsIeTCS (DAKTOPOM, CYIIE-
CTBEHHO CHWXAIOIMUM ero (pu3nKo-MexaHWdecKue Xa-
PaKTEpUCTUKHU I JaTbHEHUIIEro UCIIONb30BaHus [4].

JlabopaTOopHBIMU OTIBITAMM Ha MCKYCCTBEHHO chop-
MUPOBaHHBIX GpaKIUsIX 11eOHS U3 TpaHUTA YCTaHOBJIE-
HO, YTO MpPHU YBEJUYEHUU COACPKAaHUS 3€PEH TJIacTUHYA-
TOU M UTJOBaTOM (OPMBI OTMEYAETCSI POCT IPOOUMOCTHU
(CHUXXEeHHUE IIPOYHOCTU) U UcTupaeMocTu (puc. 1, a, 0),
a TaKXXKe CHMXXKeHMEe MOPO30CTOMKOCTH 11eOHs (puc. 1, 6).

Takum o0Opa3oM, BbICOKOE COAEpKaHUE 3epeH Iia-
CTUHYATOMN U UTJI0BaTOM (POPMBI B 11IeOHE, MOJTYYEHHOM B
JJaOOPaTOPHBIX YCIOBUSX C TIPUMEHEHUEM TPaaUILIMOH-
HBIX HIEKOBBIX IPOOMJIOK, MPUBOAUT K 3aHUKEHHBIM
3HAUEHUSAM OCHOBHBIX MPOYHOCTHBIX XapaKTePUCTUK —
MPOYHOCTU, HUCTUPAEMOCTH M MOPO30CTOMKOCTU, UTO
CYUIECTBEHHO CHUXaeT IOCTOBEPHOCTb MPOTHO3HOM
OLIEHKU KayecTBa 1IeOHs.

B Tabn. 2 mpuBeneHbl CpaBHUTEJNbHbIE PE3YIbTATHI
WUCITBITAHW I TPAHUTHOTO 1IEOHS OTHOTO U3 MECTOPOXIe-
Huii Kapenuu, BEIMOJHEHHBIE B COMTOCTABUMBIX YCIIOBU-
sX. BUIHO, YTO MPOMBINIEHHO BBIMTyCKaeMbIil IIeOeHb
(comepXaHue 3epeH MJACTUHYATON U UTJIOBATON (HOPMBI
6,9—13,6%) xapakrepusyercss 6ojiee BBHICOKMMU IIPOY-
HOCTHBIMU XapaKTepUCTUKAMU IO CPAaBHEHUIO CO 111e6-
HEM, TIOJIyYEHHBIM B JIAOOPATOPHBIX YCJIOBUSAX TPU UC-
MBITAHWM HAa CTaJUU TE€OJIOTMYECKOW pa3Beiaku (coaep-
XaHue 3epeH IUIACTMHYATOM M WUIrJ0oBaTol (popMEbI
47,2—-54,7%).

I[TpoTtuBopeune Mexay GpakilMOHHBIM COCTaBOM
EeOHsI, MOJYYEHHOTO B TPAAMIMOHHBIX J1aOOPATOPHBIX
IIEKOBBIX OpOOMIKaxX, U (paKIIMOHHBIM COCTaBOM ITPO-
MBIIIJIEHHOTO 1IeOHSI MOXEeT OBbITh YyCTpaHEHO IpU UC-
IMOJb30BaHUM HOBO 1aOOPaTOPHOI IMIEKOBOI IPOOMIKI
2IIJC 100200, paspaboranHoit B HITK «MexaHoOp-
TeXHUKa» (puc. 2). YcoBeplIeHCTBOBaHHAsE KOHCTPYK-
musg gpoounku 2IIJC 100x200 obecrnieynBaeT Ipuem

s

e

Puc. 4. BHewwHwnii BuA, webHs epakummn 10-20 mm 13 ra66po-avabasa,
NoMy4eHHOro ¢ ucnonbdoBaHnem apobunok ALLL 100X200 (a)
v 2LAC 100X200 (6)

Taomuna 3

CopepixaHue 3epeH NAacTUHYaToi n urnoeatoii popmbi
B WwebHe ¢ppakuun 10-20 mm

CopepkaHue 3epeH NnacTUHYaTom n
vnrnosaton Gopmbl 3epeH, %
Hpo6uka LWe6eHb Le6eHb 13 LLe6eHb
13 npoObl npo6bI rabbpo- 13 NpookI
rpaHuTa nnabasa rHenca
AL 100%x200 58,4 61,4 73,3
21AC 100x200 12,7 13,5 19,7

MCXOAHOTO MUTAHUSI KPYMHOCThIO 10 100 MM U moJiyye-
HHUE IpoOJIEHOro MPOAYyKTa KpYIMHOCThI0 0—40 MM.

PaGounmu opraHaMu IpOOMIIKY SIBJISIIOTCS IB€ KMHE-
MaTUYECKM CBSI3aHHBIE CUHXPOHHO paboTaloline MIeKH,
COBepIIaIONINe CIOXHBIE BO3BPATHO-TIOCTYIATEbHBIE U
SJIMNITUYECKUE OBUXeHUs. Takoil xapakrep IBUKEHUS
ek obecreynBaeT NPUIOXKEeHHUE K IpoOMMOMY MaTepua-
Jly YCWIWIA CABUTA U CXaTHsI U MO3BOJISIET MOJIyYaTh Iie-
OeHb C HU3KOW JoJield 3epeH TUIACTUHYATOM M UTJIOBATOM
dopmel. T1py UCTTOTB30BAaHUM 3TON MAITMHBI TAKXKE MO-
KeT OBITh JOCTUTHYTA BBICOKAs CTEMEeHb COKpAIIeHUS
KPYMMHOCTU MaTepuaa B Mpolecce 1po0JIeHHUsI.

B Tabxn. 3 mpuBeneHbl pe3yabTaTbl CPaBHUTEIbHBIX
OMBITOB IO OlieHKe (OpPMBbI 3epeH IIeOHsS (pakuuu
10—20 MM, TOJy4YeHHOro MpPU JAPOOJEHUU KEPHOBBIX

HAayuHO-mexXHU4ecKuil U NPOU3800CMBEeHH b HCYPHAN
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TexHoJioruu H 060pyA0BaHHE

npo0 TOpPHBIX IOpoA B JabOpaTOPHBIX ApoOOMIKAX
AT 100x200 u 2IIAC 100x200.

AHanu3 MOJYyYeHHBbIX JaHHBIX MOKa3bIBaeT, YTO MpPU-
MeHeHue JabopatopHoii ekoBoi npoduiku 2LLIAC 100x200
obecrneynBaeT MoJjyyeHue 1edHs, coaepxailero He 60-
nee 12,7—19,7% 3epeH macTUHIATON U UTIIOBaTOM (hop-
MHI (puc. 4), 9TO MPaKTUIECKA COOTBETCTBYET COIEpKa-
HUIO TaKUX 3€PEH B LIIeOHE, MOJYyYeHHOM B MPOMBIIIIEH-
HBIX YCJIOBUSIX.
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LlemeHTHbIE KOMNO3WUL UK, MOAN(ULUPOBAHHDIE
BOJHOM 3IMynbCUEH 3NOKCUAHOI0 oNiMromepa

Paspa6oTaHbl peLenTypHO-TEXHONOMNYECKME NapaMeTpbl 3roTOBAEHNS NONMMEPLEMEHTHbIX KOMNO3ULMIA HA OCHOBE MOPTNAHALEMEHTa U BOLHON
3MOKCUAHON AMYNbCUM, OTBEPXAAEMOI aNNHATUYECKUM NOSMAMUHOM. VlccneoBaHa KOHLEHTPALMOHHAs 3aBUCUMOCTb TEXHONOTNYECKUX U (HM3NKO-
XUMUYECKUX CBOICTB MaTepuana. YCTaHOBNEHO ONTUMANbHOE nofinMepLemMeHTHoe cooTHowwenue (M1/U=0,5). liccnepnosana cTeneHb 0TBEPXAEHNS
3MOKCUAHON CMOJIbl B COCTAaBE KOMMO3WLMIA Ha PasHbIxX aTanax ux TeepaeHns. G NOMOLLbI 3NEKTPOHHOA MUKPOCKONNN C SNEMEHTHBIM aHanM3oM
CCNefi0BaHa CTPYKTYpa NONMMEPLEMEHTHbIX Komnoauumii npu M1/L=0,5, B KOTOPOi AMCNEPCUOHHON CPEAOIi ABNSETCA 3MOKCMAHBIA NOAUMED, @ ANCNEPCHOI
(ha30ii — LUEMEHTHbIIA KaMeHb. [TPOYHOCTb 3TON NONUMEPLIEMEHTHOI KOMNO3MLMK B 2,75 pa3a NpeBOCXOAUT MPOYHOCTb «HUCTOr0>» LIEMEHTHOTO KaMHs.

KntoyeBble cnosa: MOSIMMEPLEMEHTHbIE KOMMO3ULMW, BOAHbIE 3MYJTbCUU ANOKCUAHBIX CMOJI, COCTaB, CTPYKTYpPa, NPOYHOCTb, M3HOCOCTOMKOCTb.

Ins yutupoBanms: Xo3uH B.I., A6aynxakosa A.A., CtapoBoiiToBa W.A., 3bikoBa E.C. LieMeHTHblE KOMNO3MLMK, MOANULIMPOBAHHbIE BOAHOA 3MYyNbCKeil
3NOKCUAHOro onuromepa // GCtpoutenbHbie matepuansl. 2017. Ne 5. C. 73-77.
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Cement compositions modified with an aqueous emulsion of an epoxy oligomer

The prescription and technological parameters for manufacturing polymer cement compositions based on portland cement and aqueous epoxy emulsion cured by aliphatic polyamine
were developed. The concentration dependence of the technological and physico-chemical properties of the material was studied. The optimum polymer-cement ratio is established
(P/C=0,5). The degree of curing of epoxy resin in the composition of the compositions was studied at different stages of their hardening. With the aid of electron microscopy with ele-

mental analysis there was investigated the structure of polymer-cement compositions at P/C=0,5, in which the dispersion medium is an epoxy polymer, and the disperse phase —
a cement stone. The strength of this polymer-cement composition is 2.75 times higher than the strength of a “pure” hardened cement paste.

Keywords: polymer-cement compositions, aqueous emulsions of epoxy resins, proportion, structure, strength, wear resistance.

For citation: Khozin V.G., Abdulkhakova A.A., Starovoitova I.A., Zykova E.S. Cement compositions modified with an aqueous emulsion of an epoxy oligomer. Stroitel’nye Materialy

[Construction Materials]. 2017. No. 5, pp. 73-77. (In Russian).

[TosMMeplLieMEeHTHBINM OETOH 3aHMMAET HUIIY MEXIy
«UUCTHIM» IIEMEHTHBIM 0€TOHOM M TToJimMepoeToHoM. OH
obnanmaeT Gosiee CIOXHON CTPYKTYpoOii, KoTopas (opmu-
pyeTcsl TIpU OTBEPXKIECHUU CMECU IBYX PeaKIIMOHHOCITO-
COOHBIX CUCTEeM: IEMEHTHOM 1 MOJUMEPHOI.

CoBMelleHMe MUHEPAJIbHOTO M OPraHUYecKOro Bs-
KYIIAX TTIPUBOJIUT K B3AUMHOMY BJIMSTHUIO HA CTPYKTYPO-
o0pa3oBaHUE KaxI0ro KOMIMOHEHTa. B mpucyTcTBUM mo-
JIMMEPHBIX 100aBOK M3MEHSETCS KMHEeTUKa TMapaTtaluu
KJIMHKEPHBIX MUHEPAJIOB, IIPU 3TOM MPOAYKTHI TUIpaTa-
LIMY TaKXKe OKa3bIBAIOT BIMSIHUE HA OTBEPXIECHUE TOJIU-
Mepa. be3ycioBHO, cucTeMa 13 ABYX TUIIOB OTBEPXKAAIO-
IUXCSI KOMITOHEHTOB (OpraHUYeCKOil U HEOpTaHWYeCKOi
MPUPOJbI) JAOJKHA MPUBOAUTL K 00pa30BaHUIO KOMITO-
3UTHOTO MaTepuaiia co cTpykrypoii Tuna BITC (Bzaumo-
MMPOHUKAIOIIUX CTPYKTYP) WK CTPYKTYPOU MAaTPUIHOTO
Tuna (IMcIepcuoHHas cpefa — auciepcHas gasa).

HccnenoBaHusimm B 00JaCTM COBMEUIEHUS MOJIUME-
POB C I1IeMEHTOM 3aHUMaJWCh MHOTHE AaBTOPHI.
I0.C. YepkuHckum [1] ObUIM MCClIeTOBaHBI ITOJMMEpPIIE-
meHTHbIe (I1/Ll) xommosuiuu, comepxaiiue M00aBKU
CHMHTETUYECKOTO JIaTeKca U MOJUBUHUIALIETATHOM 9MYJIb-
cuu (IIBAD). 1o pe3yabraTaM OLIEHKU BIMSHUS IIOJIUME-
DPOB Ha TBEpAECHMUE M CBOMCTBA MOJy4aeMOro maTepuasa
OBLIIO OIlpenesieHO omnTuMaiabHoe cooTHolueHue I1/L1,
koropoe coctasuio 0,1—-0,25. ®.B. Marseesuu [2] pac-

cMaTpuBall 11eJ1ecoo0pa3HOCTh MPUMEHEHUSI BOMHBIX AUC-
mepcuii cmHTeTIecKoro Jatekca CKC-65 I'Tl B 6eroHe
U1 TpYO € METaNIMYeCKUM cepAeyHUKoM. KomanuecTBo
JaTekca MeHsutoch oT 1 1o 10% oT Macchl LieMeHTa, 4To
MPUBEJIO K MOBBIIIEHUIO TTPOYHOCTU TIPU PaCcKaJbIBAHUU
U CHUXEHUIO BogomnorjoweHus. B pabore [3] aBTopamu
MU3yYeHbl MPOTUBOCKOJB3SIIINE CBOMCTBA TOHKUX IMOJOC
M3 TTOJIUMEPLIEMEHTHOTO COCTaBa HA OCHOBE 3MOKCUIHO-
ro oJWroMepa M IIeMEHTa Ha TPOTYyapHBIX TIJIUTKAaX.
HccnenoBaHus MpOBOAMIIMCH ITyTeM U3MEPEHUs ITUHBI
X0Jla MUHU-TEJEXKHU. YCTaHOBJIEHO, UTO HAWJIYUYIIWi
MIPOTUBOCKOJIBL3AIIMNNA 3¢ PeKT (CHUXeHHe IJIUHBI XOoIa
TEJIeXKHU) COCTaBWIO 38% Ha Cyxoil IMOJMMEpPLeMEHTHOM
I0JIOCE TI0 CPaBHEHUIO C LIEMEHTOOETOHHBIM 00pa3loM
npu I1/11 0,2—0,25.

Kpurepuem BbIOGOpa MOJUMEPHOTO KOMITOHEHTA TH-
OpMIHOIO BSIKYIIETO CIyXaT pa3IMyHble TpeOOBaHMUS,
KOTOpbIE TIPEABSIBISIOTCS K TOTOBOMY MaTepuay Mo u3-
HOCOCTOMKOCTHU, Je(OopMallMOHHON MPOYHOCTU, XUMHU-
YeCKOU CTOMKOCTH U psSIy Opyrux nmokasareneii. Haubomee
npumMeHsiemble moaumepsl: [IBA u cuHTeTHUECKUE TaTeK-
CBI UMEIOT PSIiJT HEAOCTATKOB, TAKUX KaK CHUKEeHHAas BOIO-
U XUMCTOUKOCTb. OCHOBHAsl TPYAHOCTb IPUMEHEHUS
9MyJIbCUIl KapOaMUIHBIX CMOJ CBsI3aHa ¢ HEOOXOIUMO-
CTbIO IPUMEHEHHUS KUCJOT JJISI UX OTBEPXKIAEHUSI, YTO YyC-
JIOXKHSIET TBepAeHUE MopTiaHaueMeHTa. OTBepXIeHUE
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Ta6mma 1
dunsunko-xumMmnyeckme CBoMcTBa 3NOKCUAHON 3MyIbCUN
HanmeHoBaHune nokasarens Hopwma
BHeLLHWi BIA, Benas opHopoaHas
XWAKOCTb
MaccoBas [onst HeneTy4nx BeLecTs, % 68-74
KaxyLascs Ba3kocTb No bpykdunbay 5_12
(25°C, 20 06/muH), Ma-c
MokasaTens pH 6-10
CtabunbHOCTb Npu pasbasneHnn
] 98
1:10, %, He MeHee
CpepnHuin paamep 4acTul, HM 350-1000

MoAM3GUPHBIX CMOJ COIPOBOXIAETCS 3HAYUTEIbHOM
ycaakoit — 10 10 06. %, 9TO MOXET MPUBECTU K TOSIBIIC-
HUIO TPEIIUH B KOMITO3UIIMOHHOM MaTepuare.

DNOKCUIHBIE MOJUMEPbl 00J1aal0T U3BECTHBIM KOM-
IUIEKCOM LIEHHBIX CBOMCTB, 4 UMEHHO BBICOKOM MPOYHO-
CThIO, B TOM YUCJIE aITE3UOHHON, XOPOIIE XUMUUYECKON
CTOMKOCTBIO. [JTaBHBIMU MIPEUMYIIIECTBAMU 3TTOKCUIHBIX
KOMIIO3UILINH SIBISETCS UX BOOOCTOMKOCTH [4] maxke mpu
HCIIOJIb30BAaHUM BOAOPACTBOPUMBIX aMMHHBIX OTBEPAU-
TeJeil u, 6e3yCI0BHO, CMOCOOHOCTh K pa3HbIM criocobaM
Moaudukauuu [5].

[lepBbIit naTeHT HAa MOAMMUIIMPOBAHHYIO STTOKCUIHOM
CMOJIOW 1IEMEHTHYI0 KOMITO3UIIMI0O ObLI TOJIy4yeH
. Jounenu B 1965 r. [6]. B cooTBeTCTBUM C HUM IJIST I1O-
JIydeHUsI TaKOW CUCTEMBI STMOKCUAHAS CMOJia TpeaBapu-
TeJIbHO AMYJIbTUPYETCS C BOJIOI U 3aTeM MepeMelBaeTcs
C 3apaHee MOJATOTOBJIEHHOW CMECHIO LIEMEHTA C 3aI0JIHU-
teasiMmu. OIHAKO TIPOU3BOACTBO IMOJUMEPIIEMEHTHBIX
KOMITIO3UIIMI TAaKUM CITOCOOOM HE MOJIYYUJIO JaibHe e~
rO pa3BUTHS U3-3a MOBBIIMICHHON TPYIOEMKOCTU U CTOM-
MOCTU. TeXHOJIOTHUsI OCOXHEHA MPOIIECCOM COBMEILIeHUS
STMOKCUIHOU CMOJIBI C LIEMEHTOM HM3-3a BBICOKOW BSI3KO-
ctu anokcuaHoi cmoibl (~ 20 Ila-c). Takxke cyliecTByeT
mnmpobJieMa ¢ yCJIOBUSIMU TBepIeHUs cucTeMbl. B padore [7]
IUJTSI JOCTUKEHUSI KOHEYHBIX XapaKTepUCTUK aBTOPBI MPO-
BOJISIT «CYIIKY» B IBa 3Talla: TETUIOBIAXKHOCTHYIO U CYXYIO.
ABTopamu [8] COBMECTHO C HayYHO-IIPOM3BOICTBEHHOM
dupmoii OO0 «PekoH» pa3paboTaHbl YCTOMYUBBIE KOJI-
JIOUJHO-AUCIIEPCHBIE BOJHbIE OMYJIbCUU JUAHOBBIX MOK-
CUIHBIX cMoJ (Tabu. 1). OHM 00sagaloT BBICOKOU cTa-
OMJIBHOCTBIO TIpU pa30aBJIeHUN BOJOW U UMEIOT CpEeIHU
pa3mep Jactuil cMoJibl B ipenenax 350—1000 am. B xaue-
CTBE AMYJIbraTopa MCIOJIb30BaHbI BOJOPACTBOPUMbIC aHUOH -
akTuBHBIe [IAB Ha ocHOBe IOJM3(pUPKaApOOKCUIATOB,
KOTOpbIE OMHOBPEMEHHO SIBJISIIOTCS 3P (HEKTUBHBIMU T1J1a-
cTU(dUKaTOpaMu LIEMEHTHBIX KOMIO3ULIUIA.

HMcxonst u3 BhIllecKa3aHHOTO 11EJIbI0 HACTOSIIIEN pa-
OOTHI SIBASIJIOCH TIOJyYEHUE TMMOJIMMEPIEMEHTHBIX (11e-
MEHTHO-TIOJIMMEPHBIX) KOMITO3UIIUM TTyTeM 3aTBOPEHUS
NOPTJAHALEMEHTa BOAHOW SMYJbCUEH SMOKCUIHOM
CMOJIbI, UCCIeIOBAHNE KMHETUKU UX TBEpAEHUSI, a TAKXKe
CTPYKTYpPHI U CBOMCTB.

B paGote ncnoab30BaHbI:

— BOJIHAsl SMYJIbCUS TIOKCUIHOTO OJIUuToMepa (aanee
smyabcuu BOII), coorBercTByromas TY 2241-027-
12963063—2014 (OO0 «HIT®D Pekon»);

— orBepauTtenb noaudtuneHnoauamut (IBI1A) co-
rnacHo TY 2413-357-00203447-99;

— noptiaanguemMeHT LIEM 1 42,5b Mopnoosckoro 1ie-
MEHTHOTO 3aBoaa, coorBeTcTBytomuit TOCT 31108—2016
«IleMeHTBI 0011IeCTpOUTENbHBIE. TeXHUUECKHUE YCTOBUSI».

[IpuroroBiaeHue o6pa3LoB AJIs1 UCIIBITAHUI OCYLIECT-
BJISJIOCH MYTEM TMOCJeI0BaTeIbHOTO CMEIIEHUSI SMYJIb-
CUU C OTBepauTesieM, 100aBJIeHNEM HEO0OXOAMMOIro KO-
JINYECTBA BOIBI IJISI HJOCTUKEHUS HOPMAaJIbHOM T'YCTOTHI
1IEMEHTHO-TTOJJUMEPHOI KOMITO3UIIMM (BOAa BBOAMJIACH
CBEPX TOTO KOJMYECTBA, KOTOPOE COAEPXKUTCS B dMYJIb-
cuu BOII) u mocneayomuM cMelieHeM C IEMEHTOM.

B xauecTBe OCHOBHBIX (haKTOPOB, OTIPEIEIISFOIINX U3-
MEHEHUE MCCIEAYyeMbIX MMapamMeTpoB, ObLIM TPUHSITHI:
nonumMmepleMeHTHoe oTHolueHue (I1/11); ycimoBust TBep-
NeHUs KOMITO3UIIUM (BpeMsi, TeMIlepaTypa, BIaXXHOCTh
cpenbl).

M3HavanpbHO MoaubUIMpOBaHWE LIEMEHTHOM cucre-
MBI TIIaHMpoBajoch yteM BBeaeHust BOII nipu I1/11 ot 0
no 1. OgHako B Xone McclieloBaHUsl ObLJIO YCTAHOBJIEHO,
yrto nipu [1/11>0,5 mporcxoaut pacciioeHue CMeCH B CBSI-
31 ¢ pa3HOCTBIO pazMepa M TJIOTHOCTH YacTHIl IleMeHTa
(0=3,1 r/cM3, pazmep yactui 20—50MKM) U YACTHLL STTOK-
cunHoit cmonel (p=1,2 r/cM?, pasmep uactui 0,74 MKM).
IIpu pacueTe OoTHOIIEHUS MOJIMMEPA K LIEMEHTY B IMOJIM-
MEpHYIO 9acTb BXOAMT BMOKCUIHAS CMOJIa COBMECTHO C
otBepauteneM (Ha 100 M. 4. cMOJIBI IpUXOOUTCS 18 M. 4.
IIDITA). BogouieMeHnTHoe oTHoteHue (B/L) aist kaxmo-
ro I1/11 6bu10 TTOOOGPAaHO IMyTeM OIpenesieHUs HOpMajib-
HOI TYCTOTBI LIEMEHTHO-TTOJIMMEPHOTO TECTA.

Bmugnue no6asku BDII Ha TexHoMOrnueckue mapa-
meTpsl [1/1] kommo3unmii ykazaHo B Ta0J1. 2.

YcTaHOBIEHO, YTO BBENECHUE SMOKCUIHONW 3MYJIbCUM
OKa3bIBaeT ITaCTUGUIUPYIOMUI 3PdheKT Ha KOMIT03U-
LI1I0; B ¢Bs13U ¢ 3TuM nipu I1/11>0,3 Obl10 IPUHSITO yCTa-
HoBuTh B/L1=0,18 (TeopeTnyecku HeOOXOIMMOE KO-
YeCTBO BOJbI IS TOJTHOM I'MapaTaluy 1IeMeHTa).

Ha nepBom atane uccnenosano Bausiuue I1/1l otHO-
IEeHUs Ha TIPOYHOCTh MPU CKATUU OTBEPKACHHONW KOM-
MO3ULIMU, IS 4ero ¢popMoBaind 00pa3lbl-KyOMKM pa3-
MepoMm 20x20x20 MM, 3aTeM OTBEPXKAaTU UX B METaJIU-
yeckoil popMe Mpu HOpMaTbHBIX ycaoBUsIX (t=20%2°C,
w=100%). ITpouHocTh onpenensiv Ha 7, 14, 28, 60, 90-¢
CYTKM TBepICHUSI.

OO0OHapyXeHO, YTO HapacTaHWEe IPOYHOCTU B LIEMEHT-
HO-TIOJIMMEPHBIX CMECSIX B TIEPBbIE CYTKU MIIET HAMHOTO
MeJJIeHHee, 4YeM B <«UYMCTOW» IIEeMEHTHON cucTeMe.
K 28-M cyTkaM TBepJAeHUSI NMPOYHOCTHBIE MOKa3aTelu
«YUCTO¥M» UEMEHTHOM U LIEMEHTHO-TIOJUMEPHOM CUCTEM
MMOYTH OAMHAKOBHIL. [1pu manpHelIeM TBepAeHUU Hapac-
TaHUE MMPOYHOCTYU MOJIMMEPIIEMEHTHBIX KOMITO3ULINIA Ha-
MHOTO TPEBBIIIAET IEMEHTHBIE CUCTEMBI, UTO OTPAKEHO
KPUBBIMU «ITPOYHOCTb—BpPEMSsI» Ha puc. 1.

Kak BUAHO M3 3TUX KPUBBIX, HauboJiee BBICOKUMU
IMPOYHOCTHBIMU TTOKa3aTe My obsanaeT oopasenr ¢ [1/11=0,5,

Taonuma 2
BnuaHue MN/L, Ha TexHonornyeckue cBoOMcTBa
MonumepuemMeHTHOe COOTHOLLEHNE
MapameTpsbl

0 0,1 0,2 0,3 0,4 0,5
Havano cxeaTtblBaHWUS, MUH:C 1:40 2:30 3:30 5:25 6:40 8:30
KoHeLl, cxBaTbIBaHUSA, MUH:C 3:70 5:45 6:50 9:10 - -
B/L, 0,28 0,27 0,23 0,2 0,18 0,18
MoaBMXHOCTb (BA3KOCTb) CMECU Hopm. ryctotbl | Hopm. ryctoThl | Hopm. ryctoThl | BsaskoTekyyas Tekyyas Tekyyasn
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Puc. 1. KuHeTtuka Habopa NpoYHOCTM LLEMEHTHO-MONIMMEPHbBIX KOMNO3ULUNIA
B YCNOBUSIX HOPMaSIbHOrO TBepaeHust (1 — «4ucTbli» uemenT; 2 — M/U=0,1;
3-1/u=0,3; 4 - /U=0,5)

ero npoYHocTh Ha 60 u 90-¢ CyTKU TBEPACHUS MIPEBHIIIAET
MPOYHOCTb «YUCTOTO» IIeMeHTa B 2,75 pa3a. 3amenieHue
TBEPACHUSI BOAHBIX OPTaHO-HEOPTaHWUYECKUX KOMITO3M-
U MOXHO OOBSICHHUTH CleAyloInuM obOpas3oM. Ilomu-
MepHasi cocTaBisoiias (cmoja, oTrBepautenb, [IAB-
9MYJIbraTop), OKa3blBasl BBICOKOE ILIACTU(PULHMPYIOIIEe
NEeWCTBME Ha 1LIEMEHTHOE TeCTO, 3aMelJIseT TUApaTaluio
LIEeMEHTa BCJEJICTBME alcopOLMU Ha aKTUBHBIX LIEHTpax
yacTull lieMeHTa. Takoe 3aMejuieHWe TBEPAECHUS MOJU-
MEpPILEMEHTHBIX CUCTEM OBLIO OTMeueHo B paboTtax [9, 10].
B T0 ke BpeMst oTBepauTeNb 3NOKCcUIHON cMoibl (ITDTTA)
XOPOIIIO PACTBOPUM B BOZIE, UTO B CBOIO OUepPeb, 3aMe IS~
€T 00pa3oBaHue CETYATOrO MOKCUIHOTO TOJUMepa U T1-
npatauuio nuemeHrta. [1o Mepe M3MEHEHUs] COOTHOLIEHUS
Boga : [1DI1A u cuuxenus B/1l ckopocTh 00eux peakiuii
CTPYKTYpoOOGpa3oBaHus Bo3pacTaeT (10 60 cyT), yBeIudu-
BaeTCsl BKJaJ B MPOYHOCTb KOMITO3UTA IOJMMEPHOTO
KOMITOHEHTA.

