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PaGora BbImosHeHa Ha Kadenape OypeHuss HEPTAHBIX W Ta30BbIX CKBaXUH

Y humckoro rocy1apcTBEHHOT0 HEPTSIHOTO TEXHUYECKOTO YHUBEPCUTETA.

Hay4Hblil pyKoBOAHTEIb JIOKTOp TEXHUYECKHUX HayK, Ipodeccop
ArzamoB ®aput AKpamMOBHY.

O¢duunajnbHbie ONMOHEHTHI: JIOKTOP TEXHUYECKUX HAYK, CTapIIUK
HAy4HBIA COTPYIHUK
Kpsbicun Hukonaii UBanoBuy;
KaHAUJAT TEXHUYECKUX HAYK

Hurmartyaianna Anuca I'aauMbsiHOBHA.

Benymas opranuzauus: 3amaano-Cubupcekuii Hay4HO-

MCCIIEN0OBATENbCKUM U ITPOEKTHO-
KOHCTPYKTOPCKMM WHCTUTYT TEXHOJOTHUH
ri1yOO0KOT0 pa3Be10YHOI0 OypeHHUsI

« 3anCuobypHUIINA ».

30
3amura cocroutcd 31 mag 2005 roma B15™ yacoB Ha 3acemaHuu

muccepraniionHoro cosera J1212.289.05 npu VYdumckoMm rocynapcTBEHHOM
HeTIHOM TEXHUYECKOM yHHUBepcuTeTe 10 azapecy: 450062, Pecnybnuka

Bbamkoprocran, r.Yda, ya. Kocmonastos, 1.

C nuccepranuedl MOXKHO O3HAKOMUTbCA B OHOIMOTEKe Y dumckoro
roCy/IapCTBEHHOI'0 HE(TAHOTO TEXHUUECKOT'O YHUBEPCUTETA.

ABTtopedepat pazocian «26» anpens 2005 roza.

YdeHbIl cekpeTapb

JIUCCEPTALMOHHOTO COBETA SmanueB B. VY.
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OBIIASA XAPAKTEPUCTHUKA PABOTHI

AKTyaJlbHOCTh NpoOJiemMbl. [loBbieHne HameKHOCTH U IHHEKTUBHOCTH
JKCIUTyaTallui He(PTSIHBIX U Ta30BBIX CKBAXKUH B CYIIECTBEHHOU CTENEHU 3aBUCHUT OT
Ka4ecTBa M HAJEXKHOCTU UX Kpenu. Hapyiienne repMeTHYHOCTH SKCIUTYaTallHOHHBIX
KOJIOHH Ha Ta30BBIX, Ta30KOHACHCATHBIX, HEPTSHBIX MECTOPOXKICHUAX C BBICOKUM
ra3oBbIM (haKTOPOM, a Takke B MOJA3eMHBIX Xpanwiumax rasza (IIXI) npuBoaut k
BO3HUKHOBEHHUIO MEXKKOJOHHBIX AaBieHnid (MKJI) m orpaHwunBaeT BO3MOYKHOCTH
HOPMaJIbHOM DKCIUTyaTallud CKBaXXWH. B mociienHue rojpl OJHUM U3 HauOoliee
MEPCIIEKTUBHBIX HampaBiieHUN maukBuaanuu MK][ sBiseTcs mepeBo] CKBAKUH Ha
MIAKEPHYIO CXE€MY OJKCIUIyaTallid W HWCIOJb30BaHUE CHEUUAIBHBIX HAANAKEPHBIX
TFEPMETUBUPYIOIINX KHUIKOCTEN. JlOCTOMHCTBOM TE€PMETUIUPYIOIIMX KHUIKOCTEN
ABJISIETCA ~ BO3MOYKHOCTh HMX  HMCIIOJIB30BaHUA JUIsl JIMKBHJALMM MEKKOJIOHHBIX
JABJICHUI nyTeM 3aM0JIHCHUS HaJITAKEPHOTO (MexTpyOHOTO) U
HE3alEMEHTUPOBAHHOTO MEKKOJIOHHOTO ITPOCTPAHCTBA CKBAXKUHBI. B TO ke BpeMs
OOJIBIIMHCTBO MPUMEHSIEMbIX T'€PMETHU3UPYIOIINUX KUAKOCTEH HE Mperynpexaaet
KOpPpO3UI0 00O0PY/IOBaHHA W HE TMOJABISET POCT CYJb(PaTBOCCTAHABIMBAIOIIUX U
YIJIEBOJOPOAOKHUCIIAONMX OakTtepuil. IIpu 3ToM akTyanbHOU siBIsieTcs pa3padoTka
rePMETU3UPYIOIINX KOMITO3MIIMM, 00JIaalolIuX CHOCOOHOCThIO KOJIBMATHUPOBAThH
GIIOUAONPOBOAIIME KaHAJIbl B PE3bOOBBIX COEIMHEHUSX OKCILTyaTallMOHHBIX
KOJIOHH, KOJIOHHBIX T'OJIOBKaX yCThEBOI'O OOOPYIOBaHMs, COXpaHss MPU 3TOM CBOU
TEXHOJIOTUYECKUE CBOMCTBA Ha BECh CPOK HMX HAXOXKJICHUS B MECTE€ HapYIICHUS
FEPMETUYHOCTH KPETIH.
HcxonHbIMu peareHTamu Ui FepMETU3UPYIOIINX KOMIIO3ULIMN MOTYT SIBJISITHCS Kak
OpraHuveckue, Tak M HEOpraHuueckue coenuHeHus. VX BwIOOp ompenensercs
TEXHOJIOTHUECKON M SKOHOMHUYECKOH 3(P(PEKTUBHOCTHIO.

eab padoThl

JlukBumanys WM OTpaHMYECHUE MEKKOJIOHHBIX JABJICHUW IMPU KAUTAIBHOM
PEMOHTE CKBAXXUH IIYTEM HCIOJIB30BAHUS HOMYJIbCUOHHBIX T'€PMETU3UPYIOIIUX

KOMITIO3HUIIHMH.
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OcHoBHBbIE 3212491 MCCJIEOBAHUIM

- aHAJU3 CKBAXUH C MEXKOJIOHHBIMU JABJICHUSIMHU U 000CHOBaHUE TPeOOBaHMIA
K TepMETU3UPYIOIIUM KOMIO3UIIMIM U KOMIIOHEHTaM JJISl UX MOJTy4YeHHUS,

- 000CHOBaHHME TMPHUHIMIIOB TMOA0Opa KOMIIOHEHTOB JUIsl  MOJYYECHHS
repPMETUZUPYIONIEH KOMITIO3ULUY;

- pa3paboTka cocTaBa M TEXHOJOTMU MPUTOTOBJICHHUS SMYJIbCUOHHOM
TEPMETUUPYIONICH KOMITO3UIUY;

- uccienoBanue npuunH MK/ u pa3paboTka METOAMKY UX JUATHOCTUKH 110
MECTOpOXKIeHUIO JKaHaxor,

- TMOATOTOBKAa HOPMATHBHOM IOKYMEHTAIlMM U UCIBITAHHE Pa3padOTOK.

MeTtoabl ucciie10BaAHUSA

[TocTaBrieHHbIE 3a/1a4M PEIIATUCH B J1aOOPATOPHBIX U MPOMBICTIOBBIX YCIOBUSIX
C MCMOJB30BAHUEM CTaHJAPTHBIX METOJUK, MPUOOPOB, CTATUCTUYECKON 0OpabOTKU
IIOJIyYEHHBIX JaHHBIX ¢ MpuMeHenueM [I1OBM.

HayuyHnasi HOBU3HA

1. Ilokazano, 4to r00YNBI AUCTIEPCHON (a3pl B cUCTEME SMYJIbCHOHHOU
repMeTU3MpYIoMeld KoMIo3uiuu Tuna "macio B Boae" (M/B) comocTaBuUMBI ¢
pazMmepaMu 1e(eKTOB pPe3bOOBBIX COSAMHEHUMN IKCILTYyaTallMOHHON KOJIOHBI.

2. DKCNEPUMEHTAIBHO YCTAaHOBJIEHA BO3MOXHOCTh MIPUMEHEHHSI IMYIbCHOHHOM
FEPMETU3UPYIOIIEH KOMIIO3UIMA C BBICOKOM arperaTUBHOM YCTOMYHUBOCTBIO U
ONTUMAJILHBIMU PEOJIOTUYECKUMHU CBOMCTBAMHU JUISl JIMKBUAAIMU JehEKTOB
TEPMETUYHOCTHU KPEMH U YCThEBOTO 000PYAOBAHUS CKBAXKHH.

3. YcranosineH 3¢ dekt nmomasiaeHus pocta cynbdarBoccranariuBaronux (CBB)
u yraesogopoaokucistomux (YOB) Oaktepuii ¥ WHTHOMPOBAHHS IIPOIECCOB
KOPPO3WH 00CAJHOW KOJOHHBI B MPUCYTCTBUU 3MYJIbCUOHHOW TE€PMETH3UPYIOIICH
KOMITO3HUIIUH.

