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py CTpOMTENbCTBE HePTEra3oBbIX CKBaXXMH OHOM U3 OCHOBHbIX U Hanbonee CroXHbIX 3agay sB-

nseTcs NoBbILLEHME KayeCcTBa MEXMNNACTOBOrO LEMEHTMPOBaHUA 3aTpybHOro npocTpaHcTea 0b-
cafgHblX KONOHH. OTa npobnema ABMASeTCA 0COOEHHO akTyanbHOW AMs MHOTMX MEeCTOPOXAEHWIN, Hanpumep,
3anapgHou 1 BoctouHon Cuburpu, KOTOpble XapaKTepm3yTCs HanMumMem TPeLLMHOBAaTbIX FTOPHO-reo1orm4eckmx
NacToB C aHOMarbHO HWU3KMM NnacToBbiM AasrneHvem (AHI).

LlemMeHTMpoBaHne ckBaXvH, NPOBOYPEHHbIX B TaKMX NfacTax, OCMOXHAETCS MOrMoLeHeM TaMroHaxX-
HOro pacTeopa, a cam NMPoayKTUBHBLIN NIIacT 3arpsi3HAETCa PUNbLTPaAToOM TaMMNOHaXHOro pacTeBopa u ero TBép-
Ao pas3on, YTO MPUBOAUT 3HAUMTENBHOMY YXYOLLIEHWUIO KOMNMEKTOPCKMX CBOMCTB nnacta. Kpome Toro, us-3a
BO3MOXHOIO MOTMOLLEHNS TaMNOHaXXHOrO pacTBopa, NPOUCXOANT HEAONOABLEM €ro Ha NPOEKTHYIO BbICOTY, B
CBS131 C YEM BO3HMKAIOT PasfnnyHble OCNOXHEHUS B He3aLeMeHTMPOBaHHOM MHTEpBarne CKBaXKWHbI [1].

CHuKeHne onacHOCTV HegonoAbEMa TaMMOHaXXHOro pacTBopa Ha MPOEKTHYIO BbICOTY, M Npeaynpexae-
HMe ero nornoweHus ropHeiMu nopogamm ¢ AHIMN BO3MOXHO JOCTMYb NPUMEHEHNeM ObreryéHHbIX Tammno-
Ha>XHbIX PacTBOPOB C HU3KOW BOAOOTAAYEN M BbICOKON M30MNMPYOLLE CMOCOBHOCTLIO. Takme TaMMnoHaXHble
pacTBOpbLI, MIIOTHOCTL KOTOPbIX konebnetcs B npegenax 1400-1600 kr/M, y4OBNETBOPSIOLLME TEXHOMNOMMYE-
CKnM TpeboBaHWMSIM NO NNOTHOCTW, CEANMEHTaLNOHHON YCTOMYMBOCTU, BOAOOTAAYe U CPOKaM CXBaTbIBaHWUS,
MOXXHO MONYy41Tb Ha OCHOBe obrervatoLmx 00aBOK.

LieMeHTMpOBaHNe CKBaXKMH, KaK 3akniouMTenbHbI 3Tan B obulen npobnemMe Mx CTpoMTenbCTBa, OCO-
GEHHO B CNOXHbIX FOPHO-re0NorM4eckMX yCnoBnsiX C HEOAHOPOAHbBIMM NNacTamMmyM BO MHOMMX cryyasix He obec-
neyMBaeT Ka4eCTBEHHOro 3aBepLUeHNs paboT, YTO NPUBOAMT K HeddTerazoBoL0MPOSIBIIEHNSIM UMM K NOrMoLLe-
HUSIM TaMMOHa)KHOro pacTBopa, U B KOHEYHOM UTOre HAHOCUT CYLLLECTBEHHbIV YPOH OKpY>KatoLLen NpupoaHON
cpege. Bo3HMKHOBEHME OCNOXHEHWUI NPU CTPOUTENLCTBE CKBAXKUH — 3TO Pe3yrbTaT HeJoCTaTOYHON N3yYeH-
HOCTU psifa hakTopoB, ONpeaensLWmMxX GopMmpoBaHe U JONrOBEYHOCTb LLIEMEHTHOIO KaMHS B TeYeHNe Anu-
TernbHOro nepuoaa aKcnnyaTaumm CKBaXKMH.

