IVIABA 4

KOHCTPYKIIUN 3ABOEB CKBAKUH

B Hacrosiee Bpemsa B Poccuu u 3a py6e’KoM OCHOBHBIM HAIIPaB-
JileHHeM paboT B 00J1aCTH 3aKaHUYNBAHUA CKBAKUH SABJIAETCA obecIe-
yeHne ycJaoBui 3 (PeKTUBHOIO BCKPLITUS IPOAYKTUBHOIO ILJIACTA B
eJAX COXPAaHEeHMA ero KOJIJIEKTOPCKUX CBOMCTB. BmecTe ¢ aTum
Ba’KHBIM HaIIpaBJIeHUEM CUMTAETCS pPaspaboTKa KOHCTPYKIIUM 3a60-
€B CKBaKIH, IIO3BOJIAIOIINX SKCILIYaTHPOBATh UX B YCJIOBUAX, OC-
JIOXKHEHHBIX HEYCTOMUYMBOCTBHIO KOJJIEKTOpPa, KOPPO3MOHHOI cpe-
oM, aHOMAaJILHBIMU JaBJIEHUAMU U TeMIepaTypaMu U T. .

9Ty nBa HAIpPaBJIEHUsS B3AMMHO CBSA3AHBI U IIPECIEAYIOT OIHY
00IITyI0 IeJb — obeclieueHre OITHUMAJILHBIX YCJIOBUII M3BJIEUEHUS
duronga 13 MPOIYKTUBHOIO ILJIACTAa.

PaspaboTaHbl U SKCILIYaTUPYIOTCA Pas3iNUYHBbIE KOHCTPYKIIUK
3a00€B IJIA OCJIOKHEHHBIX M HEOCJIOKHEeHHBIX ycaoBuii. Haubosee
pacipocTpaHeHHasa U3 HUX — KOHCTPYKIIUA 3a00s ¢ 3aIleMeHTHUPO-
BAHHOM 9KCILTYaTAIlMOHHONM KOJIOHHOM, mepdoprupyeMoii B HHTepBa-
Jie TMPOAYKTUBHOTO Iaacta. IIpocToTa TEeXHOJOTUH €€ CO3TaHUsA
IIpuBeJia K TOMY, UTO MIPAKTUYEeCKU IIOBCEMECTHO OHAa ABJISETCS OC-
HOBOI TPOEKTUPOBAHUS KOHCTPYKIINY BCEI CKBAYKUHBI.

B 3apy0esxHOII IpaKTHUKe 3Ta IPOCTAsd KOHCTPYKIIUA YCJIOMKHA-
eTCs UCTIOJIb30BAaHUEM TeMIePaTyPHBIX KOMIIEHCATOPOB, TAKEPOB U
T.0.

OpHako, Kak ITOKasaja MPaKTUKAa, TakKasd KOHCTPYKIIUS He MO-
JKeT YIOBJIETBOPATH BO3POCIINM TPe6OBaHUAM WMHTEHCHUBHOT'O M3-
BJIeUeHU (pIionga U3 MPOAYKTUBHOTO ILJIACTA B YCJIOBUAX MHOI'000-
pasua TeoJOTMUECKUX YCJOBUM M WCIIOJb3YEMBIX TEeXHUUYECKUX
cpencTB aas Ao0LIUM HedTH UM rasa, 0COOEHHO B caydae TOPU30H-
TajabHOro Oypeuud. K ToMy Ke TpaAuIlMOHHBIE METOABI obecIieue-
HUSA TUAPOAVHAMNYECKOMH CBSA3Y CKBAKUHBI C ILJIACTOM IIPU IIYJIEBOH
U KyMYJISTABHOM mepdopaiuy HapyIIaoT I[eJI0OCTHOCTh IEMEeHTHOTO
KOJIbITA 3a KOJIOHHOI YacTO Ha 3HAUUTEIbHOM PACCTOAHUN OT MHTEP-
BaJIa Tmepgopalum, 4To 00yCJIOBINBAEeT HEKAUeCTBEHHOE pas3oobIie-
HIle TPOAYKTUBHBIX ILJIACTOB. I109TOMY HCIIONB3YIOTCA TaKuWe KOH-
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CTPYKIIMU 3a00€B, KOTOPhIE YAOBJIETBOPAIOT TPeOOBAHUAM 9KCILIY-
aTanuu CKBaYKMH B KOHKPETHBIX T'€0JIOTUYECKUX YCIOBUAX.

Tak, B yCTOHUYUBBIX TPEITNHHBIX ¥ TTOPOBO-TPEIUHHBIX KOJJIEK-
TOpax, I'/ie U A0 HACTOSIIEero BpeMeH! B IIOJaBJISIOINeM OOJIbIITNHCT-
Be CJIy4YaeB IIPOEKTAMM IIPeAyCMAaTPUBAIOTCA BCKPBHITHE U 3aKpel-
JIeHUe IIeMeHTUPYeMOIl KOJIOHHOH MPOAYKTUBHOM TOJIIIH, B CBSI3U C
TPYAHOCTSAMU OOpPHOBI C TIOTJIOIIEHUAMU 3a00M YacTO OCTABJIAIOT
He3alreMeHTUPOBAHHBIMHU JIN00 MX 00CAKMBAIOT NepGOPUPOBAHHBI-
MU IIOTAaWHBIMU KOJIOHHAMM, 000PY/JOBAaHHBIMU HaKEPYIOIINMU BJe-
menTaMu. IIpakTuKa BbIABHUJIA IIOJOMKUTEJIbHBIE U OTPUIATEIbHBIE
0COOEHHOCTH TAKOM KOHCTpPyKImu. [Ipy ee mMCIOJIBL30BaHUU 3HAUM-
TEeJIbHO YIIPOIIAaeTCs TEeXHOJOTUsS KPEeIIeHUs, CHUKAIOTCA THIPO-
IWHaAMUYeCKHe Harpys3KHM Ha IIpusaboiiHylo 30HY. B To ke Bpems
IIPpUMeHeHNe TaKUX KOHCTPYKIUI 32008 MCKJIIOUAEeT BO3ZMOYKHOCTH
IIPOBEIEHUA CEJIEKTUBHOMN 00pa0OTKU OTeJIbHBIX WHTEPBAJIOB IIPO-
IYKTHUBHOT'O pa3pesa Ipu 00pb0e ¢ IIPOSABICHUAMU WIN IIpu pabo-
TaX, CBS3aHHBIX C ITOBBLIIIIEHNEM IIPOHUIAEMOCTH IMTPOAYKTUBHOM
30HBI.

PaspaboTka KOHCTPYKIUM 3a60s MOOBIBAIOINEH CKBAKUHBLI B
TPEIMHHOM KOJIJIEKTOPE OTHOCUTCA K YUCJIY CJIOKHBIX IIPOOJIeM.
OHa cBs3aHa C HepelleHHBIMU TPo0JieMaMM, BOSHUKAIOIINMU Kak
npu OypeHHHU, TaK W IIPH SKCILIyaTalluu CKBaXKUH. HeobXoguMbI
HOPMBI, PerjIaMeHTUPYIoIe Pa3paboTKy KOHCTPYKIIMYA OTKPBITOT'O
32005 IpU 3aKaHUMBAHUY CKBAaKWH, BBIOOD ee BUJA B 3aBUCHUMOCTU
OT KOHKPETHBIX YCJIOBUI 3aJieTaHUA IPOAYKTUBHOTO 00beKTa U (hu-
3UKO-MEXaHNUYECKUX CBOHMCTB F'OPHBIX IIOPO/.

B Poccuu u 3a pybe:xoM Takske OOJIbIIIOe BHUMAaHUE YAEJIAETCA
paspaboTKe KOHCTPYKIIHII 3a00eB CKBasKMWH, SKCILIYATHUPYOIUX
caabociieMeHTUPOBaHHbIe KOJLTIEKTOPEI. K OCHOBHBIM IyTAM 60PLOBI
C paspylleHueM Npu3aboiiHON 30HBI MOKHO OTHECTH CJIeHVIOIIue:
YCTaHOBKa (UJIBTPOB PAa3JUUYHBIX KOHCTPYKIIMH (IIPOBOJIOUHEBIE,
1eJIeBble, T'paBUNHBIE U P.); CO3AaHMe B Ipu3aboiHOM 30HEe NCKYC-
CTBEHHBIX (DMIBTPAIMOHHBIX COOPYIKEHMI; KOHCOJIUIATINA IOPOX
ILJIaCTa PA3JINYHLIMY MaTepPHUaIaMU.

4.1. TUNIBI KOHCTPYKIUI 3ABOEB CKBAKUH

Cosmanmue parmuoHAJILHON KOHCTPYKIIUM 3a00A CKBaKUH — 3TO
000CHOBAHME €r0 HAPYsKHOI'0 U BHYTPEHHEr0 JUaMeTPOB, BHIOOD TH-
ma uiabTpa, 000CHOBaHME (KOHCTATAIMs) XapakTepa COOOIeHU
CTBOJIA CKBA’KMHBI C IPOAYKTUBHBIM ILJIACTOM C YUYETOM pe3yJibTa-
TOB WCCJIEIOBAHUA MEXaHM3Ma IIPOABJICHUS TOPHOTO JaBJICHUSA B
II3II 1 paspyIeHusa KOJIeKTopa IPU ABMKeHUH (JI0nAa IIJIacTa.
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Cospmanmue paruoHaJbLHON KOHCTPYKIINU 32008 CKBAXKUH TIPEay-
cMaTpUBaeT coOUeTaHMe 3JeMEeHTOB KpelM CKBAKMHBLI B MHTepPBaJie
MPOAYKTUBHOIO IIJAcTa, 00eCIIeUYMBAIOIINX YCTOWYMBOCTh CTBOJIA,
pasolienre ILJIACTOB, IIPOBEIEHME TEXHHKO-TEXHOJOIMYECKHUX
BO3JEMCTBUI Ha ILJIACT, PEMOHTHO-U30JAIMOHHBIE U Teodusudec-
Kue paboThl, a TaKKe MINUTEJbHYI0 9KCILIYyaTallUuio CKBaKUH IIPU
onTUMaJbHOM AebuTe. IHBIMU CJI0BaMU, B HMOHATHE KOHCTPYKIIUU
32005 CKBa)KMHBI BXOIUT HA0OP TeXHUKO-TEXHOJOTHUUECKUX PeIle-
HUM 0 060pyIOBaHMI0 32004 1 MTPHU3a00MHOM 30HBI CKBasKUH, 0b6ec-
[IeYNBAIOIINX CBA3b C ILJIACTOM, IIPU KOTOPHIX CKBasKMHA OymeT pa-
00TaTh C ONTUMAJILHBIM (MU MaKCUMAaJbHBIM) aebutom, a I13I1, He
paspyiIasch (MU TP MUHUMAaJBLHOM PaspyIlleHun), ITO3BOJIsAIa OBl
paboTaTh AJIUTEIbLHOE BpeMs 0e3 peMOHTA.

Ompepensioniue GakToOPhI IO BEIOOPY KOHCTPYKIIMU 3400 U ee
TmapamMeTpOB — TUII U CTEIIeHb OTHOPOAHOCTU IPOAYKTUBHOTO TIJIAC-
Ta, ero IPOHUIIAeMOCTh, ycTounBocTh mopoy 11311, a Taxkike Haau-
Yyye WJIA OTCYTCTBHE OJM3KO PACIIOJIOMKEHHBIX II0 OTHOIIEHUIO K
KOJLJIEKTOPY TOPHU30HTOB C BBICOKMM WM HUBKUM JABJIEHUEM BOJO-
He(TAHOr0 KOHTAaKTa WJIM Fa30BOI IIIATKH.

ITo reoslornuecKMM YCJIOBUAM 3ajieraHusA He(TerasoBoul 3aJie-
JKH1, TUITY KOJIJIEKTOPA M CBOMCTBAM IIOPOJ MPOAYKTHUBHOIO ILIACTa
BBIJIEJIAIOT YeThIPe OCHOBHBIX BUIa 00bEKTOB 9KCILIYaTAI[N:

1) KoJJIEKTOP OOHOPOAHBIN, TPOYHBIN, TOPOBOTO, TPEIITUHHOTO,
TPEINHHO-IIOPOBOr0 MM IIOPOBO-TPEIIUHHOrO TUIlA; OJM3KO pac-
TMOJIOJKEeHHbIe HAIIOPHBIE BOJAOHOCHBIE (Ia30HOCHBIE) TOPU30HTHI U
TIOAOIIIBEHHEIE BOJIBI OTCYTCTBYIOT;

2) KOJIIeKTOP ONAHOPOMHBIN, IPOUHBIHA, ITOPOBOT0, TPEIIUHHOTO,
TPEINHHO-IIOPOBOr0 MJIX IIOPOBO-TPEIINHHOr0 TUIIA; Y KPOBJIH ILjIa-
CTa MMeeTCsl ra3oBas INallKa MM OJM3KO PACIIOJIOKeHHBbIe HAmop-
HbIe 00'bEeKThI;

3) KOJIIEKTOp HEOJHOPOIHBII, IIOPOBOIO, TPEIUHHOTO0, Tpe-
IITUHHO-IIOPOBOTO WJIM ITOPOBO-TPEIMHHOTO TUIIa, XapaKTepusyio-
muiicsa YepefoBaHNEM YCTOMUYMBBIX U HEYCTOMUYMBBIX ITOPOJ, BOAO-
¥ ra3oCcoIePIKaIlluX IPOILJIACTKOB C PA3JINYHLIMY I[LJIACTOBLIMY JaB-
JIEHUSAMU;

4) KOJJIEKTOP CcJIa00CIeMEeHTUPOBAHHEIN, ITOPOBBIM, BLICOKOM
TIOPHUCTOCTH U IPOHUIIAEMOCTH, C HOPMAJbHBIM WM HU3KUM IIJIAC-
TOBBIM JABJE€HUEM; IIPU ero SKCILIyaTallud IPOUCXOAUT pas3pyIiie-
HUe TJIacTa ¢ BLIHOCOM ITecKa.

I MOosICHEeHU A CJIeJyeT OTMETHUTD, YTO OJHOPOAHBIM CUMNTAETCS
IJIACT, JIUTOJIOTUYECKN OJHOTHUIIHBLIN MO BCEM TOJINHE, KOTOPLIMA
UMeeT IIPUMEPHO OAWHAKOBBIE (DUIBTpPAIMOHHBIE IIOKA3aTeaud u
IJIaCTOBLIE OaBJIEHWS B MPOILTACTKAX, HACBLIIEH ra3oM, He(pTbio
niu Bogoii. Ilpeness uameneHua KoadduimenTa IPpoHUITaeMOCTH k
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JJISA OOHOPOJAHOTI'O IJiaCTa He JOJIXKHBI BBIXOJUTH 3a 'PaAaHUIIBI OOTHOT'O
U3 CJIeaYIIUX IIeCTU KJIaCcCOB:

k, MEM®...... >1,0 0,5-1,0 0,1-0,5 0,05-0,1 0,01-0,05 0,001-0,01

Ecau miacT pacujieHeH HIPOILIAaCTKAMH C H3MeHsAoleiica (B
Ka'KJZOM U3 IIECTU KJACCOB) IIPOHUITAEMOCTHIO, UMEET IIOJOIIBEH-
HBIe BOJBI, Ta30Bble IMIATIKYM MJIM YepPeJOBaHUE Ta30BoLOHe(dTeHa-
CBIIIIEHHBIX IIPOILJIACTKOB C PA3JIMYHBIMU ILIACTOBBLIMU [IaBJIEHUS-
MU, OH CUUTAETCA HEOLHOPOIHBIM.

IIpoyHBIMU KOJIIEKTOPAMU HA3BIBAIOT T€, KOTOPHIE COXPAHSIOT
YCTOMUYMBOCTD 1 He Pas3pyInaiTcsA 0/ Bo3AeicTBreM (hUIbLTPAI[MOH-
HBIX U F'e0CTaTUUeCKUX Harpy3okK. OIeHKa yCTOWYMBOCTU IIOPOX B
II3II — BechbMa CJIOKHBIN 1 ITIOJTHOCTHIO HE PETJIAMEHTUPOBAHHBIN pe-
3yJILTAT HCCJIEIOBATEJLCKUX pabor. Ias cayuas sKCILIyaTaIlMK
CKBaKMH OTKPBITHLIM 3a00eM HamboJyiee 000CHOBAHHOM, II0 HAIIEMY
MHEHWUIO, SBJIAeTCA MeToAuKa, paspaborannas H.M. CapKucoBbIM
" Ip.

CiabociieMeHTUPOBAHHBIMY KOJIJIEKTOPAMY CUMTAIOT TaKMe Iija-
CTBI, TOPOABI KOTOPHIX IIPU SKCIIyaTAIluM CKBAYKMH BBIHOCATCSA Ha
IIOBEPXHOCTh BMeCTe ¢ (DIouI0M. 3IeCh BAXKHO BBIIED/KUBATH Ie-
IIPeCCHUI0 Ha IIJIACT B PacueTHBIX mpemeaax. C TOUKM 3peHUs ILjIac-
TOBBIX JaBJIEHUH KOJJIEKTOPHI MOT'YT OBITH IIOJpa3geeHbl HAa TPU
rpynnsl: grad p,, > 0,1 MIla/10 m; grad p,, = 0,1 MIIa/10 m; grad
Pux < 0,1 MITa/10 M.

Ilnact aBnAETCSA BBHICOKOIPOHUIIAEMBIM, €CJIV 3HAUYEHUSA KO03(h-
durenTa TOPOBOH k,, MV TPEITUHHON k, TPOHUIIAEMOCTH COOTBET-
crBenHO 6osee 0,1 1 0,01 MmrMm2.

Ecau HamopHbI TOPUBOHT HAXOJUTCA HA PACCTOAHUU MeHee b M
OT MIPOAYKTUBHOTO ILJIACTA, OH CUUTAETCA OJIM3KOPACIIONIOKEHHBIM.
ITO yCJOBHAsA XapaKTePUCTUKa PACCTOSHUA, B3ATaA U3 OIBITA
BCJIEICTBHE CJIOXKHOCTU Pa300IeHUs ILJIACTOB C PA3JIMUYHBIMU JaB-
JIEHUSIMU.

7151 OlIeHKY KOJIJIEKTOPOB 110 PadMepy IIecUaHbIX 3ePeH IIJIACThI
pasgenAoTcA MO (PaKIMOHHOMY COCTAaBYy Ha MEJKO-, CpeiHe- U
KPYIIHO3EePHUCTBIE C PA3MEPOM YacTuir coorsercTBerHno 0,10-0,25;
0,25-0,50 u 0,50-1,0 mm.

H1s1 oleHKM cpemHEro pasMepa 3epeH IIecKa ILIacTa HCIOJIb3Y-
eTcda popmyJia

i

d,,=0,53 ¢ , (4.1)
'11a +1,37as +0,17a4 +0,02a
\11a; +1,37a, +0,17ag +0,02a,

rme G — cymMMa YaCTHBIX OCTATKOB Ha CHTaxX, 3a HCKJIOUEHUEM
dparmmii, TpoIreaInx yepes cuto ¢ orsepcruamu 0,15 mm; a,, a,,
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Puc. 4.1. Tunsl KOHCTPYKIUii (a—3) 3a00€B CKBasKHH:

1 — sKcmyaTanuoHHAas KOJIOHHA; 2 — IIEMEHTHOe KOJbIo; 3 — mepdopainroHHbIe
orBepcTusd; 4 — nepdopUpPOBaHHBIH (Ha TOBePXHOCTH) GUIbTP; 5 — makep Tuma IIIIM
rkoHcTpykumu BHUWBT; 6 — 3aboiiabiii GuiabTp; 7 — 30HA paspylleHus B cjabo-
CLIEMEHTHPOBAHHOM ILIACTe; 8 — IPOHUIIAeMbII TAMIIOHAKHBIN MaTepua

as, 4, — YaCTHbBIe OCTAaTKU C OTBepcTuaAMHM coorBercTBeHHO 0,15;
0,30; 0,60 u 1,20 mm.

KoHcTpyKImu 3a00eB CKBasKUH CYII[ECTBEHHO Pas3MuaioTCid B
3aBHCHUMOCTH OT I'€OJIOTMYECKUX YCJIOBUI, TEXHUUYECKUX BO3MOK-
HOCTell M MPOU3BOACTBEHHOT'O OIBITA B COOTBETCTBYIOIIIUX OPTAHU-
3anuAX.

HawubGosiee yacTo IpPUMEHAIOT CJAEAVIONIMNA TUI KOHCTPYKIIUU
(puc. 4.1):

1. Koucrpykiusa I1I3I1 ¢ 3akpeIThIM 3a60eM. B aTOM ciiyuae IIpo-
OIYKTUBHBINA ILIACT (ILJIaCThI) MIEPEKPHIBAETCS CILIOIITHON KOJOHHOI
WJIV XBOCTOBUKOM C TIOCJIEAYIOINMY IeMeHTUPOBaHTeM U mepdopa-
nueti (puc. 4.1, a).

2. Koucrpyknus II3I1 ¢ orkpeIThIM 3a00eM. B sToM ciayuae mpo-
IYKTUBHBIHA IL1acT (ILJIAaCTHI) OCTAeTCsA Hel3alleMeHTUPOBAHHBIM, 00-
ca:kuBaeTcsd Jubo He obcakuBaerca GuiabTpoMm (puc. 4.1, 6—2).

3. Koucrpyxiusa IT3II cmertanuoro tTumna. B sToM ciayuae HIMMK-
HSA YaCTh IPOAYKTUBHOTO TOPU30HTA OCTAETCA OTKPBITOM (MU 006-
CasKeHHO! (pUILTPOM), a BEepXHsAA IepeKpbiBaeTcA 00CATHOI KO-
JIOHHO#M (XBOCTOBHMKOM) C IIOCJEAYIOIIUMHU IIEMEHTUPOBAHUEM U
nepdoparueii (puc. 4.1, 0—e).

4. Koucrpyknusa II3II gis mpemoTBpalileHuss BbIHOCA IIecKa. B
ATOM cJy4Yae IIPOTUB MPOAYKTHBHOI'O IIJIACTA YCTAHABJIMWBAIOT 3a-
6ottHbIe QUILTPHI (puc. 4.1, i) Pa3IUYHBIX TUIOB UJIU NUCIOJIb3YIOT
MIPOHUITAeMbIH TAMIOHAKHBIN MaTepual (puc. 4.1, 3).



4.2. TIPUMEPbBI COBPMEHHbBIX KOHCTPYKIIHU
3ABOEB CKBAKUH

Cpenu mocJaegHMX WMCCIENOBAHWII B 00JIaCTH 3aKaHUYMBAHUS
CKBaKWH IPEACTABISIOT NHTEpeC PaboThl, aBTOPHI KOTOPHIX XapaK-
TepU3yIT 00Ile TeHAeHIINN B IPAaKTUKe 3aKaHUMBAHUSA CKBAYKUH
3a py0esKoM B ILIACTAaX, IPEACTABJICHHBIX YCTOHNUYNBLIMU IIOPOJAMI.
Ha wmecropoxgennu YUsnanac-Tabacko (MeKcuka) ITPOLYKTUBHBIE
IIacThl 3ajyieratoT Ha raryomHax 4200—-5800 M u mpeacTaBIeHBI yC-
TORYMBLEIMI MEJOBBIMU OTJIOMKEHHUAMU. 10 KOHCTPYKIUKY HUMKHEHR
YaCTU CKBAYKUH OHU JEJIATCS Ha YeThIpe I'PYIIIbl: CKBAKUHBI, B KO-
TOPBIX KOJIOHHBI (XBOCTOBUKHU) IIEPEKPHIBAIOT MPOAYKTUBHBIN TOpPHU-
30HT U UCIOJIL3YIOTCA MAaKePhl; CKBAYKUHBI C OTKPBITEIM 3a60€M U C
WCIIOJIb30BaHEM IaKepPOB; CKBaKUHbBI, 3aKOHUEHHBLIE CO CIYCKOM
KOJIOHHBI MJIM XBOCTOBMKA 0e3 MCIIOJIL30BaHUS MaKepa JJs repMe-
TU3AINNA MEKKOJOHHOI'O IIPOCTPAHCTBA; CKBAYKUHBI C BBICOKOU 3a-
OOiTHOII TeMIIepaTypoil, B KOTOPBLIX HPUMEHAIOTCS KOMIIEHCATODBI
TEILJIOBOTO PACIITUPEHUS.

B ykasaHHBIX BBIIIe KOHCTPYKIMUSAX CKBAXKUH IIPUMEHSJINCH
SKCILIyaTallMOHHbIEe KOJOHHBI fuameTpom 58,2; 70,4 u 85,8 mm. Ha
OCHOBAHWHU OMBITA 3aKAHUYMBAHUA CKBAYKUH HA 9TOM MECTOPOKIe-
HUY OBLIN CAEJIaHbI CJIEeIYIOIIe BIBObI:

HelleJecoo0pasHO MKCIIOJb30BaHME KOJIOHH IUaMeTPOM MeHee
122,5 mMm (muameTp obcagHoi KosoHHLI 186,8 MM), 3a MCKJIIOUEHN-
€M CKBa)KHH C OTKPBITHIM 3ab6oeM. IIpu mcrmosib3oBaHHMM MaJjorada-
PUTHBIX KOJIOHH BMECTE C YBEJIUYEeHNEM KOJbIIEBLIX 3a30POB PE3KO
YBeJIUUUBAIOTCA IIOTEPU AABJICHUS W 3aTPYOHSIETCS CIYCK Imepdo-
PaTOpPOB U UCIILITATEIEH IIJIACTOB;

B CKBa}KMHAX, B KOTOPBIX HAIPOTUB IPOAYKTUBHOIO ILJacTa yc-
TaHaBJIUBAETCA XBOCTOBUK, IIPOBeieHNE MAKEPOBKU He 00d3aTesb-
HO;

B KauecTBe KOMIIEHCATOPOB TEILJIOBOTO pacIIUpeHus HeIeaeco-
00pasHo MCI0JB30BATh CKOJIB3AIIE HUTITIEI.

Permtenne npobaeMbl 3akaHUNBAHUSA ITYOOKMX BLICOKOTEMIIEpa-
TYPHBIX CKBAa)KWH, a TaKyKe CKBAKWH, I'le MPUMEHAIOT TepMuyec-
KI1e MeTOAbl BO3AEHCTBUSA Ha ILJIACT, SBJIAETCS Ba'KHBIM TOCTUKE-
HIEeM B IpaKTHKe 3aKaHUYMBAHUA CKBAYKUH 3a PYOEIKOM.

B ycioBuAX BBICOKUX TEMIIEPATyP B OOCa’KEHHBIX CKBaKMHAX
BOSHUKAIOT HATIPAKEeHNA, BeIUUYNHA KOTOPBIX MOMKET OBITh JOCTa-
TOYHOH JJIsT TTOPBIBA KOJIOHH 00camubix TpyO. IlemenTupoBaHme c
MOJHATHEM IleMeHTa [0 YCThbsA B 9TOM CJiyuae He MCKJJYaeT BO3-
MOKHOCTh aBapuii. IlocienHue MOryT OBITH OOYCJIOBJIEHBI CHUMKE-
HIEeM IIPOYHOCTH II€MEHTHOI'0 KaMHsS (IPOUYHOCTh IIEMEHTOB O0BIU-
HOT'O COCTaBa CHUKAeTCA IpHU TeMmIeparypax GoJsee 115 °C), mapy-
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IIIeHWeM CBS3HU I[eMeHTa ¢ TpybaMu U IIOPOJAOi, paspbIBOM H3-3a
HUB3KOTO KauecTBa 00CAAHBIX TPYO U APYTUMU IPUUYNHAMY, TJIaBHAA
13 KOTOPBIX — HU3KO0e BLITECHEeHMEe OYPOBOTO PACTBOpA IIeMEHTHBIM.
IIpu 3aKaHYMBAHUY TAKUX CKBAXKMH 0COOEHHOEe BHUMAHUE yIeJIseT-
cA KauecTBY OOCamHBIX TPYO WM THUIAM COEeIMHUTENbHBIX MydT. [0
KpeILIeHUs CKBasKUHBI IIPOBOAUTCS MPEIBAPUTEJbHOE HaTIKeHUe
KOJIOHH, KpeILJIeHMEe OCYIIEeCTBJIAETCA TEPMOCTOMKMMH U PACIIU-
pAIUMUCA IIeMeHTaMU CIIeIMaJbHBIX cocTaBOB. Ho B riay6oKMx
CKBa’KMHAaX B OOJILIIIMHCTBE CIyUaeB TaKue MepPhl OKa3bIBAIOTCSA He-
JIOCTATOYHBIMU.

B coBpeMeHHBIX KOHCTPYKIIMAX KOJOHHA TPYyO pacHimpsercs B
HaIpaBJIeHNH 320051 MU K YCThIO. JlocTUraeTcs aTO ¢ MOMOIIbIO Ya-
CTUYHOTO IIeMEeHTHUPOBAaHUSA 00caauoil KosoHHbl. Tak, B Kamudop-
HUU, TOe TepMHUUYecCKue MEeTOMAbl JOOLIUM IOJYUYMJIU HamOOJbIIlee
pacmpocTpaneHre, BO3BPATHO-IIOCTYHATEIbLHOE IBUMKeHUe o0caj-
HOI KOJIOHHBI IIPY YACTUYHOM €€ IeMEHTHPOBAHWY Ha CKBAKMHAX
rayounHoi 1o 1050 M mocTuraercsa 3amoJIHEHHUEM CBOOOTHOTO KOJb-
IIEBOT0 MPOCTPAHCTBA OYPOBBIM PACTBOPOM WM TIee00pPasHBIM
YTJIeBOAOPOAHBIM MaTepuajioM. XOpOoIilie Pe3yabTaThl JOCTUTHY-
THI TaKJKe IPU 3aKauKe B KOJbIIEBOE IIPOCTPAHCTBO 3aTyIIeHHOMN
HedTH.

B mrare Batiomunr (oxkpyr Cynryorep) Ipu 3aKaHUYMBAHUU
CKBasKUH WCIIOJb30BaIaCh KOHCTPYKIIMSA, OCHOBHAasI OCOGEHHOCTH
KOTOPOH — TOJICTOCTEHHBIE TPYOBI U IMOCTOSAHHO AENCTBYIOIIUMA IIa-
Kep, yIaep:KuBaeMbIii (GPMKCATOPOM IIPU ABUMKEHUU KOJOHHBI BBEPX
¥ BHU3 TIOJ JeficTBMEM M3MEeHEeHUI TeMIIlepaTyphl IPU ITPOBEIeHUN
TeILJIOBBIX 00paboTOK.

IIpo6aema saxamumBauHuA TJIYOOKMX BBICOKOTEMIIEPATYPHBIX
CKBaJKUH 3a PyOesKOM pellleHa IyTeM CO3TaHUA U UCIOJIb30BAHUS
COEIUHUTENbHBIX THE3/ C IIOJUPOBAHHON BHYTPEHHEIH MOBEepXHOC-
THI0, KOMIIEHCUPYIOIIINX BO3BPATHO-IIOCTYIIATeJbHOE ABUIKEHIE, a
TaKsKe paclIupeHue 1 CyKeHne KOJOHHBI IPU SKCILIyaTalluy TaKUX
CKBa’KWH ¥ TIPOBEIEHUM TEILJIOBLIX 00paboTok. BmepBhble MOJIUPO-
BaHHbBIE I'He3Aa ObLIu paspaboraHbl pupmoii “Tekcac” u MCIOIB30-
BaHBI B ra3oBbIX CKBasKMHaX B Texace B 1968 r. CoeguuureanHoe
THe3[0 yCTAaHABJMBAETCA B BePXHEH YaCTU HKCILIYaTallOHHOTO
XBOCTOBUKA, B HEM IIO[ABEIIINBAETCA M TePMeTH3UPyeTCcd KOJIOHHA
HACOCHO-KOMIIPECCOPHBIX TPYO. YCTPONCTBO IIpeacTaBiIgeT co0oit
BBITOUEHHYIO, TOJIMPOBAHHYIO, CO CIIeIINAJIbHBIM TOKPBITHEM TPYOY
TpeOdyeMo#l IJUHBI, KOTOpasd ABJSETCA YaCThI0 XBOCTOBHKA U yCTa-
HaBJIUWBaeTCs IO IMTOABECKOoM niau Hajd Heli. ConpsaKeHHBIM dJeMeH-
TOM SBJIAETCS YIIJIOTHEHME HAaCcOCHO-KOMIIPECCOPHBIX TPyO, Ha KO-
TOPBIX CMOHTHPOBAH PAJ KECTKUX M IPOUYHBIX YIJIOTHUTEIbHBIX
KoJser. Kosbla o6samaioT MOCTATOUHON YIPYroCcThI0 U, OyAyYH
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COKMMAaeMBbIMU, BXOASAT B 9TO YCTPOMCTBO. JTOT y3€J SIBJISAETCS OJ-
HOBPEMEHHO 1 YILJIOTHeHNEM, U KOMIIEHCATOPOM.

Croco6 becrmakepHOTo 3aKaHUMBAHUS C YCTAHOBKOM ITOJUPOBaH-
HOM maphbl ObLI MCIIOJB30BAH Hpu o0opymoBaHuu Oosee uem 100 ra-
30BBIX CKBaKUH I1yomHou 6osee 4500 M Ha MecTOpPOKIeHUSIX Gac-
ceitnoB HenaBep u AHagapko. Bce mpuMeHABIINECS IO 9TOTO CXEMBI
3aKaHYMBAHUS CKBAXKUH MpeIyCcMaTpPUBAJIM YCTAHOBKY IaKepa B
SKCILTYaTallMOHHOM XBOCTOBHWKE, UTO IIPUBOIMUJIO K PE3KOMY CyJKe-
HUIO CeUEeHUS KOJIOHHBI SKCILIYATAaIMOHHBIX TPYO IIocje mepexojma
BHYTPb XBOCTOBUKa. Hapsaay ¢ mepemerieHueM KOJIOHHBI B BEPTH-
KaJbHOM HAIpaBJIeHUH UCIIOJHL30BaAHNE TTOJIMPOBAHHOM ITaphl ITO3BO-
JISIeT HArpPysKaThb KOJIOHHY C IIeJILIO IIPeJOTBPAIeHUsA IlepeMellie-
HISA YCTAaHOBJEHHBIX YILIOTHEHUU B IIPOIlecce SKCILIyaTaluu CKBa-
skuHbl. IIpm 3TOM criocobe 3akaHUMBAHUA 00ECIIeUMBAETCA OTBEP-
cTre GOJILIITIOTO IraMeTpa Mo Beell AInHe CKBAXKUHBI, UTO IT03BOJISIET
CIyCKATh B XBOCTOBUK MOJHOMEPHBIE MHCTPYMEHTHI U goJ0Ta. OmHOo
U3 IIPEUMYIIECTB 9TOM CXEMbI — BOBMOKHOCTb 3aKaHUMBAHUA CKBa-
SKUH TIocjIe AeMOHTaka OypoBOil yCTaHOBKU uyepe3 (hOHTAHHYIO eJI-
Ky.

Cxema GecmakepHOTO 3aKaHUYNBAHUA C UCIIOJIb30BAaHUEM IIOJIHPO-
BaHHOII Taphl YCIIEITHO MIPUMeHAJach TakyKe B MeKcuKe Ha MeCcTo-
poxxkgerun YUnamac-Tabacko. 9TO MO3BOJIUIO OTKAa3aThbCSI OT HEO-
IpaBIaHHOTO OrpaHnYeHuA AebuTta (Ie0UT 3aKOHUEHHBIX CKBaKUH
cocrasiser 800 Mm% /cyT Ha 12-MM IITyIlepe) U 3HAYUTENIHHO YIIPOC-
THJIO KOHCTPYKITUY CKBAYKIIH.

