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NPEIXUCIIOBHE

WHxeHepHO-TEONIOTHYEeCKHEe U3BICKAHUA B MOCNeJHHe IOAbL BCe Yalle CTali-
KHUBAIOTCA ¢ HeOOXOOMMOCTHIO M3YYEHHUS IIMPOKO PacnpocCTpaHeHHbIX crnafo-
NpPOHHLAEMBIX TPYHTOB, OGBOIOHEHHBIX B CBSA3M C OpOLIEHHEM, GHNBTpauHed
U3 BOOOXpPAHWIMIL, KaHANOB, NPyIOB, CaMOMNOATOIUVIEHHEM B Mpolecce 3Kc-
TyaTaluy NPOMBILINTIEHHOCTH H FOPOACKOI0 X035 CcTBa U T.O.

B HacTOAlUee BpeMst CYLUECTBYCT PAA CeLHATIBHBIX MONEBLIX METOHOB MC-
CMeOBaHHsl BOJOMPOHULAEMOCTH, YUHTHIBAIOLIMX (QHIIBTPALHOHHBIC 0COBeHHO-
CTH ¢NaBoIpOHHIAEMBIX IPpyHTOB. OOHHM H3 CyUIeCTBYIOLUHX CMocoGOB onpe-
AeneHust (GWIBTPALMOKRHBIX XapaKTePHCTHK B CBOeM OONbLUMHCTBE OTHOCATCSH
K HeOOBONHEHHBIM NOPOAaM 30HbI 2a2palluy (HanvBbl B ypdhbl U CKBAXKUHBL) .
JTH criocobbl B JAHHOM CTy4ae HefOCTaTOYHLI, TAK KaK He I03BOJIAIT U3YUHTh
HMEHHO BOJOHACBILIEHHBIH TUIACT, MOMJIENAIUHHA OpeHHpOBAHUIO, U OTHOCATCH
nue K 6NMKHeMy OT MOBEPXHOCTH 3eMJIM U YacTO BechMa MaJioMy ClIOI0
IpyHTa.

Jpyras 6Gonsluas rpymnmna MeTOJOB ONbITHO-(QHIIBTPaUMOHHBIX UCCIIENOBa-
HUP HCHOJIL3YETCst NPEeUMYILIECTBEHHO IJIst onpoboBaHUs BOL03a60pHBIX CKBa-
XHH B XOpOLUO NPOHHLAeMBIX BOJOHOCHBIX IjlacTax. MexaHuueckui nepeHoc
¥3 31O}t OOGNAcCTH I'MOPOreONOrHYeCKHX UCCIIEAOBaHUH HEKOTOPbIX METOBOR B
paccMaTpHBaeMbI€ YCIOBHA NPHBOAMT K HEJOMCIONB30BaHHIO 0GOpynoBaHHSA
M HepeAKoO [aeT HCKaXeHHbie pe3ynbratsl. Hanmpumep, maxke Takoit 0OCHOBHOH
MeTo PWIBTPAUHMOHHBIX MCCIIeOBaHUR, KaK OINbITHble OTKAaYKH, B AaHHOM
cly4yae HeoCTaTOYHO 3D deKTHBEH BBUAY CMaboll BONOOTAAYH I'PYHTOB U COOT-
BETCTBEHHO HH3KOMH BeTHUHHM AeOMTa CKBAXKHH. B cBA3M ¢ 3TUM GONBUIMHCTBO
CYILLECTBYIOLIMX TUIIOB BOJONOABEMHHKOB B 3THX YCJIOBUAX OKa3bIBAIOTCA He-
pPaUMOHANBHBIMH M faxe HepaboTocrmocobHbIMU. TO XKe OTHOCHTCA K UEIOMY
pAny HauGosee WIMPOKO PAcHPOCTPAHEHHBIX TUNOB DWILTPOB CKBAaXHH, KOTO-
pble B JAaHHOM Cllyyae CTaHOBATCA MaNONpHrogHbIMH. KpoMe aToro, He3Hauu-
TeJIbHOE HO BEJNMYMHE M [JIMTEIIBHOE Pa3BHUTHE HAENPECCHOHHON BOPOHKH FpYH-
TOBBIX BOJ B cmabOnpOHHLAEMBIX NOPOHAX 3aTPYIHsET OPFraHU3alHIO ¥ NIPOBe-
OeHHe KYCTOBhIX OTKauyek, TpeGyOLIMX HMHOTHA CIMLIKOM OIIM3KOro pasme-
LIeHKHS HabmoaaTeNnbHbIX CKBAXXHH OT UEHTPANBHOW U ApYr OT ApYra, a TaKxXe
6onbLIMX CPOKOB BefeHHs pabor.

B cBA3M ¢ 3THUM BaXHOe 3HadyeHHMe NPH McCreqOoBaHHU cNaboNnpoHHLaeMBbIX
TPYHTOB HaXONAT TAKUE METONbl, KAaK HANMBbI U HalHeTaHWs B CKBXWHLI, Ha-
GITI0JEeHUS 32 BOCCTaHOBJIEHHEM YPOBHA M T.0. OCOOCHHO BaKHBI B JaHHBIX yC-
JIOBUAX JKCIpecc-MeTofbl GhICTPOro ONpepeNeHus I1aBHBIX THApPOreojoryye-
CKHX MMapaMeTpoB, TakHX, KakK KO3(PHUUEHT GUIRTpAluy, BOHONPOBOIH-
MOCTb, 06061IeHHOE COIIPOTHBIIEHHE CKBAXKHHAL.

JocTaToyHO IWMPOKOe NMpHMEHEHWE NONYYUNIM Takue 3KCIPecc-MeTofnl,
KaK MTHOBEHHBIM HaJUB B CKBa)XHHY, KOTOPLI# NMpou3BOOUTCA NHG0 Hello-
CpencTBeHHBIM BBENEHHEM B €€ CTBOJI GHKCHPOBaHHOr0 06bema Bofsl, ubo ¢
MOMOILBIO IOIPY’KaeMOI'0 NON yPOBEHb B CKBAXHHE Ipy3a, DO MyTeM OTXKa-
THSL 3TOTO YPOBHA CXXaThiM BO3AYXOM. MrHOBeHHasd oTKaYKa WIM TapTaHUe
(eIOHUpOBaHHE) CBOOHUTCS, HROOOPOT, K OBICTPOMY H3IBATHIO H3 CKBaXKHUHBI
(pHKCcHpOBaHHOrO 06beMa BOIbI.

OcoGeHHOCTRI0O 9KCIPECC-METOHOB OILITHO-(PUIBTPAUHOHHOIO OIllpoGoBa-
HMS I'DVHTORB, B OTJIMUKE OT OGBMHBIX METOHOB, ABMACICA BO3deHCTBUE HA Or-



P4HMYEHHYIO 1O pa3Mepam 30Hy IpyHToBoro Maccusa. ¢ OMHOHW CTOPOHBI, 310
He /JaeT BO3MOXHOCTY YUYHTbIBATH BIUSHUE I'PaHul obnactu GhUNbTpauuy U on-
pefeNfATh KOMIUIEKC THAPOI'COJIOTHYIECKHX IapaMeTPOB, TAK KaK 3[teCh Hanex-
HO OLIEHMBACTEA JHILL O/IHA2 XapaKTepUCTHKA NMpK M3BECTHBIX APYUHMX. Hanpu-
Mep, onpeneneHle kosddulveHTa GUABTPALMK IPpyHTa CBA3aHO ¢ rpybooite-
HOYHBIM 3a[aHUEM BEJIMUHMHEL €I'0 BOJOOTHAYH.

C npyro#t cropousl, 6sicTpoe 0HpoGOBaHME BOLOHOCHOTO IUTacTa SKcIpece-
METOAMH I03BOJISIET IIPH AOCTATOYHO OONBUIOM YMCIIE TOYEK KHCCIELOBaHWA
obecreyrBaTh BBICOKYIO CTENEHb AeTAJIM3ALMHK ONpele/IeHUst BOJONPOHULIaeMO-
CTM B INIaHe M pa3pes3e macTa. B ycnoBusfx cnaGoi BOOONPOHKLAEMOCTH H
HU3KOH BOJOOTaYM I'PYHTOB, KOIMa MTbe30MPOBOAHOCTh UMeeT HeOOIBILYIO Be-
JIMUWHY, MTHOBEHHbIE HMITYJILChI U3MEHEHUS 1aBJIeHUs B NPUMHUILTPOBOIH 30He
CKBa)XHMH TaKXXE OKa3bIBAOTCS BecbMa MaJlbIMH. B CBA3Y ¢ 3TMM HCIIOJIL30Ba-
HHE IKCIpECC-MeTOAOB B JAHHOM citydae MpHoGpeTaeT OCOOBIA CMBICT H HX
NpUMeHeHHe MOKeT ObITh OJHUM K3 Hauboliee pacrpOCTPaHEHHBIX Hampasiic-
HUH HccnegoBalus cnabonpoHuliaeMbIX PYHTOB.

B 4acTHOCTHM, TAKMUM METOAOM MOMCT CTaTh METOH TAXENOH >KUIKOCTH
(MTX), pexkoMeHoauuH MO NPYMEHEHHIO KOTOPOI'o MPHBOISATCA HUXKE.

Leneio cocTaBneHuss PexkoMeHpauuit sBisfercs obecnedyeHHE U3IBICKATC/b-
CKHUX ¥ IIPOCKTHO-U3BICKATEIIBCKUX OpraHu3alHii MeTOOMKOA Y TexHomoruet
NMpUMeHEHUA MeTONa THAXKeNOH >KUAKOCTH i onpoboBaHus crabonpoHuuae-
MbIx rpyHTOB. IIpH 3TOM HMeeTcst B BUOY, YTO MO MEPC HAKOIUIEHHS ONbITa He-
TIOJIB30BaHUSA METONa B NpaKTHKe U3bICKaHu# OH OyleT COBEpLieHCTBOBAThCA
H pa3BHBaThCA.

Pexomenpauun pa3paGoraHbl B IIpoM3BOACTBEHHOM M HayYHO-MCCIEAOBaA-
TENbCKOM MHCTHUTYTE MHMEHEpHBIX U3bickaHuMt B crpoutesibcTBe (ITHUHNC)
T'ocerposi CCCP crapiuuM HayYyHBIM COTpYOHHMKOM KaHI. TexH. Hayk I A. Pa-
3YMOBBIM.

PeKOMeH/1auUMK PELEH3HPOBAlIH [1-p TeoN.-MHHepal. Hayk, npod. JI.C. A3-
BHMH, KaHp. reon.-muHepal. Hayxk T.A. [liyruna (BCETMHI'EO), n-preon.-
MuHepan.HayK, npod. B.M. liBey, kaHa. reon.-muHepail. Hayk B.B. ITepuosckuft
(MTPH), kanp. Texu. Hayk M.®. Xacun (I'mopocneumpoekr), KaH. Feojl.-MH-
Hepan. HayK C.II. AGpamoB (Ctpoitussickanust), uHxetepsl I1.B. Koanenko
(YxprunpoBogxo3), B.J. Babenxko u# B.B. 3onoueBckuit (YkpBOCTOK
TMUHTH3).

1. CYIHHOCTb METO/IA, OBJIACTH H YCIIOBUA
ErO NPUMEHEHUA

I.1. MeTop, taxeno#t xupkocty (MTXK) ocHoBaH Ha 3¢ddeKTe BbITeCHEHUSE
B TPYHT H3 CKBaXHHBI BOOHOTO pacTBOpa COJIH (MM Opyroro BelecTBa),
IWIOTHOCTh KOTOPOTO BbIIE TUIOTHOCTH FpyHTOBoM Bopkl | 1]. B pesynnrate
neHcTBH NO0GaBOYHOrO THAPOCTATHYECKOT'O Hallopa, BO3HUKAIOWIETO NpH yTH-
XKEJIEHUH BOMbl B CKBaXXHHE, YPOBEHb XHIKOCTH B Hell MOHMXAETCA CO CKO-
POCTBIO, 3aBHCSILUEH OT BOJONPOHMLIACMOCTH TpyHTa (XapakKTepH3yioule#cs
ero Kosp@uureHTOoM (GUIbTpalMKi) M pa3HHUbl B IUIOTHOCTAX XUIKOCTH B
CKBOXHHE M B OKpYXaloleH ee obGiacTu BomoHocHoro mnacra. [lpu munepa-
TM3aiMM TPYHTOBOM) Boasl onpoByeMoro mnacra 6onee 5 /it npumeHeHne MTK
HellenecoobpasHo.

