BYPEHUE

YOK 622.245
https://doi.org/10.37878/2708-0080/2020.004

NMPUMEHEHUE PACLUNPAIOLLINXCA LEMEHTOB
A1 NOBbLILLEHUA KAYECTBA
KPEMJTIEHNA CKBAXXUH

B.C. USMYXAMBETOB,
[OOKTOP TEXHUYECKNX HayK,
akagemuk HaumoHanbHoOM MHXEHEPHOM akageMun,
penytat Maxunuca NapnamenTta PK

Jom Maxunuca NapnameHTa,
Pecnybnvka KasaxctaH, 010000, r. Hyp-CyntaH, yn. Mahrinik En, 2

Paccmampueaemcsi npuMeHeHUe pacuupsIOUWUXCS MaMNOHaXHbIX UeMeHmos 0Ons
M08bIWEHUST Ka4ecmea KpereHusi CKeaxuH. lokaszaHbl 0COOeHHOCMU PaclUPSIIOWUXCS Ue-
MeHmMo8, rymu yrpasseHusi ux ceolicmeamu U ¢hakmopal, 8luUsOWUe Ha 3¢h¢heKmueHOCMb
ux npumeHeHus. O6ocHosaHbl MpebosaHUs K 8e/IUHUHE pacuIUPeHUs U CKOPOCMU USMEHEHUS
obbeMmHbIx dechopmayud.

KJTIOYEBBIE CJIOBA: KpenreHue CK8axUH, Ka4ecmeo UeMeHmuposaHus, pacuiupsi-
rouuecst uemeHmbl, 006asKuU, MEXaHU3M U KUHeMUKa paculUpeHUs.

¥HFbIMAJIAPAAbI BEKITYAIH CAMNACbIH APTTbIPYFAAPHAJIFAH
YJIFAUTKbILWI LEMETTIH KOJ1IAAHbICbI

B.C. USBMYXAMBETOB, fuinbiMaapablH AOKTOpbI, KP ¥NTThIK MHXEeHepnik akageMUsChIHbIH
akagemuri, KasakctaH Pecny6nukacsl MNapnameHT MaxiniciHiv genyTatbl

MapnameHT MaxiniciHiH yui,
KaszakctaH Pecnybnukacel, 010000,Hyp-CynTtaH K., MaHrinik En k., 2

*ABrop ans nepenucku. E-mail: mukhanov@parlam.kz

HE®Tb M A3 <4~ 2020. 2 (116) 6


https://doi.org/10.37878/2708-0080/2020.004
mailto:mukhanov@parlam.kz

BYPEHWE

¥HroimanapObl 6ekimyOiH canacbiH apmmbipy YWiH yiaralmKbid mamnoHaxobl UyemMeHm
KondaHbICbl Kapacmblpbirbin Xamblp. ¥nFalsbilu UeMeHmmiH epexkwersnikmepi, onapobiH Kori-
OaHbicmarbl muimoinieiHe acep ememiH, Kacuemmepi MeH cthakmopnapbiH b6ackapy xosdapbi
KepcemineeH. YrralimyOblH KeneMiHe KambiCmbl mananmap MeH ayKbiMObl dechopmayusinapObiH
e32epy Xbldamobifbl He2i30esoi.

HETI3I'E CO3MEP: yHrbimanapdbl bekimy, uemeHmmey canachbl, yiralfbill UeMeHm, Kocrna-
niap, yrrar MexaHuami XoHe KUHemukacsI.
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The application of expanding grouting cements to improve the quality of well casing. The
features of expanding cements, waysto controltheir properties and factors affecting the effectiveness
of their application are shown in the paper. The requirements for the magnitude of expansion and
the rate of change of volumetric deformations are explained.
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3TAIOB CTPOHUTENHCTBA CKBAXKHH, a KAUECTBO KPEIUICHNs BCeraa Obu1o O0sIeBoit

TOYKOM 3TOr0 Iporiecca. Y TBepKAeHHS OTHOCHTEIIFHO BA)KHOCTH Ka4ecTBa Kpe-
TUTCHNS HY’)KHO ITPH3HATH BIIOJHE CIIPABEIIMBBIMHI, TOCKOIBKY OT €TI0 PEe3yIbTATHBHOCTH
9acTO 3aBUCHT CyAbOa CKBa)KMHBL. B CBOIO ouepens pe3ynbTaThl IEMEHTHPOBAHUS 00-
CaJHBIX KOJIOHH 3aBHCAT OT MHOXKECTBA PA3INYHBIX (DAKTOPOB, IPHUEM HECOOIIOICHN e
OJTHOT'0 KaKOr0-TM00 CII0KHO UCTIPABUTH JaKe IIPH OJIECTSIIEM HCTIOTHEHUH OCTABIINXCS
mokazareneii [1-3].

OmHIM U3 BaKHEHTIX (PaKTOpOB, ONpenensIonmx 3 peKTUBHOCTH padoT 110 Kperie-
HUIO CKBaYKHH, SIBJISICTCS KAYECTBO ITPUMEHSIEMbIX TAMITOHAKHBIX MATEPUAIIOB, PACTBOPOB
Ha UX OCHOBE M CBOMCTB MOITy4aeMOro KaMHs.

OO1enpu3HaHHO, YTO IENBI0 IIEMEHTHPOBAHHS 00CAIHBIX KOJIIOHH ITPH CTPOHUTENb-
CTBE HE(TSIHBIX ¥ Ta30BBIX CKBAXKUH SIBIISICTCS ITOyYeHUE Ka4eCTBEHHOM M JIOJITOBEYHON
KpEery M1y TIOpPOJIOH M KOJOHHOW. EcTecTBEHHO, YTO BOIPOCHI MOBBIIIEHHS Ka4ecTBa
KPEIUICHNS CKBa)KUH M pa300IIIeHNs TUIACTOB BCET/Ia 3aBUCSAT OT IPUMEHSEMOM TEXHOIIO-
T'HU IIEMEHTHPOBAHUS ¥ Ka4eCTBa IIPUMEHSEMbIX TAMIOHAKHBIX MaTEPHAJIOB, TOCKOJIBKY
OOJBIIMHCTBO NMPUMEHSIEMBIX B HACTOSIEE BPEMsI TAMIIOHAXHBIX LIEMEHTOB HE MOTYT
o0ecreunTh HaIeKHOW repMeTH3alMy 3aTPyOHOr0 MIPOCTPaHCTBA 38 00CAIHBIMH KOJIOH-
HaMHM U3-3a MPUCYIIUX UM HEIOCTATKOB.