YUT06bI LLEMEHTHbIN KaMeHb AnMTenbHOe BPpeMS BbIMOMHSAM CBOM PyHKUMM B 3aTPyOHOM npocTpaHcTBe
CKBaXXMHbl, HEOOX0ONMO COOTBETCTBME €ro PM3NKO-MEXaHNHECKMX CBOWCTB TpeboBaHNSAM, OTBEYaloLWLMM 3a-
GOViHbIM TEMMepaTypaM U ero XMMU4eCKON CTOMKOCTM MO OTHOLLEHUIO K arpecCyBHbLIM BOAaM, C KOTOPbIMW OH
conpukacaeTcs B NpoLecce aKcnnyaTtauum ckBaxuHbl [2]. OOHMM 13 OCHOBHbIX TpeboBaHWI, NpeabsBAsSeMbiX
K TaMnoHaXHbIM pacTBOpaMm, SIBASETCS WX CeAMMEHTaUMOHHasd YCTOWYMBOCTb, OOYCMOBMEHHasA HW3KOW
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dmnbTpaTooTAAYEN, a TaKKe NPOYHOCTb 0BPAa3YIOLLEroCs LLEMEHTHOMO KaMHsl, YTO 0COGEHHO BaXKHO Npu Kpen-
TNIEHUN HM3a NPOMEXKYTOYHBIX 1 SKCMNyaTaUMOHHBIX KOMOHH AN npeaynpexaeHns paspyLueHnil LeMEHTHOMo
KOMNbLiAa U COXPaHEHUs1 ero repMeTUYHOCTU.

[ns perynvpoBaHusi CBONCTB LLEMEHTHOIO pacTBOpPa U KaMHs1, NOMYy4YEHHOro Ha Ero OCHOBE, MPUMEHSIIOT
pasnuyHble Moguduumpytome 4obaBkuM, BbidbiBalOLME N3MEHEHNE CEAMMEHTALMOHON YCTOMYMBOCTM pac-
TBOpA, ero unbTpaTooTAauM U BA3KOCTU, a TakKe NOPOBON CTPYKTYPbl 0BpasytoLLerocs kaMHs, ero agresu-
OHHbIX CBOWCTB, NPOYHOCTHbIX NoKa3aTenein N Koppo3noHHOW ycTonumsocTH [3]. ViccnenoBaHune ykasaHHbIX
rokasaTtenein LEMEHTHOrO pacTBopa 1 KaMHs1 B 3aBUCUMOCTW OT pasnnyHbIX TepMoBapuYeckmx ycroBuii ckea-
XKMHbI SIBMSIETCA aKTyanbHOW 3aJayeli Ka4eCTBEHHOIO CTPOUTENBbCTBA CKBaXXMH M 0bGecneyeHmnst akonoruye-
ckov 6e30MacHOCTU OKPYXKatoLLLEN NPUPOSHON cpeapbl.

[ns ycnewHoro, 6e3aBapuitHOrO LLEMEHTUPOBAHUS HU3KOTEMNEPATYPHbIX CKBaXXMH C BGrM3KMM pacno-
NOXXEeHMEM NPOAYKTUBHbIX U OOBOAHEHHbIX MIAacToB, HEO6X0AMMbI OBNEerYeHHble TaMMNOHaXHbIE PacTBOPbI C
HM3KON BOAOOTAAYEN, BbICOKOWN MOABUXHOCTLIO U M30NMPYoLLE cnocobHOCTLI0, 06pasytoLlne npu Teepae-
HMM NPOYHbIA 6e3ycafouHbIi kKameHb [4]. NpuMeHeHMe Taknx pacTBOpPOB, CHUMAET yrpo3y Hegonoabéma Tam-
MOHa)XXHOro PacTBOPa Ha NPOEKTHYIO BLICOTY, M, CrieAoBaTeNbHO, COKpaLlaeT BEPOSATHOCTb pa3pbiBa MnacToB
1 MOTMOLLIEHNS pacTBOpa 3TUMK NMnacTamu.

Paspabotka peuenTyp 06rnerYyéHHOro TamMMOHAXKHOTO BSKYLLIETO AN LLEMEHTUPOBAHNS HETSHbIX U ra3o-
BbIX CKBaXkMH, NPoBypeHHbIX B NracTtax ¢ aHoMarnbHO HU3KUM AaBreHeM, HaMu Oblna NpoBeAeHa ¢ UCMonb3oBa-
HMeM nopTnaHaLeMeHTa HoBopoccuiickoro 3aBoda «OKTAOPb» Y MEenKoaMCcnepcHOro HaronHuTens — Tpenena
OO0 «COPBEHT» 3ukeeBckoro mectopoxaeHuss TY 21-P®-239-02 B kadecTBe obnervatoilern godasku. Mo
OaHHbIM PEHTreHoa30BOro NCCreaoBaHNs Tpenen UMEET crneayoLwmii XMMUYeckuii coctae (Tabnuua 1):

