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AHnanusupyemcs onvim npumeHeHus 301 Meniogvlx dnekmpocmanyuii 8 bemonax. Iloxasano, ymo enus-
Hue 301 Ha QU3UKO-Mexanuyeckue ceolicmea 6emoHo8 onpeoeisemcs XUMUYECKUM COCIMAagoM, COOepuCanuem
€80000H020 OKCUOA KATbYUSA U OKCUOA MASHUS, 8eIUYUHOU YOelbHOU nogepxnocmu. Ilpedcmasnenst pe3yioma-
Mol UCCIe008AHUL YEMEHMHO20 KAMHS U Oemona ¢ 000a8Kol OpegecHOll 30/bl. YcmaHno8ieHo, Ymo OpesecHds
3014 001a0aem 6vbICOKOU 86000NOMPEOHOCMbBIO; YEeNUUeHUEe KOIUYECMBA 306l NPUGOOUM K CHUICEHUI) Y0000~
YKRaovigaemocmu 6emonnol cmecu. Ycemanosneno, umo 3amena 5 — 10 % yemenma 30101 npueooum K cHudce-
Huto npounocmu 6emona na 15 %. bemonwi ¢ dobaskoi dpesecnoll 3016l umerom 0oniee HUZKYIO NIOMHOCHb.
Bseoenue 6 bemonnyto cmecsv 301bl 8 couemanuy ¢ 000a8Kol cynepnaacmupuramopa no3eonsaem npu coxpane-
HUY mpedyemoti NOOSUNCHOCIU CHUUMb 8000YeMeHmHoe OmHouleHue U 06ecneyums npoyHOCmy OemoHa Ha
corcamue He Hudice KOHMPOIbHO20 DeMOHA.

Bgenenune. CoBpeMeHHbBIE pecypcocOeperaroiiye TEXHOJIOT U TI0/Ipa3yMeBaloT IIHUPOKOE UCTIOJIb30BaHUE
MOIYTHBIX IPOAYKTOB IPOMBIIIIIEHHOCTH W MPU3BaHbI CYLIECTBEHHO COKPATHTh PAacX0] LIEMEHTA, IIPOU3BOJICTBO
KOTOPOTO OTJIMYAETCsI BBICOKOW 3HEProeMKocThio. Oco00ro BHMMAaHMS 3aCITyKHBAIOT Hay4dHbIE pa3paboTKy,
CBA3aHHBIC C BOIIpOCaMH yTHUJIN3alluH 30JI-YHOCA TECILUIOBBIX 3HeKT'pOCTaHI.[HI>i B ICMCHTaX U 6eTOHaX.

Teoperuueckue uccienopanus. B 6eron moryT BBoguthes 3011 TOC, orBewaromue TpedoBanmsim ['OCT
25818-91 [1]. CormacHo cTaHmapTy 30JIbI IO BHIY CKHTAEMOTO YIJIS IOPa3essoT: Ha aHTPAlUTOBbIE, 00pa3yio-
IIMecs TIPU COKUTAaHWK aHTPALUTA, TTOJyaHTpalllTa U TOLIEro KaMeHHOro yrisl (A4); KaMeHHOYToJIbHbIe, 00pa3yro-
IIHecs TPH CKUTAaHUH KaMEHHOTO0, KpoMe Totero, yrirsi (KY); OypoyroiabpHbIe, 00pa3yIoyecs P CKUTaHUH Oy-
poro yris (b). XuMmudaecknil coctaB 3071 KojeOIeTcs B 3aBHCUMOCTH OT MECTOpOXIeHUH yriei. [Ipumepnoe co-
Jiep>KaHHe OCHOBHBIX OKCHIOB B 30jax pasmuuubix TOC: 35 — 60 % SiO,; 15 — 35 % AlOs; 1 — 20 % FeyOs;
1 —30 % CaO u Hebosboe komuaecTBo MgO, SOs, 1iesnoueii u Apyrux CoeAnHEeHUH. B 3aBHCUMOCTH OT XUMHYE-
CKOT'O COCTaBa 30JIbI MOAPA3eIIOTCS Ha (HU3KOKAIBIMEBBIE) KHCble, conepskanime 10 10 % okcuma Kanbiws,
Y BBICOKOKaJTbIIMEBBIE (OCHOBHEIE), CoJepIKalIne okcuaa kanbiws 6osee 10 % no macce. COOTHOIIEHHE KOMITOHEH-
TOB 30J1bI TIPEAONPENEIACT €€ aKTUBHOCTh M BSDKYIITME CBOMcTBA. Hamuune cBOOOIHBIX OKCHUIOB KalblIUS U MarHUS
ABIISIETCSI OCHOBHBIM KPHUTEPHEM, ONPEASISAIOINM CIOCOOHOCTH 30JIbI ¥ IITAaKa MPOSIBIISITH BSDKYIIME CBOMCTBA.

MuHepanbHO-(a30BbIil COCTaB 307161 BKIIIOYAET HEOPTaHUMYECKYI0 U OPraHuuecKyto cocrapistommue. Heop-
raHndeckas (haza, B CBOIO 04Yepeilb, COCTOUT U3 aMOP(HOI COCTABISIONIEH, TIPECTABICHHON CTEKIOM U amopdu-
3UPOBaHHBIM TJIMHUCTHIM BEIIECTBOM, W KPUCTAJUTMUYECKOH, BKIIOYAIOIIEH cl1abon3MeHEeHHbIE 3¢pHa MUHEPAIOB
MCXOJTHOTO TOILIMBA (KBapll, TIOJIEBBIC IIMATHl M JAPYTrHe TEPMHUUYECKH YCTOHUYMBBIE MHHEPAIbl) W KpUCTaJUIHIC-
CKHE HOBOOOPa30BaHMs, BO3HHUKILIHE IIPH CKUTAHUH TOIUTHBA (MYJUIUT, T€MATHT, ATFOMOCHIIUKAT KalbIWsA U 1p.) [2].

