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AHHoTaumsA. [laHHasi cTaTbsi NOCBsILLIEHa aHanM3y napaMeTpoB ¢u- | Annotation. This article is devoted to the
31KO-MEXaHUYECKIX CBOMCTB TAMMOHAXHOIO KaMHs1, Ha OCHOBE pac- | 21alysis of the physicomechanical properties

. of cement stone, based on mortar with the ad-
TBOpa ¢ AobasrneHnem 6asanbToson nbpbL. dition of basalt fiber.

KnioueBble cnoBa: noptrnaHaueMeHT, prbpa, NPOYHOCTb Ha cxka- | Keywords: portland cement, fiber, compres-

Tve, n3rnb 1 pacTskeHne, apMuMpoBaHue, 06 bEM BOMOKOH. sive strength, bending and tension, reinforce-
ment, fiber volume.

I_I OopTNnaHALeMEHTbI, 00rnagast HECOMHEHHBIMU MPENMyLLIECTBaMM Nepes ApYMMU TaMnOHaXKHBIMU

MaTepuanamu, UMeT U CyLLeCTBEHHbIe HeJOCTaTKW, KOTOPblEe 3a4acTyl0 3HAYUTENBHO CHUXaIOT
KayecTBoO Kpenu. [Npexae Bcero, 3T0 OTHOCUTCS K N30NSALMOHHBIM CBOMCTBAM LIEMEHTHOIO KaMHS1, Ha KOTOpble
3HaYMTENBbHOE BNINSHME OKa3bIBaKOT ero AedopMaLoHHbIE XapakTepucTukm [1].

OAHMM 13 NepCneKTUBHbBIX HaNpaBNeHW NOBbLILUEHMS COMPOTUBIIAEMOCTM TAaMMOHAXHOIO KaMHs Mpu
ONHaMUYECKMX Harpy3kax siBMsieTcs ero gucnepcHoe apMmmpoBaHne. B kayectse apmupytowmx onbp ncnonb-
3Yl0TC pe3aHble BOMOKHa U3 pasnuyHbIX MaTepuanos C pa3nuyHon reoMeTpuen. YnpoyHeHne BONoKHaMu oc-
HOBbIBAETCSH Ha NPeanonoXeHUn, YTo LleMeHTHasa MaTpuua nepegaeT BONOKHaM MPUMNOXEHHYIO Harpysky no-
CpeACTBOM KacaTenbHbIX CUN, AEACTBYIOLLMX NO NOBEPXHOCTU, pasadena. [Npu Mmoayne ynpyroctM BOMOKHa
GonbLuero, Yem LIEMEHTHOW MaTpuLbl, CHATAETCS, YTO OCHOBHYHO YaCTb MPUIMOXEHHbIX HAMPSHXKEHUA BOCMPU-
HMMaOT BOJIOKHA, a obLlasi NPOYHOCTb KOMMO3ULMOHHOIO MaTepuara nponopLmMoHansHa nx 06beMHOMY CO-
aepxaHuto [2]. LlemeHTHas maTpuua obecneumBaeT CONPOTUBIIEHNE CKUMAIOLLMM HAMpPsHKEHUAM, a apMupy-
IOLLIMIA BOMOKHUCTLIA KOMMOHEHT (bnbpa) — pacTarMBalroLLmMM U N3rnbaroLLMM HanpPsKEHNUAM.

®unbpa ot JlatnHckoro «fibra» — BONOKHO, MaTepmarn, N3roToBMsiEMbIA NPOMUTKOA HECKONBbKUX CIOEB.
M3HayanbHO 3TO OTHOCUIOCH K M3rOTOBMEHUNIO KAapTOHa. B HacToswee Bpems nog pmOpon NOHMMAaK0T KOMMO-
HEHT B BMAE HUTEN Pa3NMYHON ANWHbBI, MCMONb3YEMbIA A5 apMUpoBaHusa 6etoHa. Hanbonee pacnpoctpa-
HeHa B He(pTerasoBoy NPOMbILLIIEHHOCTU Oa3anbToBas ubpa.