OnHUM U3 IEPCIIEKTUBHBIX HAPaBICHUH MTOBBIILICHUS TePMETUYHOCTH KpPEIH CKBa-
KHUH SIBUJIOCH MPUMEHEHUE PACHIMPSIONIMXCS TaMIIOHAKHBIX LIEMEHTOB M HE(TSHbIC

K PEIICHUE CKBAXWH TPAAWUIMOHHO CHUTACTCA OOHUM M3 HamnOoee CEPBE3HBIX
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KOMITAaHUH CTAJIY IIMPOKO MPAKTHKOBATh HCIIOJIb30BaHUE ITUX MaTepuaiioB [4—8]. [lannas
ujes He HOBa, OHA Hayajia akTHBHO Pa3padaThIBaThCSA U MpONarangupoBathes ¢ 70—X IT.
MIPOIIJIOrO BEKa.

B Kazaxcrane BrepBbie Ha TeppuTopuu ObiBliero Coserckoro Coro3a Havanach
pa3paboTKa, MPOMBIIUICHHBIN BBITYCK M IIHPOKOE TPUMEHEHUE PACHIHPSIOIINXCS 11e-
MeHTOB. OTpOMHBII BKJIAJ] B 3TO HalpaBJICHHE BHEC JIAypeaT TOCYIapCTBEHHON MTPEeMUH
Kazaxcrana H.X. Kapumos. Ero pa6otsl B Aktroounckom otaenenuu KasHUT'PU mo-
3BOJIWJIM PACIIMPHUTh CHIPHEBYIO 0a3y Ui MPOU3BOJCTBA PACIIMPSIONINXCS [IEMEHT OB
Pa3IUYHOM MJIOTHOCTH M IIMPOKOro TemiiepaTypHoro uarepsaia [8—11]. CorpymHukamu
AO KazHUI'PU Obiu ipoaHaim3upoBaHbl MPAKTHYECKH BCE OTXO/IbI METAIUTYPIUYECKOM
W TOPHOPYJIHOW MpOMBIIUIEHHOCTH KazaxcraHa, moka3aHa WX IMEPCHEKTUBHOCTH st
MOTYYEHHS PACIIUPSIONINXCS [IEMEHTOB.

Baxueitmm goctmxennem H.X. Kapumoea ObL10 CTPOUTEIBCTBO B I. AKTFOOMHCKE
JIE3HHTErPATOPHOTO 11€Xa 10 MPOU3BOJICTBY CYXHX TAMIIOHAKHBIX MAaTEpPHAaJIOB, KOTO-
PBIH TIOJTHOCTBIO 3aKPBIBAJ MOTPEOHOCTH B TAMIIOHAXKHBIX MaTepHaliaX MpearpHsITHR
HE TOJIbKO MUHUCTEPCTBA reoorun Kazaxcrana, HO M pa3BeluuKOB JIPYTUX PECITyOIINK
CCCP [11, 12].

[TpuHIMT MomydeHus 11000T0 pacHIMPSIONIErocs IIEMEHTa OCHOBAH Ha BBOJIE 7100a-
BOK, 00pa3yIoIInX MPH B3aUMOJICHCTBHH C BOJIOW WITH TIPOAYKTAMHU FHIpATAIIMN OA30BOTO
BSDKYIIIErO HOBBIE BEI[ECTBA, 00HEM KOTOPBIX OOJbIe 00beMa BEIIECTB, BCTYIUBIIHNX B
peaknuio ruapatamuu [13—15]. B pesynbraTe yBenudeHuss o0beMa pacuupsionei 1o-
0aBKHM TIPOMCXOUT PA3ABIKKA KPHUCTAIIOB TBEPICIOMIET0 IIEMEHTHOTO pacTBopa (Kam-
HS), BRIPAXAIOIIAsCs B YBEJTMUICHUH €0 BHENTHEro o0hema. Cxema yBenmdeHnus 00beMa
MOJTy4aeMoro KaMHS ToKa3aHa Ha pucyHke 1.

PucyHok 1- CxeMa, NOsICHAOWAs MEXaHWU3M PacLUMPEHMUs LLEMEHTHOrO KaMHs Npu
TBepAeHun: 1 — HeaudpamuposaHHbIli ueMeHm; 2 — PoOdyKmMbl MeepOeHUs;
3 — pacwupsrowas 0obaska (PL), nepgoHayqaribHbIl 06bem;
4 — pacwupsiouw,as dobaska nocrne ygernu4yeHus obrema
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[To muenuto @.A. Aezamosa, IPUPOAA PACIIMPEHHS BCEX THUITOB [IEMEHTOB COCTOUT
B KPHCTAJUTU3aLIMOHHOM JIaBJICHUH HOBOM TBEP/I0H (ha3bl, MOTy4SHHOM TP TUIpATALIH
pacimpstorieii J100aBKU U 00pa3yroIeics Mocie THapaTaliy 0a30BOro BSHKYILETO, H HE
CIIOCOOHOIA ITPH TOM Pa3MECTUTHCS B TOPOBOM ITPOCTPAHCTBE TBEPICIOIIIeH crcTeMbl [16].

[Tpu nmony4eHnn pacuMpeHust IEMEHTOB [IMPOKO HCIIONB3YETCs KpHCTAIUTN3AIIMOH -
HOE JaBJICHHE THAPOCYIb(hoaTroMmuuaTa Kanpius 3Ca0*Al203*3CaS04*31H20 (tpex-
cynbhatHas popma) unm CaO*Al203*3CaS04*31H20 (monocynbhaTtHas hopma). st
KPUCTAJLTM3ALMK STHX COSTMHEHUH HeoOXoaumo npucyTcTeue nonos Ca?*, AP, SO, >~
BOJIHOM pacTBOpe Ipu 1octatodHo pH cpesibl. B kadecTBe pacuupsionmx 100aBOK MOy T
MCIIOJIb30BATHCS THIIC U TUIICOCOCPIKAIIME BEIIECTBA, CMECh THIICA C BBICOKOTJTMHO3E-
MUCTBIM BSDKYIIIUM, BBICOKOITIMHO3EMHCTBIC IIIAKH, 0E3BOIHBII CY/Tb(OATFOMHHAT KaJlb-
1¥SI, TIMHO3EMHUCTBIH M THIICOTJIMHO3EMHUCThIN [IEMEHTBI, IYHUT U Ap. L[eMeHThI Takoro
THUTIA SIBISFOTCSL OBICTPOTBEPICIOINMU, UMEIOT M03/IHEE paciupenue, 3pHeKTHBHBI TPH
temneparypax 20—80°C u HaluK IPUMEHEHUE B CTPOUTEIbHOM HHIycTpuu [4, 13-14].