1.2. FuppoguHaMuUecKkie NpoLecchl, IPOUCXONSAILME B IPHPHIILTPOBOH 30-
He CKBaXHHBI NMPH HaIMBe B Hee TSXKENON XUAKOCTH, MWILTIOCTPHUPYIOT CXEMEI
puc. 1. Kak BMOHO, B H¥GHEH 9aCTH CKBRXUHbI IIpOUCXOIHUT BHITECHEHHE pacT-
BOpa B I'PYHT, B BepXHel, Hao00OpOT, I'pPYHTOBaA BOH2 BTEKdeT B CKBAXKUHY.
IIpu srom ¢unbTpauusa B NpuHIBTPOBON! 30He MIacTa NPOUCXONMT MO oce-
CUMMETPUYHON cXeMe. XapaKTepUCTHKa (PUIBTPAIMOHHOTO TeYeHUS B [ABYX-
CNIOMHOM NnacTe, MONYYeHHAs IO pe3yJLTATaM 3KCHePHMEHTOB B I'PYHTOBOM
NOTKe, naeTc B npun. 1. OnbiTHble HONeBbie paboThl, NPOBENCHHbIE Ha pALE
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Puc. 1. TugponMHaMHYecKHe cXeMbl lipollecca GUIBTPAUMH B BOMIO-
HOCHOM ILIT4cTe NpH HAIMBE TSKETON XHIKOCTH

a — 8 OOHOPOOHOM cnioe; 6 — 8 d8yxcaotiHom naacre; 1 — epanuya
DACRPOCTPAHERUS TANENOU KUAKOCTU 6 800OHOCHOM hadcre; 2 —
AunuL TOKE; 3 — OenpeccUOHHAn NOGEPXHOCTb ZPYHTOEbLX 800;
4 — ecTecTGEHHbI YpogeHb 2DYHTO8bBIX 800 60AU3U CKBAMUHDL,
h ¢~ Onuna PunsIpa cxearurst (8b1COTA CTOAOA PACTEKAHUA PACT-
80pa 30 CTEHKOI cKeamunst); dp — cpeOnuil Quamerp 301bl ("epy-
wu'') pacreKanuA; "t — cpedHan 2Aybuna NPOHUKAHUA pacTeopa 8
2PYHRT] " pp — MAKCUMANBRAA 28 YOURA NPOHUKAHUA

00BeKTOB M3LICKAaHUH, MOKA3KLIBAIOT, YTO MaKcHMalEHas MiyGuHa pacnpocIpa:
HEHHS TAXKEJIOH KUOKOCTH B TPYHTE “imax IPU €€ OJUHOYHOM HalMBE COCTaB-
nAeT 3~7 pagMycoB CKBAXWHEI (Tabn. 3 mpun. 4). ITa BeluYuHa TeMm GoJikile,
yeM OoJiplile TTIyOMHa M pagUyc CKBKHHBEL M 4eM Bhillle BOZOIPOHHIAEMOCTD
rpyHroB. HIpH MHOropa3oBoM HanuBe H JJIMTENBEHOM TIONZEPH@AHUM MAaKCH-
MATBEHOTO NMOHMXEHHS YPOBHA B oNpoGyeMoil ckBaKUHe IIyOMHA pacTeKaHus
TSKEJI0M XKHAKOCTH 3HaUHTeNLHO YBelwuuBaerTca. Tak, NpH TpeXxpa3oBOM 3a-
MIOJIHEHHY CTBOJIA CKBaKMHBI HACBIUIEHHBIM PacTBOPOM NOBapeHHOH colH pa-
OHYC €ro pachnpocTpaHeHHs pocturaer 20 pamiycoB CKBROKHMHBEI (cM. npui. 1).

1.3. poueccept, npoucxomsiuye npyx npumerednn MTX, nensrca Ha crapym,
cliegylouie ogHa 3a pyroi: 1-g cragusi — nog’seM ypoBHSA B CKBaKMHE BhIlle
CTaTHYECKOT'0, NIPOUCXOOAIIMA 32 cueT oOaBNeHHUsI B CKBOXUHY H3BHE (PUKCH-
pOBaRHOIO 06BbeMa COJITHOrO pacTBOpa. IJTa CTaius COOTBETCTBYET U3BECTHO-
MY Ipoleccy "MTHOBEHHOTO” HalliBa BOALI B CKBAXUHY (UIH NIOTPYXKCHUS B
Hee rpy3a); 2-A CTaAuA — CHH)KEHUEC YPOBHS B CKBaXMHE BIJIOTH 10 JOCTHXe-
HUA MaKCHMAQIBHOrO IIOHMXEHHUHA, COOTBETCIBYIOLUEI0 KBa3HCTALMOHapHOMY
pexHuMYy, KOIL4a OTTOK TSDKENIOH )MHAKOCTH B HIDKHEH 4acTH CKBaXHUHBI B HEKO-
TOPOIt cTenecHK KOMIEHCHPYETCS IPUTOKOM B e¢ BepxHeit yactu. Ilo xapakTepy
THAPOOMHAMMYECKHMX IPOHECCOB, IIPOMCXOIAINMX B NpUUNETPOBON 30HE
CKB&XHHBI, 3Ta CTaUA aHATOTHYHA, HalpUMeED, ONBITHOPUIILTPALMOHHOMY OIl-
poGOBaHHIO IIACTA, NPOBONANIEMYCSA C BHITECHEHUEM BOLB U3 CKBAXKHHEL CKa-
THIM BO3AYXOM (C NMpUMeHEHHeM KOMHpeEccopa, 6aJNIOHHOT'O I'a3a, BRIXJIONMHBIX
ra3oB aBTOMOOWIS ¥ T.0,.) ; 3-4 CTafusA — BOCCTAHOBJIEHHE YPOBHSI B CKBaXHHE
3a CUET NPUTOKA B Hee IPYHTOBOMH BOJLI ITOCIIe yMEHBIIEHHS, a 3aTeM U HOJHO-
ro UpeKpalleHUd OTTOKA THXKeIOH JKHUAKOCTH H3 HHXHEH YacTH CKBaKMHBI.

Yyer xaxmol U3 3THX cTaguif MOXET He TOJILKO YTOYHATEH OHpefelieHHe
KO3(hdunuenTa GUILTPalHK I'PYHTa, HO H XapaKTepH3IOBaTh pa3Hbie 30HbI WIH
CJI0M BOZIOHOCHOI'O IUIacTa.

1.4. Tlpouecc BBITECHEHHA H3 CKBXHUHBI B I'PYHT TAXKeNOH XUIKOCTH H3-
BecTeH B reo@usMke W HCHONB3YeTCA IIPU MpOBedeHUM IHAPOreOIOTHUECKHX
HCCTeI0BaHUH ¢ NPUMeHeHNHeM IeKTPOJIMTOB (HalpuMep, METOH 3apsAKeHHO-
ro Tela, Pe3HCTHBUMETPHMECKUH KapOTax, dleKTIpoiuTmieckult merom). It
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1.5. B KadecTBe TAXKeIOH KUAKOCTH, yAeNbHBIY Bec KoTOopo#t Gonelie 1,
MOXeT HCIOIL30BaTeCE  BOMAHBIN pACTBOP OMHOTO U3 BOAHO-PACTBOPHUMEIX He-

TOKCHYHBIX XUMMYECKHX COCHUHEHUH, o0ecneyHBalIIMX YyBenuueHHe IIOTHO-
CTH B CKBaXHHe He MeHee YeM Ha 10%. DT coenuHeHNs NOIDKHB OBITH B KaK
MOXHO GOnbllIe! CTeneHH XUMHYECKH HelTpabHLI 0 OTHOHIEHHIO K OoNpobye-
MBIM I'PYHTaM ¥ B KOPOTKHE IIPOMEXYTKU BpeMeHH He OOJDKHBI BIIMATH Ha
pH3InKO-MexaHWYeCKHE CBOKCTBa I'PYHTOB. XapaKTEePUCTHKH HEKOTOPLIX XH-
MHYECKHUX cOeqUHeHHH TpuBefieHbl B Tabluue npumi. 2.

CTpykTypa BOJHO-DAaCTBOPHMOTO BellECTBA NOIIKHA OBITh pRIXIOH.

1.6. PaccmatpuBaeMBId MeTOpn OTHOCHUTCS. K I'pYIIE 3KCHPECC-METONOB,
HpenycmarpuBaoux 6picrpoe onpefeneHue (UIBTPAUMOHHBIX ITapaMeTpoOB
IpyHTa HpH ONpoGOBaHHU OOUHOYHBIX CKBA)KHH C UMIIYyNbCHBIM BO3OeHCTBHEM
Ha OrpaHUYeHHYIo MO pa3MepaM NpuGbUILTPOBYIO 30HY BOJOHOCHOIO Ilacra. B
DAHHOM ¢JTydae onpofoBaHKMe OCHOBAHO Ha NPHHIUHIE 3KCNPECC-HANNBA, Npef:-
nonaraouero 6nicrpoe (MTHOBEHHOE™) BO3MYylUeHHe Halnopa BOOOHOCHOTO
InacTa ¢ NOcHeayolledl perucTpauredl YpOBHA XHIKOCTH B ckBaxue L4, 5].

1.7. OneiTHO-PWIbTpauHOHHble paboThl ¢ npuMeHedneM MTX moryT npo-
BOOMTLCS C HENBIO ONpefielieHUA BOHONPOHUILaeMOCTY BOOHACBILICHHBIX IPYyH-
TOB B Hpoliecce BbIIONHEHUs THAPOI'e0JIOTHYECKUX UCCIleIOBaHUH MpY U3BICKa-
HUAX B 06NacT# MPOMBILUIEHHOTO, >XIWIHIIHO-KOMMYHAJBHOrO, IMOPOMENHo-
PaTHUBHOIO, TPaHCNOPTHOI'O, 3HEPreTHIECKOTO, FUIPOTEXHHYECKOro H APYTroro
cTpoutenbcTBa. flonyyaemele cBefeHUsS 0 BOXONMPOHUIAEMOCTH MOT'YT HCHOb-
30BAaTBCS Ha paHHMX CTagMAX IPOeKTUPOBAHUA IIpH TNPOTHO3e H3IMEHEHHS
YPOBHA I'PYHTOBBIX BOJ M pacueTe OPeHaXKHLIX, NPOTUBODUILTPAUHOHHBIX H
TUAPOH3IONAUMOHHEIX MepOINPpUATHH Ha 3allMIIaeMbIX OT NOATOIUICHUS, 3arpA3-
HEHMS U 3aCOJIeHHA OCYylLIaeMbIX M MEITMOPDHPYEMBIX 3eMIIAX, a TaKxke Ha 00b-
eKTaX CTPOUTENBHOI'O BOJOMOHMIKEHHS.

1.8. IIpuMeHeHue MeTOOa TAXENOR KUIKOCTH IS ONpeneNieHus1 BOOIPO-
HHUIIAEMOCTH TPYHTOB (COBMECTHO C IPYTMMH METOJAMH WIIH B3aMeH uXx [6, 7,
81) nanbonee uenecooOpa3HO B cledyOUWMX YCIOBUAX (110 OTHENIBHOCTH HITH
IIPH MX COYEeTAHMH) :

a) npm Manbix Ko3ddunmentax GUABTPAIMM M KO3g@HLHEHTaX BO-
HooTHauM omnpoOyeMbIX TpYHTOB. JTO YCHOBHE CBA3aHO C TEM, UTO NpH
Goree BEICOKOH BONOIPOHMIAEMOCTH TpPYHTOB npumeHeHue MTX Tpebyer
OONBLIOro pacxoda pacTBOPUMOrO BeilleCTBa, KOTOpPOe B 3TOM cliyyae CIIMII-
KOM ObICTpO BEIMBIBaeTCA U3 CKBAKUHBI. KpoMe TOro, CKOpOTEYHOCTH NpoLec-
ca BBIIABJIMBaHMA pacTBOpa B IPYHT YMEHBILIaeT TOYHOCTh NMpOBEHeHHs 3a-
MEpOB;

§) IpH OTCYTCTBHEM BO3MOXHOCTH WM MAJIOH SKOHOMHUYHOCTH NNPOBEAEHUA
OTBITHBIX OTKa4YeK (OTCYTCTBHH COOTBETCTBYIOLUEN0 BOAOMOABLEMHOIO 060pYy-
OOBaHMs, 3EKTPO3HEPTHH U T.11.) . 3dech CliefyeT UMETh B BULY, YTO OONBILIMH-
CTBO IIPpUMEHSIEMEIX B Hacrosllee BpeMsl 1Sl ONBLITHBIX OTKaYeK BOOONOObEeM-
HHKOB PacCYMTaHO Ha OTKauYKy JOCTaTOYHO GOJNBILIMX PAacXogoB BOMbI, KOTO-
phle B JaHHOM Cllyyae He UMEIOT MeCTa U3-32 HU3KOro AeGnTa CKBaKUH. AHa-
JIOTMYHEBIe TPYAHOCTH CBSI3aHbI C MCIOJIB30BaHHEeM NPUMEHSIeMBIX B MacCOBOM
maciuTabe pasnHYHBIX THIOB QUILETPOB CKBRKHMH, KOTOpEIE NMpH OTKaYKax M3
TIIMHUCTBIX I'PYHTOB GBICTPO BBIXOOAT M3 CTPOS, XOTA 3HAYMTEIIBHO JIyYlle pa-
60TalOT NpH HANIMBaxX;

B) NpH OTCYTCTBHMYU MM HENMPUI'OZHOCTH CIHEUMANEHOrO OGOPYIOBaHMSA I
IIPOM3BOJICTBA OMNBITHBIX HANMBOB (HarHeTaHWH) B CKBaXMHLI. B oTnuume ot
oOBIYHOTO HANMBa, B HAHHOM Cllyvae OTiafiaeT HeoGXOnMMOCTh B IIOBO3€ BO-
Abl K CKBaXXMHe WM Nofaye ¢e IT0 BOGOBOJLY CO CTOPOHBI;

r) nmpH HeobxomumocTH OBICTPOro M HEJOPOI'Oro MacCOBOrO ONpoGOBaHUs
60nBILIOT'0 YHCNA ONBITHRIX THAPOreOJIOTMIECKHX CKBRKMH HA 3HAYHUTEHHON
TeppuTOpHHM. B coueTaHuM c ApYTHMM TpPaOgHLHOHHBIMH Meroramu MTX mos-
Bonser obecneYTh pacueTHBIMH MapamMeTpaMM pellieHUe 3apay mId CIIOXHBIX
ycnoBul InaHoBoH QWIBTPALMOHHOH HEOOHOPOOHOCTH M [aeT BO3MOXHOCTH
npu GOJILILIOM YHCjle HHTEPBAIOB ONMPOOOBAaHNA B BePTUKAILHOM HalipaBJieHUM
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HONYYUTh JOCTATOUHO BBICOKYIO CTEMeHb AeTalIU3altii NPOHHLAEMOCTH Mo pa3-
pe3y IUlacra;

) npu OIIM3KOM OT NMOBEPXHOCTH 3€MIIH 3a/1€raHMH eCTeCTBEHHOro YPOBHS
TPYHTOBBIX Boi (MeHee 1 M). B TakuX venoBHAX OGBMNHELH HAJTUB BOIBI B
CKBaXHHY  TpcOyeT YCTpoHCTBaA CrIieNMANBHOTO CToOAKa — TpyObl U oamocTei
114 3aJIMBa B Hee BOObI, KOTOPBIE HOJIKHBI GbITH TOIHATRI BbIILE YPOBHSA 3¢ MJITH.