Yactutp! 6OIBITMHCTBA 301 UMEIOT cPepruecKyro GOpMy U TIIAIKYI0 OCTEKIOBAaHHYIO (DaKTypy ITOBEpX-
HocTH. OJTHOPOTHOCTD YaCTHIl pasiWyHa. bojee OJHOPOJHBI YaCTHIBI, COCTOSIIME IMOTHOCTBIO M3 CTEKIIA.
MakcuMmanbHOe COepIKaHue CEepHYECKUX CTEKIOBHIHBIX YAaCTHIl MMEIOT Melbuaiimme ¢pakuuu 301bl. Yem
3epHa 3016l KPyMHEE, TEM BBIIIC B HEH COJEp)KaHUE arpeTHPOBAHHBIX, IIEPOXOBATHIX, IIOPUCTHIX YacThll. MMe-
IOTCS YaCTHIBI, BHYTPEHHSSI YacTh KOTOPHIX HE pacIUlaBWJIach M cJaraercs W3 MeIbYalIlinX MHHEPAIbHBIX
M KOKCOBBIX 3epeH. BcTpeuaroTcs 1 nmosple IIapuKky B pe3yJsibTaTe BCIlyYHBAaHUS CTEKJIa B MOMEHT 00pa30BaHUs
yacTuipl. PazMep 4acTuil — OT HECKONbKMX MHKpPOH 10 50 — 60 MukpoH. MoryT Takxe 0Opa30BBIBATHCS
CTEKJIOBHJTHBIC YACTHIIBI HETIPABMILHON (POPMBL. Y HEKOTOPBIX YaCTHIl TOBEPXHOCTh IyOdaTas u3-3a pa3indHo-
T'O KOJIMYECTBA My3bIpbKOB. OHU TaKkKe MOTYT CO/IEpXKATh BO BHYTPEHHEH 4acTH OOJIBIIOE KOJMYECTBO KPUCTAI-
JUYECKUX BemlecTs [3].

CriocoOHOCTD CTEKIIOBHIHON (a3bl K THAPATAIIUN U TUAPOIH3Y B padote [4] 0OBsICHIETCS PBHIXIION CyO-
MHUKPOCTPYKTYpPOH M OTHOCHTEIILHO BHICOKOH NMPOHHUIIAEMOCTHIO aMOP(UTOB, 00YCIIOBICHHON ITyCTOTaMU MEXILY
MOHHBIMHU I'PYIIHPOBKaMH. AKTHBHOCTh IPOMEXYTOYHOTO0 aMOP(HOTO BEIIECTBA CTEKIOBHUIHOM (a3bl onpesie-
JSIETCSl COOTHOIIEHWEM TJIMHO3EMa M KPEMHE3eMa, YeM OHO OoJibllle, TeM JIeT4Ye HAET NMPOIECC THApaTalnuu
30JIFHOTO CTEKJIa B IEJIOYHOH U B CyibdaTHO-1IeT04HON cpene. B HeliTpaibpHOM cpezie 301bHOE CTEKIIO YCTOM-
ynBo. OTMeuaeTcs [4], 9To Ha THAPABINYECKYI0 aKTHBHOCTh KaJIBIIEBO-aJTIOMOCHINKATHOTO CTEKJa, COepKa-
IIErocs B 30J1€, MOJIOKHUTEIBHO BIHSIOT IIPUMECH OKCHIOB MarHus, JkKelie3a 1 HEKOTOPBIX APYTHX AJIEMEHTOB.

OnpezeneHHON THIPABIMYECKON aKTHBHOCTBIO B 30J1aX, HApsILy CO CTEKIOBHIHON (ha3oi, oOnasaeT ferui-
paTHpoBaHHOE U aMOp(U3UPOBAHHOE TJIMHUCTOE BEIIECTBO. AKTHBHOCTH 3aBHCHT OT MHUHEPAIOIHMYECKOTO CO-
CTaBa IJIMH, BXOAAIINX B MUHEPAIBbHYIO YacTh TOIUINBA, U TOBBIIIACTCS PH TEIUIOBOH 00padoTke. C MOBHILICHNEM
B 30JI¢ COJIePKAHHS aMOP(U3MPOBAHHOrO TIIMHUCTOTO BEIECTBA YBEIIMUMBACTCS €€ BOAOMOTPEOHOCTH [4].
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W3mepeHns: IeHCTBUTENBHON yAEIHHOM MOBEPXHOCTH 30JIBI, BRIIIOJHEHHBIE B padote [5] mo agcopOrmm
a3oTa, ToKa3aliy, YTO OHA Ha MOPSJIOK BBIIIE yJENbHOM MOBEPXHOCTH lieMeHTa. OTMeuaercst, YTo IS 30JIbl Xa-
PaKTEepHO 3HAUMTENBHOE COJIepKaHHe YaCTHUI] C MEIKMMHU 3aMKHYTBIMH NOpPaMH, KOTOPBIE SIBJISIOTCS Pe3yJibTa-
TOM BCITyYMBaHUs PAacIUIaBICHHOW MHHEPAIFHON Macchl ra3aMy, BBIICISIFONIMMUCS NP JIETUAPATALNY TJIHHH-
CTBIX MUHEPAJIOB, JMCCOIMAIIMH YaCTUI] U3BECTHSIKA, TUIICA U OpPraHUYecKHuX BemecTB. OOummii 00beM 1op Mo-
xet gocturath 60 % oObema yacTHl 3016, BeICOKOE cojiepikaHie MUKPOIIOP B 30JI€ U 00YCIIOBINBAET BHICOKOE
3HAYEHHUE €€ AEUCTBUTEIbHON yIeabHOU NOBEpXHOCTH. C BBICOKOW NEHCTBUTEIBRHOM MOBEPXHOCTHIO 30JIbI CBS-
3aHBI TAKHE €€ CBOMCTBA, KaK aJCOPOIHOHHAS CIOCOOHOCTh, THTPOCKOITUYHOCTb, THAPABINIECKAs aKTHBHOCTb.