Ta6bnuua 1 — XvmMu4eckuin coctaB Tpenena no AaHHbIM peHTFeHO(baSOBOFO aHannaa

BewectBo SiO; Al,O3 Fe,O3 K20 MgO CaO TiO2 Rb,O
», % 83,61 9,18 4,06 1,28 0,84 0,58 0,44 0,01

B kauecTBe XnaKoCTW 3aTBOPEHUS NPUMEHANN MUTLEBYIO BOAY U BOOHbLIN pacTBOP XIopuaa KanbLms C
MacCOBbIM COAEepXaHMEM MO OTHOLIEHWIO K Bsywemy 0,5-4 %, KOTOpbIM 3aTBOPSANWN BSXKYLLYIO CMEChH.
O61bEém Boabl ANsl 3aTBOPEHUS Mo oupany Takum odpa3oM, YTOObI pacTeEKaeEMOCTb pacTBOPa BSXKYLLIEN CMECU
(MUT — tpenen) no koHycy AsHNW Haxogunack B npegenax 18-21 cm. [ins onpeaenexvs BnusiHWA obnerya-
lowen fobaBKM Ha TeXHOMNorMyeckme napameTpbl TaMMNOHaXKHOIO pacTBopa, ero rotoBunM NyTém Twartenb-
HOro nepemeLunBaHnsa UCxoaHbIX koMnoHeHToB (MLUT ¢ nepeMeHHbIM MaccoBbIM CoAepXaHuem Tpenena) C
XWOKOCTbIO 3aTBOPEHUA. [TNOTHOCTL TaMNOHaXKHOrO pacTBopa Onpeaensany NUKHOMETPUYECKU, pacTekae-
MOCTb — C noMoLLblo KoHyca A3HUI, cpokn cxBaTbiBaHUSA — C MOMOLLLIO UMbl Buka.

[daHHble 0 PM3NKO-XMMNYECKMX CBONCTBAaxX pa3paboTaHHOro obreryeHHoro TaMnoHaXHOro pacTeopa 1
KaMHs1 Ha ero OCHOBe npeacTaBneHbl B Tabnuue 2.

Tabnuua 2 — BnMsiHue maccoBoro cofepiKaHua Tpenerna Ha NMoTHOCTb U CPOKU CXBaTbiBaHUA LLEMEHTHOro pacteopa,

t=22°C

5 Ne Tpenen, r | MU, r B/ 0, KIS thau, cxsar. tromeu cxsar. YcnosHas Pactekae-
eLenTyphbl Y-MUH. Y-MUH BA3KOCTb, C | MOCTb, CM

1 0 100 0,55 1800 6:00 9:20 19 20

2 10 90 0,63 1660 11:20 14:00 19 20

3 25 75 0,82 1535 13:10 16:20 18 19

4 40 60 0,90 1466 19:30 30:40 18 20

5 50 50 1,00 1404 24:50 38:00 19 19

MccnegoBaHa MUKPOCTPYKTYpa LIEMEHTHOIO KaMHs, NOMYyYeHHOro U3 NopTraHaueMeHTa U NopThaHa-
LuemeHTa ¢ gobaskon Tpenena (puc. 1, 2). U3 pucyHka 1 BUAHO, YTO CTPYKTypa KaMHsl, HE codepaLlero Tpe-
rnena, HacbllLeHa KpucTaniamu rmapokeuaa kanbumust 6anovHoro Tuna u STTPUHIMTA, apMUPYIOLWNUMK KaMeHb.
B cTpykType LeMeHTHOro kaMHsi ¢ AobaBkol Tpenena (puc. 2) KONMYeCTBO rMApPoKCHAa KanbLuns 3HaYNTENbHO
YMEHbLUMINOCH B pe3ynbTate peakumn ¢ OBYOKUCHIO KPEMHUS, CoOoepXXaHne KOTOPOW B TPenere cocTaBnseT
©onee 80 %:

Ca(OH)2 + SiOz + nH20 = CaO + SiO2z(n + 1)H20.