TpyaHocTH, CBA3aHHLIE C IPEeIOTBpAaIleHneM IepeMeIleHnsa Ko-
JIOHHBI B pe3yJibTaTe TeMIepPaTyPHBLIX KojebaHuil B IIpoliecce dKC-
IJIyaTamuu, UMEIOT MECTO U ITPU 3aKaHUYMBAHUM CKBAYKUH B apKTH-
yecKux ycaoBuax. OHM ycyryOJAIOTCS ONACHOCTBIO HAPYIIEeHUS
IEJIOCTHOCTH TPYO ¥ APYroro 060pyAOBAHUS B Pe3yaIbTaTe MIPOCAT0K
Mep3abix mopoxn. Ha wmecroposxkmenuu IIpanxo-Beii msmeHeHUe
IJIUHBI HACOCHO-KOMIITPECCOPHBIX TPYO JOCTUTAeT 5 M, Hage:KHasd
paboTa M KOHCTPYKIIMM CKBA'KUWH TaKyKe JOCTUTAIOTCA ITyTeM WC-
TMOJTb30BAHUS IIPU 3aKAHUYMBAHUY CKOJIL3AIIUX COCTMHEHUH (IOIU-
POBaHHBIX THE3]) PA3JINUHBIX BUIOB.

CxeMa GecllakepHOTO 3aKaHUYMBAHUSA C UCIIOJb30BAHUEM IIOJINPO-
BaHHOIT Mapsl Hamboee 3 PeKTUBHA B IVTYOOKUX BBICOKOAEOUTHBIX
¥ BBICOKOTEMIIEPATYPHBIX Ta30BBIX CKBaKMHAaX. VICIIOJIb30BaHUE
YILIOTHEHUI MEeTAaJJI 0 METAJLIIY IO3BOJISIET COKPATUTh IIPU 3aKaH-
YNBAHUU CKBAKUH O0BEM IIPUMEHEHUA PE3UHOBBIX 3JEMEHTOB,
TEPMOCTOMKOCTbL KOTOPBIX, KaK ITPABWJIO, OKA3bIBAETCS HEIOCTa-
TOUYHOI.

Hcnonb3yioTesa KOHCTPYKIIUY, BKIIOUAION[e B ce0s 3al[eMeHTH-
POBaHHYIO SKCILIYATAIITMOHHYIO KOJOHHY ¥ BHYTPUCKBaKUHHBIN
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3a00MHBIN (DUIBTP, YCTAHOBJEHHLIN B MHTepBaje mepdopanuu, a
TaKsKe IpaBUIHbIe HAOMBKHM, CO3MaBaeMble ITyTeM IIPeABapPUTEIbHO-
T'0 PACIIUPEHU CTBOJIA CKBAXKUHBI ITPOTUB IMIPOAYKTUBHOTO IIJIacTa,
CIIyCKa B CKBaKHUHY HIepP(HPOPHMPOBAHHOTO XBOCTOBUKA-QUIBTPA U
3aTIOJTHEHUST KOJBIIEBOTO ITPOCTPAHCTBA OTCOPTHMPOBAHHBIM I'DABU-
em. Takaa KOHCTPYKIMSA IIIMPOKO NPUMEHAETCA aMePUKAHCKUMU
dupmamu. [Iid ee co3gaHus UCIOJb3YETCA CIEIUAIbHOE Ha3eMHOE
¥ BHYTPUCKBAKMHHOE 000pydOBaHMe, 00ecIeunBaioIee MPUTroTOB-
JeHWe T'PaBUIHON cCMecHU, pasMeIleHue I'DaBUs 3a XBOCTOBUKOM U
ero YILIOTHEeHUE U 3aKpelJieHre B 30He GuiabTpa.

I'paBuitHas HabuBKa — goporocrosiiee, HO 3 (PEeKTUBHOE CPEACT-
BO OOpBOBI C paspylieHneM IIPOAYKTUBHOIO ILIacta. B oriauyme oT
BHYTPUCKBaKUHHBIX (PUIBTPOB, KOTOPhbIe UACTO M3BJIEKAIOTCA Ha
TIOBEPXHOCTh B CBA3U C UX KOJbMaTallueii, rpaBuitHbIe HAOUBKU pac-
CUMTaHBI Ha AJUTEJIbHYI0 PaboTy, UTO o0ecmeumnBaeTCA ITOBBIIIEH-
HBIMU TPeOOBAaHUAMU K TEXHOJIOTUU CO3TAHUA U KOHCTPYKTUBHBIM
XapaKTepUCTUKAM 3THUX COOPYKEeHUH. BBLIO yCTaHOBJIEHO, UTO
muTenbHasd sddeKkTrBHAA paboTa rpaBUHON HAOUBKY, KaK U DY -
TOro 3aKOJIOHHOTO (PUIBTPAIMOHHOTO COOPYsKEHUS, 3aBUCUT OT
MIPOYHOCTH 3a00s B ILJIACTOBBIX YCJIOBUAX, TUAPOMEXaHUUYECKUX
HATPY30K, THTEHCUBHOCTHU CY(HO3MOHHBIX IIPOIECCOB, 0O0YCIOBIIN-
BaIOIUX KoJbMaTanuio Quibrpa. OTHUM M3 TJIABHBIX (PaxkToOpoB,
OIPEENANINX dTU XaPAKTEPUCTUKU, SABJSIETCA BHEIIHUH AUa-
meTp dhuabTpa. IlosToMy HEOOXOAUMEBI YCTPOMCTBA, PACIIUPAIOIINE
CTBOJI CKBaKMHBI 10 HEOOXOAMMbBIX Pa3MepOB.

MexaHnuecKre pa3aBUKHBLIE PACIIUPUTENN He 00ecIeuunBaioT
He0o0XOIUMOTO PACIITUPEHUS CTBOJIA. B HEKOTOPHIX CIydYaAX 3amava
pelaeTcs IMyTeM HCIIOJb30BAHUA T'MAPOMOHUTOPHBIX PACIIIUPUTE-
aeii. OgHAKO MMOJTHOE pellleHnre 3TOH IpobeMbl TpedyeT paspaboTKu
CHenUaJbHBIX CPEACTB, MO3BOJAIONINX PACIINPATL CTBOJ B MHTEP-
BaJje MPOAYKTUBHOTO ILIACTA OO0 TeOPETHUYeCKN O0OCHOBAHHBIX Pas-
MEpOB.

Ha mecroposxgenuu Kapaskanbac IpOBOAMIIN WCHBITAHUS 000-
PYAOBAaHUS M TEXHOJIOTUYU CO3MaHUA 320051 ¢ MCIOJIb30BAHUEM I'pa-
Buitnoii HaObuBKu Gupmbl “Jlaiternc” (CIIIA). Boisee coBepinenuas
TEeXHOJIOTUSA CO3NaHNA I'PABUMHON HAOUBKU U 000pyAOBaHUE IJIA ee
peanusanuu paspaboraubl wHCTUTYTOM “AsHUIIWHedpTH”. ITa TEex-
HOJIOTUA obecIeunBaeT HAMbIB TPAaBUSA U [eMEeHTHUPOBaHME dKCILIya-
TaIIMOHHOI KOJOHHBI 0e3 IToheMa NMHCTPYMEeHTA.

Cosgannbeiii B.B. Toasamrreiinom, A.M. Bys1aToBeIM U APpyTrAMU
HWCCJIeIOBATEJISIMHY IIOJUMEPHBIA IIPOHUIIaeMbIil TAMIIOHAMKHBIA Ma-
Tepuas KoHTapeH m03BOIMII pPaspadoTaTh HECKOJIbKO KOHCTPYKITUH
3a00€B IJIA IPeJOTBPAIeHNA IIeCKOIPOABIEHUA CKBasKuH. TexHO-
JIOTHUA Pa3MeIeHnsa 9TOr0 MaTeprajia B 3aK0JIOHHOM IPOCTPAHCTBE
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He TpebyeT CJIOKHOTO CHEeIUaJbHOr0 obopyxoBaHuA. IloaTomy
TIPeACTABIAETCSA BO3MOXKHBIM IIeMEeHTHPOBaTh KoOHTapeHOM »3KcC-
IJIyaTallmOHHYI0 KOJOHHY B MHTepBaje MPOAYKTHUBHOTO ILJIacTa C
mocaenyioiieii ee mepdopaluein 0e3 HapyIIeHUs I[eJIOCTHOCTHU
duabTpa Aub0 IMEeMEeHTUPOBATDH MMeP(OPUPOBAHHBIN XBOCTOBUK C II0-
cJeyIONINM pa30bypuBaHMEM 3aTBEePAEBIIIEr0 COCTABA B XBOCTOBHU-
kKe. OmHaKo U B 3TOM cJiyuyae Heo6X0oaAmMo obeceunBaTh TpedyeMmoe
IO PacueTy pacIIupeHre CTBOJIA U UCIIOIb30BaTh TAKOH CIIOCO0 Iep-
doparuu KOJOHHBI, IPY KOTOPOM He HapyIllaeTcd CTPYKTypa IIpo-
HUItaeMoro marepuaia (huabTpa).

dddexTruBHaA paboTra Mpu3abOMHON 30HEI BO MHOT'OM 3aBUCHUT OT
TOr0, HACKOJBKO KOHCTPYKI[MS 32005 COOTBETCTBYET I'€0JioThYec-
KUM YCJOBUAM 3aJieTaHUs MPOAYKTHUBHOrO Iuiacta. IlosTomy yne-
JAIT OOJBINIOE BHUMAaHNWE OOOCHOBAHUIO M BBHIOODPY PpAaIlOHATIBLHOM
KOHCTPYKIIMM 3a00A IOOBIBAIOIUX CKBaXKWH. Pe3ynbTaThl mccie-
JOBAaHUII BTOTO BOIIPOCA CKOHIIEHTPMPOBAHLI B paspaboTaHHOMI
6. BHUVKPHedThIO cienina bHON MeToguKe. MeToguKa perjiaMeH-
TUPYeT KOHCTPYKIIMIO 3200 CKBaKMHBI B MHTEPBaJie 3aJieraHus
MPOAYKTUBHOTO OOBEKTAa. JTa METOAWKA IIWPOKO WCIOJIb3YeTCA
MTPOEKTHBIMU U IPOU3BOACTBEHHLIMU IPEAIPUATUIMEU TIPU IIPOEK-
TUPOBAHUY W CTPOUTENHLCTBE HEe(PTAHBIX MOOLIBAIOIINX CKBAKUH.
MeToguka pacIpocTpaHsieTcsi Ha BePTHUKAJbHBIE U HAKJIOHHBIE
CKBasKMHBI C KPUBU3HOM CTBOJIA B MHTEPBaje MPOJYKTUBHOTO 00h-
eKTa 10 45° u nmpegycMaTpuBaeT IPOEKTUPOBAHNE U CTPOUTEIHCTBO
CKBAKUH C IpUMeHeHeM BBhIOPAHHBIX II0 HeWl KOHCTPYKIIHi 3a60eB
IpY HAJIUYUN CEPUHHO OCBOEHHBIX ITPOM3BOJICTBOM TEXHUYECKUX
CPEJICTB M TEXHOJOTHUM.

OranunTenbHAss 0COOEHHOCTh METOAUKM BbIOOpPA KOHCTPYKIIUU
32005 — JOCTATOUYHO IIOJIHBINI yUYeT BCEro KoMILIeKca (PaKkTOpOB,
BKJIIOUAIOIUX CIIOCO0 JKCILIyaTaluu 00beKTa, TUN KOJIIEKTopa,
MeXaHnUecKue CBOMCTBA IMOPOJ HPOAYKTHUBHOIO IIJIACTA W YCJIOBUS
€ro 3aJIeTaHusd.

B macrosdmiee BpemsaA mpomosiKaeTcs pabora B obyiacTu coBep-
IIIEHCTBOBAHUSA KOHCTPYKIMI 3a00€B CKBAXKMH IIPUMEHUTEJIbHO,
IIpesKie BCero, K OCJOKHEeHHBIM YCJIOBUAM, 00YCIOBJICHHBIM HAJIU-
ypeM CJIab0CIeMEeHTHPOBAHHBIX IIPONYKTUBHBIX OOBEKTOB, 30H
ABII]Il, 6113K0OpPAaCIOJOKEHHBIX HAIOPHBIX O0BEKTOB, UepemoBa-
HUEeM ITIOPOJ IIJIACTa C PA3JINYHOMN IMPOHUIIAEMOCTHI0, HEOOXOAMMOC-
THIO IPOBEIEHUA PA3IUUHBIX CIIOCO00B MHTEHCUDUKAIIUY U IP.

B Agepbaiig:xaHe B 3aBICHMOCTH OT T'€0JIOTUYECKUX YCJIOBUII U
GUBUKO-MEeXaHUUECKUX XapPaKTePUCTUK MNPOAYKTHUBHOTO ILIacTa
KOHCTPYKIIUY 3a060€B CKBAKIH MEHSIIOTCSA OT MECTOPOKIeHUA K Me-
CTOPOsKIeHUI0. VI3BeCTHBI KOHCTPYKIINY 3a00€B Ha MECTODPOKICHU-
ax CHT', B uactHocTu Mypanxaumasl (puc. 4.2), KOTOpble U3MeHA-
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Puc. 4.2. Buasl KOHCTPYKIuii 3a60eB (a—0) BepXHEMeJIOBBIX CKBAsKMH MECTOPOK-
menna Mypanxauiasl (AszepOaitmran):

1, 2 — nakepsr Tuna IIMII xoucrpykunuu BHUUBT; 3 — xymyastuBHas mnepdop a-
nusa; 4 — ruApoIecKOoCTpyiiHasa mepdopaius

JINCh B TeueHre paspaborku. Tak Kak 3ajiekb IpPeACcTaBIeHa CIIOMK-
HBIM KOJLIEKTOPOM C IIOPOBO-KABEPHO3HO-TPEIUHOBATHIM THUIIOM
BBICOKOI IIPOHUITA€MOCTH, TO OamrMak (puc. 4.2, a) 3KcITyaTaiu-
OHHOI KOJIOHHBI YCTaHABJIUWBAJICA BOJIU3Y KPOBJIU IPOAYKTHUBHOTO
maacra, pasdypuBaHre KOTOPOTO BeJOCHh A0 Hauajla MHTEHCUBHOTO
IIOTJIOWIEeHNA OypoBOro pacTBopa. IIpm cirycke B OTKPBITYIO YacTh
CTBOJIA CKBAYKUHBLI (DUJIBTPA B BHUIE KOJIOHHBI IeP(HOPUPOBAHHBIX
TPyO OaliMak HAXOAWJICS YK€ Ha 3HAUUTEJIbHOM YyAAJEHUU OT
KPOBJIM IIPOAYKTUBHOrO IL1acta (puc. 4.2, 6). Ecau B mepBoM ciryuae
(6e3 duabTpa) rIyOMHA BCKPBITHA KOJUIEKTOPA COCTaBJISET IIPHU-
mepHO 30 M, TO BO BTOPOM — B eCATKU pas 6ojbIle (IpM HAJTUUUN
morJIoienuit). B aToM ciyuae AJiA CO3mMAaHUA BBICOKUX AEIPECCUit
Ha II3II u obeceuenusa ApeHUpPOBaHUA HanboJiee HedTEHACHIIEH-
HO¥ YacTH IJIacTa MPUMEHSIOT naKkeps! (puc. 4.2, 6). KoHnerpyknusa
3a00s IPU UCIIOIb30BAaHNUY ITepdopaluy IpeJcTaBieHa Ha puc. 4.2,
2, 0. HemocraTouHyio IIyOMHY IIPOCTpeia KyMYJIATUBHBIMU Iepdo-
paTopaM¥ yCUJIMBAIOT UCIIOJB30BAHUEM T'MPOIECKOCTPYHHOM mep-
dopanuy KOJOHHBI MW WHTEHCUMUIUPYIOT IPUTOK He()TU TUILPO-
Pas3pbIBOM ILIACTA.

Ananua nmpuMeHeHUs KOHCTPYKIIMHU 3a6oeB (cM. puc. 4.2) moka-
3aJI, YTO HAaWMEHBIIIe CPOKU BBOJA CKBA'KMH B AKCILIyaTaIlHi0 Ha-
Oaromanuch Ipu cxemax puc. 4.2, a, 8. HauboabIiine 1e6uUTH 0TMe-
YaI0TCS B CKBAKUHAX C OTKPBITHIMU 3200AMU.
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ITemeHTHPOBAHNE 9KCILIYATAIIMOHHON KOJOHHEI B 30HE IPOAYK-
THUBHOTO ILJIACTA TPUBOAMIIO K 3HAUUTEJIHLHOMY YBEJIUUEHUIO CDOKOB
OCBOEHUA U CYIIIECTBEHHOMY CHI)KEHMIO eOUTOB CKBAYKUH IO CPaB-
HEHMIO CO CJIyYaeM OTKPBITOro 3a00s. IpKuii mpuMep MacCHUBHOMI
(He(TAHOI) 3a/I€KN C KOJJIEKTOPOM TPEIIMHHOTO THIIA — MECTO-
poknenune Camropu-Ilatapaseynu B I'pysum. Toamimua Tpoayk-
TuBHOTO ILIacta 350—600 M, pacKpBITOCTh KaHAJOB U MHKPOTPE-
muH 3—8 MKM, Makporpemud 150—-200 MEM. AHOMAaJIbHO HU3KOE
miaacToBoe maBieHue (kKoadduiiment anomanbaoctu 0,89) 06ycaoB-
JIMBAET IIOTJIOIIeHe OypOBOr0 pacTBOpa, B Pe3yabTaTe uero oype-
HIe YaCTUYHO IIPOXOIUT 0e3 BhIX0/a IIUPKYIAIUN PAacTBOpA.

KoHcTpyKInu 3a00€B CKBaKUH IIPEJCTaBJIeHb Ha puc. 4.3: oT-
KPBITHIHA cTBOJ (4.3, @) MWIN CIYCK B MHTEPBAJ OTKPBITOTO CTBOJIA
HeIleMeHTUPYyeMOro XBocToBUKa-huabTpa (4.3, 6); uau, HaKOHeIl,
XBOCTOBUK-GuiabTp (gnumaa ¢uiabrpa 30-90 M), meMeHTHDPYeMBIH
BBITIIe (QUIBTPOBOM yacTu (puc. 4.3, 8). ITM peKOMeHJalluu, K CO-
JKaJIeHUI0, He BCer/a BBIMOJIHAIOTCS, 1 O0BIYHO UCIIOJIb3YIOTCSI KOH-
CTPYKIIUHU 3aKPBITOr0 3a0051. YUUTHIBAs OCOOEHHOCTA MECTOPOKIe-
Hus Camropu-Ilatapaseynu (MaccuBHas 3ajie’Kb U KOJJIEKTOD
TPEIIVHHOTO THIIa), Haubojiee NPUEMJIEMBIMU CJIEAyeT CUUTATh
KOHCTPYKIIUY C OTKPBITHIM 3a00€M.

B o6wegunenun “I'posHedTh” HPOAYKTHUBHBIE ILJIACThI BEepXHE-
MEeJIOBBIX OTJIOMKEHWII IpeACTaBJEHBI TOJINEN pacCeyeHHBIX Tpe-
mmHaMu u3BecTHAKOB Tosuuon 300-350 m. B mpemesnax sToit

a 0 '3
168 168

~
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Puc. 4.3. KoncTpyKiuu 3a60€B CKBA)XHH B CPEIHEIOLEHOBBIX OTIOKEHUAX MECT 0-
po:xnenus Camropu-Ilatapazeyau (I'pysus)
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TOJIIIIN BBIAENAETCA IIeCTh XapaKTePHBIX YYACTKOB IO BeJIUUYMNHE
npouwurtaemoctu. Ilpu BekpeiTuu Becero 7—60 m (75 % donma sxc-
IJIyaTalluOHHBIX CKBaXKMH) ne6uTsl cocrtaBiasior 30—4000 t/cyr.
IIpu paspaboTKe 3TUX 3ajiekeil IPUMeHAETCS IIIeCTh TUIIOB KOHCT-
PyKIuit 3a60eB (puc. 4.4). Bo Bcex ciyuasax cTBOJ OypAT A0 KPOBJIU
MIPOAYKTUBHOTO IIJIacTa 1 obcaskuBaoT 168-MM sKCIIyaTallnoOHHON
KOJIOHHOI. 3aTeM BCKPBIBAIOT MIPOAYKTUBHBIH IIJIACT.

Hawubousbimiee pacopocTpaHeHre TOJIYyUYNMIa KOHCTPYKIUA 3a604,
mpeAcTaBiIeHHad Ha puc. 4.4, 2. OHa obeceurBaeT 3HAUUTEIHLHYIO
MoI1THOCTE (120—450 M) OTKPBITOTO CTBOJIA CKBAYKUHBI. XBOCTOBUK-
GUIBTP UMEeT OTBEPCTUS WJIU IO BCel MINHE, NN B OTAEIbHBIX WH-
TepBasiax. KOHCTPYKIIUsA, MpUBeAeHHad Ha puc. 4.4, a, XxapakTepu-
3yercss 114-MM XBOCTOBMKOM [0 320051 C IIOCJIEAYIOIINM I[€MEeHTH-
poBaHMEM; MHOTJA 9Ty KOJOHHY CIYCKAIOT 10 KPOBJIU HUKHEI mad-
KM C TIOCTIeAYIOIINM IIeMEeHTUPOBAHNEM, OCTAJIbHAS YaCTh — OTKPBI-
TeIA cTBOJ (puc. 4.4, 6). BapuanT 310l KOHCTPYKIIUM: B HUKHEHN
YyacTu — QUIBTP U3 XBOCTOBUKA, CITYIIIEHHOTO A0 32004 (puc. 4.4, 8).

BapuanT, mnpeacraBieHHBIN Ha puc. 4.4, 0, IpeaycMaTpuBaeT
BeCh CTBOJI HMKe GamMaxa 168-MM sSKCILTyaTallMOHHON KOJIOHHBI
OTKPBITHIM, & BAPUAHT, IPeACTaBIeHHBIH Ha puc. 4.4, ¢ — YaCTUYHO
OTKPBITEIM. Ompenensiomniue (GpakTopsl IPKU BBIOOPE BapHaHTa KOH-
CTPYKIMU 320051 CKBAYKUHBI — CJIOJKHOCTH OCBOCHUS CKBAYKWHBI,
TPYAOEMKOCTDb MPOBEAEHU N3OJSAIUOHHBIX PaboT B ciydae MOSAB-
JIEHUs ILJIACTOBOM BOZBI, a TaK:Ke obecneueHre YCTOMUYMBOCTU IIPU-
3a0011HOM 30HBI IPU 3HAUUTEJIbHBIX JeIIPECCUAX.
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Puc. 4.4. Koucrpykuuu 3a60eB BepXHEMEJIOBBIX CKBAKUH MeECTOPOIKICHUI
6. YUACCP
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B cBOZIOBBIX 1 IPUCBOAOBBIX CKBAKUHAX, T/Ie PA3BUTA TPEIUHO-
BATOCThb, 83,3 % CKBasKHH C OTKPBLITBIM 3a00€M HAYMHAIOT (poHTA-
HUPOBATh CPasy Iocje 3aMeHbI 0ypoBoTO (TJIMHUCTOT'0) pacTBOpa Ha
Boxy. U Tonpko 16,7 % CKBa)XuH TPEOYIOT COJIAHOKMCJIOTHBIX 00-
paboToK.

IIpu mepBoM BapuaHTe KOHCTPYKIIUU 3a004 (cMm. puc. 4.4, a) Ta-
Kas obpabdorka II3I1 rpebyerca B 60 % cKBayKuH, UTO 00'BACHIETCS
3arpsA3HeHNeM IJIacTa IPY IIeMeHTUPOBAHNIH.

OmHaKO B CKBasKMHAX C OTKPBLITHIM 3a00eM He yaaeTcs JUKBUIU-
poBaTb OOBOIHEHUS, MIOITOMY, KAK CUMTAIOT HEKOTOPHIE CIIEI[AJIH-
CThbI, KOHCTPYKIINU, IIPeACTaBJIeHHbIe Ha puc. 4.4, a—8, e, UMeIOT
IPeruMYyIIecTRA.

Amnanus marepuasioB oobenunenusa “I'posHedTs” moxKasay, UTO
KOHCTPYKITUY C OTKPBITHIM 3a60eM (cM. puc. 4.4, 6—e) addheKTUBHBI
IIPY BBIBOBE IPUTOKA HE(PTU B TOM CJIyuae, KOTAa KOJIJIEKTOD MMeeT
Pa3BUTYIO TPEINHOBATOCTh C TPEINHAMU OOJIBIIION IIPOTAMKEHHOC-
TH U PACKPBITOCTH. B ciayuae OJM3KO PACIIONOKEHHBIX MOJOIIBEH-
HBIX BOJ I€JIECOO0PA3sHO IPUMEHATh KOHCTPYKIIMU CMEIIIaHHOTO
tuna (cMm. puc. 4.4, 0, 8, e).

Orsosxennus 6asKeHOBCKOI cBUTHI CaJbIMCKOTO MECTOPOKIEHU A
CO CBOMMM YHUKAJIbHBIMU XapaKTePUCTUKAMHU MOTYT CUUTATHCA
KOJJIEKTOPaMu HOBOrO (paHee He BCTPEUABIIIErOCs) TUIIA: CBUTA OT-
HOCHUTCS K BEPXHEIOPCKUM OTJIOMKEeHUSM, IIpeAcTaBJeHa TJINHUC-
TBIMU IIOPOAAMU IIPU YePeLOBAHUY TOHKUX IIPOCJIOER U JIMH3 Kapbo-
HATHBIX 1 KPEMHHUCTBIX oOpasoBaHuii. KolJIeKTOpHI IIpeAcTaBIeHbI
JUCTOBBIMU MUKPOCJIOUCTBIMY TJIMHAMHY C IITUPOKOPA3SBUTBIMY MUK-
pOTpeIuHAMMH.

ITpu mpakTHKyeMOM BCKPBITHH OYPOBOM PaCTBOP, 11 OCOOEHHO ero
duabTpaT, MO cHUCTeMe TPEIWH MPOHUKAET CTOJb IJIY0OKO, UTO
ILJIACT OKa3bIBaeTCA MPOIUTAHHLIM (hUIbTPATOM.

OnbIT 3aKaHYMBAHUA CKBasKUH Ha CaJIbBIMCKOM MECTOPOKIECHUM
TIOKAa3bIBaeT, UTO JJiA 0a’KeHOBCKOU CBUTHI HamboJiee palloOHAJIbHA
KOHCTPYKITUA C OTKPHITHIM 3a00€M.

C ochIIsIMU IIOPOJ NMPUXOAUTCS MUPUTHCH, XOTSAT OHU U HApPY-
IIaI0T HOPMAJbHYIO paboTy CKBasKMH. AHAJIN3 IIPOMBICJIOBBIX ITaH-
HBIX IIOKA3BIBAET, UTO €CJIU PACCTOSHME OT DallIMaKa dKCILIyaTalu-
OHHOIT KOJIOHHBI He ITpeBbIinaeT 9—27 M, TO IpoIlecchl BbI30Ba IIPU-
TOKA U ITIOCJEAYIONIel SKCILIyaTalluu IPOXONAT HOpMaiabHO. Ecan
JKe 9TO PacCTOAHMEe BO3pacTaeT B 3 pasa, TO HaOJMIOZAIOTCSA WHTEH-
cuBHBIe ochinmu. IIpakTuka BeIpaboTaja CAeLYIOIIMe YeThIPpe THIIA
KOHCTPYKIIM 3a00eB CKBaXKuH (puc. 4.5).

ITocsie yTouHEeHUS re0JIOTUYECKOr0 CTPOEHUS 3aJIeKU U U3yue-
HUA IPUYUH OCJIOKHEHUI IIepelliv ¢ KOHCTPYKIINii, IpeacTaBIeH-
HBIX Ha puc. 4.5, a, 6, Ha KOHCTPYKIIUU 3a00€B CKBaKWH, IIPUBE-
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Puc. 4.5. KorcTpykuuu 3a60eB (a—2) ckBaskuH Ha CaJIBIMCKOM MECTOPOSKIEHUM:
1,2, 3 — nakepsl coorBeTcTBeHHO ITMII-142, TIMII-140, ITTM-195

IeHHbIe Ha puc. 4.5, 8. 311ech y:Ke MPUMEHSIOT MaKephl AJIS M30JId-
I IPOAYKTUBHOIO IIJIACTA OT CHIMYYUX IIOPOJ U UCKJIIOUEHUA IIe-
peToKoB mIacToBoro quronga. Eciau 6ammvak 168-MM KOJOHHBI pac-
ToJiaraeTcA y KPOBJIU 0a’KEeHOBCKOM CBUTHI MU HEIIOCPECTBEHHO B
ILJIacTe, TO ero O00PYAYIOT 3aKOJOHHBIM HaKepoOM, YTOObI M36e:KaTh
3aKyIIOPUBAHUS IIEMEHTHBIM pacTBopoM (puc. 4.5, 2).

Bomnpocs! npemoTBpallieHuA paspylieHns cJaaboCieMeHTUPOBaH-
ubIx nopoy 1311 mpu sKciyaTanuy HedTAHBIX 1 Fa30BBIX CKBAYKUH
OCTAIOTCA aKTyaJbHBIMU U B HACTOSIIEe BpeMs.

IIpoMBICTIOBEI#I OIBIT ITOKA3LIBAET, YTO PaAIMOHAJLHBIN TYTh
O0pBOBI ¢ BLIHOCOM IIeCKa — 3TO yCTaHOBKA (hmibTpoB. OHU OBIBAIOT
Pa3IMYHBIX KOHCTPYKIIWI: IPOBOJIOUHEIE, II[eJIeBble, TPABUIHbIE U
Ip. 9pdeKTUBHBIM CIIOCOOOM TaK:Ke ABJSETCA 3aKpeIlieHre IopPo.
B II3II nmyTemM mpuMeHEeHUA PA3JIUUYHBIX MaTepHajioB: IOPTJIaHAIe-
MEHTHBIX cMecell ¢ JoOaBKaMU M HATIOJHUTEJIAMU, CMOJ U APYTUX
OpPraHMYeCKNX MAaTePUaJIOB C HATOJHUTEIAMU, XUMHUYECKUX pac-
TBOPOB U T.[I.

CylecTByeT HECKOJBbKO THUIIOB KOHCTPYKIMI 3a00€B CKBaYKUH,
IPeJOTBPAIIAOIINX BEIHOC ITECKA MJIN CHUKAIOINX er0 MHTEHCHUB-
HOCTBb 1 00beM (puc. 4.6, a—0). BeIOUpaOT UX ¢ YYETOM IIPOYHOCTU
IIOPOJ, TEXHUKO-TEXHOJOTUYECKUX U TEeOJOTUUYECKUX YCJIOBHUIL.
CeTuaThle 1 IPOBOJIOYHBIE (DUIBLTPHI OBICTPO pa3pyIIalOTCcA arpec-
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6

Puc. 4.6. KorcTpykuuu 3a60eB (a—0) CKBaKHH, IPEIOTBPAIAIONINE BBIHOC IIECKA:
1,2 — 3a00iHBIN U TPaBUMHBIN (QUIBTPHI; 3 — IEeHTpaTop; 4 — pacIIpeHHas 4acTh
CTBOJIA CKBa’XKHHBI; 5 — IPOHUIIAEMBIN TaMIIOHAKHBIM COCTaB; 6 — OTKpHITasg IIO-
BEPXHOCTb UCKYCCTBEHHOr0 (hHIbTPa

CUBHBIMHU ILIACTOBBIMU Bomamu. HawubGoJsiee HaIeKHBIMU CUUTAIOT
rpaBuiiabie GuabTphl. Ix npumenenue B 85—95 % cayuaes gaer
IIOJIO’KUTEJbHBIE PEe3yJIbTaThl, OZHAKO OHM HE IIPENOTBPAIIAIOT
paspyllleHusi MOPOJ MPOAYKTHUBHOTO ILjacTa. B mporlecce mx uc-
MOJIL30BAHUS IPaBUi B (QUILTPE OCelaeT M B CKBAXKMHY HAUMHAET
IIOCTYTIATh IIECOK.

4.3. OBOCHOBAHHME BbIbOPA KOHCTPYRIIUU
3ABOS CKBAKNHHDI

4.3.1. OTKPHITBIN 3ABOI

Huskasa mpoHUIIaeMOCTh MPOYHBIX KOJJIEKTOPOB — 3aJIOT YCJIO-
BUi1 BBIOOPA KOHCTPYKITNU CKBasKUH C OTKPBITHIM 3aboeM. Croza xe
CJIE[yeT OTHECTH YCJOBUA, KOTZA OTCYTCTBYIOT BBICOKOHAIIOPHBIE
FOPM30HTHI, IIOAOIIBEHHBIE BOIBI U rasoBasd Imamnka (B ciaydae Hep-
TAHOI 3ajeku). JacTo KOHCTPYKIIUS OTKPBITOrO 3a00s CKBAKUH
mpegycMarpuBaeT (B caydae HOPUCTHIX U TPEIMHOBATHIX KOJLIEK-
TOpPOB) Hajmuue makepoB. OHM ycTaHaBAWBAIOTCA Ha Imepdopupo-
BAHHOM XBOCTOBUKE, KOTOPHIH He IeMEeHTHUPYeTCS.

Wcnosb3oBaHMEe KOHCTPYKIMU OTKPBITOTO 320051 CKBa'KWHEI
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IpegycMaTpUBaeT OSHOPOIHBIM IIPOUYHBIN KOJIJIEKTOP IIOPOBOTO,
TPEINHHOTO, TPEIUHHO-TIOPOBOT0 WX TIOPOBO-TPEITUHHOTO TUIIA:
KOJLJIEKTOP II0 CBOMM TIe0JIOTO-(QU3UYECKUM XapaKTepPUCTHUKaM He
MO2KeT OBITh 3alleMEHTUPOBAH 0e3 Pe3KOro U 3HAUYUTEJIbHOrO YXYI-
IIeHNS ero KOJLIEKTOPCKuX cBoiicTs B I13I1.

KoHCTPYKIIMA OTKPBITOTO 32005 MpeaycMaTpuBaeT pasie bHbIi
crocob sKcmayaranuu. KoJIeKTOp AOMKEH COXPaHATH YCTOMYU-
BOCTB IIPY CO3JAaHUM AEIIPECCUY Ha IJIACT.

Y CcTONUMBOCTE TOPOABI B IPU3a00MHONM 30HEe CKBAasKUHBI OIIpESe-
JISIOT JJIA CJIEAYIOIINX CAyYaes.