V enbHast TOBEPXHOCTB 303161 cocTaBisteT 1500 — 3000 cm?/r. JIist IIIOTHBIX GETOHOB PEKOMEH Ty OTCS [4]
30JIBI C YIEeNbHON moBepXHOCTRIO He Meree 1000 CM2/T, IUIA STYEHCTHIX 6eTOHOB — He MeHee 2500 cM?/r. Y Heko-
TOPBIX 30J1 aKTHBHOCTH MOJKET OBITH MOBBIIIEHA MPH PUMEHEHUH JOMOIHUTEIBHOTO JOMOJIA, CIOCOOCTBYIOIIE-
TO pa3pymIEHUIO CTCKJIOBUIHOW 000IOUKH Ha TOBEPXHOCTHU 3€PEH.

CpeiHsisl IIIOTHOCTE 30116 cocTapisieT 1,74 — 2,4 r/cm®, 0JIHaKo MIOTHOCTh OTJAENBHBIX (PPAKIMil MOKET
3HAUYUTEIBHO OTIMYATHCS OT CPEIHUX 3HAueHHWH. MeNKue YacTHIbl TOIUIMBA NPH MbUICYTOJIBHOM C)KHUTAaHUU
croparot Ha Jyiery. [Ipu 5ToM Ha MX MOBEpPXHOCTH 00pasyercs IIoTHast 000JI0YKa, a BHYTPH OHU MMEIOT HOpH-
CTYI0 CTPYKTYpy. [loprcTOCTBIO YacTHIl 0OBSCHIETCS Mayasi HACBIITHAS TUIOTHOCTD 30JIbI, KOTOpas KoJieOJIeTcs B
npenenax 600 — 1300 kr/m°. HachinHas MIOTHOCTH 3aBUCUT OT BUJIA TOIUIMBA M TEMIIEPATYPHI CKUTaHHs, OObIY-
HO yBEJIMYMBASICh C NTOBBIIICHUEM TOCIIeIHEH [2].

BeicokokanbIieBbie 307161, 0051138 HEKOTOPBIMH BSKYIIMMH CBOHCTBAaMHM, IPHMEHSIOTCSI BMECTO Iie-
MEHTa WJIM IS 3aMEIIEeHHS YacTH IIeMeHTa. BbIcoKambIeBbIe 301l SIBISIOTCS THPABINYECKH aKTUBHBIMU OJ1a-
rojiapsi BHICOKOMY COJIEp)KaHUIO CTEKJIOBHIHOW aIIOMOCHIIMKAaTHOH (a3bl, coctaBittomeid 40 — 65 % Bceit mac-
CBHI ¥ UMEIOIIei BU YacTuI] mapoodpaszHoit popmer pazmepom 5 — 100 mxm. [IpogHOCTs KaMHSI Ha OCHOBE 30JIBI
00OBIYHO HEBBICOKA M COCTABIIET B cpeqHeM okoio 10 MIla, Ho n3-3a HecTaOMIBHOTO cocTaBa BapeupyeT oT 0
10 30 MITa [2; 4].

[MpuBeneHusie B padoTe [6] AaHHBIE MMOKA3BIBAIOT, YTO B MEJIKO3EPHUCTOM OETOHE C YaCTHYHOW 3aMEHOM
noptianauementa [IEM 1 42,5 BeicokokanbitneBoit 305101 B komuuectBe 30 % 1o ucteyenuu 1,5 et mpu HOp-
MaJIbHBIX YCJIOBHSIX TBEp/ICHUS ObIJIO BBISBICHO 3HAYHTENBHOE paciimpenre. Kpome aToro, xapakTepHsle aedopma-
UM PACIIMPEHNs BBISBJICHBI MTOCE 55 UKIIOB IEPEMEHHOTO YBIaXXHEHU-BBICYIIMBaHus pu Temmepatype 100 °C.
[Tpu aTOM MOpO30CTOIKOCTh Y OeToHa ¢ 30110 coctasisiia F100 npotus F200 koHTposbHOTO cocTaBa 6€3 30IIbI.

B 1esioM MOXHO OTMETHTB, YTO HEJIOCTATKOM BBICOKOKAIIBIIMEBON 30JIBI SIBIIAETCS HEPAaBHOMEPHOE H3Me-
HeHne o0beMa 1 pa3pyleHne MaTepHaIoB KaK 32 CUET IO3AHEH I'HpaTaliy «IepesokeHHbBIX)» OKCHIOB KalbIHs
¥ MarHus B y’>kKe€ 3aTBEPJCBIIEM MaTepHaie, TaK U 3a c4eT 00pa30BaHUsI JOMOIHUTEIHHOTO KOINYECTBA ITTPHH-
TUTa U TIPH PEAKIMH C TTHHO3EMUCTHIM KOMIOHEHTOM IIEMEHTA.