bazanbToBas ¢nbpa — kOpOTKME OTpe3kn H6a3anbLTOBOro BOMOKHA, NMpeAHasHa4YeHHble ana aucnepc-
HOro apMmMpoBaHus BsXXyLUMX. OuameTp BonokHa — oT 20 ao 500 mkm. OnuHa BonokHa — oT 1 o 150 Mm.
BbazanbToBas hmbpa Npon3BOAMTCA M3 pacniaBa ropHbIX Nopod Tuna OasanbTa nNpu TemnepaType Bbille
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1400 °C. bazanbToBO€ BOMOKHO, CO34aHHOE U3 NMPUPOAHOro KamHsl, MMEeT OYeHb XOpOLLMe nokasaTenu no
XMMUYeCKon cTonkocTu. BonokHa gnametpom 16-18 mkm nmerot 100 % cTonKOCTb K BoAe, 96 % K wénouu,
94 % k kucroTte. Moaynb yrnpyrocTn BorokHa HaxoauTes B npegenax ot 7 go 60 [Mla, npovHocTb Ha pacTa-
XeHue oT 600 go 3500 Mna. B HacTosee Bpemsi B Poccun 6asanbtoBas pnbpa npom3BogMTCa ANIMHHON 3,
6 1 12 MM, YTO 1 OrpaHN4YMBario NPOBEAEHHbIE NCCITEA0BaHNA.

TamMnoHaXHbIN KameHb UMeeT TeHAEeHUMIO K AeddOPMaLMOHHBIM N3MEHEHUAM, YTO BIMSIET Ha MPou-
HOCTb TaMMOHaXXHOro kamHsi. [lobaBneHne mbpbl B COCTAaB TaMNOHAXHOMO pacTBopa BNUSET Ha HEKOTOpble
rnokasaTenu noy4yeHHoro pacteopa 1 chopMMpPOBaHHOIO Ha ero oCHoBe KaMHsl. B yacTHocTH, BennynHa pac-
LUMPEHNS BbilLie 3@ CYET TOTrO, YTO KPUCTannM3aumoHHoe AaBreHne paclumpstollen obaBku nepefaetcs Ha
Kapkac, o6pa3oBaHHbI dunbpoii [3].

PesynbTaT BNnsHna gobaBneHns apMupyoLmx 4o6aBoK C pasnnyHON KOHLEHTpaumen Ha kosdhuum-
€HT NIMHENHOro pacLUMPeHns LLEMEHTHOro kKamHs B 6e34006aBOYHOM LieMeHTe npeacTasneH B Tabnvue 1.

Ta6bnuua 1 — BrivsiHue apMupoBaHus LeMeHTa Ha KoadhdmumeHT nnHenHoro paclumnperns kamHs (KITP)

KINP, % npu KOHUEeHTpaLn1 BONOKOH
Apmupytoast fobaeka
0 0,25 0,5 0,75 1
BbaszanbTtaBast pubpa 3 Mm 0,12 0,102 0,138 0,084 0,065
BbaszanbTtaBast pubpa 6 Mm 0,12 0,113 0,121 0,085 0,092

B rpachvke, npeacTaBrneHHOM Ha pUCYHKe 1, npocMaTpmMBaeTCs POCT 3HaYeHU KoadhPULUNeHTa nmHen-
HOro pacLUMPEHUS LEMEHTHOIO KaMHs 13 6e30,06aBOYHOrO LLIEMEHTA NPU YBENNYEHNN KOHLEHTPaLMM BOITOKOH
pasnuyHoro Tuna go 0,5 %. KoHueHTpaumsa BornokHa 6ornee 0,5 % He TONMbKO He MPUMBOAMUT K XKeraemomy
pe3ynbTaTty, HO Aaxe YMeHbLUaeT 3HaYeHNs paclumpeHuns LemeHTa. Bo3amoxHo, koHueHTpaumsa 0,5 % asns-
eTCcs JOCTaTOYHOW ANns NonyvyeHus acpdeKTUBHOWM CTPYKTYpbl B LLIEMEHTE, Korga Kak 0omnbLioe coaepxaHue
BOJTOKOH NPUBOAUT K NepeHackilLeHnio hmbpbl B pacTBope n 06pa3oBaHnio KOMKOB [4].
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PucyHok 1 — VIameHeHne KoadrumneHTa NIMHENHOIO paclLuMpeHnst KaMHsi
B 3aBMCVMMOCTU OT ANUHbI N COAEPXXaHWNs BOTIOKOH