Jlanee ObLIO MCCIEIOBAHO BIMSIHUE ITOJIMMEpa Ha CBOM-
CTBAa, OIPEHENSIIOIIME U3HOCOCTOMKOCTD U BOAOCTOMKOCTh
kommosuiuii FTOCT 13087—81u 'OCT 12730.3—78 (puc. 2).

HM3MeHeHMe BOJOIOMIONMIEHUSI KOMITO3UTAa C POCTOM
I1/11 B 3HaUUTEIbHOW CTENEHU OOYCIOBIEHO CHUXEHUEM
MMOPUCTOCTU LIEMEHTHOTO KaMHSI B CBSI3U C YMEHBIIICHUEM
B/I1 1 06beMHOI 7OJIM TOTO MUHEPATBHOTO KOMITOHEHTA.
BTopoii KOMITIOHEHT — 3MOKCUAHBIN MOIMMEpP, KaK U3BECT-
HO, XapaKTepu3yeTcsl OYeHb MaJibiIM BOMAOIOIJIOUIEHUEM
(menee 1%) [5]. OmHaKo TPUCYTCTBUE TOBEPXHOCTHO

6 0,3
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Puc. 2. Nokazateny BOAOMNOMIOWEHNS 1 UCTUPAEMOCTU LLEMEHTHO-MONN-
MEPHbIX KOMMNO3nuuii (1 — «yucTelii» uemeHT; 2 — MN/U=0,1; 3 - N/4=0,3;
4 -1n/u=0,5)

Taomuma 3
AkcTparnpoBaHue 305b-Ppakumm n3 3NOKCUAHOro
nonumepa — coctas Ne 4 (M/L=0,5)

3onb-bpakums, BospacT nonMmepLeMeHTHbIX KOMNO3ULMIA, CyT

%

3 7 14 28

G 0,11 0,08 0,07 0,03

aKTUBHOTO BElllECTBA — 3MYJbraropa u miactudukaropa
CMOCOOCTBYET BO3IYXOBOBJICUCHUIO TIPU TEpeMeIIMBAaHUN
U Pa3BUTUIO 3aAMKHYTO-SIYEUCTON ITOPOBOU CTPYKTYPHI.
OpHako Jaxe B 9TOM ciydyae KalwUISIpHOe BOAOMNOIIONIE-
HUE HE BO3PACTaeT.

HMcTupaemocTth MOAM(PUUUPOBAHHOTO 1IEMEHTHOTO
KaMHSI CHUXaeTcsl B 2—5 pa3, U 3TOT POCT U3HOCOCTOM-
KOCTHU OOYyCJIOBJIEH BJIMSIHMEM TMOJMMEPHON COCTaBJISIO-
et 1 cooTBeTCTBeHHO BenunHoii I1/11: yem oHo BbIlIIe,
TeM CUJIbHEE KOMMO3UIMOHHBI MaTepua CONMPOTUBIIS-
ercs abpa3vuBHOMY U3HOCY.

HanbHeiiniee vucciaegoBaHre MPOXOAUIO Ha oOpa3uax
npu I1/11 0,5, Tak KaKk naHHas KOHUEHTpaluus objiamaet
HanboJiee BBICOKMMU XapaKTepUCTUKAMU.

st onpenesieHns CTENEeHU OTBEPXKAEHUS STTOKCUIHOM
cModbl B IT/11-koMIo3uiuu HaMu ObUT TPUHST HauboJee
HaJeXHbI METOA — IKCTparupoBaHue 30J1b-Gpakinu, He
CBSI3aHHOI C MOJMMEpHOIi ceTkoi. Pe3ynbTaThl Uccaeno-

Tat6auna 4
CoaepxaHue aneMeHToB, %
Touka 1 Touka 2 Touka 3
OnemeHT
Bec. ATOM. Bec. ATOM. Bec. ATOM.

(0] 43,16 63,31 51,45 70,83 9,19 7,32

Na 0,16 0,17 0,39 0,38 - -

Mg 0,17 0,16 0,51 0,46 0,16 0,08

Al 0,8 0,7 1,64 1,33 0,3 0,14

Si 12,89 10,77 8,98 7,04 1,41 0,64

K 0,48 0,29 0,16 0,09 0,08 0,03

Ca 41,17 241 34,21 18,8 2,66 0,85

Ti 0,21 0,1 0,29 0,13 - -

Cl - - - 0,36 0,13

C - - - 85,48 90,69

Mn - - 0,21 0,08 - -

Fe 0,95 0,4 2,16 0,85 0,13 0,03
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Puc. 3. Bug cTpykTypbl NONMMEPLEMEHTHOM KOMMO-
3uumn (MN/LU=0,5) B 3neKTPOHHOM MUKpPOCKONe

Puc. 4. Wnnd nonnmepuemMeHTHOM KOMMO3u-
umm (M/U=0,5) 8 COM

Puc. 5. Mopdonorus noBepxHOCTU C OTOGPAKEHNEM 3/IEMEHTHOIO KOHTPaCcTa

BaHMI npeacTaBieHbl B Ta0J1. 3. CTeneHb OTBePXKIASHUS STTIOKCUTHON CMOJIBI
OTpeaessUIn TyTeM 3KCTparvupoBaHMsI €€ M3 MPOObl LIEMEHTOIOoJUMEpPa B
anmapare CokcjieTa KOHAeHCATOM IMapoB alleToHa. JIJIst 3TOoro mojumepliie-
MEHTHbIE COCTaBhl B Bo3pacte 3, 7, 14, 28 cyT TwlaTeJIbHO M3MeJbUalli B
TOHKOAMCIIEPCHBIN MOPOIIIOK.

HccnenoBanue (pa3oBoii CTPYKTYypbl OTBEPXKAEHHOTO 1IEMEHTHO-TO-
JIMMEPHOTO KOMITO3UTa MPOBOIUIN Ha aBTOOMUCCUOHHOM BBICOKOpa3pe-
IIapIIeM CKaHUPYIOIIeM 3JIeKTPOHHOM MHKpockolle Merlin KkomMmmaHum
Carl Zeiss (pa3pemienue cnekrpoMmerpa 127 3B) B MeXaucIUIIMHAPDHOM
LIEHTpe «AHalIuTU4YecKass MUKpocKomnus» nmpu Kazanckom genepajibHOM
YHUBEPCUTETE.

Ha puc. 3 npeacrasiaeHbl ¢potorpaduu CTPYKTYphl MOJIUMEPLIEMEHT-
Horo komnosuta npu I1/11=0,5.

st BBISIBIGHUSI OPTaHUYECKON M MUHEPAJbHOUN COCTABJISIIOIIMX ObLIT
IpOBEIEeH dJIEMEHTHHIN aHanmu3 (puc. 4, 5; tadma. 4).

ITo comepkaHWIO 3JE€MEHTOB BUAHO, UTO HaubOJblIee KOJIUYECTBO
yIJepoia CONEePXUTCS B TOUKe 3, a Kaablius — B Toukax 1 u 2. Mcxoas us
9TUX TaHHBIX MOXHO CIIeJaTh BHIBO/, YTO MOJUMEPHBIA KOMITOHEHT SIBJISI-
eTCsl IUCIIEPCUOHHOM Cpeloil, MaTpUlIei B TOJYYEHHOM KOMIO3UTE (TeM-
HOe moJie). A KpUCTAUIOTUAPATH IIEMEHTHOTO KaMHSI IMPEACTaBIEHbI B
HEl B BUJE BKJIIOUEHUI (CBETJIbIE arperarhl).

Takum o6GpaszoM, MoauduUKaMUs LIEMEHTHOI'O BSIXKYIIETO BOIHOMN
OMYJIbCUE BMOKCUAHON CMOJIbI, OTBEpPXKAaeMON MOJUITUICHIOIUAMU-
HOM, CYILIECTBEHHO 3aMeJisieT CKOPOCTb TBEPAEHUS KOMIO3UIIUU B HOP-
MaJIbHBIX YCIOBUSIX TBEPACHUS 3a CUET 3aMeJIEHUS KaK TMApaTalliy MopT-
JIAHJILIEMEHTAa, TaK U PeaKlMX 3MOKCUIHOTO OJIMTOMeEpa ¢ TTOJMaMUHOM B
Bospacre 10 20 cyt. Jajee o6a mpouecca yCKOPSIIOTCS BILIOTH 10 60 CyT, ¢
00pa3oBaHUEM BBICOKOIIPOUYHOIO IMOJUMEPIEMEHTHOTO KOMIIO3UTa C
MPOYHOCTBIO NIPU CXKaTUHU, B 2,75 pa3a NMpeBbIIIAIONIEi MPOYHOCTh «4UCTO-
ro» uemeHTHoro kamusi (npu I1/11=0,5). OTBepXkaeHHbIC MOIUMEPIIC-
MEHTHbIE KOMITO3UILIMM UMEIOT CTPYKTYPY MAaTPUUYHOIO TUIA, IJe AUCTep-
CUOHHAs cpefia MpeAcTaBieHa CeTyaThiM MOJIMMEPOM, a nucrepcHas ¢daza
— KpHUCTAJUIOTUAPATAMU LIEMEHTHOTO KaMHs. JIJ1s MpakTU4eCcKoro rnpume-
HEHUS TOJMMEPLEMEHTHOro OeTOHa IeJlecoo0pa3HO ONTUMU3MPOBATH
TEXHOJIOTUYECKHE MapaMeTphl (YCI0BUS TBEPACHUS U IPUMEHEHUE YCKO-
psomux (akTopoB, OMUpPasiCh Ha YCTAHOBJIEHHbIE KOHILIEHTPAIIMOHHBIE
3aBUCUMOCTH U MapaMeTpbl CTPYKTYPOOOpa30oBaHus.
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OnbIT NpUMeHeHns NoNMKapboKcunaTHbIX
nnactudomkaTopos B npoussoactee CCC

ITpousBomuTENIM CYXUX CTPOUTENBHBIX CMeceil Bce
Oosblie U OOJIbIIE YCIOXHSIIOT CBOE€ IIPOU3BOACTBO.
TexHomornueckue JUHUU JOTOJHSIOTCS TepeneaamMu Io
MOATOTOBKE ChIPbsi. MHOTUE CpeHNE U KPYITHbIE TPOU3BO-
IUTEJIM UMEIOT B apCeHasle He TOJIbKO YCTAHOBKM JIJISI CYIII-
KM Tiecka, HO U oOOpyAOBaHUE JISI BBIITYCKA TMIICOBOTO
BseKy1ero. Ilpu 3ToM cOOCTBEHHUKHM, CTPEMSICh CHU3UTh
3aTpaThl Ha CTPOMUTEILCTBO, KaK MPaBUJIO, HE MO3BOJSIOT
YCTaHABJIUBATh B MPOW3BOACTBEHHYIO LIETTOYKY XOJIOIUIb-
HUKU JJIS CHUKEHMSI TeMIlepaTypbl Iecka Mocje CYUIKU
WIM TUIIca mocjie Bapku. [lpenroiiaraercsi, 4To ChIpbe
yCIleeT OCTBHITh BO BpeMsl TPAHCIIOPTUPOBKU W XpaHEHWUS
nepen 3arpy3koid B CMECHUTEJNb IJISI TIPOU3BOACTBA CyXOW
CTPOUTEbHOMN CMECH.

Kpome Toro, cozHaTesbHO BbhIOMpaeTcsi MeHee adhdex-
TUBHAsl CXeMa JBWXXEHUSI TEIJIOHOCUTEJNSI OTHOCUTEIbHO
MUWHEepaJIbHOTO ChIpbs. W ecnuv aJist BapKu TUIIca B TPYOHBIX
reyax MCIOJIb30BaHME MPSIMOTOKA OINPaBIaHHO CHUXEHU-
eM pHcKa obpa3oBaHUs pacTBopuMmoro anruaputa 111, To B
cllyyae ¢ MecKoM KIia 6apaOaHHBIX CYIIWI BEIIE IIPU IIPU-
MEHEHUHN CXeMbl MPOTUMBOTOKA. [IpM 3TOM TEMI0eMKOCTh
MaTepuaJoB HACTOJBKO BbICOKA, YTO, HECMOTPsI Ha BCe
YXUIIPEHUSI, B CMECUTEJb MOMAJAI0T KOMIIOHEHTHI C TEMIIe-
parypoit Beiie 60°C. M B 3TOM ciyyae KOHCTAaTUPOBATH
¢akT TOBBIIIEHHOW TeMIepaTypbl KOMIIOHEHTOB CYyXOi
CMeCH B CMECUTEJIE yIaeTCs TOJIbKO Ha 3Tare MpUMeHEHUS
MPONYyKTa, KOrna y moTpeduTeseil BApyr HaroJlbHbIe CaMO-
BBIPABHUBAIOIIMECS COCTABBI «HE TEKYT» U «TpeliaT» IITy-
KaTypKU Ha TIOTOJIKAX U CTEHaX.

[IpuyuHOil TOMY HM3Kaslh YCTOMUYMBOCTb XUMUYECKUX
00aBOK K BBICOKOM Temrieparype. M ecinum paxe Kaxablid
KOMITOHEHT CMOCOOEH BBIIEPXKUBATh KPAaTKOCPOUHbBIM Ha-
rpeB 10 200°C, TO npu XpaHEHWHU B ropsueM COCTOSHUU
MPOUCXOIAT OOMeHHbIe peakuuu ¢ ydyactuem Ca(OH), u
o0pa3oBaHMEM HEPACTBOPUMBIX B Boje coeauHeHuit. U
Jaxe ecyiv TeMIiepaTypa TepMOJECTPYKIIMU TOCTaTOUHO BbI-
COKa, 3a4acTylo HabII0MaeTCs CIIaBIeHUe YaCTUYEK TOJH-
MEPHOTO TIOpOIIKa, BeAb O0JbIlast YaCTh XMMUYECKUX J0-
6aBok st mpousBoactBa CCC — 3TO mOIMMEpHI, CIIOCO0-
HbIE K TJIaBJICHUIO.

OmHUM M3 TaKUX YYBCTBUTEJIbHBIX K HAarpeBy XUMUUE-
CKUX aJJIUTUBOB SIBJISIIOTCS TIOJTMKApOOKCHIaTHBIE 3(UPHI.
JlaHHBIA TN IUIACTU(UKATOPOB M3HAYAIBHO PEKOMEHIO-
BaH Ul MPOM3BOICTBA BBHICOKOIOABWXKHBIX UM BBICOKO-

)
e
e
LY El H
= P
- Charge dun
e
[

MPOYHBIX CUCTEM Ha OCHOBe LieMeHTa. B Havasne 2000-x rr.
MIacTU(MUKATOP BHEAPEH B MPOU3BOJACTBO HAIMBHBIX MTOJIOB
HAa OCHOBE TMIICOLIEMEHTHO-IIYLILIOJIAHOBOIO BSXKYLIETO.
B HacTosiiee Bpemsi CyleCTBYET HECKOIbKO TEXHOJIOT Ui TT0
MPOU3BOACTBY MojukapookcunaTHbix a¢dupoB (PCE), nmpu
9TOM M3HAYAJIbHO CJIOXHBIE MPOAYKTHI MO CTPYKTYpe —
MPUBUTHIE COMOMUMEPHI (pUC. 1) — UMEIOT HE TOJBKO pa3-
JIMYHYI0 3(P(PEeKTUBHOCTH II0 OTHOIIEHUIO K CcyOCTpaTty —
MMHEPAJTLHOMY ChIPbIO, KOTOPOE HAa0 AMCIIEpTupoBaTh, HO
U pa3iuyHble hU3ndecKre CBOMNCTBA.

J1/11 MHOTUX He SIBJISIETCSl CEKPETOM, YTO BEILECTBa, MOJy-
YeHHbBIE Pa3TMIHBIMUA CHIOCO0aMU, OyAyT MMETh pazIMYHbIC
cBolicTBa. Tak, onyH 13 CaMBIX
TPOCTBIX TIOJIMMEPOB — MO~
tuned (-CH,-CH,-),, momy-
YEHHBI NpY BBICOKOM JiaBjie-
Huu (IT9BJ1), umeer Gobluee
KOJTMYEeCTBO OOKOBBIX OTBET-
BJIEHUIA, YeM MOJIUSTUJIEH, TIPO-
M3BEJICHHBIN NPY HU3KOM JIaB-
nenun (ITDHI). Bcnencreue
9TOT0 OHW UMEIOT Pa3INYHYIO
CTereHb  KPUCTANTMYHOCTHU:
MMOBJ — 50—65% wn [IBH —
75-90%. Ilpu 3TOM OTIMYA-
I0TCSl U TemIieparypa IiaBie-
HMSI 9TUX MTOJIMMEPOB, U Orpa-
HUYEHUSI 10 TeMIeparype
WCTIOJIb30BAHUS UBNEIUN U3
aux. Tak, IIOBJI xapakTte-
pusyeTcs tpuasr=103—110°C,
toxern < 60°C (I'OCT 1633777
«[TomuaTIeH BBICOKOTO JaB-
JgeHusi. TexHuyeckue ycio-
Busi»); ITIOHJ  xapakre-
pu3yeTcs  tpgas—125—132°C,
toxkern<100°C (TOCT 16338—85
«[TonuatuneH HU3KOroO naBie-
Hus1. TeXHUYeCcKre YCIOBUSI» ).

BBuay cioxHoCTH CTpyK-
TYpBI TTOJMKApOO-KCUIATHBIX
5¢upoB, pa3HOro pacmnpene-
JIEHUd 10 MOJEKYJISIPHOM
Macce, CTpOeHUS] M pasiuy-

Puc. 2. OnepaTtuBHas NpoBepka BO3MOX-
HOCTW ncnons3dosaHus PCE npu npovseoa-
ctee CCC

Puc. 3. KoHkypeHTHbI nonmkapbokcunat-
HbI nnacTudukatop vyepes 30 ¢ Harpesa

shoerer il
Side chabn

Puc. 1. PasHoo6pasue tunos PCE mapok MELFLUX 1 komnayHaoB Ha ux ocHose MAPF

HAayuHO-MexXHU4ecKuil U nPoU3800CMBEeH bl HCYPHAN

Puc. 4. Melflux 5581F nocne Harpesa
B TeyeHune 30 ¢
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Information

HBIX CIIOCOOOB UX MPOM3BOJCTBA YTBEPXKAATh, YTO BCE OHU
MMEIOT OAMHAKOBbIE (U3MYECKUE CBOWCTBA, HEBEPHO.
HexkoTtopble U3 3THX CO€AMHEHWI MMEIOT OYe€Hb HU3KYIO
TeMreparypy ruiaBieHus 1 npumeHeHue ux B CCC Heno-
ITyCTHMO.

ITpousBoguTe M XMMUYECKUX TOOABOK, JIMOO OOSICH OT-
BETCTBEHHOCTH, JTMOO KOHKYPEHIIMM, 3a4acTylO YXOIST OT
MPENOCTABIEHUST TOYHBIX JAHHBIX MO TeMIIEpaType TEPMO-
NECTPYKLIMU, CTIEKaHUs WIM TUIaBJeHUs] MaTepuaioB. Tem
0oJiee UTO BO BCEX CIIy4yasix MPOLIECChl PACTSIHYTHI BO BpeMe-
HU. B ciydae co crieKaHMeM BaskHO, YTOOBI YaCTUILIBI TIOJTH-
Mepa ObUTH pacIipe/ieNieHbl B CYXOi CMeCH, 1 TOT/Ia TIoCTen-
Hee yxXe HeBo3MoxHo. C TeMmIlepaTypoil IUIaBJeHMS Ha
MePBbIi B3MJISA HE BCe TaK KPUTUYHO.

IMpousBogutean CCC ceityac UMEIOT MOLIHbIE CMECH-
TeJM, KOTOPbIE MO3BOJISIIOT NMPOU3BOJAUTL CMEIIEHUE KOM-
rmoHeHTOoB 3a 30—180 c. [Tpu 3Tom B niepBbie 30 ¢ Mpoucxo-
IIUT OCHOBHOE cMellleHHe. TakuM o0pa3oM, MOXHO IIpel-
MOJIOKUTh, YTO €CIIA MaTepuajl OCTaeTCs CTAaOMJIbHBIM B
nepBeie 30—60 ¢ HarpeBa M TeMIiepaTypa CMecH OyIeT B
JNabHERIIIEM CHUXATbCSI, TO 3TOT MaTepual MOXHO pac-
cmarpuBaTh st npousBoactBa CCC Ha NaHHOM JIMHMU.
KoneuHo, TemnoBoe crapeHue — OKUCIEHUE WU CLIMBa-
HME MOJIEKYJT TAK3Ke BO3MOXKHO YK€ B YITAKOBAaHHOM B METII-
KU CYXOii CMecH, HO 3TUMU TpolieccaMM Yaiile BCero Tpe-
HeOperaior.

PenreHo ObLI0 MPOBEPUTH MOJMKAPOOKCUIIATHBINA 3(UP
npousBoacTBa BASF Construction Solutions ToproBoii map-
ku Melflux, poccuiickuit komrayHa Ha ero ocHoBe MAPF,
a TaKXe Psil IPOAYKTOB, KOTOPBIE KOJIJIETH U3 KOHKYPHPY-
o1mx ¢GpupM HasbiBaloT «aHasorn Melflux» — monmkap6o-
KCUJIaTHBIE 3(DUPBI OT APYTUX IIpou3BoauTeeii (puc. 2, 3, 4).

Marepuan B JIOXKE IpPU TakKOM CIocobe HarpeBa 3a
CTOJIb KOPOTKHUI MPOMEXYTOK BPEMEHU YCIEBaeT JOCTUYb
45—60°C.

& EBpl}XHM-I

Yem uypeBaTo pacrjiaBieHUE WU CIIeKaHWe XUMUYe-
ckoil no6aBku B cmecu? IIpexae Bcero sTo yBeJlMYeHUE
CPOKOB pacTBopeHus. [Ipy MalIMHHOM HaHECEHUU BpeMsI
KOHTAaKTa CMeCH ¢ BOJOM MOXET cocTaBiATh 6—10 c. [pu
STOM IIACTUDUKATOP TOJKEH He TOJBKO ITOTHOCTBIO pac-
TBOPUTHCS, HO U YCIIETh aICOPOMPOBATHCS Ha CyOCTpaTe —
TUTICE WJIM lieMeHTe. B TpoTUBHOM cilyyae TMOABUKHOCTD
cMecu OyImeT 3HAYMTENbHO OTJIMYAThCS OT 3asiBJICHHOTO.
B cnyyae e yBeqMueHUs] KOJMYECTBA BOAbI 3aTBOPEHUS
OT PEKOMEHJOBAaHHOTO OyneT HabJI0JaThCs YBEJIUUYeHUE
MOJABUXHOCTU pPacTBOpa BO BpPEMEHM, CEeIUMEHTAIIMSI,
CHUXXEHME TIPOYHOCTHU U MOSIBJICHUE TPEIINH 3aTBEpACB-
miero cocraBa. [loTpeburtens mpu 3TOM, BbI3BaB Ha peKJia-
Mauuio cotpyaHuka npouspoautenss CCC, ychablIUT B
CBOI1 azpec, UTO OH HapyIIWJI periaMeHT U N100aBUJ U3-
OBITOYHOE KOJWYecTBO BoAbl. M cTpouTesnb, U MPOU3BO-
nuteab CCC pacctaHyTcsl TBepaO YOEXIeHHBIMHU, 4TO
Kaxabiii 13 Hux npas. [IpousBoautens ke CCC ToabKO
yepe3 HEeKOTOpOe BpeMsl ¢ YIMBJICHUEM OOHApyXXUT, 4TO
MOTePsUT PHIHOK.

7151 obecrnieyeHUs MaKCMMaJIbHON CKOPOCTH AMCIIEPTH-
poBanus ¢pupma BASF co3nana HOBbII rumnepruiacTuguka-
Top — Melflux 6681F. CKopocTh €ro pacTBOPEHUST U IHNC-
TIeprUPOBaHUS TIO3BOJISIET 32 6 ¢ KOHTAaKTa CMECH C BOIOM
JIOCTMYB 3aJaHHBIX TTAPaMETPOB T10 BI3KOCTH pacTBOpa U 110
Tpenesy TeKy4ecTH.

ITpoBeneHHOEe HccleAOBaHUE M0Ka3aao, 4YTO TEPMO-
croiikocTh npoayktoB Melflux u MAPF Beiliie, yeM y KOH-
KypeHTHBIX npoaykToB, Ha 20—30°C. D10 1mMo3BOJSIET TIPO-
n3BoauTeIsiM CCC MOBBICUTD MPOU3BOIUTEIBHOCTD CBOETO
000pyIOBaHMS B JICTHUI C€30H U OBITh YBEPEHHBIMU B BbI-
MTyCKaeMOoi MU TIPOAYKIIVY.

II.T. Bacuauk, U.B. [oaybes
000 «EepoXum-1 DJ»
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COCTOAHME OCCHACKOI 3KOHONMKM M B8 BAHAHHE HA CTHONTENbHDIA KOMMEKC Poccuk

OTpacneBas KOH(hepeHLUa ¢ TaKuM Ha3BaHuem coctosanach 29 maprta 2017 r. B Mockse. Ee opraHusatopamu BbicTynunm Poccuickuii coro3 npo-
MbILLNIEHHUKOB M NpeanpuHumarenen coBMecTHo ¢ rpynnoil KHAY®. [ing yqacTtus B KoHbepeHuun 6binu npurnawedsl 6onee 240 Bnagenbues,
pyKoBOAMTENEl M BEAYLUMX CNELMANUCTOB KOMNAHWA 3aCTPOMHLIMKOB, NPOM3BOAUTENEI M NOCTABLYMKOB CTPOUTENbHLIX MaTEPUanoB U3 PErnoHoB
Poccun. Konnern o6cyamnu cocTosiHWe CTPOMUTENbHOW OTPacnu, NPo6nembl W TEKYLLME 3afayn, a TakKe NepcnekTUBbl BbIXOAA U3 KpU3uca.

[MpeangenT PCIM Anekcanpap LLoXMH, NpuBETCTBYS Y4aCTHUKOB KOHQEPEHLMM, OTMETIN, YTO CTPOUTESTb-
Has OTpacnb, OfHa W3 Haubosiee NOCTPaZaBLUMX OT KpWU3uca, 3a NocrefHne ABa roja nokasana rny6okoe
nagexue — B 2016 r., no faHHbIM PoccTaTta, 06bem CTPOUTENbHbIX PaboT cokpatuncs Ha 4,3%. OH oTmeTun,
4TO Hanbonee BaXXHbIMM Npo6ieMami 1 NPenaTCTBUAMU ANS BefieHNs 6U3Heca y 0TeHECTBEHHbIX KOMMAHWIA,
COrNacHo pesynbTaram 0npocoB, GbINN CHUXEHME CNPOCca, POCT LieH U TapuiOB U HEAOCTATOK KBANM(ULMPO-
BaHHbIX KagpoB. MHOroe B peLleHum 3Tux npobnem 6yneT 3aBMCceTb OT TOr0, KakMe Mepbl N0 CTUMYNIPOBAHMIO
3KOHOMUWKM NPeanpuMeT NPaBUTENbCTBO — K KOHLY Masi OHO [OJKHO NPefCTaBUTb NPE3NLEHTY KOMNEKCHbINA
nnaH gencteuin go 2025 r. PCIMIM npeactaBun K pacCMOTPEHUIO CBOM MPEASIOKEHUS K 3TOMY AOKYMEHTY
11 CTPOMTENbHbIN 610K HaLLeN B HUX OTPaXKEHMe.

Cosnageney, komnanun KHAY®, noyeTHbiit KoHcyn Poccum B Ffepmanni Hukonaye Knaydh Havan pa6oTatb
¢ Poccweit 3a80nro go Havana nponasofctea KHAY® B Haller cTpaue, No3TOMY COLManbHO-9KOHOMUYECKNe
MepuUneTn N HI0aHCbl Pa3BMTMSA GM3HECA OH 3HAET MydLle MHOTUX NPeAnpUHUMATENeR-CO0TeHeCTBEHHNKOB.
Ero oLeHKn TeKyLiero COCTOSIHNS 9KOHOMMKM W NepPCreKTUB Pa3BMTUS POCCUIACKOI CTPOMTENbHON 0Tpaciu
BCErfa OTNNYAIOTCS B3BELUEHHOCTbIO U NO3UTUBOM [aXe B CaMblX OCTPbIX cuTyauusx. /I B pamkax npueet-
CTBMS Y4ACTHMKOB KOHCDEPEHLMN OH OCTAHOBUNCA MMEHHO HA MONOXMUTENbHbIX MOMeHTax. Hukonayc KHayd
OTMETWI, 4TO POCCUIACKARA CTPOMTENbHAA OTPACb MMEET 04YeHb BbICOKMIA NOTEHLMAN, TaK KaK 34eCb UMeeTCs
BCA Heobxoaumas 6a3a Ans NPOM3BOACTBA, @ HEBbICOKAA NO CPaBHEHWKO ¢ EBpOMOR CTOMMOCTb Chbipbsi U
3HEpropecypcoB N03BOSET FOBOPUTL HE TOSIbKO 06 MMMNOPTO3aMELLEHMN, HO 1 06 aKTUBHOM 3KCMOPTE Mpo-
IyKumn. Kpome T0ro, no ero IM4YHON OLEHKe, Hanpumep, Ha npeanpuaTusax rpynnsl KHAY® B Poccun nepco-
Han Heo6bl4aliHO BOCMPUUMYMB K BHEAPEHWUIO HOBbIX UH(POPMALMOHHBIX TEXHONOMWA, B TO BPEMS Kak Ha
3anage MHOr1e OTHOCATCA K HUM C 60MbLLION OCTOPOXXHOCTLIO. A aKTMBHOE BHeapeHne BIM-TexHonoruit mo-
XKET NpugaTb CTPEMUTENBHOE YCKOPEHNE Pa3BuUTUIO GU3Heca.

