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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTyalabHOCTH padoThl. O0IaCTh MPUMEHEHHS TSDKEIOTo OETOHA CeroaHs
JOCTaTOYHO MIMpOKa. MHOTHE H3JeNUsl U KOHCTPYKIHH 3KCIUTyaTHPYIOTCS B
YCIIOBUSIX WHTEHCHBHOTO BO3JECHWCTBHS BOJBI, 3HAKOIEPEMEHHBIX TEMIEPATYp C
3aMOpPa)XMBAaHUEM U BBICYHIMBAHHUCM. :‘)TO, IMPEKAC BCETO pa3IMYHBIC MOCTOBBIC,
OeperoyKkpenuTeIbHbe, KaHATN3alnOHHbBIE, BOJONPOITYCKHBIE W OYHCTHBIE CO-
OpYKEHHUsI, pa3IuuHble KOHCTPYKIIMH U3 IOPOKHOTO OeTtoHa. [Ipobiema ruapo-
N30JSIIMU CTPOMTENBHBIX KOHCTPYKIMH, ITOABEPTalONINXCs BO3JEHCTBHIO MOI-
3eMHBIX W TIOBEPXHOCTHBIX BOJ, BCeraa ObUla OJHOW W3 HamboJyiee CIOXKHBIX.
CoxpaHeHHE SKCIUTYaTaI[IOHHBIX CBOICTB Ha BECh NEPUOJ JKU3HH OETOHHOTO
WITH JKeJIe300€TOHHOTO COOPYKEHHUsI SIBJISAETCS YPE3BBIUAIHO aKTyaJIbHOM.

OmnpenenstomumM (GakToOpoM BOZOHEIPOHMUIIAEMOCTH, A TAKXKE JIPYTHX OC-
HOBHBIX CBOWCTB 0€TOHA, TaKMX Kak IPOYHOCTb, MOPO30-, aTMOchepo-, Koppo-
3MOHHAsI CTOMKOCTB, SIBJISICTCS MMOPHCTOCTh IEMEHTHOTO KaMHs. M3BecTHO, 4TO
Jlake HEe3HAuYMUTeNIbHOE 10 00BbEMy BapbHpOBaHHME MOPHCTOCTH B Marepualiax
MIPUBOJNUT K PE3KOMY M3MEHEHMIO MX CBOWCTB. IIpM yMeHHM KOHTpPOIMPOBAaThH
TIOPOBYIO CTPYKTYPY, MOXHO MOBBIIIATH MTOKA3aTEIM CBOMCTB U JIOJITOBEYHOCTH
OeToHa.

B nocnenHue rospl B MpakTHKE CTPOUTENHCTBA HIMPOKOE PacIpoCTpaHEHUE
MOJIYYWJIN TaK Ha3bIBa€MblE THAPOU3OIMPYIOIINE KOMIIO3UIIMN POHUKAIONIETO
neiictBus as 6eToHOB. Kak mpaBwito, OHU MPEACTABISIOT COOOM CyXYIO CMECH,
BKJIIOUAIOIIYIO TMECOK, IEMEHT M pa3yuuHble coyd. OJHaKko, KpoMe CBEACHHN
PEKJIAMHOTO XapakTepa M OOIMNX TEOPETHUECKUX PACCYKICHHUM, B JIUTEpAType
OTCYTCTBYIOT JIaHHBIE, KaK II0 COCTaBaM TaKWX KOMITO3HMIIHUH, TaK U IO MEXaHM3-
My HX JICHCTBHS, a TAKKE B3aMMOCBSI3U C U3MEHCHUEM JIPYTUX CBONCTB LIEMEHT-
HBIX OETOHOB.

Hens padorbl. Pa3paboTtaTh cocTaBel KOMIO3HWIWH Ha OCHOBE COJEH-
9JIEKTPOJIMTOB JUISI TOBBIIMICHHUS BOJOHETPOHHUIIAEMOCTH M MOPO30CTOHKOCTH
LIEMEHTHBIX OETOHOB METOJOM IPONUTKH. Y CTAHOBUTh MEXAHU3M JEHCTBHS CO-
JIel B IEMEHTHOM OETOHE IPH €T0 IPeIBAPUTEIBHOM JUTUTELHOM TBEPICHHH.

3agaum paGoThl.

1. HccnenoBath U3MKO-XMMHUECKHE TPOLECCH IPU (GopMHUpOBaHUN (a-
30BOTO COCTaBa IIEMEHTHOTO KaMHs, OOpabOTaHHOTO pacTBOpaMM COJIeH-
QJICKTPOJIMTOB IIOCJIE €T0 MPEABAPUTCILHOIO0 MJIMUTCIBHOTO TBEPACHUSA U BbI-
SIBUTh MEXaHM3M JIeHCTBUS cojell B OeToHe.

2. OmnpenenuTh BIUSHHUE COJIeH MPOHMKAOUIEH THAPOU3O0IIAIUHN Ha MOPO-
BYIO CTPYKTYpPY KaMHs, BOJOHETIPOHHIIAEMOCTh 1 MOPO30CTOMKOCTh 1IEMEHTHO-
ro OeToHa.

3. Paspaborarh onTuManbHBIE PacXopl COJEH JUIS TOBBIMICHHUS BOJOHE-
MIPOHUIIAEMOCTH ¥ MOPO30CTOMKOCTH [IEMEHTHBIX OETOHOB.

4. TlpoBecTu BHEApEHHE B MPOMU3BOJICTBO PEMOHTHOW CMECH, IOBBINIAO-
1Iei BOJIOHENPOHUIIAEMOCTh H MOPO30CTOHKOCTh IEMEHTHBIX OETOHOB.



Hayuynasi HoBU3HA. BBIsSBIEHB! OCOOEHHOCTH M3MEHEHHUS TIOPUCTOCTH, BO-
JIOHETIPOHHULIAEMOCTH ¥ MOPO30CTOMKOCTH LIEMEHTHBIX OETOHOB, MPOIHUTAHHBIX
COJIEBBIMH PacTBOPAaMH, IOCIIE MPEIBAPUTEIBHOTO JUTHTEIBHOTO TBEpACHHS Oe-
TOHOB. [Ipu 3TOM yCTaHOBJIEHO:

- OCHOBHYIO JIOJIIO B IOBBIIICHHH BOJOHEIPOHHUIIAEMOCTH OETOHAa BHOCUT
coneBas cocraBistomias (yBennaenune Ha 120 %) 1o cpaBHEHHIO ¢ IEMEHTHOM
cocTaBsironei runpousoanuil (ysenuuenue Ha 20 %).

- TIpY IPONIIUTKE TPEIBAPUTETHHO TBEPEBIIETO [IEMEHTHOTO KaMHsI pacTBO-
paMu COJIEH-DIIEKTPOJINTOB IPOUCXOMUT HMX B3aUMOAEHCTBHE C IPOXYKTAMH
THApaTaliy [EMEHTa 0 PeakusiIM NPUCOSANHEHHS W/MiaH oOMeHa ¢ o0pa3oBa-
HHUEM TJIaBHBIM 00pa3oM COOTBETCTBYIOIIMX ITTPUHTUTONONO0OHBIX AFt m rua-
pomoHOCcyIb(oamoMuHaTHEIX AFm a3, ruapokco-coenunennii n kapboHarta
kanpiust. ONTUMAIBHBIMHA BHJAMHU COJIEH SIBJISIOTCSI HaTpUEBBIE CONHM, oOecrie-
YHMBAIOIINE B3aUMOAEHCTBUE C THIPOATIOMUHATAMH ¥ MOPTIAHAUTOM LIEMEHT-
HOTO KaMHsl.

- MPOMHUTKA IPEIBAPUTEIHHO TBEPJAEBILETO IIEMEHTHOTO KAMHS HCIIOJIB30-
BaHHBIMH PAacTBOPaMHM COJIEH-IJIEKTPOJIMTOB IIPUBOIUT K yMEHbIICHUIO Ha 60 -
65% obbema KammuIApHBIX Hop paxuycoMm 100 - 1000 M, cHmxenuro Ha 30-
40% obbema Mukpomnop paguycom 10 - 100 am. Haubonee 3¢ dextuBHO mopuc-
TOCTh CHIDKAIOT HUTPAT HATPHS U CyIb(aT HATPHS.