Hawnbomnplree pacnpocTpaHeHue Uil yCTpaHEHUS NECTPYKTHBHBIX SIBICHUI IPH TBEPICHUN BBICOKOKAIb-
I[UEBBIX 30JI HAXOAAT 100ABKH XJIOPUCTOTO KAaNbIHS, COJISTHONH KHCIOTHI U JPYTHX XJIOPHIOB, KOTOPHIE B CBOIO
oyepellb MOTYT CHOCOOCTBOBATh Pa3BUTHIO KOppo3uM OeroHa. Takke mpejiaraetcsi UCIOIb30BaTh B COCTABE
0EeTOHOB MHUKPOKpEMHE3eM, KOTOpbIid npu3BaH crabuim3upoBath CaOcp. OTMeuaercs [5], 4To B 3TOM cityuae
BO3HHUKAET Jpyras mpobiieMa — HeoOXOANMOCTh MOBBIIICHHUS YI000YKIaabIBACMOCTH GeTOHHOW cMecH (CHIKe-
HHE KOTOPOW 00YCIOBICHO BBICOKOH BOAOMPOTPEOHOCTHIO Si02, BBEJCHHEM ILTACTH(PUKATOPOB). ITO MPUBOIAUT
K TIOJIyYEHHUIO BBICOKOIPOYHBIX OETOHOB, CTOMMOCTh KOTOPBIX CYIIECTBEHHO BHIIIE PSAOBBIX. [103TOMY OCHOB-
HBIM BHJIOM 30JIbI, BBOJMMOW B OCTOHBI, ABJSICTCA HU3KOKaybIueBas 30i1a TOC cyxoro ynaneHus. OHa mpe-
CTaBJIsIET COOOM MPEUMYILIECTBEHHO CHJIMKATHOE CTEKJIO, Clararolinii ero aMop(HbBI KpeMHE3eM XHUMHYECKH
akTuBeH 1o otHoueHuto Kk Ca(OH),, BienstomemMycs py rugpaTanny neMeHrTa. Peakuus Mexay HUMH NpH-
BOJIMT K 00pa30BaHUIO BBICOKOIMCIEPCHBIX THApocuinKkaToB Kanbiws (tuma CaO-SiO2-H20) ¢ Beicokoi cBA3y-
1o1IeH criocoOHOCThIO B3ameH MastonpoyHoro Ca(OH)z, a u3MenpueHne YacTHll — K YMEHBIICHHUIO Pa3MepoB MOp
Y CHIDKEHHUIO MPOHULIAEMOCTH [7].

Otmeuaercs [4], 4TO IMyNIIOTaHOBAsK PEAKIMS HAYNHACTCS MO3THO (TIPUMEPHO B 7-CyTOYHOM BO3PacTe) M
MPOTEKaeT MEAJICHHO; OCHOBHOW ee 3((EKT NMpH HOPMaJIbHOM TBEPJCHUH OETOHA MPOSBIAETCSA K 3-MECIIHOMY
BO3pAacTy, HO OoJiee HHTEHCHBHOE TBEp/CHUE OCTOHA C 30JI0H HAOMOIaeTcs U B Ooyee Mo3THEM BO3pacTe — 10
roga u Oonee. [o TaHHBIM SMOHCKUX HCCIEIOBATENEH, MPOYHOCTh NPH CKaTUM OeTOHOB, comepkamux 190 u
240 xr/m® nemenTa u 30 %-nyto 106aBKy 301bl B 10-JIeTHEM BO3pacTe, COOTBETCTBEHHO B 1,44 u 1,43 pasa npe-
BBINIAET MPOYHOCTH OE€TOHA B Bo3pacte 3 Mecsia. B urore npodHoCTHON 3¢ GEKT BBEASHUS 30JbI U SKOHOMUS
[IEMEeHTa, OIpeIeJIeHHbIe TT0 28-THEBHOM MPOYHOCTH, OKA3bIBAIOTCS HIDKE, YeM Il OeTOoHA OOJIBIIETo BO3pacTa.
Tem He MeHee ATOT «BO3pacTHON» APdeKT He TepsieTcsi, a 00YCIOBUT U JIONIOJHUTENbHBINA 3a1ac MPOYHOCTH,
MOHIKEHHYIO TPOHUIIAEMOCTh U, CJIEI0BATENIBHO, MOBBIIIEHHYIO J0JITOBEYHOCTh Takoro 0eTona [5].

3amelneHre YyacTH LEMEHTa 30J10i MPUBOMUT K YMEHBIICHHUIO yCaJIOYHBIX AedopManuii OeToHa, KOTOpbIe
MPOSIBIISIIOTCS TIPY CHIDKEHUH BOJIONIOTPEOHOCTH OETOHHON cMecH. Y MEHBILEHHE YCaIKi OOBSICHIETCS TEM, YTO 30J1a
azicopOupyeT U3 LIeMEeHTa PaCTBOPHUMBIE ILENI0UH U 00pa3yeT YCTOWYMBBIE, HEPAaCTBOPUMBIE aTFOMOCHIIMKATHI [7].
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3o1na, Kak M Ipyrue aKTHBHbIE MUHEpaJIbHbBIC TOOABKH, CIIOCOOCTBYET MOBBILICHHIO CYIb(aTOCTONKOCTH
[IEMEHTHBIX OeToHOB. Pesynprarel 10-1eTHUX HCIBITAHUN TIOKA3aIH, YTO OETOH, CONEeP AL 30 IbHBIA [IEMEHT,
OoJtee CTOeK K BO3/ICHCTBUIO MOPCKOI BOJIBI Ia)Ke 110 CPABHEHHUIO ¢ OETOHOM Ha IIUIAKONOpTIaHALEeMeHTe [5].