1. W3 nyacTa n3BJIEeKaeTCs MKUIKOCTh NN I'as:

Ocx = 2[E(P€H — Pys) + (Pux — P (4.2)

e O, — Opelesl IPOYHOCTY TOPOJ KOJIJIEKTOPAa MPU OJHOOCHOM
coxaTuu (ompemesaseTcsa sKclepuMeHTanbHo), MIla; H — royouma
3ajJleTaHUA KOJJIEKTOpa, M; p,, — ILIacToBoe naBieHue, Mlla; p —
IaBjeHune cToJi0a JKUAKOCTH Ha 3a0oe ckBa:KkuHbI, MIla; g — yckope-
HUe CHJIBI TAMKEeCTH, M?/c; P — CPeJHAA IJIOTHOCTD BBIIIEJIesKaInX
TOPHBIX IIOPOJ, KT /M°,

EGpihl-
— 1 .
p=T—; (4.3)

0, — IJIOTHOCTb TOPHBIX TTOPOJ, i-T0 IJIacTa, Kr/M%; h; — ToJIuHa i-To
IJIacTa, M; 1 — YMCJIO ILJIACTOB; & — KoadduimeHT GOKOBOTO paciiopa
TOPHEBIX IIOPO/,

E=v/(1-v); (4.4)

v — koa(puinent Ilyaccona KoaexTopa.
2. IKugxocTh HarHeTaeTcs B ILIACT:

O 2 2[E(PEH — Pra) + (2 — Pud)]; (4.5)

rge p' — 3aboiiHOoe AaBJjieHUWe IPU HarHETAHUW Kugkoctu (p' > p),
MITIa.
3. IBuskeHMe JKUIKOCTHU OTCYTCTBYET:

Ocx = 28(PgH — Pyiy)- (4.6)

B Ta6ia. 4.1 mpuBeneHbl 3HAUEHUA V IS OCHOBHBIX TOPHBIX IIO-
pox.

PaccunTaeM yCTOMUYMBOCTD CTEHKHU CKBAXKUHBI C OTKPBITHIM 3a-
6oeM.

IIpumem, uTO M3BJAEUEHNME KUIKOCTY M3 IPOAYKTHUBHOTO mHecua-
HUKAa, s3ajerarrero Ha rayomne 1500 M, mMeIero mpoYHOCTh
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Ta6bnuma 4.1

Cpennue 3HaueHus kodddunuentos Ilyaccona st HEKOTOPHIX
TOPHBIX IIOPOT,

Koadhdu- Koaddu-
ITopona muenT IIyac- ITopoma nueHnT Ilyac-
coHa coHa
Tnunb! ItacTUyHbIE 0,41 W3BecTHAKHU 0,31
TyinHbI ILI0THBIE 0,30 ITecuanukn 0,30
TmHUCTBIE CITaHITBI 0,25 ITecuanbie cIaHITbI 0,25

Ipu OZHOOCHOM cikatum O, = 30 MIla u macToBoe naBJiieHUE
15,5 MIla, nmpeamoJiaraioT Bectu mpu aenpeccun 2 MIla, a cpeguaas
ILJIOTHOCTH TOPHBIX IIOPOJA IO pas3pe3dy CKBAKWHBI COCTABJIAET
2250 kr/m®.

ITpu 3agaHHBIX YCIOBUAX AaBJIeHHUE KUIKOCTH Ha 3a00ii B Iepu-
O KCILIyaTaIluu

p=15,5-2,0=13,5 MIla.

W3 Ta6u. 4.1 maiigem v = 0,30, mocie uero o popmyJie (4.4) BbI-
YUCIUM

£=0,3/((1 -0,3)=0,43.

OmpenesnmM ycaoBUe IIPOYHOCTH CTEHOK CKBasKHHBI IO BhIpaiKe-
HUo (4.5)

Oy = 30 MIIa > 2[0,43(10°%2250-9,8-1500 — 15,5) +
+(15,5-13,5)=19,1 MIIa.

Y noBieTBOpeHME JAHHOTO YCJIOBUS YKAa3bIBAeT Ha BO3MOYKHOCTH
SKCILIyaTally CKBaYKHUHBI OTKPBLITHIM 3a60€eM.

3areM CpaBHUBAIOT YCJOBUS 3ajleTaHUA IPOAYKTUBHOI'O TOPHU-
30HTA U €ro (PU3UKO-MeXaHWUeCKNe CBOMCTBA (CM. IPUBEINEHHBIH
BBIIIIE TIPUMED).

IIpu ycToiunBOM U HEYCTOMYMBOM KOJJIEKTODE, eciu grad p,, =
= 0,1 MIIa/10 M, a coOOCTBEHHO KOJLJIEKTOP MMeET ITIOPOBYIO IPOHM-
naemocts 2, = 0,1 MKM? WM TPEeIIMHHYIO IPOHHUIIAEMOCTb K, >
> 0,01 MKM?, IPIMEHAIOT KOHCTPYKIINIO OTKPBLITOrO 3a00s, IOKa-
3aHHYyIO Ha puc. 4.1, 8.

Ecnu xomyexTop 007amaeT HU3KOM IIOPOBOM WMJIM TPEIUHHOMN
nporunaemoctsio (k, < 0,01 mxm?, k, < 0,01 mxm?), a grad p,, =
= 0,1 MIIa/10 m, TO IpA YCTOMYUBOM KOJIJIEKTOPE IPUMEHAIOT KOH-
CTPYKIIHIO 32004, IIpeICTaBIeHHY0 Ha puc. 4.1, 0, a Ipu HEYyCTOM-
YMBOM KOJIJIEKTOPE — KOHCTPYKIIMIO 3a00s, NMOKa3aHHYIO Ha PUC.
4.1, 2.

IIpu aHoManbHO HUBKOM ILIacTOBOM maaBienuu (grad p,, <
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=< 0,1 MIIa/10 M) HE3aBUCHUMO OT BEJUUYNHBI IIPOHUIIAEMOCTH TOPOJ
IIPOIYKTUBHOTO 00'EKTA TPU YCTOMYUBOM KOJLJIEKTOPE IPUMEHSIIOT
KOHCTPYKI[UIO 320051 Buma puc. 4.1, 6; Ipu HEYCTOMYUBOM KOJIJIEK-
TOpe — KOHCTPYKIIIIO 32005 Brha puc. 4.1, 2.

IIpu cosganuu KoHCTPyKIiuu 3abosa Buma puc. 4.1, 6 1o KpoBau
MPOAYKTUBHOTO IIJIACTA CIYCKAIOT M I[eMEHTHUPYIOT SKCILIyaTalu-
OHHYIO KOJIOHHY, a BCKPBITHE 00BEKTa IPOU3BOJAT C YUETOM ILJIAC-
TOBOTO JaBJIEHUA, TIOPOBOI U TPEIUHHOMN IPOHUIIAEMOCTH KOJLIEK-
topa. Ilpu grad p,, < 0,1 MIIa/10 M, k, < 0,1 mm® mm k, <
< 0,01 MrM® IPpEMEHSIOT CIeIiaJbHbIe OYPOBEIE PACTBOPHI (PacT-
BODPHI HA HE(DTSAHOM OCHOBE, IEHHI U IP.). Ilepes BEISOBOM IIPUTOKA B
cJy4yae He0OOXOAMMOCTH IIPOU3BOAAT 00pabOTKy Ipu3ab0MHOM 30HBI
maacTa (CoOMAHOKUCIOTHAA 00paboTKa, I’ pOpas3PhIB ILJIacTa U Jp.).

B ciiyuae 3akaHUMBAHUS CKBAKUHBI ¢ KOHCTPYKITUel 3a604 BUAA
puc. 4.1, e mpu grad p,, = 0,1 MIIa/10 M, k, = 0,1 Mxm® umu k, =
= 0,01 MrM? BCKDBITHE NPOLYKTHBHOTO O0BEKTA OCYIIECTBJIAIOT
COBMECTHO C BBIIIEJEKAIINMU OTJI0KEHUAMU, A0 32008 CIIyCKAIOT
SKCILIyaTAIlMOHHYIO KOJIOHHY, O0OPYZOBAaHHYIO B HUKHEH dYacTu
GUILTPOM, U CKBAXKUHY IIEMEHTUPYIOT C MOABEMOM TaMIIOHAMKHOTO
pacTBOpa OT KPOBJIM IPOAYKTUBHOTO IIJIACTA, IJIA YET0 UCIOJb3YIOT
nakepsl Tuna IIIIM korctpyknuun BHUUBT.

TexHoJ0OrNA CO3JaHUA KOHCTPYKIINU 36051, MOKA3aHHOII HA pHC.
4.1, 2, UAEHTUYHA TAKOBOM IIPU 3aKaHUMBAHUU CKBAYKUHBI C KOHCT-
pyknueit 3a60s, TOKasaHHoO Ha puc. 4.1, 6. [onmosiHeHUeM ee ABJIA-
eTcs IePeKPhITHE HEYCTONUYNBOTO II0POBO-TPEIIMHHOTO KOJLJIEKTOpa
XBOCTOBUKOM-(UIbTpOM. B cirydae, ecim KpOBJIA HIPOTYKTHUBHOTO
00bEKTa CI0KeHA HeYCTONUNBBIMY IOPOJaMI U He IIePEeKpPhITa SKC-
ILTyaTAllMOHHOM KOJIOHHOM, IPM YCTAHOBKE XBOCTOBMKA-(UJIBTPA
UCIOJIb3YIOT 3aKkoyioHHBIe nakepsl BHUUBT, TarHUIIWuehpTu u
IPYTUX U3TOTOBUTEJIEH, paciiojiaraemMble B HeiephopUPOBaHHOM €T0
YacT! y KPOBJIU IIPOAYKTHUBHOTO TOPU30HTA U B GallIMaKe 9KCILIya-
TAIlMOHHON KOJIOHHBI C IIeJIbI0 IPEeAYIPEeIUuTh OOPYIIEeHUA CTEHOK
CKBaKUMHBI U 3aILJIAMJIEHUA OTKPHITOTO CTBOJIA.

4.3.2. 3ABOIA CMEIIIAHOTO THUIIA

KoucTpyknuu 3a604 CMeIIaHHOTO THIA WCIOJIL3YIOTCH B OLHO-
POIZHOM KOJLIEKTOPE IIOPOBOI0, TPEIMHHOTO, TPEIMHEHO-IIOPOBOTO
WJIV TIOPOBO-TPEIIMHHOTO THIIA; IPX HAIWYUY GIMBKO PACIIOIOMKEH-
HBIX HAIIOPHBIX TOPU30HTOB HJIM T'a30BOII IIIAIIKY Y KPOBJIX ILIACTA, &
TaKKe HUBKUX BHAUEHUAX ITOPOBOH MM TPEIIMHHOI IPOHUIIAEMOC-
T Topoy, (cooTBercTBeHHO k, < 0,01 MmM® mmm k, < 0,01 mxm?);
€CJIM KOJIJIEKTOP CJIOXKeH IIPOYHBIMH IIOPOZAMM, COXPAHSIOIIMMUI
YCTOHYMBOCTE IIPHU CO3AAHWUY JeIIPECCHH HA ILJIACT IPH SKCILIyaTa-
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UM CKBasKUHBI, a TaKiKe IPU PasfeJbHOM CIIOCcO0e SKCILIyaTaruu
TTPOAYKTUBHBIX 00HEKTOB.

Br160p KOHCTPYKITNY 32605 CMEITaHHOTO TUTIA TPeIyCcMaTPpUBaeT
COOTBETCTBHE YCJIOBUI 3aJIeraHus 1 9KCILIyaTalluU IIPOIYKTUBHOT'O
00BbEKTa C YUETOM ero (pusmKo-MexXaHNUYeCKUX CBOICTB; OIEHKY IIO
BbIpasKeHuio (4.5) yCTORYMBOCTY ITOPOJ IPU3a00MHOI 30HBI IIJIacTa.
IIpu ycTONUYMBOM KOJIJIEKTOPE IPUMEHSIIOT KOHCTPYKIINIO 32005 BU-
ma puc. 4.1, 0, a Ipu HEYCTONUYMBOM KOJIJIEKTOPE — KOHCTPYKIIHIO
3a00sa Buga puc. 4.1, e.

TexHosornu co3mauusa KOHCTPYKIIUE 3a0oeB Buga puc. 4.1, du e
IO CYIIEeCTBY aHAJOTrnUHbl. CKBAKUHY OYyPAT A0 IPOEKTHOM TJIyOu-
HBI CO BCKPBITHEM BCeil MOIIHOCTH IPOJYKTUBHOTO O0BEKTa. JKC-
IIyaTallMOHHYI0 KOJIOHHY CIIyCKalOT A0 IJIyOMHBI, 00eclIeuuBaro-
el mepeKkphITHEe U MU30JIAINNI0 OJM3KO PACIIONOMKEHHBIX ¥ KPOBIHU
IJIacTa HAOPHBLIX O0OBEKTOB, TAa30BOM INIATIKYW MM BepxXHeN Heyc-
TOMUYNBOM YACTU IIPOAYKTHUBHBIX OTJIOXKeHui. ITocie mieMmeHTHpOBa-
HUSA KOJOHHEI ee 1ephOpUPYIOT B MHTEPBAJIE BHICOKOMIPOIYKTUBHOMK
yacTu 00beKTa, a Iepel BLISOBOM IIPUTOKA B CJIyuae HeoOXOIUMOCTH
OCYIIIECTBJIAIOT 00paboOTKy IIpM3aboiiHol 30HBI IjacTa. B oTauuue
OT KOHCTPYKIIU 32605, TOKasaHHOU Ha puc. 4.1, a, B KOHCTPYKIIUHN
Bua puc. 4.1, e 3a60ii, TpeACcTaBJIeHHBINT HEYCTOMUYNBHIMHU KOJLIEK-
TOPAMU TPEIUHHOTO MU II0POBO-TPEIIIUHHOTO TUIIA, IEPEKPLIBAIOT
MOTaMHO KOJIOHHOH-(DUILTPOM.

4.3.3. 3BAKPBITBII 3ABOA

KoHcTpyKIinu ¢ 3aKPHITHIM 3a00eM HPUMEHSIOT IJIA KpPelJeHus
HEOJHOPOIHBIX KOJIJIEKTOPOB C IIeJIbI0 M30JIMPOBATh OJM3KO PacIo-
JIOKeHHbIe TIJIaCThI B HEOJHOPOAHOM KOJIJIEKTOpEe IOPOBOTO, Tpe-
IITUHHOTO, TPEIUHHO-IIOPOBOT0 MM TOPOBO-TPEITUHHOTO THUIA, B
KOTOPOM OTMEUAEeTCA UepeJOBaHMNe YCTOMUMBLIX M HEYCTOMUMBBIX
TIOPOJI, BOJIO- ¥ TA30COAEPIKAIINX IIPOILJIACTKOB C PA3JIUYHBIMU IIJIa-
CTOBBIMUY JABJIEHUSIMH, B CJIyUae, ecjau KOJLJIEKTOP XapaKTepu3yeT-
¢S BBICOKUMU 3HAYEeHUAMY IIOPOBOH k, MJIU TPEUTUHHOMU k, IPOHUIIA-
emoctu mopog (k, > 0,1 mxm? umu k, > 0,01 mrM?), a Taxkxe Aasa
obecmeueHMUa COBMECTHO, pa3ieIbHON NI COBMECTHO-Pa3aeTbHOMN
SKCILTyaTauu O0'beKTOB.

IIpu BBIGOpPE KOHCTPYKIMU 3aKPBITOTO 3a00da (cM. puc. 4.1, a)
yCTaHaBJIMBAIOT COOTBETCTBUE YCJIOBUI 3ajIeTaHUA U dKCILTyaTaluu
MIPOAYKTUBHOTO 00'beKTA OOIIeIPUHATHIM IIOJ0MKEeHUIM.

PacueT OCHOBHBIX 3JI€EMEHTOB KOHCTPYKIIMHM 3aKPBITOTO 3a00s
MTPOU3BOAUTCA B COOTBETCTBUU C HEHCTBYIOIIMMU PYKOBOISAIITNMU
JTOKYMEHTAMH.
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IIpu 3akaHUMBAHUU CKBAYKWHBI C KOHCTPYKIIMeH 3a00s, IIOKa-
3aHHOTO Ha puc. 4.1, a, TPOAYKTUBHBIA 00BEKT BCKPLIBAIOT COBME-
CTHO C BBIIIEJIEKAIIIUMY OTJIOMKEHUSIMU C UCIIOJIb30BaHUEM OYpPOBO-
I'o pacTBOpa, He YXYAIIAIOIero KOJJIEKTOPCKMX CBOMCTB ILIAcTa, 0
320051 CIIYCKAIOT SKCILIYATAI[MOHHYIO0 KOJOHHY, CKBAYKHUHY I[€MEH-
TUPYIOT, a TUAPOANHAMUYECKYIO CBA3Db C IIJIACTOM OCYII€CTBJISAIOT,
MPpUMEeHAS KYMYJIATHUBHYIO, MYJEBYI0 WIN THUAPOIECKOCTPYHHYIO
nepdopaiuio.

4.3.4. ObOCHOBAHMUE BbIBOPA KOHCTPYKIINU 3ABO
AJId MPEJOTBPAIIEHNA BBIHOCA IECKA

9Ta KOHCTPYKIUA 3a00€B IPUMEHsSEeTCA AJSA IPeJIOTBPAIeHUs
BBIHOCA TI€CKa B CJIA00OCIIEMEHTMPOBAHHOM KOJIJIIEKTODE, IIPEJCTaB-
JIEHHOM MEJIKO-, CpelHe- U KPYIHO3ePHUCTHLIMU MHeCUaHUKAMU U
XapaKTepu3yIoIeMcsa paspylieHrneM Ipu3aboiHOM 30HLI IJIacTa U
BBIHOCOM TI€CKAa IIPU 9KCILIyaTallud CKBAa’KUHBI, a TaKiKe MIPU pas-
IeJIBHOM cIIoco0e SKCILIyaTalliy IPOAYKTUBHOTO O0BbEKTA.

HomycTuMyio Jempeccuio Ha CJIa00CIeMEeHTUPOBAHHBIN ILIACT B
KOHCTPYKITUYU 32005, TOKa3aHHOI Ha puc. 4.1, i, ompenensaoT us
BBIpaKEeHUA

Ap= Csrgth(}:x /1) , 4.7)
6\E

rae C — cuja cIellieHus TOpHbIX mopon, MIla; € — koaddunuesT
IIPOTOYHOCTH IIOPOBBIX KAHAJIOB,

g =m,/my; (4.8)

R, — pajguyc KOHTypa IUTAHUSA, IPUHUMAEMbIM PaBHBIM II0JIOBUHE
paccTosHUuA A0 OJIMMKHEN 9KCILIyaTallMOHHONW CKBAXKWHBI, M; I, —
PaZNyC CKBAKUHEI, M; £ — IPOHUIIA€MOCTH, MKM?; m, — o heKTHB-
Hasl HOPUCTOCTb; M, — ITOJHAA IIOPUCTOCTb.

3uauenune napamerpa C caabociieMeHTUPOBAHHBIX TOPOJ KOJe0-
Jaerca B mpegenax 0,2—1,4 MIlIa. Cpenuee snauenue napamerpa C =
=0,5+1,0 MIIa.

Ilpumem r,= 0,1 M, R, =200 m, £ = 0,2 mxm?, m, = 24 %, m, =
=26 %, C =1 MIla.

HomycTumas qempeccus Ha IJIacT COCTABUT

1~%-O,1th(200/0,1)
p=—26 =0,26 MIIa.

60,2

ITupumny 1iesei 3a601HOTO (PUIBTPA BLIOUPAIOT IO YCIOBUIO
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Ta6bnuma 4.2
PesyapTaTs! pacuera mecka

Pasmeps! ssueex cur, YacTHBIE OCTATKY HA CUTAX IToaHbIe ocTaTKU HA

MM 4acTb % curax, %
1,2 25 265 265
0,6 25 2,5 5
0,3 50 5 10
0,15 400 40 50

< 0,15 500 50 -

a, = 3d, +d,, (4.9)

rae d, , d, — COOTBETCTBEHHO pa3Mephl HauboJiee MeJIKUX U HauboJiee
KPYIIHBIX 3€PEeH IIJIACTOBOTO ITeCKa, MM.

IIpumeHAOT ¥ IPOHUIIAEMBIN MTOJHMMEPHBIN TaMIOHAMKHBIN CcO-
craB Konrapen-2.

Marepuan Britouaer cocraB TC-10, yporponuH, HAIOJHUTEIH
IIIPC-C, momyuyaeMbIii IIpYM COBMECTHOM IIOMOJIE€ IILIaKa, PYAbl U
coJiu (XJIOPMCTOTO HATPUA), U BOOHBIN pacTBOp egkoro Harpa. Ha-
YaJibHAs MPOYHOCTh MaTepuasa npu cxxatuu He Huke 6 MIla, a mo-
cJie BBIMBIBaHUSA U3 Hero coau 3,5—5,0 MIIa; cooTBeTCTBEHHO IIPO-
HumaemocTs KamMEA 0,12-0,20 1 1-5 MKM?. BEIMBIBaHME COJIEBOTO
HATIOJIHUTEJIA OCYIIIECTBJIAIOT IPU IIPOKAUYMBAHUU Yepe3 UCKYCCT-
BEeHHBIA (PUILTP BOOHBIX pacTBopoB ITAB ¢ koumentpamuein 0,5—
1,0 % us pacuera 1-2 m® na 1 M uHTepBasa nepdopanuu. Marepuan
YCTONYMB K BO3AEHCTBUIO KUCJIOT U HE PaspyIlaeTcs IpU TeMIiepa-
typax no 200 °C.

Br16op KoHCTPYRITUY 32605 AJI IPESOTBPAIIeHNA BIHOCA TECKa
IIPOM3BOAAT B CIAEAVIOIEM IIOPAAKE. ¥ CTAHABINBAIOT COOTBETCTBIIE
YCJIOBUII 3a/IeTaHUA U SKCILIyaTallMy MIPOAYKTHUBHOTO 00beKkTa. Om-
penensoT cpeqHUU (PPAKIIMOHHBIA COCTAB ILJIACTOBOTO IIeCKa IIO
ciaenymoliei cxeme.

IIpocyImBaioOT B CYIIMJIBHOM ITKA(Qy A0 IIOCTOSHHOTO 3HAUEHUS
mpoby mecka maccoit 1,2—1,5 Kr, u3 KoTopoii oTompaioT 1 Kr mecka u
IIPOM3BOJAT €T'0 PacceB Ha cUTax ¢ pasMmepamu adeek 1,2; 0,6; 0,3
u 0,15 MM, QUKCHUPYSA IPU 9TOM YACTHEIE M IMOJIHLIE OCTATKHU HA CH-
TaxXx. PesyybTaThl pacceBa BHOCATCA B Ta0J. 4.2 aHAJOTUYHO TOMY,
Kak MOKAas3aHO B IPUBOJUMOM HIKe IPuMepe.

ITo opmyie (4.1) ompemesnAaOT CpeIHUE pasMep meckKa:

d 50

cp=0,533‘ =0,24 MM.
\‘ 11-40+1,37-5+0,171-2,5+0,02-2,5

Puc. 4.7. Cxema BbI60pa KOHCTPYKIUH 32605 CKBAMKUH
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IIecok ABIsIETCA MEIKO3E€PHUCTHIM.

B ckBaxkmMHAX cO cpefHe- M KPYIHO3EPHUCTLIMU IMMeCUaHUKaMU
HUCIIOJB3YIOT KOHCTPYKITUIO 32004 Buma puc. 4.1, . B ckBaskuHaxX ¢
MEJIKO3E€PHUCTBIM IMECYAHNKOM IIPUMEHSIOT TOJIBbKO KOHCTPYKIIHIO
3a00s Buga puc. 4.1, 3, KoTopas MOKeT ObIThH MCIOJIL30BaHA B CKBa-
JKMHAX CO CPeJHe- M KPYIIHO3ePHUCTHIMU IeCUaHUKaMMU.

Koucrpykiua 3abosa Buga puc. 4.1, i BKJIOUAET 3alleMeHTHUPO-
BaHHYIO BSKCILTyaTallMOHHYI0 KOJOHHY U 3a00WHBINH QUILTD
(1I1es1eBO#, ¢ IPOBOJIOYHOM OOMOTKOM, MeTaJIJIOKepaMUUYeCKU, TH-
TaHOBBII), YCTAHOBJIEHHBIN B MHTepBaje nepdopanuu. IIpexeabHo
IOMYCTUMYIO JEIPEeCCUI0 HA ILJIACT IPU SKCILIyaTalluU CKBaKUHBI
OIIpeNesAioT corjacHo ycaoBuio (4.8). Illupuny mresneir 3ab60iHOTO
$uUILTPa yCTAaHABINBAIOT B COOTBETCTBUU ¢ (hopMmyJioii (4.9).

Koucrpyxmnusa sabosa Buma puc. 4.1, 3 oTimuaercsa OT IpPeabIay-
et KOHCTPYKITUY TeM, UTO 3a00HHbBIN (DUILTD He YCTaHABIMBAIOT,
a BBIHOC IIeCKa IIPeJOTBPAIlAlOT IIyTeM CO3JAaHWUsS B IIepdopaluoH-
HBIX KaHaJlaX MCKYCCTBEHHOrO (DUJIbTPa M3 IIPOHUIAEMOr'0 TaMIIO-
HaskHOro Martepuana Konrapen-2. Ilia sToro mocjie mepdopaiiuu
KOJIOHHBI OCYIIIECTBJIAIOT BBI3OB IIPUTOKA, OTPAOATHLIBAIOT CKBAMKU-
HY B TeueHUe 1—5 cyT., IPOBEPSAIOT MPUEMUCTOCTh ILJIacTa U 3aKa-
YMBAIOT Ha IOTJIOIIeHWEe TaMIOHaKHBIN coctaB Konrapen-2. Ilpe-
JIeJIbHO IOIIYCTUMAS AelIPECCHs Ha ILIACT II0CJe KPeIJIEeHUs IPu3a-
0oifHOIT 30HBI cocTaBoM KoHTapeH-2 He JoJI»KHa IIpeBbimaTs 3 MIla.

O611ass cxeMa BbIOOpPA KOHCTPYKIIMM 3a0051 CKBAaKUHBI IJISA pas-
JUYHBIX THUIIOB KOJIJIEKTOPOB C YUETOM BJIHAHUSA OCHOBHBIX (haxTo-
POB IIpuBeeHa Ha puc. 4.7.

4.4. MPEJJOTBPAIIIEHUE IIECKOIIPOSBJIEHUIA
B HEOTAHBIX N TA3OBbBIX CKBAJKNHAX

IIpu 3akamumBaHUU (OCBOEHUM) M OCOOEHHO IIPW SKCILIyaTal[uu
CKBAYKUH, IIPOAYKTHBHBIE KOJIJIEKTOPBI KOTOPBIX IIPEICTABJICHBI
cJ1a00CIIeMeHTUPOBAHHBIMY MTOPOJAMU, YAaCTO HAOJIIOLAETCS BBIHOC
nmecka. B ckBakuHe o0pasyioTcd necuaubie npobku. ITo M. Macke-
Ty, IPU 00Pa30BAHUU II€CUYAHBIX MPOOOK, MPOHUIIAEMOCTh KOTOPHIX
B 200 pa3 6oJbIIte TPOHUIIAEMOCTH IIJIacTa, 1e0uT HeTHU TeM He Me-
Hee cHmKaerca Ha 34 % . OTOT IIeCOK comep:KuT a0 5 % medTu, u
IIPU €ro yAaJleHUM BO3HUKAIOT IIPOOJIeMbl — 3arpsas3HsAeTcd OKpY-
skatortasi cpema. Ilecok oTyiaraeTcsa B TPyOOIIPOBOAAX, HA3E€MHOM
000pPYI0OBaHUU, 9POAUPYET €ro. OTOT BUJA OCIOKHEHHH MOUTU IIO-
BceMecTeH. ToJIbKO Ha MeCTOPOKAEHUAX AsepbaiiikaHa eKeroqHo
10 3TO¥ mpuunHe TpoBoAAT 0Kojo 100 ThIC. pemoHTOB U GoJiee 200
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CKBa’KUH €KeroHO BEIBOJUTCS U3 AeiicTByoIiero gouaa. ITo sapy-
0eKHBIM IYOJIUKAIIMSAM, BBIHOC ITECKa SBJIAETCS BayKHOUM IIpoOJie-
MOIf, 0COOEHHO B TaKUX He(TeI00LIBAIOIINX pernoHax, Kaxk Kamau-
dopHuUs, ceBepHasa uactb Mekcukauckoro 3anusa (CIIIA), Kauana,
Bewnecysna, Tpununan, Sanaguas Ad¢puka, UagoHesus u ap.

9Jra npobsema cyiecTByeT u B Poccuu, a mpu paspaboTke MecTo-
POKIeHU Ha 3aKJIOUYUTEIbHON CTagWM OHA IIPUOOpEeTaeT IepBoO-
CTeTleHHOe 3HaUeHue.

Brinoc mecka — mpuumHA 00pa30BaHMa KaBepPH U CMATUA KOJIOHH.

Oco0yio aKTyaJbHOCTh 3Ta IpobjeMa Iprodpesa C PasBUTHUEM
TEePMHUUECKUX METO0B NOObIUM BLICOKOBI3KUX HedTeil: CHUMKaeTCA
BA3KOCTh He()TH, IIOBLINIIAETCS €e TeKY4YecTh. B 3TOM cjaydae PBIX-
JIble KOJIJIEKTOPBI TePAIOT IIeMEeHTHUPYIOIee CBA3LIBAIOIIee BeIlleCT-
BO — BA3KYIO He(pTh. [Ipu IIaHOBBLIX U aBapPUHHBIX OCTAHOBKAX, KOT-
Ja HaTHeTaHWe TEeIJIOHOCUTEJIA IIpeKpariaercs, oOpaTHBIN ITOTOK
TEILIOHOCUTEJIA IIOCTYIAeT B HarHeTaTeJbHble CKBAKUHBLI U BBIHO-
CUT MeXaHWUYeCKre IPUMeCH. ITO TaKiKe IIPUBOAUT K 00pasoBaHUIO
IecyaHbIX NPOOOK B CKBAKMHAX UM MPEISATCTBYET HOPMAJILHOM 3a-
KayKe TeIJIOHOCUTEJIA.

CyIiliecTByIOIHe METOABI SKCILIyaTallud CKBAaYKUH, OCJIOMKHEH-
HBIX TIECKOIPOABIEHUAMU, MOKHO YCJIOBHO pasAeJuTh Ha [IBe
rpynnbl: 1) sKcmryaTanusa CKBasKMH ¢ BHBIHOCOM ITecKa M3 I1j1acTa; 2)
IpegoTBpAallleHre BbIHOCA ITeCKa U3 ILJIacTa.

B nepgroii rpymnie paspaboTaHbl CIIOCOOB! IMKBUAAIINY eCUAHBIX
IPOOOK, a TaKiKe MEePOIPUATHA 110 00eCIIeUeHNI0 BEIHOCA IIOCTYyIIa-
OIUX M3 ILJIaCTa YaCTHUI[ HA TOBEPXHOCTH: NPUMEHEHUE IIOJBIX
IITAHT, CIIYCK XBOCTOBUKOB B Ipeesbl MPOAYKTUBHOM 30HbBI, IOM-
JIUB JKUIKOCTH U T.II. [ 60phOBI ¢ abpasuBHBIM M3HOCOM IIO[3€M-
HOT'O 000PYZOBAHUS CO3LAHBI BCEBO3MOKHbBIE KOHCTPYKIIUY cemapa-
TOPOB, AKOPEN 1 IPYTruX 3alUTHLIX ycTpoiicTB. OCHOBHOII HEeIOCTAa-
TOK MeTOo/[a — paspyIieHne npu3aboiHON 30HbI IIJIacTAa.

Bosee apdheKTUBHBEI MeTOABI OOPHOBI C MECKOIPOABJICHUAMU, B
OCHOBE KOTOPBIX JIEXKUT MPUHITUI IIPEeJOTBPAIIeHN s BEIHOCA IecKa B
CKBAKUHY.

HawubGosee mpocThIM fABJASETCA CcIIoco0 OrpaHHUUYEeHHSA OTOOPOB
SKUIKOCTU U3 CKBA'KMHBI, IT03BOJIAIOIINH YMEHBIIUTh IIOCTYILIEHIE
TecKa B CKBasKUHY, OJHAKO IPU 9TOM PE3KO0 COKPAIAIOTCSI Me0UTHI
HedTH.

Bosee panmoHaIbHBIM IIPEACTABIACTCA KPeIJieHre IOPo/ IJjac-
Ta B Ipu3ab0iHOI 30HEe CKBAKUH, HJISI Yero IPUMEHSI0T XUMUYec-
Kue, PU3UKO-XUMUUYECKNe U MeXaHnUyeCKre MeTOIbl U UX KOMOUHa-
[N,

XuMuuyecKre MeTOJbl OCHOBAHBI HAa MCKYCCTBEHHOM 3aKpellje-
HUY TOPHBIX TTOPOJ BAKYIIIUMHU U IIeMEHTUPYIOIITUMY BeIeCTBAMH:
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cMOJIaMM, IIeMEHTOM C COOTBETCTBYIOIIIMMM HAIMOJHUTEIIMIH,
miacTMaccamMu u T.O. VIX a(ppeKTUBHOCTL ompeneaseTca obecreue-
HUEM II0CJIe KPeILJIeHU JOCTaATOUHO YCTOMYMBOCTH TTOPO 0e3 3Ha-
YUTEJBHOrO YXYAIIEHUS NX KOJUIEKTOPCKUX CBOMCTB.

K pu3UKO-XUMHUUECKUM OTHOCSATCS METOIbl 3aKpeIIeHUs KOJ-
JIEKTOPOB IIyTeM KOKCOBaHUA He(pTU B Ipu3aboiiHoii 30HEe. T METOo-
IbI 0CO0EHHO 9(D(heKTUBHBI IPU AOOBIUE TSIKEIbIX BBICOKOBA3KUX
He(Tell.

Haubosee mpoCcTHIMY U JOCTYITHBIMY METOTaMU ABJIAIOTCA MeXa-
HUUeCcKHUe, MOJIYUUBIIINE HaumboJIbIllee pacmpocTpaHeHue. K Hum
OTHOCHUTCS 000pyI0BaHNe HEPTAHBIX CKBAKUH IIPOTUBOIIECOUHBIMU
buabTPaMu Pa3INUHON KOHCTPYKITUU.

4.4.1. TIPOTUBOIIECOYHbBIE ®UJIbTPbI

Omnpenennanch TPU OCHOBHBIX HAIIPABJIEHUSA B TEXHOJOTUU 060-
PYAOBaHUA CKBA)KUH ITPOTHUBOIIECOUYHBIMU (puiabTpaMu (MeXxaHu-
YeCKUM MeTO/I).

1. O6opynoBaHme 00caKeHHBIX TOOBIBAIOIINX CKBAKWH BCTAB-
HbIMU puasTpamMu. PuiabTp, KaKk IPaBUIO, YCTAHABIMBAIOT HA 3a-
60e CKBa)KUHBI B MHTepBaJje mepdopaiiny ¢ IakepoM, HaXOAAIIUMCS
BBIIIIe BEPXHUX OTBEPCTUIl MHTepBasa mepdopaini. PasHoBUIHOC-
THIO TaHHOM TeXHOJIOTUU SBJISETCS BapUaHT IIOJHACOCHOM yCTAHOB-
KM TPOTHBOIIECOUHOTO (huabTpa. B aToM cayuae mocTuraercs 3ariu-
Ta IIyOMHHO-HACOCHOTO O0OpPYNOBaHMWA, HO He IPeJOTBpPAIllaeTcCs
BBIHOC MEXaHNUECKUX IIpUMecel 13 Ipu3aboiHOi 30HEI.

2. Co3manue rpaBUHHBIX (DMIBTPOB B IMpoliecce 3aKaHYUBAHU S
CKBasKuH OypeHueM. CKBaKMHA paboTaeT ¢ OTKPHITHIM CTBOJIOM, B
pacIiupeHHOM HHTepPBajie KOTOPOTO YCTAHOBJIEH ITPOTHUBOIIECOUHBIH
bunbTp. Mexxny GhUILTPOM U IJIACTOM 3aKaUUBAIOT I'paBUii, KOTO-
PBIH COCTOUT M3 KPYIITHO3EPHUCTOI'O OTCOPTUPOBAHHOIO KBAPIEBOTO
mecka.

