I''TABA 2

BCKPLITUE 1 PASBYPUBAHUE
ITPOAYRTHUBHBIX IIJIACTOB

AdbdekTUBHOCT, pa3paboTKU He(GTAHBIX U Ta30BBIX MECTOPOIK-
JeHUII BO MHOTOM OIIPEAEJIAeTCA COCTOAHUEM Ipu3ab0iiHON 30HBI
CKBaJKWH B IIePUOJ 3aKaHUMBAHUA.

B pesyiabraTe GUBMKO-XUMUYECKOTO U MEXaHWUYECKOTO BO3Jel-
CTBUSA IPUW 3aKAHUYMBAHUYW CKBAXKUH M3MEHSAIOTCA KOJJIEKTOPCKUE
CBOMCTBA MOPOJ, B IPU3a00HOM 30HE.

PU3NKO-XMMUUYECKOe BO3IelicTBIe Ha IPu3aboiiHy0 30HY 00ycC-
JIOBJIEHO B3amMojielicTBueM (Ionia IjaacTa u Guiabrpara 6ypoBOTO
U IIEMEHTHOTO PACTBOPOB, a TaK/Ke AEUCTBUEM aJCOPOIMOHHBIX,
KanWIIAPHBIX U JUGOOY3NOHHO-OCMOTAYECKUX CUJL.

PusuKo-MexaHNnYecKoe BO3AelCTBHE Ha NPOAYKTUBHLIN TOPHU-
30HT OKa3bIBAIOT cJieAyIoIre (haKTOPHI:

pasrpysKa TOpHOT'O MacCuBa B pe3yJbTaTe pasdypuBaHUSA ILJIac-
Ta;

U3MeHsIoIeeca TPOTUBOAABJIEHNE CTOJI0a GYpPOBOTO pacTBOpa
(BuocisiencTBUU M3MEHAIOIIEECA AaBJIEHNE CTOJI0A IIEMEHTHOTO pac-
TBOPA);

dunsTpanua dunabTpaTa 6ypoBoro (1 1eMeHTHOT0) PACTBOPA;

U3MEHAIIUNCA TeMIIEPATYPHBIN PEKUM B CKBAYKIHE;

TUAPOAVHAMUUECKOE U MEXaHUUECKOe BO3IEICTBIE HA TIOPOJbI B
pas3dypuBaeMOM IJIACTE ABMIKYIIMMCA UHCTPYMEHTOM;

rugpoauHamMuueckue 3¢ GeKTh (TuApoynaphbl, MOHMMKEHME 1aB-
JIEHUA U Jp.) B CTBOJIe W MPU3ab0iTHOM 30He B mMpoIecce MeMeHTUPO-
BaHUS U OCBOEHUA CKBAYKUHBI U IP.

2.1. PASBBYPUBAHUE ITPOOYKRTHUBHOI'O
IIJIACTA

BHpOHECCB BCKDPBITUA U paBﬁypI/IBaHI/IH IIPOOYKTHUBHOI'O IIJIac-
Ta HEO6XOHI/IMO YAaeaAaTb ocoboe BHUMAaHWE TeXHOJOTUUECKUM
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mpreMaM, CHUIKAIOIIUM OTPHUIlATEJTbHOE BO3JAEHCTBUE TEXHOJIO-
TUYECKUX IIPOIIECCOB HA NPUCTBOJBHYIO 30HY IIPOAYKTHUBHOTO
ILaacra.

B cooTBeTcTBUM ¢ eqUHBIMI IIpPaBUJIaMH OYPOBBIX paboT cTOJIO
OypOBOTO PacTBOpa B CKBAKMHE JOJIKEeH COo3[aBaTh JaBJieHue, Ipe-
BBIIIIAIOIIEE IJIACTOBOE HAa BeJIUUYUHY (B 3aBUCHMOCTH OT TJIyOWHBI)
ot 1,5 mo 3,5 MIla. B pealbHBIX YCJIOBUAX AaBJIeHWE HA MPOAYK-
THUBHBIE ILJIACTHI CYIIECTBEHHO OOJIBINE M3-3a MEPeyTAKeIeHUa Oy-
POBOTO pacTBOpa, THMAPABINYECKUX COIMIPOTUBJICHUN IIPU €T0 IBU-
JKeHWH B KOJILIIEBOM IIPOCTPAHCTBE, a TAK)Ke NBUKEHUU BHU3 O0ypO-
BOT'O MHCTPYMEHTA.

He m3yueH Bompoc u3MeHeHUs IIPOHUIAEMOCTH IPOIYKTUBHOTO
ILJIacTa IPU ero KpaeBoil pasrpys3Ke ¢ yUeTOM IIepeMeIeHnA YaCTHI]
(mecka, 0OJIOMKOB IIOPOZBI), XOTsA M3BECTHO, UTO CO3JAHUIE BCECTO-
POHHETO0 I'MAPABJINYECKOTO AaBJIeHNA (depes auadparMy) IOHMMKA-
€T, a CHATHE JaBJIEeHUS IIOBLIIIAET IPOHUIIAEMOCTh o0pasma. OmHaKO
momepeMeHHOe Harpy:KeHue W pasrpysKa o0pasiia MoKeT Hapy-
IIIUTH €ro CILJIOIITHOCTb.

HeueTKo onpeieieHBI IOHATHUS KauecTBa PaboT B OypeHUU U IIPHU
3aKaHUMBAaHUM CKBasKuH. IIpobGsiemMa KauecTBa CTPOUTEIHCTBA
CKBasKMH (OCOOEHHO TOPMBOHTAJIBHBLIX) [JIA MHOTUX IIPOM3BOJCT-
BeHHBIX oO0bemuHeHuii PP crout ouerb ocTpo. MHTerpajabHad Xa-
PaKTEepHCTHKA KAuecTBa CKBAKHUH — IIOJYYAeMbIN MOJIE3HBIN 3(-
dekT, T.e. 100bIYA KOJTUUECTBA YIJIEBOIOPOLOB Ha PyOJIb 3aTpaT Ipu
CTPOUTENBCTBE CKBaKUH — 3a nocaenaue 10 et cokpaTtuiochk 6ojiee
yeM B 2 pasa. ITo 00bACHAETCA He TOJHLKO He0OXOIMMOCTHIO OCBOe-
HUS HOBBIX, 00JIee TPYAHOJOCTYIIHBIX U CJIOKHO IOCTPOEHHBIX MeC-
TOPOKIeHUI. Pe3y/ibTaTsl aHAIN3a IIOKA3BIBAIOT, UTO IIPU YCJIOBUU
MIOJIHOTO KCITOJIb30BAHUSA BO3MOYKHOCTEH IPOAYKTHUBHBIX IILJIACTOB
(ecsim OBI HOOBIBAIOIIME CIIOCOOHOCTY CKBaXKUH HE OrPAHNYUBAJINCH
BO3MOXKHOCTSIMU TPUMEHSIEMON TEXHOJIOTUM WX CTPOUTEJIHLCTBA)
Io0bIrua He(DTU U ra3a Ha OLHY CKBaKUHY ObLia ObI B 2—4 pasa 00JIb-
1I1e B 3aBUCUMOCTHU OT YCJIOBUI. TO OJWH M3 TJIABHBIX MTyTeH yBeJIU-
yeHUuA a(phexTuBHOCTH HePTETa30q00bIBAIOIEH TPOMBIILICHHOCTH,
aJbTepPHATUBA S9KCTEHCUBHOMY IIYTHU €e Pa3BUTHUS, dKOHOMHUYECKU
He ONPaBIAHHOMY OCBOEHHIO MHOTHX HOBBIX MAaJIOIPOAYKTHUBHBIX
MECTOPOKIeHUA.

Pemenne mpo6JsieMbl KayecTBa CTPOUTEIHBCTBA CKBAYKUH CIEp-
JKMBAETCA B IEPBYIO OUepeab CIeAYIOMUMY (DaKTOpaMu.

1. OTcyTCcTBYIOT O00OCHOBAHHEIE METOAbI OIIEHKHN U YIIPaBJICHUS
KauecTBOM. [leiicTBUTETbHO, KPUTEPUIO OOOCHOBAHHOCTH — HAJU-
YN0 B3aMMHO OZHO3HAUHOI'O COOTBETCTBUA MEKIY pes3yJabTaTaMU
OIIEHKU KauecTBa U MOJyYaeMbIM HOJE3HBIM 9(G(GEeKTOM — He YAOB-
JIETBOPAET HU OJHA U3 U3BECTHHIX METOAUK. A ecyi HeT 000CHOBAH-
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HBIX METOJOB OIIEHK! KauecTBa, TO HET U O0OCHOBAHHOI'O yIIpaBJIe-
HUSA KaUeCTBOM.

2. PernmaMeHTBI 1 TPOEKTHI HA CTPOUTENHCTBO CKBAYKUH COCTaB-
JAI0TCS 0e3 yueTa TpeOGOBAHUI K KaUueCTBY CKBaKUH, 0e3 000CHOBa-
HUS YCJIOBUI, IPU KOTOPBIX OHW OYIYT BBIMOJHSATHL CBOe HasHaue-
Hue. Hanpumep, B IpOEKTaxX OTCYTCTBYIOT OIleHKA KauecTBa TEXHO-
JIOTMU BCKDBITHUA ILJIACTA U OCBOEHUA CKBa’KUHBI, OOOCHOBaHUE
IOIIyCTUMBIX Harpy30K Ha Kpenb, T.e. yiKe Ha CTaJUU IPOEKTUPO-
BaHUA 3aKJIAJBIBAIOTCS BCE IPEAIIOCHLIKY HEKAUeCTBEHHOTO CTPOU-
TEJIbCTBA CKBAYKIH.

3. Ilpu meiicTByOIIEM SKOHOMUYECKOM MEeXaHU3Me OTCYTCTBYET
3aMHTEPECOBAHHOCTb OYPOBBIX IPEANPUATHH B MOBBHIIIEHUU Kaue-
CTBA, BO BHEAPEHWM HOBBIX TEXHUUYECKUX U TEXHOJOTMUYECKUX
cpencTB. BypoBBIM MIPEeATIPUATUAM BBITOAHO YCKOPEHUE W CHUMKE-
HUe (aKTUIeCKOoil ce6eCTOMMOCTH CTPOUTENHCTBA CKBAXKUH IIO
CPaBHEHUIO C IPOEKTHLIMY HOPMATHBAMU Jaxke B yInepbd KaduecTBy,
JUIG ObI OBLI JOCTUTHYT €r0 MUHUMAJILHBIA yPOBEHb, HEOOXOIU-
MBIH AJI coAY’ CKBaKUH.

4. BypoBble NpeAIPUATHA HeJOCTATOUYHO OCHAIIEHBI Heo0XOomu-
MBIMM TeXHUUYECKUMHU CPeICTBAMI, MaTepuajaaMu, 000pyaoBanmeM,
yCTpoMCcTBaMU KOHTPOJIS, TPOTpaMMaMU U T.]I.

VYcmerrsoe peliieEne IpodieMbl KauecTBa TpedyeT KOMIIJIEKCHO-
ro MoAX0/1a, T.e. Peain3alliy IITNPOKOr0 KOMILJIeKCa B3auMOyBA3aH-
HBIX, pa3pabOTaHHBIX Ha €IUHOI METOAMYECKON OCHOBE OpraHmu3a-
IIMOHHBIX, 9KOHOMUUYECKUX Y TeXHUUECKUX MEPOIIPUATHUH.

2.2. TEXHOJIOTUYECKUE ®AKTOPHI,
OBECIIEYMBAIOIIVE BYPEHUWE 1 BCKPBITUE
IMPOOYKTUBHOI'O IIJIACTA

TexHOJOTHA BCKPHITUSA NTPOAYKTUBHOTO IIJIacTa B IIpPoIlecce
OypeHUA IPAaKTUYECKU HE OTJIMYAETCS OT TEXHOJIOTUU OypeHus Bce-
TO CTBOJIa CKBasKWHBI, I0ITOMY, KaK IIPaBUJIO, (HhU3UKO-MeXa-
HUUYEeCKUe CBOMCTBa MPOAYKTUBHOTO IIIacTa He yuuThiBaior. Hc-
KJIIOUEHVE COCTaBJIAET BHIOOD Tuma GypoBOro pacTBopa (HO He BO
BCEX CaydYadx).

Kpome yxyAIleHuWs eCTECTBEHHOTO COCTOSHUSA HPOAYKTUBHOTO
IJIacTa 3a CYeT IPOHWKHOBEHUA (QuibTpara GypoBOro pacTsopa U B
HEKOTOPBIX CJIydYadx TBepAoi (ashl HA CKOPOCTb OypeHUA BJIUAET
pPAL TEeXHOJOTMYECKUX (PaKTOPOB, OmpenessieMbIX OYPOBBIM pac-
TBOPOM: IJIOTHOCTB, BABKOCTh, IIOKAa3aTe u (PUIbTpanuy, cogeprxa-
HIe 1 COCTaB TBepHoii (ha3bl. ITHU IIOKA3aTeJ MOTYT CIIOCOOCTBOBATH
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YBEIUUEHUIO0 MeXaHHWUYECKOM CKOPOCTH MIPOXOAKMU ((PHUIbTPAIM)
¥ OJHOBPEMEHHO CHMIKATL IIPOHUIIAEMOCTh NPU3a00MHON BSO0HBI
WJIW CIIOCOOCTBOBATH YMEHBINIEHUIO CKOPOCTH MPOXOAKH U YIYU-
IIaTh COCTOSHINEe Npu3aboiiHOlI 30HBI. BMecTe ¢ TeM OCHOBHEBIE
TMOKa3aTeJI TEeXHOJIOTMUYECKUX CBOMCTB OYPOBBIX PACTBOPOB B3au-
MOCBS3aHHI.

Ha pwuc. 2.1 mpencTaBiieHbI 3aBUCUMOCTHA OTHOCUTEJIbLHOM
MeXaHWUYECKOM CKOPOCTM IPOXOAKM OT KAaUYeCTBEHHBIX IIOKasare-
Jeil CcBOMCTB OYpoOBOTO PacTBOpPa, KOTOpPbIE CBUAETEIHBCTBYIOT
0 TOM, YTO 3(P(PEeKTUBHOCTH PAabOTHI MOJIOTA YXYAIIAETCA IO Mepe
YBeJIUUEeHUA IJIOTHOCTH, KOJITUYECTBA TBEPAOH (Daskl, BABKOCTHU pac-
TBOpPa 1 yMeHbIlleHus puiabrpanuu. Haubosbiiiee BINsSHIE Ha MeXa-
HUYECKYIO0 CKOPOCTb HMPOXOAKM OKAa3hIBAIOT IJIOTHOCTh M TBEPAAA
daza O6ypoBoro pactBopa. BosmeiicTBue BSI3KOCTH MeHeEe CYIIECT-
BeHHO. OTMeUYeHO TaKiKe CHUJIbHOE BJIWAHUE IIOKasaTead (PUiIbTpa-
YA,

B O0ypenuu npeabaBIsSIOTCS IOBLIIIIEHHBIE TPEOOBAHUSA K BEIOODY
O0ypoBOT'0 pacTBOpa, B MIEPBYI0 OUepenb C IIO3UIUM IPeAyIpeKe-
HISA OCJIOKHEHUI U aBapuii, 3aTeM YUYHTBHIBAIOT obeclieueHre Hau-
JYUIINUX YCJIOBUM paboThI TOPOAOPA3PYINAIONIer0 UHCTPYMEeHTa u,
K COKAJIEHUIO, OUYeHb PEeIKO YAeJAIT BHUMAaHNE MaKCHMAaJIbHOH
BO3MOYKHOCTH COXPAHEHUSA eCTECTBEHHOTO COCTOAHUSA ITPONYKTHB-
HOTO 00'BbEKTA.

Puc. 2.1. KauecrBeHHas
3aBUCHUMOCTh OTHOCHUTEJIb-
HOM MEeXaHMYECKOH CKOp o-
CTH NPOXOAKHN OT IOKa3a-
Tejeil CBOWCTB OypoBOro

pacTBOpa:
1 — BA3KOCTB; 2 — GUIbT-
pamusa; 3 — coaepsKaHUe

TBepaoit daser; 4 — IIOT-
HOCTb




2.3. ad&lbcOcad EaNeeNacAdaodeaéEé
NAcaOcau cA éifcaa éaCAUac
ééa av Aiédcaa a aAaAcoaCAcaa

Bce ruppognHaMuueckue 3GeKTH (CIIyCKOTOABEMHBIE OIlepa-
I, TPOMBIBKA CTBOJIA CKBa’KMHBI, er0 IpopaboTKa, CIIyCcK obca-
HO# KOJIOHHBI, IIEMEHTHUPOBAHNE KOJOHH U T.H.), HaOJI0Ja0Iuecs
npu OypeHUU CKBa’KMHBI, MMEIOT MeCTO IpU ee 3aKaHuumBaHuu. Ec-
JU B IIePBOM cJydYae Hac HHTepecyeT OesaBapuiiHas IIPOBOAKA
CKBAKMHBI C MUHIMYMOM 3aTpPaT BPeMeHH U CPEeICTB, TO BO BTOPOM
cayuae, T.e. IPU 3aKaHYMBAHUY CKBAKUHBI, OITPEAEIA0ITUM (aK-
TOPOM JOJIXKHA OBITH COXPAHHOCTh IPOIYKTHUBHOTO IIJIACTA B COCTOA-
HUY, MAaKCUMAJbHO ITPUOJIMIKEHHOM K €CTEeCTBEHHOMY.

BosHUKHOBEHNE OCJIOKHEHUII IpU OYpeHWW U 3aKaHYMBaAHUU
CKBa’XKUH B SHAUUTEJILHON Mepe 3aBUCUT OT U3MEHEeHUsA I'MAPOaHA-
MUUYeCKUX AaBjieHuil. MexaHnnudyecKas CKOPOCTb IPOXOAKIM, COCTO-
HUe Tpu3a00fHOM 30HLI, M3MeHeHNe (CHMKeHNe) ITPOHUIaeMOCTH
TPOAYKTUBHOTO IIJIaCTa, HAKOHEII, er0 BO3MOXKHBIN TUAPOPa3PHIB C
MTPOHMKHOBEHUEM B HET0 OypPOBOTO MJIU IEMEHTHOI'O PACTBOPA CYIIle-
CTBEHHO OIPENeNAITCA KOJIeOaHUAMU TUIPOAUHAMHUYECKOTO IaB-
JIeHUs, KOTOPOe B OTJIUYHE OT T'UAPOCTATUYECKOTO MOYKET M3Me-
HATHCSA B MIUPOKUX IIpeaesax.

2.3.1. 2adl0cbcad EaNeeNacAiasteaéEe NAcadcau
C eaCAUac0O eéa Aiedcaa

VYBesnueHre TUIPOIUHAMUYECKOrO JAaBJEHUS Ha CTEHKY CKBa-
SKMHBI 11 32001 TPOCIeKMBAETCA CPasy sKe IocJie BKIIUEeHUA Haco-
COB, HO €Ille O BOCCTAHOBJIEHUA IMPKYJIAINU OYPOBOTO pPacTBOpa
€ro BeJIMUMHA 3aBUCUT OT ILIABHOCTHM 3alycKa OypoBOro Hacoca,
IIPee/IbHOr0 HAIPAMKEeHUs CABATa PACTBOPA, 3a30pa MEKIY CTeH-
KOl CKBa:KMHBI M OYPUJIbHBIMH TPyOaMM, a TAK}Ke OT TJIyOMHBI
CKBasKUHBI.

HomosHUTEIbHOE AaBieHWEe Ap, KOTOpOe OIpelesseTca 3Haue-
HUEM IpeeJIbHOTO HANPAMKEHUA CABUTa OYPOBOTO PACTBOpPA O BO-
300HOBJIEHUS IIUPKYJIAINH, MOKET JOCTUTATD OOJIBINNX 3HAUCHUN.

B cooTBeTcTBUU ¢ pacueTaMu 00Iliee AJaBJIeHNE IIPU 3alycKe Oy-
POBBIX HACOCOB MOJKET OBITh CYIIECTBEHHBIM, IIOSTOMY B CJyUae
pas3bypuBaHUA IPOAYKTUBHOIO IIJIACTA, IIPEACTABICHHOTO HEIIPOU-
HBIMU IIOPOJAaMU, 3aIIyCKATh HACOCHI CJIeAyeT IIJIaBHO, IPUYEM IIpe-
IeqbHOe HAaIpAMKeHNe CABUTA JOIKHO ObITh MUHUMAJIBHO JOIIYCTH-
MBIM.

HocTaTo4HO ri1y00KO N3yUYeHO U3MEHeHNEe I'MAPOINHAMUYECKOr0o
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JaBJIEHUSA Ha CTEHKY CKBasKUHBI 1 3a00ff MPU CIIYCKOMOABEeMHBIX
onepanuax (A.M. I[Tupsepaan, M.K. Ceun-Psa u ap.). OHo ompese-
Jasercda GU3UKO-MeXaHUUEeCKUMU CBOMCTBAMHU PAaCTBOPA, CKOPOCTHIO
CIIYCKa 1 MoAhbeMa OYPUIbLHBIX 1 00CaAHBIX TPYO, BEINUMHOMN 3230-
Pa KOJBIIEBOTO IIPOCTPAHCTBA, AMAMETPaMU TPYO M CKBAKUH, He-
POBHOCTAMY ITOBepxHOCTel 1 Ap.). C yBeJanueHeM CKOPOCTH CIYC-
Ka OypUJIBHOTO MHCTPYMEHTA W C IIOBBIINIEHHEM (PU3UKO-MeXaHU-
YeCKOM XapaKTepUCTUKHU OYpPOBOTO PACTBOpa T'MAPOIMHAMUYECKOE
JIaBJIeHIE MOBBINIAETCS.

B 3aBuCHMOCTY OT CKOPOCTHU JBUKEHUA Oy PUIBHOIO MHCTPYMEH-
Ta MEHSeTCsI M CKOPOCTh ABHMIKEHMsS pacTBopa. B mepmop pasroma
(BHM3) cBeUM BO3HUKAET AOIMOJHUTEJILHOEe TUApPOCTaTUYecKoe IaB-
JIeHue.

IIpu gBUM:KeHUY KOJOHHBI TPYO BHU3 3HAUEHUS IIPUPOCTA TaBJe-
uua pocruraioT 50 % mepBonauvanbHOTro (myia [ = 1000 M, p =
= 1,25 r/cm®, 1, = 30 MIla, mepBoHAuYATLHOI CKODOCTH CIIycKa
1 m/c).

IIpu oTpuIaTeILHOM YCKOPEHUY AaBJIeHNE HA CTEHKY CKBAasKMHBI
MOJKET CHHJKATbCS [0 3HAUEHHUA HIMKe THUAPOCTATHYECKOrO. ITHU
M3MeHeHUA TUAPOIUHAMUUECKOTO HAaBJIEHUA CO3MAIOT 3HaKoIlepe-
MeHHBIe HAaTPY3KU Ha ILJIaCTHI.

EcrecTBeHHO, IIPY BKJIIOUEHWH HACOCOB HJIM B CJIydYae CIIyCKO-
MO BEMHBIX OIlePAIlNi POCT TMAPOAUHAMUYECKOTO AaBJIEHUs, IPU-
yeM 3HAUUTEJbHBIN, OTMEYaeTCcs B ciayuae o0pasoBaHUsS CaJbHUKA
HAa JoJioTe. Bo3HUKAIOT JaBJIeHNA, JOCTATOUHbBIE IJId I'MApOpasphiBa
MPOAYKTUBHOrO ILIacta. IIpopaboTka cTBoJia (B TOM YMCJE IO
CIyCK 00caHOI KOJOHHBI) TAKKe MOYKET ObITh IPUUYNHON IOBBIIIIE-
HUS TUAPOAMHAMHNYECKON HATPY3KHM HA IPOAYKTUBHBINA ILJIACT IIPU
IIPOMBIBKE, 0COOEHHO eCJIX B IIPOIlecce IIOCIeAHero peiica CKBaXKHa
HEeJIOCTATOUYHO OUMINAIACH OT IIJIaMa WM IPOUCXOAUIN OCHIIU WJIN
00BaJIbI CTEHKY CKBAYKUHBI.

Hexotopble mcciemoBaTe I CKJOHHBI oOpaliaTh BHUMAaHUE Ha
TmoBBINIeHYE (M TMOHMIKEeHMNEe) JaBJIeHUSA IPU BOCCTAHOBJIEHHUU ITHUP-
KyJasinuy 0ypoBOro PAcTBOPA B HaUajIe BPAIleHUA NHCTPYMEHTA.

3HaueHHe MOAYJS TpagueHTa TUApopaspbiBa B 0OoJiee 00IEeM
cJiyyae 3aBUCHUT OT THIIA TOPHOM IOPOABI, CTEIeHW AaHU30TPOIUH,
ILJIaCTOBOTrO (IIOPOBOT0) JaBJIEHU A, TOJIINHBI MOKPHIBAIOIIUX TIJIAC-
TOB, TEKTOHNUYECKOTO CTPOCHU B Ipeesax AAaHHOM ILJIOIIAAM, Ha-
JUYUA ¥ KadyecTBa (PUIBTPAIIMOHHOM KOPKM W, KaK yXKe oTMeua-
JIOCh, OT (DUBUKO-MEXaHNUYECKUX CBOMCTB JKUIKOCTH.

Omnpenenenue rpaJueHTa THAPOpPaspbiBa MOXKET OBITHL OCYIIe-
CTBJIEHO IPSMBIM U KOCBEHHBIMU MeTomamu. IIpsmoit meTon ocHO-
BaH HA YCTAHOBJEHUU NABJICHUS, HEOOXOAUMOTO IJs Pa3pbIBa II0-
PoAbI, U JaBJEeHUA PACIpPOCTPaHeHusA o0pa30BABIIEHMCS TPEITUHBI.
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IIpu TakoM MeTO/ie BBOJOM OYPOBOI'O pacTBOPA IIOBLIIIAIOT JAaBJICHLE
B CKBasKHMHe JI0 IIpejiesia, IPU KOTOPOM IPOM30MIeT pasphiB IJIacTa.
K sTomy mpemenbHOMY 3HAUEHHWIO NMPUOABJIAIOT 3HAUEHUE TUIPO-
cTaTuueckKoro mapiaeHus. CyMMa 9TMX 3HAUEHUI W IIPEACTaBJIAET
€000 ICKOMYIO BeJIMUNHY.

K KocBeHHBIM (pacueTHBIM) OTHOCATCA MeTon XybGepra u Y M-
auca, meton Matbiosa u Kesiu, meron Mtona, meron Kpucrtmama u
Aap.

IIpu 3axaHUYMBAHUM CKBa'KWH THIPaBINYECKUN DPaspbIB YacTO
IPOUCXOIUT IIPU IMIyCKEe HACOCOB, OypeHMU, MMPOMBIBKE, IIPOpabdboT-
Ke, CIIyCcKe OYypPUJIbHOTO MHCTPYMEHTA, 0COOEHHO KOTJA IIJIOTHOCTH
O0ypPOBOT0 PAcTBOPA 3aBHIIIIEHA.

CrencTBueM THUApPOpas3pbiBa ra3oBOro IIacTa (Kak M BCAKOIO
WHOT0) ABJSETCS MafieHre THAPOCTATUYECKOTO TaBJIeHUA U MMOCTY -
JIeHUe B CKBAXKUHY T'asa, YacTo C TParn4eCKuM MCXO0I0M.

2.3.2. 24&0c0calb EaNeeNacAaascteaéEé NAcadcal
cA éi0cai eaCAUaco eéa aebealcaa a nba&lbcgiaééCAcaa

B nporiecce 3akauKy IeMEHTHOI'O PACTBOPA B 00CALHYIO KOJIOHHY
U IIOCJIEAVIOIIEH ero NpoJaBKHU B 3aKOJOHHOE IIPOCTPAHCTBO 40 (PUK-
caruy MOMEHTA “CTOI” CYyIleCTBEHHO U3MEHSIeTCSI M'IAPoanHaMuye-
CKasfd CUTyallud B CKBasKuHe. B IIepByio ouepeanb 9TO IPOABJIAETCA B
adhderTe M3MeHEHUA OCEBHIX HATPY30K Ha 00CamHYIO0 KOJIOHHY, a
cJIeoBaTeNbHO, M HA MPOAYKTUBHBIN IIJTIACT, a €CJU yJuecTh u 6e3
TOr'O IIOBBLIIIIEHHOE JABJICHNE 34 CUET PA3HOCTHU ILJIOTHOCTH PACTBO-
POB, BO3MOXKHOCTb I'MAPOpPaspbIBa ILIACTA CTAHOBUTCS PeaibHOC-
ThIO.

KpoMme mpeaBapuTeabHBIX PabOT II0 YCTAHOBJIEHUIO M3MEHEHUA
HATpy3KU HA 00CAaZHYI0 KOJIOHHY B IIpoIlecce 3aKauYKM W HNPOTABKU
IeMEeHTHOT0 pacTBopa (UKcaImeil pocTa yCuaInsa Ha KPIOKe IIPoBe-
JIeHBI 00JIee TOUHBIE 9KCIIEPUMEHThI. Y BeJIMUYeHNe HAIPY3KU B IIPO-
Imecce mepBoil cTagumy paboT IO IEeMEHTHPOBAHUIO (3aTBOpeHHE U
MIPOKaUYMBaHUe [[eMEHTHOI'0 PACTBOPA MO BCEeH AJMHE KOJOHHBI) CO-
cTaBysiao oT 15 1o 26 % mcxomHOTO Beca KOJOHHBI, CIIYIIIEHHOH B
CKBAKUMHY U 3aII0JTHeHHOI OYPOBBIM PACTBOPOM.

VYBenuueHne HaArpy3KW HAXOMUTCA B MPAMOM 3aBUCUMOCTU OT
CKOPOCTH JABMKEHHUS II0 KOJOHHE IPOKAYNBAEMOro0 I[EMEHTHOI'0 pac-
TBOpPA, €ro BSSKOCTU U AUHAMHUYECKOI'0 HAIPSKEHUs CABHUra IIPU
oIIpeIeIeHHOI IIJIOTHOCTH.

YcTaHOBJIEHO, UTO UeM AJINHHee 00cagHasA KOJOHHA W MeHbIIIe ee
InaMeTp, TeM 0OoJIbIlle HarpysKa Ha KoJioHHy (12,6 % mporus 2,0—
3,0 % mnpu gimHe 00CamHOM KOJOHHBI cooTBercTBeHHO 3096 m
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1757 m); mpu yBeIWMUYeHHOM AmaMeTpe oOCamHBIX KOJOHH 3aKauu-
BaHMe Jake 3HAUUTEJIHHOIO KOJMYECTBA TAMIOHAYKHOTO pPacTBOpa
TIPUBOAUT K HEOOJILIIIOMY YBEJIMUEHHUIO OCEBOM Harpys3Ku. B mporiec-
ce BBITECHEHUSA TAMIIOHAKHOI'0 PACTBOPA B KOJILIIEBOE IIPOCTPAHCTBO
OCeBbIe HAIIPAKEHUA B TPYOaX KOJOHHBI CHUKAIOTCA B 3aBUCHUMOC-
TH OT KOHKPETHBIX YCJOBUM IIeMEeHTUPOBAHUS, KaK IIPaBUJIO, HA 3—
20 Y% mMakcUMaJILHOTO HpUpAIeHUs HArPY3KU IPpU 3aKaunBAHUU
pacTBopa B KOJIOHHY.

ITocse mpekpallieHnA TUPKYIAIUYT HEKOTOpOe ITpUpallieHne oce-
BOI HAUPY3KU IIPOUCXOAUT, OUEBUIHO, N3-3a SABJIEHUS CEeIUMEHTAa-
1Y, OCeIaHUsA TBePAOH (hasbl IEMEHTHOTO PacTBOPa, COIPOBOKIa-
€MOT'0 BOJOOTCTOEM B 3aTpyOHOM IpocTpamcTBe. CHUKEeHUEeM 3Ha-
YeHHUI PeoJIOTUYEeCKUX XapPaKTEePUCTUK TAMIIOHAXKHOTO M OYPOBOTO
PacTBOPOB IIpHU IIeMEHTHUPOBAHUU 00CAIHOI KOJOHHBI MOXKHO B 3Ha-
YUTEJTbHOM CTeIeHU YMEHBIITUTD JOIIOJTHUTEILHOE 0CEeBOe YCUIre, B
pesyJbTaTe uero MOHMKAETCA HArPY3Ka Ha MIPOAYKTHUBHBIH IJIACT.

IKcIepuMeHTaJIbHbIE UCCIeIOBAHUS C I[eJIbI0 YTOUHEHHOI'O0 OIlI-
penesieHUs M3MEHEHUS OCEBBIX HAIPSKeHUI B Tpydax obcagHO
KOJIOHHBI IIPM IIPOMBIBKE M II€MEHTHPOBAHWU IIPOBONUINCH Ha
OIIBITHOM cKBasKkuHe. [[Jig co3ganusa n36bITOUYHBIX JaBJIeHUNA B TPYO-
HOM ¥ KOJIBIIEBOM IIPOCTPAHCTBAX YCThe CKBAKUH OBILIO TePMETU3U-
POBaHO CIIEIIHMAJILHOM I'oJI0oBKOi. IIpOMBIBKA CKBaYKMHBI I 3aKaAHUN-
BaHUe TaMIIOHAKHOI'0 PacTBOpPAa B KOJIOHHY OCYIIECTBJSJIUCH Ile-
MEHTUPOBOYHBIMMU arperaTaMu.

H 151 usMepeHnA 0CeBBIX HAaTPY30K MCIIOJIb30BAJICA CUJIOBOII Mar-
HUTOYOPYTUH HATUNK, KOTOPBIA OBII YCTAHOBJIEH MEXKAY IOBYMS
2JIeBaTOPaMM, MOAAEPKUBAIOIMMY Ha YCThe BCIO ITOBECKY HACOC-
HO-KOMIIPECCOPHEBIX TPyO. I'paduueckoe msobpaskeHure (QYHKI[HO-
HaJILHBIX 3aBUCUMOCTEN IIpecTaBjaeHo Ha puc. 2.2. OTMeueHo, UTO,
Korga CKBa’KMHA 3aIloJIHEHa BOJOI, yBeJIWUYeHUe OCeBON HArpys3Ku
Ha KOJIOHHY 0O0JIbIlle, YeM B CJIyuae, KOrJa CKBa)KMHAa 3alloJIHeHa
OypOBBLIM pacTBOpoM. B cpemHeM myia caydas, KOTga CKBasKMHA 3a-
IIOJIHEeHA BOJOM, IIpUpAalleHrne Harpy3Ku COCTaBJIsIo oT 3,8—5,7 %
B IIEPEXOJHOM PEKHMMe IIPOKAYMBAHUS OT CTPYKTYPHOrO K JIAMH-
HapHomy 1m0 11 % npu aBMIKeHUU B TypOyJIeHTHOM IoTOKe. Korma
CKBasKUMHA 3amoJiHeHa OypOBBIMU PacTBOPOM, CPaBHUBaeMble BeJIU-
YHUHBI COOTBETCTBeHHO paBubI 1,5-6,9 % n4,7-13,3 %.

Kak mokasanm mpoBemeHHBIe MCCJIEIOBAHUA, OCeBasd HArpysKa
Ha BepXHUEe TPYOhI KOJOHHEI IIPU €€ IIeMeHTUPOBAHUN YBEeJINUNIach
¢ poctom 3HaueHMsI Re’ rammonaskuoro pacrsopa B Tpybax. Mckiro-
yeHHeM SABJIAeTCS MHTepBaa sHaueHuit Re’ = 1000+1500, B xoToO-
POM HaArpysKa Iafaja.

IIpu mepexone TaMIOHaXKXHOI'O pPacTBopa m3 TPyO B 3aTpyOHOe
TIPOCTPAHCTBO 3HAUEHME MOMOJHUTEJIbHOM 0CEeBOM HATPY3KM Ha KO-
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Puc. 2.2. I3MeHeHHE 0CeBOIi HArpy3K# HA NOABECKY 73-MM TPy0 NP Pa3IMIHBIX
pe:xkumax (I-V) TeueHus: TAaMIIOHAKHOTO PAacTBOpa:

a— B 1pydax, HKT mosHOCTHIO 3aII0ITHEHBI IIEMEHTHBIM PACTBOPOM, KOJIBIIEBOE IIPO-
CTDPAHCTEO 3aIl0JaHeH0: ] — TeXHUUeCKOo# Bojoii miorHocTh0 1,02 1/cm?; 2, 3 — Gypo-
BBIM PACTBOPOM ILJIOTHOCTBIO cooTBeTcTBeHHO 1,11-1,21 m 1,24-1,42 F/CM3; 60— B
KoubIleBoM IpoctparcTBe, HKT mOIHOCTHIO 3aI0THEHBI BOZOM, KOJIBIIEBOE IIPOCT-
PaHCTBO 3allofHEeHo: | — IIeMeHTHLIM DPacTBOPOM ILIOTHOCThIO 1,62—1,80 r/cm?® u
cTOJI00M BOABI; 2, 3 — COOTBETCTBEHHO IIEMEHTHHIM PAaCTBOPOM ILJIOTHOCTHIO 1,64—
1,82 u 1,67-1,90 r/cm® 1 IIMHKUCTBHIM PacTBOPOM ILTOTHOCTHIO 1,13-1,20 u 1,28—
1,37 r/em?

JIOHHY, 3aBUCHAIIlEe OT CUJI TPEHUS ero O CTeHKU TPyO, CHUKAJIOCH.
9TO CHIM)KEeHNEe HeOOWHAKOBO AJIS PA3JIUYHBIX YCJIOBUH I[eMEHTHUPO-
BaHUA CKBaJKUHBI U ee KOHCTPYKIuM. Hanbosee xapakTepHO U3Me-
HeHUe OCEeBOI HAaTPY3KM B MOMEHT OKOHUAHUA BHIXOJa II€MEHTHOTO
pacTBopa M3 3aJMBOYHBIX TPyO. B »TOT mepmon oTmeuasioch Hau-
OoJibIliee CHUKEHMe 0CeBOil HAarpy3KU Ha KOJIOHHY.

IIpu ogHUX M TeX JKe 3HaAUeHWsAX ImapameTrpa Re' BeqwuuwHa ms-
MEeHEeHUs OCeBO HArpy3KH HA KOJIOHHY TeM OOJbIlle, UeM BBIIIIe
ILJIOTHOCTB BBITECHSAEMOT0 OypoBOro pactBopa. IlosTomy aia cayua-
€B, IPEeJCTABJIEHHBIX KPUBLIMU 2 1 3, CUJIBI TPEHUA KUIAKOCTEU O
HAPYKHYI I[IOBEPXHOCTh HACOCHO-KOMIIPECCOPHBIX TPYO wuMean
OOJIBIIIYI0 BEJIMUYNHY IO CPABHEHUIO C OMIBITAMU, OMMCHIBA€MBIMU
Kpupoii . IIpu qBMKeHUU IIeMEeHTHOTO PACTBOPa B KOJIBIIEBOM ITPO-
ctpancTBe npu 3HaueHUAX Re' = 1400+2100 ormeuasoch cHUMKe-
HIe CUJI TPeHU KUIKOCTENH O IIOBEPXHOCTH TPYO KOJIOHHBI, 00bAC-
HAEeMOe, OYEBUIHO, BOSHUKHOBEHUEM TYpPOYJIEHTHON BA3SKOCTU B
EePEeXOTHOM peKMMe TeUeHUs PacTBOpPOB. [lanbHelilliee yBeJaude-
HUe 3HaueHHs Re' NPUBOAMIO K CTAOMJIBHOMY POCTY YKa3aHHBIX
CHII.

Taxum 00pa3oM, M3MEHEHHE DPEKHUMa TeUeHUS TaMIIOHAYKHOTO
pacTBOpa B KOJIBIIEBOM IIPOCTPAHCTBE CKBAYKUHBI OT CTPYKTYPHOTO
0 TypOYJIEHTHOTO TPUBOAUT K CHUKEHHIO OCEBBHIX HATPY30K Ha
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BepxHUe TPYObI KOJOHHEI 10 10—12 % HauaabHOU HATPY3KM HA HUX
mepeq IeMEeHTUPOBAHNEM CKBaYKIH.

IIpu npoBefeHUY KOMILIEKCA PabOT IO CTPOUTEIBCTBY CKBaYKU-
HBI €e TUAPABINYECKAs CHCTEMA YAacTO MOABEPIKeHA YIAPHBIM Ha-
rpy3KaM OT MOBBIIIIEHHOI'0 MM MOHUKEHHOI'O AaBJIeHUs I'UAPoyaa-
pa.

IIpu ocTaHOBKE MOTOKA JKUAKOCTH B 0OCAIHBIX TPYyOax Hajg mpob-
KOl BOSHMKAET yJapHas BOJIHA MOBBIMIEHHOTO HABJICHUS, 3HAUCHIE
KOTOPOT'O MOYKHO OIIPEIeIUTE U3 3aBUCUMOCTH

Hy;[ = cO.TQO /gso.-r’

TJe C,, — CKOPOCTh yAAPHOH BOJHBI B JKUIKOCTU 00CagHBIX TPybOax;
@, — TIPOUM3BOAUTEJIHBHOCTH IIEMEHTHUPOBOUHBIX arperatoB (I[A);
S,.. — IJIOIIAaAhL IPOXOJHOTO CeUeHUA 00camgHbIX TPyO; & — yCcKope-
HUe€ CUJIbI TAKECTH.

Ha npaxTuke 0OLIUHO CTPEMATCA HE JOIMYCTUTL OIMPECCOBKU KO-
JIOHHBI IIOCJIe IIOCAAKM IIPOOKM M OCTAHABJIMBAIOT arperaTol cpasy
TocJjie MoJyUYeH!s CUTHAJIA O pocTe AasiaeHusi. Ho maxke B 9TOM CJy-
yae obOcamHble TPYObl OKA3BIBAIOTCS HATPY/KEHHBIMHM MUHUMYM
TPOUHBIM AaBJIeHUEM r'uApoyaapa. I[eficTBUTENIbLHO, HA TOJIOBKE OT-
MeuaeTcsA cpasdy ABOIiHOe JaBjeHue, U, KaK 6bI OBICTPO He OBLIJI ocTa-
HOBJICH arperar, 3Ta yJapHas BOJHA YCIeBaeT OTIIPABUTHLCA BHU3 K
3a0010, T/Jie JOIIOTHUTEJIBHO yBeaInunBaerca Ha H .

2.4. A4A0cHCcAO eeécanidasera
eeaslléacea a6cd eaAsTA.

ATeéCa0 eAeicéad Nan aAaAcoacAcad
eaCAUac

IIpo6iema KadvecTBEHHOTO BCKPBITUS IIPOAYKTUBHOTO IIJacTa
BKJIIOUAeT OOJIBIIION KPYT BOIPOCOB, XOTA A0 HACTOAIIET0 BpeMeHU
MMOHUMAETCA JOBOJILHO OTPAaHUUYEHHO — IJIaBHBIM 00pasoM yIeJisier-
cs1 BHUMaHUTe O0YPOBBIM PacTBOPaM, MUHUMAJIBHO CHUKAIOIIUM IIPO-
HUIa€MOCTh IPU3a00HHOM 30HEI. ITO HauboJee JOCTYIIHEIN /I M3-
MeHeHUA (PaKTop — 00paboTKa OYpOBBIX (MO37HEE TaMMIOHAMKHBIX)
PacCTBOPOB C IEJILI0 CHUSUTD MJIV JOBECTH Ja’kKe 0 HYJIEBOTO 3HAUe-
HUSA BOJOOTAAYY OYPOBBIX (U IIeMEHTHBIX ) PACTBOPOB.

IIpu GypeHnn B IPOAYKTHUBHOM KOJIJIEKTOPE B CBA3U C Hapylle-
HUeM HaIPAXKEeHHOr0 COCTOSIHUSA IIOPOJ B IIPUCTBOJILHOM 30HE, IIPO-
HUKHOBeHUeM GuiabTpara O6ypoBoro (M IIeMEHTHOTO) pacTBopa B
ILJIaCT, B3aMMOENCTBUEM C IIJIACTOBOI Ta30KUAKOCTHON CMeChio U
TOPHOM IOPOAOY IPOUCXOLAT CJIOXKHBIE (PUBUKO-XUMUUECKUE IIPO-
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meccbl. PuIbLTpaAT, NPOHUKASA B IMPOAYKTUBHBIA ILIacT, pPe3KO
YMEHBIIIAeT HPOHUIIAeMOCTh MOCJeTHero Iad HedTH W Trasa, YTO
MIPUBOAUT K PAAY HEOOPATHUMBIX ITPOITeccOB. HaCTUUYHO TPOHUKAET B
mIacT U TBepras ¢asa OypOBBIX PACTBOPOB; IPHW THIAPOPAa3pPHIBaAX
IJIACTOB 3BHAYUTEJIbHOE KOJIMUECTBO OYPOBOT'O PACTBOPA MOCTYIIAeT B
ILIacT, OJIOKUPYA IPOABUKeHMe (DIonga K CKBasKUHE.

AmMepuKaHCKHe HCCIeNoBaTeJ U II0JAralT, UYTO CYIeCTBYIOT
CJIeIyIONIre OCHOBHBIE (haKTOPHI 3arpA3HEeHU IIIacTa:

peaxus TJIMH, COAEPKAIIUXCSI B HEM, C BOJIOM, ITOCTYHAIOIEH
13 OypoBOT'0 PaCTBOPA, C IIOCJEAYIOIINM HA0yXaHeM I'JINH;

KoJbMaTalusa IMOp IIACTA TBEPABIMHM UYACTUIAMU TJIMHUCTOTO
pacTBopa.

OueBUAHO, 3TO TOJLKO UYacTh (PaKTOPOB, KOTOPBLIE OIPEIEIAI0T
maJleHre TPOHUIlaeMoCTH npusaboitHoi 3oubI miaacta (II3II). Ecau
MPUHATL K CBEeIeHUI0, UTO Ha IJIOMaAu 00pasiia U3 OOBIYHOTO IIec-
JaHWKAa, paBHOII 6,5 cm?, Haxogures no 3000 mop, KOTOPHIe B U3Be-
CTHOU CTEINeHU OIPEJesSAI0T IPOHUIAeMOCTb, TO CTAHOBUTCS IIO-
HATHBIM, HACKOJIBKO UYYBCTBUTEJbHA 9Ta IIOBEPXHOCTH K 3arpsasHe-
HUIO.