30j1a TaKxe MPpUMCHACTCA B 6eTOHHbIX CMECAX B BHUJAC MUKPOHAIIOJIHUTECIIA. Omna 3amnoaHser ITYCTOThI
MEKAY IECUNHKaMH, YBEINYMNBAET COJEP)KaHNE TECTA BSDKYIIETO M OOBEMHYIO KOHIIGHTPAIMIO TBEPAOH (pasbl B
OeToHHOH cMecu. 3HaUNTENBHBINA 3 (eKT qocTHraeTcs B OETOHHBIX CMECSAX C HU3KMM PACXOJIOM IIEMEHTa, TIe
HMEET MECTO SIBHBINA I[e(bI/ILII/IT JUCTICPCHBIX YaCTHII. BBeHeHI/Ie 30JIbI €TI0 ocna6n$1eT W JIUKBUIAWPYET, B UTOI'C
YIIydIIaeTcsi 3epHOBOM COCTaB [IEMEHTHO-TIECUaHON COCTABISIONIEH, YMEHBIIAETCS PACCIOCHNE OETOHHOW CMECH
¥ TIOBBIIIAETCS] OJJHOPOJHOCTh OeTOHA. B cBs3n ¢ TeHIeHnMel MpruMEeHEeHUsI B MOHOJIMTHOM CTPOUTEIHCTBE BCE
OoJtee MOJBIKHBIX CMeCel C TIOBBIIIEHHOM CKIOHHOCTBIO K PACCIOSHHIO POJIb 30JIbI 0COOCHHO BO3pACTaeT.

ITpu yBennueHnn pacxoa IEMEHTa paccIoeHne OETOHHOW CMECH CHM)KAETCs, HO TIOBBIIIACTCS TEILIIOBBI-
JIeTIeHNe TBEPACIOIEro OETOHA, YTO MOXET NMPHUBECTH K 00pPa30BaHMI0 MUKPOTPEIINH yXXe Ha PaHHUX CTaIusIx
TBepAeHus. CoKpalieHie pacxo/a EMEHTa IIpH BBEJICHUH 30JIbI CHIDKAET TEIIOBBIZEIICHHE U BEPOSTHOCTh 00-
pa30oBaHMS TEPMHUECKUX MHUKPOTPEINUH, YTO TaKKe yIydlIaeT CTPyKTypy OeToHa. B MaccuBHOM OeToHE omac-
HOCTh MUKPOTPEIIMH CYIIECTBEHHO BO3PACTAET, ¥ IOJIOKHUTEIIbHAS POJIb 30JIbI MIPOSIBIISIETCS] BO BCEM THAINIa30HE
pacxooB IEMEHTa.

3HAUYNTETHLHBIA HpaKTH‘IeCKI/Iﬁ OIIBIT MPUMEHCHUS 30JIbI-YHOCA B 6eTOHaX HaKOIUJIEH B THAPOTCXHUICCKOM
cTpoutenbcTBe. B Hacrosmiee Bpemsi nokasaHa d¢dexTrBHOCTH 3amensl 25 — 30 % mopTiaHIIeMeHTa 30J10M-
YHOCOM JUIs1 OETOHOB BHYTPEHHHUX 30H MAaCCHBHBIX THAPOTEXHUYECKUX coopyxeHuid u 15 — 20 % nns 6eroHa B
MOJIBO/IHBIX YacCTSIX COOpYKeHHH. B psine ciyuaeB 000CHOBaHa 11e51eCO00Pa3HOCTh YBEIUUSHUSI COICPIKAHUS B
THIPOTEXHUUECKOM OeToHe 30ibI-yHoca 10 50 — 60 % ot maccel nemenra. [Ipu 3amene 3omoi 10 40 % 1iemenra
IIPY UX COBMECTHBIM M3MENbUEHHEM IPOYHOCTh OeToHa yepe3 28 cyTok Onu3ka, a yepe3 60 CyTOK MpaKTHUECKH
paBHa npo4HoCcTH OeToHa 6e3 1o0aBku [4].

B Benapycu npunsTta I'ocygapcTBeHHas MporpaMma CTPOUTENHCTBA YHEPTOMCTOYHUKOB HA MECTHBIX BHU-
Jlax ToIuMBa, a Taxke [Iporpamma crpontensctBa MuHK-TOLl. B 2015 roxy 3a cder yBenmdueHns: 00beMOB HC-
IIOJIb30BaHUA MECTHBIX BUJIOB TOIIJIMBA U BO300HOBIISIEMBIX HCTOYHUKOB OHEPIrun 10Jd COGCTBeHHI)IX OHEPrope-
CypCOB B OaaHce KOTEBHO-TIETHOTO TOILTMBA COCTABUT He MeHee 28 %, a B 2020 — He menee 32 % [8].