IIpakTHyecKkasi HEHHOCTH

1. Pa3zpaborana sMyJIbCHOHHAS T€PMETHUIUPYIOIIAs KOMIO3UIUS JIJIsi CKBaXKWH,
no3BoJisronas 3PQPEeKTUBHO KOJbMATUPOBATh HAPYIICHUS FEPMETUYHOCTH Kpernu U

YCTBCBOI'O 060py,HOBaHI/I$I CKBa>XUH, obecrneynBaTh IIO4aBJICHUC pocTa
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CyJIb()aTBOCCTAHABIMBAIOIIUX U YIJIEBOJAOPOJOKUCIAIOMNUX OaKTepuid, CHHUKATh
CKOPOCTb KOPPO3HUH 3JIEMEHTOB KOHCTPYKLMI CKBAKHH.

2.0060cHOBaHa 1Ie7€cO00pa3HOCTh NPUMEHEHHs peareHTa AsumyT -14 B
KaueCcTBE MHTUOUTOpa KOPpPO3MHM U OakTepulldja B COCTaBe TIepMETU3UpPYIOLIEH
KOMITO3HIIVH.

3. PazpabGortan 53KcrepUMEHTaNbHBIM CTEH[, MO3BOJISIIOLUIMN MOJEIUPOBAThH
paboTy 3KCIUTyaTalMOHHOW KOJIOHHBI B CKBaXMHE W M3y4yaThb I'€pMETU3HPYIOLIYIO
CIIOCOOHOCTH pa3pabdaThIBAEMbIX KOMITO3UIIUM.

OcHoBHBbIe 3aIMIIaeMble MOJI0KEHU S

-pe3yJbpTaThl HMCCIENOBAHUM I10 IOJYYEHUIO 3MYJbCHOHHBIX JMCHEPCHBIX
CUCTEM C BBICOKOM arperaTuBHOW YCTOMYMBOCTBHIO, O0JIaJIAlOIIUX ONTHUMAJIbHBIMU
PEOJTOTUYECKUMHU CBOMCTBAMUY;

- pe3yibTaTbl AKCIHEPUMEHTAIBHBIX HCCIECIOBAHMN  HOBBIX  pELENTyp
repMETU3UPYIONIEH KOMMO3UIMU, TEXHOJOTMU WX MPUTOTOBJIEHUS U TPUMEHEHHUS
ni1st nukBuganud MK/

- pe3yabTathl padbotr no nukBuaanuu MKJ[ ¢ ucnonb3zoBaHueM 3MyJIbCHOHHON
repmerusupyromern  komnosummu  Ha  Kanuypunckom  IIXI,  pesynprarsl
UCCIIEOBAHUS NPUYMH MEXKOJOHHBIX JABIICHUI MO MecTOopoxaeHuto JKaHaxon u
pa3paboTKa METOJUKH UX JUATHOCTUKH .

Peanuzanus padorsl

Pa3paboTanbl pykoBoOAsIlME€ TOKYMEHThl Ha MPUTOTOBJICHUE M MPUMEHEHHE
DMYJIBCUMOHHOM  TEPMETU3MPYIOIIENM  KoMmo3uuuum Ha  ckBaxmHax  [IXT,
YTBEpKIEHHbIE ballkupckum ympaBieHueM rocroprexHagzopa PO u OAO
«IToxzemOyprasz» PAO «["a3mpom».

Pa3paboTanHbie cOCTaBbl MPOILIU MPOMBICIOBBIE HCTIbITaHNsI Ha KaHuypuHCKOM
[IXI" PAO «l"azmpom» u HedtsiHOoM MectopoxaeHun Kanaxon OAO «CNPC-
AkTOOEMyHalra3» c Moja0KUTEIbHBIMU PE3yJIbTaTaMU.

Anpobauust padoTbl

OCHOBHBIE TIOJIOKEHUSI JUCCEPTAIMOHHOW paboTbl M ee  Pe3yJbTaThbl

noknaneiBanuck Ha |ll Konrpecce nedtenpomsinuienHnkoB Poccun, cexuus
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«[Ipobnemsl HedTH 1 Taza» (Ya, 2001r.); MexoTpaciaeBOil HaydHO-ITPAKTUICCKOM
koH(pepeniun  «[IpoOiieMbl pa3BUTHS TOIUIMBHO-PHEPTreTUYECKOTO KOMILIEKCa
Bamaguoit Cubupu Ha coBpeMmenHom ostame» (TTHI'TY, Tromens, 2001r.); VI
MeXayHapoTHOM CHMIIO3MYME CTYJCHTOB, aCIUPAHTOB M MOJIOJBIX YUYEHBIX WM.
akaa. M.B. YcoBa «[Ipo0sembl reosioruu U ocBoeHust Henp» (MHCTUTYT reosioruu u
HedTrerazoBoro jena TOMCKOro MOJUTEXHUYECKOTO YHHUBEPCUTETA, 2002 1.);
HAyYHO-TIPAKTUYECKON KoH(pepeHmmn «MwuHepanbHO-ChIpheBas 0Oa3a PecnyOmukm
Bamkoprocran: peanbHocTH W mepcnekTtuBb» (Yda, 2002r.); 52-ii u 53it HaydHO-

TEXHUYECKUX KOH(MEPEHIUSIX CTYJICHTOB, aCIIUPaHTOB W MOJOAbIX yueHBIX (Ya,

2001-2002 rr.).

Iyoaukanuu.  OCHOBHBIC ~ HAy4YHBIE  TIOJIOKCHHS W PE3yJIbTaThI
JMCCEPTAIIMOHHON paboThl ocBelieHbl B 11-Tu mevyaTHbIX paboTax, B TOM 4YUCie B 5-

TH CTAaTbiX, TC3UCAX 4-x JOKJIaJOB U 2-X maTeHTax.

CTpykTypa u 00beM padoThl. J(ucceprarimonHas paboTa COCTOUT U3 BBEIICHHS,
YeThIpex TJaB, 3aKIIOYeHHs, chnucka nuTepaTypel u3 112 wammeHoBaHwmii, 5
npwioxkeHui. OOmuit o0beM pabdoTel 120 cTpaHWIl MaIIMHOMKCHOTO TEKCTa,
BKJItOYast 16 puCyHKOB U 25 TaOuIl.

COAEPKXAHUE PABOTbI

Bo BBeneHHM OOOCHOBBIBACTCS AaKTYalIbHOCTh PAaOOTHI, HW3IIOKEHBI 1ETbh U
OCHOBHBIE 3a7a4M HCCIEIOBaHMUM, Hay4dHasi HOBHU3HA, PE3yJbTaThbl BHEAPCHUS H
peanuzaiusi padoThl B MPOMBIIIUIEHHOCTH.

B nepBoii riaBe mpoaHaIM3UPOBAHBI MPUYUHBI HAPYIICHUS TE€PMETUYHOCTHU
AKCIUTyaTallMOHHON KOJOHHBI M IIEMEHTHOTO KaMHS B He(TEera3oBbIX CKBaKMHAX U
CKBaXMHax mom3eMHbIX XpaHwnuin rasa ([IXI)), oOpa3oBaHHs MEKKOJIOHHBIX
JABJICHUM. DTH MIPUYUHBI MOKHO TMTOAPA3/ICIUTh HA YEThIPE TPYIIIIHI:

IlepBasi rpynma - MEXKOJIOHHBIC IaBJICHUS W3-3a JC(EKTOB B TMaKepe
KOJIOHHOM TOJIOBKM, BO3HHMKAIOIIME TIPU ITUIOXOM KauyeCTBE MOHTa)Ka KOJIOHHOM

OOBSI3KM, SKCLEHTPUYHOM pACIOJIOKEHUU BEpXHEM TpyObl HSKCIUTyaTallMOHHOU

http://www.tech-biblio.ru



;
KOJIOHHBI B KOPITYCE€ KOJIOHHOM TOJIOBKH, HEPABHOMEPHOM PACTIONI0KEHNUH TTOIBECHBIX
KJIMHBEB, a TAK)KE HEKAU€CTBEHHOM MOHTAXK€ YILIOTHUTEIbHBIX 3JIEMEHTOB.

Bropasi rpynna npuunH MK]] oOycnoBinena mnocTyruieHueM (QIouIoB u3
MPOAYKTUBHBIX TOPU30HTOB YEPE3 LIEMEHTHOE KOJBIIO IO 3a30PY MEKYy UEMEHTHBIM
KaMHEM U 00CaJHOW KOJOHHOW, a TakKe M0 KaHaJlaMH U MHKPOTPEIIMHAM B
[IEMEHTHOM KaMHE.