Xopotire pe3yabTarhl IPU U3TOTOBJICHUH PACIIAPSIONINXCS [IEMEHTOB HMEITH XPO-
MaTaJ IOMHHATHBIC I00ABKH, PACHIMPEHNE KOTOPBIX 00ECIIEYNBACTCS BBICOKOXPOMATHON
(opmoii rumpoamomiHaTa Kajbimst (3Ca0*Al203*3CaS04*31H20), obpazoBanme ko-
TOPOTO COMTPOBOXKIACTCS OOJIBIIMM YBEITHUEHHEM 00beMa TBEPI0i (a3bl 0 CPaBHEHUIO
c C,AH,[9].

JpyrumM criocoOOM MONyUIeHHUs PACIIUPSIONIMXCSI IEMEHTOB, HAU0O0JIee YacTo MpH -
MEHSIEMBIM NP KPEIUICHUM CKBAXKHH, SIBIISICTCS MCIOJIB30BaHKE JT0OABOK, MMEIOIINX
okcuHOe pacmmpenne. OHo 00eceunBaeTCsl MAIOPACTBOPUMBIM THIPOKCHIOM KaJIbITHS,
00pa3yromuMest TP THIPATAIN TIEPEHIKEHHON U3BECTH. Takke B Ka4ecTBE pacilu-
psitoIeit 100aBKM MOXKET MCIIONIh30BATHCS OKCHJI MAarHusl. Pacmmpsitomuecs: eMeHThI
Ha OKCHJIHOW OCHOBE IMOJTy4YaroT CMEIIEHHEeM MOPTIaH/IIeMEHTa ¢ J00aBKaMU OKCHJIOB
KaJbIIMs WIH MarHUs, TPEIBAPUTENHLHO 0O00MOKEHHBIX MPH HEOOXOIUMOM TeMIiepaType
[4,7, 11, 15]. CkopoCTh rHApATAIIMN YKa3aHHBIX OKCHIOB MOXET PEryTHPOBATHCS TEM-
repaTypoil 00XKHUTa U AUCIIEPCHOCTHIO JO0OaBOK.

[Mony4eHue pacmMpeHus 3a CueT IPUMEHEHHSI Ta30BBIICISIONINX T00aBOK B TIPaK-
TUKE CTPOUTENBCTBA CKBAKUH HEITPHEMIIEMO, TIOCKOJIBKY MPH BBICOKUX JABICHUSIX 00-
Pa3yIONIMIACS ra3 CKUMACTCS K MOXKET PACTBOPSATHCS B TIOPOBOM JKUAKOCTH IIEMEHTHOTO
kamus [15].

Pacrmpenue B iporiecce TBepICHUSI MOXKHO MOTYUYHTh U Y TPAJAUIIMOHHBIX MTOPTIIAH/T-
[IEMEHTOB MTPH 3aTBOPEHUH MX PACTBOPAMH ¢ HEOOIBITUMH KOHIICHTPAI[HSIMHA HEKOTOPBIX
couteid, Harpumep, xsopuaa Hatpus (1-3%). [IpuunHOl pacuMpeHust ABIISIETCS OTPUILA-
TeNbHAsE KOHTPAKIUS, COMPOBOKIAIONMIASCS BBIMAJICHHEM B OCAJI0K KPHUCTAITHYECKUX
COJIeH U3 JKUIKOCTH 3aTBOPEHUS B IIPOIlecce TBEpAeHUs 1ieMenTa [15].

BriepBbie paciupsroIyecst IeMEHThI HauaJld IPUMEHSTh B CTPOUTEIILHON OTPACIIH.
[Tpu 3TOM OBLTO pa3paboTaHO MHOT'O PELENITYP PACIINPSIOIINXCS 1 HAIPSTAIOIIUXCS 11e-
MeHTOB [13-14]. OnHako 3TH IEMEHTHI He HAaIlUT! IIPUMEHEHUS TIPU KPEIJICHUH CKBAKUH
n3-3a Crienu(pUUECKUX CBOMCTB LIEMEHTOB M PacTBOPOB, MPUCYIIUX TOJIBKO TAMITOHAX-
HBIM MaTepuajiaM M pacTBopaM. B mepByro ouepens 3TO OTHOCHTCS K 00Jee BHICOKHM
BOJIOLIEMEHTHBIM OTHOILIEHUSIM TaMIIOHaKHBIX pacTBopoB: 0,45-0,55 mpotus 0,25-0,35
y CTPOUTENBHBIX PAacTBOPOB M OETOHOB, 0OJiee BHICOKMM TEMIEPATYPHBIM YCIOBHSM
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MPUMEHEHUSI, [UINTEIBHOMY ITEPUO/y COXPAaHEHHS TIOABMKHOCTH M ITPOKAYNBAEMOCTH
pPacTBOPOB, PEOJIOTHUECKUM CBOMCTBAM U Jp.

VIMeHHO TIOATOMY TpH KPEMJICHWU CKBaKHMH PACIIMPSIONIAECS LEMEHTHl Hadaln
LIMPOKO MPUMEHSATHCS TOJIBKO B nocienHue 15-20 mer.

OnHOl M3 MPUYMH TOTO, YTO PACIIHUPSIONINECS TAMIIOHAXKHBIE MaTepUabl He 1Mo-
JYYHITH IIAPOKOTO PACIIPOCTPAHEHHS, SIBIISIIIACH HEOOXOMMOCTh BBOJIA PACIIMPSIOLIHX
N00aBOK B YCIIOBUSIX OYpOBOMW WIIH, B JIydlIEeM ciydae, Ha 6a3e OypoBOro MpenpHsIThs.

[Iupokoe npuMeHeHne pacIiPsIIOIIUXCs [IEMEHTOB B HACTOsAIIEe BPEMsI BO MHOT'OM
CBSI3aHO C Pa3BUTHEM TEXHOJOTHHU 3aBOJICKOTO ITPUTOTOBJIEHNU S, HAYaBIIUMCS C TIOSIB-
JICHWEM HE3aBUCHMBIX MPOU3BOJIUTENECH CIIEUATBHBIX IEMEHTOB, UMEIOIINX THOKHE

TEXHOJIOTUYECKHE TUHUH C HEOOXOIMMBIMU JI03aTOPAaMH M Y3JIaMH CMEIIEHHs TOTOBOH
MIPOTYKIIHH.