ABNAACH OAHUM U3 CaMblX KPYMHEALMX MHBECTOPOB B CTPOUTENbHYLO 0Tpacnb Poccun, Hukonayc Knayd
OLeHWST NepcneKTUBbI AaNbHEALLNX UHBECTULMA BECbMA ONTUMUCTYHO, HAMOMHUB, YTO POCCUIACKME LIEHbI Ha
3NEKTPO3HEPI U0 BMOMOBMHY [eLLIEBNe 3anagHOEBPONECKuMX, a Ha ra3 — Ha 70%. Takxe B Poccun OrpoMHbiii
BHYTPEHHWA PbIHOK NS NPOM3BOACTBA BbICOKOKA4YECTBEHHBIX NMPOAYKTOB. 3TO MO3BOMAET BMECTO MMMOPTA
NPON3BOAMTL BOCTPEOOBAHHYIO BLICOKOKAYECTBEHHYIO MPOAYKLMIO C Kneitmom «ChenaHo B Poccum».

Y70 Kacaetca pOCCUICKOM 3KOHOMUKM, TO B HOBOM ThICAYENETUN HECMOTPS Ha Kpuauc 2008-2009 rr. oHa
YKpennanach 3Ha4YnNTeNbHO CUibHee, YeM 3T0 npoucxoauno B 3anagHoi Espone. Hanpumep, nocne pacnaga
Cosetckoro Coto3a Poccust npuHsna Ha ce6s ero 0653aTeNnbCTBa v noracuna Bce AONMN CTPaH, BXOAWBLUMX B
coctas GIB, B pasmepe 140 mnpa gonn. CLUA. CpasHuas rocgonr Poccuu u EBpoCOH03a, MOXXHO OTMETUTD,
4TO 3af0JKEHHOCTb CTpaH EBponeiickoro Coto3a no OTHOLIEHWIO K WX BANOBOMY HaUWOHANBbHOMY NPOLYKTY
nocturaet 84%, ay Poccumn cooTBeTcTBYOLWMIA Nnokasatenb 13%.

[To MHEHWIO MWUHUCTPA CTPOMTENLCTBA W XWUIULHO-KOMMYHaNbHOro xo3aictea P® Muxauna Mens,
B CMOXUBLUEACH CUTYyaLUW ieBenonepam XU3HeHHO He06X0AMMO NepecTpanBaTbecs Noj KapAMHanbHO MeHs-
foLmiics cnpoc, a rocynapcTey — NOMOrartb GU3HeCy B BOMPOCAX, 3HAYUTENBHO BAMSAIOLLMX HA pasBUTUE OT-
pacnu. W Takas nmogaepxkka yxxe ocyllecTBnsieTcs. BoigeneHo 20 Mapa p. Ha co3fgaHne MHGPacTPyKTypbl B
MWUKPOPaNoHax KOMNIEKCHON 3aCTPOIiKK N0 BCeIi CTPaHe W CTONbKO Xe Ha 611aroycTpoNCTBO ABOPOB U 3Ha-
KOBbIX 0OLLECTBEHHbIX MPOCTPAHCTB B KAXA0M MyHUMLMNansHOM 06pasoBaHum o1 1000 xutenein.

B xofie naHenbHbIX AUCKYCCUIA C foKNafaMu BoICTYNUIM 14 3KcnepToB, Cpeam KoTopbix Buktop LiBeTkos,
Ha4anbHWK 0TAENa Pa3BUTUS NPOMBbILLAEHHOCTU CTPOUTENbHbIX U HEPYAHbIX MaTepuanos MuHucTepCTBa Npo-
MbILLAIEHHOCTM 1 ToproBamn Poccuu; Hatanbs KoxuHa, akcnepT no npaBoBbIM BONPOCAM, BONPOCAM TeXHUYe-
ckoro perynupoBanus u BTO HO «COHO3LEMEHT»; Omutpuii [OpPOLIKOB, AMPEKTOP MO MAapKeTWHTY,
AO «Cesepctanb MeHemxmeHT»; Makcum JTro6omyapos, YneH lMpaBneHns, 3amMecTUTeNb reHepanbHOro au-
pektopa AO «®egaepanbHas Kopnopawuus no pa3suTUI0 Manoro U CPegHero npeanpuHumarenscrea»; Knpunn
Xononuk; pykoBoguTenb annapata Accoumaunn «HauuoHanbHOe 06befNHeHWe 3aCTPONLLMKOB XKUNbS»;
Cepreii Myrayes, 3amecTuTens MCNONHMTENbHOro aupektopa HOCTPOI, Hukonait LLlymakos, npesuaeHt
Cotosa apxutektopos Poccuu; Buktop HoBocenos, npe3uaeHT Coto3a npoeKkTMpoBLUMKOB Poccun; puropuii
BepeTenbHUKOB, nepBbli BULe-Npe3uaeHT Poccuitickoro Goros3a ctpouteneid; HOpuit XoMuk, reHepanbHblil
nupektop PMNO «An6ec».

Ynpasnswowui naptHep komnanun KHAY® Mandpen FpyHake pacckasan 06 onbiTe f0Kanu3auum npons-
Bogctea KHAY® B Poccun. o ero crnosam, 060pOT pPOCCUMACKUX Mpeanpuatuit komnanun KHAY®
cocTasnser npumepHo 40 mMnpg p., HA HUX 3aHATbI OKOJIO 4 ThIC. PaboTHUKOB. B 2017 . MHBECTUPYET OKOMO
5-10% ot o6opoTa B 060pyAoBaHue n 06HOBNEHME NPOM3BOACTBA, HECMOTPS Ha CYLLECTBEHHbIA POCT pac-
XO[I0B HA 3aKYMKY CbIpbsi U MaTepuanos, CBA3aHHble NOCNeAHWe ABa-TPU rofa C BONATUILHOCTLIO py6ns.

B HacToswwee Bpems B Camapckoi 0611acT CTPOMTCS 3aBOJ, CyXUX CTPOUTENbHBIX CMECEN C NMPOEKTHOI
MOLLHOCTb0 120 Thic. T npoayKuun B rof. 061Ul 06beM NHBECTULWIA COCTABNAET 25 MNTH eBPO. BmMecTo u3-
HaYanbHO 3annaHNPOBaHHbIX 88 MIH P. Ha 3aKyrKy 0Te4eCTBEHHOr0 060pyA0BaHUs NoTpadeHo no4T 300 MAH p.
[MpumepHo 60% 060pyaOBaHKSA, NOCTABNSAEMOr0 A1 3aB0Aa, NPOu3BeaeHo B Poccuu.

Takxe Mandpen TpyHaKe npeacTaBun Konneram nepcrnekTUBHbIA NPOEKT CO3AAHNA XWUIMbIX 3[aHWA No
TEXHOMOrMM MOAYNbHOIO CTPOUTENLCTBA. ITO 3—4-3TaXHbIE A0Ma, OTBEYAOLLME MUPOBLIM CTaHAAPTaM JHep-
roaeKTUBHOCTH.

dopmart KoHepeHuun 6bIn NPU3HaH yaayHbIM. AnekcaHap LLoxuH npeanoxun B crneaytowem rogy npo-
BECTW MeponpusaThe B pamkax HeJenu poccuisckoro 6usHeca.
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BnusiHue TennoBnaxHocTHOW 06paboTKK
Ha CTPYKTYpPY W CBOWCTBA LLEMEHTHOI0 KaMHS

[MpuBeaeHbl pe3ynbTaThbl PEHTrEeHOGa30BOr0 aHanm3a, AnddepeHLNanbHO-TEPMMYECKOr0 aHanu3a, onpeeneHns MexaHn4eckon NPOYHOCTH 1
QIN3NEKTPUYECKMX CBOCTB 06PA3LIOB LIEMEHTHOrO KaMHS, TBEPAEBLUMX B Te4eHNe 3—28 CyT B HOPMasbHbIX YCNIOBUSX, @ TaKXXe NOcne TennoBAaXHOCTHON
o6pa6oTku npu 80°C. Takast 06paboTka cnoco6CTBYeT 6onee My6GOKO rMapaTaLumy LEMeHTa, YTO NPOSBNSETCA B CHUXKEHUM UHTEHCUBHOCTM PedhneKcoB
C,S, C,S, nosbiwexuu cogepxanua Ga(OH),, ysenuyeHnu 06LLeit NoTepu Macchl Npu HarpesaHnu. [JuanekTpuyeckas NpoHNLAEMOCTb 1 AU3NEKTPUYECKME
notepu (Ha Yactote 1,5 MI'L) yMeHbLIAKOTCSA NPY YBENMYEHUM CPOKA TBEPAEHUS. ITW USMEHEHUSA KOPPEIUPYIOT C NOBbILLEHWEM NPOYHOCTM 06PA3LI0B.
[nanbkomMeTpus NoKa3biBaeT 60Mee BbICOKYHO YNOPSA04EHHOCTb CTPYKTYPbl 06Pa3L0B LEMEHTHOTO KaMHSi HOPMaNbHOMO TBEPAEHUS.

Knio4eBble CNOBA: LIEMEHTHbI KaMeHb, TENN0BNAXHOCTHAA 06pab0TKa, PEHTreHO(a30oBbIi aHanu3, AnddepeHLnanbHO-TEPMUYECKNIA aHanu3,
QIN3NeKTPUYecKne CBOICTBA.

Ins uyutuposanus: bepaos I'.1., BuHorpagos C.A., bepHaukuit A.®. BnnsHue TennoBnaxHOCTHON 06pabOTKM Ha CTPYKTYPY M CBOWCTBA LEEMEHTHOIO
KamHs // CtpoutensHbie matepuansl. 2017. Ne 5. C. 81-85.
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Effect of Thermal-Humidity Treatment on Structure and Properties of Cement Stone

Results of the X-ray phase analysis, differential-thermal analysis, determination of mechanical strength and dielectric properties of cement stone samples which were hardened during
3-28 days under the normal conditions as well as after the thermal-humidity treatment at 80°C are presented. This treatment stimulates the deeper hydration of cement that manifests
in reducing the intensity of C3S, C,S reflexes, increasing the Ca(OH), content, increasing the total loss of mass when heating. Dielectric permeability and dielectric losses are reduced
(at 1.5 MHz frequency) when the hardening time increases. These changes are correlated with the increase in samples strength. Dielcometry shows the higher orderliness of the struc-

ture of cement stone samples of normal hardening.

Keywords: cement stone, thermal-humidity treatment, X-ray phase analysis, differential-thermal analysis, dielectric properties.

For citation: Berdov G.I., Vinogradov S.A., Bernatsky A.F. Effect of thermal-humidity treatment on structure and properties of cement stone. Stroite/'nye Materialy [Construction materi-

als]. 2017. No. 5, pp. 81-85. (In Russian).

IMopTiaHALEMEHT — IIHUPOKO MCIOIb3yeMbIN B CTPOU-
TeabcTBe Matepuai. C 11eJ1blo YCKOPEHUs ero TuapaTallMoH-
HOT'O TBEPAEHUSI B COCTaBe OETOHA YCHEIIHO MPUMEHSIETCS
TeIUTOBNIaXHOCTHAs oOpadoTka [1]. [yist u3yuyeHus CTpyKTy-
DBl ¥ CBOMCTB LIEMEHTHOTO KaMH$I MUCTIOJIb3yeTCsI PEHTTeHO-
¢a3oBblil U AuddepeHInaTIbHO-TEPMUYECKUIA aHAJIU3, OIl-
TUYEeCKas] U 3JEKTPOHHAs MUKPOCKOIMSI M IPYrHe BUIbI
(hbu3UKO-XMMUYECKOro aHaIK3a.

BmMecTe ¢ Tem BaxkHY10 MHGbOpMaIUIO O Mpoliecce Thapa-
TAlMOHHOTO TBEPAEHUSI LIEeMEHTA TTO3BOJISIIOT TTOIYYUTh MC-
cJIeI0BaHUSI TUBJIEKTPUIECKUX CBOMCTB IIEMEHTHOTI'O TECTa,
LIEMEHTHOTI0 KaMHsI U 6eToHa [2—7].

B nporuiecce TBepaeHUsI OPTIIAHILIEMEHTA KIIMHKEPHbIE
MUHEpaJIbl BCTYMAIOT BO B3aUMOJECTBUE C BOIOI, 00pazyst
KpucTtauioruapatel. Boja sIBasieTCS CWJIBHO MOJSPHON
XKUJKOCTBIO, YTO OOYCIOBIMBAET BBICOKOE 3HAYEHUE €€ TU-
9JIEKTpUIecKoil mpoHunaeMocTu (e=80) M AuAIeKTpUdIe-
ckux mnotepb. [Ipu mepexome MoJeKysl BOIAbI B CBSI3aHHOE
COCTOSIHME CBOWCTBA TBEPACIOLLEH CUCTEMBI NOPTJIAHLIE-
MEHT — BOJIa CYIIIECTBEHHO U3MEHSIIOTCSI. DTO CO3/1aeT BO3-
MOXHOCTb [0 M3MEHEHMIO NUDJIEKTPUUYECKUX XapaKTepu-
CTUK B TpOILIeCCe TBEPACHMS MOPTIAHAIIEMEHTa TTOIYyYUTh
BaXHYI0 WHGOPMALIMIO O MpPOIecce TUAPATallMOHHOTO
TBEPIAEHMSI.

B nmaHHOi1 paboTe uccieqoBaHO BJIUSIHUE TETUIOBIAX-
HocTHO# 00pabotku (TBO) Ha m3MeHeHUE CTPYKTYpPHl U
CBOWCTB LIeMeHTHOTro KamHsl. [Ipu 3TOM Npou3sBeneH peHT-

reHoda3oBblii U AU depeHINnaATbHO-TEPMUUECKUIT aHATHU3,
IUDJAbKOMETpUss  (MCCAeOBaHUS  ITURJIEKTPUUECKUX
CBOICTB) U Ompe/eieHue MPOYHOCTU 00Pa310B IEMEHTHO-
ro KaMHsI.

UccnemoBan mnoptiaanauement wapku [1I150010
(OAO «Ackutumuement», HoBocubupckas 06:1.). Ero mu-
HepaJloruueckuii coctas, Mac. %: C;S — 60—65; C,S — 16—20;
C;A — 8-13; C,AF — 10—13. YnenbHast MOBEpXHOCTb —
410 xr/m2. XuMudecKuii cocTap LieMeHTa, Mac. %: SiO, — 19, 1;
AlLO; — 6,3; Fe,0; — 4,4; CaO — 68,2; MgO — 1,2;
SO; — 0,4; IITIT — 0,5.

O0pa3LIbl LIEMEHTHOIO KaMHs1 uMesIu pa3Mepbl 20x20x20 M.
BonouemenTHoe otHoueHue — 0,27. TBepmeHue obpas-
1I0B TIPOMCXOAMJIO KaK B HOPMAJIbHBIX YCJIOBUSIX (TeMIle-
parypa 20%2°C, oTHOcHUTeJbHasl BJIAXHOCTb HE MeHee
95%), Tak u mocine TBO 10 pexxuMy: ToabeM TeMITepaTy-
pot 1o 80°C — 3 u; u3oTepMuUecKas BblAEpKKa — 7 4; OX-
JlaxaeHue — 2 4.

PenTtreHoa3oBblii M1 KOMILUIEKCHBIA TEePMHYECKUIA
aHaJIN3 OCYIIECTBIEH B WHCTUTYT€ HEOPTraHWYECKOW XU-
mun CO PAH. PentreHogasoBblii aHaJM3 BBIMOJHEH Ha
nudpakromerpe Shimadzu XRD-700. Tpybka ¢ MegHbIM
aHogoM, cxema bperra—bpenTona, mar 0,03. Bpems Ha-
koruteHusd 1 c.

KoMmruiekcHbIN TepMUYeCKUi aHaIN3 MPOBEIEH Ha MpH-
6ope Netzsh TG209 F1, Turens cTaHAapTHBIA KOPYHIOBBIIA,
notok resus 60 cm?/MuH. CKopocTb Harpesa 10 K/MuH.
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Puc. 1. ndpakrorpammel 06pa3uoB LEMEHTHOrO kKaMHs, TBepaeBLUnX B TeyeHune 3 cyT: HY (a); TBO (6); 28 cyT: HY (B); TBO (r)

Tabumnna 1

HccnenoBaHbl 00pasLibl, TBEPACBLIME B TeUeHUE 3 U 28 CyT

Bpemsi v yCNOBUS TBEPAEHUS B HOPMAJIbHBIX YCIIOBUSIX, a TAKXKe 00pasIibl B Bo3pacte 3 1
Pedrnexkcsl, 3 28 28 cyt, noaepruytbie TBO 1o ykazaHHOMY pexkumy.
CoeaviHeHve d/n, oyt oyT JndpakrorpaMMbl 00pa31ioB LIEMEHTHOTO KaMHSI, TBEP-
1070 m yy | nocne | .| nocne NIEBIIETO B TeUeHWe 3 U 28 CYyT B HOPMAJIBHBIX YCIOBUSIX W
TBO TBO nocie TBO, npuBenens! Ha puc. 1. MUHTeHCUBHOCTD ped-
3039 808 222 | 898 | 652 JIEKCOB, COOTBETCTBYIOILMX PA3IMYHBIM COCIUHEHUSIM, YKa-
‘ 3aHa B Tab0j. 1. [IpuBeaeHBI OTHOCHTEIbHBIC MHTCHCUBHO-
C.S 2,776 1186 | 420 | 778 | 348 ctu pedaekcoB C;S, C,S, Ca(OH),. Pednexco apyrux
3 5 608 624 204 | 595 | 378 KJIMHKepHBIX MUHepanoB (C;A, C4AF), a Takke ob6pa3oBas-
’ LIMXCS TUAPATHBIX COEIMHEHMI MaJIbl, IPAKTUIECKH HEOT-
2,748 528 | 261 | 261 [ 192 JIMYUMBI OT oHa. B Tabn. 1 u ganee Mo TEKCTYy MEXILIO-
2748 564 | 384 | 690 | 348 CKOCTHbIE PaccTosAHMsA yKazanbl B 10710 M.
Kak cienyeT u3 nmosyyeHHbIX pe3yabTatoB, TBO npuBo-
B-CoS 2,609 528 284 | 269 | 192 JIAT K 3HAYUTEJTbHOMY CHIKEHUI0 MHTEHCUBHOCTHU pedIiek-
2,149 314 117 260 163 COB OCHOBHBIX KIIMHKEPHbIX MuHepasioB C;S (2,776; 2,608;
2,606) u B-C,S (2,609; 2,149) o cpaBHEHUIO C 0Opa3aMu
49 903 | 1240 | 506 | 256 HOPMaJIbHOTO TBEPACHUS. B TO 3Xe BpeMsi CyIeCTBEHHO IT0-
Ca(OH), 3,1 177 300 184 276 BBIILIAETCSI MHTEHCUBHOCTb pedieKCOB, COOTBETCTBYIOIIUX
2628 674 | 12241 | 620 | 792 noptinanautry Ca(OH), (4,9; 3,1; 2,628). HTeHCMBHOCTD
pedieKcoB 3TTPUHTHUTA OOJIbIIIe Y 00pa3lioB, TBEPAEBIINX B
9,73 292 182 | 249 120 HOPMAaJIbHBIX YCJIOBMSIX (Ta0I. 1).
388 507 128 167 141 ITocne 28 cyT TBepaeHMST 3T OCOOEHHOCTH B OCHOBHOM
. coxpaHsgioTcs (Tabm. 1). ¥ o6pa3uoB, TBEpAEBIINX B HOP-
STTPUHINT 3,48 329 66 245 | 102 MaJIbHBIX YCIOBHSIX, UHTEHCUBHOCTB pediekcos CsS (2,776;
3,24 108 | 128 _ 108 2,608; 2,606) yMmeHbLIaeTcs 1O CPAaBHEHMIO C OOpasLaMu
TPEXCYTOYHOTO TBepAcHMs. Takas Xe 3aKOHOMEPHOCTh
2,209 314 | 115 | 122 ] 135 MPOCIEXUBAETCS C MHTEHCUBHOCTBIO pediekcoB B-C,S
Tabamna 2
Bpewms OHO03bDEKTI
Ycnosus
TBEPAEHUS, 1 2 3 4 5
oyt TBEPAEHUS
T,°C Am, % T,°C Am,% | T,°C Am, % T,°C Am, % T,°C | Am,%
3 HY 55 2,9 92 4,03 420 1,37 689 1,66 - -
Mocne TBO 70 5,05 95 3,6 440 2,16 692 1,62 - -
o8 HY 43 5,05 92 4.5 430 1,4 642; 685 3,7 800 1,6
Mocne TBO 40 0,5 86 3,9 445 1,7 672; 698 4,3 810 1,3
HAY4HO-mexHuuecKuil u npoussodcmeennslii wcypran Ny e W 1= jlarlal=
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Puc. 2. lepuBaTtorpaMmmbl 06pa3LioB LEMEHTHOIO KaMHsi, TBepaeBLUnX B TedeHune 3 cyT: HY (a); TBO (6); 28 cyT: HY (B); TBO (r)

(2,609; 2,149). MUHTeHCUBHOCTh pedIeKCOB MOPTIAHANTA
Ca(OH), (4,9; 2,628) y 06pa31ioB, TBEpAEBIINX B HOPMaJlb-
HBIX YCJIOBUSAX B TeUeHUE 28 CYT, CHIDKAETCS TI0 CPAaBHEHMIO
¢ oOpa3lamMu, TBEpACBIINMU B Te€UeHUE 3 CyT. AHAJIOTUIHBIC
M3MEHEeHMSI Ha0IIoAaI0TCs Y pedIeKCOB, COOTBETCTBYIOILINX
srTpuHrury (9,73; 3,88; 3,48; 3,24; 2,209).

¥ ob6pasiuos, TBepueBIux mocie TBO B TeueHue 28 cyr,
10 CPaBHEHUIO ¢ 00Opa3liaMM, TBEPAEBIIUMU B TeYEHHE 3 CYT,
3aMETHO CHUXKAEeTCS MHTEHCUBHOCTB pediekcos C,S (2,748
n 2,609) B crydae C;S MHTEHCMBHOCTH pedhieKCOB TTOHMXa-
etcst (2,748 u 2,609), a peduiekc 2,609 moBbiiaeTCs.

Cyns no pediexcy 4,9, KoauuecTBO MOPTIaHAUTA MOCe
28 cyT TBepAECHMS BO3pacTaeT IO CPABHEHUIO C TPEXCYTOU-
HeIMHM oOpasuamu 1ociie TBO. Bmecte ¢ TeM MHTEHCUB-
HOCTB Ipyrux pedrekcos (3,1; 2,628) cHkaeTcs.

CriemyeT OTMETUTD, YTO MHTEHCUBHOCTh Pe(PIEKCOB 3T-
tpuHrura (9,73; 3,88; 3,48; 3,24; 2,209) meHbliIe y 00pa3lLoB
nocie TBO.

Taxkum 06pa3oM, MoydyeHHbIE Pe3yJIbTaThl TOKA3bIBAIOT
3HAYUTEIBLHO 00Jice TIYOOKYIO THApaTallli0o MUHEPAaJoB
MOPTIaHALIEMEHTa TI0 CpaBHEHUIO ¢ 0OpasiiaMu, TBEpIEeB-
ITMMU B HOPMAJIbHBIX YCIOBMSX. DTa TUAPATALIAS COITPOBO-
KOaeTcsl YMEHbIIEHMeM WHTEHCUBHOCTH pedieKCOB OC-
HOBHBIX KJIMHKEPHBIX MUHepaioB C;S u C,S 1 yBennyeHu-
€M MHTEHCUBHOCTH MOPTIAHANTA.

PesynbpTaThl KOMITJIEKCHOTO TEPMUYECKOTO aHaIM3a Lie-
MEHTHBIX 00pa310B MPUBEIEHBI HAa puc. 2 1 B Ta0OJ. 2.

DHpoadpdextol mpu 40—70°C u 86—95°C o0yca0BIEHBI
yIaJeHUeM aacopOLIMOHHO-CBSI3aHHOMI BOAbl. DHA03(PdeKT
rpu 420—448°C cOOTBETCTBYET pa3I0XEHUIO MTOPTIAHANTA,
a sHIo3(ddekT ipu 640—698°C, BeposITHO, CBSA3aH C pas-
JIOXKEHMEM BTOPMYHOIO KapOoHara Kajablius. Y o0paslos,

TBEePACBIINX B TeueHUe 28 CyT, TaHHbIM SHA03(DDEKT caBO-
eH. Bo3aM0oXHO, 3TO 00YCJIOBJIEHO CTYIEHYAThIM MPOTEeKa-
HUEM TIpoliecca IeKapboHU3auu. Y ob6paslioB, TBEPIEB-
IIMX B TedeHHe 28 cyT, MposBIseTcs 3HA03GGEKT mpu
800—810°C, KOTOpPBIiA MOXET ObITh CBSI3aH C Pa3oXeHUEM
HOBOOOpa30BaHUI B LIEMEHTHOM KaMHe.

CormnocraBisst pe3yJbTaThl aHaM3a 00pa3lioB, MPOLIe/-
mux TBO 1 He MpoXOaMBIINX €€, MOXHO OTMETUTH CJIey-
folree: y 00pa3noB, TBepAeBIINX B TeueHue 3 ¢yt mocie TBO
(puc. 2), HabmomaeTcss Oojiee BBICOKAsl MOTEPsST MAacChl B
uHTepBaie 55—99°C. IToBblleHa MOTeps] MacChl U B 00JIa-
ctu 420—440°C (¢ 1,37 mo 2,16%). Ilpu aToM TeMmepaTypa
sHA03¢dekTa y Takux obpasion (440°C) Gojiee BbICOKas,
YyeM y 00pa3loB, He MOABepraBIInxcs oopadboTke. DTO CBU-
JIETeJTbCTBYET O OOJIBIIIEM KOJMIECTBE IMOPTIAHAUTA U O €TO
bosee IpouyHOit cTpyKType. Temmneparypa sHI03(HEKTOB U
motepst Macchl B o6sact 690°C mpaKTHUYeCKH OIUHAKOBBI,
Kak Mpu TBepAeHur obpasios nocyie TBO, Tak u npu TBep-
JIEHUY 00pa3iioB B HOPMAJTbHBIX YCIIOBHSIX.

O61mas noreps Maccsl (20,5%) Gonblie B ciyyae obpas-
11oB, npoieamux TBO, 1o cpaBHEHUIO ¢ TOTEPSIMUA MacChl
(16%) y 00pas1ioB HOPMAaJIbHOIO TBEPAECHMS. DTOT PE3yilb-
TaT 00YCJIOBJIEH MOTepeli MacChl IMPHU Pa3ioKeHUM TOPTIaH-
JIWTa ¥ yIaJeHun aacopOMpOBaHHOM BOJbI, YTO CBUIETEb-
CTBYET O OOJIbIIEN CTeNEeHU THApaTAllM IEMEHTHBIX MUHE-
paJioB.

AHaJIM3Mpysl IepruBaTOrpaMMbl 0OPa3lioB, TBEPAEBIIMX
B TeUeHHUe 28 CyT, MOXHO OTMETHUTh clieayoliee (Tabi. 2).
Temnepatypa 3H103(hGEKTOB U MOTEPsI MacChl B 00JIACTH,
COOTBETCTBYIOIIEM YyOaJeHUIO aAcOopOMpPOBAaHHOI BOBI,
MPUMEPHO OJMHAKOBBI, KaK B ciyyae 00pa3lioB, MPOLIe-
mux TBO, Tak u /u1st o6pa3iioB HOPMaJIbHOTO TBEPACHUSI.

HAY4HO-MeXHU4eCcKUil U nPou3800CHEEHHbLI JCYPHAA
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Taomuna 3
CBOINCTBA, LLEMEHTHOIO KaMHs1 Bpewms TBepAeHMS, CyT
(HY) 3 7 14 28
MPOYHOCTbL NPU CXATUN 049 | 265 | 542 | 62,6
Ry, MMa
Onanektpuyeckas 343 | 348 | 282 | 245
MPOHULIAEMOCTb £
Tanrerc yrna 0,746 0,721 | 0,731 | 0,665
OM3NEKTPUHECKMX NoTepb tgd
LobpoTHocTb Q 26 27 31 38
Taoauua 4

CBoI1CTBa, LLEMEHTHOIO KaMHS Bpewms TBepaeHus, cyT

(TBO) 3 7 14 28
Mpo4HocTb Npu cxatum R, 543 | 57,1 583 | 60,1
Mla
Onanektpuyeckas 202 | 26,8 259 | 254
NPOHULLAEMOCTb £
Taurenc yrna 0,735 | 0,746 | 0,731 | 0,719
AManeKTpudeckux notepb tgd
OobpoTHocTb Q 29,2 | 31,4 | 32,9 34

B oGmacTu, cOOTBETCTBYIOIIEH pa3IOXEHUIO MOPTIAaH-
IUTa, IOTEPY MAcChl ¥ TeMIlepaTypa 3HA03(p(GEKTOB BhIIIE Y
o6pasioB, npoueanux TBO. DToOT pe3yabTaT 00yclOBIeH
OTMEUYEHHBIM BbIIIe 00Jiee BHICOKUM COACpPKAHUEM ITOPT-
JIaHIUTA U ero 6oJjiee MPOYHOU CTPYKTYpoil B 0Opa3uax 1e-
MEHTHOTO KaMHsI, moaseprasiuxcst TBO.

B o6nactu Temmnepatypsl 800—810°C motepu Macchl y
00pa31oB HOPMaJbHOI'O TBEPACHMSI BhIIIIE, YeM Y 00pa3LioB,
npoieanux TBO, 4To MOXeT CBUAETENIbCTBOBATL 00 yBe-
JIMYEHUX HOBOOOPa30BaHMI B LIEMEHTHOM KaMHe.