- ONITUMAJIBHBIN pacxoj coyieit pU MpomuTKe cocTtasisieT 3 - 4,5 % ot mac-
CBI IIEMEHTA, HIKE KOTOPOTO 3HAUYMTEIBHO CHIXKaeTcs 3()(HEeKTHBHOCTD MX JIeH-
CTBHs, a BBIIIC — CO3JA€TCA OIMACHOCTH BOZHUKHOBCHUA KOPPO3HUU LEMCHTHOTO
KaMHSL.

IIpakTHyeckoe 3HaYeHHE PAGOTHI. YCTaHOBJICHHBIE 3aKOHOMEPHOCTH (a-
30 -, CTPYKTYpOOOpa30BaHMs, N3MEHEHHS IIOPHUCTOCTH HPEIOCTaBHIN BO3MOXK-
HOCTDH ILICJICHAIIPAaBJICHHO BI)IGI/IpaTI) COJICBBIC KOMIIOHCHTBI THAPOU3OTIAINOHHBIX
cOCTaBOB JuIs1 O€TOHOB. Tak B COCTaBaX TMAPOM3OIINUI HapsAAy C M3BECTHBIMU
COJISIMU OBUIO MPEAJIOKEHO UCIONIB30BaTh INIABHBIM 00pa3oM HaTPUEBBIE COJIH,
BKJIIO4Yasi (pOpMHUAT HATPHS, a Takoke Cynb(haT aTlOMHUHUS, TOCTABISIONNH HE00-
XOMMBIE KOMITIOHEHTHI 1151 popmupoBanust AFt - ha3zsl.

YcTaHOBIEHHBIE 3aKOHOMEPHOCTH HM3MEHEHHS IMOPHCTOCTH TPH TPOIHTKE
3aTBEpAEBIIEro OETOHA COJISIMU MO3BOJIMIIN TPEIIIOKUTD MPOIMUTOYHBIE COCTABBI
JUISL YBEIMYEHUs BOAOHETIPOHUIIAEMOCTH, MOPO30CTOMKOCTH OETOHHBIX M3IEIHHA
U KOHCTPYKIHH, cHOpMynnpoBaTh KOHIEIIMIO YBEIWYECHHUS JONTOBEYHOCTH
LIEMEHTHBIX OETOHOB METOJIOM IIPOIHUTKHU COJISIMH.

Peasuzanusa padorbl. Ha OCHOBe BBISBICHHBIX 3aKOHOMEpPHOCTEH ObLIH
pa3paboTaHbl PEMOHTHBIE CyXHE€ CMECH, JUlsi oOecrieueHHs KOMILIEKca CBOWCTB
0eToHa, TakMX Kak BogoHempoHuiaemocts (W15), moposocroiikocts (F250),
KOPPO3UOHHAs! CTOWKOCTb.

Pa3paboTaHHas KOMIO3UIMSA B TEUCHHE MOCIEAHUX 3 JIET NMPUMEHAETCA B
Hogoanraiickom JICY-7 B 06beme 30 - 40 TOHH B rof AJsi pEMOHTa pa3IMuHbIX
xKene300eTOHHBIX KOHCTPYKIHH, COOpYKeHUH (enepanbHoi aBTogopora M52.

Ha 3amury BbIHOCSITCS:



- 3aKOHOMEpHOCTH (popMHpOBaHMs (Ha30BOTO COCTABA 3aTBEPJEBIIETO IIe-
MEHTHOTO KaMHsI IPH Tocienytoneil 00paboTKke ero MponUTOYHBIMU COJIEBBIMU
pacTBopamuy;

- 3aBHCHUMOCTH M3MEHEHUs TIOPOBOM CTPYKTYpHI, BOZOHEIPOHUIIAEMOCTH U
MOPO30CTOHKOCTH LIEMEHTHBIX OETOHOB MPOMUTAHHBIX COJSIMHU — HJIEKTPOJIMTA-
MH I10CJIE TIPEIBAPUTEIBHOTO TBEPACHUS OCTOHOB,

- COCTaBbI IPOIMUTOYHBIX KOMIIO3ULIUI Ha OCHOBE COJIEH-IJIEKTPOJIUTOB;

- pe3ysbTaThl BHEAPEHHS B IPOU3BOJCTBO PEMOHTHOM CMECH, IMOBBIIIAO-
el BOZOHENPOHUIIAEMOCTb 1 MOPO30CTOHKOCTh LIEMEHTHBIX OETOHOB.

JlocTOBepHOCTh HAyuYHBIX IOJIOKEHWH, BBIBOJOB U PEKOMEHJIALMN MHOJI-
TBEP)KACHA Pe3yNbTaTaMH SKCIEPUMEHTANBHBIX UCCIEIOBAHUN, BHIITIOTHEHHBIX C
MIPUMEHEHHEM COBPEMEHHBIX METOJO0B (PU3MKO-XMMHUYECKOTO aHAIN3a: PEHTTE-
Ho(azoBoro, muddepeHaNIEHO-TEPMUUECKOT0, PTYTHOM TOPOMETPHH, a TaKXKe
COTJIACOBAHHOCTBIO PE3YJIBTATOB TEOPETUUECKHUX TIOJIOKEHUH C TaHHBIMH, ITOJTY-
YEHHBIMH SKCIEPUMEHTANBHBIM IIyTeM, ITOKa3aTeIsIMU IPOU3BOACTBEHHOIO BHE-
apeHusi. M3ydeHne CTpOUTEIbHO-TEXHHIECKUX CBOWCTB LIEMEHTHBIX OETOHOB
MIPOBOJIMIIOCH B COOTBETCTBUU C JICHCTBYIOIIMMU CTaHJAPTAMH M OPUTUHAIIbHbI-
MH METOJMKaMHM C UCIIOJIb30BAaHHEM ITOBEPEHHBIX MPHOOPOB M 000PYNLOBAHUS B
aTTECTOBaHHOM J1abopaTopuu.

Anpodanusi pa6oTbl. OCHOBHBIE MTOJIOXKEHHS JUCCEPTAINN JOKJIAABIBAINCH
1 00CyXIalluCh Ha MEXIyHapOJHOM KoHrpecce «Hayka v MHHOBAaIMU B CTPOM-
tenscTBE SIB-2008», 1. Boponex, 2008 r.; Ha MEXIyHapOAHOHM HAy4YHO-
MpaKkTHYecKoil KoH(epeHK «BhIcoKoTeMIIepaTypHble MaTepHajIbl H TEXHOJIO-
riun B XXI Beke», T. Mockga, 2008 1.; Ha 3-eMm (XI) MexIyHapOIHOM COBEIIA-
HUU 10 XUMHUU U TEXHOJIOTUU IleMeHTa, T. MockBa, 2009 r.; Ha BCepOCCHIICKOM
Hay4HO-IIPAaKTHIECKOH KoH(pepeHIH «CTpOUTENbHOE MaTepHaIOBEICHUE CETo-
JIHS: aKTyalbHbIe TPOOJIEMBI U MIEPCIIEKTUBEI pa3BUTH», T. Yensounck, 2010 r.;
Ha III Bcepoccuiickoil HaydHO-TEXHUYECKOW KoH(pepeHmn HoBocuOmpckoro
TOCYAapCTBEHHOTO apXUTEKTYPHO-CTPOUTENBHOTO YHHUBepcuTera (CubcTpuH), T.
Hosocubupck, 2010 r.; a Takke Ha €XKETOJHBIX HAYYHO-TEXHUICCKHX KOH(e-
PEHLMAX CTYJCHTOB, aCIHPAHTOB M MPO(eccopCKo-IPernoiaBaTeIbCcKoro cocTa-
Ba Antl' TV, r. bapnaymn, 2007-2010 rr.

IMy6nukanuu. Pe3ynbraTsl Ucciael0BaHUN M37I0XKEHBI B 9 HAy4YHBIX CTaTh-
SIX, MaTepraizax KOH(PEpeHIUH 1 Te3UCcax JOKIAI0B, B TOM 4YHcie B 4 N3AaHUSIX,
pexomennoBaHHEIX BAK PO.

CrpykTrypa u o0bem padoThl. J[uccepTalys COCTOMT U3 BBEIEHUS, MATU
I71aB, OOMIHX BBIBOJIOB, CIMCKA JUTEPATyphl U3 102 NCTOYHUKOB M MPUIIOKEHUS.
PabGota m3noxena Ha 123 cTpaHunax, coaep ur 56 pucyHkoB u 11 tabmamm.

