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Pa6ora BeimonHeHa Ha kadenpe OypeHus He(TAHBIX U Ta30BBIX CKBAXHUH Y (PUMCKOTO

rocyJapCTBEHHOr0 HEPTAHOTO TexHUUecKoro yuuepcurera u B OAO «A3umyT».

Hayunblii pykoBoauTeb JIOKTOP TEXHUYECKUX HAYK, Mpodeccop

ArzamoB @aput AkpamoBuY.

OduunanbHbie ONMOHEHTHI: JIOKTOP TEXHUYECKUX HayK, podeccop

ITonsxkoB Bnagumup Hukonaesny;

KaHIuJaT TCXHUYCCKUX HAYK

®arxyrauHoB Mcmamuyp XacaHoBuUY.

Benyumas opranusanus [TepmHUIINHEPTS.

3ammra coctoutcs « 23 » aexadbps 2005 roga B 10-00 Ha 3acemaHuu AMCCEPTAIIMOH-
Horo cometra /[ 212.289.04 npu YuUMCKOM ToCyJapCTBEHHOM HE(PTSIHOM TeXHUYE-
CKOM YHUBEPCHUTETE IO aApeCy:

450062, Pecniybnuka bamkoproctan, r. Yda, yn. KocmonasTos, 1.

C nmuccepranueit MO)KHO 03HAaKOMUTBCS B OnbmnoTexe Y GUMCKOro rocyjapCTBEHHO-
ro He(TSIHOIO TEXHUYECKOI'O YHUBEPCUTETA.

ABtopedepar pazocnan «  » Hoa0ps 2005 roga.

VYueHslii cEkpeTapb

JIUCCEPTALMOHHOIO COBETA Smanues B.Y.
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OBIIAA XAPAKTEPUCTUKA PABOTHBI

AKTyaJlbHOCTH MPo0OJeMbl. Borpocsl HajeXHOTO pa3o0NIeHUs IUIACTOB U
LHEMEHTUPOBaHUsI 00CaTHBIX KOJOHH 3aHUMAIOT 0CO00€ MECTO MPHU CTPOUTEITHCTBE
CKBaXXUH, IIPU 3TOM HEIPEMEHHBIM YCIIOBHEM SBJISICTCS T'€PMETUYHAS M30JIALMSA 3a-
KOJIOHHOT'O NMPOCTPAHCTBA, MPEyNpeKaatonias MposiBJICHUS MIaCTOBBIX (DIIOUIOB HA
NPOTSKEHUU BCETO CPOKa CITY»KObI CKBaKUHBI. OTKPBITHE HOBBIX MECTOPOXKACHHI CO
CJIOKHBIMM I'€OJIOTHYECKMMH pa3pe3aMu U BBOJ UX B JKCIULyaTalUIO BEIET K yXKe-
CTOUYEHHIO TPEOOBAHMI K OXpaHe HeAp M TpeOdyeT KayeCTBEHHO HOBOIO MOAXO0JA K
KPEIJICHUIO CKBAYKHUH.

CrnencTBusIMU HapyILIEHUM T€PMETUYHOCTH KPEMH CKBaXXMH B PaHHUE CPOKH
TBEPJCHUS TAMITIOHAXHBIX PAacTBOPOB, KaK MPABUIIO, SIBJIAKOTCSA Ta30INpPOSIBICHUS, a B
Oonee mo3maHue — MexkonoHHble naBinenus (MKJI) 3a cuer oOpa3oBaHus KaHAJOB,
a1b0 MO caMOMy IIEMEHTHOMY KaMHIO, JIMOO M0 KOHTAKTHBIM 30HaM IIEMEHTHBIN Ka-
MEHb — 00Ca/iHasi KOJIOHHA, LIEMEHTHBI KAMEHb — I10P0J1a, KOTOPbIE CITY>KaT MPOBOJ-
HUKaMU Ha JIHEBHYIO IMOBEPXHOCTh IUIACTOBBIX (pron0B. B mocnennue roasl yacto-
Ta U UHTEHCUBHOCTb 3aKOJIOHHBIX IMPOSIBICHUN B CKBaXXMHAX CHU3ZWIMCH Ojarojaps
COBEpIICHCTBOBAHUIO TEXHOJOIMHM LIEMEHTUPOBOYHBIX paboT. OJHAKO YMCIO CKBa-
KUH C HETEPMETUYHOMN KPEIbIO €lIe BEJIMKO. B 3TUX yCIOBUAX MEPCIEKTUBHBIM SIB-
JSIeTCSl IPUMEHEHUE BSI3KOYNPYrux NoJBHKHbIX nakepos (BVYIIII), ycTraHOBIIEHHBIX
3a 00CcaJIHON KOJIOHHOMW B 3aJIaHHOM WHTEpBAJIE.

BVIIII umeroT HECOMHEHHOE IPEUMYIIECTBO I€pea TPaAULMOHHBIMUA T'H[I-
PaBIMYECKUMU M MEXAaHUYECKUMHU IaKepaMH, YCTAHOBJIECHHBIMU Ha OOCAJHBIX KO-
JIOHHAX, OJlaro/iapsi BO3MOXXHOCTH HMCIOJIb30BAHMS B CTBOJIE CKBAXXUHBI JIFOO0ON KOH-
¢urypauuu u TpedyemMon NpoTKEHHOCTH. B TO ke BpeMsi uX BHEJIPEHHUE CACp>KUBa-
€TCsl HeJIOCTATOYHOW MPOPabOTaHHOCTHIO BOIIPOCOB BHIOOPA COCTaBa U HEOOXOIUMO-
CTBIO COBEPIICHCTBOBAHUS TEXHOJIOTUU TPUMEHEHUSI.

Heab padoThI

CoBepIICHCTBOBAaHUE PEUENTYP M TEXHOJOTMU IPUMEHEHUs 3aKOJOHHBIX

BA3KOYIIPYTUX IMOABUKHBIX ITAaKCPOB.



3agauu ucciaeoBaHusA

1. AHanu3 NpuUYMH BO3HUKHOBEHUS MEKKOJIOHHBIX JABJICHUII U HErepMeThy-

HOCTH KPETIH.

2. OueHka BIMSIHUS TEMIIEPATYypbl, KOHTAKTUPYIOUIEH >KUJIKOCTH, CPEAbl U

KOMIIOHEHTHOTO cocTaBa Ha ceorictBa BYIIII.

3. O6ocHOBaHME panOHaNbHOU 00actu npumenenus BYIIIL

4. Pa3zpaboTka TEXHOJIOTHH KPETUIeHUs CKBaXuH ¢ mpuMmeHeHrnem BYIIIIL.

Hay4ynasi HoBU3Ha

1. BnepBble ycTaHOBIIEHA BBICOKasi repMeTusupyromas cnocoonocts BYIIII ¢
N00aBKOM aMMOHUKCOAEpPKAIIUX COJIEH MPHU U3OJSIUU €CTECTBEHHBIX M UCKYCCT-
BEHHBIX KaHAJIOB Pa3JIMYHOrO pa3Mepa B LEMEHTHOM KaMHE M €ro KOHTAKTHBIX 30-
Hax.

2. YCTaHOBIIEHO, YTO MPUMEHEHHE Ta30BbIACIAIOMNUX T0OABOK YMEHBIIAET He-
raTUBHOE KOHTPAKIMOHHOE Bo3aelicTBue Ha BYIIIL.

3. O6ocnoBan komnoHeHTHBIH coctaB BVYIIII, oOecneunBaromuii mOBBIIICH-
HYI0 TEPMETUYHOCTh KPENU CKBAXKUHBI U 000CHOBaHA 00JaCcTh €ro MPUMEHEHUS.

IIpakTHYeckasi HEHHOCTh

1. Pa3pabGoTtanHasi TEXHOJIOTHSI KPEIJICHUSI CKBAKUH C MPUMEHEHUEM BA3KOYTI-
PYTUX TOJBIKHBIX makepoB mepenana OAO «Kazoypras».

2. Ins OAO «Ka36ypraz» pazpaboTaH perjiaMeHT Ha PUMEHEHHE BS3KOYIIPY-
roro MOJBUYKHOTO Nakepa NpH LEMEHTUPOBAHUN 00CAIHBIX KOJIOHH.

Anpobanus padoThbl

Pe3ynbraThl 1 OCHOBHBIE MOJIOKEHUS JUCCEPTALMOHHON pabOThI TOKJIabIBa-

muchk Ha VIII MexayHapogHoM CUMIIO3UYME CTYIEHTOB, aCIIUPAHTOB U MOJIOIBIX
ydeHnblx uM. akaja. M.B. Ycosa «IIpo6nemsl reonorun u ocBoenus ueap» (Tomck,
2004r.); 52 - 55-i1 HAyYHO-TEXHUYECKUX KOH(PEPEHIUAX CTYJACHTOB, aCIIUPAHTOB M
mononbix yueHsix (Yda, 2001-2004rr.); HaydHO-nipakTHUecKOoi KoHpepenuun «lle-
pPEIOBbIE TEXHOJIOTHHU CTPOUTEILCTBA U peMOHTa ckBaxkun» (Ilepmb, 2004 r.); Hayu-
HO-TEXHUYECKON KOH(pEpPEHIMU MOJIOABIX YUYEHBIX U crenuanuctoB «ObecneueHue

s dexkTuBHOrO PyHKIMOHUPOBaHUS ra3zoBoil oTpacian» (Hoseii Ypenroi, 2004 r.);
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II mMexoTpacieBoil Hay4HO-IIpakTUyecKkor KoH(pepeHuuu «IIpodieMbl coBepiIeHCT-
BOBaHHUS JOMOJHUTEIHHOTO MPOGECCHOHAIBHOTO U COIIMOTYMaHUTaApHOTO 00pa3oBa-
HUS CTICIIUATMCTOB TOTUIMBHO-dHEpTreTHUecKoro komiuiekca» (Yda, 2005 r.).