1.9. OnbiTHO-pHNBTPaLUMORHBIe PaGOTHE C Hcnonb3oBaHueM MTX npumeHn-
MBIl B YCIIOBUAX OOHOCJIOHHLIX BOOOHOCHbIX IUIACTOB M NBYXCIIOHHBIX C HHXK-
HUM XOpollo npoHuuaeMsiM cinoem. [lpumenenne MTHK takoke 3dpPexTHBHO
fp{ HPOCTPAaHCTBEHHOH HEOTHOPOONHOCTH BOJOHOCHOTO MiacTa, OcoGeHHO B
cny4asiX, Korna Tpebyercs yuyMTbIBaTh (PHILTPAUHOHHYIO aHH3OTPOITHIO U BhlJe-
JIATh TOPH3OHTAILHYIO IIPOHULAEMOCTS TPYHTOBOr'O MacCHBa.

B cnyyac nByXcno#MHOro ruiacra TpaaMLMOHHASA ONBITHAs OTKaYyKa BOObLI Ha-
cocoMm (npHu OObLNMHON ycTaHOBKe (DMIIBTPa B HHXHEM XOpOILO NMPOHHUAEMOM
clioe) NPHBOAMT K BO3HHKHOBEHHIO HAKJIOHHO-BEPTHKAIBHBIX HUCXOOSIUMX
TOKOB BO/bl B BepxHem claGonpoHuuaemom cioe. IIpH ero yetio spipaxeH-
HOM aHM30TPOIMH B 3TOM clydae Mbl He nomyvaem uHbOpMallMH O TOPH3OH-
TAbHOK NPOHMUAEMOCTH, 3HaHHE KOTOpoR 0coGeHHO BaXXHO, Hanpumep, IpH
NpOTHO3€ MOIbEMA YPOBHS TpYHTOBBIX BOM M pacieTe apeHaxa. MeTton Taxeno#
MHAKOCTH [aeT BO3MOXHOCTH C(OPMHPOBATH MMEHHO TOPH3OHTAIILHLIH NTOTOK
K CKBaXXHHe (B ee BepXHel yacTH — cM. pHucC. 1), No3TOMy Be/HuMHa ompefe-
Ns1eMoro TakMM 06pa3oM kosdduuneHTa GuIbTpauuH NpencTaBnser ocobeH-
HBIA MHTEpec.

2. METO/JUKA U TEXHOJIOTrvUA NMPOBEJEHHUA
ONbITHO-OUNTBTPALIHOHHBIX PABOT

2.1. Jns npoBeeHHUSA MOJIEBLIX ONBITHO-QHIBTPALHMOHHBIX PaboT ¢ HpuMe-
HenHeM MTX moryr 6bITh MCHoOnb3oBaHbl Kak OOCDKEHHbIE CKBaXXHHBI €
GUIBTPOM, TaK M CKBaXKMHBI, HE UMeUMe 06cagKu [7f

2.2. OnbITHO-GHIBTPAUMOHHBIE paboTel ¢ NpuMeHedHem MTX moryT ocy-
LECTBIIATLCA OJHMM M3 OBYX TeXHOJIOTHYecKHX cnoco6oB. B mepBom cocras
paboT NpHHUMaeTCS CNeOYIOLHM.

Puc. 2. TexHonoruyeckas cxemMa npope-
IEeHUS ONBITHO-QWILTPAUMOHHOIO Of-
poGOBaHHA CKBaXKMHBI ¢ NpHMeHeHWeM
MeETOoOa TAXKENOH XXUAKOCTH
a — nozpymeHue cyxoz0 800HO-paCT8O-
pumoz20 eewecreéa; 6 — nanue 3apawnée
npu2oTo8neHnHoeo  pacreopa; 1 —
gﬁmarp CKBaXUHbl, 2 ~ yposHemep;
— MEWOoUKY ¢ 800HO-PACTEOPUMBIM
XUMUYECKUM 8ewjecTeom; 4 — waauz
nooauu pacTeopa 8 CKGAWUHY; 5 —
EeMKOCTb OASl NPU20TO8AeHUA pAcTeopa
TANENOU HUOKOCTY




B paHee mpoOypeHHYK CKBaXKMHY NMOTPY>KaloTCA Ha BEPEBKE WIH TPOCHKE
HECKONBKO TOpLUUH BOJHO-PACTBOPHMOTO BEILECTBA, NIOMEILEHHOTO B YeXOJ
U3 NOPHUCTOTO MaTepuana (puc. 2,a). B xayecTBe NOCIeMHErO MOXKET HCIONB30-
BaThCs, HalpuMep, TKaHb (THIIA MeEIIKOBMHBI), CLHTast B BHIE MEIIOYKOB,
KaXObI# U3 KOTOPBIX pacCYNTaH Ha cofepiaHue 2—4 Kr BOOHO-PacTBOPHMOro
BeLIECTBA.

KonuyecTBO BellleCcTBa, KOTOpOe HEOGXOIHMO paCTBOPHTE B CKBaXXHHe OIS
Nony4YeHus 3agaBaeMO¥ IJIOTHOCTH PacTBOpPA WIM H3BeCcTHOM ero KOHUECHTpa-
UHY, ONpefelsAeTCs U3 yCIIOBUA 3aNoNHeHNs: 06beMa CKBaXKUHBI 110 creayiouaes
topmyite: cHd?

V=5 (2.1)

roe vy - KOJIHYECTBO BOOHO-PACTBOPHMOro BelleCcTBa, NOrpyxKaeMoro B CKBa-
KHH r;
e . KOH!{’e}I"I‘pau,Hﬂ pacTeopa (B BeCOBBIX MPONEHTAX), T.6. UMCNO rPaM-
MOB pacTBOpPAEMOro BeulecTsa Ha 100 r pacTeopa;
# — BbicoTa cTONGA BOOBI B CKBAXKHUHE, CM;
d — puaMeTp CKBaXKUHbLI, CM.

IOnuHa rupistHgsl MeIOYKOB [IOJDKHA cOCTaBIIATL He MeHee (0,5 BEICOTHI
cronfa BOMEI B CKBAXKHHe, & ee fuaMerp oKojo (0,7 BHyTpeHHero auamerpa
GuwisTpOBOH KONMOHKHE! (MK caMol CKBaKMHLI, ecniy OHa He oBcaxeHa) . Eciu
B XOfle ONbITA OKKETCH, YTO KOJIHMIECTBO 3arPy’KaeMOro B CKBOXHHY BOHHO-
PacTBOPHMOroO BelllecTBa HEHOCTATOYHO [J1sl CO3HAHHA OIYTUMMOTO MOHWKEHHS
YPOBHSA, MJIMHA THPJIAHOBI MELIOYKOB JOJDKHA OBITh yBeJIHYEH2 BIVIOTE 1O Beel
BRICOTHI cTONG2 BOOLI B CKBAXHHE.

Inst nosslwieduss >bdeKTHBHOCTH PAacTBOPERMsA TBepdOTo BEIlECTBa lie-
necoobpasHEl  MONepeMeHHOe OllycKaHHe H NMOMBeM THPISHALI MEUIOYKOB Ha
BCIO BRICOTY cT0nGa BOABI B CKBAXHHE.

Tlocite pacTBOpeHHA BellleCTBA B CKBaXHHE NPOM3BOOATCA 3aMephbl YpOBHA
JKHZIKOCTH: B TeeHue IepBOTO Yaca — C UHTepBanom S—10 MuH, a 3aTeM 1o yc-
TAHOBJIEHUA IMOCTOSHHOIrO (Knasncmunonapuoro) ypoBHS ~ 4epe3 30—60 mun
B TeyeHue 6—8 u.

Cocrasnsterca TabnuLa (rpadHK) 3aBHCAMOCTH TIOHM)KEHUA YPOBHS pacTBo-
pa B CKBaXHMHe S OT BpeMeHH npoBegeHus onbita ¢ . C McHoONb30BaHHEM
dyuxkouun S = (t) Bouucnserca koddpbHUUMeHT DUIBTPAUUHK IPYHTA HO
¢opmysiaM, KOTOpbIe NpHBEAEHBI B I'7. 3.

2.3. Bropolt criocoG npoBeneHUs ONMbITa, KOTOPHH UpennoyTHTeNbHEee Nep-
BOIo, XOTA ¥ 6onee TpPyAOeMOK, NpellyCMaTpUBAET HAJIHB B CKBa)XXMHY 3apaHee
NpUrOTOBJIEHHOTO pacTBopa (¢M. puc. 2,6). JlocToMHCTBO Takoro clnocoba —
B BO3MOXHOCTH IOJIYYeHHS TAXENOH XUNKOCTH HOCTATOUYHO BBICOKOH KOH-
LleHTPanyuy ¥ IVIOTHOCTH, YTO MHTeHcHHuMpyer nMponecc. Kpome Toro, B nal-
HOM CilyYae NOJNE3HO TO, YTO 3apaHee NIBECTHA ITIOTHOCTL PAacTBOPA.

HanuB pacrBopa B CKBaXXHHY OCYLUECTBIIAETCA Yepe3 ULIaHT WK TpyOy,
ONYHIEHHBIE KO [JHY CKBAaXHHBl C TaKHM pacyeToM, 4ToObl 3allOIHEHHE ee
cTBONA LU0 cHH3Y BBepX. IIpn 3TOM NpecHas Boda, HAXOOMBLIAACH B CKBaXH-
He, MOXeT ObITh BBIIUIECHYTa Yepe3 YCThe CKBAXHHBLI Ha [TOBEPXHOCTE 3eMIIN.
HanuB Tsmenod XuMAKOCTH NpoM3BOguTCA B 00beme, IIpH KOTOPOM ee ypo-
BeHb B CKBa)XXMHE MOCTHTAeT CTATUUECKOTO UMM IIPEBBILIIAET €T0.

B cnyuae oyeHb HU3KOH BOJOMPOHULIAEMOCTH OTpOGYEMEBIX TPYHTOB MOXET
6bITE BLITONHEHO NpedBapUTENIbHOE yHajeHHe NMpecHOM BONBI H3 CKBAaXKHHBI,
Halp¥Mep TaprauveMm (KeJOHUPOBaHMeM) C NOCHEOYIOUIMM HallMBOM B Hee
IPHIOTOBIIEHHOH 3apaHee TSDKeNOR )KUIKOCTH.

Bonee crporum nopxorom K NpoBedeHUIO ONBITA IO BTOPOMY CIOcoGy Mo-
XeT OLITH MpUMEHEHHe peaucTuBuMeTpHn. [Ipy 95ToM B CTBON CKBaXMHEI C Ha-
UTOR B Hee KUNKOCTHIO ODHOBPEMEHHO ¢ YPOBHEMepPOM ONYCKaeTCs Pe3UCTH-
BUMETP, BBINMOJHEHHBLIN B BHAE “KOCHI” (THPNAHOBL 9JIeKTPHYECKHX CONPOTHB-
niegmit) . ITO MO3BONAET B NpOLECcCe NPOBEIEHUA ONBITA BeCTH HaGIIIOmeHus 3a
CKOpPOCTBIO ONMYyCKaHHA IpaHMUBI Paslieria KUOKOCTeH pa3fuYHOH MHUHepanu3a-
o, Iipu stoM ompepenenne QUIBTPAUMOHHBIX MAPaMETPOB BOHOHOCHOTO
njacTa Mo COOTBETCTBYIOLIMM dopMynam (I1. 3) NPOU3BOAMTCA C YYETOM IO-
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Puc. 3. MocneposarensHOCTE NMPOBefieHUS ONMbITA B ABYX-
CJIOIHOM Hinacre
Q@ — nepeblil 37an — HAAUB 8 HUNHUI XopOowo NpoHuyde-
Mbilt caoil; 6 — BTOPOU 3Tan — HAAUE 8 08YXCAOIIHbLII
naacr; H — ecrecteennvlil ypogeHs Be3HANOPHO20 8000-
HOCHO20 naacta; Hy =Ty — Cpednull YpogeHs ePYHTOGbIX
800; X — JuameTp cK8amumbl; S 1 S,— NOHUNCHUA Ypog-
HA 8 CKSAXUHE HA NeP8OM U 8TOPOM ITARAX NPOBeAEHUA
onvita; I' — MOWHOCT HANOPHO20 GOOOHOCHOR20 NAACTA,
KyM 11 Ky My~ COOTBETCTEEHHO KOIPPuyuentol PHuasrpa-
Yuu U 8000OTOQUU HUNHE20 HANOPHO20 U GEPXHE20 0e3-
HANopHOz0 60OOHOCHO20 NAACTA; f* U J4y— COOTGETCT EH-
HO NAOTHOCTG 2PYHTOBOI 8OO U WUOKOCTIL 8 CKBANUHE

HHXXeHUST He CBOGOMHON MOBepXHOCTH XUAKOCTH B CKBAXHHE, a IPaHuilbl pas3-
nena uaKocrelt.

