I'raBa 1

HAYYHBIE OCHOBBI
SAKAHUYNBAHNSA CKBAJKUH

WHKeHepHBIA TOAX0/] K 3aKAHUYNBAHNIO CKBAYKUH OCHOBBLIBAETCA
Ha HAYYHOM OIIMCAHUM IIPOIIECCOB B3aMMOLEMCTBUA TEXHUUYECKUX
CPEJICTB C BHEIIIHEH Cpefoii, KOTOpOe HEeBO3MOKHO 0e3 IITMPOKOro
IIPUMEHEHUs METOJ0B MaTeMAaTUKM, MEXaHUKN, (DU3UKOXUMUM, I'e-
0JIOTHH, TeO(PU3UKY, CTATUCTAKNA U APYIUX HAYK. Be3 OCHOBHBIX
CBeIeHUl Psfa HAYUYHBIX JUCIIUILINH HEBO3MOMKHBLI BRICOKOKAUECT-
BEHHOE IIPOEKTHPOBAHNE U Peaju3alus IMIPOIECCa CTPOUTEILCTBA
CKBa’KWH, a TeM 00Jiee COBEPIIIEHCTBOBAaHNE TeXHUKHU U TEXHOJOTUU
OypeHUA.

1.1. SAEMEHTBI HE®@TEITPOMBICAOBOY TEOAOTUU
N ®N3UKHA ITAACTA

Teonornueckas nadopMaIiia SBIAETCA OCHOBOM pPeIlleHNns IpaK-
TUUYECKH BCeX 3aJay IPU IPOEKTHUPOBAHUMN U YIPAaBJIEHUU IIpOIec-
caMU CTPOUTEJNHCTBA CKBAXKMH. XapaKTePUCTUKHU IOPOJ U IIJIACTO-
BBIX (DJIIOMIOB, IPOXOAUMOT0 CKBasKMHOM paspesa BO MHOTOM o0yc-
JIOBJIUBAIOT BHIOOP [TOJIOT, OYPOBOTO PACTBOPA, METOIOB BCKPBITUA,
BBI30BA IPUTOKA U IP.

1.1.1. ®U3UKO-MEXAHUYECKUE CBOVICTBA
ITOPOA-KOAAEKTOPOB

He@dTs 1 ras aKkKyMyJaupyIOTCA B TPEIUHAX, OPaxX U IIyCTOTAX
TOPHBIX IOPOZ. ITophI IJIACTOB MAaJIbl, HO MX MHOTO, M OHM 3aHAMAIOT
o0beM, nHorga gocrurarinuii 50 % obirero oosema mopoa. Hedrs u
ras oOLIYHO 3aKJII0OUEHEI B IECUAHNKAX, IECKaX, U3BECTHAKAX, KOH-
rjioMepaTax, KOTOpbIe ABJISAIOTCA XOPOIIMMK KOJIIEKTOPAMM K Xa-
PaKTepPU3YIOTCS HPOHUIAEMOCTBIO, T.€. CIIOCOOHOCTHIO IPOIIYCKATh
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yepes cebs durounpl. ['IMHBI TaKiKe 00J1aJal0T BHICOKOI IIOPUCTOC-
THI0, HO OHU HEJOCTATOUYHO IPOHUIIAEMBI BCJIEJCTBUE TOTO, YTO CO-
eIVHAIOIINEe UX IOPHl W KaHaJbl OUYeHb MaJbl, a (uionn, Haxonxd-
IUiCcA B HUX, YIEPIKUBAETCA B HEIMOJBUKHOM COCTOSHUY KaIlnJI-
JIAPHBIMY CUJIAMHU.

ITopucToCcTh 3aBUCUT B OCHOBHOM OT pasMepa u GOpMBI 3epeH,
CTeIleHU UX YIUIOTHEHUS U HeOJHOPOJHOCTH. B mMaeaJbHOM ciydae
(oTcopTHMpPOBaHHBIE OAZHOPOLHEIE TIO PasMepaM cepuyuecKkue 3epHA)
IIOPUCTOCTb He 3aBUCUT OT PAa3MEPOB 3€PeH, a OUPeNesAeTcs WX
B3AMMHBIM PACIIOJIOMKEHNEM U MOJKET M3MEHSThCA B mpepenax 26—
48 % . IlopucToCTb €CTEeCTBEHHOU ITecuaHoil IMopoabl, KaK IIPaBUIO,
3HAUUTEJIbHO MEHBIIe MOPUCTOCTH (PUKTUBHOrO I'PYHTA, T.e. I'PYH-
Ta, COCTABJIEHHOTO M3 IIapO00pa3HBbIX YaCTHI] OJUHAKOBOIO pa3Me-
pa.

IlecuaHmMKY U W3BECTHAKU MMEIOT ellle 0ojiee HUBKYIO IIOPHC-
TOCTh M3-38 HAJWYMUS [[EMEHTHPYIOIero marepuaia. Hamnbosbimnas
MIOPUCTOCTh B €CTECTBEHHOM I'DYHTE IIPUCYIa MecKaM W TJIMHAaM,
mpruYeM OHa BoapacTtaeT (B oTauyue OT (PMKTUBHOrO T'PYHTA) C
yMeHbIIIEHEeM pasMepa 3epPeH IIOPOJbI, TaK KaK B 9TOM CJydae UX
dopma craHOBUTCSA Bce 0OJiee HEIPABUJILHOM, a CJI€J0BATEIbHO, U
YIaKOBKa 3epeH — MeHee II0THON. Huke mpuBeseHa mopucTOCTh (B
% ) 0J1sT HEKOTOPBIX IIOPOJ.

TUIMHUCTDBIC CIIAHIIBL vuvvurverenreneeneeneenennennen 0,5-1,4
TUIAHBL «vuveenennnnnnnn. . 6-47
ITecku ....... 6-47
TIeCYaHUKHT ..ovvnvnnennnnnnnn. .. 3,56—29
V3BECTHAKHI U JOJTOMUTBL..ueureneereneesanannens 0,5-33

C yBesmueHMeM TJIyOWMHBI BCJEACTBUE IIOBBIIIEHUA ABICHUS
TIOPUCTOCTh TOPHBIX IOPOJA OOBIYHO CHUKaeTca. IlopucTocTh KOJI-
JIEKTOPOB, Ha KOTOPbIe OypPAT SKCIIyaTaIlMOHHBIEe CKBAYKWHBI, U3-
MeHSIeTCs B CIeyIonuXx npegenax (B % ).

TIeCUAHUKHT «.vnrnrnrnnnnns . 10-30
KapOoHATHDBIE TIOPOIBL «euvevenrenrneenernnnennnns 10-20

KapOouaTHbIe IOPOABLI XapaKTePU3YIOTCA OOBIYHO HAJIUUYUEM
TPEIUH DPA3JIUYHBIX PasMePOB U OIEHUBAIOTCA KO03(hPUIIMEeHTOM
TPEINHOBATOCTH.

OnHa 13 XapaKTePUCTUK TOPHBIX TOPOJ] — IPAHYJIOMETPUUECKUT
COCTaB, OT KOTOPOr'0 BO MHOI'OM 3aBUCAT Apyrue (pusuuecKue CBOM-
crBa. Ilog 9TUM TepMUHOM MMOHMMAETCA KOJIUYECTBEHHOE COepIKa-
HUe B IIOPOJie PA3HBIX II0 pasMepy 3epeH (B % mJaA KaskIol ¢Gpak-
nun). 'panyIoMeTpudYecKuil coCTaB CIIeMEHTHPOBAHHBIX ITOPOJ OII-
penesnsieTcsA IMOCJe UX MPeABAPUTEIBHOTO paspyinenus. I'paryJio-
MeTPUUECKUi COCTaB TOPHBIX ITOPO] B U3BECTHOII Mepe XapaKTepu-
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3yeT X IPOHUIIAEMOCTD, IIOPUCTOCTD, VAEJbLHYIO IIOBEPXHOCTH, Ka-
MMUJLISIPHBIE CBOMCTBA, a4 TAKMKEe KOJUUYECTBO OCTAIOIIECSa B ILIACTe
He()TU B BHUE ILIEHOK, IIOKPHIBAIOIIUX IIOBEPXHOCTDL 3epeH. I'pany-
JIOMETPHAYECKHM COCTABOM PYKOBOJICTBYIOTCA B IIPOIlecce dKCILIya-
TaIMU CKBAKUH IIPHU Iog00pe (PUILTPOB, IIPEJOTBPAIIAIOIIUX IIO-
CTyILIEHHE IIeCKa, 1 T.J. PasMep 3epeH OOJbIINHCTBA He()TEeHOCHBIX
mopop koJsedsercsa oT 0,01 go 0,1 mm. OgHAKO OOBIYHO IPU M3yUe-
HUU I'PAHYJIOMETPUYECKOI'0 COCTABA MOPHBIX IIOPOJ BBHIAEJIAIOT CJIe-
IYIOIIVie pa3MepHbIe KaTeTopuu (B MM):

TalbKa, IIEOEHD ..cvvvieeenrneeneneanenns >10
TPABHH cuevvnrnenrnnneeeereneneenenenennnns 10-2
ITecok:
TPYOBIM cvveneeineneneanenenenennenenns 2-1
KPYIHBIA .. 1-0,5
CPeIHUM .... 0,5-0,25
B (01029 1, SO 0,25-0,1
Anespoaut:
V(N 829 7% 1 SO 0,1-0,05
KDYITHBIH teveneereneneeneneneenencnenns 0,05-0,01
TJIMHUCTBIC YACTHIIBL veuveererneennnns <0,01

Yactumnsr pasmepom npumepHo g0 0,05 MM m X KOJMUECTBO
(B %) ycraHaBIMBAIOT METOJOM pacceBa Ha HabOpe CUT COOTBETCT-
BYIOII[ET'0 pasMepa ¢ IOCJeAYIOIIMM B3BEIINBAHMEM OCTATKOB HA
CUTAX W OTHOIIEHWEM HX K IIepBOHAUaJILHOU mpobe. Comep:kaHue
6oJiee MEeJIKUX UYaCTUIL OTIPeIeIsIeTCsI MEeTOAAMU CeIUMeHTaI[UN.

HeogHOPOIHOCTD TOPOST IT0 MEXaHUYECKOMY COCTABY XapaKTepu-
3yeTrcd K03 GUIUeHTOM HEOZHOPOIHOCTH k, — OTHOIIIEHNEM JAraMe-
Tpa yacTur, (paKIuu, KOTOpas COCTABJIAET CO BceMu 0ojiee MeJIKU-
vu ppaxmusavu 60 % 1o Macce OT Bcell MAcChI IIECKa, K JUAMETPY
yacTuil, (PpaKiiuy, COCTABISIONIEN co BceMu 0ojiee MeJIKUMHU (PpakK-
nuamMu 10 % mno macce or Bceil Macchl mecka (dgy/dyo). Hasa
“abCoJTIOTHO” OTHOPOAHOIO IIECKa, BCE 3ePHA KOTOPOTO OJMHAKOBHI,
K03GhPUIMEeHT HEOTHOPOTHOCTH B, = dgy/d o = 1; k, Iya mopon Hed-
TAHBIX MECTOPOKIeHMNMN KoaebeTcs B mpemenax 1,1-20.

C110cOo0HOCTh TOPHBIX IIOPOJ MPOIYCKATh Uepe3 ceds KUIKOCTU
¥ rasbl Ha3bIBAGTCS MPOHUIIAEMOCTHI0. Bce ropHBIE MOPOABLI B TOM
WY MHOM cTeneHu nIpoHunaeMbl. Ho mpu onpeseeHHBIX Iepenagax
JaBJIEHUS OLHU MOPObI HEIIPOHUIIAEeMbI, IPyTue MPOHUIlaeMbl. Bee
3aBUCUT OT CO3J4aBAeMOT0 Iepemnafia JaBJIeHUA PasMepoB COOOIIa0-
IUXCcA TOP M KaHAJOB B mopoje (UeM MeHbINle IMOPhl U KaHaJbl B
TOPHBIX IIOPOJAaX, TeM HHUKe UX IIPOHUIaeMOCTh). OOBIYHO IIPOHMU-
1[aeMOCTb B IMEPINEeHAUKYJISPHOM K HAIJIACTOBAHUIO HAIIPABJIEHUN
MeHBIIIe eT0 IPOHUITAeMOCTH BAOJIb HAILJIACTOBAHUA.

ITopoBbie KaHa/bl OLIBAIOT CBEPXKANMWIIAPHBIMU, KaIAJJIAP-
HBIMU 1 CYOKATIMJIIAPHBIMHU. B CBePpXKaNWMIIAPHLIX KaHaIax, Aua-
MeTp KOTOpbIX 6osee 0,5 MM, JKUAKOCTH IBUIKYTCA MO 3aKOHAM T'H-
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IpaBInKH. B KanmIapHBIX KaHamax nuamerpom ot 0,5 m1o 0,0002
MM TOPHW ABMKEHUU KUIKOCTEHN CYIIEeCTBEHHO IIPOABIAIOTCS IIO-
BEPXHOCTHBLIE CUJBI (IIOBEPXHOCTHOE HATSKeHNe, KalWJLIAPHbIe
CHJIbI IPWJINIIAHUS, CIEILIEH!UA U T.A.), KOTOPbIE CO3IAI0T IOIIOJI-
HUTEJbHBIE COIIPOTUBIEHUA JBUKEHUIO JKUIKOCTH B Ij1acTe. B cy0-
KamWJIAPHBIX KaHajJdax, uMelonux amamerp menee 0,0002 mwM,
TMOBEPXHOCTHBIE CUJIBI HACTOJIBKO BEJUKH, UTO IBUIKEHUS B HUX
JKUAKOCTU IPaKTUUECKU He mpoucxoauT. HedTaHble u ra3oBbIe T'0-
PUB0HTHI B OCHOBHOM MMEIOT KANUJJIAPHbIE KaHAJIbI, TITUHUCTHIE —
CyOKaINIIAPHBIE.

MeKay MOPUCTOCTHIO U IIPOHUIIAEMOCTHIO TOPHBIX IIOPOZ IIPH-
MO 3aBUCUMOCTHU HeT. IlecuaHble IacThl MOTYT MMETh IIOPUCTOCTh
10-12 % , HO GBITH BEICOKOIIPOHUIIAEMBIMU, & TJIMHUCTHIE IIPU TIOPHU-
ctoctu 10 50 % — ocTaBaThCA IPAKTUYECKU HEIIPOHUIIAEMBIMHU.

I ogHOI 1 TOH Ke MOPOABI TPOHUIIAEMOCTh OyAeT N3MeHATHCA
B 3aBHCHUMOCTH OT KOJIMYECTBEHHOI'O0 M KAaYeCTBEHHOI'O COCTaBa IIO-
IBMIKHBIX (pa3, TaK Kak II0 Hell MOTYT ABUTaThCSA BoAa, He()Th, ras
uiau ux cMecu. I1osToMy IJiA OLEHKM IPOHUIAEMOCTH HedTecomep-
JKaIuX TOPOJ IPUHATHI MIOHATHA: abcooTHaA (usuueckas), (-
dexTuBHAA (ha30oBaA) U OTHOCUTEIbHAA TPOHUIIAEMOCTb.

AbGcoumtoTHada (pusuyuecKas) MPOHUIIAEMOCTh OTpeeasaeTcsa P
IBU)KEHUM B TOPHOM ITOpoze onHoi (asbl (rasa miau OJHOPOIHON
SKUIKOCTHU IIPU OTCYTCTBUY (PUBUKO-XUMHUUECKOTI'0 B3ANMOAECTBUSA
X C IIOPUCTOMH Cpemoil M MPU MOJHOM 3aIllOJHEHUM UMU IIOP IIOPO-
IIBI).

AddexTuBHAA (hasoBasd) IPOHUIIAEMOCTb — 9TO IIPOHUIIAEMOCTH
TIOPUCTOM CPeabl IJiA MaHHOTO ra3a MWW JKUAKOCTU IIPU COAepIKa-
HUHM B IOpax APYroil ;KUAKOHM MIM raszoo0pasHoii (aspl. PazoBas
MIPOHUITAEMOCTDb 3aBUCUT OT (DU3NUECKUX CBOMCTB MOPOIBI U CTEIIeHN
HaCBIIIIEHHOCTH €e KUJKOCTbIO 1IN ra3oM.

OrHOCUTeJIbHAS IIPOHUIIAEMOCTH — OTHOINeHHe 3(P(EeKTUBHOMK
IIPOHUIIAEMOCTHU K (DM3UUECKOI.

3HaunTe bHAS YacTh KOJIJIEKTOPOB HEOTHOPOAHA II0 TEeKCType,
MUHEPAJIOTUYECKOMY COCTaBY M (DU3MUYECKUM CBOICTBAM II0 BEPTHU-
KaJau W Topu3oHTadu. MHorma o0HApy:KMBAIOTCS CYIIeCTBEHHEBIE
pasnuuns PU3NUeCKUX CBOMCTB Ha HEOOIBIIINX PACCTOAHUIX.

B ecTecTBEeHHBIX YCIOBUAX, T.€. B YCIOBUAX AEMCTBUA AABICHUHA
¥ TeMIIepPaTyp, MPOHUIAEMOCTh KePHOB MHAasd, YeM B aTMOC(hepPHBIX
YCJI0BUAX, YACTO OHaA HeoOpaTHMMa IIPM CO3ZAaHWM B JlabopaTopuu
ILJIACTOBBIX YCJIOBUIA.

WMHorga eMKOCTb KOJLJIEKTOPA U IMIPOMBIILIEHHBIE 3amackl HedTH
¥ rasa B ILJIacTe ONPeIeIA0TCs 00beMOM TPeIUH. ITU 3aJeKU IPU-
YPOUeHEBI, TJIABHBIM 00pa3oM, K KapOOHATHLIM IIOPOIaM, a MHOTIa —
K TepPUTEeHHBIM.
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OOBLIYHO CTPOTOIf 3aKOHOMEPHOCTH B pacipelesieHUHd CHCTEM
TPEIUHOBATOCTHU II0 3JIEMEHTAM CTPYKTYP, K KOTOPLIM HPHUYypOUe-
HBI He(DTe- U ra30CoepiKaliye 3aJIeKu, He Ha0IogaeTcA.

KoshdumueHT MPOHUIIAEMOCTH IJIA TPEITNHHBIX KOJJIEKTOPOB

k, =85 000b%m,,

rae b — paCKpBITOCTH TPEIMHEI; M, — TPEINHHAA IIOPUCTOCTH B IO-
JISX eTUHUIIBL.

I onpenesieHNs TPEITUHHOMN MTOPUCTOCTA IPUMEHAIOT METOIEI
ndyueHnsd nuInd)oB, U3MePEeHUA 00'beMa TPEIIUH IIYTEeM HACBIIIEHU
KepHa JKUIKOCTIMU U IP.

IIpu sxkcoayaranuy HeTAHBIX U Ta30BBIX MECTOPOKIEHUI B II0-
poze 00BIYHO IPHCYTCTBYIOT ABe Mau TPu (asbl OJHOBpPeMeHHO. B
ATOM CJIydYae IIPOHUITaeMOCTb TOPOIbI /IS KaKoM-HUOYyAb OmHOM (ha-
3bI BCerZla MeHbIIe ee abCOI0THOM mpoHuItaeMocTu. C yBeInueHrueM
COIEePyKaHUA BOALI B IIJIACTE IIPOHUIIAEMOCTD €ro AJs He)TH CHUMKA-
eTcsl, U IIPU BOJOHACHIIIIEHHOCTH, COCTaBJAONIIel npumepro 80 % ,
IBUIKeHUe Hed)TU IIpeKpalaercs.

ITox ymenbHOM ITOBEPXHOCTHIO YACTHIL MOPOABI IIOHUMAIOT CYM-
MapHYIO ILJIOIIAAE IIOBEePXHOCTH YACTHUIL B eIUHUIEe 00beMa ITOPOIEI.
IIpu mIoTHOM YKJIAAKE MEJTKUX YACTHIl MTOPOALI MX yaeJbHas II0-
BEPXHOCTDH JOCTUTAET OOJBINNX 3HAUeHWH. [leiicTBUE MOJEKYJIap-
HBIX CHJI, aICOPOIIMOHHAS CIIOCOOHOCTE IMTOPO/ ¥ HAJIUUYME CBA3aHHOMN
BOJBI 3aBUCAT OT YIEJbHOI ITOBEPXHOCTH CMaUYUBAHUS TOPHBIX IIO-
POA *KUAKOCTHIO TP HAJUUYUKN OT'POMHOI0 KOJMYECTBA KAIUJLIAP-
HBIX ¥ CYyOKAMMMJIJIAPHBIX TIOP 1 KaHAJIOB B IIJIacTe.

IIpencraBienue o pasMepax ILJIOIIAAM ITOBEPXHOCTH KaHAJIOB
¥ IIOPp MOYKHO COCTABUTH II0 ILIOIIAAY IIOBEPXHOCTA (PUKTUBHOTO
IPyHTA B equHUIE 06beMa. Ecau B 1 M moponbl npuHATL n — 4uCIO
MEeCYNHOK, f — IJIOIaAb MOBEPXHOCTU OJHOM IMEeCUMHKHU, V — 00beM
MeCUNHKMU, M — IOPUCTOCTh, d — AHMaMeTp MHeCUMHOK, TO Oyaem
MeTh

f=nd®>;V=nd®/6;n=(1-m)/V.

Torga cymMMapHas ILIOIAAb IOBEPXHOCTeH TecunHOK B 1 M Top-
HOI TOPOJBI

Senfe=m o 6(1—m3)nd2 _6a-m)
nd d
IIpu m = 0,2, d = 0,1 MM cymMMapHas IJIOIaAbL S =
=48 000 m? /M3,
IIpu nuamerpe necunuok meuee 0,1 MM 3HaueHue S OyzeT cTpe-
MUTEJIHHO BO3PACTaTh; TOTa KOJUYECTBO He()TH, TOJLKO CMaunBa-
I0IleH 9Ty IMOBEPXHOCTb, COCTABUT BeChMAa CYIIECTBEHHBINH 0O0HEM.
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9ra He(Th 6e3 JOMOJHUTEIbLHBIX BO3IECTBUI HA IJIACT HEe M3BJIEKa-
ercs.

YaenbHas MOBEPXHOCTL WMEIOIUX IIPOMBIIIIEHHOE 3HAUeHUEe
HedTerasocozep:Kalux Mopon Koaediaerca B mpegenaax or 40 000
10 230 000 m? /m3.

s OIeHKM YyAeJIbHOH IIOBEPXHOCTU UYACTUI[ CYII[eCTBYIOT
pasiauuHble MeTOAbI, OOJbINIasg dYacThb KOTOPBIX OCHOBaHa Ha
IIPOXOXKIEHUY 3aMepPsIeMoro o0beMa BO3IyXa uepes3 oOpasel] cooT-
BETCTBYIOIIUX Pa3MepPOB IIPU HEKOTOPOM ((PUKCHUPOBAHHOM) Tepe-
mmaje JaBJeHUSA B T€UEeHNEe BPEeMEHH!, KOTOPOe MMOAJIEKUT OIpeeie-
HUIO.

Ilns TpakTHUYeCKUX Iiejiell yeabHAs IIOBepXHOCTH (B M2 /M°)
HedTecomepKaIIUX IOPO MOYKET ObITh OIleHeHa 110 (hopMy.Jie

S, =7-10°mm/E, (1.1)

Tie m — HOPUCTOCTD, AOJY €JUHUIBI; B — KOaGUIIMEHT IPOHUIIAe-
MOCTH, MKMZ.

HawubGosnbiiee 3HaueHe M3 MeXaHUUYECKUX CBOMCTB T'OPHBIX IIO-
POz AJist 6ypeHuss UMeIOT TBePAOCTh, IPOYHOCTh (IpeAebl IPOUHO-
CTH Ha C)KaTue, M3rud, paspbIB, CKOJI, CABUT U Ap.), YOPYTOCTh,
ILJIACTUYHOCTh, XPYIKOCTb.

T'opubie mOpoaEl, MMeEOINEe YKa3aHHBIE CBOMCTBA, COIIPOTUBIIA-
IOTCA BHEJIPEHUWIO B HUX PaspyIIapInero MHCTPyMeHTa U paspyIie-
HUIO; IIJIACTUYHOCTL IVIMH U CcOJiell o0bAcHAeT “BoITeKaHue”’ uUxX B
CKBa’KUMHY; HeJJOCTATOUHAA IIPOUYHOCTb CKeJleTa IJIacTa IIPUBOIUT K
€ero TUAPOPAa3pPhIBY, PaspylIeHWIO0 IIOTOKa u T.A. IlmacTuuecKue
CBOMICTBA TOPHBIX IOPOJ eIlle HeAOCTATOYHO M3YUeHbI, OTHAKO Me-
XaHUKA Pa3pyIIeHUs TOPHBIX IIOPOJ YiKe 00JiaflaeT HEKOTOPHIMU
3aKOHOMEPHOCTAMHU, ITO3BOJSAIONIMMU HUX YUYUTHIBATH, UTO BecbMa
Ba’KHO IIPY 3aKAHYUBAHUYM CKBAYKWH U UX IOCJEAYIOIIEN SKCIIya-
Talluu.

Yupyrue cBoiicTBa (B COOTBETCTBUU C 3aKOHOM ['yKa) oleHuBa-
I0TCA KO3DGUIIMEHTOM OOBEMHOH YIPYTOCTH IIOPUCTON Ccpembl
(8 1/I1a):

ﬁ:AVnop/(VOAp)’ (1.2)

rae AV,,, — u3MeHeHHe o0beMa IOp KepHa IPU M3MeHeHWH IaBJe-
Hud Ha Ap; V, — 00'beM KepHa.

IroT K03 PUITMEHT XapaKTepU3yeT OTHOCUTEJbHOe (IO OTHOIIIe-
HUIO KO BCEMY BBIJIEJIEHHOMY 3JIEMEHTY 00'hbeMa IljIacTa) U3MeHeHIe
o0beMa IIOPOBOTO IIPOCTPAHCTBA IIPU W3MEHEHUM [JaBJIEHUS HAa
1 MITa. [Isia HedTecomep:KaIuX IIJIACTOB 3HAUEHNE 3 USMEHAETCA B

mpegenax (0,1+2)-10™* 1/MIIa, T.e. Ha Kaxmerii 0,1 MIla ymeHB-
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IIeHUs JaBJieHusA O0BbeM IIOpP B IIOPOJe M3MeHsAeTCA B Ipejeax
1/330 000 — 1/50 000 cBoero mepBoHAYAIHLHOTO 3HAUEHU.

OpHa u3 BayKHEUIITNX T'e0JIOTUYEeCKUX XapaKTePUCTUK — IIJIaCTO-
BO€ JIaBJIEHHE, CO3IaBaeMoe B II0PaX IOPOILI IJIACTa BOHOI, He(THIO
uay razoMm. OHO HA3LIBAETCS TaKIKe BHYTPUILIACTOBBIM JAABICHUEM.

HNmetoTes 3ayexu, rae gaBiaeHue GJIIOUI0B IPEBHIIIAeT 00BIYHOE
(61uskoe K ruapocraTuueckomy) B 1,3 — 1,6 pasa u make mocTura-
eT TOPHOTro AaBieHuA. Takoe HaBIeHNe Ha3bIBAIOT aHOMAJIBLHO BBICO-
KuM miactoBeIM gasienueM (ABIII). B cayuae ABILI :xugkocTh
WJIY ra3 B IOPOBOM IIPOCTPAHCTBE IIOPOJ ILIACTA HAXOAUTCA YACTUY-
HO ToJ AeticTBueM ropHoro pasienus. Ha ABIII] okaswkiBaeT BiIusA-
HUe TaK’Ke MOBBIIIeHNE TeMIIePaTypPhl OKPY Kalomux mopoa. B cay-
yae 3aMKHYTOTO pe3epByapa OHO MOKeT OBITh OUeHb BHEICOKUM. Ko-
JUYECTBO He(DTAHBIX U ra3oBhIX 3aje:keit ¢ ABIIIl Ha raybuHe m0
3500-4000 M cpaBHMATEJILHO HEBEJIWKO U He mpesbimraeT 10-15 %.
IIpu manpHeliIIeM yBeJWUYEHUU IVIYOMHBI comep:kanue (QIIONIHBIX
crorteruii ¢ ABIIJL Bospacraer. Ilo mepe pocta riayOMHBI 3ajera-
HUA a0COJIIOTHOE JaBJIeHNe B IIJIACTe IOBBIIIIAeTC .

OTHOIIIeHYE TIJIACTOBOTO JABJEHU P, K JaBJIEHUIO CT0JI0a Ipec-
HOM BOJBI p, HA JaHHOM riyOMHE TMPUHATO HA3BIBATH KO3(hUIMEH-
TOM aHOMAJIbHOCTH:

A = Pua/ Py (1.3)

MsBecTHBI MIACTHI ¢ KO3(DDUIMEHTOM AHOMAJIHLHOCTU, PABHBIM
1,5—2,0 u BoImte. OueHsb YacTo IIpU OYPEeHUU CKBAKUH BCTPEUAIOTCS
ILJIACTHI C TOHWKEHHBIMY AaBiaeHuaMu (a < 1).

Hpyras BaskHaA XapaKTePUCTHKa — ILIacToBadA TeMmieparypa. C
TUIyOMHOM TeMIepaTypa pacTeT, U B CPEJHEM BTOT POCT COCTABJIAET
npumepso 1° Ha 33 M. OgHAKO ONBIT OYPEHUST CKBAXKUH IOATBEDIK-
[aeT CyII[eCTBeHHbIe OTKJIOHEHUS OT CPeJHUX 3HaueHuii. B mpoiiec-
ce MUPKYJIANNU OYPOBOTO PACTBOPA TeMIIepaTyphl IO CTBOJIY CKBa-
JKUHBI HECKOJIBKO BhIpaBHUBaioTcA. TeMnepaTypHbIi (hakToOp BeCh-
Ma BasKeH IpHU BbIOOpe OYPOBBIX M TaMIIOHAYKHBIX PACTBOPOB, IPU
UX XUMUYECKO 00paboTKe. OH OKa3bIBaeT BINAHNE HA MHOTHTE TEX-
HOJIOTHYECKUE IIPOIIECCHI IPY 3aKaHUYUMBAHUY CKBAYKWH.