MonyyeHHble pesynbTaTbl NO3BONAIOT cAenaTh BbIBOA O TOM, YTO ANS AanbHENLWMX UCCnegoBaHum KOH-
LeHTpauns apmupytoLlen godaskun 0,5 % GygeT Hambonee onTuManbHbIM 3Ha4yeHeM. basanbToBas mbpa
3 MM nokasana yMeHbLLeHue nokasaTenen paclumpeHuns.

[anee nNpoBeAeHbl UCMbITAHUS NO ONPELENEHNIO NPEAENOB NMPOYHOCTU HA U3rMb U cxaTune, yoapHou
BA3KOCTM M AedopMaTMBHOCTU. [INs cpaBHEHWS M3roTaBnvBanmnck 0b6pasLbl ¢ 00 bEMHO-MPON3BOSIBHON OpU-
eHTaunen BOMNOKOH.

[ns ucnbiTaHnin No onpedenenvio yaapHou BA3KOCTU M3roTaenmeany obpasubl Kybuieckon gopmel pas-
mepamm 70x70x70 mm. Bce narotoeneHHsle obpasubl TBEpAENU B HOpMaribHbIX ycrnoBuax npu t = 20 +2 °C u
BNaxHocTn 95-98 % Hap Bogow. B kadecTBe BXOA4HbIX MApaMeTpoB ObINo NPUHATO:

e MeTo[ NepemellnBaHng;

e 00BEMHOE copepxaHue puobpbl;

e BOJOLIEMEHTHOE OTHOLLIEHME.

[Onsa obpa3uoB LEMEHTHOrO KaMHsi, MOMy4YeHHbIX U3 LeMeHTa ¢ gobaenenvem 0,5 % GazanbTOBOM
unbpbl C ANMHON BOMOKOH 3 MM, 6 MM 1 12 MM BbISIBIIEHbI CPEAHME CPABHUTENbHbBIE XapaKTEPUCTUKM Npeae-
1NOB NPOYHOCTM U odbopMIEHbI B Tabnuue 2.

307



BYNATOBCKHME YTEHUA

CBOPHUK CTATEMN — 2020

Tabnuua 2 — BnusiHue AnvHbI BOMOKOH (oMGPLI Ha Npefen NpoYHOCTU LIEMEHTHOTO KaMHs

Mpegen npoyHocTn, Mna

AnvHa BOJIOKHA, MM Ha cxatune Ha n3rmb Ha pacTshkeHue
3 37,43 5,17 1,27
6 38,4 7,01 1,57
12 37,44 6,93 1,62

Ha pUCyHKe 2 npeacrasneHa guarpaMmma 3aBUCUMOCTU BIMAHUSA OSTMHBI BOFNTOKOH

HOCTU LUIEMEHTHOIo KaMHA4.
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[Mpegen npoyHocTn, Mna

5

0
Ha cxatme

Ha n3rub

Ha pacTAxeHue

M 4/1MHa BOAIOKHA 3 MM

B J/11MHa BONOKHA 6 mm

Ha rnokasaresnu npou-

M 411HA BOJIOKHA 12 mm

PﬂcyHOK 2- ﬂmarpamma 3Ha4YeHnn nokasaTenen NPOYHOCTU LEMEHTHOIo KaMHA Npu pa3HbIX ANMMHAX BOJIOKOH

M3 anarpamMmmbl BUAHO, YTO YBENUYEHWE ONVHbI BONIOKOH hnbpbl NOBLILLAET NMPOYHOCTb KAMHS Ha pac-
TShKEeHUE U U3rn6. PasHuLa e 3HaYeHUI NPOYHOCTHBIX NoKasaTenen Npy cpaBHEHUM ONVH BOMOKHA 12 MM 1
6 MM He 3HauYMTemNbHbI: Ha cxkaTue 2 %, Ha u3rmb Ha 1 %. CnegoBaTtenbHO, NPUMEHeEHe 6a3anbTOBbIX BOMO-
KOH ANMHOI 12 MM Npuv LLEMEHTMPOBaHMMN CKBaXWH He LienecoobpasHsbl.