3. IIpemoTBpanieHue IECKONPOSIBICHUII B NapoHar€eTaTejb-
HBIX CKBajKMHAX. 3eCh KOHCTPYKIUA (PUJILTPOB MMEeT OTJIHUUUSI,
CBSBAHHBIE C OCOOEHHOCTAMM PabOThI MapOHATHEeTATEeIbHBIX (IIapo-
IMUKJINYECKUX ) CKBAKIH.

Bo Bcex mpuBeIeHHBIX TEXHOJJOTUAX OCHOBHBLIM 3BEHOM SBJISET-
ca puabTp-Kapkac.

Ananus paboThl IIPOTHUBOIIECOUYHBIX (UJIBTPOB, BBIIYCKae€MbIX
OTEeUYeCTBEHHOI M 3apy0esKHON MPOMBIIIJICHHOCTHI0 W HMCIIOJIb3ye-
MBIX B HE(DTeIIPOMBICJIOBOII MPaKTUKe, TMTOKAa3ajl, UTO OHU JOJIMKHBI
YIOBJIETBOPATD CJAEIYIOIIUM OCHOBHBLIM TPeOOBAHMAM:

o0samaTh HEeOOXOAUMMON MeXaHWYeCKOH IIPOYHOCTBI0 M JOCTAa-
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TOUYHOM YCTOMUMBOCTHIO IIPOTUB KOPPO3UU U SPO3MOHHOTO BO3IEeHCT-
BUS;

obeceunBaTh CO3MaHNe HAMEKHOM r'IAPOAUHAMUYECKOI CBA3Y C
mwiaactoM u cypGo3uiHyI0 YCTOMUYNBOCTE IIOPOJ B MPU3ab0MHON 30-
He;

MO3BOJIATH IIPOBOJUTH MEXaHUYECKYIO MU XUMUUECKYIO OUMCT-
Ky puabTpa (pereHepariinio) 6e3 U3BJIeUeHUA €r0 U3 CKBaKUHbI.

IIpuMeHAOT pa3IUYHbIe KOHCTPYKIIUY (GUILTPOB: GJIOUYHOTO TH-
ma; ¢ KPYIrJabIMU U IEJIEBEIMU OTBEPCTUAMU, PACIOJOKEHHBIMU B
BEPTUKAJIBHBIX M MOPUBOHTAJIBHBLIX ILJIOCKOCTSX; C (hUIBTPYIOLIEH
IIOBEPXHOCTHIO U3 CETOK.

Hawu6osiee aheKTUBHBIMUA CUUTAIOTCA KapKacHble (DUIBTPHI C
TOPU30HTAJBLHBIMI IEJAMU, Y KOTOPEIX MEHbBIIIe COIPOTUBJIEHIE 1
BINAHUE UHTeP(EPEeHIIUN OTBEPCTHUIA.

OcHOBHBIMU TIapamMeTpaMu (UJIbLTPA, OUPENeJdIONIIMHI pasMep
BBIHOCHMBIX YACTHII, SBJISIOTCA IPU IIPOYMX PABHBIX YCIOBUIX
pasmep u (popma PUILTPAIMOHHBIX OTBEPCTUH U TE€OMETPUS dJe-
MeHTOB GUIbTPYIONIel 0600uKy. PagMepbl IPOXOIHBIX OTBEPCTHH
3aBUCAT OT (PPaAKIIMOHHOTO COCTaBa IIeCKa WM (DOPMBI OTBEPCTUI
dunabTpa. EfuHOTO MHEHUA B BHIOOPE pasMepa OTBEPCTHi (IIesieit)
TIOKa He CYIIeCTBYeT.

IKcIepuMeHTaIbHbIE PA0OTHI IIO3BOJISIOT CHEJIATh CJEeNYIOIue
BBIBOJIBI.

1. ITpu mog6ope IPOTHUBOIIECOYHBIX (DHUIBTPOB AJISI CKBAMKUH C 00-
Ca’KeHHBIM CTBOJIOM HEOOXOAMMO OPHMEHTHPOBATHCA HE TOJBKO Ha
(GPaKIIMOHHBIN COCTAB IIJIACTOBOTO MECKAa C IeJbI0 OIpeaeeHus OIl-
TUMAJbHOTO pasMepa Iejau, HO U TaKKe MJIsd (POPMUPOBAHUA €CTe-
CTBEHHOII HAOMBKY M3 ILJIACTOBOT'O IIE€CKA C BBICOKOM ITPOHUIIAE€MOC-
TBIO B CHCTEME ILJIACT — IepoKaHaI TpeOyeTcss YUUTHIBATL BeJIUUN-
HY KOJIBIIEBOTO 3a30pa MeK Iy hUIbTPOM 1 06CaAHOI KOJOHHOI.

2. CpaBHUTEJIbHBIN aHAJIN3 IPOBOJIOYHBIX (PUIBTPOB C KPYTJILIM
¥ TpamenengaJbHbIM IIpoduaeM GUILTPYIOel 06MOTKY ITOKas3al,
YTO TUAPOAUHAMUYECKIE ITapaMeTphI JydIle y (pUIbTPOB C KPYT-
JILIM TIPO(UJIEM IIPOBOJIOKH, A IIECKOYIEP/KUBAIOIINE XapaKTePUC-
THUKHU, B TOM YHCJIe CBOJ0OOpazoBaHme, — y MUIBTPOB C Tpalelen-
JaJbHBIM IPO(UJIEM IIPOBOJIOKH.

3. IIpoTuBomecouHble (PUIBTPLI C TUTAHOBBIMU (DUIBTPOIJIEMEH-
TaMU MTOKAa3aJu XOPOIe pe3yJIbTAaThl B YCIOBUIX, UMUTUPYIOITHNX
ILIACTBI C COAEPsKaHNeM INIMHUCTBIX YacTull He 6osee 10 % .

4. OUIbTPHI C SJIEMEHTAMY U3 METAJJIOPE3UHbI PEKOMEHI0BAHEI
K MCITOJIb30BAHUIO B MIAPOHATHETATEJbHBIX CKBAXKMHAX U IPU Iapo-
IIUKJINYECKOH 00paboTKe CKBAYKIH.

Hawub6osiee a(p(peKTUBHBIHM U ITePCIIEKTUBHBLIN MeXaHUYeCKUH CIIO-
co0 TpemOTBpAIeHUs IIEeCKOIPOABICHUN — CO3JaHWe TPaBUMHBIX
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GUIBTPOB B Ipollecce 3aKaHUMBAHUA CKBaKUH OypeHumeMm. Cyii-
HOCTBH TEXHOJIOTUM 3aKJIOUaeTcda B ciaenyooiieM. CKBaKuHa Oypur-
cA U KpenuTca A0 KPOBJIU IPOAYKTHUBHOI'O T'OPU30HTA, IIOCJE Uero
MPOAYKTUBHBIN IIJIACT BCKPBIBAETCS OJOTOM MEHBIIIEro JuaMeTpa.
ITocsie aTOTO TPOBOAATCA PACIIUPEHMNE CTBOJA CKBAYKUHBI B IIPO-
IYKTUBHOM WHTepBaje, CIyCK (UIbTpPa C YyYeTOM IEePEKPBLITUS
MIPOAYKTUBHOI'O MHTEPBAJIa U 3aKauKa I'paBUA (KPYIHO3€PHUCTOTO
OTCOPTUPOBAHHOTO KBapIIeBOTO MeCKAa) B PaCIIMPEHHBLIN MHTepPBAJ
MeXXAy miaacToM u (miabTpoM. BarkHOe 3HaueHWE MMeEET HPaBUJIb-
HBIII OA0Op AuaMeTpa rpaBusd. AHAJIN3 OTEUECTBEHHBIX UM 3apy-
0eKHBIX PabdOT TOKA3aJI, UYTO ONITUMAJIBHBIM SABJISAETCA COOTHOIIIEHUE

d,, = (6+6)D5,

rae d,, — AnameTp rpasus; D;, — nuameTp seper 50% -Hol dpaxiun
KPUBOII MEXaHNYECKOTO COCTAaBa IIJIACTOBOTO IIeCKa.

3a py06esKoM [Jis dTOT0 CIIocoba MMEIOTCS PasMYHble TeXHOJIO-
TMM HaMbIBa I'DaBUs, pa3paboTaHbl KUAKOCTU, HE CHIKAIOIIVE
TIPOAYKTUBHOCTU IIJIACTA, BHINYCKAETCA CEpUiiHOe 000pYJOBaHUE
JJIA PacIIUpPEeHNA IPOAYKTUBHBIX MHTEPBAJIOB ILJIACTOB U pereHepa-
nuy PUILTPOB 0e3 U3BJIEUEHMS WX HA IIOBEPXHOCTH, JAOINEee BO3-
MOKHOCTB 3aMEHATEL 'PaBUil B cllyuae HeOOXOAMMOCTHA. BLIIIyCKAaIOT
BBICOKOKAaUeCTBeHHbIe CBapHbIe (hMUIBTPHI M3 Hep:KaBeloleil mpo-
GUIMPOBaHHOM IIPOBOJIOKU TpAIEIeNJaJIbLHOTO CEUeHUA, KOTOPhIe
MOTYT OBITH MCIIOJIb30BAHBI KAK CAMOCTOSATEIHLHO B KaUeCTBE BCTaB-
HBIX (DMJIBTPOB, TaK 1 B KAUeCTBe KaPKACOB I'PABUUHBIX (DUIBTPOB.

HauGosbIlinx yCIiexXoB B CO3LAHUY TEXHUKU X TEXHOJIOIMHU IIpe-
JOTBpAIIleHUS IIeCKOIPOSBICHUI C IOMOIILIO TPABUMHBIX (DUIBLTPOB
3a pyb6exom gpocturau ¢upmbl “Tun Ilerpomeym”, “Jlaitemc”,
“JIokomatur” (CIIMA), “Haraoxa” (fAmonusa), “IIlnombep:xe”
(CIIIA — ®paumnus) u ap.

IIpoBenenHBIE PABOTHI IOKABAJIM JOCTATOYHO BBICOKYIO a(deK-
TUBHOCTH 1 Pa00TOCIIOCOOHOCTL I'PABUHHBIX (DUIBTPOB, YTO CO3aJI0
OPEeAIOCEIIKY IJsI Pas3pabOTKM YIIPOINEeHHON u 0oJjiee HAIeKHOM
OTeUeCTBEeHHOI TeXHOJIOTUHY CO3AaHUA I'PABUHHBIX (hUIBTPOB B IIPO-
Iecce 3aKaHUYMBAHUA CKBAKUH OypeHUeM.

BHUIIUTepmHuedTHI0O OblIa paspaboTaHa TEXHOJOTUSA IIPENOT-
BpAaIleHNA TeCKOIPOABICHUI B JOOBIBAIOINNX CKBAKMHAX C IIOMO-
b0 IIPOTHBOIIECOUHBIX (DUIBTPOB C I'PAaBUNHON HAOMBKOI IIpPHMeE-
HUTEJbHO K YCJIOBUSIM MecTopoxkaenusd Kapaxanoac.

XapaKTepHCTHKA TeXHOJIOTHYECKOTO IIPOoLecca

CHOCO0 9KCIIIIYATAIIMIM «vvererenenenenenensnsnsasenns DOoHTAHHBIN ¥ MEXaHUBUPOBAHHBIN
Cnoco6 BO3AeiCTBUA HA ILJIACT .. ... Tepmuueckmii

Ty0uHA CKBAYKUHBL, M .eueuenennn. .. 300-350

Iasnenue miacrooe, MIla .. .. 3,04,2

TOJMIIAHA IITACTA, M «eueereneereneeneneeneneanensanenns 10-30
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TemmepaTypa mIACTA, C ..veurerrennennrnnennrennens 25-200

Hemnpeccus Ha mwiact, MIla 0,3-3,0
Yucso nepeKpblBaeMbIX IPOAYKTUBHBIX MHTED-
BAJIOB cueutrenenrerenensensnsossnsnsossnsnsessnsnsossnsnses 1-2

Bup 3a6os. OTKDBITHIH
Juaamuueckas BA3KocTb HedTH, Ila-c 0,3-1,0
TIn0THOCTE HEMTH, KT/M2 .cevvvrrerrennens 920-940

OOBOAHEHHOCTD MPOAYKIINU, Y% 0,3-99,5

TexXHOJIOTHS BKJIIOUAET CJIEAVIOIEe OCHOBHBIE OIIEPAIIUN:

OypeHIe CKBasKMHBI 1 KPEILJIeHe CTBOJIA IO KPOBJIU IJIACTa;

BCKPBITHE TPOAYKTHUBHOTO ILJIACTA AOJOTOM MEHBIIIEr0 AUaMeT-
pa;

mpoBeJieHNe KOMILIEeKCa ITPOMBICIOBO-reohnsnuecKkux pabor,
BBIJleJIeHIIe MHTEPBAJIA PACIINPEHUA CTBOJIA CKBAKUHBI, 0TOOD Kep-
Ha 13 IPOAYKTUBHOTO MHTEPBAJIA U OIIpeaesieHre IpaHyJIoOMeTpuue-
CKOTO COCTaBa IeCKa;

paciupenue (yBeJuueHUe JUaMeTpa) CTBOJIAa CKBAXKUHBLI B BBI-
OpaHHOM IIPOAYKTHBHOM MHTEPBAJE, KABEPHOMETPUA U OIpejeJie-
HUe 00'beMa paCIINnPeHHON YacTH;

ompejesieHre KOJMYeCcTBa I'PpaBUs AJIA HaMbIBa (DUIBTPA, BHIOOD
IraMeTpa rpaBUs;

3aMeHa OYpPOBOTO pPacTBOpPa B CTBOJIE CKBA'KMHBI Ha KUAKOCTH
HaMbIBa, CIyCK KOMIIOHOBKMY (pMJIBTPa WM MOABECKA €T0 C pacueToM
IMePeKPLITUA KapKacoM (PMIbTpa PaCIINpPEHHOro mHTepBajia (puc.
4.8, a, 0);

MMOATOTOBKA Ha3eMHOI'0 000PYJOBaHNUA;

HAMBIB I'PaBUI;

KOHTPOJIb KauecTBa HaMBITOTO (QUILTPA;

OCBOEHVE CKBAaKUHBI.

Oco6eHHOCTh pa3pabOTaHHOM TEXHOJIOTMM — HaMbBIB I'DAaBUS IIO
3aTpyOHOMY HIpoCTpaHCTBY. IIpu sTOM rpaBumii 3achIllaeTcsa B €M-
KocTb cmecuresad 2 (puc. 4.9), HacocoM ImogaeTcs *KUIKOCTb HAMBI-
Ba, TPaBUNHO-’KUIKOCTHAS CMeCh IOJ AAaBJIE€HUEM IIOCTYyIaeT B 3a-
TPyOHOE IIPOCTPAHCTBO Uepe3 YCTheByIo rooBy 1 (cM. puc. 4.8). Ha
Kapkace ¢puiabTpa 9 rpaBuili OTOUIBTPOBLIBAETCSI W OCTAETCA Ha 3a-
6oe, a JKUAKOCTH II0 TPyOaM BO3BpAIIlaeTCs HA IIOBEPXHOCTh Uepes
BepTaior 4 (cM. puc. 4.9) u 1o Tpy60IPOBOAY 5 IIOCTYIIaeT B eMKOCTh
6 u majnee Ha IpueM Hacoca. B oTJnYMe OT TEXHOJIOTHMM HAMBIBA ITO
TpybaM B 9TOM CJIydae OTCYTCTBYET TaKoe 000pyZOoBaHUE, KaK KOM-
OMHMPOBAHHBIN MHCTPYMEHT W MUPKYJIAIMOHHAA My(dTa. YCTpaHd-
eTCsI OTTaCHOCTh IIPUXBaTa KOMOMHMPOBAHHOTO MHCTPYMEHTA B ITUP-
KYJISAIMNOHHON My(Te IIpu 3aKauKe IpaBus.

IIpu ycTaHOBKE KOMIOHOBKY (DUJIBTPA B PACIIMPEHHOM HMHTEpPBa-
Jie IpuMeHeHa 0oJiee IPocTasd KOHCTPYKIIUS MaKepa, MO3BOJIAIOAd
paboTaTh B CKBAsKMHAX C PA3JIUYHOM TOJIIHMHON CTEHKH obGcagHOIl
KOJIOHHHI.
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Puc. 4.8. CxemMbI 000pyI0BaHUS CKBasKMHBI IP HaMbIBe IPaBUlHOrO (puiabTpa Ge3
nakepa (a) u ¢ makepom (6):

1 — npombiBouHas ycrbeBas rojioBka; 2 — HKT wiu GypusabHble TPyOBI; 3 — 0o6Gcaf-
Hasg KOJIOHHa amameTpoM 168 mm; 4 — mepeBOJHUK C JIEBOUM Pe3b00ii; 5 — HUIIIeNb-
IEePEeBOAHUK MaKepa; 6 — mepeBOAHUK; 7 — NPYKUHHBIA IeHTpaTop; 8, 12 — HKT
nuamerpom 89 mm; 9 — cerknua puasrpa; 10 — HKT guamerpom 48 mwm; 11 — 30HaA
TUAPOJUHAMUYECKOTO YILUIOTHEHUS rpaBus; I3 — OamMak-sarayinka; 14 — 3axBar-
Hoe Ipucrnocobiienne; 15 — makep

OmuH M3 OCHOBHBIX ITOKAasaTesieli KauecTBa BBITIOJHEHHOI TI'pa-
BUIHON HAOMBKM — €€ ILIOTHOCTh. OOBLIUHO YILJIOTHEeHHE HAOWBKU
OCYII[€CTBJIAETCSA IyTeM BUOPAIIMOHHOI'O BO3LECTBUA Ha XBOCTOBUK
puILTpa, UTO CBA3AHO C IIOBBIIIIEHNEM TPYAO0eMKocTH pador. CyIie-
CTBEHHOH 0COOEHHOCTBLIO Pa3pabOTaHHON TEXHOJOTUU SABJISETCS T'H-
IpoAMHAMUUYECKOe YVILIOTHEHNE I'PaBUMHOM HAOMBKM, OCYII[ECTBJIA-
eMoe MyTeM IIPOKAUYKM KHUIKOCTH uepes cjoii rpaBus. IIpm sTom
BHYTpPU ceKuuii puabrpa 9 (cM. puc. 4.8) 1o 3aruymiu-6ammara 13
ciyckaercs Tpyoa 10.

254



P
———

Puc. 4.9. Cxema 00BA3KHM Ha3eMHOI0 060OPYH O
BaHUA:

1 — uemeHTHpOBOYHBIN arperar I1A-320; 2 -
CMecuTesibHasA YCTaHOBKA; 3 - IIPOMBIBOYHAA
ycTheBasi TOJIOBKA; 4 — BepTJIOr; 5 — uianr; 6 —
€MKOCTb

Puc. 4.10. Cxema co3maHus rpaBUIHOrO GUILT-
pa mo cmocody ¢pupmsr “Bu s daoa H0”




JKungkocts, oTUILTPOBAHHAA OT IT'PABUA, IPOXOAUT IO KOJIBIIE-
BOMY IIPOCTPAHCTBY MeXay Tpy6oii 10 m BHyTpeHHell IOBEePXHOC-
TBIO ceKIuu QuibTpa 9. Ilnomanb monepevyHoOro ceueHNA ero OUeHb
MaJia, IIO0dTOMY YaCThb JKUAKOCTU IIPOXOAUT IO CJIOI T'paBUA U YII-
JIOTHSAET HAOUBKY.

TexHoJsioTHEll TPEeIycMaTPUBaeTCs CO3aHne pe3epBa 3aKaunBa-
emoro rpaBus He meHee 10 % ero pacueTHOro KosudyecTBa. Peseps
IpeJHA3HAUEH [JIA NPENOTBPAIeHUA HAPYIIEHUS CIJIOINTHOCTH
rpaBuiiHON HAOMBKUW B pe3yJbTaTe YILJIOTHEHUA T'paBUA WM BBIHOCA
YaCTH IIJIACTOBOTO II€CKA B IIPOIECCEe OCBOEHMU S CKBAaKIH.

ITo mammoO¥ TexHoJOrmM OBLIM O0OPYAOBAHBI 15 HOOBIBAIOIITMX
CKBasKMH MecTopo:KaeHuA Kapaskanbac 1 2 CKBa>KMHBI MECTOPOK-
neHus KeHKUAK, KOTOophble PaboTal0T YCTOHUNBO, CO 3HAUUTEIHHBIM
COKpAIIleHeM BLIHOCA MEeXaHWYECKUX IPUMECEH 0 CPaBHEHUIO CO
CKBaKMHAMM, He 000DPYIOBAHHBIMY I'PABUNHBIM (DHUIBTPOM.

PesyabraTsl paboThl HEKOTOPBIX CKBAYKUH IIPUBENEHLI B TaOJI.
4.3.

Tao6anuma 4.3

Pe3yapTaThl IPUMEHEHUA HOBOI TE€XHOJ OTMH II0 60Ph0e C IECKONPOABICHUIMU

Iara | Cpexn- Komue- Yucio
Homep | yera- HUit cTBO Mexa- | OGBOI- PEMOHTOE,
CKBa- HOB- | me6uT HITIECKUX HEeH- CBAZAHHBIX MecTopoK-
SKUHBL KU CKBa- mpuMeceii, | HOCTb, C IIeCKO- JleHue
GUIbT- | JKUH, % TIpOsIBIIE-
pa T/cyT [1985T. 1986 T. HUEeM
2016 08.09. 5,8 0,02 | 0,01 | 68,0 Her Keuxusax
83
2018 02.10. 10,1 0,03 | 0,01 | 12,5 “ “
83
487 05.05. 3,0 Cue- Cie- 0,56 “ Kapaskau6bac
o7} ITbI ITbI
450 11.09. 5,0 “ “ 0,28 “ “
#t
433 11.11. 4,8 «“ “ 0 “ «“
#t
377 01.11. 5,8 0,07 | 0,07 0 “ “
<5
714 01.11. 2,4 - 0,02 - «“ “
53
379 01.10. 2,7 - 0,08 - “ «“
<53
537 12.10. 2,1 Cne- | Cue- 0 “ “
83 ITbI ITbI
3527 05.06. 1- “ “ - “ XopacaHbl
81 1,5

“BbIHOC MeXaHWYEeCKUX IIpUMecel [0 CKBaKMHAM-aHaJIoraM, He 060pyJ0BaH-
HBIM TPaBUAHBIMH (UIBTPAMU, COCTABUJ II0 MECTOPOXKJAEeHUAM: KeHKuUAK —
0,4 % ; Kapasxaun6ac — 0,3—0,4 % ; Xopacausl — 0,6 %.
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Komvnanua “Bu sug Hada F0” (CIIIA) paspaborasa crmocod rpa-
BUITHOM HaOMBKU, a TaK:Ke Ha3eMHOe U BHYTPUCKBaKMHHOE 000py-
moBauue (puc. 4.10). [a1s cosgarEnd TaKoro PuiIbTpa IPOBOLAT CJIe-
OVIOI[He omepanuu. B CKBaKMHY, CTBOJ KOTOPOM PACIIOJOKEH B
30HEe MPOAYKTUBHOTO IIJACTa, CIYCKAIOT IMep(opupoOBaHHBIN XBOC-
TOBUK 8 CO IEJAMH DPasMepoM, MOJOOPAaHHBIM B 3aBUCUMOCTH OT
pa3MepoB UaCTHIL I'PaBUA U IeCKa. XBOCTOBUK OCHAIAIOT IIE€HTPATO-
paMu 6 m yCTaHABJIWBAIOT B CKBa'KMHE KOHIeHTpUYHO. Ha Oypuiin-
HBIX TPyOax I 3aKpemsieHbl NaKePYIOIUHA 3JeMeHT 3 ¢ IMapHBIMU
OOAIINIHUKAMH, CIIeINaIbHAsd IIoABecKa 4 1 MOJILIN BaJ 5 ¢ BuUOpa-
TopaMu 7/, paclojiaraeMbIMU B XBOCTOBHUKE uepe3 KasKable 18 M,
HauuHAasg OT HU3a KOJIOHHBI. Biaromapsa makepyollneMy 3JeMeHTY
IOCTUTaeTCA TePMETH3aIMA KOJIbIIeBOT'0 IPOCTPAHCTBA IIPU Bpaliie-
Huu OypUJIbHBIX TPYO U Bajia ¢ BuOparopamu. B mpezmesax makepa
BHYTPEHHSAA IOJOCTh OYPHMJIBHBIX TPyO pasmesieHa TaK, YTOOBI
MOJKHO OBLIIO HAIIPABUTh IIOTOK JKUIAKOCTM C I'PABHEM 3a IOTAMHOMI
KosoHHOM. I'paBuii 9 ocamkmaercsd, a KHUIKOCTb-HOCHUTEJIb uUepes
meau (QUIbTpa MOCTyIIaeT B BaJ C BUOpaTOopaMu, IIOJHUMAETCS
BBEpPX U uepes oTBepcTre 2 Hall IaKePOM BBIXOJUT B KOJIBIIEBOE IIPO-
cTpaHcTBO. BuGpaTophl CIIOCOOCTBYIOT YIJIOTHEHUIO I'PABUS 32 XBO-
CTOBUKOM.

OKoHuaHNe 3al0JHeHNA 3aTPYOHOro IPOCTPAHCTBA OTMEUAETCS
MOBBIIIIEHNEM JABJIEHUS B CTOsIKe. Ilociie 9TOro CHUKAOT AaBIeHUe
B IIaKepe, IPOMBIBAIOT CKBAIKUHY U YIAJSIIOT UIJIUINKY rpaBus. s
CKBasKMHBI U3BJIEKAIOT OYPUJIBLHBIN NHCTPYMEHT C ITaKepPOM, IIOJBe-
ckoif u Bubparopamu. Ilo maHHBIM (GUPMBI, CIIOCOO CO3TAHUA Tpa-
BUMHOTO (hMyIbTpa B OTAENBHBIX CJIyYasaX CIIOCOOCTBYET yBeJIHWUe-
HUIO0 neburta ckBaskuH B 30 pas M mpeaoTBpaIllaeT BLIHOC IIeCKa C
pasMepoM HacTuii 6ojiee 25 MKM.

9ddeKTUBHOCTh PabOThI TPaBUMHOIO (GUIBTPa 3aBUCUT OT COOT-
HOIIIEHUA MEeXK]JY pasMepaMu IpaBUA U 3epPeH IIJIaCTOBOTO IEeCKa.
Panee cumrasioch, UTO MaKCHMAaJIbHBIM pasMep TIpaBUA LOJIKEH
onITh B 10 pas OoJibllie pazMepa 3epeH IJIACTOBOTO IIEeCKAa, COOTBET-
crByiomiero 10% -HoMy oCTaTKy IIPU CUTOBOM aHajmu3e. B majnbHei-
11eM MPHUIILJIN K BBIBOAY, YTO MUHUMAJLHBLIM pasmMep rpaBus IOJI-
JKeH ObITH B 4 pasa, a MaKCUMAaJILHBIN — B 6 pas 6oJibIlle pazmepa 3e-
P€eH I1JIaCTOBOTO IIecKa, cooTBeTcTBYoIIero 10% -HomMy ocTaTKy Ipu
CUTOBOM aHAJIM3E.

IIpu cooTHOIIIEHNY CPEIHUX PA3MEPOB I'PaBUA U 3epeH IecKa 60-
Jee 14 mecok mpoxXoauT uepes (PUILTP, He 3aJePIKUBAAChH. JPO3UA
BHYTPUCKBAKMHHOTO 000PYZOBAHUSA B 9TOM CJIyuae pPe3Ko Boapac-
TaeT. CHHIKeHNe TPOHUITaeMOCTY I'PaBUMHOM HaOUBKY HaOII0qaeTCsa
IIPY COOTHOIIIEHNM yKa3aHHBIX PasMepoB B mpeneaax 6—14, moaro-
My JaHHOE COOTHOIIIEHVEe PeKOMEHYeTCA MPUHNMATL PaBHBIM 5—6.
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Puc. 4.11. T'eos10ro-TexHu4eCKne yCIOBUA GypeHUs CKBAMKUH HA MECTOPOIMKIEHHSIX
Hedransie Kamuu (a) u I'paszesas Conka (6)

I'paBuii goxeH He MeHee ueM Ha 95 % COCTOATH U3 KBaplia U CUJIU-
KATHBIX MUHEPAJIOB.

OcHOBHBIE 3Talbl CO3MAHUS I'PABUMHOTO (PUJILTPA B OTKPBITOM
CTBOJIE — PACIINPEeHNE CTBOJIA, CIIYCK ¥ IOABECKA IIOTAHON KOJIOH-
HbI, HAMBIB I'DABU.

CTBOJI pacIINPSAIOT IJIA CO3AAHUS I'PABUMHOIO (YUILTPA TOJIIU-
Hoit 75—100 mm. IIpu sTOM HEOOXOAUMO IIPUMEHATH OYPOBBIE pac-
TBOPHI, HE 3arpsasHdionNue ILIacT. IIpu ycTaHOBKe I'PABUMHBIX
(GUIBTPOB TOJIBKO B MHTEpPBaJie 3ajeTaHus MPONYKTUBHBIX ILJIACTOB
HaMBbIB I'PaBUA HOJKEH IIPEAIeCcTBOBATDL EeMEHTHUPOBAHUIO HEIIPOo-
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IYKTUBHBIX 30H. TaKas IocieoBaTeIbHOCTD OIIepaIlnil MoAcKa3aHa
IIPOMBICJIOBOM IIPAKTUKOU.

Konctpykinusa 3abosa CKBasKMHBI, IIOKasaHHad Ha puc. 4.1, i,
npeaycMaTpUBaeT COYyCK I0 3ab0oa u mepdopaliinio o6cagHON KOJOH-
uel. CylecTByiolue MeToAbl mepdopanuu CIoco0CTBYIOT medop-
MUPOBAHUIO KaK COOCTBEHHO KOJIOHHBI, TAK 1 OKPYIKAIOIUX ee Top-
HBIX ITOPOZ. JTO CO3AET YCJIOBUA AJA BOSHUKHOBEHUSA U PA3BUTUA
IIpoIecca IeCKOIIPOABIEHUA.

IIpu nepdoparuu yaapHbie BO3NEHCTBUA HA KOJOHHY B KYMYJIs-
TUBHOII CTpye, II0 3apyO0e:KHBIM AaHHBIM, gocturaimT 2800 MIla,
IIO3TOMY BO3MOKHBI JedopMarus (PUIbTPOBOI YaCTH CKBAKUHBI U
HapyIIeHne IeJJOCTHOCTY Hpu3aboiiHoi 3oHbl. TaKue Ke HATPY3KH
WUCIILITHIBAET KOJIOHHA 1 TIPU ITYJIEBOM 3aJIOBOI medopmariuu. Biau-
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sSHUe 9TOM omepanuu Ha AedOPMUPOBAaHUE SKCILIyaTallMOHHOH KO-
JIOHHBI VICCJIEOBAJIOCH B PAZEe paboT, B KOTOPHIX ITOKAa3aHO, UTO Ha-
pyllleHWe KOJIOHHLI MMeeT BUJ CKBO3HBLIX TPEIWH, a IleMeHTHasd
000JI0UKa CIIOCOOCTBYET COXPAHEHUIO IIeJOCTHOCTH OOCATHOM KO-
JIOHHBI, IpUHUMAas Ha cebsa 23 % Bcell SHEPTUU PACIHIUPSIIONUXCS
rasoB.

W3mepeHusa moKasau, 4YTO IOCJE IIEPBOTO 3ajla JuaMeTp Iep-
¢dopupOBaHHOM YacTH 00CAAHON KOJOHHBI yBeJIMYMBAeTCd Ha 66—
7 MM, a TIpU MOBTOPHOM I1ep()OPUPOBAHUU AMaMeTpP KOJIOHHBI yBe-
anyuBaercs 5o 10 mM.

PaccmaTpuBas paboTy KOJOHBI BO B3aUMOCBSIBU C I€EMEHTHBIM
KOJIBIIOM U OKPYJKAIOIIUMY TOPHBIMHU IIOPOJAMM, MPUXOAUM K BBI-
BOAY, uTO mepdopanua o6cagHOi KOJOHHBLI IIPUBOIUT K paspylie-
HUIO TIPUCTBOJIBHOIM 30HLI. Il09TOMY IIprMeHeHre TaKoM KOHCTPYK-
nmu 32604 B CKBa)KMHAX CO CJIa00OCIIEMEHTHMPOBAHHBIMU KOJLIEKTO-
paMu BCeria COMPSKEHO ¢ IeCKOITPOABIEHUAMU.

AHann3 KOHCTPYKTUBHBIX OCOOEHHOCTEH APYruX TUIIOB 3a00eB
CKBa’XKUH IIOKA3bIBAET, UTO BCE OHU MMEIOT MCKYCCTBEHHO CO3IaH-
HBIN (QUIBTPAIIMOHHBIA MAaCCUB, KOTOPBIA KOHTAKTUPYET C IIPOAYK-
TUBHBIM ILJIACTOM U, CJIeAOBATEJIbHO, ITOABEP/KEH BO3AENCTBUIO CUJI
TOPHOTO faBJeHUA U Cy(DPHO3UMOHHBIX ITPOI[ECCOB, KOTOPHIE 00YCJIOB-
JIMBAIOT KOJILMATAIMIO MM 9PO3UOHHOE pas3pyIlleHure IIpu3aboiiHoi
30HBI.

UckyccTBeHHBIN (DUIBTD MOJIMKEH HAXOAUTHCA B SKCILIyaTalluu
IJIUTEeJIbHOE BpeMs, TOT/[a COBEPIIeHHO OYeBUIHO, UTO €ro yCTOIi-
YUBOCTHL BO BPEMEHU CBA3aHa C MPOABIEHUAMHN TaKuX (PaxkTopos,
KaK MelicTBUE CUJI TOPHOTO JABJEHUS B MPUCTBOJILHON 30HE, M3Me-
HeHUe TPOYHOCTHBIX XapPaKTEePUCTUK TOPHBIX ITOPOJ HPOIYKTUBHO-
ro miacra, gedopManusa U paspyllleHne ero IIpyu u3BjaeuyeHuu (Jro-
uzna. Bce aTo ompenesnsgeT paboune HArpy3KMU Ha 3J€MEHTHI KOHCT-
pPyKIuu (huabTpa.

Tunnunsrii npumep Mecropoxgenuit 8 CHI' co crabocuemenTH-
POBaHHBIMHY KOJLIEKTOpaMu — MecTopokaeHusa Hedranbie KavMuu u
I'paseBas Comka. I'eosoro-rexHnuYecKne yCJIOBUSA U THUIIOBbIe KOH-
CTPYKIIUM CKBaYKMH STUX MECTOPOKIEeHWIl NpPUBEJAEHBI Ha DHUC.
4.11.