[IpuunHbl, OTHOCAIIMECS KO BTOpOH rpynme, uccienoBanu. ArzamoB @. A.,
bynaros A.W., bepexunoii A.1., I'paueB B.B., 3eitnanoB H.3., KykcoB A.K., Jleonos
E.I., MasmtoroB M.P., Mapyxusik H.W., OpumnaukoB B.Il.,, Ceun-P3a M.H.,
CunopoB H.A., TutkoB H.U., Heittniun B.I., ®arraxoB 3.M., Illumenko P.U. u
MHoOrue apyrve. Ilo MHEHMIO 3THX HCCIeAOBaTeIe, TPUUMHON BO3HUKHOBEHUS
MEXKOJIOHHBIX JAaBJICHUUN SIBISCTCS JCHCTBHE CYMMBI (DAaKTOPOB, CBSI3aHHBIX C
rujpaTtanuen, CTPyKTypooOpa3oBaHMEM U TBEPJAECHHUEM TAMIIOHAXKHBIX PAacTBOPOB,
CJIEACTBUEM YETO SIBJISIETCS CEAUMMEHTALIMOHHOE PACCIOCHHUE U 3aBUCAHUE PACTBOPOB
C MOCJHEAYIOIIUM CHUKEHUEM TMAPOCTATUYECKOTO JIaBICHUS Ha IJIACT, KOHTPAKIHUS C
MOCJeNyIoEeN ycalKkol [IeMEHTHOro KamHs, 00€3BOKMBAHUEM TJIMHUCTOW KOPKHU U
0o0pa3oBaHMEM MHUKPO3a30pOB Ha KOHTAKTHBIX 30HaX IIEMEHTHOI'O KaMHSI.

Tperbsi rpynma - MeXKOJIOHHBIE JIaBJICHUS, CBA3aHHBIE C HETEPMETUYHOCTHIO
o0caJHbIX KOJOHH. B NaHHOM ciydae OCHOBHOW NMpUYMHOM BO3HUKHOBeHHs MKJ|
SBIIICTCS] HApYIIEHWE TePMETHYHOCTU Pe3bOOBBIX COeMUMHEHUN oOcaaHbix TpyO. Ha
BO3HUKHOBEHHUE (IIFOMAONIPOBOSIINX KAHAJIOB BIUSET LENbIA KOMILUIEKC (PaKTOpOB,
CBS3aHHBIX C OOJBIIMMH JIOMYCKaMU Ha W3TOTOBJIIEHHE pe3b0 TpyObl U MY(ThI, UX
couyeTaHue Mpu cOOpKe COCNUHEHHUSI; TUTI CMa3KU WM TEPMETHKA; KPY TSI MOMEHT
CBUHUMBAHUS;, TEMIIEpaTypHbIe KOJeOaHUs B TMPOIECCE HKCIUTyaTallud; H3TUOBI
KOJIOHH B MICKPUBJICHHOM CTBOJIE€ CKBaKUHBI; N30BITOUHBIC JABJICHUS HA KOJIOHHY.

N3yyenuto BIusiHUS 3TUX (PaKTOpPOB MOCBsIIEHb paboThl: ApyctamoBa C.b.,
AxmertoBa A.A., bynatoBa A.U., I'ycelinoBa M. A., Jlanuensna A.A., 3uns0epmana
B.N., Erypuosa H. A., Komenesa A. I., [Touarosa B.1., Capuenko B.I1., Cunoposa
A.E., TonmaueBa B.C., XamueBa [[. H. u mHorux apyrux. B 3aBucumoctu ot

COOTHOUICHHSI BHEIIHUX (PAKTOPOB B Pe3bOOBBIX COCIMHEHUSX MOXKET 00pa3oBaThCs
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Pa3BETBIICHHAS CETh LIEJEBBIX (PIIFOMAOMPOBOASAIIMX KaHAJIOB Pa3MEPOM JI0 JIECITHIX
nonert muuiuMerpa. McciaenoBanus, npoBeaeHHble KomieneBeiM A. T., Tmokazanu,
4TO (IIOMIONPOBOJIAIIME KaHAbl B Pe3b0OBOM COEAMHEHUU MPENCTaBISAIOT COOOM
HIEJIA CJIOXHOM KOH(MUIypallMM C PacKpPhITOCTBIO OT COTBIX 10 JECATBIX J0JIeH
MuuuMeTpa. [lpuueM B yCIOBHSIX OCEBOTO HArpyXeHUss M U3ruba KOJIOHHBI
BEJINYMHA 3a30pa CTPEMHUTCS K MAKCUMYMY.

YeTBepTas rpynmna - MeXKOJIOHHBIE NaBJICHUs, OOYyCIOBICHHBIE CTapeHUEM
AKCIUTyaTallMOHHBIX KOJIOHH M HMX KOPpPO3HMEN Moja JEHCTBUEM CEPOBOIOPOAA M
JIBYOKHUCH yriieposia. OCHOBHBIMU (DaKTOpaMH, BIMSIOIIMMU Ha CEPOBOJAOPOJHYIO H
YTIEKUCIOTHYIO KOPPO3UI0 CKBAKUHHOTO OOOPYIOBAaHMS, SIBISIOTCS KOHILIEHTpALIMs
KHUCJIBIX KOMIIOHEHTOB B MPUPOJHOM Trase, UX MapuuaibHOE IaBjieHue, oblee
NABJICHWE IPUPOJHOIO Tas3a, TeMmueparypa Cpeabl, CKOPOCTb  JBHKECHMS
ra3okUJAKOCTHOTO  TIOTOKA, HAMNpSOKEHHOE  COCTOSIHUE — MeTaula, O0O0BEeMHOE
COOTHOIIIEHHE BOJIHOTO U YIJI€BOJAOPOJIHOTO KOHAEHCATOB B KUJIKOU (pa3e moToka.

Oco6o cleayer OTMETUTH CyJib(haTBOCCTaHABIMBAIOITUE u
YTJIEBOJAOPOJAOKUCIIAIONINE  OaKTEepUH, JIEATEIbHOCTh KOTOPBIX  CIHOCOOCTBYET
MIOBBIIEHUIO KOHILIEHTPALMU cepoBoaopoAa M yriekucnotsl. [Ipu Hammuuum CO, u
H,S xoppo3usi MOKET MOSIBUTHCS MPU HU3KHUX KOHIICHTpauusax ceposogopozaa (0, 1
Mr/71) B rase, BOJE M HU3KOM TapLuanbHOM ero gasneruu (10 MIa).

[Ipu omnpeneneHHBIX  YCIOBUAX MOXKET BO3HUKHYTb M CyJb(hUIHOE
pactpeckuBanue. JlJisi BOCCTAHOBJIEHUS T€PMETUYHOCTH DKCILTYaTaAllMOHHBIX KOJIOHH
pa3pabOTaHO U YCIEUIHO UCIIOJIb3YETCSl HECKOJIbKO TexHooruil. OnHoil u3 Hauboee
NEPCIEKTUBHBIX SIBJSETCS MEPEBOJ CKBAXKMH HA MAKEPHYH) CXEMY SKCIUIyaTaluu C
UCIIOJIb30BAaHUEM Il KOJIbMAaTallMd  HErepMETUYHOCTH OO0CaJHBIX  KOJOHH
CHenuaIbHBIX HaJlMAaKepHBIX XuaKocTe. Hanpumep, Hanbonee ycrnemHo B KauecTBe
NOCJIEAHUX HCHOJB30BAIA: pacTBop, coaepxaumii KMLI, acGecToByro KpolIKy U
BOJY; 3aJ[aBOYHO-TIPOMBIBOYHYIO JKUAKOCTh i JukBuaaimun MKJ] (naamakepnas
KHJIKOCTB) Ha YTJICBOJIOPOJIHOW OCHOBE, cojaepikanlyo Boay, I[IAB «cynabhoHoI»,
YTJIEBOJOPOJIHYIO KMJIKOCTh B BHJI€ Ia30BOr0 KOHAEHCaTa, OCHTOHUTOBYIO IVIMHY W

COJIb B BHUAC XJIOPHUCTOI'O KaJIbIIHA. K HCOOCTaTKaM nepBoﬁ KHUIKOCTH OTHOCHUTCA

http://www.tech-biblio.ru



9
OTHOCHUTEIBHO OBICTpasi BO BPEMEHH MOTEPsl FTEPMETU3UPYIOIINX CBOMCTB BCIIEICTBUE
KU3HEAEATEIbHOCTH CyJb(haTBOCCTaHABIMBAIOIITUX OakTepwuit (CBb),
NPUCYTCTBYIOIIUX B CKBaXHHE W B Iuiacte. HemoctaTtkoMm 3a7aBOYHO-TIPOIABOYHOM
XKUJKOCTH SIBJIAETCS HE BBICOKAs MO BPEMEHHM €€ arperaTMBHas yCTOWYUBOCTD,
ompezessieMass  IPOIIECCAMU  KOAJECUEHIIMK  JUCHepcHO  (as3bl  (ra3oBoro
KOHJIEHCATa) B AMYJIbCHH, YTO MMPUBOJIUT K PACCIOCHHUIO SMYJIbCUH.

Kpome Toro, ykaszaHHas )KUIKOCTh HE 3aIUIIAET 000PYI0BaHUE OT KOPPO3UHU H
HE TMOJABISET POCT CyIb(}HaTBOCCTAHABIMBAIOIINX U  YIVIEBOJOPOIOKHUCISIONIUX
OakTepuil. cxons U3 aHanm3a COCTOSIHUS Bompoca, ObUid c(hOpMYJIUPOBaHbI LENb U
3a/1a4 pabOoTHI.