OCHOBY MECTHBIX BHJIOB TOIUTMBA COCTaBILIIOT APOBA M TOIUIMBHAS IIETIa, OTXOJBI AEPEBOOOPAOOTKH U JIe-
CO3aroToBKH, a Tarke Topd. Mcnons3oBanue IpeBeCHBIX OTXOJIOB KaK ajlbTEPHATUBBI TPAAUIIMOHHBIM BUIaM TOTI-
JMBa pacCMaTPUBAETCS B CHITy CICIYIOIIMX IPEUMYIIECTB: APEBECHbBIE OTXOABI ABIsAI0TCS CO2-HEHTpaIbHBIMHY;
OTHOCSITCSI K BO30OHOBIISIEMBIM MCTOYHHUKAM SHEPTUH; B X COCTaBe MPAKTHYECKN HET Cepbl; BO3MOXKHOCTh CHKHU-
raTh BIaXHbIE OTXObI (10 55 — 60 % Bnaru); yMeHbIIEHUE SIMUCCHU JBYOKHCH YTIIepoja; HU3Kas KOPPO3HOH-
Hasgd arp€CCUBHOCTH JBIMOBBLIX I'a30B; BO3MOXXHOCTb KOHJICHCHUPOBATH BJIary JAbBIMOBBIX I'a30B U BBICBO60)II/ITI)
CKPBITYIO TEIIOTY Napoo0pa3oBaHusl; HU3Kas 110 CPAaBHEHHIO C MCKOTIAeMbIM TOIUTUBOM IieHa [9].

Pacmpenne nMpakTUKHM HCIIOJIB30BAHUS JPEBECHBIX OTXOJOB VISl IIPOU3BOJICTBA dHEPrHU OyJeT HMpUBO-
JIUTh K YBEITMUSHUIO KOJIMYECTBA 30JIbl, COJICPIKaHKUEe KOTOPOoH KosebuieTcs oT 0,5 BeCOBBIX MPOLIEHTOB (Ha CYXYIO
Maccy) U MATKUX TIOPOJ IPEBECHHEI, 10 4 — 8 BECOBBIX MPOIEHTOB I KOpHI [ 10], KoTopas Takke XapaKTepH-
3yercst 0OJIBIINM CO/IepKaHUEeM MHUHEPAIbHBIX pUMecel (Iecka, 3eMiIn, KaMHeH).

B Hacrosiiee Bpemst B peciiyOJIMKe IpeBECHOE TOIUIMBO UCIOIb3yeTcs ceMbio MUHU-TIL] u Oonee Tpemst
TBICSTYAMH KOTJIOB. B ycTaHOBKaX Ayl CKUTaHHsI OMOMacChl OOBIYHO MPHUCYTCTBYIOT TPH (PAKIIUH 30JIBI: 30J1b-
HBIIT ocTaToK (IOA0Bast 30J1a); 30J1a-yHOCA U3 IIMKIIOHOB; 30J1a-yHOCA U3 (DHIIBTPOB.

CornacHo naHHbIM paboTsl [10], mpu ckUraHuu ApeBecHOH miemnbl oopasyercs 60 — 90 % momxoBoi 30Ibl,
10 — 30 % nmKII0HHOI 307BI-yHOCa, 2 — 10 % 30JBI-yHOCA QUIBTPOB TOHKOH OYHUCTKH.

B Tabnune 1 moka3zaH XUMHYECKHI COCTaB 30JIbI, TOJYy4aeMOH MPH CKUTAaHUU OTXO/0B JIPEBECHHBI.

Ta6muua 1
XUMHYECKUI cOCTaB IPEBECHOI 30JIbI
@pakunu Copep:kaHue OCHOBHBIX OKCHJIOB, %
APEBECHOM 30JIBT CaO MgO K20 P20s Na20
ITomoBas 301a 32,6 3,0 6,6 0,9 -
IluknoHHas 3071a 32,3 3,2 7,5 1,3 -

Hemounux: [10].

CornacHo NpUBEAEHHON KIacCH(HKAIMU APEBECHAst 30J1a OTHOCUTCS K BBICOKOKAJBLHEBBIM 30J1aM. BrI-
COKOKaJIBIINEBOH 30J1bHON YacThio ¢ cogepkanneM CaO 15 — 40 % xapakTepu3yroTcs TaKkke KaMEeHHbIE U Oypble
YK psila MECTOPOIK/ICHHH, MHOTHE TUIIbI Topda M roprouue CiaHlbl. Y MOCIEAHUX COJiep)KaHHE B 30JIbHON
gactu CaO cocrasnsier 25 — 60 %.
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W3BecTHBI OETOHHBIE CMECH, COZEpIKALIME B CBOEM COCTAaBE TaKH€ KOMIIOHEHTBI, KaK JMCIEPCHBIE 30-
JIOLIAKOBBIE OTXOJBI MYyCOPOCIKUTATENIBHBIX 3aBOJIOB, 30JI0IIIAKOBBIE OTXO/BI U 30JIbI-YHOCA, B TOM YHCJIE IIbI-
JIeBUAHBIE (PAKIMH, SBISIOLIMECS OTXOAaMH TEIIOBBIX AJIEKTPOCTAHIMH M KOTIIOB, 30J1a OT COKUTAHMS OCalKa
CTOYHBIX BOJI, JIETY4asi 30J1a OT CXKMTaHUS TBEPIABIX TOPOACKUX OTXOAOB. B CBS3M ¢ 3TUM aKTyaJbHBIM SIBIISETCS
M3y4YeHHEe MPOYHOCTU IIEMEHTHOTO KaMHs U OETOHA, COJIEPIKaIlX B CBOEM COCTaBe J00aBKY APEBECHOI 30JIBI.