Iyosmkxanmu. OCHOBHBIE HAyUYHBIE ITOJIOKEHUS U PE3YJIbTAThl JUCCEPTALIMOH-
HOM paboThl OcBelIeHbl B 14 nmeyaTHbIX paboTax, B TOM YHCIIE B 5 CTaThsAX U T€3UCAX
9 oKIIa10B.

CtpykTypa u o0bem padoThl. J(uccepranmonHas paboTa COCTOUT U3 BBEJIE-
HUSl, YEThIPEX TJIaB U OCHOBHBIX BBIBOJIOB; M3JI0K€HA Ha 175 cTpaHuIaXx MalIuHO-
MUCHOTO TEKCTa U COACPXKUT 26 PUCYHKOB, 22 TaOMHUIBI M CHUCOK JUTEPATyphl U3
219 HauMEHOBaHHUI.

ABTOp ceplieyHO OJaroJapuT HAyYHOTO PYKOBOJUTEINS JTOKTOpPA TEXHUYECKHX
Hayk, npodeccopa daputa AxpamoBuya Ar3amMoBa M JIOKTOpa TEXHUYECKUX HAYK
Hasuda Xanunosuuya KapumoBa, mpu TECHOM KOHTAKTE€ C KOTOPBHIM BBIMOJHEHA 3Ta
pabora.

ABTOp CYMTAaeT CBOMM JOJIIOM BBIPAa3UTh IPU3HATEIBHOCTh COTPYAHHKAM
kadenpel OypeHuss He(TAHbIX M Ta3oBbIX ckBaxuH YI'HTY, corpyanukam otaena
kperuieHus: ckBaxkuH OAO «A3uMyT», OKa3aBIIUM HEOIEHUMYIO ITOMOIIb B padoTe
HaJ AUCCEpTaLUEH.

COIEPKXAHUE PABOTHI

Bo BBegeHnMHu 0OOCHOBBIBAIOTCS aKTYaJbHOCTH MPOOJIEMBI, 1eJb padOThl U
3a/layd UCCJIEIOBAaHUI, MPEACTABICHbl Hay4yHas HOBU3HA U MpaKTUYECKas 3HAYu-
MOCTb PaOOTBHL.

B nepBoii riaBe npuBOIUTCS aHAINU3 MPOOJIEMBI, PACCMOTPEHbI MpeIoia-
raemble MPUYMHBI HAPYILIEHUS KauecTBa KPENu CKBAKUH U BOSHUKHOBeHUss MK/I.

B o0miem ciydyae nmpuyuHBI HETEPMETUYHOCTH 3aKOJOHHOIO MPOCTPAHCTBA
MOKHO Pa3/IeJITh HA MEPBUYHBIEC, CBSI3aHHBIE C HEKAYECTBEHHBIM KPETUIEHUEM CKBa-
YKUHBI, © BTOPUYHBIE, CBA3AHHBIE C TEXHOJIOIMYECKUMU ONEPALUSIMHU B CKBAXKUHE TIPH
UX IKCIUTYyaTallud U PEMOHTE (THAPABIMYECKUE U TEPMUYECKUE BO3JEHUCTBHUS, KyMy-
ASTUBHAsA nepdopalusi, COMIHO—KUCIOTHAs 00paboTKa, TUAPOpa3phIiB IJlacTa, IIIy-

MICHUEC, 3aKa4Ka TCXHOJIOTHYCCKUX )I(HI[KOCTeﬁ, YCTaHOBKa IIECMCHTHBIX MOCTOB C I10-
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cleAyroIuM pa3OypuBaHUEM, JOBUJIbHBIE PaOOTHI, CIYCK M TOJABEM HACOCHO-
komrpeccopubix Tpyo (HKT), xoppo3uoHHOE pa3pylieHUE LEMEHTHOTO KaMHS U
np.). Bce 2To mpuBOAUT K OCIaOJICHUIO CBSI3U LIEMEHTHOI'O KaMHSI ¢ OTpaHUYMBalrO-
MU TIOBEPXHOCTSIMHU U B ONIPEJICIICHHBIX CIIy4asiX K 00pa3oBaHUIO 3a30pa.

Cpenun npuuuH nosisienuss MK/l uccnenoBarensiMu BbIAEISAIOTCS: IPOHUKHO-
BEHHE raza B MEXTPYOHOE MPOCTPAHCTBO MPHU IKCILTyaTallMd Ta30BOM CKBaKUHBI U3-
32 HETEPMETUYHOCTU 0OCAJHON KOJIOHHBI U OOBSI3KM yCThs, HU3Kasi CTENIEHb BBITEC-
HEHUsI OypOBOr'0 pacTBOpa M3 3aKOJOHHOTO MPOCTPAHCTBA, HEYAOBJICTBOPUTEIIHHBIC
TEXHOJIOTUYECKHE CBOWCTBA TaMIIOHAXHOTO PAcTBOpa, ycaJouyHbIe Aedopmaruu Ha
PaHHHUX CTAIMSIX TBEPAECHUSA, TEPMOJECTPYKIIMOHHBIE MPOLIECCHI, MPOXOASIINE B Iie-
MEHTHOM KaMHE IMPU BBICOKHUX TeMIepaTypax MU JABICHUSAX, OTCYTCTBUE MPOYHOMN
TOHKOM TJIMHUCTON KOPKH.

[IpuMeHsieMble MpU KPEIJICHUH CKBAXXUH PA3JIUYHBbIE MEPONPUATHUSA, BKIIIO-
Yarolre MCIOJb30BaHUE OTMBIBAIOIICH Oy(hepHOU KUIKOCTU C YIYUYIICHHBIMUA TEX-
HOJIOTMYECKMMH CBOMCTBaMU, BHEAPEHUE MOAM(PUIIMPOBAHHBIX TAMIIOHAKHBIX pac-
TBOPOB, PACIIUPSAIONINXCS TAMIOHAXHBIX MaTepUaoB, CO3JaHUE MPOTUBOIABICHUS
B 3aTpyOHOM TPOCTpPaHCTBE BO BpeMs OkujaaHus 3artBepaeBanus Iementa (O3L)),
NpUMEHEHHUE JBYXCTYIIEHYATOr0 IEMEHTUPOBAHUS C UCIIOJIb30BAaHUEM MY(]T CTyTNeH-
4aTOTO [IEMEHTUPOBAHMS U JAP. CYIIECTBEHHO MOBBIIIAIOT KAYECTBO KPEIJICHUS CKBa-
KUH.

OpnHako, HECMOTPS Ha MIMPOKOE BHEAPEHUE MEPONPUSATUN IO TMOBBLIIICHUIO
KauecTBa KPEIUICHUS] CKBAXUH, MpoOJieMa MpenynpexaeHUsT MEKKOJIOHHBIX JaBje-
HuM He pemeHa. [IpoBeneHHbIN B paboTe aHANKM3 TO3BOJIMII BBISIBUTH CIIETYIOIIEE.

[Ipu cymiecTByOIEH TEXHOJIOTHN [IEMEHTUPOBAHUS U TPUMEHSIEMBIX TaMII0-
HAKHBIX MaTepuaniax M3HAYaIbHO 3aKJIaJBIBACTCSI HEKOTOpask HEM30EeKHOCTh 00pa3o-
BaHUS KaHAJIOB MEXJIy LIEMEHTHBIM KaMHEM U 00CaJHBIMU TPyOaMH WIJIM LIEMEHTHBIM
KaMHEM M TOPHBIMHU TTOPOJAAMH | TOCIISAYIOMEH MUTPAITH (QITFOUIOB IO HUM.