Bo BTOpOIi raBe paccMoTpeHa pabodas rumnores3a, AaHO OOOCHOBAHHME THIA
repMETU3UPYIONIEH KOMIIO3UIIMM U OOOCHOBaH BHIOOpP MaTepuajoB s €€
noyrydyeHus. Mbl ToylaraeM, 4to HauOoJbiied 3¢pdEeKTHUBHOCTBIO OyayT 00J1a/1aTh
OMYJIbCHOHHBIE TE€PMETU3UPYIOIIUE  KOMIMO3UIMH,  SBJISIOLMIMECS CTaOUIbHOM
JUCTIIEPCHOM CHUCTEMOM MO TUIYy MPSIMOM 3IMYJIBCHHM «MAacjO B BOJE», arperaThBHas
YCTOMYMBOCTh KOTOPBIX OINPENENsIeTCs] CTPYKTYpPHO-MEXaHUYECKUMU (aKTOpamu.
[Tocnegnue oOyciOBIEHBI: 0Opa3oBaHMEM Ha BHEIIHEH MOBEPXHOCTH TIIOOYJIIBI
OpsIMOM dMYJIBCMM B JTUCIIEPCUOHHOW BOJHOM cpefie OpOHUPYIOMIMX 3allUTHBIX
CJIOEB M3 INIMHHUCTBIX YacTHUIL; 00pa30BaHUEM Ha BHYTPEHHEU MOBEPXHOCTHU TIIOOYIIbI
IpsSMOM AMYJIBCHM B YacTUIAX AMCIEpCHOW ¢a3bl (Macia) 3alUTHBIX CIIOEB U3
MUKPOSMYJIbCUH TIO TUITY 'BOjia B Maciie'.

TeopeTnyeckuil U MPAKTUUECKUI aHAIN3 UX pabOTHl U TEXHOJOTUs PUMEHEHHUS
NOKAa3aJId, 4YTO TEPMETU3UPYIOIIME KOMIO3ULMHU JOJKHBI OTBEYATh CJEAYIOLINUM
TpeOOBaAHUSIM:

1. CoxpaHsiTh CTPYKTYpy U (PHU3UKO —XHMHUYECKHE CBONCTBA B HMHTEPBAJEC
TeMIIepaTyp OKpyKaromieil cpemsl or +10010 — 45 °C.

2. ImeTh onTUMaJIbHBIE TEXHOJIOTHYECKHE CBOMCTBA (B}ISKOCTB, CTaTU4YCCKOC U

JMHAMHYECKOE  HANPSDKCHHS  CABUTa), OO0CCIICYHBAIOLIUC OoKMpOBaHNe
BO3MOXHBIX HETePMETUIHOCTEH OKCIUTyaTallMOHHBIX KOJIOHH H  YCTHEBOTO
o0opy10BaHUS.
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3. Pasmep ri00ynm oSMmynbcuii JODKEH o0O0ecreuynBaTh KOJIbMATHPOBAHHE
nepeKToB 00CaAHBIX TPYO U YCTHEBOTO 000PYI0BAHMUS.

4. O6nagaTh HU3KOM KOPPO3MOHHON aKTUBHOCTHIO IO OTHOIIEHHUIO K MeTajjlaM
IKCIUTyaTallMOHHBIX KOJIOHH M HOCOCHO-KommpeccopHbix TpyO (HKT), momaBmsth
pocT Cyb(haTBOCCTAHABIMBAIOIIUX U YTIEBOIOPOAOKUCISIONINX OaKTEPU.

5. OO6namatb TEXHOJOTHMYHOCTHIO, BO3MOXHOCTbIO PUTOTOBJICHUS U
TPaHCIIOPTUPOBAHUS B TPOMBICIOBBIX YCIOBUSX.

6. Bo3MoXHOCTh TIpoBeZieHUsI 0€3 OCIOKHEHM M aBapuil peMOHTHBIX paloT,
KaK B BEPTUKAJIbHBIX, TAK U B HAKIIOHHBIX WU TOPU30HTAIbHBIX CKBAKUHAX.

7. be3zonacHble yCI0BUS TPyAa U OXpaHa OKPYKarollel Cpe/ibl.

8. MuHuManbHble 3aTpaTbl BpPEMEHM M CpPEACTB Ha MPUTOTOBICHHE H
MIPUMEHEHUE.

[Tpu BeIOOpE MaTepUaIoB ISl HPUTOTOBICHUS T€PMETU3UPYIOLIEN KOMIIO3ULIUU
U pEeryJMpoBaHUsl €€ CBOWCTB Mbl MaKCHMaJlbHO OPUEHTHUPOBAIMCH HAa MaTepualbl,
KOTOpbIE IIHPOKO HCIOJB3YIOTCS HAa  MECTOPOXKIEHHUSAX, C TeM, 4YTOOBI
MUHUMHU3UPOBATh 3aTpaThl M TPAaHCIOPTHBIE pacxoisl. [Ipu BbIOOpE peareHTOB
JOTOJHUTENBHO YUYUTHIBAIACH YCTOWYMBOCTH F€PMETHU3UPYIOLIEH KOMIIO3ULIMH BO
BpeMsi HAXOXXACHUS B 3aTpyOHOM (HaAmakepHOM) JMOO He3alleMEHTHPOBAHHOM
MEXKOJIOHHOM npoctpaHcTBe. [ mpurotoBieHuss ~— 0OOCHOBaHHOM
FEPMETU3UPYIOIIEH  KOMIO3MUMU  HUCIHOJIb30BaHbl  CIEAYIOIIME  MaTepUaIbl:
orpaboTanHoe KommpeccopHoe Mmacino (OKM) B kadectBe aucrnepcHoi (asbr;
CyJb(OHOJI, KOTOPHIA MPEMSITCTBYET (IOKYJIAIMU 4YacTUll AUCHEpPCHON (a3sl,
peareHT «A3uMyT —14» B KauecTBe HHTHOUTOpAa KOPPO3UU M OakTepuiuia Jyis
MOJIaBJICHUsT POCTa CyJb()AaTBOCCTAHABIMUBAIOUIUX U  YIIJIEBOJOPOAOKHUCISIIOLINX
OakTepuil; METWJIOBBIM CIUPT, BBINOJHAOMMUNA podab BcrnoMorareinbHoro I1AB,
(byakumst ocHoBHOro ITAB—ynbdoHONa CBOOUTCS K CHIDKCHHIO MEX(a3HOTO
HATSOKEHUsl Ha rpaHule paszgena (a3, a poab BcnoMorarenbHoro [TAB—merunoBoro
CIMpTa 3aKiIrvaeTcs B 0Opa3oBaHWU COBMECTHO ¢ OCHOBHbIM [IAB cMmemanHoro
aJICOPOIIMOHHOTO CJI0S C HU3KUM 3HAYCHHEM MEK(a3HOTO HATSHKEHUS); XJIOPUCTHIN

KaJII)I_[I/II\/'I I NOHMXXCHUS TEMIICPATYpPhbl 3aCThIBAHUA KOMIIO3UIUM, THAPOKCHI
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HATpHsl JUIsl TIOBBIIIEHUS MIEIOYHOCTU 3MYJIbCUOHHOW KOMITO3ULIMM M JUCHEpraluuu
TJIMHBI; OGHTOHUTOBAS TJIMHA B KaueCTBE TBEPJOTO CTa0MIM3aTOpa SMYJIbCHH; BOJIA B
Ka4yeCTBE IUCIIEPCUOHHON CPeJibl, XOPOIIO CMAaYMBAIOLIEH MIMHUCThIE YaCTHLIBI.

JInst OIIEHKH KavecTBa AMYJIbCHOHHOW repMmeTm3upyromei kommnosunuu (31'K)
Hapsly C OOLICTIPHHATBHIMHU TMapaMeTpamu (IUIOTHOCTh, IJIACTHUYECKAs —BSI3KOCTH,
CTaTUYECKOE HaNpsHKEHHE CABUTa, IMHAMHUYECKOE HANPSKEHUE CIIBUTa, BOJOPOAHBIN
NOKa3areib, TEMIIEpaTypa 3aCThIBaHUS M TEPMOCTAOMIBHOCTH) HCIIOJIB30BAICS PSJI
JIOTIOJIHUTENBbHBIX TI0Ka3aTesel, XapaKTepU3YIOLUIUX arperaTMBHYI0 YCTOWYMBOCTH
CUCTEMBI, OMOJIOTMYECKYIO CTa0MJIBHOCTh B Cpelle CyJb()aTBOCCTaHABIMBAIOLIUX
(CBB) u yraeBomopoaokucisionmx (YOB) 6Oakrepuid.