3HasA OCHOBHBIE HPUUYWHBI CHIMKeHUS mpoHuinaemoctu II3I1
B €CTEeCTBEHHBLIX YCJIOBUAX, MOKHO, €CJAU U He MIPeJOTBPATUTH
UX BJIUSHUE, TO XOTA ObI MaKCHMMAJbHO CHUSUTb WX HETaTHUBHBIN
a(pdexrT.

Bce usBecTHBIE OypOBBIE PACTBOPHI B TOM WJIM MHOM CTEIIEHU OT-
punarenbuo Biausior Ha II3I1. BiuaHnue mxX maeT B HaIlpaBJIeHUHN
cHmKeHus npoHunaemoctu 11311 3a cuer npoxokaeHUA GUIBTPATA
(pasbyxamme TJIMHUCTBIX BKJIIOUEHWUII; 00pasoBaHUA 3aKyIOpUBa-
IOITIEr0 TOPHI OCAAKA IIPY KOHTAKTUPOBAHUHY C IIJIACTOBLIMU BOIAMM)
B ILJIACT; IIPOHUKHOBEHUA B IIOPHI ILJIACTA TBEPAOM (dasbl; OJIOKUPO-
BaHUA IIOPOBOT0O IIPOCTPAHCTBA SMYJIbCUOHHBIMY PACTBOPAMMU; aj-
COpPOIIMOHHBIX CUJI, VAEPKUBAIOIIINX BOAY B IIOpax u Ip.

BypoBoii pacTBOp ¢ BLICOKO# BOJOOTAAUEH HelleJIecoo0pasHo uc-
TIOJIb30BATh IIPYW OCBOEHUM CKBAKWH W N0ObIUe HedTH M rasa, Tak
KaK OH CHMJKaeT eCTeCTBeHHYIO NMPOAYKTUBHOCTDH ILJIACTA U AJA €e
BOCCTAHOBJIEHUSI MOTYT IOTPe0oBaThCA IepdhopaTopsl CIeluaabHO-
T'0 THIIA WU HECKOJBKO KUCJIOTHBIX 00PabOTOK.

Ha mpoayKTHUBHOCTb CKBAKUH HAMOOJIbIIIee BINAHIE OKAa3bIBaeT
COCTOSHYE TPOHUIIA€MOCTY ITPU3a00HOM 30HEI IIJIaCTa HEIIOCPEACT-
BEHHO Y CTeHKU CKBAKHMHBI. Y XYIIeHNe TPOHUIIAEMOCTH 9TOH 30-
HBI TPOUCXOIUT NPAKTUUECKU TP JIIOOBIX YCJIOBUSIX 3aBEPIIEHUSA
CTPOUTEIBCTBA CKBAYKUH U 3aBHUCHUT OT pAAA (GakTOPOB:

cocTaBa 6ypoBOro pacTBopa npu 6ypeHuu (TJIMHBI, BOALI, IIPUMeE-
ceii ¥ peareHTOB pacTBOpa);

TTPOTUBOAABJICHUS Ha ILJIACT OT CT0JI6a 6YPOBOTO PacTBOPA;
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IJIUTEIBHOCTH IIPeOLIBAHUA IPOAYKTUBHOTO ILIaCTa TOJ AaBJie-
HUEeM cToJi6a 6ypOBOTO pacTBOPA;

cocTaBa IeMeHTHOT'0 PacTBOPA;

rJIyOMHBI U IIOTHOCTH Hepdopamuu ob6caaHoil KOJIOHHBI;

IJIUTEJLHOCTY MPeObIBaHUSA IIIacTa II0J PACTBOPOM IIOCje Iep-
(oparuuy;

crmocoba BbI30Ba IIPUTOKA (PIOMAa M3 ILJIAcCTa U OCBOEHUS CKBa-
JKIH.

YcTaHOBIEHO, UTO COCTaB M CBOIICTBA OYPOBBIX PACTBOPOB, IIPHU-
MEHAEMBIX AJI5I BCKPBITUA IPOAYKTUBHBIX IIJIACTOB, JOJYKHBI YI0B-
JIETBOPSATD CJIeAYIOIUM TPeOOBaAHUAM:

¢uabTpaT GYyPOBOro W IEMEHTHOI'0 PACTBOPOB AOJIKEH OBIThH Ta-
KHUM, YTOOBI IPYM IPOHMKHOBEHHUU €r'0 B IPU3a00MHYIO 30HY ILIacTa
He TIPONCXOANJIO Ha0yXaHWs TJIMHUCTOTO MaTepuaJja, cojie- U MeHOo-
00pas3oBaHU B IOPUCTOM cpejie TOPHBIX TOPO;

rpaHyJIOMeTPUUECKHUII COCTAB TBepAoii (aspl OypoBOro u Iie-
MEHTHOT'O PaCTBOPOB J0JI’KEH COOTBETCTBOBATh CTPYKTYPE IIOPOBOTO
MIPOCTPAHCTBA, T.e. IJIA IPEeIOTBPAIIleHNs IIy0OKOH KOoJIbMaTaliuu
cozepsKaHue YacTull nuamMeTpom 6osbiuM Ha 30 % pasmepa mopo-
BBIX KAHAJOB WM TPEINH JOJI’KHO OBITH He MeHee 5 % oT 00Iero
o0 beMa TBepoii (pa3bl IPOMBIBOYHOTO aTeHTa;

IIOBEPXHOCTHOE HATSMKEHHe Ha I'PaHuIle pasgena (QUIbTPAT —
ILJIACTOBBIN (hJIIOUI HOIKHO OBITh MUHUMAJIBLHBIM;

BOZOOTAAYA B 3a00MHBIX YCJAOBUAX NOJIPKHA OBITH MUHUMAJIBLHOMH,
a ILJTOTHOCTh ¥ PEOJIOTHYECKIe ITapaMeTPhl — TAaKUMM, UTOOBI AU(-
depeHITIANbHOE HaBJeHNe IPU PasbypruBaHUY TPONYKTUBHOI TOJI-
M ObLIO OJMMBKUM K HYJI0, XOTS OJA ITPOMBIBKM CKBAKUH TIPU
BCKPBITUHM IMPOAYKTUBHBLIX IIJIACTOB, K COXKAJIEHUIO, HCIIOJIL3YIOT
TJIaBHBIM 00pa3oM TJIMHHCTBHIEe OypOBbIe PACTBOPBI, 0O0paboTaHHBIE
uiau He o0paboTaHHbIe XUMUYECKUMU peareHTamu. IlpuueM TexHO-
JIOTHA 00PabOTKY 3THX PACTBOPOB XMMUUYECKUMHU peareHTaMu olIpe-
IensgeTcsa TpeOOBaHUAMHU TOJbKO Oe3aBapMIiHON HPOXOAKM CTBOJIA
CKBaKUWHBI, 4 He KAaUeCTBEHHBLIM BCKPBITHEM MPOAYKTHUBHOTO TIJIAC-
Ta. CPOKM OCBOEHMS U IPOAYKTUBHOCTh CKBAKUH, IIPOOYPEHHBIX B
UIEHTUYHBIX YCIOBUAX, MOTYT OBITH PA3JUUHBIMU U B SHAUNTE I b-
HOM CTelleHU 3aBUCAT OT KayecTBa paboT 110 BCKPBITHUIO ILJIACTOB.

Eciu McXoauTh M3 YCJIOBUII MAaKCHMAaJbHOTO COXPAHEHUS TPU-
POAHOTO COCTOAHUA KOJIJIEKTOPA, TO MPOAYKTUBHLIHN IJIacT Heob6Xo-
IVMO BCKPBIBATH IPU YCJIOBUU MEITPECCUM WM PABHOBECUS MEKIY
ILJIACTOBBIM 1 3a00HHBIM AaBieHuaMu. OJHAKO B HaCTOsIee BpeMs
OTCYTCTBYIOT TEXHUUYECKHE CPEeICTBa, KOTOPbIe MOTJIN Obl HALEIKHO
o0ecIeunTh TaKue YCJOBUSA IIPOBOIKW CKBaKUH (Bpallaiol[uecs
IIPEeBEHTOPHI, AUCTAHIIMOHHO YIPaBIdeMble IPOCCeJIH, CemapaTophl
O6ypoBoro pactBopa). IlosToMy Ha TpaKTHUKe BBIHYKIEHBI BCKPBI-
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BATh ILJIACTHI B YCJIOBHUAX pernpeccun. Pempeccusd Kak (pakTop uMeeT
IpeBaMpPyIoIliee 3HAUEHUE: OT Hee 3aBUCAT BCe OCTAJIbHBIE IIPOIEC-
Chl B3amMMOJeficTBUA IJIacTa ¢ OYPOBBIM pacTBOpoM. Pempeccus
TaKKe SBJSEeTCA MPUUYNHON M3MEeHEeHUsS eCTeCTBEHHON PaCKPBITOC-
TH TPEIWH W BJIUAET HA CTeNeHb AedopManuy mopoja B IPUCKBA-
SKUHHOM 30He.

3HaueHUsA AaBJIeHUA Ha 3a60€e 1 CTelleHb ero BIUAHUA Ha Ipu3a-
00OIHYI0 30HY BO MHOTOM OIIPEAENAI0TCSA XapaKTepOM U MHTEHCHUB-
HOCTBIO IPOBOAMMBIX B CKBa)KMHe omepariuii. Haumbosbime Tugpo-
IVHAMUYeCKUe MTaBJIeHUA BOSHUKAIOT B CKBasKWHE IIPU BOCCTAHOB-
JIEHUU MUPKYJANUM O0ypoBoro pactBopa. HecMoTps HA TO YTO TU-
poAMHaAMUYECKUe OaBJIE€HUS IIPM BOCCTAHOBJIEHUU IUPKYJIAIIUN
IeHCTBYIOT Ha ILJIACT KPaTKOBPEMEHHO, B IIpeaesiax 3—5 MUH, 3Ha-
yeHUA 3a00MHOT0 AABJIEHUA MPU dTOM MOTYT mocTuraTb 75—80 %
TIOJTHOTO TOPHOTO MaBJIEHUS, UTO WHOTJA BBLI3BIBAET THUAPOPA3PLIB
miaacra. IlpumumHaMm pocTa TUAPOAUMHAMUUYECKUX HATPY30K Ha
IJIACT SABJAIOTCA TaKyKe BBICOKME CKOPOCTH CIIYCKOIIOAbEMHBIX
omepanuii. 'mapoguHaMmuecKas penpeccus Ha ILJIACTHI IPU 3TOM
MOKeT Bo3pacTaTh 10 3—9 MIla.

XUMHUYECKUM COCTaBOM OYPOBOTO PACTBOpPA OHpeneaseTcsa B OcC-
HOBHOM WHTEHCUBHOCTDL PAa3BUTHUA BTOPUUYHBIX IIPOIECCOB, BO3HU-
KaloIX Ipu KOHTaKTe (PpuiabTpaTa ¢ He()ThI0, ra3soM, OCTATOUHOM
BOIOM 1 IMMOPOAOH KoJjieKTopa. COBOKYIHOCTL 9THX IIPOIIECCOB IIPHU-
BOAUT K BO3PACTAHUIO I'a30TUAPOAMHAMUYECKUX COIIPOTUBJIEHUN B
30He IPOHUKHOBEHUA (GUIbTPaTa Hpu (PUIbTpanuu HedTH HaA pas-
JUYHBIX 9TallaX OCBOCHUS W 9KCILIyaTAIlMM CKBA'KMHBI. Y BeJuue-
HUe TUAPABINYECKUX COMPOTUBICHUH IIPOUCXOIUT B PE3yabTaTe
MPOSIBJICHUSI MOJIEKYJIAPHO-TIOBEPXHOCTHBIX CBOMCTB CHUCTEMBI
He()Th — ras — mopoja — ocTaToyHad BoJa — (PUJIBTPAT M USMEHEHUA
CTPYKTYPHI IIOPOBOTO IIPOCTPAHCTBA IIOPOIBI.

Ha cTraguu BeI30Ba IPUTOKA U3 IIJIACTA IPUPOCT M'IAPABINYECCKUX
COITPOTUBJIEHUH TTpu GUIbTPAuu HeGTH Uepe3 30HY IPOHUKHOBE-
HUA TJIABHBIM 00pasoM OIpenesiseTcs 0COOeHHOCTAMM MBYX(dasHoM
duapTpanuu. 3HaUEHWE TUX MAOIOJHUTENLHBIX COIMPOTUBJIEHUN
3aBHUCHUT OT MHOTUX (PAKTOPOB U B IIeJIOM OIleHHUBaeTcA (Da30BOIi MPO-
HUIAeMOCTBHI0 AJiA (hIromja IpU COBMECTHOM TeueHUU HehTU C
GuUILTPaTOM Uepe3 IIOPUCTYIO CPpely C H3MEeHEeHHON CTPYKTYypoii
TIOPOBBIX KaHAJIOB. V3MeHeHre CTPYKTYPHI ITIOPOBOTO IIPOCTPAHCTBA
B 30HE TIPOHUKHOBEHUA MOYKET OBITH 00YCJIOBJIEHO B3aMMOIEHCTBU-
eM GuibTpaTa Kak C¢ MHUHEPAJbLHBIMU KOMIIOHEHTAMU IIOPOIBI
(mabyxaHue I'IMH, XUMUYEeCKOe ITpeodpasoBaHue), TaK U C OCTATOU-
HOIT BOZOM (BO3MOXXHOCTh 00Pa30BaHUA HEPACTBOPUMEIX 0CaJKOB).

Cremenb 3arpA3HeHUs IMOPOBBIX KAHAJIOB TBepAoii ¢asoit 6ypo-
BOTO pAcTBOpa B HAMOOJIBIIIEN Mepe OmpefesseTcd pasMepaMu Ka-
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HAJIOB, UX CTPYKTYPOIi, IMCIEPCHOCTHIO U KOHIIEHTpAaIlueil TBepaoi
dassl B pacTBOpe, a TaK:Ke 3HAUEHUAMHU BOJOOTAAYN OYPOBOTO pac-
TBOpPA U Ilepelajia JaBJIeHUs B CUCTeMe CKBAKTHA — ILJIACT.

BiusHwme 30HBI KOJbMATAIIMKM HA IIPUTOK (Qiouga K CTBOJY
CKBa’XMHBI BAPbUPYET B IMIUPOKUX mpenaesnax. Haubosbiee orpuria-
TeJIbHOE BJIMAHVE 30HBI KOJbMAaTalluM OTMEUYAEeTCS B CKBAKUHAX C
OTKPBITHIM 3a60eM. B CKBa’KMHAX C 3aKPHITHIM 3a00eM 3TO ABJIECHUE
B OCHOBHOM HelTpanmayercsa nepdopanueii. B mociaegaem ciyuae
cJenyeT OIeHUWBATH BJAUAHUE 30HBI KOJIbMATAIN, (DOPMUPYIOIIEH-
cd Ha CTEeHKaX mep(opannoHHbIX KaHAJIOB.

IIpoHVKHOBEHME B IJIACT KOJJIOUMAHBIX U CYOKOJJIOMIHBIX Yac-
TUI], a TaKyKe MaKPOMOJIEKYJ] OPTaHUYEeCKUX COENUHEHUU COIIPO-
BOJKIAeTcA MX afcopOIiueii B MOPOBOM IIPOCTPAHCTBe HedTeHAaCHI-
IIEeHHBIX IOPOJA. OTY YACTUIILI aJcoOpPOMPYIOTCSA, KaK IPaBMJIO, Ha
TrpaHUIIaX pasgeaa HedTh (ras) — QUIABTPAT, U €CJIU TOBEPXHOCTH
paszeJia HeIIOJBUKHBI, TEPSIIOT CBOOONY mepemelrienus. [Ipu Hamm-
yuu B He()TU OOJIBIIIOT0 KOJMYecTBa achaibTOCMOJIUCTBIX BEIlECTB
MIPOHUKAIOIME B ILJIACT KOJJIOUAHBIE M CYOKOJJIOUIAHBIE UaCTUIIBI
aZicopOoupyIOTCA HA IIOBEPXHOCTHU pasfesia a3 coBMeCTHO ¢ achasb-
TeHaMU ¥ CMOJIaMU W 00pa3yioT NJIOTHHIE Me:K(dasHble IIEHKU. B
Ta30HACHIIIIEHHBIX IJIACTAX 9TU YACTHUIIBI aJCOPOUPYIOTCS HA CTEH-
KaXx ITOPOBBIX KaHaIOB. II0CKOIBbKY YKasaHHBbIEe MesK(as3HbIe TIIIEHKHT
U aficOPOIIMOHHBIE CJION YMEHBITAIOT CeYeHNe IMOPOBBIX KAHAJIOB U
IPAKTUYECKU He PAacTBOPAIOTCA B HeTH, cjleAyeT MPeAyIPeIuTh
uX (popMHUpOBaHUE IIyTEeM BBeJeHUS B OyPOBOIi pacTBOP CHHTETHUUE-
ckux ITAB.

CreneHb 3arpA3HEHNA IIOPOBOTO IIPOCTPAHCTBA ITOPOABI-KOJIJIEK-
TOpa IPOAYKTAMHU B3aMMOAENCTBUSA COJIE OCTATOUYHOM BOLBI C XM-
MUYECKUMU pPeareHTaMM, IIOCTYNAIONMMU B ILJIACT ¢ (YUJIBTPATOM,
oIpefesisieTcs HAJIUYMEeM B BOJe 0CAIK000PasyIoINX KaTHUOHOB.
Obpasyromiuecsa HepPacTBOPUMbBIE COEJUHEHUSA B 3aBUCHUMOCTU OT
XapakTepa CMauBaeMOCTH MX ITOBEPXHOCTH CKAILIMBAIOTCA B BOJ-
HOM miu He@TAHON (hase, amcopObUpysAch Uallle BCero Ha T'PAHUIIAX
pasgena He()Th — (puaBTPAT.

IToBrbIimieHMe KayecTBa BCKPBITUA MPOAYKTUBHBIX ILJIACTOB CJIe-
IyeT OCYILECTBJIATDL NBYMS IIYTSAMU:

BBIOOPOM COOTBETCTBYIOIIETO THUIIA OYPOBOTr0 pacTBOpa A KOH-
KPETHOTO MeCTOPOXKIAeHuA (Iy1acTta), 00JIafaroiero onpeeaeHHbI-
MU Te0J0TO-(pU3NIECKUMI CBOMCTBAMMU IIOPOJABI-KOJIIIEKTOpPA, CJia-
raloIero IJjaacT, U GU3NKO-XUMUYECKUMU CBOWCTBAMHU IIJIACTOBBIX
GurronoB ¢ 00s13aTETbHBIM yYE€TOM CTEIleHU BO3MOXKHBIX H3MEHe-
HUH neTporpadruuyecKuX CBOMCTB IIOPOABI IOCJIE BCKPBITUSA U YCJIO-
BUii puabTpanuy HepTu niu (1) rasa uepes 30Hy IPOHUKHOBEHUI;

BBIOOPOM TEXHOJOTMYECKUX PEKUMOB BCKDPBITHUA, HTPOMBIBKU
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CKBasKWHBI 1 IPOBEIEHUS CIIYCKOIIOABEMHBIX ollepaluii, obecreyun-
BAIOIINX MUHUMAaJILHBIE Pa3MePhI 30HBI TPOHUKHOBEHNUA KOMIIOHEH-
TOB OypPOBOTO PacTBOpPA B ILJIACT.

Byposoit pacTBop, mpesHasHaAYEeHHBIN AJA BCKPBITUSA IPOAYK-
THUBHOTIO ILJIACTA, 1ePQOPAIIMOHHBIX U IPYTUX Ollepaluil B CKBaKU-
He, TP KOTOPBIX HEeM30eKHO ero KOHTAaKTUPOBAaHNE C KOMIIOHEHTa-
MU ILJIACTOBOI CHCTEMBI, JOJIKEH OTBEUATh CJAEAYIOIIUM OCHOBHBIM
TPeOOBAHUAM:

00J1ajaTh CIIOCOOHOCTHIO OBICTPO (hPOPMUPOBATH HA CTEHKAX CKBa-
JKUHBI IIPAKTUYECKM HEIPOHUIAeMYI0 (MUILTPAIMOHHYIO KOPKY,
MIPENATCTBYIONYIO MPOHUKHOBEHNO (hUIbTpaTa B IIJIACT;

MMeTh TAKOM COCTaB KUAKOI (hasbl, KOTOPBIN MPU MPaKTUKYe-
MBIX B HACTOSAIIlee BpeMsA 3HAUEHUAX JeIIPECCUU, CO3LaBAEMBbIX IIPU
OCBOEHUU CKBa’XKWHBI, IIO3BOJIAJN OBl y)Ke B IIEPBBIE Yachl PabOTHI
CKBaKWHBI JIUKBUANPOBATH 0€3 3aMETHBIX OCTATOYHBIX SBJIEHUH
[IOCJIEACTBUS IIPOHNKHOBEeHUA (QUIbTPATA B IPU3a00HHYIO 30HY;

TBepAasd (pasza 6ypoBOTro pacTBOpa WU ee 00JbIIaa YaCTh JOJKHA
TIOJIHOCTBIO PACTBOPATHLCA B KUCJ0Tax (HedTu), UTO IIO3BOJUT yaa-
JIATH €e CO CTEHOK CKBasKUHBI M 3aKOJHMATHUPOBAHHOII 30HBI ILJIacTa
Ipu ocBoeHUM. I'paHysiomMeTpuuecKuil cocTaB TBepAoi (aswsl moJI-
JKeH 00ecIIeunBaTh MUHIMAJIbHOE KOJIMUECTBO IIPOHNKHOBEHUS pac-
TBOPA B TPEIIMHBI (IIOPHI) IJIACTA 3a CUET OOpa30BaHUA 3aKYIIOPH-
BAIOIIIMX TAMIIOHOB HA BXOJie B TPEIIUHY.

TpeboBaHUA K TEXHOJOTHUU BCKPBITUA CBOAATCSA K TOMY, UTOOBI
PEKUM BCKDPBITHA, IPOMBIBKA CKBaKUHBI M CIYCKOIIOAHBEMHBIE
oIepaIuy BEIOUPAINCH C YUETOM 00eclieueHUA MUHUMAJBHON 30HBI
IIPOHUKHOBEeHUA (QUIbTpaTa 6yPOBOTO PACTBOPA, He MPEBHIMIAIONIEH
rIyOMHEBI TepQOPAaIIOHHBIX KAHAJIOB.

Br160op 6ypoBoro pactBopa IJisi BCKPLITUSA OCYIIIECTBIISAETCS I
KasKJIO0TO THUIIA TOPO/-KOJLJIEKTOPOB, OTJINYAIONIUXCA IPYT OT Apyra
OCHOBHBIMU IIPHM3HAKAMU U yCJIOBUAMU 3aJjieraHusd. I[asa sToil menu
BCE U3BECTHBIE B HACTOSAIIEE BPeMA TUIHI IOPOJ-KOJIJIEKTOPOB pas-
JleJIeHbI Ha YeThIpe KJacCU(UKAIIMOHHBIE KATeTOPUN, B KAXKIOU U3
KOTOPBIX CrPYHIMPOBAHBI IIOPOJBI-KOJIJIEKTOPBI, 00JaJarolnye
OIPUMEPHO OAMHAKOBOM peaKIeil Ha TEeXHOJOTMYEeCKMe BO3MAeliCcT-
BudA. B KauecTBe KpuTepus pasiesieHus IOPOA-KOJJIeKTOPOB Ha OT-
IeJbHBbIE KAaTEerOPUU HCIIOJIb30BAHBI M'€0JIOTMUECKUE U TE€XHOJIOTH-
yecKkue (haKkToOphbl, KOTOPbIE PACKPHIBAIOT YCJOBUA IPOABJIEHUA U
BO3MOYKHOCTH IIPOTHO3HOMU OIeHKY BU/|a, MTHTEHCUBHOCTY U MACIIITA-
0a pas3BUTHA IIPOIecca B3aNMMOIEHCTBUA MOPOJ ILIACTA C OYPOBBIM
pacTBOpOM, a TaK:Ke IIOCJIeACTBUII 3TOr0 IIpoIlecca.

JIabopaTOPHBIMU KCCJIELOBAHUAMU, MPOBEIEHHLIMU HA €CTeCT-
BEHHBIX U MCKYCCTBEHHBIX KepHax B Poccuu u 3a pybGesxkom, ycra-
HOBJIEHO, UTO IPOHMKAIOIIAA B MPU3ab0iHyI0 30HY ILJIacTa BoJa B
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OIpeieJIEHHBIX YCJIOBUAX CHUKAET €CTECTBEHHYIO (PasoByio IIpo-
HUIAeMOCTb KOJIIeKTOpa 1A HedTu 6osee uem Ha 50 %, KoTOpas
OYeHb MEJJIEHHO BOCCTAHABJIVMBAETCA WJIU HE BOCCTAHABINBAETCSA
coBceM (Tabu. 2.1). Ha KoahGUIIMEHT BOCCTAHOBJIEHUA ITPOHUIIAE-
MOCTH CYII[€CTBEHHO BJIUAET HE TOJHKO COCTAB BOIBI, IPUMEHSIEMOH
IIPU BCKPBITUH ILJIACTA, HO ¥ CKOPOCTh (huabTpanuu (rpagueHT TaB-
JeHus1). BoccTaHOBIEHME MPOHUIAEMOCTA Ke€PHA TPU PasIUUHBIX
YCJIOBUSAX HAXOAUTCA B mpepenax 45—85 %. JlobaBka K GypoBomMy
PacTBOPY IPUMEHSAEMBIX PAa3JIMYHBIX PEareHTOB, YJIYUYIIAIOIINX
e€ro MeXaHWUYecKue CBOWCTBA, MOXKET OOJIbIlle CHUSUTH €CTEeCTBEH-
HYIO IIPOHUIIAEMOCTh KOJLIEKTOpa. BiunsHUe pasJuYHBIX OYPOBBIX
PacTBOPOB HAa NEPBOHAYAJBHYIO MIPOHUIIAEMOCTH IOPUCTOH Cperbl
mpuBegeHa B Tabu. 2.2. Takum obpasom, KaKk MOKa3bIBAIOT Jiabopa-
TOpHBIE HCCJENOBaHU:A, NMPOBeleHHBIe B Poccum u 3a pybeskom,
IprMeHeHVe OyPOBBIX PACTBOPOB HA BOLHOI OCHOBE, KaK IIPABUJIO,
IIPUBOLUT K CYIIIECTBEHHOMY HEOOPAaTHMOMY CHUKEHUIO IIPOHUIIAE-
MOCTH KOJIJIEKTOPOB.

B Tabn. 2.3 mpuBemeHbl MaHHBIE O CHHKEHUU KO3(duIiieHTa
IIPOAYKTUBHOCTH CKBa'KMH Ha MallKOIICKOM ra30KOHAEHCATHOM Me-
CTOPOKIEHUY II0CJIe 3aKaYKY B HUX OyPOBOTO PACTBOpPA.

IIpuBenenHBIEe TPUMEPHI YOEAUTEJIBHO IIOKA3BIBAIOT, YUTO IIPO-
HUKHOBEHUE B ILJIACT PuIbTpaTa u 6ypPoOBOro PacTBOPa OTPUIATEIBHO
BJIMSIET Ha ero KOJIIEKTOPCKME CBOMCTBA, B Pe3yJbTaTe uero yajiu-
HSAIOTCS CPOKU OCBOEHUS CKBaKUH, CHUKAETCA UX IIPOU3BOLUTEIb-

Ta6auma 2.1
BocceraHOBIeHME IPOHUIIAEMOCTH KepHA

IlepBona- Kooddu-
IIUEeHT
JajbHASA ) Hccresio-
ITopona He(Te- Boga BO?:}?;;B BaTeI
MOOTS, M1 ? mpormae-
moctu, %
HcKyccTBeHHBIN Tecua- 0,6 Ilpecuas 53 HKurau u
HUK (0e3 mpruMecH riu- 1,0 62 IIayc
HBI) 1,4 68 (MUHT)
2,0 74
JleBOHCKUII IECUaHUK 0,4 “ 42 B.A. IlTe-
PoMaIirkmHCKOTo MecTo- 1,2 46 BaJITUH
POXKACHUS 2,0 50 (TarHUN)
0,4 ILnacroBas 86
1,2 (meBOHCKA) 84
2,0 82
HOpckuit mecuanuk Tas- 0,01-0,2 JIro6asa 55 H.P. Pa6bu-
JINHCKOTO MECTOPOXKe- HOBUY
HUSA (BHIUKP-
HedTh)
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Ta6numa 2.2

Biausaue GypoBBIX PACTBOPOB Ha IIPOHUIIAEMOCTh KEPHA

Boccranosienue
BypoBgoii pacTBOp IepBOHAYAIBLHON
IPOHUIIAEMOCTH, %
Boza 59,4
Bypogoit pacTBop 6e3 106aBKU peareHTOB 71,7
Byposoii pactsop + 10 % YIIIP 47,5
Byposoii pacteop + 1 % KMI] 59,8
Ilena 94,2
PactBop Ha HEDTAHOH! OCHOBE 95,0
Taobauma 2.3
YmenbuieHue KoddduunueHTa MPOTYKTUBHOCTH
KoaddumuenT mpo-
Bpewms, cyT ,Z(yRT;/IBHOCTI/I,
IIponyx- m°/MlIla
Howmep TUBHBLH npeGhIBa- 9KCILTya- 0 3a- mocie
CKBXHUHBI | TOPU3OHT | ypg Gypo- | Tanuu 40 KauyKu sakauxu | K1/K,
BOTO PacT- | HCCJIENO- | pacTBopa | pacTBopa
BOpa B BaHUA K, K,
CKBAKUHE
7 I 48 10 683 340 2,0
17 I 1435 182 323 126 2,6
21 I 1498 73 2638 542 4,8
66 I 7 2 1157 902 2,4
14 11 1756 220 1210 355 3,4
18 I 1007 13 805 204 3,9
23 11 55 2 1200 165 7,3
24 11 84 24 2321 859 2,7
30 III 69 113 1575 541 2,9

HOCTb, YMeHbIIIaeTCca Koa(hGuiiueHT He(pTeoTAauM, a Ha Pa3JIMUHbIX
ILJIOMIAASAX TI0 9TOM HMPUUYMHE MOTYT OBITh IIPOIYINEHBI OTAeIbHbBIE
TMPOAYKTUBHBIE MJIACTHI ¥ TTPOILJIACTKH.

Boapinre ociosKHEeHUs BOSHUKAIOT IIPU BCKPBITUU IMPOAYKTUB-
HBIX ILTacTOB Ha cKBa:kmHax riayomuoit 4000—-5000 m. Ha Gosbioit
rJIyOuHe TPYIHO PeryJupOBaTh JaBjeHUe Ha 3a60e BCJIEJCTBUE BbI-
COKOT'0 IJIACTOBOTO AaBJEHUSA U TEMIIEPATYDPHI, a TAKIKe IIepuoguue-
CKOT0 TIPOHMKHOBEHUs B OypoBOil pacTBOp rasa. Iloio:keHme ycy-
rybJsdeTcsa ellle TeM, YTO IPUXONUTCA IpuOerath K yTAKeJICHUIO
6ypoBoro pactsopa o miaoraoctu 1,8—2,2 r/cm®. B aTuX ycioBuax,
uyTOOBI N30€:KaTh BO3MOKHBIX IIPOSBJICHUI ILJIACTa, BCKPLITHE €r0
MIPOBOAAT IPU BecbMa OOJILIIIOM HIPEBBLINIEHUYU JaBJIeHUsA Ha 3aboe
HaJ| IJIACTOBBIM. JTO BJIeYET 3a cO00I pasphIB IJIacTa W YXOI B HETO
OOJILIITX KOJIMYECTB PACTBOPA, OCOOEHHO IIPY YaCTO TIOBTOPSAIONINX-

86



Csl CITYCKOMOAbeMHBIX Ollepaluax, KOrja uMeeT MeCTO pPe3Koe U3-
MeHeH’e TIIPOANHAMNYECKOTO JaBJIeHUS Ha CTEHKY CKBaYKUH.

O upesMepHOM IIpeBbIlIeHuN (B % ) JaBJIE€HUA B CTBOJIE CKBAMKIH
B IIpo1ecce BCKPBITHUA HaJ IIJIACTOBBIM MOMHO CYIOIUTH IIO CJIenyIO-
UM PaKTUIYEeCKUM JaHHBIM.

KyHAOBIIIIEBCKAT OBJIACTD «uvrveeeenrerennnsns 18-48
VYxpauna 50-80
Aszepbaiigran 60-120

BceaencTBue aTOro ray0rHa IPOHHMKHOBEHUA (DUIBTPATA B IIPO-
OYKTHUBHBIA ILJIACT MOXKET OBITH BechbMa 00JbInoii. Ilo JaHHBEIM cie-
IIAAJBHBIX MCCJIETOBAHUI OHA COCTABJIANA Ha Hed)TEera3oBbIX MECTO-
poxaenuax Asepbaiimxana 1,4—2,5 m, Ha MaiflKOICKOM TIa30KOH-
mencatHoM Mmectopokgenuu 0,5—-3,0 m, Ha CaMOTJIOPCKOM MeCTO-
pokgeruu 6—37 M u T.1.

Hawub6oJiee rirydoxkoe IpoHNKHOBEHME (PUILTPATA U TBEPHAOi (pasbl
O0ypOoBOr'o pacTBOpPa OTMEUAeTCA B IIPOIleCCe BCKPBLITUA TPEIUHHBIX
KOJLJIEKTOPOB.

3HaueHnsd TJIYyOMHBI 30HBI M3MEHEHUH  IIPOHUIIAEMOCTU
(YXyIIIeHHo), ONpeneieHHOM B pe3yIbTaTe TUAPOAUHAMUUECKIX
uccyenopanuil Ha Peunrackom u CaMOTIOPCKOM MECTOPOKIEHUAX,
IpuBeAeHbI B Ta0. 2.4.

IlemeHTUpPOBaHME SKCILIyaTAIlMOHHOM KOJOHHBI MOJKET TaKiKe
OKasbIBATh OTPHUIIATEJbLHOE BIUAHNE HA IIPOHUIAEMOCTh Ipu3ab0ii-
HOM 30HBI, 0COOEHHO KOT/Ja ILJIACTOBOE AABJIEHNE HUKe MU BBIIIe
TUAPOCTAaTUYECKOro, B mepBoM ciayuae TPOUCXOIUT IPOHUKHOBE-
HIe B IJIACT He TOJbKO (huabTpaTa IIeMEeHTHOTO PacTBOpa, HO U CO0-
CTBEHHO PACTBOPA, TAK KAK IIPU I[EMEHTHPOBAHUU SKCILIYaTAI[MOH-
HOM KOJIOHHBI ITOYTH BO BCEeX CJIydYasX IPUMEHSIOT IIeMEeHTHBIN pac-
TBOp ILIOTHOCTHIO 1,8-1,85 r/cm®. KOHCTDYKIIMSA CKBAsKUHBI B
GOJIBIIIMHCTBE CJAyYaeB MOAUNHAETCA 3aJaUaM YCIIeIITHON ITPOXO0IKH
CTBOJIA CKBAKWHBI, XOTA U He BCErJa OTBEUaeT YCJIOBUAM COXPaHe-
HUSA TPOHUIAEMOCTH IIPpU3abOiTHOM B0HBI IIJIACTA B IIPOIIECCE €ro
BCKPBITHA.

Taonuma 2.4

ITporaxen- ITporaxen-
Mectoposx- | Homep ckBa-| HOCTH 3a- Mectopoxx- | Homep ckBa-| HOCTH 3a-
eHue SKUHBI TPASHEHUS eHue SKUHBI TPASHEHUS
I1I3I1, m I1I3I1, m
Peunnckoe 15 57 CamortJiop- 2155 14
16 28 CKoOe 2149 6
20 32 2159 11
50 20 3077 7
80 41 1521 34
250 55 1523 27
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AHanus coCTOAHUS BCKPBLITHUA HEPTAHBIX M Ta30oBBIX ILJIACTOB
IpU PasBeIOYHOM M JKCILIyaTAIlMOHHOM OypeHUU, CUCTeMaTUUec-
KMe HuCCJIefOBAaHUS BANAHUA PA3JUUYHBLIX OYPOBBIX PacTBOPOB Ha
MIPOHUIIAEMOCTb IIOPUCTOM Cpeabl, IPoBeAeHHbIe B Poccuu u 3a py-
0exoM, IOKAas3bIBAIOT, UYTO IIPOAYKTHBHBIE IIJIACTBHI HEOOXOAMMO
BCKPBIBATh CO CTPOTUM YUETOM Tre0JIoro-(pu3uuecKux 0COOeHHOCTeH
KOJIJIEKTOpa U (PUBUKO-XUMHUUECKOI XapaKTePUCTUKU HAaChII[ao-
IIUX ero JKUIKOCTEeH.

2.4.1. é8éA0ccééia ahaAcoaCAcan eaCAUac

CA EA4éCHT a EAdéaécNOceAicoT AdeiéeeUNOcaur

ITocemoBaTeIbHOCTD OIEPAIlWil, IPOBOAVMBLIX IIPU 3aKAHUYMBA-
HUY CKBAKMH HA Fa30BbIX U MA30KOHIEHCATHBIX MECTOPOMKAEHUAX,
MIPUHIININATIBHO He OTJINYaeTCsA OT BBIMIOJHEHUSA aHAJOTUYHBIX pa-
60T Ha He(PTAHBIX MeCcTOpoxKIAeHnAX. OTHAKO ONTUMAJIbLHAA TeXHO-
JIOTUSA BCKPBITUS IIJIacCTa UMeeT CBOU ocobernHocTu. Hampumep, mpu
BCKPBITHM T'a30BOTO IlJIacTa Ha YPEHTOMCKOM MeCTODPOKIeHUH,
IIPECTABJIEHHOr0 KBAPIEBLIMY [IECKAMU U IIECUAHUKAMU C MAJIBLIM
colep:KaHueM TJIMHUCTOTO IieMeHTa HelleJecoo0pasHo, KaKk CUuTa-
IOT CITeIMAJINCTRI, MCIIOJIb30BaTh PACTBOPHI HA YIJIeBOJOPOAHOM OC-
HoBe (PYO) uiu Ha 0CHOBE CIIEIUATbHBIX XUMUUECKUX PeareHTOB.

Ha sToM ¥ HEKOTOPBIX APYTUX Ta30BBIX U Ta30KOHAEHCATHBIX
MecTOpoKIeHuAX Sananuoir Cubupm SKOHOMUYECKM OBOCHOBAHO
IIPUMEHEHNE CYIIECTBYIOIel TeXHOJOTUM BCKPBITUS IIPOAYKTHUB-
HOT'0 ILJIACTa ¢ MCIOJIb30BaHNEeM OYPOBOTO pacTBopa, 00paboTamHOro
XUMUYECKUMU peareHTaMu, IpeJ0TBPaIlaoliiMy CHUMKeHNe ecTe-
CTBEHHOI TPOHUIIAEMOCTH IIJIacTa. B TO Ke BpeMs, KOraa, IpUMe-
HAS CYIIECTBYIOIIYIO0 TEXHOJIOTUIO, HE YZAAEeTCA HOJYYUTH IPOMBI-
IIIJIEHHBIA TIPUTOK Tras3a, HeoOXOAUMMO MCKATh HOBBLIE THUIBI PACTBO-
poB. IIpumMepoM MOTYT CAYKUTDH YCIOBUS BCKPBITUA IPOIYKTHUBHO-
ro miaacta Ha AcCTpaxaHCKOM ra3oKOHIEHCATHOM MECTOPOKICHUH,
TJe razoBas 3aJIeKb IIPeACTaBIeHa KOJJIEKTOPAMU IIOPOBO-TPEINH-
HOTO TUIIa 60JIBIITOM MOIITHOCTH.

B TeueHMe HECKOJIBKUX JIET MPOAYKTHUBHBIE O0BEKTHI HA AcTpa-
XaHCKOM MECTOPOKIeHUY BCKPHIBAIOTCA C IIPOMBIBKOI TIMHUCTHIM
XJIOPKAJIBIIHEeBEIM PACTBOPOM ILIoTHOCTEIO 1,75 r/cm®. B pesynbra-
Te CYIIeCTBeHHO CHUKAETCA NPOHUIIAEMOCTL IIPMU3A00MHOM 30HBI
MIPOAYKTUBHOTO IIJIACTA, OCBOEHWE CKBaXKUH 3aTPYIOHAETCA U Tpe-
OyeTcs HEOAHOKpATHOE IPOBeIeHIe MEPOIIPUATUH 10 MHTeHCU(U-
Kallu¥ IPUTOKA ra3a. KOHCTPYKIINA CKBAKUH B 30HE MHOTOILJIACTO-
BO¥1 3aJIeKU TOJI)KHA BBIOMPATHCA UCXOAA U3 YCIOBUA JOCTUIKEHUA
MaKCHMAJILHOTO OXBATa APEHUPOBAHUEM KAasKIOr0 IIPOAYKTHBHOI'O
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00'beKTa U BCell 3aJIesK1 B I[eJIOM. PeIlnTh 9TOT BOIPOC BO3SMOYKHO B
pesyabTaTe pasgelbHOTO OIMPOOOBAaHUA KayKIOTo 00BLeKTa paspa-
00TKHU.

OnbIT paspaboTKU Ia30BBIX M I'a30KOHIEHCATHBIX MECTOPOIKIe-
Huit Cepepuoro Kaskaza, Cpenueil A3uu u APYruX PEruoOHOB CBHU-
JIeTeJIbCTBYET O TOM, UTO B T€X CJyYasxX, KOTAA IIPU BCKPBHITHUU U
00pasoBaHNM MHOTOILIACTOBBLIX MPOAYKTUBHBIX 3aJI€Kel He YUUThI-
BAIOTCS OCOOEHHOCTH OTEeJIbHBIX 9KCILIYATAIlMOHHBIX 00HEKTOB, KO-
HEYHBIH KOB(DOUIIMEHT ra300TAauM COCTABJIAET HEMHOro 0ojee
50 % . Tak, B HaUaIbHBII IIePUO] PaspaboTKU JIeHMHIPaICKOro ra-
30KOHIEHCATHOTO MECTOPOXKIeHUS BO BCeX CKBAKMHAX OCYIIECTB-
JISJIOCh BCKPBITHE BCEr0 T'a30HACBHIIIEHHOT'O0 HHTepBaja eJUHBIM
¢unbTpoM. B pesyabTaTe OJZHOBPEMEHHOI 3SKCILIyaTalluu cpasy
BCeX MPOAYKTUBHBIX MAaUYeK IJIAaHUPYEMbBIH 00beM MOObIUM Tasza u
KOHeHcaTa 00ecIieunBaJICsa MEHbBIITM YNCJIOM CKBasKkmnH. OmHAKO 3a
CPaBHUTEJHLHO KOPOTKUIH IIEePHOJ BPEMEHHU IIPOU3OIILIO OIlePerKaro-
miee o0BogHEHNE KOHTYPHBIMU BOJAMHU BTOPOIi, HamboJjee IIPOAYK-
THUBHOM MMauKu, 00JIafaroIell HauaydIIuMy KOJIEKTOPCKUMY CBOM-
CTBaMHU M HaMOOJILIIIMME 3allacaMy rasa 1 KougeHcara. Hecmorpsa Ha
MIPUHATHIE MEPOTIPUATHUA, HATIPaBJIeHHBIE Ha MTOBBITIIEHE KOHEUHOMN
rasooraauu (6ypeHure HOBBIX CKBAYKMH ¢ KOMOMHUPOBAHHOM CHCTEe-
MOM BCKPBITUSA IPOMEMKYTOYHOrO IOPHU30HTA, BO3BPAT HA HUKeEJIe-
sKallie IPOAYKTHUBHBIE MAYKU U ADP.), KO3(hPHUIIMEHT rasooTrauu
00BOJHEHHO! 30HBI BTOPOM IIPOAYKTHUBHON MHAUYKW COCTABUJI BCETO
58 %.

Amnajornunbie yCJIOBUA HAOJMIOZAIOTCA TP SKCILTyaTaluu
ckBakuH Ha MatikomckoM 1 KyIieBCKOM Ta30KOHJEHCATHBIX MeC-
TOPOKAEHUAX, I'le TEeKYIIUN K03POUIINEHT ra3so0oT1aur 00BOIHUB-
mimXcs MPOAYKTUBHBIX mmauek cocrasiasaer 0,44-0,57 u 0,79 coor-
BETCTBEHHO.

TpeboBaHUAM KaueCTBEHHOT'0O BCKPBLITUA I'a30BbIX ILJIACTOB C KO-
apuIImeHTOM aHOMAJBHOCTU IIJIACTOBOTO AaBieHusa Hmke 0,8 B
OOJIBITION CTENeHW YA OBJIETBOPSAET IPUMEHEeHNe Tra3000pasHBIX U
IIEHHBIX ar€HTOB [JI OUMCTKYU CKBAaYKHHBI OT BBIOYPEHHOI IIOPOMIEI.
B kauecTBe ra3000pas3HbBIX areHTOB MPUMEHSAIOT BO3IYyX, ABIMOBBIE
raspl OT CIEIMAJHLHOrO ALIMOTEHepaTopa, asoT, MPUPOAHBIA U yr-
JIeKMCJIBIN ra3bl. HecMOTpsa Ha OECCIOPHBIN MOJOMKUTEJIbHBIH 9¢-
dexT, moSyYaeMbIil IIPU WCIOJIb30BAHUU T'a3000pa3HBIX AreHTOB U
3aKJIIOYAIONIUICSA B COXPAHEHWUW €eCTEeCTBEHHON IIPOHUIIAEMOCTH
npu3aboiHOI 30HBI ILJIACTA I IIOBBIMIEHNN Oe0MTOB CKBAaYKUH, JaH-
HBII ctocob Bce ellle He HaXOAUT IIMUPOKOro IIPUMeHeHUs Ha IpaK-
THKe.