COJEPKAHUE PABOTBI

Bo BBeaeHHH 000CHOBBIBACTCS aKTYaJbHOCTh PabOThI U naeTcs ee oblast
XapaKTepUCTHUKA.



B nepsoii raase «Cmpykmypa u ceolicmea YeMeHmHbIX KOMNO3UMOB»
NpPUBEJICH AaHAIW3 JIUTEPaTypbl, IIOCBALICHHOH BOMPOCAM  IOBBILICHUS
9KCIUTYaTallMOHHBIX CBOMCTB IEMEHTHBIX OeTOHOB. PaccMoTpeHsl cocTaB
CTPYKTypa MOPTIAHALIEMEHTHOTO KaMHs, ux BIIMSIHHE Ha
BOJIOHETIPOHUIIAEMOCTh, MOPO30CTOHKOCTb, IIPOYHOCTH OETOHOB.

OcHoBHyI0 ponb B (OPMHUPOBAHMHM THIPOHM3OJISLMOHHBIX CBOWCTB
[IEMEHTHOT'0 KaMH$ HT'PAIOT XapaKTEPUCTUKH €0 MMOPOBOH CTPYKTYPHI.

Ha cTtpoenne mopoBOro mpocTpaHCTBA IIEMEHTHOTO KaMHS, pacTBoOpa M
OeroHa HanOoJIbIIICE BIMSHUE OKa3bIBAIOT BOAOIIEMEHTHOE OTHOIICHHE, BO3PACT
LIEMEHTHOTO KaMHsI, TOHKOCTb IIOMOJIA ¥ TPAaHYJIOMETPUYECKHH COCTaB LIEMEHTA,
YCIIOBUSI TBEPACHUSL.

N3BecTHO 060JIBIIOE KOJIMYECTBO CIIOCOOOB T'MAPOU3OISILIMOHHON 3aIUTHI
O6erona. IIpoHMKaromass THUAPOW3OJALMS HPUMEHSETCS Uil MOHIKCHUS
IIPOHMIIAEMOCTH OETOHHBIX KOHCTPYKIMH W M3JEIHH IOCIE€ MX M3TOTOBICHHS.
Cornacno, 'OCT 31189-2003 «Cwmecu cyxue crpoutenbhble. Kmaccuduxarmsny
MIPOHMKAIOIINE TUAPOU3OISIHOHHBIE CMECH — 3TO COCTaBbl, NPEeJHA3HAYCHHbIE
JUISL 3alOJTHEHMsI MOp M Je(eKTOB Marepuaia KOHCTpyKiuid. Ilpum HaHeceHHH
3alIMTHOTO CJIOS MaTepuaia MPOHUKAIOIIETO ACHCTBUS, COAEPIKAIIHecs B HEM
AKTHBHBIE XUMUYECKUE KOMIIOHEHTHI, PACTBOPSSICH B BOJIE, IOCPEICTBOM OCMOCa
MIPOHMKAIOT B KalWUIIPHO-TIOPUCTYIO CTPYKTypy OETOHA 3aIlWIacMOU
KOHCTPYKLIMH. B3anMomeHcTByss € COCTAaBISIONMMH IIEMEHTHOTO KaMHs,
00pa3yioT TPYAHO PacTBOPHMBIC KPUCTAIIOTHUAPATHI, 3allOJHSIONINE TOpPHI U
MHKPOTpPEIINHBI, TEM CaMbIM, YIUIOTHSSI CTPYKTYypy O€TOHa W IIOBBIILAS €ro
9KCIUTYaTAIOHHBIE XaPAKTEPHCTHKH.

Ha ocHoBe anammza myOnukammii B.b. Parunosa, T.U. Poszenbepr, B.C.
Pamauannpana ® JApyrnx TIOKa3aHO BIHMSHHE XWUMHYECKHX J00aBOK Ha
(ha3000pazoBaHUEe IEMCHTHOTO KaMHs IIPH BBEJCHUHU COJICH B BOAY 3aTBOPCHHUSL.
IIo pesynmpraTtamM JsmTEpaTypHOr0 0030pa CHAENAHBI BBIBOABI, a TaKXke
c(hopMyITHPOBaHbI LIEJb U 33/1a41 HCCIIETOBAHUS.

Bo BTOpOii ri1aBe «Memooul ucciedosanuii u XapakmepucmuKka Colpbesbix
Mamepuanogy MPUBOIUTCS ONMUCAHHWE METOAMK, MPUMEHSBIINXCS B HCCIIEO0Ba-
HUSIX, @ TAKXKE XapaKTEePUCTHKH UCTIOIb30BAHHBIX MATCPHAIIOB.

B mccnenoBaHusx B Ka4eCTBE BSHKYIIETO MCIOIB30BAIN MOPTIaHALIEMEHTHI
Mapok M500 10 u M400 120 u3 knuHkepa MCKUTUMCKOrO EMEHTHOTO 3aBOJa
CIIEAYIOIIETO PACUETHOTO MUHEPAIIOTHYECKOTO COCTABA.

Tab6smna 1 — PacueTHbIN MUHEPAJIOTHIESCKHI COCTaB M MOIYJIH KIIMHKEpa
Conepxanue, %
n p KH C}S Czs CgA C4AF CaOCB

Knunakep

Hckutumckoro
LIEMEHTHOTI'O 2,05 1,2 0,91 59 16 7,3 14 0,15
3aBoJIa




B kauecTBe MENKOTO 3aIOIHNUTENS ISl H3TOTOBJICHHUS OETOHOB HCIOJIB30BA-
s Menkui OOGCKOH Tecok ¢ MojyJieM KpynmHocTd Mk = 1,3, KpyImHOTro 3aroJIHu-
Tess - mebeHp u3 rpaBust LyapruHCKOro MECcTOpOXKAEHHS ANTaHCKOTO Kpas.
Hanonmaurensamu Ui THIPOU30IISIIMOHHBIX COCTaBOB CIy Xt OOCKO Mecok u
KBapLEBBIH MECOK BIIacCHXMHCKOTO MECTOPOXKICHUSI.

B kauectBe COJIEH-3JIEKTPOIUTOB U APYTUX XUMUYECKUX COEIMHEHUH HC-
nosip3oBasid HUTpat Hatpus NaNOs, xmopun kansius CaCl,, cynbdar Hatpus
Na,S0,, cynbhar amtomunus Aly(SOy);, hopmuar nHarpus HCOONa, kapOoHat
Harpus Na,CO;, xiopua Hatpus NaCl, azorHokucnbnii kansuuii Ca(NOs),, kap-
6oun xampuus CaC,, nByBomHBIN cepHOkucublil kambimii CaSO42H,0, rumpo-
kena kansius Ca(OH),, okena kanbius CaO.

IIpn onpeneneHnn CBOMCTB MCXOAHBIX MaTepUaloB — MOPTIAHALEMEHTA
(TILT), mecka (IT), mebHst, a TakkKe EMEHTHO-TIECYaHBIX U OETOHHBIX 00pa3IoB
MIPUMEHSUIACH CTaHAAPTHBIE METOABI HCITBITaHwH, cooTBeTcTBYIoHEe ['OCTam.

HccnenoBanus SKCIUTyaTallIOHHBIX XapaKTEPHCTHK IIEMEHTHBIX KOMIIO3H-
TOB NPOBOJWIIN KaK B COOTBETCTBUH C HOPMaTHBHO-TEXHUYECKON TOKYMEHTALU-
eit (OCT 5802, I'OCT 28013-98, TOCT 12730.5-84, TOCT 10060. 3-95), Tak
U ITI0 OpPUTHMHAJIBHBIM METOOWKaM (BOIOHEIPOHHIAEMOCTb, aTMOC(EpOCTOii-
KOCTb).

[IpumMeHeHHass  METOAWKAa  WCCICNOBAaHWS  BIHMSHUS — IPOHHUKAIOUICH
THPOU3O0JISILIMY ¥ ITPOIIUTOYHBIX COJIEBBIX PACTBOPOB Ha BOAOHENPOHUIIAEMOCTh
PacTBOPHBIX 00pa3LOB IMOKa3bIBACT IPEBBIIICHHE ITOKa3aTeNIe BOIOHEIIPOHH-
[IAEMOCTH 1O cpaBHEHUIO ¢ ocHOBHOM MeToaukoit ['OCT 12730.5 - 84 «beToHsI.
Merto/11 OnpesiesieHust BOJOHETIPOHUIIAeMOCTH» B 2,6 pasa.