[ToTepst TEXHOJOTMYECKHX CBOMCTB M JECTPYKLHS TepPMETHU3IUPYIOLICH
KOMIIO3ULIMM  HCCIEAOBAIIUCh IO  TJIMHOEMKOCTM WU CEJUMEHTAlMOHHOU
ycroiuuBocTu. [[nst 6oppObl ¢  OHOKOppo3ueil, 00yCIOBICHHON NEATEIbHOCTHIO
CBb u YOBb, npennoxeno npuMenutb B coctaBe DK Oaktepunma «A3zumyt-14».
DddexktuBHOCT  OakTepuruaHoro  aeiictBuss OI'K wma  CBB  ornenuBanach
HKCIEPUMEHTAJIbHO 10 METOJUKE OLEHKH 3allUTHOrO JEMCTBMSI pEeareHTOB,
MOJABJIAIOMUX MUKpoOHonorundeckyto kopposuto (BHUUCIITHedTs, 1977). Hus
ATOr0 HCHojdb30BaNack KyiabTypa  CBbB, BblgeneHHas U3 IJIacTOBOM BOJBI.
bakrepununnoe neiicteue OI'K Ha YObB wuCHBITBIBAIOCH HA KYJIbTYpe  BHUIA
Pseudomonas Putida 15 n Pseudomonas Putida 1301 (BKM 15 u BKM 1301) nHa
nucKax u3 GUIbTPOBAILHOW Oymard.

HccnepoBanne KOPpO3UOHHOTO MOBEAEHUS METaJlIa SKCIUTYyaTallUOHHBIX KOJIOHH
OPUMEHUTEIBHO K  CKBaXUHHBIM  YCJIOBUSM  NPOBOAWIOCH C  IOMOUIBIO
OOLIENPUHATOTO  3JIEKTPOXMMHUUYECKOT0 MeToAa TMOJspHU3aldd B CHEUAIBHO
pa3pabOTaHHON TPEXAICKTPOIHON JIICKTPOXUMHUYECKON SUYCHKe, WMHUTHPYIOIICH
Y3KHH 3a30p C 3aTpyJHEHHBIM JOCTYNOM Kuciopoja Bo3ayxa. C LEIplo COo3gaHMs
YCIOBHM, OJNM3KUX K paboTe 3JIEMEHTOB KOHCTPYKIMU CKBAKUHBI, B KadeCTBE
HCCIICIyeMOr0 3JIEKTpOJia MCIOJb30BaIN CcTanb rpymnmbl npounoctu J[ (TY14-3-
1272-84). Jlns wcnbITaHUS 3MYJIBCUOHHON TEepPMETH3MPYIOIIEH KOMIO3HMIIMU B

YCIOBUSAX, HpI/I6J'H/DK€HHBIX K YCIOBUAM pa6OTBI KpCIIn CKBAXWH, a TaKXC I
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OIICHKM BO3MOXHOCTH TmpuMeHeHus OI'K nmns  OmokupoBanust  AedeKkToB
IKCILTyaTallMOHHON KOJOHHBI OBLT pa3palOoTaH M M3TOTOBJIEH IKCIIEPUMEHTATbHBIN
CTEH]I, CXeMa KOTOpOoro mpuBeaeHa Ha puc.l. ET0 OCHOBHBIM 3JIEMEHTOM SIBIISIETCS
dbparMeHT 00CamHOW KOJOHHBI amameTpoM 168,3 MM c TpameneugaabHOW U

TPEYTOJILHON Pe3b00ii, MOACITUPYIONICH 3aTpyOHOE MPOCTPAHCTBO CKBAYKUH.

13
AT Puc.1.Cxema 3KCIepUMEHTaILHOTO CTCH IA:
3 N LN 12 1-pparmenT obcannoit TpyOsI; 2-MydTa;
3-pacxoaHbBIN 0aK ¢ QIFOHIOM,;
) 1 4 . :
-TMIOPITHEBOM pa3/ICIUTEIb;
10 o 2  5-pyuHoii ipecc;  6-ra30BbIN OaIIIOH,
6 — 7-penyKTop ¢ 00pa3loBeIM MaHOMETpOM; 8,9,
10,11,12 — kpanbl BBICOKOTO JiaByicHUS;; 13-
—M:(): 00pa3LOBbII MAHOMETP
c \
— 9 4

Y cTaHOBKA MO3BOJISIET:

1. WccnenoBath mpouEcChl OJOKUPOBAHUS TE€PMETHUUPYIOMIEH >KHIKOCTHIO
yTEUYeK MO pe3bOOBBIM COEAMHEHUSIM B YCIOBUSX, NPUOIMKEHHBIX K peajbHbIM, B
YaCTHOCTH, OIpeNeiauTh pacxol (IougoB 4Yepe3 pe3bOOBbIE  COSAMHEHHUS
HKCIUTYaTallMOHHBIX KOJIOHH, a TaKyK€ KOHTPOJIMUPOBATH MaJICHUE [1aBICHUS.

2. I3yunTh CpaBHUTETHHYIO 3(PPEKTUBHOCTh PA3THUHBIX T€PMETHIUPYIOIIUX
COCTaBOB.

[Ipu mnpoBeneHUM SKCHEPUMEHTOB 00CaJHas KOJOHHAa B KaXIOM cllydae
3aMojHsANach ra3oM, BOJOH, a Takke pa3pabOTaHHBIMH T'€PMETH3UPYIOIIHMHU
KOMIO3UIUAMU. 3aT€EM BHYTPU KOJOHHBI CO34aBajiOCh JABJIECHHUE U MO €ro NaJeHUIO
BO BPEMEHU KOHTPOJIUPOBAIOCH HATMYKE HETEPMETHYHOCTH.

B Tperbeili ri1aBe TPUBOJIUTCSA OIMUCAHWE PE3YIHTATOB JIAOOPATOPHBIX U
CTEH/JOBBIX HCCIEJOBAaHUN 1O pa3pabOTKe HOBBIX COCTaBOB 3MYJbCHUOHHBIX

repMeTr3upyronmx kommosuimii (3'K).
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CTpyKTypa SMYJIHCMOHHON T€PMETH3UPYIOIICH KOMITO3UITUH ObLIa HCCIIeIOBaHa
AJIEKTPOHHO-MUKPOCKOMUYECKUM  METOJJOM M  YCTaHOBJIEHO, YTO  TJIOOYJIBI
aucrepcHoi (as3el (Macia) B MPsAMOM 3MyJIbcHH UMEIOT pasMep B npenenax 0,4-0,5
MKM ¥ CTa0WJIM3UPOBAHBI CHAPYKU CIIOEM TIMHUCTHIX yacTtull pazmepom 0,03-0,07
MKM. Pasmepsr atux rmnooyn (0,43-0,57 MKkM)  COMOCTaBMMBI C pa3Mepamu
PACKpBITOCTH IEJEBBIX (QIFOUIONPOBOIANINX KAHAJIOB PE3bOOBBIX COCAMHCHUI
(3,88)(10'8-6,82x10'8 M) W MHUKPOTPEIIMHBI B TeJie SKCIUTyTAIIMOHHOW KOJOHHBI U
CIIOCOOHBI UX KOJIbMaTHUPOBATD.

B kaudectBe Kputepusi OLEHKM arperaTuBHOM ctabunbHOCTH OI'K mpuHATHI
napamMeTpbl CEIMMEHTAIlMM 4YacCTHUI[ TJIUHBI W CKOPOCTb BCIUIBITHUS OTAEIBHBIX
KareJieK JUCIIePCHOM (Da3bl, KOTOPBIE TIO3BOJISIIOT CYANTh 00 YCTOMYMBOCTH CHCTEMBI
SMYJILCUU THMA M/B K KoastecrieHITH. OIBITHI TOKa3aJd, YTO 33 BpeMs HaXOXJICHHUS
YIUTOTHSIOIIEH KOMIIO3UIIMHU B MIOKOE B TEUEHUE JIBYX JIET BEPTUKAIBHOE PACCTOSTHUE,
Ha KOTOpOE BCIUIBUIM KaIUlk AucrepcHou ¢asbl (Mmacio), coctaBmwio 0,24mm. C
MOBBIIMICHUEM BSI3KOCTH KUIKOCTHU 3TO PACCTOSHUE YMEHBIIAETCS.

[To pesyabTaTaM HCCIEAOBAHUN  YCTAaHOBJIEHO, 4YTO ycToWuuBOoCTh OI'K
HAXOJIUTCS B MPSMON 3aBUCUMOCTH OT COOTHOIICHHS KOMIIOHEHTOB M TEXHOJIOTHH
npuroToBiieHus. Bpicokas yCTOWYMBOCTH ObUIa JIOCTUTHYTa MPH COOTHOIICHUU
WHTPEJIUEHTOB, MaccoBasl JOJs KOTOPBIX cocTaBwia, B %:. 0TpabOTaHHOIO
KoMmIpeccopHoro macna 25-35; cynbponona 0,5-1,5; pearenta «Aszumyt —14» 0,05-
0,15; ciupra meTunoBoro 6-12; xjmopucToro Kanblus 2-6; ruapokcuaa Hatpus 1-3,
O0enTonuToBoi riuubel 14-18; Boasl — ocTanbHOE.