Crnenyer OTMETUTH pa3iMyHble MHEHUS CPEIU CIEHHaINCTOB OTHOCUTEIHHO MpH-
MEHEHUSI PACHINPSIFOIIIXCS IIEMEHTOB TPU KPETUICHHH CKBaKUH. B uacTHOCTH, H3BECTHO
KPUTHYECKOE OTHOIIEHHE OIHOI0 U3 aBTOPUTETHEHIHX criennanucToB OpBiero CCCP
A.H. bynamoga X TaHHOMY BH]Ty TAMIIOHAKHBIX MAaTEPHAIIOB, BBICKA3aHHOE UM B OJTHOM
M3 MOCTIETHUX CBOMX mybnukaruii [17]. C 4acThio 3THX 3aMeUaHUi MOKHO COTIIACHTHCH,
a OTHOCHTENBHO JPYTUX MOXKHO TIOCTIOPHTb.

B Toxe Bpems pon3BOICTBEHHUKH IIOIOKUTEIbHO BOCIPUHUMAIOT PACIIUPSIFOILUECS
LIEMEHTHI, [IOCKOJIbKY IIPU UX IPUMEHEHUH IIOBBIIAETCS KaU€CTBO KOHTAKTA LIEMEHTHOI'O
KaMH; C OrpaHU YU BAOILMHU [I0BEPXHOCTSIMH 110 JAHHBIM aKyCTHYECKOH LIEMEHTOMETPUH
(AKL), 9T0 3HAYUTEITHHO YIIPOIIACT MPOIESAYPHI PACUETOB C 3aKa3UMKAMHU.

IIpu sTOM MHOTHE HCCIIEA0BATENN OTMEYAIOT, YTO TBEPCHUE LIEMEHTHOI'O pacTBOpa
C pacCIIMPEHHEM B OTPAHNIEHHOM 00bEME MOKET IIPUBECTU K POCTY BHYTPEHHUX HaNpsi-

KEHUI B KAMHE, IIOBBIIIAET €0 XPYINKOCTh U MOXKET IPUBECTH K TPELIMHOOOPAa30BAHUIO
npuephopanny B MHTEpBaIaX HAXOAIIMXCS BBILLIE U HIDKE IEPPOPUPYEMOro HHTEpBaJIa.

YactuuHo npuHUMas 3amedanust Anamonus Heanosuua Byramosa [17], mbl nona-
raeM, 4To P UCHOIb30BaHUN PACIINPSIOLINXCS IEMEHTOB €CTh HECOMHEHHAs I10J1b3a,
HO IIPY 3TOM OYEHb BAXKHO UX MPABUIIHOE IPUMEHECHUE.

W3BecTHO, YTO KauecTBO KPEIUICHUS! CKBAXHH M I'ePMETHYHOCTb 3aTPYOHOr0 Mpo-
CTpaHCTBa 3aBUCUT OT MHOJKECTBA TIOKa3aTesel (MOXKHO Jierko mokas3ath 15-20 dakro-
POB) M HEKAUECTBEHHOE UCIIOIHEHHE JIF000r0 U3 HUX MOXKET, B TOW MJIM MHOM CTEIEHH,
HEraTHMBHO CKa3aThCsl HA KaUeCTBE LIEMEHTUPOBAHMS 00CaIHOI KOJIOHHBI B LIEJIOM.

MHorogakTopHOCTb MpoLecca KPEeIIeHNs MIPEATONIAraer, YTo Kax /bl U3 MHOIHX
(aKkTOPOB JOKEH ObITH YUTEH IIPU MOATrOTOBKE CKBAXKHUHBI, CITyCKE 00CaJHON KOJIOHHBI,
onepanuu neMentupoBanus u B iepuog O3L. K coxanenuto, naske craHzapTHbIE TpaBHiIa
Y4acTO HeJJOCTATOYHO XOPOLIO HCIOMHSIOTCS. MOKHO OTMETUTD HaJTMUHE (PUITBTPaLiOHHBIX
KOPOK Ha CTEHKaX CKBa)KHHBI, ITHOPUPOBaHHUE IPOPaOOTKH U 1a0JIOHUPOBKU CKBAKUHBI
Iepesi CIyCKOM KOJIOHH, OTCYTCTBH € HIDKHEH pa3 eI TeNbHON IPOOKH, HEBBIIEPKUBAHNE
Tpedyemoro Bpemenu O3L] u np.

HmenHO M3-3a MOJOOHBIX «MEIKMX» HAPYIIEHUH CTPpagaeT KaueCcTBO KPEIJIeHUs U
CO3JaeTCSI HEraTHBHOE MHEHHE OTHOCUTEIBHO IIPUMEHSIEMBIX TAMIOHAKHBIX MATEPHAIIOB
U, B TOM YHCJI€, PACHINPSIOLIMXCS LIEMEHTOB.

[To Muennto H.X. Kapumoea, BO3MOXKHOCTb IIPOPACTaHUsI KPUCTAJIJIOB B ITOpax oIpe-
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JISIISIeTCSI BEIIMYMHOM ITePEChIICHUS )KUIKOH (Da3bl U COOTHOILICHUEM pa3Mepa KPUCTAJLIOB
nop [18]. YcnoBue pocta kpucrTami paxaeTcs, ypaBHEHUEM
| o e PR
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IJIE G, ,— OBEPXHOCTHOE HATSDKEHHE, V|| — MOJIAPHBIN 00beM, R — yHuBEpcanbHas razosast
MOCTOSIHHAS, T — TeMIeparypa, [— paguyc mnop.
W3 ypaBHEHUS ceayer, 4YTO KPUCTAIIIOTUAPAThl PACIIUPSIOIEH 100aBKH OyayT
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ITpu nocrosunoM nepecsienun C/C,, uem MeHble V, , TeM 60JbIIE BEPOATHOCT
MPOPACTAHUS IO HOBBIMU KPUCTAJLIOTHIpaTaMu. KpoMe Toro, 1o riipaTaiiy paciumpsi-
Io1eH 100aBKH HE00X0MMO (hOPMUPOBAHHUE IPOCTPAHCTBEHHOT 0 KApKaca TBEPACIONIETO
nemenTa. Ecim oOpa3oBaBmmiics kapkac OyZieT COCTOATH U3 MOp, paJnyC KOTOPBIX yI0B-
JIETBOPSIET ypaBHEHHUIO (2), OCHOBHASI YaCTh SHEPTUH PACIIUPSFOIIIXCS KPUCTAIIOTHIPA-
TOB OyJIeT 3aTpayeHa Ha 3aIl0JIHEHHE TapOBOr0 IPOCTPAHCTBA, T. €. He Oy/IeT JOCTUTHYTO
KeJJaeMoe pacIlIupeHue.