1.1.2. COCTAB ITAACTOBBIX ®AIOMAOB 1 MUHEPAANBALIVA
ITIOA3EMHBIX BOA

IInacToBnie BOJBI OKa3bIBAIOT BeCbMa CYIIeCTBEHHOEe BJINAHINIE Ha
KadyeCTBEeHHBbIE€ 1 KOJIMYEeCTBEHHEBIE IIOKa3aTeJIn pa6o'1‘ IIpu yI‘J’IY6JIe-
HHNU CTBOJIAa, KPEIlJIEHNU U IIEMEHTHUPOBaHUU He(bTHHI:IX 1 ra30BbIX
cKBasKkuH. [l1acToBble BOABI — IIOCTOAHHBIE€ CIIYyTHUKU He(p'reraso-
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BBIX MeCTOpOsKAeHUi. OHM UrpaoT OOJIBIIYI0O POJIb B IOMCKAX U
pa3paboTKe 3aJieKell yIiIeBOJOPOLOB.

Bopa paznuuaercsa 1o HaJIWYWIO PACTBOPEHHBIX B Hell IpuMecel
u coseii. Ilo TemmepaTrype BOIBI IEIATCSA Ha XOJOMHBIE, TEIJIbIE,
ropsiuve M oueHb ropaumne. TemmepaTypa BOAbI CYII[eCTBEHHO BJIUA-
€T Ha KOJIMYeCTBO COJepKaIuXCcsa B Hell coseil u rasos. Ilo mososke-
HUIO OTHOCUTEJIHFHO He()TETa30HOCHBIX TOPU30HTOB ILJIACTOBYIO BOAY
OTHOCAT K KpaeBoll, MOAOIIBEHHO! BOJe; OHa OLIBaeT BepXHeil,
HIDKHeH, IorpeOeHHOM (PeJIMKTOBOI), HaXOQAIIelcA HEIlOCPeaCT-
BEHHO B He(PTSHOM ILIACTE M OCTAIOINENCA HEeHOABUMKHON IPU IBHU-
skeunu HedTu. CosreBoil cocTaB BoA B HE(DTAHOM ILJIACTe HEOOUHAKOB
[IJIsI BCeX YacTeil CTPYKTYPHI.

IIpu n3ydeHUY MJIACTOBBIX BOJ AJIA XapaKTEePUCTUKU UX CBOICTB
IIPUHATO OUPERESATH OOIIYI0 MUHEPAJM3alluio BOABI U €e KeCT-
KOCTb, COEePKaHNe IVIaBHBIX IIeCTH NOHOB, pH, nmioTHOCTS, 3anax,
BKYC, IPO3PAYHOCTh, [IOBEPXHOCTHOE HATSI)KEHHUEe, a TAKIKe IIPOBO-
IUTHh aHAJIN3 PACTBOPEHHBIX Ia30B — 0AKTEPUOJOTMUYECKUIN MU MU-
KPOOMOJIOTUUECKHUIA.

OO61aa MUHepaJIu3alusa BOABLI BhIpAKaeTCA CYMMOM coOJepIKa-
ITUXCS B HEHl XUMUUECKUX 3JIEMEHTOB, UX COeNUHEeHU u razoB. OHa
OIIEHMBAETCA TI0 CYyXOMY (MJIU IJIOTHOMY) OCTATKY, KOTODBIN IOJIY-
yaeTcs Iocje BBIIApUBAaHUS BOAbl Hpu Temieparype 105-110 °C.
Ilo KoMMUeCTBY CYXOro OCTATKa BOABLI Pa3gessAloTCsA Ha IIPecHbIe
(comep:kaume coJeit < 1 r/xa), ciaabocosonoarsie (1-5 r/i), coo-
HoBarsie (5—10 r/x), conensie (10—-50 r/a), paccoas (= 50 r/x).

T'naBHBIE XMMHUUYECKV€ KOMIIOHEHTHI B IOA3E€MHBIX BOJAX: XJIOP-

voH Cl”, cynbdar-uon SOi', rugporapoonarusii HCO; u xap6o-

HaTHBINA CO? VIOHBI, & TAaK)Ke MOHBI IIeJIOUHBIX U IeJIOUYHO3EeMeJIb-

HBIX METaJLIOB U oKcuzaoB (marpua Na', xkamemua Ca?’, marmma
Mg?"), sxenesa Fe u SiO, (B KoJTouaHOM cocToAHNM). B Bome pac-
TBOPAIOTCA a30T, KMCJIOPO, VIJIEKUCJIBINA Ira3, cepoBogopon u T.n. B
HacCTosAIllee BpeMA HPUHATAS (POpMa XMMUUECKOr0 aHAJN3a BOIBI —
noHHasi. Tak KaK MOJIEKYJIBI COJIeli B pacTBOpe pacrajarTcs Ha Ka-
THOHBI ¥ AHUOHBI, T€ U APYTHe NOJI’KHBI HAaXOQUTHCSA B 9KBUBAJIEHT-
HBIX KOJIMUecTBax. [Jifd mepeBoja Pe3yJIbTaTOB aHAJIN3a BOJbBI, BbI-
Pa'keHHBIX B MOHHOM (hopMe, B 9KBUBAJIECHTHYIO, CJAeAyeT KOJuue-
CTBO KaXKIOT0 HaliIeHHOTro 9jieMeHTa (B MT'/JI) pa3fieIuTh Ha ero 9K-
BUBAJICHTHYIO MAacCy. OKBUBAJIEHTHI MOHOB MOT'YT OBITh BBIPAKEHBI
TaKsKe B IIPOIIEHTaX OT CYMMBbI aHMOHOB ¥ KATMOHOB, KasKAasd cyMMa
aHWOHOB M KaTUOHOB npuuHuMaeTtcs 3a 50 niau 100 %.

Has mom3eMHBIX BOf He(TErasoBBIX MECTOPOKIECHUIN Xapak-
TEepPHO TOBLINIIEHHOE colep:kaHue mona, 6poma, Oopa, aMMOHUA U
BOIM3Y HePTAHOM 3a1e:Ky — Ha)TEHOBBIX KUCJIOT. 110 XMUMUYeCKOMY
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COCTaBy 9TO OOBIYHO XJIOPUIHO-KAJIbIEBO-HATPUEBHIE PACCOJIBI C
ob1ieit muHepasusanueit 50 r/x u Boime. Boabl HeGTAHBIX MeCTO-
POMKAeHUI OBIBAIOT KWCJBIE U IIeJOYHBIE THUIPOKApPOOHATHO-
HATPHEBOr'0 ¥ MHOTIA XJIOPUIHO-CYIb(hATHO-HATPUEBOI'O COCTAaBa.

IIpu orieHKe MOA3E€MHBIX BOA (/i MUTAHWSA IIApPOBBIX KOTJIOB,
XO03AMCTBEHHBIX IleJiell 1 T.1.) claeayeT oOpallaTh BHUMaHue Ha JKe-
CTKOCTH BOJbI, IO KOTOPOIl ITOHMMAIOT CBONCTBO BOABI, OOYCJIOB-
JIEHHOE COJlep:KaHmeM B Hell coseit Kambiua u marausa: Ca(HCO;),,
Mg(HCO;), CaSOH, CaCO;, CaCl,, MgCl,. PazanuaioT »KeCTKOCTb
00IIyI0, XapaKTepuayIollyoca npucyrcrsuem coJseir Ca u Mg, mo-
CTOAHHYI0, 00YCJIOBJIEHHYIO comep:kaHueM coJeit Ca u Mg, 3a mc-
KJI0UeHneM OMKapOOHATOB, M BPEMEHHYIO, OIpenessdeMyio HaJu-
ymeMm OuxapbounaToB Ca u Mg. BpeMeHHasA »KECTKOCTb BOJIBI MOJKET
OBITH HalifleHa IT0 Pa3HOCTU 00IIeli u mocTodHHoM. Kunauenas Boga
XapaKTepU3yeTCA TOJIbKO IOCTOAHHOM KecTKOoCThI0. [To O.A. Ajek-
CHHY, IIPUPOIHBIE BOABI II0 KECTKOCTH Pa3AeJIATCS HA CIeIyo-
III¥e TUIIBI: OUeHb MATKUE, YMEPEHHO KeCTKHue, KeCTKUe U OUeHb
JKecTKue.

B cBsa3u ¢ GoabHIMM pasHOOOpasueM HPUPOAHBIX BOJ MHOTHMU
HCCJIeIOBATENIAMY OBLIN MPENJIOKEHBI Pa3JINYHbIE CUCTEMBI KJac-
cuUKaIY BOJ Ha OCHOBE Te€X WY WHBIX IPUSHAKOB. BOJIBIITMHCTBO
KJaaccupUKaIni OCHOBAHO HA XMMUYECKOM COCTaBe IPUPOIHBLIX BOJ
¥ KOJIMYECTBEHHBIX COOTHOIIEHUSX MEXKIY OTIeJbHBIMU KOMIIO-
HEHTaMH! PACTBOPEHHBIX B BoJe BellecTB. Hambojee MHTepecHBIE
KJaccuduranuu npeangokensl B.U. Bepuaackum, B.A. Anexkcan-
poBbiM, B.A. CynunabsiM, [Taasmepom.

B ocHOBY Kiaccudpukanmum miacToBbIX BoJ, no Ilaasmepy, moso-
JKEHO COOTHOIIIEHNE B BOJE KOJIMYECTB MOHOB II€JIOUYHBIX METAJIJIOB
K'uNa' (a), noHOB mesouHo3eMenbHBIX MeTastos Ca?" + Mg?t (b)
¥ aHMOHOB CUJIbHBIX KucyaoT Cl™ (d).

B 3aBucuMocTu OT mpeobJaJaHus TeX MJIN WHBIX HMOHOB B BOJE
ITanbmep paszesdeT Bce BOABI HA AT KJIACCOB:

d<a

d=a
a<d<a+b
d=a-+b
d>a+b

st xapaKTepUCTUKY KauecTBa BOJbI UCIIOJIb3YIOTCA IIIECTh II0-
KasaTeJseii: MepBUYHAA COJIEHOCTb, NEPBUYHAA I[EJIOYHOCTH, BTO-
pUYHAA COJIEHOCTH, BTOPUYHAA IIEJOYHOCTH, TPETUUYHAS COJIe-
HOCTH, TPETUUHA TeJIOUYHOCTD.

B coorBeTcTBUM ¢ KIaccuduKaiei mpupogusix Box mo B.A. Cy-
JUHY, IPUMEHsIeMOU B He(pTerasogo0bIBaioIeil MPOMBIIIICHHOCTH,
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nocJieJHUE TOAPAa3AesAIoTCsA Ha YeThIpe NeHeTHYeCcKUX Tuma: I —
cyabharHo-HaTpueBble; II — ruapoxkapboHaTHO-HaTpueBble; 11T —
xJiopmarauensbie; IV — xjop-KanbnueBbie. I[IpuHAIIEKHOCTE BOIBI
K OIIpeieIeHHOMY T€HEeTUYEeCKOMY THUIY YCTAHABJIWBAIOT II0 OTHO-
IIeHUI0 9KBUBAJIEHTOB OTAEJHLHBIX NOHOB.

CorylacHo KJjaccuuiKaiuu ITpUPOSHBIX Boxa 1o B.A. Cynuny,
KasKIbIM TUI BOZ IOApasfesseTcd Ha Ipynmbl: A — ruapoxap6o-
HaTHBIE, B — cyabdarubie, B — xsmopunasie. I'pynmner, B cBOIO oUe-
pelb, IoopasmeasaioTcsa Ha KJIacChl U NOArpynIsl. Boabl oTHOCAT K
oIrpe/ieJIeHHOH TPYIITIe W MOATPYIIIle Ha OCHOBAHUY OTHOIIIEHUA 9K-
BUBAJIEHTOB OTAEJLHBIX MOHOB.

B GonbIIMHCTBE IIJIACTOBBIX BOJ COZEPIKATCSA AHWOHBI U MBLIA
Ha(TEHOBBIX U KUPHBIX KUCJIOT, (heHOJBI U a30TCOAEPIKAIINE KIUC-
JIOTHI.

1.2. TEOOU3NYECKNE METOABI NCCAEAOBAHNS
CKBAJXUH

IIpumMeHUTEIBHO K 3aKAHUMBAHUIO CKBAYKUH HCCJEJOBAaHNE WX
reopU3NUYECKUMHU METOJAMU OCYIIECTBJIAETCA B CJHENVIOININX Ha-
IIPABJIEHUAX: U3YUYEHNEe I'e0JIOTMUYECKOro paspesa CKBAKUHBI; U3Y-
YyeHNe TeXHUUYECKOI'0 COCTOSHWSA CKBAYKMH; IpoBegeHue mepdopa-
I[MOHHBIX, BAPHIBHBIX U IPOUYNX PA0OT B CKBAYKIHAX.

TexHUUECKOe COCTOSHNE CKBAYKUH KOHTPOJUPYIOT C IIOMOIIBIO
KOMILIeKca CJIeIVIOIUX reou3nIeCKUX MEeTOI0B:

VHKJIUHOMETPHUA — oIpelesieHre NCKPUBICHUS CTBOJIA CKBAMKWH;

KaBepPHOMETPHS — YCTAHOBJIEHME AUMaMeTpa CKBAXKHH, pasmepa
KaBepH, PaCHINPeHNN U Cy:KeHHUIi CTBOJIA;

npoduaeMeTpus CTBOJIA — YCTAHOBJIEHNE IPOPUIA CEeUeHUA
CKBaKUHBI;

KOHTPOJb 3a IIeMEeHTHUPOBAHUEM CKBasKUH — OIpeesieHre BLICO-
THI TTOAHEMA TAMIIOHAYKHOTO PACTBOPA B 3aKOJIOHHOM ITPOCTPAHCTBE,
IIOJIHOTEI 3aII0JIHEHUS IIOCIeAHero IeMeHTHBIM KaMHeM Y HAJIUYMA
KOHTaKTa IIeMEHTHOI'O KaMHs C 00CaJHOII KOJOHHOM M CTEeHKOH
CKBAXKHMHBI, HAJWUYMNSA ¥ HANPABJICHHOCTH BO3MOXKHBIX KAHAJIOB B
3aKOJIOHHOM ITPOCTPAHCTBE CKBAKMHBI (yKasaHHbIE IIOKa3aTeIu
IeMEeHTUPOBAHUS OMPEAENAI0TCS TepMoOMeTpuei, aKyCTUUYeCKUM U
PagrnoaKTUBHBIMU METOIaMMU);

npopuiaeMeTpus o0CAAHBIX KOJOHH (IOCJe MX WNCTUPAHUS II0
BHYTPEHHEMY AHUAMETPY);

oIpefieJieHIIe MECTOIIOJOMKEHUA HJIEeMEHTOB TeXHOJOTNUYEeCKOH
OCHACTKHU Ha 00CaaHO0M KOJIOHHE 1 MEeCT ee HapyIleHnii, MeCT IIPUTO-
KOB U IIOTJIOIIEHUWM JKUAKOCTH B CKBa)KMHAX, MECT 3aKOJOHHOM
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TUPKYJIAINY JKUIKOCTU, a TaKXKe Pe3yJIbTaTOB I'UApopa3phiBa Ija-
CTOB, YPOBHSA KUJIKOCTU B CKBAXKHAX;

BBIABJIEHIE MECTOIIOJI0XKeHUA My(TOBBIX COeIUHEHNI U TOJIIIN-
HBI 00CaIHBIX KOJIOHH, a TaKJKe 30H nepdopamnuu;

yCTaHOBJIEHUE I'JIyOMHBI BOJOIOTJIONMIAIONINX T'OPU30OHTOB U 3a-
TeM KOHTPOJb 3a 3((PeKTUBHOCTHbI0 HEKOTOPHIX METOJ0B MHTEHCHU-
duxkanuu 1o6pray HeTH U Ta3a u ap.

CumraeTcs yCTaHOBJIEHHBIM, UTO MEXAY (PUBUUECKUMU CBOMCT-
BaMM I'OPHBIX IOPOJ (3JI€KTPUUECKUMM, PAJUOAKTUBHBEIMU, TEILIO-
BBIMU, MAaTHUTHBIMH U T'a30-, Hed)Te- U BOJOHACHIIIEHHOCTHIO) CY-
IIEeCTBYIOT KOJIWYECTBEHHbIE CBA3U, KOTODbIE II03BOJIAIOT IIpUMe-
HATHh reopusuvdecKue MeTOJbl MCCJIeJOBaHUA IJId WU3yYeHUS KOJ-
JIeKTOopcKuXx cBoiicTs mopox (B.H. [laxHOB).

KpaTtrasa xapaKTepUCTUKA OCHOBHBIX TeO()M3UUECKUX METOJOB
U3y4YeHUs CKBAYKUH IIOKA3bIBaeT, UTO OHU UMEIOT CYIIeCTBEHHOE
3HaUeHVe B Pa3BUTHU PAOOT 10 3aKAHUMBAHUIO CKBAXKUH U ABJISAIOT-
¢ UX HeOTHeMJIeMOH YacThio.

1.2.1. SAEKTPUUYECKUN KAPOTAJK

JJIeKTPpUUECKUI KapoTasKk — 9TO IpOBelieHre M3MepeHuii cobCT-
BeHHBIX (ecTecTBeHHBIX ) moTeHIIHa0B (IIC) 1 KaKyIerocs yaeib-
Horo compotusieHus (KC) ropHBIX TOPOA AJA U3YUEHUS T'€0JIOTH-
YEeCKOTO paspesa CKBaKWH. Pe3yJbTaThl M3MEPEHUI PEerucTpupy-
1orcsa B Buze KpuBbix I1C u KC.

WUsmepenne IIC cBoguTca K OIpeaeieHUI0 PAa3HOCTH COOCTBEH-
HBIX (€CTEeCTBEHHBIX) IMOTEHIIMAJIOB MEXKIy sJeKTpoaoM M, Koro-
PhIii Ha Kabejie MOKeT IIepeMeIaThCs II0 CTBOJIY CKBasKUHBI U 9JIEK-
TpomoM N, PacmoJIo’KeHHBIM BOJIU3M YCThSA CKBaKMHBI HA THEBHOM
noBepxHOCTU. EcTecTBeHHEBIE (cOOCTBEeHHEBIE) oTeHMaabl I11C BO3-
HUKAIOT Ha TPAHUIIAX MEXKJIY CKBAKHHOM, 3aIl0JJHEHHOII GYpPOBBIM
pacTBOpPOM, U IIOPOOIL, a TaKKe MeXKIY IOPOoJaMU PA3JIUUYHOTO JIU-
TOJIOTUYECKOTO COCTaBA.

Me:xay oamextpomamMu M m N BOBHHKaeT 3JeKTPogHAA pas-
HOCTH ITOTEHITMAJIOB, KoTopasd Ipu 3samucu KpuBoil IIC xomMmeHCcH-
pyeTcd BBeIeHUEM B IIeb PA3HOCTU IIOTEHIINAJIOB, IIPOTUBOIIOJIOMK-
HOM 110 3HaKy. IToTeHIabl COGCTBEHHON IIOJSAPU3AIUU IIOPOJ 00-
pasyroTcA B pe3yIbTaTe HeCKOJIbKUX (QU3UKO-XUMUYECKUX IIPOIEeC-
COB.

BceaencTBue pacTBOpeHUs COJIel U IPYTUX COEIUHEHU B BOIHOM
cpefie IPONCXOAUT AVCCOIIUAIINA MOJIEKYJ PACTBOPEHHOTO BEIIECT-
Ba. Pe3ysbTaT 3TOrO mpomecca — BOSHUKHOBEHUE HA KOHTAKTe ABYX
AJIEKTPOJIUTOB PA3JIUYHON KOHIlEHTpaluu (HAIpUMep, ILJIaCTOBOM
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BOJBI ¥ 6ypPOBOT0 pacTBopa AuGY3UMOHHON Pa3HOCTU IOTEHIIAAJIOB.
JquddysnorHelii noTeHnuan E, A pacTBOPOB Pa3IMYHEIX COJIel
pasjnyeH, TaK KaK OIPeNeiAeTCS PasHON MOJBMIKHOCTBHIO THCCO-
UM POBAHHBIX MOHOB.

WszBecTHa Tax:ke nuddysnoHHO-aAcopbrrnonHaa (MeMOpanHas)
aneKTpogBmkymaa cuaa IJC E,. OHa BO3HHKaeT BCJeICTBHE
“meMOpanHOro” a(pdeKTa (IIpu pasaeeHNN ABYX PACTBOPOB Pa3HOM
KOHITEHTpAIMK C TIOMOIIbI0 MeMOpaHbI) IJIaBHBIM 00pasoM B pe-
3yJbTare yyactus B gudGysuu IOABUKHBIX MOHOB ABOMHOTO CJIOA.
HduddysnoHHO0-aAcOPOIIMOHHYIO0 aKTUBHOCTb MOPOBI (IIOpoaa pac-
cMaTpuBaeTcs KaKk MeMOpaHa) MOYKHO OIpPeeIuTh KaK CIIOCOOHOCTh
BBI3bIBATh moBbIieHne JIC auddy3noHHO-aACOPOIMOHHOTO IIPO-
ucxoxaenud E,, vax nuddysuonnoit 3[C E, nna onHoll u Toil xKe
TIapsl PaCTBOPOB.

W3BecTHEI TaKKe QUIBTPALIVMOHHBIE TOTEHIINAEI (MJINX IOTEHIH-
aJIbl TEUEHUS), KOTOPhIe CBSI3aHLI C IPOIECCOM (DMIBLTPALIUY KU -
KocTu 13 OyPOBOTO PAcTBOPA B MPOHUITA€MbIE ILIACThI. JTOT IPOIeCC
COIIPOBOJKIAETCA BOSHUKHOBeHMEM (uabTpanmonuoi IC. dPuasbt-
PaIlMOHHBIH MOTEHIIA MaJl 1 MOKET UTPaTh CYIIECTBEHHYIO DPOJIb
JINITL TIPU €JIaboi MUHepaJms3anuu OGypOBOTO PacTBOpa M 3HAUM-
TeJILHOM Ilepelnajie NaBJeHUl B CKBaKmHe. Kpome Toro, B CKBaKu-
HAX MOT'YT BOSHUKATH OKHCJINTEILHO-BOCCTAHOBUTE/IbHbBIE IOTEHITH-
ajbl B pe3yjbTaTe XMMHUUECKUX PeakIuil, IPOUCXOAAINX MEeXKIY
TeJaMHU C 3JIEKTPOHHOM TPOBOAUMOCTBIO U 3JIEKTPOJIUTAMU GYPOBOTO
pacTBoOpa 1 ILJIaCTOBBIX BOJ.

dopma u aMIanuTya OTKJIOHeHua Kpuboil IIC 3aBucAT OT paxa
haxTOpOB: AUaMeTpa CKBaKUHBI, MOIITHOCTH IIJIACTa, €70 COIPOTUB-
JeHUs, JUTOJIOTUYECKON XapaKTepUCTHUKU, IIPUPOABI OypOBOTo
pacTBOpa, IPOHUKHOBEHUSA €ro B IIJIACT, MUHEPAJIU3AIUU I1JACTO-
BBIX BOJ U JD.

Kpussie IIC BMecTe ¢ guarpaMMaMu OPYTUX METOJOB IITUPOKO
IIPUMEHSAIOT IIPU COTOCTABJIEHNN Paspe30B CKBAKWH U YTOUYHEHUU
auTosoruu mopon. IIpu 9ToM MOTYT OBITH BHIJEJNEHBI TJIMHUCTHIE U
Iecyanble ILJIACTHI B KAPOOHATHOM paspese, IVIMHUCThIE PA3HOCTU U
1.1. Metox IIC mosBosisieT pacueHUTH (IPU 3aKaHUYMBAHUU — YTOU-
HUTDH) paspes HUKHel YacTu CKBa'KUHBI, BBIJEJIUTh TOHKOIUCIIEPC-
HbIe (TJIMHUCTBIE) TOPOALI X KOJIJIEKTOPHI, OIEHUTH UX IIOPUCTOCTD,
a TaKiKe OIpeeIUTh MUHEPAJIN3aIlnio IJIacTOBbIX BoA. Hauusie I1C
CTOAT B DALY OCHOBHBIX MAaTePHAJIOB HIPU IIPOMBICIOBO-reodhu-
3MYECKUX MCCJIEeIOBAHUIX.

VYienabHOe 3JIEKTPUUYECKOE COMIPOTUBJIEHUE IIOPOJA — JTO BJIEKT-
puuecKoe COnpoTUBIeHNe 00beMa MoPoaAkl, nMeroIero Gopmy Kybda
¢ pasmepamu 1x1x1 M. Eciiu aeKTpuuecKoe cOIpoTuBIeHne R Ipo-
BOJHUKA BBIpa3uTh B OMax, AIUHY [/ B MeTpax U ILJIOIAAb IIoIeped-
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HOTO ceueHus S B KBaapaTHBIX MeTpax, TO yAeJIbHOE€ COIIPDOTHUBJIE-
HUE

p=RS/L
y,Z[eJILHOB JJIEKTPHUYECKOE COIIPOTUBJIEHNE IIOPOA N3MEHAETCA B
IINPOKUX IIpenesax — OT II[OJIeI‘/JI A0 COTEH ThICAY OM-MeTpOB.

YaenbHOE COIPOTUBICHME CKeJeTa IOPOJ OUeHb BBICOKO (B CyXOM
BUle OHU HMPAKTHUUYECKH He IMPOBOJAT dJeKTpuuecKuit Tok). ToK B
MOPoJax IIPOBOAAT B OCHOBHOM KUIKOCTH C PACTBOPEHHBIMU B HUX
COJIIMH, T.e. IJIACTOBBIE BOABI MM (hUJIBTPAT OYPOBOTO pacTBoOpa,
HACBHIMIAOIE TOPbI WJIM TPEITUHLI TOopoAbl. IIPOHMKHOBEHUE
¢uabTpaTa 6YpPOBOTO PACTBOPA CIIOCOOCTBYET CHUMIKEHUIO WJIM IIO-
BBITIIEHUIO YAEJHLHOTO 3JIEKTPUUYECKOTO CONPOTHUBIIeHUA. B mepBoM
cJIyuae COmpOTHBJIeHMe (DUIbTPATA MEHbIIIE COIPOTHUBICHUSA ILJIAC-
TOBOM BOJBI, BO BTOPOM — HA060pOT, OOJIbIIIE.

Y enabHOE 9JIeKTPUUYECKOe COIPOTUBJICHUE IIJIACTOBBIX BOJ OIIpe-
IejisgeTcsa KOHIIEHTpaIluelil cojieli B pacTBOpe, UX XUMUUYECKUM CO-
cTaBoM U TemIepaTtypoii. OHO TeM HuKe, UeM BBIIIe KOHIIeHTPAaIlua
coJiel B ILJIaCTOBOM BoZe. B miacTOBBIX BoJax, IPUYPOUYEHHBIX K
HedTerasoBbIM MECTOPOMKICHUAM, HpuMepHo 70—95 % o01ero Ko-
JINYEeCTBA PACTBOPEHHBIX COJIeH COCTABIIAET XJIOPUL HATPUS.

C moBBIIIIEHMEM TeMIIepaTypbl YBEJIWYWBAETCA IIONBUKHOCTD
MOHOB, UTO 00YCJIOBJIMBAET IIOHMKEeHNE YIeJIbHOI'0 3JIEKTPUUYECKOTr0
COIIPOTHUBJIEHUA MUHEPAJTN30BAHHBIX IIJIACTOBLIX BOJI.

YaenbHOe 3JIeKTPUYECKOe COMMPOTUBICHNE TPAHYIAPHBIX ITOPO
Psx SABHCUT OT KOJWYECTBA CcoJeprKaleiicsi B HHUX BOJBI
(ompenesisseMoOTo MTOPUCTOCTHIO ITOPOJ U CTEIIEHBIO UX 3aII0JHEeHUA),
MUHEepaJIU3alliy IIJIaCTOBOM BOABLI M APYrUX (akTopoB. UT0OBI mC-
KJIIOYUTDH BJINSHYE YAeJIbHOTO COIIPOTUBJIEHUS IIJIACTOBOM BOJBL Py,
TIOPOJY, OPhI KOTOPOIi 3alOJHEHBI BOAOM, XapaKTepU3yIOT Koad-
(UITMEHTOM OTHOCUTEJIHLHOTO COIMPOTUBJIEHUA (KOPOTKO — OTHOCH-
TeJIbHBIM COIIPOTUBJICEHNEM), KOTODHIN OIPeAeAeTCsI OTHOIIEHNEeM
R = pB.n /pB‘

B nepBoM npubam:kenuu R omnpegenasieTcsa KOJIUUYECTBOM BOIBI B
enquHUIE 00'beMa IIOPOIbI U pacIpeieiIeHIeM ee B IIopoje, T.e. R 3a-
BHUCUT OT TIOPUCTOCTU ITOPOALI M (POPMBI IIOPOBOTO ITPOCTPAHCTBA.
Haa uncThiX (HEeTJIMHUCTHIX) TPAHYJAAPHBIX Iopon R BhIpaka-
eTcs ¢ IOMOIIbI0 Imopuctoctu K : R=a/ K", rme a — HeKoropasd

MOCTOSIHHAS; M — MOKa3aTeJb CTeIIeH! MMOPUCTOCTU, 3aBUCAIIUI OT
xapakTepa I0pO/I.