M3 Tabnuupl 2 cnegyeT, YTO ¢ NoOMOoLLbo obreryatowlen 4o6aBkM MOXHO nornyyatb obrnerdyeHHble Tam-
MOHaXHbIEe PacTBOpbI MNOTHOCTLI0 1600-1400 kr/m3. OgHako, nccnegoBaHHbIE COCTaBbl ¢ 00aBKow Tpenena
0o6nagaloT NOHMXKEHHOW CKOPOCTLIO CTPYKTYpoobpasoBaHus npu 22 °C, No3ToMy A58 YBENTUYEHUST CKOPOCTH
TBEPAEHUSA 0ONEerYeHHbIX pacTBOPOB MCXOL4HYHO BSKYLLYIO CMECH 3aTBOPSNIN PAacTBOPOM Xfopuaa kanbums. B
Tabnuue 3 npuvBeOeHbl AaHHbIE, XapaKTepuaylolmne BAWsSIHUE XIopuaa KamnbUusi Ha CPOKW CXBaTbliBaHUS
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TaMMOHaXHbIX PacTBOPOB pa3H017| NIOTHOCTU, a Ha PUCYHKe 3 nokasaH Xapakrtep M3aMeHeHuA npo4YHOCTU ue-
MEHTHOIO KaMHs, NoJy1y4eHHOro n3 pacTtesopoB, coaep>Kalnx pa3HbIl7I NPOLUEHT obnervatowen nobaekm.

3
— lpm  JEOL 4/8/2019
15.0kV SEI SEM WD 7.4mm 2:20:12

PucyHok 1 — MUKPOCTPYKTYpa LLEMEHTHOrO KaMHs1, NMOofy4eHHOro U3 noptrnaHauemeHTa 6e3 gobasok, x7500

— ilum  JEOL 4/8/2019
15.0kV SEI SEM WD 7.7mm 1:40:03

PucyHok 2 — MUKpOCTpYyKTypa LLleMEHTHOTO KaMHs1, MONy4YeHHOro U3 nopTrnaHaleMeHTa ¢ gobaskor 25 % Tpenena

Tabnuua 3 — BnuaHne Xnopuaa Kanbuua Ha TeXHn4eckme napameTpbl 06reryeHHOro TaMmnoHaXHoro pacTBopa
N KaMHA Ha ero ocHoBe

Ne PeuenTtypbl | w CaCly, % p, kr/m3 t:"‘;‘w;BHET t"‘::_e:na‘:'“ ;;C;(gs:':ﬂc PacTtekaeMocTb, cm

w Tpenena = 10 %, B/L| = 0,63

la 0,5 1640 6:10 13:00 19 20

16 1 1650 5:50 12:30 18 19

1B 2 1655 5:30 11:30 18 20

ir 3 1660 4:30 10:30 19 19
w Tpenena = 25 %, B/l = 0,82

2a 0,5 1520 11:00 15:30 18 19

26 1 1525 10:00 14:40 19 19

2B 2 1530 9:30 14:00 18 19

2r 3 1535 8:30 13:00 19 20
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PucyHok 3 — 3aBMCMMOCTb MPOYHOCTU LIEMEHTHOIO KaMHs OT KOHLEHTpaLmmn xrnopuaa KanbLus:
1 - w Tpenena = 10 %, B/l = 0,63; 2 — w Tpenena = 25 %,
B/L = 0,82; Ocxar™ — 4epe3 28 cyTok TBepAeHUs

MpencTaBneHHble B Tabnuue 2, 3 AaHHbIE NO3BONSAT cAenaTb BbiBOA, YTO paspaboTaHa peuentypa
06reryeHHoOro TaMMnoHaXXHOro pacTeopa C NPUeMNeMbIMM TEXHONOrMYECKUMIM NapaMeTpamMu, COOTBETCTBYIO-
MMM TpeGoBaHUAM, NpeabaBnseMbIM K 06nerdyeHHbIM TaMnoHaXHbIM pacTBopam. MonyyeHHble obneryeH-
Hble TaMMOHaXHble COCTaBbl ABMNAKTCA CeAMMEHTALMOHHO YCTOMYMBBLIMUY, BOAOOTAENEHNS He Habnoaanocs.
MpuMeHeHMe Taknx pacTBOPOB ANSA LLIEMEHTUPOBAHUSA CKBaXKUH C HU3KUM NNacToBbIM AaBrneHneM, No3sonuT
NOBbLICUTb KQYECTBO LIEMEHTUPOBAHUA CKBaXXWUH U CHU3UTb PUCKM BO3HUKHOBEHUS OCMNOXHEHWUIA, a, crneaosa-
TENbHO, BO3MOXHOE 3arpsisHeHNe OKpY»KatoLLen NprpoaHoN cpeas..
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