Ha wmecroposknenusx Hedransie Kamuu m I'psaseBaa Comka
CKBaKMHBLI 3aKAHUMBAIOT C MCIIOJIb30BaHMEM OYPOBBIX PacTBOPOB
Ha BOJHOH oOcHOBe ILIOTHOCTRIO 1,50—1,90 r/cm®. IlnacTroBoe
IaBjeHne 3aech OJM3KO K TUAPOCTATHYECKOMY, IOITOMY Oype-
HIUE COIIPOBOKAAETCA MOTJIONeHeM OyPOBOTO PACTBOPa 1 0OBaIaMu
nopoz. BBICOKOro KauecTBa IIeMEHTUPOBAHUA CKBAYKUHBI JOCTUYD
HEBO3MOJKHO BCJIEJICTBME HAJIUYUSA TOJICTOM TIMHUCTOM KOPKU IIPO-
TUB BBICOKOIIPOHUIIAEMBIX ITopoA. OTpuIiiaTesibHOE BIAUAHIE OKAa3bI-
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BaeT TaKsKe SHAUNTEJbHAsA KPUBU3HA CKBAXKHWH, JOCTUTAIOIAS
35°C.

IIpu BEI3OBE IPUTOKA U3 ILJIACTA B IIPOIIECCE OCBOCHUSA CKBAYKMHEI
IOIIyCKaeTcsi 0OJIbIIAs AeIIPECCHsi Ha IIJIACT, a IIPU BBOJE B 9KCILIY-
aTauio MUHIMAJIbHbIe a0COMIOTHBIE 3HAUEHHU JelPeCCUM Ha ILIACT
cocraBasaor 1,0—1,3 MIla, xoTd ee fomycTUMbIe 3HAYEHUS C TOUKH
3peHnsl MPeIOTBPAIeHNs BLIHOCA IIeCKA HAXOAATCA B IIpemeiax
0,2-0,4 MIla. 9To ABIAETCS MPUYNHOI OBICTPOTO PA3PYIIEeHU IIe-
MEHTHPYIOIIEro MaTepraJia CIaramoliX IJIACT-KOJJIEKTOD IIOPO B
IpoIlecce dKCILIyaTallMy CKBasKMH M OOMJILHOrO BBEIHOCA IecKa. B
MPOAYKIINY CKBAXKUHEI cofep:kanue necka mocruraer 3—10 %. Ilo
GpaKIIMOHHOMY COCTAaBY BBIHOCHMMBIN IIECOK C PasMepoOM YacCTHI]
0,01 mM u Gostee cocraBisgeT 52 %, ¢ pasmepom uactur 0,01 MM u
menee — 48 % .

4.4.2. TPABUMHBIE HABUBKU B TOPU30OHTAJIbHBIX
N HAKJIOHHBIX CKBAJKHMHAX

ITono:xuTeabHbBIE PE3yIbTATHI IPUMEHEeHUs CIIOCOO0B PeryJinpo-
BaHUA IIJIACTOBOTO IABJIEHUSA B CKBAYKMHAX C OOJIBIIIUMU HCKPUBJIE-
HUAMET TIPHro6Gpen 6OJIbIIIoe 3HAUEHMe [0 Mepe YBeJIWUeHUI vucia
TaKUX 3aKOHUEHHBIX CKBAKUH. 3/IeCh PacCMaTPUBAETCS COBPEMEH-
Hasl TeXHOJIOTUS KUIKOCTHBIX, 'PABUMHBIX U (PUIBTPOBBIX YILIOT-
HEeHU U IpeAaraloTcsa MpakTUUecKre MeTOobl 1 HallPaBJIeHUA IJI5
OyAyIIUX MCCIeTOBaHMUIA.

IIpaBunabHO moOmOOpaHHBIE I'paBUIIHBIE HaOUBKU OoJiee addex-
THUBHBI IT0 CPABHEHUIO C IIPOCTBIM pasMeIlleHreM I'PaBUA B KOJbIE-
BOM IIPOCTPaAHCTBe IepdopupoBaHHOI o0cammoil Tpyownl. Ciaemyet
BHMMATEJHLHO CJIEIUTH 38 TE€M, YTOOLI NMPUUYUMHUTHL MUHUMAJIbLHBIA
yiep0 Imopojie BoO BpeMs OypeHus, IIeMeHTUPOBaHUS, mepdopamuu
¥ pacIIVpeHus CTBOJIa CKBAKMHBI. MHOTHE MapaMeTphbl, KOTODbIE
HEUW3BEeCTHBI MU He MOTYT OBITH M3BECTHLI B CTBOJIE, MOTYT MMETh
OOJIBIIIOE 3HAUEHUE AJIS YCIEITHOTO 3aKaHUNBaHUA CKBaXKUH. Heko-
TOpbIe HeM3BECTHRIE MapaMeTPhl MOT'YT OBITH ITOJYUEHBI HA OCHOBA-
HUU MOJEJbHBIX NCCIeNOBAHNI 1 Ja00PATOPHLIX MCHBITAHWI. Bak-
HO, YTOOBI Takas MHMOpMAIUA I0Jydasach C HCIOJIb30BAHUEM
IPEJCTaBUTEIbHBIX YCJIOBUH, YTOUHEHHBIX HA OCHOBAHUM PE3YJIib-
TaTOB II0JIEBbIX UCIILITAHUI.

CyIlecTBYIOT IPOTUBOPEUUBBIE CBEIEHUA O JYUIINX CII0co0ax
TPaBUUHBIX YIJIOTHEHWI B MMEOIMWX OOJBIION yrosl HaKJIOHA
(6osiee 60°) cKBaXKMHAX, B KOTOPBIX HHTEPBAJIBI 3aKAHUYNBAHNA IIpPe-
BbIAOT o aanHe 30 M. MomeabHBIE UCCIeIOBAHUSA MOTYT IIPOJIUTH
HEKOTODBII CBeT Ha MPo6JieMbl TPAHCIIOPTA I'PABUsA IIPU TaKOM THIIE

261



3aKaHUYMBAHUA, OSHAKO OTHOCUTEJIHHO KOPOTKHUE MOJENN, KOTOPHhIE
HEIOCTATOUYHO MOIEJIUPYIOT YTEeUKY JKUIKOCTH, He TIOMOIJIN TIPHU
PeIlleHnY 3TOH BasKHOM IIPOOJIEMEI.

T'paBuiinbie yIIJIOTHEHUS B 00CAKEHHBIX CTBOJIAX TOJXKHBI NMETh
IOCTaTOYHOE KOJUUECTBO I'paBUA BHe o0cagHON TPYyOBI IJA TOrO,
yTOOBI 00ECIIEUUTDh TaKoe IOJI0MKeHNe, KOraa Bce mepdopaluoHHbIe
OTBePCTHUSA 3aI0JHEeHBI rpaBueM. PasmMephbl 1 UMCJIO IepdopaitruoH-
HBIX OTBEPCTUM JOJYKHBI OLITH JOCTATOUHLIMU AJIA CBeIEHUSI K MU-
HUMYMY OTPaHUYEHUS ITIOTOKA JKUIKOCTH Uuepes mepopupoBaHHbBIE
IIPOXOMbI, 3allOJIHeHHbIe rpaBueM. CTOMMOCTL I'PABUMHOIO YILJIOT-
HeHUs JOJI’KHA OBITh BO3MeEIlleHA B TeUeHUe IPUeMJIeMOro BpeMeHu
IO0BIUM, IPUUYEM ABUKEHIE IIeCKa IMOPOALI He0OXOIMMO PeryJJInpo-
BaTh B TeUEHUE BCETO IIEPUOa SKCILIyaTallii KOJLJIEKTOPA.

Ecau 3ty ycioBUs He BEITOJIHAIOTCA, TO PE3YJIBTATHI OJYUAIOT-
cA HUMKe ONTUMAJbHBIX. MHOrMe rpaBUiiHbIE YILJIOTHEHUSA SKOHO-
MUYECKH OIPAaBAAHBI, OJJHAKO €CJIM OHU He CMOT'YT KOHTPOJHPOBATH
MOCTYILJIeHE TIeCKa B TeUeHUe NJINTEJHHOTO BPpeMeHU UJIN OrPaHu-
YUTH TEMII er0 IBUKEeHUs, TO IIePCIeKTUBHbIE 9KOHOMUYECKHE Pe-
3yJbTATHI OYAYT HAJEKU OT JKejJaeMbIX. IIOCKOJIbKY TOPU30HTAJb-
HbIe U HaKJOHHEIE (6osiee 60°) CKBasKMHBI, UMEIOIINe IIPOTAKECHHEIE
WHTEPBAJIbI 3aKAHUWBAHUSA, SABJIAIOTCA 00jiee HOPOTOCTOAIUMU C
TOUKM 3peHuA OypeHUA U 3aKaHUMBaHUSA (IO cpaBHEHUIO ¢ Oojee
KOPOTKMMHU BE€PTUKAJBLHLIMU CKBasKMHAMMU), TO IIPU OIMpPeIeIeHUN
YCIeITHOCTH OYypeHus MpeAllouTeHre CJeIyeT OTAaBaTh 9KOHOMU-
yecKoMy GaKTopy.

MoKHO TOUHO CJIEIOBATHh YKa3aHUAM IO MeXaHWYECKON KOHCT-
PYKIINU I'PaBUIHOTO YILJIOTHEHUS M, OOAHAKO, He AOOUTHLCA yclexa
BCJIE[ICTBYE HEIIPAaBUJILHOTO PA3MEIeHUA U TeXHOJIOI'UHU BBIIMOJIHE-
HUA YILIOTHeHUs. Ecoiu rpaBuil He YILJIOTHEH II0 BCeMY MPOAYKTHUB-
HOMY HMHTEPBaJy, TO B YINIOTHEHUU MOT'YT IMOSBUTHCS U3BAHBI WU
IIEeCOK M3 TOPOJABLI MOJKET IIOIACTh B IIPOCTPAHCTBO, OKPY:Kalollee
GUILTP A0 YKJIAAKY HA HEro I'paBuUsA, UTO IPUBOIUT K BEIXOAY YCT-
poiicTBa U3 CTPOA.

OOBIYHBIE METOIbI TPABUIHOTO YILJIOTHEHUS C MCIIOJb30BaHUEM
BOJIbI OBLJIM B3ATHI U3 MPAKTUKU CTPOUTEIBCTBA BOASHBIX KOJOAIIEB.
I'paBuit 106ABISAIOT K BOJE U 3aKAUMBAIOT B KOJIBIIEBOE IIPOCTPAHCTBO
nepopuUpPOBaHHOI 00cagHOM TPYObI; CKOPOCTh 3aKauMBAHUA OOBIU-
HO cocTaBJsgeT oT 17 10 56 m® /4.

Bopa menmocraTouno a(hheKTUBHO JOCTABIAET I'PaBUil B KOJbIle-
BOE IIPOCTPAHCTBO 1 Uepes3 mepOopaIllNOHHbIe KAHAJIBI B [INHHBIX U
MpoOypeHHEIX II0oJ yrioM Gonee 60° cKBa)KMHAX M3-3a4 €€ HU3KOU
BA3KoCcTH. KpoMe mpaBUIbHO MOAOOPAHHBIX KOHCTPYKIUIT TPyO u
GUIBTPOB HEOOXOAUMO, YTOOBI CKOPOCTH *KUAKOCTH ObLIa JOCTa-
TOYHO BBICOKOU AJISI IepeHOoca I'PaBUA B KOJIBIEBOE ITPOCTPAHCTBO
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nepopUpPOBaHHOI 06camgHOI TPYObI M AJIS BBITECHEHUS IIECKa IIO
HaTIPaBJIEHUIO K KOHITY (PuIbTpa.

HccnemoBanus ¢ ucmoab3oBanueM Mmomeseii aauuon 3,6 u 30 m
IIOKA3aJIi, YTO I'PaBUIl MOKeT ObITh YILJIOTHEH B KOJILIIEBOM IIPOCT-
pamcTBe 3a 00cagHO# TPYOOI IPU MCIIOJIb30BAHUN BOILI, €CJIU MHOTe-
PU KUAKOCTH B (QUJIBTP OTPAHUUUTE C IIOMOIIBIO YAJINHEHHOH XBOC-
TOBOI TPYOBI MU HEPETOPOIKU. ITOT 3hDEKT MOKET OBITH YCUJIEH
IIyTeM MCIOJIb30BaHUA (QUJIBTPA CEIEKTUBHOTO OTEJEHUA U YILJIOT-
HEHUs BHYTPEHHET0 KOJIBIIEBOTO TPOCTPAHCTBA, ABJIAIOIIETOCA OC-
HOBOI1 mepdopupoBaHHOI TPYOLI ¢ (pUIALTPYIONIe ceTKoi. OmHaKo
MIPOTOKM KUAKOCTU B ILJIACT OYAYyT TaKsKe MeIlaTh IIepeHocy rpa-
BUS.

IIpu mcmosbL30BAHUU BOABI IJIs YIIJIOTHEHUS HepdoparmoHHBIX
OTBEpPCTUii, PACIOJIOKEeHHBIX TI0 BepXHell CTOpOHe uepes AJNHHBIE
WHTEPBAJLI, BOSHUKAIOT TPYAHOCTH, ITIOCKOJIBbKY CKOPOCTH BOJBI Ue-
pes BepTHUKaAJIbHBIE HepGOPAIlMOHHbIE OTBEPCTUA MOJIMKHA IIPEBBI-
1IaTh KPUTUUECKYIO0 CKOPOCTD IIePeHOoca IrpaBusa U, KOTOpasi MOKeT
OBITH BBIYUCJICHA IIyTEeM HCIOJIb30BAHUSA CJIEAYIOIIETO YIIPOIIeHHO-
IO ypaBHEHU:

v=p,(0,0116+0,1488r),

rie r — paauyc rpaBus, CM; P; — INIOTHOCTD JKUAKOCTH, I/CM°.

ITonyueHnHble pacueTHbIe 3HAUEHUSA CKOPOCTEH IafeHus uje-
aJbHO c(PePUUECKOr0 I'PaBUSA B BOJe ABJIAIOTCSI MPUOIU3UTEIbHBI-
MH. YuecTh Hec(hepMUYHOCTL T'paBUA MOKHO HYTEeM YMHOMKEHUS
9TUX 3HAYEHUI CKOpocTell Ha (haKTUUECKYIO0 C(DEPUYHOCTH I'DAaBUA.
Hamnpumep, CKOPOCTh HafeHusA I'PABUsI, MMEIOIIEro c(HhepuuHOCTh
0,8, cocraBaser npubausuTeabHo 80 % OT CKOPOCTU IaJeHusd Ue-
aJILHOM c(hephl.

3HaueHnd KPUTUYECKUX CKOPOCTell TepeHoca B Bojie IpaBusd ObI-
JIY TIOJIyYeHbI B Pe3yJIbTaTe MCIIOJb30BAHNA MPUBEIEHHOTO YpaBHe-
HUA, TpUYeM OBLIO CIeJaHO IPEeAIoJIoKeHUe, UTO CPEepUUHOCTH
rpasusa pasHa 0,8. Ilpu yBelmueHHUU BA3KOCTH KHUAKOCTH JIU
ILJIOTHOCTH MJIK IIPU YMeHbIIIeHUH IIJI0THOCTH I'paBus or 2680 xr/m®
CHUKAeTcsA KPUTHUYECKAs CKOPOCTh M YJyYIIaeTcs YIJIOTHEHUE
nepGopaIMOHHBIX OTBEPCTHUI BEPXHEH CTOPOHLI TPYObI.

Ucmonb3yoT TaKsKe BA3KHE JKUIKOCTH, KOTOPbIe MOTYT
TIepeMeIaTh BEICOKMEe KOHIIEHTPAIIUY TPaBUs TP MEHbIIeH momaue
HACOCOB II0 CPABHEHUIO C MeHee BSASKMMM BOJOH WJIM COJIE€BBIMU
pactBopamu. JKugkocTu ¢ 6ojiee BBICOKOM BSSKOCTBHIO CHUIKAIOT
CKOPOCTU YTE€UKU M CIOCOOCTBYIOT TPAHCIIOPTY I'paBUA B CTBOJIAX,
IPOOYpPEeHHBIX IOJ YIJOM, OJU3KUM K TOPH30OHTAJBHOMY. OTO
TaKkyKe yMeHbIITaeT OoOmImuii 06BheM KUAKOCTH, HeOoOXOTUMBIN
IS YIJIOTHEHUS CKBAYKUHBI, ¥ CIIOCOOCTBYET YMEHBIIIEHHUIO 10 MU-
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HUMYyMa IIOTeHIIMAJIbHOI0 yIiiep6a, KOTOPBIH MOKeT OBLITh HaHeceH
ILIACTY.

dupma “IOunnon Ot Kommanu o Kanudopaua” omydaukoBaga
IepBble Pe3yJbTAThI WCCJIENOBAHUI C KCIIOJb30BAHMEM MOIEJIeH
TPaBUMHOI HAOMBKM B CKBa'KMHAX, IIPOOYPEHHBIX II0J OOJIBIINM
yriom (GoJiee 60° 110 OTHOIIIEHNIO K BEPTUKAJIM).

PesyabTaThl MOKAa3ajau, YTO I'PABUIl HE MOXKET IIOJHOCTHIO YII-
JIOTHUTBH CTBOJI, HAKJOHEHHEIN mo yriaoMm 6Gojee 60° K BepTuKaIn,
OMHAKO IT'MOKMEe TTepeTOPOAKU-TIYIITUTEIN, YCTAHOBIEeHHBIe HA KOH-
LIEBBIX TPYDOaX, MOT'YT COLEHCTBOBATE IOJHOMY YILIOTHEHWIO I'PABHU-
€M CTBOJIa, Jaske IIPU ero oTKJoHeHnu Ha 105° or BeprumKamm. dra
MOJeJIb He YUUTHIBAJIA ITOTEPIO JKUAKOCTU U YXOI €€ B ILJIACT.

®dupma “Bputuin Uat. CoaBrCH3” mpeAcTaBuIa CAEAYIONe pe-
3yJIbTaTHI uccaenoBaHuii. [lepdopalinoHHbIe OTBEPCTUA U 3aKOJIOH-
HOe MMPOCTPAHCTBO OBLIM ITOCJIEIOBATEIbHO YILJIOTHEHLI B MOAENU C
yriaoMm HakaoHa 70 BOmoil, 3aryIlleHHON TI'MAPOKCHUITHJIOBOM Iie-
awogosoi (I'D1), mpu gimuae Mmogenu 1,35 M. ITu UccaeTOBAHUA II0-
Kasajau TaKsKe, UTO KUAKOCTh CYII[eCTBEHHO YMEHBIITNIa BO3MOK-
HOCTh IIepeMeIlInBaHus IPaBUs C MEeCKOM ILJIAacTa, IIOCKOJBKY I'pa-
BUH YXOOUT Uepes mepoparinoHHbIe OTBEPCTUA, OAHAKO OTBEPCTUA
Ha BepXHeU CTOPOHE MOJEU ObLI IIOJIHOCTHIO YILJIOTHEHHI.

dupma “OKCKOH” IpeAcTaBUIa PE3YyIbTATHI UCCIETOBAHNI CBO-
eil Momesi, KOTOPhIE CBUAETEJIbCTBOBANN 00 YJIYUIIIEHUUW T'PABUM-
HOIf HaOWBKHW C HCIOJb30BAHWEM BOABLI B I'OPM3OHTAJBLHBIX W Ha-
KJIOHHBIX CKBasKMHAaX B Pe3yJabTaTe YBeJINUeHUI YIaCTKA KOHIeBasd
Tpy6a — puabTp. C 1esbio oTpaHnuueHnsa o0beMa KUIKOCTH, ITPOX0-
IATel M3 3aKOJOHHOTO MPOCTPAHCTBA B (QUJILTD, OBIIN HMCIIOJIH30-
BaHbI Mogdeau gauuoi 3,0—6,0 M, KoTOphle He UMUTHUPOBAJIN IIOTE-
PIO *KUAKOCTH BCJIEACTBIE €e yX0/a B ILJIACT.

dupwma “Hoysin” mpeacTaBmia pe3yabTaThl MOAEJbHBIX HCCJe-
moBaHuit B 1982 r. ¢puabrTpa aauHo# 4,2 M. BbLIn moOJy4YeHBI yC-
TIeIITHbIe Pe3yJIbTaThI II0 VILNIOTHEHUIO IPaBUs ¢ TPUMEHEeHUEM BOIBI
B 3aKOJIOHHOM IIPOCTpPaHCTBe (puabTpa 1 o6cagHbIX TPYD, IPU 3TOM
3HAUEHNEe PASUAJILHOTO 3a30pa COCTABJSIO 33 CM, a4 yroJ HAKJIOHA
cTBoJIa paBHAIca 85°. K coxanenuio, He GbLI yuTeH (PAKT IPOHUK-
HOBEHUA KUIKOCTH B ILIACT B UCIIOJb3yEeMOUN KOPOTKOH MOIEIH.

B xome ucciaemoBaHUiT BePTUKAJIBHBIX CTBOJIOB, IIPOBEIEHHBIX
dupmoit “IlleBpor Oitn Puax Peceu” OBLIO OTMEUEHO 3HAUM-
TelbHOEe 3a0mBaHme (UJILTPA ¥ XBOCTOBHUKA CO IEJIEBUAHBLIMU
OTBEPCTHUAMM, KOTJa TIPaBUll ITUPKYJUPOBAJ BMECTE€ C BOJOA U
3aKauMBAJICI CEPUIHLIMU TPEeXIUJINHIPOBLIMU HacocaMu. Bo
BpeMs MCCJIeJOBaHUM ObLIO TaK:Ke IMOATBEP:KAEHO, UTO KUIAKOCTHU,
saryiieHabie ['O1], cuIbHO YIJIOTHAIOT TPaBUil fake B CMOAEJIUPO-
BaHHBIX CKBasKMHAX IIPU HeoOcakeHHOM 3aboe. Kpome Toro, Takue
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SKUOKOCTH 3abMBailoT (UJIBTP TOpas3fo MeHbIe. SarylieHHbIe
I'9I] sXmOKOCTU MOJHOCTBHIO YIJIOTHAIOT TPaBUEeM MOJeNb u mnepdo-
pPallOHHBIE OTBEPCTUS, HECMOTPA Ha pasMep 3aKOJIOHHOTO IIPOCT-
paHcTBa (76 MM) BOKPYT QuabTpa 1 06caHON KOJOHHBI. ITa MOJIEJb
HaunboJiee 0OJIM3KO UMUTHPOBAJIa 3aKOHUEHHYIO CKBAXKUHY C HeoOca-
JKeHHBIM 3a00eM ¥ pacIIMpPeHHBIM CTBOJIOM HUKe OalrMaka obGca-
SKEHHOM KOJIOHHBI II0 CPaBHEHWIO C 3aKaHUYMBAHUEM OOCAKEHHOTO
CTBOJIA.

IIpoBenennsnie pupmoii “Illepon Oiin @Punnx Peceu” mccaenona-
HUS HA MOJEJIM C YIJIOM HakJoHA 80° mMOATBEPAUIN, UTO KOHCTPYK-
nusi (GuaIbTpa ILIaMOBOM TpPYyOBI JaBaja BO3MOYKHOCTH IIPOBECTU
TOJIHOE YILJIOTHEeHNEe MoJesu IJInHOI 18 M, B KOTOpPO# I'paBUi IIepe-
HOCHJICA BOJIOI, OTHAKO B 3TOM CJy4uae He ObLIO OTMEUEHO IIOJTHOTHI
ymioTHeHuA nepdopamnuii Ha BepxHeM ydacTkKe. Kpome Toro, OBLIO
elfe pa3 MOATBEPIKAEHO, UTO BOJA C T'PABMEM BBIBHIBAET OOJIBIITYIO
3aKyIOPKY MUIBTPOB, UeM Boja, 3aryineHHad ['Oll. Bo Bpems uc-
MBITAHUS TI0 IepPeMeIleHn0 IPaBus ObLIO MOKAa3aHO, UTO BOAAa He
TIePEeHOCUT I'PpaBUii JocTaTOYHO 9()HEeKTUBHO Uepes pabouyio KOJIOH-
Hy nuamerpom 60,3 MM mpu yriie ee HakJIoHa 80°.

WccrenoBaHUA U 9KCIEPUMEHTHI ¢ BASKUMU JKUIKOCTAMU MOKA-
3aJIM, YTO OCaKJeHVe I'PDaBUA IIOCJEe YIIOTHEHUS BMeECTe C BOJOH,
sarymienHoi I'91] ¢ BaskocThio 600700 mIla-c, mpuBes o K HEKOTO-
poMy oOHa:KeHHIo0 (PUIbTPA, OAJHAKO HepdopalMoHHbIe OTBEPCTUS
110 BepXHeli CTOPOHE OBLIY IIOJHOCTHIO YIIJIOTHEHEI.

WcnwiTanusa 3aryiieHHoi Bogsl mpu nmomoiru I'D1] Baskoctsio 30,
40 u 400 mIla'c gaau TMOJIOKUTENbHBIE PE3YJAbTATHI IPU yCHEIll-
HOM YILJIOTHEHUU BCETO 3aKOJIOHHOTO IIPOCTPAHCTBA Ha YYacTKe
GuabTp — obOcagHas KOJIOHHA, a TaKyKe mepdoparMOHHLIX OTBEp-
cruii. K mogenu gaunuoi 18 M ObLIM IOACOEIMHEHEI TOJIbKO YeTHRIE
nepdopainoHHbie oTBepcTHs. Ilocienyiolnee 3a YILIOTHEHHEM
oca’KIeHre T'paBUs B 3aKOJOHHOM IIPOCTPAHCTBE OBLIO BHISBAHO
CKOpee BCero OUeHb OTPAHUYEHHBIM ITPOCTPAHCTBOM AJIS TPOHUKHO-
BEHUA IIPOCAUNBAIOIIIEHCA YKUIKOCTU ¥ HUBKOH KOHITEHTpAIUY I'pa-
BUS.

PesynbraThl ucublTaHUM, IpoBeAeHHBIX upmoii “IlleBpon Oiin
Puan Peceu” ¢ rOpu3oHTAIBHOI MOIENIBIO, KOTIA UCIIOJIb30BaJIU BO-
Iy, saryuieHnyio I'OIl, moaTBepAmIu cieayoolee: BasKHelIIee 3Ha-
YeHUe NMeeT COOTHOIIIEHNE JUaMETPOB KOHIIEBOM TPYORI 1 (DUIILTPA;
BBICOKAA II0Jaua HACOCOB IOBLIIIAET d3(PPeKTUBHOCTE HAOUBKU; pas-
JINYUSA, KOTOPbIE ObLIM OTMEUYEHBI U SIBUJINCh Pe3yJIbTATOM yBeJInde-
HUSA CTEMeHU BASKOCTH JKUJKOCTHU IOCje 00aBIeHUs I'elisd, a TaKKe
PasHUIIA B KOHIIEHTPALIUAX I'PABUIHOTO PACTBOPA OBLIN MHUHUMAJb-
HBIMU.

Pesyabrarer npoBeseHHbIX upmoit “IlleBpon Oiin @Puany Peceu”

265



HUCIBITAHUI C UCIIOJIB30BaHUEM 3aryIleHHoM npu momoIu I'O1] Boasr
B MojJejle CKBaXKMHBI, nMemoleil HakgoH 100°, ObLIM HECKOJIbLKO
JYYIIIIMHU TI0 CPABHEHUIO C Pe3yJbTaTaMu, MOJYUYeHHBIMU HPU HUC-
IILITAHUY MOJEJHX CTBOJIA, HaKJOHeHHoro mof yriaom 90°. Oxuaxo B
oboux cayuadax mepdopaloHHbIe OTBEPCTUS HA BEepXHeIl CTOpPOHEe
He ObLIN YIIJIOTHEHBI.

Cnenmanuctel ¢upmbl “IlleBpon Oitn Puax Peceu” mpose-
JIX HECKOJIbKO SKCIEePUMEHTOB C YT KeJeHHLIM OYpPOBBIM PacTBO-
poM, KOTOphI wumena BA3KocTh 6,0 mIlac, u ¢ mcmoab30BaHU-
€M 3aMEeHHUTeJs TpPaBuUsd, UMEBIIero HU3KYI ILJIOTHOCTh
(1650 xr/m?). Dt 6ojlee JeTKMe YACTUIIBLI IOJTHOCTBIO YILIOTHUIIN
nepdopallioHHbIe KaHaJbl HAa BEePXHEM WHTEpBajJie U BCe 3aKO-
JIOHHOE IIPOCTPAHCTBO B MeCTe COeNMHeHWs (PUJIbTpa ¢ obcagHOIi
KOJIOHHOM.

Hedpranaa pupma “Mapaton Oiin” mpeacTaBmyia pPes3yJIbTaTh
npoBegeHHLIX B 1987 r. ucublTanuii rpaBUAHBIX YVILIOTHEHUHN B MO-
IeJid IIuHON 0KoJio 30 M: COOTHOIIIEHNEe JUaMeTPOB MeXKIy KOHIIe-
BO# TpyOo#l u puiabTpoM cocrasisiao 0,77, a MIOTHOCTh I'pPaBUA B
BOJie, BA3KOCTHb KOTOPOIi OblIa YBeJIMUeHA 3a cueT Ao0aBIeHusA B Hee
kap6okcuMermnenomaoss! (KMIT) u I'9I1, cocrapmra 1800 kr/m>.
9T pe3yabTaThl MOATBEPANIN BaKHOCTL IMUPKYJIMPOBAHUA pac-
TBOpPA M €ro AOCTyIla K (PUIbTPY repMeTU3MPOBAHHOI'O HUIKHETrO
JaTynKa (ycTpoiicTBa CHUTHAJIM3AI[UK) A0 TOTO, KAaK HIPONYCTUTH
rpaBuii uepes mnepdopalnoHHble oTBepcTUs. Ilomaua Hacoca He
nMejia CKOJBbKO-HUOYIb CYIIIECTBEHHOTO BINAHUA Ha 3(PPEKTUB-
HOCTbH YILJIOTHEHU; JIYUIIle BCETO YILJIOTHANNCH IIePBOE U TIoCIeaHee
nepdopanmOHHBIE OTBEPCTUA.

Pupma “OKCKOH” COOOITNIIA JONOJHUTEIbHYI0 NHGOPMAIINIO II0-
cJe IIPOBeIeHUs MCCJeIOBaHUYN Ha Mojenu ajaumHoi 66 m. Hexoro-
pbIe Pe3yabTaThl IPUBOAATCS HUKE:

nepgopaMoOHHbIE OTBEPCTUS C YILIOTHEHNEM U3 I'paBUA C He 3a-
TYIIIeHHOM I'ejJieM BOIOM He BBISLIBAIOT CMEIIeHUS I'PaBUA C IeCKOM
TOPO/IbI, U II09TOMY I'PABUH HAJIEXKHO YILJIOTHAET 30HY Iepopamuu
Iaske MPU HUSKUX 3HAUYEHUAX IIONAYU KUIKOCTH;

MOATBeP K IeHA d3(h(PEeKTUBHOCTh T'PABUIHOTO YILJIOTHEHUS C IIPHU-
MeHeHHeM He 3aryIeHHOH rejeM BOABI IPU HAKJIOHE CTBOJIA Ha YIOJI
10 110° 1 Ipy MCIIOIB30BAHNY YAJUHEHHOI0 XBOCTOBUKA. CKOPOCTH
ncrevenus, paBHad 30 ¢cM/c B 3aKOJIOHHOM TPOCTPAHCTBE HA yUacT-
Ke cucTeMbl puabTp-o6camHas KOJOHHA, TaeT BO3MOYKHOCTD OCYIIe-
CTBUTH IIOJIHOE YILIOTHEHHUE I'PDABUS U II0ITOMY MOYKET OBITh PEKO-
MeHOBaHa;

rpaBuii yIIoTHsAeTcA 6ojiee KOMIIAKTHO IIPU MCIIOJb30BAHUU BO-
IbI, He 3aTyIIIeHHOU rejieM, YeM IIPU IPUMeHeHUH! 3aTyIIeHHOHN re-
JIeM BOJBI;
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rpaBuii JIydllle BCero HaOMBaeTCs B II€PBOe U mocjiefHee mnepdo-
parnoHHbIe OTBEPCTHSA AJWHHBIX, HAKJOHEHHBIX TOJ OCTPBIM yT-
JIOM CTBOJIOB, ITPY UCIIOJIE30BAHNY BASKUX KUITKOCTEI;

OCaKIeHre I'PaBUs MOcje HAOMBKY U3 Iep(OPAIlMOHHLIX OTBEP-
CTUi, PACIIOJIO}KEHHBIX HA BEePXHEM WMHTepBaje, IPOUCXOIUT IIPU
HCIIOJIb30BAHUY BASKUX KUIKOCTEH, KOTOPbIe IPUMEHAIOT AJIA Ha-
OMBKU I'DABUS;

HaKOILJIEHUE IPAaBUs B y3JlaX B Ipollecce HAOMBKU C MCIOJIH30Ba-
HUEM BASKUX KUIKOCTEU MOXKET BBI3BATHb PAZ IIPoOJieM, M3MEHAA
reoMeTpPHUI0 HeOOJBIIIOr0 KOJBIIEBOrO IIPOCTPAHCTBA HA YYacTKe
GuabTp — obcagHasdg TpyOa;

BBICOKME KOHIIEHTDAIlMM T'PaBUsA B 3aryIIEHHOH rejieM Boje He
BBIIBUJIM KaKUX-JIUOO IIPEMMYIIECTB 10 CPABHEHUIO C HUSKUMU
KOHIIEHTPAIIUAMY I'DABUA IPU 3aKaHUYNBAHUU CKBAaYKWH, IPOOYPEH-
HBIX IO TIOJIOTHM YTJIOM.

XoTsa HAacTOAIAS MHPOPMAIIAA IIPEACTABIAIA [[EHHOCTb, HO OHA
MIPOTUBOPEUUT CBEIEHUAM U3 APYTUX UCTOUHUKOB.

MoskeT oKasaTbCsA HeEIeJIecOO0pas3HBIM IIPOBENEeHUE UCCIeno-
BaAHUM MOJeJ M TPAaBUMHON HAOMBKM NpH OypeHWH HA CBepX-
JUIMHHBIE DPACCTOAHMSA, HO TOUBITKU pPEIIUTh IIPOOIeMy YiKe
MPeATPUHUMAIOTCS IIPU TOMOINM KOMITLIOTEPU30BAHHBIX MO/e-
geri. OgHAKO [Oa)ke OHM MOTYT He [AaTh IIPABUJIbHON KapPTHUHBI
nmpoduas YTeUYKH, UTO MOKET MPUBECTH K IIPeKIeBPEeMEeHHOMY
rpaBUMHOMY IIEPEKPBITUIO 4Yepe3 B30HY MOTIJIOIIeHUs OypOBOrO
pacTBOpa WX Uepe3 TPeIuHBI. BepTukanabHas TpeIluHa, KoTopas
3aIlOJIHAETCA TI'PDABUEM, MOJYKET OTBECTH TPABUM U KUIKOCTH OT
CTBOJIA ¥ BOCIPEIIATCTBOBATD IIOJTHOMY HOKPHITUIO (DUIBTPA.

CTBOJIBI CKBAKUHBI OOJIBIIION IIPOTAMKEHHOCTH, IIPOOYpPeHHEBIEe
TIOJ] ITOJIOTUM YTJIOM WJIM TOPU30HTAIBHO, JOKHBI 3aKaHUYUBATHCS B
BUJe HepacIIMpPeHHBLIX CTBOJIOB, He B3aKpeIlJIeHHBIX 00CaJHBIMU
TPyOaMu, IPU IIPOXOAKE JOCTATOUHO TBEPABIX IIOPOJ, KOTOPBIE OC-
TAIOTCS OTKPHITHIMU IPU WX OYPEeHWU C MOMOIIbIO He 3arpA3HA0-
IITUX IJIaCT OYPOBBIX PACTBOPOB.