Bce onepauyi, BLIMONHAEMEIE NTOCIIe HATHBa pacTBOpa B CKBAXHHY, H 0Opa-
60TKa nonyueHHOM HHGOpPMallMK BHINOJIHAIOTCA B TOH e MOCNeAOBaTe/lbHO-
CTH, UTO H B NMpEeOblayLiel IocTaHOBKE OMNbIiTa, OMTMCAHHONA B 1. 2.2.

2.4.Tpu ONLITHO-HUNBTPAUMOHHOM ONTPoOOBaHKY ABYXCIOEHOTO MNacTa OULIT
NpoBoOAMTCA B ABa 3rana. CHaYana BpIMOJIHAETCH HccnenoBalue HIDKHer o Xopo-
IO TIPOHMLIAEMOTO CJi0s NpPY H3ONMPOBAHHM BepXHerc cnabonpoHHLaeMoro.
Ha BTOpOM 3Talle ocyleCTBAAETCE oNnpoboBaHHe BCEFO KOMIIEXCA IPYHTOB.
IMopapok npoBeneHuss paGoT B TaKHUX YCHOBMAX ClleAyiollui (B oTnuyHe OT
NPCAbIAYILEro, NOCie10BaTeIbBHOCTh ONepauuii ONMMChIBAeTCA 3[eCh ¢ YUCTOM
ycTpolicTsa U 000pyIoBaHUS CAMON CKBaXKHHBI) (pHc. 3):

a) mpounsBonATCA DypeHHe CKBaXHHEI U ee obcaaxa TpybBamu.

YcranvapnuBaetcs ¢puiibTp (B GOJIBIUMHCTBE CyYaeB ¢ NecyaHOH 06CHLITKON)
Ha BCIO BLICOTY CKBaxXMHBI (pHc. 3,a) ;

G) BLINONHSAETCH HANMB MPUIOTOBIEHHOrO 3apaHee pacTBOpa (KenavesibHo
1I0C/Ie TapTaHUsA CKBaXKHMHbLI) HIIM YCTaHaBJIMBAIOTCA MeELIOYKH € COJIBIO B COOT-
BETCTBUM ¢ 1. 2.2 uim 2.3;

B) NPOM3BOIUTCA Nopbem obcaiHoA TpyOri Ha BLICOTY HMXKHErO NpoHHLLae-
MOTO CJIOf, MOCIIe Yero B Hero HauWHaeTcs (uibTpalus XHOKOCTH H3 CKBa-
JKHHBL;

r) Bemercs HaOnoOeHHe 3a MajeHHEM YPOBHA B CKBa)KMHe BIUIOThL OO 0O-
CTHXXEHMS MaKCHUMAJIBHOI'O NOHWXEeHUS MDY KBA3UCTAIlMOHADHOM peXHUMeE, COC-
TaBigercad 1abnuua (CTpouTcA rpapMK) 3aBHCHMOCTH NOHMXXEHHA YPOBHA OT
spemenu © =f (%) | koropei#t ucnones3yercs nas pacera kodbduuuenta
dunbTpanuu HIOKHETO Crios (pHc. 4, KpuBas a) ;

1) Ha 2-M oTalle NMPOM3BOAATCA IONHOE M3BliedeHue o6GcamHOd TpyObl M3
CKBaXUHEl W ObICTPLIA HOBLIM Hanus (MM JOJIMB) pacTBOpa B CKBAXHUHY 110
CTaTHYECKOro ypoBHa (puc. 3,6) ;



€) Bemercsl BTOpHYHO HaOmiogeHMe 3a NajeHHEM YPOBHA BOAEI B CKBRXKHHE
BIUIOTH A0 YCIIOBHOM CTaOMIIM3aLMH PEeXXUMA M TaKXe CTPOUTCHA rpargux 3aBU-
CHMOCTH TOHIKEHHS YPOBHS XUAKOCTH B CKBaXWHE OT BPeMeHH So = F t)
(puc. 4, xpuBasA 6), KOTOPLIX BMecTe ¢ NMPEeABIAYILMM HUCNONb3yeTCs AJA pac-
yera KO3 puureHTa QUIBTpaUnMN BepxHe# cnabonpoHuuaeMod TOMUM FPYHTa
{cm. . 3).

3. METOOAHKA PACYETA ®HIbTPALIHOHHBIX TAPAMETPOB

3.1. Koaddunuent dwisTpaiuy ogHOpOOHOro BOAOHOCHOTO MiiacTa omnpe-
pensiercd 0O (popmylie, HMOIYYeHHOM Ha OCHOBe TEOPEeTUYeCKOIro pelleHHs
buneTpanuoHHod samauu (NMpui. 3) NMyTeM npeobpa3oBaHUS BhIpaXKeHHA 24
(nipun. 3), XapakTepu3yIOLIEro NOHUXKEHHE YPOBHA XUIKOCTH B CKBaXHHE HU-
e CTaTHYECKOIo:

_ L2d2
K= dgure 7 G.D
HIIM TIO ynpome}moﬂ 3aBHCHMOCTH
_ 877 d? (3.1,3)
K= 275

3peck BBENIEHEI ClIenyoInUe 0603HaYeHHUSA :

K — xoadpduunensTt GpuiisTpaluu, M/cyT;

o — pacueTHbIH KO3 hULMEHT, onpeeiAeMbIi Mo Tabn. | B 3aBUCUMOCTH
OT 3HaueHUH DYHKUMH-F (0C) ;

— NUaMETP CKBAXUHBI, M;
M — K03(pPUUHEHT BOJOOTAAYH (HEeZOCTaTKa BOJOHACHIILICHHS) ;

T — MOIIHOCTH BOJOHOCHOTO IIACTa, Iae 3ajokeHa onpoSyemast CKBaXH-
Ha, M. [Inst 6e3HaMmopHOro FrOpH3OHTA IPYHTOBBIX BOJ NpH HeGoNbLION
neopMaiMi X CBOGOQHOH MOBEPXHOCTH BeNMmuuHy T MOXCHO NpHHH-
MaTh paBHOMH BbICOTe GUNETPA CKBAKHHBI;

t — BpeMs OT Hayajla [TOHIXEHUS YPOBHS XHAKOCTH B CKBAXHHE HUXE
YPOBHA TPYHTOBBIX BOH (CTaruieckoro ypoBHs). B ciyyae pacueror
no dopmyne (3.1,a), npuMeHAeMON KOrfa HaGNIONCHHA BENYTCHA OO
AOCTIKEHHS KBAa3HCTAUMOHAPHOTO PeXHUMa, o, £ MOHUMAeTcs Bpe-
Msl, [IPM KOTOPOM PacueTHOe ITOHWXKeHHe YPOBHA B CKBaXHuHe S =063,

roe S — noHukeHue ypOBHA B CKBa)KHHe, KOTOpPOE 3aMepsieTcA B Mpouecce
OMNbITa, M.

Ta6bnuual

1,0000 0,00 0,5069 0,75  0,2554 2,00 0,1548 3,51
0,9460 0,05 0,4891 0,80 0,2451 2,10 0,1504 3,62
0,8965 0,10 0,4723 0,85 0,2356 2,20 0,1484 3,68
0,8509 0,15 0,4565 0,90 0,2267 2,30 0,1440 3,80
0,8090 0,20 0,4416 0,95 00,2185 2,40 0,1397 3,92
0,7703 0,25 0,4276 1,00 0,2108 2,50 0,1352 4,05
0,7346 0,30 0,4017 1,10 0,2036 2,60 0,1335 4,11
0,7015 0,35 0,3785 1,20 10,1969 2,70 0,1310 4,19
0,6708 0,40 0,3576 1,30 0,1905 2,80 0,1273 4,32
0,6423 0,45 0,3387 1,40 0,1846 2,90 0,1253 4,40
0,6157 0,50 0,3216 1,50 0,1790 3,00 0,1201 4,57
0,5909 0,55 0,3060 1,60 0,1721 3,12 0,1189 4,65
0,5678 0,60 0,2917 1,70  0,1696 3,20 0,1148 4,81
0,5462 0,65 0,2786 1,80 0,1638 3,30 0,1133 4,88
0,5259 0,70 0,2665 1,90 0,1613 3,36 5,04

0,1098




Oynxuna ~F (aL) onpenensiercsa No ONBITHBIM [2HHLIM B COOTBETCTBHH C
dopmynoi. _ 8
) = -1 €)

rne A= Smu, KOTOpO€e COOTBETCTBYET MaKCHUMAJIbBHOMY NOHWXeHHI0. B cnyua-
fiX KOrQa BCAENCTBHE JUIMTEIIBHOCTH Iponecca NoCTHYb Smux He NpesCTaBNIA-
eTCH BO3MOXHBIM, BenmunHa A omnpelensierca no ¢gpopmye

a-T( L ),

roe 3/,';, — pacueTHad INIOTHOCTb THKETOM KHIKOCTH; ,/ — IUIOTHOCTH BOJMI,
/M

BenuuuHa pacyeTHOM IUIOTHOCTH TsXeno# )uokocTH o NpHHUMAeETCS
cpedHell MO BhICOTE CTONOA 3TOH KHAKOCTH B CKBaXHHE U 110 BpEMEHH IIpOBe-
HeHUA ONpITA. B MOEBLIX YCIOBUAX A% MOXET ONpelenaThCcs My TeM IMOBTOpe-
HUA OIBITA C TIOrPYyXeEHHEM B TY K& CKBAOXHHY PaBHOOOLEMHOI'0 MELIOUKa C
HepacTBOPHMBIM BellleCTBOM (HalipHMep, TPYHTOM) .

Benyuuna xkoaddHuneHTa BOOOOTHAYM (HEQOCTaTKAa BOJOHACHILIEHH)
IpPyHTa YyCTAHaBAMBAeTcA 10 711a6OpaTOpPHLIM [JaHHBIM HNIH 110 pe3ynbTaraM
OMBITHBIX (GUIBTPALMOHHBIX paboT, BHINONHEHHBIX B OnH3kuX ycnoBusx. Ilpu
OUEHOYHOM XapakTepe NPOBOAMMBIX M3bICKAaHHI BeIMMHHY A7 MOXHO 6paTh
110 JIUTepaTyPHLIM HaHHBIM (Hanpumep [9]). B Tabn. 2 paHm cpenHue 3Hade-

(3.3)

Tabnuua 2

KosdpunueHT BOogooT-

T'pyHuTh navK

Necoxk:
KPYIIHO3EPHHCTBI" 0,30-0,25
cpenHe3epHHuCThIMN 0,25-0,20
MEJIKO3epHHCTHIN 0,20-0,15
TOHKO3epHUCTRIH 0,15-0,07
CynecH, cyT/IMHKH, HerKHe TIIMHb] 0,15-0,05

Hpumedanue. JNA mMUHU3MPOBAHHBIX IECKOB BEIMYHHAM TIPUHHMA-
eTcs Ha 0,05 MeHbLUE NPUBEIEHHBIX 3HaUeHHUH.

3.2, KoappuuneHT punbTpatuy BepxHeH TOAUIH ABYXCNOHHOrO Iiacra K, ,
onpobyeMOro 1o MeToguKe, ONUCaHHON B 1. 2.4, onpenenserca no Gopmyie

K _ (do —cl-z) dz P

7 164 T, t (34)

rae I: u M, — COOTBETCTBEHHO MOUIHOCTD U K03} PUIMEHT BOZOOTIAUH BepXHe-
ro cnaGonpoHuIaeMoro cnos: S .
Kak u B 1. (3.1}, 3pece Iy “Hpp “# ~F,

ol — pacueTHsId KO3 bdUUMEHT, OTHOCAIUMACA K HMKHEMY XOpOLUO
MPOHUUAEMOMY CJ/IOI0, ONpenenAeTcsA Mo pe3ynbTaTaM 1-ro atama
npoaene}mn ONbiTa TAK XK€, KakK RJIA OOHOCIOHHOIO In1acta
(n. 3.1);

— pacueTHbIt KO3DDUIMEHT, OTHOCAMMACA K OBY XCITORHOMY ILIac-
Ty, OnpeflenAeTcA MO Tabn. 3 B 3aBUCHMOCTH OT YHKHUMHK 7 Lo) .