OT0 03HAYAET, YTO IPU HOIYYEHUHN PACIIUPSIIOLIMXCS LIEMEHTOB MOJISIPHOMY 00BbEMY
Ka)KJI0T0 THUIIA pacIIMpPsIIOLIel 700aBKU T0JDKEH COOTBETCTBOBATH ONPEIe/ICHHbIHN pa3Mep
II0p TBEPACIOLIEr0 LIEMEHTHOI'0 PacTBOPA U JI0 Hauala KPUCTAUIM3ALUN PACIIUPSIOILEH
(a3bl B KaMHE JOJDKHBI C(hOPMUPOBATHCS ITOPBI COOTBETCTBYIOMIET 0 pa3Mepa. Pazmep mop
MOXHO PEryJIMpOBaTh U3MEHEHHEM BOIOLIEMEHTHOI'O OTHOIIEHUS, CKOPOCTHIO TBEPACHUS
LIEMEHTA, BBOJOM A00ABOK, 3aIIOJHSIIOIIMX IIAPOBOE IPOCTPAHCTBO.

[Ipu noBbIIEHNN BOJOLEMEHTHOT O OTHOIIEHHSI B 00JI€rY€HHBIX TAMIIOHAXKHBIX pac-
TBOpaXx yBEJINYUBAETCS PACCTOSHNE MEKIY 3€pHAMU LIEMEHTA U, Ia’Ke [IPU MaKCUMaJIbHON
rUpaTalyy paciuupsoneil 100aBKy, oHa He OyJET AOCTUIaTh MPOAYKTOB TBEPACHUS
LIEMEHTOB, U PACIIUPEHMsI KAMHS IIPY TBEpAECHUM HE OyneT. IMEHHO u3-3a yBeIn4YeHUs
BOJIOLIEMEHTHOI'O OTHOLIEHHUSI M POCTA pa3Mepa Mop B LEMEHTHOM KaMHE HOITY4YeHHE
pacLIMpSIOMNXCs 00JErYeHHBIX LIEMEHTOB MPEACTABIISET CEPhE3HYIO POOIEMy.

[lepcrieKTHBHBIM MOXET OBITH IPUMEHEHE KOMOWMHIPOBAaHHBIX 100aBOK, 00pa3yro-
LIUX KPUCTAJUIOTUAPATHI C Pa3IMYHBIM MOJISIPHBIM 00beMOM. Takoro xe 3¢ exra MOKHO
JOCTHYb 3aTBOPEHHEM PACIIUPSIOLINXCS LIEMEHTOB HA PACTBOPAX COJEeH, KpUCTAJIIU3Y-
IOLIMXCS B IOPax paHblle, YeM PacIIUpsIomne J00aBKH, U YMEHBIIAIOMINX UX pa3Mep.

[IpumeHeHue TucepcHOr0 apMUPOBaHHs (J00ABIEHUE B IIEMEHT PUOPHI) TaKXKe Oy-
JIeT NOBbILATH 3((HEKT paciIupeHus 3a CUeT Nepead KpUCTAIUIM3AMOHHOTO 1aBICHUS
K IIEMEHTHOM MaTpHIle Yepe3 Kapkac, oopasoBaHHbIi Guopoit [19].

Takum 00pa3om, 15 HOTyYeHUs PACILIMPSIOIIMXCS LIEMEHTOB C 33 JaHHOH BETMUUHON
pacumpenus, 00ecreurnBaloLIero AaBjIeHNEe Ha OrpaHMYMBAIOLINE TIOBEPXHOCTH, HEO0-
XOIIMMO PETyJIMPOBaTh TEOMETPHIO TIOP 00Pa3yIOMIErocs: IEMEHTHOI0 KaMHsl, CKOPOCTh
1 KOJIMYECTBO 00Pa30BaBIIMXCS PACLINPSIOUIMX ITPOIYKTOB.

Kpowme toro, no Muenuto @.A4. Aezamosa, B.B. babkosa u Y. H. Kapumosa [20], npu
HCTOJIb30BAHUH PACILIUPSIOMINXCS [IEMEHTOB yCIOBUEM UX 3()(hEeKTUBHOTO NPUMEHEHUS
SIBJISIETCS] COTJIACOBAHME KMHETHKH MIpAaTalliy IEMEHTa ¥ KUHETUKY THapaTalul pac-

r>
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mmpsitomei 1006aBku. HeoOxoammo, 4To0Obl OCHOBHAS YaCTh PACIIMPEHUS TIPOUCXOIUIIA
MIOCJIE TTOJTYYCHUSI «CTOID» M MOCIIe Hayasa GOpMUPOBAHUS KPUCTAIUTU3AIIMOHHOM CTPYK-
TypBI IEMEHTHOT0 KaMHsl. Ecni rujipaTanus pacumpsitoieit 1o06aBKu OyeT MPOUCXOAUTh
BO BpeMsI 3aKauKH LIEMEHTA U €ro MPOJIaBKH, 3TO HE CKa)KETCsl Ha Ka4eCTBE Pa300IIeH s
IUIACTOB, OCKOJIBKY PACTBOP OyIeT HaXOUTHCS B KHIKOM COCTOSIHMH M HE CMOXKET Iepe-
JlaBaTh aBJICHUE Ha orpannunBaronme nosepxuoctu [20]. [ToaToMy i1t TaMIOHAKHBIX
LIEMEHTOB CUUTAETCS ONTUMAIBLHBIM IONTy4YaTh paclmpenne B mepuon 1-3 cyTok, koraa
CTPYKTypa 00pa30BaHHOr0 [IEMEHTHOTO KaMHSI eIIle MaJONPOYHasl (PUCYHOK 2).

Knpe, %

1.5
1.0

1.0
3 é 12 18 24 30 T.°r

PucyHok 2 — KnHeTuka nameHeHusi 06bema LLeMEHTHOrO KaMHSA Npu TBepAEeHUM:
1 — 6 800¢e; 2 — Ha 803dyxe; 3 — 8 800e ¢ pacwupsroulelti 0obaskol

[lo3gHee pacmmpeHue MOXKET HPUBECTH K PACTPECKUBAHUIO LIEMEHTHOTO KaMHS
n3-3a TOrO, YTO €ro CTPYKTYpa HE BBIACP)KUBACT PACTATMBAIOIINX HANPSDKEHUN NPH
yBEIMUEHUH 00beMa pacluupsitomeil 100aBku. BHyTpeHHIE HanpsOKEHUs! HCKITFOYaloT
(YHKLIMIO caMO3aJeUMBaHUs THAPATUPYIOUIMM LEMEHTOM U IPUBOIAT K HMOBBILICHUIO
XPYIKOCTH KaMHS U CHIDKEHHIO €0 YIapOyCTOHYMBOCTH, YTO MOXKET SIBUTHCS IPUUUHON
MIPEXIEBPEMEHHOI0 0OBOIHEHMS CKBa)KUH TOciie uX nepdopauuu. B 3Toil cBsizu Hazno
[IPU3HATH [IPABUIBHBIMU IPEIUIOKEHHS 10 OIITUMM3aLUI BPEMEHH IIPOBEICHUS padOT 110
nepdoparuu ckBakuH [21], mpuyem, B ciiydae IPUMEHEHHUS PACIIMPSIOIIMXCS [IEMEHTOB,
9TH CPOKH JIOJKHBI 005I3aTEIIEHO KOPPEKTUPOBATHCSL.