IITupoxomMy BHEAPEHUIO CIIoco0a BCKPBITUA IIJIACTA C IPOIYBKOM
MPeIATCTBYIOT HEJOCTATKU, MIPUCYINHE KaKIOMY Tra3so00pasHOMY
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arenTy. Hanpumep, Ipu UCIIOJIb30BaHUM BO3AyXa B CTBOJIE CKBAMKU-
HBI 00Pa3yI0TCs B3PHIBOOIIACHBIE CMECHU, IPUBOJAIINE K TAMKEIBIM
aBapuaM. Vcnosb30BaHMe a30Ta WX YIVIEKMCJIOTO Tra3a CAep:KuBa-
eTCsI M3-3a MX OTHOCHUTEJIbHO BBICOKOM CTOMMOCTH ¥ OTCYTCTBUS
CIIeIIaJbHOT0 000pyaoBaHUs. IIpuMeHeHre TPUPOSHOTO rasa CoO-
MIPSYKEHO C OMMAaCHOCTHIO €0 BO3TOPAaHUA U HeM30eKHOCThI0 3HAUU-
TeJbHBIX OTEPH rasza. M HaKOHeI[, He3aBUCUMO OT THUIIA UCIOJIb3Yye-
MOT0 Ta3000pa3HOT0 areHTa CJIOKUBIIAACA TEXHOJOTUA MMEET CY-
IITeCTBeHHBIN HEJOCTATOK — He OTPaHMUYMBAETCA BEPXHUIN mpemes
CKOPOCTH BOCXOISIIEr0 IIOTOKA Ira3000pas3HOro areHTta. ITo IIPUBO-
OUT K Ype3MepHOMY U3HOCY OypHJIbHOI 1 06caaHoi KOJIOHH, a TaK-
sKe K paspyIIeHnIo YCTHeBOr0 000pyI0BaHUS.

CesKasHUMHTazom coBmecTHO ¢ IIO “CeKaBl'asmpom” paspabo-
TaHBI TEXHOJIOTUA U TEXHOJIOTMYECKOe O0OPYAOBaHME IJA BCKDHI-
THS TA30HOCHOTO ILJIACTA B YCJIOBUAX AaHOMAJIBHO HUBKUX ILIACTOBBIX
nasiaenuit (AHIII) ¢ mpoagyBKoit 3a60s BeIxJomHBIMU rasamu [IBC,
obecIeunBaOIIIMYA PABHOBECHE AABJEHUS B CHUCTEM CKBAKMHA —
miacT. Mcmosnb3oBaHme BEIXJIOMHBIX rasoB [IBC uckaouaer ob6paso-
BaHNe B3PHIBOOIIACHOI CMeCH B CKBaKUHE, a TEXHOJIOTUA IIPeAIoa-
raeT peryJaupOBaHNE CKOPOCTH BOCXOAAIIETO IIOTOKA, UTO IPENy-
IIPesKIaeT N3HOC YCTHeBOI'0 000Dy IOBAHUS.

Hsi BCKPBITUSA Ia30HOCHOI'O ILIACTA C HPMMEHEHMEeM BBIXJIOI-
HBIX Tra3oB [IBC HeoO0X0AMMO CJIeyIoIee TeXHOJIOTUYEeCKoe 000py-
JOBaHUe:

KOMIIpECCOpPHBIe YCTaHOBKY ¢ Hogadeit 30—50 m® /MuH Ha pabo-
yee gasaenue 3,0 MIla:

YCTBEBBIE BpaIlalOIiyie TepMeTH3aTOphl Ha pabouee IaBjeHVE
5,0-10,0 MIIa.

H1st oXJTaKJeHUsA ¥ OUMCTKY BBIXJIOIMHBIX ra30B MOTYT OBIThH HC-
OJIL30BAHBI allllapaThl BO3AYHIIHOro oxjaskaeHusa tuna ABI'-11-160
PP u maciyosaarooraeanTeau Tuna BO-1.

He HaxoauT IMIMPOKOTO IPUMeHEeHNA B OypeHun He(TAHBIX U ra-
30BBIX CKBAKUH TaKsKe U TEXHOJIOTUA BCKPBLITUA IIJIACTA C IPOMBIB-
Koii meHamu. OCHOBHBIMY (haKTOPaAMU, TOPMOSSAIINMU KCIIOJIb30Ba-
HUe TeH IIPU BCKPBITUU IPOIYKTUBHBIX ILJIACTOB C AaHOMAJIBHO HU3-
KUM JaBJIeHUEM, SIBJIAIOTC:

6oJIbIIVE 3aTPAThl SHEPTUU U MATEePHUAJOB HA MPUTOTOBJIEHNE U
paspyllleHre IIeHHOTO IPOMBIBOYHOTO areHTa, a TaKsyKe Ha ero Oum-
CTKY OT BLIOYPEHHOM ITOPOILI;

MOTPeOHOCTh B JOIIOJHUTEJIBHOM CIEIUAJIHLHOM TEeXHOJOIHYec-
KOM 000pyZOBaHNN;

HEeJOCTATOYHAS M3YYEHHOCTb IIPOIECCOB, IIPOUCXOAAINNX B
CKBasKUMHE U IPU3ab0iHOIi 30He IIJIacTa IPU IIPOMBIBKE IIEHOI.

CesKaBHU T a3zom paspaboTaHa HOBasg TEXHOJIOTHUSA BCKPBITUA
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IJJacTa HA KCTOINEHHBIX TI'a30BBIX MECTOPOMKIEHUSAX ITPOMBIBKOMH
CKBa)XUHBI Tpex(das3Hol IeHOo! 0 3aMKHYTOM repMeTH3UPOBAHHOMI
CUCTEME IUPKYJIANNUN. JTA TEXHOJOTUA 00eclieunBaeT MHOTOKpPAT-
HO€ HCIIOJIb30BaHME MUHUMAJIBLHO HEOOXOAMMOrO [IJIsi IIPOMBIBKK
CKBasKUHBI 00beMa Tpex(hasHoll TeHbl IIPU YCJIOBUU BBHICOKOTO Kaue-
CTBA BCKPBITUA NPOAYKTHUBHOTO ILJIACTA C AHOMAJIHLHO HUBKUM JaB-
JIEHUEM.

IIpumenenme TaHHOU TEXHOJIOTHUY TO3BOJIAET:

BCKPBIBATH IIJIACTEI € faBjaeHueM, paBHbIM 0,1-0,3 oT rugpocra-
TUYECKOro, 6e3 CyIleCTBEHHBLIX IIOTJIOIEHUI, o0eclieunBasi BBLICO-
KOe KauecTBO IIPOBOAMMBIX paboT;

CYIIIeCTBEHHO SKOHOMUTH 9HEPTHUI0 M MaTepuajbl Ha IPOIeCCHI
TIPOMBIBKY CKBaYKUHBI;

WCKJIIOUUTH aBapUITHbIE CUTYAIIUN IIPYU Ta30IIPOABIECHUAX

He JOIYCKAaTh 3aTrPASHEHUA OKPYIKAIOIIeil CpeIbl;

YBEJIMYUTh MTOOBIUY rasa 3a CUeT BBOJA B SKCILIYaTAI[UI0 HOBBIX
nau 6e3neifiCTBYIONINX CKBAKUH, B KOTOPBIX BCKPBITh ILJIACT C IIPO-
MBIBKOM T'JIMHUCTHIM PACTBOPOM, BOAOH WU PA3JUUYHBIMU dMYJIb-
CUSIMHU He IIPEICTABISIETCSI BO3MOYKHBIM.

JdpyruM IepcleKTUBHBIM HAIPABJIEHUEM COBEPIIEHCTBOBAHUA
TeXHOJIOTUY ITPOBOAKY CKBAKWH M BCKPBITUA IPOSYKTUBHBIX IIJIAC-
TOB sBJIAETCA OypeHume c peryaupoBanmeMm naud)pepeHInaaIbHOro
IaBJEHUS B CUCTeMe CKBasKuHa — maacT. CyTh 9TOro MeTo[a 3aKJIio-
YaeTcss B TOM, UTO IIPOIlecc OYPEeHUs OCYIIEeCTBIAETCS MPU TaK Ha-
3bpIBAEMOM COaJIaHCUPOBAHHOM AABJIEHUUW WM DPABHOBECUU MEKIY
ILJIACTOBBIM U TUAPOJUHAMUYECKUM JABJIEHUAMU B CKBasKuHe. [[1a
ATOTO M3yUeHbl yCJI0BUA popMupoBaHu:A 3ajyesxeii ¢ ABIIJl u mocT-
POEHBI KapThl UX PACIPOCTPAHEHUS II0 OIIOPHBIM FOPU3OHTAM B Ps-
Jie paiiOHOB CTPAHBI.

MeToabl paBHOBECHOTO OYpeHUs ¢ peryaupoBanueMm auddepeH-
IIaJIbHOTO JaBJIEHUA B CUCTEME CKBajKMHA — IJIacT 0a3UPYIOTCA Ha
OIIepaTUBHOM KOHTPOJIE 32 IJIACTOBBIM JaBJIEHUEM M Ha KOPPEKTHU-
POBKe ILJIOTHOCTH OypoBOTO pacTBopa. IlosaBaserca HEo6XOAMMOCTD
YacTBIX OCTAHOBOK (TIepepPhIBOB) B OypeHWH AJIA 3aMepa ILJIaCTOBOTO
IaBjaeHUA (110 3HAYEHUIO YCTHEBOTO NABJIEHUA) U U3MEHEeHUS IIJI0T-
HOCTHU OYPOBOTO pacTBopa.

B CesKasHUUTI'aze paspaboTaHa TeXHOJOTHUA BCKPBITUA IIPO-
IYKTHUBHOTO IIJIACTa Ha PABHOBECUU IIYTEM PeryJMpoBaHusa gudde-
PEHIINAIBLHOTO JaBJIE€HUA B YCIOBUAX IePMETUSNPOBAHHON CHCTEMBI
IUPKYJIAMUANA, YTO JAeT BOSMOYKHOCTH CYIIIECTBEHHO YIIPOCTHUTH
TeXHOJOI'MYECKYI0 CXeMy IIPOMBIBKY U ILJIABHO PeryJupoBaTh daB-
JIeHre IIPOMBIBOYHOI'O areHTa B CUCTEMe.

Cnenuduyeckad OCOOEHHOCTH TIe€PMETHU3WPOBAHHOM CHCTEMBI
IUPKYJIAINY — Hajimune 6y(GepHOTo KOMIIEHCATOPa, C TIOMOIIBIO KO-
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TOPOT'0 MPOU3BOAAT IMOJaYy OYPOBOTO PacTBOPA OT YCThsd K IIPUEMY
HaCOCOB IO TPYOOIIPOBOY IIOJ AABJIEHNEM IapajlJIeIbHO OTKPBITOH
cucTeMe MUPKYJIANNUN. JTO IIO03BOJIAET OIIEPATUBHO IPUMEHATH Pas-
JINYHBIE MOANDUKAIINY TEXHOJIOTUY PABHOBECHOI'0 OyPEeHMsI:

OypeHUe Ha PaBHOBECUU — IIPOBEJeHUE IIOJHOr0 IIUKJIA OYPOBBIX
paboT (COycK, IoAbeM, OypeHue) Ipu P, = Pp;

OypeHue ¢ U30BLITOYHLIM JaBJIeHNEeM — IIPOBeJeHIe IIOJHOI0 ITUK-
J1a 6ypOBBIX PabOT IPHU P, > Pris

OypeHUE C MCIOJIB30BAHMEM ABYX PACTBOPOB, KOTZA PAaBEHCTBO
P, = DPn; AMEET MECTO TOJIbKO IPU OYPEeHWH, a CIYCKOIOJbHeMHbIE
omepaluy OCYIIECTBJSIOTCA IIOCJe 3aMeHbl PacTBOpPa B CKBaKUHE
Ha 60Jiee TAKeJIbIH;

OypeHNe C 3arepMeTHu3WPOBAHHLIM YCTheM, KOT[Ia JaBJjieHle Ha
3a00e CKBa)KUHBI B CTAaTUUYECKOM COCTOSHUU MEHBIIE IIJIACTOBOTO
(T.€. p; < Py

IIpu sTom OypoBbIe PabOTHI OCYINECTBIAIOTCA C IIPUMEHEeHHEeM
KOMILJIeKca repPMEeTU3UPYIOIINX YCTPOHUCTE HA YCThe CKBAKUHBI.

B mpombICTI0BOII MPAKTHUKE MMeeTCs HeMajo IPUMEPOB, KOTaa
CKBa’KWHBI, IIOKA3aBIIME XOPOIHe IPU3HAKU He(TEeHOCHOCTH B
mporecce OypeHUs, TOCJIe IeMEHTUPOBAHUSA 3JKCILIyaTal[MOHHOH
KOJIOHHBI ITPX OCBOEHUH JAIOT OUeHDb HU3KUH IPUTOK U3 MIPOTYKTHUB-
HOro 00'beKTa. IIpruMeHeHe B 9TUX YCJIOBUAX 00JeTrYeHHBIX TaMIIO-
HasKHBIX PACTBOPOB ILIOTHOCTBIO 1,5—1,54 r/cM® ¢ moHM:KeHHOI
dunbpTpaTrooTaueii (qobaBku GuiabTponepauTa 5 %) II03BOJIIIO
IIpU OCBOEHUH 00eCIIeUnTh yBeJnUeHue nebura B 3 pasa IIo cpaBHe-
HUIO C Ie0MTOM CKBAKHWH, IIeMEHTUPOBABIINXCA II0 CTAPOM TeXHO-
JIOTHUH.

TaMIIOHaKHBIE PACTBOPEI, IIPUMEHSIeMbIe IJIA IeMEeHTUPOBAHUS
MMPOAYKTUBHBIX IIJIACTOB, IIPEACTABIAIOT CO0OH CJIOKHBIE (hUBUKO-
XUMUYECKUe CUCTEeMbI, KOTOPbIe HECOBMECTUMBI ¢ GYPOBBIMHU pac-
TBOpaMHu, HPEAIIeCTBYIOINMMHU UX IIpUMeHeHuio. BaammosgeiicTBue
KOMIIOHEHTOB TaMIIOHAKHOTO DPacTBOpPa C OCTaTKaMu OypOBOTO B
TpelnHax, mopax IJjaacTa, Kak MPaBUI0, IPUBOAUT K YBEJIUUECHUIO
sdaxynopusarolnero sp@erTa 1 K YCIOKHEHUIO 3aJauy BOCCTAHOB-
JIeHUSA IPOHUIIaeMOCTH IIPU3a00MHOI 30HBI ILJIaCTa IPU OCBOEHUU U
BBOJI€ CKBAKMHBI B 9KCILIyaTaIlnIo.

OreuecTBeHHAA U 3apy0OerkHaA IMPaKTUKA MOKasajia, 4YTO OCHOB-
HBIe CII0CO0bI, HallpaBJIeHHbBIE Ha ITPeIOTBPAIlleHIIe OTPUIATeIbHBIX
TIOCJIeICTBUI IIeMEHTUPOBAHM S KOJOHH HA CBOMCTBA MPOAYKTUBHBIX
00'BEKTOB, CJENYIOIME: CHUKEHME pPelpecCur Ha ILIACT, YMEeHb-
mmeHne PUILTPATOOTIAYN TAMIIOHAYKHOT'O PACTBOPA U JOCTHUIKEHUEe
HauOO0JIBIIIEro PU3NKO-XUMUAUYECKOT0 COOTBETCTBUS (DUIbTpaTa TaM-
TIOHAYKHOTO PaCTBOpa KOMIIOHEHTAM KOJIJIEKTOPa, COCTAaBYy IIOPOX
TLJIacTa U IJIACTOBBIX (WJIIOUIOB.
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IIpakTHUUeCcKu 9TOr0 MOYKHO JOCTUTHYTH OCYII[ECTBJIEHHEM CJIe-
OYIONTNX MEPOITPUATHIH:

OorpaHMYEHUEM BBICOTHI ITOIhbeMa TaMIIOHAKHOTO pacTBopa B O/I-
HY CTYIIeHb ITyTeM MPUMEHEeHUs CIeINaJIbHBIX My(dT IIpU OIIpeje-
JIEHHOM CKOPOCTHU IIOABEMA PACTBOPA 3a KOJOHHOH M YMEHBIIEeHUU
TIoKa3aTejell ero CTPYKTYPHO-MEeXaHUUYECKUX CBOMCTB, YTO II03BO-
JISIeT CHU3UTH PEIIPECCHUI0 Ha IJIaCTHhI;

CHUIKEeHMEeM ILJIOTHOCTHY TaMIIOHAKHOTO pacTBopa (1o Bceil BLICO-
Te 30HBI IIEMEeHTUPOBAHUS MU BBITIIEe KPOBJIU MTPOAYKTHUBHOTO TIJIAC-
Ta) MyTeM IIPUMeHeH!A 00JIerdaonX J00aBOK UM aspaliuei;

YMEHBIIeHUEM (PUIbTPATOOTAAYN TAMIIOHAKHBIX PACTBOPOB MY -
TeM 700aBOK IIOJIMMEPOB MJIN IIPUMEHEHUSA PACTBOPOB HA yIJIEBOAO0-
POJHOM OCHOBE, UTO IIO3BOJIAET CHUBUTH 3(h(HEKT 3aKyImopuUBaHUA
GUIBTPAIIMOHHBIX KAaHAJIOB B KOJIJIEKTOPE BCJEACTBUE TUAPATAIINN
€To TJINHUCTHIX KOMIIOHEHTOB, BBITIAIEHUA COJIEBBIX OCAAKOB U IIPO-
SIBJIEHUS TTIOBEPXHOCTHBIX CHLJI;

KpeIIeHreM IIPOAYKTUBHOTO IacTa 0e3 IeMeHTUPOBAHUA C UC-
IIOJIb30BAHVEM TI'DABUMHBIX (GUIBTPOB, 00CAIAKU NPOAYKTUBHOI'O
njaacta 1epOpPHUPOBAHHON KOJOHHOU-PUIBTPOM, (XBOCTOBUKOM),
IIEMEHTUPOBAHUEM C YCTAHOBKOI IMaKepa B KPOBJIE TPOAYKTUBHOTO
IacTa W 3aKaYKOM TaMIOHA’KHOT'O DAaCcTBOPa 3a KOJOHHY uYepes
cuenMy@Ty BBIIIIEe IaKepa 1 Jp.;

oCTaBJIEHEM HeOoOCa’KeHHOTro (OTKPBITOTO) CTBOJIA B 30HE IIPO-
IYKTHUBHOTIO IJIACTA CO CIIYCKOM U IIeMEeHTHPOBAHUEM SKCILIyaTall-
OHHOM KOJIOHHBI 1O KPOBJIU IPOAYKTHUBHOTO ILJIACTA.

ITesnecoo6pasHOCTH IPUMEHEHUA TOT'O WJIM MHOTO MEPOIPUATU
U3 IEePEeYUCJIEHHBIX BBIIIE ONIPENeIseTCA TIeooro-(hU3uIeCKIMU
0COOEHHOCTSIMU MECTOPOIKIAEHU M YCTAHABIUBAETCA CIIEITUATbHBI-
MU MCCJIeIOBAHUAMHU, KOTOPBIE TPEOYIOT CBOET0 PA3BUTHUA.

IIpu manmunu 308 AHIIJl B paspesax CKBasKHH C IIeJIbi0 obecIie-
YUTh IMOAHATHE IIEMEHTHOTO PacTBopa M0 IIPOEKTHOI BBICOTHI HC-
TMOJB3YIOT Ta30HATIOJHEHHBIE TAMIIOHAKHBIE CHUCTEMbBI, ITOJYUYEeH-
HBIe OyTeM IOJAaYM BO3AYyXa KOMIIPDECCOPOM WM 3IKEKTOPOM-
aspaToOpoOM B MOTOK 3aKAaUMBAEMOTO B CKBAKUHY TaMIIOHAYKHOTO
pacTBopa WM C IPUMEHEHWEM DPeIeNTyP IEeMEeHTHBIX PacTBOPOB,
BKJIIOUAIOIMX I'a30TeHePUPYIOIIe PeareHThl.

Tpex(dasHble Ta3oHAIOJHEHHBIe TAMIOHAKHEIE CHCTEMBI 00Ja-
aloT HUBKOI IJIOTHOCTBIO, TIOBBIIIIEHHOM GJIOKMPYIOIIE CIIOCOOHO-
CTBHIO 34 CUET HAJIUYUS ra30BOM (Pashbl IPU CHUIKEHUU HATPY30K BbI-
HIeJjiesKalero crojda BCJIEACTBHME “3aBHcCaHHA’, 00eCcIeuruBaioOT
MmoAfepsKaHue BHYTPUIIOPOBOrO AaBiieHuss Ha ypoBHe 90 % ot
YCJIOBHOTUAPOCTATUUECKOT0, TIOJIyUeHNEe MAJIOIPOHUIIAEMOT'O IIPOY-
HOTO IIEMEHTHOT'0 KaMHsA C TOBBIIIEHHBIMN aATre3NOHHBIMU CBS-
3dAMU.
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AspupoBaHHbIe TAMIIOHAKHBIE CYCIIEH3UHU IIPECTABIAIOT CO00i
YCTOMYMBYIO AUCIEPCUIO (rasa, KUIKOCTH, TBEPAOI (daswl), MOTY-
YeHHYIO IIyTE€M a’pUPOBAHUA TAMIIOHAYKHOTO PAaCTBOPA, KOTOPHIHN
IIPUTOTOBJIAIOT U3 HOPTJIAHAIIeMEHTa, 3aTBOPEHHOT0 Booli. B Kaue-
CTBe IIeHOOOpasoBaTeJiell cJiefyeT NPUMEHSATh II0BEPXHOCTHO-
aKTUBHBIE BerlecTBa Tuila HeoHoJa AD9I-12, mpesorest mapok NG-
10, NG-12, o6pasymoiux yCcTONUYMBYIO IIEHy B Cpele TaMIo-
HayKHOT'O PAacTBOpA.

B xauecTBe 3ameninTesiell BpeMeHM 3aryCcTeBaHUA IIeMEHTHOTO
pacTBopa pekoMeHayeTcs ucmoab3oBatb HT® u O3[]P. Koauuecr-
BO 3aMeJINTeJIA IOA0NPAeTCA NCXOAA N3 KOHKPETHBIX YCJIOBUI.

Cremnenb aspanuu (OTHOIIIeHNE 00beMa BO3ayxa, IPUBEIEHHOTO K
HOPMAaJIbHBIM YCJIOBUAM, K 00bEMY TaMIIOHA’KHOTO PAaCTBOPA) BBI-
O0upaeTcs U3 YCJIOBUA MOJYUEHUS CPefHEl IJIOTHOCTU CTOJI0A TaM-
IIOHAYKHOT'0 PAaCTBOPa, 00eCIeYnBAIOIIell IIOJBEM €r0 J0 TPOEKTHOH
rayouusl 6e3 ociokHeHU. TpedyeMass cTelleHb aspaiiuy SOCTHUTA-
eTcs IT0A00POM COOTHOIIIEHUS Pacxoia KUIKOM 1 ra3oBoi (a3 B 3a-
BHUCHMOCTHU OT MMEIOITUXCSA TeXHUYECKUX CPeAcTB. Aspaluio mpo-
U3BOJAT KOMIIPECCOPaMU BBICOKOTO JABJIEHUS WM KOMIIPECCOPOM
OypOBOIf YCTAHOBKM B COBOKYIIHOCTH C 33K€KTOpPOM-aspaTopoM. o
0J10Ka M K GJIOKY MaHU(OJILIOB IIOACOENUHAETCA T'HAPABINYEC-
KUII aKTHUBaTOp, a B HATHETATeJbHON JHMHUU IIocje OJ0Ka MaHU-
(oJIBI0B pasMeIlalT CTPYHHBIN AucHepraTop-cMecuTenb. Ilogauy
IIeHO0Opa30BaTesii OCYIIEeCTBJISIOT I[eMEHTHPOBOUHBIM arperaTom
yepes TuJPOaKTUBATOP K 0JI0KY MaHU(OIbAOB.

OcHOBHBIE KOHTPOJIMPYEeMble TapaMeTpPhl aspUPOBAHHBIX CYC-
IIeH3UU CJIeAyIOIue: KPATHOCTH IIEHBI, KOTOpad JOJKHA OBIThH
00JIbITIe MJIV PaBHA 3; YCTOMUYMBOCTH (OTHOIIIEHNE 00'hbeMa ITeMEHTHO-
ro KaMHSA K 00beMY a9pPHUPOBAHHOI'0 TAMIIOHAYKHOTO PacTBOpa), KO-
Topas AoJKHA ObITh paBHA 1 (100 %); pacTexaemMoCTh IPUOIU3U-
TeabHO 14 CcM; ILJIOTHOCTHL a’pPHUPOBAHHOTO pacTBopa He 06ojee
0,2 r/cM®; BpemMsa 3arycreBaHHs, OIpefeseMoe Ha I€MEHTHBIX
pacTBopax ¢ mobaBKaMmu IeHooOpasoBaTesiel M APYTUX pPeareHTOB
0e3 MPUHYIUTEJIHLHON aspanuu (K MOJyYeHHOMY BpeMeHU 3arycre-
Bauua nobaBiasiorT 20 MMH — IOIpaBKa HA 3aMeIJIAINN dPderT
asparnumn).

IIpormecc 1eMeHTUPOBAHMUSA CKBA'KWH T'a30HAMIOJHEHHBIMHU TaM-
TMOHAKHBIMY MaTepHaJaMU BKJIIOUAaeT IpUMeHeHUre B KauecTBe 0y-
(epHON KUAKOCTU TPeX(asHOU IEHHON CUCTEMBI C COJEpPKaAHUEM
TBepAOH (aswl MOPTIaHAIleMeHTa. Takasa cucTeMa B 00IeM YAOBJE-
TBOPSET OCHOBHOMY HasHauYeHWI0 Oy(hepHOH KUIKOCTU — IIPEmOT-
BpalaTh CMelleHre IPOMBIBOYHOMN KUAKOCTU U IIEMEHTHOTO pac-
TBOpA.

PexomeHnayemblil [uanasoH MOOABOK IeMEHTa IJIA IIOJYyYeHUS
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cTabuabHOM OydepHoM :kugKOoCTH cocTaBasgeT 20—35 % . dra cucre-
Ma MMeeT 3amac CBOOOMHOM KHIKOCTU, CIIOCOOHOM yYaCcTBOBATH B
(hOpMUPOBAHNY HOBOI CTPYKTYPUPOBAHHOMN U MOABUIKHOU CUCTEMBI
C TJIHUHHCTOH (hasoil IIPOMBIBOYHON KHUAKOCTH M KOMIIOHEHTaMU
TIUHUCTOM Kopku. IIpuganme 6ydhepHON KUAKOCTH XUMUUECKHU aK-
THUBHBIX CBONCTB IIPU KOHTAKTUPOBAHUM C TJIMHUCTON KOPKOIl I103-
BOJISIET, IIOMIMO BBITIOJTHEHUSA Pas3meUTeIbHON PYHKIINU, JOCTUYD
adderTa paspylieHns TIMHUCTOM KOPKK U BBIHOCA €€ YAaCTHU U3 30-
HBI IIeMEeHTUPOBaHUA. Vcmoab3yioT 6yGhepHYIO JKUAKOCTh 00HEMOM
or 3 mo 6 m°.

Pdusuyeckre 0coOOEHHOCTH A0OBIBAEMOTO ra3a (HU3Kasa BA3KOCTD,
MaJiasi IJIOTHOCTH) 00YCJIOBJIMBAIOT MOBBIIIIEHHYI0 BEPOATHOCTh Ka-
HAJI000pa30BaHUA B 3aTPYOHOM IPOCTPAHCTBE B IIEPUOM OKUITAHUA
3aTBepJeHna IeMeHTHOTOo pacTBopa (O3I1).

242 éééA0ccééia ahaAcoaCAcal
ééaaécihaucorT eaCAUac

m

Br160op BapmaHTa 3aKaHYMBAHUA TOPU3OHTAJIBHBIX CKBAYKUH OII-
penenseTcs TUIIOM ILJIaCTOB, X OJHOPOAHOCTHIO, ITPOYHOCTHIO, Xa-
pakTepoMm GuonnoB u Ap. IlosToMy ocHOBHas 3ajgadva (M OCHOBHASA
TPYAHOCTH) COCTOUT B HOJYUEHUU STUX TaHHBIX.

B 3apy0e:xHOM IpaKTUKe OIPOOOBAHBI PABJINYHBIE BADUAHTHI 3a-
KaHYMBAHUSA FOPUB0HTAILHBIX CKBAKUH C MCIOJIb30BaHUEM Iepdo-
PHUPOBAHHOI MOTAMHON KOJOHHBI; TOPU30HTAJIBHBIA APEHUPYIOIIHUHI
YJacTOK He 00CaKeH; moTaiHaA KOJIOHHA ITOJIHOCTBIO 3aI[eMEHTUPO-
BaHa; IpeABapUTEIbHO IIephopupoBaHHAA ITOTATHASA KOJIOHHA Yac-
THUYHO 3alleMEeHTHUPOBaHAa MJIN OCHAIIleHa BHEIITHUMHU ITaKepaMHu.

B ciyuae ogHOTO APEHUPYIOIIETO KOJIJIEKTOpPa, KOTOPHIN OOHa-
JKaeTCA TOPUBOHTAJIBHBIM YYAaCTKOM CTBOJIA CKBAKUHBI, U €CJIU
reoMexaHMYeCcKas XapaKTePUCTUKA IIJIaCTa ITO3BOJIAET, HEIIOBPEXK-
JEeHHBI TOPU3OHTAJNLHBI CTBOJ HE II€MEHTHPYETCS, HO MOXKET
OLITH O0CAKeH IIPeIBAPUTEIHHO HMep(POPUPOBAHHON IIOTAMHONH KO-
JIOHHOH. B mpoTUBHOM cJiyuae IIPU HAJIWYUU TPEIUH, IIepeceKalo-
X HECKOJIBKUX IIJIACTOB, TA30BHIX ITIATIOK, BOJJOHOCHBIX TOPU30H-
TOB B IPOEKTHI 3aKJIANBIBAIOT OOBIUHO OAWH U3 CJIENYIOIIUX METO-
JIOB.

1. Ucmonb3oBanne BHEITHUX HAKEPOB, KOTOPLIMU BECh BCKPBI-
TBIH CTBOJI MOJKET OBITh PA30UT HA HECKOJBKO CEKTOPOB, UTO IIO3BO-
JIeT CTUMYJIMPOBATh BBHIOMPAEMYIO 30HY, H30JUPOBATh 30HY, 3a-
TIOJTHEHHYIO BOJOM UM ra3oM U3 ra3oBoil manku. llemeHTUpOBanue
He UCKJII0YAeTCs IPY HAJTUYNY ITaKEePOB.

2. B ciyuae He00XOAMMOCTH IIPOBEAEHU S IT'IAPOPA3PLIBA XBOCTO-
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BUK IleMeHTHupPyeTcA (B TOM UMCJIe IPH HAIUYUU CIeIUATbHBIX IIa-
KepoB). IlemeunTupoBaHue (¢ maKepaMu WIM 0e3 HUX) MOYKET ObITh
HeOOXOAMMO [JIsT MBO0JAIMM BepxXHed dYacTu Iiacta (TOPU30H-
TaJIbHOE HAILJIACTOBAHNE), B KOTOPBIN HE}KeJIAaTeJbHO IIOCTYIIJIeHUEe
rasa 13 ra3oBOU IMANKU (MJIM MOCTyIIaeT BepxHAsa Boga). IIpu mso-
JIAIMYA Ta30BOM INMANIKN PEKOMEHAYyeTCsA JYacTUUHOe IIeMeHTHPOBa-
HIe TOPU30HTAJIBHOTO YUaCTKa, IPU I'MAPOopasphiBe ILjIacTa Tpeody-
eTcs IeMeHTUPOBATh BECh YUACTOK.

BcKpbITHE IPOAYKTUBHOTO ILJIACTA CJIEIYET OCYIIECTBIATDL C MC-
II0JIb30BAHUEM CIICIIUAIBHBIX JKUIKOCTE, TPEeOOBAHUSA K KOTOPBIM
IOJI’KHBI OBITH 00JIee KeCTKUMU, YeM B CJIydYae BCKPBITUSA IPOAYK-
THUBHOTO IIJIACTa BEPTUKAJbHBIM CTBOJIOM CKBa:KMHEI. Takoe Tpe6o-
BaHNe ONpPaBIbIBAETCA TEM, UTO BCKPBITHE (0OpasoBaHUe APEHAaMK-
HOTO KamHaJjia) IJIacTa IPOBOAUTCA Ha 3HAUUTEJIbHOM yuacTKe, H,
cJemoBaTeNbHO, 3arpA3HeHre ILIacTa TOKe MOMKeT OBITh BechbMa
CYIIleCTBEHHBIM (00Jiee JINTEeIbHBIM II0 BDEMEHH! ).

CoycK CILTIOIITHOM (MJIM MOTAaiHOI) KOJIOHHBI IPU CETOAHAITHUX
TeXHUKO-TeXHOJIOTUYECKUX BO3MOMKHOCTAX cJo:KeH. Ho BaskHel-
IITIM BOIIPOCOM SBJAETCS ee IeMeHTupoBaume. IlosToMy HambOOJIb-
1ITee BHUMaHUE JOJI’KHO OBITH YAEJeHO CIenuaabHBIM (II0 Bceill Be-
POATHOCTHU, YKECTKUM) IIeHTPaTOPaM.

ITlemenTupoBaHMe 00CAmHOM KOJIOHHBI (JTaliHepa) MOJIMKHO obec-
MIeYUTh PABHOMEPHOE BHITECHEHNE OYPOBOTO PACTBOPA IE€MEHTHBIM
13 3aKOJIOHHOT'O IIPOCTPAHCTBA. B 3apy0e:KHOII HMpaKTHKe ymZOBJIe-
TBOPUTEJILHOE I[eMEHTHUPOBaHIE KOJIOHHBLI JOCTUTaeTCsd IpHUMeHe-
HUEeM CTa0M/IN3aTOPOB U *KEeCTKUX IeHTPATOPOB, B OTEUECTBEHHOM —
JKECTKUX ITeHTPATOPOB.

Eciiu ocHOBHBIE TEXHOJIOTMYECKUE IapaMeTPhl IPOoIlecca [eMeH-
TUPOBAHUS JOJIKHBI YTOUHSTHCA II0 Mepe HaKOILJIEHUs OIbITa IIPHU-
MEHUTEJbHO K PAa3JNUYHBIM ILJIOIIAAAM U I'e0Joro-Gu3ndecKuM yc-
JIOBUSM, TO TAMIIOHAKHbBIE PACTBOPHI CJIeAyeT IOA0UpPaTh KOHKPEeT-
HO K KasKJOM CKBajsKMHE II0 M3BECTHBIM MeToauKam. Ho obmumu u
00A3aTeILHBIMY JJIA BCEX YCIOBUU MOMKHBI OBITh CEITMMEHTAIIOH-
Has YCTOWYMBOCTH, HYJIEBOM BOJOOTCTOM M HM3KAas BOJOOTIAUA.
IIpyMeHUTEeNILHO K IIeMEHTUPOBAHUIO T'OPU3OHTAJBHBIX CTBOJIOB
CKBasKMH HEOOXOOMMO PaJUKaJbHO M3MEHUTH TPeboBaHUSA K Ile-
MEHTHOMY pacTBopy. Ilociie IieMEeHTHPOBAHUA B TOPU30HTAJIBHOM
IPEeHasKHOM KaHaje He JOJIJKHA CKaIJIMBAThCA BOAA; 00BEM TaMIIO-
Ha’KHOTO pacTBOpa He NOJIKEH yMeHbIIaThcA (IIpU IIepexojie pac-
TBOPA B rejie00pas3HOe COCTOSHYE); TAMIIOHAYKHBIA PACTBOD JOJMKEH
OBITh PABHOILJIOTHBIM II0 AMAMETPY; CKOILIeHUII 6ypoBOT0 pacTBopa
B TOPUB0HTAJHLHOM CTBOJIE He JOJIKHO OBITH BO n3berkaHue ero obes-
BOXKMBaHUA 1 00pA30BAHUS KAHAJIOB IIPU KOHTAKTE C TBEPACIOIUM
IeMeHTHBIM PACTBOPOM — KaMHEM.
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OpHaKo Ipu IPOBEIEHUU T'OPU30HTATBHOTO KaHajia B OZHOPOJ-
HOM ILJIaCTe JKeCTKHue TpPeOOBaHMA K TAMIIOHAXKHOMY DPacTBODPY U
TeXHOJIOTUY IIeMEeHTHUPOBAHUA MOTYT OBITH PACIPOCTPAaHEHBI Ha
KpaeBble YUACTKHU; B ciiy4yae (anuajibHO-HEOJHOPOIHOTO IIJIacTa,
HAJNYUU TPEIUHOOOpa30BaHUM, IIepeMe:KaeMOCTH TpeboBaHusA
IOJIKHBI BBLIEPIKMBATHCA II0 BCEM IIPABHUJIAM TEXHUUYECKUX YCJIO-
BUIA.

Heobxoxammo npuMeHATHh Oy(epHBIE pa3leIuTeNILHBIE KUIKO-
CTU MeXXK]Jy BBITECHAEMBIM OYPOBBIM M BHITECHAOIIUM TAMIIOHAMK-
HBIM pacTtBopaMu. O6beM Oy(depHON KHUIKOCTU 1 ee XapaKTepuc-
TUKA JOJIMKHBI OBITh TAKNMMU, UTOOLI 00€CIIeUNTh BhITECHEeHUE 6ypo-
BOoro pacteBopa. Ecim ee mpuMeHeHHe ueM-JIM00 OTPaHUYEHO, TO
cJIeyeT YBeJINYUBaTh 00beM TaMIIOHAKHOTO pacTBopa (AJIA Tex Ke
meJen).

Bakmeiimuii sTan paboThl — KOHTPOJIb KaUeCTBa IeMEeHTUPOBOY-
HBIX PaboT; IpuOOPHI, CHyCKaeMble B CKBAXKUHY, HOJYKHBI IEHTPU-
poBaTbcA (MCIIOIBb3YIOTCA CIIeIIUaIbHbIe TPOKJIAJKU 0] ITPUOOPHI B
o0caaHOM KOJIOHHE, HO X YCTAHOBKA He NOJIMKHA ITIOMeIllaTh CUTHATY
JaTuyuKa).

ITepdopaiuio o6cagHOM KOJOHHBI U IEMEHTHOT'O KOJIBIIA CIEAYET
IIPOM3BOIUTE C WCIIOJH30BAHUEM CIIEIIUATBHBIX KUAKOCTEH U Iep-
¢oparopos, cuyckaembix Ha HKT.

B sapy6e:xnoii npaktuke (B 2000 r. B CIITA 40 % HedTu u rasza
IJIAHUPYETCs NOOBIBATH C MCIIOJIL30BAHNEM IOPU30HTAJIBHBIX CKBa-
SKMH) OOBIUHO 3aKaHUNBAIOT CKBAKUHBI TPAAUIIUOHHBIM CIIOCOOOM C
UCIIOJIb30BAHUEM JKUKOCTEH TUIYIIIeHNA, KOTOPhle HEPEJKO YXYI-
IIal0T KOJIJIEKTOPCKIE CBOICTBa ILIacTa B IIPUCTBOJILHOM 30He.
IIpumenaoT Tak:ke cbasamcupoBanHoe Oypenme. OcHOBHaAsA IeJb
TaKMWX OIlepaIiii — 3aluTa IPOJYKTUBHBIX ILJIACTOB OT 3arpA3HEHUA
CKBA'KMHHBIMU JKUIKOCTAMU BO BpeMs OypeHUsS U 3aKaHUMBAHUS
CKBaKUH. BTopuuHas 1ejqb — OpeAynpesKAeHre Ype3MepHBIX IIO-
Tepb TAKUX KUIKOCTEH B ILIACT. ITA TEXHOJIOTUA IPENIOJIATAET DAL
CIeUaJTbHBIX MeD, KOTOPhIE OYIYT PACCMOTPEHBI HUIKE.

B CIITA 6oJbIilioe BHHUMAaHIE YIEJSeTCSI COXPAHEHUIO KOJLIEK-
TOPCKUX CBOMCTB MPOAYKTUBHBIX ILJIACTOB NPU MX BCKPBITHU. Pe-
1alolnee 3HaUeHNe MIPU 3TOM MMeeT BhIOODP 6YPOBOr0 pacTBopa Impu
3aKaHUYMBAHUMU CKBa’KMH. BypoBble pacTBOPHI CIIEIMAJIBLHO IIPUTO-
TOBJISIIOT AJIA BCKPBITUA MPOAYKTUBHOTO ILJIACTa, IIPU II€MEHTUPO-
BaHUMU, nepdopamnuy, BO3OYKIeHUN IPUTOKA, a TAKMKe JJIA CO3Ja-
HUA cTOJIOA "KUIKOCTH HAJ HAKEPOM U IIepej] HUMU.

Orcroia MPOUCXOAUT AeJIEHUE CIIEIIUATbHBIX OYPOBBIX PACTBOPOB
Ha J1Be OOJIbIIINE TPYIIIILI.

1. JKuakocTtu, He co3JaHHBIE CIEIUAJLHO IJA 3aKaHUMBAHUSA
CKBasKWH, HO IPUMeHAEMEIe B IIPOIlecce 3TUX PaboT BBUAY COOTBET-

97



CTBUSA UX CBOICTB TPeOOBAHUAM, IPEIbABIAEMbIM K OIIPeIeIeHHON
oIepaluu, UJIn BCIEACTBUE JOBEeIEeHU 3TUX CBONCTB 10 TpeOyeMoro
YPOBHS CIIeITNaILHOM 00pabOTKOIM.

2. Kugrocru, cuenmaabHO CO3JAaHHbIE IJISA 3aKaHUYMBAHUS
CKBa’XKWH, B YaCTHOCTH, AJIS KOHKPETHOTO Bujaa pador. OHu MMeioT
HU3KYIO BOA0OTAaYy. KOMIIOHEHTHI TaKUX KUIKOCTEH PACTBOPUMBI
B He()TH, KHUCJIOTE, BOJE JINOO CIIOCOOHBI OMOJIOTMYECKH Pas3JIaraThbCs
(;060e 3arpsAs3HeHre B Pe3yJbTaTe UX IPUMEHEHUS MOYKEeT ObITh
ycrpameno). Coga MOTYT OBITH OTHECEHBI PACCOJIBI CO CIIeITNaIbLHOMN
CHCTEMOM YTSAKEJIEeHUA WU CO CIeIUAIBHO ITON00PAHHLIMY HAIIOJ-
HUTEJSAMU, BBIIOJIHAMOIMMI B IIPOIlecce 3aKAHUYMBAHUSA CKBAYKUH
ompegeeHHbIe QYHKIINU, a TAKKe MeJOBbIe 9MYJIbCUU ¥ CTAOUIIb-
HEbIe TIeHBbI.

VYrieBomopogHbIE PACTBOPHI HAILIM IMTUPOKOe IPHUMEHeHWe B
MpaKTUKe 3aKaHUMBAHUA CKBAXKWH U 00ecIieurBalOT WX MAaKCH-
MaJIbHYIO €CTeCTBEHHYIO IIPOM3BOANTENILHOCTh. HanbombIInii nHTe-
pec cpeiu STUX PACTBOPOB MPEACTABJISIOT PACTBOPHLI HA HEMTIHON
ocHoBe (PHO), B KOTOPBIX B KAuecTBE AUCIIEPCUOHHOI Cpeabl MC-
noab3yeTcd He)Th ¥ KOTOPHIE B KauecTBe AVCIEPCHOH a3kl MOTYT
comep:kaTh Boay. I3 PHO Hamim mpuMeHeHUe ABa Pa3JIUUYHBIX TH-
TIa PacTBOPOB: COOCTBEHHO PACTBOPHI Ha HEe(TSIHOII OCHOBe M oOpa-
IIeHHLIe 9MYJbCUH. B 00pallleHHbIX dMYJIbCUAX comepskutrca 20—
75 % BOABI, KOTOpAas IIO3BOJIAET PEryJHpPOBATHb PEOJIOTUUYECKUE U
duabTpauoHHble cBoiicTBa. I[Jig yAyUIIeHUS PEeoJOTHMYEeCKUX U
GUIBTPAIIMOHHBIX CBOMICTB 3TUX PACTBOPOB HPU OYPEHUU B YCJIOBU-
SIX HeWCTBUSA BBICOKMX TEMIIEPATYP BBOAATCA MOIN(MDUIIMPOBAHHBIE
rinHbI. O0paleHHbIe SMYJIbCUY UMEIOT HYJIEeBYIO CTATUYECKYIO BO-
JooTaadvy: mTuHaMudeckas Bogooraada npu Ap = 70 MIla cocraBis-
et 7—10 m®. IIpu o6paTHOM OTMBIBEe KepHA KaueCTBEHHBIE 9MYIbCH-
OHHBIE pacTBOPEI obecneunBaioT 90—98% -HbIil BO3BpAT K IepBOHA-
YaJIbHOM CKOPOCTU (hUJILTPAIINIU.

B pacTBopax Ha HE(DTSIHOM OCHOBE MOXKeT comepskaTrbea 10 20 %
Boabl. [lyia mommep:KaHUA (PUIBTPAIIMOHHBIX U PEOJIOTHUECKUX
CBOMICTB B 9THX PACTBOPAX MCIIOJIB3YIOTCS MaTepPHaJibl, MMEIOIIre
KOJLIOUAHBIE pa3sMepbl (OKUCJIEHHBIN Ha BO3AyXe OUTyM).

ITupoxue BOBMOKHOCTA [Jis NMPUMEHEHUsS B 00/IacTU 3aKaHUU-
BaHUA CKBaKUH UMEIOT MEJIOBbIe SMYJbCUU. OMYJIbCUU TOTOBATCS
Ha OCHOBe He()TH, a ee CTAOMIM3aIUd JOCTUTAETCSA C ITIOMOIIBIO TOH-
KO M3MeJbUeHHOTO MeJjia. MeJloBble 9MYJIbCUU JEeTKO PACTBOPSIIOTCA
B KHCJIOTE, UMEIOT MaJyl Bomoormauy. OHEM MNPUMEHSIOTCS IIPU
BCKPBITUY KapOOHATHBIX ILIACTOB (B KOTOPBIX IOUTH BCETraa IIPOBO-
IATCA KUCJOTHBIE 00Pab0OTKU), OJA PasdbypuBaHUA BOJOBOCIPUUM-
YUBBIX IIECUAHUKOB U T.[I.