JuanbkoMeTpruieckue UcciieloBaHus MPOBENEHbI C HC-
TOJTb30BaHUeM U3MepuTesa noopotHocTu Tesla BM-560 Ha
yacrote 1,5 MI'u ipu 20°C. Mcnionb30BaHHAS 4acToTa SIB-
JIsieTcsl HanboJiee MH(pOPMATUBHOM IIPU MCCIeIOBAaHUU Be-
IIECTB, COAEPXKAIIMX MOJSIPHbIE MOJIEKYJIbI BOIbI [8].

Ha TopueBble MoBepXHOCTU 00pa3lioB HAHOCUJIKCH Ipa-
¢uroBbie anmexkTpoabl. [lonkmoyeHre K U3MepUTETIO 100-
POTHOCTH OCYIIECTBIISIIOCH TOCPEACTBOM CTaJIbHBIX TUIa-
CTHH, TJTOTHO KOHTAKTUPYIOIIUX C IPpaUTOBBIMU 3JIEKTPO-
namu. Kaxaeiii oOpa3ell MCIIbITAH HE MEHee YeThIpeX pas, B
KaXJ0#l cepuM UCHBITHIBAJIOCH HE MEHee TpeX OOpasloB.
[Tocne nUaIeKTpUYECKUX U3MEPEHU I UCTIBIThIBAJIACH MTPOY-
HOCTb MPU CXKATUM, YTO TMO3BOJWIO KOPPEKTHO COMOCTa-
BUTb 3HAYEHUSI MPOYHOCTU U JAUBJIEKTPUUECKUX CBOMCTB
IIEMEHTHOTO KaMHsI.

OmnpeneneHbl OUBJIEKTpUUYECKas MPOHUIIAeMOCTh (€),
TaHTeHC yIJla OUDJIEKTPUYEeCKUX MoTepb (tgd) M mA00poT-
HOCTb 00pa310B eMeHTHOro KamHs (Q). JJo6poTHOCTD OT-
paxkaeT MoTepu dHEPrUU DJIEKTPUUYECKOro Mosisi B odpaslie.
Ilo ee 3HaueHuo paccumthiBaeTcs tgd. Juanexkrpuueckast
MMPOHUIIAEMOCTh XapaKTepu3yeT IoJspu3alnio obpasia
MpY JEHCTBUN 2JIEKTpUYeCKOro mojsi. Cienyer OTMETUTD,

Cnmcok JmuTepaTypbl

1. Kysuenosa T.B., IOpoBuu b.D. beTtoHs — myTu pas-
Butust // Ilemenm u eco npumenenue. 2005. Ne 5.
C. 68—69.

2. Chen W., Shen P., Shui Z. Determination of water
content in fresh concrete mix based on relative dielectric
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4TO TOJlyYeHHbIE 3HAYSHUSI € OJIM3KM K YKa3aHHBIM B JIUTE-
patype [4, 6].

CorocTaBieHue pacCMOTPEHHbIX U3MEHEHUI CTPYKTY-
PbI CO 3HAUYEHUSMU ITPOYHOCTH U IU3JICKTPUUECKUX CBOMCTB
1IeMeHTHOTOo KaMHsl, TBepaesiero B HY u nmocine TBO, npu-
BeIeHHBIX B Ta0J1. 3 1 4, MOKa3kIBaeT CIAEAyIOIIee.

B nmpoiecce TemnoBaaxkKHOCTHOI 00pabOTKM 00pa3loB
1IEMEHTHOTO KaMHS$I 3HAUMTEJbHO YCKOPSIETCST B3aUMOIe -
CTBME KJIMHKEPHBIX MUHEPAJIOB C BOJOI. DTO MPOSIBISET-
csl, KaK OTMEYEHO paHee, B CHWXEHUU WHTEHCUBHOCTH
pedaekcos C;S u C,S n ysenmnuenun ux y Ca(OH), no
CpaBHEHMIO ¢ OOpa3laMd HOPMaJIbHOTO TBEpIACHUSI.
I[IpoyHOoCTh TIpM cXaTUM OOPa3LOB ILIEMEHTHOIO KaMHS
npu TBepaeHuU B TeyeHue 3 cyT nociae TBO cocraBisier
54,3 MIla, y o0pa3ioB HOPMAaJbHOTO TBEPAECHUS IPOY-
HOCTb paBHa 24,9 MIla.

DTOMY COOTBETCTBYIOT 3HAUEHMSI JAUBJIEKTPUUECKUX
CBOWCTB Tipy M3MepeHun Ha yactote 1,5 MI. Tak, y 06-
pasuos, npouenmux TBO, £=29,2; tgd=0,735. Y obpasuos
HopMaJibHOTO TBepaeHus £€=34,3; tgd=0,714. Takum ob6pa-
3oM, TBO cnocoGcTByeT GoJiee TIyOOKOM ruapaTaluy Le-
MEHTa, UHTEHCUBHOMY CBSI3bIBAHUIO MOJICKYJI BOIBI B €O
CTPYKTYpE, UTO U MPOSIBIISIETCS B O0JIee HU3KOM YPOBHE -
SJICKTPUIECKON MPOHUIIAEMOCTH M AUIJIEKTPUUECKUX TIO-
Tepsb [9, 10].

IIpu TBepaeHUU B TeueHUe 28 CyT B HOPMAJIbHBIX YCJIO-
BMSIX IPOMCXOIUT AaJIbHEl1Iee CBSI3bIBAHUE BOMIBI B COCTaBe
KPUCTAJUIOTMIPATOB U COBEPIIEHCTBOBAHUE CTPYKTYPHI Lie-
MeHTHOTo KamHd. IIpy 3TOM NpOYHOCTH 00pa3loB ITOCIIe
TBO Bo3spacraer no 60,1 MIIa, nusiaeKkTpudeckas MpOHU-
LIaeMOCTh CHIKaeTcs 10 25,4, a tgd no 0,179.

Takoe pa3BuTHe Tpoliecca TMAPATAIIMOHHOIO TBepIe-
HUSI COMPOBOXIAETCS CHUXKEHUEM WHTEHCUBHOCTU ped-
sekcoB C;S u C,S (Tabi. 1).

3HayuTebHbIE M3MEHEHUSI CTPYKTYPhl 1IEMEHTHOTIO
KamH# (Tabj. 1) mpoucxonsar y oOpa3ioB, TBEPAEBIIUX B
TedeHure 28 CyT B HOpMaJIbHBIX YCJIOBUX. [1py aTOM mpoyu-
HOCTh 00pa3ioB yBenuuuBaercs n10o 62,6 MIla, uyro mpe-
BBILIIAET COOTBETCTBYIOLIEE 3HAUEHUE TTPOYHOCTH 00pa3-
noB, mpomenmux TBO, a nuanekTpuyeckue CBOICTBa
(e=24,5; tgd=0,669) UMeOT COOTBETCTBEHHO OO0Jiee HMU3-
KUe 3HaYeHUS.

Pesynbrarsl peHTreHOMa30BOro aHajaM3a MOKa3bIBAIOT,
YTO BbICOKAsl MPOYHOCTh LIEMEHTHOTO KaMHsI TIPU TBep/e-
HUU B HOPMAJIbHBIX YCJIOBMSIX IO CPAaBHEHUIO C 00pa3laMu,
npoieammu TBO, nocturaercs rpu 60Jiee HU3KOM YpOB-
He TruapaTalyi U HEBBICOKOM CONEPXKaHUU MOPTIAHIUTA.
OTo mpogBigeTcd NMpU conocTaBlieHUM pediuekcoB C;S,
C,S u Ca(OH), 1 nokaspIBaeT, YTO BO3MOXHOCTb JATbHEN -
IIEr0 COBEPIIEHCTBOBAHUS CTPYKTYPhI LIEMEHTHOTO KaMHSI
coxpaHsieTcsl 6ojiee BBICOKOI y 00pas3lioB HOPMaJibHOIO
TBEPICHUS.

Takum o6pa3omM, BBICOKOYACTOTHBIN TUAJILKOMETpUYE-
CKUI aHaJIU3 TO3BOJISIET OIEHUTh KadeCTBO IIEMEHTHOTO
KaMH$ 1 6eToHa 0e3 IMPOBEACHMS TPYAOEMKUX JOPOTOCTOS -
IIUX UCTIBITAHUI M WCIIOJIb30BaHMS CJIOXXHOTO 00Opya0Ba-
HUsl. OH MOXeT ObITh UCIOJIb30BaH ISl OMpeAeIeHUsI Co-
Nep>KaHUs BOJbI B 6€TOHE ¢ TOMOILBIO MTOANOBEPXHOCTHOTO
panuosiokaropa, UCCIeIoBaHuUs TIpoliecca XMMUYECKOTo U
(r3rUecKoro CBSI3bIBAHUS BOJABI ITPY TBEPAECHUN LIEMEHTA,
ONTHMU3AIMUA TEXHOJOTMYECKHMX ITPOIECCOB TMOTYyISHUS
0GeToHa M KOJIMYECTBA BBOJUMBbIX 100aBOK.
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BbiiBNeHue BO3MOXHOCTW UCMNONb30BaHUA
MarHesuanbHbiXx oTxoaos 0K ans npou3BoAcTBa BAXYLLUX

PaccmoTpeHa BO3MOXHOCTb pacLUMpeHust CbipbeBOil 6a3bl A1 NPOM3BOACTBA MArHe3naNbHbIX BSXKYLLMX 1 CTPOUTENbHbIX MaTepPUanoB 3a C4eT
ICMONb30BaHNA OTXOL0B FOPHO-060raTUTENbHbIX KOMOWHATOB W OrHEYNOPHbIX NPOU3BOACTB. Pa3paboTaHa METOAMKA OLEHKM MPUrOLHOCTM TaKMX
oTxopoB Ha npumepe oteanoB OAO «pynn MarHeaut» r. CaTku, NPUHATLIX B KA4€CTBE CbIPbs, U NPEAN0XeHa METOA0N0rNYecKas cxemMa TEXHONOrum
NPON3BOACTBA BSXKYLLMX. ViccneaoBaHne BKOYaeT (hpakLMOHUPOBAHME NOPOS M aHANN3 UX MUHEPANOornyeckoro cocTaBa C NOMOLLbHO
PEeHTreHoha30Boro 1 AepmBaTorpadyM4yeckoro aHann3a. B kayecTBe Cbipbs NPUHATLI MarHe3uTbl 3-ro 1 4-ro COPTOB U3 0TBANIOB KOMOMHATA.

B pesynbrate ycTaHOBNEHbI 0COGEHHOCTI pacnpeaeneHns NpuMeceit B nopoaax B 3aBUCKMOCTM OT (PPaKLMOHHOTO COCTaBa; NPEANOXeHA TEXHONOrNS
NPON3BOACTBA BSXKYLLIEr0, BKOYAIOLLAsA KOMEMHMPOBAHHbIA METOL 06)K1Ura ¢ NpUMeHeHeM J06aBOK-MHTEHCMMKATOPOB, HTO NO3BOMAET NCKOUUTDL
MPUCYTCTBME B HEM NOTEHLMANbHO BPEAHbIX NPUMECEN.

Kntoyesble coBa: MarHeananbHoe BSKYLLEE, MUHEPANornieckiii U opakLMOHHbI COCTaB, MarHeauT, LONOMUT, KabLuT.

Iina umtuposanus: Asepuna I.®., YepHbix T.H., Opnos A.A., Kpamap J1.9. BbisiBnieHne BO3MOXXHOCTW UCNONb30BaHMsA MarHeananbHbIx 0Txofos MOK ans
NPOU3BOACTBA BXYLLUNX // CTpounTenbHbie matepuansl. 2017. Ne 5. C. 86-89.

G.F. AVERINA, Engineer, T.N. CHERNYKH, Doctor of Sciences (Engineering), A.A. ORLOV, Candidate of Sciences (Engineering),
L.Ya. KRAMAR, Doctor of Sciences (Engineering) (kramar-l@mail.ru)
South Ural State University (National Research University) (76, Lenina Avenue, Chelyabinsk, 454080, Russian Federation)

Revealing Possibilities to Use Magnesia Wastes of Mineral Processing Plant for Manufacturing Binders

A possibility to expand the raw materials base for manufacturing magnesia binders and building materials due to the use of wastes of mineral processing plants and refractory produc-
tions is considered. Methods for assessing the suitability of such wastes on the example of dumps of OAQO «Grupp Magnezit», the city of Satka, adopted as a raw material have been
developed and a methodological scheme of technology of binders production was proposed. The study includes fractioning of rocks and an analysis of their mineralogical composition
with the help of X-ray phase and derivatographic analyses. Magnesites of the 3rd and 4th grade from the dumps of the plant are adopted as raw materials. As a result, features of the
distribution of admixtures in rocks depending on the fraction composition was established; the technology of binder production, which includes the combined method of burning with

the use of additive-intensifiers that makes it possible to exclude the presence of potentially harmful impurities, is proposed.

Keywords: magnesia binder, mineralogical and fractional composition, magnesite, dolomite, calcite.

For citation: Averina G.F., Chernykh T.N., Orlov A.A., Kramar L.Ya. Revealing possibilities to use magnesia wastes of mineral processing plant for manufacturing binders. Stroite/'nye

Materialy [Construction materials]. 2017. No. 5, pp. 86-89. (In Russian).

PanmoHanbHOE IIpUPOIOIIOJIb30BaHUE U 3HEProa(pdek-
TUBHOCTb B HACTOSIILIEE BPEMSI SIBJISTIOTCSI OCHOBHBIMU MTPUH-
LIUTIAMU Pa3BUTHUsI OTPACIU CTPOUTEJIbHBIX MaTepUaOB B
Poccuiickoit denepaliviv, KOTOphIE B TIOJHOW Mepe MOTYT
OBbITh peau30BaHbl B TEXHOJOTUM MarHe3MaJIbHBIX BSIKY-
IIUX CTPOUTEIbHOTO Ha3HAYEHUsI 1 MaTepuajgoB Ha UX OC-
HOBe. MarHe3uajibHble BSIXKYIIME BEIIECTBA MOXHO TOJY-
YUTh YMEPEHHBIM 00XWTOM MarHe3UTOBBIX, OPYCUTOBBIX U
I0JIOMUTOBBIX TopoA. Ho ripu aToM Ha 6anance Poccuiickoii
degepanuu, MO CTATUCTUYSCKUM HaHHBIM «[ocymapct-
BEHHOTO 0ajlaHca 3aracoB TOJE3HBIX MCKOMAaeMbIX
Poccuiickoit Peaepauivn», YUCISITCS 3aIlachl KaTerOpUU
C2 B BUI€ OTXOIOB IIPOU3BOACTB Marue3uta — 1,78 Mipa T,
JI0JIOMUTOB MeTautyprudeckux — 530—700 ThIC. T, AOJIOMU-
TOB CTPOUTENbHBIX — 1,87 MJIPA T U OPYCUTOB HUBKUX CO-
pToB — 110 4 MJIH T. Bomipoc yTuiam3aumnm Takvux OTXOA0B Ha
CEeTrONHSAIIHUN JeHb aKTyajieH, TaKk KaK OHU 3aHUMAaloT
OTPOMHBIE TUTOIIAIN TUIOAOPOIHBIX 36Meb, CIIOCOOCTBYIOT
3arpsi3HEHUI0 TPYHTOBBIX BOJA M BO3AYLIHOrO OacceiiHa.
OnHO M3 HampaBJeHW YTWIM3allMM MarHe3uajbHbIX OT-
XOJIOB CBSI3aHO C UX IPUMEHEHUEM B CTPOUTEILHOM MTPOU3-
BOJCTBE, MpU 3TOM Haubosiee 3(PHEKTUBHBIM U pallMo-
HaJIbHBIM SIBJISIETCS TIOJyYeHME MarHe3uadbHbBIX BSIKYIIMX
U MaTepuasos.

B Hacrosiliee BpemMsi caMbIM pacipoOCTPAaHEHHBIM CIO-
COOOM TIOJIyYEHUS BSIXYIIEr0o M3 MarHe3WajlbHbIX MOPO
SIBJIIETCSI YMEPEHHBI OOXWUI MPUPOAHBIX KpUCTAJINYE-
CKMX MarHe3UTOB JPEBHUX OCAOYHBIX TOJIIII ITPU TEMIIepa-

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

Type 800—1000°C, 6pycUTOB U MEIUTOMOPMHBIX MarHe3u-
ToB (ruppomarde3uToB) a0 1100°C [1]. Takoii criocob Tpe-
OyeT3HAYMTETbHBIX 9HEPreTUYECKUX 3aTPaT TS JOCTVKEHUS
HEOOXOAMMBIX CBOMCTB BSIKYIIMX U OOYCJIOBJIEH BIUSHUEM
Ha TIporiecc 00XKMTa IIpuMeceii, TIPUCYTCTBYIOIINX B ITOPO-
nax [2—4]. Kak mpaBuiio, mpuMecH 10J0MUTa, TUAPOMAarHe-
3UTa, CEPIIEHTMHOB U KAJIbLIMTOB MOBBIIIAIOT SHEPro3aTpa-
Thl Ha TTPOM3BOJACTBO M BJIUSIOT Ha Ka4eCTBO MOJYy4aeMOro
BspxyIero. C IIeJIblo CHYDKEHUST 9HEPro3arpar Ipyu MPou3-
BOJICTBE BSKYIIUX pa3paboTaHbl HOBbIE BEICOKOI(MdOEKTUB-
HBIE TEXHOJIOTUU OOXMTA.

J171s1 JOJIOMUTOBBIX TIOPOI, U3BECTEH PSIIT METOIOB PETYIIN-
POBaHMs TEpMUUECKOTO pasnoxeHus MuHepana CaMg(COs),.
B nepBy1o rpymiy BXOJST TEXHOJIOTUYECKKE METOIbI:

— 00XUT Y3KUX (Ppaklnii KyCKOBOTO nojioMura [5];

— obxur npu remnepatype 830°C ¢ npuMeHeHUeM U30-
TEPMUUYECKON BBIIEPKKHU [IUTSIBHOCTBIO 15 MMH TIpu
KPYIHOCTH meOHs 15—25 mm [6];

— OOXUT MPU KOHTPOJMPYEMOil TeMIiepaType U JdaBiie-
Huu CO, [7];

— pexXuM 00Xura, ONTUMU3UPOBAHHBIN MO BETMUMHE
cymMmMapHoro 3¢ deKTa OT CTENEeHU pa3IoXeHUs ChIpbs [8].

Ko BTOpOI1 rpyIime oTHOCAT (PU3UKO-XUMUUYECKIE METO-
JIbI BIMSTHYS HA AVCCOIMAIINIO TOJIOMUTA:

— OOXMWI MpY BBeASCHUU O00aBOK-MHTEHCU(MUKATOPOB
(COIOBBII MJIaB U KaJblIMHUPOBaHHas cona) [9, 10];

— YCKOpEHUE TUCCOIMAIINN TOJIOMHUTOB C MCITOJIb30Ba-
HueM (pocdaros [11];
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Puc. 1. MeTogonornyeckas cxema Ha3dHa4eHUst TEXHOOM MM NPOU3BOACTBA

BSXKYLLMX M3 MarHeauanbHbix oTxogos MOK

— CHUXKEHUE TeMIepaTyphl NepBOil CTYMeHU AMCcCcolMa-
LIUM JOJIOMHUTA C TIOMOIIbIO HUTPATOB, (PTOPUIIOB, XJIOPU-
IIoB, cyJibhaToB U KapboHartos [12].

HaubGonee adbdekTUBHBIM SIBISIETCS KOMOWHUPOBAH-
HBII METO/I, COUETAIOIIMNI TEXHOJIOTUYECKIE Y (DU3UKO-XU-
MMYECKUE METO/IbI, 3aKJII0YaIOIINIiCS B COBMECTHOM MTOMO-
Jie I0JIOMUTOBOM MOPOJIBI C 100aBKOM-MHTEHCU(DUKATOPOM,
nocieayouleil ux rpanyiasiuu u ooxure [13]. U3 apyrux
MarHe3uajbHbIX MOPOJ, HANpUMEpP OPYCUTOBBIX, TaKXkKe
BO3MOXHO TTOJIy4eHNE MarHe3WaJbHBIX BSIKYIIUX IO KOM-
OMHMPOBAHHOI TEXHOJOTMM WHTEeHCU(UKAIUM OOXura,
BKJIIOYAIOIIEl TPaHY/ISIIUIO C BBeAeHEeM J00aBOK U OOXUT
BO BPAILAIOLIMXCS UM TIEPECHITTHBIX TIeYax.

Bce BhblllIenepeyncieHHbIle METOAbI ONTUMU3ALUU pe-
SKMMOB 00XHWTa MarHe3WaJbHBIX TTOPOJ Pa3IMYHOIO TeHe-
31ca pa3paboTaHbl HA OCHOBE U3BECTHBIX JAHHBIX O MUHE-
pajJlorhyeckoM U (GPaKIMOHHOM COCTaBe CHIPbI.
HeobxonumocTh yueTa hpaklIMOHHOIO COCTaBa 3aKjI0o4ya-
€TCsI B OCOOEHHOCTSIX COBMECTHOIO OOXWra KpYyHHBIX U
MeJnkux (pakuuii [14], a ucciaenoBaHre MHUHEpaJOTnye-
CKOT'O COCTaBa HEOOXOIMMO Jisl BBISIBJICHUS TIPUCYTCTBUS
pUMeceil B mopoJe.

Hawub6onee mpoGieMHBIMU TTPUMECSIMU SIBJISIIOTCST MUAHE-
paJibl, cofepKallire OMHOBPEMEHHO CEPIIEHTUHBI C KaJIbLIM-
TOM WUJIU JOJJOMUTOM. JIJIsi MarHe3uajibHOTO BSIKYIIIETO MTPU-
MeChb OKCHUZa KaJibliusi, 0Opasylolascs Mnpu pasioKeHUU
JIOJIOMUTA M KaJbIMTa, CYUTAETCSI BPEIHOM U HOIKHA OBITh
orpanudeHa 5% no 'OCT 1216—87. OtpumnarebHOe BIUSI-
HME OKCHIIa KaJIbLIAS Ha KayeCTBO MarHe3uaJbHOTO BSIKY-
IIETO TIOATBEPXKIACTCS MHOTUMU, B TOM YKCJIe 3apyOeXKHbBI-
MU, uccienoBatenssmu [15—20]. [IpucyrcTBre ceprIeHTUHOB
B OPYCUTOBBIX U TMIPOMArHe3UTOBBIX MOPOJAX CIEPKMUBAET
MOJTHOE yAaJIeHNe XUMUYECKN CBSI3aHHOM BOJIbI, BCJICACTBUE
Yero 3aMeIsieT KpUCTa/UTU3aI1Io OKCHIa MAaTHUS U TpeOyeT
MOBBIIIIEHHSI SHEePro3arpar Ha ooxwur [21].

IIpu McoAB30BaHUU PACcCMATPUBAEMBIX OTXOMIOB ITPO-
M3BOJICTB U MOPOJ, COAEPXKAIIMX OOJBIIOE KOJIMYECTBO MO-
TEHLIMAJIBHO BPEeIHbIX MpUMeceii, Haubosee 3(heKTUBHBIM
MOXHO CUMTATh IPUMEHEHUE KOMOMHUPOBAHHOTO CIIoco0a
OTNTUMU3AIUMN 00XNTa C BO3MOXHOCTBIO BHIOOpPA KOHKPET-
HOM IS KaXmoro ciydasi JToO0aBKU-MHTeHCH(bHUKATOPA.
Takum o6pa3oM, BEIOOP TEXHOJIOTMHU IIPOM3BOJACTBA 3aBH-
CHUT OT ABYX OCHOBHBIX XapaKTepUCTHK ChIPbS: ero Hpakii-
OHHOI'O M MHUHEPAJIOrMYeCcKOro cocraBa ¢ 00s3aTeIbHbIM
YUeTOM BUJA U KOJUYECTBA TIPUMECEH.

Llenpio nanHOI pabOTH SIBUJIACh pa3paboOTKa W ampo-
Oalusi eMMHON METOAUKU MCCIEAOBaHUS OTXOIOB MarHe-
3UaJIbHBIX TIPOW3BOJCTB, BBIABJIEHUE TPUTOTHOCTH HX
MPUMEHEHUS] B Ka4eCTBE CBIPbS IJIsI MOJYyYEHUST CTPOU-
TEJLHOTO BSIXKYIIETO U Ha3HauyeHUs TeXHOJOTUM €ro Mmpo-
M3BOJICTBA.

OCHOBHBI€ 3TaITbl KOMIUICKCHOM OLIEHKH ChIPhSl BKITIOYAIOT:

— n3yvyeHue GpakIMOHHOIO COCTaBa IHUXTHI;

— MMHEPAJIOTUYECKUI aHAIU3 OTAEJIbHBIX (ppaKIIuii ¢
11€JIbIO BBISIBJIEHUSI COCTaBa MpUMeCeii;

— Ha3HavYeHUE TEXHOJOTUU U PeXMMa O0XKUTa ChIPbeBOI
IITUXTBI.

1t vicctemoBaHMs ObIT MPUHAT KPUCTAUTMIECKUI Mar-
He3uT 3-1o U 4-10 copToB CaTKMHCKOTO MECTOPOXKACHUS C
pasmepoM 3epeH 60—0 1 40—0 MM HEperyIMpyeMOro MUHepa-
JIOTMYECKOro coctaBa. MpakIIMOHHBIA COCTaB OIpeAessuIN
pacceBoM 1pob Ha cuTax 1o 'OCT 6613—86. CripbeBble MaTe-
pyabl TTOIBEPrajii KOMIUIEKCHOMY UCCJIEIOBAHUIO C TIpUMe-
HeHUeM JepuBaTorpacduu, peHTreHo(ha30BOro aHaiuza |
CTaHIAPTHBIX METOMOB. TepMUYECKUII aHAIM3 MHUHEPaIOB
npoBomwin Ha naepuBarorpade cucrembl «Luxx STA 409»
(«Netsch», T'epmanus). CKopocTh MoabeMa TeMIIEpaTyphl B
nmeuyn — 10°C/MuH, MakcUMallbHasl TeMriepaTypa Harpesa
1000°C. 151 MCTIBITAaHWST MCITOJTb30BAJIM TUITATMHOBBIC TUTJIH,
HarpeBajM B Cpejie a30Ta.

PentrenogaszoBeiii aHaaM3 IPOBOAWIM Ha IIpuOOpe
JPOH-3M, MmoaepHU31UpoBaHHOM IpucTaBkoit PDWin, mpu
HanpspkeHuu 30 kBT, cuite Toka 10 MA U IIIMpUHE BBIXOAHOM
menn 1 Mm. CheMKH BeJTd B MIHTEpBaJie yriioB 6—70°.

CorylacHO IPOBEICHHOMY TEOPETUIECKOMY HMCCIIeI0Ba-
HUIO BOBMOXKHOCTEM TepepabOoTKN OTXOIOB MarHe3MaJbHbIX
I'OK c uenpio nmoiydyeHus] MarHe3uaabHbIX BSKYIIMX ObLia
pazpaboTaHa MEeTOMOJIOrMYecKasl cxeMa Ha3HAueHUsT ONTH-
MaJIbHO#1 TexHoJioruu (Ha puc. 1).

ATpo6rpobalns METOIMKH MTPOBOAMIACH HA MATHE3UTE
3-ro u 4-1o coptoB CaTKMHCKOTO MecTopoxneHus1. [1epBbrit
STall OIIEHKU 3aKJTI0YajIcs B UCCIeIOBAaHUM (hPAKIIMOHHOTO
coctaBa chIpbsl. C 3TOI Ieabl0 ObUT MPOU3BEIEH OTOOP
38 mpoO, KOTophle B AajibHEMIIIEM pacceBajli Ha CHUTax
40, 20, 10. ITomyyeHHBIE OCTAaTKM Ha CUTaX BBIYUCIISIIA B
MPOLIEHTaX OT Macchl TPoOHI (Tab. 1).

ITonydeHHBIE Pe3yJIbTaThl MO3BOJISIIOT BBISIBUTH HECTa-
OWIIBHBIN O PAKIIMOHHBIN cOCTaB OTBaJIOB CaTKMHCKOTO
MecTopoxaeHus1. 3epHa 6osee 40 MM IIpU COBMECTHOM 00-
JKUTE ¢ MEJTKUMU (DPaKIUSIMU MO CTAaHAAPTHOM TEXHOJIOTUU
MOTYT CHM3UTh KayeCTBO IMOJYYaeMOro BSDKYILIETO 3a CYET
YBEJMYEHUS IPOLIEHTA C1a00000XKEHHOTo MaTepuasa (He-
noxora). CornacHO METoAMKE AJIsl TOPOJ ¢ OOJNBIIMM pa3-
6pocoM 1O (HPaKIIMOHHOMY COCTaBy IPOBeACHUE OOXMTa
0e3 IpeaBapuTeIbHOro (ppaKIMOHUPOBAHUS I KOMOMHM-
DPOBaHHOTO MeTOJa UHTEHCU(UKALIMU HEBO3ZMOXKHO.

Ha BropoM atarie ycTaHaBIMBaIM MUHEPATOTUYECKUIA COCTAB
HCCIIeIYeMOi1 TIOPOIBI 1 TIPUCYTCTBUE MPUMECHBIX MUHEPAJIOB.

PeHTreHo(ha3oBbIif aHAIN3 TTO3BOJIMJI YCTAHOBUTH, YTO
IIOMMMO OCHOBHOTO MMUHepaia KapooHara Maruus MgCO,
(d/n = 2,7987; 2,1276; 1,6986A) B mpobax McCIEAYEMBIX
(Gpakuuii mpucyrcTByloT mpumecu Kanpuura CaCOs
(d/n = 3,0345; 1,8463; 1,8021A), nonomura CaMg(CO;),
(d/n = 2,8837; 2,1905; 1,7843A) 1 KXeNe3UCThIX BKIIOUEHUI
Fe,05 (d/n=2,6671; 2,5365; 1,698A).