Hexoropbie mopoabl, TpeOyioliie TI'PAaBUNHOrO YILJIOTHEHUS B
BePTUKAJIbHBIX CKBasKMHAX, MOTYT 000MTHCHL 63 IpaBUIHON HAOUB-
KM B TOPM30OHTAJLHBIX CKBAKMHAX OOJBIION AJWHBI, IOCKOJBKY
CHUKEHNeE NaBJeHUA U IIOJyUeHHbIe CKOPOCTH MCTEUEHU KUTKOC-
TH MOTYT OKa3aThCA JOCTATOUHO HUBKUMM, Ojarofapa 4eMy MOYKHO
u30e’KaTh IPOOJIEM C BLIHOCOM IIECKA.

B OGojsee HeOIArONMPUATHBLIX YCJIOBUAX MOTYT IIPHUMEHSTHCS
00bIYHBIE (PUIBTPHI UK GUIBTPEI C IPEIBAPUTENbLHBIM YILIOTHEHU-
€M, OCHAIlleHHble TOHKUM PACTBOPUMBIM BaI[UTHHIM ITOKPBITHEM.
Bousbiioe BHUMaHUE CAENYET YAEAATh YUCTOTE KUIKOCTH, a TaKiKe
COBMECTMMOCTHY YKa3aHHOUM AO0ABKW U PACIPENeJeHUI0 YaCTHUIL II0
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pasMepaM C IeJIbI0 CBECTH K MUHHMYMY HPOHMKHOBEHME TBEPABIX
BeIIecTB B IJIACT.

DPUILTP MOKET, IMO-BUANMOMY, YCIEIITHO MUCII0JIb30BAThCI B 30-
Hax panHou 10 30 M B 3aBICUMOCTH OT yIJja K IIOTOKY (DUIbTPAIIMN;
ONHAKO TaM, I'fe MOoJHAsd HAOWBKA BHI3bIBAeT COMHEHUE, MOJIKHBI
MIPUMEHATHCA IPEIBAPUTEHHO YIIOTHEHHBIH (GUIBTD UIN ABOMHOMK
00epHYTHIN (DUIBTP, 3AIUIIEHHBIA PACTBOPUMEBIM IIOKPBLITHEM. Pe-
KOMEHIYeTCA UCIOJIb30BaTh KOHCTPYKIIUIO (DMJIBTPA C CEJIEKTUBHOMN
u3oaAIUen, 4To OyZeT COmeHCTBOBATH YIAJIEHUIO PACTBOPUMOTO
IMOKPBITUA.

B HacrosIiee BpeMs OTCYTCTBYIOT KOHKPETHbIE PeKOMeHIAaI[Uu
10 JIYYIIIIM METOZaM pasMeIlleHusA rpaBus. IIpu 9TOM HUCIOJIL3YIOT
OOBIYHBII COJIEBOI PACTBOP WJIM 3aryIIeHHBIH TejieM COJIeBOI pac-
TBOP, UMeWIuil cpefHolo BA3KocTh 50—100 mIlac. Crxopoctu
IBUIJKEHUA JKUAKOCTH B IIJIACT WMEIOT O0O0JbIlloe 3HAUYeHWe IJIs
OIIpeeIe s JINHLI 30HBI, KOTOPAs MOKET ObITh YIIJIOTHEHA.

Taxue cosieBble PacTBOPHI CpPeAHEH BA3KOCTU, MHO-BUIANMOMY,
TIO3BOJIAIOT HamboJiee 3(h(PeKTUBHO KOHTPOJIUPOBATh MHTEHCUBHOCTh
IBUYKEHUSA JKUIAKOCTU C I1eJIbI0 00eCIeUnTh HEOOXOAUMYI0 HAGUBKY
B IJIMHHBIX WHTepBasiaXx. CoJyieBoil pacTBOpP, ObJIamatoIiuii BI3KOC-
msi0 50—100 mIla-c, sarymennsiii K1, noa:xeH mepeMeInaTh rpa-
BUi1, ec/ii KOMOMHAIUA BI3KOCTA W KOJIMUECTBA PACTBOPUMBIX dac-
THUI[, OTPAHUUYUBAIOMINX (PUIBTPAIINIO, AOCTATOYHO 3(P(PeKTHUBHA.
OpHako Jaske MUHUMAJIBHBIM YXOM KUIKOCTH MOKET 3aTPYIHUTH
TIOJIHOE TPAaBUITHOE YILIOTHEHNE CBEePXAJNHHBIX NHTEPBAJIOB.

Ob6siamatorriue 60Jiee HUBKOM BABKOCTBHIO YKUAKOCTU (DUIBTPYIOT-
ca ObIcTpee, M MHTEHCUBHOCTD (DUIBTPAIIMY MOXKET CTaTh OTIACHOM.

Mo:xeT BOBHMKHYTHL HEOOXOAMMOCTL OOCAKMBAHUS NJIMHHBIX,
MOJIOTUX WJIM TOPU3OHTAJIBHBIX CTBOJIOB, €CJIM OHU HEYCTONUYMBEI.
Cuia TsAKeCTU CIIOCOOCTBYET yAaJIeHHIO IlecKa 13 InepdopaiuoH-
HBIX OTBEPCTHUIi, PACIIOJIO’KeHHBIX Ha BepXHEH CTeHKe 00camHoi
TPYyOBI; OHAKO 9Ta CUJIA OTPAHUYUBAET IIOTOK IIecKa u3 mepdoparu-
OHHBIX OTBEPCTHH Ha HMKHEHN cTeHKe o0camHoi Tpyonl. OueBuaHO,
IIECOK CHOBA IIOIALaeT B 30HY mepdoparuy HUKHEH CTeHKN, HeCMO-
TPA HA YCUJIUS BITECHUTH €T0 IIyTeM IIUPKYJIAINYN U3 CTBOJIA.

PesynbTaThl MCHBITAHUI B YCJIOBUSAX MECTOPOMKAEHUSA, KOTZA
OBLLIM MCIOJb30BaHELI OOBIUHBIE TIEPPOPATOPLI, CBUIETEIHLCTBYIOT O
TOM, UTO I'paBuii Haxoguica Ha 30 cM HU)Ke MHTepBajia BHe o0ca-
HOU KOJIOHHBI B 00JIee IJIMHHBLIX 30HAX [0 CPABHEHUIO C KOPOTKUMU
3oHaMu. JIyuiime pesyJbTaThl MOTYT OLITH JOCTUTHYTHI OJaromaps
MIPOCTPEJIUBAHUIO U IMPEeNBaPUTENbHOMY YILJIOTHEHUIO IIOCJIenoBa-
TeJbHOU cepuu 6ojee KOpoTKux (15 M) orpeskos. Ilocie Toro Kak
BCe 30HBI Iep(OoPUPOBAHBI U IPEIBAPUTEIbHO YIJIOTHEHBI, I'PABUM
BBIMBIBAIOT U3 06caHOI TPYOBI M YCTAHABJIUBAIOT OOLIUHBIN (DUILTD
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Ui QUIBTP C IpeJBapuUTEeabHOM HaOuBKoM. IIpu sToM rpaBuii mMo-
SKeT IUPKYJINPOBATH U IOMAJATh B KOJIBIIEBOE IIPOCTPAHCTBO HA yua-
cTKe GuIbTp — obcamHasa Tpyoda.

JIr060% GpuabTp (OOBIYHBIN WM C TIPeABapUTeIbHON HAaOWBKOI),
UCTIOJIb3YEMbIII TIPY T'PABUMHOM VIJIOTHEHUU IIOJOTHUX CTBOJIOB,
IOJI;KeH OBITH 3aIIUINeH TOHKUM PACTBOPUMBIM IIOKPHITHEM, OJHA-
KO 9TO MOKPBITHE HE JOJIKHO IIOKPBHIBATH BCEHM OKPY/KHOCTU (DUIBT-
pa Tam, TAe HeoOXOoauMa IMUPKYJIANNA KUJKOCTU I YIIJIOTHEHUA
TpaBUiTHON HAOMBKU. OTO MOJOMKEHNE OTHOCUTCA K I'PABUUHBIM YII-
JIOTHEHUAM KaK B 00Ca’KeHHBIX CKBasKMHAX, TakK
U B HeOOCaKeHHBIX.

\)
]

4.5. TAKEPBI

IIpu cocraBiieHNN KOHCTPYKIIU 3a00eB CKBa-
JKUH (B TOM YmcJe OTKPBITBIX U [Js1 TOPU30H-
TAJIbHBIX CTBOJIOB) OZHUM U3 IVIABHBIX HHCTPY-
MEHTOB SBJIAIOTCS ITaKePhI JJIA Pa300IeHns I1ia-
CTOB TIPY KpEIIEHWW U IeMEeHTUPOBAHUU CKBa-
KUH. B pasBuTHuH 0TedeCTBEHHOH IIPAKTUKU
MpUMEeHEeHUs 3aKOJIOHHBIX ITaKePOB, ITOBBIIIAIO-
X KAvYeCcTBO 3aKAHUMBAHUA CKBAYKUH, OCHOB- {
HYIO POJIb CBITPAJIM HCCJIEI0BaHUA U PaspaboTKU
BHUWUBT (IIIIC, IIIIT, IITTI, IIAM, IITTIM u
Ip.). MHOTOOOpa3ue KOHCTPYKIIMII ITaKEepOB CY-
IIIeCTBYET U B 3apy0OerKHOI TpaKTUKe.

ITIpakTruecKuii MHTEpeC MIPeACTABJISIET pas- -";Cl/—.

\ﬂﬁ!\v

paboranusbiii pupmoit “I'epxapar OysH” MHCTPY-
MEHT [JIs1 MUB0JANUMN NTPOAYKTHUBHOTO ILJIacTa C
OHOBPEMEHHOMU 3aIlUTOM ero OT KOHTaKTa ¢ TaM-
TIOHAYKHBIM PACTBOPOM. OTOT MHCTPYMEHT (puc.
4.12) nmpeacraBaseT cob0ii KOMILJIEKC HaTyBHBIX
maxKepoB, 3aPMKCUPOBAHHBIX HA 000MX KOHIIAX d
KOpIyca, OXBaTBLIBAIOIIETO C 3a30POM OOCAITHYIO
KOJIOHHY 1 00pasyIoIero ¢ Heil KOJIbIEBOII mepe-
IIyCKHOM KaHaJl, 10 KOTOPOMY MOXKeT 0e3 3Hauu- .
TeJIbHBIX TUAPABINYECKUX COIPOTUBJIECHUI TeUb ]
TaMIOHaXHBIM pacTBop. HanyBHBIE Iakephl HC- ]
MOJB3YIOT JOCTYI TAMIIOHAYKHOTO pacTBopa K N (

Puc. 4.12. Hacrpyment dupmsr “I'epxapar Oysn” nias uso-
JSUUY MPOAYKTHBHOIO ILIACTA C 3aLIMTOM €ro OT KOHTAKTA
C TAMIIOHAXKHBIM PacTBOPOM
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BCKPBITOM IIOBEPXHOCTH IIPOAYKTUBHOTO ILIACTA, HaXOMSAIIErocs
mexkay Humu. CKoab3Almue My(ThI, PACIOJOMKEHHBIe MEXKIy IIa-
KepaMu W yIpaBjsieMble CIeUaIbHbIMUA MeXaHWUYeCKUMU CABUTA-
IOIMMU YCTPOMCTBAMHM, Tal0OT BO3MOXKHOCTD JOCTYIA K ILJIACTY IIO-
cJie TPOBeIeHU s IIeMEeHTUPOBAHUSA CKBAYKIHBI.

C nenbio obecreueHnsA HEOOXOAUMOI JJINHBI MHCTPYMEHT COOu-
paerca u3 OTAENLHBIX ceKluii. B Tex ciayuasx, Korma Tpedyercs
IIpoBeleHre OOBIYHOM Imepdopalinm, UHCTPYMEHT MOKHO cOOMpAaTh
6e3 my@dT. JocTym KO Bcell BCKPHITOIN IIOBEPXHOCTH IIPOJYKTUBHOT'O
miIacra, obecieurnBaeMbIii MHCTPYMEHTOM, O0YCJIOBJINBAET HE TOJb-
KO coxXpaHeHte KOJLIeKTOPCKUX CBOMCTB ILJIacTa, HO 1 MaKCUMaJlb-
HYI0 9)eKTUBHOCTh €r0 00PabOTKM KUCJIOTOM UK IPYTOH KUTKOC-
TBIO.

IIpuMeHeHUe MHCTPYMEHTa MPAKTHUUYECKM He YCJIOKHAET IPOo-
1mecc IeMeHTUPOBAHNUA CKBAKUHBI, B YaCTHOCTH, IIOCJE 9TOT0 IIPO-
Imecca B IIOJOCTU 0OCamHOl KOJIOHHEBI HE OCTaeTCs KaKMX-JI100 YCT-
POMCTB UJIU IIEMEHTHOTO KaMHSA, TPeOYIOIUX pasoypruBaHu.

B 3aBUCHMOCTHY OT KOHKPETHBIX I'€0JIOTO-TeXHUUECKUX YCJIOBUI
3aKOJIOHHBIE IIPOXOAHBIE IAKEePhl MOTYT IIPUMEHATBCSA AJSI CJIeNy-
IOIUX ITeJieli: pasobIeHns IIJIaCTOB B MHTEPBaJie IIeMeHTUPOBAaHUS,
a TaK:Ke BBIIIE U HUXKE Hero; 3allluThI IIJIacTa OT KOHTAaKTa C TaMIIO-
HA’KHBIM PACTBOPOM; COXPAHEHUS YPOBHS CTOJI0A TAMIIOHAXKHOT'O
pacTBopa B 3aTPYyOHOM IIPOCTPAHCTBE CKBAKUHBI.

B cooTBeTcTBUM ¢ 3THMM HamboJiee IMEePCIEeKTUBHBIMU IIPeCTaB-
asiorcs 10 TeXHOJIOrnUecKX BapUaHTOB IIPUMEHEeHNA TTaKepPOoB.

KakapIii TeXHOJOTUYEeCKUIT BAPUAHT HOJMKEeH XapaKTepu30BaTh-
CA CAeAYIONTMMY OCHOBHBIMY MMPU3HAKAMMU:

HaJeXHas 3alliTa [IaKepa OT IIPe’KIeBPeMeHHOro cpabaTbIBa-
HUS;

BO3MOJKHOCTH JONAKEPOBKU B IIPOIlecce SKCILIyaTalluy IIaKepa
13-3a OCcJIa0JIeHNA KOHTAKTa YILJIOTHUTEJILHOI'O 3JIeMEeHTa CO CTEeH-
KOI CKBA’KUHBI;

WCIIOJIb30BaHNE ONTUMAJILHOTO THUMA KUIKOCTH, 3aIIOJHSIIOIIEH
[IOJIOCTD YILIOTHUTEJILHOT'O DJIEMEHTA;

IPOCTOM U HaJIEXKHBIN CIIOC00 JOoCTaBKU paboueil :KUJKOCTH B II0-
JIOCTD YILJIOTHUTEJBHOTO 3JIEMEHTA.

B cayuae paso0IiieHns IIJIACTOB B MHTEPBaJe IIeMEeHTHPOBAHUSI U
COXpaHeHUusa YPOBHS CTOJI0Aa TaMIOHAKHOTO PACTBOPA HA TaKep He-
TIOCPeICTBEHHO Tepel cpabaTbiBaHWEM, KaK IPaBUJIO, HeliCTByeT
Iepenajj IaBJIeHUS MeXKIy 3alaKepPHbIM M BHYTPHUIIAKEPHBIM IIPO-
CTPaHCTBAMH’. JTOT Iiepenaj OOYyCJIOBJEH pPas3JINuuueM ILJIOTHOCTEH
TaMIIOHAKHOTO U OyPOBOT'O PACTBOPOB M MOKET OBITh MCIOJIb30BaH
IJs1 BBIXOZA M3 Pabouero COCTOAHUSA IMOABMKHOTO 3JeMeHTa, 3a-
IITUIIAIONIETO0 MaKep OT IPesKIeBPeMeHHOr0 cpadaTrIBaHMA.
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ITakep, ycraHaB/JIMBaeMbIli B MHTepBajie IEeMEHTHPOBAHUSA Ha
OJIM3KOM PACCTOSIHUM OT CTOI-KOJIbIIA, MOJKET OBITH 3aIlUIIeH OT
Ipe:kIeBPeMeHHOTO cpabaThbIBaHUA THAPABINUYECKUM peje BpeMe-
HU, BKJIOYAE€MbIM B paboTy IIPOXOAAIleil uepes makep IeMeHTHIPO-
BOYHOIT ITPOOKOIA.

IIpu pasoObileHUM IJIACTOB BHIIIE MHTEPBajia IeMEHTHUPOBAHUS
11eJIeco00pas3Ho UCHOJIb30BATh JJIA BHIBOJA 3aIIUTHOTO dJIeMeHTa U3
pabouero COCTOAHUS TaK HA3BIBAEMOTO THIPABINYECKOTO aKKYyMY-
JSATOpa, 3apAKaeMOTo MaKCUMAaJbLHBIM pabouYmM JaBJeHUEeM, BO3-
HUKAIOIIM B IIPOXOJHOM IIaKepe IIPYU IIeMEeHTUPOBAHUY CKBaKUHBI.

B cayuasax pasoOIeHnA IJIACTOB HUKe HHTEpPBaJa IIeMEeHTHUPO-
BaHUS U 3aIUTHI I1JIACTA OT KOHTAKTA C IIeMEHTHBIM PACTBOPOM IIa-
Kep IPUBOAUTCS B JeficTBME A0 Hauaja Ipollecca IeMeHTUPOBaHUI.
ITosToMy yKasaHHBIE BBIIIe IPUEMBI 3aIllUTHI ITaKepa OT IpesKie-
BPEMEHHOT'0 cpabaThbIBAHUA He MOTYT OBITh MPUMEHEHbI MJIN He AB-
JISIOTCA ONTUMAaJbHbIMU. Ilakep MO/IMKeH OBITh BAIUINEH C IIOMO-
IIIHI0 CPE3HOTO 3aIlOPHOTO dJIeMeHTa, (PMKCUPYIOIIEero KJalaHHBIH
y3€eJI B ICXOTHOM IT0JIOKEeHUN.

ITakep B COOTBETCTBUU C PEIIaeMBIMHU 3aJauaMU MOYKET YCTaHaB-
JUBaThCA B 30HAX KAK YCTOMUMBBIX, TAK M HEYCTONUYUBBLIX TOPHBIX
mopoa. B mepBoM ciryuae He BO3SHUKAET HEOOXOAMMOCTH OTAKEPOB-
KM [IpU IPABUJILHOM PeKuMe cpabaThbIBaHUA IIAaKepa, a BO BTOPOM
9TO BO3MOXKHO IIPU JOJITOBPEMEHHOM cIysk0e makepa.

Kak noxasanu mcciaemoBanusa, BeinoJaHeHHble Bo BHUUBT, me-
yCTOMYMBLIE TJIMHUCTRIE TIOPOALI B IPUCKBAKUHHOI 30HE, T.e. B 30-
He BJIUSHUS OypPOBOTO PacTBOPA, MMEIOT IIOBBINIEHHYIO MJIACTUY-
HOCTb. VCTIBLITHIBAA JIOKAJTbHOE HaIps:KeHme cikatusa 6—14 MlIla,
co3maBaeMoe YILIOTHUTENbHBIM 9JI€MEHTOM IIaKepa IIPU OOBIYHOM
BHYTPEHHEM M30LITOUHOM JAaBjeHuun naxepoBku (7—15 MIla), nau-
6oJiee TJIaCTUYHBIIN CJIOM TIIMHUCTOM HOPOALI CTPEMUTCA TeUb U3 30-
HBI PYKABHOTO YILJIOTHUTESI. ITOMY IIPOIECCY CIIOCOOCTBYET BOJO-
oTmaua TAMIIOHAYKHOM CMeCcH, MMeIOIel TUAPaBINYeCcKyI0 CBI3b C
OmM3JIesKaluMy TPOHUITaeMbIMH TIIacTaMu. Boma 3aTBopeHUsa, OT-
GUIBTPOBBLIBAIOIIASICA B IPOHUIIAEMBIE IIJIACTHI, MOMKET 3aMeIaThbCs
TJIMHUCTOM ITOPOAO0M, TeKyIleil N3 30HbI PYKABHOT'O YILIOTHUTEJIS.

OueBUIHO, UTO B pe3yjbTaTe TedeHUs HamboJiee ILIAaCTUUHOTO
CJIOSA TJIMHUCTOM MOPOABI U3 30HBI PYKABHOI'O YILJIOTHUTEISA YMEHb-
1aeTcs HapsKeHre Ha KOHTaKTe YILJIOTHUTEJS CO CTeHKOI CKBa-
JKUHBI. ITO yMEHBITIeHUEe MOXKeT ObITh CKOMIIEHCHPOBAHO TOJIBKO
IOIaKEePOBKOIM.

IIpu pasoOilieHny IJIACTOB B MHTEPBaJe [IeMEeHTHPOBAHUSA U BbI-
1I1e Hero II0JIOCTh YILJIOTHUTEJHLHOTO 9JIeMeHTa ITaKepa, YCTaHaBJIU-
BAeMOTO B 30HE YCTOMUYMBBIX IOPOM, MOMKET 3aIllOJHATHCSI TaMIIO-
HaKHBIM PacTBOPOM, HCIIOJIb3YeMbIM IIPU II€MEHTHUPOBAHUU CKBa-
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sKuHbI. IIpu 9TOM IIOBBIMIAIOTCA BBIJEP;KUBAeMbIN Iepernaj AaBiie-
HUA U JOJITOBEUHOCTDH HaKepa. Eciu makep ycTaHaBIMBaeTCSa B WH-
TepBaJje MeMeHTUPOBAHUS, TO HauboJIee 1eiecoodpasHo mepeKavaTh
pacTBOp U3 3aTPYOHOr0 IPOCTPAHCTBA HACOCOM B IIOJIOCTH YIJIOTHU-
TeJIBbHOI'0 JIeMEeHTa Iocje IieMeHTHpoBaHus. Hacoc MoJyKeH ObITh
BCTPOEH B MMaKep U IPUBOIUTHCS B AEHCTBUE HECKOJbKUMHU ITUKJIaAMUI
U3MeHeHUIl JaBjaeHus B 00cagHoll KoouHe. Eciiu makep ycTaHABIU-
BaeTcsA BBINIEe MHTepPBaJia IIeMEeHTUPOBAHNA, TO TAMIIOHAKHEIN pac-
TBOP IIPU IIPOKAUYKe 10 00CATHON KOJIOHHE MOKeT ObITh BaJIUT B CIIe-
IMUAJbLHBIA KOJIBIIEBOI KOHTEIHED IIaKepa, a 3aTeM IIPU IIocagKe Iie-
MEHTHUPOBOUYHOH IIPOOKU HA CTOMI-KOJIBIIO BIAABJIECH B YILIOTHUTEb-
HBIH 3JIEMEHT II0[ AeliCTBUEM AaBJIeHUSA B KOJIOHHE.

B cayuae ycTaHOBKH IMaKepa B 30HE HEYCTOMUYMBLIX IIOPOJ Ha
IIUTEeJIbHBIN ITepuo BpeMeHH (T.e. eCJiv BO3MOKHA TOIaKepPOBKa) U
IpU 3aIlUTe IJIacTa OT KOHTAKTa C TAMIOHAXKHBIM PACTBOPOM HAau-
00Jiee TeXHOJOIMYHO 3aII0JIHeHNE YILIOTHUTEJIbHOI'0 3JIEMEHTa IIPO-
JaBOYHOM KUAKOCTHIO MM OYPOBBIM PACTBOPOM, IOJaBaeMbIM IIO
o0caHOIi KOJIOHHEe.

PasoObineHue IJIacToOB MakepaMy HIKe MHTepBaJia IeMeHTHPOoBa-
HUA 1In 6e3 IeMEeHTUPOBAHUA MOYKET HALeKHO MPOBOAUTHCA TOJb-
KO B 30HAX YCTOMUYMBBIX T'OPHBIX ITOPOoA. IlosTOMy YILJIOTHUTEILHBIN
9JIEMEHT I1eJIecO00Pa3HO 3aIll0JHATEL TBEPACIONINM MaTepuaaoM. I1o-
CKOJIbKY ITaKephl JOJIKHBI IIPUBOAUTLCA B AelicTBUe J0 Havaa IIpo-
mmecca IIeMeHTHUPOBAHUsA, CJEAYeT MCIIOJIb30BAaTh MOJUMEpPHbIe Ma-
Tepuasbl. B 3aBUCMMOCTH OT KOHKPETHBIX YCJIOBUH (COOTHOIIIEHUE U
Y1CJI0 KOMIIOHEHTOB TBep/elolel cMecH, HaJIUUre TOTOBBIX (PUIbT-
POB B 00CcaaHO0M KOJOHHE, CITYCKAaeMbIX B 30HBI IPOAYKTUBHBIX ILJIa-
CTOB) MOT'YT OBITH MPUMEHEHBI PA3JIUYHbIE CIIOCOOBI HOCTaBKU pabo-
Yyell JKUIKOCTH B IIOJIOCTD YIIOTHUTEJIBHOTO 3JIEMEHTA: B KOJIbIIEBOM
KOHTelHepe, BCTPOEHHOM B IIaKep; II0 00cagHOM KOJOHHE (MeXIy
IBYMs pa3feIUTeJbHBIMU IIPOOKaMu); B KOHTeHHepe, CIIyCKaeMoOM
Ha xKosouHe HKT.

B npakTuke 1ieMeHTUPOBaHUA HEPTAHBIX CKBAKUH HepeaKo Ha-
0JrofaeTcss HeZOCTATOYHAS BBICOTA 3aTBEPHAEBIIEr0 IeMEHTHOI'O
KOJIbIIA B 3aTPYOHOM IPOCTPAHCTBE CKBAKUHBI, HECMOTPSA HA BBIXOJ
TaMIIOHAYKHOI CMeCcH M3 3aTPYyOHOTO MPOCTPAHCTBA Ha ycThe. Huke
IIpUBEIeHO N3MeHEeHe YPOBHA CTOJI0A TaMIIOHAXKHOM CMeCH IMOCJIe
IeMEeHTHUPOBAHUA SKCILIYATAIIMOHHBIX KOJOHH B HEKOTOPBHIX CKBa-
skmHaxX CaMOTJIOPCKOT0 MECTOPOIKIEHU .

HOMED CKBAMKITHBI tuvuveniereneneereneneessncnsesencesasensesanens 4874 3476 4641
Bricora mogbeMa TaMIIOHAKHOM cMecH B KOHIIE Iie-

IEMEHTUPOBAHI «euverrnrrenneeinstesneesssessscesssssnssssnnes o ycTba
T'ny6mHa ypoBHA 3aTBEpAEBIIEH TAMIIOHAMKHOM CMeCH,
N 312 488 462
TyOuHA CIYCKA KOHAYKTOPA, M .ueerreerrenserensnsaesnsnnes 412 428 420
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CHM:KeHMe YPOBHS CT0JI0A TAMIIOHAYKHOTO PACTBOPA B 3aTPyOHOM
IIPOCTPAHCTBE IOCJE OKOHUAHUA IIPOIlecca IeMEHTHMPOBAHUA Ha-
0JI01aJI0Ch TPU IIEMEHTUPOBAHUY SKCIEPUMEHTANHLHBIX CKBaKUH
Ha noanuroane BHUUBT. 3to sBiaenune 66110 00YCIOBICHO HAIUUNEM
TIOTJIOIIAOIIeTO IIJIaCTa, B KOTOPBIN yXOAUJIa YacThb MOJHSTOTO IO
YCThsA CKBa’KMHBI TAMIIOHAKHOTO PacTBOpPA.

45.1. IPUMEHEHHUE ITAKEPOB [JId CTYIIEHYATOTO
N MAHKETHOI'O HEMEHTHPOBAHUA CKBAKHUH

Hauwunas ¢ 50-x rr. B 3apy0ekHOM IpaKTUKe KpeIieHus HedTa-
HBIX ¥ I'a30BBIX CKBAYKUH YCIEIIHO IPUMEHSIIOTCA 3aKOJOHHbIE IIa-
Kepbl, CHaOKeHHbIe IMUPKYJISIUOHHLIM KJIAIAHOM HJIHN OTAEIbHOH
IIEMEHTHUPOBOYHON My(TOH UM NMpegHasHAUeHHbIe AJIA IIPOBEeIeHUS
IBYXCTYIIEHUYATOr'0 NI MAaHKETHOTO IIeMeHTHPOBaHUA CKBAYKIH.

OgHUM U3 TIePBBIX IJIA STUX IeJiel cTajl MCIOJb30BaThCA 3aKO-
JIOHHBIH TaKep TUAPOMeXaHnUecKoro tumna ¢pupmsl “XannnbepTon”
(CIIIA), paspaboTaHHBIA IJid OOCAAHBIX KOJIOHH AUAMETPAMH OT
114,3 1o 177,8 mm. ITakep cocToUT U3 y3Jia YILIOTHUTEJIBHOTO 3JI€e-
MeHTa TUAPOMEXaHUYEeCKOro CXKaTUs U COeUHEHHOTO ¢ HUM ITUP-
KYJIAIIMOHHOTO KJallaHa, COMepsKalllero paiuabHble OTBEPCTUSA U
IBe MOABMKHBIE BTYJIKHU C IMMOCAAOYHLIMH CeIJIaMU O IIeMeHTHUPO-
BOYHBIE TPOOKM. OTOT MaKep HallleJ OCHOBHOE ITPUMEHEeHNe B YCJIO-
BUAX, KOI'A B MHTEPBaJe [EMEHTUPOBAHNSA CKBAYKHHBLI HAXOIUTCS
30HA MOTJIOIIEHU S UJIU IJIACT ¢Ja00il IPOYHOCTU, CKJIOHHBIN K T -
POPasphIBY W TOTJIOIIEHUIO TaMIIOHAKHOTO PacTBOpa B IIpoliecce
IeMEeHTUPOBAHUS CKBAXKUHBI. IlaKep CIYCKAaIOT B CKBAKUHY B CO-
cTaBe 00CaTHOM KOJIOHHBI 1 YCTAHABJIUBAIOT MEKIY CTYIIEHAMHU ITe-
MeHTUpOBaHUA. OH mpuUMeHAeTCA AJA o0ecIeueHUsI TepMeTHUUHON
MBOJIAIMY IOIJIOIIAIIEro IJIACTA OT 3aKOJIOHHOI'O IIPOCTPAHCTBA
CKBasKUHBI BBIIIIE HETO U IPEIOTBPAIlleHUA TAKUM IIyTeM IIOTJIOIIe-
HUSA TaMIIOHA}KHOTO PacTBOPa BTOPOIi cTymeHu. MsBecTHA IpaKTUKA
YCTAHOBKHM 9TOTO MaKepa W AJA M30JANUU IPOABJIAIOIIEr0 ILIacTa
cBepxy. lleMeHTHpOBaHTEe IEPBOM CTYIEeHW CKBAKUHBI HIKE TaKe-
pa IpoBOaUTCA uepes HarrMak 00camHOM KOJOHHBI C MCIIOJIb30BAHN-
eM HUKHeH IIeMeHTHPOBOUHOI MPOOKM, CBOOOAHO MPOXOAAINei ue-
pes maKep ¥ OCTAHABJINBAIOIIEHCS Ha YIOPHOM CTOI-KOJIbIle B HUAMK-
Hell yacTu o6camHOM KOJMOHHBI. [lakepoBKa CKBasKMHBI IIPOU3BOAMT-
¢ IocJie TToCaJKY B MaKep cBOOOAHO mamalorieit (cOpackiBaeMoii) B
o0camHO KOJIOHHE pa3lesuTeJbHON MPOOKM HMyTeM CO3MaHUSI Hal
Hell HeoO0XOAMMOTO M30BITOYHOTO AABJICHUS MJS PACIITUPEHUS YII-
JIOTHUTEJIbHOI'O dJIEMEHTA IIaKepa M OTKPBITUS €ro IUPKYJIAIINOH-
HBIX OTBEPCTHUH, Uepe3 KOTOPhbIe IIPOBOAUTCS IIEMEHTHPOBAaHUE BTO-
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POt CTyIIeH! CKBAXKUHBI. 3aKPBITHE ITUPKYJIAINOHHBIX OTBEPCTUI
TmaxKepa IpOU3BOAUTCSA IPU ITOCAIKe B HETO BePXHEM IIeMeHTHUPOBOY-
HO# TPOOKYM ¥ CO3MaHNM HaJ Hell B 06caJHOM KOJOHHE He0OXO0IMMOTO
M30BITOYHOrO [JABJEHUA B MOMEHT OKOHUAHUS I[[€MEHTHUPOBAHUS
BTOpOi#i ctynenu. Ilocie okonuanua nmepuoga O3L] BepxuAsa u maga-
1o11Tasi MPOOKY U CcelJia MO HUX YAAJISIOTCA U3 BHYTPEHHETro KaHaja
maxKepa nyTeM pasoypuBaHUsd.

Hauwmnas ¢ 70-x rr. 3a py0eskoM HamboJjee IITUPOKO A IBYX-
CTYNEeHYATOTO MJIM MAHKETHOTO IIeMEeHTUPOBAHUS CKBAXKUH CTAJIO
IIPUMEHSATHCI KOMILIEKCHOE YCTPOMCTBO, BKJIIOYAIOIIEe 3aKOJIOH-
HBIH Takep rugpaBandeckoro tumna Gupmsr “Jlaitenc” (CIIIA) (puc.
4.13) BMecTe ¢ HEIOCPEACTBEHHO YCTAHABJIMBAEMBIMU HaJl HUM Il€-
MEHTHPOBOUYHOM My(TOH WIM IUPKYJIAINUOHHBIM KjamamoMm. Hc-
TMOJIb30BaHMe 3aKOJOHHOTO TaKepa THUAPABINYECKOTO THUIIa II03BO-
JIUJI0 3HAUMTEJNHLHO PACIIUPUTH 00JIaCTh IMPUMEHEHUA YKasaHHOTO
YCTPOICTBA U MCIIOJB30BATH €I'0 TAKIKE IJISI CO3AAHNUA KOHCTPYKIIUH
OTKPBITOTrO 32004 IIPU 3aKaHUNBAHUY CKBAYKIH.

3akosioHHBIN nakep ¢pupmsel “Jlaiiernc” cocTOUT M3 TUAPABINYEC-
KH pacIIupsAeMOro YILIOTHUTEJLHOrO 3JIeMeHTa PYyKaBHOTO THIIA
(pyKaBHOTO YILJIOTHUTEJA) 1 KJIaIAHHOTO y3Ja. B ciyuae mpumMeHe-
HUSA C IEMEHTUPOBOYHON MYy(TON NaKep IPUBOAUTCA B NeNCTBUE
mepes IeMEHTHPOBAHUMEM MHTEPBaJia CKBAMKMUHBI HAJ HUM IIyTEM
Cco3JaHmusa B 00CaIHOI KOJOHHE Heo0XO0IMMOIr'0 N30LITOUHOI'O JaBJie-
HUA MOCJIe IePEeKPBITUS 0allIMaYyHOTO KJIalaHa HUMKHEeN 1eMeHTHPO-
BOUHOI TPOOKOI IIPU ABYXCTYIEHUYATOM II€EMEHTUPOBAHUMN WU IIa-
JIaroIell pas e uTeJbHON MPOOKOI JIMOO ITapoM IpPU MAaHKETHOM
IeMeHTUPOBaHUM.