QOyHKUUA ~Fo { ool BRMUCIAETCS 1O ONBITHBIM LAaHHLIM B COOTBETCTBHH C

dopmyno# s \
'—Fo (d—o} =( A 'i) o * (3.5)
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TaGnuna 3

0,00 0,0000 1,00 0,5724 3,00 0,2736
0,05 1,0800 1,10 0,5439 3,12 0,2653
0,10 1,0350 1,20 0,5179 3,20 0,2595
0,15 0,9940 1,30 0,4941 3,30 0,2533
0,20 0,9550 1,40 0,4723 3,36 0,2496
0,25 0,9297 1,50 0,4522 3,51 0,2407
0,30 0,8846 1,60 0,4337 3,62 0,2346
0,35 0,8528 1,70 0,4166 3,68 0,2314
0,40 0,8230 1,80 0,4007 3,80 0,2252
0,45 0,7948 1,90 0,3860 3,92 0,2194
0,50 0,7686 2,00 0,3723 4,05 0,2135
0,55 0,7438 2,10 0,3594 4,11 0,2108
0,60 0,7203 2,20 0,3474 4,19 0,2073
0,65 0,6981 2,30 0,3362 4,32 0,2020
0,70 0,6772 2,40 0,3256 4,40 0,1987
0,75 0,6574 2,50 0,3156 4,57 0,1925
0,80 0,6386 2,60 0,3063 4,65 0,1894
0,85 0,6208 2,70 0,2974 4,81 0,1840
0,90 0,6038 2,80 0,2891 4,88 0,1817
0,95 0,5877 2,90 0,2811 5,04 0,1766

3neck So — NMOHYXEHHE YPOBHA XHKOCTH B CKBAXHMHE Ha 2-M STane IPOBe-
LEHHs OIMBITa IO MeToAMKe M. 2.4; A *Smax— NOHUXKEHHE YPOBHSA, COOTBETCT-
BYyWIlee MAaKCHMATbHOMY IIOHIDKEHHIO IIpH KBa3UCTAUHOHAPHOM pEXHMe
dunvrpayun.

3.3. Pacxop >kHOKOCTH, BLITeCHSEMOW B I'PYHT HOL JieACTBHEM HOMOJIHH-
TELHOIO TMOPOCTATHYECKOrO JABIIEHHSA, IS CKBaXHHbI ¢ 06CamKoi MoXer
OLITH ofpenesieH O CKOPOCTH MOHWXeHUus ypoBHA (kpusas ! Ha puc. 4). Ha-
NpUMep, 715t HIDKHErO CI10 Ha MOMEHT BpeMeHH £, 3TOT pacXoj paBeH

] «Md2g ?
4¢, (3.6)

rae & — pacxon pactBopa (Tsxkenow >§um<0(:'m), BLITeCHAEMOI B FPYHT Uepe3
HIDKHIOK 4acTh QUIIBTPA CKBAXUHDL, M7 /CYT.
HpuTok rpyHTOBBIX BO B BepXHEM CIaGOMpPOHUIAEMOM CIIOe OlIpeensieT-
CA KaK PasHOCTb PacXofioB BOADBL, onpelesleHHbIX Ha 1-M W 2-M 3Tanax npobe-
OeHUst OTBITA. ITOT MPUTOK MOXKeT GBITh paccydTaH Ho Gopmyile
Fd2 4 o
as="7-5(% ~%,) (3.7

roe € 41 tz. — BPEMA NOHMNKEHUA YPOBHA BOALI COOTRETCTBEHHO HA |-M 4 2-M
yranax onbita ( £, > &7 ).

Iockonbky Ha oGoMX 3Tamax HelCTBYeT B HAHHOM CIIyyae OOHMH H TOT XKe
HANop, TO KOHeYHas BeNM4UHA MaKCHMAaJIBHOTO ITOHWXEHUSA YPOBHA B CKBaXH-
He [10JDKHA GBITH OIMHAKOBOM, IOSTOMY IIPOMEXYTKH BpeMeHH £, U t, 1pu-
HUMawTCA no rpaduxkam S = F () pa S =8, .

3.4. Tlpu pacuete koadduuneHTa GHUIBTPALMK I'PYHTE UeNlecoobpasHo Kc-
HONB30BATh M [BE APYIHe CTaAMH ONbITa (CM. 1. 1.2), T.e. MOBhILUIEHHE YPOBHSA
B CKBaXXHHe BBIIIE CTaTHYeckKoro (l-1 cTaaus), U ero BOCCT2HOBNeHHE (3-A
crapus) . Hnis onpepefieHKUA NapaMeTPOB B 3THX CIy4asiX MOXeT 6bITh HCIONb-
30BaHa W3BeCTHas METOAHKa 06paboTKM ONBITHBIX JaHHEBIX, NOJNYYEHHBIX IIPH
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Puc. 4. I'paduxu 3aBHCUMOCTH TIOHWXEHHS YPOBHA
XMIOKOCTH B onpofyemMoil ckBax#He OT BpeMeHH
TPOBENEHNA OLITA

1 — nepewiil 31an npogedenus onvira; 2 — 6TOpOIL
Tan NPO8eOeHUN ONbITe;, f — YPOBEHb 8 CKBANU-
He, 3amMepAaemblil HQ MOMENRT 8peMeRu T ;! Smax A~
MAKCUMANBHOE NOHUNEHUE YPOSHA 6 CKEAMUHE,
coOTgeTCTaYI0UCe KBAZUCTAYUOHAPDHOMY DPENUMY
punsrpayuu

"MrHOBeHHOM’’ HalluBe BOJbI B CKBaXHHe[5, 10], KoTOopad naer Hauboree TOY-
HbIC Pe3yNbTaThl.

Ins npubnwkeHuss pacyeToB MOXeT ObiTh UCHONL3OBaHA O0Jee NPoOCTas
METOIMKA, OCHOBaHHaA Ha IPHMEHEHNH TeX ke METONOB 00GpaGOTKH OBITHE
OaHHBIX, KOTODPBIE UCTIONB3YIOTCA NMPH NPOBeleHHH ONLITHBIX OTKavek (9, 11].
B yacTHOCTH, BO3MOXHO NPUMEHEHHe NPUBGIMKEHHBIX 3aBHCHMOCTEH, NOIyYeH-
ﬁlwh JisT KOHeYHOr'O 3Talld BOCCTaHOBIIEHUS UIIH SKCIPECC-HAIMBA B CKBANUHY

, 144,

IIpu pacuere xoadduuMeHTa GUNLTPAUMH 110 pe3ynbTaTam 1-if u 33 cramum
OIBITA MOXeT OKa3aThCcs HeoOXOOMMEIM OnpeperieHHe (UIbTPauMOHHOrO pac-
xofa. [Ing s1oro cnemyer nons3oBarhes ¢opmynamu (3.6) u (3.7), anpu 6o-
nee cTporoMm nopxone — dopmyinamu (31) u (35) npun. 3.

TMpumep 1. Ckpaxyna guamerpoM 127 MM npo6ypena B IITHHUCTBIX NECKAX
Ha rny0uHY 4 M HMXKe YPOBHJ TIDYHTOBLIX BOJ, 3a/leraioiiero Ha InyGuHe
3,6 m. Ilocne ycraHoBKM QUIBTP2 B €I'0 BHYTPEHHIOW NONIOCTh OMYLICHBI Me-
IIOYKHM C COJIBIO M BBLINOJIHEHBI 3aMephl YPOBHS XHIKOCTH, 3aBHCUMOCTb H3Me-
HEHUA KOTOPOro OT BpeMeHH, HayuHasA co 24t cragum onbita (Yepe3 25 MuH
NocIle MOrpY)XEHUs COMu), JaHa B Tabl. 4.

Ta6nunpa 4

BPCM"’Izs —{27 [35] 40 [50 |:70 [1001120 L130 Lso [200
MUH U S R SRS AN SO S A—— e

lznyﬁima, 3,60 3,90 4,00 4,104,18 4,30 4,304,23 4,22 4,13 4,10

B cOOTBEeTCTBHY C Pe3YNBLTATAMU 3aMepoOB HMeeM: Smax=4 = 4,30-3,60=
= (,70 M. PacuerHoe MOHMWXKeHHe S = stmgf, 0,6+ 0,7 = 0,42 m. Cornacuo
12651 4 5TOH BenWuMHe NpH rIyOuHe XHUAKOCTHA B cKBaxuHe 3,6+0,4 = 4,0 M
cooTBeTCTBYeT BpeMa £ =35-30 = 5 muu = 0,0035 cyt. Ko duimeHt Bosio-
OTIa4H MpHHAT mo nabopaTopHsiM gaHHeM &~ = 0,114,

Ucnonsayst dopmyny (3.1,a), nosyydM 3HaucHHe BeJIMYUHB! KO3 PuuMeH-
Ta HUNBIpAUUU
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k< L277x0,727%

Z7ix4 %0 0058 8 m/eyr.

Mpumep 2. CkpaxuHa guameTpom 149 MM npobypeHa B ABYXCIOHHOM Bo-
IOHOCHOM IutacTe. MOLIHOCTE BepXHero cnabonposntaemoro ciios 10 M, Hibk-
Hero — 2 M, Ko3bPHUHEHTL BOOOOTHAaYM ONpere/ieHbl 1a60paTOPHLIM CHOCO-
Gom s BepxHero cnost — 0,05; wis wuwxuero — 0,10: . Ilocne nposenenus
OMbITHO-)UIIBTPAUMOHHBIX PabOT MO MeTOMMKe, ONUCAKHON B 1. 2.4, MONYyYaeM
3aguc;§mocu NOHMXKEHUA YPOBHS JKHOKOCTH B CKBaXHHE OT BPCMCHHU —
tabi. 5.

Tabnuna S

Bpems, mun 0 18 54 190 180 240 300
Tny6usa,m, | 1| 1 130 | 140 1.43] 160] 1,741 1,80

Ha 3Talte 2 1 1,10 1,15 [ 1,22 [,35 1,48 1,66

———— o e e T o A —— L o T ot e e s S i e . e o e Lt g s A s e

Ty 6uHa, M, 1 1,80 1,80 1,80 11,80 1,80 1,80 1,80
Ha JTane 2 1,70 1,73 1,76 | 1,78 1,80 1,80 1,80

B COOTBETCTBHM C JaHHbIMM Tabn. 5, uMeeM Id l-ro srana: Smax =A =
= 1,80 -~ 1 =0,80m. ITpu £ = 180 mun = 0,125 cyT noHuKeHHe ypOBHS XKuJl-
KOCTH B ¢cKBaxuHe S = 1.60 — 1 = 0,60 M. CornacHo ¢opmyie (3.2}, pyHK-
s ~ £ = 0,6/0,8 — 1==0,25. [To Ta6n. | Haxopum o = 2,05. B cOOTBETCT-
BuM ¢ dopmynon (3.1) onpemendeM 3HaueHHe xos3pdHuUMEHTa GUABTPAUMHA
HMXKHETO CIOA 2 052 0,749
K= 7éx57 ngxp 725~ h00m seyr,

Hna 2-ro srama pa6GoT npu oM xe BpemeHu ( £ = 0,125 cyT) umeem S, =

= 1,35 ~ 1 = 0,35 m. Cornacto dopmyne (3.5) byuxunt-£ (o, ) =(532-1)=

=-0,275. o 1abn. 3 Haxogum olo =2,93. [lo popmyne (3.4) onpegensem
K03 PHUMEHT PUNBTPALHH BepXHErO CNOK:

(2.95-2,05)2p,4492

Ko = 1,6x0,05%10% 0,125 =019 M/’:gr.

[IpuToK rpyHTOBOR BONBI K BEepXHeH YaCTH CKBAXHMHBI B cnabompoHuLae-
MOM CJIOe onpeleNiaercda, Hanpumep, g NnoHmkennss S = 0,6 m. CornacHo
Tabn. 5, umeem %, = 180 mun = 0,125 cytn £, = 290 mux = 0,202 cyr. ITo
dopmyne (3.7) onpemensieM pacXofl BObI:

3 14%0.149* ( / /
= a PR AU
4s 7 (3755 0,202}‘

=0032m°%/eyr <0574/,
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Ilpunoxcernue 1

JxcnepuMeEHTaIIBHOE HCCTleIOBaHNE MAPOAMHAMHYICCKOTO Mpouecca,
NPOMCXOASILIETO B BONIOHOCHOM IUIACTe NpH HATIMBE B CKBAXUHY
TSOKEJIOH XMIKOCTH

JIaGoparopHoe H3ydeHHe npolecca GWILTPAUUHN TAXKENIOH HUAKOCTH B OII-
poSyembllf BOOOHOCHBIN IacT npoBeneHo B JlaGopaTopuu QuNbTPaUHOHHBIX
uccnepgoaHMi mH-ra I'uppocnenimpoext MuHsHepro CCCP xaH[. TexH. Hayk
M.®. XacCHHBIM B TPYHTOBOM JIOTKe NPAMOYTONBHOM dopmbl. JIoTOK [yiuHOM!
500, BeicoTot 240 w mmpuno# 200 MM caenaH 3 OpraHMYeCKOro CTeKsa Ha
MeTalIHIecKoM Kapkace. JIByxcnoliHad 3achlliKa JIOTKA NpefcTaBicHa HHX-
HUM XOpOIIO NpPOHHUAEMBIM IPaBUIHLEIM CIIOEM MOIIHOCTEIO 40 MM H Bepx-
HUM MeJIKOHNecyaHbIM, BOOONPOHMIIAEMOCTE KOToporo (KoahduuMesT QUIbT-
paumu OKOoNo 5 M/cyT) MeHsLie HIKHero Gonee YeM B 20 pa3. MOIUHOCTE BepX-
Hero cros 180 mm.