PaccmoTpeB BeposiTHOCTH (DOPMHUPOBAHMS KAHAJIOB B TOW WJIM MHOM 4YacTU
(00acTi) 3aKOJIOHHOTO MPOCTPAHCTBA B Pa3IMUyHOE BpeMsl MOCIIE€ [IEMEHTUPOBAHUSI,

MOKHO CJENaTh BBIBOJ, YTO BO3HUKHOBECHHME MNPOSABICHHUN B paHHuM nepuoa O3L]
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00yCIJIOBJIEHO HECTIOCOOHOCTBIO CaMOT'0 TAMIIOHAKHOI'O pacTBopa popMUpOBaTh rep-
METUYHYIO KPENb B 3aKOJOHHOM MPOCTPAHCTBE, T.€. €r0 HEAOCTATOYHON H30IUPYIO-
el crnocoOHOCThI0. Eciii MOMEHT BO3HMKHOBEHHUS (HO HE MOMEHT OOHapY>KEHMHS)
IpOsIBJICHUS NMpUypoueH K nozaHemy nepuony O3L, To ¢ronponpoBoasmuMy yya-
CTKaMH SIBJIIIOTCS] TJIMHUCTBIE BKIIOYeHUs. B o0nacTu, 3amoaHeHHOM TaMITOHAXHBIM
pacTBOpoM (KaMHEM), a TaKkKe B 00JIaCTH, 3aMOJHEHHONW OCTaTKaMH HEBBITECHEHHOTO
OypoBoro pactBopa ((pUIbTpallMOHHONW KOPKOI), 3aKOJOHHBIE MPOSIBICHUS MOTYT
BO3HUKATh TOJIBKO MPU HAMMYUHU (DIFOUIONTPOBOIALUIMX KAHAIOB.

[IOoCKOJIBKY MEXXKOJIOHHBIE JABJICHHS, BO3HHUKAIOLIME II0CIE KpPEIUICHUS
CKB&)KHH, MPAKTUYECKU HE MOAJAIOTCS YCTPAHEHHIO, TO MPO(UIAKTUKY UX BO3HUK-
HOBEHHUS HEOOXOAMMO HAaYMHATh y>KE€ Ha dTarne KPeryieHUs] CKBaXKHH.

Jns npenynpexaenuss MK/ XKypasnessim ['.U., BansBkunsim B.I1., Arsza-
MoBbIM ®D.A., ®arTaxoBeiM 3.M. ObUTO TIpeIoxkeHo ucnosb3oBanre BYIIII Ha oc-
HOBe Bsi3koynpyrux cocrasoB. BVYIIII npemnaranocs pa3memars B 3aTpyOHOM Mpo-
CTPaHCTBE CKBAXKMH IIyTEM IIOCJIEIOBATEIILHOW €0 3aKayKW MEXAY MOpPLUUAMH Lie-
MeHTHOro pactBopa. [Ipumenenue BVYIIII umeer HECOMHEHHOE NMPEUMYLIECTBO IIE-
pen TPaaAULMOHHBIMU ITAKEPAMU, HO IIMPOKOE IPUMEHEHUE CAECPKUBAECTCS HEPEILICH-
HOCTBIO psiia MPOOJIeM, CPEAN KOTOPBIX MOKHO BBIJICIUTH BIUSHUE KOHTPAKIMU Ha
BVIIII, onepaTuBHBIN KOHTPOJIb CBOMCTB, penentypsl BYIIII, Texnonornn ux npu-
TOTOBJICHUS U 3aKAYKH.

Hcxonas v3 BBIIEU3IOKEHHOTO, ObUIH CHOPMYJIMPOBAHBI 1IE/Ib U 3aJa4u pa-
OOTHI.

Bo BTOpOIi riaBe paccMoTpeHa pabodasi TUIIOTE3a, JIAHO ONHUCAHUE HKCIIe-
PUMEHTAJIBHON YCTAHOBKH U METOAMK IIPOBECHUS UccieqoBanuil ceocts BYIIII.

Ananu3 paboT OTEeUECTBEHHBIX U 3apyOEKHBIX HCCIIeA0BaTeNeH oKa3al, 4To
IPYU TBEPACHUH [IEMEHTHOTO PACTBOpA U MPHU ONEPALMIX BHYTPU 00CaTHON KOJIOHHBI
Ha KOHTaKTe IIEMEHTHBIM KaMEHb - 00CaHasi KOJIOHHA BO3MOYXHO 00pa3oBaHUE KaHa-
noB. Ilo nanaeiM A.U. bymarosa, .M. AmeroBa, H.M. lllepcTtHeBa, Hanbonee Bepo-

SITHO BOBHUKHOBEHUE 3a30poB B npeaenax 0,01-1,2 mm.
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Kpome 3t0ro, B pe3ynbpraTe CeIUMMEHTAIMOHHBIX IIPOLIECCOB B TBEPIACIOIIEM
[IEMEHTHOM KaMHE BO3MOXHO 0Opa3oBaHHE KAaHAJIOB pa3MEpPOM HECKOJBKO MHILIH-
METPOB.

[Toaromy nst 060CHOBaHUS TEXHOJIOTMYECKUX CBOMCTB MOJBUKHBIX MAKEPOB
ObUT IIPOBEJEH KOMIUIEKC HUCCIEI0BAaHUM, KOTOPBIM BBIAEIWI psAJ MOKa3aTenei, xa-
PAKTEPU3YIOINUX BO3MOXKHOCTh NpuMeHeHuss BVYIIII. DkcnepuMeHTsl OCymIECTBIIsA-
JUCHh B J1a0OPAaTOPHBIX YCIOBUSAX C MPUMEHEHUEM CIIEIYIOIIUX METOJOB: OIpeaese-
HUE€ TUIACTUYECKOM MPOYHOCTH BSI3KOYNPYIHX COCTABOB; ONPENEIICHHE BPEMEHU Ha-
0opa MIacTUYECKONM MPOYHOCTH; OIMPEAENIEHUE CTPYKTYPHO-IIPOYHOCTHBIX XapaKTe-
pUCTUK cocTaBOB. CBOMCTBa BA3KOYINPYI'MX COCTABOB HM3MEPSUIMCh CTAHIAPTHBIMU
npuOopamu, MPUMEHIEMbIMU ISl U3MEPEHUS] TEXHUYECKUX MoKa3aresaell OypoBbIX U
LIEMEHTHBIX PaCTBOPOB.

OnHO 13 BaXKHBIX CBOMCTB KOMIIO3UTHBIX CUCTEM Ha 0a3e BOJAHBIX PACTBOPOB
MOJIMAKPWJIAMHJIA — TOSIBJIEHUE B HUX IPHU CIBHUIOBBIX AEPOPMALMIX HOPMAJIBHBIX
HANPSKECHUM.

OTH KOMIO3ULHH, B PE3YJbTATE IMOJUKOHICHCAIIMM HCXOIHBIX MPOAYKTOB,
001a1al0T NPOMEXKYTOUYHBIMUA CBOMCTBAMU MEXIY PACTBOPAMH IOJUMEPOB U PE3U-
HONOAOOHBIMU TenaMu. biaronmapst cerke, oOpa3oBaHHONW XMMHUYECKUMH CBSI3SIMH,
JUIA HUX XapaKTepHbI KOHEYHBIC YIpyrue aeopmaiuu, o0yCIOBIUBAIOIINE IIEIbIH
KOMIUIEKC BS3KOYIPYTHX aHOMAJIMM, UCIOJb30BAHUE KOTOPBIX M MPEACTABISIET UH-
Tepec B npouecce npeaynpexacHus nossieaus MK/I.

[To mamaBIM 1-pa TexH. HayK, npod. A.Ill. ["a3u3zoBa, MexaHNU3M B3aUMOJICH-
ctBus noivakpuiaamuaa (ITAA) ¢ monuBageHTHBIM KaTHOHOM 3aKJIIOYAETCs B Clie-
ayromeM. B pe3ynprare «CIIMBKWY» NMPOUCXOAMT YKpyIHEHHE Makpomousekyn [TAA
BBEJICHAEM KAaTHOHOB MOJMBATCHTHBIX MeTamioB Al 1 co3nanue BA3KOYIpyrux co-
CTaBOB HAa OCHOBE KOHLEHTPUPOBAHHBIX MOJUMEPHBIX pacTBOpPoB. «CIIMBKa» IMOJIH-
MEpOB THUIIa AKPWIAMHAA IIO3BOJIIET CO34aTh CIUIOIIHYIO IOJIMMEPHYIO Maccy C
TPEXMEPHOU IPOCTPAHCTBEHHOM CTPYKTYpOW. MHIYKIMOHHBIM NEPUOJ «CIIUBKH»

ATON KOMIIO3ULMHU PETYJIUPYETCS B IIUPOKOM JTHAMIA30HE.
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[Tpouiecc TBepleHUS LIEMEHTA B YCIOBUSX 3aMKHYTOro oObeMa HEHU30€KHO
COMPOBOXKIAETCA KOHTPAKLMEH, KOTOpas MOXKET NMPUBECTH K BO3HHUKHOBEHUIO Ba-
KyyMma BHYTPH TBEPJICIOLIET0 KaMHsl, yCaJ0YHbIM JeopMalisiM B HEM, HAPYLIECHUIO
TePMETUYHOCTH KOHTAaKTHBIX 30H WJIM POCTY MPOHUIIAEMOCTH LIEMEHTHOTO KaMHS.
Benuunna ycanounsix nedopManuii mOpTIaHALIEMEHTa B MOAOOHBIX YCIOBUSX MO-
JKeT Jocturath 2-4%.