[IpornmTKa 3aTBEpAEBIINX LIEMEHTHOTO KaMHs, PACTBOPOB U OETOHOB OCY-
IIECTBIISUIACH ITyTEM HaHECEHHUS PacTBOpPA COJM KHCTHIO Ha IIOBEPXHOCTH 00pa3-
LIOB NPH (UKCUPOBAHHOM PAcXoJie paCTBOPEHHOMN COJIH, cocTapisiBuieM 1,5-3,0-
4,5 % oT Macchl IIEMEHTA.

Ipu uccnenoBanuu Gpa3oBOro cocraBa ObLIM UCIOJIB30BaHbI: TUGGEPEHITH-
anpHO-TepMudeckuit aHanmus (JITA), perrrenoda3zonsrii aHanu3 (PDOA), pryTHas
nopomerpusi. PEHTTEeHOBCKHE HCCIIENOBaHUSI MPOBOAWIN Ha JAU(PPAKTOMETPE
JPOH — 3 MeTomoM MOpOIIKOBOH audpakToMeTprn. TepMOrpaMMBbl TTOJTyYEHBI
cbEMKOU KpUBBIX Ha jaepuBarorpade Gupmsl «Paulik — Paulik - Erdey». PryTHo-
MTOPOMETPUIECKUE HCCIIEIOBAHMS MPOBOJMINCH Ha aBTOMaTH4eCKOM MOpoMepe
¢upmbr Micromeritics (CILIA) AutoPore 9200, paGoTaromero npu AaBIeHUU 10
400 MTITa.

Cratuctudeckyio 00pabOTKy 3KCIEPHMEHTAIBHBIX ITAHHBIX TPOBOAWIH C
nomoipto nporpammsl «STATISTICA» B cocTaBe makeTa MPUKIAAHBIX MPO-
rpamm Math Cad.

Tperbs rnaBa «Popmuposanue Pazos020 cocmasa YemeHmHo20 KaAMHs
npu obpabomke e20 NPONUMOUHBIMU COJIEBLIMU PACHEOPAMU» TIOCBSIIEHA UC-
CJICJIOBAaHUIO OCOOCHHOCTEH (opMHpoBaHUS (Ha30BOTO COCTaBa U MOPUCTOCTH
MIPEABAPUTENHHO TBEPCBIIETO [IEMEHTHOTO KaMHs, 00pab0TaHHOTO PacTBOpaMH
CoJIeH, BBISIBJICHUIO MEXaHU3Ma JICHCTBHS NPOHUKAIOMIEH THAPOU3OIISILINH.



HccnenoBanne rTuipoN30IAIHOHHBIX MATEPHAIOB TPOHHUKAIOIIETO JCHCTBUS
MO3BOJMJIO YCTAaHOBUTH, YTO OCHOBHYIO JIOJIIO B TMOBBIIICHUH BOJIOHEIIPOHUIIAE-
MOCTH OeTOHa BHOCHT MX COJIeBasl cOCTaBisromias. Tak, mpu oOpaboTke KoM-
IUIEKCOM COJIei BOJIOHEIPOHUIAEMOCTh KOHTPOJIBHOTO 00pa3siia yBeIMINBACTCS
Ha 120 %, a mpu UCHOIB30BAHUU TBEPJON HEPACTBOPUMOH LIEMEHTHO-TIECYaHON
gact — nuib Ha 20 %. [TonHBINH cOCTaB MPOHMKAIOIIEH THAPOU3OIALUY YBEIIH-
4yKiBaeT BOAOHENpoHUIaeMocTs Ha 180 %. IlomyuyeHHble pe3yabTaThl yKa3bIBalOT
Ha Oonee BBICOKYIO 3(PPEKTHBHOCTh XHMUYECKHX JOOABOK B THIPOU3OJISAIHOH-
HBIX cocTaBax. [loaToMy B manmbHENIEM HCCIEN0BATOCh BIUSHUE TOJIBKO COJIE-
BOI cOCTaBISIOMIEH Ha BOIOHEIPOHUIIAEMOCTh U (ha30BBIil COCTaB IEMEHTHOTO
KaMHsI JJIsI TOTO, YTOObI YCTaHOBHUTb MEXaHW3M JCHUCTBHS COJIEH B COCTaBax
MIPOHUKAIOIIEH TMAPOU3OIISIIUH.

IIpu nponutke pactBopoMm HuTpara HaTpuss NaNO; npenBapUTEbHO TBEp-
JIEBIIETO B T€UEHHE 3 MECSIIEB IIEMEHTHOTO KaMHsI OTMEUCHO 00pa3oBaHuUE
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Pucynok 1 - JlepuBaTorpamMmma eMEeHTHOTO KaMHS UCXOAHOTO (2) 11 06pabo-
TaHHOTO pacTBopoM Hutpara Hatpus NaNO; (1) mocie npenBapUTEIHHOTO
TBEPACHUS B TEUEHHE 3 MECAIIEB

BBICOKOOCHOBHOHM (popMbl rHApokcoHuTpaTa Kambimsa 3Ca0O-Ca(NOs), 14-16
H,0 (d, 10"%m: 8,98; 4,69; 3,04) u ruApOHUTPOATIOMUHATA KATBIIMSI HU3KOHUT-
patHoii Gopmbr 3Ca0-Al,05-Ca(NOs),' 10H,0 (d, 10"'m: 8,98; 3,88; 3,04) (pu-
CyHOK 2). Takke B IEeMEHTHOM KaMHE IMOocJie MponuTku pactBopoM NaNO; Ha-
Omonaercst Oombiee 00Opa3oBaHUE ITTPUHTHTA U MOHOTHIPOCYIh(POATIOMAHATA
kaipiust. OO0 9TOM MOXKHO CYJUThH IO TOBBINIEHHOH MHTEHCHBHOCTH JIMHUI Ha
PEHTTEHOTpaMMaxX, C COOTBETCTBYIOIIMMH MEXKIUIOCKOCTHBIMU PACCTOSHUSIMHU
(9,77; 5,62; 4,69; 3,88; 3,48)-10" "M nns AFt u (8,98; 4,71; 2,88; 2,45; 1,80;
1,63)-10""M - m1s AFm. 3amerHo cHmkenne kommuectsa Ca(OH), (d, 10" m:
4,93; 2,63; 1,93) u ruapoamromunaToB kanbiwst C4;AH 3.9 (d, 10"%M: 3,67; 2,88;
2,49; 2,32; 2,05; 1,985; 1,76; 1,73; 1,57; 1,53). Uepe3 Tpu Mecsia TBEPACHUS
KpPHMBBIE KOMIUIEKCHBIX TEPMOTpaMM IIEMEHTHOTO KaMHs, 00paboTaHHOTO



NaNO;, mokaspBarOT OoJbIIee KOMMYECTBO THApOoCcyiIbpoamromuHaToB AFt u
AFm ¢a3 B obnactu 135 u 199 °C B cpaBHEHUH ¢ TepMOrpaMMaMH LIEMEHTHOTO
KaMHSA.  DHI0d(DdeKTHI l'IpI/I 135, 275, 597 °C  otpaxamor
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PucyHok 2 — PenTreHorpaMmsl IieMeHTHOTO KamHsI, ucxomHoro (Ne 3) u 06-
pabotanHoro pactBopoM xyopuaa kKampuusi CaCl, (Ne 2), muTpata HaTpus
NaNO; nocne npeaBapUTEILHOTO TBEPACHHUSA B T€UEHUE 3 MecsleB. MexIo-
cKocTHBIE paccTosuus B 107 'm

CTYIEHYATYIO JETUIPATaLUIO TUAPOHUTPOATIOMHUHATA KaJIbLIHsT
3Ca0-AL,O5-Ca(NO;),' 10H,0, obpa3oBaBiierocst B pe3yjbTaTe peakiuu MexXIy
THAPOANIOMUHATOM KaJbIHA, THAPOKCHIOM KajblHsi W HHUTPATOM HATPHSL
YmMmenbmaercs miomans dumoddhdexra mpu 486 °C, oTpaxaromero Jaeruapara-
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muto Ca(OH),, 00 3TOM CBHACTEIECTBYET M YMEHBIIICHHE ITOTEPH MACCHl Ha JIaH-
HOoM 3ddexte ¢ 3,01 % mo 2,27 %.