HamuB TAxeNoM )XHIKOCTH (HACBUIEHHBIH pacTBOp Aa € , NOAKpallied-
HBI# MapraHileBOKMCIIBIM KallHeM) HpOM3BOOWICA B Mozenk GUWIbTpa CKBa-
SKMHBI PagHycoM 15 MM, yCTaHOBJIEHHOTO B OJHOM H3 YITIOB JOTKAa. QUILTP
NMpencTaBNsAn coGoil nepopMpOBaHHYI0 aJHOMHUHUEeBYIO TPYOKy ¢ JaTyHHOH
CeTKOH TrallyHHOro ImeTeHust. Hanus npoussomwicsa no pesuHosoil TpyGxe,
KOHell KOTOpoM OvLI ONyLieH Ha JHO MOOEHM CKBaOXUHBI. B IpOTHBOIONOXK-
HOM YIJIY JIOTKA pa3sMellaJicsd Nbe30OMeTp OJi 3amepa YPOBH:A BOJEI B TpYHTe,
MOMENHPYIOLEM BOIJOHOCHBIH Inact. Jinsg GUKcHpOBaHuA NUHUHA TOKa uib-
TPAIHOHHOTO TeYeHHsA K ONHOM M3 CTeHOK JIOTKA B OT/ENbHEIE TOYKH 06macTa
¢unpTpaliuy Gulnn HopBeneHbl THOKME IWIACTMACCOBLIE TPYOKM OHAMETPOM
0,5 MM, Yepe3 KOTOphie NOHaBalicd Kpacuresb (YepHWIa), HOITOMY Ha CTEHKE
noTka Geina o6pa3oBaHa CHCTEMA TPaccooOpasylUmX MATEH, KOTOphbie B Mpo-
tlecce QWIBTPaUMH BOALI Pa3MbIBATUCh H HMH (PUKCHPOBANHCH JIMHHH TOKa U
XapaKTepU30BaJIOCh HX Pa3BHTHE BO BpeMeHU. OTaenbHble craguu GbuibTpauny
doTorpaduposanuck (puc. 5).

Puc. 5. GunsTpauMoOHHOe TeUeHHe B 'PYHTOBOM JIOTKE MpH (PUNBT-
pauun B HwiKHuMH ciofi Gonee NpoHMuUaeMOro IPyHTa TXKeNOH
KHAKOCTH (pa3sMBIBBI TpaccooOpasyiollinx MATeH MNOKa3pBaIoT
JIHHUHM TOKa)
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Habmiogenus 3a THAPONMHAMHYECKHM IIPOLHECCOM IIOKa3aly, YTO BHITEC-
HeHHMe HACBIIIEHHOTO COJIAHOI0 pacTBOpA B HH)KHHMI XOpOLIO MpPOHHIIaeMbltt
CITOM COMpoBOXAaeTcsd OIyCKaHHEM YPOBHSI BOABI B MOZENH (PHIILTPa CKBRXH-
Hbl 110 OTHOLUEHHIO K YPOBHIO BOIBI B IPYHTOBOY 3arpysKe ToTKa. BenencTue
5TOTO B BEPXHEM CNIa0ONPOHULLEMOM Clioe BO3HHKAET QUILTPALUOHHOE Tede-
HHe, aHAJIOTHYHOE MPUTOKY K CKBAXXHHE NPH OTKaYKe U3 HeC BOAbL. Kak noka-
3aHO Ha pPHC. 5, B BepxHeHl uacTu obOnactu (UIBTpaUMH B HeNOCPeNCTBEHHOMN
GIIM30CTH OT CKBAXHHBLI MMEET MECTO YeTKO BLIp2KEHHOE OCECHMMETPHYHOE
TeyeHHe C MOYTH FOPH3OHTAJIBHBIMY JIMHUAMHU TOKAa. JTO, B YaCTHOCTH, MOXeT
CRYXUTb NMOATBEPXACHUEM NPABUNEHOCTM BHIOpaHHON pacueTHOH cXeMbl, KO-
Topasi MpHHATa NP NpPOBEHeHUM TeopeTHUeckrro oGocHoBanua MTX
(cMm. . 1.1 u npun. 3).

Pe3ynuraThl 3aMepOB NOHWKeHHS YpPOBHel BOIBI B JOTKE IO HbE3OMETPY,
3aJI0KEHHOMY B TpyHTe, /4., , U B Mojenu (QUIBTPA CKBRKUHEL, Hp . B 3aBH-
CHMOCTH OT BpeMeHH QWibTpailu ¢ HaHbl B HIKechepywolueht Tabin. 6. Has-
Hble NpHUBENeHBb! 10 TPeM HAJIMB&M, CJleZOBaBIIMM ONMH 33 APYTHM H NpOBe-
HEHHBIM C Mogadcl OFHOTO W TOTO XKe KOMUUeCcTBA TAXENOH KUAKOCTH B MO-
JeNb CKBRXKHHBI, a TAKXe C BRIpaBHUBaHWEM YPOBHSA BOABI B I0TKe (DO OTMeET-
K1 — 15,0 MMm).

Kak BHpHO, yCNOBHaf CTabuIu3alMs Nmpolecca TedeHHUs (KBa3dCTalMOHAp-
Hbl#l pexxuM QunbTpaliuy) B YCIOBHSIX aGopaTOpHOTO 3KCIepHMeHTa HacTy-
HacT NOBONLHO OnicTpo (B Teuenwe 1—1,5 mun). 3170 B JaHHOM Cnydyae CBA3AHO
TAKXe U € JOCTATOUYHO BHICOKOH NMPOHHIIAeMOCTHI0 TIECHaHOH 3arpy3KH JIOTKa.

Tabnuua b

+ 1-#i Hanusn 2-# Hanus 3-#% panws
Pt e e e e e —— e e e e e e e e e e g e e
/"-P‘I He I S Hp }:Hc ‘[S —l ffrp [ Hx 5
0 150 150 0 150 150 0O 150 150 0
50 135 124 11 145 132 13 148 134 14
100 | 127 121 6 138 128 10 142 131 11
200 121 119 2 133 126 7 137 129 8
300 118 116 2 129 124 S 133 127 6
600 115 114 1 125 122 3 129 125 4
900 113 112 1 123 121 2 126 123 3
————t ———l i e e ——————

IIpumMeuahue IloHwKeHUA YPOBHSI pacTBOpa B MOJENH CKBaXHHBI,
TpHBEIeHHEIe B JJaHHOR TaGuile, OTpeNielieHbl KaK PasHocTs S = Hpp ~Fppm
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Ipunoxernue 2

XapakTepHcTHKa HEKOTOPBIX BOJHO-PAaCTBOPHMBIX
XMMHYECKHX COeIMHEHHH, KOTOpbie MOI'YT ObLITh HCHOJIE30BaHbI
NpH NPOBeAeHHH ONLITHO-(PHILTPAHORHOTO ONPOGOBAHKA
IpYHTOB ¢ npuMeHeHHem MTX

abnuna 7
N¢ | Haszpanue BogHo-pactBo- | PacTBopu-| Konuenr-{llnorsocts {Inaamuye-
ILIL| PHMOTO COeITUHEeHHA H MOCib B | paumsa, (BomHOro |ckas BA3-
ero dopMyna BOfe Nnpu | BECOBBIE [pacTBOpa |KOCTH IIpH
200C, % mpu pan- {20 °C,
BeCOBBIE HOM KOH- 3
% LIEHTPALHH, ¢
r/em
1  Xnopucrsl# kansuuh 74,5 20 1,177 1,89
Call, 30 1,282 3,6
40 1,396 -
2 Mepseit Kynopoc 20,5 10 1,107 -
CuS045H20 18 1,206
3 Xnopucrbd kanni 34 10 1,063 0,99
Kce 20 1,132 1,02
24 1,162 -
4  Xnopucrsi# marauit 35,3 20 1,176 2,74
MgCE, 32 1,293 -~
5  Topbxas comnb 26,2 10 1,103 1,86
Ma. S0, TH. 20 1,220 4,14
§50r 320 26 1296 -
6 Ilosapennas conb 36 10 1,071 1,19
Wl 20 1,148 1,535
ce 26 1,197 -
7  TI'nay6epoBsa conb 16,1 10 1,092 1,40
Na, SO 10, 0 16 1,151 -
8  Xnopen xene3a 91,9 20 1,182 -
Fe Cts 30 1,291 -
40 1,417 -~
50 1,551 -

Mprvmeyanne PacTBopumocTs (B Bec. NpoliEHTax) faHa B rpaMmax
cyxoro OespopHoro BewectBa Ha 100 r pacrBopurtensa. KoHueHTpanus B Bec.
[MPOLEHTaX — YHCII0 TPaMMOB pacTBOPEHHOTO BelliectBa Ha 100 r pacrBopa.
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Ipunoxenue 3

TeopeTnuecKae pelieHHe 337394 O QHIBTPAUMK
TAKEIION HHUIKOCTH H3 CKBDKHHEI
B BOIOHOCHBIA TUIacT*

PaccmarpuBaeTcsi ocecdMMeTpHuHasA ¢unsTpalts B OBYXCIOHHOM ILIacTe,
BO3HMKAW0ILAS IpY BHITECHEHHU U3 CKBAXHHEI B HIKHUH Gojiee NPOHHUIaEMBIi
cniolf pacTBOpa cond (TsKenol XHAKOCTH) M NPHTOKe IPYHTOBO# BOOBI K
CKBaXXHHe B BepXHeM cnabonpoHuuaeMoM cioe (puc. 6). 3a cier pasHOCTH
YHENBHOI'O Beca KUAKOCTH B CKBRKHHE Jy ¥ PPYHTOBOMU BOIBI /* BOZHHKAET
nepenag ypoBHet 4 — T (){'!5 — 1). Tlopm pgelicTBMeM NOHMKEHHA YPOBHS

XUAKOCTH B CKBAKHHE HU)XKe €CTECTBEHHOI'O YPOBHS IPYHTOBEIX BOJ, B IUTACTe
H BO3HHKAeT GuUNpIpaiinad B BepXHIOK YacTh CKBaXUHE. PasHOHampaBlieHHOE
TeYeHUe B KaXKIOM CJI0e OTAENIBHO ONKCHIBACTCA CIEAYIOIIMMK YpaBHEHHAMM

925 {1 33 as

a(F5t + o F) = Fe-; M
328 + 1 0S5) - ,

@y (§52 v T) - 532 @

I'palHWyHble yCAOBHA 3amadn:

0095 = oK oo B3 won, ¢ 2k T2k < 1; )
St =H+T-hyy S2 ’.‘/*T‘/’Lz; 32 =34, ~A . @)

HauanbHble yCoBUA:
- . - . D;%o"t 4 oo
t=0; 570, 82 ’{—A;DLmLmo‘ ®

Snech U Halee BBelleHs clienyoline 06o3HaYeHus:

Qruag; Kr kg y M B M2z — KOSHOHUNEHTH YPOBHEIPOBOAHOCTH,
GUNBTPAUMK ¥ BOJOOTHAYHM COOTBETCTBEHHO BepXHero (criaboNMpOHMLAEMOro)
¥ HUxHero (6omee NpOHKUIIAEMOTO) CII0es;

%o — PAAHYC CKBaXKHHBL;

T — MOLIHOCTE HHXHErO CII0A;

Hep— CPEOHAA MOLIHOCTS BEPXHETO CIION;
¢ — BpeMA OT Havyasnla pHIBTPALIHH.

PeliieHHe BBINOAHSIETCH onepaunougbn\gc MCTOOOM C HpUMEHEHHeM HHTer-

panbHoro mnpeobpasopauua Jlannaca S= ‘/‘5‘9"’%7_ YpaBHeHne (pUIBTPaLUK
M KpaeBbic YCITOBHA MPUMYT BHI: s

@@ + 4£3/)= P ; ©
@ (3 £.3) 0% 2
LPS 2KihyS] 2k TS5 ®
ff =Se’: Py Z""&; (9)
‘S'z = - —/Aj— +6Sf -

10

X
[IpuBeseHHOe Hudke pelueHHe 34049 BHINONHEHO 4ABTOPOM naHHwIX Peko-
MeHauKi COBMeCTHO ¢ xang. TexH. Hayk C.B. BacuiibeBbiM.
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Puc. 6. PacdetHas cxema k
TEOPETUYECKOMY pellieHHUIO 3a-
Ja4H O GUNBTPALMHK TSKENTON
KHAKOCTH H3 CKBaXKHHBI B
BOJIONOCHbIH f1acT

@y d Qg KU KaypgeiMy —
KO3 PuyuenTsl  YpoasHenpo-
800HOCTU  (NbE30NPOBOCHO-
cru}, guasbrpayuu ¥ 800007-
0auu CoOOTB8ETCTEEHHO20 GepX-
Keeo ¢aabo NpoHuUKaeMO20 U
Humne2o boaee NPOHUUAEMO-
20 cnoa; H — ecrecTseHHbll
ypoeeks eepxneeo beznanop-
HO20 BOOOHOCHO20 nNAdcCTa;
S, u S, — usmeHenus yposua
8 cKeaxune; Ay u hy — Uus-
i soocccH Y g MeHeHMble YPOS HU 2PYHTO-
 Cidcacresccaes 7777777777 gblx 600 HA PACCTOAHUU ‘¢ OT

OCU CK8AXUNDBL

/ TR PP 77 PSS 1\\‘/”\\\‘ AN/ od
i o

/ /:
L

-

—

Petuenue ypasuennit (6) u (7):

8y AL (VE ) + 8y ko (e VE. Y an

’
Sy 24,1, [u/z;)fﬁz Ko (:(,/:2) a2

Hnsa YD.OBIICTBOpeHHH IPaHMYHBEIM YcnoBuam (4) xosdpduttmentsr A4y =

= Az = 0, noaroMy HCKOMOe pellIcHHe UMeeT cliefyoluud BULL:
g . 7 . (13)
S { B{’(o (" /0:/ »
3, =8,K, (u/}z). (14)

Ucnons3ys ycnosus (10), nonyuum:
= £
BoKo (4VE, ) =B1ko (tVF) -4 . (15)

H3 (15) umeem:

2K2TA K; (*ca\/g)
B "r P[z'ﬂo V-_lko {"oﬁ) Ko(‘ﬂov— )]& 1 (16)

.c o

T ZEES K (e ) K (V) 2Tk, (VE (N E )

N3 (13) u (16) HaxonuM MOHMXEHUE H4 CTeHKEe CKBAXHHBI IpH T =7, U
npy GonslUMX JHAYCHUAX £ (ManbIX £ ) :
5| = 2 : an
o=z = 2K, hs 2K,T
Va,P(%uYP+ ~7a * Va,
[locsie nepexona ot M306paxeHull K OpUrUHaJly B COOTBETCTBHH C NPENENb-
HbIMH TeOpeMaMH TipcobpaszoBanua Hamnaca nonydum:

5,28 [f-ebe <tan (4a +4]]

(18)
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°‘r=3_""t_\f§£- <Ly =£/_'1‘L____;_ Va-t’ ($3)]
° ? 4

o ~22
TAE ¥ =4 - = =4 - =2 dz .
P¥(L) =1 - P (L) =erfe(e) =1 -erp () s ie z
Mpu GUABTPAIME TOJIEKO B HUKHHMNA CROH (BepXHMH H30MPOBaH)
oP 5y *4 %, ="2K27'32‘/.0.12 K(eWVE )= (20
=A%, +4, P By /ro(laos/%),
OTciona uMeeM Ao 1)

B P Ko (VE ) + szTV% K (CVE ) .