JKcnepuMeHTAIbHbIE HCCIef0BaHUs. /I IPUTOTOBICHHUS 30JI0IEMEHTHOM CMECH HCIIOJIB30BaIH
MTO/IOBYIO JAPEBECHYIO 301y cyxoro ynaneHus un nopriananement [IPYII «Kpundesnementommudep» Mapku
HEM II/A-II 42,5H. TIpurotoBiieHHEe COCTAaBOB BHIMOJHSIIOCH ITyTEM CYXOTO MEpeMEIINBaHU MOPTIaH/IE-
MeHTa ¥ 30161 B cooTHOmeHMIX 90:10, 80:20 u 70:30 COOTBETCTBEHHO U MOCIIEAYIOMINM 3aTBOPEHHUEM BOJIOM.
B xauectBe mractuumupyiomei 1006aBku ucnoiab3zoBancs cymepmiactudukatop Craxement 2000 MK 30,
BoporieMeHTHOE OTHOIIEHUE TPUHATO paBHbIM 0,3.

OrmpeneneHue TpaHyJIOMETPUUECKOTO COCTaBa 30JbI IOKa3alo, YTO COJAEp)KaHHE 3€PeH pa3MepoM
0,63 — 0,315 MM cocrariset 26,2 %; 0,315 — 0,14 mm — 71,1 %; wmenee 0,14 mm — 2,7 %. BomonoTpedbHOCTH
307IBI COCTABHIA 55 Y%, HAaChIMHAs TIOTHOCTH 600 kr/M3, ncTHHHAS I0THOCTE 2280 Kr/M°.

W3 moiy4eHHOro 30JI0EMEHTHOTO TECTa M3TOTaBIMBAIUCHE KyOUKH C pasmepoM pebpa 2 cM. OOpasis
XpaHWINCh B KaMepe HOPMalbHO-BJIQXKHOCTHOTO TBepAeHMs Ipu Temmeparype 20 £ 2 °C U OTHOCUTENbHOU
BII&XKHOCTH Bo3ayxa He MeHee 90 %. KyOuku ncnpIThiBanch B Bozpacte 28 cyTok. OnpenesneHne Mo ABHKHOCTH
30JI0LIEMEHTHOTO TecTa BhIONHUIOCH o Metonuke HUMXKXDB Ha MuHH-KOHyce, MyTeM H3MEpEHHs pPacIlIbiBa
KoHyca nocsie 10 yaapoB BCTPSXHBAIOIIETO CTOJINKA. Pe3ybTaThl HCTIBITAaHKUHN NTpeCcTaBIeHH! B Tabmuie 2.

Tabmuua 2

HpO‘IHOCTL 30JI0-IEMCHTHOI'O KaMHsA

CooTHOIICHHE Hob6aska, | PacruibiB MuHH-KOHYca Ha | [IpOYHOCTH IEMEHTHOTO
Howmep o
cocTaBa KOMITOHEHTOB, % B/ % OT Macchl | BCTPSIXMBAIOLIEM CTOJIUKE KaMHs Ha C)KaTHe
[IEMEHT 30712 LIEMEHTa nocnie 10 yaapos, cm MIla %)
1 100 - 0,3 9 28,0 100 %
2 95 5 0,3 - 8,5 24,68 88,14
3 95 5 0,3 0,3 16 25,02 89,36
4 90 10 0,3 0,3 15,5 25,52 91,14
5 95 5 0,25 0,3 15,0 30,93 110,46

Jenas BBIBOJ O BIMSIHUHM IPEBECHON 30JIBI, CIIEAYET OTMETHUTH CIEYIOIIee:

- 3ameHa 5 — 10 % nemeHTa 305101 MPUBOJUT K CHU)KEHHIO IIPOYHOCTH LIeMEHTHOTO KamHs Ha 10 — 12 %;

- YBEJIMYEHHE KOJIMUECTBA 3016l BHI3BIBAET CHIKEHHE yI000YKIIa[bIBAEMOCTH [IEMEHTHOT'O TECTA B CBS3U
C BBICOKOH BOJIOTIOTPEOHOCTBIO 30JIBI;

- BBEJICHHE B 30JIOIIEMEHTHOE TecTo cymepruactudukaropa Craxement 2000M2K30 B xomuectse 0,3 % ot
Macchl IEMEHTa YBEJIMUMBAET PacIIblB MUHU-KOHYyca ¢ 8,5 1o 16 cm. Beenenne cynepruiactudukaropa mo3BossieT
CHU3UTH BOJIOLIEMEHTHOE OTHOIIICHHE U 00ECTICUNTh yBEIMIEHNE IPOUYHOCTH 30JI0LIEMEHTHOTO KaMHsI, TaK CHIDKEHHE
BogonemMeHoro otHomeHws ¢ 0,3 1o 0,25 npuBeno K pocTy MPOYHOCTH MO CPABHEHHMIO € cOCcTaBOM 0e3 30161 Ha 10 %.