Yarme moab3yiOTCH BhIpaskeHmeM R=1/ K, rme sHaueHuss m
usmensaiored or 1,3 (aasa meckoB) a0 2,2 (IJs CIleMEeHTUPOBAHHBIX
mopon).
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YnenbHOE 3JIEKTPUUECKOE CONIPOTUBJIEHNWE B HAIpaBJIeHUU Ha-
ILJIACTOBAHUA MEHBIIIE, UeM IIePIEeHIUKYIAPHOE K HEMY.

OTHOCHUTEIFHOE COIPOTUBJICHNE TVIMHUCTHIX IIOPOJ OIPeeaeT-
Cs He TOJIbKO O0OBbEMHBIM COJEpPIKaHueM M YIeJIbHBIM 3JIEKTPHUYec-
KHUM COIIPOTHBJIEHNEM ILIACTOBOH BOABI, HO U O0'BEMHBIM COJEpIKa-
HueM U (opMoil pacupesesieHus IIMHACTOTO Marepruaja. ITo IpPHU-
BOJAUT K HECOOTBETCTBHUIO MEKAY POCTOM YAEJIBHOTO 3JIEKTPUUECKO-
TO CONIPOTUBJIEHUSA BOABLI U YAEJIHLHOTO 3JIEKTPUYECKOT'O COIPOTUB-
JIEHUSA TOPOXABI (POCT YAEJIBHOTO BJIEKTPUYECKOT'O0 COMPOTUBICHUA
IIOPOJBI OTCTAET OT POCTA YIEJIHLHOI'O JJIEKTPUUECKOr0 COIPOTHUBIIE-
HUSA HaCBIMIAIOIEH mopoay Boabl). OTHOCUTEIbHOE COIPOTUBJICHUE,
¢duKcupyeMoe B 3TOM cayuae, ABiadeTca Kaxkymumed (R,). B 3aBu-
cUMOCTb MeKIY R, 1 mopuctocThbio K, TpebyeTcsa BHECTU IONPABKY
Ha TJIMHUCTOCTDH, KOTOPasA YBEJIUUNBAETCS C MOBBLIIIEHUEM TJIMHUC-
TOCTH KOJIEKTOPA U YAEJHLHOTO 3JIEKTPUUYECKOTO COIPOTUBJIEHUSI
mIacToBoii Bogbl. IlompaBKky Mo:kHO HaiiTu mo Kpusou IIC mam mo
IaHHBIM aHanus3a KepHoB. OmpeneseHue mcrpasjaeHHOTO R, (OTHO-
CUTeJbHOE COIPOTUBJEHNE) TI0 JaHHBIM R, (KasKyleecs COIIPOTUB-
JIeHUe) IJIsl OLEHKY IIOPUCTOCTH TVIMHUCTBIX IIOPOJ — OZHA W3 BAK-
HeWIuX 3a1a4 reopru3nIecKoil MHTEePIpeTaI[un.

OTHOCUTENILHOE ¥ YAEJNBHOE JJIeKTPUUYECKNE COIPOTUBJIEHU
TPEINHOBATHIX X KABEPHO3HBIX IIOPOJ (0CALOUHBIX — N3BECTHIKOB,
IOJIOMUTOB, aHTUAPUTOB, 'UIICOB; METaMOP(MPUUECKUX U IP.), Kak
MIPaBUJIO, BEICOKYE; OHU PE3KO0 U3MEHAIOTCS 110 ILJIOIIAAN U Pas3pesy
IpY HeOOJIBIIIOM U3MEeHEHNH JIUTOJOTUY 1 IIOPUCTOCTH IIOPOJ.

YenbHOE BJIEKTPUYECKOE COIIPOTUBJIEHVE MOPOJ B 3HAUUTEIb-
HOI CTENleHW OIIPeJesIAeTCs HAJIUYUEM TPEIIUH, OCOOEHHO, eCcjIu
OHM 3aII0JHEHbI MAHEPAIN30BAHHLIMY BOJAMM.

ViaenbHOoe 5JIEKTPUUYECKOE COIPOTHBJIEHNE He(TerasoHOCHBIX
TIOPOJ OIIpefiesIgeTCs cofepsKanreM B mopax (B % ) Hed)Tu, rasa win
BOJBI, a TAKJKe MUHepaJn3anuei IacTOBbIX BOJ, IIOPUCTOCTHIO II0-
POABI, CTPYKTYPO# ITOPOBOTO IMIPOCTPAHCTBA U T.A. Ilopoanl, HaCHI-
IeHHbIe He(PTHIO MU Ta30M, UMEIOT MOBLINIIEHHOE YAEJIbHOe DJIeKT-
puueckoe comporuBieHue. IIopoabl ¢ OAMHAKOBOM He()TEera3oHAaCHI-
IIIEHHOCTHI0O MOT'YT XapaKTepU30BaThCs HEOAUHAKOBLIMU yIeIbHbI-
MU 3JIEKTPUUYECKUMU CONIPOTUBJIEHUSAMU, B TO BpeMs KaK MOPOJIHI C
pasauuyHOi He(pTerasoHacChIIIEHHOCThIO MOTYT OIMCHIBATHCA OJH-
HAKOBBIMU YIEJIbHBIMHU 3JIEKTPUUECKUMU CONPOTUBIeHUAMU. TaKoe
Ka'KyIlleecsa HeCOOTBETCTBUE O0BSICHAETCA TEM, UTO YeJIbHOE BJe-
KTPHUUYECKOE COIIPOTUBJIEHNE YNCTHIX He()TEras0OHOCHBIX IIOPOJ IIPO-
MOPI[MOHAJBHO YAEJIbHOMY 3JIEKTPUUYECKOMY COIPOTUBJIEHHUIO HAa-
CBHIIITAIOIIeHl TOPOAY ILJIACTOBOM BOIEI.

Biusune yKasaHHBIX (DaKTOPOB MOJKET ObITh ITOJTHOCTBIO MJIN Ua-
CTUYHO HCKJIIOUEHO, €CJIM BMECTO YIEeJTbHOTO 3JEeKTPUUYECKOTO CO-
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IIPOTUBJIEHUA IIOJIb30BATHCA OTHOIIEHUEM YIEJIbHOT'O 3JIEKTpUYec-
KOT'O COITPOTUBJIEHU He(hTEeTa30HOCHOTO IJIACTA O, (IIOPBI KOTOPOTO
3aTl0JTHEHBI He(PTHI0 WIM Ta30M M MUHEDPAJM30BAHHONM BOMOH) K
YIEeJIbHOMY 9JI€KTPUUECKOMY COIPOTHUBIIEHUIO 3TOTO JKe I1JIacTa Ipu
100% -HOM 3aIlOJHEHUX ero IOP BOHOUM TOH yKe MHHepaIusalluu U
IIPHU TOM Ke TeMIepaType. OTO OTHOIIIeHNe HaskbIiBaeTcs Koadhduiu-
€HTOM YBEJIUYEHUS COIPOTUBJIECHUSA, ITOKA3BIBAIOIINM, BO CKOJIBKO
pa3 yBeIUYUBAETCA CONPOTUBJIEHNE BOLOHOCHOTO IIJIACTa HPU YaC-
TUYHOM HACBHIIIIeHUY 00'beMa ero mop He(THIO MU Ta30M:

Q= pHI‘/pB.H’

C ero momMoImIbi0 MOMKHO OIpefeauThb KoshdumueHT HedTeraso-
HacwlneHHocTHu K, miacra:

R=1/1-K,)",

rae n udMeHsercda B guamnasone 1,73—4,33.

MeTon KasKyIerocsa COIPOTHUBJIEHUSA IPU HCCIENOBAHUU CKBa-
SKUH IpeIyCcMaTPUBAaeT UCII0JIb30BaHNe Pa3Inuusd yAEJbHBIX 9JIeK-
TPUUYECKUX COIPOTUBJICHUNA IOPHBIX IIOPOJ, KOTOPOEe U3MEHAETCA B
OUeHb IITUPOKUX Ipeaeiax.

Kamymimecsa siaeKTpuuecKue COIMPOTUBJIEHUA TOPHBIX IIOPOJ
U3MEePSIOT C ITIOMOIITBIO 30HAOBBIX YCTPOMCTB (30HIOB), Y KOTOPHIX
OOBIYHO TPU SJIEKTPOLA HAXOIATCS B CKBAKUHE.

Bri6op Tuma 30HZA ompemeseTcd KOHKPETHOM XapaKTepuCTU-
KO 00BEeKTa WCCJIEeJOBAHUA: IMOTEHIIMAJ-30HABLI IIeJIecoo0pasHo
MIPUMEHATDH IPU U3YUYEHUN PaspesoB, IPEeICTABIEHHBIX MOITHBIMU
IJIacTaMU HU3KOTO WJIM, Ha00OPOT, BHICOKOTO YAEJIHBHOTO JEeKTPU-
YECKOr'o COIIPOTUBJIEHNsI. B ciayuyae He0OXOAMMOCTY M3YUEHUsS Pas-
PesoB, IIpeicTaBJIeHHBIX IJIACTAMH HEOOJBIIION MOIIHOCTH, HAM0O-
Jee a(pHeKTUBHBI 'PASUEHT-30HIbI U T.J.

H1s ycTaHOBIEHUA YAEIBHOTO 9JIEKTPUUECKOTO COIIPOTUBIEHUA
TLJIACTOB MCIIOJL3YIOT O0KOBOE dJIeKTpuUecKoe 30HAUpoBanue (B33)
WJIN, UYTO TO »Ke camoe, O0KOBoe KapoTaskHoe 3oHAUpoBaHue (BK3).
CyTb ero cocrout B usmeperauu KC ¢ mOMOIIbI0 HECKOJIbKUX (TIATH-
I1eCTH) TPagueHT-30HI0B (MJIM MOTEHIIMAJ-30HAOB), UTO B KOHEU-
HOM cUeTe IO3BOJIAET yUecTh McKasKkamwilee Biausuue Ha KC ckBa-
JKUHBI 30HBI TPOHUKHOBEHHUSA (uiabTpara OypoBOro pacTBOpa,
MOIITHOCTH ILJIACTA ¥ BMEIIAIOIINX IOPOI. ITOT METOM, OOBIUHO IIPU-
MeHSeMBIN B MMPOAYKTUBHOM YacTU paspesa, IIO3BOJAET YTOUHUTH
JIATOJIOTMYECKYI0 XapPaKTePUCTUKY ILIACTA, €r0 IIOPUCTOCTh, IIPO-
HUIAeMOCTD ¥ I'a30BOIOHE()TEHACHIIIIEHHOCTb.

MeToa MUKPO3OHIUPOBAHUS TaKsKe MCIIOJNb3yeTcA AJIS m3Mepe-
nusa KC, Ho 3oHZaMu MeHbIINX pasdmMepoB (1o 5 cm). MeToa mo3Bo-
JIsIeT U3y4aTh pa3pesbl, CJIOKeHHbIe IIJIacTaMi BechbMa MAaJIOM MOTIT-
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HOCTU, UTO obOecreynBaeTcs HEOOJBIINMHU pasMepaMHu 30HIOB U
IIJIOTHBIM TPMIKATHEeM M30JMPOBAHHOIN MJIACTUHBI ¢ MUKPO30HIaMU
K CTeHKEe CKBa’KWHBI, IIPAKTUYECKU YCTPAHAMIOIIVNMU BINIHUE OY-
POBOTO pacTBOpa 1 IVIMHUCTOI KopKu. Hamnune uabTpara 6ypoBo-
r'0 PacTBOPa B IPUCTBOJIBHON 30HE CKBaKUHBI 3aTPYIHSIET IIOJyYe-
HIe ¢ TIOMOIIIbI0 MUKPO30HI0B CBEZIeHUI 0 XapaKTepe rasoBogoHed-
TEHACHIIEeHHOCTH IIaCTa, OMHAKO METO MUKPO3OHIUPOBAHUS JaeT
BO3MOXKHOCTDH TIOJIYUUTH NEeTAJTbHOE PacUJieHeHUe pa3pe3oB CKBa-
SKUWH, BBIZEJIATH KOJIJIEKTOPHI U OIEHUBATH UX IIOPUCTOCTh.

WsyueHue pa3pe3oB CKBAKUH METOOM SKPAHMPOBAHHOTO dJIEK-
TpuuecKoro 3aseMiieHus (6okoBoil Kaporaxk — BK) mosBoiser ge-
TaJILHO PACUWIEHUTH Paspes mo 3HaueHuo KC, usydyars JUTOJIOTHIO,
OIIEHMBATH IOPHUCTOCTH U IIPOHUIIAEMOCTH IIOPOJ, X Ta30BOLOHE(D-
TeHACHIeHHOCTh. IIlpumenenue BK naumbosnee »shdexTuBHO B
“BBICOKOOMHBIX” paspesaxX CKBasKWH, cCJaraeMblX IIOpOIaMHU C
GOJILIIINM 3JIEKTPUUECKUM COIIPOTHUBJIEHNEM.

C nmomortrbio nHAYKIIMOHHOTO MeTona (UK), ocHoBaHHOTO Ha M3Y-
YeHUU Pa3InYUA B 9JI€KTPOIPOBOJHOCTHA IIOPOJA OGECKOHTAKTHBIM
cImocoboM, ymaeTcsA pPaCUJIeHUTh paspe3 CKBAKMHBI WM YCTAHOBUTH
yaeJbHBIE COMPOTHBIeHUS IacToB. Ilpumenenue WK maubosee
a(deKTUBHO B “HU3KOOMHBIX” paspe3ax CKBaKWH.

1.2.2. PAAMOAKTUBHBIN KAPOTAX

B ocuoOBe pasoaKTUBHBIX METOLOB HCCJIEAOBAHMUS CKBAYKUH JIe-
JKUT M3MepeHre B CKBAKMHAX €CTEeCTBEHHOTO WM MCKYCCTBEHHO
BBI3BAHHOTO PAJNOAKTUBHOIO U3JIYUEHU TOPHBIX ITOPOS,.

PaguoakTuBHBIE METOABLI B 3aBHCHUMOCTH OT BHAa M3y4aeMOTO
UBJIYUEHUS U CI0CO0a €T0 CO3JaHUA MOAPAa3AeNAI0TCA CIAENYIOMIIM
obpasoM.

1. FTaMmMma-MeTon, IPUMEHAIONINIACA OIS BLIAEJICHHUS B paspese
CKBaYKWH IOPHBIX IOPOJT, 000TallleHHbIX TJIMHUCTHLIM MATEPUATIOM.

ITOT MeTOJ OCHOBAaH HA WM3MEPEeHUM EeCTeCTBeHHOro raMmMa-
UBJIyUeHUA TOPHBIX mopof. 1 3Toi mean B CKBAKMHY CITyCKAIOT
mpubop (puc. 1.1), comep:kamiuii paspAmHBIN CUYETUYUK TaMMa-
KBaHTOB 1, KOTOPHIII MUTaeTCs OT CyXoil OaTapewm MM TeHepaTopa
MOCTOSHHOT'0 TOKA BBICOKOT0 HanpskeHus 2. B ycunurene 3 aaeKT-
puUecKre UMIOYJIbChl, CO3JAHHBIE B CUETUNKE HPU HPOXOKIAEHUU
yepes HEro raMMa-KBaHTOB, YCHUJIMBAIOTCS, IlepeJaloTcsd Ha II0-
BEPXHOCTh II0 KapoTaskKHOMY KaleJjll0 ¥ PEerucTpUupyIoTCsS Ha IIO-
BEPXHOCTU U3MEPUTEJIHHBIM YCTPOHCTBOM 6.

2. Meton pacceaHHOTO raMMa-HU3JIyUYeHWSA, WJIN TaMMa-raMMa
METOJ[, OCHOBAH HA M3MEPEHUM PACCESIHHOIO M'OPHOM IIOPOION ram-
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Puc. 1.1 IIpuHUMOHATb- 4 5 ¢ 4 5
Hble CXeMbl H3MepeHMUil /

ramma-meroga (a) u 1AE-

TPOHHOTO raMMa-MeToJa /
(6):

1 — paspAAHBIA CUYETUUK;
2 — reHepaTop BBICOKOTO
HAUPSYKEeHUs; 3 — YCUIU- 7777, “IT 7 TSN
Tenb; 4 — OJOK MIUTAHUS
BCEl YCTAHOBKU; 5 — HM3Me- 3 |
pUTEJNbHBIN 0JI0K; 6 — wus- \4
MEpHUTEeJIbHOe YCTPOMCTBO; |
7 — GunbTp; 8 — UCTOYHUK |

HEeHUTPOHOB 2 ~

V&

w a
O

I§\3

| SRS

e o e e e o e = — = -

Ma-u3JyuyeHNusA, B KauecTBe MCTOUYHMKA KOTOPOTO OOBIYHO TpPUMeE-
HAIOT pagroakTuBHEIH msoTon Co®®. Meron mpmMeHAIOT IPH pac-
YJIeHeHNU Padpesa CKBAKUH II0 IIOTHOCTHU IIOPOJ, OIleHKe K0a(du-
I[MEeHTa UX IIOPUCTOCTH U JP.

3. He#irpounsrii ramma-meron (HI'K) maer BosMoOKHOCTH M3Y-
YaTh MHTeHCUBHOCTH BTOPUYHOT'O0 TaMMa-U3JIyUeHNsA, CO31aBaeMOro
Ipu O6JIyUYeHUY TOPHBIX ITOPOJI HEMUTPOHHBLIM. [[JIA OCYIIleCTBIeHUA
HUCCIeIOBaHME JaHHBIM MeTOIOM B mpubope (puc. 1.1, 6), cmyckae-
MOM B CKBasKHHY, Ha HEKOTOPOM PACCTOSHHM OT CUETUMKA raMmMa-
UBJIYUEeHUS ITOMEIal0T NCTOYHUK HEeHNTPOHOB (CMeCh MOJIOHUS C CO-
JIbIO OEPUILINA).

YcTaHOBIEHO, UTO IPOCTPAHCTBEHHOE PACIIPee/IeHe TEILJIOBBIX
HEATPOHOB (9HEPTUS KOTOPBIX CHUKEHA 0 SHEPTUU TeILJIOBOTO
IBUKEHUS MOJIEKYJ B Pe3yJbTaTe CTOJIKHOBEHUS C SAIPaMU dJie-
MEHTOB, CJIAralIUX [IOPOIY) ¥ UHTEHCUBHOCTh BTOPUYHOI'O raMma-
MBJIYUEHUS B TOPHBIX IOPOAAX OMPeIeA0TCSA TJIaBHBEIM 00pasoM UX
BoJOCOZep:;KaHueM. BecbMa aKTUBHBIE IOTJIOTATEJIN TEILJIOBLIX HeH-
TPOHOB B OCaJ0YHBIX IIOPOAAX — XJIOP U 6op.

IIpu uccnemoBaHmUAX CKBasKuH ¢ momorlbio merona HI'K na gua-
rpaMMaX HOPOABI-KOJIIIEKTOPHI, COAePIKaIe OOIBIIIOE KOJIMUECTBO
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BOZOPOJA B eIMHUIE 00beMa, XapaKTepU3yIOTCId HUKUMU aHOMA-
JUAMU BTOPUYHOTO TaMMa-M3JYUeHUsI, a IJIOTHBLIe, HU3KOIOPUC-
ThIe ITOPOABLI — BBICOKMMU. BBLICOKME aHOMAaJWU HaOJIIOMAloTCI U
ITPOTUB Ta30HOCHBIX KOJIJIEKTOPOB B CBA3U C HUBKUM OO'BEMHBIM CO-
JIepsKaHmeM BoAopoza B rase. @umibTpaT 6YPOBOr0 pPacTBOpa, IIPO-
HUKAIOIIUI B Ta30HOCHBIA KOJIJIEKTOD, YMEHBIIIaeT 9TOT 3(hdeKT.

Metoxg HI'K npuMeHAOT IJId OIIpeeeHnusa BOJOHe(PTAHOTO KOH-
takta (BHK) B paspesax ckBasKWH (TaK KaK B BOJOHACBIIIEHHBIX
TOPU30HTAX II0 CPABHEHMIO C He(TEHOCHBIMU B eIUHUIlE Oo0BbeMa
nMeeTcs 60JIBIII0Ee KOJNUECTBO XJI0pa).

4. HeliTpoHHBIe METOABLI TAK Ke IIO3BOJIAIOT PACUJIeHATH paspes
TOPHBIX IOPOJ 110 COAEPIKAHUIO XJIOPA U BOJAOPOAA, BBIAEIATH KOJ-
JIEKTOPBI, OIEHWBATh MX IIOPHUCTOCTh, HE(PTErasoBOJOHOCHOCTh U
T.JI.

OpHako B OTJIMYME OT HEHMTPOHHOIO raMMa-MeTola y HEUTDPOH-
HBIX METOJOB B3aBUCUMOCTb IIOKA3aHUII OT BOJOPOACOJEPIKAHUA
TOPHBIX TTOPOJ O0JIee OJHO3HAUHA B CBA3Y C TEM, UTO Ha PEe3yJIbTATHI
HUCCJIeJOBAHUN He BJINAET €CTECTBEHHOE raMMa-U3JyueHne TOPHBIX
mopoa. CyIiecTBeHHBIH HEJOCTATOK MeToja — OOJbIllas YyBCTBU-
TeJILHOCTDh K U3MEHEeHUIO YCJIOBUI B CKBasKUHE (M3MeHeHMe TOJIIIN-
HBI TVIMHUCTOM KOPKU, AUaMeTpa CKBa*KUHBI 1 Ip.).

5. MeTon paguoaKTHUBHLIX M30TOIIOB OCHOBAH HA M3MEPEHUU WH-
TEHCUBHOCTM TaMMa-U3JyUYeHUA, CO3TAHHOTO B CKBa’KMHE IIOCJIE
00paboTKU ee JKUIKOCThIO0, aKTUBUPOBAHHON PagUOaKTHUBHBIM MU30-
TOIIOM. BEIOOP M30TOIOB OIpeaeAeTcA MeJdIMU U IIPOJOIKUTEb-
HOCTBIO MCCJIeTOBAHUM.

B mpakTuKe ¢ IIOMOIIBIO PafNOAKTUBHBIX M30TOIIOB HTPOBOAMIN
paboThI IO U3YUEHUIO TeXHUYECKOTO COCTOAHUA CKBAYKUH: OIpee-
JIeHUE BBICOTHI IOABEMA TAMIIOHAYKHOTO PACTBOPA 3a KOJOHKOI, yC-
TaHOBJIEHNE MEeCT IMOBPEKJeHUs 00CaJHBIX M OYPUJIBHBIX KOJIOHH,
BBIABJIEHTE MeCT 3aTPYOHOM MUPKYIAIINY JKUIKOCTH, KOHTPOJb 3a
HAIPaBJIEHHOCTHI0 M 3(P(EKTUBHOCTHIO THUAPOPa3phIBa ILIACTOB,
yTOUHEeHMe NHTepBaja mepdopaiuu u ap.

W3BecTHBI U Ipyrue pagnMoOaKTHUBHBIE METOABI Teo(U3UUECKUX
nccaeqoBaHUil CKBaKUH (MeTO I HaBeJIeHHOII aKTUBHOCTHU, SIEepPHO-
MarHUTHBIA METOX W [OpP.), IPUMeHseMble B He(TerpoMbICJIOBOM
MIpaKTUKe, B TOM YKCJIe ¥ IPU 3aKAHUNBAHNY CKBaYKHUH.

1.2.3. AKYCTUYECKHU METOA

B ocHoBe ucmosib3oBaHUS aKyCTHYEeCKOI'o MeToga nccjaegoBaHnuA
CKBAKUH JIEJKUT 3aBUCHMMOCTHh CKOPOCTH PaCIIpoCTpaHeHUuA 1 3aTy-
XaHud YIIPYTUX BOJIH B Pa3/INYHBIX I'OPHBIX IIOpOoAax OT CIEMEHTU-
POBaHHOCTHU, IIOPUCTOCTHU, XapaKTepa HaCBhII€HUA IIOP I'OPHBIX IIO0-

22



pOA, uxX TeMIiepaTyphl u gaBiaeHus. CKOPOCTH PacIpOCTPAHEHUS
YIOPYTUX BOJH B IOPOJAaX XapaKTePU3YeTCs CIEAYIOIINMU 3Hade-
HuAMH (B M/c).

T'uncel, aHrUAPUTHI, KPUCTATIINIECCKIE ITOPOIBL «uvrenrenrneananenenns 4500-6500
Kawmennas coub ........... 4500-5500
YrieBomoponHbie rassl . . 430-450
HedThb.oovvriieniiiieneanenes . 1400
Bo/1a, OYPOBOM PACTBOD «euvurnrnrnrernrarnrnrnrnsnrnrnsnsasasasnsesasesnsnnes 1500-1700

TiuaucThie, mecuanble ¥ KapOOHATHBIE ITOPOABI XapaKTepusy-
IOTCA MPOMEKYTOUYHBIMU CKOPOCTSAMM PACIPOCTPAHEHUSA YIIPYTUX
BosH. ITopucTocTs Mopos crroco6CTBYET CHUIKEHUIO, 8 UX CIIEMEHTH-
POBaHHOCTL — BO3PACTAHUIO CKOPOCTH PACIPOCTPAHEHUA YIPYTUX
BOJIH.

AKycTuuecKye METOABI IPUMEHAIOT IJIA JUTOJOTUIECKOTO pac-
YyjeHeHUA paspesa MOPOJ, MPOXOAUMBIX CKBAKWHOM, OIEHKU UX
TIOPUCTOCTH U PEIeHUs PAJA TeXHUUECKUX BOIIPOCOB (omIpeaesieHe
BBICOTHI MOA'bEMA TAMIIOHAXKHOT'O PacTBopa 3a 00CagHOM KOJOHHOI,
COCTOAHUSA KOHTAKTA I[eMEHTHOI'0O KaMHSA C KOJIOHHOM UM IIOPOJOii,
MECTOHAXOKIeHU OallIMaKa KOJIOHHEI 1 AD. ).

1.2.4. TA3OBBI1 KAPOTAJK

CyIIIHOCTh METO/Ia COCTOUT B M3BJIEUEHUN Ta3a U3 BBLIXOMSIIIETO
13 CKBa’XKUHBI OypOBOr0 PacTBOPA, B YCTAHOBJIEHUY KOJIUYECTBA U
MIPUPOALI U3BJIEUEHHOI'0 rasa U OIpelesieHNN IIyOUHbBI, ¢ KOTOPO
oH moctynaetT. ['ad u3 6ypoBOTO pacTBopa (Jerasamus) U3BJIEKAIOT C
TIOMOIIIBIO JeTa3aTopPoB.

B mpo1tecce ra3oBoro KapoTaka HEIIPEPHIBHO OIIPENeAeTCa MH-
TerpajbHOE cOfepiKaHue YIIeBOJAOPOAHBIX Ta30B M KOMIIOHEHTHBIHN
coctaB cMecH. B KOMILIEKTe ammapaTypbl ra3oBOro KapoTaika WcC-
MOJIb3YIOTCSA TEPMOXUMHUYECKUI razoaHaIn3aTop 1 Xxpomarorpad.

1.2.5. TEPMOMETPUA CKBAJXUH

TepMoMeTpUUYECKHE METOALI IO3BOJAIOT M3ydyaTh W3MeHEeHHe
TEILJIOBOrO IO0JIsI 3eMJIM B MHTEPBAJIAaX CTBOJIA CKBAYKMHBI mau (1)
IIPOAYKTHUBHOIO ILIACTA W PErHCTPHUPOBATH TEMIIEPATYPHBIE KOJIe-
0aHUsA, 3HAUYEHNE KOTOPHIX 3aBHCUT OT HAJWYNUSA B CKBAKHHE O0ypo-
BOT'0 PacTBOPA C TeMU WY MHLIMU IIapaMeTpaMM, OT TeIlJIOBLILeJIe-
HUS IIPU TBEPJEeHNN TAMIIOHAMKHOTO PACTBOPA, 3aKauKy Oy(hepHBLIX
SKUOKOCTEH, OT HAJWYNSA MM OTCYTCTBUA 00CaAHON MM OYPUILHOMN
KOJIOHH U T.Z. TeMIlepaTypy U3MepsioT 3JIeKTPUUESCKIMHI TePMOMeE-
TpaMHu B JuamnasoHe ee usmenenusa ot 0 go 250 °C.

WN3yuenne ecTeCTBEHHOIO TEILJIOBOTO TOJSA SEeMJIM II03BOJIAET
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KpoMe YCTAHOBJIEHUS Te0TePMUUYECKOT0 TI'paJueHTa BBLIJEJIUTL B
paspese ITopoaLl, CoO3Matole MeCTHbIe U3MEHEeHU S TEIIJIOBOTO IIOJIS
3emin, a TaKyKe pPeIIUTh HEeKOTOphle TeXHUUYeCKUe IIPo0IeMbI
(omIpeieIuTh BHICOTY MOABEMA TAMIIOHAKHOTO PACTBOPA B 3aKOJIOH-
HOM ITPOCTPAHCTBE CKBaYKWH, 30HBI IIOTJIOMIEHUS *KUIKOCTH, yTEeU-
KU 1 IepeToku (QJIIoum0B U Ip.).

Pasnenenue ropHBIX IIOPOJ IO TEILJIOBOMY COIIPOTHUBJICHUIO IAeT
BO3MOJKHOCTh KJIACCU(IUITMPOBATh UX MHO (DM3MYECKUM CBOIICTBaM.
IIpu momorTu rpagueHT-TepMoMeTpa (IBa crapeHHO PaboTaoIIX
9JIEKTPUUECKIX TePMOMETPa, PACIIOJIOKEHHBIX HA HEKOTOPOM pac-
CTOSHUHU APYT OT APYyra) BO3MOXKHA PETUCTPAIINA MaJbIX (IO COTHIX
noaeit KeslbBuHA) TEIJIOBBIX JJOKAJIBHBIX aHOMAJIHIHA.