[To manueM [20], pacmupenue 1,5-2,5% M0mKHO OBITH TOCTATOYHBIM IS PACIIIH-
PSIOIIMXCS TAMIIOHAXKHBIX IIeMEHTOB. CJIelyeT OTMETHUTb, UTO B CTPOUTEIbHOM IPAKTHUKE
HE UCTIOJIB3YIOT LIEMEHTBI C OOJIBIION BENMYMHON PACIIMPEHHS, XOTS UX TOIYyUEHHE JUIS
CTPOUTEIBHOM MPOMBIIIIIEHHOCTH HE MPEICTaBIsieT OoNbmuX mpobieM. s BbIcoKo-
TEMIIEPaTYPHBIX CKBa)KHH, B KOTOPBIX 00pa3yeTcs OoJiee MPOuHbIi IIEMEHTHBIH KaMEHb,
pacmmpenue He qJokHO npeBbimath 1,0-1,5%.

[Ipu ruapaTanum eMeHTa, MocJie Mepexoa OT KOaryIsIUOHHON CTPYKTYPbI K KpH-
CTAJUIM3ALMOHHON CTPYKTYpe (Iocie Hayana CXBaThIBaHHUS LIEMEHTHOI'O PacTBOpa), B
cucremMe 00pa3yroTCs KECTKUE XUMHUYECKUE CBS3H, KOTOPbIE YACTUYHO pa3pyllaloTcs B
pe3yAbTaTe pacKIMHUBAIOLIETO IABJICHUS PACIIMPSIOLICH J00ABKU, U B IEMEHTHOM KaMHE
HEeNn30€KHO BOSHUKAIOT MHUKPOTPELIMHBI (PUCYHOK 3).
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B pannue cpoku TBepaeHHsI (HECKOIBKO CYTOK) MUKPOTPEIIMHBI «3aJI€UNBAIOTCSI»
HOBBIMH MPOAYKTaMU F'HIPATAIMU U 3TO HE CKA3bIBAeTCs Ha paHHEH MPOYHOCTH LIEMEHT-
Horo kamHs1. [ Ipu mo3aHei ruapataiuy pacmpsonien 100aBKH, KOT/Ia KOMUYECTBO HOBBIX
MPOIYKTOB T'HpATAIlMX LIEMEHTA U CKOPOCTh X 00pa30BaHMS CYIIECTBEHHO MEHBIIIE,
«GaXKUBJICHHS» MUKPOTPEIIMH HE MPOUCXOJUT U OHH OCTAIOTCS B KAMHE B POJIM WHH-
MaTOpOB 00pa30BaHMsI KPYIMHBIX TPEIIMH MPU BHEITHUX BO3JCHCTBHSIX HA IEMEHTHBIH
KaMeHb (riepdoparusi, yriryOneHue CKBaXKHHbI, THAPOPA3PHIB TUIACTOB H AP. ).

K corxanenuro, mpu olieHKe Ka4ecTBa PacHIMPSIFOIIMXCS J00AaBOK, B IEPBYIO OYEPEIb
OIIEHHMBAIOT CO3/1aBaEMYIO MU BEIMYMHY PACHIMPEHUS IEMEHTHOT O KaMHSI, IPAaKTHYECKU
HE OIICHUBAsi KHHETUKY paciiupeHus. B Toxke Bpemst 3SHaYMTeIbHAS YaCTh PACIIAPSIFOIIIX
N00aBOK THpATHPYET B paHHHE CPOKU B IPOIEcce 3aKayKh IIEMEHTHOI'O pacTBOpa B
CKBaXXHHY, M d((DEKT OT UX UCIOIB30BAHUS OyJeT oueHb HU3Kuii. B pabore [16] moka-
3aHa KUHETHKA PacIIMpPEeHHs IEMEHTHOr 0 pacTBopa (KaMHs), COIePIKAIIEro pa3inyHble
pacmmpsitonime 100aBKU (puUcyHok 4), U3 KOTOPOro BUJHO, YTO NMPAKTUYECKH ITOJIOBUHA
HCCIIeyeMbIX J100aBOK mporuaparuposaia B TedeHne 1,0—2,0 yacoB, u najbHEHIIEr0
pacIIvpeHus IIEMEHTOB yXKe He MPOUCXOMUT. ECTeCTBEHHO, UTO MPH TOBBIIICHUH TEM-
nepaTypbl U YCKOPEHUM TBEPJACHUS [EMEHTOB CKOPOCTh THpaTaluy J00aBOK Oyjer
BO3PACTaTh U AKTUBHBIHN MEPUO]] paCITUPEHUs OYJIET COKPAIATHCS.

Bel1re ormMeyanoch, 4To IPUMEH HUE PACIIUPSAIOLINXCS IEMEHTOB pacCMaTPUBACTCS
Kak Cc11oco0 IOBBILIEHUS [ePMETU3ALUI KOHTAKTHBIX 30H LIEMEHTHOI 0 KaMHs (o0caiHast
KOJIOHHA U CTE€HKa CKBa)kHHbI). OJJHAKO HaZ0 YUUTHIBATh, YTO UX NPUMEHEHUE HE J1acT
IIOJIOKUTEIIBHBIX PE3Y/IbTaTOB B MHTEPBAaJIaX C TOJICTOM ITTMHUCTON KOPKOM MJTM HHTEpBaJIax
KaBEpH, I'Zie IPOCTPAHCTBO ISl PACIIMPEHUs] IEMEHTHOTO KaMHsI 3a cUeT JeopMaluu
(UIBTPALIIOHHOM KOPKH OOJIBIIE YEM BEJIMUMHA CAMOTO PACIIMPEHHUS.