[Tpu TBEepAEHUH LIEMEHTHBIX PACTBOPOB HAXOALIMECS C HUIMHU B COIIPUKOCHO-
BEHUU BI3KOYNPYTHE COCTAaBbl MOTYT 00€3BOKHUBATHCA (BBICYIIUBATHCS), TEPSS CBOU
repMETU3UPYIOIINE CBOMCTBA. YTOOBI UCKIIOYUTH OTPULIATENILHOE BIMSAHUE KOHTPAK-
L1H, MPEUIOKEHO MPUMEHEHNE Ta30BbIIEIAOMIENH J0OaBKH, BBOAUMON B COCTaB Iie-
MEHTHOTO pacTBOpa, KoTopasi OyAeT MPeAOXPaHITh BA3KOYIPYTUi makep oT 00e3Bo-
YKUBaHUS, BBIJIEIASA a3 U OTJABasl €r0 Ha KOHTPAKIIMIO LIEMEHTHOMY PacTBOPY B MpoO-
LIECCE €TI0 CXBAThIBaHUS.

AHanu3 nokasai, yTo Hauoosuee 3(QPEeKTUBHBIMUA MOTYT OBITH 100aBKH, KOTO-
pbI€ HAYMHAIOT BBIAEIATH I'a3 IPHU JOCTHKEHUH ONPENEIEHHON TEMIIEPATYPBHI.

MpbI cunTaeM 3TO OYEHb Ba)KHBIM, IMOCKOJbKY Ta30BBIAEIsIOMIAs 100aBKa B
3TOM ciiydae Oyaer paborarh Toyibko mociie pocrtaBku BYIIIl B HeoOXoauMbIi WH-
TEpBaJl 3aKOJIOHHOIO MpOCTpaHCcTBa. [Ipu 3TOM MOsBISETCS BO3MOXKHOCTH BbIOOpA
ra3oBbIIETSIONIEH T0OOABKH TPUMEHUTENBHO K KOHKPETHBIM YCIOBHSIM CKBAYKHH.

[TpennoxxeHHas peuentypa EMEHTHOIO pacTBOpa, COAEPKallas aMMOHUEBbBIE

COJIM, pa3jlaraeTcs Ha ra3000pa3Hbie KOMIIOHEHTHI MPU OMPEICICHHOW TEMITepaType.
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Hawnbonee npuemiieMbIM 10 TEMIIEpATYypE PA3IOKEHUS JJIS CYIIECTBYIOIIUX YCIOBUN
LEMEHTUPOBAHUS ABJISIETCS YIIIEKACIbIA aMMOHHIA.

(NH4),CO3; ¢y NH;31 +CO,1 + H,O

NH/HCO; _360¢  NH;31 +CO,1 +H,O

NH,I 3¢ ( NH;31 +HIT

(NH4),SO4 3¢ NH;31 +SO51

(NH4),NO; __29¢ s NH31T +NO3?

AHanu3 JIUTepaTypHBIX JAHHBIX MOKa3all, YTO BA3KOYNPYIrHe COCTaBbl 00a-
JAI0T XOPOIIe MPOHUKAIOLIEH CIIOCOOHOCTHIO, MOTYT HE 3a/IepKUBATHCA B KPYITHBIX
Iopax M WIENSAX LIEMEHTHOTrO KamHsA. 1loaToMy s ynydiieHus 3aKylOpUBarOLINX
cBoiictB B coctaB BYIIII Hamu npeanaraercsi BBOAUTh OEHTOHUTOBBIA MOPOIIOK B
Ka4eCTBE KOJbMATUPYIOIIETO KOMIIOHEHTA.

YcranoBieHo, 4To Haubosiee MOAXOASIIUMHA KOMIIOHEHTAMHU JJisi IPUTOTOB-
nenus BYIIII saensrores nonumakpunamun mapku IIpaecton 2500, B kauecTBe cim-
BAOIIETO areHTa - CepHOKHUCHBIA amoMuHu Aly(SO4);, B KauecTBe KOJbMaTaHTa —
OCHTOHUTOBBII TTTUHOMOPOIIIOK.

s obocHoBanus cBoiictB BVYIIII Obun mpoBeneHbl OIEHOYHBIE PAaCUETHI.
[Ipu »ToM OBLT paccumTaH TPagUWEHT JABJICHUS MPOPHIBA ra3za uepe3 oOpaser] mpu
mactuyeckoir npoynoctu BYIIIT 0,01 + 0,02 MIla u nponuniaemoctu odpasia Iie-
MmeHTHoro kamus 0,01 + 0,045 MKM. Pacuerst nokasaiu, yto BYIIII Baytpn HKT, B
3aBUCHUMOCTH OT CTPYKTYPHO-IIPOYHOCTHBIX XapaKTEPUCTHUK, MIACTUYECKON MTPOYHO-
CTH, MPEMATCTBYET MPOPBIBY raza Mpu rpagueHTax nasieHuit ot 1 1o 4 Mlla/m.

Komnoszunuu npounocteio 0,01 + 0,02 MIla BelaepKUBaIOT IPAIUEHT JaBJie-
Hus 5,19 — 10,42 MlIla/m B xananax pazmepom 1,9 + 7,0 mm cooTBeTcTBeHHO. [lomy-
YEHHBIE PE3YJbTAThl CBUJETENBCTBYIOT O BO3MOKHOCTM mnpumeHeHuss BYIIIL mma
npenynpexaeaus MK/I.

Hcxons u3 aHanuza JIUTEPATYPHBIX nyOJIUKAIWHT, Hay4YHO-
UCCIIeIOBaTeIbCKUX paboT u pe3ynbraroB mnpumeHenus BVYIIIl npu kperuienun
CKB&)KHMH K HUM ObUIH C(OPMYITHPOBAHBI CIEIYIONIUE TPEOOBAHNUS:

- TOMOT€HHOCTh 110 BCEMY 00bEMY;



11
- 0e3ycaIoYHOCTh U BBICOKHE KOJIbMATUPYIOIINE CBONCTBA;
- rutactuyeckas npouyHocth He MeHee 9000 I1a;
- BBIJIEP’)KUBaHUE rpaJueHTa 1aBiieHus He Menee 3 Mlla/m;
- IIPU [IPOBEICHUHU TEXHOJIOTUYECKUX ONEpalid B CKBAXKMHAX KOMIIO3UTHBIE COCTABbI
JOJKHBI UCKJIFOYaTh BO3MOKHOCTh aBAPUMHBIX CUTYallUN;
- HA3Kas CTOUMOCTh ¥ HeIe(PUIIMTHOCTh MaTePUAIOB;
- MPOCTOTA, YJI0OCTBO B MPUTOTOBIICHUY;
- HE3arpsi3HEHUE OKPY KalOLEH CPe.Ibl;
- DKOJIOTUYECKasi 0€30MaCHOCTh MPUMEHSIEMbBIX MaTEPUAJIOB.

B nauGonpineit crenenu yka3aHHbIM TpeOOBaHUSM OTBEYAIOT KOMIIO3UTHBIE
COCTaBbI HA OCHOBE BOAHBIX pacTBOpoB [Ipaecrona 2500.

Opnoii u3 onpenensitonux xapakrepuctuk BYIIII sBisieTcst ero crnocoOHOCTh
IPOTHUBOCTOSTH Hanopy GUIIOMI0B B KaHajax, onpeiesseMas ero nmpoyHocThio. Tak
KaK MPEACTABIISIET CIIOKHOCTh 3aMEP PEOJIOTUYECKUX XAPAKTEPUCTUK BI3KOYNPYTHX
COCTaBOB, OBLJIO MPENJIOKEHO HCIIONH30BaTh MOKAa3aTelb MJIACTUYECKON MPOYHOCTH,
KOoTOpas 3amepsieTcs no metony akal. [1.A. Pebunnepa. OToT MeTo 3aMepOB MO3BO-
JISIeT OTEepPAaTUBHO JeNnaTh BeIBOJ O cTeneHu rotoBHOCTH BYIIII k pabote B mpompbl-
CJIOBBIX yCJIOBUSIX.

N3BecTHO, 9TO CTPYKTYPHO-TIPOYHOCTHBIE XapaKTEPUCTHKH, KOTOPHIMU 00J1a-
natot BYTIII, npenstcTByoT n3mMeHeHUI0 (hopmMbl 00pasiia mpy HAJIOKEHUU OTpeie-
JICHHBIX YCHWJIWH, MO3TOMY OBUIO MPEAJIONKEHO HCIOJIb30BaTh JJIS UX KOCBEHHOMU
oueHku konyc AsHUMN.

g ouenku repmerusupyromux cBoructB BYIIII B kauecTBe kpurepus uc-
MOJIB30BAJICS TPAJAMEHT JIaBJIEHUS Ta30MpPOPHIBA, MOJYYa€Mblii OTHOIIEHUEM JaBJiC-
HUS Ta30IPOPHIBA K JJIMHE 00pasiia.