B CIITA mpu 3aKaHUYMBAHUY CKBAKUH JJIsT BCKPBITUS TPOAYK-
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TUBHBIX TOPHUB30HTOB C HU3KUM ILJIACTOBBIM JABJICHUEM HaXOMAT IIMH-
poKoe IpUMeHeHe TTeHbI.

MeToapl BCKPBHITUA IPOAYKTUBHBIX OTJIOXKEHUA AJA 3PheKTUB-
HOT'O0 COXPAHEHUS KOJJIEKTOPCKUX CBOMCTB HPOAYKTHUBHBIX T'OPH-
30HTOB JIOJIKHEI OTBEUATDH Py OCHOBHBIX TPEOOBaHMIA:

dopMHUpOBaTh B IIPOHUIIAEMEIX CTEHKAX CTBOJIA THAPOU30JIUPY-
IOIIUH cJIo¥, (pUIBTPAIMOHHBIE U ITPOYHOCTHBIE XAPAKTEePUCTUKU
KOTOPOT0 IMPaKTUYECKHW MCKJIIUYAIOT THUAPABINYECKYIO CBA3b BCEX
BCKPBIBAeMbIX OyPEHNEM IIJIACTOB CO CKBAKMHOM KaK IIPU IIOJOKHU-
TeJbHBIX, TAK U IPU OTPHUILATEJIbHBIX 3a00MHBIX Iu(PepeHnnaab-
HBIX JABJEHUSIX, U3MEHSIIOIIUXCA B TEXHOJOTUUYECKHN JOTMYCTUMBIX
npepeaax;

obeceunBaTh [JOJTOBPEMEHHYIO H30JANUI0 HEeIPONYKTUBHBIX
TOPU30HTOB Ha CTaAUU HOATOTOBKY CTBOJIA K KPEILIeHMH:

co3raBaTh yCJIOBUA IOJA 9(P(PEeKTHUBHOTO BOCCTAHOBJIEHUS THU-
paBInYeCcKoOii CBA3U He(pTerasoBhIX ILIACTOB CO CKBA’KMHOM Ha CTa-
IUAX OCBOEHUS U 9KCILTyaTaIlU.

Ha ocHoBaHUM M3JI0KEHHOTO MOXXHO OOOCHOBLIBATH CJIEAYIOIIHE
TOKa3aTeJ I CPABHUTEJIbHOM OIEHKN KAYeCTBA BCKPBITHUA IPOAYK-
TUBHBIX OTJIOMKEHU:

1) Koo PUITMEHT TOJTHOM TPUEMUCTOCTH MHTEPBaJia MPOIYKTUB-
HBIX OTJIOMKEHUI;

2) rpagueHT JaBJIeHUA UCHBITAHUSA CTBOJIA HA T'MIpPOMeXaHuvec-
KYIO IPOYHOCTb;

3) MakcuMaJbHbBIe OuddepeHIMaTbHbIEe 3a00MHbBIE TABJICHUSI
TIPY BCKPBITUY TPOAYKTUBHBIX OTJIOMKEHUIT;

4) cpaBHUTEJBLHBIE TeO0JOTO-PU3NUYECKUE XapPaKTEePUCTUKU U
ImapaMeTpsl IJIACTOB IPOAYKTUBHBIX OTJIOMKEHUH (TOJIIITUHA TIJIACTOB
U TUAPOUBOJUPYIOMINX IIEPEMbIUEK, IIJIACTOBBIE MaBJICHUSA U TE€M-
meparypa, yOeJdbHBIN ne0uT, Ko3(p(PUIMEeHTHl IPOAYKTUBHOCTH,
rugponpoBoguoctu, II3II, ckuH-pakTOpP, 0OBOJHEHHOCTh IPOAYK-
nun);

5) morasaTesiu KauecTBa pa3o0IeHUA MTPOAYKTUBHLIX TOPU30H-
TOB B 3aKOJIOHHOM ITPOCTPAHCTBE OT BOJOHOCHBIX IIJIACTOB (OTHO-
POIHOCTH IIEMEHTHOT'0 KaMHS MO0 IJIOTHOCTHU U CILJIOIITHOCTE II0 BBICO-
Te, OTCYTCTBME WU HaJUUMe B3aKOJIOHHBIX IIEPETOKOB, IPUTOKA
YYIKIBIX IJIACTOBBIX (DIIOUI0B K (PUIBTPY CKBAKUHEI).

VYxasaHHBIE TOKa3aTe i 00eCcIeunBaioT MOJyUeHne KOPPEKTHBIX
CPaBHUTEJIBbHBIX OIEHOK KaueCcTBa BCKPBITUA MPOAYKTUBHBIX OTJIO-
JKeHUH Ha OCHOBE COIIOCTABMMOCTH T'€0JIOTO-TeXHUUYECKUX YCJIOBMMA
3aKaHUYMBAHUS, OCBOEHUS U S9KCILIyaTallu CKBAKUH U yueTa BJINA-
HUS TeXHOJOTMUeCKUX (DaKTOPOB Ha KOJLJIEKTOPCKHE CBOMCTBA IIPHU-
3a001HOI 1 yaaJIeHHOM 30H He()TerasoBbIX ILJIACTOB.
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2.43. ahaAcoaCAcad eaCAUacg ¢ ieaécaur eeéucadcai
ebeeceNeeeNA

B mocnenHee BpeMs Pe3KO YBEJHUUMJIOCH UMCJIO Pa3BeIaHHBIX
MEeCTOPOKIeHUI CePOBOAOPOICOAePKAIIUX Ia30B u HedTu. Passe-
TaHHBIE 3aIIachl CEPOBOOPOACOAEPIKAIIMX T'a30B HA MECTOPOIKIE-
Huax P® K Hacrosaiemy BpeMeHu 1mo kareropusam A + B + C cocra-
Bum Gosiee 10 % oOIIuX 3amacoB IPUPOILHOro rasa mo crpane. Ce-
POBOOPOS ABJIAETCA IIEHHBIM CHIPbEeM IJIA IOJYUYEeHUS dIeMeHTap-
Hoit cepbl. B CHI' OTKpPBITEI MECTOPOKIEHMUS, Cofep:KaIiue 60Jb-
1I10€e KOJIMYECTBO CEpOoBOAopoaa: AcTpaxaHCKOe ra30KOHAEeHCATHOE,
a rakke Teurusckoe u sKaHaxoisckoe B 3amaguom Kasaxcrane. C
POCTOM TJIyOMHBI OYPAMINXCA CKBAYKUH PACIINPAIOTCSA IMEPCIEKTH-
Bbl OTKPBITUS HOBBIX MECTOPOXKIEHHUI CEePOBOLOPOACOMEPIKAIIUX
rasoB U He(DTU.

BmMmecTe ¢ TeM 3aKkaHUMBaHWE CKBA'KWH B YCJIOBUAX IPOABICHUS
CEPOBOJIOPOJA CBA3AHO C OGoJbIIMMU TPyAHOCTAMU. CepoBOIOPOX
MOJKET CYIIeCTBeHHO HAapPYIIUTh IIPOIECCHI BCKPBITHA IIJIACTOB,
KpeIIeHns ¥ OCBOeHUA CKBaKUH. [Ipu 3TOM eCTh OITacHOCTH OTPAaB-
JIEHUS O0CJIY:KUBAIOIIEero IepPCOHAJa, BOSHHKHOBEHUS B3PHIBOB U
MOKapoB, KOPPo3uu OYPUJIBHONU KOJOHHBI M OypOBOrO 000pPYyIOBa-
HUsA, aBapuil B CKBasKkuHe. Il0 XMMUUYECKOII arpecCUBHOCTU KOPPO-
3MOHHOMY BO3IENCTBUIO M TOKCHYHOCTH CEPOBOJOPOJ SABJIAETCS
YHUKAJbHBIM BEIIeCTBOM, MPAKTHUUYECKN He MMEIOINM B IIPUPOIE
aHAaJIOTOB II0 KOMILIEKCHOCTU CBOETO OTPHUIIATEJIbHOTO BJIUAHUA Ha
BCE OKpYyJKaloIee.

B macrosimee BpeMsa HeT KaKoro-amb0 eTMHOrO aOCOJIIOTHO Ha-
JIeKHOTO0 c1Iocoba 3aIuThl 6YPOBOTO 000PYAOBAHUS OT CYIb(MUIHOTO
paspylleHus, MOITOMY NPU 3aKaHUYMBAHWUU CKBAYKMH HAIILJIa IIPHU-
MeHeHUe KOMILJIEKCHAA 3aIlluTa, BKJIIUAOIaa HaHeceHne MOKPBI-
THil, NCIIOJIb30BaHUE MHTUOUTOPOB, TPYO 1 000PYAOBAHUA U3 CTATIHU
¥ CILIABOB, HAMMEHEee IIOABEPIKEeHHBIX BIUIHUIO CEPOBOIOPOIA.

Comep:kaHue CepoBOOPOA B MPOAYKTUBHOM ILIACTE MOYKET IIPU
€ro BCKPBITUY 3HAUNTEJIbHO HAPYIIUTE Iporecc Oypenusa. [lomagas
B OypOBOI1 pacTBOP Ha BOAHOII OCHOBe, H,S BhI3bIBaeT CHUIKEHUE €TI0
BoZopoxHOTro mokazaresda pH go 5—6, uto Bieuer 3a coboii pe3Koe
U3MeHeHUe CBONCTB pacTBopa (Koaryasaiusd, JeCTPYKIIUSa XuMuUe-
CKUX peareHToB M T.n.). CHu:kenme pH o0bsacusaercsa Tem, uro H,S
IpU PAaCTBOPEHUH B BOJIe AUCCOIIUUPYET U oOpasyer cIabyi KKCJO0-

TYy:
H,S ” H"+HS ~ 2H"+S8*.

B 1 i1 Bogsl mpu Temmepartype 20 ‘C u gasnenuu 0,1 MIIa pacTso-
pdaerca 3,85 r H,S. IIpu mOBBIIEHHOM JaBJIEHUU PacTBOPUMOCTH
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pesko yBeauuuBaercs. Tak, mpu gasaennu 20 MIla u temmepaTtype
104 °C pactBopumocTh cocrasiser 340 r/ia. Pacrsopumocts H,S B
OpPraHWYEeCKUX PACTBOPUTENAX 3HAUUTEILHO BHIIIE, UeM B Boze. B
anundaTuIeCKNX YW apoOMaTHUUYECKMX YIJIEBOLOPOJAX €ro pacTBO-
pumocTs cocrasisger 5—20 r/x mpu 20—45 ‘C. 910 Heo6XOAUMO yUHU-
TBIBATh IPU UCIOJIb30BAHNY PACTBOPOB Ha He(PTSIHOIT OCHOBE.

JlabopaTopHBIE M IPOMBICJIOBBIE HAHHBIE MOKAa3ajau, UTO IIPU
IIPOIYCKAaHUU CEPOBOAOPOLa Uepe3 OYpOBBIE PACTBOPHI, CTAOUIIU-
supoBauubie ¥YIIIP, KMII-500, KMII-600, ruranomMm, KpaxMaJioMm,
3HAYMUTEJILHO MOBBIMITAIOTCA YCIOBHAS BA3KOCTh (Y B) 1 cTaTuueckoe
namnpskenmne casura (CHC). IIpu aTom npoucxoauT cHmxenue pH
pactBopa. IIpu pH < 7 pacTBOpPHI HAXOOATCS B IIACTOOOPA3HOM CO-
CTOSTHUM, YTO MOJKET IPUBECTU K 0Opa30BaHUIO CAJbHUKOB U IIPHU-
xBaTaM OypPUJIbHBIX TPYO.

HecmoTps Ha aKTyaJIbHOCTH BOIIPOCA O BIUAHUU CEPOBOIOPOLA
Ha cBoiicTBa 6ypOBOTO pacTBOpa, 06beM mH(pOpMAIlK 00 MCcCIeL0Ba-
HUSX B 9TOI 00JIaCTH CPaBHUTEJNHLHO HEBeJIUK. Kpome Toro, cseme-
HUsA, Ty0JIUKYyeMble B OTe€UECTBeHHOM 1 3apy0esKHOM JuTeparype o
JaHHOMY BOIIPOCY, HOCSAT IIPOTHMBOPEUMBHIM XapaKkTep, UTO He I03-
BOJIAET BHIABUTH 3aKOHOMEPHOCTU B3aNMOAEUCTBUA CEPOBOIOPOA C
TVIMHUCTHIMY OYPOBBIMU PACTBOPAMU U HA OCHOBE 5TOT'0 pa3dpaboTaTh
TPeOOBaHUA K MATEPHUAJIAM U PeareHTaM JIJIA UX IPUTOTOBICHIA.

B zaBucumocTu ot 3Hauenusa pH B pacTBope MOryT HPUCYTCTBO-
BaTh KaK MOJIEKYJIAPHBII cepoBogopo, Tak 1 HS™ u S2°. Moxeky-
JISIPHBIN CEPOBOAOPO CYIIeCTBYeT B KUCJIOTHOI cpexe (pH < 7), a
pu pocte pH cepoBOZOpPOS TEPEXOAUT B OUCYIB(DUIHOE COCTOAHUE;
mpu ganbHelem yBeanuenun pH (>9,5) 6ucyabdung npepaiaer-
Cs1 B PACTBOPUMBIN CYJIbGUI U CTAHOBUTCSA OTHOCUTEJILHO 0e3Bpej-
HBIM.

IlepBble IpU3HAKU MOCTYILIEHUS CEPOBOAOPOJAa B OypoBOii pac-
TBOD CJIeAYIOIHE:

cHM:KeHVe pH 1 mokasaTessa THKCOTPOIHBIX CBOMCTB (cOJimixe-
Hue 3HaveHuit CHC 3a 1 u 10 mun — CHC, u CHC,);

yBeJIMYeHre MOKasaTejiedl PeoJOrnuYecKruX U (PUIbTPAIMOHHBIX
CBOICTB;

u3MeHeHUe IIBeTa pacTBopa (PacTBOp TeMHeeT MU HpuodpeTaer
TEeMHO-3€JIEHYI0 OKPACKY).

Bosee HameKHBIM A OOHAPY:KEHUA IOCTYIJIEHUA CEPOBOJO-
poJia B OyPOBOI paCTBOP ABJISAETCS KOHTPOJIB 38 COePKAHUEM B HEM
cynbduaoB (KaueCTBeHHBIN U KosmduecTBeHHBIN). Cyabduasl B 0y-
POBOM pacTBOpe OOBIYHO O0OHAPYIKUBAIOTCA A0 BCKPBLITUS CEPOBOIO-
pozacomep:kariero miacra (mpuMmepHo Ha paccrosumm 100 M), Tak
KaK CEePOBOAOPOJ BeaencTBrue Auddy3un MOKET IPOHUKATh B BbI-
me3aJjieratoIue miacTel. IlosgBIeHNe JOCTATOYHO BBICOKOM KOHIIEH-
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Tpamuu cyiabpumnoB B 6ypoBoMm pactBope (50—100 mr/m) cay:xuT
CUTHAJIOM O MPUOJIMIKEHUN K CEePOBOOPOCOEPIKAIIEMY ILJIACTy.
9TO TO3BOJIAET HA MAJIOU3YYEHHBIX ILJIOIIAAX CBOEBPEMEHHO IIPHU-
HUMATL MePbl 0 XMMUUYECKOII 00paboTKe OYpPOBBIX PACTBOPOB IIPU
OypeHUU CKBAaKUH B YCJIOBUAX CEPOBOIOPOTHOM arpeccuu.

BoJbIIMHCTBO METO0OB KAueCTBEHHOTO KOHTPOJIA 3a COJepJKa-
HUEM CYJIb()HI0B OCHOBAHO Ha NX PA3JIOKEHUU C IOCJIeAyIoIeil uH-
IUKaIlell BRIAEJMBIIETOCS cepoBoAopoaa. dallle BCero B KauecTBe
UHAWKATOpPa TPUMEHAT (UIBTPOBAJIBHYI0 OyMary, CMOUYEHHYIO
pacTBOpPOM alieTaTa CBUHIIA. Bymara mpy HaJIWYUKM CEPOBOIOPOIA
yepHeeT BCJeAcTBHe oO0pas3oBaHUs cyabduia cBuHIA. MOMKHO TaK-
’Ke IPUMEHATh MeTOAUKY ¢ ucIoJb3oBaHumeM 10% -HoOro pactsopa
Hutponpyccuga Hatpus Na,[Fe(SN),-NO]-2H,0. IIpu nHaauuuu ce-
poBogopoza pacteop (B mpucyrctBuu NaOH) oxkparuBaercs B (puo-
JIETOBBI ITBET.

MeToabl KOJIMYECTBEHHOTO KOHTPOJIA M AHAJM3a OCHOBAHBLI HA
cJaeayoIieil IPUHITUIINAIbLHONA cXeMe:

pasJio;KeHue B 00pasiie 6ypoBOro pacTBopa KHUCJIOTOMH CyIbGUI0B
Ha CEPOBOOPO/ U COJIb COOTBETCTBYIOIIEH KUCJIOTHI;

IIPOAYBKA MPOOBI paCTBOPA MHEPTHHIM I'a3oM (a30T, apTOH U T..)
U yZajJleHWe CEePOBOJOPOJa B CKJIAHKY C IIOTJIOTUTEJIEM (TBepJbIM
IV SKUTKKIM);

ompeesieHre COJAeP:KaHus CepoBOAOPOAa B IOTJIOTHUTE]IE
(00BIUHO HOZOMETPUUYECKUM METOJOM) I IIepecueT Ha BeCch 00beM
pacTtBopa.

B cBA3U cO 3HAUNUTENHHON XUMUYECKON aKTUBHOCTHIO CEPOBOJO-
poza ocobeHHOe 3HAUeHUE TPUOOpeTaloT mpaBmia oToopa mpobd 0y-
posoro pactBopa. IIpo0y Heo0XoanuMO OTOMPATL HPY MUHUMAJILHOMN
IJINTEJLHOCTY KOHTAKTA PACTBOPA C BO3AYXOM BO m30esKaHUe OKUC-
JIEHUS CepoBOAOPOaa. XPaHUTh MPOOHI HEOOXOAMMO B CIIEIIMATILHOM
TepMEeTUYHOM COCYe, IIOJTHOCTRIO 3anotHeHHOM. Ciienyer usberaThb
JUINTEJIFHOTO XPaHeHUA IPo0.

B rayxmoit mpobe pacTBOpa HEOOXOAUMO YCTAHOBUTH HAJIUYUNIE:

CBOOOJHOIO CEepPOBOLOPOLA, OTAYBAEMOI'O as0TOM [J00ABJIEHUS
KHCJIOTHI;

CepoBOAOPOIa, CBA3AHHOTO B HEYCTOMUYMBELIE BOAOPACTBOPUMEIE
CYAb(PUIBI MIIEJTOUHBIX U IEJOYHO-3€MeJbHBIX METaJLJI0B (B BOTHOM
KOMIIOHEHTE PACTBOPA II0CJIe [0OaBIeHNUA KUCIOTHI);

CepoBOZOPOJa, CBABAHHOTO B YCTOMYNBLIE, BOJLOHEPACTBOPUMEIE
cyabhuab! (mocsae Bo3aeliCTBUA KUCJIOTOM Ha TBEPAYIO (asy 0ypo-
BOT'O PacTBOpAa).

Takas JeTaJbHaAsA OIlEHKA IIO3BOJIAET BBIICHUTH 3(h(PeKTUBHOCTD
IeHcTBUA peareHTa-HeNTpaaIn3aTopa; BEIIBUTL HEOOXOIMMOCTD JO0-
TIOJIHUTEJIBHONH 00pabOTKM HEHUTPaAIN3aTOPOM; YVUECTh KOJMUECTBO
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CEepPOBOOPO/IA, TIOTJIOIIEHHOT'0 OYPOBLIM PaCTBOPOM 3a OIIpeJeJieH-
HOE BpeMd.

Nuadopmanusa, moaydeHHAS IPU TAaKUX aHAIN3aX IPOO OypoOBOTO
pacTBOpa, IIO3BOJIAET C OOJIBIIION HAAEMKHOCTHIO IIPOrHO3MPOBATH
XUMUUYECKYI0 00paboTKy IIpu OypeHUU IIOCJIEAYIOINX CKBasKMH HA
ILIOIIAIY.

CepoBoZOpOA BBHIBBIBAET paspyllieHue TPy6 U 00OpPyAOBAHUS B
pesyJibTaTe 3JeKTPOXUMUUECKOH, 00IIeil KOPPO3UX U BOJOPOIHOTO
oxpynuuBaHusa. CoBpeMeHHBIE IIPEACTABIEHUA O CTUMYJIUPYIOIIEM
piausuvy H,S Ha 5/IeKTPOHHBIE PEAKIMU OCHOBAHBI HA IIPEIIIOJIO-
JKeHnU 00pa30BaHU IPOMEKYTOUHBIX COeIUHEHNIT MeTaJlI — Cepo-
BOJIOPO[I, VCKOPSAIOIINX IIpoTeKanue peaknuii. ObopasoBanue Heda-
30BOT'0 XeMOCOPOMPOBAHHOTO KaTAIN3aTOPa Ha ITIOBEPXHOCTH METAaJI-
Jia ¥ IPOYHAas CBA3b aTOMOB JKeJjie3a C Cepoil MPUBOAAT K ocjabJie-
HUIO CBA3W MEXKIy aTOMaM! MeTajljla, UTO O0JIeryaeT MX HMOHU!3a-
nuo. BosbIitoe 3HaueHuWe B IIPOIECCE CEPOBOIOPOMHON KOPPO3UU
MMEIOT IPOAYKTBI Koppoauu obmeit popmynsr Fe, S, , KoTopbie sB-
JIAIOTCST KaTOOM I10 OTHOIIIEHUIO K CTaJIN, 00pasys ¢ Hell rajJbBaHU-
YecKyIo mapy. PasHOCTb MOTEHIIMAJIOB 9TOI mapbl mocturaet 0,2—
0,4 B. I'maBHaa omacHOCTL BO3MIEHICTBUA CEPOBOJOPOLCOAEPIKAIITIX
Cpex 3aKJIYAETCA B COIYTCTBYIOIIEM OOIEeHl KOPPO3UU YCUJIEHUN
HABOJOPOKUBAHUSA CTAJIN, IPUBOAAINEH K OXPYIYNBAHUIO METAJLIa
¥ KOPPOSMOHHOMY PACTPECKUBAHUIO 000Dy I0BAHUA.

CraJsib TepseT MJIaCTUUYHOCTD IPU COAEeP:KaHNM BOAOPOIa B KOJIU-
yectBe 7—12 cm® Ha 100 r meranna. CyabbhuaHOe pacTpecKUBaHLe
OIIaCHO TEeM, UTO BU3YyaJbHO OHO He OOHApY)KMBaeTCsd, a paspylle-
HUEe IIPOUCXOJUT YaIlle BCETO HEOXKMIAHHO M CKaukKoM. MHorouwmc-
JIEHHBIE MCCJIEIOBAHUSA U MPAKTUUYECKHUN OIBIT IOKA3LIBAIOT, YTO B
CePOBOOPOACONEPIKAIINX CPefax Heo0XOAUMMO IIPUMEHATh MST-
KHe, IJIACTUYHBIE CTAIU TBepaocThio He 6omee HRC-22 u nmpounoc-
ThI0, He mpeBbImaomeir 63-107 IIa (raxkue, kak craixs 20, C-75,
C-90 u np.). HemerannnuecKkue BKJIIOUEHUS YBEJIUUYUBAIOT CKJIOH-
HOCTB CTaJIed K KOPPOBMOHHOMY PACTPECKUBAHMIO, KOTOPOE YCUJIU-
BAeTCs TaKJKe IPY HAJIWYUY CBAPHBLIX IIIBOB, BMATHUH, CJIEIOB yIa-
poB.

BceoencTBre BOOOPOAHOTO OXPYIUMBAHUS CTAIU IPU IOJOMKAX
TPyO XapaKTepHO oOpas3oBaHME BOKPYI 30HBI OCHOBHOTO pas3phIBa
OOIITMPHOM ceTH “Kpy KeBo00pPasHbIX” TPEINH IPOU3BOJIbLHOIM 30HEI.
9TO MO3BOJISAET YCTAHABINBATH IPUUMHEI IOJIOMKY TPYD, TarKe ecau
HEM3BECTHBI YCJIOBUSA, B KOTOPBIX IIPOU3OIILIO0 PA3PYIIEeHUE.

B 1esiom oTeuecTBEHHBIM U 3apyOesKHBIN OIBIT 3aKAHUYMBAHUS
CKBa’KMH Ha MECTOPOKIEHUIX, COMEePKAIlNX CEPOBOLOPO, IIO3BO-
JIJI BBISIBUTH HEKOTOPYIO 3aKOHOMEPHOCTb. B YaCTHOCTH, IPU HU3-
KOM U CpeJHEeM [AaBJIE€HWU B IIEPBYIO OUEpPeAb IPOUCXOTUT O00Ias
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KOPPO3Us UIU OJHOBPEMEHHO KOPPO3UA M BOJAOPOJHOE OXPYyIIUMBa-
HUe: IPY TIOBBLIMIEHHOM JaBJIEHUN — I'JIABHBEIM 00pa3oM BOJOPOTHOE
oxXpymuuBaHue TPyO, a 001I1ass KOPPO3UA WHOTA IIPOCTO He ycIieBa-
eT 3aMeTHO Pa3BUThCSH.

Takum 00pa3oM, IIPU BCKPBITHUHU ILJIACTOB C BLICOKHM COJepiKa-
HUEM CEepPOBOAOPOJA CJeJyeT OIacaThCs paspylleHus MeTajlia.
Oco00eHHO OTACHBIM SBJIAIOTCS BOJOPOAHOE PACCJIOEHUE U PACTPeC-
KUBaHNUe, BOSHUKAIOIINE Ha OTAEJIbHBIX YUaCTKaX, B TO BpeMs Kak
OCTaJIbHAS IOBEPXHOCTH OCTAETCS HEIIOBPEIKIEHHOM.

Ilpumenenue Hellmpanrusamopos ceposodopoda. K rpymme pea-
TeHTOB-HENTPaAIN3aTOPOB, cBA3bIBaloMux H,S B BomopacTBOpuMbIE
cynbGuabl, OTHOCATCS TUAPOKCHUIBI IIEJOUYHBIX U IIEJOUHO-
3eMeJIbHBIX METAJIJIOB, a TaKiyKe HEeKOoTophkle uxX coau. MeTonq KOH-
TPOJIA 3a COJEepP:KaHMEeM CepoBOAOPOZa B OYPOBBIX pacTBOpax C
WCIIOJIb30BAHUEM IIeJOYHBIX PeareHTOB ObIJI OAHUM U3 IIE€PBHIX,
IpPUMEHEHHBIX C 3TOH IeJIbI0 B OYypeHUM, UTO IpesKJe BCcero oodyc-
JIOBJIEHO JOCTYIIHOCTHIO YKA3aHHBIX PeareHToB. PeakIiuu ux ¢ cepo-
BOZOPOAOM HAYT C OOpasoBaHMEM MPENUMYIINECTBEHHO KHCJIBIX
CcyJAbGUIOB IIEJOYHBIX U II[eJJ0YHO-3€MEJIbHBIX METAJIJIOB, KOTOPhIE
JIETKO PacTBOPUMEI B Bojie. HopMasibHbIe CYJIbMUABI YCTONUUBEI B
CUJIBHOIIEJIOUHOH cpene. Kak mokasasa nmpakTuka OypeHUs HUBKO-
TeMIIePaTyPHBIX CKBasKUH, HA MECTOPOKICHUSIX C HEBBHICOKUM CO-
nep:xkanuem H,S (Opeubyprckas obaactb, TaTapusa) mpu moanep-
sKaHUM ¥ OYPOBBIX pacTBOPoB pH < 9 myTeM BBoja KaJIbIMHUPOBAH-
HOIf BOJBI MPAKTUUYECKN IIPEJOTBPAIIAIOTCA IPUXBATHl OYPUIBHOMR
KoJyioHHBI. OHAaKO TaKOM MeTOJX KOHTPOJIA MMEeT CYIIeCTBEHHBIH
HEeJOCTAaTOK, KOTOPHIN MPAKTUYECKU JIUIITAET €70 CAMOCTOATEIHHOTO
IIPOMBICJIOBOI0 3HAUECHUA. ITO O0BACHAETCA TEM, UTO PEAKIUHU IIe-
aoueit ¢ H,S obpatumb! 1o cBoeil mpupoje. B pesysbTaTre yCcTaHOB-
JIEHUS PaBHOBECHUsS B CUCTEMe BCeTZa MPUCYTCTBYEeT CBOOOMHBIN ce-
POBOZOPOJ, coep:KaHue KOToporo 3aBucut ot pH cucTreMbl U TeM-
TIepaTyphl, YBeJIUUNBAACH C IOBBINIEHNEM IIOCIEHEH.

ITapnimasnpHOE HaBiIeHNE CEPOBOIOPOZA B BO3AYXE HAJN PACTBOPOM
MOXKHO BbIpa3uTsh (1mpu pH > 8) caexyromnium obpasom:

Pr,s= 4-10°[S,]-107°H,

rae S, — KOHIIEHTPAIUA PACTBOPEHHBIX CYJIb(IIOB.

B cooTBeTCTBUM ¢ 3TMM ypaBHEHHWEM [IJs HOAAep:KaHusa 6e30-
IACHOTO YPOBHA MMAPIUAILHOTO JaBjaeHuA comepranue H,S ( Py <
< 2:107*IIa) mpu pH = 12[S,] momxHO 66ITH He MeHee 5000 Mr/am?,
mpu pH = 11 — menee 500 mr/am®, mpu pH = 10[S,] — meHee
50 mr/mm®. IIpu pH < 10 MeToZ KOHTPOJIA 32 COAEPIKAHIEM CEPOBO-
JIOpOJia C UCIIOJIB30BAHUEM IIIEJIOUHBIX PEaTeHTOB MOJKET OBITH OIac-
HBIM JJajKe IIPU HAJIMUNHU CJIE0B BOJOPACTBOPUMBIX CYJIb(MUIO0B.
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Heiimpanusamopul, ceéasviearnuiue ceposooopod 8 800oHepac-
meopumvle cyab@uov.. OTHUM 13 TEPBHIX KapOOHATOB TAMKEJIBIX
MeTaJIJIOB, UCIIOJbL30BAHHBIX IJA cBsaA3biBaHuA H,S, OLII OCHOBHOM
kap6ouar mexu — CuCO;-Cu(OH),. ITnorHOCTE ero cocTaBuser 3,5 —
4,0 r/cm?, B XonoxHOII Boje o HepacTtBopuM. OcHOBHOII KapbGoHAT
Menu maer npu peakimu ¢ H,S HepacTBOPUMBIH B BOJe U KUCJIOTaX
YepHBIHA cyabdun mequ. OgHAKO BO BJIAYKHOM COCTOSHUU B BO3AYXE
OH JOBOJIBHO JIETKO OKUCJIAETCA IO CyabdhaTa Meau, PAaCTBOPUMOTO B
Boze. Kpome TOTO, B pacTBOpax BO3MOYKHO OCaKIeHUE MeAu Ha Oy-
PUIBHBIX TPy0ax, M BCJEACTBUU OOPA3OBAHMUA MHUKPOTaIbBaHOIIAD
HabOmomaeTca pesdkasa MHTeHcUu(PUKanua Kopposun craiau. Ilo stum
IpPUYMHAM OCHOBHOM KapOoHAT MeAM He HaIllleJ IIMPOKOTO IpUMe-
HEeHU JJIA HeHTpaaus3auy cepoBoAopoia B 6YPOBBIX PACTBOPaX.

Hpyroii kKapboHAT, KOTOpBIH 060Jee YCHEIIHO WCHOJIb30BaH
I CBASBIBAHUA CEPOBOAOPOZA, — OCHOBOII KapOOHAT ITWHKA
27nC04-3Zn(0OH),. Comep:xkanve 1uHKA B HEM cocraBiaser 55 %,
IJIOTHOCTE — 3,8 T/cM?. DroT HeliTpanusaTop paspaboTan dupMoil
“Muauem” ¥ IMOJYyYnJ ToBapHoe HanMeHoBauue mil-Gard. CepoBo-
JIOPOJl pearupyeTr ¢ OCHOBHBIM KapOOHATOM IIMHKAa C 00pa3oBaHUEM
HepacTBOPUMOTro B Bojie cyabhuma. Ilpu temmeparype 25 ‘C muasa
ocakaeHus 1 MoJab cyabhumga maTpud Tpedyerca 2,6 Moab Kapbo-
HaTa nuHKa. [Ipy yBe/JMYeHun TeMIepaTyphbl 9TO COOTHOIIICHNE U3-
MeHsdeTcs, 1 npu Temieparype 65 ‘C 1 moap KapOoHaTa IUHKA CBA-
3pIBaeT y:ke 1 mMoub cynabhuna. KapboHar muHKA yaalseT cepoBo-
IOpOJ KaK M3 KHCJBIX PACTBOPOB, TaK W M3 IeJOUYHBIX. I[MHK IO
aKTUBHOCTU CTOUT JI€Bee JKejie3a, IMI03TOMY OH He SABJSETCS IO OT-
HOIIIEHWIO K HEMY aHOJOM U He OyZeT yBeJIMUNBATh CKOPOCTH KOPPO-
3UMU CTaJIi. B 5TOM OTHOIIIEHY OCHOBHOM KapOOHAT IIMHKA ABHO IIpe-
BOCXOIUT OCHOBHOU KapOouaT Menu. IIpmMeHeHre OCHOBHOTO Kap-
OoHaTa IWHKA Haumbosee 3(Ph(HEKTUBHO IPU yAAJTEHUUN HEeOOJIBIINX
KOJIMUECTB CyJIbGUAOB 13 OYPOBBIX PACTBOPOB ¢ BBICOKMM pH, B Ko-
TOPBIX CKOPOCTH €T'0 PeaKIuu ¢ CyJb(umaMu oueHb BhICOKa. K He-
JOCTaTKaM 3TOro KapOoHaTa CJIeAyeT OTHECTH KOaryJupyloIlee
BO3elicTBHe Ha OypOBBIE PACTBOPHI (IpaBia, B IIOJHONA Mepe 3TO
OTHOCUTCS He KO BCEM eT0 CopTam).

K kapboHaTaM TsAMKeJbIX METAJLJIOB, CIIOCOOHBIM CBA3BIBATH Ce-
POBOOPOJ, OTHOCUTCA U CUAEPUT. VI3BecTeH Crocod HelTpaJsmsa-
IIMY CEPOBOJOPO/A IYTEM BBeIeHUA B OYPOBOI PACTBOP CHUAEPUTA,
KOTODBIN IIPENCTABJIAET CODOI KeJIEe3HYI0 PYAY C COJAepKaHWeM
66—69 % xapbonara xene3a FeCO;. C aToit menbio B 6ypoBoitl pac-
TBOP, HAIIPUMeD TJIMHUCTHIN ¢ gobaBkoii YIIIP, BBogAT cumepur c
yZenbHOH moBepxHOCThI0 1500—2500 cM? /T 10 00beMHOI ZOIH 5—
40 % . B 3aBUCHMOCTH OT JUCIEPCHOCTH 1 I cuaepuTa criocob6eH Heo-
OpaTuMO CBA3BIBATH B TeueHue 1 u ot 45 no 150 mr H, S.
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Oco6eHHO cIeyeT OTMETUTD, YTO JasKe IIPU MaKCUMAaJIbLHOM CO-
JepKaHUM cUAepura OypPOBOM PACTBODP COXPAHSET IIPUEMJIEMbIE
JUIA IPAKTUKY OypeHUs CTPYKTYPHO-MeXaHUYeCKUe CBOUCTBA, UTO
SIBJIAETCS IPENMYIIECTBOM JAHHOrO CII0c00a HEeMTPaJu3aIuu Ccepo-
Bozopoza. Kpome Toro, cumepuT mpakTudyecKu He obJagaer eppo-
MarHUTHBIMU CBONCTBaAMU, YCJIOMKHSIOIIMMU IIpoliecc OypeHus, u
HepepuIuTEeH.

Bnaromapa KOMIJIEKCHOMY eICTBUIO CUEPUTA KAaK JOCTATOYHO
a(hderTHBHOrO HeNTpasm3aTopa CepoBOJOPOAA U KHUCJIOTOPACTBO-
PUMOTrO YTSMKEJIUTENA IPU OYyPeHUM CKBAKUH IIOAJAEPKUBAETCSH
IIOCTOSTHHASA TOTOBHOCTH OYPOBOI'0 PACTBOPA K BOZMOYKHOMY ITPOSB-
JIEHUIO CEPOBOJIOPO/A, a IIPY BOCCTAHOBJIECHUU IIPOHUIIAEMOCTU KOJI-
JIEKTOPA CUAEPUT, HAXOAAIIUICA B IIOPaxX U TPeIuHax IjacTa, pac-
TBOPSETCS KUCJIOTOM.

Oxcupmnl sxejie3a (BepHee UX THAPATHI) UCHOJb3YIOTCS IS OUU-
CTKHU I'a30B OT cepoBogopoza ysxe 6osee 100 Jer.

BoarorpagHUIINHedThIO TpeaiokeH peareuT +KC-7, KOTOpbIi
IIpeacTaBasieT co00il TOHKOAMCIEPCHBIN ITOPOIIOK, COCTOAIUMN U3
95 % oxcupa xenesa Fe,O;. 970 NPOAYKT YTUAMBAIUU OTXOLOB
TpaBJaeHUA cTaiu. IlosyuyeHMe ero OCHOBAaHO HA BBICOKOTEMIIEDA-
TypHOM BhinmapuBauuu pactBopa FeCl; u mocienyromieii cymike o06-
pasoBasmIerocsa rugpoxcuza xesuesa no Fe,O;. ObpasoBaBmimiica
OKCHUJI JKejiesa HMeeT DPA3BUTYI0 PEaKIMOHHYI0 MTOBEPXHOCTb U
JOBOJIbHO BBICOKYIO IIOTJIOTUTEJLHYIO CIOCOOHOCTh (HEe MeHee
0,2 m® /H,S/xr-u) mpu coorHomenuu H,S : pearear=1: 1.

Opuako peareuT JKC-7 mmeer cyllecTBeHHBIN HEIOCTATOK, KO-
TOPBIN OTPAaHUYUBAET 00JIACTH IPUMEHEHUA ero Jyida o6paboTku Oy-
POBBIX PACTBOPOB HA BOJHOI OCHOBE, HECMOTPSI Ha BBICOKYIO d(hdeK-
TUBHOCTH 10 HEeNTpaJM3alMy CePOBOAOPOAA. ITOT pPeareHT Comep-
SKUT OOJIBIIIOE KOJMYECTBO BONOPACTBOPUMBIX COJIeii, BCJIECTBUE
Yero OKasbIBaeT KOoaryJupylolllee BO3AelCTBHME HA TNIMHUCTBIE OY-
POBBIE PacTBOPHI, 0COOeHHO HeMHTMOMpPOBaHHbIe. OOIee comep:ka-
HUE BOJOPACTBOPUMBIX cojiell B pearenTte JKC-7 cocrasiasier 3—5 %
(B OCHOBHOM — COJIM TPEXBAaJIEHTHOTO :Keje3a). BeaeacTBue kKoary-
JIUPYIOIIEro BIMSHUSA HA TJIMHUCTBIE PACTBOPHI BEPXHUI mpenes
dakTUUECKU MOCTUTHYTON KoHIeHTpanuu sKC-7 B mpecHBIX pac-
tBOpax orpanudeH 100 xr/m®. IlyTeM NONONHHUTETHHOH 06paGOTKI
peareHTa IEJOYBIO AJA “BBICAKMBAHUA’ COJIEH Kejge3a MOKHO
VBeJIMYUTh YKasaHHLIH mpegen a1a 300 kr/m® . Bo MHOruxX ciaydaax
9TO MOJKET OKa3aThCsA HeJOCTATOYHBLIM [JIsI IIOJHOM HEeATPaIN3aIlnnu
H,S, ocobeHHO B I'NIMHUCTBIX PACTBOPAaxX, B OOJBINIENl CTEIEHU IIOM-
Bep:KeHHBIX BosaelicTuio H,S.

B CIITA paspaboraH peareHT Ajsa HeliTpanusauuu H,S, umero-
Uit ToproBoe HasBauue Ironite Sponge. 9T0 cUHTeTUYECKUIT OKCH]
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sxenesa Fe; O, , mosryuaeMblil IpU KOHTPOJIUPYEMOM OKUCJIEHUU Ke-
Jie3HOTO moporrka. Yactuisl Ironite Sponge mprodperatoT Ipu 3TOM
TIIOPUCTYIO CTPYKTYPY C UPe3BbIUAliHO Pa3BUTOH yAeJIbHOI IIOBEPX-
HOCThI0 (5—10 M? /T). [I/1A IOJyUEeHHUA BTOrO peareHTa OOBIYHO IPHU-
MEHSIOT JKeJIe3HLI OPOIIIOK, CoAepsKalluil okoao 3,5 % yriepo-
Jla, 4TO CIIOCOOCTBYEeT 00pa3oBAHUIO ITIOPUCTOM CTPYKTYpPhI. OH moz-
BepraeTcsa OKUCJEHUIO IPY OTHOCUTEJIbHO HEBLICOKOM TeMIepaType
(205—-230 °C). OrxuceHmne IPOBOISAT B KOHTPOJIUPYEMBIX YCIOBUAX,
YTO CIOCOOCTBYeT nonyueHUo okcuna Fe; O, 6e3 mepexona k Fe,0;,
KOTOPBII XMMUUYECKH MeHee aKTHUBeH, UueM MarHeTuT. I1oyueHHbII
MaTepuaj HOoJABepraioT JaJibHeilIeil o0paboTke s paspylIieHUuS
arperatoB. B 1enom TexHojorusa mnoaydenus Ironite Sponge mo-
BOJIBHO CJIOKHA, UYeM UM OO0BACHAETCS BBICOKAsA €ro CTOUMOCTB.
Cpenuuit pasmep 98 % wuactur Ironite Sponge cocraBiaser 1,5—
600 mxM. TBepoCcTh 9TOTO MaTepuasia 1o 1kane Mooca okoio 6, a
ILJIOTHOCTH 4,55 r/cM®. Marepuais GeppOMarEuTHEIH, HA YeM OCHO-
BaHA METOIUKA OINpeaeeHUs KOHIIEHTPAIlMM ero B OypoOBBIX pac-
TBOpax. B 3aBucuMocTu or ycaoBuil peaknuii (pH, Temmeparypa u
T.1.) Ironite Sponge mosxer 06pasoBaTh C CEPOBOJOPOAOM IIHUPUT
FeS, nnu cynndun sxenesa Tumna FeS 1 ssiemeHTapHYIO CEPY.

IIpunasaTo cuurarsh, uTO B Kucjaoii cpene (pH < 7) sroT peareHt
BCeTymaeT B peakmuio ¢ H,S c oOpasoBanmem nupura:

Fe,0, + 6H,S — 3FeS, + 4H,0 + 2H, 1.

B caabomrenounoit cpege (pH = 8+10) peaxmus mexxay Ironite
Sponge 1 cepoBOAOPOIOM IIPOTEKAET NHAYUE:

Fe,0, + 4H,S — 3FeS, + 4H,0 +S.

IIpu cpaBuerVM sdderTHBHOCTH HelTpanusamuu H,S ¢ mcmomnsb-
3oBaHueM Ironite Sponge M KOMMEpUECKOro OKcCHIa JKejesa
(remaTuTa) YCTAaHOBJIEHO, UTO AJAHHBIN peareHT 3dEeKTUBHEE reMa-
TuTa B 4—8 pas, XOTs [0 YIeJbHOI IIOBEPXHOCTY IPEBOCXOAUT €r0 B
15-20 pas. Ha spdexTuBHOCTS AeiicTBua Ironite Sponge cyimect-
BEHHO BJIUSET CKOPOCTH IIEPEMENTNBAHUSA, UYTO TAKIKE CBUIETEIBCT-
BYyeT O 3HAQUUTEJbHOM BIUAHUN AUPPY3UU HA CKOPOCTH PEAKIIUU.
Yro0®I ITOJTHEE Peaau30BaTh OOJIbININE TOTEHIINATIbHBIE BOBMOMKHOC-
1 Ironite Sponge o Herrpanusanuu H,S, He06X0AUMBI COOTBETCT-
BYIOIIIUE YCJIOBUSA, KOTOPBIE HE BCera MOKHO CO3[aTh B CKBasKUHE.
O6wruHO 1A addeKTUBHOM Helrpanusanuu H,S TpebyeTcs yBeau-
yeHUe KoHIeHTpanuu [ronite Sponge, uTo, ecTecTBeHHO, BJIeUeT 3a
c000i1 3HAUUTEIbHOE YAOPOKaHUe OYPOBBIX PabOT M CHUIKEHUE WX
TeXHUKO-9KOHOMUYECKUX ITOKasaTeseii. Bce mepeumnciaeHHoe ¢ yue-
TOM OOJIBIIIX MaTEePUATbHBIX, TPYIOBBIX U 9HEPreTUYECKUX 3aTpaT
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Ha moayuenue Ironite Sponge ctaBuT Mo coMmHeHe HEOOXOIUMOCTD
IIPUMEHEHM 3TOT'0 BLICOKOAKTUBHOTO moryioturensa H,S.

B 6. BHUVKPHedTH OBLT IPEAJIOKEH YTAKEIUTENb-HEUTPATIN-
3aTOP CEepPOBOAOPOJA HA OCHOBE MPHUPOJHOrO OKCHIA JKejesa
(maruetura), monyuuBmiuit HazBanue CHY]I[. Cmoco6 mosyueHus
ATOrO peareHTa 3aKJI0UYaeTcsd B M3MeJbUEHUN MarHeTUTOBOI'O KOH-
IeHTPaTa MOKPBIM CIIOCOO0OM B IIIAPOBBLIX MEJILHUIIAX.