B 3arBepneBmieM IIEMEHTHOM KaMHE, MPONUTAHHOM PACTBOPOM XJIOpHIA
xaneima CaCl,, kak moka3eiBatoT nanHble POA, mosBusercs ¢a3za MOHOTHIPO-
xJopuia amomunaTa Kasims 3Ca0-ALO5CaCly 10H,0 (d, 107'm: 7,89; 2,7;
2,56; 2,32). Taxxe Ha Tepmorpammax 3u703¢pdextst npu 179 u 323 °C orpaka-
10T JIeTUIpaTalnIo THJPOMOHOXJIOpH/JIA AIIOMHIHATA KaJbLHs
3Ca0-Al,O5-CaCly 10H,0: 3x303ddext npu 600 °C yka3pIBaeT Ha €ro pas3iioxe-
Hue, a sunodpdexrt nmpu §27°C — Ha ruiaBnenue. Ha pertreHorpamMme Guxcupy-
10TCS JUQpaKIUOHHBIE 3(PPEKTH, COOTBETCTBYIONINE MEXIUIOCKOCTHBIM pac-
CTOSTHUSAM BBICOKOOCHOBHO (opMEI OKCHXJIOpHAA KaJIbIHs
3Ca(OH),-CaCl, 12H,0: (3,29; 2.,7; 2,56; 2,41; 2,16, 1,62)-10'10M. Ha tepmo-
rpamMMax UMETCs SHaoTepMuueckue 3pdekTsl: npu Temneparypax 140 u 490
°C, yKa3bIBaIOIIUE HA MOCIECJOBATEIbHYIO JETUAPATAINIO THIPOKCOXIOpUAA U
rupokcuaa Kanbuus. JlobaBka XJIopraa Kaublys COCOOCTBYET YBEIHUYCHUIO B
o0pa3max KOJIM4ecTBa BEICOKOOCHOBHOW (POPMBI THAPOCYIb(HOATIOMUHATA KaJlb-
mus TCAK-3 (d, 10"%: 9,77; 5,62; 3,88; 3,6; 3,48; 2,56) 1o cpaBHEHUIO C HEOO-
paboTaHHBIM IIEMEHTHBIM KaMHeM. BmecTe ¢ 3TiM niemenTHsIi kamens ¢ CaCly
OTJINYAETCs OT KOHTPOJBHOTO IIEMEHTHOTO COCTaBa CHIDKEHHEM COZIEP)KaHUs
Ca(OH), (d, 10"°m: 4,93; 3,11; 2,63; 1,93).

IIpu 0O6paboOTKE IEMEHTHOTO KaMHsI PacTBOPOM cyJib(aTta HaTpus Na,SOy, B
pe3ynsTate ooMeHHoW peakuuu mocuenHero ¢ Ca(OH), oOpasyercs momoiHH-
TeapHoe KoauuecTBo rurca CaSO, 2H,0, 4To MPpUBOIUT K YBEIMYSHHUIO KOJIUYE-
ctBa arTpunruTa 'CAK-3 (d, 10" 9,77; 5,62; 3,88; 3,60; 3,24; 2,56). JlanHbIe
HATA Taxxe orpaxaroT nosbiiienne konudectBa ' CAK-3: yBenuuuBaercs more-
ps Maccel 3103 dekTa pu 141 °C. Bmecte ¢ 3TUM yMEHBIACTCS HHTCHCHB-
HOCTb JIMHUH TeKCaroHaJbHBIX T'MIPOATIOMUHATOB Kanblms coctaBa C4AH |3 19
(d, 10"m: 2,49; 2,32; 2,18; 1,98; 1,88; 1,76), a Taxxe THIPOCHITUKATOB KaJIbIIHS
C-S-H (I u II) (d, 10"M: 2,1; 1,83; 1,63; 1,54). Hammuane Na,SO, yMeHbIIaeT
conepxanne Ca(OH),. [Tnomazns sam03Pdexra mpu 500 °C ymeHbIIaeTCs, Kak |
MOTEPs] MAacChl, KOTOpasi CHUKAETCSl B CPAaBHEHHH C KOHTPOJIBHBIM 3HaUCHHUEM Ha
nmaraoM 3¢ dexte ¢ 3,01 % mo 2,68 %.

B cucreme nement — cynbdar amomunust Al,(SO4); MPOUCXOAUT JOTIOTHH-
TeNbHOE 0Opa3oBaHue 3TTpUHIHTA. OO 3TOM CBHIETENBCTBYET YBEINYEHHE KO-
JUYECTBA U WHTCHCUBHOCTH JIMHUH C MEXIUIOCKOCTHBIMHU paccTosHmsiMA (9,77,
5,62; 4,69; 3,88; 3,24; 2,706; 2,56; 2,206; 2,151)-10"'°M. AHanu3 KpuBBIX KOM-
IUIEKCHBIX TEPMOTPAMM B CPaBHEHHHU C TEPMOrpaMMaMH HeoOpabOTaHHOTO Iie-
MEHTHOT'O KaMH$l TI0Ka3bIBaeT 3HAUUTENbHOE YBeInueHHne 3H103(dekra B obac-
TH HU3KHX TEMIIEPATyp, YTO CBUJCTENBCTBYET O IPUCYTCTBHH B KaMHE OOJIbIIIC-
ro KoJu4ecTBa dTTpuHIruTononooHoi daser AFt (145 °C). Taxke cpeny mpoayK-
TOB THAPATalUM TIOSBIACTCS YETHIPEXKAIBLUECBBI MOHOKapOOHATHBIM THIPO-
amomuHaT 3Ca0-Al,0;-CaCO512H,0 ¢ andpakiMoOHHBIMH  OTpaXXEHUSIMU
(7,63; 3,46; 2,45; 2,417; 2,18; 1,66)-10""M u snnosddexramu npu 145 °C, 227
°C (3 mecsia) u 145 °C, 237 °C (6 Mecs1eB), KOTOPbIE COOTBETCTBYIOT CTYIICH-
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YaTOW JETHIPATALMH 3TOT0 COSANHEHUs. YMEHBIICHHE SHI03(PPEKTOB B 00JIac-
1 TeMnepatyp 749 - 775 °C oTpakaeT CHIDKEHHE COJEepKaHUSA THAPOCUINKATa
xambrms (CSH (ID)).

VYBenuuenne nateHcuBHocTH nuHUN ['CAK-3 (d, 10" 9,77; 3,88: 3,59;
3,24; 2,56) oTMEUYEHO M Ha pEeHTreHOrpaMMax 00pasIoB, 0OpabOTaHHBIX PacTBO-
pom ¢opmuara Hatpus HCOONa. IuddepeHnnaabHO-TEPMUYSCKIA aHAI3
MOATBEpkKAaeT pe3ynbraTtel POA 1meMeHTHOro KaMmHs, 00pabOTaHHOTO PacTBO-
pom dopmuara Hatprst HCOONa. Hannume 6ompiiero KoinmdecTBa THAPOCYIIb-
¢doamomuHaToB ¢ 3QdexToM B obmactu 110 °C oTpakaeT 3HAUUTEIHHOE YBEIH-
YeHHe TOTepH Macchl Ha AaHHOM 3 dekte 1o 10,19 % (3 mecsina). JlanHble 3H-
03¢ EKTHI CBA3aHBI TAK XK€ C yIICHHEM aJICOPOMPOBAHHON BOJIBI U3 THIPOCH-
JUKATOB KanmbIsl. Bmecte ¢ atuM ymensmaercsa coaepxkanne Ca(OH),, o uem
CBI/I,H@TCJ‘IBCTB%’@)T yMeHbIIIeHre noTepu Macchl mpu 480 °C.
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—--m-—ILK. —ea—I[ K. c Na, S0, «~— LK. ¢ NaNOy
—o0—I1K. ¢ CaCl, —ILK. ¢ AL(SO,);
Pucynox 3 — M3meHeHne 00beMa 1Op B IEMEHTHOM KaMHE B 00pasiax, 00-
pabotanusix pactBopamu coneir CaCly, NaNO;, Na,SO,4, Al,(SO,); nocie npen-
BapUTEIBHOTO TBEPJICHUS B TCUCHHE 3 MECSIICB IIPH HOPMAIIBHBIX YCIOBHSIX

CorjacHO JaHHBIM MOPOMETPUH, CyMMapHasl OPUCTOCTh 00pa3IoB, obopa-
0OTaHHBIX pacTBOpaMH cCoJiel, yMmeHbIIaeTcs. [Ipu aToM HabmomaeTcs Cymect-
BEHHOE COKpaIieHne mop pasmepom 10°>r>10% Hm, TO ecThb HOp KAMHILIAPHOIO
XapakTepa, pPacloJIararoIuXcsi MEXIy Malo THAPATUPOBAHHBIMU YaCTHLIAMH
[IEeMEHTa, a TAK)Ke B Macce KPUCTAJUTU3YIOIINXCsl HOBOoOpazoBaHuii. O0beM mop
panuycom 100 — 1000 aM ymenbmmaercs Ha 60 - 65 %. 3ameTHO cHIDKeHUE (Ha
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30 - 40 %) xonmuecTBa MUKpornop paaunycoM 100>r>10 HM, BOSHUKAIONIIUX MEX-
Ny OTIENIbHBIMHM KPUCTAJIAMU THIPATOB M MX CPOCTKaMH B Macce HOBOOOpazo-
BAaHMU.