Jlnst mpoBenieHus J1a0OpaTOPHBIX MCCIEAOBAHUM MO MPEIOTBPAICHUIO BO3-
nukHoBeHUss MK/ ¢ ucmonszoBannem BYIIII O6buia paspaborana U U3roToBJICHA yC-
TaHOBKA, MO3BOJISIOLIAS: UCCIEAOBATH MPOLIECCHl NEPMETU3ALMU 3aKOJIOHHOTO ITIPO-
CTpaHCTBa Ha MOJENIM IIEMEHTHOIO KOJbIa B 3aKOJOHHOM MPOCTPAHCTBE; COOMPATH

MOJIeJTb JTI00O0M NJIWHBI C MOJAa4ei MOJ] JaBJICHUEM IUIacCTOBOTO (ronsa (Ta3) B JIO-
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60M MmecTe 3aTpyOHOTO MPOCTPAHCTBA M KOHTPOJIUPOBATH JaBIICHUE Ha JIIOOOM yda-
CTKE; IOJYYUTh UCKYCCTBEHHBIC KAHAJIbI U TPEIIUHBI B [IECMEHTHOM KaMHE, Ha €ro
KOHTAKTE C KOJIOHHOW U OLIEHUTH BO3MOKHOCTH IpuMeHenus BYIIII g ux repme-

Ttu3anuu. Cxema yCTaHOBKH MpPHUBEJEHA Ha puc. 1.

5
1 2 6 .
N Puc. 1. Cxema sKcnepuMeHTaIBHOU
YCTaHOBKHU:
4
@- 1,2,3,4,5-MaHOMETpBI; 6- BEpXHSSA KPBIIIKA;
o 7-uwkHS  Kpblmka, 8- Tpyba HKT; O9-
coeauHuTenbHble  MyQTH; 10-  TpyOKHM
y @- g BBICOKOTrO JaBieHus; 11- Gamuion co cxa-
3 TBHIM 230TOM
10
/ [\

7

YcraHoBKa peicTaBisgeT coequHeHHbIe Mexay co0oit otpesku HKT (coenu-
HSIOIIHMECS C TOMOIIBI0 My(DThI) HApy K KHBIM AramMeTpoM 73 mm. HuxHsist yacTh ycTa-
HOBKM 7 umeeT otBoj 10 aisg coeguHeHust ¢ ra3oBbIM OamioHoM. BepxHsis yacth yc-
TAHOBKM 3aKpPbIBAETCS KPBIIKOM 6. MaHOMETpHI 1,2 perucTpupyroT JaBJICHUE 3aKad-
KU, MaHOMETpHI 3,4,5 XapakTepu3yroT U3MEHEHHE JIaBJICHUS MO JUIMHE BCEH CEKLIHMH
npu npopsise. [Ipuuem oTBOABI i MAaHOMETPOB 3,4,5 B mpoliecce 3aKaykh TamIlo-
Ha)KHOTO PAcTBOPA 3aKPBIBAIOT 3arilylIKaMH, a IPHU CO3JaHUM JABJICHUS MIPOPHIBA UX
3aMEHSI0T MAaHOMETPaMH.

[Ipn mpoBeneHUM SKCHEPUMEHTOB IO H3OJISLUU Ta30MpOphbiBa MPUMEHSIICS
TaMIIOHAKHBIA pacTBOp M3 CTEpIUTaMaKkcKoro nopriananemenra [ T-1-50.

[Tocne mpuUroToBiIEHUS TAMIIOHAKHOTO pacTBOpa MPEAyCMATPUBAIUCH 3aKay-
Ka ero B TpyOy 8 yCTaHOBKHM B BEPTHKAJIBHOM IOJ0KEeHUHU U mocienyromee O31] 24
4. 3aTeM K HI)KHEMY OTBOAY 7 MOJBOJMWIICS T'a3 M CO3AaBajoCh M30BITOYHOE JaBJe-
HUE C 3aIlMChI0 MOKa3aHUUW MaHOMETPOB 3,4,5, XapaKTepU3YyIOUIUX MPOPHIB raza o
BPEMEHH.

[TockonbKy CTPYKTypa LIEMEHTHOI'O KaMHS CYIIECTBEHHO 3aBUCUT OT BOJO-

HECMCHTHOT'O OTHOIICHUA, Ha YCTAHOBKC ITPOBOIWUIIMCH OIIBITHI C TAMIIOHA’)KHBIMHU pacC-
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tBOpamu ¢ BI[ ot 0,4 no 0,7 mpu temneparypax ot 20 mo 100°C. Kpome toro, Ha
KOHTAKT€ IIEMEHTHBIM KaMeHb — 00caJHasi KOJOHHA MOJEIMPOBAINCH KaHAJIbI, BO3-
HUKAIOIIKUE TIPU OMPECCOBKE 00CATHON KOJIOHHBI U APYTUX TEXHOJIOTUYECKUX Omepa-
UIX BHYTpH oOcamgHoi kojoHHBI mociae O3L. Ilpu uccnemoBanuu repmMeTH3upyro-
mieit ciocoonoctu BYIIII B TBepactoiieM IIEMEHTHOM PacTBOPE CO3/IaBAIMCh UCKYC-
CTBEHHBIE KaHAIBI OT 1,9 1o 7 MM paznuunon npotskeHHocTr. [Ipn monennpoBanumn
pa6oter BYIIII B OTKpBITOM CTBOJIE CKBaXHHBI IIPOTUB BOJIOHOCHBIX TOPU30HTOB Ye-
pe3 0TBoJI 4 moiaBaiack BOJia, MOACIUPYIOIIAs TIACTOBBIN (IIOU]I.

CBolicTBa LIEMEHTHOIO PAacTBOpa M KamHsA onpenessummch cormacHo ['OCT
26798.1-96.

[Ipurorosnennsiii BYIIIT nomemancs B TpyOy 8 B pailoH COEAMHUTEILHOMN
My(TBI, CHU3Y U CBEpXY HETO HAXOJWJICA LIEMEHTHBIH pacTBop. [locie mpurorosie-
Hus oOpasenr octarisui Ha O3L] 24 gaca. [Tocne O31] onpenensioch HATMYKUE WIIH
OTCYTCTBHE ITPOPHIBA I10 Ta3y.

B Tperbeii riiaBe H3JI0XKEHBI PE3YyJbTAaThl JIAOOPATOPHBIX HCCIECIOBAHUN
BJIUSIHUSA pa3nyHbIX pakTopoB Ha cBoiicTBa BYIIII, npuBeneHsl Marepuansl No U3y-
YeHUIO repMeTu3upyromei crocoonoctu BYTIIL.

ITocKOJIBKY TpaAUIIMOHHO NPUMEHSAEMbIE LEMEHTBI NPU TBEPACHUU B 3aMKHYTOM
o0BeMe 00Jagar0T yCaI0YHbIMU AeOPMAIASIME, TO JJIsI KPEIJICHUS! CKBAKUH 9acTO
PEKOMEHIYIOT HCIOJIb30BAHUE PACIIUPSIOMIMXCSA TAMIIOHAXKHBIX LIEMEHTOB. B TO ke
BpeMsl UCCIIEJOBAHUE KUHETHUKH PACIIMPEHUsl MokKazasio, 4yTo A(QeKT pacummpeHus
IIPEKPAIAETCS YEPE3 HECKOIBKO CYyTOK TBEpAEHMS. [I0CKOJIBKY NEpBONPUYNHON BO3-
HUKHOBEHHMSI YCaZOUYHBIX AehopMalvil SBISIETCS KOHTPAKIUSA, TO ObUIM MPOBEACHBI
WCCIICIOBAHUS €€ BIMSIHUS HAa CBOMCTBA KOHTAKTUPYIOILIETO C IEMEHTHBIM PaCTBOPOM
BVTIIII. Ha xonTtakte ¢ niemeHTHBIM pacTBopoM BVYIIII o6e3BokuBaercs. TBepaenue
IIEMEHTHOTO pacTBopa ¢ ra3oBblAcistoniel no0aBkoit npu koHTakre ¢ BYIIIT wuc-
KJIFOYAeT YCaJKy MOCIEIHEro. DKCIepUMEHTAIbHO ObUla MoAoOpaHa KOHLEHTPALIMS
ra30BBIICTSIONICH 100aBKHU, OOECIICUHBINAs CHUHXPOHHOCTh Ta30BBIICICHUS W KOH-

TpakLUMUU HEMEHTHOTO pacTBopa, a Takxke Oesycanounocts BYIIII. Ha puc. 2 npuse-
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ACHBI PC3YJIbTAThI OIIPCACIICHUSA KOHTPAKIIMN «YUCTOTI0» NCMCHTA U LIECMCHTA C Ira3o-

BBIIEJSIONIEN J0OaBKOM.