IIpu sTOM He TOJBKO YBEIWUWBAETCA XUMUUYECKas aAKTUBHOCTH
MarHeTHUTa, HO M YJIAYUIIAIOTCS eTo KaueCTBeHHbIE ITOKa3aTeau Kak
yTsKeauTens (CHu)KaeTcsa abpasuUBHOCTH, MATHUTHAS BOCIIPUKM-
YMBOCTb, CEJUMEHTAIIMOHHAs YCTOMUYMBOCTL). Bce 3TO B IeaoM
obecrreunBaer CHY]l sHauuTesbHbIe IPEMMYIIECTBA IO CpaBHe-
HUIO ¢ IPUMEHABIINMIUCS pPaHee KeJe3UCTHIMHU YTAKEeJIUTEIAMUI
(Tab. 2.5)

Kax metitrpaausatop cepoBomopona CHY ]I ycrymaeT m3BeCTHBIM
pearearam (¢KC-7, Ironite Sponge, BHUNTDB-1 — TexHmueckuii
nmokcun mapramma). OpgHaxo Bropas Gysknua CHYI (yrsaxe-
JIeHVe PacTBOPA) MO3BOJISET 3a CUET BHICOKOM, pPeaJbHO JOCTUKU-
Mo#t KommenTpanuu (1o 1200 kr/m°) He TOJIBKO IOBBICHTH ILIOT-
HOCTB 70 2,0—2,2 T/cM®, HO M 3HAUNTENHHO YBEJIHMYHUTH CEPOBOO-
POIHO-TIOTJIOTUTENbHYIO criocobHocTs 1 M® Gyposoro pacrsopa (mo
150-180 m®) H, S.

C ydueTOoM TOTr0O, HACKOJBKO BasKHAa JJIsI CKOPOCTU B3aMMOIEMCT-
Bus HeliTpanusaTropoB ¢ H,S cKopocTs MaccomepeHoca B cucTeMe,
oueBuaHO, uto Hajauuue CHY]l B Heo6xoammMoM H3OBITKE obecIie-
YUT BBICOKYIO CKOPOCTH HelTpasmsanuu H,S B oTinume oT MajbIx
00aBOK BHICOKOAKTHBHBIX PEareHTOB.

Taoauma 2.5

CpaBHUTEIbHAS] XaPAKTEPUCTUKA HEHTPAIN3aTOPOB CEPOBOKOPOAA

Tokaszarenu Ironite | CHyQ | 9KC-7 | T-66 |BHUMTB-1| Cuze-
Sponge pur

AR}‘HBHOCTB o 0,22 0,15 0,20 0,04 0,275 0,10
HeuTpaiIu3anuu
H,S, m®/(xrv) (ue
meHee 0,20)
IIpenenbHaA KOH- 800 1200 300 100 50 1200
IeHTpanua B
6ypPOBOM pacTBO-
pe Ha BOIHO
ocHOBe, Kr/m®
ITpoayKThI peak- Fe S, Tpu- MnS, Fe,S,
U peareHTa TUaHBI MnSO, ‘
CrabuibHOCTD CrabuyIbHBI Mauro- Cra-
IPOAYKTOB PeaK- CTabWJIb- OUJIb-
nuu HBI HBI
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IIpomykTel B3aumogeticteua CHY ]I ¢ H,S (Tak sxe, kak Ironite
Sponge u jKC-7) — cynpduas xenesa ¢ obuett popmynoit Fe, S,
HEepacTBOPUMEI B BoZle. B OypoBOM pacTBOpe IIpu MONaJaHUU B HETO
KHCJIOPOJa OHU MEIJIEHHO OKMCJIAIOTCSA IO 9JIEMEHTAPHOI Cephbl u
Fe(OH); (mmocnenHAs MOYKET CHOBA B3aMMOIENCTBOBATL C CEPOBOJO-
pomom).

HecoMueHHBIH HHTEPEC C TOUKY 3PeHUA IPAKTUUECKOTO IIpuMe-
HEHUsA HCCJIeJOBAHHBIX PeareHTOB-HEeNTPaIm3aTOpPOB IIPEACTABIIA-
IOT Pe3yJIBTATHI MCCIENOBAHNA BIUSHNUA COCTaBa 0yPOBOT0O pacTBOpA
Ha CKOPOCTb pPeaKIM{ HEeHTPaIM3alliy CEePOBOAOPOLA peareHTaMu
Ha ocHoBe marueruta — CHY Il u Ironite Sponge.

Ycranosieno, uto fob6asku K Boge KMII, NaCl u riuHBI Kak oc-
HOBHBIX KOMIIOHEHTOB MUHEPAJIM30BAHHBIX OYPOBBIX PAaCTBOPOB,
MIPUMEHAEMBIX JJIS MTPOMBLIBKY B MHTEPBaJiaX 3aJieTaHUSA CEPOBOJIO-
poAcoAep:KAIIUX IIJIACTOB B PA3HBIX ITPOM3BOJACTBEHHBIX 00heAMHe-
Huax (Kpacaomapuedreras, OpeHOyprrasmpom u ap.), yMEHbBIIIAIOT
ckopocts peaxiiuu CHY ]I ¢ H,S B cpeguem uHa 30-60 % . Hasa 6ypo-
BOTO PacTBopa, cogep:kariero 2 % O0eHTOHUTOBOU IINHBI (00 beMHAasA
mond), 5 % xmaopupa Hatpua u 1 % KMII-600 (maccoBas monsa B
ImepecyeTe Ha CyXOe BEI[eCTBO), OCTAJILHOE — BOJa, YMEHBIIEHUE
ronuuecTsa H,S, morsiomensoro 1 m® pacTBopa (Am), mo cpaBHe-
HUIO C UCIIOJIb30BAHNEM B KauecTBe OYPOBOIO PACTBOPA BOJBI COCTA-
Buio 45 % . Tak Kak KOJMUYEeCTBEHHbIE 3aKOHOMEPHOCTHU BJIUAHUS
HCCJIeOBAHHBIX KOMIIOHEHTOB OYPOBOr0 PacTBOpa HA €ro IOTJIOTH-
TeJLHYIO CIIOCOOHOCTDh YCTAHOBUTH TPYAHO M3-3a CJIOKHOCTH IIPOTE-
KaIUX B HEM IIPOIIECCOB, IpeAJaraeTcsa AJA IPaKTHUUECKUX Ife-
Je#l CUUTaTh, YTO CKOPOCTh PEaKINK PeareHTOB Ha OCHOBE MarHeTH-
Ta C CePOBOLOPOAOM B OYPOBBIX PACTBOPAX KMCCJIEIOBAHHOTO COCTABA
110 CPaBHEHUIO C PeaKIlyeil B BoJe yMeHbIaeTcsa npumepuo Ha 50 % .

Ba'KHBIMU ABJIAIOTCS U PE3YJIBTATHI CPABHEHUS CKOPOCTU Peak-
nuu ¢ cepoBogopoaom pearenToB CHVY I u Ironite Sponge. Eciau B
BOJIe CKOpoCTh peakiiuu Ironite Sponge ¢ cepoBomopomom B 1,5—-2,0
pasa BoItie, ueMm pearenta CHY]II, To B mcciemoBaHHOM OypOBOM
pacTBope OHA OTJIMYAETCA HEe3HAUUTEJNLHO. ITO 00bICHSIETCS pas-
auymeM cTPYKTyp yactull pearedToB CHY [ u Ironite Sponge.

Ilocneguuit cocTouT U3 dYACTHUI[ MarHeTura pasmepom 1,5—
6,0 mxMm. IToBepxHOCTSL uacTuil Ironite Sponge pasBuTa HaCTOJIbKO,
uTO cama 1o cebe peakiua aToro peareHrta ¢ H,S mporekaer moutu
MraHoBeHHO. OMTHAKO B BOJle IMMUTUPYIOIIEHN CcTaauell peakiuu AB-
adgetca nudysud cepoBOAOPOAa HA MOBEPXHOCTH YACTHUIl peareH-
Ta, IpuYeM B OypoBoM pacTBope Au@ysusd IIPOUCXOIUT elle Oojee
3aMeJJIeHHO, ¥ PeaKIIMOHHBIe BO3MOKHOCTH Ironite Sponge wuc-
oJIb3yIoTCsA He moaHocThio. Ha ckopocts peakmuu CHY]I ¢ H,S
TaK:Ke BaugeT nuddysua cepoBogopona. OgHako 6aromgapa MeHb-
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muM pasmepam dactun, CHY ]I (B cpegaeM 3 MKM) U GOJIbIIIEMY X
KOJIMYECTBY IIPU OJMHAKOBOM MACCOBOM COZEDPKAHUU YCJIOBUA NJIA
mnddysum H,S Heckonbko sydie, uyem mpu gobasieHmu Ironite
Sponge. BeseacTsre 5TOro M IpOUCXOAUT BhIPAaBHUBAHNE CKOPOCTU
peaxnuu pearenToB CHY I u Ironite Sponge ¢ cepoBomoposom B 6y-
POBOM pacTBODE.

Heiitpanusamusa H,S BogopacTBOpUMBIMY COJISAMU ¢ 00pa30BaHU-
€M HEPaCTBOPUMBIX B BOJEe CYJIb(MUIOB TAMKEJIBIX METAJJIOB MMeeT
YSKYIO U cIeIU(UUECKYIO 00JIaCTh IPUMEHEeHUs B OypeHnH.

Bo-mepBhIX, 9TO CBA3aHO C KOATYJINPYIOIUM JeHCTBHEeM BOAOpPa-
CTBOPUMBIX COJIell HA TVIMHUCThIE OYPOBBLIE PACTBOPHI 1 HEBO3MOIK -
HOCTBIO IIOJIYYEHUs JOCTATOUHO BBICOKOM KOHIIEHTPAIIUM DTUX CO-
Jeti. Bo-BTOPHIX, OOJBIIMHCTBO cojieil pearupyooT ¢ H,S o6paTumo,
TaK KaK 00pasyonuecs cyIb(puasl pacTBOPUMEI B Kucaorax. OgHa-
KO B HEKOTOPHIX pailoHax OypeHUA CYILIECTBYIOT cIenuduyuecKre
YCJIOBUS, TO3BOJISIONINE TPUMEHATH BTU COJU [OJSA CBSA3BIBAHUS
H,S.

B vactHOCTH, ¥Y(DuMCKUM HeTAHLIM HHCTUTYTOM ObLIa paspa-
06oTaHa TEeXHOJIOTUA OYPEeHUA CKBAKUH B KYIOJLHOM YacTU MECTO-
pokmenus ¥seHsb. [Ipu 6ypeHUM CKBAXKUH B MHTepBaJie Tayoun 60—
130 M B TPETHUYHBIX OTJOKEHUAX, CIOKEHHBIX B OCHOBHOM TPeIIH-
HOBATBHIMM M3BECTHAKAMHU, IIPOVCXOJUT IIOJHOE IOTJIOIeHne Oypo-
BOT'O PACTBOPA, COITPOBOKJA0IIIeecs BhIIEJIEHIEM CEPOBOIOPOIa Ha
ycThe cKBaKUHBI. [IpeajioskeHHaA TeXHOJIOrUA OYpeHUsA B 9TUX OT-
JIOJKEHUAX OCHOBaHa HA XMMHUUECKOM cBA3bIBaHUM H,S HemocpeacT-
BEHHO B ILJIACTE B IEJIAX KaK IPeJOTBPAIeHUA BHIX0JA €T0 B CKBa-
JKMHY, TaK U 3aKYIIOPKY TPEIUH B IJIACTe MPOAYKTaMU peakmnuu. B
OCHOBY MOJIOYKEHBI CJIEYIONTNEe XUMUUECKe PeaKI[Uun:

2FeCl, + 3H,S — Fe,S,(2FeS + S) + 6HCI,
CaCO; + 2HCI = CaCl, + H,0 + CO,.

Bypenue cKBasKMHBI HAUMHAIOT C IIPOMBIBKM TEXHHUECKON BO-
moii, comepsxatreit 0,2—-0,4 % FeCl,. Ilocie BCKPBHITHS IEPBOTO II0-
TJIOIIEHHOTO IIjIacTa Ha riayoune 60—65 M OypeHue mpomoskaioT 6e3
KPYroBO# MUPKYJIAUU, a cogep:xanue FeCl; B Bome mommep:kuBa-
foT B mpegenax 0,1-0,2 % . C ycTha 3aTpy0OHOe IPOCTPAHCTBO OPO-
11aoT BOAOM, comepsrareit 0,2—0,4 FeCl,.

Opzanuyeckue peazenmul-Heumpaaudamopsvl. B Ydumckom
He()TSIHOM WMHCTUTYTE IJIA CBA3BIBAHUSA CEPOBOJOPOAA OBLI Ipen-
JoxkeH peareHT T-66, oTHocAIUiicA K coeqUHEHNAM KJjacca 1,3 —
IUOKCHUIIMKJIAHAM. ITO JIETKOMOABUKHAA MACHAHUCTAA KUIKOCTD
OT 2KeJITOTO 0 KOPUYHEBOTO IIBEeTa CO CIeIM(pUUECKUM 3aIllaXxoM.
ITmorrocts 1,038 r/cM®, TemmepaTrypa 3amepsanmsa Husxe —25 °C,
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pacTBopuMOCTS B Bozie 10 90 % , XOpOIIIo pacTBOPSAETCS B OpraHmye-
CKUX pacTBoputeasax. Pearent T-66 yiayumraeT cMasbIBaiolime u
TTPOTHUBOU3HOCHBIE CBOMCTBA TeXHUYECKOM BOIbI, ABJIAETCS BBHICOKO-
s deKTuBHLIM meHoracureiaeM. PeareHt T-66 u obOpasymoliuecs
IPY B3aMMO/IEHICTBUY er'0 C CEPOBOIOPOIOM 3aMeIIeHHbIE TPUTHUAHBI
SIBJIAIOTCSA UHTUOUTOPAMU Koppo3uu (cTemeHb 3aruTsl — 710—85 %).
WccaemoBanusa moxkasasiu, uto fobaska mo 7,5 % pearenra T-66 He
OKa3bIBAaeT OTPUIIATEIBHOTO BJIMAHUA Ha IIOKasaTeJr KauecTBa
OYpPOBBIX PacTBOPOB. B HOpMAJNLHBIX YCJIOBUAX JIS IIOTJIOIEHUSA
0,1 r/x cepoBomopoa HeoOXOAMMO 2—4 T'/JI peareHTa C MOJIAPHOMN
maccoii 200. Ilpu yBennueHUM TeMIepaTypbl CKOPOCTH pPeaKIuu
H,S c peareaTom T-66 3HaunTEIHFHO YBEIUUMBAETCSA (B KUCJIOHN cpe-
Ie). B cpegHeM MpUHATO CUUTATh (AJIA YCJIOBUM AcTpaxaHCKOTO
Ta30KOHAEHCATHOTO MeCTOpokaeHusA), uro 1 r T-66 morJsoraer
50 Mr cepoBOmOPOZA.

Henocratku T-66 caenyroime:

OUYeHb CUJIbHAS 3aBUCUMOCTb CKOPOCTH peakiiuu ot pH;

peakIusa MpoTeKaeT TOJIbKO B KUCJIOH cpefe npu pH = 3+5;

OTCYTCTBHE JOCTATOUHO HAJIEXKHOI'0 CIlocoba oIpeaesieHns KOH-
nerrpanuu T-66 B 6ypoBoM pacTBOpE;

MaJjas MOTJIOTUTEeIbHAA aKTUBHOCTD;

Heo0XOJMMOCTD UCIIOJIb30BAHUS CIIEIITPAHCIOPTA JJIA TPAHCIIOP-
TupoBKH T-66, TaKk Kak OH BBIITYCKAaeTCS B JKUIKOM BHUIE, a AJA
XpaHeHUsA — eMKOCTeH 3aKpBITOTO THUIA, UTO YBEJIUYUBAET CTOHU-
MOCTB OYpPeHUA CKBaKIH.

OmgHako ¢ yueToM Moau@yHKIInoHaIbHOCTH T-66 0H MOKeT ObITH
WCIIOJIb30BAH KAaK BCIIOMOTaTeJbHBIN HERTPAIU3aTOP CEPOBOAOPOIA.

B BammHUIINHed T npoBeeHbl 9KCIepUMeHTaIbHbIe HCCIIEN0-
BaHUSA U OIIPOOOBAH B IPOMBICJIOBBIX YCIOBUSIX HOBBIM CEPOBOJOPOI-
HeliTpanusyoiuii peareHT Cyab(pHHAH, OTHOCAIIUINACA K KJaccy
cepoopraHMYecKuX coeqnHeHUl. PeareuT mpeacTaBisgeT coOOi mIo-
pormok Oesoro mBera mioTHocTbo 1,02—1,04 r/cm®, Heroprouwmii,
HETOKCUYHBIN, XOPOIII0 PACTBOPUMEIL B BOZeE.

B Tab6i. 2.6 npuBemeHb! JaHHBIE 00 ONITUMAJIBHON KOHIIEHTPAI[NU
HUCCJEIOBAaHHBIX PeareHTOB IJsA HelTpanusanuu H,S, KoHIIeHTpa-
IIsI KOTOPOT'O IIPU IIPOBEJEHUN BCEX OIBITOB ObLIA IPAKTUYECKU
OJMHAKOBOM.

Kaxk ciemyer u3 pe3yabTaToOB HPOBEIEHHBIX S9KCIEPUMEHTOB, IIO
He#Tpaauayioieit cmocooHocTr CynbpuHaH 3HAUUTEIHHO IIPEBOC-
XOJIUT U3BECTHBIE PEAreHThI.

Peazeumot-okucaumenu. K aToii rpynme OTHOCATCS IIEPEKUCH
BOZOPOZA, XpPOMATHI IIMHKA, TUOKCHU MapraHiia 1 Iap.

BHUUNTD npenioskeH peareHT AJA HeUTpasusamuu cepoBOJO-
poxa BHUUTB-1, npencraBasioninii coboii OTXOIbI ITPOU3BOJICT-
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Taonwmma 2.6
OnrumaibHble KOHIEHTPAIUM HeATPAJIu3aTOPOB CEPOBOIOPOIaA

. . OnrumanbsHas ITonHOTA
Heitrpanusa- Opranusamnus- Buemanit KOHImeHTpamus, | HeATpamm-
TOD pa3paboTUuK BU], /n sarum, %
BHUUTB-1 BHUUTB ITacra 0,1 A
JKC-7 BosrorpagHUIIN- | ITopomiok 5-10 0D
He(TH
T-66 YHI HKugkocrs 2-3 67-70
CynbbuHan BamtHUTIIHeDTH ITopomiok 0,06-0,09 97-100

Ba HUKOTWHOBOM M aCKOPOWMHOBON KWCJIOT HPU CJIEAYIOIeill Mac-
COBOI f10J1e KOMIOHeHTOB: 60—65 % MnO,, 3—5 % KOH, 30-37 %
Biaru. OCHOBHBIM HeHTPAJIM3YIOIIUM BellecTBOM sBiaserca MnO,,
a cOOCTBEHHO peareHT UMEHYeTCs TeXHUYECKUM AUOKCHUAOM Map-
TaHIA.

B pesyabTaTe IpoBeneHUs SKCIEPUMEHTOB YCTAHOBJIEHO, UTO
IocJjie HeMTpasusanuy cepoBoxopona pH pacteopa pacrer, 4To cmo-
coOCcTByeT ycToMunBOCTH TPOAYyKTOB peaknuu (MnS) u mpemorspa-
1I1aeT IOBTOPHOE BBIJieJieHre CBOOOLHOTO cepoBogopoja. B cBsisu ¢
STUM OTHAJaeT He0GXOAMMOCTh JOIOJIHUTEIHHOTO BBOZA B PACTBOD
peareHTOB AJIA IOALEePKAaHUA eT0 TPeOYeMOIi IIeJIOUHOCTH.

Takoe BIUAHNE TEXHUUECKOr0O JUOKCHU A MapraHiia 00'bsICHIETC
caenyomuM odpaszoM. MOKHO NIPEAIOJOKUTH, YTO BO BJIAKHOM
cpene mpm musbeiTke MnQO, obpasyiorcsas mamranutsl (K,MnO,) mo
peaxmuu

MnO, + 2KOH = K,MnO, + H,O0.

MasnraHuTs! 60Jiee aKTUBHBI; OHU PACTBOPAIOT, OKUCJIAIOT U CBA-
spiBatoT H,S. IIpu saTom ¢ yuerom amdorepHoctu MnO, BO3MOKHO
IIPOTeKaHVe PeaKIy HelTpaInu3auy ciIeLyoIuM o0pasom:

MnO, + 2KOH = K,MnO; + H,0;

K,MnO; + 2H,S + H,0 = MnS + S + 2H,0 + 2KOH.

Taxkum obpasom, apdeKkT moBwinteHuss pH pacTBopa 00ycIOBIeH
BeimesenreM KOH B ocaok B mpoliecce B3aMOIeHiCTBUS MaHTAHU-
TOB KaJIUA C CEPOBOJOPOIOM.

C cunbHBIM OKHcAgiomUM aericrBueM MnQO, cBa3aHBI M HeEJIO-
craTku 9Toro pearedra. OH cmoco0eH yBeJINUYUBATh, OCOOEHHO IIPU
BBLICOKOI Temmeparype (6osiee 100 ‘C), TepMOOKUCIUTEILHYIO JecC-
TPYKIUIO OPraHMYeCKHX pPeareHToB, BCJEACTBHE Uero B OIpe-
JeJIeHHBIX CJy4YasgxX MOYKeT B3HAUYMTEeJIbLHO BO3PACTH IIOKAa3aTesb
dunbpTpanuu 6ypoBHIX PACTBOPOB.

M=uoroobpasue paspaboTaHHBIX pPeareHTOB-HeHTPaaIn3aTOPOB B
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Hallel cTpaHe 1 3a py0esKOM CBUJETEIHCTBYET, C OTHON CTOPOHBI, O
3HAUNTEJIbHON MOTPEOHOCTH B XOPOIIUX PeareHTaX IPU BeIeHUU
O0ypoBBIX PaboT, a ¢ APYTOM — 0 HeJOCTATOUYHOM COOTBETCTBUU CYIIle-
CTBYIOIIIMX PEareHTOB TPeOOBAHUAM TEeXHOJIOrMH OYPEHUS B YCJIO-
BHUSAX CEPOBOAOPOIHOM arpeccuu. [IpakTuuecKu HU OOUH U3 paspa-
OOTaHHBIX B HACTOSIIEe BpeMs MaTepHUaJIOB He YIOBJIETBODPSAET B
TIOJTHOI Mepe BCceM TPeOOBaHUAM, MPEAbABIAEMBIM K HUM TEXHOJIO-
TUH ¥ 9KOHOMUKOM OypeHus.

TamMmoHakHbIE IIEMEeHTHI MOBLINIEHHONH KOPPO3MOHHOM CTOMNKOC-
tu. K Hacroamemy Bpemenu B 6. BHUNKPuedTH paspaboransl pe-
IENTYPhl TaMIIOHAMKHBIX IIEMEHTOB C MOBBIIIEHHON KOPPO3MOHHOM
CTOMKOCTBI0O (hOPMUPYIOIIErocs M3 WX PACTBOPOB KaMHA. K HuM
mosxkHO otHectu Jerkmit Tuna IITJI u obseruennsrii TunoB 1[TO u
IITOK TaMmoHasKHbIE IEMEHTHI, IIEMEHTHI HOPMAJIbHOHN ILJIOTHOCTH
tunos [ITITTC, HKW u HII (upegyoxensr coBmecTHo CeBKasHU U -
razom u JJVAICU) u yTaKeJeHHBI KOPPO3WOHHO-CTOMKHUUA TaMIIO-
Ha:xkHBIT eMeHT Mapok IITYK-120.

Tamnonaskuble meMeHTHI IITI u IITO cocToAT u3 cmecu BAMXKY-
mero (MCIOJIb3YIOTCA TaMIIOHAYKHBIE IOPTJIAHIIEMEHTHI I “X0-
JIOOHBIX” CKBa)XKMH Ipu Temmeparype or 15 mo 50 °C, npaa
“ropsaumnx” ckBaxxuH — ot 50 mo 100 °C, mecuanuersiii — or 100 mo
150 °C) u aByX 00seryamux 106aBOK — (GUIBTPOBAILHOIO IIEPJINTA
¥ NLIN(OBAJIBLHON BTN, IMOJYyUYEeHHOIN mocje ILIn(oBKU acbecTco-
JepiKalliX Pe3NHOTeXHUYEeCKUX U3eJIni.

OcHOBHOI1 006JeruaoIneii o6aBKOH ABJIsAeTCA (HUIBTPOBAJIBHBIN
mepsauT (Ha ero IMOBEPXHOCTH CBA3BIBAETCS OOJIBIIIOE KOJIUYECTBO
Boxel). IllnmdoBanbHAaA NBLIb BBIIOJIHAET POJIbL 00Jerdarore-
cTabuau3upyoIiei (OTBeP:KIeHHbIe TOJIUMEPhl HU3KOHW IIJIOTHOCTH
M BOJIOKHA acOecrta) moOaBKM, KOTOpasd OTJIHUYAETCA XUMUUIECKOM
CTOMKOCTBHIO U TUAPOGOOHOCTHIO (B €e COCTaB BXOAUT IIOJIMATUJICH-
JIOKCAHOBaA KUAKOCTBH), 38 CUET YET0 U IIOBBIIIIAETCS KOPPO3UOHHAA
croitkocTh Kamua us [[TJI u ITTO.

IInoTHOCT: TaMOOHa)HOrO pacTBopa m3 IITJ — 1,3 r/cm®
(B/1II = 1,4), us IITO pasamuseix Mapok — 1,4, 1,5 r/cm® u
1,6 r/em® (B/11 = 1,2+0,8). IIpeses IpOYHOCTH IIeMEeHTHOTO KaMHsA
npu usrube o,,, yepes 48 u TBepaeHud npu temmneparype 75 °C co-
crasager 1,6—3,2 MIIa, npu temneparype 22 °‘C pasen 0,4-—
1,4 MIla.

OO0JieryeHHBIN TAMIOHAMKHBIA IIEMEHT IIOBBLIMIEHHON KOPPO3UOH-
Hoii croiikocTu Tumna IITOK cocrouT mu3 BAMKYyIero (B 3aBUCUMOCTH
OT TeMIlepaTypbl IPUMEHEHUS UCIOJb3YVIOT AJTUHUTOBBLIA I[€MEHT,
TaMIoHaKHBIe moptaauanemenTsl, IIIIIIIC) u obaeruaroreii mo-
6aBKU — KeporeHa. KeporeH — opranoMmHepaJabHad TOHKOMOJOTASA
nobaBKa HM3KOMH IIoTHOCTH (He Gosee 1,25 r/cm®), rumpodobHad,
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xuMuueckas croiikad. [Ipu cpaBHUTENBHO HeborboM B/11, paBHOM
0,70-0,55, nmorHocTh pacTBopa u3 IITTOK pasHbIx MapoK cCOCTaB-
nser 1,4; 1,5 u 1,6 r/cm®; sHaueHue 0,,, uepes 48 U TBepAeHUS IPU
remueparype 75 ‘C cocrasuaser 1,9—4,3 MIla, npu Temmeparype
22 °C pasuo 0,7-1,6 MIIa.

IloBrimrennas KopposuonHad croiikocTs Kamusa usd I[TJI, IITO u
IITOK gocturaercs 6arofgapa TOMY, UTO B €T0 CTPYKType MMEIOT-
¢S XMMUYECKU CTOMKYeE YacTUIHI (ILIn()OBaJIbHAA NBLIb, KEPOTEH),
obecneunBaIye rugpodoOHOCTs IOPOBOTO IIPOCTPAHCTBA KaMHS.
Kpowme Toro, kamens u3 IITOK mMmeeT MEHBINTYI0 TOPUCTOCTh, YTO B
1eJIOM 3aTPyAHAET (PUIbTPAIINIO, arpPeCCHBHOCTL (DIIOUIOB U 3a-
MeJJIgeT ero paspyllieHue.

Tamnoua:xkubIi ieMeHnT Tuna IITOK nmpurorasinBaior Kak B Mec-
Tax NOTPebeHnA (JO3UPYIOT BAMKYIUE U KePOTeH, IOCTaBJIAEeMbIe
B MeIIIKaX), TaK U I[eHTPAJN30BAHHO Ha MEXaHU3UPOBAHHBIX CKJIA-
Iax IV 3aBOJAX.

TamnonakHbIN MUIakonecuadbiil memenT Tuna IIIIIIC, Beimyc-
Kaemblii KOHCTaHTMHOBCKUM 3aBOAOM YTSKeJIUTeIeil, COCTOUT U3
JTOMEHHOTO OCHOBHOTO IIIJIaKa M KBapIEBOTO IeCKa, U3MeJbUeHHbBIX
COBMECTHO, ¥ TAMIIOHAKHOTO IIOPTJIaHAIIeMEHTA (TOJIBKO AJISI MapKu
IIITITIC-120). IlmoTHOCTH TaMImOHAXKHOTO pacTBopa mpu B/I] =
= 0,43+0,45 cocraBiasger 1,790 = 0,3 r/cm®, TeMmImepaTypa IpHuMe-
nenns HITIITC — ot 100 go 250 °C. ITocie 24 u TBepAeHUA MIPU TEM-
neparype 120 u 200 °C o,,, cocraBisieT coorBercTBeHHo 4,0—6,0 u
5,0-7,6 MIla.

TamnonaskHBIEe cepoBogopomocToiikue rmemeHTsl HKW u HII BBI-
myckaoTca [[Hempoa3ep:KMHCKUM IIEMEeHTHBIM 3aBoioM. IleMeHTEI
HKHM mnosyuaioT IpuM COBMECTHOM IIOMOJIE HUKEJEBOro IILJIaKa,
TMOPTJIAHIIIEMEeHTHOTO KJINHKEPa 1 U3BECTHSIKA, a HII — HukeeBoro
IIJIaKa ¥ KBapIlleBoro mecka. TeMIepaTypHblii AWanasoH IpUMeHe-
uua HKHM ot 90 go 150 °C, HII or 120 go 200 °C. Ilo ¢usuxo-
MeXaHWYeCKUM CBOMCTBAM pACTBOpa ¥ KaMHSA 9TU IIEeMEHTHI aHaJIO-
ruuns! IIITTITC.

VYTsa:KeleHHBI KOPPO3MOHHO-CTOMKHUIN TAMIIOHAYKHBINA II€MEHT
mapku I[TVK-120 sBwrinyckaercss KoHCTaHTMHOBCKHM 3aBOJOM
yrsxenuteneir. IITYK-120 mosyyaroT mpu COBMECTHOM IIOMOJIE
JTOMEHHOTO OCHOBHOTO IIIJIaKa, KBapIleBOTO IecKa u runpodoomsu-
pyiomieit mobaBkm — mnapaduHa. [na momyueHuMA HeOOXOIMMOM
IJIOTHOCTH TaMIOHAKHOTo pacTeopa (2,05-2,15 u 2,16—2,3 r/cm®)
IeMEeHT CMEIINBAIOT C YTIMKEeJTINell KOPPO3MOHHO-CTOMKOMN 0-
b6aBkoit — 6bapurom; B/Il = 0,3 + 0,33. Temmeparypa npuMeHEeHUSA
IITYK-120 or 80 go 150 °C. ITocoe 24 u TBepAeHUsA IPU TeMIEpa-
type 120 °C 0,,,, = 4,5+2,7 MIla. IITTYK-120 Tak ke, KaKk 1 TaMIIO-
Ha:xHbIe 1eMeHTHI TunoB IIIIIIIC, HKY u HII, xapakTtepusyeTcs
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TIOBBIIIIEHHON KOPPO3UOHHOM CTONKOCTHIO (hOPMUPYIOMIIETOCA KaMHs
O6saromapsa oO0pa3oBaHUIO IPU TUAPATAIINHN IIeMeHTa THUIPOCUINKA-
TOB, OTJIMYAIIUXCA BHICOKOHM CTOMKOCTBIO IPU KOHTAKTE C arpec-
CUBHBIMU (hJIIOUIAMU.

Cnemyer oTMeTUTh, uTo TamnoHaskHble eMmeHTHl (IITJI, IITO,
IITOK u IITYK-120) ¢ rugpodobHOil mobaBKo# (HLIudoOBATbLHAS
IIBLIb, KePOoTeH, mapadui) OTINYAIOTCA TaKKe B 2—4 pasa GoJIbIINM
CPOKOM XPAaHeHUs II0 CPABHEHUIO C AHAJIOTUUYHBIMHY I[eMEeHTaMU.

HUrax, MmHOTOOOpPa3Me peareHTOB-IIOTJIOTUTENIEH CepoBOIOPOaa B
Hallleli cTpaHe W 3a PyOeKOM CBUAETEIhCTBYET He TOJLKO O 3HAUM-
TeJIbHOI MOTPEeOHOCTH B HUX, HO M O HEZOCTATOUHOM COOTBETCTBUU
uX TPebOBAHUAM, MPEIbIBIAEMBIM TEeXHOJIOTHEH U SKOHOMUKOM
OypOBBIX PaboT.

OmHako paspaboTKa HOBBIX PEareHTOB C BBICOKOM XWUMUYECKOM
AKTUBHOCTBIO IO OTHOIIIEHUIO K CEPOBOZOPOY M XOPOIleil coBMecC-
THMOCTBI0O C OYPOBBIMH PACTBOPAMM, OO0OpPa3yOIUX CTaOWJIbHEIE
MPOAYKTHI Ipu B3ammozeirictBuu ¢ H,S m mMerommx AOCTATOUHO
MINPOKYIO CHIPhEBYIO 0a3y M HeZOPOTOCTOSINUX, Ha OJIMKaANIIUI
epuo, Io-BUAUMOMY, He SBJIAETCSA peajbHOU 3azaueii. IlosTomy
OCHOBHOE BHMMAaHNe HaYUYHBLIX PAOOTHMKOB M HMPOM3BOJACTBEHHUKOB
IOJIXKHO OBITH COCPEZOTOUYEHO Ha 0oJjiee PAIMOHAIHFHOM KCIIOJIb30Ba-
HUY UMEIOIIUXCA PEareHTOB M CO3JAHUU PelenTyp s(P(eKTUBHBIX
OyPOBBIX PACTBOPOB [Jid OypeHUS CKBAaXKUH B YCJIOBUSAX CEPOBOIO-
POIHOI arpeccuu.

2.5. EéeaséciAanceéd Aiedcad

TopusonranbHOoe OypeHHe — 5TO BapHaHT 3aKaHUYMBAHUSA CKBa-
SKUH, IPOBOAKA CKBAKMH II0 TPOAYKTUBHOMY ILJIACTY.

Cpeny MHOTOYMCJIEHHBIX 3aadY TEXHUKO-TEXHOJOTUUYECKOTO U
OPraHM3aIMOHHO-9KOHOMUUECKOTO XapaKTepa TOpPU30HTAJIBLHBIX
cxkBaskmH (I'C) ocoboe MecToO 3aHUMAIOT CIEAYIOIINE:

BBIOOD ONTHUMAJIBLHOTO IPO(UJIA CTBOJIA CKBAYKUHBI U OITHUMAJIb-
HOU TeoMeTpUY FOPU30HTATIBHOI0 YUYaCcTKa CTBOJIA;

onTuMusanua pe:kumMoB 6ypenusd I'C, BKJoUaiomas TuapaBiIn-
YeCKYyI0 IPorpaMMy;

aHanus3 TpebOBaHUI K 00OpyZoBaHMIO, mHCTpyMeHTy u KWUII,
00ecTIeUnBAIOIINM HAAEKHYI0 MH(GOPMAIIUIO U yIPaBJeHNEe TPaeK-
TOpHeli CTBOJIA CKBAYKUHEI;

BBIOOD peskuMoB dKciryatanuu I'C 1 MeTomoB nHTeHCU(PUKAIIUNA
He(dTerazomo0bIun;

yIpaBjeHre pa3paboTKON MeCTOPOKAEHUA, pPasdypuBaeMoro u
sKcmayatupyemoro I'C.
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2.5.1. Aiedcad Eceaaécihaucor sacAllac

K macrosamemy BpeMeHN B MUPOBOM TPAKTUKE YETKO BHIPHUCOBBI-
BaeTcss 00JIaCTh BO3MOXKHOI'O IMPUMEHEHUS BCKPBITUS IIPOAYKTHUB-
HBIX ILJACTOB TOPU30HTAJBHBIMU (M MHOT03a00MHBIMH TOPU3O0H-
TaJIbHBIMU) CKBaKMHaMu. Haubonbuminii spheKkT mo yBeJIUUEeHUIO
TeKyIeil no0bruu 1 HedTErasooTAauu ILJIACTOB JOCTUTAETCA IIPU
BCKPBITUU KOJIJIEKTOPOB C BEPTUKAJIBHOM TPEITNHOBATOCTHIO, 6OJIb-
uroi (paruaabHOM UBMEHUYNBOCTHIO II0 IPOCTUPAHNIO, HUSKOM IIOPU-
CTOCTBIO U IIPOHUIIAEMOCTHIO.

HNurepec K OBICTpOpasBUBAIOINEHCA TEeXHOJIOTUM TOPUBOH-
TaJILHOTO OypeHUs, KOTopas CIOoco0HA KOPEHHBIM 00pasoM u3Me-
HUTh COCTOSHUE JeJ B 00JlacTU pPasBeAKHU, Pas3pabOTKM M 9KCII-
JyaTaliluy MeCTOPOKIeHU# HedTH U rasa, Bo3pacTaeT. ['Opu30H-
TaJlbHOE OypeHue — 3TO0 abCOJIOTHO HOBBLIM WMHCTPYMEHT, PEe3YJib-
TaThl IPUMEHEHUA KOTOPOr0 B MUPOBOM IIPAKTHUKE IIO3BOJIAIN CIIe-
muaanucTaMm HedTerasoBoro geja IePEOCMBICIUTL W IMEPEOIeHUTh
CBOM IIPEACTABJEHUSA O IPOAYKTHUBHOM KOJLIEKTOPE KaK 00BbeKTe
paspaborku. MupoBas IpaKTHUKa IOKa3bIBAeT, UTO C YUETOM BO3-
MOYKHOCTE! OpraHu3anuy M YIPaBJIeHUs IPOIeCCOM pa3paboTKu
MECTOPOXKIEeHUSA, SKOHOMUUECKUX IIPOOJIEM U PA3BUTUSA TEXHOJO-
IMu B KOHKPETHOM paiioHe OypeHNe CKBAKUH C TOPH30HTAJILHBIM
CTBOJIOM CUUTAETCH IeJIecCO00pas3sHBLIM B OOJBITHMHCTBE CHUTYaIUil.
Heobxoaumo BbIpaboTaTh HOBbIE IOAXOAbI K pas3paboTKe IjIacTa,
TIOCKOJIbKY TE€XHOJIOTHS FOPU30HTAJIBHOTO OYpPEeHUA IIPEJOCTaABIAET
COBEPIIIEHHO WHbIEe BOBMOMKHOCTH. OTa TEXHOJIOTUS ITO3BOJIAET CY-
IeCTBeHHO COKPATUTE yAebHbIe (B pacueTe Ha 1 M® HedTu u rasa)
3aTpaThl HA IIONCKY, PasOypuBaHUe U SKCILIYATAINI0 MECTOPOXKIe-
HUH B paiioHaX, XapaKTePUI3YIOMINXCA BLICOKUM YPOBHEM PACXOIO0B.
B pesyiabTaTe mOABIAETCA BO3MOKHOCTH pa3pabaThbiBaTh MaJOPEH-
TabesbHbIe, HEpeHTA0OEJbHbIE WU HCTOII[eHHBIE MECTOPOKICHUS.
B MupoBo# mpaKTUKe TOPU30OHTATIBHOE OypeHre YacTO OCYIIleCTBIA-
eTcs Ha MaJIOPeHTAabeJbHBIX MECTOPOMKAEHUAX, Tle CKBAKUHBI
C FOPHUBOHTAJBHBIM CTBOJIOM CUMTAIOTCH €IUHCTBEHHO BO3MOMKHBIM
pelreHreM JJi 9KOHOMHUUECKU OIIpaBIaHHoil fo0bIun HedTH U rasa.

Cy1ecTByeT, BEepPOATHO, JIUIIL HEOOJBIIIOE UYMCJIO MPOAYKTHUB-
HBIX IIJIACTOB, KOTOPbIE HEIEJeco00pasHO BCKPHIBATH TOPU30HTAb-
HBIM CTBOJIOM, HO IIPW HAJWYUN WHOOPMAIUU O KOJJIEKTOPE TOPHU-
30HTAJILHBINA CTBOJI MOJKET ObITH OPMEHTUPOBAH TaK, YTOOBI JOOUTH-
cd ropas3zmo 0ojiee BBICOKMX 3HAUEHUH KO3(@MHUIIMEHTOB OxXBaTa U
He(TerasooTmaum, 4YeM B CJIydyae BePTHUKAJIbLHONM CKBaKuHBI. Co-
BepIIIeHCTBOBAHNE U COKPAII[eHNe CTOMMOCTY TeXHOJIOTUY TOPU30H-
TaJILHOTO OypeHusda OYAYT CIIOCOOCTBOBATH TOMY, UTO OHO IIOJYUHUT
OoJiee MIIMPOKOE TPUBHAHUE.
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Poccusa aBasercda muoHepoM B 06JlacTu OGypeHUs TOPU30HTAJb-
HBIX CKBaKUWH. [IlepBble CKBAKUHBI C TOPU3OHTAJIBLHBIMI CTBOJIAMU
mpoOypensl B 1941 1., HO m3-3a HECOBEPINEHCTBA TEeXHUYECKUX
cpencTB OypPeHUA U OTCYTCTBUS TEXHOJOIMM OCBOEHHS TAKUX CKBa-
JKUH IepBble onbIThl Ha KaBkaze, YKpauue, IloBom:kbe ObLIN He-
ynoBiserBopureabHbIMU. C 1952 r. yike OypATCA TOpU30HTAJIbHBIE
CKBasKMHBI B Pa3INYHBIX paiionax 6. CCCP.

IlepBasa MHOTO3ab60IHAA CKBayKMHA C TOPU30HTAJILHLIMU YUaCT-
Kamu cTBoJIa ObLia mpoBeseHa B 1953 r. ma Kapramesckom pudosom
MecTopokAeHnY Bamkupun. B gagpHeiinieM TaM pa3BUBaJIOCh MHO-
rosaboitHoe OypeHwme. IlepBas ropusoHTaJIbHAs CKBaKWHA, MPO-
mepmad Ha 130 M HemocpeACTBEHHO IO IJIACTY TOJIIIIMHON OKOJIO
30 M, 6bL1a TpoBeaeHa B 1957 r. ma S16/10HOBCKOM MECTOPOIKIEHUU
Camapckoit ob6sactu. HecMoTps Ha TO UTO CKBa’KuHA Oblaa IPOOY-
peHa Ha CUJILHOAPEHUPOBAHHBIN IIJACT, €€ CYTOUHBIN Je6UT cocTa-
Bui 40 T, UYTO MHOTOKPATHO IHPEBHIIIAJO [Ie0UT BEPTUKAIBLHBIX
CKBalKUH.

B nepBbie rogbl peaansauy TeXHOJOINMY MHOT03a00MHBIX U TO-
PU30HTAJIbHBIX CTBOJIOB cKBaskuH Bo BHUUBT 6t paspaboTaHbI
¥ UCIIOJIb30BAHBI IIPU OypeHUN CHernualbHble YKOPOUeHHbBIe TYypPOo-
O0ypnl mapku T12M2K, B KOTOpBIX BIepBBIE ObLIA IIPUMEHEHA IIPO-
TOYHAS IISTa, 0TPAa00TaHA TeXHOJIOT A 0e30IIIM00YHOr0 IIOHaJaHusI B
IOIOJIHUTEIbHBIE CTBOJIBI, paspaboTana crucTeMa JOCTABKU reodu-
3UYeCKUX MPUOOPOB B TOPU3OHTANbHBIE CTBOJIBI, OJHA U3 KOTOPBIX
(CUM®OP) ucniosbsyercs L0 HACTOAIIETO BpEeMEHH.

Nwmeronuiica HAG0OP TEeXHUUECKUX CPEACTB M WHCTPYMEHTOB
TMO3BOJISIET TPOBOAUTHL TOPU3OHTAJbHBLIE CKBAKWHBI C pPagmlyCcoOM
nckpuBiaeHns 120 M u 6oJjiee IPK IIOCTOSIHHOM KOHTPOJIE 3a IIPOCT-
PaHCTBEHHLIMHU IIapaMeTpaM’ CTBOJIA C KCIIOJb30BAHUEM 3JI€KTPO-
oypa.

Bo BHUUBT cosmambl 006pas3ibl KOMILIEKCA TEXHUUYECKUX
cpenctB “T'opu3oHT-1”, BKJIIOUAIOIETO OTKJOHUTEJIb HA OCHOBE
YKOPOUEHHOTO 3a00MHOTO ABUTATENA O0BEMHOI'O THUIIA AUAMETPOM
172 MM ¥ cuemuaJbHBIE CPEACTBA JJSA JOCTABKU T'eO(PUBUUECKUX
npuboOpPOB B CKBAsKMHY IIPM OOJBINNX YyTJIaX HaKJoHA ctBojia. Co-
3aH YHUBEPCAJIbHBIN OTKJIOHUTE b Mapku OIIl-172 (BapuaHT muas
OypeHus ropru30HTAIbHBIX CTBOJIOB), 00eCIIeUnBaOINUIl PaguyC UC-
KPUBJIEHUS CTBOJIA CKBAXKUHBI 275,9-MM mosioToM, paBHBIN 40 M u
OoJtee.

B zapy0e:xkHOI mpaKTHKe TOPU30OHTAJILHOTO OypeHus 5TOT Me-
TO[I, a IJIaBHOe, y3eJ yIIpaBJieHus, coopa nmHGOpMAIUN U KOPPEK-
THPOBKH CTBOJIA CKBasKUHBI, CIIeIMaJbHEIE TPYObl 1 APYroil MHCT-
PYMeHT paspaboTaHbl B HECKOJbKHX BapHaHTaX U 00ECIeurBaioOT
IIPOBOAKY CKBaKUH IO IJIACTY TOJIIITUHON BCETO HECKOJBKO METPOB.
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Cucrema msMepeHUN Ipu OYPEeHUN TMO3BOJIAET OCYIIECTBJIATH IIPO-
IIeCC B aBTOMATUUECKOM PerKuMe.

B mupoBoii mpakTuke 6ypeHre TOPU30HTAJIbHBIX CKBAYKUH OCY-
IIECTBJISIETCA II0 OMHOMY W3 TPEeX BAPHAHTOB: C YIbTPAKOPOTKUM U
KOPOTKHM PagnuyCcoOM, CO CPeIHUM PagUuyCOM, C OOJBIIUM pagmy-
CoM.