J1nst onipeieNieHUsT KOJTMUECTBEHHOTO COMlepKaHMUsT MTOTEH-
LIMATbHO BPEIHBIX MPUMecell KaJIblUTa U JOJOMHUTA B pas-
JIMYHBIX (PPaKIUSIX CHIPEBOM IIUXThI UCTIONb30BAIN JepYBa-
torpaduio. OTO6op MaTepuaia OCyUIECTBISIIM U3 YCPEAHEH-
HbIX P06 (pakuumii 10—0, 20—10, 40—20 u > 40 MM (puc. 2).

W3 TosTy9eHHBIX IepUBATOTPAMM CIIEAYET, YTO (DpaKIIus
> 40 MM COCTOUT IIPENMYIIECTBEHHO M3 KapOOHATa KaJIbLIMSI
(KanpuuTa), UMEET B CBOEM COCTaBe IPMMECcH KapOoHara
MarHusi v 10J0MUTA, 4TO JeiaeT 3Ty (DpakiInio HEMPUTOTHOMI

Taomuna 1
CpeaHee coaepxaHue ¢ppakumii B npobdax

Ppakums, Mm
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Matepunan
> 40 40-20 20-10 10-0
CopepxaHue, % 0-26 2-40 2-34 8-38
I HAYYHO-MeXHUHeCKULl U nPOoU3B00CMEEHHDbLIL HCYPHAN
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Puc. 2. lepvBaTorpammel ycpeaHeHHOW npobbl marHeanTta 3-ro n 4-ro coptoB CaTkMHCKOrO MeCTOpoXAeHUs dpakuun: a — > 40 mm; 6 — 20-40 mwm;

B —10-20 mm; r — 10-0 mm.

IIJIs1 TIOJIy4€HHUSI MarHe3uaJlbHOToO Bsikylero. Bo dpaximsix
40-20, 20—10 u 10—0 MM npeobIamzaeT MUHEPAIT TOJIOMUT, a
TaKXe MPUCYTCTBYIOT MMPUMECH MarHe3uTa, KaJblUTa U OK-
cuaa xejesa. Mcronb3ys cTeXMOMETpUYECKUE ypaBHEHUS,
YCTaHOBWJIM TIPOIIEHTHOE COoMepKaHe MUHEPAJIOB B 3¢pHAX
nccieayeMbix (ppakiuit. Pe3ybraThl KOJTMUECTBEHHOTO aHa-
JIM3a MUHEPaJIOTMYeCKOro COCTaBa ChIPbsl pa3IMUHbIX (hpak-
LIMiA TIpeaCcTaBIeHbl B CBOMHON Tabsuie (Tabl. 2).

CormlacHO METOI0JIOTMUYECKO cXeMe OOXHUT MOJTMMUHE-
paNbHBIX TIOPOJ AOIYCKAETCST MPOBOIUTH C MPUMEHEHUEM
XMMMUYECKOTO WIM KOMOMHUPOBAHHOTO METOJ0B MHTEHCU-
duKanmu.

AHaJIU3 TOJYYeHHBIX pe3yJIbTaTOB BBISIBUJ, YTO OTBAJIbI
kombuHaTa OAO «I'pynn MarHe3ut» pa3HOPOAHbBI KaK IO
(bpakIIMOHHOMY, TaK U M0 MUHEPATIOTUYECKOMY COCTaBy U
MpeCTaBJIeHbl B OCHOBHOM JTOJIOMUTH3UPOBAaHHBIM MarHe-
sutoM. Ppakims Gosbiie 40 MM UMeeT HanOOJIBIINIA TTPO-
IIEHT coiepXXaHWsl KapOoHaTa KaJbllMsd W TOJKHA OBITH
MOJTHOCTBIO MCKITIOUeHA U3 COCTaBa CHIPHEBOM IMXTHI IS
MPENOTBPALLEHUS TTOSIBIEHUSI B TTOPOLIKE BSIKYIIETO MpH-
Mecu okcuaa Kanblius. @pakiuu MeHee 40 MM MpakTUye-
CKHU TIOJTHOCTBIO COCTOSIT U3 fosioMuTa. ClieoBaTeIbHO, IS
HCTIOJIb30BaHMS MX B KA4eCTBE CHIPhsl HEOOXOAMMO TIPOBO-
AT MEPOTIPUATHUS 110 MHTEHCU(UKALIMY O0KUTA C TIEJIbIO
YBEJIMYEHUsI TEMITEpaTypHOTO MHTEPBaJIa Pa3IOKeHUs Kap-
OOHATOB MarHusl U KaJblUs B JOJOMUTE.

Ha TtpeTtbhem aTane ocyiecTBasics Moadop TEXHOJIOTMU
00XH1Ta CHIPhEBOM IIMXTHI COTIACHO TTOYYEHHBIM PE3YITb-
TaTaM. YYUTBIBasl BRICOKMI Pa30opocC CHIPhS MO (PpaKIIMOH-

Taoauuna 2
MuHepanormnyeckuii coctas ppakuum marHe3mTta
opaynn | M0G0 | 00 | SO0 [ onwero wonue
>40 MM 18-19 | 40-41 38-39 3-4
40-20 mm - 6-4 90-91 3-4
20-10mm | 18-19 | 10-11 69-70 <A1
10-5mm | 17-18 4-5 78-80 <A1

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

HOMY U MUHEPAIOrMYeCKOMY COCTaBy, OOUTHCS TMOJHOTO
pa3ioxXeHus: KapOOHATOB MarHWsl U €ro COeAWHEHUN Oe3
00pa30BaHUsI MPUMECH OKCHIA KaJbLIUS 110 TPAIAULIMOHHOI
TEXHOJIOTMY O0XKHWra ¢ UCMOJb30BaHUEM JIIOOBIX BUIOB Te-
Yeil HEBO3MOXHO.

Ilo MeTonoNI0TMYECKOI CXeME /IS TOTMMUHEPATTbHBIX TO-
poxn ¢ OGOJIBbIIMM Pa3dopocoM IO (PPaKIIMOHHOMY COCTaBy He-
00X0IMMO TTPOBOIUTH OOXUT C KOMOMHUPOBAHHBIM METOIOM
nHTeHcurkauuy. KoMOMHUpOBaHHBIN METON OOXKUTra ISt
HCCIIeyeMOro Matepuania siBisieTcss 0osiee pallMoOHATbHbBIM,
TaK Kak He TpeOyeT MOMOJHUTENIbHBIX TPYAOBBIX PECYpPCOB U
9Hepro3arpar Ha (hpakKIIMOHUPOBAHUE ChIPhS, a TAKXKE Ha Tie-
peHanagKy o0OpydOBaHMS, YTO OOecIeuyrBaeT B OOJIbIIEH
CTeMNeHU MOCTOSTHCTBO KayecTBa MoJly4YaeMoro Marepuara.

BoiBOIBI.

ITo pe3ynbpTaram KccienoBaHusl pa3padoTaHa METOIMKA
KOMIUIEKCHOM OILIEHKHU TTPUTOTHOCTH OTXOIOB MarHe3nallb-
HBIX TTPOU3BOMICTB C IIEJIbIO0 MX UCIOJIb30BAHUS B KaueCTBE
CBIPbSI JUIS CTPOUTENBHBIX BSKYIMX. OHa BKIIIOYAET Ucciie-
JIOBaHWE OCOOEHHOCTEN (PAKIIMOHHOTO U MUHEpaJIOrnye-
CKOTO COCTaBa ChIPbsl, UTO MO3BOJISIET HA3HAYUThL HanboJiee
93¢ GEKTUBHYIO TEXHOJIOTHIO MPOU3BOACTBA MarHe3MaIbHbIX
BSDKYIIIMX.

J111 MarHe3uaabHOTO ChIPhs 3-T0 U 4-10 copToB CaTKMH-
CKOT'O MECTOPOXIEHUST YCTAaHOBJIEHO, YTO KpOME MarHe3ura
MopoJa BKJIIOYAET B 3HAUMTEIbHBIX KOJIMYECTBAX MPUMECH
nojsoMuTta U Kajbiurta. [Ipu atoM 3epHa dpakuuu >40 Mmm
HETIPUTOIHBI 17151 UCTIOJIb30BaHMS B KAYECTBE ChIPhsI B IIPOU3-
BOJICTBE BSIKYIIIETO CTPOUTETLHOTO Ha3HAYCHMS M3-3a BBICO-
Koro coziepxanusi Kanbiura CaCO5 (Gosee 40%).

B cBs13u ¢ 6onbIIMM pa3zdpoCcoM ChIpbs MO (GpaKIMOH-
HOMY U MUHEPAJTIOTUYECKOMY COCTaBY JIJIsl TOJIyYEHMS Mar-
HE3UaJIbHOTO BsXKyIIero u3 ppaximii 40—0 MM palimoHalb-
HO TIpoBefeHue OOXWra, WHTEHCU(ULIMPOBAHHOTO TIO
KOMOMHMPOBAHHOM TEXHOJOTMM, BKJIIOUYAIONIEH pa3MoJ,
IPaHyJISIIMI0 U OOXKUT B MPUCYTCTBUU H00ABOK-UHTEHCH-
¢uxkaropos.

Hccnenosarenbckasi pabota MpoBOAWIACh MPU TOJ-
nepxke OAO «['pyrinm MarHe3ut».
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IX MexxapyHapoaHana KoHepeHUMA
«HaHoTexHonorum B crpoutenncrTBe: NTC-2017»

17-21 mapTta 2017 r. B lapwm-anb-Leiixe (ErnneT) coctosinack IX MexayHapoaHas KoHdepeHuma «HaHoTex-
Honorum B ctpoutenscTe: NTC-2017». Ee opraHnzatopamm TpaaMLMOHHO BbICTYNaKOT C ermMneTCKOM CTOPOHbI:
MUHNCTEPCTBO »KUMULLIHO-KOMMYHaTbHOIO X035IMCTBa U MPagoCcTPOUTENLCTBA (FOPOACKOro passuTtig), Haumo-
HarbHbIM UCCNEAOBATENBCKUI LIEHTP XKWNbS U CTPOUTENLCTBA, ErvneTcko-Poccumnckuin yHMBepcuTeT; ¢ poccum-
CKOW CTOPOHbI — /IXKEBCKUIN TOCYAAPCTBEHHbBIN TEXHUYECKMI yHMBEpPCUTET M. M.T. KanalwHrkosa. HenadmeHHbIM
VHPOPMALIMOHHBLIM NaPTHEPOM KOHAPEPEHLIMM BbICTYMaeT xypHan «CTpouTtensHble Matepuansi»®.

The IX International Conference «Nanotechnologies in Construction: NTC-2017» was held on March 17-21, 2017 in Sharm El Sheikh
(Egypt). Its organizers traditionally are, from the Egyptian side, the Ministry of Housing, Utilities and Urban Development, Housing and
Building National Research Center, Egyptian Russian University, from the Russian side — Kalashnikov Izhevsk State Technical University
(Izhevsk). Constant information partner of the Conference is the journal «Construction Materials»®.

lpogpeccop LLapngh Xenmu — KaHg. TexH HayK, npogheccop 6ETOHHbIX KOHCTPYKLMI B yHUBEpcuTeTe XenBaH
(Helwan), ntxeHepHbii hakynbteT B Matapee (Matareya), npe3naeHt Erunercko-Poccuickoro yHuBepcuTeTa.
B 1963 r. ¢ o1in4aem OKOHYUIT MHXEHEPHbIN (hakynbTeT Kampckoro yHuBepcuteta. B 1969 r. sawmtun
KaHAWAaTcKyto AuccepTaumio o OKOHYaHuu acnupanTypbl 3HAMEHUTOr0 COBETCKOr0 Hay4HO-MCCI1e[0Bateslb-
CKOTo MHCTUTYTa N0 6eTOHY U xene3o6eToHy (HUVXKB).
lpocpeccop LLiapndh nmen orpoMHbIN OMbIT B 06YHEHNN CTYLEHTOB, @ TAKXE UHXEHEPHOM MPOEKTNPOBAHUN 1
KOHCanTuHre. PykoBOAWn WCCNE[0BaHNAMM 110 HECKOSIbKUM KaHAWAAaTCKUM U MarucTepckum AuccepTauusim.
OCHOBHbIM HanpaBaeHNeM ero Hay4HbIX MHTEPECOB OblaN PaboTbl MO rPAXKLAHCKOMY CTPONTENLCTBY, BKIKOYas
OypeHue rpyHTa U CKBaXKWH; BHEAPEHUE LIEMEHTHOIO PacTBOPa 4epe3 CKBAXKUHbI B MAOTUHBI 1 ADYr1e COOPYXeHUs
C Lenbto ux ykpenneHus. OH npoekTMpoBan 1 KOHTPOJIMPOBA CTPOUTESIbCTBO HECKOSIbKUX BbICOTHbIX 3AaHUH,
l habpuk 1 MOCTOB, OblsT 3HATOKOM MECTHBIX 1 HAUMOHANIbHbIX MPABWI U CTPOUTEILHOIO 3aKOHOZaTesbeTBa Ervnra.
3a Bpems 06y4enuns B MockBe oH npnobpen MHOro Apy3ei v 4epe3 BCHo XWU3Hb MPOHEC /II060Bb K Poccum.
lpogpeccop Lapuch copevictBoBan pasBuTuio NapTHEPCKNX OTHOLLEHWA MexAy yHuBepcuteTamn Erunta u Poccun, Obin OHUM U3 UHULNATOPOB
cosganns Ernnetcko-Poccuiickoro yHuepcuteTa. VIMeHHO emy npuHagnexana vges npoBegenns KoHgepeHumn «HaHOTEXHOOrM B CTPOUTESb-
CTBE».
Heckonbko net npogheccop LLiapuch b1 MHOCTDAHHbIM YIEHOM PEAaKLMOHHOTO COBETA XypHana «CTpouTeNbHble MaTepnabi»®.
3acnyrn npogpeccopa LL.C. Xenmu BbICOKO oLeHeHbl B Poccun. EmMy 6biiio MpUCBOEHO 3BaHNE 3aCTyXEeHHOro npogheccopa VixeBckoro rocyaap-
CTBEHHOIO TEXHUYECKOrO YHUBEPCUTETA; OH Obli M36paH MOYETHbIM YIEHOM POCCUIACKOro LEHTPa Hay4HOro M KyfbTyPHOrO COTPYAHNYECTBA
MuHucTepcTBa MHOCTPAHHBIX [N 3a BKAAA B APYXOY; BbIMrpan rpaHT. MeAanab nepBoro KocMoHasTa 3emnun — Hpus [arapuHa 3a Bknag B cgepy
KOCMOHaBTUKW; HarpaxgeH lo4yeTHas rpamota y4eHoro coBeta Poccuiickoro yHuBepeuteTa Apyx)6bl HaposoB 3a 60/1bLUOM BK/Ia[ B pa3BuTmne co-
TpyAHNYecTBa ¢ XenyaHckum yHusepcutetom (Helwan university)
pogomxenne paboTsl EruneTcko-poccuiickoro yHuBepcuTeTa, npoLAo/KeHNe TECHOr0 COTPYAHNYECTBA EeruneTcKuX N POCCUACKNX Y4EHbIX, Npo-
J0/MKeHNe paboTbl KOHGEPEHLUU «HAHOTEXHONOrUM B CTPOUTENLCTBE» BYAET yYLLIEA NaMATbI0 O HALLeM [OPOroM KOJere u gpyre npogheccope
Lliapncpe Xeamu.

B atom roay koHgepeHums Gblna OMpadeHa Tparuyeckum cobbITUeM —
33 HECKONbKO [HEel A0 Hayana ywen M3 XW3HW ee OCHOBOMOMOXHUK K

[lenosas nporpamma 6biia HacblWeHa A0KNaAamm W Hay4HbIMN AUC-
Kyccuami. 3a Tpu paboymx OHS ObIN0 3acnylliaHo U 06CyXaeHo 6onee

UAENHbIN BOOXHOBUTENb, NPE3NAEHT ErmneTcko-poccuinckoro yHueepcuTe-
Ta npocpeccop L.C. Xenmu.

B pa6ote KoHdepeHumn npuHanu y4actue 6onee 100 y4eHbIX U3 YHN-
BEPCUTETOB U Hay4YHbIX OPraHn3aumin, PyKOBOAUTENN U BeayLMe Cneuma-
NNCTbI MUHNCTEPCTB 1 BefomcTs Erunta, Memena, Cyaana, Yexun, Poccun
n gp. CnoHcopammn meponpustus soicTynuan New Urban Communities,
Tolaat Moustafa Group, Alex Group, CMB Group u BASF Company — kpyn-
Hble MPOU3BOAUTENN CTPOUTESIbHBIX MaTepuasos.

50 fnoknagos.

TpaanuUMOHHO NHTEPEC Y4ACTHUKOB BbI3bIBAIOT PA6OTbI, BbINOHEHHbIE
poccuiickumu yyeHbiMiu. G pa3BepHYTOM Nekunen BbICTynun npodeccop,
I-p TexH. Hayk TW. fikoBnes (V/>xeBCKMI rocyAapCTBEHHbIN TEXHUYECKUI
yHUBepcuTeT) — «CTpOMTENbHAA Kepamuka, MoaNULMPOBaHHAa aucnep-
CUSMWN MHOFOCIONHBIX YIAEpOAHbIX HAHOTPY6OK». TakxKe MHTEPEC Bbi3Ba-
no sbictynnexve A. 3nbpedpam (Aly Elrefaei), yuennka 1. fkosnesa, Ko-
Topbli B 2016 1. B Poccum 3awuTin gnccepTauiio Ha COMCKaHNe CTeNeHN
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KaHAuaaTa TeXHMYeCKMX Hayk no Teme «[loBblIlIeHNe NPOYHOCTM, BOAOHENPOHMLAEMOCTI 1 MOPO30-
CTOWKOCTW TXKenoro 6eToHa HaHomoamduKaTtopamu». Ha KOHbepeHUMn OH NpeacTaBun AoKnaf,
MOArOTOBMEHHbIA COBMECTHO C Konneramu u3 Mxescka «KombuHupoBaHme [06aBOK PasfiMyHOro re-
Heanca ans noBbieHns 3@ EEKTUBHOCTN MOAUGMKALMM LIEMEHTHbIX 6ETOHOB». [0KNaabl poccui-
CKIX [eneraToB ony6nMKoBaHbl B XypHane «CTpouTenbHble matepuanbi»® Ne 1-2, u3gaHHOM Ha
PYCCKOM W aHUIACKOM $13blKax, KOTOPbIiA 6bI NPeACTaBAEH Ha KOH(EpeHUMU. TakxKe C HUMWN MOXXHO
03HaKOMUTLCA Ha cainTe xypHana (http://rifsm.ru/editions/journals/1/2017/616/).

MHorve 3 [OKNaaoB erMneTckux Konner Gbinn cBf3aHbl HENOCPEACTBEHHO CO CTPOUTENbHbBIMN
matepuanamn. Otmetum BbicTynnexne H.A. Taxa (HaumoHanbHbIi nccnefoBatenbCKuin LEHTP Xnibs
n cTpoutensctea Erunta) (Nihal A. Taha, Housing and Building National Research Center), B koTopom
OHa NpeAcTaBmna peaynsratbl pa60Tbl N0 BBEAEHWNIO HAHO-MMUHNCTLIX YaCcTUL, (3aMeHa 4acTu LemeH-
Ta) B 6ETOHbI, 1 UCCNELOBAHME UX CBOWCTB NPM MOBbLILEHHON TEMNEpaType (MOMy4eHne Xaponpoy-
HbIX OETOHOB).

Mpocpeccop C.A. Anm (Salah A. Aly) npencTtasun y4acTHukam Super Crete (Icon) — o4uH U3 TuNoB
NONUMEPHbIX 6ETOHOB, KOTOPbIA 6bIN pa3paboTaH HeAaBHO BO MHOMMX CTPAHAX W NO-NPEXHEMY CHu-
TaeTCs HOBbIM MaTepuanom, 0cobeHHo B ErmnTe. 9T0 66TOH 6€3 KPYNMHO3EPHUCTOrO 3amnoNiHUTens,
KOTOPbI COCTOUT 13 NOPOLLKOBOrO MaTepumana, CoepKaLlero BbICOKUA NPOLIEHT CUmMKaTa Kanbuus,
1 MONIMMEPHOI XUAKOCTU. /icnonb30oBaHne NOPOLLKOBOrO MaTepuana 1 NofMMEPHOI XIAKOCTU Ans
NPOU3BOACTBA HOBbIX TUNOB GETOHA ABNSETCA OJHNM M3 PacnpOCTPAHEHHbIX CNOCOB0B AOCTUKEHMS
60nee 3KONOrn4ecky YncToro 6eToHa. iccnegoBanns noATBEPANIN BbICOKME NOKa3aTeNln NPO4HOCTM
NPy CXaTUK, JONTOBEYHOCTb, BbICTPOE BPEMS OTBEPXAEHUS N HU3KYHD NPOHMLAEMOCTb. OH LNPOKO
MCMONb3YETCA B aPXUTEKTYPE, TaKMX KaK AEKOPATUBHbIE ANEMEHTbI, dacaj 1 06NM1LI0BKA.

AKTNBHO 06CYyXAanacb OAHA M3 3HAYNTENbHbIX NPobnem Ermnta — 3arpdHeHne OKpyXXaroLen
cpegbl U BANAHWE €€ Ha XN3Hb YenoBeka. OCHOBHbIMI NPUYNHAMMN 3arpA3HEHNUs BO3LyXa ABNAKTCA
BbI6POCHI OT aBTOMOOMMENA, NPOMbILLINEHHbIE BbIGPOCHI U MHOrO€ ApYyroe. B CBOEM BbICTYNneHUM
M.A. We6n (YHusepcuter Menycpun, Erunet) (Mohamed Adel Shebl, Menoufia Universaty) npeacra-
BUN CNeLmnasbHble NOKPbITUSA, B COCTAB KOTOPbIX BXOAAT HaHOYacTULbl. OHW NO3BONAKT 3aLMLiaTh
thacagbl 3AaHNIA N COOPYXKEHWIA OT NOrNOLLEHNS BPEAHbIX ra30B, KOTOPbIE OKA3blBAlOT HEraTMBHOE
BNWSIHWE HA 340POBLE NOMb30BATENEN.

OfHaKo KOHDepeHUMs 0XBaTuna HAMHOrO GONbLUKIA CMEKTP NMPUMEHEHUS HaHOMaTepuanos U
HAHOTEXHOMOrMIA, YeM CTPOMTEeNbHAA 0TPacnb. bbinu NpeacTaBneHbl A0KNaAbl O NPUMEHEHUM HAHO-
TEXHOMOrMA B 3HepretTuke, MeauumHe u 1. 4. VHTepec npeacTasnser pa6ota M.A. 3nHaBaBsu
(XenyaHckuin yHusepcutet, Erunet) (Mohamed Alaa Elnawawy, Helwan University) no cosgauuio
CTepunbHbIX nomelleHnit (Cleanroom), npeaHasHa4YeHHbIX AN a3pOKOCMUYECKOI 0TPAcnu, MUKPO3-
NEKTPOHNKM, (hapMaLieBTUKK, 30PABOOXPAHEHMS, TPOAYKTOB NUTAHNA U AP. C NPUMEHeHeM MeTOAO0B
HaHOMOZWMMULUNPOBAHUS N HAHOMATEPUASIOB.

MHOro BOMPOCOB M aKTMBHYK AWCKYCCUIO BbI3BANO JIEKLUMOHHOE BbICTYMNeHWe npodeccopa
T.M.T. Mattapa (LieHTpanbHblii MeTanaypru4eckuii Hay4Ho-1ccne[oBatenbCKuin MHCTUTYT, Eruner)
(Taha Mohamed Taha Mattar, Central Metallurgical Research & Development Institute) o HaHOTEXHO-
NOrMaX U HaHO-MOANNKATOPAX B METanypru4eckoil MPOMbILLAEHHOCTI. OH MOAYEPKHYA, YTO B Ha-
CTOSALLEE BPEMS MHOIO NPOMbILNIEHHbIX U HAY4HbIX (DUPM W YYPEXAEHWIA paboTatoT HaA CO3LaHNEM
HOBbIX MHHOBALIMOHHBIX U MPOTPECCMBHbIX CTaNbHbIX MaTepnanos. TeHaeHUMel B 3Toil 06nacTy SBns-
€TCS YNyyLleHne CBOMCTB CTanbHbIX CMMABOB 32 CYET W3MeNbYeHUs pa3mepa 3epHa W Mosy4eHns
HOBbIX LEHTPOB KpMCTanau3auun. 10T MeTod nogpasymesaeT no CyTu BBeJeHWe LEHTPOB KpucTan-
NN3aunin, KOTopbIMK ABASKOTCS HAHOPA3MEPHbIE YaCTULbI TYTONNABKUX COEANHEHWIA.

B 3aBepLueHne Hay4HOr0 MeponpuATAS 6bl1 OTMEYEH YPOBEHb OpraHu3auu KoHdepeHumm, Ko-
TOPbIA C KaXZAbIM FOAOM CTaHOBMUTCS BCE BblLUE, KA4€CTBO NPELCTaBNEHHbIX A0KNaf0B U MPUHATO
peLLeHne 0 NpoBefeHNN crneaytoLLein koHdepenuun B anpene 2018 r.

T.A. AbakymoBa
UHXKEHED XUMUK-TEXHONOT
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OueHka 3p(hekTUBHOCTU NPUMEHEHUSA TMAPOOOHDLIX
BOAHbIX 3MYNbCUMA C COAEPXKAHMEM HAHO- U MUKPOPa3MEpHbIX
yactuy ana moaucukaLmu MeNKo3epHucToro 6eToHa’

13BeCTHO, 4TO 3CDAEKTUBHOCTL rMAPOOGU3ATOPOB B 3HAYUTEIILHON CTENEHI 3aBUCUT OT XUMUYECKOTO COCTaBa, AUCMNEPCHOCTI W KOHLIEHTPALAN
COCTaBNALLMX UX KOMMOHEHTOB. B pamkax pa6oTbl GbIN0 U3y4eHO BNNSHIE PA3NMYHBIX (haKTOPOB Ha rnapoOGHbIe XapaKTepUCTUKIA BOHOM
3MYMbCUN Ha OCHOBE MONMMETUNIMAPOCUNOKCaHa, NPeanaraeMoi AN UCNONb30BaHUA B KAa4eCTBe NOBEPXHOCTHOMO 3aLUTHOTO NOKPLITAS B
LIeMEHTHO-NECYaHbIX cucTemax. G MCnonb3oBaHUeM TOMOMOTMYECKUX PACYeTOB [0Ka3aHa Lienecoo6pasHOCTb UCMOMNb30BaHNS MUHEPaNbHbIX
HanonHUTeneit MUKPOKPEMHE3eMa 11 MeTakaonnHa B COCTaBe rMapoctho6U3NPYIOLLEi CUNOKCAHOBON AMYNbCUM C TOYKM 3PEHUS UX AHEPreTUYecKoN
(chnanko-xummnyeckom) achPeKTMBHOCTU. BbISBNIEHO, YTO paLoHaNbHOE CofiepXaHne MUHePaNnbHOro TOHKOAMCMEPCHOr0 KOMMOHEHTa
(MUKpOKpeMHe3ema Unu MeTakaonHa) cocTasnseT 1% COOTBETCTBEHHO, MOCKONbKY [aHHOE KONNYECTBO YKA3aHHbIX KOMMOHEHTOB N03BONAET
06€ecneyuTb BbICOKYIO CTaGUNILHOCTb AMYNbCUN 1 TPEGYEMbIE BS3KOTEKYYME XapaKTepUCTUKI NPW HAHECeHUM ee Ha 06pabaTbiBagMyto NOBEPXHOCTb

6eToHa.

KntoveBble cnoBa: CMnoKcaHoBas aMyfbCUs, MKPOKPEMHE3EM, METAKaoNNH, rnapodo6HOe NOKPbITHE, KPAeBOIi Yron CMaYnBaHus.

Insa yutuposanus: Koxyxosa M.I., Yynkosa W.J1., XapxapauH A.H., Co6ones K.I'. OueHka 3dheKTUBHOCTM NPUMEHEHUS TAPOGO6HbIX BOAHBIX AMYMb-
CWI C COAEPXKaHNEM HaHO- N MUKPOPA3MEPHbIX YacTuL, Ans MOAGUKALMM MeSTKO3epPHUCTOro 6eToHa // CTpouTesibHble maTepuassl. 2017. Ne 5.

C. 92-97.
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Estimation of Application Efficiency of Hydrophobic Water-Based Emulsions Containing Nano-
and Micro-Sized Particles for Modification of Fine Grained Concrete*

It is well known, that the efficiency of hydrophobic admixtures drastically depends on chemistry, dispersity and concentration of containing ingredients. This study reports on the effect
of different factors on hydrophobic characteristics of polymethylhydrosiloxane (PMHS) containing water-based emulsions applied as a coating for concrete wearing surfaces.
Calculations of topological characteristics proved the effectiveness of mineral additives such as silica fume and metakaolin in the formulation of hydrophobic siloxane emulsions,

in terms of their physical-and-chemical potential. It was demonstrated that the emulsions produced with 1% of mineral nano- and micro-sized particles (silica fume/metakaolin) showed

a high stability of emulsions and required workability when applied to concrete surfaces.