8

1
|

V.mun/100r
o

12
|

jen]
Lh

10 15 20 25
Bpema, u
Pric. 2. KoHTpaKIIA MeMEHTHOTO KAMHA |

——TIII[T; —=— ITIT+15%(NH,),CO;
W3 puc. 2 BUAHO, YTO MPUMEHEHUE Ta30BbILACIAIONICH HO00AaBKU MPUBOIAUT K
BO3HUKHOBEHUIO «OTPHUIATEIBHON» KOHTPAKLWH, CIEAOBATENBHO, TBEPACIONINN IiE-
MEHTHBIN pacTBOp He OyAeT OKa3bIBaTh OTpULATEIBHOrO BiIusiHUSA HAa BYTIIL.
DKCIepUMEHTaNBHO OBLIO Moka3zaHo, 4To HaxoxjaeHue BVYIIII B repmernu-
HOM TPOCTPAHCTBE MPAKTHUYECKHM HE MPUBOJUT K yMEHBUIEHUIO ero oobema. llpu
koHTakte ¢ Bojou BVYIIII obmamaer a¢ddexrom pacmmpenus. [Ipu stom Obuta ompe-
JeJ€Ha KUHETHUKAa pacuIMpeHusl makepa Bo BpeMeHHU. 3a 10 cyTok pacimupeHue noc-
TUrio 5%. DTO CBUAETENBCTBYET O BO3MOXKHOCTH 3(P(HEKTHBHOTO HCIIOIb30BAHUS
BYVIIII B OTKpBITOM CTBOJIE CKBAXKUHBI IIPOTUB BOJIOHOCHBIX TIJIACTOB.
B xozae 3kcnepuMeHTOB ObLIO YCTAHOBJIEHO BIMSHUE KOHLIEHTPALMU HUCXO]I-
HBIX PEareHToB Ha IacTuyecKyro npoyHocts BVYIIIL. C yBenmnueHnem KOHIEHTpa-
uu [TAA (1% - 5%) naGnrogaeTcst pe3kuil poct miactuieckoit mpounoctu ot 18000
1o 180000 I1a coorBerctBeHHO. [loBBIIIEHME TeMnepaTypsl 70 70°C npuBOIUT K yC-
KOPEHHIO NPOLIECCOB pacTBOpeHUss KOMIIOHEHTOB BVYIIII, uro HECKOnbKO yckopsier

MpoIlecC MPUrOTOBJIEHU MakepoB. C yBeIMUEHHEM KOHIEHTpaluu 0eHToHuTa oT 10
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10 20% miactudeckas IpOYHOCTh pe3ko Bo3pactaeT. [I[poyHOCTh BSI3KOYNPYTUX CO-
CTaBOB B ATOM CJIy4yae YBEJIMYMBAETCA IO MAKCHUMaJbHOTO 3HAYEHHS B TeueHue 24
4acoB, IIOCJIE YETO €€ POCT OCTAHABIIMBACTCA.

[Tpu nanpHEiIIeH BbIIEpKKE 00PA30BABIIUXCS BA3KOYNPYTUX COCTABOB B TE-
yeHue 24 4acoB MX IUIACTUYECKAs POYHOCTh OCTaeTca Hen3MeHHOU. [Ipu ucnons3o-
BaHUU BSI3KOYIPYrux coctaBoB B kauecTtBe BVYIIII HeoOxoaumo noadupars KoMIo-
3UIHI0, GOPMHUPYIONTYI0 MAaKCUMAIIbHYIO MPOYHOCTh CTPYKTYpPHI B TeueHnue 1,5 — 90
4acoB, U CO3JaBaTh YCJIOBUS Il (POPMUPOBAHMS U YKPEIUIEHUSI €r0 CTPYKTYphI Ha
NOBEpXHOCTH. IlOBBIIEHHE TEMIIEpaTypbl HE OKA3aJ0 3HAYMTEIBHOTO BIIMSHUSA Ha
IJIACTUYECKYIO MpouyHocTh BYTIIL.

Pe3ynbTaThl HEKOTOPBIX 3KCIIEPUMEHTOB MO HCCIECIOBAHUIO CBOWCTB BA3KO-
YOPYTUX COCTaBOB NpHUBEACHBI B Ta0d. 1. BrimomHeHHBIE SKCIIEpUMEHTAbHBIE HUC-
CJIEIOBaHUS CBOWCTB pa3pabOTaHHBIX COCTABOB IO3BOJIMJIM BbIOpaTh HamOoliee pa-

UOHAJIbHBIC KOMIO3UIIAM JJIsl UX NpuMeHeHus B kadecTBe BYIIII.

Tabmma 1
CocraB 1 CBOMCTBA BA3KOYIIPYTUX KOMIIO3ULIAM
Howmep | Konuenrpanus uCXoaHbIX peareH-
KOM- TOB, % Bpems nabopa | Ilnmactuueckas
1103U- MaKCHMAJIBHOU IIPOYHOCTD,
mm | TAA | Al(SOy); | I'mnaOmOpOIIOK IIPOYHOCTH, 4 xIla
1 0,5 2 20 19 184
2 1 0,5 10 71 12,6
3 1 1 10 4,3 46,9
4 1 1 20 6,3 127,8
5 1 2 20 4,7 184
6 2 1 7 90 9,9
7 2 2 10 19,5 18,1
8 3,5 1 10 15,7 127.,8
9 3,5 3 10 1,2 18,1
10 5 1 10 1,3 18,4
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C uenbro oneHKH 3(PPEKTUBHOCTH FEPMETU3ALNN 3aKOJIOHHOTO MTPOCTPAHCTBA

T'a30BBIX CKBAXHMH Ha E)KCHCpI/IMGHTaJIBHOﬁ YCTAHOBKC ObL1a HCcCjcaoBaHa CIT0C00-

HocTh BVIIII npenynpexnars ra3onpopslB.

Pe3ynbraThl HEKOTOPBIX AKCIIEPUMEHTOB MIPEICTABIICHBI B TA0JI.2.

Tabnunra 2

Pe3ynbTaThl 3KCIIEPUMEHTOB MO MCCIIEIOBAHUIO ra30MPOPHIBA HA YCTAHOBKE

Howmep [LmacTnueckas
Komnosznnus, ['pannenT naBneHus
obpas- Cocran MPOYHOCTb,
a no tabmn.1 Il razonpopsiBa, MIla/m
1 [T ¢ BLI=0,5 0e3 nmakepa - 1,02
2 ITIT ¢ BII=0,65 | 6e3 nmakepa - 0,89
3 [T ¢ BI1=0,8 0e3 makepa - 0,75
4 ITLT ¢ BII=1 0e3 makepa - 0,6
5 [T ¢ BII=0,5 6 9,9 3,21
6' TIT ¢ BII=0,5 6 9,9 5,05
7 [T ¢ BII=0,5 3 46,9 5,1
8 [T ¢ BI=0,5 4 127,8 >6,25
9 [T ¢ BLI=0,5 6 9,9 0,71
10° | TIUT ¢ BII=0,5 6 9,9 0,51
11> | IUT ¢ BI=0,5 6 9,9 0,43
12° | LT ¢ BI=0,5 4 127,8 >6,25
[Ipumeuanue.

1
6 - yBeJIu4eHue JUIMHBI o0pasiia B 2 pasa;

92, 102, 112- BYIIII ucronb30Bajics s repMeTu3anuu kaHainos 1,9; 3; 7 MM co-

OTBCTCTBCHHO,

12°- BYIIIT 0T KOHTPAKIUH NPEJOXPaHsIIa FA30BbLICIAIONIas 100aBKa.

Kpurepuem orieHku 3(QGEKTHBHOCTH TepPMETH3allMd KaHAJIOB ObLT BhIOpaH

IpaAuCHT AABJICHUA I'a30IIPOPbIBA, ITOCKOJBKY OH ABJIACTCA KOJINMYCCTBCHHBIM ITOKaA-

3areneM uzonupytomei cnocooHoctu BYIIII u B qoctatounoit Mepe xapakTepusyer

YCJI0BUA JIMKBUAAIIUN IICPCTOKOB.
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N3 Tabnuipl 2 BUIAHO, YTO C YBEJIMYEHHEM BOJIOLEMEHTHOTO OTHOIICHUS
repMETU3UPYIOIIas CIIOCOOHOCTh LIEMEHTHOTO KaMHsI CHHUXAETCS. DTO OOBACHAETCS
YXYALIEHUEM CTPYKTYPbI 32 CUET YBEJIMYEHHUSI BOJOCOJICPKAHUS U CHUKEHUS CEIU-
MEHTAIMOHHON YCTOMYMBOCTH PACTBOPA.

[Ipumenenue BYIIII B onbiTax 5-8 repmeTusupyer 3aTpyoHOE MPOCTPAHCTBO
Y TIOBBIIIAET JABJICHUE ra300pOpHIBA.

I[To pesynpraram (Tadi1. 2) BUAHO, YTO TEPMETU3UPYIOIIUE COCTABBI C IIJIACTH-
yeckoi poyHocThio 0T 9000 no 130000 ITa mpemoTBpamatoT ra3onpopsIB Mpu rpa-
IHUeHTe aasiieHus ooiee 6,25 MIla/m.

B ombitax 8 u 12 razonpopslB HE ObUT MOJNYYEH MPU MAKCUMAIBHO BO3MOXK-
HOM JIaBJIEHUH, CO3/IaBAEMOM Ha YCTAHOBKE.