Jlis  ompeneneHus BIUSHUSA ~KOHIICHTPAllMM HMCXOJHBIX PEareHToB Ha
UCClIeyeMble TapaMeTpbl (BS3KOCTh M JUHAMHUYECKOE HAIpPsSKCHHE CJIIBUTA)
WCIIOJIB30BAJICSI METOJI PAIllMOHAIBHOTO TUTAHUPOBAHUS OSKCIEPUMEHTA, KOTOPBIHA
MO3BOJIWJI TMOJYYUTh MaTeMaTHYEeCKUE BBIPAKECHUs, CBA3BIBAIOLIUE IEPEMEHHBIC
(baKkTOpPHI ¢ UCCIICTYEMBIMU TTapaMETPAMH:

Yi = a + a Xy +apX; +asX3 +auX 4 +asX 5 +asXs +arX7,
rae Y; - OICHOYHBIE TapaMeTphbl, B Ka4eCTBE KOTOPHIX OBUIM TUIACTUYECKAS

BS3KOCTh W JIMHAMUYECKOE HANpPsKEHUE CHIBUTA; &, &, a2 ....a7 - KOIDDUITUEHTHI
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YpPaBHEHMS MHOXECTBEHHOM JIMHEWMHOW perpeccuu. B KadecTBe BXOAHBIX
(mepemeHHBIX) (hakTOPOB OBLIM B3SITHI (KOHIICHTpAIUsl MHTpeaueHToB B %0): X1 —
oTpaboTaHHOTO KoMmmpeccopHoro macma 25-35; X~ cyiabdponoma 0,5-1,5; Xz
ruapokucunaa Hatpus 1-3; X4 — xmopuctoro Kanbius 2-6; Xs— cnupTa METUIIOBOTO
6-12; Xe— 6enronnroBoi bl 14-18 1 X+— Boasl 51,45-24,35.

CrereHp BIMSHHMS TICPEMEHHBIX (AKTOPOB HA BEJIWYUHBI  OIEHOYHBIX
napaMeTpoB olpeaensiack Mo koddduuuenty snactudHocTd. Ilpu 3TOoM OBLIO
YCTaHOBJICHO, YTO OOJIbIliee BIUSHUE HA IJIACTHUYECKYIO BSI3KOCTh U JTUHAMUYECKOE

HalpsDKeHWE CIBUTa OKAa3bIBAIOT KOHIIEHTPAIlMU OTPaOOTaHHOTO KOMIIPECCOPHOIO

Maciia 1 OEHTOHUTOBOM TJIMHBI.

Ha cBoiicTBa 5MyJbCHOHHOW T€pMETU3UPYIOLIEH KOMIO3UILHMHU CYIIECTBEHHO
BIIMSET TEXHOJOTUS MPUTOTOBJIEHUsA. B 1abopaTOpHBIX YCIOBUSIX €€ MOoJydyaad Ha
MPOIEIJIEPHOM MEUIAJIKE ITyTEM MEXAaHWYECKOI0 IUCIEPIUPOBAHUS BXOIAILIUX B €€
cocTaB KOMIIOHEHTOB. IIpu 53TOM B cTakaHbl 3aJMBaIM TpeOyembiii 00BEeM
OTpabOTaHHOTO KOMIIPECCOPHOTO Maciia U pacueTHoe KommdectBo [IAB
(cynbdonoi), HHrHOUTOpa KOPPO3HMH U OakTepHUInaa KA3HUMYT-14».

B BTOpOM cCTakaHe TOTOBWJIM IUCIIEPCHOHHYIO Cpexy, COAEp Kallyl BO.Y,
METHJIOBBIA  CIHUPT, XJOPUCTBHIA KalblUi, TUIPOKCUJI HATPUS W OCHTOHUTOBYIO
[JIMHY. 3aTéM MPUTOTOBICHHBIE CMECH COCIUHSJIMCh TPU  HENPEPHIBHOM
MOMEIIMBaHUU. Jlanee y NOJIydYeHHbIX KOMITO3ULIAN ONPEAECIISIIUCH TEXHOJIOTUYECKHE
CBOMCTBA, KOTOpbIE MPUBEICHBI B Ta0I. 1.

HeoOXoauMo OTMETHTh, 4YTO CHH)KCHHE KOHIEeHTpanuu (0TpaboTaHHOTO
KOMIIPECCOPHOTO Maclia, BOJIbI, 0SHTOHUTOBOW IJIMHBI) HWKE 3HAYCHHI, YKAa3aHHBIX B
coctaBe Nel (Tabm. 1), MpUBOJIUT K YXYAIICHUIO PEOJIOTO-TEXHOJOTUYECKUX CBOMCTB.
[Ipu noBbIIEHUH KOHIIEHTPALIMKM YKAa3aHHBIX PEareHTOB BhIIIE 3HAUCHUH, YKa3aHHbBIX
B cocTaBe Ne3, sMyJIbCMOHHASI TEPMETU3UPYIOIIast KOMITO3UIIUS PE3KO 3aryliaeTcss U

CTaHOBHUTCA TCXHOJIOI'MYECCKHU HerI/IFOI[HOﬁ
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Xapaktepuctuka coctaBoB 'K u ux cBoiictBa

Tabmuma 1

CocraB DI'K,
% Mmacc.

Ilokazarenu

Kr/ve

mlla-c

CHCy10,
I1a

I1a

T3aCTLIB

°c

Tepmocra
OMJILHOCTD,
0
C

CkopocTb KOppO3UHu
(cTanmp rpynIBI MPOYHOCTH
JT) B cpene OI'K, pH
MM/ TOJ

OtpaboTaHHOE KOMITPECCOPHOE
Macio-25; cynbdpoHo-0,5;
«AzumyT-14» — 0,05; ciupt
METHII.-6; XJIOPUCTBIN KalbLIUN-2;
THUAPOKCHU] HATPHS-
1;0enronnroBas riauHa-14;
TexHuueckas Boga-51,45

1010

124

24/27

14,1

110

12
0,0029

OtpaboTaHHOE KOMITPECCOPHOE
Mmacno-30; cynbdoHo-1;
«AzumyTt-14» — 0,1; criupt
METHII.-9; XJIOPUCTBIN Kalblui-4;
THAPOKCHU] HATPHS-
2;0eHToHuTOBad riinHa-16;
TeXHUYecKast Boga-37,9

1020

126

26/28

13,2

120

12
0,0032

OtpaboTaHHOE KOMIIPECCOPHOE
Macio-35; cynb(poHo-1,5;
«AzumyTt-14» —0,15; cniupt
MeTHII.-12; XJIOPUCTHIN KaabIuii-
6; THAPOKCHUI HATPHS-
3;0eHTOHUTOBAs TIMHA-18;
TEXHU4YEeCKasa Boma-24,35

1030

126

27/30

17,1

120

12
0,0030
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Pe3ynbTaThl 3KCIEPUMEHTOB IO ONPEIEICHUI0 0aKTepULIUIHOTO ASHCTBUS IS
noJaBJieHus1 pocta cynbdarBoccranaBnmuBaronmx oaktepuit (CBB) npuseacHb! B
TabI. 2.

OHM [OpPOBOAWIKUCH HAa MPOMBICIOBOM  BOJE,B35TOM B HI' Y «
OxTs0bpckHePTH» (Kazaxcran), comepikaiieid B OOJbIINX KOHICHTPALHUAX KICTKH
HAaKONUTENBbHON KynbTypbl CBb. OKCnEepuMEHTHl OCYIIECTBISUIM MO METOJIUKE
OLIEHKM 3alIUTHOTO JACWCTBHS PEAareHTOB IMOJABISAIOLIUX MHKPOOHOIOTHYECKYIO
KOPPO3HIO.

Tabauma 2

Uccnenosanus 6akrepuninanbix cBorcTB OI'K Ha crenens nogasienus CBb

Howmep HcneiTyemble Crenenp momasnenuss CBb, %, npu koHueHTpanuu
OITBITa COCTaBBI NaOH, % macc.
0,066 0,13 0,2
1-3 CocTaBsl 9OI'K,
coJieprKaIiue 76 76 78
NaOH 0e3
«AzumyTt-14»
Cocrasel OI'K, Crenenp nojpaBinenuss CBB, % npu KoHIEHTparuu
cozeprKalue pearenra «A3umyT-14», % macc.
4-6
«AsnmyT-14» Ges 0,0033 0,0066 0,01
NaOH
86 88 88
7-9 CoctaBel OI'K, Crenens nonarnenuss CBb, % npu koHueHTpanuu
coJieprKaliue NaOH u pearenTa «A3umyTt-14», % Macc.
NaOH u 0,066 1 0,0033 | 0,13 u 0,0066 0,2u 0,01
«AsnmyT-14» 100 100 100

DKCIIepUMEHTHl 110 TMOJABJIEHUIO >KU3HenesTenbHoCcTH YObB mnpoBomunu c
UCIIOJb30BaHUEM MYy3elHbIX KyapTyp Pseudomonas PutidaBKM 15 u Pseudomonas
Putida BKM1301. 3o0Ha OTCYTCTBHS POCTa MUKPOOPTaHW3MOB BOKPYT OYMa)kKHOTO
nucka, nponutaHHoro pactBopoM JI'K, Gonee 30MM CBUIETENBCTBYET O BBICOKOM
qyBCTBUTEIHHOCTH MUKpoopranu3MoB K DI'K. TlomyueHHbIe pe3ynbTaThl MpUBEIEHBI