1.2.6. MEXAHUYECKUI KAPOTAJK

OpuuM u3 HamboJiee ONEPAaTUBHBIX MCTOUHUKOB IIOJYUYEHUS WH-
dopMamuy 0 HEKOTOPHIX, BECbMa BasKHBIX JJIA TEXHOJOTUY OypeHUA
CKBasKWH, CBOMICTBAX IOPOJ ABJAETCA MeXaHUYECKAaA CKOPOCTH OY-
peruda. IIpu sToM Hamm4Yme ZATYNKOB, 00€CIIEYUBAIOINX KOHTPOJIb
3a PEXKUMHO-T€XHOJOTUUYECKUMHU ITapaMeTpaMu 0ypeHus (Harpyska
Ha moJioto G, yacToTa BpalleHus JoJIoTa 1), a Takke nHpopmanusg o
ILJIOTHOCTH 6yPOBOTo pacTeBopa (g ,) ¥ mojade Hacocos (€),) co3paioT
TIPEATIOCHLIIKHY JIJIA OIEPATUBHOIO OIIPeAeIeHN TOPOBOTO (MM IJjIa-
CTOBOTO) JAaBJIEHU, IIOPUCTOCTU U JAaBJIEHUA TUAPOPA3PhIBA OPOJ
Ha 06a3e pALa SMOVPUYECKUX U IONYIMINPUIECKUX (GOpMyII.

B MmpoBoii IpaKTHUKe CYIIeCTBYeT PAJN METOLOB HCIIOJIb30BAHUSA
yKasaHHOH uH(popManuu:

LA aHAJIN3a N3MEeHEeHUA “MIHOBEHHBIX (Ha MaJIbIX MHTEPBaIax
IIPOXOAKY) 3HAUEHUI MeXaHNUEeCKUX CKOPOCTell MM BpeMeHU OY-
peHus QUKCUPOBAHHBIX MHTEPBAJIOB IIPOXOIKY;

LISl COIIOCTABJIEHUSA CTEIIEHHOI'O IIOKA3aTeNId B MOLeIN OypeHma
¢ IIpeAlioJiaraeMbIM ero 3HaueHMeM IJid OypeHus HOPMAaJIbHO YII-
JIOTHEHHBIX TI0POJ (d-9KCIIOHEHTA);

IS aHAJIN3a U3MEHEeHUs COCTaBJSAIONIE HOPMUPYIOIIETO K03(h-
dumnmerTa B Moie 1 0YPUMOCTHU C €T0 IPEAI0IaraeMbIM 3HaUeHUEM
npu GypeHnu HOPMAaJIbHO YILIOTHEHHBIX TOPOoA (O-log-meTox).

9 heKTUBHOCT METOOB BO MHOT'OM 3aBHUCHUT OT KAUeCTBa CUCTEM
cb6opa 1 00paboTKM MH(MpOPMAIINM, UTO 00ECIIeUnBaeTCsa MCII0JIb30Ba-
HUEeM BBIUNCJINTEIbHON TeXHUKY 1 HaJIe’KHBIX IIePBUYHBIX CPEICTB
¢ HeoOXOAMMOII TOUHOCTbIO m3MepeHus. CienyeT OTMETUTh, UYTO
IIPaKTUKA UCIOJH30BAHUA IePEUNCIEHHBIX BBIIIIE METOAOB ITOKa3a-
Ja nx 3(pGheKTUBHOCTD IJIA TIAMHUCTHIX OTJIOKEHMM.



1.2.7. OIIPEAEAEHME HEKOTOPBIX ITAPAMETPOB ITAACTOB
I1O PEBYABTATAM KAPOTAJKA

Ilpu 3akaHUYMBAHUYN CKBa’KUH HAMOOJBIINN MHTEPEC IIPEeICTaB-
JIAIOT CJeAyIoIre ITapaMeTpPhl IJIACTOB: ILJIACTOBOE (MM IIOPOBOE)
IaBJieHUe, faBJeHUe THAPOPaspbiBa MOPO/, MOPUCTOCTh, T€OCTATH-
YecKoe JaBJieHNe, TaK KaK OHU, B CBOIO OUepeb, IIO3BOJISIOT OIIpe-
IeJIUTh TaKWe BaKHBIE TEXHOJOTUUYECKNE ITapaMeTphl, KaK IIJIOT-
HOCTH OYpOBOTO PacTBOpa, AOIMYCTUMBIE CKOPOCTH ABUIKEHUSA KO-
JIOHH B OTKPBITOM CTBOJIE, TUIOPA3MepPhl KOJOHH M KOHCTPYKI[UIO
CKBa’KUH U T.II.

OCHOBHOM MOJIeJILIO OIPEeIeIeHUA IIJIACTOBBIX (MJIM TOPOBBIX)
IaBJIEHUN ABJIAETCA COOTHOIIIEHIE

gradpn = grad preo - (gradpreo - gradprnnp) (FQ)/FH)A’

rge grad p,, grad p,,, grad p,,,, — COOTBeTCTBEHHO I'DafMeHTHI IO-
POBOTO (MJIM IIJIACTOBOTO), TUAPOCTATUYECKOTO U T'€OCTATHIUECKOTO
naBineHuit; F,, F, — XxapakTepHBIe CBOMCTBA IOPOJ B MHTEPBAIAX
KapoTasKa, COOTBETCTBEHHO (haKTHUUECKU HAOJII0JaeMbIX U IIPeJIIo-
JaraeMbIX [JI HOPMAJBbHBIX (THAPOCTATUYECKUX) ycJaoBuUii; A —
sMnupudyecKuil KoahGUIreHT, 3aBUCAIIUN OT (U3UUECKON CYITHO-
CTHU U3MEePAEMOTO MU PACCUUTHIBAEMOTO CBOMCTBA OPOIHI.

Tak, naa coberBernoro noreHnuaina (IIC), Kaxyieroca yaeb-
HOT'O COIIPOTUBJICHIS TOPHEIX IIOPOJ U d-d9KCIIOHEHThI A = 1,2; mnada
MeXaHUUYEeCKOM CKOPOCTU U BpeMeHu OypeHus (GUKCHUPOBAHHBIX WH-
TepBaJioB A ~ 3. IIpuBeileHHbIe 3HAUEHUS IJIA PA3JIUYHBIX T'€0JIOr0-
busUUECKUX YCIOBUI KOJIEOIIOTCA B BeChMa HE3HAUUTEJIBHBIX IIpe-
Ieax.

Ina naBreHNsa TMAPOPa3peIBa ILIACTA P, Hambojee ymoTpeOu-
TeJIbHA B MUPOBOM IIpakTuKe (hopmy.ia

grad p,,, = (grad p,,, — grad p,,) % +grad p,,
-u

rae w — koaddunuent Ilyaccona s ropHBIX IIOPOJ, KOTODPHI BO
MHOI'OM 3aBHCHUT OT BJIAXXHOCTH, IIOPHUCTOCTHU N MaTepuaja II0CJen-
HUX.

IIpu ucnosb3oBaHUM B KauecTBEe XapaKTEPUCTUKU IIOPOABI d-
9KCIIOHEHTHI, OTKOPPEKTHMPOBAHHOE 3HAUEHME IIOCJeTHEH BBIUNC-
Jasercd 1o opmyie

_ n
lg( DGH) gradpg

lg(ga”) gradp .,
d=—"-""_7

c ’
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rIe v — MexXaHnuecKas CKOPOCTb OYpeHus; 7 — YacToTa BpallleHUsd
nonora; G — Harpyska Ha JosoTo; D, — nuameTp fooTta; gradp,,,, —
rpajuedT THPOCTATHIECKOTO JaBieHus; grad ps , — TPafiieHT JaB-
JeHus OypoBOT0 PacTBOpa C YUeTOM TUAPOJAMHAMHYECKOH COCTaB-
JsA0IIeH; a U p — KOs(OUIIUEHTHI, YUYUTHIBAIOIINE COOTBETCTBEHHO
usHoc u tTun gojora (a = 1+8 u p = 0,5+0,6 — gnaa MmapoOUIeYHBIX
moJiot, p = 0,2 — qyd ZOJOT C TBEPAOCIJIABHBIMU BCTABKAMU U P =
= 0,01 — g1a aTMas3HBIX TOJOT).

s ruppocraTuyecKuX ycJaoBUH OypeHus d, OIPENEISAIOT IIO
SMIIIPUUECKOI (hopMy.Ie

In(d,)=aH + 0,

rae a u b — Koa(GUIINEHTH YPaBHEHUS PEeTrpeccuu, ompeesieHHbIe
HA HeKOTOPBIX HauaJIbHBIX MHTEpBaJax Oypeuus; H — riayouma 3a-
00s1.

Ucnonbsdys meTos d-sKCIOHEHTHI, MOXKHO PacCUUTATH IOPUC-
TOCTB I10 (popMy.Jie

( d,)
~0,98{ %\
\4,)

II- gradp,, - 0,98gradp, - 0,02gradp,,,,
gradpreo - gradprpmp

rae Bce 0003HAYCHU A IIPUBEIeHbI BBIIIIE.

Ecim B KauecTBe XapaKTEePUCTUKU TOPHON MOPOABLI (0COOEHHO
TJIMHUCTHIX OTJIO}KEHMI) UCIIOJIb3YIOT ee IIJIOTHOCTh P, KOTOpas MO-
SKeT OBITH OIIPe/iesIeHa II0 IILJIaMy UJIX KEPHOBOMY MaTepUaIy, TO

PPy )
dlnH )

gradpn = gradpreo - (grad DPreo — gradprn;{p) (1_

rae Py, Py — COOTBETCTBEHHO (PaKTHUecKasd 1 IpejHoaaraeMas IIoT-
HOCTY TJIMHBI JJIA YCJIOBUM HOPMAaJIBLHOIO YILUIOTHEHWS Ha TIIyOuHE
H;p,=alnH +b.

Memnbiliee pacupocTpaHeHWe IOJAYYNUJ B IPAKTHKe OypeHus
o-log-MeTox, B KOTOPOM OCHOBHBIMY COOTHOLIEHUSIMY SABJISIOTCA:

[0, =E2M2 | 0,28(7-0,001H);
Dnvo,ss
20(1- or/o},)

n,/o(b/oH(Z— OP/OH)H’

gradp,=gradp; , +

Op=aH+b,

rjae O,, O, — COOTBETCTBEHHO (haKTHUeCKOe U IIPeJIIoaraeMoe Ipu
TUAPOCTATUUECKUX YCIOBUAX 3HAUECHUA ITapaMeTpa O AJIA TJIyOUHBL
H (mocsenmee ompeesasieTcs M0 ypaBHeHUIo perpeccun); G, N, M,
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D, — cooTBeTCTBEHHO HarpysKa Ha JJOJIOTO, YacTOTa BpallleHus, Me-
XaHUYECKasdA CKOPOCTH ¥ AMAMETP JOJIOTa; N — KOPPEKTUPYIOIUH
ImapaMeTp IO Iiepenany qaBJIeHUA.

ITocnemuuit mapaMeTrp oupeneasieTcss B 3aBUCUMOCTHY OT BEJINUH-
HBI

Ap = (grad p;,, — grad p,,,,)H

B COOTBETCTBHMU C IIPUBEACHHBIMH HIXXKE JaHHBIMM

Ap, MITa ... 1 2 4 10 20 40 60 80 100 200 400 600
n-10* ....... 115 105 92 78 69 63 59 57T 56 52 48 44

Bce paccMoTpeHHBIE BBIIIIe METOALI UMEIOT HEJOCTATKU, K IJIaB-
HBIM M3 KOTODPBIX MOYKHO OTHECTU: IMPUMEHWMOCTH B OCHOBHOM B
TAWHUCTBIX OTJIOKEHUSAX, HEOOXOAMMOCTh IIOCTPOEHUS JIMHUK
TPeH/a U ee IOCJeAyIollee UCIOJb30BaHNe 32 00/IaCThI0 Perpeccuu
Ha 3HAUYUTEJbHBIE MHTEPBAJIbI.

Bce sTo npuBoaut K gocrarouno Gosbinum (10—20 %) morperr-
HOCTAM, 0COOEHHO B IIEPEXONHBIX 30HAX, U 3HAUUTEJLHBIM KoJeba-
HUSAM B OIlEHKe IIOPOBBIX JABJICHUH JJIs [IePEeMEKAIOIUXCA TOPOI.
Kpome Toro, mns mosyueHus: (PUSUUECKU KOPPEKTHBIX MaHHBIX
00JIb1II0€e 3HAUEHNE IMEeT METO/, IIPYU IIOMOII KOTOPOT'O OCYIIeCTB-
JsieTcA criaaskuBaHue grad p,.

1.2.8. ”THKAMHOMETPU A

B mporiecce 6ypeHusa CKBaXKMHBLI OTKJIOHAIOTCA OT BEPTUKAJU B
COOTBETCTBUMU C Ha3HaUeHNEeM (HAKJIOHHO HAIIpaBJIeHHBIE) WU B pe-
3yJIbTATe MEMCTBUSA TeOJIOTUYECKNX M TEeXHUKO-TEeXHOJOTUUYECKUX
darxTopoB. OTKJIOHEHWE CKBa’KUHBI OT BEPTUKAJIBLHO HAIIPaBJIEHHOMN
ocu Ha3bIBaeTCA MCKpUBJIeHUeM. JlaHHBIe 00 MCKPUBJIEHUU CKBa-
JKUHBI HeOOXOAUMBI JIJIsSI OIIpeIeIeHrA TJIyOMHBI 32605 OO0 3aAaHHO-
T'O MECTOIIOJIO}KEHU A, BHIABJIEHNSA MECT PE3KOT0 MCKPUBJIEHUA C IIe-
JIBIO MIPEeAYIIPeKACHNA OCAOKHEeHNA IPpU OypeHnl, CIIyCKe KOJOHH
U IIPOBeIeHN U Teo(pusnuecKux padoT. bes JaHHBIX WHKJIMHOMETPUU
HEBO3MOJKHO OIIpeJeieHre NCTUHHLIX INIYOUH 3ajleranus ILJIacToB,
UX MOIITHOCTH M T.[.

WckpuBieHne CKBa*KMHBI XapaKTepU3yeTcd YIJOM HCKPHUBJIIE-
HUA U a3MMYyTOM MCKPHUBJIEHUA. YTOJI HAKJIOHA CTBOJIA CKBAKWHBI
ompefesieTca MeXKOY BePTUKAJIbHOII OChI0 CKBAMKUHBI U (haKTHUUe-
CKUM HAIIpaBJIeHMEM CTBOJIA CKBA*KMHBI B BEPTHUKAJILHOM ILIOCKO-
CTH.

A3UMyT UCKPUBJIEHUA OUpeJeasaeTca MeX Iy HalpaBIeHueM Ha
MAarHUTHBIN CeBep W T'OPU30HTAJIBbHON HPOEKIIMEN OCU CKBAaYKUHBI,
HaAIPaBJIEHHOM B CTOPOHY YBEJIMUYEHUS TNIyOMHBI CKBAKUHEI.
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Puc. 1.2. CxeMa M3MepHUTEILHOI YaCTH UHKJINHOMETPOB:

1 — mopgmUNHUK; 2 — KOHTAKTHBIE KOJbIIAa KOJIJIIEKTOPa; 3 — KOJJIEKTOp; 4 — Mar-
HUTHAas CTPeJIKa; 5 — a3UMYTaJbHBIA pPeoXop[; 6 — KOHTAaKTHOE KOJIbIIO; 7 — OCT-
pue; 8 — IPyKUHHBIE KOHTAKTBI CTPEJKH; 9 — rpys3uk Oycconu; 10 — myrooGpasHBIR
peruar; 11 —oTBec; 12 — yrioBoit peoxopf; I3 — rpysuK, OPUEHTUDYIOIIUi PaMKY;
14 — xepH paMKu; 15 — cTpeska oTBeca

VroJ 1 a3UMyT UCKPUBJIEHUS CKBAKUH U3MEPAT UHKJINHOMET-
paMu ¢ AUCTAHIIMOHHBLIM 9JI€KTPUYECKUM H3MepeHueM, (hOTOMHK-
JUHOMETPAMHU U T'MPOCKOIIMYeCKUMHU NHKJINHOMeTpaMu (puc. 1.2).

1.2.9. KABEPHOMETPUSA

ITpu 6ypeHNY CKBAKUHBI JUAMETP €€ CTBOJIA He ObIBaeT PaBHBIM
IuaMeTpy I0JIOTa MIu KOpoOKu. B ciydae ocbimmeit 1 06BajioOB CTEHOK
CKBA)KMH OH OOJIbIIe, a IPU HAJIUYUHN ILJIACTUYECKUX IIOPOS U UX
IBUKEHUU K OCH CKBAaKMHBI OH MEHbIIIe HOMUHAJILHOrO (Zuamerpa
JIOJIOTa UM KOPOHKM). [[11amMeTp CTBOJIa CKBAYKMHBI OJIM30K K HOMI-
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Puc. 1.3. Koucrpyxuusa [11-
BepHOMepoB TunoB CKT u 4
CKO:

1 — pplUar ¢ JJIUHHBIM ILIe- 5
4oM; 2 — pbIUar ¢ KOPOTKUM /
mwiedom; 3 — mpyskuHa; 4 —
OMHUYECKHIN JaTuuK; 5 —
TPOCUK C TOJ3YHKOM; 6 — .
IITOK; 7 — CTEHKA CKBAalK M-
HBL

T oobd
iy
OO_
\

=
—

LI

1111177717777 777 777777777

HAJIBHOMY B KPENKUX ILJIOTHBIX MopogaxX. /i TIMHUCTHIX IIOPOX
XapakTepHO yBeJNUYeHNe JUaMeTpa CTBOJIA CKBAYKUHBI: JJIsT IPOHU-
IaeMbIX MoPoJ (KOJIIEKTOPOB) B CBA3W ¢ 00pa3oBaHMEM TJIMHUCTOM
KOPKHY JUaMeTP CTBOJIA CKBAKMHBI YMEHbBIIIAeTC .

daxKTHUeCKUIl [TaMeTP CKBAXKMHBI HEO0XOIMMO 3HATEL AJIA Ipa-
BUJILHOTO IIOZicUeTa 00beMa CKBaKUHbBI, 00'beMa 0ypOBOTr0 pacTBOpa,
00beMa 1 BBICOTEHI ITIObeMa TaMIIOHAXKHOT'O PacTBOpa, BbIOOpa MecTa
YCTAHOBKU MY(THI CTYIIEHYATOTO IIeMEHTUPOBAHUA, IIEHTPATOPOB,
CKpeOKoB, OarlrMaka o6cagHOI KOJIOHHBI, YTOUHEHHUSA T'e0JIOTUYeC-
KOT'0 paspesa IMopoJi, BCKPBHITHIX CKBAXKUHOM, 1 JIP.

Has1 onpeneneHns (pakTUUECKOr0 IUAMETPA CTBOJIA CKBAYKHUHBI
MIPUMEHSAIOT KAaBePHOMEPHI, IIPKM IIOMOINM KOTOPBLIX 3aIlHCLIBAIOT
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Puc. 1.4. dnreKkTpuuecKue cxeMbl KABEPHOMEPOB I paGoThI ¢ Tpex- (a, 6) u ogHO-
SKUJIBHBIM ( 6) Kabeasamu:

a— MOCTOBas CXeMa; 0, 6 — IOTeHIMoMeTpuyecKas cxema; RI, R3 — mepeMeHHBIe
comporuBienus mocra; R2, R4 — MOCTOsSHHBIE CONIPOTUBJIeHUs MocTta; KII — KoM-
TIeHcaTop MoiApHu3anuu; R, — CONPOTUBJIeHNe AAaTUNKa; I’ — reHepaTop MOCTOSHHOTO
ToKa; AB — ToKoBas 1enb; AM, AN — uaMepuTeIbHble e

KPUBYIO (B COOTBETCTBYIOIEM MacITabe), HasbIBAeMYyI KaBepHO-
rpaMMOii.

IIpunnun meiicTBUA M3BECTHHIX KABEPHOMEPOB CBOAUTCS K IIpe-
00pa30BAHUI0 MEXAHWUYECKUX IIEPEeMEIeHU M3MEPUTEIbHBIX PHI-
Yaros B 9JIeKTPUYECKHE CUTHAJILI, IIepeJaBaeMble HA PEerucTPUPY-
foruii mpubop (puc. 1.3, 1.4).

1.2.10. TIPOOUAEMETPH S

Ecau paccmoTpeTh HpOmOJLHBIN pa3pes CKBasKMHBI B Pas3Jinu-
HBIX IIJIOCKOCTSX, TO MOYKHO YBHIETb, UYTO CKBasKUMHa He Bcerja
IIPeICTaBIAET CO00I TOPHYIO BEIPAOOTKY, OJIM3KYIO0 K IIUJIUHIPUYE-
ckoii. HacTo pasdmMephl MOMEPEYHOT0 CEUYEHUA B ABYX IEPIEHANKY-
JIAPHBIX HATIPABJIEHUAX 3SHAUYUTEJIBHO OTJINYAIOTCA, YTO 00yCIOBIIE-
HO HaJIMUMEM JKeJIOOHBIX BBIPAOOTOK MM MHBIX HAPYIIIeHN KOH(M-
rypaiuy CTBOJIA CKBaKUHBI. [[MaMeTp CTBOJIA CKBAYKUHBI B ABYX
B3AMMHO IIePIEeHANKYIIPHBIX HAIPABJIEHUAX ONPEAesIaoT Ipodu-
JieMepamMu.

IuramMeTp CKBa'XKMHBI PACCUUTHIBAIOT MO pasMepy PacKpPBITHA
IBYX IIap HE3aBUCUMO IIePEMENIAIONIUXCA PHIUAroB, CKOJIb3AIINX
II0 CTEHKAM CKBaXMHBI. [IPOIOPIIMOHAIBHO pasMepy PaCKPBITUS
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KasKJoM maphl phlyaroB mpoduieMepa M3MEHAETCS PErUCTPUpye-
Mas pa3HOCTh IIOTEHIINAJIOB.

IIpouaemep coCTOUT M3 BTEKTPUUECKOTO U BIEKTPOHHOTO 0JI0-
KoB. OH pafoTaeT B yCIOBUAX BO3AelcTBuA TeMiepaTypsl 2o 150 °C
u gaBiaenus 1o 100 MIla mpu yrie nCKpUBJIEHUS CTBOJIA CKBAKUHBI
1o 20°. ITorpemrHocTs nsMepeHna 10 MM IIpy M3MepAeMbIX JUAMET-
pax ckBasxkuHbl oT 100 g0 760 MM.

W3BecTHBI KOHCTPYKIIUM TPEXIJIOCKOCTHOTO KaBEePHOMEPIIPO-
dunemepa, KOTOPHIH faeT BOBMOYKHOCTH IOJIYYATh C IIOMOIILI0 TPEeX
Iap U3MEPUTENbHLIX PBIYArOB TPYU KPUBBLIE MPOGUIA CKBAKUHBL U
KaBepHOI'paMMy.

1.2.11. OHEHKA KAYECTBA TEMEHTMPOBAHMNA CKBAJXMH

o HacTosAIero BpeMeH! eJMHCTBEHHBIM IPAMBIM JOKAa3aTelb-
CTBOM KaUYeCTBEHHOT'0 KpeILIeHUS He@TAHBIX U TrasoBbIX CKBaKUH
SIBJISAJIOCH OTCYTCTBME MEXKILJIACTOBBIX IIEPETOKOB 3a 00CaAHOIl KO-
JIOHHOI1, BOJOHe()TEera3omposaBIeHNII Uuepe3 KOJOHHOe ITPOCTPAHCT-
BO, a TaK/Ke Teuell B 00camHbIX KoJoHHaxX. CHM:KeHMe KauecTBa
KpeIJieHNA CKBAa'KMH OOBIUHO BBIPAKaeTcAd B TMOABJICHUU BOIBI B
IoObIBaeMOIl He(DTH WM B HApPYIIeHWUW TePMETHUYHOCTH 00CagHOMI
KoJIoHHBI. OIHAKO KOJMYECTBEHHO OIIeHUTH CTEeIeHb repMeTUYHOC-
TH 00CaJHOM KOJIOHHEI, TAK JKe KaK U CTelleHb ee HapYIIeHUs, IIoKa
He IPeACTaBJSIEeTCS BO3MOXKHBIM. I[09TOMY AJiA OIEHKM KauecTBa
IeMEeHTHPOBAHUA CKBaYKWH (a UYacTO AJA YCTAHOBJIEHUA NTPUUYNH
HEeTepPMEeTUYHOCTH 3aTPYOHOTO IMIPOCTPAHCTBA) aHAIUSUPYIOT (aK-
TOPBI ¥ CUTYAaIlNN, MMEIOI/e HeIIOCPEICTBEHHOe OTHOIIICHNE K pac-
cMaTpuBaeMomMy Bompocy. K HMM B MEepBYIO ouepenb OTHOCATCSH:
1) xaBepHOMeTPHUS (OCHOBHOE — XapaKTep KaBePHO3HOCTH); 2) COOT-
BeTcTBUE (haKTHUUECKOTO pacxXoja IeMeHTa pacueTHoMy; 3) (GaKTu-
yecKas M pacueTHas BHICOTA MOABbeMa IIeMEeHTHOTO pacTBopa B 3aKO-
JIOHHOM IIpPOCTpPaHCcTBe (0OparaioT BHUMAaHWE Ha HEeIOIOIbeM WJIN
nepemnoabeM); 4) cOCTOAHME KOHTAKTOB IIEMEHT — KOJOHHA U TIPU
BOBMOYKHOCTHU IIeMEHT — Iopoja (HamboJjiee omacHasA 30HA); 5) dKC-
IEHTPUCUTET 00CaJHOM KOJOHHBI B CKBaKUHE; 6) IPOTAKEHHOCTh
30HBI CMEIIMBAHUA IIEMEHTHOTO M OYpPOBOTO PACTBOPOB; 7) IJIOT-
HOCTB CPeAbl B 3aKOJIOHHOM ITPOCTPAHCTBE M HAJWYMNE WU OTCYTCT-
BUe Ie()eKTOB IIeMEHTHOTO KOJIbITA.

KauecTBo [leMEHTUPOBAHNS CKBAYKUH OLEHUBAETCSA IIPU IIOMOIIA
TEePMOMETPUM U METOJ0B PAAMOAKTHUBHOI'O M aKYCTHUUECKOr0 KOH-
TPOJIA 3a IIeMEeHTUPOBAaHNEM CKBa'KMHBI. Bce aTH MeTOAbI MO3BOJIA-
IOT JIMIIb KAUeCTBeHHO OIeHUTHh HeKOTOPhIe KOCBeHHbIE ITapaMeTpPhI
Pas300IIeHna MIacTOB 38 00CaTHOM KOJIOHHOM M IepMETUYHOCTH 3a-
KOJIOHHOT'O ITPOCTPAHCTBA.
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MeTon TepMOMETPUM OCHOBAaH HA M3MEPEHUM TeMIIepaTyphbl B
CTBOJIe CKBasKUHBI Ha yYaCTKaX, I'/le TBepIeeT IIeMeHTHbIH PacTBoOp,
BBIIEJIAS HEKOTOPOEe KOJIMYECTBO TEILJIOTHI 1 HarpeBas OypoBO# pac-
TBOP BHYTPHU 00CATHOI KOJOHHEI.

B mporiecce TBepAeHUA TAMIIOHAYKHOT'O PACTBOPa B 3aKOJIOHHOM
IIPOCTPAHCTBE CKBAKUHBI IIPOUCXOIAT ABA IPOIlecca: BOCCTAHOBJIE-
HIE eCTEeCTBEHHOT0 TeIJIOBOTO II0JIA 1 SK30TePMUUECKoe N3MeHeHUe
TeMIIepaTyphbl IPU BBIAEJEHUN TEeIJIOTHI BCJIEACTBUE THUAPATAIINU
IeMeHTa.

TemmepaTypHas XapaKTePUCTUKA B3all€eMEHTHPOBAHHOM CKBa-
SKUHBI 3aBUCUT OT pPAAa (PaKTOPOB: €CTEeCTBEHHON TeMIlepaTypbl
B KOHKPETHOM WHTepBajie, cooTHoleHus (B %) OypoBoro u
TaMIIOHA’KHOT'O PACTBOPOB B 30HAX WX CMEIIMBAHUSI, HEPaBHO-
MEPHOCTH pacIpefesieHus IIeMeHTHOTO pacTBopa (BcJieAcTBUE
HAJIUYMA KaBepH, JKeJOo00B M 9HKCIEHTPUUHOTO PACIIOJOMKEHUA
o0camHO KOJOHHBI) B PA3JMYHBIX 30HAX, HEMOCTOSHCTBA BOJO-
IIEMEHTHOTO OTHOIIEHUS TaMIIOHAKHOI'O0 PacTBOpa M3-3a IIOTJIO-
meHuss ero GUIbTpaTa IIPOHUIIAEMBIMHM ILJIACTAMM, DPAa3JIUUUA
TeILIO(PU3NUECKUX CBOMCTB OKPYKAIOINUX CKBAKUHY IIOPOA U AP.
CrnemoBaTebHO, METON TEPMOMETPUU IAET BO3MOYKHOCTH KOCBEH-
HO CYIUThL O HEKOTOPBIX IIOKAasaTeJsX Mpolecca IeMeHTHPOoBa-
HUS.