B MeXK07I0HHOM NMPOCTPAHCTBE UM B MHTEPBAIaX IUIOTHBIX ITOPO, PACLIUPSIFOLIH-
ecsl LIEMEHTHI MOBBICST HANPSUKEHHOCTh KOHTaKTa C CONPENEIbHBIMU 110BEPXHOCTAMH,
MTOCKOJIBKY CBOOOTHOT'O TIPOCTPAHCTBA /IS paciiupenus He Oyner. OHaKO BHYTPH Iie-
MEHTHOI'0 KaMHs1 Oy/lyT BO3HUKATb JOIOIHUTEIbHbIC BHYTPEHHUE HANIPSDKEHU S, KOTOpPBIE
OyIyT COXPaHATHCS, TOBBILIAS €r0 XPYNKOCTh. [ [pruem, yeM Bblllie BeTMUMHA PACIINPEHUS
KaMH$ B YCJIOBHSX KECTKOTO OrpaHUYEeHUs] 00beMa, TeM OOJbIINX 3HAUEHUH JOCTUTAI0T
OIIaCHbIC BHYTPEHHHUE HATIPSIKCHUSL.

[TosTOMY B CKBa)KMHAX, 3a11€MEHTHPOBAHHBIX LIEMEHTAMHU C OOJIBIION BEITMYMHOH
pacumpenus, yepe3 HEKOTOpoe BpeMsl (HECKOJIBbKO MECSIIEB) WM MOCIIE MPOBEICHUS
pabotr BHYTpU 00CaTHOI KOJIOHHBI BO3MOXHO YXYALICHHE T€PMETHUYHOCTH KpeIl, 110
CPaBHEHHMIO CO CKBAXMHAMH, 3a11eMEHTHPOBAHHBIMH HEPACIIUPSIIOLIMMHUCS LIEMEHTAMHU.

VIMeHHO OATOMY ClIeyeT TIIATEIbHO HOIXOUTh K BEIMUNHE PACIINPEHUS LIEMEHT-
HOI'O KaMHSI 1 KHHETHKE €r0 PaCIIUPEHHs C TeM, YTOObI 00ECHEUNBAIICS TePMETHUHBII

KOHTAKT, CO3/1aBaJIlCh HEOOIbIIME BHYTPEHHUE HANPSDKEHUs, a 00pa3oBaBIInecs MU-
KPOTPEIIMHBI MOTJIH 3aJICUUBATHCS IIPH MTPOIOIDKAIOLICHCS THAPATALMH LIEMEHTA.

[ToMuMO CBOMCTB pactmpsironieil J00aBKH, Ha BETMUYUHY U KHHETUKY PaCIIMPEHUS
LIEMEHTHOT 0 KaMHsI CYILIECTBEHHOE BIMSHUE OKa3bIBAIOT U Apyrue (PakTophl U, B IEPBYIO
odepelib, BHEIIHEE JaBJICHHE.

[lo nannbiM H.X. Kapumosa, aist ueMeHTOB ¢ pacmmpsitomeii 1odaskoii CaO yse-
nueHne BHewHero aasienus 1o 50 MIla cansuno pacumpenue Ha 30%, a moBbIIeHHE
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nasienus 1o 100 MIla ymensimio pacmmpenue yxe Ha 70%. J{ns nemeHToB XxpoMarato-
MHHATHOTO paciuupenus npu pocre aasnenus ¢ 10 no 100 MIla pacumpenne CHU3HIO0CH
Ha 30%, a mpu 3aTBOpeHNH 3TOro remeHTa pacrsopom NaCl — Ha 25%.

I[To muenuto [18], 310 CBSA3aHO € TEM, YTO ITPU OrPAHHUYCHUH PACIITUPEHUS LIEMEHTHOT'O
KaMH$I KpUCTaJTM3aIMOHHOE JIaBJICHHE COBEpIIaeT padoTy, pacxoyeMyro Ha HeoOpaTu-
MO€ M3MCHEHHE MOJI0KEHHS OTACTBHBIX CTPYKTYPHBIX 3JIEMEHTOB KAMHS U Ha YIIPYTYIO
nedopmanmio ckenera, CO3JarONIyl0 BHYTPEHHEE HANPsHKEHUE, BBIpaXkaroeecs B 1aB-
JeHnu pactmpenus. [IpuueM HampsbkeHUe, pa3BHBAEMOE PACIIUPSIONIMMCS LIEMEHTOM,
MPSIMO MTPOITOPIIUOHAILHO BETUYHNHE €r0 OTHOCUTENBHOTO PACITUPEHNUST M KOO PHUITUEHTY
yrnpyroctu kpenu. [Ipu CHITHU OrpaHWYeHus] paclIMpPEHUs] STH HANPSHKCHUS JTOJKHBI
MIPUBECTH K YIIPYTOi BHEIIHEH e opMaluy CKeJeTa, MMEoIel BaKHOE MTPAKTHYECKOe
3Ha4YeHUe Ui KOMIIeHcauu JedhopMannn 00caJHON KOJIOHHBI IPU CHHXKEHUHU B HEl
BHYTPEHHETO JIaBJICHUS, TOCKOJIBKY MTPU HCIIOJIb30BAHUH OOBIYHBIX [IEMEHTOB MO100Has
orepaIysi MPUBOIUT K 00pa30BaHUIO 3a30pa.