Keywords: siloxane emulsion, silica fume, metakaolin, hydrophobic coating, contact angle.
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B HacTosee BpeMst acCOPTUMEHT MaTepuaioB Ha CTPO-
UTEJIHLHOM PBIHKE OYeHb IIMPOK. Kak nmpaBuiio, oH xapakTte-
pu3yeTcsl He TOJbKO HAJIMYMEM TPAAUIIMOHHBIX MaTepua-
JIOB, TaKUX KaK ILIEMEHTHBbIE, CWIMKATHbIC, TUIICOBBIE WU
T. 1. [1—4], HO TakXe HOBBIX MEPCIIEKTUBHBIX aHAJIOTOB Ha
OCHOBE aJIbTEPHATUBHBIX U 3(PDGHEKTUBHBIX BUIOB CHIPhE-
BBIX pecypcoB [5—8]. I1pu 3TOM HEOOXOAUMO OTMETUTD, YTO
MaTepualibl CrielMaJlbHOTO Ha3HaYeHUsI O1arogapst UX yHU-
KaJIbHBIM WJIU CieM(pPUIeCKUM XapaKTepUCTUKAM BbIAEIsI-
10T B OTIEJIbHYIO TPYTIY.

3ayacTylo obecriedyeHre TeX UM UHBIX CrielnpuIecKux
XapaKTepUCTUK MaTepraioB 3TOU TPYIIbl B OOJIbIIEH CTe-
TIEHU CBS3aHO C BEIOOPOM OMNpPENEeIEHHBIX CHIPhEBBIX KOM-
TTOHEHTOB HajUIeXalllero KayecTna, T. €. TpebyeMoro MuHe-

* PaboTa BBITIONHEeHA B pamkax rpanta PODU Ne 15-33-50279.

PaTbHO-XUMHMUYECKOTO COCTaBa, CTPYKTYPHI, MOP(hOJIOTHH,
IpaHyJOMETPUU, TUCTIEPCHOCTH U T. .

Tak, cpeau akTyaJlbHbIX MaT€PUAIOB CIIELUATLHOIO Ha-
3HAYeHUsI HEOOXOOUMO OTMETUTh THAPO(POOHbIE OETOHHI,
o0Jiafarolre BOJOOTTATKMBAOIIMMU XapaKTepUCTUKAMU.

Panee Gbl1a oka3zaHa BO3MOXHOCTb MOJYYEHUST TUIPO-
GOOHBIX OETOHOB C MCIIOJB30BAHMEM IIOBEPXHOCTHOM
ruapododbuzaiuu [9—11], B ToM uwucie ¢ NpUMEHEHUEM
KpeMHUIOpraHM4YeCKuX TuapodoOr3UpyIONIMX KOMIIayH-
noB [12]. OnHako 3¢ ¢GeKTUBHOCT TPUMEHEHUST U TIOTEH-
LIMaJTbHBIE BO3MOXHOCTH TaKMX TUAPOGHOOM3aTOPOB UMEIOT
BBICOKYIO 3HAUMMOCTD 1 3aBUCHAT OT psifa (pakTopoB, OMHUM
HUX KOTOPBIX SIBJIETCS Pa3MEPHOCTh M KOHIIEHTPAIIUS CO-
CTaBJISIIONINX KOMITOHEHTOB.

* The work was carried out within the framework of the RFBR grant No. 15-33-50279.
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Ta6nuua 1

Kpl/lTI/I‘-IeCKMVI pa3Mep MUKPO- U HAHOYaCcTML, U uxX arperaum}i B UHTepBaJie NposiBieHns ux ¢VI3I/IKO-XVIMI/I‘-IeCKOﬁ AKTUBHOCTU

lMoka3aTenb CTENEHU 1 ANS HAHO-,

CpenHuin acdeKTUBHbIN pasmep arperaumii 4acTuL, (d, HM) C NIOTHOCTbLIO YNAaKOBKM

MUKpOYacTuLL, B HVX 3NIEMEHTOB CTPYKTYPbI T4
[ns MnkpokpemHesema

Mpnd=0,79 Mpn d=0,96
3,33 0,76 0,8 0,76 0,8
316 375 384 463

Ans meTtakaonmHa

Mpond=1,4 Mond=1,6
3,33 0,76 0,8 0,76 0,8
561 677 641 753

M arperaumin ¢ y4eTom 1Ux pocrta

[nsa noateepxaeHus 4OCTOBEPHOCTU NONYYEHHbIX Pe3ynbTaToB Obli NPOBEAEH PacyeT HAMMEHbBLUNX KPUTUHECKMX Pa3MEPOB HacTuL,

[na mukpokpemHesema

[ns metakaonmHa

3,33
Mpnd=0,79 Mpn d=0,96 Mond=1,4 Mond=1,6
B nepBom npubamkeHumn npu 1, = 0,64 10,79 13,11 19,12 21,86
Bo BTOpOM NpunbnamkeHumn npu 14 = 0,86 373 456 668 754

B nanHoit paboTe mpencTaBieHbl UCCIEA0BaHUS O U3-
yyeHU10 3(HGHEKTUBHOCTU dMYJIbCUI THUIMA «Macjlo B BOjAE»
Ha OCHOBE TOJIMMETUJITUIPOCUIOKCAHA B 3aBUCUMOCTU OT
MUCTIEPCHOCTA M KOHLIEHTPAIIMU CONEPXKAIIMXCSI B €€ CO-
CTaBe HaHO- MU MUKPOpa3MEpPHBIX MMHEPATbHBIX YaCTHII,
9MyJibraTopa, a Takxke ruapo¢GoOU3UPYIOIIEro areHTa.

IIpu mosydeHU CUJIOKCAaHOBBIX IMYJIbCUIA B paMKax pa-
0OTBI MCTTOJIB30BAJIMCH CIICAYIONINE ChIPhEBbIC MaTEepPUAJIbI:

— B KayecTBe BMyJibraTopa — IMOJUBUHWIOBBII CIIUPT
IBC;

— B Ka4yecTBe TUIpo¢o0M3aTopa — MOIUMETUITUAPOCH -
nokcaH IIMI'C (XIAMETER MHX-1107, npou3BoacTBO
Dow Corning);

— B KayecTBe apmupytoniero HanojHurtenass — [IBC-
¢ubpa mpousBoactea Kuralon (SImoxust);

— B KQYeCTBE HAHO- U MMKPOPa3MEPHbBIX HAIOJHUTENEH
— MeTtakaojuH (rpoun3BoacTBo Burgess Optipozz, CIIIA) u
MuKpokpeMHe3eM (mpousBoactBo Elkem, CIIIA).

M3yyeHue creneHu CTaOMJIBHOCTUA 3MYJIbCUOHHOU CH-
CTeMbl MTPOBOJWIM C TTOMOIIBIO ONTUYECKOTO MUKPOCKOMA
Olympus BH-2.

[MpuroroBieHne runapo@OOHBIX CUITOKCAHOBBIX 3MYJIb-
CHIf OCYIIIECTBIISITIOCH C MCIIOIb30BaHMEM BBICOKOCKOPOCT-
Horo cMmecureiist LSM-A (Silverson).

OnHUM M3 MapaMeTpoB, 3aBUCAILIUX OT AUCIIEPCHOCTH
MaTtepuajia U pa3Mepa YacTHll, SIBJSIETCSI ero IHepreTuye-
ckast 3¢ GEeKTUBHOCTD U, KaK CJeACTBUE, aKTUBHOCTh B TH-
npo¢0oOHOI SMYITLCUOHHOI CHUCTEME.

Tonogormyeckuii pacuet 3¢(HeKTHBHOCTH HAHO-
W MHKPOPa3MePHbIX MHHEPAJIbHBIX KOMIIOHEHTOB

7151 olieHKM dHepreTuiyeckoi 3hGheKTUBHOCTU MpUMe-
HEHUSI HAaHO- U MUKPOPA3MEPHbIX YACTHUILl U UX arperauuit
TOHKOJAMCTIEPCHBIX MUHEPAJbHBIX MaTepuajoB MHUKPO-
KpeMHe3eMa M METaKaoJIMHa B paMKax MCCJIeN0BaHUS U3y~
YEHBI UX CBOMCTBA C TOYKU 3PEHUS CTPYKTYPHOM TOIIOJIO-
rur. Ha ocHOBaHMM paHee MPOBEAEHHBIX UCCIECIOBAHUN U
MpeNIoKEHHOM pacueTHo mpouenypsl [13—15] B naHHOi
paboTe ObLIM OMNpeeeHbl MapaMeTpbl KPUTUUECKUX pas-
MEpOB HAaHO- Y MUKPOYACTHUI] B UHTEPBAJIEC TIPOSIBJIEHUST X
(GU3NKO-XUMUYECKON aKTUBHOCTH (Ta0I. 1).

Ha ocHOBaHMM MOJYYEHHBIX PACUETHBIX JAaHHBIX
(tabn. 1) HanOoabINI 3(D(EKTUBHBIA WK KPUTUYECKUIA
CpelHUIi pa3Mep arperauuii yacTul, MUKpOKpeMHe3ema

pacnoaraetcst B auanazoHe 350—450 um. JIyisg Mmetakaonu-
Ha 3TOT IMAaITa30H HaxoauTcs B oomact 600—700 HM.

[Tpu 5TOM 3HAYeHUST HAUMEHBIINX KPUTHUECKUX TUa-
METPOB YaCTHUII U UX arperalyii ¢ y9eTOM JaJbHEMIIero po-
CTa BO BTOPOM MPUOIMKEHUN KOPPEJIUPYIOT C TTOTy4eHHBI-
MM 3HAUEHMSIMU IS HAMOOJBIINX KPUTUUECKUX Pa3MepOB
arperauyi YacTULl 36pHUCTOU ITPUPOAbI U COCTABJISIOT IUaA-
Ma30H /11 MUKpOKpeMHe3eMa 373—456 u 668—754 um st
MeTaKaoJIuHa.

PacxoxnmeHust B quarna3oHax CpaBHUBaeMBIX 3HaUEHMIA
CBSI3aHBI C BBICOKOM TMOJMIVCIIEPCHOCTBIO MaTepUaioB U
HETIOCTOSTHCTBOM ITIJIOTHOCTH YITAaKOBKM JlaXke B Mpeaesiax
KOHTJIOMepaTa.

C y4eToM JaHHBIX O TOM, YTO BHICBOOOXIEHHE MMOBEPX-
HOCTHOM 3HEpPruu AMCIEPCHBIX MaTepuaaoB amMopbHOI

Puc. 1. MukpocTpykTypa: a — MeTakaonuHa; 6 — MMKpokpemMHesema

16
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Puc. 2. MpaHynoMeTpmnyecknini COCTaB MMHepasbHbIx YacTul,: 1 — meTakao-
JINH; 2 — MUKPOKPEMHESEM
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CTPYKTYPBI TIPOUCXOIUT TOpasno jerdye Hapsiay ¢ yacTulia-
MU C YHNOPSAAOYECHHON KPUCTAJIMUYECKOW CTPYKTYpPOMH,
MOXHO cZeJlaTh MPEeAToNOXeHUe, YTO KPUTUYECKUI pa3-
Mep OUCIIEPCHBIX HAHO- U MUKPOPa3MEPHBIX MaTEPUAIOB C
aMop(HOI CTPYKTypoil cMeIaeTcs K 00JacTu OOJBIIMX
pasMepoB.

CpaBHUBas pacueTHbIE 3HAUCHUsT KPUTUIECKUX pa3Me-
poB (1abJ. 1) ¢ pe3yapTaTaMyu MUKPOCTPYKTYPHOTO aHaIM3a
MMKpPOKpEeMHe3eMa U MeTakaojuHa (puc. 1) u rpaHynoMe-
Tpum (puc. 2), clieayeT 3aKJII0UYUTh, UTO pa3MEpPHbIA nHa-
MMa30H MCCIeAYeMbIX HaHO- M MUKPOpPa3MepHBIX MaTepra-
JIOB TOTagaeT B HEOOXOMUMBI pacueTHBINM AUarma3oH Kpu-
TUYECKUX Pa3MEepoB [IJId MCCIEIYeMbIX MUHEPaTbHBIX
gactull. [ToaTOMy Ha OCHOBaHUUW pPE3YJIbTATOB, MOJYUYEH-
HBIX C TOMOIIBIO TOMOJOTMYECKUX PACUETOB, MTPUMEHEHUE
NIAHHBIX HAMOJHUTENEH SBISIETCS 11eJ1eCO00pa3HbIM C TOU-

5% rnapodobunpyoLLLEro areHTa

1l 1]
25% rnpgpodobunsmpytoLero areHTa

Puc. 3. CunokcaHoBble BoAHblE 3MYNbCUN CBEXENPUroTOBIEHHbIE

1l n
5% rnapodobuanpyioLero areHTa

1l 1]
25% rnpgpodobursmpytoLLero areHTa

Puc. 4. CunokcaHoBble BOAHblE 3MynbCUn nocne 31 oHa XpaHeHusa

OcHOBHbIe xapakTepucTuku uccnepyembix NBC

KM 3peHMs MX SHEPreTM4YecKoil ((PpH3UKO-XUMUIECKOIT)
3 HEKTUBHOCTH.

Honﬁop IMyJibraTopa B 3aBUCUMOCTH OT €ro Tuna
N KOHICHTPAIUH

C 1enblo onpenesieHrs BIUSHUST MOJIEKYJISIPHOTO Beca
SMYJIbraTopa M ero KOHIEHTpAllM Ha CTaOMJILHOCTD pa3pa-
0aTbIBAEMbIX CUIIOKCAHOBBIX 3MYJIbCHIA OBbLIIM MTPUTOTOBIEHbI
16 coctaBoB TUIPOGOOHBIX IMYJTBCUIT THIIA «MACJIO B BOIC»
Ha ocHoBe nosuMetmiruapocuwiokcana (MHX-1107). B ka-
YECTBE 3MYJILraTOPOB MCITOJIb30BAIMCh YEThIPE BUIA TTOIM-
BuHmioBoro cnupra (I1BC) ¢ pasnmmuyabiM MONIEKYJISIPHBIM
BecoM (Tabi. 2). s skcnepuMeHTa ObUIM IIPUTOTOBJICHBI
BoaHble pacTtBopbl [IBC ¢ MaccoBoii KOHLIEHTpauueii 2,5; 3;
4; 5% nmyist KaxkImoro U3 YeThipex uccienyeMbix Tumos [1BC.

Ha mnosyyeHHBIX pacTBOpax TOTOBU-
JINCh OMYJIbCUU 5- U 25%-11 KOHIIEHTpa-
o  ruapo¢GOoOU3UPYIONMIET0  areHTa.
CTaOMJIBHOCTh 3TUX 3MYJbCUI OLIEHMBA-
Jlach BU3yaJlbHO, a TaKXKe C TTIOMOIIBIO OI-
TUYECKOTO MMKPOCKOIA Ha MPOTSKEHUU

Y% Mecsia. KoHTposbHbIE TOUKM cOopa AaH-

HBIX OBUIM OIpeAeSICHbBI ISl CBEXETIPUTO-
TOBJICHHBIX SMYJIbCHUI, a TakKXKe Ha 31-¢ cyT
TIOCJIe TIPUTOTOBIICHMS SMYITbCUI.

B pesynabrate olileHKH (DOTOCHUMKOB,
MOJYYEHHBIX C TIOMOIIBIO ONTUYECKOIO
MUKpocKomna (puc. 3, 4), MOXHO cKa3aTh,
YTO CBEXEINPUTOTOBJICHHBIE 3MYJbCUU C

v ncnonb3oBanueM I[IBC tumos II u 111

JIy4Ilie BCEero IokKasaiu cebs MpU MallbIX
KOHIIEHTpalMIX TUAPO(POOU3UPYIOIIETO
areHTa.

151 naHHBIX 00pa3LoB NPU BU3yaslb-
HOM OlIEHKE YETKO TPOCICXKUBAIOTCS OT-
neJibHbIe (DparMeHThl SMYJIbCUMOHHOMN CU-
creMbl. OTYETIIMBO BUIHO pacrpeesieHue
[JIOOYJ CUJIOKCAaHOBOTO KOMITOHEHTa B
00beMe IMYJICUU, OJHAKO PABHOMEPHOTO

\Y SMYJIMPOBAHMSI TIO BCEMY O0BEMY CHUCTE-
MbI He HabJII01aeTcsl.

Hnsa smynbcuii ¢ 25%-M comepkaHueM
ruapooOHOTO areHTa pa3MepHOe pacrpe-
neJieHre oOpa30BaHHBIX INIOOYJ HAaXOMUT-
¢s B IOBOJIbHO IIMPOKOM JMaria3oHe, Yero
HeJIb3s CKa3aTb 00 9MYJIbCUSIX, TIPUTOTOB-
JIEHHBIX C coiepXXaHueM 5% rumpohoOHO-

v ro areHrta. B jaHHOM cityyae Xopolo npo-
cMaTpuBaeTCcsl HepaBHOMEPHOE pacIipelie-
JIEHWE YaCcTHII He TOJIbKO TI0 pa3Mepy, HO 1
o oobeMy B cucteme. Jisg aMyabcuu ¢
Ta6nmua 2 conepxanuem [I1BC tuna I cteneHb aMysib-

rupoBaHusl HUXe Tpu 5% conepXaHuu

KpPeMHUHOPraHUYEeCKOro KOMITOHEHTA.
KO,D,leOBKa ,D,VlHaMVlLIeCKaﬂ BA3KOCTb 4% pacTtBopa, MOﬂeKyﬂﬂprlVl HOSTOMy BU3YAJIbHAS OLICHKA Pa3fe/ICHUS
nec Ma-c-10° BEC CHCTEMBI «3MYIBIaTop — TUApodo6H3a-
| 9-12 40000 TOp» AOCTAaTOYHO MpobsemaTuuHa. [is
SMYJIBCUU B ciiydae 25% KOHIICHTpaIuu
I 14-17 50000 ruapogobuszaTopa ¢ HMCIOJb30BaHUEM
n 15-20 65000 T1BC tumna I HaOmromaeTcst BBICOKas CTe-
TeHb SMYJBIMPOBAHUS, BUIHBI MOHOPA3-
v 3-4 16000 MepHbIe C(POPMUPOBAHHBIE TIJIOOYIBI TH-
npogobHoro areHrta. Ilpu aToM muametp
Tabnmua 3  3TUX MIOOYJ IPUMEPHO BABOE GOJIBIIE MO
CocTaBbl LLeMEHTHO-NecYaHbIX KOMMNO3ULUi CpPaBHEHMIO ¢ MIOOYJIaMU B APYTUX MCCIIe-
JyeMbIX SMYJIbCUSIX.

Napametp Cocras 1 Cocras 2 Y B 60neé, KOHLIEHTPUPOBAHHLIX 3MYJIb-
BopouemeHTHOe oTHoweHwue (B/LL) 0,5 0,3 cusx (25% cwinokcaHoBoro ruapodobusa-
CooTHoweHYe LemenT—necok (L/M) 13 11 TOpa) BCeX 4YeThIpeX TUIIOB HaOJI0maeTCst
CylIeCTBeHHOe oTinuue. [100yabl ruapo-
HAY4HO-mexHuuecKuil u npoussodcmeennslii wcypran Ny e W 1= jlarlal=
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Puc. 6. PacTtpeckmBaHue CNos 3MynbCUM Ha

Puc. 5. Omynbcun, NpuroToBneHHbIE C COAEPXAaHMEM MUKPOKPEMHe3ema B
6-5%;8-7%;r-10%

(oOHOTO areHTa MOCTATOYHO KPYITHbIE, a TAKXe IMYJIbCU-
OHHasl CTPYKTypa IMpocMaTpUBaeTCsI HESIBHO, 0COOCHHO TSI
smynbeuii ¢ conepxkanvem [IBC I u 111 Tumnos.

OueHka 00pa3loB BceX YEThIpeX TUIOB, BbIAEPKAHHBIX
31 cyr, mo3BoiwiIa cAejaTh 3aKJIUYeHUE O HapylleHUU
SMYJILCUOHHON CTPYKTYpPbl CUCTEMbl, BBI3BAHHOI CHMXE-
HUEM CTENEeHU €€ CTaOWUJIbHOCTU, YTO COMPOBOXIACTCS
YKpPYITHEHHEeM r'uApo(OOHBIX CMJIIOKCAHOBEIX IIO0YII 3a CUET
ux causiHus. Takke HaOIogaeTCss HapyllleHre CILIOIIHOCTI
CTPYKTYpPhl M BHU3yaJlbHOE CJUSIHUME TPaHUIl CUCTEMBbI
«dMyJibratop — ruapododusarop».

IIpu cpaBHUTENBHOI OLIEHKE ObUIO OOHApPYXXEHO, YTO
JUTSL BMYJIBCUI BCEX YEThIpeX THIOB ¢ 25% KOHIIEHTpaluei
CHUJIOKCAHOBOTO KOMITOHEHTA pa3pylieHue CTPYKTYPHI ITPO-
TeKaeT MeUIEHHEEe B CPABHEHHUH C SMYJIbCUSIMU 5% KOHILICH-
Tpauuu. JlaHHOe siBjeHue 3abUKCUPOBAHO AJIs1 TUAPOGDOO-
HBIX CUCTEM C HU3KUM COJIepKaHUeM dMYJIbratopa.

IToxGop oNTUMAILHOI KOHIIEHTPAIMA HAHO- M MAKPO-
Pa3MePHOT0 MHHEPATLHOTO KOMIIOHEHTA B COCTABE SMYJIbCHI

OueHKa KOJWYECTBEHHON COCTaBJSIONICH MUHEpab-
HbIX AMCTIEPCHBIX YACTUI] B COCTaBe dMYJIbCUIl MPOU3BOIM-
Jlach MpU y4yeTe HeCKOIbKUX (hakTopoB. B mepByio ovyepenn
KOHTPOJIMPOBAIACH CTAOUIU3UPYIOLIasi ClIOCOOHOCTh BBO-
NUMBIX YaCTUIl B O9MYJILCUOHHON cucteme. Bropoii dakTop
CBsI3aH C pabOTOCIOCOOHOCTBIO THMAPOGOOHBIX 3MYJIbCHUIA,
XapaKTePU3YIOLIMXCS BA3KOCTBIO U TEKYYECTbIO CUCTEMBI.

MuHuManbHasl KOHLIEHTpalus MUHEPaIbHOTO KOMIIO-
HEeHTa BbIOMpaniach U3 YCJIOBUS JOCTATOYHOTO €ro Kojauye-
cTBa I QOPMUPOBAHMS OTIPENCIEHHON CTETIEHH 1IEPOX0-
BaTOCTY CTPYKTYPbI HAa TOBepXHOCTH 6eToHa. MccinemoBanust
MPOBOAWINCH IS SMYJIbcUll ¢ comepxkanueM 1, 5, 7, 10%
MUWHEPATBHOTO KOMIIOHEHTa B AMYJILCMOHHOI CUCTEME.

NoBEPXHOCTN GeTOoHa

[IpuroroBieHne 3MyIbCHIl OCY-
IIECTBIISUIOCH C TIOMOIIBIO BBICOKOCKO-
poctHoro cmecutens. IlapamienbHo ¢
MMKPOCKOITUYECKUMU UCCIEeIOBAHUS-
Mu (puc. 4) 1A NOPUTOTOBJIECHHBIX
SMYJIbCUI BU3YaJIbHO OLIEHUBAJIUChH BSI3-
KOTEKy4Me XapaKTepUCTUKH (puc. 5).

B pesynbraTe BU3yabHOTO aHAIM3a
BSI3BKOTEKYYMX XapaKTePUCTUK TPUTO-
TOBJIEHHBIX SMYJIbCUI (pUC. 5) BBISIBIIE-
HO, UYTO MAaKCHUMaJbHO BO3MOXHbIM
MOXeT OBbITh cofiepXKaHue AUCTIEPCHBIX
MWHEPAJTBHBIX YaCTUIL B KOJTMIECTBE HE
6omnee 5%. D10 OOBACHSIETCS TeM, YTO
MPU TIOBBIIIEHUM WX KOHIIEHTpalUK
YBEJIMUMBAETCS BIBKOCTH CUCTEMBI, UTO
MPETSITCTBYEeT TOMOT€HHOMY pacrpe/ie-
JIEHWIO BCeX KOMITOHEHTOB B CHCTEME W CO3MAHUIO 3MYJIb-
CHOHHOM CTPYKTYPBI TUIIA «MACJIO B BOJIE».

DMyascun ¢ 1- u 5%-M comepXaHHEeM HaHO- ¥ MUKPO-
JIMCTIEPCHOTO MMHEPATbHOTO KOMITOHEHTA OBbLIY M3y4YeHBI
Ha TpeaMeT 3aKpeIuieHWs] MUHEPaJIbHBIX YacTUIl Ha Mo-
BEPXHOCTU 00pabaThiBaeMOTro 6€TOHa.

ITo pesynabraTaM sKCHEpUMEHTa ObUIO BBISIBJIEHO, YTO
SMYJIbCUS C cofiepkaHeM 5% MUHEpaIbHOTO KOMITOHEHTA
B OTJIMYME OT OMYJIbCHUI C Comep:kaHUEeM MUHEPAJTbHBIX Ya-
cTUll B KonuuecTBe 1%, HaHeceHHas! Ha TTOBEPXHOCTh OETO-
Ha, 00pa3dyeT XpYyNKWil CJI0i, KOTOPBI MPU BHICBIXAHUU
MpoBOIMPYeT (HDOPMUPOBAHUE TPEUIUH, YTO OOYCIOBIMUBAET
BBICOKOE€ COJEpXaHWE MHUHEPATbHOTO KOMIIOHEHTa B
SMYJILCUOHHOM cucteMe (puc. 6).

B cBs13u ¢ 5TUM majbHENIINE UCCIeIOBaHUS TPOBOI-
JINCh Ha 3MYJIbCHUSIX C coaepxaHueM 1% MHHepalbHOTO
KOMITOHEHTA.

Takum o6pa3oM, palMOHAIbHOE COIEpXKaHWE MUHE-
PaIBHOTO TOHKOAMCIEPCHOTO KOMIIOHEHTa (MUKPOKpEM-
He3eMa JTMOO MeTaKaoJlMHa) cocTaBMIO 1%, TOCKOJBKY
JTAHHOE KOJMYECTBO TMO3BOJISIET 00€CTICUNTh BBICOKYIO CTa-
OWJIBHOCTb AMYJILCUU U TpeOyeMbIe BI3KOTEKYUHe XapaKTe-
PUCTUKHU TpU HAHECEeHUU ee Ha oOpabaThiBaeMylo OETOH-
HYIO MTOBEPXHOCTb.

KonuyecTee: a — 1%;

Onenka 3¢pdekTuBHOCTH THAPOGOOHBIX IMYJIbCHI
Pa3IMYHOTO COCTABA ISl MEJTKO3EPHUCTOr0 0eToHa

C 1enblo onpeaeaecHUs CTeleH rnapo(POOHOCTY 3MYJIb-
CHUii OBUIM MPOBENEHbI UCCAENOBaHMS MO OLIEHKE KPaeBOro
yria (KY) cmaunBaHus™ Ha 06pasiax pazmepom 50x50x9 mm
Ha OCHOBE IIEMEHTHO-TIeCYaHOTO PacTBOPA.

Hamepenus: KY cMaunBaHUS OCYIIECTBISIMCH C IIOMO-
mbio ronnomeTpoB 250 Standard Rame-hart goniometer u

* Kpaeeoﬁ yeon cmavueaHus — Yroli, KOTOprﬁ 06pa3yeT Karuisd JKMAKOCTU Ha IMOBEPXHOCTU TBEPAOTO BELIECTBA K TAHHOU IIOBEPXHOCTHU.
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Puc. 7. BnusiHne [03UPOBKM MCNOMb3yeMOol ruapodo6HO amynbcumn Ha 3HaveHne KY cMayvBaHus B 3aBUCUMOCTM OT COCTaBa LEEMEHTHO-NecyYaHoun

MaTpuLbl: @ — C MUKPOKPEMHE3EMOM; 6 — C METEKAONIMHOM

Kruss DSA100 (Drop Shape Analysis System). /Inst obecrie-
YEHUSI JIOCTOBEPHOCTU TOJIyUYaeMbIX 3KCIIEPUMEHTATbHBIX
MAHHBIX TS KaXIoro obpasiia MpH OIpeneaeHUd OIXHOM
TOYKU MCIIOJB30BAJIOCh CpeHEee 3HaUeHWe He MEHee Tpex
usMepeHuit KY cMaunmBaHMs Karuiv BOJIbI Ha MOBEPXHOCTH
B Pa3JIMYHbBIX 30Hax obpaslia.

B kauecTBe oOpabaThIBaeMbIX IOBEPXHOCTEH OBLIU
BBIOpaHbI IIEMEHTHO-TIECYaHble KOMIO3UIIUU C pa3iny-
HeiMu B/11 u LI/T1 cooTHOWIEHUAMU C LETbIO TOCTUXKE-
HUS Pa3IMYHON CTETIEHU IIEPOXOBATOCTU IMOBEPXHOCTH.
CocTaBbl 1IeMEHTHO-TIeCUaHbIX KOMITO3ULIMI TTPUBEIECHBI
B TaOII. 3.

IloBepxHOCTH MccaeayeMbIX 00pa3lioB ObUIA TTOABEPT-
HYTbl 00paboTKe TUAPOGOOHBIMU 3MYJIBCUSIMU TIPU TpeX
pasaMuHbIX posuposKax: 1 — 0,09 n/m% II — 0,18 n/m%;
111 — 0,35 /M2, 17151 KaxImoro obpasiia 6bUTH OTpeaeIeHE
3HaueHMs1 KY cmauuBanwus. [1ist o6pa3ioB, He oO0paboTaH-
HBIX SMYJBCUSIMU, 3HAUECHUSI COCTaBWIM 6,3° ISl cocTara ¢
LI/TT = 1:3; B/LI = 0,5 u 14,7° — nns coctasa ¢ LI/IT = 1:1;
B/I1 =0,3.