MaxkcuMmasibHas TeMIepaTypa TeILIOBBLIAeJIeHUs IIPU 3aTBep/e-
HUM IIeMEeHTHOTO PAacTBOpa M3 MOPTJaHAIIEMEHTa, 3aBUCAIIAS OT
TeMIIepaTyphbl OKPYsKaloIeil cpeansl, oTMedaeTca uepe3 6—9 u mo-
cJie 3aTBOPEHUA IleMeHTa. B 9TOT JKe Tepuo]; MPOUCXOAUT CXBATHI-
BaHMe IIeMEHTHOTr0 pacTBopa. IloBhIIIeHNe TeMIIepaTyphl U AaBJie-
HUSI OKPYIKAIOIell Cpeabl IPUBOAUT K YCKOPEHUIO IIPOIIECCOB I'U /-
posm3a W rHApaTalUy IeMeHTa U MOMEHT MaKCHUMAaJIbHOTO TeILIO-
BBIZIeJICHUSA BBICTYIIAeT paHblie: mpu temmeparype 75 ‘C uepes 2-—
3 u, mpu Temmepatype 120—150 °C uepes 0,5—1 u. [laBienne Taxxe
YCKOPSIET IPOIleCChl CXBATHLIBAHUA U TBEPAEHUS IIEMEHTHOTO pac-
TBOpA ¥ KaMHA. 3aMeIIUTeIN UIU YCKOPUTEJIN TAMIIOHAMKHBIX pac-
TBOPOB BJIMAIOT HA KOJUYECTBEHHYIO CTOPOHY SBJIEHWH, HO He Ha
KauyeCcTBeHHYI0. AHaJIOTUYHbIE Pe3yJbTaThl MOJYUYaAIOT [JS BCEX
cMecell IOpTJIaHAIIEMEHTa ¢ Ao0aBKaMM IlecKa, IILJIaKa, TJIMHBI U
IPYTruX, OOHAKO KOJMYECTBEHHAs XapaKTePUCTUKA SABJICHUS IPHU
9TOM U3MEHSeTCs.

Amnanus pe3yabTaToB HEOTHOKPATHBIX U3MEPEHUI TeMIIepaTyphl
B mporecce oxupanua sarBepienHmsa inemenrta (O31]) mosBosaer
YTOYHUTH TJAYOMHY (BBICOTY) HOABEMA IIEMEHTHOTO (TaMIIOHAMK-
HOT'0) PacTBOPa B 3aKOJIOHHOM IIPOCTPAHCTRE.

MeTon TepMOMETPHUY MOJKET OBITH MCIIOJIb30BaH KaK IPAMOIT Me-
TOJI OIIEHKY KauecTBa Pa300IeHus IIacTOB.
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ITepeTox rasa, Hed)TH ¥ BOABI U3 OJHOIO ILJIACTA B APYTOM MOXKHO
00HaAPYKUTH C TOMOIITLIO 9JIeKTpoTepMoMeTpoB. Korma mpu aBuke-
HuM QUIIONIa 0 3aKOJIOHHOMY ITPOCTPAHCTBY CO3aI0TCS HEe3HAUM-
TeJIbHBIE AHOMAJUU TEMIEPATYPEI, JJIs YCIEIIHOTO BLEIABJICHHUS IIe-
PeToKa peKoOMeHAyeTCs YBeJINUNBATL MacCIIITa0 3aIICy TePMOTPaMM
¢ KOMIeHcalueil eCTeCTBEeHHOTO I'paJieHTa TEMIepaTyphl, a 3aIlliCh
UX OCYIIeCTBJIATH B OCTAHOBJICHHOI CKBa)KMHE IIOCJIe BOCCTAHOBJIE-
HUS €CTeCTBeHHOTO TeMIIePATyPHOTO TOJIA.

PagmoakTuBHBIE METOABI KOHTPOJIA 3a IIeMEHTHUPOBAHNEM CKBa-
JKMH OCHOBAHBLI HA MCIOJIL30BAHNIN AaKTHBUPOBAHHLIX PaAMOaKTUB-
HBIX M30TOIIOB B TAMIIOHA’KHOM PAaCTBOpPE C IIOCJIEAYIOIell PerucT-
paiuei raMMa-u3JIydeHns B 00cagHoll KoJioHHe. ['TaMMa-usaydenue
B KOJIOHHE PEeTUCTPUPYIOT CTAHAAPTHOM raMMa-KapoTaKHOII allma-
parypoii. IIpuz sTOM WHTepBaJ pacupereeHus aKTUBUPOBAHHOTO
TaMIIOHAYKHOTO PACTBOPa 3a KOJOHHOM OTMEeUaeTCA IIOBBINIEHWEM
MHTEHCUBHOCTH TaMMAa-U3JIyUeHUS IO CPABHEHUIO C €CTeCTBEHHOM
PagMO0aKTUBHOCTHIO TOPHEIX IIOPOJ.

Hda akTUBM3AnMU TaMIIOHAKHBIX PACTBOPOB MCHIOJB3VIOT pa-
IMOAKTUBHEIE U30TOIBI IUPKOHUSA, UPUAULI, JKejIe3a U IPYTUuX dJjie-
MEHTOB, XapaKTepUu3yIOIIUXCA MOCTATOUHO JKECTKHUM TaMMa-
U3JIyYeHUEeM U CPAaBHUTEIHLHO HeOOIBITUMY TIEPUOIaAMU IOJIypaciia-
na. PacTBopeHHEBIE B BOJe COJIM 9TUX M30TOIOB BBOJAT B MCIIOJIbL3Ye-
MYIO JIJISI 3aTBOPEHUSA IIEMEHTHOTO PacTBOpa BOAY, HAXOAAIIYIOCS B
€MKOCTSAX IIeMEeHTUPOBOUHLIX arperaTos.

Yro6bl ONpEAeJUTh BLICOTY IIOABEMa TAMIIOHAXKHOI'O pacTBOpa
TIPY TOMOIITY PAaJANOAKTUBHBIX M30TOIIOB, JOCTATOUYHO aKTUBUPOBATH
JIUIITH TIEPBYIO €T0 TTOPITHIO.

J1s1 m3MepeHus TONITUHBI aKTUBUPOBAHHOM IIEMEHTHON 000J10Y-
KM BOKPYT KOJIOHHBI paspaboTaHa cHelllaJbHasA SKCIEePUMEHTAaJb-
Hasd raMMa-amapaTrypa KOHTPOJIS 3a [eMEeHTUPOBAHMEM CKBaKWH.
Ilpunnun pgeficTBus 9TOUM ammapaTypbl 3akKJl4yaeTca B TOM,
YTO TaMMa-u3JyueHrne aKTUBUPOBAHHOTO TaMIIOHAKHOTO PacTBOpa
perucTpupyerca raMMa-uHINKATOPOM, BOKPYT KOTOPOTO BpAaIllaerT-
cA MUINHIPUYECKUHA CBUHIIOBBIN SKPaH C IIPOJOJIbHON KOJJINMAIM-
OHHOH MIeJbio. MHTEeHCHBHOCTh TaMMAa-U3JIYyYeHUsS HaAXOIUTCS
B IPAMOI 3aBUCUMOCTU OT TOJIIIIUHBLI AKTHBUPOBAHHON TaMIIOHAMK-
HOM MaccChl, TIOATOMY KpUBas M3MEHEHUS HMHTEHCUBHOCTU TaMMa-
U3JIyUYeHUsd, 3apPeTUCTPUPOBAHHAA 34 OAWH 00OPOT KOJIMMAIIMOH-
HOM IMesim SKpaHa raMMa-IleMeHTOMepa, XapaKTepusyeT u3Me-
HeHMe TOJIIIUHEI IIeMEeHTHOI 000JI0UYKH 3a KOJIOHHOI B JAHHOM cCeue-
HUM CKBa:KUHBI. IIpy paBHOMEPHOM pacHpeeieHuN TaMIIOHAaMK-
HOT'0 pacTBopa (MU KaMHSA) 3a KOJIOHHOM 9Ta KpUBas IpeBpalaeTcs
B OpAMYIO, a IIPpU HEPaBHOMEPHOM HNMEEeT YeTKO BhIpasKeHHBIe
MaKCUMyM M MUHUMYM, PasHUIA MEXIY KOTOPBIMH TeM 3HAUM-
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TeJbHee, 4yeM 0ojiee HEPaBHOMEDHO pacIpejfesieH IeMeHTHBIH Ka-
MEeHb.

IIpu perucrTpamuym KpUBOM M3MEHEHUS WHTEHCUBHOCTH TaMMa-
UBJIyYEeHUs Ha IeMEeHTOrpaMMe OTMeuvaeTCd KaKABIH IIOBOPOT K-
pana Ha yroa 60°, a TaksKe (pUKCHUpPyeTCsa MOMEHT, KOT/Ja KOJLIMMA-
[IVIOHHAA II[eJIb 9KPAaHa COBIAZAET C IJIOCKOCTHIO KPUBUBHBI KOJIOH-
HBI. ITO IIO3BOJISIET OIPEAEJUTH HE TOJHKO M3MEHEHWE TOJIIUHBI
TAMIIOHAKHOM 000JIOUKY 110 IEPUMETPY KOJOHHBI, HO M YTOJ MEX Iy
IJIOCKOCTHIO KPUBU3HBI CKBAYKUHBI U [IEMEHTHOM 000JI0UKH.

WccnenoBanusa Ipy IIOMOIIY anapaTypbl raMMa-KOHTPOJSA Iie-
MEHTHPOBAHUS CKBaYKUH ITOKA3aJIu, UYTO, KaK IPaBUJIO, TAMIIOHAXK-
HBIHM pacTBOp (MJIN KaMeHb) paclpefiesiieTcsd BOKPYT KOJOHHEBI He-
PaBHOMEPHO.

BceoencTBue HUBKOTO KauecTBa IeMEHTUPOBAHUA CKBAYKUH T1JIaC-
THI-KOJIJIEKTOPBI MOTYT OBITH He Pa300IeHkl, U IPU Iepernaje IaB-
JIeHUS MEeYKAY HUMU BO3HUKAIOT IIEPETOKU ILJIACTOBBIX (DJIIOM/IOB.
Ecnu kaHas, 10 KOTOPOMY IIPOUCXOJUT IEPETOK ILIACTOBOTO (DJIIOU-
Jla, coo0IfaeTcss ¢ BHYTPEeHHEH IOJIOCTHI0 00CaHON KOJIOHHBI, Ha-
npuMep uepes nepdoparnoHHbIe OTBEPCTH, TO, 3aKaUaB uepes HuX
B 3aKOJIOHHOE IIPOCTPAHCTBO AKTHBUPOBAHHYIO PaAMOAKTUBHBIMU
MB0TOIIaMM KUIKOCTh, MOYKHO C IIOMOIIIBI0 FraMMa-KapoTaKa ompe-
[eJIUTH 30HY €e PACIPOCTPAHEHUA 34 KOJIOHHOM, T.e. OI€HUTH BO3-
MOJKHOCTHh BOBHMKHOBEHUS MEKILJIACTOBBIX IIEPETOKOB.

MeronuKa mcciefJOBaHUS CKBAYKUH C 9TOU IIeJIbI0 3aKJII0YAETCA B
caenyromnieM. CHauasla MPOBOJAAT KOHTPOJBHBIN raMMa-KapoTask B
o0camgHOIl CKBajKWHE. 3aTeM B Hee HIU)Ke WHTepBajia Imepdopaiuu
conyckaroT HacocHO-KoMupeccopHble TpyOsl (HKT), uepe3 KoTopsie
3aKauMBaOT 3—5 M® BOJBI ¢ MPUMEChI0 PAJMOAKTHUBHLIX H30TOIOB.
Ilocsie 3TOrO0 repMETHU3UPYIOT MEKTPYOHOE IPOCTPAHCTBO U IIPO-
JaBJINBAIOT aKTUBUPOBAHHYIO *KUAKOCTD B ITep(opaIriioHHbIe OTBED-
cTuA. 3aTeM OCYIIECTBIIAIOT IPAMYIO U OOPATHYIO IPOMBIBKY CKBa-
JKUHBI BOJIOM, UTOOBI OUMCTUTH OT PAAMOAKTHUBHBIX M30TOIIOB BHYT-
PEHHIOIO IIOJIOCTb KOJIOHHHI.

Tlocsie mpoBeJieHMsT TIOBTOPHOI'O TraMMa-KapoTayka, JaHHBIE KO-
TOPOTO CPAaBHUBAIOT C Pe3yJIbTaTaMi KOHTPOJIBHOTO 3aMepa, OIpe-
JeJIAI0T 30HY PACIIPOCTPAaHEHUS aKTMBUPOBAHHON JKUIKOCTU 34 KO-
JIOHHOH 10 PEe3KOMY VyBEJIWUYEHWI0 WHTEHCUBHOCTA TIaMMa-
uzsydeHuA. KEcaum B 9Ty 30HY HOTAAAOT IIJIACTHI-KOJIJIEKTOPHI, TO
[leJIaf0T 3aKJII0UEHNE O TOM, UTO MEXKAY HUMHU BO3MOXKHBI IIEPETOKU
(rona Mo 3aK0JI0OHHOMY IPOCTPAHCTBY.

K HemocraTKaM TIpUMeHEHUs PAaAMOAKTUBHBIX  M30TOIOB
OTHOCATCA CJEAYIOIIVe: COXpaHeHVWe B TeUYeHHEe CPABHUTEIbLHO
[UINTEJHLHOI0 BPEMEHM BBICOKOIO YPOBHS TraMMa-U3JIydeHus,
MPEATCTBYIOIEro IPOBeIeHU0 JPYTUX PAANOAKTUBHBIX UCCJIE/0-
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BaHUII B CKBa'KWHE; CJIOKHOCTb; TPYIOEMKOCTh; paAMaIllMOHHAA
OIIaCHOCTb. BeyiecTBUE 5TOTO PAAMOAKTUBHBIE M30TOIBI AJIS OIEH-
KU KauecTBa [[eMEHTUPOBAHUA CKBaXKUH IITUPOKOTO NIPUMEHEHUI He
HAIILIY.

Meropn comocTaBiaeHusa raMMa-KapoTa:kHbIix KpuBblx (I'K) ocHo-
BaH Ha Pa3JIMUUU IIOTJIOIIeHUNM 00CaZHON KOJIOHHOM, TaMIIOHAYKHOMN
Maccoil u GYpPOBBIM PAacCTBOPOM €CTECTBEHHOIO raMMa-U3JIyUYeHUS
TOPHBIX TTOPOA. B CBA3M ¢ 3TUM perucTpupyeMoe raMMa-u3ayueHre
B 3aI[eMEHTUPOBAHHOM WHTEPBaJie CKBAaKWHBI 3HAUUTEJIHHO MEHb-
1IIe, YeM B OTKPBITOM CTBOJIE 1 HE3AIeMEHTUPOBAHHON YacTH KOJIOH-
HBI.

H1s1 ycTaHOBJIEHU A MECTOIIOJIOMKEeHUS pasfesia MeXIy OYPOBBIM
¥ TaMIOHAKHBIM PAacTBOpPaMu 3a KoJIOHHOUM amarpammbl 'K, sape-
TUCTPUPOBAHHBIE [0 IIEMEHTUPOBAHUS CKBA'KWHBLI U IIOCJIE HETO,
COBMEIIAIOT B MHTEPBAJIAX C MUHNMAJIbLHBIMY II0KA3aTeJIAMI raMMa-
axTuBHOCTHU. ITOC/IefHEee IT03BOJIAET B KAKOI-TO CTEIIEHN HCKJIIOUNTh
BIUSHYE Ha 9TU [TIOKa3aTeJ I KOJIOHHBI, 0YPOBOT0 pacTBopa W He3Ha-
YUTEJBHOTO CJIOA TaMIIOHAXKHOM Macchl B MHTePBaJie COBMEIIeHUs.
IIpu sTOM 3HAUUTEIbHOE YMeHbIlleHre naHHbIX 'K B 3arieMeHTHpo-
BaHHOU CKBa’KMHE 110 CpPaBHEHUIO ¢ faHHbBIMU ['K B OTKPBITOM CTBOJIE
YKasbIBaeT Ha HAJIWYVe TAMIIOHAKHOM MacChl 3a KOJIOHHOM B JAHHOM
WHTEepBAaJIe.

HegocTaTox OmMcaHHOrO METOJa — TPYAHOCTH YETKOI'0 OIpeje-
JIeHusl pasfgesja MeKIy OypoBBIM M TAMIIOHAKHBIM PacTBOpPaMMU,
€CJIM WHTEPBaJ IeMEHTUPOBAHUS CKBA’KWHBI IIPEACTABJIEH MaJo-
TJIMHUACTHIMU IIOPOJaMu, O00JaJaloIUMN HUBKON TraMMa-aKTHUB-
HOCTBIO.

IIpu cymiecTByoiieM pasjanuYWy IJIOTHOCTEH TaMIIOHAMKHOTO U
6ypoBoro pactBopos (6o1ee 300—500 Kr/mM?) MOKHO MOJYUUTH 3HA-
YUTEeJbHO 60JIee MINPOKYI0 NH(POPMAIIUIO O PACIpeaeJeHUN U COCTO-
STHUY IIeMEeHTHOT0 KaMHs 3a KOJIOHHOM, MCIIOJIB3YsA METOJ paccesH-
Horo ramma-usaydenusa (MPT') mwiu ramma-ramMma-KOHTPOJIA 34 I1e-
MEHTHPOBAaHMEM CKBAaYKMH. JTOT METOJ] OCHOBAaH Ha OOpaTHOM 3aBHU-
CHMOCTY MHTEHCUBHOCTH PACCEAHHOr0 raMMa-U3JIyYeHusi OT ILIOT-
HOCTH OKPY Kaloleil cpeabl.

OcHOBHBIE y3JIbI almapaTypbl raMMa-raMMa-KOHTPOJIS 3a Ile-
MEHTHUPOBaHNEM CKBaKUH — HUCTOUHUK raMMa-U3JydeHusa (paguo-
aKTUBHBIE U30TOIHI IIe3UA NN KOOAJIbTA) U N30JIMPOBAHHBII OT HETO
CBUHIIOBBIM 3KpaHOM (Ha paccroanum 40—60 cm) mHAMKATOD, CO-
CTOAIIUN 13 razopaspAaIHbIX CUETUNKOB WK CIUHTUILIATOPA ¢ (o-
TOYMHOYKHUTEJIEM.

IIpu HaxoxkgeHNN CKBasKUHHOTO Imprdopa MPT B o6cakenHOI U
3aIleMEHTUPOBAHHOM CKBaKMHE raMMa-u3JydyeHne U3 PaguoaKTUB-
HOT'0O UCTOYHUKA PACCEUBAETCS U IIOTJIOIAeTCA B 6YPOBOM M TaMIIO-
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HAKHOM PacTBOpax, B KOJIOHHE, a WHOT/A U B IIOPO/ie, B CBSA3U C UEM
TOJIKO YacCTh PACCeIHHOTO raMMAa-U3JIyUeHUs ToIlajaeT B MHAMKA-
TOD.

CiemoBaTesibHO, IPU HAJIWYNK 32 KOJIOHHOU 00Jiee ILJIOTHOTO Iie-
MEHTHOI'0 PACTBOPA MJIM KaMHS MHTEHCUBHOCTh OIAJA0IIero B NH-
IUKATOP M3JIy4YeHuUs OyAeT MeHbIlle, YeM IpU HAJIUUYNU OYPOBOTO
pacTBopa, 1 Ha00OPOT.

Ina uccaemoBaHUA CKBasKWH, obcakeHHBIX 146- mim 168-mm
o0camHOM KOJIOHHOM, mpuMeHAIoT rtemeHToMerp IIMTVY-1. Ero un-
IUKATOP COCTOUT U3 TPEX PA3PSAAHBIX CUETUNKOB, PACIIOJJOMKEHHBIX
CUMMETPHUYHO OCH B YIIYyOJIeHUAX Ha [MUJINHAPUIECKON ITOBEPXHOC-
TH CBUHIIOBOT'O 9KPaHa, YTO 00eclieunBaeT OJHOBPEMEHHYIO PEeTUCT-
paruio n3MeHe A UHTEeHCUBHOCTH PACCEAHHOTO raMMa-u3JIyuYeHn s
1o TpeMm obpasymoomuM (uepes Kasxkable 120°) cTBOIA CKBAXKMHBIL.
BcesenceTBue Bparenus npubopa OpHW ABUKEHUU IO CTBOJY CKBa-
JKMHBI KPUBble M3MEHEHUS WHTEHCUBHOCTY PAaCCEAHHOr0 ramma-
raMMa-usJayuYeHnss UMeIOT CHHYCOUTaJIbHBIN XapaKkTep.

Has pa6otsl B 89- minu 114-MM KOJIOHHAX HCIOJB3YIOT IPUOOP
IIMM-3-4 aHaJIOTUYHOM KOHCTPYKIUH.

ITemenTomep I[P-4, mpemHasHAUeHHBIH AJA TPOBEIEHUSA WC-
caemoBauuii B 219- wiau 245-mMm o6camHBIX TPyb6axX, OTJIUUAETCS OT
IIMTYVY-1 HaauymeM 4eTBEPTOTO U3MEPUTEIHHOTO KaHaJa.

B mocnenume roasl ucmoab3oBanu 6osiee shGEeKTUBHBINA raMMa-
IedexToMep C KOJJIMMUPOBAHHBIM JKPAHOM, BPAIAIOIIUMCSH BO-
Kpyr OpHMEeMHHKA C IOBBIIIEHHOM YYBCTBUTEJNHLHOCTBHIO. JTO OaeT
BO3MOXKHOCTh PETHMCTPUPOBATH KPUBLIE pacIipemeieHsa NHTeHCUB-
HOCTU PACCEAHHOTO MBJIYUEHUA II0 IMePpUMEeTPY KOJIOHHBI KaK IIpH
IepeMelleHnn, TaK 1 IIPU OCTAHOBKe mpubopa.

B cBssu ¢ TeM, UTO NOKAasaHUs alapaTypbl raMma-raMmma-
KOHTPOJIA 34 [IEMEHTUPOBAaHNEM CKBaKUH CUJIBHO MCKaMKAIOT U3Me-
HEeHUA TOJIIINHEI CTEHOK TPYy6 B 00caHOI KOJOHHE (IIpY M3MEeHEeHU!
TOJIIMHEBI CTEHKX Ha 1 MM mokasaHusa usameHsiroresa Ha 10—-20 %),
ITedeKToMep KOMILJIEKTYIOT C PaAUuOAKTUBHBIM TOJIITMHOMEPOM
Tpy6. TommuaoMep paboTaeT o TOMY ke IPUHIIUIY, YTO U raMMa-
raMMma-amnmapaTypa, H0 PacCTOSHUe MeXKIy WHAWKATOPOM W MCTOY-
HUKOM MeHee KeCTKOT0 N3JIyueHus (M30TOIIOM TyJins) oKoJo 10 cm.
KommieKcHBIN TpuOOp IIOJYyYHJ Has3BaHWe CEJIeKTHUBHBINA TamMMa-
nedexTomep-romiuaomep CTIAT-2.

Bo Bcex Mommpuramuax amnmapaTypbl raMMa-raMMa-KOHTPOJISA
IEMEHTUPOBAHUS CKBAKUH U3MepsieMble 3HAYEHUA NHTEHCUBHOCTH
paccessHHOTO raMMa-M3JyueHus IpPeodpasyioTca B CKBAKMHHBIX
mpubopax B COOTBETCTBYIOIINE 9JeKTPUUYECKNEe CUTHAIBI, KOTODbIE
yepe3 KapoTaKHBLIM Kabesb M HA3eMHYIO MaHeJ b IIepemaioTcs Ha
perucTpupyollee yCTPOHCTBO, 3alIUChIBAIOIEe UX B BUJe KPUBBIX
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M3MEeHeHUA NHTEHCUBHOCTH PACCEIHHOTO raMMa-u3JIyUeHUsA ¢ TJYy-
OMHOIT CKBasKWHEI.

IIpy wuHTepmperanum 3aperuCTPUPOBAHHBIX TaMMa-raMMa-
IEMEHTOrPaMM HEeOOXOAMMO WCIIOJb30BATh KAaBEPHOIPAMMY [IJIS
yueTa U3MEHEHHUA JuaMeTpa CKBaKIH, a AJs NPUOINIKEHHON OIleH-
KU BIMSHUA IJIOTHOCTU IOPOJ — AuMarpaMMy HedTerasoBoro KoH-
rakta (HT'K). Hage:XHoCTh pe3yabTaTOB MHTEPIPETAIINN IIOBLIIIIA-
eTcs IPU HAJUYNY JaHHBIX O TOJIINHE CTEHOK TPyO B 00CAIHOM KO-
JIOHHE.

Ha pwuc. 1.5 mpusegena o0oOIieHHasA cXeMa HHTepIIpeTaInuu
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Puc. 1.5. O6001meHHas cxeMa MHTEPIPETAIUN raMMa-1I[eMeHTOTrpaMM:

A — nemenrorpammbl (mpubop IIMTVY); B — KpyroBas LeMeHTorpamma (ramma-
nederxTomep); I — mpubop He Bpamiaicd B KoJIoHHe; II — mpubop Bpalmaics B KOJIO H-
He; ] — IIeMeHTHBIN pacTBOp; 2 — mopofa; 3 — 6ypoBOM pacTBOp; 4 — KOJIOHHA pa CIIo-
JIO’KeHa KOHIIEHTPUYHO; 0 — KaBepHA, 3alloJHeHHas OypOBBIM PACTBOPOM; 8, 2 —
KOJIOHHA DACIIOJIO}KEHA HKCIEHTPUYHO B He3alleMEHTHPOBAHHON U 3aIleMeHTHD O-
BaHHOM YacTAX CKBA’KMHBI COOTBETCTBEHHO; 0 — KOJIOHHA PACIIOJIOJKEHA KOHIIEH T-
PUYHO B 3aIleMEHTHPOBAHHOHN YacTW; e — KaBepHA, 3aloJHeHHAs IeMeHTHBIM pac-
TBOPOM; J — OZHOCTOPOHHSS 3aJIMBKA IIEMEHTHBIM DACTBOPOM
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raMMa-ramMmMa-IieMeHTOrpaMM, U3 KOTOPOI BUAHO, UTO II0 Pe3yJabTa-
TaM WX WHTePIpeTanuu MOKHO IuddepeHIInpoBaTh U OMPeaeaaTh
OCHOBHBIE CJyYar B3aMMOPACIIOJOMKEeHUA OypoBOTO pacTBOpa, KO-
JIOHHBI, TAMIIOHAKHOT'O PacTBopa (KaMHs) U CTeHOK CKBaKUHBI.

Paspaborana mMeToguKa KOJUUYECTBEHHON WHTepPIIpeTaluu KpPY-
TOBO IIeMEHTOTPAMMEBI JJIA OIpeAeieHusl ILJIOTHOCTY BelllecTBa 3a
KOJIOHHOM M 9KCIIEHTPUCUTETa KOJOHHLI B CKBAKUHE. OTH BEJIUUU-
HBI OMPEeAENAIOT 0 MaKCUMAJbLHBIM ¥ MUHUMAJIbHBIM 3HAUEHUAM
VHTEHCUBHOCTU TaMMa-U3JIyUYeHUA TP HTOMOIIY TAJEeTOK, YUUTHI-
BAIOIINX BJIMAHNE HA MOKA3aHWsS raMma-gedeKToMepa TOJIIMHBL
CTEHOK TPYy0 B KOJIOHHE, IIJIOTHOCTH T'OPHBLIX IIOPOX, AuamMeTpa
CKBasKUHBI U ID.

C momomsio CI'IT-2 mpu 6aronpUsSTHBIX Te0JIOTO-TeXHUYec-
KHX YCJIOBUSAX MOYKHO OIPEIesATh IIJIOTHOCTDL BEIecTBa 3a KOJIOH-
HOI1 ¢ TouHOCTRIO 10 0,1-0,2 T/cM® 1 BEIABIATH KAHAJEI B IEeMEHT-
HOM KaMHe ILJIOIIAaJbI0 IOIEPEeUHOr0 CeUYeHHs, COCTABJISIONE 60-
Jee 2 % IJIOLIAAY CeUeHUs 3aKOJIOHHOI'O MIPOCTPAHCTBA, TOTAa KaK
¢ nmomorbio IIMTVY-1 BeIIEeNAIOT KaHAJBI IJIOMIAALIO CeUYeHUA He
menee 10 % mirormagu ceueHuUs: 3aKOJOHHOIO IpocTpaHcTBa. OgHa-
KO TpeOyIOT KPUTUUECKOU OIeHKY TOUYHOCTh U HAeKHOCTDH BBLIABJIE-
HUA KaHAJIOB B IIEMEHTHOM KaMHe, 0COOeHHO OITpeIeIeHU A ILIOIIaI1
UX CeUCeHHUS.

OcHOBHBIE OTPAHUYEHUA AJS IPUMEHEHUs raMmMa-raMma-KOHT-
POJIA IIeMEeHTHUPOBAHUA CAeIyIoNINe: He00X0ANMOCTh 3HAUUTEIHLHOMN
pasHoOCTH KaK ILJIOTHOCTEll TaMIIOHA*XHOTO WM OYPOBOTO PacTBOPOB
(0,3-0,5 r/cm?), Tak U JMAMETPOB CKBAKIHEI I KOJIOHHEI (He MeHee
40-50 MM); HemoCTAaTOUHO HameKHas pPaboTOCIOCOOHOCTH CITHH-
THJLUIANAOHHOIO NHANKATOPA raMMa-U3JIyUYeHus IPpU TeMIepaType
Beime 100—120 °C, B pesyibTaTe dero ammaparypa raMma-ramMa-
KOHTpOJIA 3a IieMeHTHpoBaHumeM (ocobenno CI'IIT-3) B ocHOBHOM
MIpUMeHsIeTCA B palioHaxX HerJIyooKoTo OypeHus.