[Tpu rugpatanuy NOPTIAHIIEMEHTa, TAKKE KaK M MPH TUAPATAINH JIPYTUX BSIKY-
IIUX, HEN30EKHO TPOMCXOUT KOHTPAKIIUS, 00YCIIOBIIEHHAS TEM, UYTO 00HEM IPOJYKTOB
THJIpATAIiK BCETJIa MEHBIIIE CYMMBI 00EMOB IIPOIYKTOB, BCTYITUBIINX B XUMHUYECKYIO
peaknmio (Bspkymiee u Boga) [4, 15]. Ilpuuun 3mech nBe — mepBas CBs3aHa C TEM, YTO
BOJIa, BCTYIas B PEAKIIMIO C MUHEPATIAMHU [[EeMEHTA, TIEPEXOUT B CBSI3AHHOE COCTOSTHUE
B 00pa30BaBIIUXCS MPOJYKTaX TBEPJCHUS U YMEHbIAeT CBOM 00beM. Bropast mpuunna
CBsI3aHa CO CTPYKTYPOil IieMeHTHOro Kamusl. [To gaHHbIM [22], Ha rEapaTaIMIO IIEMEHTA
HeoOxouMo Tonmbko 20% BOABI OT Beca IIEMEHTa, a OCTaJIbHAs BOJA HAXOJUTCS B IIO-
pax pa3IHYHOro pazmepa, mpudeM 00pa3oBaBIIUICS IPU THAPATAINH IIEMEHTHBIH I'eilb
cozepxut okoio 30% mop pasmepom menee 107 cM, (TeneBbie OpPhI), KOTOPBIC BCET/Ia
3aIT0JIHEHBI BOIOM, INTOTHOCTH KOTOPO# MOeT 1oxouTh 10 1200 kr/m3, mMeroreii 00beM
MeHee epBOHaYaIbHOro 00beMa. [Ipu rupaTanuu pacumpsroniel Jo0aBKU MPOUCXOJIUT
yBenu4ueHrne oobemMa TBep o (pa3bl 1, UMEHHO 3TO 00ECTIEYNBAET PACIIHNPEHIE [IEMEHTA.
OnHako KOHTPAKIIHS TP 9TOM HE YMEHBINAETCSl, ITOCKOIBKY OJJHOBPEMEHHO CTHIpaTa-
IUEH TIEMEHTOB MPOMCXOJIUT TUAPATALUS PACIIUPSIONICH TO00ABKH, B PE3YJILTATE YETrO
TaKXKe YMEHbBIIACTCS MePBOHAYATTBLHBIN 00heM BO/IbL. J|0Ka3aTENECTBOM CKa3aHHOTO MOT'Y' T
CITYXKHTb PE3YJIbTATHI OMPECNICHNUS KOHTPAKIIUH MTPU TBEPJICHUU IEMEHTHBIX PACTBOPOB
HA OCHOBE «YHCTBIX» U PACHIHPSIOIIUX [IEMEHTOB (mabiuya). VICTbITaHUS TIPOBOIUITACH
C WCTIONIb30BaHueM noptiananementa ¢ B/ = 0,5.

Tabnuya — BnusiHne pasnuyHbIX o06aBOK
Ha KOHTPaKLUuIo NpU TBepOEeHUU LIeMeHTHbIX pacTBOpPOB

Uccneayemeie cocrask KoHTpakuusi, % Bo BpemMeHu, 4
1 4 8 12 16 20 24
MUT-1-50 0,28 0,61 1,07 1,61 2,36 2,87 3,15
MuT-1-50+0,03%HT® 0,09 0,28 0,45 0,94 1,77 2,31 2,53
MuT-1-50+7%P0 0,31 0,54 0,94 1,56 2,41 2,84 3,05
MNUT-1-50+2,5%Nacl 0,31 0,63 0,96 1,64 2,34 2,57 2,73

[Ipumeuanue: P/l — pacumpstomas nod6aska Ha ocHoe CaO.
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"3 ma6flul4bl BHUJIHO, YTO IpU rugpataninu 0e37100aBOYHOr0 OEMEHTa U IEMCHTA C

pacumpsitorieii 1o00aBKOH KOHTPAKIIMs MpakTHYecku onuHakoBa. JlobaBka HT® sieis-
€TCs 3aMEJIMTENIEM TBEPACHUS, I0ITOMY Ha OJIMH M TOT K€ MOMEHT BPEMEHU CTENEHb
TUJIpaTAIlMY 3TOr0 [[EMEHTa MEHbIIIE, YeM 0€3/100aBOYHOrO0 U, B PE3YJIbTATEe STOr0, HUKE
U KOHTPAKLHUS MIPU €r0 TBEPACHUU.

Ecnu TBEPACHHNEC IECMCHTOB 6YILC'T IMPOUCXOAUTH B MEKKOJIOHHOM ITPOCTPAHCTBE UJIN

MPOTHB TUIOTHBIX HEMPOHUIAEMBIX MTOPOJ, @ Ha TUAPATAIMIO [IEMEHTA U PaCIIUPSIONICH
no00aBKku OyJeT pacxoa0BaThCs BOJA — KUIAKOCTH 3aTBOPEHUSI [IEMEHTHOTO pacTBOPA, TO 110~
PHUCTOCTH KAMHS MOXKET YBEIMUMBATHCS JaKe TP TNIOTHOM KOHTAKTE IIEMEHTHOI'O KaMHSI C
00caiHbIMU KOJTOHHaMH. [Ipruem, 110 jaHHbBIM [22], pa3mep ycal0uHbIX (KOHTPAKIMOHHBIE)
nop Oyner 6JIM30K K pa3MepaM KalWIISIPHBIX 110P, CHOCOOHBIX MPOITyCKaTh depe3 cels
ra3 u )kuaKoctu. Kpome 3Toro, BHyTpu 1IeMEHTHOT'0 KaMHS (TIpH GOJIBIIIOM KOJIUYECTBE
pacumpsoniei 100aBK1) COXPAHSTCSI BHICOKHUE HAIPSKEHHS, KOTOPBIE BIIOCIE/ICTBUN
MOT'YT IPUBECTH K 00pa30BaHuto TpemrH. OIHAKO MPUMEHSIEMBbIC IPH KPEIIJICHUU CKBa-
JKMH I[EeMEHTHBIE PACTBOPBI HMEIOT OUEHb OOJIBIIINE BOIOIIEMEHTHBIC OTHOIICHHSI U, TPU
ONITUMAJIFHOM KOJIMYECTBE pacimpsitonield 1006aBku (3—7%), BEpOSITHOCTh HapyIIEHUS
IEIOCTHOCTH IIEMEHTHOI'0 KAMHSI B MEKKOJIOHHOM ITPOCTPAHCTBE B Pe3yJbTaTe THpa-
TAIOHHBIX TPOIECCOB HEBEINKA.

Ecnu B 3aTpyOHOM TIPOCTpaHCTBE CKBAKHHBI MPOTHB TBEPACIOIIETO IEMEHTHOTO

pacTBopa OyIyT HAXOMUTHCS TUIACTHI, COJIEPIKAIIME arPECCHBHBIC TUIACTOBBIC (DITFOMIBI,
HaIpuMep, CEpOBOIOPOI, TO MOCIEHMUI OY/IET MOMa aTh BHYTPh TBEPICIOIEH CHCTEMBI
Ha CaMbIX PaHHUX CTAJHUsX, KOIJa KaMEeHb HanOoJee ysI3BUM K JEHCTBHIO KOPPO3HUOH-
HO-aKTHBHOM cpennl [23].

B 3axmrouenue ciemnyeT OTMETHUTh, YTO PACIIAPSIONIAECS IEMEHTHI I1eJ1eco00pa3Ho

MIPUMEHATH, HO C YIETOM MPaBHIIBHOTO TTOI00Pa PElenTyphl TAMITOHAKHOTO MaTepraia
U C y4ETOM PallMOHAILHON 001aCTh IpuMeHeHms. &Y

(1]

(2]

(3]

[4]

5]

(6]
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