VYIIOTHEHHE CTPYKTYpPbI IIEMEHTHOTO KaMHs B OCTOHE NPH NMPOIHTKE €ro
pacTBOpaMu coJiell MPOHUKAIOIEH TMAPOU30ISIUY POUCXOAUT HU3-3a CHHTE3a
JIOTIOJTHUTEIHHOTO KOJMMYECTBA pa3nuyHbIX (a3. B pesymbprate uero cHmxaercs
pasmep u 00beM T0p.

YuuteiBast JaHHBIE peHTTEHO(hA30BOT0 U AU (HepeHINATEHO-TEPMUIECKOTO
HCCIICIOBAaHUM, a TakkKe PTYTHOW MOPOMETPHUM, HaMU MPEUIOKEH CIeTyHONUil
MEeXaHHM3M JAeiCTBHS CoJIeli MPOHNKAIOIIeH THAPOU30JIsIIN:

Ha nepBom »tane no ob6paborku III[-xamHs consiMu, B3auMoOJEHCTBHE
MOPTIAHALIEMEHTa C BOJOW MPOMCXOTUT IO M3BECTHBIM CXEMaM T'HIpaTallUH.
Tak, B pe3yibpraTe B3aUMOICHCTBUS anuTa U Oenura ¢ Bojgoi odpasyercs rens C-
S-H u ruppokcng kampius. TpexkaaplyeBeId aFOMUHAT IPU THAPATALNN JacT
THPOATIOMUHATHI, a IPU HAIWYWH CyJb(ara KaJablus B BUE ABYBOJIHOTO TUIICA
o0pasyeT ruapocyIb(GOaATIOMUHATHI KAJIBITHSL.

2(C;5S)+6H,0—C-S-H +3Ca(OH),

2(C,S)+H,0— C-S-H +Ca(OH),

C;A+3(CaS0,42H,0)+25H,0—C5A-3CaS04-32H,0

C3A+H20—>C4AH13_19—>C3AH6

Ha BTOpOoM »J3Tame mponuTKa IEMEHTHOIO KaMHS pacTBOpaMHU coJei
NaNO;, Na,S04, Aly(SO4);, HCOONa, Na,CO;, CaCl,, mpuBoauT K B3aUMOCH-
CTBHIO HMX C COCTaBJISIONIMMH IIEMEHTHOTO KaMHsS C 0Opa30BaHHMEM TIJIaBHBIM
obpazom pazmmuabix AFt 1 AFm a3, runpoxco-coequaennii w/mmm CaCOs:

1. NaNO3 + C4AH13.19 + Ca(OH)2 + H20 d C3AC3(NO3)210H20 +
+NaOH + 3Ca0O-Ca(NOs), 14-16 H,O

2. CaC12+C4AH13_19 +H20—>C3A‘C3C12' 1 0H20+3C3(0H)2C3C12 1 2H20

3. N32$O4+C4AH13_19 +Ca(OH)2+H20—>C3A-3CaSO4-32HzO+NaOH

4, A12(SO4)3 + Ca(OH)z + HzO — C3A3CaSO432H20

5. HCOONa + Ca(OH), + H,O— C3;A-COOCa-10 H,O + NaOH

Mexanusm aeiictBus kapoonara Hatpus Na,CO; MOXHO MPEICTaBUTh, KaK
€ro Peakio ¢ THAPOATIOMHHATOM KaJbIUs B MPHUCYTCTBUU THIPOKCHIA Kajb-
sl ¢ TOCNIEAYIONMM 00pa3oBaHHEM JIByX TPYAHOPACTBOPHMBIX MPOJIYKTOB,
OJIUH U3 KOTOPBIX MPEJCTaBIEH ABOWHON COMNBIO:

6. Na,CO;+C4AH,3;+Ca(OH),+H,0—C;A-CaCO5- 12H,0+NaOH+CaCO;.

Tak>ke BO3MOXXKHa TpOCTasi OOMEHHAs peakuus :

7. N32CO3 + Ca(OH)2 +H20 i CaCO3 + NaOH

AFt n AFm ¢a3bl, rupokco-coeJuHeHNs, KapOOHAT KaJbLUs KOJIbMAaTHPY-
I0T TIOpBl PAacTBOPHOTO KaMHSA. BciencTtBue 3TOro mporecca  HMPOHUCXOIUT
YMEHBIIICHNE TTOPUCTOCTH U yBEIWYEHHE BOJIOHEIPOHUIAEMOCTH KaMHs (pHCy-
HOK 4).

Takum 06pa3oM, COJIM HEMOCPEACTBEHHO NPUHUMAIOT Y4acTue B pOpMHUPO-
BaHWHU JOTOJIHUTENIFHON CTPYKTYpBl IIEMEHTHOTO KaMHsI, OTKJIA/IbIBasICh B BUZE
KPHCTAJUIOB HOBOOOpa30BaHMWH, KOJBMATHPYsl ITIOPhl WIIM «BITUCHIBAsCH» B
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CTPYKTYpy Marepuaia HapaBHe ¢ npyrumu ¢azamu. AFt m AFm ¢as3sr, rumpo-
KCO-COCIMHEHHs, KapOOHAT KalbLUsl YMEHBIIAIOT PaAUyC KalWLIAPOB, 3aIlo-
HSIS1 TTOPOBOE TIPOCTPAHCTBO PACTBOPHOTO KAMHS.

AF, AFy

Ca(OH),
L=
ycroeHoe ycrosHoe
waobpaxeHue naoBpameHue
A|2 (804) 3 Fi nopb! nopsl
HCOONa
Na,SO,
+

Ca(OH AF(AF,,

H,0 (OH) AF.(AF..) t(AFm)

YCNOBHOE

CaCl naobpaxerie = m e———
2 nopel YENoBHOE
NaNO n3obpameHune
Na.C 03 nopsi
it TMAPOKCO-
H+O coeHEHNs

Pucynok 4 — YcnoBHOe n3o0pakeHHe CHHTE3a HOBOOOpA30BaHUH B MOpax
LEMEHTHOI'O KaMHs B pe3yJIbTaTe XMMHUECKHX PEaKIMi, MPOUCXOASANINX I0J]
BO3JICHCTBUEM COJIEN MPOHUKAIOUIEH THAPOU3OIIALUN

B 4derBepToii riaaBe «Xcciedoganue nuAHUA KOMNOIUYUL NPOHUKAIOWE20
Oeticmeusi HA 6000HENPOHUYAEMOCIb U O00J208EHHOCHb YEMEHIMHO20 KAMMSLY
TIPUBEICHBI pe3yIbTAThl HCCICIOBAHUN BIUSHUS MPOHUKAIOIICH THAPOU3OIIIIUI
U TPONUTOYHBIX COJIEBBIX PACTBOPOB Ha IKCIUTyaTaI[MOHHBIE CBOICTBA IIEMEHT-
HBIX KOMITO3HUTOB.

Jlyisi BBISICHEHHMSI BIMSIHUSI Ha BOJIOHENPOHHMIAEMOCTh PAa3IMYHBIX KOMIIO-
HEHTOB COJICBOW YaCTH KOMITO3UINH, UCCIICAOBAHUS TPOBOAMINCE IO CIEAYIO-
el cxeme: 00pasiibl MPOMHUTHIBAIMCH PACTBOPAMH COJIEH HE B KOMILIEKCE, a Mo
OJIHOM MIOOYEPEIHO.