Tak Kak B pe3yJibTaTe TEXHOJIOTUYECKUX OIEpalnil MpU SKCIUTyaTallluu U pe-
MOHTE CKBa)XMH LIEMEHTHBI KaMEHb IOJBEPracTCsi MEXAaHUYECKHM BO3JCHCTBHUSIM,
YTO BBI3BIBACT OOpPa30BaHUE KAHAJIOB M TPEIIMH 10 IEMEHTHOMY KaMHIO WJIH 00pa3o-
BaHHE 3a30pa MEXIY [IEMEHTHBIM KaMHEM U 00CaaHBIMU TPyOamu, OBLITN TaKKe Mpo-
BEJECHBI CIICLIMAIIBHBIE UCCIIECIOBAHUS 110 OLEHKE BO3MOKHOCTU npuMeHeHus BYIIII
JUTSI TepMETU3aIuu MOJ00HBIX KaHaloB. B mpoliecce uccienoBanuii mperycmaTpuBa-
jock, 4ToObl nBmwkeHue BVYIIIT Obl10 TONBKO MO CO3/aHHOMY KaHaimy. st 3Toro
MIPUTOTOBUIIM LIEMEHTHBIN PACTBOP M3 MOPTJIAHILIEMEHTA, 3aTBOPEHHBIN Ha BOJIE, 3a-
TEM €ro 3aJIUJIU B TPYOKY YCTAaHOBKH U TIPOBEIM B IEMEHTHOM KaMHE MCKYCCTBEHHBIC
KaHaybl fuameTpoMm 1,9; 3; 7 MmM. Pe3ynbpTaThl razonpopsiBa IpUBEIEHbI B TabuUIIE 2.
BungHo, yTo ¢ yBenmMUeHMEM AMaMETpa KaHala TPAJAUEHT JABJIEHHUS Ta30MpOpbIBA
yMeHbIIaeTcs. B To ke BpeMs ero BeJIMYMHA SBJIETCS TOCTaTOYHOM JJIsl HEAOIyLIe-
HUS Ta30IPOPHIBA B MPOMBICIOBBIX YCIOBUSIX. J{Jis onpeneneHust BIUSHUS «TJTyOHUHBI
npoHukHoBeHUs» BYIIII Ha rpagueHT naBieHus ra3onpopsiBa COCTaB, COAEPKALINN
2% TTAA, 1% Aly(SO4); u 7% O6eHToHUTa, IPU UCHBITAHUHA KOTOPOTO IPAIUCHT /1aB-
JICHUS Ta30IPOPbIBa HAMMEHBIIUN (Ta0. 2 onbIT 5), ObUT UCTIBITAH MPU PATUYHBIX
mmHax obOpasnoB. [lo pesynprataM ombiTa 6 BHAHO, YTO TP YBEITWYCHUH JITUHBI
obpasnia ¢ 0,4 nmo 0,8 M rpaaMeHT JaBlIEHHs Tra3omnpophiBa Bo3pacTaeT ao 5,05

MlIla/m. DTO CBHUAECTENBCTBYET O TOM, YTO YBEJIWYCHHE TITyOHMHBI MPOHUKHOBEHHS
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BVIIII B HErepMeTnyHOE 3aKOJIOHHOE ITPOCTPAHCTBO MOBBIIAET COIIPOTUBJICHUE ITa-
Kepa Hayaly NpopsiBa ra3a. B onsiTe 12 BA3KOyNpyruii NOABMKHBIN ITAKEP CBEPXY U
CHH3Y KOHTAaKTHUPOBAJ C LIEMEHTHBIM PAacTBOPOM, COAECPKAIIMM Ta30BbIACISAIONIYIO
no0aBKy, KOTOpas IpeJoXpaHsia ero OT 00€3BOKMBAaHUS KOHTPAaKLHUEH TBEpIEIoLIe-
ro LIEMEHTHOro pactBopa. I'panueHT razonpopsiBa 6osee 6,25 Mlla/m noarsepaui
NEPCHEKTUBHOCTH BHIOPAHHOI'O HAIIPABJICHUS.

B pesynbraTte nccnenoBanuii mokazano, 4ro paspadoranusie BYIIII obnana-
I0T BBICOKOW 3aKyNOPHBAIOLIEH CIIOCOOHOCTHIO, PABHOMEPHO M TOJHO 3aMOJIHSIOT
IIOPBI X KaHAJbl [IEMEHTHOIO KaMHS M CO3JAI0T JOCTATOYHO NMPOYHBIM HENPOHMIIAE-
MBI M30JSIMOHHBIN 5KpaH. [lomydyaeMblil 3kpaH clocoO€H NMpensaTCTBOBATh MPOPHI-
BY ra3a 10 3aKOJIOHHOMY MPOCTPAHCTBY U MOXKET MPEAOTBPATUTD MOSIBIEHUE MEXKKO-
JIOHHOTO JaBJICHUS.

Pe3ynbpraThl 3KCIEPUMEHTAIBHBIX HMCCIECJOBAaHUN NOATBEPAWIM TEOPETHYE-
CKHE MPEMOChUIKH, pabouyro TUIIOTe3y U MoKa3aiu 3G(HEeKTUBHOCTh pa3pabOTaHHBIX
BVIIIL. Onu cranu ocHOBOM i pa3paboTKu periamenta, nmo kortopomy OAO
«A3UMyT» NMPOBOAUT PabOTHI MO KPEIUIEHUIO CKBAaXMH HAa AMaHIeIbJIMHCKOM Ta30-
BOM MECTOPOXKICHUM.

B yerBepTOH riaase npusencHsl pe3ynbTaTel NpuMenenus BYIII npu kpen-
JICHUN CKBAXKMH M PEKOMEHJALMU IO TEXHOJIOTMHU HX IIOJYyYEHUS U UCIOJIb30BAHUSA
Ha OCHOBE ITPOMBICIIOBBIX UCIIBITAHUM.

['a30HOCHOCTEP MECTOPOXKIECHUS AMAHTENbIbl NPUYPOUYEHA K TEPPUTECHHBIM
OTJIOKEHMSIM IIEPMH, HUKHEBU3EHCKOTO NMOABIPYCa U TYPHEHCKOIO sIpyca HUMKHEIO
KapOOHa, a TaKkKe K KapOOHATHBIM OTJIOXKEHHSIM CEPITyXOBCKOI'O spyca HHMIKHETO
KapOoHa.

CaMbIMU TTPOOJIEMHBIMH C TOYKH 3PEHUS] KAYECTBEHHOI'O KPETJIEHUSI CKBAXKUH
SBJISIIOTCS IEPMCKHUE OTIIOKEHUS, KOTOPBIE PACWICHSAIOTCS HA MOACOJIEHOCHYIO, COJIE-
HOCHYIO M HaJICOJICHOCHYO TOJILIH.

['a3 mepMCKHUX OTIIOKEHNUN XapAKTEPU3YETCSI BBICOKUM COJIEPKAHUEM a30Ta U

T'CIIns.
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[TnacroBas Temneparypa Ha rinyoune 2400 m gocturaer 70°C, a HadanbHOE
IJIACTOBOE JaBjieHUE orieHuBaeTcsa B 23,7 MIla.

VYkazaHHble 0COOCHHOCTH I€0JIOTUYECKOT0 CTPOSHHUS B ONPEICICHHOM CTere-
HU OCJIOXKHSIOT IPOLIECCHI LIEMEHTUPOBAHUS CKBAXKUH U IIPUBOJAT K CHUIKCHUIO Ka-
YecTBa KPEIJICHUSI CKBAXUH W PA300IICHUS MPOIYKTUBHBIX TOPU30HTOB, & UMEHHO,
nosinenuo MKJI.

OAO «A3umMyT» JUIsl TIOBBIIIIEHUS KAa4eCTBA KPEIUICHUSI CKBAXUH OBLI TIPe.i-
JI0KEH KOMIUIEKC MEPOIPUATHAN, BKIIFOYAFOLINN:

THIPOAKYyCTHIECKYI0 00paOOTKy CTBOJIA CKBaYKUHEI;

IPUMEHEHHUE PACIIUPAIOUIETOCS LIEMEHTA;

MPUMEHEHUE IEMEHTHOTO PACTBOPA C MOHUKEHHON BOJOOTAAYEH;

OTIPECCOBKY 00CaIHOM KOJOHHKI cpasy nocie «CTomy;

npoTuBoaBieHue Bo Bpemst O31];

NPUMEHEHHE OTMBIBAIONIEH Oy(pepHOil )KUIKOCTH;

IIpUMEHEHHE B KauecTBe Oydepa Bs3ko-yrpyroi cuctemsl (BYC);

MIPUMEHEHUE BSI3KO-yIPYroro NOABUKHOTO MaKepa s MPEAYyNPEKACHUS BO3-
HuKHOBeHUs MK/I.

OaHuM 13 KOMIIOHEHTOB JaHHOTO KoMILIiekca Obuto ucnoiab3oBanue BYIIIT na
CTaJUU TEPBUYHOTO LIEMEHTUPOBAHUS AJISI TOTO, YTOOBI MCKIIOUUTh BO3MOKHOCTD
MOCTYIUJICHUS TIACTOBOTO (UIOMa B 3aTPyOHOE MPOCTPAHCTBO, MEPEKPHITH BO3MOXK-
HbIE KaHaJIbl ABUXKEHUS (IIIOM/a 10 [IEMEHTHOMY KaMHIO U €ro KOHTaKTHBIM 30HaM,
UCKIIIOUUThH OTPULIATENIbHBIE MOCHEACTBUSA (PU3NKO-XUMHUYECKUX MPOLIECCOB rUaparTa-
LMW U TBEPIECHUS HEMEHTHBIX PACTBOPOB, TEXHOJIOTMYECKHUX OINEPALIAM, IIPOBOIUMBIX
B CKBO)XKMHAX.