Ha ocHoBaHMYM TTOTy4eHHBIX TaHHBIX (pUc. 7) Habmona-
eTcs 3aBUCUMOCTb CHUXeHUs Tokasateneir KY cmauyuBa-
HUSI ¢ YBEJIMUYCHHUEM JO3MPOBKM HAHOCUMOU ruapodoOHOM
SMYJIbLCUU.

ComlacHO MOJIYYeHHBIM JaHHBIM (puc. 7), yBeJTUUYeHUE
B/ u LI/IT Takxe ciocoOCTBYET YIy4dIlIeHWIO MoKa3aTeei
KY cmaunBanwms.

Tak, ma obpastos coctasa 2 (B/II = 0,5, LI/TT = 1:3),
o0JagamIinuX OOJbIIEH IIEePOXOBAaTOCThIO MOBEPXHOCTH,
00paboTaHHBIX SMYJILCUEH C coaepKaHUEM MUKPOKPEMHE-
3eMa, 3HaueHus KY cMmaunBaHusl HE3HAYUTENbHO BbILIE B
cpaBHeHUHU ¢ oOpasiamMu, oO0pabOTaHHBIMU METaKaoJWH-
comepamleil SMyJIbcueit st no3uposok 0,09 u 0,18 /Mm%,
M OVMHAKOBBI B TOKA3aTeNIsAX Py fo3uposke 0,32 1/M>.

IIpu aHanmuze o6Gpa3uoB cocraa 1 (B/LI = 0,3,
LI/IT = 1:1), 6osee TUIOTHBIX U 00IaNAIOIIMX MEHBIIEH 1iIe-
poxoBaTocThio, 3HaueHust KY cMaunBaHUs B cpeiHEM HIXE
Ha 10° B cpaBHeHMHM ¢ 0Opa3laMy cOCTaBa 2, He3aBUCHMO OT
BHJIa MUHEPAJTLHOTO KOMIIOHEHTA U JO3UPOBKU SMYIIbCHUMU.
st o6pa3oB coctaBa 1, 00pabOTaHHBIX METAKAOJMHCO-
nepxalleil aMyJibcreil, HabIoaaTcsa 0oJiee BRHICOKKE 3HA-
yenus KY cmaumBaHus, B cpegHeM Ha 7° BBIIIE B CpaBHE-
HUU ¢ 00pa3liamMu, o0paboTaHHBIMU MUKPOKPEMHE3EMCO-
JIEpKAILEN DMYJIbCUEH.
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HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

PasHully B mokasaTessix MOXHO OOBSICHUTh TEM, UTO
nmpu GoJiee BBICOKOM IIepoxoBaTocTu (coctaB 1) ruapo-
(G0oOGHOCTh TTOBEPXHOCTH BO3PACTAET 3a CYET CHUXKEHUS
IUTOIIAa KOHTAaKTa Bojga — TBepaoe Tejio. B cirydae ¢ 6omee
IUIOTHBIMU U MEHEE IIePOXOBaThIMU 00pa3iaMu (cocTas 2)
3HaueHus KY cMaunBaHus NpU UCMIOABb30BAHUM METAKa0-
JIMH-COAEpXallel AMYJIbCUU OKA3aJIUCh BBIIIE B CpaBHE-
HUM C MUKPOKPEMHE3EMCOEPXKAIIEH IMYJIbCUEN B Cpen-
HeM Ha 5°. DTo CBSI3aHO C TEM, UTO 3a CUeT OOJIbIIErO Aua-
Ma3oHa pa3MePHOCTU YaCTUI] METAKAOJIMHA U UX arperaTon
Ha MOBEPXHOCTU LIEMEHTHO-TIECYaHOI MaTPULIbl CO3/1aeT-
Cs1 IOTOJTHUTEIbHASI CyOMUKPO- U MUKPOILIEPOXOBATOCTh B
OTJIMYME OT MUKPOKpEeMHe3eMa, y KOTOPOTO pa3MepHbIit
NIMATIa30H yXXe HaXOAUTCcs B 001acTu 6oJjiee HU3KUX 3HAYe-
HUIA, TpY KOTOPOM CO31aeTcsl B OOJIbIIIEH CTeNeHN HAHO- U
CyOMUKpPOIIIEPOXOBATOCTh, COU3MEPUMAsE C IIEPOXOBATO-
CTbIO TOPUCTO-KAMUJUISIPHON TTOBEPXHOCTU OETOHA.

BoiBoapl

Ha ocHoBaHMM NTPOBENEHHBIX MCCIEIOBAHUI YCTAHOB-
JIEHO BJIMSIHWE THUIA, pa3Mepa U KOHUEHTPALMM TOHKOAU-
CHEPCHBIX (HAHO- W MUKPOPA3MEPHBIX) YaCTUL MUKPO-
KpeMHe3eMa U MeTaKaojuHa Ha ruapodoOHble CBOMCTBa
CWJIOKCAHOBOM 3MYJIbCHM, TIPETNOIAraeMOM IS UCTIONbB30-
BaHUS B KaUeCTBE MOBEPXHOCTHOTO 3alIUTHOTO MOKPBITHS
IIJISI LIEMEHTHO-TIECYaHbIX CUCTEM.

VYcranosneH 3¢deKT BapbUpPOBaHUS COACPKAHUS U
TUIIa BMYJIbraTopa Ha CTaOMJIBHOCTh BOIHBIX THAPO(POOHBIX
SMYJIbCUHA.

B pamkax paboTbl 00Hapy>K€HO HEMOCPEACTBEHHOE BIIM-
STHUEe KOHIIEHTPALUKM THAPOdDOOU3UPYIOIIETO CHJIOKCAHO-
BOTO KOMITOHEHTa Ha TUAPoGOOHbIE XapaKTEPUCTUKU MeEJT-
KO3epHUCTOro O6eToHa.

HaHo- 1 Mukpopa3mepHas cocTaBisiiolie MUHepasb-
HBbIX HAMOJHUTEJIEW B ONTUMAJIbHOU KOMOWHALMU C
OCTaJIbHBIMU KOMIIOHEHTAMU B 3MYJIbCUM MO3BOJISIIOT MO-
JIy4aTh 3alIUTHOE TTOKPBITHUE ISl MEJIKO3EPHUCTOTO OeTOHA
C BBICOKMMMU TTOKAa3aTeIsIMU KPaeBOTO yIjla CMauMBaHUsI B
nuamnasoHe 110—135°, yka3pIBalOIIMMK Ha XOPOILIME BOJIO-
OTTaJIKUBAIOILIME CBOMCTBA LIEMEHTHO-TIECYAHOU MOBEPX-
HOCTH, CITOCOOCTBYIOIIME YIYYIIEHUIO 3alLIMTHBIX XapaKTe-
PUMCTUK OETOHHBIX MaTepUAJIOB.
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KoHuenuun 1 0CHOBAHWUA TEXHONOrM HaHoMoAUULMPOBaHUA
CTPYKTYP CTPOUTESIbHbIX KOMNO3MUTOB.

YacTtb 6. MonyyeHne HaHomoaAU(ULMPOBAHHBIX TEPMaANbHO-
CHHTE3HbIX CUCTEM TBEpPAEHUA AN KOHCTPYKLUOHHON

W (PYHKUMOHANBHOW KEepamMUKKU CNeLuanbHOro HasHayeHus

[pefcTaBneHo HaHOCTPYKTYPUPOBAHUNE B CUCTEMAX TEPMarbHO-CUHTE3HOrO TBEPAEHUS B BUAE [BYX B3aMMOCBSA3aHHbIX TEXHONOMMYECKMX JTarOB:
HAHOTEXHOMOrUU CUHTE3A UCXOAHbIX NPEKYPCOPOB (MOPOLLKOB) C peanu3auueil NpuHLMNA CHU3Y — BBEPX W TEXHONOIMU HAHOCTPYKTYPUPOBAHMS
TEPMaNbHO-CUHTE3HbIX CUCTEM C 0OPETEHNEM TBEPLOIr0 COCTOAHMS NPU TEPMUYECKOM BO3AENCTBUN, PENN3YIOLLEr0Cs N0 NPUHLMNY CBEPXY — BHU3.
PaccmoTpeHHble HaHOKepamMn4eckne KOMNO3NLMM Ha 0CHOBE AVMOKCWAA LIMPKOHMS, MOJTY4eHHbIE C Y4ETOM 3TUX ABYX TEXHONOrWiA, 061a4at0T BbICOKUMU
MPOYHOCTHBIMY XapaKTEPUCTUKAMM: 3HaYEHNAMM MUKPOTBEPAOCTY (B AnanasoHe ot 70 o 170 klMa), TpewwmHocToikocTk (6onee 25 Ma-m%%) u npoyHocTy
npu cxatum (700-900 MrMa), 4To cBA3aHO C NPUPOLOI BBOAMMOrO KOMNOHEHTa (Iny,03) 1 ero ONTUManbHLIM KOSIMYECTBOM B COCTABE KEpPaMU4ECKON
KOMNO3WLMK. YCTAHOBNEHO, YTO 3BONHOLIMOHHAA MOAENb 06peTEHIs TBEPAOr0 COCTOAHUSA, NPEANOXEHHAsA Ans TepMarbHO-CUHTE3HBIX CUCTEM TBEPAEHUS,
MOXET BbITb UCNONb30BaHA AN MOLENNPOBAHNS aHANOMMYHBIX NPOLECCOB HAHOCTPYKTYPUPOBAHIUA B COBPEMEHHOI CTPOMTENbHON KEpPaMUKe.

KnioueBble cnosa: TepMalnbHO-CUHTe3Hasa cucTeMa TBepAeHNA, HAHOCTPYKTYpupoBaHue, HaHOKepamuka, HaHOTEXHONOTUN.

Insa uutnpoBanus: AptamoHoBa 0.B. KoHuenumumu n 0CHOBaHMS TeXHONOMMIA HAHOMOLUMDULIMPOBAHUA CTPYKTYP CTPOUTENbHBIX KOMNO3UTOB.
Yactb 6. [MonyyeHre HaHOMOAMAULNPOBAHHBIX TEPMabHO-CUHTE3HbIX CUCTEM TBEPLAEHUA AN KOHCTPYKLMOHHON M (DYHKLIMOHANBHON KepamuKi
creunansHoro HasHadeHus // CtpoutenbHbie marepuansl. 2017. No 5. C. 98-104.
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Concepts and Bases of Technologies of Nano-Modified Structures of Building Composites.
Part 6. Obtaining of Nano-Modified Thermal-Synthesis Systems of Hardening

for Structural and Functional Ceramic of a Special Purpose*

Nano-structuring in systems of thermal-synthesis hardening in the form of two interconnected technological stages is presented: the nano-technology of the synthesis of initial precur-
sors (powders) with realization of the “bottom-up” principle, and the technology of nano-structuring of thermal-synthesis systems with the acquisition of solid state under the thermal
impact realized by the “up-down” principle. Considered nano-ceramic compositions on the basis of zirconium dioxide, obtained with due regard for these two technologies, have high
strength characteristics: values of micro-hardness (in the range of 70-170 kPA), crack resistance (over 25 MPa/m? and compression strength (700-900 MPa) that is connected with the
nature of a component introduced (In,05) and its optimal quantity in the composition of ceramic composition. It is established that an evolution model of acquiring the solid state pro-

posed for thermal-synthesis systems of hardening can be used for simulating similar processes of the nano-structuring in the ceramics.

Keywords: thermal-synthesis system of hardening, nano-structuring, nano-cramic, nano-technologies.
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K TepManibHO-CUHTE3HBIM OTHOCSITCSI CUCTEMBbI TBEpJIE-
HUs, ToJIydaeMble IPU BBICOKOM TeMIiepaType U3 MOpOIIKO-
BBIX CMECEN, MPeACTaBICHHBIX HEMETALTMYECKMMM Heopra-
HUYECKMMM BEellECTBAMU B BUJIE TOTOBBIX YaCTHIL (TTPEKyp-
COpOB) OKCHUIOB, KapOWI0OB, HUTPUAOB, OOPUIOB U Ip.
TepManbHO-CUHTE3HbIE CUCTEMBI TBEPACHUS SIBJISIIOTCS OC-
HOBO#1 TEXHOJIOTUU BCEX PA3HOBUIHOCTEN KEPAMUUECKUX U
CTEeKJIOKepaMMYEeCKUX MaTepUajaoB, BBITIOJHSIS B HUX POJIb
MaTPUYHOU COCTaBJISTIONIEN.

Ha py6exe XX—XXI BB. TepMalbHO-CUHTE3HEIE CH-
CTeMbl TBEPJEHHS BOLLJIU B MPOOJeMAaTUKY HAHOTEXHOJIO-
ruii. CoBpeMeHHasl KepaMMKa, co3laBaeMasi Ha OCHOBE
BBICOKHUX TEXHOJIOTUIA U HAHOTEXHOJOTUI, AEMOHCTPUPY-
€T YHUKaJIbHble KOHCTPYKLIMOHHBIC U (PYHKIIMOHAJbHBIS
XapaKTepUCTUKU: pa3dpaboTraHbl U 3(HEHEKTUBHO TMPUME-
HSIIOTCSl PAa3HOBUJIHOCTH MUKPO-, HAHOKEPAMUKU C Tep-
MocToiKocThio 10 2000°C u Bblllle, ¢ MPOYHOCTHIO 110

900—1000 MTIla npu 0fHOBPEMEHHO BBICOKOM TPEIIMHO-
CTOMKOCTH.

Takue Tmoka3are M COBPEeMEHHOI BBICOKOTEXHOJIOTUY-
HOI KepaMHKK 00eCIIeurBaIOTCsI OJiarogapsl yIpaBJsieMoO-
My CHUHTE3y ero MUKpPO- M HaHOCTPYKTYPhI B Ipoliecce
(opMUpOBaHUS HOBBIX TEPMAJIbHO-CUHTE3HBIX CHUCTEM
TBepaeHus [1-3].

B pazButue nybaukaiuii [4—7] 1o mpobjeMe KOHIIeT-
1IMA ¥ OCHOBAaHWI TEXHOJIOTMI HaHOMOAMMUIIMPOBAHUS
CTPYKTYP CTPOMTEIbHBIX KOMITO3UTOB B JaHHOM paboTe Kak
pa3 o0CYXIalOTCs BOIPOCHI TEXHOJIOTHU (POPMHPOBAHUS
CTPYKTYPbI BBICOKOTEXHOJOTMYHON KepaMUKU — HaHOKe-
PaMUKH.

B cBsi3u ¢ 9TUM B MepBYy1O ouepeb HEOOXOAUMO OTMeE-
TUTb, YTO HAHOKEPAMUKA OTHOCUTCS K KJIACCy MAaTEpUaAJIOB
C «HAaleJo» HAaHOCTPYKTYpUPOBAaHHOM cyOctaHIueir. Bo-
BTOPBIX, BAXXHO YyKa3aTh, YTO TEXHOJIOTHS MOJYUYEHMS IO-

* TlyoauKalus oAroToBJI€Ha MPU HayYHbIX KOHCYIbTalusax akanemMuka PAACH E.M. YepHbliioBa.
* The publication was prepared under the scientific advice of E.M. Chernyshov, Academician of RAACS.
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Nanotechnologies in construction

IOOHBIX MaTepHuajoB, KaK IMPaBWIO, IPEACTaBIsIET COOOM
MHTETPalMIo OTAEIbHBIX CAMOCTOSITEIbHBIX HAHOTEXHOJIO-
ruii. Tak, B ciyyae HAaHOKEpaMUKU HEOOXOAMMO UMETh Ha-
HOTEXHOJIOTUY TTOJYYeHUS TPEKYPCOPOB — UCXOIHBIX KOM-
IMOHEHTOB, M3 KOTOPBIX B MOCJIEAYIOIIEM 1O CIIeIMaTbHOM,
OISITh K€, HAHOTEXHOJOTWM, TperycMaTpuBalolieil KoM-
MMaKTUPOBAHMUE ITUX YACTUIl (IIPEKYPCOPOB) U UX TEPMAaJIb-
HO-CUHTE3HOE ClieKaHue, (hOpMUPYETCsl COOTBETCTBYOIIAS
(KoHeYHas) HaHO-, MUKPOCTPYKTYypa [8].

IToauepkHeM Takxke, YTO MPOOJIEMbI MOJYYeHUs HaHO-
KepaMUKU YKJIabIBAIOTCS B OOIIYIO CUCTEMY KOHLETIIUI 1
OCHOBaHMI HaHOMOAMMDUIIMPOBAHUSI CTPYKTYp KOMIIO3U-
LIMOHHBIX MaTepHaoB, OAHAKO MMEIOTCA XapaKTepHble U
MIPUHIUTTUAIbHbBIE OTJINYMS.

OO1IMM [UISI BceX paccMaTpUBaeMbIX aBTOpaMU CHCTEM
TBEPACHUS SIBJISIETCS] TO, YTO TEPMATbHO-CUHTE3HAas1, TUIpa-
TallMOHHO-CUHTE3Hasl, TUAPOTepMaIbHO-CUHTEe3HAasl CHCTe-
MBI TBEPJIEHUS BKJIIOYAIOT BIUSIHUE U IEICTBUE HAHOTEXHO-
JIOTUIECKUX TIPUHITUTIOB «CBEPXY — BHU3» U «CHU3Y — BBEPX».
OTU DPUHLUILI pabOTaIOT B paMKaX CBOMX 3aKOHOB, B €IM-
HOM TIpOLIECCe CTPYKTYpooOpa3oBaHUsi U (HOPMUPOBAHUS
TBEPIOTO COCTOSIHUSI; TIPU 3TOM 3h(EKThl ACUCTBUS ITHX
MPUHIIMTIOB B TEXHOJOTUM COUJICHSIOTCS U HAJIararoTcsl.

C yyeToM TpenBapuTENbHBIX 3aMeYaHW CTAHOBUTCS
SICHO, YTO TIPW TIOJIyYeHUM HaHOKEePaMMKM (haKTUIECKU
TpeOyeTcsl coueTaTh HECKOJIBKO (IBa 1 00Jjiee) 9BOIIOIOH -
HBIX MapILIPyTOB CTPYKTypoobpazoBaHus [9].

CTOUT OTMETUTb TPU OCHOBHBIX HAMpPaBIeHUsI TOCTUXE-
HUS 3(P(HEKTUBHOCTA HAHOTEXHOJOTUUECKUX TIPUEMOB MPU
MOJIYYEHUN TePMaJIbHO-CUHTE3HBIX HAHOCTPYKTYPHBIX CH-
CTEM TBEPICHMS TSI KEPAMUKMU:

1) cozmaHue MEeITKOKPUCTALUINYECKOM CTPYKTYPHI B CIIe-
YeHHOI KepaMmuke (pa3Mep 3epeH — J0JM MKM, BILIOTh 10
HaHOYPOBHSI). B pe3ysbraTe 3TOro MpoOUCXOIUT PE3KOe yBe-
JINYEHUE MPOYHOCTU U CTOMKOCTH K 3aPOKICHHIO TPEIIIUHBI
MIpY MEXaHWYEeCKMX M TepMuuyecKux Harpyskax [10]. Dto
JIOCTUTAeTCs KaK CO3MaHWeM W TPUMEHEHHEM HOBBIX Ha-
HOTEXHOJIOTUI TOTYYEHMS YIBTPAIUCIIEPCHBIX MOPOIIKOB
(30J1b-TeJIb-TPOLECChI, KPUOXUMMUS, TUTA3MOXUMUS U 1p.),
TaKk W YIpaBJE€HUEM MPOLIECCAaMU CIIEKAHUS [JIsI COXpaHe-
HUS UCXOTHOM MOP(OJIOTUHU 3ePEH;

2) WCIOJIb30BaHWE TMPUHIIMIIA MAPTEHCUTHOTO YIIPOY-
HEHUS UISI KEpAaMUKU, UMEIOIIe MoauMopdHbIe TpeBpa-
IIEHUSI TIPU CTIEKaHUM;

3) MCcrnoab30BaHWe MPUHIIMITIOB KOMITO3UIIMOHHBIX CH-
CTeM, B YaCTHOCTHY BBEJEHUE B CTPYKTYPY JIEMEHTOB, Mpe-
MSITCTBYIOIIMX PAa3BUTHUIO TPEIIUH (BOJOKOH, AUCIIEPCHBIX
YIIPOUHUTEJICH, CO3MaHUE CJIOUCTBIX CTPYKTYP).

B manHoIi yGavKaluy MpeacTaBiIeHbl pe3yabTaThl UC-
ceI0BaHUM 1 pa3paboTOK MO TEXHOJOTUM HaHOKEPAMUKHU
Ha OCHOBE TepPMaJIbHO-CUHTE3HbIX CUCTEM TBepreHUs ZrO,
(n1okcuaa HUPKOHUST), MOAU(PUIIUPOBAHHOTO (JIETUPOBAH-
Horo) In,0; (okcuaoM MHAKSA).

TepmanbHo-cuHTe3Has cuctema TBepaenusi ZrO,—In,0;
KaK 00beKT U NpeaMeT HUCCIIeI0BAHMS

Marepuanbl Ha OCHOBE HAHOPa3MEPHOIO JAMOKCHIA
LIUPKOHUS 00J1afaoT OOJBIIONH MeXaHWYECKOW IMPOYHO-
CTblO, BBICOKOI XXECTKOCTbBIO U TBEPAOCTBIO, HU3KOM TEPMU-
YECKOM MPOBOJMMOCTBIO ITPU BBICOKOM TEMIIEpAType, XOPO-
el TepMUYECKON CTaOMIIbHOCTBIO, YCTOMUYMBOCTBIO TPHU
TEPMHUYECKUX yapax, MOBBILIEHHOW XMMUYECKOW CTONKO-
CTBIO K KHucJioTaM M 1mienodam [8]. Takme cBoiCTBa AaloT
0OJIBIIION MOTEHIIMAJ UX TIPUMEHEHUSI B COCTaBe (DYHKIIMO-
HaJIbHBIX MMOKPBITUI, Oy(DEepHBIX CJI0€B, HATTOJHUTEJIEH Tep-
MMYECKU TMPEJeTbHbIX MOKPBITUI U T. . MPU MOJYyYEHUU
BBICOKO/IOJITOBEUHbBIX KE€PAMMUYECKUX W3IEIUi creuuraib-
HOTO Ha3HAYEHUS B yCJIOBUSIX IPUMEHEHUS UX B CTPOUTENb-
CTBE YHUKAJTbHBIX OOBEKTOB.

e
I=ip]

Bo3MOXHOCTh cO3maHUsSI HAHOKEPAMUKK C YKa3aHHBIM
HabOpOM ee CBOMCTB 0a3UpyeTCsI IIPeKae BCEro Ha MOauGpU-
LIMPOBaHMU (JIETUPOBAaHMU) TUOKCUIA IUPKOHUS J00aBKa-
mu okcunoB MeTtaioB 11 u 111 rpynm, uMmeromux HOHHBIA
panuyc, OJU3KUI K MIOHHOMY paauycy IUPKOHUS. DTO Be-
JIeT K CTAa0WIM3alMi BBICOKOTEMIEPATYPHBIX MOIM(pUKa-
i uokcuaa uupkKoHus. Cuuraercs [11], aro moguduiim-
poBaHue (ierupoaHue) ZrO, no3BoJsieT nonyanb aHMOH-
L[C(I)I/ILII/ITHLIC TBep/ble PacTBOPbI THMa Zr;_(M?"), 0, , uin
Zr,. y(M ")y02.05y (tme x my = 0,1-0,15), KoTOpbIe Cyme-
CTBYIOT B BUJIe 60JIee CUMMETPUYHBIX, CTa6I/IJ'lI/ISI/Ip0BaHHHX
TETparoHaJIbHOW WJIN KyOM4eCcKOi MOAM(MUKALIMI B IIUPO-
KOM MHTepBaJie TeMIIepaTyphl.

TakuMm obpazom, BeIOop cuctembl ZrO,—In,0; He sBIIsA-
€TCsl CIyYyaHbIM, TEM 0oJiee YTO JaHHAsl CUCTEMA BXOAUT B
001IMIT COBpEeMEHHBII MUPOBOIi crIUCOK (Tabi. 1) mosyde-
HUST 9G(HEKTUBHBIX KOHCTPYKIIMOHHBIX U (YHKIIMOHAJIb-
HBIX HAHOKEpaMUYECKMX MaTepraos [3].

IIpu Bcem 3TOM CYIIECTBYIOT TEXHOJIOTMUYECKUE TPYII-
HOCTH TIOJTyYeHUsT UMEHHO TaKUX CUCTEM TBEPAEHMS, UTO U
MPeNOIPeNeIIIIO 1IeJb U TIpeaAMET McCIeqoBaHUM 1 pa3pa-
6otok [8].

PaccmoTrpuM OCHOBHBIE 3Tanbl (QOPMUPOBAHUS Tep-
MaJIbHO-CUHTE3HBIX CUCTEM TBEPIEHUS U UX HAHOCTPYKTY-
PUPOBaHUS TIpY TOJYYCHUN KepaMUKW U TIPUMEHUMBbIC B
9TOM CJIydae HaHOTEXHOJIOTUUECKUE IMpueMbl (puc. 1).

CTOUT OTMETUTD, YTO MPOLIECC MOTYYEHUSI HAHOpa3Mep-
HOI (a3bl MOXET OBbITh: 1) cieLiMaabHOM cTanueil CTpyKTy-
pooOpa3oBaHUs HAHOKEpaMUYECKUX MaTepuajoB; 2) cTa-
NIMei, COBMELIEHHOM CO CIIEKAHUEM.

B rrepBoM cirydae nmojgyueHne HaHOKepaMMUECKHX MaTe-
pUAJIOB 3aKJII0YaeTCs B COXpAaHEHUU COCTOSIHUSI HaHOpa3-
MEPHBIX KPUCTAIIOB B KEpaMUKe MPU UCITOJIb30BAHUU UC-
XOAHBIX MPeKypcopoB (HaHomopolikos). [Ipu atom mnep-
CIIEKTUBHBI CIEAYIOIIMEe TPUEMBI: ropsiuee MpeccoBaHUe,
ropsiuee M30CTATUYECKOE IMPECCOBaHUE, CBEPXObICTPOE
CIIeKaHUe U MX KOMOWHAIUs; 3 MEKTUBHBIM SIBISCTCS U
HUCMOJIb30BaHNE BBHICOKOYACTOTHOIO (MUKPOBOJIHOBOIO)
Harpesa.

Bo BTOpOM cilyyae mojyyeHue HaHOKPUCTAIOB B Ke-
paMMUYeCcKOM MaTepualie MpOUCXOJUT MPU TEPMOOOPadOT-
K€ HEyCTOMUYMBBIX TBepAO(asHbIX CHUCTEeM (Hampumep,
TBEPABIX PACTBOPOB, XUMHUECKHUX COCTMHEHMI), KOTOPHIC
pacrmajaTcs ¢ BhIIeJIeHUEM HaHOpa3MepHOit a3kl HOBO-
oOpa3oBaHuii. TemmnepaTypHbIi pexXuM OOXUra JOJLKEH
pPEeryJiMpoBaTbcsl Tak, 4TOObl 0OECNEeUUTh BbIAEIEHUE He-
YCTOMYMBOM (ha3bl U HE JAOMYCTUTH YBEJIUYEHUS €€ CTPYK-
TYPHBIX DJIEMEHTOB 3a Mpelesabl HaHOpa3MepoB. BaxHo
MMOAYEPKHYTh, UTO YCKOPEHHUE TPOIECCOB CIIEKaHUs Ha-
O10maeTCsl TIPY MOBBIIIEHHON Ae(eKTHOCTU KPUCTAJLIN-
YeCKOM pelIeTKM MCXOIHBIX ITOPOIIKOB (IIPEeKYpCOpPOB).
DTO MOXET AOCTUraThCsl MyTeM MOAUMDUIUPOBAHUS HUC-
XOIHON CUCTEMBI, T. €. BBEJEHUEM HEOOJIbIIIOr0 KOJIuue-
cTBa N00aBOK, 00pa3ylolllMX C OCHOBHBIM MPEKYpCOPOM
TBEPABI pacTBOP.

B pabGote, cBa3aHHOI ¢ ITOJIydeHUEM HAaHOKEPAMUKK Ha
ocHoBe ZrO,, UCIONb3yeTCs THOPUIHOE PELIEHUE, COCTOS-
1ee B COYETAaHUM TEXHOJIOTUIA 30J1b-TeJIb U TUAPOTEPMAaIIb-
HOTO CUHTE3a JJIs1 MOJy4YEeHUsI HAHOKPUCTAJLIOB MPEKYPCO-
poB (¢ 0Opa3oBaHMEM TBEpIbIX PACTBOPOB B CHCTEME
Zr0,—In,03), a Takxe MOCIEAYIOIIErO TEPMAILHOTO CUH-
Te3a MOJYYEHHBIX MPEKYPCOPOB C 00pa3oBaHUEM HaHOKe-
DPaMMKH.