Pe3ynbraTsl HccneoBaHus MOKA3aJIM, YTO APEBECHAs MOAOBAst 30J1a UCTIONB3yeMOH (ppakumu, HeCMOTpS
Ha BBICOKOE COfiepikanne okcuaa Kambiust (32,6 %), He obnamaer ruApaBInIecKOi aKTHBHOCTBIO. YUCHBIE OT-
MEYaloT, YTO THPATaIX MTOIBEPraroTcs B MEPBYIO ouepeab 3epHa 3076l pazMepoM 5 — 30 mxm. ['panynomerpu-
YECKHI COCTaB MCIIOJIb3YEMOM 3016l MIPEICTaBICH Oosee KPYMHBIMU YacTHLAMU. [ MOBBIICHUS THIpaTaId-
OHHOM aKTUBHOCTH 30J1a IOJDKHA OBITh JIOTIOJTHUTENILHO U3MENIbYeHA.

D¢ heKTUBHOCTD 3aMEHBI YaCTH IIEMEHTa 30J10i ONpEeeNsiIach 1o MPOYHOCTHBIM XapaKTEPUCTHKAM MEJKO-
3ePHUCTOr0 OETOHA, COCTAaBBI KOTOPOT'O Mpe/cTaBiieHbl B Tabuuie 3. [IpoyHOCTh HA M3THO M CHKaTHE ONpEeIIsIn
nyteMm ucnbiTaHus Oanoyek 40x40x160 MM B Bo3pacte 28 CyTOK, XPaHUBIIUXCS B HOPMaJIbHO-BJIQ)KHOCTHBIX
YCIIOBUSIX.

Tab6muua 3

IIpouHocTs Menko3epHUCTOrO 6ETOHA ¢ 100aBKOH IPEBECHOI 30IIbI

Home Pacxon MaTepHanoB. Kr Ha 1 M3 JlobaBka, IInotrocts | IlpounocTs Ipu IIpounocTs mpu
Mep A P ’ % ot maccel | B/B | pacu./bakr., | cxarum, Mlla, u3ruoe, Mlla,
cocTrasa 3
LEMEHT | 301a | IECOK | Boaa LIEMEHTa KI/M B Bo3pacte 28 cyT | B Bo3pacte 28 cyT
1 429 - 1469 257 - 0,60 | 2155/2151 18,87 4,76
2 407 22 1469 257 0,3 0,60 | 2155/2145 16,24 4,63
3 407 22 1484 236 0,3 0,55 | 2149/2138 22,44 4,99
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DKclepyUMEeHTaIbHbIE JaHHBIE IOKA3bIBAIOT, YTO BBEIEHHE 30JIbI B COCTAB OETOHA IPUBOAUT K CHIKCHHIO
cpeaHeil wIoTHOCTU. [Ipu paBHOM BOJOBSDKYIIEM OTHOIIECHHMH (COCTaBHI 1, 2) MPOYHOCTH OCTOHA HA CXKATHE U
n3rud npu 3aMeHe JpeBecHOl 30i0H 5 % meMeHTa cHukaercs. Benenue cynepmiactudukaropa CtaxeMeHT
2000M2K30 no3BoJisieT Ipu COXpaHEHUH 3aJJaHHON MOABMXKHOCTH CHU3UTH BOJOBSIKYILEE OTHOLIEHHE, YTO MIPU-
BOJIUT K POCTY MPOYHOCTH 30J100eTOHA B Bo3pacTe 28 cyTok Ha 18 % (coctaBsl 1, 3).

3akiouenne. [IpoBeneHHBIE HCCIIENOBaHUS MTOKA3BIBAIOT, YTO MTOIOBAs APEBECHAS 30J1a CYXOTro yale-
HUs 0€3 IOTIONHUTETHHOTO TIOMOJIa 10 3€pHOBOMY COCTaBy IpencTaBieHa yactuiiamu kpymaee 0,14 mm. [pe-
BECHast 30J1a 00J1aJaeT BBICOKOI BoomoTpeOHOCThIO (55 %), M03TOMY MpH BBEICHHUHU 30J1bI B OETOHHYIO CMECh
MIPOUCXOIUT CHIDKCHHE yI000yKIIaabiBaeMOCTH. beTOHBI ¢ J00aBKOH IpeBEeCHOH 30JbI UMEIOT Oojiee HU3KYIO
TUTOTHOCTH T10 CPaBHEHUIO ¢ 0€330JbHBIM OeToHOM. BBezeHne B OETOHHYIO CMECh 30JIbI B COYETaHUH C JOOaBKOU
cymnepracTuuKaTopa Mo3BOJSET MPH COXPAaHEHHH TPeOyeMOH MOIBMKHOCTHA CHHU3UTH BOJOIIEMEHTHOE OTHO-
IICHHE B 00ECTIEYUTh IPOYHOCTH OETOHA Ha C)KATHE HE HIKE KOHTPOJIHHOTO (0€330JIbHOT0) OeTOHA.
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Hocmynuna 19.11.2013

APPLICATION OF ASHES FROM THERMAL POWER STATIONS IN CONCRETE
L. PARFENOVA

The analysis of experience of application of the ashes of thermal power stations in concrete is made. It is
shown that influence of ashes on physical and mechanical properties of concrete is defined by a chemical com-
pound, content of free calcium oxide and magnesium oxide, value of a specific surface. Results of research of
a cement stone and concrete with the additive of woody ash are presented. It is determined that woody ash pos-
sesses a high water demand. The increase in quantity of ash leads to loss of concrete mix workability. It is de-
termined that replacement of 5 — 10 % of cement with ash leads to a 15 % reduction of strength of concrete.
Concretes with the additive of woody ash have lower density. Ash input in concrete mix in combination with su-
perplasticizer additive allows to reduce a water-cement ratio and at the same time saves the required fluidity
and provides compression strength of concrete not below control concrete sample.
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