ITpu momoIu HeNTpoH-HelTporHOro Kaporaxka (HHKT) ipu co-
OTBETCTBYIOIIIEM IIOA00pe TeOMETPUU 30HAa M ero KOHCTPYKIINU
MOKHO OIIPEJEJIATD 9KCIEHTPUCUTET KOJOHHBI B CKBAYKIHE He3aBU-
CHMO OT 3aIIOJIHAIOIEro KOJIbIleBOE IIPOCTPAHCTBO BellecTBa. B cay-
yasax, KOT/a pasjanyure IJIOTHOCTeH TaMIIOHAKHOTO 1 OyPOBOTO pac-
TBOpoB HeBennko, HHKT MokeT okasaTbcs 6ojiee s(pPeKTUBHBIM
IJISI OTIpeieJIeHU A IPAHUIILI MEXKAY OYPOBBIM 1 TAMIOHAKHBIM pac-
TBOpaMHu, UeM raMMa-raMMa-KOHTPOJIb 3a IIeMEeHTUPOBAHUEM.

ITpuMeneHne HEHTPOHHOTO METOIA B KOMILIIEKCE C TaMMa-raMmma-
KOHTPOJIEM 34 I€MEHTHPOBAHWEM IEePCIeKTUBHO IJIA YBeJINUEHUS
00'beMa MHGOPMAIIK O COCTOSHUHU IIEMEHTHOTO KOJIbIla U T€OMeTPUN
00CaKeHHOM CKBasKUHBI.

Opnuna u3 HanboJjee pacIpOCTPAaHEHHBIX METOJA0B KOHTPOJIA Kaue-
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CTBa I[eMEHTUPOBAHUA CKBaKUH — akycTtuuecKuii. OH ocHOBaH Ha
3aBUCUMOCTY IIapaMeTPOB aKyCTUUECKUX KoJebaHMi (aMIJIUTYbI,
CKOPOCTH, YaCTOTHI U AP.) OT YVOPYTUX U IOTJIOIIAIOIITUX CBOMCTB
OKPYsKaIOIllel cpeJbl, B TOM YKCJIe M OT XapaKTepa CBSI3U IeMEHT-
HOI1 000JIOYKHY C KOJIOHHOM 1 IIOPOOI.

B Poccuu minpoko nmpuMeHsoT paspaborannyio Bo BHUUTMCe
ammnapatTypy aKyCTHUYeCKOTO KOHTPOJS 3a IeMEHTUPOBAHUEM
AKII-1, paccuntanuyio Ha gasiaerue 1o 60 MIIa u remmepaTypy mo
150 °C. a5 6osee riry6oknx ckBaskuH (1o 7000 M) cepuifHO BHIIY-
CKAIOT alnapaTypy aKyCTHUYEeCKOr'0 KOHTPOJIA 34 IIeMEHTHPOBAHNEM
Ha omHOXKMIbHOM KaOeie AKIL-4 (ana maBnenus mo 120 MIla u
reMmiepaTypsl 1o 170 °C).

OcHOBHBIE y3JIbI CKBasKmMHHOTO npubopa tuna AKI] — msayua-
TeJb aKyCTUYECKUX KoJsiebaHuii u npueMHUK. [lomanatonive B mpu-
€MHUK aKyCTHUUeCKUe KoJie0aH!A TPeodpasyioTca B 9JIEKTPUUECKIE
CHUT'HAJIBI, KOTOPBIE IEePeJaloTCA 10 KAPOTAXKHOMY Kabesro K HaseM-
HOU mamenu ynpasjieHuA. C IOMOIIBI0 KapOTAaKHOTO PETUCTPHUPY-
IOII[er0 YCTPOMCTRA, MIOJCOeANHIEMOro K IaHe/J I YIIPaBJIeHUs IPU-
6opa AKII, sanuceIBalOTCs HEMPEPHIBHO IO CTBOJIY CKBaKUHBI TPU
mapaMeTpa aKyCTHYeCKUX KOJeOaHWI: aMILIUTyJa IIPOJOJIbHOMI
aKyCTUUYECKOM BOJIHEI IT0 KOJIOHHE A, ; aMILJIUTYIa IPOJOJIbHOIN aKy-
CTUUECKOH BOJIHBI, IIPEBLIIIAIOIIE HEKOTOPBINA 3aJaHHLIIl YPOBEHb,
A, (Ipy HAJIMYMY KOHTAKTa IIEMEHTHOTO KaMHA C KOJIOHHOM U ITOPO-
oM — aMILIUTYJa BOJHBI, paclupocTpaHdplneiica no mopoae A,);
BpeMs Ipobera IpOAOJBLHON aKyCTUUYECKOU BOJIHBI OT M3JIydYaTessd
IO IpUeMHUKaA ¢ (IpU pacIpoCTPaHEHUN BOJIHBI TI0 HE3AI[€MEHTHPO-
BaHHOI KOJIOHHE 3TO BPeMs PaBHO i, IPU IPOXOKIEHUU IO IIO-
pome —t.).

9Ty mapaMeTphl U3MEPAIOT OJHOBPEMEHHO HPU IBUKEHUU B KO-
JIOHHE CKBAKMHHOI'0 IIpubopa co CKOPocThIo He 6oJiee 1200 m /4.

B cBoOomHOIT (He3alleMeHTHPOBAHHOM) KOJOHHE 3HAUYEHUA
A, MaKCUMaJIbHBI, 3HAQUEHUA ¢ MUHUMAJIBHBI M PaBHHBI f, (OKOJIO
600 Mxc), a KpuBad A, IOBTOPAET II0 KOH(pUTypauum KPUByo A, u
He HeceT HUKAaKOol NHMOPMAIUU O COCTOSTHUY KOHTAKTA I[EMEHTHOI'O
KaMHS C ITIOPO/ION.

KoHTaKT 11eMeHTHOTO KaMHs C KOJTOHHOM OTMeUYaeTcsa Ha aKyCTHU-
YeCKOM IleMeHTOrpaMMe HYJIeBBIMU MJIN OJU3KUMHU K HYJIIO0 3Haue-
HUAMUA, .

TonbKO MPY HATWYNYM KOHTAKTA IIEMEHTHOTO KaMHS C KOJOHHOM
BO3MOJKHA OIIEHKA COCTOSHHUS €r0 KOHTAKTA C IIOPOJOIi, KOTOPBIH
HamboJiee YBePeHHO OIpeessieTcsa II0 COOTBETCTBUIO KOH(pHUrypa-
Y KPUBOM A, aMILIUTYJHON KPUBOH A, aKyCTHUUYECKOr0 KapoTaKa
B HEOOCaKE€HHOM CTBOJIE JaHHOU CKBasKUHBI 1 OJIM30CTU 3HAUEHUH
Ha IIeMEeHTOTpPaMMe K ¢, IpU aKyCTUYEeCKOM KapoTakKe.
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ITo oTAeIbHBIM HHTEPBAJIAM CTBOJIA CKBAYKUHEI — B 30HAX BCKPHI-
THA B ee pa3pese IJIOTHBIX “BBICOKOCKOPOCTHBIX” IIJIACTOB UM, HA000-
POT, B 30HAX BCKPBITUA PBIXJBLIX 1 KaBEPHO3HBLIX ITOPOJ MHTEPIIPe-
TalAd AaKYCTUUYECKUX [[EMEHTOrPAMM YCJIOMKHAETCS.

C momorbio mpubopa AKIL MoKHO onpeieIiTh BBICOTY IMOABEMA
TaMIIOHAXKXHOT'O PACTBOPA 3a 00CaJHOM KOJIOHHOH B JII000€e BpeMs I10-
cJie ero cxBaTeiBaHus. OMHAKO, €CJIU B BepXHEeM HHTepBaJe IIeMeHT-
HOTO KOJIbIIa HeT KOHTaKTa C KOJIOHHOI, YPOBE€Hb IOAheMa TaMIIO-
HaXKHOTO pacTBOpa OyAeT oTMeuaThCa HUKe (PaKTUUeCKOTo Ha 3Ha-
YyeHHe, COOTBETCTBYIOIIlEE 3TOMY HUHTEPBaIy. 34 BEPXHUII YPOBEHb
TaMIIOHA}KHOTO PACTBOPA PEKOMEHIVIOT MPUHUMATh II€PBOE OT yC-
Thsl CKBA)KUHBI CHUKEeHNe KPUBOH A, Ha IleMeHTorpaMMe IIPUMepPHO
1o 0,8 ee MakcuMaJILHOTO 3HAUCHUS B He3aIleMeHTUPOBAHHON YacTu
KOJIOHHEI.

Tak xax moxasanua mpubopa AKIl He 3aBuCAT OT pPasHOCTU
ILJIOTHOCTE! OypPOBOr0 M TAMIIOHAMKHOI'O PACTBOPOB, TO C €ro IIOMO-
10 OIpPEeAeJAI0T BBICOTY IMOAbeMa reJjiblieMeHTHOro (obJer-
YeHHOI'0) TAMIIOHA}KHOTO PacTBOpa, KOrja II0 ITOKa3aHUAM raMMa-
raMMa-IieMeHTOMePAa 3TO BLIIOJHUTD He yAaeTcs.

Ha ocuoBe mipoBeieHIA HEOAHOKPATHBIX M3MEPEHU ¢ ITOMOIITBLIO
mpubopa AKII B mepuon O3I] Mo:KHO MccieqoBaTh mpoiecce (GOpMu-
POBaHUSA EMEHTHOI'O KaMHS B CKBAJKMHHBIX yCJIOBUAX. ITo akycTu-
YeCKHUM IleMeHToTrpaMMaM, 3apeructpupoBaHHbiM B nmepuox 0311,
MOJKHO OIIPeeINTh IOMHTEePBAJIbHO CPOKY 3aTyCTEeBaHUSA U CXBAThI-
BaHUA TAMIIOHAXKHOTO PAaCTBOpa AJA KOHKPETHBIX Ie0JIOTO-TeXHU-
YeCKUX YyCJOBHUil. B WacTHOCTH, TaKMM ITyTeM OBIJIO YCTAHOBJIEHO
olepesKaloliee CXBaThbIBaHWE TAMIOHAYKHOTO PACTBOpPAa B MHTEpPBa-
JIaxX 3ajIeraHus IPOHUIIAEMbBIX ILJIACTOB, OOYCJIOBJIEHHOE OT(hUJIBT-
POBBIBAHMEM B TH ILJIACTHI BOJbI, UCIIOJb30BAHHON AJIs 3aTBOPEHUS
pacTBopa.

Wsmepenus npu nomoinu npudopa AKII npu Hammumu KOHTaKTa
MOTYT JaTh MaKCUMAaJbHYI0 MHPOPMAIINIO O BIUAHUYN Ha KauecTBO
Pas300IIIeHN A IIaCTOB TAKUX OIEPAIinii, KAaK OIPECCOBKA JaBJIEHUEM
¥ CHUKEHUEM YPOBHSA, pasbypuBaHue IIEMEHTHOIO CTaKaHa, Iep-
doparusi, BbI30B IIPUTOKA, KUCJIOTHBIE BAHHBI, T'UIPaBINYECKUE
PasphIBbI, PEMOHTHBIE 1 APyTrue PaboThl, BHI3bIBAMOIIIHE ded)opMa-
U0 00CaTHOM KOJOHHBI ¥ IeMEHTHOI 000JI0UKH.

IdbdexTuBHOCTs TpuMeHeHUA npubopa AKIL orpannuena cie-
AYIOMMU (paKToOpaMm:

1) HegocTaTOUHONM MHPOPMATUBHOCTHIO PETUCTPUPYEMBIX Mapa-
MEeTPOB aKyCTUUYEeCKUX KoJsebaHuit A,, A, 1 t, He TTO3BOJIAIOIIEHA B
OOJIBIIIMHCTBE CJIyUYaeB MOCTATOUHO YBEPEHHO OIPEAEeIUTh COCTO-
HIle KOHTAKTa IIeMEHTHOT0 KaMHS C IOPOJ0ii, a MHOTAA U C KOJIOH-
HOIi;
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2) HEeBO3MOJKHOCTBIO BBIJEJIEHUA HAPYIIEHUH ITeJIOCTHOCTH Iie-
MEHTHOU 000JIOUKY C YTJIOM PACKPBITUA OTHOCUTEJIHHO OCU CKBAKU-
HBI MeHee 40°, a TaKKe Pa3pPhIBOB €€ CILIONTHOCTH, HE IIPEBBIIIA0-
mux 1,0—-1,5 M, BeiieacTBHMe HEBLICOKOM paspelaiieii cliocooHocC-
mu mpubopa AKII;

3) UCKaKeHUAMU 3HAUEHUI PEruCTPUPYEMbBIX C IOMOIIbIO IPH-
6opa AKII mapamMeTpoB IIpu coiep:KaHuu B OypoOBOM pacTBOpE rasa,
SKCIIEHTPUCUTETE U MEPEKOCe CKBAKUHHOTO MPUOOpa B KOJOHHE U
Ap.;

4) HeBBICOKOU TOYHOCTBHIO KOJIMUYECTBEHHOII MHTEPIPETAIINN U CO-
TIOCTaBUMOCTU A, , A, ¥ ¢ BCJeICTBUE HEJIMHENHOCTN U3MEPUTETbHO-
ro KaHaja U pasaInyus IOPOTOB UyBCTBUTEAbHOCTU ITpubopa AKII.

BiausaHreM 0JHOTO MM HECKOJIBKUX 3TUX (PAKTOPOB MOYKHO 00h-
SICHUTHb HEPeAKUe CJIydyayd HEeCOOTBETCTBUSA CHOEJAaHHBIX HA OCHOBE
WHTEPIPETAIUN aKyCTUUYECKUX I[EMEHTOrPaMM 3aKJIOUEHUH O Ka-
YyecTBe I[EMEHTHPOBAHMWS CKBAYKHUH pPe3yJbTaTaM WX OCBOEHUS.
BceaencTBue 5TOro B 00I1eM CJIydae M0 JAaHHBIM OJJHOTO U3MEePEHU C
nomoiiikio mpubopa AKI TpyaHO 0JHO3HAYHO CYAUTH O MPAMOM IIO-
KasaTejie KauecTBa IEMEHTHUPOBAHUSA CKBAKUH — Te€PMETUYHOCTU
3aKO0JIOHHOT'O IIPOCTPAHCTBA.

OmnpeneieHre IPOHUIIAEMBIX NHTEPBAJIOB B 3aKOJIOHHOM IIPOCT-
paHcTBe ¢ momortibio mpubopa AKI] mpu nsmMeHeHnU AaBJIeHUA B KO-
JIOHHE OCHOBBIBaeTCA HA uyBcTBUTeJbHOCTU npubopa AKII k mame-
HEHUSIM COCTOSHUS KOHTAKTa IIEMEHTHOI'0 KaMHS C KOJIOHHOH Ipu
U3MeHEeHUY B Hell TaBJIeHUA.

Huixe KpaTKO OoxapaKTepU30BaHBI MOJUMUKAIINU 3TOTO METOAA
A1 Hellep()OPUPOBAHHBIX U IIeP(POPUPOBAHHBIX CKBAXKHUH.

IIporuos MesXILIacTOBBLIX IIEPETOKOB 3a KOJIOHHOM 10 ee mepdo-
panuu 3HaAYUTEJIHLHO COKPAIllaeT 3aTpaThl BpEMEHHU 1 CPEACTB Ha pe-
MOHTHBI€ PabOTBI M 0oJiee TOTO CIIOCOOCTBYET YTOUHEHUIO OIEHKU
3aI1acoB MECTOPOKIEeHUA, a TaKKe BRIOOPY HauboJiee paruoHaIbHO-
T'0 PesKMMa eTo dKCIUIyaTanuu. [[Jsa sToro 1esiecoodpasHo coueTaTh
U3MepeHVe TaBJIEeHUS B KOJIOHHE C MBMEPEHUAMY C IIOMOIIBIO IIPHU-
6opa AKI] B oTaeIbHBIX TOYKAX MM HEIPEPHIBHO IIO CTBOJY CKBa-
SKUHBIL.

XapaKTep U3MeHeHUA 10, BO3/IeICTBUEM AaBJIEeHUSA 3HAUEHUT A,
B TOUKAaX, COOTBETCTBYIOIIUX OTCYTCTBUIO KOHTaKTa (MUKPO3a30py)
MeJK,Iy KOJIOHHOM U IleMeHTHBIM KamMHeM (puc. 1.6, I) u 3HaAUUTEIb-
HOMY ero HapyIlIeHWIO, IPU KOTOPOM BO3MOJYKEH IIePeTOK (Iomga
(puc. 1.6, II), 6ymeT pasiuuyHBIM.

OmpefesieHre ¢ IOMOIIBIO OMMCAHHOTO METOAA IOTEeHIINATIbHBIX
KaHAJIOB B IIEMEHTHOM KaMHe IT03BOJIAET TaKsKe 0oJiee HAAEKHO BbI-
O6upaTh MHTEPBAJIBI ITepdOPAINU JIA IIOBTOPHOT'O IIEMEHTUPOBAHUA
CKBaKUH.
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Puc. 1.6. Ilementorpamma (I) u BosHoBbie KapTuabl (II) mo ckB. 2558 Ha Camo-
TJIOPCKOM MECTOPOKICHUHU:

a — OIpeJIeJIEHHBIN B pe3yJIbTaTe 3TAJOHUPOBAaHUA (haKTH YeCKUH MacinTad uaMepe-
HUAA,; 0,6 — HOMIHAJIBHBIA MacIITab M3MepeHnuA COOTBETCTBEHHO A, 1 t

IIpumenenmne mpubopa AKI] B KomIIeKkce ¢ pa3dpaboTaHHBIM B
HIIO “IO:xmopreo” akycrtuuecKkuM KuHoperucrparopom AKP, wmc-
TMOJb3yeMBLIM B KauecTBe IIPUCTABKU K HAa3eMHOII MaHe/J I I[eMeHTO-
Mepa /I PEerUCTPAIly BOJHOBBIX KapTHH, IIO3BOJISAET 063 IIpoBeIe-
HUA JOTOJHUTENbHBIX CIYCKOIOABHEMHBIX OIEpaIuii B CKBaKUHE
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OIIEHMBATh COCTOAHVE KOHTAKTa IIEMEHTHOTO KaMHS C IIOPOJOH
(xK0oTOpOE B GOJIBIIIMHCTBE CJIyYaeB HeJIb3s OIEHUTH TOJHKO II0 AaH-
veiM npubopa AKIIL), yTouHATh XapakTep KOHTAKTa IIEMEHTHOTO
KaMHS ¢ KOJIOHHOII, STAJIOHMPOBATh HEJIMHEMHEIN MacIITad perucT-
panuu A, U A, [IeMEHTOrPaMMbI ¥ YUUTHIBATh HMCKAMKAIOIEe BJIMS-
HUe alnapaTypHbIX (aKTOPOB 1 YCJIOBUIM N3MEPEHUA B CKBAKMHAX.

IramoHupoBaHue Maciitaba perucrpanuu A, npu momortu AKP
TI03BOJIMJIO TIOCTPOUTH CBOAHYIO (II0 MaTepHaJjiaM, MOJYUYEeHHBIM Ha
CaMOTJIOPCKOM MECTOPOMKAEHWU, a TaKiKe Ha MECTOPOKIEHUAX
Masnrsimiaka 1 CTaBpOIMOJIbCKOTO Kpas) MaJeTKy AJA KOJUYeCT-
BEHHOMH OIIeHKM BEPOSATHOCTU MEKILJIACTOBHIX II€PETOKOB BOABLI 3a
KOJIOHHOI 110 OTHOCUTEJIbHBIM 3HAUEHUAM A, 1 PACCTOSTHUIO MEXKIY
WHTEPBaJIOM ITepdopaIiuy ¥ BOLOHOCHBIM ILJIACTOM.

Opuaxko B mporecce sxciuryaranuu AKP 6bliy BBIABIEHBI HEJO-
CTaTKU, 00yCJIOBJIEHHBIE B OCHOBHOM PETHUCTPAaIMell BOJTHOBBIX Kap-
THH Ha OTHEeJbHOM (oTomaenke. C 1eabl0 YCTPAHEHUS ITUX HEIO-
cratkoB B 0. BHUMKPued T coBmectro ¢ HITO “IO:xmopreo” Bmec-
1o AKP coszmanu (hasoKoppesaIiiuoHHbIA KapoTaKHbIl 010k BOK,
TIO3BOJIAIONINI OTHOBPEMEHHO PETUCTPUPOBATE Ha OOIIell KapoTaK-
HOU ()OTOJIEHTE IIEMEHTOTPAMMY U M3MEHEHUe C TJIYOMHOM CKBaKU-
HBI IIOJTHOTO aKYCTUYECKOT'0 CUTHAJIA B BUe (Da30KOPPEIOrpaMMEIL.

IIpumenenne BPK B rommiekce ¢ mpubopom AKIL maer BO3-
MOKHOCTB IOJIYYUTh He MEHBIITYI0 NH(pOPMAIIHIO 0 KauecTBe IeMeH-
THUPOBaHUA CKBaKUHBI, YeM Ipu ucnoab3oBanuu AKP, Ho Ha usro-
toBiaeHue BOK, Kak u Ha mccIegoBaHU C €ro MOMOIIBIO, 3aTpadyu-
BaeTCs 3HAUYWUTEJHLHO MEHBIIe BpeMeHU W cpeAcTB. Kpowme Toro,
WHTepIIpeTanua KOMILIeKCHOM AuarpaMMbl (IleMeHTOrpaMMbl u (a-
30KOpPPeJIOrPaMMbl, 3aperiCTPUPOBAHHBIX HA OXHOI (hoToJIeHTE)
MeHee CJI0KHAa U 00Jiee CBOOOAHA OT MOTPEITHOoCTell, YueM NHTepIIpe-
TaIlusi BOJHOBBIX KAPTUH. OTO UJLJIIOCTPUPYETCA MPUMEPOM, IIpUBe-
IeHHBIM Ha puc. 1.7, Ie IpeAcTaBJeHBI II0 TPeM HHTEpPBAJIaM
ckB. 320 Kary:kckasd 1ieMeHTOo- U (pa3oKoppesiorpaMmma.

B Bepxuem uHTepBase (420—-450 M) memMeHTO- 1 (PasoKOpPpeJIO-
rpaMMa OJHO3HAYHO XapPaKTEePU3YIOT COCTOSHNE KOJOHHBI KaK CBO-
6omguoe. Ha (pasokoppesorpamMmMe cBOOOJHOE COCTOSHUE KOJIOHHBI
OTMeYaeTcsA IPAMBIMY IIapaJlIeIbHBIMU JUHUSIMU C XapaKTePHBIMU
CIBUTaMHU CIIPaBa, COOTBETCTBYIOIIUMU MY(PTOBLIM COeIUHEHUAM, 1
OIMHAKOBLIM PAaCCTOAHMEM MEKIy HUMU, 00YCJIOBJIEHHBIM II€PUO-
JIIOM aKyCTUYeCKUX KosebaHmi B cBOOOMHOI KooHHe (40 MKC).

B uHTEepBaJie YaCTUYHOrO KOHTAKTA [EMEHTHOrO KaMHS C KOJIOH-
HO# (2100—-2125 ™M) mo 1eMeHTOTpaMMe HeJIb3s CYIUTh O COCTOSHUU
KOHTAKTa IIeMEeHTHOI'0 KaMHs C IIOPOMOil, B TO BpeMsa Kak mo ¢aso-
KoppeJiorpaMMe, HeCMOTPs Ha 60JIbIIIOe YUCJIO JINHUIN BOJIHBI 110 KO-
JIOHHE, YBEPEHHO OIPeAessAeTcsa HaJIuyne KOHTAKTa IIEMEHTHOTO
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Puc. 1.7. CoBmecTHas perucrpanusa memeHrorpamMmsl (I) u (ha3oKopperorpaMMbI
I):

1 — MuHEAN IepBBIX BCTYIJIEHUI aKyCTHYeCKOH BOJHBI 10 KOJOHHE A ; 2, 3 — caBuru
JIMHWH BOJIHBI II0 KOJIOHHe A 1 mopoje A,

KaMHS C ITOPOJOH M0 OTUETJNBO BBHIAEISIOINUMCS, OOBIYHO NCKPUB-
JIEHHBIM, JUHUAM BOJIHBI IIO0 IIOPOZE, MJIs KOTOPBHIX XapaKTepeH
GOJIBITION Tepro KOJIebaHmit.

B unrepBanme 2460-2480 M 1o IeMeHTOrpaMMe OTMEYAIOTCS
KOHTaKT IIeMEeHTHOTO KaMHsA C KOJIOHHOM M HeOoIpeIeJeHHOCTH CO-
CTOSTHMS KOHTaKTa ero ¢ rnopoxoii. Ha dasoxkoppesorpamme Io Jiu-
HUSM BOJIHBI II0 IIOPOJi€é YBEPEHHO BBIAENAETCS “BBICOKO-CKOPOCT-
HOII” (YILIOTHEHHBI) IIJIaCT, XapaKTePU3yIOMINHACA YMeHbIIIeHNeM
BpEMeHU {,, YTO CBUAETEIBCTBYET O HATUYNY KOHTAKTa IIEMEHTHOTO
KaMHS ¢ TTIOPOIOIi TPU YaCTUYHOM KOHTAKTE ero ¢ KOJOHHOI.
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C nenbio 6osiee 9 (HEKTUBHOTO OIpEAEJeHUs BBHICOTHI IIOIBEMA
TaMIIOHAKHBIX PACTBOPOB (0COOEHHO 00JIeTUYeHHBIX) 3a 00CATHBLIMU
KOJIOHHAMHU MPpUMeHsSIoT paspadoramnyio B 6. BHUMUKPHepT uH-
IUKATOPHYIO IPHUCTABKY akycTudueckoro kaporaska UITAK, B ocHo-
BY KOTOPOU 3ajIoyKeHa PerucTpanusa B BUAE aHAJOTOBOW KPUBOM
CUTHAJIOB, OTPA’KEHHBIX OT MY(TOBBIX COEIUHEHUH 00CamgHbIX KO-
JIOHH, A, . IIpu 5TOM IIyTh IPOXO0XKJeHNsA CUTHANIA OT UCTOUHUKA 10
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Puc. 1.8. Ilementorpamma (I), dasoxoppemxorpamma (IT) n xpyrosas +1U0UE~AD-

Kas uemenrorpamma (II1):

1, 2— nWHUN BOJH, IPOXOJAIINX COOTBETCTBEHHO IO KOJOHHe A, 1 mopoje A,
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IIPHEeMHMKA YBEJINUYUBaETCA KPATHO II0 OTHOIIIEHUIO K Oase mpubopoB
aKyCTHUIEeCKOI0 KapoTaxka. AHajorosad Kpusas A,,, MHUIIETCS COB-
MECTHO C AaHAJOTOBLIMM KPUBBLIMU WCIIOJbB3YyeMOI ammapaTyphbl
AKII-4, AKII-1, Y3BA-21.

Hawuboisee mmpokoe mnpuMeHeHHe HaXOAUT pa3pabOTAHHBLIN B
6. BHUNKPuedTu na 6aze BOK (asoxoppenorpad “Boana”, Koro-
PBIi T03BOJISIET 3aIIMChIBATD MMOJIHEIN BOJIHOBOI CUTHAJ B MHTEPBAaJe
Bpemenu oT 500 mo 1800 mkc (B pesxkume BPK) u or 500 mo 4500
MKC, BKJIIOUAA PETUCTPALUIO OTPAKEHHBIX OT MY(TOBBIX COeMHE-
Huii BoaH. Anmaparypa “Bosma” paboTaeT B KOMILIEKTE CO BCEMU
TUIIAMHU alnapaTypbl akycTuueckoro KoHtpoasd (AK-1, Y3BA-21,
AKII-4, AKII-1), npuueM D03BOJIAET IOJYUYUTH IIOJHYIO MH(pOpPMA-
IIAIO IIPY OJHOM CITyCKe-IIOAbeMe TaM, I'ie 00BIYHO TPeOyIoTCA IBA.
NudopMmalinio 0 HAJIUUNKU IIEMEHTHOTO PacTBOpPa M XapaKTepe ero
dopMupoBaHUA 3a 06CaTHOM KOJOHHON MOYKHO MOJYUYUTh Ha PaHHEMH
craauu TBepaenud (puc. 1.8).

Teodpusmueckue opranusanuu He)TAHOI U ra30BOI OoTpacjeii oc-
HAaIIeHBI CAeIYIONMU MOANMDUKAIIUAMY alllapaTypbl KOHTPOJIS 3a
IeMEeHTHPOBAHNEM CKBaKIH:

C MWCIIOJIb30BAHMEM PaJUOMETPUUYECKMX METOIOB — IPUGOPEI
CraT-3, I1TM8-10;
C WCIOJb30BAHMEM AaKYCTUYECKUX METOJOB — aIlmaparypa

AKII-4, Y3BA-21, akycruueckada yactb AK-1, BXxoadAmas B KOM-
maekc IIMT'A-2 B coctase ¢ mpubopamu CI'IIT-3.

TexHUKO-MeTOAUYEeCKEe BO3MOXKHOCTH U O0JIACTh IIPUMEHEHUI
YKa3aHHBIX MOIUMUKAIINE anmapaTypbl KOHTPOJA 3a IIeMEeHTHPO-
BaHMeM CKBaKWH IpuBeaeHbI B Taba. 1.1.

OcHOBHBIE TeXHUYECKUE XapaKTepucTuKu Kominrexkca [TMI'A-2
u anmmapatypbl Y3BA-21 npusenens! B Tabu. 1.2.