Mpu onpenenexHny Npeaenos NPOYHOCTM Ha M3rMb 1 cxxaTne ANCNepPCHO-apMUPOBaHHBIX TAMMOHAXKHOIO
KaMHS UCMbITbIBanMcb obpasupbl B Bo3pacTe 2, 7 U 14 cyToK; Npu onpeaeneHnn yaapHon BSA3KOCTU — B BO3-

pacTte 14 cyToK.

B Tabnuue 3 nokasaHbl pe3yrnbTaTbl U3MEpPeHUsi MPOYHOCT KaMHS Ha cxaTue B Bo3pacTe OT 2 Ao 14
CYTOK MpPU pasnnyHbIX KOHLEHTPaLUAX ubpbl C ANMHON BONOKOH 6 MM; BNUsHWUE (UBpbI Ha NPOYHOCTD Lie-
MEHTHOIO KaMHs1 Ha U3rnb; peaynbTaTbl 3aMepoB Npeaerna NPOYHOCTU Ha pacTsKeHue.

Tabnuua 3 — BnusiHue ombpbl Ha NPOYHOCTHbIE XapaKTEPUCTMKU LIEMEHTHOTO KaMHs Ha cxkaTtue, U3rub 1 pacTskeHue

i BoapacT, CopepxxaHuie dmnbpbl, %
okasaTenu
CyT. 0 0,1 0,5 1 2
2 2450 | 24,60 | 25,70 | 26,70 | 27,40
Mpegen npoyHOCTM Ha CxaTue, Mna B Bo3pacTe, CyT 7 33,80 32,90 36,90 37,70 37,70
14 37,50 | 38,40 | 39,60 | 38,90 | 40,80
2 4,04 4,32 5,31 4,94 5,65
Mpenen npoyHOCTU Ha U3rMb, Mna B BO3pacTe, CyT 5,67 5,83 6,17 6,31 6,41
14 6,68 7,00 7,43 7,71 7,89
0,65 0,82 1,06 1,20 1,29
lMpeaen npoYHOCTH Ha pacTsikeHue, Mna B Bo3pacTe, CyT 0,91 0,93 1,24 1,35 1,48
14 1,27 1,35 1,42 1,44 1,52

Ha puUcyHke 3 npuBeneH rpadwm 3aBNCMMOCTU npeaena npo4YyHOCTN TaMMNOHaXHOro KaMHA Ha cXXatue

OT codepxxaHund no o6bemy BOJIOKOH.
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PucyHok 3 — Mpaduk 3aBUCUMOCTM Npeaena NpoYHOCTM TaMMNOHaXKHOro KaMHs1
Ha cxaTue oT cogepxaHusi oubpbl No 06bEMY BOIOKOH

W3 npuBenéHHoro rpaduka BUAHO, YTO MakCUMarnbHbIN pe3ynbTaTt nNpu onpeaeneHnn npeagena npoy-
HOCTM Ha cXXaTue Nosy4YeH Npu BBEAEHNM apMUPYHOLLLErO BOMOKHA B MPOLLEHTHOM COOTHOLLEHUM 2 %. Obpasubl
€ 00BEMHBIM cogepxaHneM unbpbl B cooTHowweHUN 0,1 % MMET HaMMEHbLLUIA Npeaen NPOYHOCTM Ha Cxa-
Tne. BeegeHune ounbpbl yBenNnMUMBaET Npeaen NpoYHOCTM Ha cxaTue; B Bo3pacTe 2 cyTok Ha 10,5 %, 7 cyTok
Ha 12,5 % n 14 cytok Ha 8 %.

Ha pucyHke 4 npuBeaeH rpacuk 3aBucuMoCcTv npegena npoYHOCTU TaMMOHAXHOIo KaMHs npu n3rnbe
OT coaepxaHusi N0 06 beMy BOSIOKOH.
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PucyHok 4 — 'padvk 3aBUCMMOCTY Npeena NPOYHOCTM TAMIMOHAXHOTO KaMHs
Ha n3rnd ot copepxaHuns pubpbl N0 0ObEMY BOMNOKOH

M3 nonyyeHHoro rpaduka BUOHO, YTO C yBennyeHnem obbema oubpbl B pacTBOpe npeaen npoYyHoCcT
Ha n3rmb ysenunumnsaeTcs: B Bo3pacTe 2 cyTok Ha 30 %, 7 cyTok Ha 12 % u 14 cyTtok Ha 15 %.