B pesymbpraTe 3TOTO SKCIIEpUMEHTa OBUIO YCTaHOBJIEHO, YTO BCE HCIIONb-
3yeMbl€ IPONUTOYHBIE COJIEBBIE PACTBOPHI YBEIUUUBAIOT BOJOHEIIPOHUIIAEMOCTh
eMeHTHoro O6eroHa Kk 28 cytkam B 1,5 - 2,1 pa3za. YunuThIBast JIOTUKY BEISBIICH-
HOTO HaMH MEXaHW3Ma BIIMSHHS MPONHUTOYHBIX COJIEBBIX PACTBOPOB Ha BOJIOHE-
MIPOHUIIAEMOCTh IIEMEHTHOTO KaMHS, B XOJIe UCCJIC/IOBAHUsI ObLIIM UCTIBITAHbI, HE
BXOJSIINE B COCTaBbl M3BECTHBIX MAaTEHTOBAHHBIX KOMIIO3UINH IMPOHUKAIOMIEH
rugpomsosn Al,(SO4); 1 HCOONa. PacTBOpsI 3THX COJel COTJIacHO JaH-
HeiM POA n [ITA criocoOHBI gonosHUTENbHO cuHTe3upoBaTh AFt 1 AFm — ¢a-
361, KOJIBMaTHPOBATh TIOPHI ¥, 3HAYNT, TOBBIIIATH BOJOHETIPOHNUIIAEMOCTb.
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W3 pucyHka 5, a Takke ¢ y4eTOM paHee OIyOIMKOBaHHBIX JaHHBIX [2] BUA-
HO, YTO OJJHOUMEHHBIC HaTPUEBBIE COJIM UMEIOT IPEUMYIIIECTBA 0 CPABHEHUIO C
KaJIbLUEBBIMUA. DTO OOBSICHSIETCS TEM, YTO MPU HCHOIb30BAaHUN HATPHEBBIX CO-
Jiel B XMMUYECKHE PEaKIIUH BOBJIEKACTCS MOPTIAHAUT LIEMEHTHOTO KaMHsI, 10T

KOTOPOI'0 MOXET COCTABIATH 15 - 20 %, a peakuuu ¢ yuactuem
25
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Pucynok 5 — BogoHeNpoHUIIaeMOCTh LIEMEHTHO-IIECYAHOT0 PacTBOpPA IIPU
00paboTKe TOBEPXHOCTH 00PA3IOB pacTBOPAMH COJEH

KaJBLUEBBIX COJIEH (32 MCKIIOUEHNEM THAPOKCO-COSTUHEHHUH) BO3MOXKHBI TOJIb-
KO IIPU HAJIMYUK CBOOOJHBIX T'MAPOATIOMUHATOB KaMHs, KOTOPBIX HE TaK MHOTO.
Xopommmum peareHToM is 3TUX Hener sBisercst Aly(SOy);, T.K. 11 oOpa3oBa-
HUS IOTIONHUTENbHOTrO KonmyecTBa AFt da3sl TpeOyercs ToIbKO NOPTIAaHINT.

B Tabnuie 2 oTpakeHb! ONTUMAIbHBIC 3HAYSHUSI PACX0/1a COJIEH.

Tabmuua — 2 OnTuMansHOe 3HaY€HHE CONM NpH 00paboTke OETOHOB IS
MIOBBIIICHHUS BOJOHENPOHHUIIAEMOCTH

o BogponenponunaemocTts OeToHa,
KomnuectBo conu, B % ot
JobGaBka 00paboTaHHOTO PacTBOPOM COJIH, B
Macchl IEMEHTa
28 CyTOK, aT™M

NaNO, 4,5 18

CaCl2 3 17,5

NaZSO4 3 17

AL(SO)), 3 21

HCOONa 4,5 17

Na,CO, 4,5 16

KouTponn 10
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KoHTponupys nopoByI0 CTpyKTYpy HEMEHTHOTO KaMHsI, MOXKHO ITOBBIIIATh
HE TOJBKO IOKa3aTesib BOAOHEHMPOHUIIAEMOCTH, HO MOPO30CTONMKOCTH U aTMO-

chepocToitkocTH.
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Pucynok 6 — Mopo30CTOMKOCTh OETOHA, IIPOIISAIIETO TEIIO-BIaKHOCTHYIO
00paboTky (TBO) nim TBepueBiero B HopManbHbiX ycioBusx (H.Y.) u o6pabo-

TAHHOI'O pacTBOpaAMHU cosei

&

OueHka MOPO30CTOHKOCTH TPOHMKAIOIIEH THAPON3OISINN MTPOBOANIACH
MOCPEACTBOM HCIIBITaHUsl OETOHHBIX 00pa3loB-KyOOB W3 TspKENoro OeToHa
KJlacca IMpo4YHOCTH B22,5, mponmuTaHHBIX pacTBOpPAaMU COJIEH MHpHU CIEIYIOLIEM
pacxone comeit: Al,(SOy4); — 3%, Na,SO4 — 3 %, NaCl — 4,5%, CaCl, — 3 %,
HCOONa - 4,5% ot Macchl LIeMEHTa.

[To naHHBIM pUCYHKa 6 BUIHO, YTO MPONHUTKA OETOHA BCEMH HCIOJIb30BaH-
HBIMH COJIIMH YBEIMYHMBAET MOPO30CTOWKOCTH mocie TBO mo cpaBHEeHHIO ¢
koHTposieM Ha 35 - 130 % u nocne HopMansHOTO TBepAeHUs — oT 15 10 90 %.
[Tpu aTOoM 00pasiel, 00paboTaHHBIE MOJIHBIM KOMIUIEKCOM COJIEH IPOHUKAIOLIEH
THAPOU3OJISIIMN M OTJACIBHBIMH coIsiMU Tocie TBO, mokas3anu pe3ysbTarsl MO
MOpPO30CTOHKOCTH BBIIIE, 4eM 00pasipl, oOpadoTaHHBIE IMOcie 28-MH CYTOK
HOpMasbHOTO TBepzeHus. Kak u3BectHO, oOpasupl npomemmue TBO umeror
GoJiee BBICOKYIO IIOPUCTOCTh, YeM 0Opa3Iibl, TBEPACBUINE B HOPMAJILHBIX YCIIO-
BHAX, W 3HAYUT 3(P(eKT oT mpomuTKHM Takoro OeroHa — BhImIe. JlaHHBIE COJH
B3aUMOJEHCTBYIOT C MPOJYKTaMH THApATaluy KIMHKEPHBIX MUHEPAJOB, 00pa-
3yIOT HOBBIE COCTUHEHHS U YIJIOTHAIOT LIEMEHTHBIA KaMEHb.

Taxxe MeNKO3epHHUCTHI OCTOH OBUT HUCIBITAH HA aTMOC(EPOCTOHNKOCTS.
Kak BugHO m3 Tabnwmbl 3 MponuTKa IIEMEHTOCOIEpKAIIUX 00pa3ioB pacTBOpa-
MU COJICH U3 COCTAaBOB MPOHUKAOMICH THUAPOH3ONISIUH ¢ pacxoaoM: Aly(SOy); —
3%, Na,SO4 — 3 %, CaCl, — 3 %, NaNO; — 4,5%, HCOONa — 4,5% ot maccsl
LIEMEHTa - TOKa3bIBACT HECKOJIBKO 0OoJiee BBICOKYIO aTMOC(EepOCTOHKOCTbH, IO
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CPaBHEHHIO C KOHTPOJIBbHBIM OECCOIEBBIM COCTABOM.

ITpu MHOTOKpaTHOM BBICYIIMBAaHUM U YBIQXKHEHUH IIEMEHTHOTO KaMHA IO-
CTENEHHO HAKAIUIMBAIOTCSl OCTATOYHBIC e(OPMAINH, PACIIATHIBACTCS CTPYKTY-
pa, yBEIMYMBACTCS IOPUCTOCTH M O0BEM, UTO XapaKTEPU3YETCs] CHIDKCHHEM
MIPOYHOCTHU U JPYTUX CBOMCTB KaMHSL.

Tabmuma — 3 AtMochepocTOHKOCTh METKO3EPHUCTOT0 OETOHA HOPMAaIEHOTO
TBEp/ICHHUS, NPONUTAHHOTO PAacTBOpPaMH cojied, mocie 50 LUKIOB momepe-
MEHHOTO 3aMa4YHMBaHMs ¥ BBICYIITHBAHUS

H3MeHeHrEe IPOYHOCTH 00pa3oB
Cocras yepes 5p0 IIUKJIOB, %p !