B Ta0J.3.
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Tabmuna 3
Pesynbratel uccnenoBanus 6akrepuiuaHoro nevicteus 'K Ha
Pseudomonas Putidal5 u Ps.putida BKM 1301

30Ha oTcyTCcTBHS pocta (MM)
Cocrasn OI'K, | CoctaBrl OI'K, CocraBel OI'K,
coJiepKaIue coJieprKarne coJiepKalime
NaOH % macc. «Asumyr-14», % | NaOH u
Mukpoopranusm Macc. «AzumyT-14», %
Macc.
1 2 3 |005| 01 | 015 | 1u | 2u | 3mu
005| 0,1 [0,15
BKM 15 19 20 | 20 | 24 24 26 30 | 30 | 30
BKM 1301 16 16 | 17 | 22 22 24 30 | 30 | 30

W3 pe3ynbTaroB, MpUBEAEHHBIX B Tabn. 2 u 3, cleayeT, YTO HaWIydllee
nonasieHre CBb u YOB oGecnieunBanyu coctaBbl, copepKaiinie U THIAPOKCH]T HATPUs
u AzumyTt—14. Ota 3akoHOMEpHOCTh crnpaBemnuBa kKak s CBB, Ttak u g YOB.
MaxkcumanpHoe — mopaBienue Oaktepuit (1o 100 %) Obut0o TONMyYEeHO TIpH
KOHIICHTPAIIMU B 3MYJIbCMOHHOW repmerusupyromieid komnosuiuu 0,05- 0,15 %
«AzumyT—14» u 1 -3 % ruapokcuaa Hatpus. VccienoBaHus MO ONpeAeTeHUIO
CKOpOCTH Koppo3u:m Mmetaiuia B cpenae OI'K, mpoBeneHHBIE AICKTPOXHUMHUYECKUM
METOJIOM, TOKa3aJM, YTO AJS CTalW TPYMIbl MPOYHOCTH [| CKOpOCTh KOppo3uu
cocrasiser 0,003 mm/roz.

PesynpTarel  uccnemoBaHWA TO  repMeTH3anMu  1e(PEKTOB  pe3bOOBBIX
COCIUHEHUIN OSKCIUTyaTallUOHHBIX KOJIOHH  C HCIIOJIB30BAHUEM SMYJIbCUOHHOU
repMETU3UpYIOIE  KOMIO3MIMM,  IPOBEJEHHBIX HAa  paHee  OINUCAHHOU

BKCHepHMeHTaHLHOﬁ YCTaHOBKE, ITPUBCACHLI HA pUC. 2.
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Puc.2. Kunetnka n3mMeHeHUs aBJICHUS BHYTPHA 00CaTHON KOJIOHHBI

C HETEepPMETHYHBIM PE3bOOBBIM COETMHEHUEM
(pe3nba TpamenuuaaTEHOTO MPOQHII)

Ha ocHoBaHMM 3THX pe3ylbTaTOB U Pe3yJbTaTOB HCCIEIOBaHUMN (HU3HKO—
xumudeckux cBorcTB OI'K ycTaHOBJIEHO, YTO JIYUIIMMHM XapaKTePUCTUKAMU JUIs
U30JIALIMYA HAPYIICHUH TePMETUYHOCTH SKCILTyaTallMOHHBIX KOJIOHH W JIMKBUAALNU
MEXKOJIOHHBIX JABJICHUH, a TaKKe OTpaHUUYEHUS MPOLIECCOB KOPPO3UU M Pa3BUTHUS
CBb, YOb o6nanatot coctaBbl Ne 1-3, npuBenenusie B Tada. 1. PazpabGoranHbie
KOMIO3UIIMN TPEBOCXOJAT W3BECTHBIC AHAJIOTH, HCIOJb3yeMble i JIMKBUAALWS
MK]I B He(pTera3oBoii MPOMBIIIEHHOCTH.

B d4erBepTOil TrJIaBe H3JI0KEHbI PE3YyJIbTAThl HCIBITAHUN pa3pabOTaHHON
OMYJIbCUOHHOM TepMeThU3upyrouen komnosuuuu npu auksuaaumu MK/I. Ilepsbiii
onbIT ee mpuMeHeHus: Obul Ha ckB.360 Kanuypunckoro I1XI'. ['eonoro—rexnuyeckas
XapaKTePUCTHKA CKBKUHBI. IUAMETp M IIyOWHa cirycka HampaBieHus (426mm/44,7
M), BBICOTa TOJbeMa IIeMeHTa - (0 YCThs); MEPBOM MPOMEKYTOUHOW KOJOHHBI
(324mm/373,8m), BbICOTA MOABEMA IIEMEHTA - JO YCThsl; BTOPOU MPOMEKYTOYHON
KooHHBI  (245MMm/1490,5M), BeIcOTa mOaBEeMa IleMeHTa - 12,6 M OT yCThs;

SKCIUTyaTalMoHHOM KooHHbI (168mMm / 1873,8 M), BricoTa noabema 1ieMeHTa - 850M
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OT YCTbsI; OTKPBITBIA CTBOJ auamerpoMm 139,7 MM B unTepBaie (1873,8 —2210 m);
nuametp U rinyouna cirycka HKT (89 mm / 1880 m).

DKCIUTyTallMOHHAsi KoJIoHHa ompeccoBaHa aasinenvem 20 MIla. 3anonnenue
MEXKOJIOHHOTO mpoctpaHcTBa (245/168) cnenyromee: 9-820 M —OypoBbIM
pactBopoM, 820-1217mM — HepaBHOMEpPHOE 3aIOJIHEHHE IIEMEHTHBIM PAacTBOPOM,
1217-1467/m —11eMEHTHBIM pPAacTBOp C MPHUCYTCTBHEM OypoBoro pactBopa, 1467-
1492m —TomHOE 3amoJIHEHHWE IeMEHTHBIM pacTtBopoM, 1492-1500m —nemosHOE
3aloJIHGHUE KaBepH IeMeHTHbIM pacTtBopoM, 1500-1848m —onHoe 3amosiHEHHE
neMeHTHbIM pacTtBOpoM. [lo manHeiM AKI[ oTMeudanocr B OCHOBHOM OTCYTCTBHE
KOHTaKTa IIEMEHTHOTO KaMHS C OJKCIUTyaTallHOHHOW KOJIOHHOW W HaOJII0Jan0ch
MOCTYIUIGHWE Ta3a B MEXKKOJIOHHOE TMPOCTPaHCTBO. KpuBas BOCCTaHOBICHHUS
nasnenns (KBJI) nadmonanacek B Teuenue 17 cytok. 3a 3to Bpemst MKJI Bo3pociio mo
12,5 MIla. Ilo xapaktepy kpuBoii KBJI MOXHO NpeanosoXuTh HapylIeHUE
CIUTOITHOCTH ILIEMEHTHOTO KaMHs, 10 KOTOPOMY Ta3 IBWXKeTcs u3 Imiacta (1o
naaaeiM ['MIC unTepBan 1508-1512m). LleMeHTHBIM cTakaH MMEET pa3HOpa3MepHBIC
TPEIIMHbI U KaHajbl. [IpyU cTpaBIMBaHUM JAABJICHUS U3 MEKKOJIOHHOTO MPOCTPAHCTBA
HabOmoancs BBIHOC OypoBoro pactBopa. CorjmacHO — HPOTOKOMY — T€O0JIOro-
texHuueckoro coemanuss OAO I'azmpom ot 25.09. 2001r. B ckB.Ne360 kadecTBO
[EMEHTa M €ro CHEIUIGHHA 3a OKCIUTyaTalluOHHOW KOJOHHOM IPU3HAHO
HEY/IOBJIETBOPUTEIBHBIM. B COOTBETCTBHM ¢  3aKIIOYEHHEM  balIkupckoro
yrpasiieHusi rocroprexHaazopa PO or 21. 09. 2001r. npemxycMoTpeHa JIMKBUAAIUS
MEKKOJIOHHOTO JaBJICHUS TYTEM 3allOJHEHUs MEXKOJOHHOTO MpocTpaHcTBa (245-
168MM) 5MyJIbCHOHHOHN repMETHU3UPYIOIIeH KOMITO3UITUEH.