Ha pucyHke 5 npuBefeH rpadmk 3aBMCMMOCTU Npefena NpoYHOCTU TaMMOHAXHOIO KAMHS Ha pacTske-
HMe OT coepKaHns No 0GbeMy BONMOKOH.

M3 npencraBneHHoro rpadumka BUAHO, YTO € yBenMyeHnem obbema ubpbl B pacTBope npegen npoy-
HOCTW Ha pacTsXeHue yBenumunBaeTcs: B Bo3pacTe 2 cyTok Ha 50 %, 7 cytok Ha 39 % n 14 cyTtok Ha 17 %.

Taknm ob6pa3om, pesynbTaTbl IKCNEPUMEHTOB YOeanTenbHO Noka3biBaloT, YTO BBegeHue chmbpbl nomno-
XWUTENMbHO BIIUSIET HA MPOYHOCTHBIE MOKA3aTENM TaMMOHAXHOro KaMHs. BnusiHue ¢pmbpbl Ha MPOYHOCTHbIE
CBOWICTBA LLEMEHTHOIO KaMHsi JOCTaTOYHO 3Ha4MMmoe [5, 6, 7, 8]. Hanpumep, npu koHUeHTpauun ounbpsbl 0,5 1
2,0 % npupoCT NPOYHOCTU Ha pacTsxkeHue coctasun 60 u 135 % cooTBeTCTBEHHO. [pMpOCT NPOYHOCTU Ha
n3rmb, Npu Tex xxe KoHUeHTpaumax gpurbpbl coctasunn 30 n 40 %, a NpMPOCT NPOYHOCTM Ha CxXaTue cocTaBun
5 1 12 % cooTBETCTBEHHO. YBenuueHne NpovHOCTHbIX NokasaTenen Ha cxaTue, u3mb 1 pacTsxkeHve B BO3-
pacTe 2 CyTOK MMeIOT Ooree sipKko BbipaXKeHHbI xapaktep: oT 10,5 % Ha cxatune, 30 % Ha narmd n 50 % Ha
pacTsbkeHnn. Mpu MeHbLUMX CpoKax TBEPOEHUS BrusiHE oubpbl Hanbonee 3amMeTHO AN MPOYHOCTU KaMHS
Ha pacTsiKeHue, B MeHbLLUEN CTeneHu Ansd NPoYHOCTM Ha u3rmb u cxatue. lNpu uccnegosaHnmM obpasuos B
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BOo3pacTe 14 cyTok npegernbl MPOYHOCTU AOCTUraloT HanbombLIMX BEMNWUYUNH, CBOWCTBA KaMHS CTabununanpy-
toTcs: 8 % Ha cxaTue, 15 % Ha n3rmb n 17 % Ha pacTsbkeHue. BrnimaHve ombpbl HA NPOYHOCTM Ha M3rnb u
pacTskeHne NnpuMepHO OAMHAaKOBbLI U B IBA pa3a NPEBbLILAIOT BIMSAHUE rpedena NpoYyHOCTU Ha cxaTue.
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PucyHok 5 — Mpadvk 3aBUCUMOCTM Npeaena NpoYHOCTM TaMMNOHaXKHOro KaMHs1
Ha pacTskeHue oT cofepxaHust prubpbl No 06 beMy BOMOKOH

M3 BCero Bblllie NepeymMCcneHHoro crneayeT BbliBOA, YTO ANs AOCTUXKEHNUS HAUMyyLIMX NPOYHOCTHbIX NO-
KasaTernen npy ONCMEPCHOM apMMPOBAHUN TAMMOHAXHOIO KaMHA HeobOXOoouMO MPUMEHATbL GasanbToByHO
unbpy ¢ 4NMHOM BOMOKHa 6 MM 1 B KoHLeHTpauun 0,5 %.
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