U nanee B cooterctBuM ¢ (14) nomyuum:

S—, _ - Ao Ko (‘ZOVE?) (22)
»11=17, "oPKo(’CoVal;){-Z/t{zv'é;WKf(‘Zo _g,z)
Tax xe, Kak pasbliic Npy OOJNBLUINX 3HAYEHUAX P (ManbX & ) UMeeM:
8 , = - Ao . 23)
2t =%o o P *Z/‘QVEZVF

Iocne nepexojia K OpHTHHANY HONMYUHM:
o

10T ke Pe3yNBTAT MOXET GbITh MomyueH u3 (18), ecu MpuHATE <4 = Oxu
Sz z.s; ~A.

Io/iyyeHHEBIH pe3ynsTaT COBNamaeT (NPU ManblX 3HadeHMAXx £ ) ¢ peuleHu-
€M 337340 O (pUNLTPANMM B IUIACT DY MTHOBEHHOM Hanube (WM OTKauKe) B
CKBaXuHY, KoTopoe (u1g mobeiXx ) mano H.U. TamawnoBeiM u B.C. lilepxy-
koBbiM [13]. U3 cpaBHeHMs ¢ 5THM peleHMEM HaXORMM KpHTepull MpUMeHU-
MOCTH IIOTIyYeHHbIX Bhille dopmydt (18) u (24):

T-9f 4. (s)

Ionyyennoe H.U. I'amatoroBbiM M B.C. llepXyKkoOBbIM acHMNTOTHYECKOE
npubrukeHve cOBNANaeT C pesyibTaToOM PaslioXeHUs B piANbl (pyHKUMAN BLIpa-
KEHUA (24):

2
Sy =-ald -51,12M L2~ 2 = 11,752 (4,»412—2/1/~
- o 3. - o ]
0,425) iz +(6/w M2 -0 425) Tou 7.26)
OuIsTpallMOHHEI PAcXo MOTOKAa COOTBETCTBEHHO B BEpPXHEM H HIKHEM
CJIOSIX OnpenenuTces U3 CIEeNyIolMX ypasHeHnH

&1 ==2TK Hewto S o, * Q@n
=2 35, ?
Bo= 20K Teo 2| 4oy, . (28)
YunreiBag (13), B u306pakeHUSIX TTONYYHM :
QA =07 T/ 29
Q,*Z//K,/zlg‘cobl Q%Kf {ozo"/a:ﬂ)‘ ( )
Tlpu ManbIx 3HaYeHHUAX '
g,-- 2ks Ta 20 K1 Hep 2oV
d P/Ez"a(‘tov‘? + 2K kg L 2K, T (30)
vay V_a:.z
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[Tocne nepexopa x opuruHany:

Az, 2 €3]
Q,=- b: (e‘eg&*{p)-d‘
3neck: — oA
A< ATeopippiaya; o= Tt @
1

b 5 (MoVE, +piYay) s p = BTE . 33)

UameHeHeHe ofbemMa BOAbI B CTBONE CKBaKHUHBI, KOTOpoe (HKCUpYeTes
B IOJIEBBIX YCIOBUAX MO KOJIEGAHNIO YPOBHS BOMBI:

A8 =8, -B,=-Tr} 951, G

noaroMy QWILTPaUMOHHBIY NPUTOK B BEPXHIOK YacTh CKBAKUHLI ONpedenseT-
CSl H3 CIIeAYIOLIETO BHIPAXKEHUS :
a8, 20M VA, p2 2 5 ¥
02=0,~ﬁz3-5§1=a,—7r13——t,—z-‘;——e -5 (th—)*
2 424 B B2, . #
tre ¢ tz"—"y—t—]=0,+2.77'zoAﬂ2 V‘Z‘z‘e i (B/F).
TonyyeHHble pelieHUA MCHONL3OBAHLI [YIA BLIBOAA OCHOBHBIX PaCueTHbIX
¢opmyn, npuseneHHsix B 1. 3 Pexomenmauuit. Tak, popmynst (3.1) u (3.2)
NoJNy4YeHbl U3 COOTHOWICHUA (24), a (3.4) u (3.5) — u3 (18); o6e — ¢ ucrnons-
3oBaHueM 3aBucumoctedt (19). Tabn. 3.1 u 3.3 cocraBileHs! B pe3yibTaTe
oGcueta popmyn (18), (19) u (24) c ucnonpioBaHueM TalyTHMpOBAHHBIX 3Ha-
YeHult GpyHKUMM, BXOOALMX B 5TH (opmyist {14, 15].

(35)

IIpunoxcenue 4

OnsITHO-NPOH3BOACTBEHHOE BHEpeHsEe METONA
TSDKEJION KHAKOCTH Ha 00beKTax HHKEeHepHbIX H3bICKanuA

OnNBITHO-NPOH3BOACTBEHHOE HCIBITaHUE M BHEIPEHHE MeTOAa OCYLIecTBIIe-
HO B Tpex pasnuyHsiX paftoHax CCCP (na 4 o6beKTax HHXKeHEPHO-TEOJIOTHYe-
CKHX ¥ THEPOreoJOrMYCCKHX M3BICKaH i) .

a) BanakoBckHil KOMOHHAT XHMHYECKOI0 BOJIOKHA
nmenn B.H. Jlenuna (CaparoBckas o6.) — uioHs 1974 1.

Ha stom o6bexte IHUHUHUCa BRINOAHANNUCH M3BICKAHHS C LeJIbI0 N3YYeHUS
XapaKTepa M NPHUYHH MONTOIUIEHUA NPOMIMNOIAaAKH KoMOKUHaTa. YCTAHOBIIEHbI
3HaYuTeNbHBIA MOQbeM ypOBHeil TPYHTOBBLIX BOJ ¥ 0Gpa3oBaHMe UCKYCCTBEH-
HOrO TEXHOICHHOI'0 BOAOHOCHOTO r'OpH30HTA. TeppHTOPUA ¢ MOBEPXHOCTH 3eM-
M CNOYeHa INIHHKCTBIMU I'PYHTaMH [e/IIOBHATIEHOTO M JIMMAHHOI'O MPOHCXOX-
[CHHUSA, NpeACTaBIIeHHBIMH B OCHOBHOM IlepeciiaMBaloUIMMHUCSA U B3aHMO3aMe-
IHAOLMMHUCA FIIMHAMH U CYTIIHHKAMH C TOPHU3OHTAILHBIMY [IPOCIIOAMH M OT-
AenbHLIMHU NMH3aMHK CyneceH, a TakXe NbINeBATLIX B MeJIKHX MECKOB.

Hanuspr 6bu1M npousBelieHbl B cKBaKHMHax N° 137 u 138, 132 u 102. Taxe-
0¥ KHAKOCTBIO ABJIAJICA HAChILEHHBIR pacTBOp NoBapeHHOH (cronoBoity co-
nM ¢ KoHueHTpauueR 260 r/n. Beero npoBeneHO 4 ONBITHBIX HANMBA, KOTOphIE
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IIPOM3BOIMIUCH ¢ 3alOJIHEHMeM OGBbeMa CKBaKWHBI B¢ CTATHYECKOI'O
YPOBHA.

OneiT KPOBOMIIICA B cleAyiolliel TOCHKEeIOBATENbHOCTH:

1) BBINONHANMACH OTKAYKa BOIBI M OYMCTKA (MCEJIOHHUPOBAHHE) CKBAXUHEL;

2) 3aMepAnHck PaxkTHYeCKHE pa3Mephl CKBAXMHBI (10 3a6os) , 0TOHpanuck
PpOGEI BOMKI;

3) npousBonuwics MIHOBEHHBIN™ HalUB pacTBOpa C 3allOJIHEHMEM BHYT-
peHHelt [MOJIOCTH CKBAXHUHBI;

4) OCYLUECTBIAIMCH 3aMePhl H3MEHCHHA yPOBHA BOAbI B CKBKHUHE BIIOTH
IO BOCCTAHOBIICHHS CTaTHYECKOI'O YPOBHS;

5) oT6GHpanack npoda BOALL.

Pe3ynbTarbi 3amMepOB IO JBYM CKBaXHHaM INpHBeJIeHEI Ha rpadguKax
puc. 7, ToHmKeHus ypOBHS Hipke CTaTHdeckoro i ckBaxud N? 137, 138 u
132 coctaBunu cooTBercTBeBHO 37, 35 1 47 cMm.

TpoBenenttle B BanakoBe omeIThI TOHTBEPXKAAIOT, 4TO MPU HCHONb30BAHHU
METOMa HANKBA TAXKEIIOMN KUAKOCTH UMEIOT MeCTO TpM CTaUH:

1. TlosnxeHne ypOBHA XUOKOCTH B CKBaXXHMHE [0 CTaTU4eCKOTro, NPOHCXO-
DAliee OCNe “MIHOBEHHOrO’ HanmuBa (3a cyeT pa3’HOCTH ypOBHSI HaJIUTOH B
CKBaXUHY XHIKOCTH M CTATHYECKOIr'O YPOBHS BONRI, T.e. Hanopa, AelcrBymo-
LLlero 8 NONOJIHeHHe K AaBlIeHUI0, CBA3aHHOMY C YTsDKelleHHeM BOIbI B CKBa-
K¥He 10 CPABHEHMIO ¢ TPYHTOBOM BOHOH) — pe>kKMM HallMBa.

2. IloHMxeHUe YpOBHS BOIL B CKBaXXHHE HMIKE CTaTWYECKOTro, BO3HUKAIO-
uie¢ BCIeACTBHE BO3NEHCTBHA TONBKO Pa3HOCTH BEJIMYMH YOENLHOr0 BECa UM~
KOCTH B CKBXXUHE M BOOBI B TPYHTE — PEKUM OTKAYKH.

3. Mogbem ypoBHSA BOObl B CKBaXWHHE O ero cTaGMiM3alny Ha CTaTHYe-
CKOM YPOBHE — PE&XHM BOCCTAHOBJICHUS YPOBHA BOEL

KoHieHTpauusi pacTBopa colu B CkBaxuHe N 132 rocne npoBegeHHus OIbI-
 v:| cocraB/ima 66,6 r/n, a B ckBaxxune N? 138 — Taxike mocse ApOBENEHH ONbI-
1a — 26 r/I.

6) HponssoacreerHoe oGbeauHeHue "Anarur”
(KupoBckast o65. cranuusi XuGHHBI) — HOMb—aBryct 1976 r.

Ha sroMm ofbsekte [THHMUMCa BEINONHAMUCE HMHXKEHEPHO-TEOTIOIHUSCKHE
M3BICKAaHUA C LENLI0 M3yYeHUs] NPOYHOCTHBIX W JPYTHX CBOWCTB HaMBIBHBIX
rpydroB nam6 obpasioBaHus XBOcToxpaHunumia Anaruro-Hudenunosoit o6o-
raTurensHOM dabpuxu N2 2.

C nomoupR 3T0ro crnocoba BHINONHEHO OMLITHO-QUIBTPALMOHHOE ONpo6o-
BaHHe TIecYaHbIX TPYHTOB (XBOCTOB) YYacTKa IUISDKHOH 30HBI XBOCTOXPaHMIIM-
wa. OmpeneneHde (QHUNBTPALUOHHLEIX CBOWCTB IPYHTIOB OCYIIECTBAANOCH C
MpUMeHeHHeM MeToaa Tshkenol xunkoctd. [Ipu sroM paGoThl MpoOU3IBOAUIUCE
B Cllenylolell DoCeNoBaTeNEHOCTH !

1. Buimonuanock 6ypeHue (KaHATHO-yIAapHBIM CIOCOO0M) CKBAXHHBI TITy-
GuHON 6—7 M ¢ 06cagHBIMU TpyGamu guamerpoM 127 Mm.

2. B ckBaXuHe YyCTaHaBIuMBalach (QUIRTPOBasg KOJIOHHA, COCTOALAA H3
1py6 muamerpom 108 MM M ¢unbrpa nuamerpom 89 MM U pnuHOM 1 M.
QunsTp 6511 0GOPYIOBaH ATYHHOR ceTKOH Ha NPoBOIOYHOH 06MOTKe, pasmep
syefixu cerku 0,05 Mmm.