IIpu 6ypeHnu Mo BapuaHTY C YJIBTPAKOPOTKUM M KOPOTKHUM pa-
IUYCOM He MCIOJIBE3YIOTCA CTaHJapTHbIe KOMIIOHOBKY IJIA OypeHNs;
CKOPOCTDL HapacTaHua KpuBu3HEI 4—10° Ha 1 M, 061acTh IpuMeHe-
HUSA 00BIYHO OI'PAHMYEHA JOOYPUBAHNEM CYII[ECTBYIOINX CKBAYKIUH;
HauboJiee paroOHAJILHBIA AUaMeTp cTBoJa oT 45 mo 170 mwm; mpu
ATOM [TOBOJIBHO CJIOKHO TOYHO KOHTDPOJIUPOBATHL A3UMYT, TPYIHO
OCYIIIECTBJIAIOTCA U KapOTaKHBIE PAOOTHI.

B kauecTBe mpuMepa OypeHUS WHTEPBAJIOB HaOOpa 3€eHUTHOTO
yIJia ¥ TOPUBOHTAJIBHON YaCTH OYPEHUs MOYKHO IIPUBECTU CJIEAYIO-
e KOMIIOHOBKY HI3a OYPUJILHOMN KOJOHHBI:

mojsoro 295,3 C3I'B, TypbunHbIi oTKJIoOHUTENL TO-240 ¢ yraom
nepexoca 1°15’, KpuBoii epeBOJHUK ¢ yriioM mepexoca 1°30', yer-
poiicTBO oOpueHTHpPOBaHUA “3eHUT’, aJIOMUHUEBbe OYpUILHBIE
TPyOBI fmaMeTrpoM 129 MM u AnuHOHE 25 M U cTaJIbHBIE OyPUJILHBIE
Tpy0s! fuamerpoM 127 mm (sToit KHBK nmpoBoguinu Habop 3eHUTHO-
ro yrua ot 2—5° mo 12—-16°);

mosoro 215,9 C3I'B, kanubpatop auamerpom 215,9 mm, ykopo-
YeHHBIN BUHTOBOM 3a00iHbIi gBuraTeab [[¥-172, oTkiaoHuUTE s P-1
¢ yriiom mepekoca 1°30" — 2°00’, mepeBOJHMK C MATHUTHBLIM pelle-
pPOM, [IBe CBEUM CTAJLHBIX OYPUJILHBIX TPYO AmamerpoMm 127 mwm,
nBe cBeun ¥ BT guamerpom 178 MM u cTaibHbIe OYPUJIbHBIE TPYOBI
(sroit KHBK mposoauan HaGop seHuTHOro yriaa or 12—-16° go 80-95°
Ha nHTepBaJse 12—20 m);

nosioro 215,0 C3ATHY, mydra-kaauoparop MK-215,9, oTkio-
HuTeb mapaupHbiilt OT-172 ¢ yriom mepexoca 2°45', mepeBOgHUK
¢ IMapHUPHBIM coenuuenueM, YBT mmamerpom 146 MM m miauHOMN
8 M, mepeBOAHUK C MAaTHUTHBIM PEIepoOM, TPU CBEeUN AJIIOMHUHUEBBIX
OypuIbLHBIX TPYO aumamerpoMm 129 MM, ogHa cBeua CTAJbHBIX TPYO
muametrpom 127 mm; aBe ceeuu YBT guamerpom 178 MM um cTajb-
Hble OypuiabHbIe TPyOsl quamerpoM 127 mm (atoit KHBK npoBogu-
s GypeHme CcTBOJIA ¢ yIyIoM HakJaoHa 95—100°).

VcmerHaa MpoBOAKa HAKJIOHHO HAIPaBJIEHHBIX W TOPU30HTAJb-
HBIX CKBaKUH BO MHOTOM OIIPEJEJIAETCA OIEPATUBHOCTBHIO IIOJIyUe-
HUS JOCTOBePHOII mH(opMAaIuy 0 GU3HKO-MEeXaHUUECKUX XapaKTe-
PUCTHUKAX MPOXOAMMBIX MOPOX, B YACTHOCTU 00 WX IIPOUHOCTHBIX
cBoiicTBax. IIpu 5TOM MOSBAAETCA BO3MOYKHOCTh IIPABUJIBHO BHIOU-
paTh IOPOAOPA3SPYUIAIONINI MHCTPYMEHT, PACUJIEHATH pa3pes IIo
JauTodanuaIbHLIM XapaKTePUCTUKAM, TPABUIBHO OIPEeaeATE TJY-
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OUHBI CITyCcKa 00CaJHBIX KOJOHH, MHTEPBAJIBI PA0OTHI UCIHITATEIEM
ILJIACTOB U TIP.

3a MHOTOJIETHIOI0 MCTOPUIO Pa3BUTUA Ia30HEMTAHOIN ITPOMBIII-
JIEHHOCTH PeaJIM30BAHbLI PA3JNYHbIE BHUILI OypPEeHUS — BEPTUKAJID-
Hble, HAKJOHHO HAaIlPaBJIeHHBLIE CTBOJBI (B TOM UHCJI€ W TOPU30H-
TajabHble — 1952 r.) M, HaKOHeIl, MINPOKO IIPUMEHsIeMoe T'OPU30H-
TaJIbHOe OypeHue Ha CyIlle 1 MOpe.

JoCTUTHYTHIN K HACTOAIEMY BPeMEHU YPOBEHL PA3BUTHUS OTe-
YeCTBEHHO! TEXHWKU M TEXHOJIOTHU CTPOUTEIHCTBA TOPU3OHTAJE-
HBIX CKBAKUH IIO3BOJIAET YCIIEITHO IPOBOAUTE IIOJHBIA IIUKJ CTPO-
UTEeJILCTBA TAKUX CKBAKUH JaKe B cJIa00CIIeMEeHTUPOBAaHHBIX HeyC-
TOMYUBBIX OTJIOKEHUAX.

B Teuenue Oamxaiiimux 15—20 JgeT BospacTeT 00beM TOPU30H-
TaJIFHOTO OypeHUA Ha TOA3eMHBIX XpaHuiuinax rasa P®. Toabko
Ha Kymiesckom IIXT' KpacHomapckoro Kpas MJIaHHUPYeTCs IPoO0y-
puth okoJio 100 Takux cKBaKuH. 3ampoeKTuposano oypenue I'C ma
HeBckoM rasoxpaHMJININE, CO3JaHHOM B BOJOHOCHOM ILIacTe, a
rakke Ha TamoBckom, MycuHckom, TepuriamHckom, Kapamryp-
ckoM u apyrux poccuiickux IIXT', ma IIpubyrckom (Bemopyccus),
BemxoBurikom (ITosbira) rasoBerx xpanuawuinax (C.H. BysuwHos,
BHUUTAS3, 1996 1.).

9D GHEeKTUBHOCTD WCIIOJIb30BAHUSA I'OPU3OHTAJIBLHBIX CKBAXKUH B
IJIACTaX C OTHOCUTEJIBLHO HEeOOJBIIOH MOIITHOCTHIO OUEeBUIHA BCJE-
cTBUe o0ecIlleueHUs CYIIeCTBEHHO OOJIbINlell ILIONMaAy HIPUTOKA
dutonga. Eciu B BEPTUKAJIBHBIX CKBAKMHAX ILJIONIAAL OTPaHUUEeHA
MOTIITHOCTBIO IIJIACTA, TO B TOPUBOHTAJIBHBIX JIUIh TPAHUIIAMU 3aJIe-
SKM, IOCKOJIBKY COBPEMEHHBIN YPOBEHb PA3BUTUA TeXHUKU OypPeHUA
IIO3BOJISIET MMETh I'OPU3OHTAJILHBIE OTBOALI AJWHOH B HECKOJIBKO
KIJIOMETPOB.

Cumuraercsa IeecooOpasHbIM OypeHUe T'OPU30HTAJLHBIX CKBa-
SKUH B CJIEAYIONUX CHAyYadX:

1) HU3KaA TPOHUIIAEMOCTH KOJIJIEKTOPA;

2) TPEUTMHOBATOCTH KOJLJIEKTOPA;

3) BBICOKAsA BA3KOCTD ILJIACTOBOTO (DJIIOMIA;

4) obBOHEHME CKBaYKUH IOAOIIBEHHON BOMOM (KOHYyCcOoOOpa3oBa-
HUE);

5) HEBO3MOKHOCTh OypPEHUSI BEPTUKAJBHOM CKBAYKMHBI II0 YCJIO-
BUAM MECTHOCTH;

6) BLICOKOE TTECKOTIPOABJIeHNE IPU 9KCILIyaTaAIluU CKBaYKITH;

7) BuITecHeHUe He(dTU BOAOU (IOBHINIeHUE 3(M(GEKTUBHOCTUA 3a-
BOJTHEHUA).

HNmeromuecs pacyeTHBIE JaHHBIE ¥ IPOTHO3HBIE OIEHKU IIO OT-
IeabHBIM MecTopo:kaeHUAM u IIXT cBUAETEIBCTBYIOT O TOM, YTO
00II1ee KOJIMUECTBO TOPUBOHTAIBHBIX CKBAMKUH, KOTOPOE IJIAHUPO-
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Basock 0 2000 r., cocraBur cBeiine 1200, B Tom umcie 6osee 400
CKBaKWH IOJJIE}KUT BOCCTAHOBJIEHUIO U3 cTaporo Goua.

C.H. Bysunos (1996 r.) ormMeTnys HEKOTOPBIE OCOOEHHOCTH, KO-
TOpPble MMEIOT IOIOJHUTEJbHOE CTUMYJUPYIOIee 3HaAUeHUe I
npuMmeHeHuA I'C Ha XpaHUIUIIAX IO CPABHEHUIO C TA30BBIMU MECTO-
POKIEHUSMU.

1. BeicoKue TeMIIbI IPOBEAEHUA OTOOpA M 3aKayKu rasa, Ha IIO-
PAIOK u 6oJiee TPEBOCXOAAIINE OOBIUHBIE TEMITBI MCTOIIIEHUSI MeC-
TOPOKEHUN. ITO IPUBOAUT K HEOOXOAUMOCTH OOJIBIIETO YKCJIA
SKCILIyaTallMOHHBIX CKBAKWH HA eIMHUITY 3aIIacoB rasa, a cJieJloBa-
TeJIbHO, o0ecreumBaeT OOJBIIVIO 9(PDEKTUBHOCTE OT YMEHBIIIEHUA
uX KojuduecTBa npu nepexone K I'C.

2. Pasmernienue IIXT' B HaceJleHHBIX pailoHAX C KECTKHUMU OT'pa-
HUYEHUAMH 10 3€MJIETI0JIb30BaHUIO, ¢ TPeOOBaHMEM MUHUMAJILHOTO
SKOJIOTUUYECKOT'0 BO3IEUCTBUA. ITO BHI3BIBAET HEOOXOJUMOCTS KOH-
IeHTpaIu HadeMHbBIX 00 beKkToB Ha ITXT.

3. MHorokparHas, 6oJiee ginutesbHaa (B OOJBIITMHCTBE CIYUAEB)
U cTabUJILHO BBICOKASA paboTa CKBaYKUH.

4. OrHocuTeIbHO 6O0Jiee IIJIOTHOE PACIIOJIOMKEeHHE CKBasKUH Ha
ILJIOIIIa, TO3BOJIAIOIEe MMETh OObIImii 3GeKT OT “ropus3oH-
TAJIBHOCTH 3a CUET reoMeTPUU (PUILTPAIIMOHHBIX IIOTOKOB.

5. Bo3aMo:xHOCTE COKpaleHusa 6ygepHoro oonbema rasa.

Ba:XHBEIM MOMEHTOM SBUJICSI BBIOOP OOOCHOBAHHOI METOTUKU
BCKDBITHSA KOJUIEKTOPOB I'OPU3OHTAJIBHBIMU CKBAaKMHAMM, TaK KakK
HE00XOAMMO VUUTHIBATh PACUJICHEHHOCTh WM M3MEHUHBOCTH (DUJIBT-
PaIlMOHHBIX ITapaMeTPOB IOA3eMHOTO Pe3epByapa II0 BEPTUKAJIN.
OnTmMasbHOU HTpEeNCTaBIsETCA METONUKA, HaIpaBJIeHHAs Ha pe-
IeHue IBYX OCHOBHBIX 3a/1a4:

BCKPBITHE TOPUBOHTAJIBHBIMY CTBOJIAMU HamboJjee MPOHUIIAEMOIA
YacTHU MOA3eMHOTO pesepByapa C IeJbI0 IOJYyUYeHUA BBICOKOIe0UT-
HBIX CKBAKWH;

MaKCUMaJIbHOE BOBJIEUEHUE B Pa3pabOTKy KOJIJIEKTOPOB C IOHU-
JKeHHBIMU (DUIBTPAIIMOHHLIMY IapaMeTpaMu 3a CUeT WX OCYIIKU U
pasApeHupPOBaHUA B IpOIlecce CO3JaHUA XpaHuauina. VIcKyccTBeH-
HOe TIOBBIIIEeHNE (DMIbTPAIIMOHHBIX TapaMeTPOB AJAHHOTO THUIIA KOJ-
JIEKTOPOB (hUBUKO-XUMUYECKUM BO3JeHICTBUEM HEXKeJIaTeJbHO B
CBSI31 C HEBLICOKOII CTEIIeHbIO NX YCTONUNBOCTH.

Ucxomsa us 3TuX 3a7ad, TPeOYOIINX BbIJeJeHUA B MPOAYKTUB-
HOM TOPUB0HTE KOHKPETHBIX O0HEKTOB BCKDPBLITUA B TOM WJIM WHOM
CKBa)KMHE, MMEIONNX, KaK MIPaBUJIO, HEOOJBIIYIO TOJIIUHY, a
TaKyKe B CBSBM C HAJMUYMEM HA OTAENBHBIX YUYAaCTKaX CTPYKTYDHI
CYIIIECTBEHHBLIX I'DAJIMEHTOB YIJIOB NMaJeHUS IIOPOJ, paspaboTaHbl
TPU OCHOBHBIX IIPO(UJIA B IIpeeax IPOAYKTHUBHOTO ILIacTta (puc.
2.3):
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Z4

Puc. 2.3. OcHoBHBIe THNBI Tpo(uUeil TOPHM3OHTAJIBHBIX CKBakMH KymeBckoro
IIXr

TIOJIOTOHATIPABJICHHELIN 1 — Ha yUYacTKaX CYII[eCTBEHHOI'0 n3MeHe-
HUSA I'PAJUEHTOB YIJIOB HadeHUs IIOPO.;

TOPU30HTAJIBHO-BOJHUCTBIHM 2 — B IPOAYKTUBHON YacTU, MMeEO-
utuii BhICOKUeE (PUIbTpaMOHHBIE CBOMCTBA, HO JIMTOJOTMYECKU He
OJHOPOIHOM II0 pa3pesy;

BOTHYTBIM 3 — BCKPBIBAIOIINI HUKHEH TOUKON TpPaeKTOpUU
BBICOKOIIPOHUIIAEMYI0 YacTh TOPU30HTA M B IIOCJEAYIOIEeM agpe-
HUPYIOIMUI ILJIACThI ¢ HUBKUMU (PUJILTPAIIMOHHBIMU IIapaMeTpa-
M.

Heob6xommmMocTs COOJMIOAEHUSA TPAaeKTOPUU TOPU30HTAIHLHOTO
CTBOJIA B JJOCTATOYHO KECTKUX I'PAHUIIAX HOTPeboBaIa paspaboTKu
CHEIUAJBLHONA IIPOrpaMMBI KOMILIEKCHBIX reo()M3UUYECKUX MCCJIIe-
JoBaHU, obecrieunBaroIeil HeOOXOAUMYIO0 TOUHOCTL II0 OIpe/eJie-
HUIO ITPOCTPAHCTBEHHOI'0 OJIOKEHUA CTBOJIA B IPOAYKTUBHOM IIJIa-
CTe U IPUHATUA CBOEBPEMEHHBIX PEIeHUH 0 eT0 KOPPEeKTUPOBKE.

Paspaboranb! mpubopsl Ha 6a3e Hamboee COBEPIITEHHBIX MaTUM-
KOB a3MMYTOB 1 yIVIA C HEIPEePBIBHBIM KOHTPOJEeM WH(OPMAIVH.
JInTosiornuecKoe pacujeHeHe paspesa 1 IPUBA3KA K HEMY OCyIIle-
CTBJISTIOTCSI B OCHOBHOM paamoakKTuBHbIMuU Metomamu; 'K, HI'K,
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KOTOpPHIE B JAJIbHEHNIIIEM MOIMOJHATCA 3JEKTPUUECKUMU U JPYTUMU
METOJaMU.

IIpobGsiemMa HOBBIMIEHWSA TEXHUKO-9KOHOMUYECKUX ITOKa3aTeJiei
OypeHus rOPU30HTAIBHBIX CKBAXKIH JAJIEKa OT CBOEro JIOTUUECKOro
pellieHns 1 II09TOMY aKTyaJIbHa.

C yueToM aTOr0o 0003HAUEHBI HEKOTOPHIE OCHOBHBIE IIYTU pelle-
HUA TJaHHOM IPOO0JIeMBbI:

1) paspaboTka KOHCTPYKIUN ¥ TPOMUWIA HAKJIOHHO-TOPUBO0H-
TAJTbHBIX CKBAXKUH, UMEIOINX MUHUMAJIbHYIO OOIIYIO AJUHY CTBO-
Jla U ONTUMAJbHYI0 MUHUMAJIBHO IONYCTUMYIO IJIUHY I'OPHU30H-
TAJIBLHOTO YYaCTKAa;

2) paspaboTKa CIeUaJbHOM TEeXHOJIOTUU ITPOBOAKKM TOPH30H-
TaJIHOTO yYacTKa CTBOJIA, IIO3BOJIAIONIEH Ha 0ase BBIOOpa ONITH-
MaJbHBIX COUETAaHUI PEKUMHBIX TapaMeTPOB OyPeHUs U TPOMBIBKH
MaKCHUMAaJIbHO MOBBICUTH CKOPOCTY OYPEHUA C YUETOM HMEIOIIUXCSA
orpamnYeHn Ha 0a30BYI0 CTOMMOCTDh 1 M IPOXOAKMN M OTrpaHUUYCHUS
reoJIOTO-TeXHUYECKOro XxapaKTepa;

3) paspaboTKa cIelnraJbHOM anmapaTypbl KOHTPOJS 38 KOOPAH-
HaTaMM 3a00s U PEKMMHBIMHU IapaMeTpaMu OypsAaleiicad CKBaKu-
HBI, TIO3BOJISIONIEl CBeCTH K MUHUMYMY 3aTPaThl BpeMeH! Ha T'eo-
(pusnUecKre UCCIeLOBaAHNUA.

TexHOJIOrus FTOPU3OHTAIBHOIO OyPEeHUA PA3BUBAETCA HACTOJIBKO
OBICTPO, UTO CKOPO, BOBMOYKHO, TPY/AHO OYIET OIPEeAeJ UTh PA3HUILY
MeKIy OOBIUHBIMU U TOPU30HTAJILHBIMU CKBAKMHAMU.

IKoHOMUYECKUH 3h(PEeKT OT TOPU30HTAILHOTO OypeHUus oberraer
OBLITH 3HAUUTEJIHHBIM. OKOHOMUUECKU Pa3phiB MeKIY BEPTUKAID-
HBIM U TOPMBOHTAJBHBIM OypeHHeM HaudaJy cokpamaTrbed B 1986 r.,
¥ B IOCJEAVIOIME T'OAbl TEXHOJOTMS TOPU3OHTAJIBHOI'O OypeHUs
ObLia Besje NMPU3HAHA KaK IeHHAsd aJbTepHaTUBa OOBLIYHBIM METO-
IaM pasBeIKu U H00biur. MHTeHCUBHOCTh OypeHUus IpubIn:KaeTcs
K 1000 ckBaKuHAM B TOJ.

Job6wIBatoliye u 06CTyKUBaOIe (PUPMBI OIIEPATUBHO Ipopea-
rupoBaau Ha moabeM B Oyperum I'C, KOTOpBIN OBLI (peHOMEHAJhb-
HBIM. Bo MHOTOM HOZO0HO OIBITY OYPEHUSI MOPCKUX CKBAaYKHH MHO-
rue no0bIBaroIe u 00CIyKuBatoIue (GUPMbI HeIaBHO PEOPTraHu30-
BaJIi CBOIO CTPYKTYPY U CO3Taju OTHAEJbHBIE IOAPAas3[eseHUs C
eIMHCTBEHHOM I1eJIbI0 — 00eCIeUNTh UX YUACTHE B PhIHKE IOPU30H-
TAJIBHOTO OypeHumd.

PaboThel MO TOPM3OHTAIHLHOMY OYPEeHWI0O He OTPaHUYUBAIOTCSA
TOJIBKO PaliOHaAMM BBIKJMHUBAHUS IIPOAYKTUBHBLIX ILJIACTOB, 3aJie-
raHus CJAHIIEBBIX IIOPOJ, a TAKIKe IIOPOLaMHU, 3aJIeTaloIUMU B T'0JI-
JarackoMm cextope CeBepHoro mopsi. I'opusoHTaIbHOE OypeHUe
Ipro6pesIo MeKAYHAPOIHBIN XapaKkTep.

Xota B CIITA za mepuox ¢ 1990 mo 2000 r. 6ymer mpoGypeHO
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ctoabKo I'C, uTo oHU cocTaBAT 3/4 001Iero umciaa MpoOypeHHbBIX 3a
atoT ntepuof I'C, OypeHMe TaKMX CKBAXKUH OyIeT HapaluBaThCA U B
IDYTHUX CTpaHaX.

IIpepmomarainocsk, uto o koumna 90-x rr. I'C 6yayT mpoOypeHbI
IIOUTH BO BCeX He(TemoObIBAIOIIINX rOCYAapCcTBaX, BKJIIOUAA TaKue
He IOAXOAAINe [Js TOPU3OHTAJIBHOIO OYpeHWs PeruoHbl, Kak
Cpexnuuii Boctok, rae mianupoBaaochk nmpobyputsk g0 2000 r. oxoJio
55 TaKUX CKBasKUH.

ITocoe 1995 r. caMmbIM OOJBIINM IIOJIEM AeATEJIbHOCTH B 00JIaCTHU
oyperusa I'C B MmexxkayHapogHOM MacIiiTabe OyaeT, HaBepHSIKA, pas-
paboTKka MOPCKUX MECTOPOKIeHuil. B TeueHme y:ke MHOTUX JIEeT
MIPUMEHAIOTCA Pas3JINYHbIe BAPUAHTHI MOPCKOT'O TOPU30HTAJIBHOTO
O0ypeHus ¢ 60JIBIOH AJMHOM rOPU30HTAJIBLHOTO cTBOJIA. [[puMeHeHNE
TexHoJIoTUH Oyperud I'C ¢ yBeIMueHHOH MINHON MOPU3OHTAIBHOTO
CTBOJIA WJIV CO CPETHUM PAANYCOM, COBMECTHO C OOBIUYHOI IIPOTpaM-
MOIi OypeHUs JAaeT BOSMOMKHOCTh MOPCKUM OypOBBIM (ppMaM 3HAa-
YUTEJbHO YBEJIUUYUTD IPOU3BOICTBEHHbBIE MOIITHOCTH.

9T0 0COOEHHO BasKHO B TO BpeMs, KOTZA YMEHBIIaeTCsd eéMKOCTh
CKJIaZI0OB TOTOBBIX TPYO, UTO BHI3OBET YBEJMUEHNE 3aTPAT HA CTPOU-
TeJILCTBO B Oyayiiem. Kpome Toro, B yCJIOBHSAX, KOTrJa Bce Oojee
IITTPOKO pa3BopaunBaeTcsa 60pbrda 3a YUCTOTY OKPYIKAIOIEH CPeIbI,
paciinpeHye MPUMEHEeHNUA TeXHOJOIMMY TOPU30HTAJBHOrO OypeHus
IIpUBeIeT K COKpAIleHNI0 umncia miaaTdopM, HeoOXOAUMbBIX B aKBa-
TOPUAX, KOTOPbIe 0COOEHHO MOABEDIKEHbI 3arPA3HEHUI0 MJIN BOOO-
111e He JOJIXKHBI II0BEPraThCs TAKOBOMY.

TexXHOJIOTUSI TOPU3OHTAJTBHOTO OYpEeHMA HAMHOTO OIIEPe’KaeT
TeXHOJIOTUIO BaKaHYMBAHUSA CKBaXKWH. 3a uckjaoueHueM Kanaznsr,
CeBepHOT0 MOPS ¥ HEKOTOPELIX PernoHOoB EBponbl ypoBeHL 060pyA0-
BaHUA U TEXHOJOTUY 3aKaHUNBAHUS CKBAYKUH CYIIIECTBEHHO OTCTAeT
OT YPOBHSA 6YPOBOro 000pyA0BaHMUs U TexHoJoTuu 0yperus I'C.

B macrosmiee Bpemsa B CIITA paspabGoTaHBI CHCTeMbI 3aKaHUYNBA-
HUS U TeXHOJIOTHA, KOTOPHIe y:Ke ObLIM 0foOpeHBI Ha AJACKe, B
CeBepHOM MOpe 1 HEKOTOPBIX PernoHax EBpoOmbI; OHM BKJIIOUAIOT:

1) u30AIIMIO B0HBI;

2) npuMeHeHNEe UMEIOIUXCA B HAJIUUYUN 000PYIOBAHUSA M METO-
JIOB JIJIA CIYCKa XBOCTOBUKOB U 00€CIIeUeHU A N30JIAINY 30HbI;

3) meMmeHTHpOBaHME (TOPU3OHTAJLHBIE CKBAKUHBI OBLIM 3alle-
MEHTUPOBAaHEI 03 OCJIOKHEHUIA);

4) cTumysnupoBanue (ObLIM BBHIIOJIHEHBI YCIEIIHBIE PAOOTHI IO
MHTEHCUBHOMY MHOTIOILIACTOBOMY I'MAPOPAa3pPbIBY ILIACTA IIOJ BbI-
COKUM [JaBJIeHUEM IIpU OYPEeHUYU FOPU30HTAIbHBIX CKBaKUH);

5) KOHTPOJIb 3a PeryJInpoBaHUeM IIOTOKA (CTAJI0 BOBMOYKHBIM OT-
KPBIBATh U 3aKPHIBATH CKOJIB3AIINE MY(DTHI ¥ U3BJIEKATH 3aTJIyIIKKI
B TOPUB0HTAJILHOM HAIIPABJIEHUN);
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6) rpaBuitHoe yILIOTHeHUe (IIPOBEAEHO I'PaBUIHOE YILJIOTHEHUE
HECKOJIbKMX M'OPU30HTANLHBIX CKBAYKITH).

B mHacroamee BpeMs OYeHb OOJIBIIIOE BHUMAHWE VIEJNAETCS
YJIYUIIIEHNIO TeXHOJIOTUHY 3aKaHYNBAHUS 1 00Jiee IIOJTHOMY BBISIBJIE-
HUI0O XapaKTepUCTUK U CBOMCTB KOJJIEKTOpa, 0ojee pasHoOOpas-
HBIM TEXHOJIOTHAM 3aKaHUMBAHUSA, CHUKEHHIO CTEIeHU HapyIlle-
HUA MIPOHUIIAEMOCTH IIJIaCTa, BHEIPEHHIO 0ojiee COBPEMEHHBIX U
YAYUIIEHHBIX TeXHOJOTUH CTUMYJIUPOBAHUA CKBAXKUHBI U UCIIOJIb-
30BAHUIO HEJOPOTUX CPEACTB KOHTPOJSA YCTOMUYMBOCTH CTBOJIA.

3a mocJieHYe oAbl CTAJI0 BO3MOMKHBIM:

C IIOMOIIBIO 3a00MHOT0 000PYAOBAHUSA M3MEPATH YroJ HaKJOHA
CTBOJIA U a3UMYT BO BpeMs OypeHus;

HCII0JIb30BaTh AUCTAHIIMOHHO YIIpaBJisgeMble 3a00MHbIe JBUTATE-
JI C YBEJIMUEHHBIM CPOKOM CJIYIKObI;

BBINIOJIHATL KAUYECTBEHHYIO OUMCTKY 3a00A U CTaOMIN3aIiuio
CTBOJIA C IIOMOIIIBIO CIIEIINAIbHBIX OYPOBBIX PACTBOPOB;

paccumTaTh 3apaHee U3rubOaOINe YCUJINS U CUJIbI IIPOAOJIBLHOTO
usruba, AeficTByOI(He Ha OYPUIBHYIO TPYOy B TOPHU3OHTAJILHON
CKBa’KUHe;

TPOU3BOAUTEL yaajdenme mnaamMa u3 I'C ¢ mOMOIIBI0 M3MeHEHUI
CKOPOCTHY BOCXOJAIIET0 IIOTOKA OyPOBOTO PACTBODA;

BeITONHATEL B I'C B paboueM mopsaKe KOPOTaxk, KpPeIljieHe CTBO-
Ja, mepdopalnio 1 BLIOOPOUHYIO 00paOb0TKY MHTEPBAJIOB.

OpuH m3 HauboJiee BAKHBIX ACIEKTOB TOPM30HTAJBHOTO Oype-
HHUA — BBIOOP ONTHMAJIBHOI'O BapHaHTa. BypeHMe Topu30HTAJIbHBIX
CKBaKUH 00XOAUTCA NOPOKeE, UeM BePTUKAJIBHBIX, B YACTHOCTHU II0-
TOMY, YTO IPOTAMKEHHOCTb T'OPM3OHTAJLHOTO CTBOJA B 2—3 pasa
0oJIbIlle BepTUKAJIbHOr0. KpoMe TOro, ¢ roOpu3oHTAILHBIM OypeHueM
CBSI3aHBI PACXObl HA TaKoe 00OpyAoBaHMe, KaK CUJIOBbIe T'MAPAaB-
JIMYeCcKre BePTJIIOTH, CIlellnalbHbIe 0ypOBble PACTBOPHI, 3a00HHbBIE
JBUTATEJH, CIIeIUaJbHbIe KOJOHHEI TPYO.

T'opusonTanbHOe OypeHUe GOJbINle UCIIONIb3YETCA IPU JKCILIya-
TaIlMOHHOM, YeM IIPU pasBemouHoM Oypeumuu. IlesecoobpasHee ero
IIPUMEHSATb, KOTJa COOpaHbI B OCHOBHOM BCe JAHHBLIE O CTPOCHHU
paspesa, XapaKTepHUCTUKAaX IIJIaCTa U ILJIACTOBOTO (JIIOUIA.

PasnuuHble 3aMephl WK CKBa)KMHHBIE MCCIeIOBAHUS IIPOBOAAT
TIOCPEACTBOM CHCTEMbI TeJIeMeTPUU JUOO0 CTAaHJAPTHBIM, II0 MHE-
HUIO MHOTHUX CIIEIAJINCTOB, YCTAPEBIITNM 000Py/I0BAHNEM, CIIYCKa-
eMbIM Ha Kabese. [Tocaeguuii Bua o00pyqoBaHUA CIIYCKAIOT B TOPU-
30HTAJILHBIE CTBOJILI IBYMS CIIOCOOAMU: IPOKAYKOM HACOCOM WJIX HA
Tpyb6ax. IlepBrIii criocob He obeclieunBaeT IIPOBEeIEHUA aKyCTUUEC-
KOro KapoTasKa U 3JIEKTPOKapoTaka, TaKk KaK U3MepAIoNui WHCT-
PYMEHT ciycKaeTcs B Tpyb6ax. BTopoii cirocod He mMeeT orpaHmye-
HUH 14 JTI000T0 BUA KapoTasKa.
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IIpu 6ypeHUM TOPU3OHTANBHBIX CKBAYKUH (PpaHIy3CKUMHU (Gup-
mamu B coctaB KHBK BKItouasin oTKJIOHUTENL Telenuaor, mpubop
JUCTAHIIMOHHOTO KOHTPOJS 3a IIOJIOKEHMEM CTBOJIa CKBAYKUHBI
AsuHTak 1 npudop TeaeBMKHI, U3MePAIOIINNA 3a00HbIe ITapaMeT-
PBI ¥ IIepefaroniuii uxX Ha MoBepxXHOCTh. Co3MaHbl MeXaHUUecKasa u
aJIeKTpUUYecKas MoguUKaluu OTKJoOHHTeaAsd Tesenumaor, pasiu-
YaIoIruecss CIIocoOO0M CBA3U C IOBEePXHOCThIO. OTKJIoHUTE b Tee-
muioT T-3000 (puc. 2.4) cocToUT M3 ABYX UacCTel, COeTUMHEHHBIX
MeKIy co00# KOHYCHOM pe3n00ii, IpUUeM OCh COeMMHEeHUS HaKJIO-
HeHa K ocu Impubopa, B Pe3yJabTaTe 4Yero AOCTUTAeTCA WU3TU0 IIpu
BpallleHnM HU:KHel uacTu mnpubopa OTHOCUTENLHO BepxHell (puc.
2.5).

MaKkcuMaIbHBIN yroJl u3rrba moJyYaloT IIPKU IIOBOPOTEe HUMKHEMH
yacTu mpubopa OTHOCHUTEIbHO BepxHeil Ha 180° (ot 2°30° mo 3°), a
mpu moBopore Ha 360° MPOMCXOAUT BOSBPAINEHWE OTKJIOHUTEJS B
HavaJIbHOE HYJIeBOe II0JIOXKeHne. V3MeHeHre yriia n3ruba mpoucxo-
auT 1o nosunuam. Imetorcsa pecars nosutiuit (0—9): maTb — B CTO-
POHY yBeJIWUYeHUs yrja usrmba 0 MaKCUMyMa U IATb — B CTOPOHY
ero ymenbitenus 10 0. [TomHbIH UK IepeMeIeHns KPUBOTo mepe-
BOJHUKA 3aHMMAET MeHee 2 MUH.

IIpeumyinecTBa mepeBOAHUKA C AUCTAHIIMOHHBIM YIpPaBJIeHUEM
3aKJIIOYAIOTCS B CJAEIYIOIIEM:

SKOHOMMUS BpeMeHU — CTaHIapTHbIe MeTOAbl OypeHus: moTpebo-
BaJIX ObI JOTIOJTHUTEJIBHO TPeX IOJHBIX CIYCKOB-IOAHEMOB OYPUIb-
HOT'O MHCTPYMEHTA;

IJIaHUpYyeMas TPaeKTOPU CTBOJIa CKBAKUHBI OCYIIIECTBIIAETCA C
Oourbiieii TouHocThIo pu Toi1 :Ke KHBK.

3acay:KuBaeT BHUMAHUSA HCIIOJb30BaHNE IEePeBOJHNKA C OOKO-
BBIM OKHOM [JI IPONMYCKAHUA Kabess, UTO MO3BOJISIeT IIPOBOIUTH
CIIO ¢ OypuabHBEIMU TPYyOAMM BBIIIIE TIEPEBOAHUKA 6e3 OTCcOoemuHe-
HUA U TIo'beMa Ha Kabeje CKBasKMHHOTO 30H/Ia.

CKBasKMHHBINA 30HI ABMHTAK NIpeJHA3HAUEH [JIA W3MEpPeHU:d
a3uMyTa, yrja HaKJOHa ¥ YAaCTOTHI BpallleHuA 3a00MHBLIX ABUTATE-
geri. OH BKJIIOUAET HAaBUTAIIMOHHBINA WHCTPYMEHT, HA3eMHBIN KOM-
MbIOTEP, OYJILT OYPUIBINUKA, HA KOTOPOM pacledaThbiBaloTCa Mac-
mrtab BpeMeHu, yroJl HaKJIOHA ¥ a3UMYT HallpaBeHus cTBoja. liun-
Ha 30HAA 2,2 M, nuameTtp 44 MM, macca 15 Kr. PacmosiosKeHHBIN Ha
TMOBEePXHOCTH O0JIOK yIpaBiaeHus umeeT pasmepsb! 0,5x0,4x0,03 M u
maccy 42 Kr.

IIpenenbHble ycaoBusA pabOTHl ammapaTypbl: MaKCHUMAaJIbHOE
masiaenne 50 MIla, makcumanbHaa Temuneparypa 150 °C, quanason
usMeHeHuA uckpusienud ot 0 o 90°, MakcuMaIbHAS AJIUHA Kabesisa
7000 M, HaTpsAKeHWe MUTAHUS — B 3aBUCUMOCTH OT THIIA Kabeyd u
ero niauHsl (45 B gna xabena gamaoit 6000 M), TOCTOAHHBINA TOK
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Puc. 2.4. OcuoBusie 3xementsr OUI10-
Hurexsa Texenunor T-3000:

1 — OTKPBITHIA NOPINEHDb; 2 — KaMepa C
HedTBIO; 3, 5 — BepXHUN U HWKHUNA
HepeBOAHUKU; 4 — IIapHUPHOE COexu-
HeHue; 6 — yKasaTejib M3MEPEeHus yrja
HAKJIOHA; 7/ — BHYTpPeHHuU# Baa; 8 —
Hacajgka; 9 — orpanuuynrensb; 10 — BO3-
BpaTHAas MPYKUHA

Puc. 2.5. Cxema u3MeHeHHMS yIjIa Ha-
KJIOHA:

I, III — ocu BepXHEro U HUIKHETO Iiepe-
BOIHUKOB; II — oCh IIIADHUPHOTO CO-
enuuenus; IV — Bparmaioniascsa IpoeK-
U HIDKHErO ePeBOJHUKA; V — mpo-
eKIMsA BPAIIAOIIETOCsA IePEeBOJHUKA

300 mMA. 3oua A3UHTAK yCHEITHO IpuMeHsaeTca ¢ 1967 r. opu ray-
6unax ckBaskmH 10 4000 m. TouHOCTHL 3aMepoOB: yrijia HaKJIOHA —
0,2°, asumyTa — 2° Ipu yrie HaKJoHAa cTBoJa Gosbie 1°. Hapy KHBIH
ImamMeTp dJeKTpoKabensa 8,18 MM, muamasoH Temmepatyp oT 40 mo
150 °C, paspeiBHoe yeuaue 32 KH, macca 1 m Ha Bo3ayxe 0,268 Kr.
IHenTpanbHBIN CepAeYHUK — HEHUJIOHOBBIN, MPOBOAHUK — MEIHBIN
mpoBof ceueHymeM 2,08 MM?, M30IANMA — HOJUIIPONMIEHOBASA,
SKpaHUPOBaHIE — ABYCJIOHHAs raJbBaHN3WPOBAHHAS CTAJbHASA OII-

JIETKa.
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ITepeBoguuk TeneBU:KH — OAWH U3 JJIEMEHTOB TeJieMeT-
pUYecKo¥ CHCTeMbI, K BEPXHEHW YacTH KOTOPOTO IIOACOeTUHSETCS
CKBaKMHHBIA 30HIA. Pacrosio)keHHbIe B II€PEBOAHUKE AAaTUUKU
o0ecIeunBaiOT € IIOMOIILIO JIEKTPOHHOrO OJIOKa Ilepemady Ha IIO-
BEPXHOCTH CEJIEKTUPOBAHHBIX II0 YACTOTE SJIEKTPOCUI'HAJIOB, Xa-
PaKTepPUIYIOINX BEeJIUUYNHBI HATPY3KU HA HOJIOTO, KPYTAIIEro MO-
MeHTAa, JaBJeHUA U TeMIlepaTypbl OypPOBOTO pacTBOpa BHYTPHU KO-
JIOHHBI U B 3aTPyOHOM mpocTpaHcTBe. Ha mmoBepxHOCTh mepenaeTcsa
uH(popMaIusg 06 yAeJTHHOM COITPOTUBICHUY PaCTBOpPa BHYTPU U CHA-
pPy»u Tpy0, MHTEHCUBHOCTY raMMAa-U3JIyIYeHNHA U UCTUHHOM COIIPO-
TUBJIEHUU IIPOXOAUMBIX OTJIOKEHUH.

Hapy:xHbIil tuameTp nepeBoguuka 198 mm, obmiaa giuHa 3,6 M,
macca 650 kr. O6opynoBanue paboTaeT IPU CAeAYIOIIUX YCIOBUAX:
ycuaue c:xaTus uanm pactaskerus ot 0 no +392 kH, paspymratoriee
ycuaue mpu oceBoil Harpyske +1470 kH, kpyramiem momenTe ot 0
1o 9,8 kH-m, paspyimaiiee ycuiane npu ckpyunBaauu 29,4 kH-m,
uamepsiemoe pasiaermue 40 MIla (Baemaee) u 50 MIla (BHyTpeHHee),
usMepsaeMmas remieparypa go 120 °C.

®upma “Tenexko Oitndung CeBucus” B TeueHme pAna JeT HC-
noas3dyet cuctemy MWD nisa npoBefieHUsI U3MepeHU TapamMeTpOB
pesxuMa OypeHUsa TOPUBOHTANBHBIX CKBaskmH. Haumnasa ¢ 1983 r.
cucreMa ObLiIa MCIOJIb30BaHa 0ojee ueM B 50 CKBasKMHaAX C YIJIOM
HAKJIOHA, IIPeBLIIaIuM 80° 0T BepTUKAaJIN.

Cucrema MWD Bratouaer annapatypy RGD (puc. 2.6), obecie-
YHUBAION[YI0 KOMIIJIEKCHBIE U3MEPEHUA 3JIEKTPUUECKOTO COIPOTUB-
JIeHUS TTOPOJ, TaMMa-uU3JyUeHU U ITapaMeTpoOB TPAeKTOPUU CKBa-
JKUHBI B IIporiecce O0ypeuud. Anmaparypa RGD cocrouT mua memar-
aHutHOi YBT 1 gaumoit 12 M, B KOTOPOIi YyCTAaHOBJIEHBI: IIepeIaTUNK
UMOYJIbCOB 2, TeHepaTop 3, TypouHa 4, 6JJ0K ¢ MUKPOIIPOIeCCOPHOM
¥ 3JIEKTPOHHON alIapaTypoi 5 U MHKJIMHOMETPUYECKUH JaTYuK 6.
B mu:kHeit vactu YBT, m30gmMpoBaHHON C IOMOIIBI0O HEMAarHuTHOT'O
TepexomHuKa 7 U usoadanuu 8, uMeercsa OJOK 9 ¢ 3JIEKTPOHHBIM
o0opymoBaHMEM JJIA IPOBEeIeHUI raMMa-KapoTaka M Pe3suCTUBUME-
TPUUYECKUX HCCJIeNOBAHUI, JATUUK ramMmma-usiayuenus 10, nBa pe-
3UCTUBUMETPUUECKUX daeKkTpoaa 11 pauHoi 406 Mm.

s samMepa mapaMeTpPOB TPaeKTOPHUU CKBaKUHBI C IIOMOIIIBIO
anmapatypbl RGD Ttpebyercsa Hemuorum 6osee 1 mus. IIpu 6ypernun
TOPU3OHTANBHBIX CKBAXKUH SKOHOMUTCA 3HAUUTEJTbHOE BpeMs Ha
IIpoBeJileHUe 3aMepoB ¢ IoMoInbio cucteMbl MWD no cpaBHEHUIO C
HCIIOJIb30BaHMEM Ka0eJIbHOrO 30H1a, JOCTABJISIEMOro Ha 3a00i IIOTO-
KoM GypPOBOro pacTBOpA, IIPU UCIO0JIb30BAHUY KOTOPOTO OOLIUHO BO3-
HUKAIOT MPo06JieMbl, CBA3aHHbIE C BXOOM KabeJbHOr0 30HAa B TOPHU-
30HTAJPHYI0 YaCTh CKBAKMHBLI. OTHU HPOOJIeMbI He HaOJ 0daloTCs
npu ucnoab3oBauum cuctreMbl MWD. IlpeumyiiecTBa 3TUX CHUCTEM
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MOTryT OBITH MAKCHUMAaJILHO peasin3doBaHbl IIPpU 6ypeHI/II/I TOPpHU30H-
TaJbHBIX CKBaXUH.

Dupwmoii “Hor Xomxbepr [pasiiaxosc” pasdpaboTaHa cucrema IIO-
cJIe0BATeNbHBIX YPaBHEHUI, pellleHre KOTOPBhIX IT03BOJISET OIIpe-
AEeJINTh CUJIbI, BOSHUKAIOII[KEe IIPM M3MEHEHMN MOMEHTa Ha JO0JIOTe
13-3a HEOJHOPOJHOT'O COIPOTUBJIEHUSI Pa30dyprBaeMbIX TOPHBIX TIO-
POJl B KOMIIOHOBKE JOJIOTO — PACHINPUTENb — IIaPHUPHBIN IIepeBO/I-
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Puc. 2.6. IIpunnunuaasHas

cxema ammaparypst RGD
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Kak Bugmo m3 puc. 2.7, OTJIHUUYUTEIHHON 0COGEHHOCTHIO HOBOT'O
CTabMIN3aTOPA-PACIIUPUTENSA SABIAETCA HAJIUUVE CTAOMIN3UDPYIO-
el ceknum 1 fmaMeTpoM, PaBHBEIM AUaMETPy AoJioTa 4, mepen pe-
KYIIMMY dJIEMEHTAMH 3 PACIIMPUTENHd, KOTOPbIe apMUPOBAHBI
Kapougom Bosbhpama. [yia mpoxoskaeHusa OypoBOro pacTBoOpa
MEXKAY COCTaBHBIMM CEKIIMSIMHU PerKyIleill yacTu crabuamsaTopa-
pacUIMpUTEJsT HUMEIOTCA CKBO3HBIE ITPOMBIBOUHBIE OTBEPCTUS-
KaHaJIBI 2.