Konrpons -14%
Na,SO, 0%

CaCl, +7%
Aly(SO,); 0%

NaNO; +7%
HCOONa +14%

[Ipn 3amaumBaHuM 0Opa3IOB MPOHUCXOIUT yAAIECHHE HanOoJee JIETKO pac-
TBOPUMOI#i (pa3bl IIEMEHTHOTO KaMHS - MOPTIAHANTA, YTO TOXKE COIPOBOXKIACTCS
HapyUIEHHEM CTPYKTYpPbI M YMEHBIICHHEM TUIOTHOCTH M IIPOYHOCTH OETOHA.

[IpuMeHeHNE MPOMUTOYHBIX COJIEBBIX PACTBOPOB MO3BOJIIET YBEIUYHUTH aT-
MOC(EpOCTOHKOCTh OETOHA, B PE3yJbTaTe CBS3BIBAHUS T'MAPOKCHAA KaJIbLHUS B
TPYAHOPACTBOPUMEIE COETUHEHUS, a TAK)Ke MOBBIIICHUS INIOTHOCTH KaMHSL.

Taxoke HaMn OBUIO PacCMOTPEHO BIMSHHUE IPOHHUKAIOUIEH TMAPOU3O0ISIINN
Ha CTOHKOCTHL 0eTOHA NMPOTUB KOPPO3nHU BhilenaunBanus [1]. He cMotps Ha
HaJIMYUE JIETKO PacTBOPHUMBIX COJIEH IpH NponuTke OeToHa, ero koaddunmeHt
cToifkoctu Bo3pactaet ot 70 % (6e3mo0aBounsIit 6eToH) 10 97 % y Gerona, omI-
TyKaTypeHHOTO TIOJHBIM COCTaBOM THAPOW3OJIIIMY, BKIIOYAIONIMM HapsIy C
COJISIMU M IIEMEHT.

B nsTOM rnaBe paccMOTpPEHBI pe3ylbTaThl BHEAPEHUS B IIPOU3BOACTBO CY-
XOU TMAPOU30JIAUOHHON CMECH.

Jns IpOMBIIIEHHOTO BHEJApEHUWs Oblla pa3paboTaHa pPEMOHTHas cyxas
CMECh, BKJIIOYAIOMIAsI HApsLy C CyNepIuIacTU(HUKATOPOM, PEIUCTIEPTHPYEMbIMU
MOJIMMEPaMH M COJIM ITPOHMKAIOIIEH TMAPOU3OISLUHN JJIsl 00ECICUCHHsT KOM-
IUIEKCa CBOMCTB, TAKMX KaK BOAOHEMPOHUIIAEMOCTb, MOPO30CTOHKOCTh, KOPPO-
3MOHHAsI CTOMKOCTB. Takue KOMIIO3UIIMH MTO3BOJIMIIN ITOJYYUTh BBICOKHE Xapak-
TEPUCTUKU PEMOHTHOTO COCTaBa!

— aare3us — 0,6 Mlla;
— IIPOYHOCTH HAa OTPEIB B 28 CYTOK HE MEHEee — 1,2 MIla;
— IIPOYHOCTH HA CKaTHe B 28 CyTOK HE MEHeEe — 40 MITa;

— IIPOYHOCTH Ha M3TU0 B 28 CYyTOK HE MEHEe —4 MlIla;
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— BOJIOHENIPOHUIIAEMOCTh HE MEHEE — 1,5 MITIa (15 atm.);

— MOPO30CTOMKOCTB, ITUKIIBI HE MEHEE —250.

PazpaboTanHas KOMIO3UINS B TEUCHHUE MOCIEAHUX 3 JIET MPUMEHSETCS UL
PEMOHTa PA3IHYHBIX JKEIE300€TOHHBIX KOHCTPYKIMH, B TOM YHCIJIE BOAONPOILY-
CKHBIX CHCTEM, OJIOKOB pa3JelMTENbHBIX MOJI0C, MOCTOBBIX COOPYXEHHH dene-
panbHoit aBTomoporu M52 B Hooanraiickom JICY-7 B o6beme 30 - 40 TOoHH B
TOJ 3a JICTHUI peMOHTHBIN neproa. Hacrosiias cyxas cMech 110 XapaKTepHCTH-
KaM He ycTymaet 3apyoexxnon komnosuiun «k EMACOy, HO nemieBie mocienHei
B2 -3 pa3za.

PemonTHyro cmechk mpouzBoaut OO0 «3aBoj CyXHX CTPOHUTENBHBIX cMecer
JIOHA» coriacHO peKOMeHIauusIM, pa3padoTaHHbIM KadeIpoil CTPOUTENBHBIX
matepuanoB Antl TY mm. 1.1. Tlon3yHoBa ipy y4acTHUH aBTOpA.

BbIBO/IbI

1. Ilpn mpomuTKe MpeABApUTENBHO UIMTEIHHO TBEPAEBIIETO IIEMEHTHOTO
KaMHsI pacTBOPaMHU COJICH-3JIEKTPOIIMTOB HPOUCXOJUT WX B3aUMOJICHCTBHE C
MIPOLYKTaMH THAPATaluy [IEMEHTA MO PEAKIMIM ITPUCOEANHEHUS /UM 0OMEeHa
¢ o0pa3oBaHHEM IIaBHBIM 00pa3om coorBeTcTByrOmux AFt, AFm ¢a3, rumpo-
KCO-COeIMHEHNH 1 KapOoHara Kambius. ONTHMalbHBIMA BHIAMHU COJIEH SIBIIS-
IOTCSI HATPHUEBBIE COJIM, 00ECHEYMBAIOIINE B3aUMOACHCTBUE C THIIPOATIOMHHA-
TaMH ¥ MOPTIAHANTOM IEMEHTHOTO KaMHSL.

2. O0paboTKa TBEPICBIIETO [IEMEHTHOTO KaMHSI MIPOIMUTOYHBIMU COJICBBIMHU
pacTBOpaMu MPUBOAUT K YMeHbIIeHHI0 Ha 60 - 65 % obbvema nop pamgmycom 100
- 1000 HM, TO eCTh MOp KANMMJUIAPHOTO XapakTepa, PacloJararoIuxcs MEX.IY
MaJI0 THAPAaTHPOBAHHBIMHM YaCTHIAMH IIEMEHTA, a TAKXKE B MAacce KPHCTaUTH-
3YIOIIUXCSl HOBOOOpazoBaHuid. Takoke 3HauuTenbHO cHmKkaeTcs (Ha 30-40 %)
KOJIM4ECTBO MHKpomop paguycoM 100>r>10 HM, BO3ZHUKAIOIIUX MEXIY OTAEIb-
HBIMHM YaCTHLIAMH THIPATOB M UX CPOCTKaMH B Macce HOBooOpazoBaHuil. Ham-
6oiee 3 PEKTUBHO MOPHCTOCTh CHIKAIOT HUTPAT HATPUSI, CyIb(haT HATPHSI.

3. bnaronpusTHOe M3MEHEHHE MHUKPOCTPYKTYpPBHI M IOPUCTOCTH IIPU TPO-
IIUTKE 3aTBEPACBIINX OCTOHOB COMSIMU MPOHUKAIOIIEH THAPOM3OISALNH TIPHBO-
JUT K YIy4LICHHUIO BCEro KOMITJIEKCa UX 3KCIUTyaTallMOHHBIX CBOMCTB: B 1,5 - 2,1
pa3a BO3pacTaeT BOJOHEIPOHUIIAeMOCTb, Ha 15 - 130 % yBenuuuBaeTcs MOpo30-
CTOMKOCTB, Ha 5 - 35 % pacter atMocepocToHKoCTh, KOIP(UIMEHT CTOHKOCTH
IIpY KOPPO3UU BhIIETaunBaHus nosslmaercs 10 0,97.

4. Pa3paboTtana cyxas cMecCh IUII PEMOHTa OCTOHHBIX U JKEJIe300€TOHHBIX
KOHCTPYKIIMH, BKJIIOUAIOIIasi COJM MPOHUKAIOIIEH MMIPOU30JISIIMY I o0ectie-
YEHUs] KOMIUIEKCa CBOMCTB, TaKMX KaK BOJOHEIPOHHUIIAEMOCTb, MOPO30CTOM-
KOCTb, KOPPO3HOHHAs CTOHKOCTh. CMech UCIONB3YyeTCa JOPOXKHBIMH CTPOMTE-
j1ssMH B KoimmaecTse 30 - 40 TOHH B roj.
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