Hosble MoguduKaniuy anmapaTypbl aKyCTUYECKOTO KOHTPOJIS
3a mementupoBanueM (AK-1 xommiexkca IIMI'A-2, V3BA-21,
MAEK-1) comepskar TpexsJeMeHTHbIE 30HALI U PACCUUTAHLI Ha pe-
THCTPAINIO KaK MHANKATOPHBIX, TaK U M3MEPUTEJbHBIX ITapaMeT-
POB. 9TO MMO3BOJIMJIO B COOTBETCTBUU C COBPEMEHHBLIMY TPEOOBAHMSI-
MU, IPeIbABIAEMbIMIA K METOZAM KOHTPOJIS, PeaJn30BaTh HOBbIE
MeTOAUYeCKNe BO3MOYKHOCTH aKyCTUUECKUX METO/OB:

BIIEPBBIE Pa3padboTaTh U JOBECTH 40 IPAKTHUUYECKOI'0 MCII0JIbL30Ba-
HUA KPUTEPUU pPaclio3HaBaHUs Je(eKTOB IIeMEeHTUPOBAHMUA — KaHa-
JIOB, 3a30POB U Pas3phbIBOB KaK II0 OJJHOMY aKyCTHUYECKOMY MeTOHmY,
Tak u B KoMmiuiekce ¢ I'TK (CTIT-3) u 6aaromaps aToMmy IepeiTu K
OIleHKE TePMEeTHUYHOCTH (a He “CIlelIeHna” ¢ KOJOHHOI) IleMeHTHO-
T'0 KOJIBIIA;

CYIIIECTBEHHO IIOBBLICUTEL 3(h(PeKTHUBHOCThL OIpeleeHus YPOBHSA
moabeMa IOPTJIAaHI- U TeJbIIEMEHTHBIX CMeCeH M COCTOSHUS Iie-
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Ta6nauma 1.1

TexHNYECKUE BO3MOIKHOCTH U 06/IACTH MCIIOJIH30BAHUS ANNAPATYPHI KOHTPOJIS

IIEMEeHTUPOBAHUA CKBAKHH

TexHUKO-MeTOAUYECKIE Anmnaparypa
IOKasaTesJu U 00J1aCTh AK-1
[IPYMEHEeHNA alllIapaTypPbl AKII-4 | V3BA-21 (MAK) CIAT-3 | IIM8-10
MaxkcumanbHass pabouyas 150 130 120 120 130
Temmeparypa, C
T'ugpocraTuuecKkoe gaBje- - 160" — — —
Hue, MIIa 80 80 60 60 60
Tun souza npubopa AKILL 2 3 3 - -
110 YUCJIY 3JIEMEHTOB
Co6crBennas yactora AK 25 20 14 - -
npeobpasoBareys, KI'g
Perucrpupyemsie aKycTu-
YecKue mapaMeTpsl (1a,
Her):
U3MEPUTEIbHBIE Her HOa Ha - -
Her Ha™ Ha - -
MHIUKATOPHBIE Ha Ha Ha - -
Ha Ha Ha - -
Ha Ha Ha™* - -
OrpaHuYeHus 10 JTUaMeTPy 146— 300 300 146— 203—
00cagHOM KOJOHHBI, MM 203 168 254
OrpaHuUYeHHS 10 IIJIOTHOC- Her Her Her Ha Ha
T 6YypPOBOTO pacTBOpAa Iie-
MEHTHOI'0 KaMH4 (a, HeT)
ObecrnieueHHOCTH CPE/ICTBA- Her Ha Ha Ha Her
MU METPOJIOTHH (72, HET)
MeToanuecKiie BOSMOMK-
HOCTH (7@, HET) anmapary-
pBI IIpu:
CTaH apTU3AIUU IIPU- Her Ha Ha Ha Ha
60POB U U3MEPEHUH
OIleHKe BBICOTHI ITOA'be- Her Ha Ha Ha Ha
Ma I[[eMeHTHOII cMecH Ha
craguy GopMUPOBaHUSA
LIeMEeHTHOI'0 KaMHsI
paboTe B KOMILJIEKCE C Her Her Ha - -
CT'IT-3 u TepMoMeTPOM
OIleHKe KauecTBa IleMeH- Her Ha** Her Her Her
THPOBAHUSA IBYXKOJOH-
HBIX KOHCTPYKI[UH
CKBaYKUH
HMCIOJIb30BaHUU JaHHBIX Her Ha Ha Ha Her
ua 9BM

*B reuenue 24 u.

** IIpu IOBTOPHOM CIIyCKe.
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Ta6numa 1.2

KpaTkue TexHUYeCKHe XapaKkTepucTuku Komiexca IITMA-2
u anmapaTtyps! ¥Y3BA-21

Toxasaresnn Kommnexe IIMI'A-2 V3BA-21
CraT-3 AK-2
Yucao ofHOBPEMEHHO PETUCTPUDYe- 2 6 4
MBIX IAPAMETPOB
B ToM uncie udaMepuTeILHBIX - 3 2
IIpenenbHasa TeMIIepaTypa OKpyKaio- 120 120 130 (160
el cpexbl, ‘'C B TEUEHUE
24)
IIpenenbHOE TUIPOCTATUUECKOE aB- 60 60 60
neune, MIla
InnHa KapoTa)KHOTO Kabess, KM 3,5 5,6 5,6
IIpenenbHO JOIIYCTUMBIH YTOJI HAKJIO- 30 60 60
Ha CKBAYKUH, TPAIYC
Croco6 1eMeHTHPOBAHUSA Poauko- Peccop- Pesuno-
BBIH O~ HBII BbIE
TIPY*KH- CTEPIKHU
HEeHHBII
Pasmeps! 30H70B, M:
rosmuaoMmepa (TT) 0,42+0,002 - -
miaorHomepa (CLII'-ceseKTrBHAA 0,19+0,002 - -
eMeHTorpaMMma)
masioro (AK) - 1,5 1,05
6ospiroro (AK) - 2,0 1,09
6a3bl 30H1a (AK) - 0,5 0,85
Iuana3oHbl U3MEPEHUH U perucTpa-
nuu:
ko3¢ dunrenTos, 1B/m:
B [IPOBEPAEMOM JUAaIa30He Ha - 15 25
ycraHoBke YITAK-1
peiebHbIe 3HAUEHUS - 0-50 —-10++50
VHTEPBAJIBHOTO BDEMEHU, MKC/M:
B [IPOBEPSIEMOM AMATIa30HE - 500 500
peJiesibHbIE 3HAUeHU A - 0-1024 0-1500
PerucTpupyemMoro BpeMeHu pac- - 1024 1500

POCTPAHEHUST, MKC
TOJIII[UHBI CTEHKY 00cagHoi KooH- | (5—-12)+0,5 — —
HEIL, MM
IIJIOTHOCTHU BEII[eCTBA B 3aTPYOHOM (1-2)+0,15 - -
IIpocTpaHCTBe, I'/cM®
Co6CcTBeHHAA YacTOTa aKYCTUUECKUX - 16 20
npeobpasoBareseit, KI'x

MEHTHOTO KoJiblla B KouayKTopax (AK-1, MAK-1), npome:XyTou-
HBIX U 9KCILIyaTallMOHHBIX KOJOHHAX M HAKJOHHBIX CKBAKMHAX, B
TOM YHKCJIe ¥ Ha He3aKOHUYEHHOII cTaguu ()OPMHUPOBAHUS IEeMEHTHBIX
KaMHel;
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BIIEPBBIE BBECTU METPOJIOTMYECKOe ObeclieueHUe almnapaTyphl,
TOBBICUTH CTA0MJIBHOCTH M BOCHPOM3BOAMMOCTL PETHUCTPUPYEMBIX
ImapaMeTpoOB, a CJIeJ0BaTeIbHO, U JTOCTOBEPHOCTH BBHIZABAEMBIX 3a-
KJIIOUEeHUH.

WuagukaropHble mapamMeTpsl A, U A, perucTpupyeMble alrmapa-
Typoit AK-1 u AKII-4, anaJloru4Hbl, OZHAKO IIOCJIETHUE IIOABEP-
SKeHBI MICKa'KEeHUAM, BHOCUMBIM B Pe3yJIbTAaTe:

OTPAHUYEHHOTO AWHAMMYECKOTO OUala3oHa YCUJIUTEIs CKBa-
JKMHHOTO Tpubopa, 60IbIT0N AIUHEI 30HAA (2,8 M) U BBICOKOH Uac-
ToThl (25—27 wI'm) arkycTmuecKux mnpeobpasoBaTesieii m3-3a UYero
CHUJKEeHAa YyBCTBUTeJbHOCTHh mapaMeTpoB AKII[-4 K resbiieMeHTHO-
MY KOJIBIY ¥ €r'0 YPOBHIO U ITOBBIIIIEHO COOTHOIIIEHNE YPOBHSA IIOMEeX
K IIOJIE3HOMY CUTHAJIY;

YBeJIMUEeHHOM IITUPUHBI BPEMEHHOTO OKHA, B KOTOPOe KpoMe aMII-
JIUTYABI IEPBOT0 IIOMAJAI0T aMIUIUTYABLI IIOCIEAYIOIIUX BCTYILIE-
HUN, IOABEePKeHHbIe, KaK IIPABUJI0, OOJbIINM HHTEeP(EepPEeHI[NOH-
HBIM NCKaKeHUIM;

OTCYTCTBUS OII€PATUBHON IIepeHaCTPONKHU anmapaTypbl Ipu IIe-
pexoze npubopa U3 UHTEPBAJIOB C MOPTJIAHAIIEMEHTHBIM B MHTEPBA-
JIBI C TeJIbIIEMEHTHBIM KOJIBIIOM;

HEHAaJIe’KHOTO IIEHTPUPOBAHUA CKBAKWHHOTO Ipubopa miu He-
KCITOJIb30BAHUSA [IEHTPATOPOB.

WHauKaTOPHEBIE TAPaMeTPHI (O, Oyp MK Oy, O,p) AlIIapaTypPh
V3BA-21, perucrtpupyeMbie B Buje Jorapudma OTHOIIEHUS HEKO-
TOPOIi MOCTOSHHON BEJIMYUHBI U, K aMILIUTyAe A, wiu A,,, 1o Ha-
3HAUEHWIO aHAJOTMYHEI mapaMmeTrpy A, mim A,, 3a HCKIOUYeHHEM
CJIEYIOIIETO:

MaKCHMAJLHBEIM IIOKA3aHUAM A, , A, COOTBETCTBYIOT MUHUMAJIE-
HbIe 3HAUEHUA O, U O.,; (YPOBEHb CBOGOHOM KOJIOHHEI);

npu A, = 0 IoKasaHUA o, , MOTYT IPUHUMATD JI00ble 3HAUEHNU
B mpegeaax ot 30 mo 50 nb;

aHOMAaJINU B My(PTax NMEIOT IOJ0KUTEIbLHbIE 3HAUEHNA TI0 CPaB-
HEHHIO C IOKa3aHUAMU IapaMeTpoB A, 1A, .

151 ICKJIIOUeHN S MeIainx (PaKTOPOB, IOBLIIIEHNS TOYHOCTH
¥ YYBCTBUTEJIBbHOCTH K IIEMEHTHOMY KOJIBILY, 4 TaK:Ke AJIs CTaHaap-
TU3anuM u3MepeHuil B ammnapatype ¥Y3BA-21 u AK-1 B KauecTBe
00s13aTeIbHOI BBeleHA PErUCTPallud M3MEPUTEJbHBIX IIapaMeTpPOB
AT,, o, na,.

B uactHOCTH, TapaMeTp O, B MHTEPBaJaX IJIOTHBLIX IOPOJ IPHU-
HuMmaet HyjaeBoe (AK-1) unu orpunarenbuoe (Y3BA-21) sHauenue,
YTO YKas3bIBaeT Ha OTCYTCTBUE Ae()eKTOB [[eMEeHTUPOBAHUS.

B unTepBasax TePPUTreHHOTO paspesa JAHHBIN IapaMeTp KMeeT
TECHYIO CBA3b C YIIPYTUMU cBoiicTBamMu (Moayiab FOHra, mJIOTHOCTSH)
IIEMEHTHOTO KOJIbIla, XapaKTePU3YIOIUMU eI0 T€PMETUUYHOCTb.
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ITapamerp AT, I03BOJIZIET COBMECTHO C IIAPAMETPOM O, MCIIOJIb-
30BaTh HOBBIE KPUTEPUM OIEHKU COCTOSHUS T'€PMETUUYHOCTU IIe-
MEHTHOT'O KOJIbIIA.

J711 KOHTPOJIA 32 COCTOAHUEM IIEMEHTHOTO KOJIbIIa B CKBAXKMHAX
PasBeIOYHOTO U IKCILIYATAI[MOHHOTO OYPEeHU U MPU UX KAIUTATb-
HOM PEMOHTe 110 KOMILJIEKCY ITapaMeTPOB aKyCTUUECKUX U pagroMe-
TPUYECKUX METOIOB, & B MIPOMEKYTOUHBIX KOJIOHHAX W KOHIYKTO-

pax — axyctumueckuMm wmetomoM (BHHMHMuedTempomreodpmnsmnra)
IIpefHa3HaUeHa anliapaTypa KOHTPOJIA 3a IleMeHTUPOBaHUEM CKBa-
sxkma [IMTA-2.

Annaparypa IIMI'A-2 npemnasHaueHa mJja pPaboThl ¢ Tpex-
SKUJIBHBIM OPOHUPOBAHHBIM KabejieM AJUHOI 10 5 KM. B akycTuue-
CKOIl YaCTH MCIIOJIB3YIOTCSA JBe JKUJIbl 1 OPOHS OILIETKH KapoTarK-
HOTO0 KabeJsid, B pafuoOMeTPUUYECKON — O/THA U3 JKUJI KabeJisa U ero om-
JIETKA.

IIpy KOMILIEKCHOM M aBTOHOMHOM HCIIOJIb30BAHWY COCTABHBIX
yacreii He TpebyeTcd KaKUX-IM00 KOHCTPYKTHUBHBIX HM3MEHEHWI,
KpoMe YCTaHOBKY Ha CKBAXKUHHBIN mpubop AK-1 HomosHuTeIbHBIX
IIEHTPATOPOB, BXOAANIUX B KoMIieKT IIMII-2.

B akycTtuueckom 30H7e npubopa AK-1 mcmosib3oBaHbBI MarHUTO-
CTPUKIIMOHHBIE U3JIYUaTeJ ! U TPUEMHUKH ¢ COOCTBEHHOM YaCTOTOM
12-16 I'n, pasmellleHHbIE B MACJIOHAIIOJHEHHBIX KOHTeHHepax,
KOTOpbIe CHAOKeHbI KOMIIEHCATOPaAMU JaBJIEHUS.

Ha puc. 1.9 mokazama o0111asa CTpyKTYpHas cXxeMa KOMILIEKCHOMI
ammnapaTrypbl akycTudeckoro u raMmMma-ramma-KoHTposd AK-ITK za
IeMeHTUpPoBaHUeM oOCaJHBIX KOJIOHH amamMerpamMu oT 146 mo
168 MM, paspaboranmoii Bo BHUMHedTenpomreohusuke ajia KOH-

KommyTtupytomue 610xku
(BXOAAIT B COCTAB CKBa- |—
sKHHHOTO npudopa AK)

Kapora:kublii kadeJib

Cornacyiomue H KOMMYTHPY-
| 1omue 0/10KkH (BXOASIT B COCTAB
nazemuoii nanesm AK)

N | |

Y
K peruncrparopam cepHiiHbIX KAPOTAXKHBIX CTAHIHIA

CkBaKHHHBII Ipudop
PKC-1

CxBauHHbIH npudop | |

Hazemuas nsmepu-
TesqibHas naneb AK

Hasemuas nsmepu-
TesibHast naneib PCK-1

Puc. 1.9. CrpykTypHasa cxema KomILIeKcHO# annaparypsl AKITK
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TpoJid KadecTBa IeMeHTHpoBaHuAa IIMI'I-2. Pagumomerpuueckas
YacThb alllapaTyphl UCIOJb3YEeTCA B KOMILTIEKTe 6€3 CYIeCTBEHHBIX
usMeHeHUH. VI3MeHAETCA TOJBKO aKyCTUUECKaA YacTh, B KOTOPYIO
BBOJST HEOOXOAMMBIE dJIEMEHTHI MEXaHNUYECKOr0, 9JIeKTPUIECKOro
¥ PaJUOTEXHUYECKOTO COBMEIIeHUA U OJIOKM KoMMyTanuu. B Kaue-
CTBe PaJUOMETPUUECKON YacTu UCIoab3yIoT anmnapatypy CI'IT-3.

IIpegycMOTpeHB HE3aBUCUMOE BJIEKTPUUECKOE IIHUTAHWE CKBa-
JKUHHBIX ¥ Ha3eMHBIX IIPUOOPOB U Iepenava IMepBUYHON MHPOPMA-
muu o Kamamam AK u I'TK, obecmmeuensl 3aiuTa KaHAJIOB OT B3a-
VMHBIX HABOJIOK Y BHEIIIHHUX IIOMEX 1 OJHOBPEMEHHAS aBTOMAaTHUEC-
Kasa peructpanua usmepsaeMmblx mapamerpoB AK u I'TK za ommy
CIIyCKOIOAbeMHYI0 ommepariuio. CocTaBHbIe YaCTH CKBAKMHHBIX U
HazeMHBIX IPr60poB AK u I'TK MoryT OBITH MCIIOJIB30BaHBI OTEb-
Ho. Anmmaparypa ITMI'A-2 mo3BoJiAeT OOZHOBPEMEHHO PETUCTPUPO-
BATh CJIEAYIOIINEe JUarpaMMbl:

TOJIIIUHOTPAMMY — KPHUBYIO 3HAUEHUU cpelHell M0 HmepuMeTpPy
TOJIINHBI CTEHKU 00CamHOil TPyObI ¢ MHAMKAIIMEH MY(QTOBBIX CO-
eqUuHEeHUH;

MHTEerpaJbHYI0 IIeMEeHTOTpaMMy — KPUBYIO 3HAUeHUIl cpeaHeit
(xasky1relica) IJIOTHOCTU BEIIECTBA B 3aKOJIOHHOM ITPOCTPAHCTBE;

Koa(huneHTa 3aTyXaHUA IIPOJOJIBbHON BOJIHBI II0 KOJIOHHE O, —
KPUBYIO, XapaKTePU3YIOI[YI0 IIPOYHOCTHLIE CBOICTBA IIEMEHTHOI'O
KOJIBI[A, KOHTAKTHUPYIOIIEro ¢ KOJIOHHOIL;

K03 duIleHTa 3aTyXaHus O, — KPUBYIO, XapaKTepH3yIOIIyio
TIOTJIOIIAIOIIIME CBOIMCTBA TOPHBIX IIOPOJ IIPU JKECTKOM KOHTAKTe
IIEMEHTHOTO KOJIbITa C KOJIOHHOM 1 CTeHKaMU CKBaYKIHEI;

aAMILIUTYABI TPOAOJBLHOM BOJHEI 1T0 KosoHHe AK — KpuByio, xa-
PAKTEPU3YIOIIYI0 YCJIOBUS CBSI3M IIEMEHTHOrO KOJbIla ¢ 00CagHOM
KOJIOHHOI;

aMILIUTYAbI A, — KPUBYIO, XapaKTepU3YIOMYI0 YCIOBUA CBA3HU
IIEMEHTHOT'0 KOJIBIIA CO CTEHKOM CKBAKMHBI;

WHTEPBAJILHOTO BpeMeHU T — KPUBYIO, XapaKTePUIYIOIIYIO CKO-
POCTBH PAacIIPpOCTPAHEHUA YIIPYTO# BOJIHBI IT0 KOJIOHHE WJIX 110 TOPHOM
mopoze;

HHTepBaJbHOTrO BpeMeHH T, — KPUBYIO, XapaKTepU3YOIIyI0 yC-
JIOBUSA CBSI3U IIEMEHTHOTO KOJIbIIa ¢ 00CaJHOM KOJOHHOM U TOPHBIMU
TIOPOJaMH U CIYIKAIIYIO IJIA IPUBA3KU MOJyYaeMoil AuarpaMMbl K
ImarpaMMaM apyrux reopusumueckux meromoB (KC, IIC, I'TK,
HTK).

B kauectBe mpumepa ma puc. 1.10 mpuBemeHBbI AUArpPaMMbI
IIMT'A-2, nmosyuyeHHBIe B O0CA’KEHHON YACTH SKCIEPUMEHTAJIbHOMN
ckBakuasl BHNMHuedTenpomreohusuku. JuarpaMMbl MMEOT 0-
CTATOYHO XOPOIIYIO0 IIOBTOPAEMOCTD, XOPOIIIO YBAZLIBAIOTCA C KPHU-
BeiMu AKII u nMmeloT o cpaBHEHUIO ¢ HUMU 0o0jiee BHICOKYIO CTa-
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Puc. 1.10. OgaoBpemenHO 3anucaHHsble anmapartypoi IIMI'A-2 quarpamMmsI:

A Ay Ty, — muarpammbl AKIT u cooTBeTCTBYyIONIME UM KO3(DMHUIMEHTH 3aTyXa-
HUA O, 0,3 AT — nmarpamMmma uHTepBasbHOrO BpeMenw; TI' — ronmunorpamma; JI' —
meMeHTOrpaMMa

Mul

OMJIBHOCTH, KOTOPAA AOCTUTAETCSA 3a CUET HPUMEHEeHHUs B IIpudope
IeHTPaTOPOB PECCOPHOTO TUIIa, IpeodOpasoBaTeseil 0oJiee HUIKOM
YaCTOTHI ¥ MCIIOJIL30BAHUA HOBBIX TeXHUYECKUX PeIlleHuil mo odpa-
00TKe mepBUYHON nH(GOPMAIINN AKYCTUUYECKOr'0 CUTHAJIA.

K memocrarkam ammautynel IIMI'A-2 oTHOCHTCA GOJIBIITMHCTBO
HeJOCTATKOB alllapaTyphl TaMMa-raMMa- M aKyCTUUYEeCKOro KOHTPO-
JI 3a IIEMEeHTHUPOBAHNEM CKBaKUH. ITO, IIPeKe BCEero, HeBLICOKA
TEPMOCTOMKOCTE CKBaKHHOro mpudopa (o 120 °C), GoJbinas gin-
Ha (6 M) m macca (200 xr).
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1.2.12. 3i0NG» @€ ie@at aAb0d cadleaad eééreucada
éAeANCOT aéaécc

CyI11ecTBYIOT pasjanuHble METOAbI M IPUOOPHI AJIA ONpeAeJeHUA
TIOBPEXKAEHUH 00CaHBIX KOJOHH. MIX MOKHO pa3fieIuTh Ha IPAMEBIE
¥ KOCBEHHBIE.

K mpamMbIiM MeTomaM KOHTPOJIST OTHOCATCA ONTUYECKUM, aKyCTH-
YeCKHUH, 9JIEKTPOMEeXaHNYeCKU, MeXaHuUeCKnii, MaruuTHLIN, NH-
IYKIIMOHHBIN, METOJ] PACCETHHOTO TaMMa-U3JIyYyeHUA; K KOCBEH-
HBIM — PE3UCTUBUMETDPUA, TEPMOMETPUSI, METOJ PaJNOAKTUBHBIX
U30TOIIOB.

OnTuuecKuil MeTOJ OCHOBAH HA HEIIOCPEACTBEHHOM QoTorpadu-
POBaHUU CTEHOK OOCAJHOM KOJIOHHBI UM W3YUYEHUA IOJYUYEHHBIX
dororpaduii. CyiecTByeT pasHOBUIHOCTL 9TOTO MeToma — (poToTe-
JIeBUBUOHHBIA MeToA. OT/IMUMe ero COCTOUT B TOM, UTO HM300pake-
HIe BHYTPEHHE! MOBEPXHOCTU 00CAAHOM KOJIOHHBI II0 TEeJEeBU3UOH-
HOMY KaHaJly IiepefaeTcA Ha IIOBEPXHOCTb. IIPOMBINIIEHHOCTHIO
BBITYCKAIOTCA KOMILJIEKTHI CKBAKUHHBIX (hoTroannapaTroB PAC-1 u
DAC-1M.

HepmocTaTku aTOTO MeTOAA 3aKJIIOUAIOTCS B TOM, UTO COCTOSHUE
KOJIOHHBI MOYKHO KOHTPOJIMPOBATH TOJBKO B OIITUUECKH ITPO3PAUHOMN
cpeze; Mo (hOTOCHMMKAM U TeIen300paskeHusIM HeJIb3sd YCTaHOBUTH
pasMep CMATHA, a IIyOOKUe IMapamuHbI MOTYT OBITH MPUHATHI 3a
CKBO3HBIE TPEIUHEBI; NCCIAENYETCA HE BECh IEPUMETD KOJOHHEI.

AKycTHUUECKHMI MeTOJ IIMUPOKO MCIIOJNB3YIOT B IIPOMBICJIOBOM
reousukre. OH OCHOBaH HA PETUCTPAIIUU OTPAYKEHHBIX OT IMOBEPX-
HOCTHU TPYO yJIBLTPa3BYKOBBIX KoJieOaHU. VI3MeHeHa aMIJIUTYAbI,
¢a3bl, YACTOTHI M BpEMEHU IPUXO0Ja aKYCTHUECKUX BOJH CO3IAIOT
aKyCTUYeCKoe M300pasKeHre BHYTPEHHEH IIOBEPXHOCTH OOCaTHOM
KOJIOHHBI CO BCEMU UMEIOIUMUCcA Aed)eKTaMu.

B HNwmopreodusuke pazpaboTaH MakeT YJIbTPa3BYKOBOI'O M3-
MepuUTeaa KOJIOHH, IpeJHAa3HAUEeHHBIN IJId U3MePEeHUs BHYTPEHHEe-
ro AramMeTpa o0CaJHBIX KOJIOHH C IeJbI0 U3YUeHUA UX u3Hoca. IIpo-
BeJleHHbIe HMCIBITAHUS MPHrOopa IIOKa3ajaud ero BBICOKYI0 TOUYHOCTh
(0,6 ™MMm), omHarKo mpubop OBLI paccyuTaH HA OTAEJbHBIE
(Toueunsle) usMepenusa. IIpumeHeHne ero OrpaHUYEHO CKBaKUHA-
MU, 3aII0JTHEHHBIMY BOJOH IV JIETKUM I'JIMHUCTHIM PACTBOPOM.

Paspaboran cKBasKMHHBII akKycTtuueckuii teneBuszop CAT,
PETUCTPUPYIOIINII BBICOKOUACTOTHBIE YJIBTPA3BYKOBBIE WMITYJIb-
ChI U MO3BOJIAIONINNA IIyTEeM CKAHUPOBAHUA IIOJIYUUTH M300paske-
HUe CTeHKM 00cagHOM KoJIoHHBI. IIpm momomu sToro mpubdopa
MOYKHO OIIPENEeNAThH MECTOHAXO:KIeHUe ImephOpaIlMOHHBIX OTBEp-
CTUM, TPeIuH, My(PTOBBIX COeAUHEHNN U T.II. B oTamume oT CKBa-
JKMHHOTO (hoToammapaTa OH TO3BOJIAET OCYINECTBJIATDH CILIOIITHOMN
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(TIo BceMy CTBOJIY) KOHTPOJIb 32 BHYTPEHHEH ITOBEPXHOCTHIO 00Cai-
HBIX TPYO.

HenmocTaToK arkyCcTHUYECKOTO MeTO[a — 3aBUCUMOCTH Pe3yJIbTa-
TOB WKCCJI€IOBAHMUA OT HAJIWYMUA HA CTEHKAX TPyO0 PpPasIMUYHBIX
HeMeTa/IMUeCKUX sarpssHeHuii. MeTon He YyBCTBUTEJEH K JIO-
KaJIbHBIM HapYIIeHUAM reoMeTpuu Tpyo (BMATHHEBI, B3ayTusd). Ha-
Juume IiamMa B OypoBOM pacTBOpe, KakK U 0OJIbIIAA IJIOTHOCTH ITIO-
CJIETHETO, TaKJKe MPEeIATCTBYET IMOJYUYEHUIO AOCTOBEPHOI MHOOP-
MaIuu.

AJIeKTpOMexXaHNUeCKUl MeTOJ KOHTPOJISI 3a M3MeHeHHeM BHYT-
peHHero ruamMeTpa 00CaJHBIX KOJIOHH OCHOBAH HA M3MEPEHUU Iepe-
MeIleHUs I[IeCTH—BOCHhMMY PBIYATOB YCTPOMCTBA, CKOJB3AIIUX IIO
BHYTPEeHHeIl TOBePXHOCTH 00CAAHOM KOJIOHHBI. PaguaibHble mepe-
MeIleHuA PLIYAroB MepelaloTcAa Ha IMOABIMIKHOM KOHTAaKT (IOJ3Y-
HOK), IBUTAIONUIUIICA CHUHXPOHHO IO IPOXOAY, OJjlarogaps ueMy m3-
MEHSAETCS COOTHOIIEHNE JJIEKTPUYECKUX COIIPOTHUBJICHUI, HAIPS-
JKeHUI MJIX TOKOB M3MEPUTENbLHON cXeMbl 1 BEIpA0aThIBAETCSA COOT-
BETCTBYIOIIUI CUTHAJI, IIOCTYIIAIOIINI Ha PEeTUCTPATOD.

B K® BHUHNTIeopusuru paspadoran npubop HOM-68, perucrt-
pUpYIOIINA cpefHmit fuaMeTp ob6cagHO KOJOHHBI M Haauure Myd-
TOBBIX COEMWHEHWH; OH 00JajlaeT BBICOKOM YYBCTBUTEJIBHOCTHIO U
MHCTPYMEHTAJIbHOM TOYHOCTHIO (0 1 MM) B [uamnasoHe U3MepPeHU.
IIo Takoii ke peocraTHO-pbIUa:kHOU cxeme K.M. Pe3HUKOBBIM CO-
3[aH almnapar g 3amMepa AuameTrpa Tpyo.