Crabunrusupyionias CeKIiud MpefHasHauaeTcd AJA KOMIIeHcAa-
I[MY MOMEHTAa, BOSHUKAIOIIIEr0 Ha [OJIOTE IIPU HEOLHOPOILHOM COIIPO-
TUBJEHUU Pa30ypuBaeMbIX TOPHBLIX HOpoa. IIpmHmMMasa 3a00HHYIO
KOMITOHOBKY 3a OKCIIEHTPUYHO HATPY:KEHHYI0 KOJOHHY, MOYKHO
TEOPETUUECKH OIIPENEJUTD CUJIBI, NeHCTBYIOIMEe Ha KOMIIOHOBKY, U
TeHJeHIIUN W3MEeHEeHUs yria (Me)XJy KOMIIOHOBKOM M CTBOJIOM
CKBayKMHBI), 00YCJIOBIMBAIOIIET0 KOHKPETHBIN TeMII Habopa KpHu-
BusHbl. OCHOBHBIE IIPEUMYINECTBA YKA3aHHON KOMIIOHOBKM — BO3-
MOKHOCTb HapallluBaHUA yTrJia HAKJIOHA U TOUHOCTh IIPU IO IepIKa-
HUU 3aJaHHOTO HAIIpaBJIeHU.

ITOT HAALOJOTHBIM CTAOMIM3ATOP-PACIINPUTENh (Hampumep,
auaMerpoMm 122 MM) mpuMeHsETCA B HEPTAHON IPOMBIIIJIEHHOCTH
3a py0esKoM [ TPOBOAKU HAKJOHHO HATIPABJIEHHBIX CKBAKUH C
FOPHUBOHTAJIBHBIM CTBOJIOM B 30HE IIPOAYKTUBHOTO ILJIACTA.

B zapy0e:xkHOI ITpaKTHKe IPU TOPU30OHTAJIBHOM OYPEHUUN OCHOB-
HOe BHUMAaHUe yAeJseTcd caeIyouM hakTopam.

1. Kpymawuii momerm. BBICOKUI KPYTAIINA MOMEHT, BO3HU-
KaroIIlMil BCJIECTBUE BPAIeHNA OyPUIbHON KOJIOHHBI B CUJIBHO HC-
KPUBJIEHHO!N CKBaskuHe (MM 00CamHONM KOJIOHHE), UMeeT BaKHew-
mee 3Havenne. [IpaKTHYECKH ero CHMIKAIOT 3a CUeT ONTHMU3AIIUN
KOHCTPYKIIMY CKBA'KMHBI, MCIIOJIb30BAHUSA PACTBOpPA Ha YIJIEBOIO-
POAHOIL ocHOBe ¢ foO0aBKaMu U 6e3 HUX, YMEHBIIIeHUs Beca Oy pPUIIb-
HOIf KOJIOHHBI (MCIIOJIb30BaHUE AJTIOMUHUEBBLIX OYPUJIBHBIX TPYO U
obseruernnoit KHBK), mocToaHcTBa CKOpPOCTH Ha00pa KPUBUBHEI.

2. Topmoxcernue. ETo MOKHO CBeCTH K MUHUMYMY BBINIOJHEHVEM
YCJIOBUIL IO CHMKEHUIO 3HAUEHNHN KPYTAIIEero MOMEHTA.

3. Ouucmka cmeona ckeaxcunvt. OHa TpeBpaliaeTcad B YHU-
KaJIbHYIO IPO0JIeMy [IJIs CKBaKUH C OOJIBIIMM yIJIOM HaKJoHa. By-
POBOIi PACTBOD AOJIKEH 00JIaaTh MaKCUMAaJIbLHO BO3MOYKHOI HecCy-
e cImoco6HOCTHIO, TaK KaK IIPO0JIeMOM, CBA3aHHOM C OUYMCTKOMN
CTBOJIA, SBJAETCSA TPYAHOCTHb IOAJEP:KaHUA PABHOMEDPHOTO pac-
mpeeaeHnsA 1 KOHIIEHTPAIMK TBeP/Ioi (pasbl B OypoBOM pacTBope. B
3apy0esKHOI IpaKTUKe OUMCTKA PacTBOPa OOBIYHO JOCTUTAETCSA HC-
MOJIb30BaHUEM IIeHTPUMYT C BEICOKO IIPOITYCKHOM CIIOCOOHOCTHIO, a
TaKyKe BBICOKO0A((PEeKTUBHBIX MHOTOPAIHBIX BUOPOCUT, pasbaBiie-
HUEM pacTBOpa (ZOPOTOCTOAIIMI METOX, YacTO SKOJOTMYECKU He-
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IPpUEMJIEMBIH, K KOTOPOMY NPUOEraloT B MCKJIIOUUTEJIbHBIX CJY-
yamax).

4. Yemotiuueocmv cmeona ckéaxcunsvt. KoHTpOSIMpPYyeTCSa CBOM-
cTBaMu OYPOBOT'O PACTBOPA. ¥ CTAHOBJIEHO, UTO PEryJupyeMbie IpPO-
MBIBKHU Ha OIPeJeIeHHBbIX MHTepPBaaX, IUKTyeMble BpeMeHeM WK
COCTOSTHHEM IIPOOYPEHHOT'0 MHTEepBaja, OUUIIAIOT CTBOJ U COXpa-
HAIOT eT0 HOMUHAJIBHBIN quaMeTrp. [Jia IpegoTBpaleHus KaBepHo-
00pa3oBaHUA CTBOJIA KPOMe BBIOOpPAa OypPOBOTO PACTBOpPA BBIJEPIKU-
BAIOT IJIABHBIN HAO0OP KPUBUSHEL.

5. Menoboobpasosarue. 11 yMeHbBIIEHUS BO3MOMKHOCTH BO3-
HUKHOBEHUS TAKOI'0 POJIa OCJIOKHEHUN PeKOMEeHAyeTCsd KaK MOYKHO
CKopee 00casKMBaTh MHTEPBAJI Habopa KPUBUSHBI, UTO JAOJIKHO OBITh
YUTEHO ellle Ha CTaguy PaspaboTKU KOHCTPYKIINY CKBaKUHBI.

6. Koncmpyrxuyusa ckeaxunsl. PekoMeHganuu 00bIYHO CBOAATCS
K TOMY, YTOOBI IIPU PaspaboTKe KOHCTPYKIINU YUNTHIBATH BO3HUKA-
[OIT1e KPYTAIINI MOMEHT U TOPMOKEeHUe, a TaKKe (TPaJuIlMOHHO)
reoJioro-(usnueckue ycaoBus. MuTepBanabl Habopa KPUBU3HBI pe-
KOMEHAYIOT 00caKuBaTh KaKk MOYKHO CKOpee.

7. CneyuaavHble ycmpoiicmaea u o6opydosarue 0as HAKJIOHHO
HANPABAEHHbLX U 20PUSOHMANLHBLX CKBANCUH. Y CIOBUS PBIHKA 3a-
CTaBJIAIOT 3apy0esKHbIe (DMPMEI IIOCTABJIATH CAMble PA3JIUYHLIE YC-
TpoOMCTBa 1 000PyIOBaHNE, KOTOPhIe B OOJIbIIIEll NI MEHbBIIIEH cTe-
MeHU TOBBIITAT 3G (PEeKTUBHOCTD FTOPU30HTAILHOTO OypeHns. 3aKo-
HOJATeJAMHU B BOIIPOCAX TOPU3OHTAJIBHOI'O OypPeHUs HBIHE SBJISAIOT-
ca CIIA u 'epmanus.

K ycoBepiieHCTBOBAaHHBIM yCTPOMCTBAM U 060PYZOBAHUIO OTHO-
CHUTCS CUCTEMAa BEPXHETO IIPUBO/Ia, IPU UCIIOJIb30BAaHUY KOTOPOT'O HE
TPeOYIOTCA TPaAUIMOHHBIE 3aKMMBI IO padbouyio TpyOy, Tak Kak
ee BpAIalOT HEIOCPEICTBEHHO 3JeKTPOIPUBOAOM, IIOJBEIIeHHBIM
Ha Taxax (pupma “BAPKO”).

Ucnoabayorcs Tpyobl, cobupaembie B 30-MeTpOBbIe CBEUH, UTO
COKpalllaeT BPpeMs Ha OIllepaluio UX CBUHUMBAHWUA ¥ Pa3sBUHUYMBA-
HUA.

A obmeryeHusa KOJIOHHBI OyPHJIBHBIX TPYO CTAaJbHBIE TPYOBI
3aMEeHSIOT AJIOMUHNEBLIMU (ATIOMUHUEBAsA TPyOa HAPYKHBIM Aua-
meTpoMm 130,8 MM B 6ypoBoM pacTBope IIOTHOCTLIO 1,2 r/cM® BecuT
B 2 pasa MeHbIle, ueM 127-MM cTajabHasg TPyOa).

Bousbitioe BHUMaHNE B 3apy0eKHON HTPAKTUKE TOPU3OHTAJIBHOTO
OypeHUA yIeaseTcsa KOHTPOJIIO U YIPABIEHUIO TPAeKTOPUEH CTBOJIA
CKBAsKWHBI, 4 TAKyKe [IPOBEJEHNI0 N3MEPEHNH U 3aIlliCU BCEX TeX-
HOJIOTMUECKUX IIapaMeTpPOB OypeHus.

PasBuTre HaKJOHHO HANIPABJIEHHOT'O M FOPM30HTAJIBHOIO Oype-
HUA MOTPe6oBaI0 pa3paboTKMU U IpUMEHEeHUs HaJe:KHON ‘“HaBura-
IIMOHHON CHUCTEeMBI’, T.e. CHCTE€MbI KOHTPOJA 3a HUCKPUBJICHUEM
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CKBAKMHELI 1 YIIPaBJIeHUs TpaeKTopueil cTBoJia (goJsioTa) mpu Oype-
Huu. Taxkas cucTeMa, BKJIIOUAOIAA TPYINY ABUTATENA BUHTOBOTO
tuna (kak BapuaHT) u cuctemy MWD (u3mepeHusa B mporecce 0y-
peHus), ObLIa co3MaHa CHeIUAJNCTaAMU HECKOJNbKUX (hupm, obbe-
IVHSABIIUX CBOY YCUJINA B TeUEHUE Psjga JeT, IpuueM Ha peaimnsa-
IO IPOEKTa OBLJIO UCTPAYEHO IPUMEPHO 1 MJIPA. TOJI.

B macrosinee BpeMsA “HaBUTAIlMOHHBIE CHCTEMBLI” IIpeTepIIeIn
HEeKOTOpbIe U3MEHEeHUS U CYIEeCTBYIOT Ha PHIHKE B BUIE HECKOJb-
KUX MOAM(DUKAIIII.

B 1esieBoM oTHOLIIEHNM B 3apy0€:KHON MPAKTHUKE MpPeayCcMaTpPU-
BAlOTCA KOHTPOJIb 34 TPAEKTOPHel M olpejesieHne OKOHUYATEIbHOTO
MeCTOHaxXxO0:KJIeHus 3a60s (mosora). OTHMM M3 METOLOB OCYIIECTB-
JIeHUS KOHTPOJIA 3a TPaeKTopueil sBjIsgeTca MarHUTHBIN cIIocob of-
HOKPATHOTO U3MEPEHNUA C JaTUNKOM IBMKeHUsA. MeTo JOCTATOUHO
HaJe:XHBIN 1 Hegoporoii. Takike MCIONIb3yeTCA MATHUTHAA CUCTEMA
u3MepeHus (B HacTosAllee BpeMA cyIecTByeT 6osee 10 moguduka-
1 cucteM) B mpoiiecce OypeHusi. IIpuMeHeHMe 9TOM CHUCTEMBI B
3HAUUTEJbHOH CTEIeHU IIPEBOCXOJUT CIIOCOO OTHOKPATHOT'O M3Me-
peHnsa KaK OCHOBHOM MeTOJ KOHTPOJIS 3a cTBoJioM. CrcTeMa I03BO-
JseT OyPUJIBIITNKY HAKJIOHHO HAIpPaBJIEHHOM MJIN TOPU30HTAJILHOI
CKBa’KMHBI ITOCTOSHHO KOHTPOJIMPOBATh HATIPaBJIEHNE CTBOJIA B IIPO-
mecce 0ypeHus. Ilo yaelbHOMY COMPOTHUBICHUIO BOBMOXKHA OIlEHKA
ILJIACTOB B Mpoliecce OYPEeHUsi, YTO IIO3BOJIAET OYPUIBIIUKY TOUHO
OIpeNeNATh, He YXOAUT JIM TOPU30HTAIBHBIH CTBOJI U3 HedTeraso-
BOTO ILIACTA.

PaspaboTanbl HaTpaBIAIONIe MATHUTHBIE yCTPolicTBa (B HacTo-
s1ee BpeMsa efUHCTBeHHBIN MHCTPYMEHT, Pab0TaIoNIuiil B peaJbHOM
mactiTabe BpeMmenn). OHM Upe3BLIYANHO IIOJIE3HBI IPU HapaluBa-
HUM KDPUBU3HBLI CO CPEIHUM PAANUYyCOM, IMOCKOJBbKY IIO3BOJISIOT
OYPUJIBIIUKY AOBOJBHO TOYHO KOHTPOJIUPOBATH IIOJIOMKEHUE TOpIa
MHCTPYMEHTA B CKBAKMHE. XOTs 3TH CUCTEMBI YCTYIIalOT CBOU IIO-
UMY CCTEeMaM U3MePEeHuA B IIpollecce OypeHusa, TaKk KaK UM Tpe-
OyeTca mepepmaroiiuii Kabesib, TeM He MeHee OHU OCTAIOTCS Upes-
BBIYANHO ITOJI€3HBIMU. IIpy CpaBHUTENBHO MAJIBIX YIrJaX HAaKJIO-
Ha (MeHee 1°) wmcmoabayercst yerpoiictBo APA (ycuaurenb MaJio-
ro yrja HaKJIOHa), KOTOPOe IO3BOJISAET IPOU3BOAUTH OPUEHTUPO-
BaHUe.

B mMecTax pesKux meperuboB CTBOJIA, B KOTOPBIX MATHUTHOE BJIU-
sAHWe SABJSETCS HpoOJsieMoil, a OTKJOHEHUWE CTBOJIA OT BEPTHUKAIU
CJIMIIIKOM MAJIO JIJIsi OPMEHTUPOBAHMS 110 BEPXHEil CTOPOHE, MCIOJIb-
3YIOTCA THPOCKOIMYECKHe MPUOOPHI IS OZHOKPATHOI'O H3Mepe-
HUs. ITOT METOJ ellle He McUepliaj CBOMX BO3MOKHOCTel. [Ias He-
TIPEePLIBHOTO CUUTHLIBAHUA JAHHBIX TOPIA WHCTPYMEHTA WCIIOJIb3Y-
JOTCA TUPOCKOTINUECKYe TPUOOPHI Ha3eMHOT'0 CUNTHLIBAHUA.
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Hns onpenenenus (YTOUHEHUs) OKOHUYATEIHLHOTO MECTOHAXOMK-
IeHUus 32604 (ZoJioTa) MPUMEHAIOTCS MAarHUTHBIE YCTPOMCTBA AJIA
MHOTOKpaTHOro usMepeHus. OHU TIpeACcTaBIAIOT cO00 yCTpoiicTBa
THIIA 00BIYHOIO KOMIIACA, B HUX MCIIOJIb3YIOTCS Te K€ YCTPOMCTBA,
YTO W OJIs IPUOOPOB OTJHOKPATHOM CheMKH. OTU yCTPOIiCTBa IIPO-
CTBHI, HAJEKHBI U 00JIafal0T BBICOKON TOYHOCTHIO. M3BecTHO He-
CKOJIBKO Pa3HOBUAHOCTEM cucTeMbl. {15 ee MCIOIbL30BaHUA TPeOy-
oTca HeMarHuTHbIe YBT, B CUJIbHO MCKPUBJIEHHBIX CKBAaKMHAX —
Io 50 M. YcTpoiicTBa MOTYT MCHOJB30BATHCSA B HEOOCAYKEHHOM WH-
TepBaJie CTBOJIA.

B ropusonTasmbHOM OypeHHHU TaK:Ke MPUMEHSIOTCS T'MPOCKOIIBI
HECKOJIbKUX KOHCTPyKIuii. Haubosee CIOKHBIMU ABISAIOTCA IIPO-
TIOPIUOHAJBHEIE TMPOCKONBI, KOTODHIE IIPEACTABIAIOT CHUCTEMBI,
OPHMEHTHPOBaHHLIE Ha ceBep. IIo MacmoOpTHLIM HAHHBIM OHU UMEIOT
BBICOKYIO TOYHOCTBH. 'MPOCKOIBI CIYCKAIOTCS Ha Kabejie, CUNTHIBA-
HUe JaHHBIX IIPOU3BOAUTCA Ha mmoBepxHocTr. OHU He TPeOyT IpHu-
meneHus HemarHuTHbIX YBT. IlpakTuka sadukcupoBasia ciydau
HEeyIauYHOI'0 UX IPUMEHEHUA B BBICOKOTeMIIePATYPHBIX CKBAKHAX.
T'upocKombl CUUTAIOT BecbMa 3(PPEKTUBHLIMU AJA IMOATBEPKICHUA
JTaHHBIX MATHUTOMETPUMN.

B kauecTBe DOJIOKUTEIBHOTO IIPUMEpPA IPUBENEM CHUCTEMY
usMepeHuin B 1poriecce Oypenma [Hedraapun Gupmbr “Cvur
WHTEpHeINHJ’. JTa cucTeMa B IIpoliecce OypeHHA oO0BLeguHSAET
B cebe COBpPEMEHHYIO 3a00HYI0 9JeKTPOHUKY, pPaspaboTaHHYIO
C y4YeTOM MHOTOJIETHEI'0 OIIbITa M KpPOMe [IaHHBIX WN3MepeHUuH
HaIIpaBJIEHUA U a3UMyTa JAeT IOJHYI0 MHGOPMAIINI0 TeXHOJOTHYe-
CKUX IIapaMeTPOB HAKJIOHHO HAIPABJIEHHOTO ¥ T'OPU3OHTAJIBHOTO
oypenusa. Cucrema ma3MepeHUil B Ipolecce OypeHus paboraeT 0e3
Kabessd. YpaBadmoIlye CUTHAJEBI ¢ 3200 Ha IIOBEPXHOCTh Iepena-
IOTCA C UCIIOJIb30BAHUEM MMIIYJILCHOM TejieMeTpuu B OYpoOBOM pac-
TBOpE. OTO MCKJIIOUAET OCTAHOBKHU JIA IPOBEJEHUS M3MEPEeHUIl C
TIOMOIITHI0 MHCTPYMEHTOB, CIIyCKaeMbIX Ha Kabese. Ha moBepxHOCTI
ITaHHbIE TeKOAUPYIOTCSA, 00pabaThIBAIOTCS W MPeodpasyioTcs B IIO-
Je3nyio mH(@opMmamuoo. Cucrema cobupaer AaHHLIe Ha 3a00e Kak-
aeie 10 M u mepemaeT MX HA HA3eMHBLIN KOMIOBIOTED MIJA CPaBHU-
TeJBbHOTO aHAJIN3a PeaJbHON TPaeKTOPHUU CTBOJIA C pPacueTHoil. Bo-
Jiee 4acThle 3aMephbl 03HAUAIOT 00Jiee TOUHOE U MeHee JOPOTOCTOA-
mee 6ypeHue. CucremMa mo3BOJIAET UBMEHATH PEIIEHUA B IIPOIlECCE
OypeHUA.

dupma peKOMeHAyeT CUCTeMYy M3MepPeHUuil B mpoliecce OypeHus
HefiTagpmi KaK COBMECTUMYIO ¢ JIF000# mporpamMmoit 0ypenwus. [Ipu
CpaBHEHHUU C JIO00U APYroil CHUCTEMOM OTMeYaloTCA CJIeAYIoIue
IpenMyIIecTBa:

IEeJINKOM M3BJIeKaeMasd U CMeHHasa 3a00iiHadA JIeKTpoHUKA (Ipu

132



HeoOXOJUMOCTH 3JIEKTPOHUKY MOKHO M3BJIeYb 0e3 IIoAbeMa MHCT-
PYMeHTa 1IN 3aMEeHUTDH €€ TUPOCKOIINUECKUM IPuO0OpPOM);

ob1tas amHa 3a00itHOTO ITprbopa (0KO0JI0 5 M) ITO3BOJIAET COBMeE-
IIaTh €ro ¢ OOJIBIIIMHCTBOM 3a00MHBIX KOMIIOHOBOK [IJIS T'OPH30H-
TAJIbLHOTO OypeHusd;

MUHUMAJLHBIN epenaj JaBjIeHusa Ha Ipubope B mpoilecce Oype-
HUA (3TO 0O3HAUAET OTCYTCTBUE OTPAHUYEHUN B BHIOOPE HACALOK IO-
JIoT);

CKOPOCTH IIepefavy IporpaMMupyeTcs Ha OypOoBOIi;

COXPaHSeTCS CUHXPOHU3AIUA MMIIYJIbLCOB IIPY OCTAHOBKAX 3a-
OOMHOTO ABUTATEJI;

MOKeT IPUMEHSATHCA B POTOPHOM, THAPOMOHUTOPHOM U TYPOUH-
HOM Oypenum (3a00iHAaA 9JIEKTPOHNKA MOKET OBITh 3aIIPOTPAMMMU-
poBaHa Ha TpeOyeMbIi pe;KuM OypeHusa Ha OypoBOi IIepes COYCKOM
B CKBAXKUHY);

HMCIIOJIb3YIOTCA CTaHAapPTHLIe HeMaruuTubsie ¥ BT;

npu paboTe B pesKuMe YIIpaBJIeHUs ObICTPoe M3MeHeHHe CKOPO-
CTH TOPIIA MHCTPYMEHTA YUNUTHIBAET HEMeAJeHHYIO PeaKkIluio Ha pe-
AKTUBHBIN KPYTAIIUHA MOMEHT (UeThIpe IMporpaMMUpyeMblie CKOPO-
CTU TOPIla MHCTPYMEHTA);

MOJKET MPUMEHSATHCA C Pa3IUYHBIMU TUIAMH OYPOBBIX HACOCOB
(IyIJIEKCHBIX NI TPUILIEKCHBIX).

Nudopmarus, mojgyueHHas B pesyjbTaTe CheMKH, IIepeaaeTcs
Ha TOBEPXHOCTHb IIOCPEICTBOM 3aKOAMPOBAHHBIX MMOJOMKUTEIBHBIX
UMITIYJIbCOB AaBjeHUus. OHM reHepupyloTCcsa B CTOJI0e OYpPOBOro pac-
TBOpa B OYPUILHOIN KOJOHHE MMITYJLCHBIM T€HEPaTOPOM, YCTAHOB-
JIEHHBIM B CTOSIKE, a 3aTeM KOMIILIOTEPOM. 3aTeM NaHHBIE M3Mepe-
HUII IepefalTca HA MHANKATOP Oypuiablnuka. OJHOBPEeMEeHHO OHU
aHaAJM3UPYIOTCSI OTHOCUTEIHHO PACUETHOTO HAMIPABJIEHUS CKBAKU-
HBI B IIPOCTPAHCTRE.

Cuctema uaMepeHuii B mpoiiecce OypeHusa ledTagpui COCTOUT
U3 TPeX OCHOBHBIX OJIOKOB: 3a00IHOr0 MMIIYJILCHOTO T'eHepaTropa,
3a00MHOTO TTPUOOPHOTO 30HIA, Ha3eMHOT0 060pyAOBaHUA (HATUUK
IaBJIE€HUS, KOMIIBIOTED, IUCTAHIIMOHHBIN MHINKATODP OYPUJILIIUKA
¥ CHCTeMa HAKJOHHO HAIIPABJEHHOI'O0 WX TOPU30OHTAJIBHOTO Oype-
HUSA U U3MePeHuii, yrpapisieMas KOMIIIOTEPOM).

3a60fHBIN NHCTPYMEHTAJIbHBIN 30H pasMeIaeTcs B CIIeInab-
HOM 3aIlIUTHOM KOJKYyXe HapyKHBIM auamMeTpoM 47,6 MM cO CIIemu-
aJLHBIM ITOJKOBOOOPA3HBIM MEPEBOTHUKOM B HUKHEH YacTu. 30H]T,
ycranosiaenusiii B KHBK, caguTcs B mepeBogHMKE HEIIOCPEICTBEH-
HO Hax YBT ¢ My IbCHBIM reHepaToOpoM.

BJoK ZaTYMKOB COCTOUT M3 METAJJINUYECKOr0 TPEeXOCHOrO aKce-
JlepoMeTpa U TPEXOCHOTO MarHuToMeTpa. laTumK MMeeT IIOTpPer-
HocTb +0,25° 1Mo yrury HakJioHa u +1,5° o asumyTy.
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Mugkpompoliieccop, UMeIoIuiica B 3a00HON 3JIEKTPOHUKE, IPO-
BOJUT BCE BHIUMCJIEHUA, KOTOPHIE 3aTeM C OOJIBIIION CKOPOCTHIO IIe-
penamoTcs Ha IOBEPXHOCTH. PaspabarhiBaroTca KOHCTPYKIIUM, KO-
TOPBIE IIO3BOJIAT MepeJaBaTh HeoOpaboTaHHYI0 MH(MOPMAIIUIO C II0-
caenyolreii ee 06paboTKOII B Ja00paTOpUU.

ITuranme Ha 3a00MHYIO SJIEKTPOHUKY IOfAaeTcsA OT OaTapei, Ko-
TOPBIE B PEKUME HcCaeqoBaHuA padoTaior 6osee 200 u.

HaTuvk naBieHMA mpeoOpasyeT MMITYJIbChI OYPOBOTO pacTBOpa
B DJIEKTPUYECKUE CUTHAJBI, KOTOPHIE IePeJaloTCA Ha KOMIIBIOTED.
Ilocimenuuii 1eKOOUPYET STU CUTHAJBLI, W PE3yJIbTAT IIPOSBIISIETCS
Ha 9KpaHe KOMIIbIOTEPA U JUCTAIIMOHHOM Auciiee. Kommnbiorep AB-
JseTcs TaKiKe IIPOrpaMMUPYIOIIeH cpeloii AJisd 3a00MHOM 3JIeKTPO-
HUKU Mepe] ee CIIYyCKOM B CKBaKUHY.

IIpunTep pacmeyaTbIBaET BCE JaHHBIE NCCIEJOBAHUIA.

JuCTaHITMOHHBIN AMCILIeH OYPUIbITNKA, CMOHTUPOBAHHBIN B 6e-
30IIaCHOM I'epMeTHUUYHOM KOpIIyce, YCTaHOBJIEH Ha Moy 6ypoBoii. OH
HeIIPepPLIBHO ITOKAa3bIBAET a3UMYT U YI'oJI HAKJIOHA B IU(POBOM (Pop-
MaTe ¥ TOpel] MHCTPYMEeHTa Ha KPYTroBO# AuarpamMmme.

ITocse Toro Kak JaHHbIE UBMEPEHU IIepelaHbl Ha IOBEPXHOCTD 1
IeKOOUPOBAaHBI, CUCTEMA HAIPABJIEHHOTO OYpeHUs W U3MEPEeHUI,
yupasjigeMasa KOMIIBIOTEPOM, IPOBOJUT CPAaBHUTEJIbHBIN aHAJIN3
peaibHOI TPAeKTOPUU CTBOJIA C PACUETHOM.

Aieéco0 eheiceed Nau ahaAcéacAcad
628ACE0CCOT a EédaséciAaucdT sacAlac

B kypce “BypoBble IPOMBIBOUHBIE ¥ TaMIOHAXKHbBIE PACTBOPBI’
M3yUYeHbl YCJIOBUA UX MPUMEHEHUs, PeIeNTyPhl, MeTOALI 06paboT-
KU, XuMuueckue pearedTbl. OfHAKO 3aKaHUYMBaHUe CKBa'KMH HaJja-
raeT ocoOble TpeboBaHUA K OYPOBBIM UM TAMIIOHAYKHBIM PACTBOPAM.
BechMma moyuuTeseH 3apy0eKHBIN OIMBIT MX M3TOTOBJIEHUA, XUMU-
YyecKoit 00paboTKM, 0COOEHHO IpY OYPeHUU CUIBHO MCKPUBICHHBIX
¥ TOPUBOHTAIbHBIX CKBAYKIH.

Komnanusa “Om-Aini Hpuanumar @aronas” JITn apiaderca Bexy-
el B MUPOBOM IIpaKTHUKE II0 IIPOM3BOJACTBY M IIPUMEHEHUIO
(cepBuC) GYPOBBIX PACTBOPOB M MAaTEPUAJIOB IJIS JIOOBIX I'€0JIOTO-
pusuvecKuxX ycJoBUiH. PasBuTHe TOPU3OHTAJIBHOTO OypeHUA IIPHU-
BeJIO K pa3paboTKe 9TOM KOMIIaHMeH GYPOBBIX PACTBOPOB IJA Oype-
HUSI TOPU30HTAJIBHBIX CKBAXKUH U CKBAKMH C OOJIBIIIMM YIJIOM OT-
KJIOHEHUS OT BEPTUKAJIN.

MHorue oclI0KHeHUA, BOSHUKAIOIINEe IpU OyPeHUU CUJIBHO HC-
KPUBJIEHHBIX CKBA)KWH, TAK MM MHAYE CBA3AHBI C IPUMEHIEMBIM
OypOBBIM PAacTBOPOM. Ilnoxas OYMCTKA CTBOJIA CKBAYKUHBLI, U30BI-
TOUHBIA KPYTAIIUI MOMEHT, COIPOTHBJIEHNE PACXaKUBAHUIO OYy-
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PUIBHOM KOJIOHHBI, 3alllJIaMJIeHNe CTBOJIA, IPUXBATHI OYPUIBHOTO
WHCTPYMEHTa, HapYyIIeHNe YCTONUYMBOCTH CTEHOK CKBAKWHBI, IIO-
Teps MUPKYJIANUN, KOJIbEMATAIIMA IPUCTBOJIBHOM 30HEI, IIJIOXO0E Ka-
YEeCTBO I[EMEHTHPOBAHUS, OCIOKHEHUS IIPU CIYCKE KapOoTaKHOTO
WHCTPYMEHTA Ha CTAJbHOM KaHaTe U Jpyrue podieMbl MOTYT OBITh
CJIeICTBEM HECOOTBETCTBUSA OYPOBOTO PAcTBOpa YCJIOBUAM Oype-
HUA.

OnbIT OypeHUs TOPUBOHTAJIBHBIX CKBAYKWH, a TAaKKe CKBAKUH C
Pe3KUM U3MeHeHNeM HAITPaBJIeHUsA CTBOJIA U JPEHAKHBIX CKBAKUH
IIOKAa3aJl, YTO IIPesKIe BCero HeoOXOAMMO PeIlaTh OCHOBHBIE IIPO-
0s1eMbl, XapaKTepHbIe JJIA BCeX THUIOB CKBAKMH, U 3aTeM 3aHU-
MaThCsA BOIPOCAMU, UMEIOIIVMU HEIOCPEACTBEHHOe OTHOIIEHUE K
CUJILHO UCKPUBJICHHBIM CKBaKITHAM.

Ha puc. 2.8 npuBeneHo cpaBHeHUEe (PYHKIINE GYypOBOTO pacTBOpa
mpu OYypeHUM BePTUKAJILHBIX M OOBIUHBIX, HAKJIOHHO HAIIPaBJIEH-
HBIX CKBaskuH. Ha puc. 2.9 mpuBemeHa guarpaMMa yYMeHbIIEHUS
BIUSHUSA TOOOUHBIX ABJIEHUN I/ aHAJOTUYHBIX CKBaYKUH.

Bri6op OITMMAJIBHOTO pACTBOPa MIJA CHUJIBHO HCKPUBJIEHHOM
CKBasKMHBI aHAJOTMUYEH BHIOOPY pacTBOpa s OypeHUs OOBIYHOM
CKBasKMHBI. IIpeskie BCero yYwMTHIBAIOT HAJIWUME 30H, OCJIOKHEH-
HBIX TJIMHUCTBIMH CJIAHIIAMHU, CTOMMOCTEL OypeHUA, MPUPOJAOOXPaH-
HbIe TpeOOBAHNI, a TAKIKe TeMIepaTypy Ha 3aboe. Tak:ke 0oJbIIoe
3HAUEeHUe MPUIAeTCA KOJJIEKTOPAM IIOBBIIIIEHHON BOCIIPUUMYUBOC-
TH, BHEIITHEMY 3arpsa3HeHUI0, BOIpocaM cHab:kKeHud u ap. Kpowme
TOTO, BEIOPAHHBIN GYPOBOII paCTBOP AOJKEH OBITH JIETKO MOAU(U-
IMUPYEeMBIM, UYTOOBI M30eKaTh OCJIOMKHEHUI, XapaKTepHBIX IJd
CUJILHO MCKPUBJIEHHBIX CKBa’KWH. BBHIY O6GOJIBIIIOTO KOJHUYECTBA
IIePEeMEHHBIX STOT IIPOIIECC I[eJIeCO00Pa3HO HPOBOLUTD C UCIIOJIb30-
BaHMEM MeTO/a dKCIIpecc-aHaIn3a.

IIpu GypeHUM CHJIBHO MCKPHUBJIEHHBIX CKBA'KMH YacTO BHIOU-
paoT PacTBOPHI, 06JIaaloNIe BBICOKON MHTUOUPYIOIIE U cMa3hI-
BaIOIlell cHnocoOHOCThI0. VIX IpUMeHeHUe OTPaHMUEHO MWW JaKe
3aIIpPeIreHo B 9KOJIOTUUECKH YYyBCTBUTEIbLHBIX pernoHax. B HEKOTO-
PBIX caydasix a(peKTUBHOCTDL IPUMEHEeHNsI OYPOBLIX PACTBOPOB HA
yriieBogopoaHoii ocaoBe (PYO) moskeT OLITH HUKE, UeM PACTBOPOB
Ha BOJHOI OCHOBE C A00ABJIEHUEM IIOJMMEPOB, €CIAU UX CIEeIHAIbHO
He 00paboTaTh.

OCHOBHBIM CBOMCTBOM OYpPOBOTO PacTBOpa ABJSAETCA €ro ILJIOT-
HOCTh. IIs10THOCTE pacTBOpA KOJIYKHA IOCTOAHHO MOAAEPIKUBATHCA B
OoIpeZeJIeHHOM y3KOM [Aualla3oHe, UTOOBI 00eCIeUnTh COXPaHeHIe
YCTONUYMBOCTH CTEHOK CKBaKMH. JTOT NIOKA3aTelb MOJKeH OBITh
JOCTAaTOYHO BBICOKUM, YTOOBI CAEDP/KUBATDH IJIACTOBBLIE NABJIEHUSA U
COXPAHATH YCTONUYMBOCTh CTEHOK CKBasKUHBI, U B TO JK€ BPeMs [I0-
CTaTOYHO HUBKUM [AJIS WCKJIOUEHUS BO3MOKHOCTHU THIPOPa3phIBA
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Puc. 2.9. YMeHblIeHNE BIMAHUA IIO-
004YHBIX 3()(PEeKTOB (PACHOJIOKEHbI IIO

Puc. 2.8. OcuoBHble (QyHKIUH Oypo-
BBIX PACTBOPOB I CHJIBHO WCKPHB-

JIECHHBIX CKBaKMH (PacCIIOJIOKEHBI II0
CTeIleHN Ba’KHOCTH):

1 — BeiHOC TLIaMa; 2 — CMAa3bIBAIOIIASA
CIocOGHOCTD; 3 — COXpaHEHUe YCTONYu-
BOCTH CTE€HOK CKBA)XUHBI; 4 — Dpery-
JINPOBaHUE JABJIEHUS; 5 — FUAPABINY e-
CKasl sHeprusi; 6 — CIO0COOHOCTH yIep-
JKUBATH IIIJIaM BO B3BEIIIEHHOM COCTOS-
HUAM; 7 — cpela IJiA IPOBEJEHUsS Kapo-
Tayka; 8 — BOJOOTHAYA

CTemeHH BaKHOCTH) @IpH OypeHUH
CHJIPHO MICKPUBJIEHHBIX CKBAJKUH:

1 — BoO3meiicTBHME HA OKDPYKAMOIIYIO
cpeny; 2 — THUApPABIWYECKUU ymap u
cBabupoBaHue; 3 — OpUXBAT OyPUJIb-
HOU KOJIOHHBI; 4 — pa3MbIBaHUE CTEHOK
CKBa)XKWHBI; 5 — yAep:KUBaHUE TBEPAOI
dasser; 6 — abpasuBHBIA M3HOC; 7 — 3a-
TPABHEHNE LIEMEHTHBIM PacTBOpOM; 8 —
BHEIITHYE 3arPsA3HEeHUs

mopoj. ITpu npounx paBHBIX YCIOBUSX C YBEJINUYCHUEM YIJIa HAKJIO-
Ha CTBOJIa AMAIa30H ILIOTHOCTH IPMMEHSIeMOro 6ypoBOro pacTBopa
cysxaetcs. [IpoBefeHHbBIE NCCIEJOBAHUA II0KA3al, YTO C YBeJIuUe-
HUeM TJIyOMHBI M yIJia HaAKJOHA CKBAYKMHBI BEPOSTHOCThH obBaja
CTEHOK CKBa’KMHBI BO3PACTAET, a I'PAJNeHTHl THPOpa3phiBa IJjiac-
Ta, KaK IPABMJIO, YMEHBIIAIOTCA C POCTOM yIJia HAKJOHA CTBOJIA.
O0a BBIBOJA IOATBEPIKIAIOTCSA IIPOMBICJIOBBIMU HCIBITAHUSMHU Ha
HECKOJIbKUX ILJIOIIA X,

WsyueHue ombiTa OYPEHUsS CHJIBHO MCKPUBJIEHHBIX CKBAaKUH B
Mekcukauckom 3anuBe 1 CeBepHOM MOpe MOATBEPAUIO BasKHOCTh
TIPaBUJILHOTO BbIOOpa OypoBoro pactBopa. IIpu GypeHun aHaJIoTHd-
HBIX MHTEPBAJIOB B aHAJOTUYHBIX YCJIOBUAX OCJIOKHEHUS, CBA3AH-
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HBIE C 3alllJIaMJI€HUEM W OUMCTKOM CTBOJIA, KPYTAIIUM MOMEHTOM,
COIIPOTHUBJIEHNEM BpPAIlleHUI0 OYPUIbHON KOJOHHBI M IIPUXBATAMMU,
HocuJiu 00Jiee Cephe3HbIA XapaKTep, eCcau IJIOTHOCTh pacTBopa ObI-
sa HuKe 1,62 r/cv®. Ilpu yBeIM4eHNH IJIOTHOCTH PACTBOPA CHTYa-
U YIydInaiach.

Ha xauecTBO OUYMCTKM CTBOJIa CKBAaKMHBI OT IIJIaMa OOJIBIIIOE
BIUAHNE OKa3hIBAIOT BABKOCTD, IIPOYHOCTh I'ejisi, PEKUM ITPOMBIB-
K1, CKOPOCTb JBUKEHUA PAcTBOpa IO 3aTPYOHOMY IIPOCTPAHCTBY U
€ro IMJI0THOCTh. KaK mpaBmiio, ¢ yBeJIWUeHNEM IJIOTHOCTHU PacTBOpA
U CKOPOCTH €ero IIOTOKAa B 3aTPYOHOM ITPOCTPAHCTBE ITOBBIIIIAETCS
KayecTBO OYMCTKHU CKBa’KMHBI BO BCEX THUIAX CKBa)KmH. OJHAKO B
CUJILHO MCKPUBJIEHHBIX CKBa’KMHAX BA3KOCTb, IIPOYHOCTH T'eJisd U
PEeXUM IIPOMBIBKUM MMEIOT ocoboe 3HaueHue. OnHA M3 IPUYUH 3a-
KJII0UAeTCA B CYIIIeCTBOBAHUU TPEX, OTINUAIOIINXCA APYT OT Apyra
IO CTETIeHU OUNCTKY, TPYIITI MHTEPBAJIOB B CTBOJIE B 3aBUCUMOCTH OT
yria ero HakjoHa: 1) or 0 go 45°; 2) ot 45 mo 55°; 3) or 55 mo 90°.
Hpyrasa mpuumrHa COCTOUT B TOM, UTO CHMJIbHO MCKPUBJIEHHbBIE CKBA-
SKMHBI COCTOSAT U3 PsAJa MHTEPBAJIOB PA3JIMUYHON HAIIPABJAEHHOCTU —
OT F'OPU30HTAJIBHBIX 0 BEPTUKAJIbHBIX.

B nepBoil u TpeThell rpynnax UHTEePBAJOB OCJIOKHEHUSA HOCAT
MeHee cephe3HBIN xapakTep. CIIocoOHOCT MIIaMa K HaKOIJIEHUIO B
CTBOJIE U OTIOJIBAHUIO B YCJIOBHOM MHTEPBAJIE C YIJIOM HAKJOHA OT 45
I0 55° 3HAUUTEIBHO 060CTPAET CePhEe3HOCTh OcjoxkHeHusa. Huskasa
BASKOCTb PACTBOPA, BBICOKAA CKOPOCTH IIUPKYJIAIUN U TypPOYJIEeHT-
HBIM PEeXXUM 00eCclIeunBaiOT OINTUMAJbHYI0 OUHCTKY MHTEPBaJIOB
TpeThel IPynibl (TOPU30HTAIbHEIE).

B BepTUKAJIBHBIX CKBAKUHAX 1 CKBAXKMHAX C HEOOJBIITUM yTJIOM
HaKJIOHA CTBOJIA XapaKTep ABUKEHUI PACTBOPA B 3aTPYOHOM IIPOCT-
paHCTBe, KaK IIPaBWJIO, JIJAMUHAPHBIN, U JJId U3MEHEHUA CTEIeHU
OYUCTKH CTBOJIA O0BIYHO U3MEHAIOT IIpeIeIbHOe HAIIPAKeHNe CABU-
ra. OKCTPaIoJUPOBAHHOE B3HAUEHWE IIPEeAEJHLHOTO HAIPAKEHUI
CIIBUTa SABJIAETCA IOKa3aTeJeM BI3KOCTH OYPOBOTO pAaCTBOpa IpU
HUBKOM CKOPOCTH cABUTa OypoBOTO pacTBopa. IIpu OypeHuu mHTEp-
BAJIOB BTOPOU I'PyHNObl HEOOXOAMMO IIPOBOAUTEL 0O0Jiee TINATEJIbHBIE
U3MepeHUsd TPU HUBKUX 3HAUYEHUAX CKOPOCTHU caBura. Jlyurie Bcero
HUCIIOJIb30BATh IIOKA3aTeJI MHOIOCKOPOCTHOTO BHCKO3UMETPA, KOT-
la OH paboTaeT B peKUMe IIPU YacToTe BpalleHud 3 o0/mMuH. Ecau
TIPUMEHSIEeTCI OOBLIUHBIA IPOMBICIOBBIA ABYXCKOPOCTHOI BHCKO3U-
MEeTp, TO BHAUEHUS IPOYHOCTH T'eJjisd, CHATHIEe HEIOCPEICTBEHHO II0-
cJie caBura OypOBOTO pacTBOpa MpU MaKCUMAJIBLHON YacTOTe Bpalle-
HUSA BUCKO3UMETPA, IPEACTABIAIOTCS IIPUEMJIEMOI aIbTePHATUBOM.
OOBIYHO ATU 3HAUEHUS HA3bIBAIOTCS “HYJIEBBIM rejieM”. ¥ KHUIKOC-
Teil, XxapaKTep JBUKEHUA KOTOPBIX IOJUUHSETCSA CTEIEHHOMY 3a-
KOHY, “HyJIeBOI resib” paBeH HYJII0; ¥ ILJIaCTUYEeCKUX OYPOBBIX pac-
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TBOPOB OH IPUOJIMIKAETCA K 3HAUEHUAM IPeebHOTO HAIPAKEHUA
cIBUTA.

PesynbTaTel, moJyUYeHHBIE HA OCHOBAHWW WCCJIEIOBAHUI Ha
3aMKHYTOI IUPKYJIAIMNOHHON cHUCTeMe, IIOKa3aJid, YTO IPU 00Jb-
X YIJIaX HAKJOHA CKOILJIEHUS IIJIaMa JIETKO 00pasyloTcsa U TPY -
HO ypanasooTcsa. IIo cpaBHEHUIO ¢ MPAKTUKON OypeHUs OOBIYHBIX
CKBA)KMH OypeHIe MHTEPBAJIOB CKBAYKMH BTOPOI IPYyNILl (C YoM
HaKJIOHA OT 45 10 55°) HAUMHATEL IpPEAIOUYTHUTEIbHEE ¢ UCIOJIb30Ba-
HIEeM PacTBOPOB C IOBBIIIIEHHONM BASKOCTHIO M IPOYHOCTHIO TeJd,
TaK KaK 9TO YMEHbBIIAeT CKOILIeHNe IIIaMa B CKBakuHe. Ecau oc-
JIOKHEeHUS BCe Ke BOBHUKHYT, TO MHOT/A 11eJIeco00pPasHo MOHUSUTH
BA3KOCTDb U YBEJIMUYUTH pacxon pacteopa. CosmaHue TypOyaIeHTHOTO
pe:xuMa HapAAy ¢ MeXaHMYeCKUMU BO3AEHCTBUAMN HA CKOIIUB-
IuiicA IIJIaM MOJKeT OBITh eIWHCTBEHHBIM CIIOCOOOM JIUKBUIAIIUH
OCJIO’KHEHU!A.