3. Hocne 3amepa cTaruuecKoro YpOBHSA IPYHTOBBIX BOj, B CKBaXHMHY OCY-
ulecTBASANCA GBICTPBIH (YCIOBHO MTHOBEHHEIH) HaluB [0 Bepxa TpyGBl Tsxe-
solt xupkoct. B kayecTBe mocienHel Owl1 HCMOIs30BaH 34-NpoUEHTHLIN pact-
Bop Xnopucroro kanbuua (Ca Cfy) , mpuMcHAEeMBIY B KaUeCTBE pPEareHTa Ha
Anaruro-HudenuHoBoH (pabpuke f npotecce oforaweHus pyabl. YOenbHbilk
Bec pacTBOpa cocrasnser 1,4 rfcm>2.

4. Tlpouecc omyckaHusi YPOBHA XHUOKOCTH B CKBaXHHe (UKCHPOBAICA ¢
NpUMeHEHHEM JJIeKTPOYpOBHEMepa B TedeHHe 23 cyT.

5. IToHmwkKeHHe YPOBHA KUAKOCTH B CKBROXKUHE HiDKE €CTECTBEHHOIO YpOBHA
IFPYHTOBBIX BOJ, NMPOMCXOHsllee 32 CYET PA3HOCTU ITIOTHOCTeH THAXENOH xum-
KOCTH H BOMbI, coctaBuino 0,25—-0,7 M.
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Puc. 7. Peaysbrars npoBeAeHHst OHbITHO-DWILTPALUMOHHBIX paBuT MeTOAOM
IAKETON HUIIKOCTH Ha 0ObeKTAX U3bICKaHUN

@ — 2. banaxogo (KomOuHat ucKyccréennozo 80aokna), cxe. N 138; 6 — ro
ne cke. N° 132; @ — e. Kupoeck (Anaruto-nueaunosan gabpurxa N° 2,

cke. N° 75a; 2 ~ e Tyaa (lpodunaxropuli xomb6aitnogozo 3a800a),
cke. N° 8 0 — 10 me, cxe. N° 8a; e — e.dllexuno (runoepagusi), cxe. N° 4;
1 — nousenno-pacturenduvili caol; 2 ~ 2auHa NAOTHAR ¢ NPOCAOUKAMU

necka; 3 — necox meaxuil; 4 - cyeauHok TY2ORAACTUYHBL ¢ NPOCAOHKEMU
necKa
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B pesynbrare BLINOJIHCHHBIX paboT NOJtydyeHbl 3aBHCHMOCTH CKOPOCTH 1O
HWXXCHUSL YPOBHS B CKBaXHHC, C IPUMCHCHUCM KOTOpBIX onpcliclicH
koshduumerr Guibrpauun 8 pasmepe 0,95 m/cyr (HallpuMep, JUIS CKB.
N? 75a). bmusku#t x Jro# BejMuMHE pe3ynbrar M KOHTPOJIBHLIC olipeacie-
Hus Kos(duuHeHTa Quibrpairn 8 nabGoparopHom npnbope “rpyGra Cuen-
reo”, BLIOJIHCHHbBIC HA06Gpa3ue  ecTecTBeHHOro cnoxerus (0,87 m/fcyT). Bee-
ro GbLUIO HPOBCIICHO JLECATH OTIPpCUC/ICHUN,

B) O6bexTht HivicKannii Tpecta TynaTHCH3:
Mpodunaxtopuii koMb6aitnoBoro 3asoaa (Tyna)
H llexknnckas Tunorpadun
(WexuHo, Tysnbckast 0651.) — Hionb 1978 1.

Ha o6vexTe “TlpodmiiakTopHit” BBITOIIHAINCE HHXCHEPHO-TCOIIOMMYCCKUC
H3bICKaHMA MO/l KOPNYyca XHIIBIX 3[aHull ¥ KOMMYHabHbiX cnyx6. Teppuro-
PHA CIIOXKEHA JICTIOBHAIBHBIMH CYTVIMHKAMH ¢ [ICCYAHBIMH MPOCIIOAMH, CHITBHO
06BOHEeHHbIMH, YPOBEHb 'PYHTOBBIX BOJL HOCTHI'AET MOBEPXHOCTH 3¢MIH.

Ha o6bexre "lexutckan tunorpadua’ u3bicKaH{A BHIIONHSAIHUCD C UE/bIO
UCCIICOOBAHHUA NMPONECCa CAMONIOATOIUICHUA. TeppruTOpHs TaKXKe CIIOMCHA CyI™-
JIMHKaM#, KOTOPbIC CHJIBHO YBJIaXXHCHbDI.

OnbITHO-PUIBTPAUHOHHbIC paGoThI MPOBCILeHbl HA TEX KE NHIOLAJIKEX H3bIC-
kauu#, e 1pecrom TynaTHUCHU3 npumceHsuicst MeTop 3apsXcHHOIO Tela
(M3T). B cocras pabor M3T BXojMT norpyxeHuce B olpoBycMy0 CKBaOXHHY
MeEILOYKa ¢ CONBI0 W HAabIIOIICHHE 32 WIMCHCHUCM B I'PYHTC DCKTPUYCCKOLD
CONPOTUBIICHUS TIPY PACTEKAHUM & HCM CONAHOTO PACTBOPA.

Coctas paGot npu OpPOBCIEHUM ONBITHO-GHIBTPAUMOHHOI'O onpoGoBaHus
MCTOLOM TAXEJION XMUIIKOCTH /1A JAaHHBIX YCnoBuit Obil cliefyiolLmMM:

1. B pahee npo6GypCcHHYIO CKBaXUHY Ha IN1yOUHY, paBHYIO HOJIOBHHC cToNGa
Boobl B Hel, Tak xe kak g M3T, onyckanach AOMELCHHA% B MCUIKOBHHY
NMOPUMUA MOBAPEHHOH coJi Becom 3—4 KI.

2. [llpou3BogniMCh 3aMephl YPOBHA XHIKOCTH B CKBAXHHC C ITOMOLILIO
IICKTPOYPOBHCMEP2 (B TCYEHHMC TIEPBOTO Yaca ¢ uHrepsasiom S—1() mu, 3a-
TCM, CClM CTabuIIM321MA YPOBHA B CKBKHHC HEe HACTYTIMNA — cite 15--30 Muu)

3. BoimonHsiock NOJICBOC U3MEPCHUE TIOTHOCTH NPOG XKUHAKOCTH, OTOHpac-
MOH #3 CKBaXHHbBI, C MOMOLWBIO apeoMcTpa (IMIOTHOCTL COCTaBlANA
1,015-1,035 r/em?).

4. Bouucnsucsa Ko3gduuueHT GuNbTpauuu IPYHTOB.

Pa6oTbl 661 NPOBeEHeHbl Ha YeThIPEX CKBaXHWHAX 00beKTa HHXKCHEPHO-TE0-
normyeckux u3vickauuit TIpodunaxropuit” womGalinoBoro 3asona » Tyne
¥ Ha OJHOH CKBaXcuHe Ha TEPPUTOPHH PeKOHCTpyupyemoi runorpagpunu B lle-
KHHe.

Onpo6oBaHHble CKBaXUHbI AuamerpoM 150 MM Gbliin 3amoxeHbl B cnabo-
NPOHMLAEMBIX NMOKPOBHBIX CYIJTIMHKAX C BKMIOYEHHUAMH ICCUAHBIX M TJIHHMC-
TBIX NUH3 ¥ 0pocioes, Hekortopele pe3ynbTaThl NPOBCASHHBIX OIBITOB [aHbI
Ha rpadbukax Hapuc. 7e—~7e. BeBa3n  co cnaboii BOJOIPOHKIAEMOCTbIO IPYH-
108, HeGOoJbIION HAOTHOCTLIO pactBOpa M Mano#t rRyOMHON CKBaOXUH MOHWXKE-
HUe YPOBHA B HUX OKa3AJ10Ch HE3HAYMTENTBHBIM.

OOwas cBoKa pe3ynbTaTOB YaCTH ONBITOB, MPOBENIEHHBIX METOAOM THXE-
NOH XUIKOCTH Ha pasHeIX o6keKTax, NpuBeAeHa B Tabn. 9.

Kak BuaHoO, BelMUMHBI MaKCUMAITBHOTO MOHMXKEHUS YPOBHSA B CKBaXHHax
S, NOCTUTHYTOTO 3a BpeMs NPOBEIeHUA ONBITA, JOCTATOMHO Belukyu (BO BCs-
KOM CJIyYyae OHH COU3MEpPUMbI ¢ I'MyGHHOM cToNGa XHUIKOCTH B CKBaXKHHE).
[onyuentibie pe3ynpraThl onpejencHus koshouuyerta GuibTpaLyi MeTonOoM
TAXKENOH >XHIKOCTH YOOBJIETBOPUTEIBHO COBIIAfAlOT ¢ BCIHMYHHAMYU K, Onpe-
OeSieHHBIMH ¢ NpUMcHeHMeM ONbITHBIX oTkayek (bamakoso, Tyna) wnu ppy-
[HX TPaMUuMOHHBIX cnoco6oB (B Kuposcke—naGoparopHsie ONpeerneHust).

IMo paHHBIM, MOJIyYeHHBIM MpU HPOBEXECHUM NONEBBLIX UCCNENOBaHHNR, BhI-
YUCNEHB! pa3Mepbl 30HLL ("rpyuin’”) pacrexands TOKeROH KUAKOCTH B IPYHTE
(puc. 1), koropsle npuBeneHst B 12611, 10.
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Tadbnuia 8§

ot N® cren [‘leGMHa[ Bpems nipoBeycuust |Makceu-  {[norHocrs
Obwercr, N crepwrubnl | Lo en OlbITA MajibHOeE |acmikocTy,
Hbl, M mem e e o OHMKE- /M
HayaJIo KOHell  |Hue
para, nara, YpOuBHSA
4—MHH Y—MMH |BOJIbI B
CKBaXH-

_J HE, CM
______________________ e e
[Ipodpunaxkropmit xkom-

GaltHoBOTO 3aBOfA
(Tyna) ; ckBaXKUHa:
Ne 8 2,3 4/Yyli, 5/¥11, 9 1,006
12—-10 16—45
N2 8a 1,95 11/V11, 1i/¥Yl, 3 1,021
14-55 19-30
N9 1,92 13/Y1], 13/¥1l, 8 1,027
12-55 16-50
N 10 0,80 27/Y1l, 28/¥11, 3,5 1,020
14—-40 12—-40
Tunorpadus (llexune), 3,80 6/VYIl, 7/Y11, 8 1,009
CKBaXcHHa N? 4 11-55 09-30
Ta6nuwua 9
OBbEKTbI
Ku-
poBck| _ballakoso Tyna _
IPYHTBI B
XapaKTePHCTHKH |~ —— = —— — = e — e
CKBAXHH, pe3y- [Mell- |MiMHA C erYaHbIMU CYITIMHKH
JILTATHI ONIBITOB  |KO- IpocnofkamMu
3ep-
HHC-
ThIE
nec-
u
__________ ~ i _
IT'nyGuHa, m 2,4 4,2 3,65 2,0 3,8 1,9 1,90 0,80
JuameTp, MM 89 89 89 52 150 150 150 130
N? cKBa)>XMHBI 75a 137 138 132 4 8 9 10
S nax® 6,70 0,37 0,35 0,47 0,08 0,09 0,08 0,04
JlnurensHoOCT 1,10 350 2,50 23,0 12,0 3,3 4,3 22
omnbITa, T
¥:no popmyne 0,95 0,03 0,03 0,007 0,62 0,14 0,32 0,36
3.1)
o onbitHbIM oT- 0,87 0,08 0,08 ~ - 0,29 0,29 0,29

KaukaM M [ipy-

MM METOIaM

Koappuupenr 0,11 0,08 0,08 0,08 0,09 0,06 0,06 0,06
BOA0OTAAYMM



TaGnuua 10

O6beKT 0 K, /'/, /29, ’ d{ » dpy c, Crraxs
CKBa- m/cyT M M M M M M
MHUHBI

g 75a 0,95 240 0,10 0,089 044 0,17 0,39
g 776 0,04 540 0,10 0,089 0,65 0,28 0,61
e
8 0,14 1,90 0,50 0,150 0,29 0,07 0,22
8a 0,11 1,95 0,50 0,150 0,30 0,07 0,22
g 9 0,48 .L,79 0,50 0,150 0,28 0,07 0,21
oy 10 0,48 080 0,50 0,50 0,30 0,08 0,22
4 0,65 1,oo 0,50 0,150 0,27 0,06 0,20

B 1a6n. 10 kxpoMe YK€ M3BeCTHBIX BBeIOeHbI ClledyoliMe HOBble 0603Haye-
Hasi: by — nnvia GUIBTPA CKBAXKHHB! (BBICOTA CTONI0a pacTeKaHUA XHIKOCTH
32 CTEHKO} CKBaXHMHBI); 9p ~ CpedHHH AuaMeTp 30HBI pacTeKaHuA (cM.
wpuc. 1,a); % — cpenHss riyGHHa NPOHMKAHUS TSAXeNol XUIKOCTH B IPYHT;

Lo MAKCHMaNbHAA TTIyOUHA NPOHHKAHUS.

Kax BHMIHO, 30Ha pacTeKaHMA THKENON >KMIKOCTH 3aBHCHT, BO-TEpBbIX,
OT MIyOuHBEL (U COOTBETCTBEHHO 00BbeMa) CKBAXHHBI M, BO-BTOPBIX, OT BOAO-
NPOHHLIAEMOCTY I'PYHTOB.
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