PaboThl MO TUKBHIAIIMN MEXKOJIOHHOTO JAaBJICHHUS MPOBOJWCH B CIEAYHOIIECH
nocnenoBarenbHOCTU. 1locne nmpurotoBnenus DI'K ocymecTBisumm  cTpaBiIvMBaHUE
MEKKOJIOHHOTO JaBJICHUS B CKBa)KHMHE IO HYJsS. 3aTeM B KOJIBLIEBOM 3a30p MEXKIY
MPOMEKYTOUYHOM UM  DKCIUTyaTalMOHHOM KOJOHHOW C YCThd CKBQXXWHBI B
IPaBUTAIIMOHHOM PEXHUMOM  3akadaiu 6,6 M> kommosumuu DK 10 TOJIHOTO
3aMoJTHEHUS HETEPMETUYHOTO MEKKOJIOHHOTO MPOCTpaHcTBa. [lo OKOHYaHWH ATOM

oricpanunM KpaH Ha MCKKOJOHHOM IIPOCTPAHCTBC OBLI 3dKpPbIT, U C IIOMOUILIO
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MaHOMETpa OCYIIECTBIISIIM HAONIOJICHUE MEXKOJOHHOTO naBieHus. [IpoBeneHHBIC
HAOJIFOICHHST TIOKA3aJid, YTO KaHAJIbhl HETEPMETHYHOCTH B IIEMEHTHOM KaMHE W
pe3bOOBBIX COEAMHEHUN HKCIUTyaTallMOHHOM KOJIOHHBI ObUIM TaMIIOHHPOBAHBI
OMYJbCUOHHOM TE€PMETHU3MPYIOIIEH  KOMIIO3WMIIMEH, TakK Kak JaBJICHUE B
MEXXKOJIOHHOM TpocTpaHcTBe cHU3mWiIock c¢ 12,5 Mlla no Hyns u mo Hacrosiiee
BpeMsI HE MTOBBIIIAIOCH.

Hcnbitanust SMyI5CHOHHOW TE€PMETU3UPYIOMICH KOMITO3UIIUN TIPH  JTUKBUIAITIH
MK]I Tak:xe nmpoBoauiauck Ha HedTIHOM MecTopoxaeHun Kanaxon B Kazaxcrane.

[Ipu 3TOM, MOCKOJIBKY HE OBUIM HM3BECTHBI NPUYMHBI BO3HUKHOBeHHs MK/,
MpeABAPUTEIBLHO 10 JJAHHOMY MECTOPOXKIACHHIO OB MPOU3BeIeH cOop u o0paboTka
MPOMBICIIOBBIX JIAHHBIX C IIENBI0 JUArHOCTUKHU ucTounnka MKJI.

OCoOEHHOCTHI0 MECTOPOXKICHUS SIBJISIOTCS BHICOKUI Ta30BBIN (hakTop HeDTH U
comepxxanue H,S ot 5 —10 %. Jlns BBIABICHHUS CTETICHW BIMSHUS T'€OJOTHUYECKHX,
TEXHUKO-TEXHOJIOTHYECKUX, (PU3UKO-XUMUYECKUX M MEXaHWYEeCKUX (PaKTOpOB Ha
Bo3HMKHOBeHHe MK]J] OblTM MpUMEHEHBI MPOLEAYPhl CTAaTUCTUYECKOTO aHalu3a C
ucrnoap3oBaHueM mnaketa npukiaaHod nporpammbel STATGRAPHICS. Tlepuunsiii
aHanu3 OBLT TPOBEIEH IO  MacCHUBY, BKJIIOYAIOUIEMY BCE€  CKBaKUHBI
sKcIuTyaTanonnoro ¢onna ¢ BenuunHod MKJ[ Gomee 2 MIla. Ilpu obpaboTke
MacCHBa JaHHBIX MPUMEHEHa MPOIeAypa KOPPEISIIMOHHOTO aHaln3a, MO3BOJISIONIAs
C TOMOIIBI0 BHIOOPKH JeNaTh BBIBOJABI O CTETMICHH CTATHCTUYECKON CBS3H MEXKIY
¢dakropamu. [{ns moBbiieHUs] WHGOPMATUBHOCTH COBMECTHO CO CIEHUATHCTaMU
HI'IY «Oxta0psckHedTh» TpoBeleHa paboTa MO  OMNPENEJICHUI0 COCTaBa
MEXKOJIOHHOTO (DIIIOMa, OMpPENeICHUI0 00beMa H3IIMBIIETOCS U3 MEXKOJIOHHOTO
nmpocTpaHcTBa (irona u 3amepy Temna BoccranoBienus MK/,

B ckBaxunax, rme MKJ[ Obuin  cBsi3aHBI C HErePMETHYHOCTBHIO YCTHEBOTO
0o0OpynOBaHUS, B KauyeCTBE PEMOHTHON TEXHOJOTHMHM OblIa MpeajiokeHa 3aKadyka
coctaBa DOI'K B makep kosonHoi rosnoBku (KI'). Mer cuuraem, uto kaHanel B KIT
UMEIOT pa3Mepbl M XapaKTEePUCTHUKH, KOTOpble MOriu ObiTh u3omupoBaHbl OI'K.

Pesynbrarel 3TUX pabOT mpuBenCHHI B TA0I. 4.
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Tabnuna 4

Pe3ynbTaTel npoMbicioBbix ucnbiTanuil 'K Ha mecTopoxaenun XKaHaxo

Ne HauvansHoe OO6bem 3akauaHHON MeXKOoI0HHOE
CKBaXXUHEI | MEKKOJIOHHOE OI'K, n JTaBJICHUE OoCJIe
nasieHue, Mlla zakauku DI'K, MIla
2543 8,5 0,6 0
2565 6,2 0,5 0
655 7,6 0,72 0
367 4.8 0,63 0

[Tonydennsie  pe3ynabTaTbl  CBUACTEIBCTBYIOT, O TOM, UTO COCTaBBI
OMYJIBCHOHHON TEPMETU3HPYIOMICH KOMIIO3UIIMM MOTYT HCIOJIb30BaThCS TUISt
JUKBUJALUA  MEXKKOJIOHHOTO  JIaBJICHHS MYTEM  3allOJIHEHUS  HaJIaKepHOTo
(MexXTpyOHOr0), HE3alEeMEHTHPOBAHHOI'O MEXKKOJIIOHHOT'O ITPOCTPAHCTBA CKBAKHHBI U

HaJIIaKCPHOT'O KOJIOHHOM T'OJIOBKH.

OcHOBHBIE BbIBOJbI 1 PEKOMEHAAIINH

1. OO6ocHoBanbl TpeOOBaHHUA K OMYJIbCHOHHBIM  TE€PMETUIUPYIOLUTUM
KOMITO3ULIMSIM U MX KOMIIOHEHTaM, MO3BOJsAomKe S(HPEKTUBHO KOJIbMATUPOBATH
GIIOUIOTPOBOAIIINE KaHAIBI B pe3bOOBBIX COCTUHEHHUAX IKCIUTYTAMOHHBIX KOJIOHH
U YCTHEBOM 00OpPYAOBAHMH.

2. Paszpaborana HOBasi 53MYJbCUOHHAS TE€PMETHU3UPYIOIIAs KOMIIO3UIINS,
cocroslias M3 OTPabOTaHHOTO KOMIIPECCOPHOIO Macia, CyJib(oHOJIa, peareHra
«A3umyT-14», METWJIOBOTO CIHPTA, XJIOPUCTOTO KalbliMsi, TUIPOKCHUIIA HATpHS,
OCHTOHHUTOBOM TJMHBI W TEXHUYECKOM BOJBI, C BBICOKOM arperaTuBHOU
CTaOMJIBHOCTBIO, ONTUMAJBHBIMU TEXHOJIOTMYECKMMHU CBOMCTBAMHM, MO3BOJISIOLIAS
JUKBUJIMPOBATh MEXKOJOHHBIE JABJICHHS TMPU KANUTaJIbHOM PEMOHTE CKBAXUH,
noaasiATh pocT CBb u YObB, cHMKaTh CKOPOCTh KOPPO3UU METAJLIA.

3. Ha mnaGopaTopHOM CTeHIE, MOJEIUPYIOUIEM YCIOBHUS JKCIUTyaTallH

06C&,ZIHOI>'I KOJIOHHBI B CKBaXHHC, 3KCIICPUMCHTAJIBHO YCTAHOBJICHA CITOCOOHOCTH
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AOMYJIbCUOHHOM T'€pMETH3UPYIOIIEH KOMIIO3ULIMUA KOJIbMATHPOBAaTh KaHalbl B
PEe3b0OBBIX COEAMHEHUAX PA3TIUYHOIO MPOGUIIS.

4. PazpaboTaH BapUaHT METOJMKH JUATHOCTUPOBAHUS MEXKKOJIOHHBIX JABICHUM
UIsl  MecTopoxaeHus JKaHaxkos, NO3BOJIAIONIEN — ONpeAeNuTh HMCTOYHUKH UX
MPOSIBJICHUS ¥ 000CHOBATh TEXHOJIOTHIO JTMKBUAAuu MK/,

5. Paspaborannbie coctaBel OI'K mnpomu ycnemHsle wucnbiTaHus Ha 1
ckBakuHe Kanuypunckoro [IXI" 1 Ha msatu cKBaXuHaX HEPTIHOTO MECTOPOXKIACHUSA
Kanaxon. Ilo BceM BBIIOJIHEHHBIM pabOTaM TMOJYYEHBI TMOJOKUTEIbHBIC
pE3yNbTATHI.
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