OmpeneauTh ONTHMAJbHBIE IIapaMETPhl PEKUMA MPOMBIBKU U
CBOICTB OypPOBOT'0 pacTBOpA AJIA KOHKPETHOH CKBasKMHEI, B KOTOPOM
MOTYT OBITH Pa3MBIBBI, CYysKE€HUE CTBOJIA, PE3KUEe ero Ieperuonl, a
TaKKe IPAMOJINHeHbIe YUYACTKY IO/ PasIuYHBIMU YIJIaMU HaKJIO-
Ha (OT BEPTUKAJIBHOTO J0 TOPUB0HTATIBHOTO), YpE3BLIUAIHO TPYTHO.
Heo6xoammo HAWTH KOMIIPOMUCCHOE PelleHrne, KOTOPoe YUUTHLIBAIO
ObI BCe BO3MOJKHBIE OCIOMKHEH IS,

TpeboBaHUSA pPeryJUPOBAaHUSA BOLOOTAAUYM OMNPEAEJITIOTCA IIPO-
HUIIAeMOCTBIO IIOPO, BeIUUNHOM Aud)depeHnaIbHOTO JaBIeHnd, a
TaKyKe MUHepPaJOTMYeCKHMM COCTaBOM pasdypuBaeMbIx mopox. Om-
TUMAaJbHOE PEeTryJMPOBaHME BONOOTAAUMN HEOOXOAMMO IJd Hpeny-
peKIeHUs IPUXBATOB, MOBBIIEHNA YCTONUMBOCTH CTEHOK CKBa-
SKMHBI 1 YMEHbBIIIEH!S KOJIbMATAIINY [IOPOJ B IPHUCTBOJILHON 30HE.
BosHUKHOBeHUE 3TUX OCJIOKHEHUI OCOOEHHO OMACHO B CHUJIBHO WC-
KPUBJIEHHBIX CKBasKMHAX. BO3HMKHOBEHWE NPUXBATOB KOJOHHBI
OypUJIBHBIX TPYO B pes3yJibTaTe BO3AeHCTBUA AUPPepeHIInaTIbHOTO
JaBJIEHUS OCJIOKHAETCA YPEe3MEPHBIMU T'UAPOINHAMUYECKUMU
JaBJIEHUAMU, OOJIBIION ILJIOIIAABI0 KOHTAKTA CTeHKUM OypUJILHOI
KOJIOHHEI ¢ (DMJIBTPAIIIOHHON KOPKOM, a TaKiKe oOpasoBaHUEM TOJI-
CTOI TJIMHWCTOM KOPKHU. BeposTHOCTH BOSHMKHOBEHUS IIPHUXBATOB
OYeHb BBICOKA II0 CJEAYIOIIUM IpuuuHaMm: 1) KoJIOHHA OYyPUJIBHBIX
TPpyO IIOA MefiCTBUEM CHJIBI TSKECTHU IIPUJeraeT K HUKHEH CTeHKe
CKBaKUHBI; 2) AJA 00ecleueHns YCTONUMBOCTH CTEHOK CKBAYKUHBI
HeoO0xoAauM OYpPOBOM PacTBOP IIOBBIIIEHHO IIOTHOCTH; 3) HIPOAYK-
TUBHBIH IIJIACT MOKET OKA3aThbCSA UCTOIIEHHBIM.

BenuunHbBI BOLOOTJAYY TPU BHICOKUX HABJIEHUN U TeMIlepaType,
a TaK/Ke AUWHAMHYECKO BOJOOTIAYU MOJIKHBI TIIATEIbHO PEeryJin-
poBaThCA W IOAIEPyKUBATHCSA Ha 0ojiee HU3KOM YpPOBHE, UeM IIpHU
OypeHUMN BEPTUKAJIBHBLIX U OOBIUHBIX, HAKJOHHO HAITPABJIEHHBIX
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CKBaKUH. AHAJOTUYHO (PUIBTPAIIMOHHAA KOPKAa MOJI’KHA OBITH TOH-
Koli, TBepAol u yupyroii. Hammune GpuiabTpanioHHON KOPKU X0PO-
IIIero KauecTBa MOKET CIIOCOOCTBOBATH YBEJIUYEHUIO IpAUEHTa TH-
IPOpasphIBa B IPOHUIAEMBIX 30HAX.

BBuay Toro, uro 1eab OypeHus OOJBIIMHCTBA CKBAYKUH C 00JIb-
IIUM YTJIOM MCKPUBJIEHUS 3aKJIIOYAETCA B YBEJIUUEHUM TeMIa I0-
O0b1un He)TH, PETYJINPOBAHNE BOJOOTIAYMN JJIA YMEHbBIIIEHU CTeIle-
HU HapPYIIEeHUs 3KCIIYaTAIlMOHHBIX KauecTB ILJIacTa IIproOpeTaer
Upe3BBIUAHOE 3HAUEHNE, 0COOEHHO IIPY BCKPHITUYU ITPOAYKTUBHBIX
IJIACTOB C HU3KMMM KOJLIEKTOPCKHMMM CBolicTBaMu. Hapyiienue
SKCILTyaTallMOHHBIX KAuecTB ILJIacTa MOKeT ObITH CJIeJICTBUEM XU-
MHYECKOro ” (hU3UYECKOTO Bo3meiicTBUs. IIPOHUITaeMOCTH MHOPOX
PE3KO MOHMKAETCA MPHU MOTJIOMIEHNN OOJIBIINX 00BHEMOB HECOBMEC-
THMOTO C XMMHUUYECKUM COCTaBOM IjacTa (ronga.

Habyxanve HEKOTOPHIX MHHEPAJOB, 3aBUCAINEEe OT MUHEPAJO-
TMYECKOro COCTaBa KOJLIEKTOPA, MOYKET IIPOM30NTH B TOM cJydae,
ecau 3apsagbl Ha IIOBEPXHOCTU IJIMH HE SBJIAIOTCS XUMUYECKU
akTuBHbIMU. Takoe HabyxaHWe YMEHBIIAET MPOHUIIAEMOCTH IIPO-
IYKTHUBHOTrO mjacTta. Tak KaKk KOJIJIEKTOPHI BecbMa CYIIECTBEHHO
OTJIMYAIOTCA JPYr OT [pyTra, IOCJe MCCIeNOBaHUA ITPOHUIIAEMO-
CTU KepHa cJjeayeT BHIOpaTh OypOBOII pPacTBOP, OKAa3LIBAIOIITWI
HaMMeHbIIlee OTPUIlATEJbHOEe BO3JeiicTBHMe Ha IIacT. Hecmorps
Ha TO, 4YTO OypeHNe TOPU30HTAJIbHBIX CKBaYKUH C IIPOMBIBKOM 6ypo-
BBRIMHM DPACTBOpPaMHU Ha YIJIEBOJOPOAHOM OCHOBE JAJI0 HEIJIoXUe
pesyJbTaThl, YCIENIIHOCTh IIPOBOJKM TOPU30HTAJBHBIX CKBAKUH
KommaHuel “Om-Ait Npuaaunar @aouns” JITo, a Takske mMaciiTab-
HOCTH IIPOBEJIEHHBIX WCCJIELOBAHUN IOKAa3ajau, 4TO OypoBBIE pac-
TBOPBI HA BOAHOM OCHOBE YaCTO SBJIAIOTCS IIPUEMJIEMON aJibTepHa-
THUBOIA.

PexomeHmOBaHBI ClIeAyIoIre T00aBKY K OYPOBBIM PACTBOPaM Ha
BOJHOI ocHOBe: 1) obecmeumBaloliye KadyeCTBO (DUILTPAIMOHHOMR
KOpKHU; 2) peryJupyiomniue BSI3KOCTb M BOAOOTHAUY; 3) obecIeuu-
BaIOII[VIe BBIHOC IIJIaMa ¥ IPEAYIPEeKIAI0IINe OCAKIeHNe TBEPAOH
daswl; 4) mpeaymnpe:kgaiomniue pasOyxaHme TJHH (B pesyJbTare
BOBIENCTBUA MOHOB KaJIMA); ) MOHMMKAIONNE BOLOOTAAYY DPacCTBO-
pa; 6) obecmeunBalole cMasbIBAIOIIE CBOMCTBA M CIIOCOOCTBYIO-
e 00pa3oBaHUIO KAUEeCTBEHHOM MNIMHUCTOM KOPKHU.

C pa3paboTKO# HOBBIX METOJOB 3aKaHUMBAHUA TOPU3OHTAIBHBIX
CKBaKWH COBEPIIEHCTBYETCA U TEXHOJOTUA IPENYIPEKIeHnA Ha-
PYIIEeHNS 9KCILIyaTAllMOHHBIX KAYeCTB ILIacTa. 31ech Jaile, 4YeM B
OOBIYHBIX CKBAKMHAX, IPUMEHSIOTCA (DUJIBTPHI C IeJeBUIHBIMU
OTBEpPCTUSAMU. B 9TMX yCJIOBUAX 0co0oe 3HaUeHUe Ipuobperaer
yIaJieHre TJIMHUCTONM KOPKU CO CTEHOK CKBaKUHBI U YMEHBIIIEHUE
TIPOHMKHOBEHUA B ILJIACT (hUIBTPATA, COAEPIKAIIETO TBEPAYIO (hasy.
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ITonnamanue TBepHoit (assl B TPEIIUHOBATHIN IIPOAYKTUBHBIN IJIACT
YXYZAIIaeT ero KOJJIEKTOPCKYE CBOMCTBA.

IIo xpatineil mepe KejaTeJbHO Ha paspabaThIBaeMbIX ILJIOIIA-
IAX, IPEACTABJEHHBIX TPEINHOBATHIMU KOJLUIEKTOPaMU, OYPHUTH
FOPUB3OHTANBHBIN YyUACTOK CTBOJIA HA JEeIPEeCCUU, IIPU KOTOPOIi IIpo-
UCXOAUT IPUTOK ILJIACTOBOTO (IOMJA B CTBOJ CKBaKMHBI. OITHAKO
mepej TeM, KaK IPUCTYHIUTh K TAKOMY OYPeHUNI0, He0OXOIMMO IIPHU-
HATHh MePHI K IPEeIYIPeKJeHUI0 3HAUNTEJIbHBIX (DIIOUAOTIPOIBIIE-
HU# 1 BLIOPOCOB.

ITpumensemblie OypPOBLIE PACTBOPBI AJIsI OOBLIYHOT'O TOPHU30OHTAb-
HOro OypeHUs MTOJKHBI COIeP KaTh 3aKyIOPUBAIOIe J00aBKH, UTO
MIPEeNsTCTBYET IOIJIOIIeHNI0. PeryinpoBaHue BOZOOTAAUM OCYIIle-
CTBJIAETCS BBEJEHUEM CIIEIMAJbHBIX MOOABOK IJIA KAasKIOTO KOH-
KpeTHOrO caydas. ComepsKkaHre TJIMHBI B PACTBOPE YacTO HOIAEp-
JKMBAeTCA HAa MUHUMAJBHOM ypoBHe. IlnorHOCTE 6ypoBOrO pacrt-
BOpA He TOJI’KHA IIPEBBIIIATH HEOOXOAMMOM AJIS IPEeNyIPerKIeHn s
TIPOSABJIEHUN 1 BBIOPOCOB.

s 6ypeHune rOPUBOHTANBHBIX CKBAKUH HAILIA TTPUMEHEHUe
pacTBOpHI ¢ M0oOaBIeHUEM KPYIHO3€PHUCTOM cosu. Ecaum mpu 3a-
KaHYMBAHUYM CKBAKWH WCIOJB3YIOT XBOCTOBUK C IIEJIEBUIHBIMU
oTBepcTUAMYU 0e3 IIPoBemeHUA mnepdopanuu ¥ HWHTEHCU(PUKATIIN
IPUTOKA, TO HEOOXOAMM PacTBOP, COBMECTHMLIII ¢ pasbypuBae-
MBIMHY ITOpoAaMu. BEIOOP OOBIYHO IIaJaeT Ha PACTBOP € J00aBJIeHIEM
KPYIIHO3E€PHUCTON COJIM IIOCJIe WCCJIEeNOBAHUS €ro CMasbIBalollei
CIIOCOOHOCTH ¥ CIIOCOOHOCTU PEryJaupOBaTh BOJOOTAAUY, PEOJIOTH-
YEeCKUX CBOHCTB U ob0ecreueHMs 00PATHOM IPOHUIIAEMOCTH 0 Hed-
Tu. Pe3ysbTarsl, mosyueHHbIE B HAYaAJIe NCIBITAHUSA, II0KA3aJId, UYTO
IIPOU3BOAUTEIbHOCTh CKBAYKMHBI BO3PACTAeT IPU HeOOJbIINX 3HAa-
YeHUAX JeIPEeCCU.

Knun Bpumk — sanaTeHTOBaHHAS CUCTEMa, COCTOSIAA U3 CMeCH
TIOJIMMEPOB U CIEIHAJIbHO 00paboTaHHON KPYITHO3EPHUCTOM COJIH,
KOTOPYIO J00aBJISIOT B PACTBOP IIOBAPEHHOM COJIM IIJIOTHOCTBHIO
1,2 r/cv®. Bee £o6aBKY ABIAIOTCA BOJO- U KHCIOTOPACTBOPIMEIMI,
obpagyroriasaca QPUIbTPAI[MOHHAA KOPKA — TOHKOM 1 TJIALKOM, ObIC-
TPO U IIOJIHOCTHIO PACTBOPSAIOINEHCS MPU BO3AEHCTBUM BOJbI WK
HEHAaCBIIIeHHBIX PAaccoyioB. s MOHMKEeHUS TUAPOCTATUYECKOI'O
IaBJeHUs, PETYJIUPOBAHUA PEOJOTUUECKUX CBOINCTB, YIYUIIEHUSA
PeryIupOBaHUA BOJOOTAAUN MOKHO JOOABUTH IM3€JILHOE TOILIUBO —
1o 30 % obpema pacTeopa.

I obecieueHU ST COBMECTUMOCTH CHCTEMBI 6YPOBOTO pacTBOpA,
coZepIKaIlero KPymHO3ePHUCTYIO COJb, C MOPOJAMM IIPOBEJIU HC-
cjlemoBaHUe OOpPATHOM IPOHUIIAEMOCTH IIOPOJbl HAa KEPHOBBIX 00-
pasuax. IIpu ncciaeqoBaHUM MCIOJIB30BaJIN OYPOBBIE PACTBOPHI Oe3
I13eJIbHOTO TOILINBA 1 ¢ Jo0aBjaeHeM ero B Koauuectse 30 % . Uc-
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CJIeIOBAHUS MOKAa3aiil, YTO SMYJIbTMPOBAaHHBIN PACTBOD, COJEPIKAa-
Ui AU3eJIbHOE TOIJINBO, He YXYAIIAeT IIPOHUIIA€MOCTH IOPO/I.

KpynHos3epHUCTYIO COJIb CIenyeT HO0aBIATH B OYPOBOM PacTBOD
B IIpoIiecce OyPeHUs CKBAXKMUH. B3sATas 13 MEIIKOB COJIb OCeJaeT Ha
HIUKHeH CTeHKe CKBasKHHBI, UYTO 3aTPYIAHAET IIPOBeJeHUe KapoTa-
’Ka U CIYCK XBOCTOBUKA. [lonbeM OypUIBbHOIN KOJIOHHBI HA YYaCTKaX
PE3KOro MCKPUBJIEHUSA CTBOJIA CJIEAYET IIPOBOAUTH C 0COGOI OCTO-
POKHOCTBIO ITepe]] 3aKaunBaHUEM HOPIINY KPYITHO3EPHUCTOH COJIH.

ITonumepsl, BXOAAIIE B COCTAB OYPOBOTO PacTBOpa, COJepIKa-
IIEero KPYITHO3EPHUCTYIO COJIb, UYBCTBUTEJNLHBI K 3arpsi3HEHUIO
meMenToM. IlyTeM TIaTeJbHOTO peryjupoBanus ypoBHs pH c mo-
MOIIbI0O OPraHNYEeCKOr0 KUCJIOTHOTO Oy(epHOro pacTBopa yAaeTcs
pa3bypuBaTh HeOOIBIIINE IIeMEeHTHbBIE TPOOKY 063 HapyIIeHusa Kaue-
CTBa BXOAAIINX B PACTBOP IIOJIMMEDOB.

IIpu mpurotoBsieHUu GYPOBOTO PacTBOPA, CONEPIKAIIETO KPYII-
HO3EPHUCTYIO COJIb, HEOOXOAMMO IPeIyCMaTPUBATL MEPbhI, IIPeIy-
Ipekaalolie aspupoBaHue OYpPOBOrO pacTBopa. AspuUpOBaHHBIN
OypOBOIi PACTBOP MOMKET 3aTPYIOHATH PaCIIU(POBKY pPE3yJIbTAaTOB
reo(pr3UUECKUX UCCIENOBAHN, IPOBOJUMBIX B IIpOIlecce OypeHU;
Ui yoaJieHus BO3AyXa W3 OYPOBOTO pacTBOpa MOTYT IOTPedOo-
BaTbCA IEHOTACUTEIIN.

C TOuKM 3peHnd 3aKaHYMBAHUA CKBAKUH HePTh (IIPHX COOTBETCT-
Buu ee (hIOMAY ILJIacTa) SIBJISETCS UAealbHLIM OYPOBBIM PAaCTBO-
POM, IIOCKOJIBbKY OHA He BBIZHIBAET HAPYIIEHUA 9KCILIYaTAIlMOHHBIX
KauvecTB IPOAYKTUBHBIX 30H M, TAKUM 00pPasoM, COXPaHSIET eCTecT-
BEHHYI0 TPOHUIIAEMOCTb MPM3aboifHol 30HBI macta. OZHAKO OHa
3arpsa3HAET OKPYIKaIoNlyo cpeny (0coGeHHO mpW MOPCKOM Oype-
HUM), HOXKAPOOIIacHa, BOSHUKAIOT TPYAHOCTA KAK IPU OYMCTKE OT
1IIJIaMa BCJIEACTBHE BBICOKOI ILJIACTUYECKON BA3SKOCTU 9MYJIbCHUH,
TaK ¥ IIpU IPOBEJEHUU dJIeKTpoMeTpuduecKux pabor. BypoBwie pac-
TBOPHI Ha YIJI€BOJAOPOSHOI OCHOBE 0oJiee CTaOUIbHBI IIPU BBICOKOM
TeMIepaType, YeM PACTBOPHI Ha BOJAHOM OCHOBE.

Komnanua “9m-Aii Jpuanuuar @atouns” JIta yoeaser 60abinoe
BHUMAHNME OUYNCTKE CKBAKUHBI CHJBHO WMCKPUBJIEHHBIX CTBOJIOB.
dupmoii mpeacTaBIeHbl Pe3yJabTaThl KMCCJIENOBAHUSA IPUMEHEHUS
OyPOBBIX PACTBOPOB HA YIJIEBOJOPOAHOI OCHOBE IJIS OUMCTKU CTBO-
Jia CJIBHO NCKPUBJIEHHBIX CKBAKMH OOJIBIIIOT0 JUAMeTpa, KOTOPhIE
JIOCTAaTOUHO YOeIUTEeIbHO JOKA3BIBAIOT, UTO OOBIYHBIE OYPOBHIE pac-
TBODPHI HA YIJIEBOJOPOJHOI OCHOBE He 00ECIIeUMBAIOT KAUECTBEHHOM
IPOMBIBKM CKBaKMHBI. Huskas s(p(peKTUBHOCTL 3THUX PaCTBOPOB
00BSICHSAETCA UX PEOJIOTUYECKUMU CBOMCTBAMMY, OTHAKO HE 3aBUCUT
OT IIPeieIbHOTO AMHAMHYECKOr0 HAIPAKEeHUs CABUTA U ILJIaCTHUe-
CKOI1 BA3KOCTH.

IIpuunHO IpPOBENEeHUA STUX MCCIEeLOBAHUU IIOCTYIKUJIA CePUA
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OCJIO}KHEHUI, BOBHUKINNX NPU OypeHuu CKBaKMH Ha TexaccKoMm
menbde MeKCUKaHCKOrO 3ajimBa. JKCILUIyaTallMOHHYIO CKBaYKUHY
muamvetpom 311,14 mm oz yryiom HakjgoHa 60° mpexkpatuan GypuTh
mocJje gocTukeHud rayouHbl 14 M. IIpu OypeHUn 3TOH CKBAMKUHBI
MIPUMEeHIN 6YPOBOI PACTBOP HA OCHOBE AU3EJIHLHOTO TOILINBA ILJIOT-
HocThIO 1,32 r/cM® mpu BogoredTanoM orHomenun 20/80. IlepBo-
HAYAJIbHO CUUTANN, UTO IPUUNHONA OCJIOKHEHUS IMOCTYKUIO HAPY-
IIeHre YCTOMYMBOCTH CTEHOK CKBAKWHBI BCJIECTBUE NUHAMUUEC-
KX HATPY30K (BHYTPUCKBAKMHHBIX HATIPSIKEHNIT), BOSHUKAIOIITIX
B CTBOJIe. BTOpPYI0 CKBa)KMHY Hadau OypPUTb C KCIIOJb30BAHHEM
pacTBopa IoTHOCThIO 1,5 r/cm®. Ilpu GypeHHH 5TOi CKBaYKHUHBI
MIPUMEHSAJHN YCTPONCTBO, KOHTPOJIUPYIOIIee 00beM COAePIKAIIerocs
B OypOBOM pacTBOpE IILIaMa.

ITocne mpoxonku 152-MeTpoBOTrO MHTEPBaJa OBLI0 00HADPYKEHO,
YTO 00'bEM MOCTYIIAIOINEro ¢ BUOpocuTa IIaMa ObLI MeHbIe 06heMa
npoOypeHHOro cTBoJia. IIpM MPOXOoAKe CJeAYyIOIero HNHTepBaJja
MIPOTSIYKEHHOCTHIO 76 M yBeIMUMBAJIM U YMEHBIIIAIN 3HAUEHUS IIpe-
IeJbHOT'0 AMHAMHYECKOr0 HAaIpPSKeHUsA CABUra, ONHAKO 9TO He
IIPUBEJIO K YJIYUIIIEHUI0O KauecTBa OUMCTKU CTBOJIa. Bo us3beskaHue
JTaJIbHEHIIero OCJI0KHEeHNA CUTYAIluu OBbIJIO MIPUHATO PeIlleHre 3a-
KauaTh B CKBAXKMHY TOJIMMEPHBIN OYPOBOI pacTBOP Ha BOIHOIM OCHO-
Be. ITociie MPOMBIBKY CKBasKWHBI B T€UEHNE ABYX IIUKJIOB HAXOIS-
Hiuiics B CKBasKMHe IIJIaM ObLT yaaJieH Ha IT0BepXHOCTh. Ilocie aTo-
T'0 IPOJOJIKUIY OypeHue O0 IIyONHBI CIIyCKa OuepeaHoil obocamaHoit
KOJIOHHBI 0€3 OCJIO;KHEHM!I.

OcyoxHeHUA, BOSHHUKININME IIPpW OypeHWM Ha 9STOH IJIOIAanu,
3aCTaBUIM ITPOAHAJIU3UPOBATL OIBIT OypeHWA IAPYTUX CKBaKUH
AHAJOTMYHON KOHCTPYKIMY C IIPMMEHEHHeM OYPOBBIX PacTBOPOB
Ha YTJIeBOAOPOAHOII OCHOBe. AHaJIM3 II0Kasaj, 4TO, XOTS CKO-
POCTH BOCXOIAINEr0 IIOTOKA OYpOBOTO pacTBOpa paBHSJIACH
1,12 m/c, a mpeneabHOE TUHAMHUYECKOE HAIPAKEHUEe CIBUTa CO-
crasysano 22 I1a, toctuub 3¢ GheKTUBHOM OUYNCTKY CTBOJIA CKBAYKUHBI
He yJaJIOCh.

ITO IPUBEJIO K HEOOXOAMMOCTH MCCJIENOBAHUS PEOJOTHUECKHX
CBOMCTB OYPOBBIX PAaCTBOPOB, BIMUSAMIOIINX HA KAUECTBO OUYUCTKU
ctBoJia. KpoMe TOro, MprBOAMIOCH COIIOCTABJIEHUE CIIOCOOHOCTH OY-
POBBIX PacTBOPOB HAa YTJIEBOAOPOAHOII OCHOBE K BBIHOCY IILIaMa C
TPAHCIOPTHOM CIIOCOOHOCTHIO MOJMMEPHBIX PACTBOPOB HA BOMHOM
ocHoBe. MccienoBaHUsA IO CO3TAHUI0 XMMUYECKUX PEareHTOB IIPU-
BeJI K pa3paboTKe H0OABOK K OYPOBLIM PacTBOPaAM, YVIYUIIAIOIIUX
KauecTBO OUMCTKY CTBOJIA OYPOBLIMHU PACTBOPAMU HAa YIJIeBOLOPOJ-
HOIT ocHOBe. PesyabTaThl 1a60paTOPHBIX MCCJIEOBAHUI 3TUX moba-
BOK B YCJIOBUSX, MOJEJIUPYIOIIUX 3200 HbIe, OBIIN MOATBEP K ICHBI
TIOCJIEAYIOIIMMY ITPOMBICIOBLIMU MCIBITAHUAMMU.
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UccaenoBaHusAa MHOTUX OYPOBBIX PACTBOPOB Ha YIJIEBOJAOPOIHOM
OCHOBE B YCJIOBUAX IIOCTOSHHOM TeMIepaTyphl W MJaBJIeHUA ITOoKa3a-
JIY, UTO C YMEHbBIIIeHeM CKOPOCTH CIABUTA WX PEOJIOTHMUECKOoe IToBe-
IeHUe He momumHAeTcs 3akomy Bumrama — IllBemoBa. 9T0o mMmeeT
ocoboe 3HaueHue O obecIeuyeHna JTUHAMUYECKON OUYMCTKHU CTBOJIA
CKBasKMHBI, TAK KaK CKOPOCTH CABUIa PACTBOPA B 3aTPYOHOM IIPOCT-
paHCTBe CKBasKMH OOJIBIIIOTO AMAMETpa MMeeT OTHOCHUTEJLHO He-
OosbIiie 3HaueHUs. PaKTUUECKasd BI3KOCTL HPH HUSKUX CKOPO-
CTSAX COBUTa MOXKET 3HAUMTENHLHO OTJIMYATHCA OT 3HAUEHUH, OI-
pPenesieHHBIX 110 IPeJeIbHOMY INHAMUYECKOMY HAIIPAMKEHUIO CABU-
ra, pacCUMTaHHOMY II0 IIOKasaHUAM BucKoaumerpa npu 300 u
600 06/MuH.

BesnunHa mpenesbHOr0 IWHAMHUYECKOTO HAIPSAKEHUS CABUTA
nMeeT 3HAUeHUe TOJIbKO AJIA JKUIKOCTEHM, peosiornuecKkoe IoBele-
HUe KOTOPBIX mogunHAeTcA 3akoHy Buarama — IlIBemoBa. I Hecmo-
TPA HA TO, YTO SKCTPAIOJAINS IIPEIeJIbHOr0 TNHAMUYECKOr0 Ha-
MPSIKeHUsA CABUTA He JaeT MPaBUJILHOTO IpeAcTaBIeHusa 00 apdek-
TUBHOCTH OUMCTKY CTBOJIA, MHOTHE IPOLOIKAIOT UCII0JH30BATh 9TOT
MeTon. PeKoMeHAyIOT MPUMEHATh OYPOBOM PacTBOP CO 3HAUEHUEM
IpenesbHOTO AUHAMHUYECKOT0 HANpAMKeHUsA caBura ot 25 mo 12—
17 Ia.

CrocobHOCTE OYPOBOTO PACTBOpPa YAEPKUBATH BO B3BEIIIEHHOM
COCTOAHUY OYPOBOIi IIIJIAM B CTATUYECKUX YCJIOBUAX TaKyKe HMeeT
GoJibllioe 3HaueHWe. THUKCOTPOIHBIE CBOMCTBA OYPOBHIX PACTBOPOB
mpuoOpeTaroT eire 0oJIbIllee 3HAUEHNE IIPU OypPeHnr HAKJOHHO Ha-
TIPaBJEHHBIX CKBAXKUWH, TaK KaK KOH(GUIypallus CTBOJIA CIOCOOCT-
ByeT OCaKAEHWI0 dYacTHuIl OypoBOTO IIIaMa Ha HIMKHEH CTeHKe
CKBaKUHBI B TOM CJIyUae, eCJaU yAeP:KUBAIOIas CIIoCOOHOCTEL 6ypo-
BOT'O pacTBOpa He obecreurBaeT HEMEIJEeHHOTO CYCIeHIUPOBAHUS
yactul, nuiama. OcakaeHue IiaMa sSBJIAeTCSI MPU3HAKOM HeKaue-
CTBEHHOI OUYMCTKHU CTBOJIA.

Muorue moimMepHbIe 0yPOBBIe PACTBOPEI Ha BOIHOI OCHOBE C TIO-
BBITIIEHHBIMHY 3HAUEHUAMHU HATPSIKEHUS CABUTA MPU HUBKUX CKO-
pocTax caBura 00ecleuyrBaIOT JOCTATOYHO 3(P(PEeKTUBHBIN BBIHOC
1IIaMa 13 3aTpyOHOT0 IIPOCTPAHCTBA CKBAYKUH OOJIBIIIONO JUaMETPA.
BosHUKaeT ecTeCTBeHHBIN BOIIPOC, CMOMKET JIi OYPOBOI pacTBOp Ha
YTJIeBOJOPOAHON OCHOBE, 00JIafaloIuii aHAJOTMYHLIMU CBOICTBA-
MU, obecIeunTsh 3PGHEKTUBHYIO OUNCTKY CTBOJIA CKBa'KMHBLI. Bypo-
BbIe PACTBOPHI HA BOAHOI W YIJIeBOJOPOAHOM OCHOBE C SKBUBAJIEHT-
HBIMY PEOJIOTUYECKMMU CBOMCTBAMY B 9TOM OTHOIIIEHUX BEeAyT Ce0s
no-pasuomy. IIpuBenennbie Ha puc. 2.10 peorpaMMbI ITOKa3LIBAIOT,
YTO peoJIoTMUEeCKHe IPOMUIN ABYX PacTBOPOB IIPU TeMIlepaType
38 °C ouens nmoxoxu. OgHAKO BA3ZKOCTH OYyPOBOr'0 pacTBOpa Ha yrJie-
BOJOPOIHOM OCHOBE HECKOJILKO HUKe, UeM Y 6YPOBOTO pacTBopa Ha
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BOJHOII OCHOBE IIPW YaCTOTE BpallleHWsd BHCKO3UMETpa MeHee
100 06/MuH.

Ha puc. 2.11, a mpuBeneHa 3aBUCUMOCTb KOHITEHTPAIIUHY ITLIaMa
B 000uX GYPOBBIX PACTBOPAX B JUHAMUYECKUX YCIOBUAX OT CKOPO-
CTH BOCXOJSAINEr0 HOTOKa. AHajsornuHas 3(PGeKTUBHOCTH BBEIHOCA
mnramMa HabJiofanach TPy CKOPOCTY ABUYKEHUA Oy POBOTO PACTBOPA B
3aTpyOHOM IIPOCTPAaHCTBe, mpeBbimalomeir 0,76 m/c. Ilpu 0Oosee
HU3KUX 3HAYEHUSIX CKOPOCTU BOCXOAAIIEr0 MOTOKA 3)HEeKTUBHOCTD
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Puc. 2.10. PeorpaMmmMsl GypOBBIX PacTBOPOB, MCCJIEIOBAHHBIX C IIOMOIIBIO 3aMKHY-
TOH IMPKYJIAIUOHHON CHUCTEMBI:

1,2 — pacTBOpBGI IIOTHOCTHIO 1,52 r/CM3 COOTBETCTBEHHO Ha BOJHOUM M YTJIEBOIOPO -
HO¥1 OCHOBe
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CKopocmb 8ocxodauiezo nomoka oypoeozo pacmeopa, 0,0051 w/c

Puc. 2.11. 3aBHCHMOCTH KOHI[EHTPAI[MU IIepEeMelaouerocsa IljlaMa OT CKOPOCTH
BO CXOJAIIEro MOTOKa GYpoOBOro pacTeBopa:

a — B AMHAMUYECKUX YCJOBUAX; 6 — mocje 2 U MOKOos; I, 2 — pacTBOPHI IJIOTHOCTHIO
1,52 r/cM® cOOTBETCTBEHHO HA BOZHOI U YIJIEBOJOPOLHOI OCHOBE
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OypPOBBIX PACTBOPOB HA BOAHOM OCHOBE HECKOJILKO BbIle, ueM PVYO.
IIpeo6GpasoBamme 3TO CKOPOCTH B YaCTOTY BpAIeHUS BUCKO3UMET-
pa maet sHaueHue, mpuMepHo paBHoe 100 06/muH. CiemoBaTesbHO,
9TO OTHOCHUTEJIbHOE yMeHbIeHre 3((GeKTUBHOCTH BbIHOCA IILIaMa
OBLIIO IIPOTHO3MPOBAHO peorpaMMaMu 000MX PacTBOPOB.

Ha puc. 2.11, 6 mpuBeieHa 3aBUCUMOCTD KOHIIEHTPAIIUHY IILJIaMa B
00011X GYPOBBIX PACTBOPAX OT YBEJIHMUYEHUS CKOPOCTU BOCXOIAIIETO
TMOTOKAa OYPOBOTO pacTBOpa mocje 2 U IOKos. 3aech HabIogaeTcsa Ta
JKe CXOAMMOCTh Pe3yJbTaTOB IPU CKOPOCTH BOCXOMAAIIET0 ITOTOKA
0,76 M/c. OTO TO3BOJIMJIO CIEJIATH BHIBO, UTO OYPOBBIE PACTBOPHI HA
BOJHOM M YIJIeBOJOPOAHON OCHOBE C AaHAJOTMYHBIMHU PEOJIOTH-
YeCKUMU CBOWICTBAMH 00JaJal0T OAMHAKOBOM TPAHCIIOPTHOIN CIHO-
cobHOCThI0. Tak Kak OObIUHBIE OYPOBBIE PACTBOPHI HE IIOJHOCTHIO
TMMOAUMHSAIOTCS 3aKOHYy Bumrama, sHaueHue MIpenebHOTO TUHAMU-
YeCKOro HAUPAKEHUS CABUTA, ONpeaesieHHOe IIPU YacTOTe Bpaliie-
Hua 600 u 300 o6/MuH, He TO3BOJISET C JOCTATOYHOUN CTEIEeHBIO
TOYHOCTHU OIPENESUTDh BeIUUNHY BASKOCTH.

UccnenoBaHusa HOBeNEHUs OCEBIIEro IIJlaMa HA CIEIUaJIbHOM
yCTpo#icTBe IIOKA3aJaHW, UTO pas3juYHAsA CTeleHb YCTOMUYMBOCTHU
OCEBIIIEeTO IIJIaMa MOJKET ObITh TPUYMHON BO3HUKHOBEHUS OCJIOMK-
HeHUU mpu OypeHUU ¢ MCHOJbh30BaHUEM OYPOBBIX PACTBOPOB Ha yT-
JIeBOJOPOAHOM ocHOBe. IIpu mpoBeJeHUM HCCJIEIOBAHUSA HECKOJIb-
KX OYPOBBIX PACTBOPOB HA BOAHOU 1 YIJIEBOJOPOIHOM OCHOBE CPaB-
HUBAJIU YTJIBI OCEBIIIETO IIJIaMa IIPHU ero OII0JI3aHuU U B moKoe. Ilpu-
BeleHHBbIe B Tabs. 2.7 maHHBIe CBUAETEJLCTBYIOT, UTO OIIOJI3aHUE
mraMa B 6YpOBBIX PACTBOpPaxX Ha yIJIEBOLOPOIHOM OCHOBE HPOUCXO-
IUT OIPU MEHBITUX YIJIaX HaKJOHA; KpOMe TOTO0, OTIOJIBAIONTHNH ITLIaM
IBUIKETCS eqUHOM MAaccoil, a He OTAeJbHLIMUA Pa3MbBITHIMUA YACTH-
maMu. JlaGopaTOpHbIe M IPOMBICJIOBBIE KCCJENOBAHUS IIOKa3aju,
YTO OCJIO}KHEHUS, CBA3AHHBIE C OCAMKAEHUEM IjaMa, HOCAT Hambo-
Jiee Cepbe3HBI XapakTep IpU yIJiaxX HAKJOHA CTBoOJIA OT 35 1o 55°.
3HaueHUA YIJIOB HAKJIOHA CTBOJIA, IIPU KOTOPBIX OCEBINHI IIIJIaM

Ta6bnuma 2.7

YTJIbI HOKOS M CKOJIbKEHUA OCEBUIET0 NIJIaMa

PacTsop VYrou, rpagyc
CKOJIbYKEHUA TOKOSA
Boga 59 35
BypoBoii pacTBOp 61 35-45
JlusesbHOE TOILIINBO 65 35
WHuBepTHASA 9MYJI bCUA" 72 30-40

“BogouedrsiHoe oTHoIenue — 8/15.
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HaXOJUTCA B IIOKOE, B 000MX TUIIaX 0yPOBHIX PACTBOPOB HAXOAATCA B
9TOM JKe nuanazoHe. CKOIIEHNU IIIJIaMa TaKKe MOTYT ObITh IPUYU-
HOWU OCJIO}KHEHUI, Bo3HUKawIux mpu nposegernu CIIO B uaTepBa-
JIaX CTBOJIA C TAKMM K€ YIJIOM HAKJIOHA.

IIpoBeneHHbIE WCCIENOBAHUA IOATBEPAUIN HEOOXOIUMOCTD
pa3paboTKu GYPOBBIX PACTBOPOB HA YIJIEBOJOPOAHOI OCHOBE C IIO-
BBINIEHHBIMU 3HAUEHUAMHU BA3KOCTU IIPU B3aJaHHBIX CKOPOCTAX
cIIBUTa PacTBOpa B 3aTPyOHOM mpocTpaHcTBe. Kpome Toro, atu cuc-
TeMbI OYPOBBIX PACTBOPOB JOJIMKHBI 00JI1a1aTh CIIOCOOHOCTHIO OBICT-
POro CTPYKTYPOOOPa30BaHUSA C IEJIbI0 IPEeAyIPeKIeHnsT ObICTPOro
OCa’KJeHUS MIIaMa Ha HUMKHUU CTeHKe HAKJOHHBIX CKBasKMH. Be-
1I1eCTBO, o0eclieynBalollee BOSHNKHOBEHEe TaKUX CBOMCTB y Oypo-
BBIX PacTBOPOB, HEe JOJYKHO BJIUATH Ha 3HAUEHUS WX PEOJo-
TUYECKUX CBOMCTB IIpU GOJBIINX CKOPOCTAX caBura. Kpome Toro,
OHO JOJIXKHO OBLIO IOAAEP'KMBATEH 3TU IIapaMeTpPhl B YCJIOBUAX 3a-
OOIHBIX TeMmepaTyp M AaBjeHuii. TaKMM BeIleCTBOM OKAasaJjach
OJIUTOMEPHAS KUPHAA KUCJIOTA.

JlaGopaTopHbIe UCCIeOBaHUS TOKA3aJ1, UYTO 00paboTaHHbIe Ta-
KOIf KHCJIOTOIi OypOBBIE PaCTBODPHI IIPUOOPETAIOT PEOJIOTUUECKUE
cBolicTBa, obecmeumBaroiiye 3M(GEKTUBHYI0 OYNCTKY CTBOJIA OT
maama. [lmacTuueckaa BASKOCTH OYPOBBIX PACTBOPOB IIOCJIE BBEJE-
HUS OJINTOMEPOB He MeHseTcsd. IIpumMepoM Takoil cucTeMbl MOKET
CIYsKUTh GypOBOi pacTBOp IIoTHOCTHIO 1,32 r/cM® Ha ocHOBe MH-
HEepaJIbHOTO Macjia ¢ HU3KUM COAep:KaHueM apoMaTHYecKuX Be-
mmecTB npu BogoHedTAHOM oTHOIeHuu 20/80. IIpu mpuroroBieHun
TaKOT'0 PaCTBOPA MCIIOJH30BAJIN OOBIUYHBIN ITPOMBINLIEHHBIN dMYIb-
raTop U CMauYMBAIONINIT areHT. KOHIIeHTpausa oJiuroMepa B pacTBo-
pe cocraBaaia 11,4 kr/m®. B Tabu. 2.8 nmpuBeseHsl HadaabHEIE CTa-
OMJIM3UPOBAHHBLIE CBOMCTBA STOTO OYypPOBOTO pacTBOpa, a TaKiKe
CBOVICTBA pacTBOpa IIocjie ropsuyeil oOKaTKu B TeueHwe 18 u mpu
remmepaType 149 ‘C. Kpome Toro, mpuBefjeHBI CBOMCTBA TOTO Ke
pacTBOpa, 00pabOTAHHOTO OPraHOMUWJIBHBIMUM TJIMHAMU IIPUMEPHO
TaKOH Xe KOHIEHTpauuu (IapaMeTphl PacTBOPA, IPUBENEHHLIE B
TabJIuIe, Openeaann mpu remmneparype 65,6 ‘C).

IlonyueHHble pe3yJabTATHI CBUAETEIBCTBYIOT O CIIOCOOHOCTH
onuromepa obecreunBaTh 3aJaHHbIC 3HAUEHUS BA3KOCTU U THUKCO-
TPONHBIE CBOMCTBA IIPU HUBKUX CKOPOCTAX caBura. Cucrema Taks:xe
00HAPY’KNJIA YCTOMUYUBOCTD K BO3EMICTBUIO BHICOKMX TEeMIEPaTyp.
3HaueHUA NPENEIBHOT0 CTATUYECKOTO HANIPAMKEHUSA COBUTA
(TpoYHOCTDL TeJidA) OYPOBBIX PACTBOPOB, 00PAOOTAHHBIX OJIATOME-
poM, GBICTPO BO3pacTaau, OJHAKO uepe3 1 MUH IIagajiu.

C MOMeHTA MOSIBJIEHUS OJIUTOMEPOB B IIPOMBICJIOBBIX YCJIOBUSIX C
€ro HCIOJIb30BaHMEM ObLIO MPOOYPEHO MHOTO CKBaKMH B Pas3jind-
HBIX permoHax mupa. IIpm 6ypeHUM 5THMX CKBaKUH IPUMEHAIU OY-
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Tao6auma 2.8

CroiicTBa JTa60pPaTOPHOro GYPOBOTro pacTBOpa MIoTHOCcTHIO 1,32 r/cm®
¢ BogoHe(pTAHBIM oTHOmeHHeM 20/80

Ho6aBka oprano(puIbHBIX
HoGasxa omuromepa 5 3 TJINH B KOJIMYECTBE
Hokasares KosauuectBe 11,412 kr/m 14,215 xr/m°
ITocre ITocre
Havanbabie ropsaueit Havanbabie ropsaueit
SHa4YeHUA | opxarky mpu| SHAYCHUA |ofraTKu npu
149°C 149°C
ITokasanuda poOTAIUO H-
HOTO BHUCKO3UMETDPa
Ipu dYacToTe Bpalle-
HUs, 00/MUH:
600 58 56 54 48
300 40 34 36 28
200 30 25 27 19
100 22 17 21 12
6 12 10 11 5
3 11 9 10 4
IlnacTuueckas Bs3- 18 22 22 20
KocTh, MIla-c
IIpenensHOE MUHAMMA- 10,53 5,75 6,70 8,62
YecKoe HalpsKeHue
casura, klla
CHC, IIa:
HYyJIEBOE 5,27 4,31 4,79 2,39
uepe3 10 ¢ 7,66 8,14 5,75 3,35
uepe3 10 MuH 8,62 10,53 8,14 5,75
uepe3 30 MUH - 11,49 - —

POBBIE PACTBOPHI HA OCHOBE AM3€JHHOTO TOILINBA U MUHEDPATIHLHOTO
MacJia Ipu BogoHedTAHOM oTHomieHuu ot 50/50 mo 10/90. Bo Bcex
CJIydasgX OTMEYaJIoCh HMOBGIIIIeHNE 3 (GEKTUBHOCTY OYUCTKU CTBOJIA
CKBa)KVH. YMeHBbIIIeHIIe YUCJIa OCJOXKHEeHUN, BOBHUKAIOIINX B pe-
3yJIbTATE OCAXKEHUS I1JIaMa, IT03BOJUJIO 3HAUUTEIHLHO COKPATUTDH
CTOMMOCTD OYPEHUS CKBAYKUH U €T'0 MPOJOJIKUTEIbHOCT.

Ha ocHOBaHWY U3JI0KEHHOTO MOXKHO CHEJIATh CIeIYIOIIUe BHIBO-
IBI.

1. Peosoruueckme CBOMCTBAa OOBIYHBIX OYPOBBIX PACTBOPOB HA
YTJI€BOJZOPOIHON OCHOBE, 3aTyIIEHHBIX OPraHOPMILHBIMU TJIMHA-
MU, MOTYT YXY/AIIATh UX TPAHCIOPTHYIO CIIOCOOHOCTH IpU OypeHuun
UCKPUBJIEHHBIX CKBaKWH OOJIBIIIOTO AUAMEeTPA.

2. Bsaskocts OypoBOTO pacTBOpa IIPU HEBBICOKUX CKOPOCTAX
CIBUTA UM HavaJibHAs ITPOYHOCTh TeJid MMEIOT OOJIbIIIoe 3HAUYeHUe
IIPU OIIpPeJieJIEHUY €T0 TPAHCIOPTHOM cmocobHocTu. A obecmeue-
HUA 5Q(EeKTUBHOIO BBIHOCA IIIJIaMa M POCTa CTPYKTYPHI pacTBopa
0OJIBIIIOE 3HAUEHUE UMEEeT PeryJINpOoBaHre 3HAUEHUH BA3SKOCTU DU
HEeBBICOKUX YaCTOTaX BPAIlleHUSA POTAIIIOHHOTO BUCKO3UMETPA.
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3. BypoBble pacTBOphI Ha YIJIEBOJAOPOIHOII OCHOBE W IIOJIMEP-
HbIEe PaCTBOPHI Ha BOJHOI OCHOBE C aHAJOTUYHLIMY ITapaMeTpaMu Ha
3a00e 00J1a1a10T OJMHAKOBOI TPAHCIOPTUPYIOIEH CII0COOHOCTHIO.

4. IIpousBogHBIE OJHUrOMEpa JKUPHOM KHCJIOTHI YBEJIUUYHUBAIOT
3HAUEHUS PEOJIOTUYECKHUX CBOMCTB MHBEPTHBIX dMYJIbCUIN IPU HUB-
KHUX CKOPOCTSX CABUTrA, a TaK/Ke BEeJUUNHY HAYAIHLHOM IPOYHOCTU
rejis IPY MUHUMAJILHOM POCTE BA3KOCTH IIPU OOJBIINX CKOPOCTIX
cIBUTA.

5. IlpumeHeHUe OJUTOMEPOB B IIPOMBICJIOBBIX YCJIOBUAX IIOM-
TBEPAMJIO PE3yIbTATEI IAOOPATOPHEIX HCCAeA0BaHMIl. BoJiee copoka
CKBasKMH guamerpoM no 311,15 MM ¢ yriaom HakaoHA 40 65° ObLIO
YCHeIIHO Ipo0ypeHo ¢ UCI0Ib30BAHNEM OJIMrOMepPoB. BypoBoii pac-
TBOP COXPAHSAJ YCTOMUNBOCTD B YCJIOBUAX 3a00MHBIX TEMIIEPATYP 10
221 °C ma raay6une 7010 m.