B nanomexwnonoeuu cunmesa npekypcopog Obl1 peannzo-
BaH HAHOTEXHOJOTWYECKWI TPUHIUN <«CHU3Y — BBEpPX»,
MPU 3TOM CHUHTE3UPOBAHBI YJIbTPAAMCIIEPCHBIC MTOPOIIKU
TMIPOKCUIOB IIUPKOHMS Y UHIUSI 30JIb-T€Tb-METOJIOM, KO-
TOPBIIi 0OeCcTIeunBaeT BbICOKYIO TOMOT€HHOCTD pacrpenesie-
HMSI CTaOMIM3aTOpa OKCHAA MHIWS B KyOUUuecKoit Monubu-
KallMy TBEPOTO PACTBOPa HA OCHOBE JUOKCHUIA ITUPKOHMSI.
MMeHHO 3TOT MeToA MO3BOJISIET U3MEHUTh KPUCTAJUIOXHU-
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HaHoTexHo.10rum B CTPOHUTE/IbCTBE

Ta6nuua 1
TexHu4YecKue xapakTepPUCTUKU JTYYLLINX MUPOBbIX 00Pa3LL0B KOHCTPYKLMOHHBIX
1N PYHKLUOHaNbHbIX HAHOKEPaMUYEeCKNX MaTepuasioB U UX NporHo3 Ha 2016-2020 rr.
Bennunna
MocTaBneHHbIE 3aaa4K XapakTepucTrkn matepuanos
[OCTUrHyTas nporHo3upyemMas
KoHCTpyKLMOHHbIE MaTepuasibl Ha OCHOBE HUTPUAA U Kapouaa kpemHus SiC, SigN,
MpoyHocTb, MMa 800-1000 >1000-1500
PaspaboTka NN0THLIX KepaMUYECKVX MaTepranos TpelmHocToikocTs, MMa-m%3 6-12 1o 25
Temneparypa akcnnyatauuu, °C 800-1200 no 1350
TpaHchopmaLmMoHHO-yNpoYHeHHble kKepamuyeckue matepuansl MgO - Al,O4 - SiO,, Al,04 (0,2% MgO), ZrO, - Y,05 - La,04
MpouHocTs, MMa 800-1500 nio 800-3000
Pa3pab0Tka kepaMn4eckux MaTepuanos TPeLLMHOCTOMKOCTb, MMa-m%® 8-15 1020
Temnepartypa akcnnyatauuu, °C 600-800 10 800
KoHCTpyKUMOHHBbIE MaTepuaibl, apMUPOBaHHbIE AUCKPETHLIMU BOJIOKHAMU
nonvMepHasi MaTpuLa (3nokcuaHasi, yroabHas 1 ap.) ¢ aob6askamu dynnepeHoB
MpoyHocTb, MMa 700-800 1000
Pa3paboTka kepamnyeckux MaTepuanos, apMUPOBAHHBIX TpeLHOCTOKOCTD, MTTa-m0s 710 15
BOJIOKHAMMW HATPMZA KPEMHUS
Temnepartypa akcnayaraumm, °C 800-1000 >1200
KOHCTPYKUMOHHBIE MaTepuabl, apMUPOBaHHbIE HenpepbIBHbIMKU BONOKHaMU Bi - Sr-Ca-Cu-Ga-0,Y-Zr-0-N
MpoyHocTs, MMa 300-800 >1000
:gﬁgz(?:ma MaTepuaoB C BKIIOHEHEM HEMPEPHIBHBIX TpELHOCTOlKOCTS, MTTa-m05 15-20 ~30
Temnepartypa akcnnyatauuu, °C 1200 >1400
Marepuansl Ha OCHOBe ynbTpagucnepcHom kepamuku ZrO, — MexOy
MpoyHocTsb, MMa 1000-1200 no 1500-1600
Pa3paboTka TEXHONOMMM KEPaMUYECKUX MaTEpPUANoB TpeILVHOGTOMKOGTS, MTTa-M0® 10-15 1030
Ha 0CHOBE CTabUNN3MPOBAHHOTO AMOKCHAA LIMPKOHWS
Temnepartypa akcnyaraumm, °C 200-700 1o 800
KoMno3uuuoHHble MaTepuansl U 3alMTHbIE NOKPLITUS B cUCTEMe KapOua kpeMHus — yrnepog, SiC - C
MpoyHocTs, MMa 400-600 o 1000
PaspaboTka KOMNOSMLMOHHBIX MATEPUanos Ans CO3AAHMS TpeLHOGTOMKOGTS, MTTa-m08 4-8 1015
3aLLMTHBIX MOKPBITUIA HA OCHOBE kapbuaa KpeMHus
Temnepatypa akcnnyatauuu, °C 1300 o 1600-1700
Creknomarepuans! Ans pewuenus akonornyeckux 3apad Li,O - Al,O; - 4Si0,, LiF - BeF,, BeO, BeC, ZrO, — HfO,, Sm,04
KonnyecTtso Bknovaembix PAO, % 1o 20 30
PaapaboTka cTeknoo6paaHbix MaTpuL, ans dukcaumm PAO | CkopocTs BbIHOCA pagvoHyknaoB, r/(cM-cyT) 106 108
Temnepartypa X1aKon v Teepaoit Gpriocosku, °C 1100 1000
Pa3paboTka TEXHONOr MM HEBO3BPATHbLIX KOHTENHEPOB AN
xpaHeHus PAO Ha OCHOBE CTEKNIOKPUCTANINYECKUX EMKOCTb KOHTE/HEpa G IHULLEM, M° AHanor oTcyTCTBYyeT 0,3-0,9
(KamMHenWTHbIX) MaTepuanos
MHorodyHKumoHanbHble BbICOKOKPEMHE3EMUCTbIE BOJIOKHA U MaTepuasbl Ha ux ocHoBe SiO,
Pa3pa6oTka TexHON0rMK GUILTPOBAHHOMO MaTepuasna ana | TeMneparypa akcrnyaraumm, °C 900 1100-1200
TOHKOW OYUCTKY METANJIOB U HOCUTENEN KaTann3aTopos TennonpoBoaHoCTs, BT/(M-C) 0,25 0,15
PecypcocOeperalolye TeXHONOrumn ctTeknooopasHbix Matepuanos 80% MgO (nobasku Ca0, Al,O5, Cr,0;)
MnoTHOCTb, T/M® 0,25-0,3 (Mapka A) 0,2
Pa3paboTka Tennio- 1 38yKOM30MPYIOLLEro MaTepuana Mpo4HOCTb Npu u3rnbe (cxatum), MiMa 50-100 >100
Ha OCHOBE NeHocTek1a KoaddrumeHT 3sykonornoenns ans 250-400 My 0,25 0,45
TennonpoBoAHOCTb, Kkan/(M-4-K) 0,2 0,1
Creknoo0pa3Hble U CUTaNoBble ONTMYECKN Npo3payHble MaTepuansl Ca0 - MgO - SiO, - P,05, MgO - AlL,O; - Si0,- P,O5 - F
Pa3paboTka TEXHONOrMM ONTUYECKMX MATEPUANOB A/1S
MeAVLMHBI U HOBOW TEXHWKM Ha 0CHOBE hoChaTHbIX,
cunmkodocdatHbx  GTopdocdaTHbIX CTEKON: Bennuka ynpasasiouiero nons, 10 B/mkm 12 10
AneKTpooNnTMYECckme cTekna
MarHuToonTuyeckme crekna MocTosHHag Bepae 0,32 1o 0,36
JNasepHble cTekna Mopor onTuyeckoro npo6ost, [x/cm? 5-10 15
CTeKnoKpUCTanIMyeckue MaTepuansl Ans TepmMoctoiikux | IHTErpanbHoe ceeTonponyckanue, % 90 90
LIBETHEIX CBETO(UIIETPOB TepmocCTOiKoCTb, ‘C 400 no 700
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i MoAaroToBka NPeKypcopos I NPUEMbI
] : YNPABJIEHUSA
CMHTE3 HaHOMOPOLLKOB TBEPALIX Mony4eHne NOPOLLKOB (MeXaHU4eCKUM i
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TETparoHanLHoV | 2) BbICOKO4YACTOTHbIN
1 MOHOKJ/IMHHOWA PocT yacTuu, Harpes;

das Zr0s, arnomepaums

KyBUHECKO 1 (MpoMeEXyTO4Hasa CTaaus CrekaHus)
pomBoaapueckoit {:_ 3) TeMnnaTHbie MEeTOAbl
$as [n203 (TepMunueckoe
pasnoxeHue
p KpeMHUNOopraHn4yecKux
- ﬂr nosiIuMepoB);
CucTemMa noJsHOCTbIO CamonpoussonbHoe
TpaHcdopMUpyeTCs CTPYKTypoOGpa3oBaHue
B TETPArOHALHYIO (KOHeYHasa cTagms criekaHus) i
Moamdurkaumio -,T_ 4) mapTeHCUTHOe
ZrOs 1 Iny03 1 — rpaHnLbI CrekaroLLerocs Tena; ynpouHeHune
2 — TBepaan ¢asa; KepamMuyeckom
3 — nopel cucTemsl

Puc. 1. Cxema OCHOBHbIX 3Tanos HaHOCTPYKTYPMPOBaHUA B CUCTEMAX TEPMaJIbHO-CUHTE3HOI 0 TBEPAEHNA NMPU NONyYEHUN KEPAMUKN (Ha NpuMepe cucTemsl

ZrO,-In,03)

MUYECKYIO PEIIETKY OCHOBHOTO KOMIOHeHTa ZrO,, BHECTH
B Hee omnpelesieHHYI0 1eeKTHOCTh (ITyTeM BBEIEHUSI J0-
6aBku In,0;), KoTOpas nanee 0OeCeYUT 3apoXIeHUE Ha-
HOpa3MepHOI TBepmoil (a3sl B HAYAIBHBIN TTEPHOJ CIIeKa-
Husl. Jlanee moydyeHHbIe CUCTEMbI TUAPOKCUIOB ITUPKOHUS
U UHAWS TOABEprajiu TMIpoTepMallbHOM 00paboTKe ¢ 00-
pa3oBaHMEM HaHOpPa3MEPHBIX KPUCTAUIOB TBEPLOIO pac-
TBOpa Ha ocHOBe Z10,.

B mexnonoeuu nanocmpykmypupoeanus mepmaibHo-CuH-
me3HbIX cucmem meepoenus IO METOLY ClieKaHUs ObUI pea-
JIU30BaH HAHOTEXHOJIOTUYECKUI TPUHIUIN <«CBEPXy —
BHM3». I1py 3TOM KOHTpPOJUPOBAIM BIMSIHUE YCIOBUI 00-
JKUTra (TeMIepaTypsl U MPOIOKUTEIbHOCTH ) Ha TapaMeTphl
CIeKaHMs M pa3Mep 3epeH B MoJydyaeMbIXx HaHOKEpaMuye-
CKUX KOMIO3ULIUSIX.

OcHOBHbBIE N10JI0KEHHSI METOAUKH
3KCIEePUMEHTAJbHBIX HCCJIeI0BAHMIA
CHHTe3a HAHOKEePAMMKHU Ha ocHoBe ZrO,

DKCIepUMEHTAIBHO TOJYyJaIu W UCCIENOBAIU CUCTE-
MbI ZrO,—In,0; ¢ pa3nuyHbIM CONepXaHUEeM OKCHUIA UH-
st (oT 2 1o 25%). ONTUMAaNTbHBIN PEXUM TUIPOTEPMallb-
HOoro cuHTre3a mnopomkoB ZrO,—In,0;: Temmeparypa
400°C, maBnmenme 70 MIla u mpogoKUTETLHOCTL 00Opa-
6orku 1 4. Mcxomss m3 KOMILIEKCHOTO WCCIEI0Ba-
Hus [12, 13] HAHOKPUCTA/UIMYECKUX 00pa31oB MIPEeKypCo-
pPOB ObUI BBIIEICH ONTUMAJbHBIN COCTaB ISl MOJYYEHMS
HaHOKEPaMUYECKUX KOMMO3ULUi ¢ nobaBkoil In,0,
10 mon. % (cpeaHuii pa3Mep HAHOKPUCTAJIOB COCTABJISII
10—15 ™).
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CuHTe3 00pa3loB 10 METOAY CIIEKaHMSI OCYIIECTBIISIA
clenyrolIM 00pa3oM: HaBeCKM OKCMIOB Maccoil 0,5 miu
0,2 r mpeccoBaiy B TAOAETKU JUaMETPOM ~5 MM IIpHU JaBie-
aum 30 Kl"C/CMz, 3aTeM ISl yAAJIEHUsI aacOpOLIMOHHOU M
€1a00CBS3aHHOI BOJIbI MOJTyYEHHbIE TAOJETKU MPOCYIIMBAIU
npu temneparype 300°C B teuenue 30 MUH, TToMellast uxX B
HWCXOIHO XOJIOMHYIO Teub. [IpocymernHsie oOpa3ibl 00Kura-
J1 B atMocdepe Bozayxa mpu Temriepatype 1050, 1150, 1250 u
1350°C 1 mpoao/KUTEIbHOCTU BhIIEPKKHY OT 1 10 3 9 [8].

WUccnenoBanu BIUsIHAE YCIOBUI 00kura (TeMreparypbl
U TIPOJIOJKUTEIbBHOCTH) Ha MapaMeTpbl ClieKaHUsT (JIMHEeH-
HYIO yCaIKy, U3MeHEHME TUIOTHOCTH, KaXXyIIylocs TOpH-
crocth). st ompeneneHust (pa3oBOro cocTaBa U MHKPO-
CTPYKTYPbl HAHOKEPAMMUECKUX KOMITO3UIIUIA, TTOJyYeHHBIX
METOJIOM CIIEKaHUsI, X UCCIeqOBAIM METOIaMU PEHTI€HO-
¢azoBoro aHaIM3a U CKAaHUPYIOIIEH 3JIEKTPOHHON MUKPO-
CKOTUU; 3TUMU X€ METOJIaMU OLIEHUBAJIU pa3Mep MOTyYeH-
HBIX 3epeH B oOpasiuax. [IpoyHOCTHBIE XapaKTepUCTUKU
OINpeAe/sUIn IIpU IoMoInu MukporBepmomepa I[IMT-3,
MpeIHa3HaYeHHOTO ISl U3MEPEeHUsT MUKPOTBEPIOCTU Me-
TaJJIOB, CIIaBOB, CTeKJ1a, a0pa3nuBOB, KEPaMUKU U MUHEpA-
JIOB BIaBJIMBaHUEM aJIMa3HbIX HAKOHEYHUKOB [8].

Ywucno mukpoTtBeprocti Hy paccuuTbiBau o GopMyie:

1854 F
H,= VR ()
rae F— HopMaJibHast Harpy3ka, pUIoXKeHHas K aIMa3HOMY
HakoHeuHUKy, H (krc); d — cpenHee apudmMernueckoe 1uH
00enx AraroHajiei KBaapaTHOTO OTIIeUaTKa, MM.

BesnmuuHbl TpemmHOCTOMKOCTH (K),) PACCUUTHIBAIN IO
dopmyie:

~0,00153 x Hy xc?

K
e axa ’

rae Hy— tBepnocts no Bukkepcy, I'Tla; ¢ — nonosuHa nua-
TOHAJIM OTIeYaTKa, MM; @ — JUTMHA TPEIIUHBI, MM.

ITpoyHOCTh KEpaMUYECKUX MATEPUAJIOB MPHU CKATUM UC-
CJIeIOBaJIM TIPU CKOPOCTU HarpyxeHust mpecca 0,13 MM/MUH,
Temneparype 25°C, B cpene Bo3ayxa.

2

OO0cyxKeHne pe3yIbTaTOB IKCIEPHMEHTATbHBIX
HCCJIeIOBAHMIA TIPOIIECCOB CTIEKAHUS 1 IPOYHOCTH
HAHOKePaMHYeCKHX KOMIO3HIHiA

IIpy HaAHOCTPYKTYPUPOBAHUM TEPMaJIbHO-CUHTE3HBIX
CHCTEM TBEPACHUS TIPOTEKAIN CIJIEAYIOIINE SBOTIOIIMOHHBIE
npeoOpa3oBaHMs, CBA3aHHBIE C peau3alueil HaHOTeXHO-
JIOTUYECKOTO MPUHIIUIIA «CBEPXY — BHU3». Cmadus 3apodc-
derust meepdoii pasvl 3epHa HAYMHAJIACH C IPeoOpa30BaHUs
HCXOAHBIX MOPOILIKOB (MPEKYPCOPOB), T. €. C pacmana TBep-
JIOro pacTBopa Ha ocHoBe ZrO, KyOnuecKoi MonudpuKauumu
1 06pa3oBaHNEeM MHIWBUIYATBHBIX (Da3 KOMITOHEHTOB CMe-
cu. JIo TepMOOOpPabOTKY JAaHHBIE COCTaBBbI IIPEACTABISLIIA
co0oii onHO(a3HbIe TOPOIIKU TBEPALIX PACTBOPOB HA OCHO-
Be KyOMUYECKOro JAMOKCUAA LMPKOHUs. B mccienoBaHHbBIX
rocJie CriekaHusi o0pas3lax MOXHO BBIICJIUTh HAIUYUE Ye-
ThIpeX ha3: TeTparoHaJbHasi ¥ MOHOKJIWHHAsT MoIuduUKa-
unu Zr0,, Kybudeckas 1 pombosapuieckas Mogudukanuu
In,05. TemnepaTypa Havaja pacrnana TBEPAOro pacTBOpa B
cucreme 10 mon. % In,O; — 90 mon. % ZrO, cocraisier
550°C [8]. [Tpu aToM HabomaeTcs IBJICHUE MOJIEKYJISIPHO-
ro oTbopa npu 3apoxkaeHUu (asbl TBEPJOro BelllecTBa, Tak
Kak, MO JAHHBIM PEHTTeHOAU(PPAKTOMETPUIECKUX UCCIIe-
JIOBaHMM, B CCTeMe 06pa3yloTcsT CHavaxa Kyou4ecKrue Mo-
IudUKaAIUMM TUOKCUAA ILUPKOHWUS W OKCUAA WHAMA.
CkasbIBaeTCsl SIBJICHUE TOMOXMMMUYECKoil mamsatu [14] o
MPEKypcope B TaHHOI cucTeMe, TaK KaK XOpOIIo U3BECTHO,
YTO TBEP/IbIe PACTBOPHI Ha OCHOBE ZrQ, KPUCTAUIN3YIOTCS B
Kybouueckoit Mmogudukauuu [11].

HAY4HO-MexXHU4eCcKuil U npou3800CMEeHHbLI HCYPHAA

Jlanee pa3BUBAeTCs CTAIMS Apoyecca pocma yacmu, Ipu
9TOM MPOUCXOIUT HavyalbHasl TpaHChopMalusl KyOu4ecKon
MoauGbUKALIMU TUOKCUAA ITUPKOHMS B TETPArOHAJIbHYIO U
UMeeTCsl HeOOJIbIIoe KOJIMYECTBO MOHOKJIMHHON Moaubu-
kauuu ZrO,, XoTd 3Ta MOAU(PUKALMS TAKXKE OTCYTCTBOBaJIA
B IaHHOI cucTteMe 10 TepMoobpadboTku. [TomyyeHHbIe nud-
pakTorpaMMmbl (puc. 2) WUTIOCTPUPYIOT CIECAYIOIINE OCHOB-
HbIe 0cobeHHOCTH [8]:

1) Bo Bcex MccieayeMbIx oopasiax GuKcupyercss Hajlu-
yue yeTbipex (a3 (TeTparoHajbHasi 1 MOHOKJIMHHASI MOIM-
(ukannu ZrO,, kybrueckas u poMbosapuyeckas Monudu-
kauuu In,0;);

2) KOJIMYECTBO KyOMUYECKOUN M pOMOO3APUIECKON MOIH -
(ukanumii okcuaa MHAUS YBEJIMUMBAETCS C YBEIMYEHUEM
CONepKaHUsI OKCUIAa MHAMS B CMECH, TTPU OTOM YMEHbIIIaeT-
Csl KOJIMYECTBO TETparoHaJIbHOM Moau@uUKalum IMoKCHaa
LIUPKOHMUSI;

3) yBenMueHMEe KOJIMYeCcTBa Kyonueckoi MoanbuKaimu
OKCHMIIa MHIUS HabiromaeTcsl B Tpeesiax OJHOTO coCTaBa
(15 mon. % In,O; — 85 Mon. % ZrO,) ¢ yBennueHreM TeMIie-
paTypbl U BpeMEHM TeEPMOOOPAOOTKU;

4) pasMep KpUCTaJUIUTOB MCCJIEAOBAaHHBIX OOpasloB, IO
JTAaHHBIM PEHTTEHOBCKOM mrdpakimu, coctaisieT ~90—100 HM.

TakuM 06pa3oM, MOKHO TOBOPUTH O TIPOSIBJICHUH TOIIO-
JIOTUYECKOTO OTOOPa, KOTOPHI 3aKJII0YaeTCs B BBIICICHUMN
HaunboJiee TECHO MPUMBIKAIOLINX IPYT K IPYTY KOHTaKTUPY-
JOIIMX YacTUIl (B COOTBETCTBUU C UX KPUCTALIOXMMUYE-
CKUM CTPOEHUEM).

[MpakTuyecky mapajuiesbHO pa3BUBAETCSl CTalUsl MPo-
yecca aznomepayuy yacmuy, TBepAoii asbl, B X0 KOTOPOro
TJIOIIAAKKM KOHTAKTa MEXAY 3epHaMM pa3IuJYHbIX (a3 uH-
TEHCUBHO PACIIUPSIOTCS, a 3epHa MOCTENEHHO CIUBAIOTCS
JIPYT C APYTOM, TepsIsl CBOIO MHAMBUILYaNbHOCTb. [1pu aTOM
HabronaeTcs siBIeHue Mopdoaornyeckoro oroopa B COOT-
BETCTBUU C MPUHIIMIIOM MapTeHCUTHOTO YIPOUHEHUS IS
KEpaMMKU, UMEolIel noJuMopdHbie MpeBpalleHus Mpu
criekaHnu. CrcreMa MPaKTUYECKU TTOJTHOCTBIO TpaHchop-
MUPYETCS B TETPAroHaJIbHy10 Mogudukauuio ZrO, u In,0;
Kak Haubojiee paBHOBECHYIO U TEPMOJMHAMMUYECKU CTa-
ounbHyto. Jlasee HaGMomaeTcs 3aBepluarolas cmadus ca-
MONPOU3BOALHO20 CMPYKMYPO0OPA308aHus C 00pa30BaHUEM
naByx¢asHoro (ZrO, u In,03;) KOMIaKTHOTO KOMITO3ULIAOH-
HOIo MaTepuajia ¢ HU3KOH MOPUCTOCThIO, BBICOKOM MUKPO-
TBEPAOCTbIO U YHUKAJILHO MOBBIIIEHHON MTPOYHOCTHIO MPHU
CXKaTuu.

YcraHosieHo [8], 4To onTUMalbHas TeMIeparypa crie-
KaHus o0pas3uoB 1250°C, BpeMsI crieKaHusT 3 4 — IPU 3TUX
VYCIOBUSAX BEJTMYMHA TMHEHOMN yCaaKK COCTaBMIIA TIPUMED-
Ho 18—19%, mopucrocts 0,54%.

JI71s1 JeTaabHOTrO U3yYeHUs] MUKPOCTPYKTYPHI MOTyUYeH-
HBIX 00pa3l0B MPOBOAWIN UCCIEIOBAHUE METOIOM CKaHU-
pyloleit anekTpoHHoi Mukpockonuu (CTM-4). Ha puc. 3

I, OTH.

10 20 30 40 50 60 70
2 theta, rpaz
Puc. 2. Indpaktorpammsl 06pasuos B cucteme In,03-ZrO,, cneveHHbIx
npy Temnepatype 1250°C ¥ NPOAOMXUTENBHOCTU BbLIAEPXKKM 3 u:
a - 10 mon. % In,053 — 90 mon. % ZrO,; 6 — 15 mon. % In,05 — 85 mon. %
ZrO,: 1, 4 — TeTparoHasnbHas U MOHOKIMHHas Moandukaummn ZrO, cooTseT-
CTBeHHO; 2, 3 — kybuyeckas n pomboaapuyeckas Mogndukaumm In,0g
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Ta6nuua 2

MpoYHOCTHbIE XapaKTEePUCTUKN HAHOKEPaMUYECKNX MaTepuasioB Ha OCHOBE OKCUA0B LUPKOHUS U UHAUS,
OTBEYaloLUX Pas3sIMYHbIM peXxnMmam TepmooopadoTku [8]

Pexum nonyvenns
MopucToctb, | MukpoTBEPAOCTb, | TPELUWHOCTOWKOCTb, MpoYHOCTb NpK

CocTaB KOMMNO3nLUiA, |:|)o Temneparypa, °C Bpems Tepmo- % KMa MMa-m®3 cxatun, Ma
OKCWAy NHAKS B MOJ1., % 06paboTku, 4

10 1050 3 4,54 31,77 - -

10 1150 3 417 41,2 >25 700

10 1250 3 0,54 56,09 >25 900

10 1350 3 - 71,49 >25 900

15 1050 3 3,62 41,2 25 700

15 1150 1 3,9 4l - -

15 1250 1 3,81 107,58 >25 700

15 1250 2 3,53 150,24 >25 700

15 1250 3 3,46 172,3 >25 700

Puc. 3. MukpodoTtorpadumn kepammnyeckoro obpasua [8], cneyeHHoro npum
Temnepatype 1250°C 1 NnponomknTensHOCTH o6xura 3 4 U3 HaHoMopoLLKa
ZrO; (10% Iny03)

MpeAcTaBieHbl MUKpodoTorpadpuu KepaMUUeCKMX KOMIIO-
sunuil B cucteme 10 mon. % In,0; — 90 mon. % ZrO,.
[Nonyyennsle MukpodoTorpacduu MO3BOJISIOT CASIaTh BbI-
BOJI, UTO B MCCJIEIOBAaHHBIX 00pa3iiax pa3Mep 3epHa MeHbIIIe
1 MKM, T. €. OHU MPEACTABISIOT CO0O yabTpaaUCepCHbIE
KOMITO3UIIMY C CYOMUKPOHHBIM pa3MepoM 3epHa.

B Ta6x1. 2 npuBeneHbl MTPOYHOCTHBIE XapaKTePUCTUKHU
HCCIeAyeMbIX HaHOKepamMuueckKux obpasuoB. [lomydeH-
Hble KOMITO3UIIMU OOJIafaloT CYIIECTBEHHO 0oJjiee BbICO-
KMMU 3HAYEHMSIMU MUKPOTBEPAOCTH, TPEIIMHOCTOMKO-
CTU U MPOYHOCTU MPU CXKATUU MO CPABHEHMIO C YMCTHIM

Cnucok uTeparypbl
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B 00JIaCTU BBICOKOTEXHOJIOTMYHBIX HAHOKEPAMUUECKUX
MaTepHUaIOB IUTSI TEXHUIESCKUX Y CTPOUTENIBHBIX 11T //
Mamepuanst mexcoynapodnoeo konepecca: Hayka u unno-

MUOKCUIOM UMpPKOHUSA. HeoOXxoaumMo OTMETUTD, YTO 3HA-
yeHus K. 1151 OOBIYHOM KEPAMMKM B CUCTEMAaX Ha OCHOBE
IUOKCUA LUPKOHUS (Hampumep, JIeTUPOBAHHBIX OKCH-
IOM I/ITTpI/IH() 5pa3Mepm 3epeH 10—100 MKM) COCTaBISIIOT
2—5 MIla-mM”°, mpuyeM B 3TOM JAualia30He pa3MepoB 3e-
PeH HalJII04aeTCsl HEKOTOPBIM pOCT 3HaYeHUI K, C yBeau-
yeHueM pa3Mepa yactull [11]. BennunHa npoyHocTy npu
CXKaTUW MCCAEIOBAaHHBIX KOMIO3ULIMN TakXe BbICOKA
(700—900 MIIa) o cpaBHEHUIO ¢ OOBIYHOM KepaMUKO
Ha ocHoBe Zr0O, (50—100 MIla).

3akmouenue

HanoctpykryprpoBaHue B CHCTeMax TepPMaJIbHO-CHH-
TE3HOT'O TBEPACHMUSI MOXHO IPEICTABUTD B BUIE ABYX B3au-
MOCBSI3aHHBIX TEXHOJIOTMYECKUX DTAIOB. HAHOMEXHOA02UU
CUHmMe3a MpeKypcopos, B KOTOPBIX PEATM3YeTCs PUHIIUIT
«CHU3Y — BBEpX», U MEXHOAO2UU HAHOCMPYKMYPUPOBAHUS
MepManbHO-CUHME3HbIX Clicmem C 0OpeTeHHEeM TBEPIOTO CO-
CTOSTHMSI TIPU TEPMUUYECKOM BO3IECMCTBUU, B KOTOPBIX pea-
JIN3YETCS TIPUHIINATI «CBEPXY — BHU3».

PaccMoTpeHHBIE HaHOKEPAMHUYECKME KOMIIO3MIUMU Ha
OCHOBE ITMOKCHIA LIMPKOHMUSI, MOJTYYCHHBIE C YYETOM 3THUX
IBYX TEXHOJIOTHH, OOJIaTalOT BBICOKUMU ITPOYHOCTHBIMU
XapaKTepUCTUKAMU: 3HAUEHUSIMU MUKPOTBEPAOCTH (B IMa-
mazone ot 70 mo 170 kIla), TpemmHocToiikocTu (GoJee
25 MITa-m%?) u npounocty npu cxatuu (700—900 MTTa),
YTO CBSI3aHO C MPUPOIOI BBoIMMOro kommnonenra (In,03) u
€r0 ONTHMATbHBIM KOJUYECTBOM B COCTaBe KepaMHUECKON
KOMTIO3ULIVIH.

DBOJIIOLIMOHHAS MOJETb OOpETeHUs TBEPAOTO COCTOS-
HUS, IPeITOXKEHHAsT B 3TOM paboTe IS TePMaIbHO-CUHTE3-
HBIX CHCTEM TBEDACHMS, MOXET SIBJISIETCSI MHCTPYMEHTOM
JUTSI MOZIEIMPOBAHMS aHAJIOTUYHBIX IPOIIECCOB HAHOCTPYK-
TYPMPOBAHUS B COBPEMEHHOM CTPOUTEIBLHOMN KepaMuUKe.
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