ITlemenTupoBouHaa mydra hupmb! “Jlaiienc” cocTouT U3 Kopiryca
C UUPKYJANMUOHHBIMU OTBEPCTUSAMH, CEIJIOM IIOA MIPOAABOUHYIO
MPoOKYy UM BIYCKHBIM KJIAIAHOM, HUKHEH M BepXHeil MOIBUKHBIX
BTYJIOK, 3aKPBITBIX KOKyxoM (cM. puc. 4.13). IlupKyIAnnoHHbIe
OTBEPCTHUA IIeMEHTHPOBOUHON MY(THI OTKPBLIBAIOTCS IIOCJE Oliepa-
UM TAaKEePOBKY IIyTEM CO3JAaHUA B 00CAAHOM KOJOHHE HeOOXOAMMO-
ro n30BITOYHOIO JaBJICHUS, IPEBIIIAIOIIEro JaBJIeHIe [IaKePOBKH.
9TO HECKOJIbKO OTPaHMUYMBAET BO3MOYKHOCTU HCIIOJIHL30BAHUS Ile-
MEHTHPOBOUHON My(dThl upmbl “JlatieHC” COBMECTHO C 3aKOJIOH-
HBIM TUAPABINYECKUM IIaKePOM 3TOH Ke (GUPMBI AJA IIPOBEAEHU
IBYXCTYIEHYATOTO IIEMEHTHUPOBAHMUA, OCOOEHHO TJIYOOKMWX CKBa-
SKIH.

ITosToMmy B manbHeliIlleM B 3apyO0e:KHOM HOpaKTUKe Hambojee
pacopoCcTpaHeHHBIM AJIA ABYXCTYIIEHUYATOTO WM MAHYKETHOTO IIe-
MEHTUPOBAHUA TJIYOOKMX CKBAYKUH CO CJOMKHBIMU T'€0JIOTO-TeX-
HUYECKUMHU YCJIOBUAMHU CTAJIO KCIIOJH30BAHWE 3aKOJOHHOTO THJ-
PaBINYECKOr0 IaKepa COBMECTHO ¢ My(TOH CTYIIeHYaTOro I[eMeH-
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3

Puc. 4.13. 3akosoHHbII ruapaBandeckuii makep (a) pupmsr “Jlajienc” ¢ qeMeHTH-
poBouHoit mydToii (6):

1 — Kopmyc; 2 — yIJIOTHUTEJbHBIN 9/IeMeHT; 3 — KJAaNaHHBIN y3es; 4 — Kopiyc; 5 —
CTOI-KOJIBI0; 6,8 — BepXHsAA M HUMKHSA BTYJIKHU; 7 — CEJJI0 IPOOKY
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TUPOBAHUA, HIUPKYIAMUOHHBIE OTBEPCTUS KOTOPOM OTKPHIBAIOTCA C
TIOMOIITHIO TTAaA0IIell o 06cagHOM KOoJIoHHEe TpoOKu. KoHCTPYKIImA
9TOH IIeMeHTUPOBOUHOU MY(THI I03BOJIZET IIPUBOJUTEL €€ B HeMCT-
BUe IPU 3HAUUTEJIHLHO MEHBIIIEeM M30LITOUHOM JABJICHUM, HE 3aBU-
CAIIEM OT ITyOUHBI YCTAHOBKY MY(THI B CKBa*KUHE 1 M30BITOUHOTO
JIaBJIEHUA IIPUBEJEHUA B IEUCTBUE 3aKOJOHHOTO T'MAPABJINYECKOTO
IakKepa, YCTaHOBJIEHHOTO IO Hel.

OpHOBpeMeHHO (UpMaMU OBLIN pa3paboTaHBI U CTAMU IIPUMeE-
HATHCA CHeIUaJIbHbIe BHYTPUKOJIOHHBIE YCTPOMCTBA IJIA ABYXCTY-
TIEHYATOr0 IeMEHTUPOBAHUA CKBAKUH TPU KPEILJIEHUU UX IPOoMe-
JKYTOUHBIMU 00CAJHBIMH KOJIOHHAMH OOJIBIIIOTO AraMeTpa, o0opy-
JIOBAHHBIMU IUPKYJIAIVOHHLIM KJAIaHOM C T'MAPAaBINYECKUM IIa-
KepoM. YKa3aHHBIe YCTPONCTBA YCTAHABJINBAIOTCA BHYTPU CIIY-

IIIeHHOM B CKBAYKUHY 00CaaHON KOJOHHBI
OOJIBIIIOTO AMaMeTpa Ha JOIOJHUTEIbHOMN
KoJsioHHe Tpy0. OHUM mpegHasHAUYAIOTCS
] 71JA IPUBEJeHHUs B NefCTBUe U yIpaBJe-
HusA paboToil OGalIMavyHOro KJjamaHa, 3a-
KOJIOHHOT'O TaKepa M IUPKYJIAIUOHHOTO
5 KIalaHa B IPOIeCCe ABYXCTYIIEHYATOTO
L~ IIEMEHTUPOBAaHUA CKBaKWHBI Uepes [0-
HOJIHUTEJIbHYI0 KOJIOHHY Tpy6. Taxas
- 3 TEeXHOJIOTUA CTYHEeHUYaTOTO IeMEeHTUPO-
BaHUA CKBAYKUH II0O3BOJISIET WCKJIIOUUTH
IIpoBefeHNEe B 00CAaAHOII KOJOHHE paboT
0 pa30ypUBaHUIO MPOOOK UM CeJeJl IIOJ
4 HUX B IPOXOJHOM KaHaJle IVPKYJIAIUOH-
L HOTO KJIallaHa 1 ITaKepa Iocjie OKOHYAHUA
nepuoxa O3I1.

B komme 70-x rr. ¢upma “Xai-
aubepToH” paspaboTasa 3aKOJIOHHBIN
/ 5 TUAPABINYECKUNA ITaKep, CHAOKEeHHBIH
IVUPKYJIANVOHHBIM KJIAIaHOM U IIpef-
HaBHAUEHHBIH MO JBYXCTYIEHYATOTO
IeMEeHTHUPOBaHUsS CKBa:KUH (puc. 4.14).
ITakep mpuBoAMTCA B AEUCTBUE IIPU IIO-
cajZike B HETo MaJarolieil mo o6caaHoii Ko-
JIOHHE TIPOOKY 1 CO3JZaHUU HaJ Hell HeoO-
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Puc. 1.14. YCcTpoiCTBO IjI CTYyIEHYATOr0 II€MEeH-
! THpoBaHUA cKBaxkuH Gupmsr “XaaaubepTon” c
THIPABINYECKUM IAKEPOM:
1-xopmyc; 2 — maura; 3, 4 — 3aKpBLIBAIOIIAA U OT-
F 1 KpBIBAIOIAsl BTYJKW; 5 — YILUIOTHUTEJIbHBINA 3JIe-
MEeHT
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XOJUMOT0 M30BITOUHOTO JaBjieHusA. [[MPKYJIAIMOHHBIE OTBEPCTUSA
maxKepa 3aKpPBLIBAIOTCA B MOMEHT OKOHUAHUA ITeMEHTHUPOBAHUSI WH-
TepBajia CKBasKMHBI HaJ HUM IIPU HMOCAAKe B HEro BepXHeH mpoja-
BOUHOII mpoOKu. [T ABYXCTYIIEHYATOTO IIEMEHTHUPOBAHUS CKBa-
JKUH 6e3 IMoCJIeAYIoIIero pa3doypuBaHUsa B 00CAAHON KOJIOHHE HPO-
OOK U cejieJI IIoJ HUX 2Toi ke (pupmoii ¢ Hauama 80-xX ITr. OBLI IMpes-
JIOKeH 3aKOJOHHBIM I'MAPABINYECKHUI MaKep ¢ IUPKYJIAIMOHHBIM
KJIaTIaHOM, IPUBOAUMBIH B TefiCTBUE CIIEIUAIbHLIM HHCTPYMEHTOM,
CIIyCKaeMBbIM B 00CaIHYIO KOJIOHHY Ha [TOIIOJHUTEJIBHOU KOJOHHE
Tpy0. IIpeanmaraerca Takske MCHOJL30BaHME IJSA OTUX IleJel KOM-
OMHUPOBAHHOTO YCTPOMCTBA, BKJIOUAIOIETr0 MOAYJb 3aKOJIOHHOTO
IIPOXOAHOI0 TUAPABINYECKOTO ITaKepa U MOAYJIb My(ThI CTyIIeHYa-
TOTO IIeMEHTHUPOBAHMIA.

B 3aBUCUMOCTH OT KOHKPETHBIX T'€0JIOTO-TeXHUUYECKUX YCJIOBUH
KpeIJIeHnA CKBa’KMH BaKOJOHHBIE ITaKEPHBIE YCTPONCTBA [JIA
IBYXCTYIEHYATOr0 ¥ MAHXKETHOI'0 [[EMEHTUPOBAHMUS MOTYT IIPHME-
HATHCA B CIAEAYIOIINX IeIIX:

paso0iieHre MOTJIOMIAONIUX MIN IPOSBJAIONINX IJIACTOB B WH-
TepBaJje IIeMeHTUPOBAHUSA U HUKe Hero:

3alliiTa MTPOAYKTUBHOTO IIJIacTa OT KOHTAKTa C TaMIOHAaKHBIM
pacTBOpPOM;

obeciieueHne 3aJAHHON BBICOTHI HOAHeMa TAMIIOHAXKHOTO pac-
TBOPA B 3aKOJIOHHOM IIPOCTPAHCTBE CKBaKUHBI.

B cooTBeTCTBUU C 9TUM U MOT'YT OBITH 9()(PEeKTUBHO MCIIOJIH30Ba-
HBI B OIIPeeJIEHHBIX YCJIOBUAX TEeXHOJOTHMUECKMEe BAPUAHTBI IIPU-
MeHEeHUS PAaCCMOTPEHHBIX BhBIIIE TaKePOB.

IIpu ncnosb30BaHNMY 3aKOJIOHHOTO TUIPABINYECKOTO ITaKepa AJIs
IBYXCTYIIEHUATOrO WA MAHMKETHOI'O I[EeMEHTHPOBAHUS CKBAYKUHBI
paciinpeHue ero yijIOTHUTEJILHOTO dJIeMEeHTa MPOU3BOAUTCS 3aKa-
YpBaHUEM IIO] HeTO IPOAABOYHOM KUTKOCTH U3 00CaJHOM KOJIOHHEI,
B KauecTBe KOTOPOi, KaK IPaBUJIO, NCIOJIb3yeTcsA OyPOBOii pacTBOD,
HaXONAIUHICA B CKBa)KUHE Iepel] ee IeMeHTHpoBanumeM. OmHAKO
IPY HMCIIOJIL30BAHUM STOTO TaKepa IJs MPOBENeHUS MAaHKETHOTO
[EMEHTUPOBAHUSA YILIOTHUTEJILHBIN 9JI€MEHT IIaKepa Iejaecoodpas-
HO 3aIIOJIHATh HAYAJILHOM MOPIlMeH TaMIIOHAMKHOrO pacTBopa, 3aKa-
YnBaeMoOU B CKBa)KMHY II0 00CAAHON KOJIOHHE BCJIel] 3a pasiesu-
TeJbHOU MMPOOKOIi, OcTaHABJIMBaINelcsa B makepe. IIpu ycTaHoBKe
3aKOJIOHHOTO IaKepa Ha Garmake o0CagHON KOJOHHBI IIOJIOCTh YII-
JIOTHUTEJIBHOTO 3JIeMEHTA B3aIlOJHAETCS IOPIIHed TaMIIOHAMKHOTO
pacTBopa M3 00CagHOII KOJOHHBLI B JIO0OI MOMEHT OIlEpaIlui ero
MIPOJaBJINBAHUS B 3aKOJIOHHOE TPOCTPAHCTBO CKBaKUHBI.

IIpu ycTaHOBKE 3aKOJIOHHBIX ITAKEPOB CTYIEHYATOrO 1 MaHIKeT-
HOTO IIeMEeHTHPOBAHUSA B OTKPBITON UaCTHU CTBOJA CKBAKHUHBI, 0CO-
0eHHO HEIOCPEACTBEHHO HAJ M30JUPYEMBIM ITOTJIOMIAOIINM WJIN
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TIPOSABJIAIOIIUM IIJIACTOM, B I[eJIOM HauboJiee HaJeKHO HCII0JIb30Ba-
HIe ITaKepOB C YIPYTOpacHIUPAIONIUMCA YILIOTHUTEIbLHBIM 3Je-
MEHTOM pPYKaBHOIO THIIA, T.e. TuApaBiIndecKuM. Tarkoil marep
obecreumBaeT JOCTATOYHO HAZEKHYIO N30JANMIO IIJIacTa IIPU HAJIU-
YUY B UHTEPBAaJIe eT0 YCTAHOBKY HEOOJIBININX KaBePH M HEePOBHOCTEM
CTBOJIA CKBAXKUHEI. [Ipy ycTaHOBKE B HOMUHAJILHOM JUaMeTpe CTBO-
Jla CKBa)KUHBI, CJI0KEHHOTO ILJIOTHBIMU 1 HEIIPOHUIIAeMBbIMU IIOPO-
JIaMu, WX B HUYKHEH YacTU IPeAbIayIe o0cagHoi KOJOHHBI IeJie-
€c000pa3HO NCHOJIb30BATh 00JIee ITPOCTOM U AEIIeBbId TUAPOMeXaHM-
YeCKUU MaKep C YIJIOTHUTEJIbHBIM 3JIEMEHTOM OCEBOTO CKATHUA WJIN
paanaJbHOTO PACKINHUBAHUA.

J11 MaHKETHOTO IIEMEHTUPOBAHMUA U 3aKAHUNBAHUA CKBAKUHBI
€ KOHCTPYKIIMEH OTKPBITOTO 32008 OAMHAKOBO T€XHOJOTHUYHBI B HC-
TOJIb30BAaHUM CJEAYIOIIMe THUMNbI IIaKepoB: 3aKOJIOHHBIN Iakep C
MUPKYJIAINOHHBIM KJIAITAHOM, IPUBOIMNMBIHN B IEUCTBUE ITOCATKON B
Hero majarleil IpoOKM: IMaKep ¢ eMeHTHPOBOUHON My(dToii, mpu-
BOJMMBIN B AeHCTBHE IIOCJIENOBATEJbHO CO3JaHMEeM H30BITOYHOI'O
JaBJeHus B 00camHOI KOJOHHE IIOCJie IePEeKPBHITHUA ee OalrMakxa
pasaenuTe bHOM IPOOKOI NN IITapoM; IIaKep, MPUBOANMEBIN B Jeii-
CcTBUE N30BITOYHBIM JaBJIeHUEM, C IIEMEeHTUPOBOYHON My(TOM, Ipu-
BOAMMOM B IefiCTBUE OT IIafatoIeil TPpoOK M.

J1a IByXCTYyIIeHYATOTO IIeMEeHTUPOBAHU S CKBAKUHBI BO MHOTHUX
cayuyadax Haubosiee TEXHOJOTMYHO WCIIOJb30BaHME B3aKOJIOHHOTO
maKepa, CHAOKEHHOTO IUPKYJISIUOHHBIM KJAmaHOM, KOTOPBIH
TIPUBOAUTCS B leficTBIe OT Iagaolrei mpooku. IIpu sTom ecau mpo-
IYKTUBHBIM IIJIACT WM JAPYyrHe ILTacThl B 30HE IIEPBOM CTYHeHU
IeMEeHTHUPOBAHNUA CKBAYKUHBI IPEACTABIEHLI MAJOMIPOUYHLIMU TpPE-
IITUHOBATHIMU W CJIA00CI€MEHTHMPOBAHHBIMU IMOPOJAMU C HUSKUM
IJIACTOBBLIM JAAaBJIE€HUEM, TO HAJ HUMU HEOOXOJMMO MOTOJHUTEIbHO
yCTaHaBJIMBATH HAa 00CAAHON KOJIOHHE IIPOXOIHbIE 3aKOJIOHHBIE U] -
paBiInuecKue HaKepbl. Y Ka3aHHbIE HaKepPhl IPUBOAATCA B IelicTBUE
Tmocjie OKOHYAHUSA IeMEeHTHPOBAHUS TEPBOM CTYIEeHU CKBAKUHBI,
MIPETATCTBYS OCeTaHUIO CTOJI0a TaMIOHAYKHOTO PACTBOPA IOM 3aK0-
JIOHHBIM ITAaKEPOM C IIUPKYIAINOHHBIM KJIATIAHOM.

Bo BHUUBT 6nl1 paspaboTaH TUApPaBJIWYECKHI MaKep THIa
IIIIC, KOoTOPHIH 0 MPUHIININAIBHBIM KOHCTPYKTUBHBIM OCOOEHHO-
CTAM ABJIAJICA aHaJoroM naxepa ¢pupmbl “Xaanubeproun”. Bmociaen-
crBum makep tuna IIIIC 6511 yCcOBepIIEHCTBOBAH C IT€JIbI0 YBEJIUUe-
HUA AuaMeTpa IIPOXOJHOTO KaHajsa. HoBas mommpukraiusa makepa
moayumiaa mudp ITITM.

B cayuae ycTaHOBKM yKa3aHHBIX IIaKEPOB MaKepPOBKa 3aKOJIOH-
HOT'O IIPOCTPAHCTBA CKBAKUHBI ITPOU3BOJAUTC:

IpU ABYXCTYIIEHUYATOM IIEMEHTHPOBAHUUN — MEXKAY CTYIeHIMN
IeMeHTUPOBAHU;
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IIpY MaHXETHOM IIEMEHTHUPDOBaAHUMN — N0 HadvaJjia 3aKa4dYKK1 TaMIIO-
Ha’KHOTO PAcTBOPAa B 00CATHYIO KOJIOHHY;

IIpu repMeTH3anuy OamMara 06cagHON KOJIOHHBI — HEIIOCPEACT-
BEHHO II0CJIe OKOHYaHHNA IIPOIlecca HEeMEeHTHUPOBaAHNUA CKBAKHBI.

IIpu “CHONB30BAHWU STHX IAKEPOB 3alaKePOBKA CKBAMKUHBI U
OTKPBITHE LeMEHTHMPOBOUYHBIX (IUPKYISIUOHHBIX) OTBEPCTU Iia-
Kepa IPOMBBOLATCA 3a CUYET COPACBIBAEMOrO IMEPEKPHIBAIOIIErO
ayeMeHTa (II1apa, IPOOKU), CMEIAIOIero BTYJIKY IaKepa Mof mei-
CTBUEM 3aZlaHHOTO Ilepenazna gaBieHud. [losTomy HeusberxkHa ocTa-
HOBKA MUPKYJIAINN KUJKOCTell B CKBAXKMHE HA IEePUOJ OKUIaHUA
mocagku c6packIBa€MOro 3JIeMeHTa B IaKep.

45.2. 3AKOJIOHHBIN TMAPABJIUYECKUN IMAKEP THUIIA II/IM

IlepBasd KOHCTPYKIIMS 3aKOJOHHOTO THAPABINYECKOTO IaKepa
IITIC-170 nmns meMeHTUPOBaHWSA CKBaKUH ObLIa paspaboTaHa BO
BHUUBT. Ilakep npenHasHavaica AJIA U30JAIUN TPOLYKTUBHBIX
ILJIACTOB OT OJIMBKO PACIIOJIOKEHHOTO BOZOHOCHOTO IIJIaCTa WU APYT
OT Ipyra B IpPOIeCCe I[EMEHTHUPOBAHUS CKBAMKUHBI. ¥ IIOTHUTEb-
HBIH BJIEMEHT 9TOr0 MaKepa pacIInupseTcs 3aKauluBaHUEM ero B II0-
JIOCTh TAMIIOHA’KHOT'O pacTBOpa M3 00cagHOM KOJOHHBI B IIpOIlecce
IIEMEeHTHUPOBAaHUA CKBaKMHBI. IIPOMBICTIOBBIE UCIILITAHUA MMaKepa u
ero BHeJpeHue ObLIM IpoBeaeHbl B 1966—1970 rr. mpu KperaeHun
cKkBakMH Apaamckoro mecroposxaerus 110 “Bamuaedrs”. B manab-
Heiimem BHUUBT 6w11 paspaboran 3akomonubId makep III1C-190,
KOTOPBIN YCHEIIHO NPUMEHSAJCA IJA ABYXCTYIEeHYaTOro M MaH-
SKeTHOTO0 I[eMEeHTUPOBAHUS He(TAHBIX 1 F'A30BhIX CKBAYKUH.

B mauause 70-x rr. Bo BHUUBT 6b111u pa3paboTaHbl X UCHBITAHBI
3akoJioHHBIe Takeps! II[IM-170 u II[IM-195 nma gByxcTymeHUaTO-
T'0 ¥ MaHXETHOTO IIeEMEeHTHPOBAHMUSA CKBAKUH. Y KA3aHHBIE ITaKEPHI
YCIHeIHO NpuMeHAaInch B 1973—1985 rr. mpu KpelieHnu CKBaKUH
Ha He()TAHBIX MECTOpO:KIeHuaAx ¥Ypajo-IloBomxbsa u Komu, a Tak-
JKe IPU KPeIJIeHNY CKBaKUH Ha MOA3eMHbBIX XPaHUININAX rasa.

B mauane 80-x rr. BHUUBT 6b11 cO34aHbl U UCILITAHBI IIAKe-
per IIIM-140, ITAM-146 u II[IM-168 nia ABYXCTyHeHYATOTO U
MaHXEeTHOT'O I[eMEHTUPOBAHMUA, KOTOPhIE OBLIN PEKOMEHAOBAHBI K
BHEAPEHUIO M YCIEIIHO IPUMEHSJ/INChL IIPHA KPEILIEHUN CKBAYKUH
OpeanpuATusaIMu HedTerazosoit orpacau B 1984-1986 rr. B stux
IMmaKepax MCIOJb30BAINCH YIIPYrOpPACIINPAIOIINECs PesuHOTKaHe-
Bble pPYKaBHBbIE VIJIOTHUTEJIbHBIE 9JIEMEHTBI KOHCTPYKIIUU
BHHMNHMOMMU, obecnieumnBaroliime ux padoTy Ipu TeMiiepaType He 60-
aee 100 °C. B 1985-1986 rr. ykasaHHBIe IaKepbl OLLIM yCOBEP-
IIIEHCTBOBAHBI 34 CUET MCIIOJb30BAHUSA B HUX BBICOKOIIPOUHBIX (HA
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mepenajn naBieHusd He meHee 17,5 MIla) u TemnocToiikux (Ha pabo-
uyto Temmepatypy 150 ‘C) pesMHOMETANINUYECKUX PYKABHBIX YII-
JIOTHUTEJbHBIX 3JIEMEHTOB KOHCTpPyKImu ¢upmbl “Taypyc” wnim
COOTBETCTBYIOIIUX 9TUM I[IOKA3aTeJIAM PEe3NHOTKAHEBBIX PYKABHBIX
VILIOTHUTEJNbHBIX dJeMeHTOB KoHcTpyKimuu BHUMOMM. OmnbiT-
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HO-IIPOMBIIIJIEHHbIE IIapTUX IIa-
KepoB IIITM ycoBeplIeHCTBOBAH-
HOM KOHCTPYKI[UY OBLIU YCIIEIITHO
ucnsITavel B 1987-1988 rr. npu
IEeMEHTUPOBAHNY IIYOOKMX CKBAa-
kuH B II0 “Kyii6biesuedTs” u
“¥Y36exkHe®Th”.

3aKOJIOHHBINI  IIaKep  TuUla
IIIM (puc. 4.15) cocroutr wus
JIByX OCHOBHBIX Y3JIOB: YILIOTHU-
TEJbHOrO 9JIEMEHTA U IUPKYJIs-
IIMOHHOTO KJAalaHa.

V3zen yIJIOTHUTEIBHOI'O 3Jie-
MeHTa BKJIOUaeT maTpyook 15 u
PE3WHOTKAHEBBIN WM PEe3UHOME-
TAJJINYECKUN yIPyropacuinps-
fomiuiicsa pykas 14, repMeTHUYHO
3aKpeIlJIeHHBLIII Ha HEeM C IIOMO-
IIbIO OOKUMHBIX METAJINYECKUX
BryJoK 11. Ilatpybok 15 umeeT
oceBoii KaHayn 12 m obGpasyeT c
VIOJIOTHUTEJNBHBIM DyKaBoM 14
KOJIBIIEBYIO II0JIOCTD 13.

V3en MUpKyJIAIMUOHHOTO KJa-
maHa BKJIOYaeT Kopmyc 3 ¢ BIY-
CKHBIMU KaHajamMu 10 U IUPKY-
JANUOHHBIMU OTBepcTusMu 6,
HIKHIOIO IIOABUKHYIO BTYJIKY 9 ¢
PaguaJbHBIMUA OTBEPCTUAMU 8 U
OMIOPHBIM KOJIBIIOM 17, yCTaHOB-
JIEHHYIO B KOpIryce 3 Ha CPe3HbIX
3JIeMeHTax 7, IIOCaJOYHYIO BTYJI-
Ky 19 ¢ BUYCKHBIMU OTBEPCTUAMU
18, pasMemnieHHYI0O B HIKHENH
BTyJKe 9 Ha cpesHbIX IITU(TAX

Puc. 4.15. INakep IIIM paa aByxcry-
IeHYaTOro ¥ MAaHJKeTHOr0 IeMeHTHUPO-
BaHUSA CKBaYKHH
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20, BepXHIOI0 CTYIIEHYATYI0 BTYJIKY 2 ¢ cemioM 21, yCTaHOBJIEH-
HYIO MeXXIy KopIrycoM 3 u mfanroii 4 ¢ Beicrynamu 5. [na coegune-
HUsA ¢ 00CafHBIMU TPyO0aMu IaKep CHaOKeH BepXHUM I M HMIKHUM
16 mepeBOAHUKAMMU.

Hs meMmeHTUPOBaHUA CKBAXKUHBI ¢ makepoM IIJIM mcmonba3yioT-
ca (puc. 4.16) nmatpy6ok (IV) ¢ yOOpHBIM KOJIBIIOM, YCTaHABJIBaE-
MBI Ha HUKHEH 4acTy 00CagHOM KOJIOHHEBI HaZl 0allIMAaYHBIM KJaa-
HOM, a TaKKe H:KHAA ([11), magatomas (I1) u BepxHaa ([) meMeH-
THPOBOYHBIE IPOOKY, IYCKaeMbIe B 00CAAHYIO KOJOHHY B IIPOIlEcCe
[EMEHTHPOBAHUSA CKBAYKUHBI.

ITakep ycTaHaBImMBaeTcs U CIIyCKaeTCsA B CKBAXKMHY Ha 00cagHOMI
KoJsioHHe. IIpyM OBYXCTYIEeHUYATOM IIEMEHTHUPOBAHWU MaKep pasMme-
I1aeTcsl HaJ IOTJIOIIAIOIINM MHTEPBAJIOM MJIN HAaJ IIJIACTOM MEKIY
CTYIIeHAMU IIeMeHTHpPOBaHUA. VIHTepBaJ CKBasKMHBLI HUKe THaKepa
(mepBad CTymeHb) [eMEHTUPYETCA Uepes3 GarMak o6cagHol KOJIOH-
HBI C MCIOJIL30BaHMEM HI)KHEH IIeMEeHTHPOBOUHOI mpoOKu. Ilpm
MaHKeTHOM I[€MEHTHPOBAHUM I[IaKep pasMeIllaeTcs HeIoCPeaCT-
BEHHO HaJ N30JIMPYEeMbIM MPOAYKTUBHBIM ILIACTOM (B CTBOJIE CKBa-
JKUHBI HOMUHAJBHOTO AUAMETPA), CJOKEHHBIM ILIOTHBIMU HEIIPO-
HuIlaeMbIMu nopogamu. [lakep IpuBOAUTCS B AeCTBUE Iiepen Ife-
MEHTUPOBAaHMEM WHTEPBaJIa CKBAYKWHBI, PACIOJJOKEHHOI'O BBIIIE
Hero.

ITakep meiicTByer ciaenyiommm obpasom (cMm. puc. 4.15). Ilepen
IIeMEeHTUPOBAHNEM YYacTKa CKBa’KUHBI, PACIIOJOKEHHOI'0 BBIIIIE
ImaKepa, B 00caJHyI0 KOJIOHHY IIyCKaeTcs Iagaiolnas IpodKa, KOTo-
pad caguTcA B IOCAAOUYHYIO BTYJKY 19 U mepeKphIBaeT IPOXOLHOMN
KamaJ makepa. IIpu usdbsirournom maBiaennu He meHee 8 MIla, cosma-

1 /4 114 V1 4

Puc. 4.16. [lononHuTeIbHbIE TPHCIIOCOOJEHNA I IeMEHTMPOBAHMA CKBAXKHH
c maxkepom IIJIM
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BaeMoM B 00caJHOM KOJIOHHEe HaJ IPoOKoii, BTyIKa 19 mepemelraeT-
cA BHU3 IO ymopa B KoabIlo 17 HmkHelH BTyaku 9. Ilox melicTBuem
n30BITOYHOI'O JABJICHUS YKUIKOCTh M3 00CALHON KOJOHHBI 3aKaul-
BaeTcs uepes orBepeTud 18, 8 u o Kanasam 10 u 12 moj yIJIOTHU-
TeJbHBIN pyKaB 14, paciiupsas ero A0 FepMeTHUYHOTO NMePeKpPBLITUSA
3aTPYOHOrO IIPOCTPAHCTBA CKBaKUHBI. [Ipy JajbHeIeM MoBbIIIIe-
HUY U30BITOYHOIO AaBJIeHUS Hanm mpobkoit 1o 8—10 MIla HukHSAA
BTYyJKa 9 mepeMmeraeTca BHU3 0 yIopa B maTpyook 15. IIpu sTom
TepMEeTUYHO 3aKPLIBAIOTCA BIIYCKHBIE KaHAJbI 10 U OTKPBLIBAIOTCA
UPKYJIAMUOHHBIE OTBEPCTHUS 6, Yepe3 KOTOPbIe IPOM3BOIUTCA IIe-
MEeHTHUPOBaHNWE CKBAa’KMHBI BBIIIe IaKepa BTOpoil crymenu. Ilupky-
JIAIMOHHBIE OTBEPCTUS 3aKPBLIBAIOTCA IIPU IIOCAAKe B ITaKep BepX-
Hell IIeMeHTHPOBOYHON MPOOKM M CO3NAHWU HA Hell M36BITOUHOTO
maBienusa He meHee 4 MIla. ITpu sTom mpo6GKa caABUTraeT BHU3 MO
TepPMETUYHOTO TEePEKPBITUA IUPKYJISIINOHHLIX OTBEPCTHUI BepX-
HIOIO BTYJIKY 2, KOTOpPasi 3aKPeILIAETCS B 9TOM II0JIOKEHUU BBICTY-
namu 5 nauru 4. YaajgeHne BepxXHel W Imagaiolneil mpoOoK U Ioca-
JOYHBIX CelesI U3 MIPOXOJAHOT0 KaHaja MaKepa IPOU3BOAUTCA IIyTeM
ux pasbypuBaHUA Iocjie oKoHUaHusa nepuona O3L] u ompeccoBKU
o0caIHOI KOJOHHBI BEIIIIE ITaKepa.

T'uppaBimueckue nakepsl Tuna II1IM paspaboTaHbl U BRIIYCKA-
0TCca A obcagHbIX KOJoHH guamerpamu 140, 146, 168 u 178 MM
KaK C Pe3MHOTKAHEeBBIMU, TAK U CPE3UHOMETAINYECKUMHU YILJIOT-
HUTEJbHBIMU 9JIEMEHTAMU: TeXHUYECKAas XapaKTepPUCTUKA HaKepPOB
puBeJieHa B Tab. 4.4.

IIpencraBiieHHbIe B Hell TuIbl HakepoB IIJIM mo3BOJIAIOT IIpUMe-
HATH UX AJA ITUPOKOT0 AMAalasoHa YCJIOBUN NPU KpPeIIeHuu Hed-
TAHBIX U F'A30BbIX CKBAKUH 9KCILIYaTAIIMOHHLIMY KOJOHHAMU IHa-
meTtpamu ot 140 1o 178 mm.