[Tpu mpoBeeHNU HCTBITAHUNA MOTPEOOBATIOCH YCOBEPIIEHCTBOBAHUE TEXHO-
JIOTUYECKOW CXEMbI [IEMEHTUPOBaHUsA, MOCKOJIbKY BVYIIII mocie npuroroBieHus Ha-
OupaJl MPOYHOCTh U HE 3aKAYMBAJICSA HACOCAMM IIEMEHTUPOBOYHBIX arperaroB. Jlis
co3peBanus u 3akauku BYIIII B TexHOMOTHYECKyt0 cXeMy ObLT BKJIIOYEH JOTMOITHH-
TEJIbHBIN JIEMEHT, HA3BaHHBIN HaMU «Ipui». CxeMa pacCTaHOBKHU IIEMEHTUPOBOY-

HOI TexHukH Juisi ckBakuHbl Nel 10 mpuBenena Ha puc.3. JlanHas TexHosorust Obuia
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HCITI0JIb30BaHa IpU INEMCHTUPOBAHUN TCXHUYCCKUX W JIBYX CTyneHeﬁ OKCILTyaTranu-

OHHBIX KOJIOHH Ha ckBakmHax Nel10, 101, 111, 112.

Puc.3. Cxema paccTaHOBKM LIEMEH-

TPIpOBOLIHOI\/JI TCXHUKHU IIPU HEMCHTHUPOBA-

* HUM OOCaJHBIX KOJIOHH C YCTaHOBKOH
o D BVIIII:
Cll N IIA - uemeHntupoBouHbli arperat; CMH-

20 - cmecutensHas mamuHa; OE - ocpen-

P HUTENbHAs €MKOCTh;, BM - 0OJIok MaHu-

OF | g ———— UA3

¢donpaoB; CKL| — cTaHmust KOHTPOIS Lie-

I
L4
@/ E MeHTupoBanus; L{I' - memeHTHpOBOYHAS
e}

O
L] o rOJIOBKA

ChH

Bce onepanuu 1o HeMEHTHPOBAHUIO BKIIOYAIH CJIETYIOUINE 3TAIbL:

1. IIpuroroBieHue HEMEHTHOTO pacTBOpa

2. 3aKayka B CKBa)XMHY IEPBOIM YaCTU pacuETHOTO 00beMa LIEMEHTHOTO pac-
TBOpA.

3. OcTtaHOBKa mpolecca 3aKadyky EMEHTHOI'O pacTBOpa M 3aKayka pacyeTHO-
ro oosema BVIIIL.

4. 3akauka BTOPOI 4acTH LEMEHTHOI'O PaCTBOPA U €ro MPOJIaBKa.

Takum oOpa3oM, B 3aKOJIOHHOM IPOCTPAHCTBE MOXKET ObITh YCTAHOBJIEHO HE-
CKOJIBKO IepeMesxaromuxcs noscos BYIIILL

OObeM nakepa BbIOMpPAETCS C TAKUM PACYETOM, YTOOBI OH 3aHsUI B 3aKOJIOH-
HOM MpocTpancTBe 20-30M. DTO COCTaBIIANIO B 3aBUCMMOCTH OT JIHaMeTpa 00CagHOM
kosoHHs! 0T 0,4 10 0,7 M°. OGbeM «mpuia» pasex 1,1 M, IIO3TOMY TIPHU MPOBEJE-
HUM ONEpalyy LIEMEHTUPOBaHUs OblLla BO3MOYKHOCTb YCTAHOBKM OJHOIO WJIM HE-

ckosipkux BVIIIL.
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Pe3ynbpTatel mpoBeAeHHBIX pabOT MOKa3ajid, YTO pa3pabOTaHHBIA COCTaB
BVIIII sBnsieTcst BBICOKOTEXHOJIOTUYHBIM, OTJIMYAETCS JIETKOCTBIO ITPUTOTOBJICHUS U
HE BHOCUT CYILECTBEHHBIX U3MEHEHMUHN B IPOLIECC LIEMEHTUpOoBaHus. Hu Ha oxHOU
omnepauuu Mpu MpuroToBiaeHUM U 3akauke BYIIII He BOZHUKIIO CEPBE3HBIX OCIIOXKHE-
Huil. B kaudectBe 0a3pl cpaBHEHMsI ObUIM B3SITHI CKBAaXXUHBI, 3allEMEHTHUPOBAHHbBIE
xomnanueit Halliburton. Ha Bcex 6a30BbIX CKBaXMHAX cpa3y MOCIE LIEMEHTUPOBAHUS
nosiBuirch MK/ Mexy sKkCrulyaTallHOHHOM U IMPOMEKYTOUYHOM KOJIOHHAMH U MEXK-
Iy IPOMEKYTOYHON KOJIOHHON U KOHAYKTOPOM.

OKCITyaTallMOHHBIE KOJIOHHBI, 3alleMEHTUpOBaHHbIE MO TexHosnorun OAO
«AznumyT» ¢ npumeHenrem BVYIIII, nokasanu gaydnime pe3ysbTaTbl. ITO OTHOCHUTCA
KaK K T€pMETUYHOCTH 3aTPyOHOr0 MPOCTPAHCTBA, TaK M K KAa4€CTBY CLICIUICHUS Lie-
MEHTHOr0 KaMHsA. Ha 3THUX CKBa)XMHAX B TE€YEHUE TPEX MECSLEB IIOCIE OKOHYAHMS
pab6ot MKJI He Habm012J10Ch.

Texnonorus uementupoBanusi ¢ npumeHenuem BVYIIII Obiia BkIOueHa B
nporpamMmy paboT U MPOEKTHbIE JOKYMEHThI Ha CTPOUTENILCTBO CKBAXXUH Ha MECTO-
POKIEHUU AMAHIEIb/IbI.

BoinonHenHble pabOThl CTaJId OCHOBOM JJISi COCTABJIECHUS! TEXHOJIOTUYECKOTO
perslaMeHTa Ha npuMmeHeHnue BVYIIII npu KpeluieHnn CKBaKMH Ha MECTOPOXKIACHUU
AMaHrenbIbl.

OcHOBHBIE BBIBO/JbI U PEKOMEHIALUH

1. YcTaHOBIIEHO, UTO NOJIyYEHHBIE HAa OCHOBE BS3KOYNPYIMX KOMIIO3HUIIMI
BVIIII aBnsroTcs 3pPpeKTUBHBIM CPEICTBOM CHMXKEHHS pUCKa BO3HUKHOBEHUST MK/]
B HE(TSAHBIX U ra30BbIX CKBAKUHAX.

2. OOocHOBaHa U MpeAJIOKEHAa METOJUKA JUIsl HU3MEPEHHUs CTPYKTYPHO-
IIPOYHOCTHBIX XAPAKTEPUCTUK U IUIACTUYECKON ITPOYHOCTH BA3ZKOYIIPYTUX COCTABOB B
IIPOMBICJIOBBIX YCJIOBHSIX.

3. YcraHoBieHa BO3MOXHOCTB noaydenus BVYIILI, orBedaromux coBpemen-
HbIM TpeOOBaHUSAM C HEOOXOAMMBIMH CBOWCTBAMU Ha OCHOBE JEILIEBBIX, MAJOTOK-

CUYHBIX, HEIE(PUIIMTHBIX TOPOIIKOOOPA3HbIX MATEPUATIOB.
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4. DKCHepUMEHTAIbHO J0Ka3aHa 3(()EeKTUBHOCTh MPUMEHEHUs pa3paboTaH-
HOW repMeTHU3HpYIOIIEeH BA3KOYIPYTrol KOMIo3uuu Ha ocHoBe I[TAA u cepHOKHCIIO-
ro amoMHUHMS. {7 MOBBILIEHUS KOJIBMATUPYIOUIEH CIOCOOHOCTH OOOCHOBAH BBOJ
HaTOJHUTEIIS.

5. O60CHOBaHO NMPUMEHEHUE YIJIEKUCIOrO0 aMMOHHMS B KaueCTBE I'a30BblIe-
JSIFOIIEH T00aBKU JUISl YCTPAHEHUS BIMSAHUA KOHTPAKIMU LIEMEHTHOTO PacTBOpa Ha
ceoricrBa BYIIIL

6. Pesynbrarhl nccinenoBaHuii IPUMEHEHBI Ha MECTOPOKICHUH AMAaHTEIIb/IbI
IPU KPEIUICHUU YETHIPEX MPOMEKYTOUHBIX M OKCILTyaTallHOHHBIX KOJIOHH.

7. PazpaboTaH TEXHOJIOIMUECKUN PETJIAMEHT Ha IPUMEHEHUE BA3KOYIIPYIOro

IMMOABMIKHOTO ITaKepa Ipu HEMCHTUPOBAHUHU O6C&I[HBIX KOJIOHH.
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