OCHOBHBIE TEXHOJOTMUYECKUE CXeMbl ABYXCTYIIeHUaTOr0 X MaH-
SKeTHOT'0 IIeMeHTUPOBAaHUA CKBaKUH ¢ IpuMeHeHueM naxepa IIJITM
mpencTaBieHBI HA puc. 4.17 u 4.18. Ha sTux cxemax mokasaHbI OIle-
parmuu mo IpuBeAeHUIO TTaKepa B AelicTBYe U IIPOBEIeHUIO IIpoliecca
IIEMEHTHPOBAHNS CKBAYKHUH C IIOMOIIBIO IIYCKAE€MBIX B OOCAIHYIO
KOJIOHHY II€eMEeHTHUPOBOUHBIX IIPo06oK. IIpu sToM mpoliecc ABYXCTY-
MIEeHYaTOTrO IeMEeHTUPOBAHUS CKBAKUHBI IIPEPHIBAIOT MEK Y IIePBOiH
¥ BTOPO¥ CTYIEeHSIMU Ha OTPE30K BPeMeHU, HeOOXOAMMBIH AJA MyC-
Ka U IBMIKEeHUA Majarolnei mpoOKy 1Mo 06CagHOM KOJOHHE, TOCATKNT
ee B ITaKep, MPOBEIeHNA ONepaliuy MakepPoBKU U OTKPBITUA ITUPKY-
JIAIMOHHBIX OTBEPCTHUI IaKepa. B Tex ciayuasax, Korga IpepblBaHNe
mmpoIlecca ABYXCTYIIEHUATOTO I[eMEHTUPOBAHUA HA 9TOT OTPE30K
BpPEeMeHHU HelleJecoo0pas3Ho, IeMEeHTHPOBaHUE IIePBOH CTYIeHU
CKBAKUHBI HEOOXOAMMO IIPOU3BOAUTH C HCIIOJb30BAHMEM HIUKHEN
IeMEeHTHUPOBOYHOM MTPOOKM, 000PYNOBAaHHOM AJA MOCAAKU B IaKep.
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Ta6bnuua 4.4

TexHuyeckas xapakTepucTuKa nakepos

MokazaTenm noMm- | naM- | ngMm- | naM- | nagMm- | namMm- | nagM- | NnaM- | NnaMm- | NamM-
140 | 140-1 | 140-2 146 | 146-1 | 168-1| 168-2 | 168-3 | 178—-1 | 178-2
YcnosHbI guametp obcagHom 140 140 140 146 146 168 168 168 178 178
KO—JIOHHbI, 060pyAyemon
nakepom, Mm
MakcuManbHbIN HapYXHbIN AMa— 172 177 177 177 177 200 198 200 203 209
MeTp nakepa, Mm
OnameTp NpoxogHOro kaHana, 120 120 124 130 126 150 144 144 155 155
MM
OnunHa nakepa, MM, He Bornee 3250 3320 3320 3250 3320 3250 3250 3320 3320 3320
Macca nakepa, kr, He 6onee 200 230 215 180 205 220 230 260 245 260
MpucoeanHuTenbHas pesbba OTTM-140 OTTM-146 OTTM-168 OTTM-178
(FOCT 632-80)
OnunHa pacwwupsiowernca 4yactun 1130 | 1150 | 1150 | 1130 | 1150 | 1130 | 1130 | 1150 | 1150 | 1150
YMAOTHUTENBHOrO 3NIEMEHTA
nakepa, Mm, He bonee
MakcumanbHbI nepenag, 12 17,5 17,5 12 17,5 12 12 17,5 15 12
DABNEHNS Ha YNNOTHUTENbHbIN
3N1IeMEHT nakepa npu
KoadPnUmMeHTe NakepoBKn
1,27, Mlla
MakcumanbHbln KoOapdUumMeHT 1,45 1,45 1,45 1,45 1,45 1,45 1,45 1,45 1,4 1,4
nakepoBKM
MakcumanbHasa paboyas 100 150 150 100 150 100 100 150 150 100
TemnepaTypa nakeposku, °C
MakcunmanbHOe OaBfieHMe Ha
Kopnyc nakepa, Mflla:
HapyXHoe 57 60 50 40 48 37 37 49 35 41
BHYTPEHHEE 63 67 56 46 56 43 43 55 41 48
MakcumanbHag 140 140 125 125 130 150 150 170 150 180
rpy3onogbeMHOCTb nakepa, T
MpumeyaH K e U3bLITOUHOE OaBNEHME BHYTPW YMAOTHUTENLHOrO 3NEeMeHTa nakepa npu nakeposke 8—10

MMa.
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Puc. 4.17. TexHosormyecKkass cxeMa ABYXCTYIEHYATOrO0 IeMEHTHPOBAHHUSA CKBa-
skuH ¢ makepom ITJITM:

a — IeMeHTUPOBaHUe IEPBOIl CTYIIeHN; 6 — CIOYCK MAaJarolleil MpoOKu; 8 — IMaKepo B-
Ka; 2 — eMeHTHUPOBaHUe BTOPOIl CTYIIeHN; 0 — 3aKPBITHE IIeMEHTHUPOBOUHBIX OT BEP-
CTUIl; ¢ — CKBasKMHA TocJe pasbypuBaHusd IPOOOK, BTYJIKY U cefies; I — CKBaKUHa;
2 — obcagHasa KOJOHHA; 3, 10 — BepXHss M HUIKHSAA MPOOKHU; 4 — makep; 5 — mpoxa-
BOYHAsA JKUAKOCTh; 6 — IOIJIOIIAIOIUI ILIacT; 7 — TAMIOHaKHBI pacTBOp; &8 —
KOJIOHHBIH OamMak; 9 — magaoias mpobkKa

IIpu sToM ykKasaHHas OpoOKa ITyCKaeTcss B 00CagHYIO KOJOHHY
IpU 3aKAaYMBAHUU ITPOJABOYHOM JKUIKOCTH C TEM PACUYeTOM, UTO B
HUKHEH yacTu o6caHO KOJOHHBI IIOJ MaKepoM OyZeT ocTaBjaeH
IeMEeHTHBIA CTakaH HeoOXOAMMOII BBICOTHI. Ilakep IPHUBOAUTCA B
JeliCTBME B TOM CJIyYae cpasy II0CJie OKOHUYAHUS IeMEeHTHPOBAHNS
mepBoii cTynenu. Pacinpenue yILIOTHUTEJILHOIO 9JIEeMeHTa IaKepa
runa [IJIM mpu HMCIOJB30BAaHUU €ro A ABYXCTYIIEHUYATOIO WU
MAHKETHOTO II€MEHTHPOBAHUA CKBAKWHBI IPOU3BOAUTCA IIYTEM
3aKauMBAHUA B HETO JKUIKOCTH U3 06CagHON KOJOHHBI: IIPU ABYX-
CTYIIEHYATOM I[eMEHTHPOBAHUY — IIPOJSABOYHOM YKUAKOCTH, NCIOJIb-
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30BaHHOM IpU I[€MEHTHPOBAHUU MEPBOM CTYIEHU, a MPU MaHKeT-
HOM IIeMEeHTHPOBAaHUM, KaK IIPaBUJIO, — OYPOBOr0 pacTBopa, HaXo-
IAIIErocsa B CKBasKHHE B MOMEHT OKOHUYAHUA CIIyCKa B Hee o6caHOI
KOJIOHHBI C TTAKEPOM.

IIpu MaH;KeTHOM ITeMEeHTHPOBAHWU CKBAKWH TPU KCIIOJIb30Ba-
Hum makepa [IJIM u 3akaHUMBaHUYM €e OTKPBITHIM 3a00eM B 3aBUCH-
MOCTH OT COCTOSIHUS CTBOJIa CKBA’KMHBI HEIIOCPEACTBEHHO HAJ U30-
JIUPYEMBIM IPOAYKTUBHBIM ILJIACTOM PACIIMPEHNE YILIOTHUTEIbHO-
ro 9JIeMeHTa MaKepa MOYKHO IPOM3BOAUTH 3aKauMBAaHUEM IIOJ HETrO
TaMIIOHAKHOTO PACTBOPA 13 06Cca HOM KOJOHHLI. B 9TOM cayuae mo-
BBIIIIAIOTCS IPOYHOCTHh U TePMETU3UPYIONIAsa CIIOCOOHOCTH YIIJIOT-
HUTeJS maKepa Ha 6oJiee OJIUTeJIbHBIN IIepuol Bpemenu. [Ipu sTom
maKep IPUBOAUTCA B JAelfiCTBUE TaK:Ke C MCIIOJb30BaHuEeM 000pymo-
BaHHON JJI ITOCAAKU B ITaKep HUMKHEN IIeMeHTHPOBOUYHON HPOOKH,
HAJ KOTOPOil 3aKaumnBaeTcsi 00beM TaMIIOHAKHOTO PacTBOpa, HeoO-
XOAMMBI M1 HJOCTAaBKU €e B MHTEepPBaJ YCTAaHOBKHU IaKepa. B Tex
CIayYasax, KOT/a N30JIMPYEMBIHA ITPOIYKTUBHBIN ILJIACT IIPEJICTABJIEH
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Puc. 4.18. TexHojornyeckKas cxeMa MAHKETHOTO I[€MEHTHMPOBAHMUA CKBAYKHH C
nakepom IIJITM:

a — CIyCK U MOCaAKa Imajamplneil mpoOKM, MakepoBKa; 6 — IIeMEHTUPOBAHUE; 8 —
3aKPBITHE IEMEHTUPOBOYHBIX OTBEPCTUH MaKepa; 2 — CKBaKMHA I0cje PasGypuB a-
HUs IPOOOK, BTYJIKHU U cefett; I — CKBaKuHA; 2 — o0cafHas KoJioHHa; 3 — makep; 4 —
nazamoilaa IpodKa; 5 — IPONYKTUBHBIN IIacT; 6 — GUIbTDP; 7 — KOJOHHBIN 0aII-
Mak; 8 — IpoJAaBOUYHAA JKUAKOCTH; 9 — BepxXHAA NpoOKa; 10 — TaMIIOHAXKHBIN pac-
TBOD

¢J1a60CIIeMEeHTUPOBAHHBIMU ¥ MaJIOIPOYHBIMHU TIOPOJAaMU, B 00ca-
HYI0 KOJIOHHY TIOJ HMKHIOIO HIPOOKY 3aKaumBaeTcd O0BEM TaMIIO-
HA’KHOI'0O PACTBOPA, MOCTATOUYHBLIA [AJIS IIePEeKPBITUS WHTepBaja
OPOAYKTHUBHOIO ILJIacTa A0 ITyOMHBI yCTAHOBKY HNakepa. OcTaBIIIUi-
Cs IIPU 9TOM B HUIKHEH JacTu o0CamHOM KOJIOHHBI O] IIaKepoM Iie-
MEHTHBINI KaMeHb pas0ypuBaeTcs BMECTe C BepXHeH 1 HUKHeH Iie-
MEHTHPOBOUHLIMH IIPOOKAMU, HAXOAAIITMMUCS B IPOXOTHOM KaHaJe
mmakepa.

Koncrpyknusa nmakepa IIIIM mo3BoJisieT MCIIOJIb30BATH €T0 TaKiKe
IS pas3oO0IeHns JIacTOB, HAXOAAIIUXCS BO3Jje 32005 CKBaKUHBI,
IIpY IIeMEeHTUPOBAHUY €€ B OAHY CTYIIeHb uepe3 GariMak o0camgHOMi
KOJIOHHBI. B 9TOM ciiy4yae makep ycTaHaBJIMBaeTCs BOIM3U Garrmaxa
o0camHOI KOJOHHBI MEKIy M30JUPYEeMbIMHU ILIacTaMu. Ilakep mpu
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STOM IPUBOJUTCSA B JEMCTBUE IOCATKOI B HETO HUKHEHN IIeMeHTHUPO-
BOUHOI IPOOKM, TyCKaeMoii B 06caJHyI0 KOJIOHHY B IIpoIlecce 3aKa-
YMBAHUA TAMIIOHAYKHOTO PACTBOPA. Y ILIOTHUTEJIBHBIA 5JIEMEHT IIa-
Kepa paciimpseTrca HIyTeM 3aKauWBaHUA IIOJ] HETO TaMIIOHAYKHOTO
pactBopa m3 00cagHOM KOJOHHBI. IIpollecc meMeHTHpPOBAaHUSA CKBa-
SKVUHBI 3aKaHYMBAeTCA IIPU OCTAHOBKE BePXHEH IIeMEeHTHUPOBOYHON
IIPOOKHY B IaKepe.

ITakep Tuma IIJJM 1o3BoJsigeT IPOU3BOLUTH IleMeHTUPOBaHUE
CKBa’KUMHBI BBIIIIE HETO TaK:Ke U 00paTHBIM cmocobom. IIpu saTom He-
00XO0IMMO HCIIOJIB30BATH CIEITUATbHYIO IIEMEHTUPOBOUYHYIO IPOOKY
¢ MUPKYJAIMOHHBIM KJAIIaHOM, YCTaHABJINBAEMYIO B 00CaIHOU KO-
JIOHHE HaJ| TaKePOM IIPU IIPOMBIBKE CKBaKUHBI.

4.5.3. 3AKOJIOHHBIA TUAPOMEXAHUYECKHI ITAKEP THIIA IITM

BHUUBT u 6. kombunatom “HedTs u ras” (l'epmanus) paspabdo-
TaHa HOBasd KOHCTPYKIIMS 3aKOJOHHOTO THAPOMEXaHUYEeCKOTO IIa-
Kepa [AJA JOBYXCTYIMEHYATOTO UM MAaHMKEeTHOTO IIeMEeHTUPOBaHUA
CKBa’KUH, XapaKTePUIYIOIIET0Cd dKCILIyaTalliOHHON TeXHOJOTHUY-
HOCTBIO M HaZeKHOCThIO. IIpu 9TOM BHepBbIe B KOHCTPYKIIMU IIpE-
IYyCMOTPEHA BO3MOYKHOCTH OTKPBITUSA ITUPKYJIAIMOHHBIX OOKOBBIX
OTBEPCTHUI 3TOTO MaKepa IIyTeM HCIIOJL30BAHUS Mepernaga MexKay
IaBJIEHMEM CTOJi0a JKUAKOCTell B 3aTPyOHOM IIPOCTPAHCTBE CKBa-
JKUHBI U 60Jiee HUBKUM JaBJIeHUEM CT0JI0a TPOJaBOUHOM sKUIKOCTH,
HaxoAdIerocsa B o6cagHoil KOJIOHHE IIOCJIe OKOHUYAHUSA IIePBOI CTY-
eHu IleMeHTupoBauua. Kpome Toro, o60cHOBaHa BO3SMOKHOCTDL OT-
KPBITUA UPKYJIAINOHHBIX OTBEPCTHUH 3a CUET YBEJIUUYEHUA HaBJIe-
HIUA B 00CAAHON KOJIOHHE IPU IIPeJBAPUTEIbHON IIaKepoBKe CKBa-
SKUHBI ¥ TIOCJIEAYIOIIEero aBTOMATHYECKOTO JOYILJIOTHEHUA KOHTaKTa
Pe3uHOBOM MaHKeThI MaKepa Co CTeHKOM CKBasKMHBI B IIpollecce Iie-
MEHTHUPOBAHUS BTOPOII CTyImeHN 00Ca HON KOJOHHEI.

It pyHKIMOHAJIbHLIE CBOMCTBA IaKepa HCKJIOUYAIOT BO3MOIK-
HOCTb IPeKIeBPEeMeHHOTO (10 IepPeKpPhITUs 3aTPyOHOTO IPOCTPaH-
CTBa CKBAYKUHBI YIJIOTHUTEJHLHBIM J€MEHTOM) OTKPBITUS IUPKY-
JAIMUOHHBIX oTBepcTuii. [lomo0HBIMY cBOMCTBAMHY He 06JIaJaloT 13-
BeCTHBIE TTaKepbl M My(QTHI A5 ABYXCTYIEHUYATOTO W MAaHKETHOTO
IIeMEeHTUPOBAHUSA, B YacTHOCTU makKepwl Tuma IIJIM, mydTel THIa
YIIIC dpupmsb “Betikep” u Kouctpykiuu 6. BHUMKPHedTH.

B naxepe HOBOI KOHCTPYKIIMM OTCYTCTBYIOT TaK’Ke Apyrue He-
JOCTATKU YIIOMSHYTHIX aHaJIOTOB, HECKOJIbKO CHIKAIOIIEe HaLeK-
HOCTB 9TUX YCTPOMCTB:

BO3MOXKHOCTD HAPYIICHUA T€PMETUUYHOCTU IePEeKPLITUA ITUPKY-
JISTTMOHHBIX OTBEPCTHUH IIPpU pa30ypUBAHUU B ITaKepe pPas3eInTelb-
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HBIX BJIEMEHTOB (IIPOOKU, I1apa) 1 IIEMEHTHOT'0 KaMHA MeKy HUMU
(EemocraTok makepos Tuna I11IM);

3HAUUTEJIFHAA CIOKHOCTh KOHCTPYKIINY U N3TOTOBJICHUA;

BO3MOXKHOCTD IIPEKIEBPEMEHHOr0 IePEeKPBITUS [MUPKYJIAIMOH-
HBIX OTBEPCTUM 3aIIOPHOM BTYJIKOU B CJydyae IOBLIIIIEHUS AaBJICHUS
B KOJIOHHE M3-3a YACTUYHOTO 3aCOPEHUs dTHUX OTBEepPCTHil (Hemgoc-
TaToK MydTs1 Y IIIC).

Brutn paspaboTaHbl Ba BapuaHTa MPUHIUINAILHON CXE€MBI T'H-
IPOMEXaHUYEeCKOT0 IIaKepa, ueM O00eCIIeYyeHO II0CJIeZOBATEIbHOE
pasBuTHe ero GPyHKIMOHAIBLHBIX CBOMCTB.

PazpaboTka KOHCTPYKIINY SKCIIePUMEHTAILHBIX 00pasIoB IIaKe-
pa GblyIa BBRIMOJIHEHA TI0 BTOPOMY BapHaHTY, obeclieunBaroIemMy 60-
Jiee BBICOKME HAIEeyKHOCTh M TEXHOJIOTMYHOCTH B MBTOTOBJEHUU U
UCIIOJIb30BAaHUU.

ITakep, BLIMOJTHEHHBIH IO BTOPpOMY Bapuaury (puc. 4.19), cocro-
WT U3 JBYXCTYIIEHYATOr0 KOPIIyca 8 ¢ paguaIbHbIMU OTBEPCTUSIMHU 2
U 8; YILJIOTHUTEJILHOTO djieMeHTa 14 (Kak U B IIEpBOM BapuaHTe, pe-
3WHOBOI MaHKeThI), YCTAHOBJIEHHOT0O HA KOpHyce U 060pyJ0BaHHO-
T'0 TOPIIOBOI 3AITUTOI 15; COCTABHOTO TOJKATeNA 13 ¢ KOJIbIEBHIMU
mporoukamu e mnon durcarop 10; nuddepeHINANBHON BTYJIKU 7,
3aKPEIJIEHHON Ha KOPIIyce IIPU IIOMOINM CPEe3HBIX INTU(TOB 5,
CHaOKeHHOU orpaHHUNTENIEM 6 ee OBUKEHUS II0 KOPIOyCy H o0pa-
3yI0IIell ¢ KOPIIycOM KOJIBLIIEBYIO KaMepy 3; ymopa I12; sadpurcupo-
BaAHHOM ITOJIBIM IITH(TOM I 1 3alIOpPHOI BTYJIKHU-cemsia 9 U MITUPTOM
2 BepxHeH coCcTaBHOII BTYJIKHU 3 ¢ 3aMKoM 4. B Kopmyce 8 BeIToTHEHA
KOJIbIIEBAs MIPOTOYKA 0 id (PUKCAIIUM BepXHelH BTYJKU B KOHEYHOM
moso:keHnu. Hapy:KHaaA cTymeHuaTas MOBEPXHOCTh Kopiyca 8 06-
pasyeT c cocTaBHBIM ToJiKaTeaeM I3 KaMepy X, 3arepMeTH3HpO-
BaHHYIO MOJBIM IITU(QTOM 11, a BHYTPEHHAS CTyIlIeHUYaTas IIOBepX-
HOCTH KOpIIyca W 3allopHas BTYJKa-ceqio 9 obpasyoT Kamepy 0,
COOOIIIAIOIIYIOCA B TPAHCIIOPTHOM ITOJIOJKEHUU ¢ BHYTPEHHEH I10JI0C-
THIO KOJIOHHBI TPy0. BepxHaAa cocTaBHAA BTyJIKa 3 TaKiKe o0pasyer
¢ BHYTPeHHell CTylleHuYaToll IO0BEPXHOCTHIO KOpIIyca Kamepy a,
COOOIITAIOIIYIOCS B TPAHCIOPTHOM IIOJIOMKEHMM C BHYTPeHHeH
TOJIOCTHIO KOJIOHHEI TPY0. Ilakep 060pymoBaH *KeCTKUMU II€HTPATO-
pamu 1.

ITaxep paGoTaeT caegyOIIUM 00pa3oM.

IIpu mocagke mapa 16 (cm. puc. 4.19) unu nagarorei TpoOKU Ha
3aTIOPHYIO BTYJKY-ceZJio 9 cpesaercs moJblil mtudt 11, u BTyaKa-
Celyio, IepeMeInasch BHU3, OTKPBHIBAET IUPKYJISAINOHHLIE OTBEp-
CTHUSA ¢ U OMHOBPEMEHHO repMeTU3UPyeT KamMepy 2, coobInas ee ue-
pes cpesaHHbIi moJblit mTudT 11 ¢ Kamepoi . sKuakocTs u3 Ka-
MepBI ¢ IpU ABMKEHUU BTYJKH-ceAjia 9 MOCTyIaeT B KaMepy M,
TIepeMeIaeT BHU3 COCTABHOM TOJIKAaTe b 13, KOTOPHIHM (hUKCUpyeTcsa
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Puc. 4.19. Bropoii, pea-
JIN30BaHHBIN, BapHMaHT
NPUHIUIHAIBHON CXeMbI
THIPOMEXaHUYECKOTO
makepa:

I — makep B TpAaHCIOP T-
HOM moJokeHum; II —
maKep IMpPU MIPOBEJEHUN
3allaKepOBKM ¥ OTKP bF
TAU  [eMEHTHUPOBOUYHBIX
orBepctuii; III — maxep
0 OKOHYAHWUM IEMEHT H-
pOBaHUSA BepXHEH CTyIe-
HU ¥ 3aKPBITUA IIEMEHT U-
POBOYHBIX OTBE PCTHUI

B KOHEYHOM II0JIO}KeHUU (PuKcaropom 10, u TakuM 00pa3oM IPUBO-
IUT B pabouee IMOJOXKEeHUE YILJIOTHUTEJNLHBIN djemMeHT 14 (mpouc-
XOAUT 3amaxKepoBKa). B mporecce BospacTaHus JaBJIeHUA HA BTYJI-
Ky-cemyo 9 c mapom 16 Ha BTOPOM CTyHEeHU IIEMEHTUPOBAHUS JTU
BJIEMEHTBI, NOIOJHUTEJIHLHO CMeIasch BHU3, MOYILJIOTHAIOT KOH-
TaKT YIJIOTHUTEJILHOTO 3JIeMEeHTa CO CTEHKOIH CKBasKuHBI. Ilocie
3aKaYMBAHUSA PACUETHOTO 00'beMa TaMIOHAXKHOM cMecu B 00CaIHYIO
KOJIOHHY IIyCKAaIOT II€MEHTHPOBOUYHYIO HPOOKYy 17, KoTopas IIpu
B3aMMOJIeHICTBUH C BepXHeU BTYJKOU 3 cpesaeT mTudThl 2, BBOIA
BepxHee YILIOTHUTeJIbHOEe KOJbIo 18, ycTaHOBJIEHHOE Ha BTYJKE, B
KOHTaKT C BHYTPEHHEeH NMJINHAPUYECKON IT0BEPXHOCTHIO KopIryca 8.
Taxum 006pa3oM, BepXHAA BTYJKa 3 CTaHOBUTCA AupdepeHIInab-
HOM, a KaMepa a Pas3odIaeTcsa ¢ BHYTPEHHEH IJIOCKOCTHI0 KOJOHHBI
Tpy6. Ilpu ABUMKeHUM BHU3 BTYJIKA 3 IIEepPEeKPLIBA€T OTBEPCTUS 2, a
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JKUIKOCTh M3 KaMephl @ uepes3 OTBEPCTHE 8 IIOCTYIIaeT B KaMepy 3.
HaBienue B Kamepe 3 qeiicTByeT Ha auddepeHnaibHy0 BTYIKY 7,
cpesaroTcs mITUPTHI 5, ¥ BTyJIKa 7/ epeMeliaeTcsa BHU3 110 KOHYCY,
IepeKPhIBas IIPYU STOM CHAPYIKU paguajibHbIe OTBEPCTHUS 2. Taxum
06pasoM JOCTHUTaeTCA IIOBBIIIIEHHAS HAJEXKHOCTh I'epPMeTH3aAIlNU
pafuaIbHbIX IUPKYIAINOHHLIX OTBEPCTHUH 2, KOTOpasa HeoOxXoxmMma
B cJIyyae IIPOBeJeHusA BHYTPUKOJOHHEIX paboT (Hampumep, pasoy-
PUBaHUA 3JIEMEHTOB, MEPEKPHIBAIOIMUX MPOXOJHON KaHaJ KOJOH-
HBI, CIIYCKA PAa3JNYHLIX HHCTPYMEHTOB B CKBAXKUHY U T.1.).

4.5.4. PE3YJIbTATbI HEMEHTUPOBAHUA CKBAKNH
C NIPUMEHEHUEM ITAKEPOB THUIIA II/IM

ITakepbl A ABYXCTYIIEHUATOTO X MAH}KETHOTO IleMEeHTUPOBa-
HUS HAILIA IIIUPOKOEe TIPUMeHEHWe IPU KPeIUIEHUUM CKBaKMH Ha
He(PTAHBIX MeCTOPOXKAeHUAX ¥ paso-IloBomxbsa, Komu, CeBepHOTro
KaBkasza, CpegHeit A3un 1 B IOA3eMHbBIX XPAHUJININAX Tasa.

3a nepuoxg 1968—1971 rr. gy ABYXCTYII€EHUATOTO X MaHYKETHO-
r'o IeMEeHTHUPOBAaHUA CKBAaYKMH OBLJIO M3rOTOBJIEHO U BHEIPEHO 6ojiee
120 sakosaomnabix makepoB IIIIC-170 u IIIIC-190 KoHCTPYKIIUU
BHUUWBT. Ilakeps: III[C-170 mpumeHsauchk B ocHOBHOM B IIO
“BamHEedTh” IpU KPEIJIEHUU CKBa'KWH Ha ApJIaHCKOM He(GTAHOM
MECTOPOXKIAEHUN IJIA US0JANNYU He(PTAHOTO IJIacTa CHU3Y OT OJIM3-
KOPACIIOJIOKEeHHOTO BomoHOocHOrO 1aacta. Ilakepsr ITIIC-190 mpu-
meusauck B I10 “Coros6ypras” mpu Kperienuu 6osiee 50 rasoBbIX
ckBaskuH B Enmnrano-KypAioMoOBCKOM IOA3EMHOM XPaHUJIHUIIE rasa
ISl UB0JIAIIAY T'a30BOTO IJIACTA CBEPXY OT 3aKOJIOHHOTO IIPOCTPaH-
CTBa CKBa)XKMHBI Bhillle Hero. [Ipumenenue makepa tuma I1I1C obec-
IIeYNJI0 IPU STOM HAPYKHYIO M30JANNI0 TPOAYKTUBHBIX ILJIACTOB
IIPY KPEIJIEHNY CKBAKUH HA YKA3aHHBIX MECTOPOMKIEHUAX M I103-
BOJIMJIO IIOBBICUTE KAYECTBO OCBOEHUS 1 3(P(EeKTUBHOCTb UX 9KCILIY-
aTanuu.

Hauwunas c 1973 r. npeanpuaTuaMu He(pTerazoBoi oTpaciu cra-
JIN TIPUMEHATHCA AJISA IBYXCTYIEHUYATOrO U MAHKETHOTO I[eMEHTH-
poBaumsa ckBakuH paspadboranubie BHUNBT sakosoHHbIe TaKepshl
IIOAM-170 u ITIIM-195. 3a mepuox 1973—-1985 rr. GbLIO MBTOTOB-
JeHo 475 TaKMX IMaKepoB, KOTOpPLIe OLLIM BHEAPEHbI HPU KpeIlie-
HUM HeTAHBIX ¥ TasOBBIX CKBaKMH Ha MecToposkaeHusax 11O
“KyiiopiieBHedTs”,  “KomuuedTsn”, “Hu:KHeBOJKCKHEDTD”,
“Coros0ypras”, “CeBkasrasupom” u np. OTbITHASA TapTUA ITaKepPOB
IIIM-195 6plna mpUMeHEHa TaK)Ke IPW KPEIUIEHWUW CKBAKWH Ha
mectopokgenusax 6. IIP. ITo cBouM KOHCTPYKTHUBHBIM U TEXHUYEC-
KUM JaHHBIM mepBble makepwl Tuma [IIIM npemnasHauanuch s
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HCIIOJIL30BAHNA B CKBAXKMHAX IIPU TeMIiepaTypax He 6osee 100 'C u
mmepernajgax AaBJIeHUS HA YILIOTHUTENLHBIM 9JIEMEHT IaKepa IIocJie
ero paciupenus He 6oJiee 12 MIla. 9To mO3BOJIMIO NCTIOIB30BATD UX
IJIS IIeMEeHTHPOBaHMSA CKBAaKUH C MaKCUMAaJIbHOM IIyouHoi 3725 M,
IIpU yCTaHOBKE ITakepoB A0 riyounbl 2840 M u temneparypax 70—
80 °C, meMeHTHPOBaHNE KOTOPLIX OBLIJIO IPOBENEHO C IpUMEeHEeHNeM
TIaKepoB.

JlaBiIeHUA OTKPBITUS MUPKYJIAIUMOHHBIX OTBEPCTUH aKEpPOB CO-
crasuan oT 8 1o 19 MIla B 3aBHCHUMOCTH OT I'JIYOMHBI YCTAHOBKU IIa-
Kepa u ero Tumopasmepa. @axkTuueckasi riiyorHa YyCTAHOBKM IIaKe-
POB yTouHAJMach ¢ momorInbio npubdopa CI'AT mam sorkaropa MmydT.
KoahdumueHTs! HageKHOCTH pabOThl YKas3aHHBIX IIaKepPOB COCTAa-
sua 0,80-0,85.

IIpuMeHeHre yKa3aHHBLIX ITAKEPOB MIJs ABYXCTYIIEHUYATOTO Iie-
MEHTHPOBAHUS CKBAYKIH ITO3BOJIMJIO N30JIMPOBATH BCKPBITHIE B IIPO-
mecce OypPeHUA IIOTJIOMIAIOIINE IIJIACTEI X 00ECIIeYNTh IOAbEM TaM-
MMOHAKHOI'0 PACTBOPA 34 AKCILIyaTAIlMOHHBIMU KOJOHHAMM 0 ITPO-
eKTHOM BbICOTHI. IlaKephl yCIIeITHO IPUMEHAINCh TaKKe IJIsd MaH-
JKeTHOT'O0 IIEMEHTHPOBAHUS M CO3NAHUA KOHCTPYKIIUU OTKPBITOTO
32005 CKBasKWH, UTO ITO3BOJIMJIO CYIIIEeCTBEHHO ITIOBBICUTh KAUeCTBO U
5 PEeKTUBHOCTH UX OCBOEHUA U 9KCILIyaTaIN.

Haunnmas ¢ 1983 r. BRIDYCKAOTCA U IPUMEHSAIOTCS IIPU IeMeH-
TUPOBAHUU CKBaKWH yCOBepIIIeHCTBOBaHHbIe makepbl IIIIM-140,
IIAM-146 u IIIM-168, paspa6oranusie BHUMBT B 1980-1982 rr.
CrabunbHble 3HAUEHUA NaBJI€HUA ITAKEPOBKU, a TaKiKe NaBJIEHUSA
OTKPBITUA ITHUPKYJIAINOHHBIX OTBEPCTHUI MTaKepoB B mpeneaax 88—
10 MIIa mo3BosimIy BOEPBLIE B OTEUECTBEHHON IIPAKTUKE YCIIEIIHO
mpuUMeHUTh naKepbl Tuma IIJIM ajga AByXCTyHmeHUaToOro IeMeHTH-
poBanua rayomuou O6osee 5000 M mpu ycTaHOBKe MX Ha TJIyOmHe
3000 M m Huske mpu TemiepaTrypax 93—96 °‘C u mepemazax masie-
HUSA MEXKIY pasolIaeMbIMU HHTEePBAJIaMH CKBAXKUHBLI He MeHee
12 MIIa. cmiosib30oBaHme ¢ YKa3aHHBIMHU TaKepaMu 0ojiee coBep-
IIIeHHBIX IIeMEHTUPOBOYHBIX ITPOOOK UM 3aTIOPHOTO dJIeMEeHTa B BUAE
najalmeii TpoOKKM BMeECTO ITapa obecieuunso 0ojee HAaLEKHOe YII-
paBieHue paboTOi MaKepa U MPOIECCOM IIEMEHTUPOBAHUSA CKBaKU-
HBI. Bpems gBusKeHus magaroleil mpoOKu 1mo ob6cagHoi KOJIOHHE 0
TIOCAIKM B ITaKep coCTaBmJIO Impu aToM 60—70 Muu, a MHTEPBAT Bpe-
MeHU MeXKIy CTYIeHAMU IeMeHTHPOBAHUSA CKBaYKWHBI COCTaBUJI
1,5-2 4.

B reuenne 1985-1986 rr. BHUMBT paspaboTaHbl KOHCTPYKITUHI
JIOTOJHUTEJIBHO YCOBEPIIIEHCTBOBAHHBIX mnakepoB tuma IIIM npisa
obcamubIX KoJMoHH auamerpamu 140; 146; 168 u 178 MMm; maxepsl
CHA0KeHbI BBICOKOIPOUYHLIMU U TEIIOCTOMKUMU PE3UHOMEeTAJIIN-
YeCKMMHU YIJIOTHUTEJbHBIMU dJaeMeHTaMu pupmbl “Taypyc” u pe-
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3UHOTKAHEBBIMU VILIOTHUTEJIHHBIMH 9J€MEHTAMH KOHCTPYKIIUU
BHUUSOMU. 9tu nakepsl BeitycKawTca ¢ 1987 r. OnbITHBEIM 3aBO-
nom BHUUBT u npennasHavaoTed AJIA eMEHTUPOBAHUA CKBAKUH
npu remieparype 40 150 °C Ha ray0uHe yCTAaHOBKM IIaKepa U Iepe-
majge [OaBJIeHUS MeXKIy pasollaeMbIM{ 30HAMU He MeHee
17,5 MIla. ITakepsr Tuna IIJIM ¢ yKasaHHBIMHM YILIOTHUTEJIbHBIMU
2JIEMEHTAMH YCIIeITHO MpuMeHeHbl B 19871989 rr. pia memeHTH-
poBaHUA CKBayKMH TyIyomHO# no 6000 M mpu riy6buHe yCTaHOBKU
makepa 10 3508 M. 3HaUeHUS TeMIepPaTyphl B CKBaKUHE Ha TJIyOu-
He YCTAaHOBKM IlakKepa cocrasuau oT 92 no 140 °C, a mepenana gas-
JeHusd Me:xay pasobinaeMbIMu 3oHaMu — ot 12 mo 17 MIla. Koap-
bUIMeHT HaJeKHOCTH PA6OTHl YCOBEPIIIEHCTBOBAHHBIX MAKEPOB TH-
ma IIJIM cocrasua ipu atom 0,92-0,95.

Bcero k xkoumy 1989 r. Brimyieno 6osee 800 ycoBepIiieHCTBO-
BaHHBIX maxepoB Tuma II/IM Ha obcamHble KOJIOHHBI AUaMeTPaMU
140-178 mm gas IIO “Komunedtn”’, KyiiooimeBaedTs”, “Y36eK-
"HedTh”, “CraBpononbHedreras”’, “Kaskasrpancras”, “Kybanbras-
mpoM” ¥ Ip., a TaKKe AJs HedTepasBeLoOUuHOIro IpeanpusaTus BeH-
rpUN.

OmsIT BHeaApeHusa naxkepoB Tuma IIJIM mokasbIBaeT, UTO TEXHU-
KO-3KOHOMUYECKUH 3(p(PeKT OT MX MPUMEHEHU VIS ABYXCTyIIeHYa-
TOr0 IIEMEHTHUPOBAHNUS CKBAKUH 3aKJI0YAETCA B HOBBIIIICHNY Kade-
CTBa KPEILJIEHNA CKBAKUH B CJIOKHBIX I'e0JIOTO-TEXHUYECKUX YCJIO-
BUAX U YBEJIUUYEHUU TAKUM 00pa30oM IPOLOIKUTEIbHOCTH CPOKA UX
cay:k0b1. I[IpruMeHeHNEe ITaKepPOB IIO3BOJIAET TaKsKe COKPATUThH 3a-
TpaThl BpeMEH! Ha KpeIIeHVe CKBaKUHBI, a CJeNOBaTeJIbHO, Ha
SKCILTyaTamuio OypOBOM YCTAHOBKU M IIeMEHTUPOBOYHOU TEXHUKU,
YMEHBIIIUTh PACXO0/] TAMIIOHAYKHBIX MaTePUAaJIOB.

IIpumenenuem makepoB Tuna IIJIM ansa MaHMKeTHOTO IEeMEHTHU-
POBaHUSA U CO3NAHUA KOHCTPYKIIUM OTKPBITOTO 34005 CKBasKUHBI
KpoMe IIOBHIIIeHNA KaUeCTBa ee KPEIJIEHUA JOCTUTaeTCA COKpaIle-
HIUe BpEMeHU ee 3aKaHUMBAHUA, IPUUYEM KCKJIOUAETCA 3arpA3He-
HUe NPOSYKTUBHOTO IIJIACTA TAMIIOHAYKHBEIM PACTBOPOM H, CJIELOBA-
TEJIbHO, YBEJINUYNBAETCA IPOAYKTUBHOCTD CKBAYKUHEL.

9TH BLIBOABI IIOATBEPIKIAIOTCS peaybTaTaMU NPUMEHEeHHUS IIa-
kepoB Tuma IIIIM B IIO “Komuuedpts”, “KyiibbiineBHedTs”,
“Coro30ypras” u np. B 1986—-1988 rr. C 1993 r. makeps! Tuna ITJIM
MIPUMEHSIOTCA B TOPU3OHTAJBHBIX CKBAKMHAX IIPEAIPUATHA
“Kybanbrasopom”.