Bce aimexTpoMexaHMUECKUe TpUOOPHI AAIOT YCPeJHEeHHBIe 3Ha-
YeHUsS W3MepsaeMbIX BeJIWYWH; KPOMe TOTO, BO3MOXKEH IITPOIYCK
TIPOJOJNBLHBIX Me()eKTOB, IOMABIINX B CEKTOP MEXKAY M3MEPUTEb-
HBIMU PBIYATaAMMU.

MexannyecKuii MeTOJ, OCHOBAH Ha TOM Ke IPUHIIUIIE, UTO U
AJIEKTPOMEXaHUUYECKUIi, TOJbKO Pe3yJbTaThl N3MEPEeHUH Peruct-
PHUPYIOTCS HEIIOCPEeACTBEHHO B Ipubope.

IIpeumyIriecTBO 3TOTO METOLA — ABTOHOMHOCTB, T.e. OTCYTCTBHE
KabesbHOU cBA3M. K HemocTaTKaM 3JI€KTPOMEXaHUYECKOTO METOoJa
nobaBiisgeTcsa HEBO3MOYKHOCTL KOHTPOJISA 3a paboTo Impubopa.

MaruuTHBIA METOJ OCHOBAH HA PETMCTPAIlMU MATHUTHBIX MOJIeH
paccenBaHUsA, 00Pas3yIONIUXCA BOKPYT OTBEPCTUS B KOJIOHHE IIPU
HAMarHUYUBAHUU CTAIIMOHAPHBIM MATHUTHBIM II0JIeM OOCATHBIX
Tpyo.

B HUHwmopreopusuke paspaboTaH JOKATOp IepdoparmoHHBIX
orBepctuii JITIO-1 ¢ maruuTHBIM gaTunkoMm. [Ipubop paccunras Ha
pPadoTy ¢ TPeX:KUIbHBIM OPOHMPOBAHHBIM KabeiaemM. MaKcuMasbHO
pomycrtumoe gasiaerne 60 MIla, remmeparypa 150 °C.

WcnwiTanus MakeTa npubopa B CKBa)KMHAX IOKAa3aJiil er0 BBICO-
KYI0 pasperamlnyo crtocobHocTh. IIpu maorHocTy nepdoparum 10
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oTBepcTuii Ha 1 M yzaeTcA 3aperucTPUPOBATH KaKI0e OTBEPCTHE
IuamMeTrpom 7—8 MM u 6oJtee.

NunyKInoHHBIN MeTO KOHTPOJSA OCHOBAH HA PETMCTPAI[UU W3-
MEeHEHUS MOJIA BUXPEBBIX TOKOB, BO30YKIAEeMbIX B 3JIEKTPOIIPOBO/I-
HOU cpene (oOcamHoit TpyOe) HmepeMeHHBIM MATHUTHBIM IIOJIEM.
IIpumeHsaeTcA AJIA UBMEPEHUS TOJIIINHBI CTEHOK TPYO, BHIABJIEHUSA
TPEeIIuH U AP.

B HNwmopreopusuke paszpaboTanbl MHAYKIIMOHHBIE Ae(heKTO-
mepsr V-1 u ICU. Anmaparypa [M-1 paccumrama Ha pabory c
TPEeXKUIbHBIM KabeseM, a JICU — ¢ OqHOKMIBHBIM. ITU TPUOOPHI
pa6oraroT mpu gasiennu 10 80 MIla u remmeparype xo 150 °C. ITe-
dexromepamu IU-1 u [ICU ucciegoano okosio 200 ckBarkuu. Uc-
TMBITAHUS TOKa3aJ BO3MOYKHOCTL BBIABJICHUS TPEIUH, B3AYyTUIl,
CMATUMN 1 UHTEPBAJIOB IIPOTEPTOCTU TPYO B IPOMEKYTOUHBIX U 9KC-
IJIyaTAIlMOHHBIX KOJOHHAX C BBICOKON TOYHOCTBLIO. MuHMMAaJIbHBIN
pasmMep TPeInH, BbIJeIdeMbIid Ha (poHe KosiebaHMil 3JIeKTPUUYEeCKOM
IPOBOAUMOCTHU TPYO, oKoji0 0,1 M, MOTPENTHOCTL ONpEIeIeHNA T -
aMeTpa =2 MM.

Metoxuka pa6orsi ¢ [[-1 u [ICHU Ta ke, uto u ¢ JITIO-1; ocBoeHa
OHA TeMU ke reo(pU3nIeCKUMU OPTaHU3AIUAMH.

MeTon pacceaHHOTO raMMa-M3JIyIeHUA UCIOJIb3YIOT AJIS M3Me-
PeHUs cpeqHEeN TOJNIMHBI CTEHOK, BHYTPEHHEr0 f1aMeTpa, a TaKkKe
151 BBISABJIEHUS KPYIHBIX PA3PBIBOB U APYTUX JeeKTOB 06caTHbIX
Tpyo.

Bo BHUUTYICe mHa ocHOBE 9TOr0 MeTOJa CO3NAaHBLI Kaambpomep
(ayTpomep), nedeKTOMEDP U TOJIIMHOMEDP. B Hacrosmiee BpeMsa
YhumcKuM 3aBOIOM Te0(pU3UUECKOTO MIPUOOPOCTPOCHMUST BBIMYCKA-
etca gedexromep-roammuaomep CI'IT-2. Ha ocHoBanmm mHTEpIpE-
TaIlU¥M ero TMOKa3aHUIM MOYKHO YCTAHOBUTH SKCIIEHTPUCUTET KOJIOH-
HBI, CpeJHUEe TOJIIUHY W JuaMeTp 00CaZHBIX TPYO C TOUHOCTHIO
o 0,5 MM, MecTa pacIoJiOKeHHs MY(PT U IeHTPUPYIoIuX GoHa-
peii.

IIpemmyiriecTBO 5TOTO MeTOLa — BBICOKAA TOYHOCTH M3MEPEHU,
KOoTopas He 3aBUCUT OT IJIOTHOCTU OYPOBOTO pacTBOpa M 3arpAs3He-
HUH moBepxHOCcTH TPYyO. HegocraTku MeToma — HEBBICOKUM BEPXHUMA
mpegeJs paboueil TeMIepaTyphl CKBaAKUHHLIX mpubopos (< 100 °C),
HEUYBCTBUTEJIBHOCTb K MEJKUM AedeKTaM KOJOHHBI, B TOM YHCJIe
HeOOJIBIIINM TPEeINHAM M OTBEPCTUAM, OUeHb HU3KAA CKOPOCTb W3-
MepeHUH B CKBaXKMHAX, YCpeAHEeHNe 3HAUEHUI TOJIIUHBI U uaMe-
TPOB TPYO, CIOKHOCTH allapaTyphl.

MeTon pe3sMCTMBUMETPUM OCHOBAH HA M3MEPEHUU C IIOMOIIBLIO
CKBa)XMHHOT'O PE3UCTUBUMETPA YAEJIHLHOTO 3JEKTPUUECKOTI'0 COIIPO-
TUBJIEHUSA JKUIKOCTH B CKBAKMHE B COUETAHUU C OIePaIliAMU, BbI-
3BIBAIOIIIMHY IIPUTOK WM IIOTJIOIIEHNEe KUIKOCTH Uepe3 Hapylle-
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HHe IIeJIOCTHOCTH 00CaJHOM KOJIOHHBI. B IIepBOM ciydae MecTO Ha-
pymieHud KOJIOHHBI OTMeYaeTCA HHJKHefI rpaHHueﬁ OTKJIOHEHUudA
KPUBOM W3MEHEHUS COIPOTHUBJIECHUS KUIKOCTH, S3aIlOJHSIOIIEH
CKBasKMHY; BO BTOPOM — MECTO HAPYIIEHWSA OOHAPYIKMBAETCA IIO
rpaHulie pasjesa 3aloJHAMIOIE CKBAXKNHY 1 3aKauBaeMoil B Hee
JKUIKOCTEMH.

MeTOI[ TePMOMETPHUN OCHOBAH Ha BOSHUMKHOBEHHUMN TeMIIepaTyp-
HBIX aHOMaJII/Iﬁ B MeCTaX HapyIIeHndA KOJIOHHBI IIPDU IIPUTOKE HNJIN
morJIoieHun KugKoctu. OH 006JIafaeT B OCHOBHOM TeMU Ke HeIo-
CTaTKaMM, YTO 1 METOd PEe3UCTUBUMETPUM.

MeTO,II PaguoOaKTHBHBIX M30TOIIOB OCHOBAH HA PErvucTpalnm aHoO-
MAJILHON MHTEHCUBHOCTHY raMMAa-U3JyUYeHnsA IPOTUB MECT HapyIle-
HUN KOJIOHHBI ITIOCJI€ IIPOKAYKHX B Heﬁ JKHUaKoCcTu, aI{THBI/IpOBaHHOﬁ
pPagruOoaKTUBHBIMU HM30TOIIaMU (OGLI‘{HO C MaJIbIM IIepuoaAOM IIOJY-
pacuazga). OH TMPUMEHUM TOJBKO B TOM CJIydyae, eCJU HeT 3aTpyOHOI
IMUPKYJIANUYA KUIKOCTH B 30HE HAPYIIEHWS) U MOTJIOMIAOITIHN
IJIACT COBIIaJAeT IO IJIyOuHe ¢ MEeCTOM HApPYIIeHUS. OTOT MEeTOJ —
OnVH M3 HauboJiee HaJEeKHBIX U TOYHBIX KOCBEHHBIX METOJOB, OJ-
HAKO BCJIEACTBIUE CJI0MKHOCTA U TPYAOEMKOCTH IIPOBEAeHNs paboT u
PagranMOHHON OMMACHOCTU IIPUMEHSIETCS PEIKO.

Bypenue HeGTAHBIX U Ta30BBIX CKBAKUH HEM30€KHO COIIPOBOMK-
JaeTcAd Pas3IUYHBIMUA (PUBUKO-XUMUUYECKUMHU IIPOIlECCAMU B3aWMO-
IercTBUs 6YpPOBOTO PACTBOPA CO CJIATAIONIUMU CTEHKU T'OPHOM BBI-
paboTku mopomamu. K sTmM mpoiteccaM OTHOCATCA (DUIbTPAIUA,
Iuddysnusd, TemnoodMeH, KanuIApHAA OponuTka u ap. OaguH us
HauboJiee CYIIIECTBEHHBIX IIPOIIECCOB B3aMMOIEIMCTBUSA OypPOBOTO
pacTBopa C OKPY'KAIOIIMMU CKBAKUHY IIopojaMu — (huiabTpamusd,
KoTopas oIpenesdeT BOSHMKHOBEHME IIOTJIOINEHUI OypoBOrO pac-
TBOpa 1 He(P)TErazoBOAOIPOSBICHUM, TTIMHUSAIINIO CTEHOK CKBAKU-
HBI, KOJIbMATAIlNIO IIPUCTBOJILHON 30HBI IPOAYKTUBHBIX ILJIACTOB,
cyddosuio B PuIbTPOBOI 30HE CKBA’KMHBI B IIPOIlECCE BBIZOBA MIPU-
TOKa U MOCJENYIOIIel SKCILTyaTallni, pa3yIJIOTHeHNE 1 Ha0yXaHue
TJIMHUCTBIX OTJIOMKEHUI M MHOTUE APYTUe ABJIEeHUS, CYIIeCTBEHHO
BJIUSIONINE Ha KAaueCTBO 3aKAHUMBAHUA CKBasKuH. oA cosmaHusa
Hay4YHO 00OCHOBAHHBIX IIPHMEMOB IIPEOTBPAIIEHUS PAa OCJIOXKHE-
HUM, JOoCTH:KeHUA 3(PHEeKTUBHBIX Pe3yJbTAaTOB IIPU BCKPBITUU U
OCBOEHUU ILJIACTOB, PeaU3aIuy IIPOIECCOB OYPEeHUA C MUHUMAJIb-
HBIMM TIPOTUBOJABJICHUAMU Ha ILJIACTHI HEOOXOAMMO pacmojaraTh
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KOJUYEeCTBEeHHLIMU 3aBUCHUMOCTAMU, OIIMCHIBAIONIUMU JBUMKEHUE
JKUJKOCTell M rasoB B IIacTax, M3y4deHHE KOTOPBIX COCTaBJIAET
IpenMeT Teopuu (QUIbTPALUU.

1.3.1. AAaéco TaauiéAnaa UaNaéeida a EAaécC

JBr:xeHre "KUIKOCTEN B IIOPUCTO cpelle HA3LIBAIOT PuUIbMPA-
yueil. ITopucTble cpeapl WX MATEPUAJLI — 9TO TBEPbIE TeJjia, UMe-
IOII[1e B JOCTATOUHO OOJIBLIIIOM KOJMYECTBE IIYCTOThI, XapaKTepHbIe
pasMepbl KOTOPBIX MAJIbI IT0 CPABHEHHUIO ¢ pasMmepamMu Tesa. CTPyK-
Typa MOPUCTBIX MAaTeprajioB MOKET OBITh BechMa PasHOOOPas3HOIl.
Tak, camMble MaJible IIYCTOTHI, B KOTOPBHIX CHJILI MOJIEKYJISPHOTO
B3aMMOJENCTBUA JKUJKOCTU C TBEPABIMU CTEHKaMU BEChMa BEJIUKU,
HA3bIBAIOT MOJIEKYJISAPHBIMHU IOpamMu. IIPOTHBOIIOJOMKHOCTBIO UM
SIBJIAIOTCSA IIOPBI, B KOTOPBHIX ABMIKEHUE KUIAKOCTHU JINIIL BechbMa
He3HaYMUTeJbHO 3aBUCUT OT B3AMMOIeHICTBUS CO CTEHKaMM, U UX Ha-
3BIBAIOT KaBepHaMmu. IIoJIocTH, 3aHMMAIOIINE IPOMEKYTOYHOE IIO-
JIOJKEeHVe MeXXIy KaBepHAMU U MOJIEKYJIAPHBIMU IIOpaMu, Ha3hkIBa-
10T pocTo nopaMu. IIopsl MOTYT GBITH COOOIIAIOITUMUCS U HECOOD-
mamiumMucs. Ilepsoie 00pasyoT aKTHBHOE IIOPOBOE IIPOCTPAHCTEBO,
a Bce IOPHI — 00IIee IOPOBOE IIPOCTPAHCTEO.

HawuGosiee BaskHAsA XapaKTePUCTHUKA IMOPUCTHIX MATEPUATIOB —
IIOPUCTOCTb, T.€. JOJIA 00beMa, MPUXOAAIIAACI Ha IOphbl, m =V /V,
rae V, — oobem mop; V — 06beM Tesa. IIpy 3TOM MOPUCTOCTH MOYKHO
TaKiKe PasAeuTh Ha aKTUBHYIO 1 aOCOTIOTHYIO, MJIV IIOJHYO.

ITopucrocts uma3MepseTca pasauUHBIMU crocobamu. Hawmboiee
TIPOCThIE CIIOCOOBI M3MepeHud abCOTI0THOI MOPUCTOCTH — IIPSAMOIi, a
TaK:Ke CII0co0 M3MepeHUs IIOTHOCTH. IIo mepBoMy cIioco0y m3ame-
pAT 00 beM 00pasiia, AJsa Yero o6pasel TOKPHIBAIOT BOJOHEIIPOHM-
IIaeMbIM MOKPBHITHEM U OUPEAEJAI0T 00beM BBLITECHEHHOU BOJBI, a
3aTeM, U3MEJBUUB OOpasell, m3MepsaioT o6beM TBepaou (aswi. Ilo
BTOPOMY CIIOCO0Y OIIpeAesIioT 00beM U ILJIOTHOCTh 00pasia, a 3aTeM
00peM U IJIOTHOCTH MaTepmasa obpasma. Torma us ycnoBusa p,V, =
=p,V, umeem m=1-p,/p,, T'le HHAEKCAMH “0” u “M” 0603HAUEHBI
obOpaselr 1 MaTepuaJ oopasiia.

J 151 n3MepeHns aK TUBHOM MOPUCTOCTU OOBIYHO MCIOJIB3YIOT Me-
TOJ HATHETAaHUS PTYTHU WM IPOMUTKY Bozmoii. Ilo mepBoMy cmocoly
o0paselr IOMeIIaloT B COCY/Z C PTYTHIO U OIPEAEJAIOT ero 00beM II0
N3MEHeHHNIO0 YPOBHS, TaK KaK PTYTh He cMauuBaeT oOpasell. 3aTeM
YBEJIMUMBAIOT JaBJeHUE B COCYZAe, U BOIIEAINNi B oOpasel] o0beM
PTYTHU ompejenseT 06beM aKTHUBHOTO IIOPOBOTO IpocTpaHcTBa. Ilpu
9TOM 00'BEMOM C3KATOTO BO3AyXa IpeHeOperaroT, YTO ABJISIETCA He-
rocraTkoM MeToza. IIo BTopomy cmocofy, IIIMPOKO PacIpoCTPaHeH-
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HOMY B HE(TSHON IIPOMEBIIIJIEHHOCTH, MCIIOJb3YIOT CBOMCTBO UHC-
THIX TOPHBIX IIOPOJ XOPOIII0 CMaunBaThCA Bogoi. O6paser], 13 KOTO-
poro oTKadaH BO3AYX, HOTPYKAIOT B BOAY, U IIPUMEPHO Uepe3 He-
JeJII0 ero aKTHBHOE IIOPOBOE IMPOCTPAHCTBO IIEIMKOM 3aII0JHSIETCS
BOJOM.

O1mpenesns ero Maccy, mMoJyUnM

m=M'—-M)/Vp,,

roe M' — macca obpasiia ¢ Bogoii; M — Macca cyxoro obpasma; V —
00meM 00pasIia ¢ BOAoit; P, — IJIOTHOCTD BOZHI.

ITopucTocTh AJA PA3IUYHBIX MAaTepPHUAJOB KojebJyeTcs B mocTa-
TOYHO ITUPOKUX IIpeesax (B TOJIAX eTUHUIIEI).

ITecuanuxku ...
W3BecTHAKY .

BetoH ...
KBapieBslit HOPOIIOK
PBIXJIBIE TIECKU v vtuvnrrnrnrenneneeneensnnnnnns

J 151 pealbHBIX IJIACTOB — KOJIIEKTOPOB He()TH U rasa 3HAUEHUSA
TIOPUCTOCTU OOBIYHO HaxomaTcA B mpemeaax 0,15-0,22 ¢ Bo3MOMK-
HBIMU OTKJIOHEHUSAMHU B TY WM IPYTYIO CTOPOHY.

IToToK :muUAKOCTH, IBUIKYINEHCA B MOPUCTOH Ccpele, MOMKHO Xa-
pPaxTepu30BaTh ero 00’beMHBIM pacxogoM @. IIpu sTom oTHoIeHUE
ero K IJIOUIAAM IIOIEePeuHOro ceueHus obOpasiia S ecTb CKOPOCTh
uabTpanuu v = Q/S.

9Ta CKOpOCTh — (GUKTUBHAA BeJIUUYNHA, TAaK KaK JKUIKOCTH IBU-
JKeTCs JIUIID TI0 aKTUBHOMY IIOPOBOMY ITPOCTPAHCTBY U (PaKkTHUeC-
Kas ee CKOpPOCTh OyeT 0osbliie v. Eciiu mIoiaab IPOCBETOB B ceue-
HUU TOPUCTOM cpeabl 0003HAYUTH uepe3 S, To haKTuUecKasa CKO-
pocTh

w=v/n,

rae n =S, /S — IPOCBETHOCTD.

Hapsany c sTuMm Ajsd 5JeMeHTapHOTO o0heMa IIOPUCTOM Cpembl
MeXKIYy CeUeHUSIMHU Ha PACCTOAHUU dX, uepes3 KOTOPLIA IPOTEKJIO
KoJIn4ecTBO KungKoctu dV = Qdt, umeeM cooTHolieHne mSdx = Qdt
WIN

w=dx/dt=@Q/(mS)=v/n,

T.e. V= n/w. CiegoBaTenbHO, IOJIydaeM v/m=@Q/S, wm m = S, /S,
T.e. OTHOIIIEHUE ILJIOIIAAY IIPOCBETOB K ILJIOIIAAM CEeUeHUA oOpasia
paBHO mopucToCTH. Ha 9TOM OCHOBAHWU MOCTPOEHBI MHUKPOCKOIIMYE-
CKUe CIIOCOOBI OIIpeieSIeHN A IIOPUCTOCTH.

B Teopuu puabTpamumu paccMaTpuBaeTCa CKOPOCTh (PUIbTPAIIH,
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JUIsI KOTOPOI II0 pe3yJbTaTaM 3KCIEePUMEHTAJbHBIX MCCJIeTOBaHUI
YCTaHABJIMBAIOT MaTeMAaTUUYECKUe MOJAEIU TeUeHUsd. T MOJesH,
WU 3aKOHBI, PUIBTPAIINY XapPaKTePU3YIOT CBAZh MEXKY IIOTePAMU
HAIlopa IpPHU ABUMKEHUU KUIKOCTU B IIOPUCTOIH Cpejsie, ee CBOMCTBA-
MU U IapaMeTpPaMu KUIKOCTEH.

OavH M3 OCHOBHBIX 3aKOHOB (hMIbTpanuu — 3akoH apcu, KoTo-
PBIii 3aNIMCHIBAETCSA JJIA OJJHOMEPHOI'O TeUEHUSA B BUE
v=Q_k(pi-ps  21+5)

s nl 1 )

rae k — Kod(hGUIMEHT IPOHUIIAEeMOCTH IIOPUCTOH cpebl; 1, Y — CO-
OTBETCTBEHHO BA3KOCTD U YAEJbHBIN BeC PUIbTPYIOIIENCA KUIKOC-
TH; Py, P; — JaBJIEHNE COOTBETCTBEHHO B ceUeHUAX 1 1 2, OTCTOAIIUX
Ha PACCTOAHUU | APYT OT APYyTra; 2;, 23 — BBICOTHI IIOJOMKEHUA COOT-
BETCTBEHHO ceueHuit 1 u 2.

B nuddepenninanbHoii popMe A OJHOMEPHOTO (pUILTPAITNOH-
HOT'0 ITOTOKA U ITPY IIpeHeOperkeHNN CUJIaMU TsAKecTUu 3aKkoH [[apcu
nuMeeT BUJ

_kdp__kps-p
ndl nxg-x;

a B MHOT'OMEPHOM CJIiydae
-k
v=-—grad p,

gl

rme x, — x; = dl — paccrogHue MeXAY ceueHuAMU 1 u 2 BIOJIb ocHu
abciuce.

3HaK MHUHYC B 9TUX BBLIPAKEHUAX YKA3bIBaeT Ha IPOTUBOIO-
JIO’KHOCTH HATIPaBJIEHUM CKOPOCTH (PUILTPAIIUY W I'PagueHTa IaB-
JIEHU.

B npuBefeHHBIX BbIPpAKEHUAX (PUTCYPHUPYET XapaKTEePUCTHKA
HOBOT'0O CBOMCTBA IIOPUCTOI cpeabl — KOI(PPUIINEHT MPOHUIAeMOCTH,
KOTOPBIHM NMeeT Pa3MepPHOCTD ILIOIIAaN

po oIl _ e Tacom oo
[p] IIa

ITox mpoHHITaeMOCTBIO IIOPHUCTOI CpPeabl HMOHMMAETCS CBOIICTBO
IPOIYCKATh Uepes3 ceds KUIKOCTDL WM ras o[ AefCTBUeM IIPUJIO-
SKEeHHOTO TpaJueHTa AAaBJIEHUdA, T.e. 9TO IPOBOAMMOCTH IIOPUCTOH
CpeJbl IO OTHOIIIEHUIO K JKUIKOCTH UJIU rasy.

J s raza mpu M30TEPMUYECKOM TEUEHUU U MPEHEOPEeKeHUU ero
Maccol B OZHOMEPHOM caydae 3aKoH [lapcu umeeT BuU/,
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pf—p§/1+ 2%
25l " p1+pa)

rae b — KOHCTaHTa, ABIAIOINIAACA XapaKTEPUCTUKON rasa B IIOPHUC-
TOU cpefie.
( 26\ .
Comuo:xkureab |1+———|, BBemeHHblli KanHKeHOeproMm, yuu-
L Py + Pz}
THIBAeT 9(PPEKT CKOJbKEHUA rasa BIOJL CTeHOK mop (addexrT
Kaunkenbepra, KOTOPBIA IPOABIAETCA IPU HEOOJBINTUX MaBJICHU-
AX, ¥ B 9TOM cJIy4dae Koa(pPpUIIeHT TPOHUIIAeMOCTU

k.= k(1 +b/p),

rae p = (p, + p,)/2 — cpenHee maBiieHWe Tasa B (PUIBTPAIITMOHHOM
TIOTOKe.

CienyeT oTMETUTD, UTO KOIDGIUITUEHT IPOHUIIAEMOCTH U3MeEPA-
IOT 0OBIYHO C ITOMOIIIBI0 Ta3a. IIpu aToM HEOOXOAMMO IIPOBOIUTH M3-
MepeHUs MPU HECKOJBKUX 3HAUEHUAX CPETHEro AaBJIEHUSA, UTO
TI03BOJISIET YCTAHOBUTH KOHCTAHTY b B SKCIIEPUMEHTaX COTJIACHO 3a-
kony Hapcu. B xoopauuarax 2anzl/S(pf - p22) u 2(p; + p,;) 9KcIe-
PUMEeHTaJbHbBIE JaHHBIE JOJIKHBI JIOXKUTHCS HA IPAMYIO, OTCEKAI0-
IIYIO OT OCU OPAMHAT OTPE3OK £ ¥ MMEIOIIYI0 TAHTEHC yTJjia HaKJIOHA
kb.

CienyerT OTMETUTD, UTO IIPU TEYEHUU JKUITKOCTHU UYepe3 IIOPHC-
TYIO Cpefly, KOTopas HachIIeHa ILJIaCTOBBIM (DJIIOMIOM, IPOHUIAE-
MOCTBH 3aBHCHUT OT HACBIIIIEHHOCTH UM IIOPUCTOI cpexbl. Tak, OTHO-
cuTesbHAA, nIu (hasoBasd, IPOHUITAEMOCTD AJIS BOABI U HEPTU Hpes-
craBiaena Ha puc. 1.11. IIpu TakoM TeueHHH I KasKIOH m3 (das
cIIpaBeAJIUB 3aKOH [lapcu, HO ero ciiefyeT 3aUCHIBATH B BULE

kgkdp
ndl

o=-

rae kg, — OTHOCUTeNIbHASA, NI ()a30Bas, IPOHUIAEMOCTb.

3HaueHnA OTHOCUTEJIbHOM IPOHUIIAEMOCTH He MOT'YT OBITH 00JIb-
e eIWHUIILI, HO ¥ CyMMa HMX IJA ABYX(asHBIX CHUCTEM He IIPHU
JI10600M 3HAUEHUWU HACBIIIIEHHOCTH pPaBHA efWHUIlE. 3HAUeHUA (aso-
BBIX IIPOHUITAEMOCTEl 3aBUCAT OT TUIIA IIOPUCTOM CPelbl, HACHIIIA-
IOMUX KUAKOCTeH 1 uncaa ¢as. Tak, IJIsd TPOMHON CHCTEMBI BOAA —
HedTb — ras3 (pasoBble MPOHUIIAEMOCTH AJIA KayKJOW M3 KOMIIOHEHT
mpeacTaBJieHbI Ha puc. 1.12.

TeueHMe JKUIKOCTENH CKBO3b MOPUCTYIO CPeAy HMOAUYUHSIETCA 3a-
KoHy Jlapcu mpu MaJsibIX CKOPOCTSAX TEeUeHUs, 3HAUEHUE KOTOPBIX
yaoBisieTBopset, o B.H. IllenkaueBy, caeqyioiiemMy yCJIOBUIO:
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M510+12
2,8 ’

nm
Te JeBad 4acTh HepaBEHCTBAa HOCUT Ha3BaHUe umcia PelfHosbaca
Re, u B HeM p — I0THOCTE KuUAKOCTU. [Ipy HapyIIeHNN yKa3aHHOTO

YCJIOBUA JUHENHBIN 3aK0OH (GUIbTPAIIN HAPYIIIAETCA, IIOITOMY HC-
OJIB3YIOT 3aKOHBI BUIA

(P, —p;)/L =a@"
VI
(P, —p2)/L=0aQ +bQ".

IIpu n = 2 3aBUCUMOCTL MEKAY PACXOAOM U I'PaSUeHTOM HaBJe-
HUSA BbIpaskaercd 3axouoM KpacHomoabckoro — Illesu

(p1 —p2)/L = a@Q® wim Q =(p, - p,)/aL.

IIpu n = 3/2 o 3akony puabrpamuu CMmpexkepa

— 2
(P, - P,)/L=aQ\Q mmu Q=1 (M‘ :
aL J

JIByuseHHasa B3aBUCUMOCTb, IIPEACTABISAIONIaA CO00M 3aKOH
dopxreiiMepa, B IOCJeIHee AeCATHIETHe HaXOOUT OoJibIliee pac-
mpocTpaHeHue, ueM cTereHHas. KoadduiiueHTs KaKk B CTeIIeHHOH,
TaK ¥ B JBYYJIEHHOH 3aBHCHUMOCTU HE SABJIAIOTCA KOo(DGUIIMEeHTAMU
TIPOHUITAEMOCTH — 3TO HEKOTOPbIE pa3MepHbIe ITapaMeTPhbl TeUeHUd,
3aBUCAIINE OT CBOMCTB JKUAKOCTEIH U IIOPUCTOH cpeAbl. 3aKOHBI TH-
na Kpacuomoabckoro — Illesu, Cmpexepa u @opxreiimepa He o0Ja-
IaloT YHUBEPCAJBHOCTHIO 3aKoHAa Jlapcu, HO OHM OXBATHIBAIOT 00-
JIaCTh TEUEHUH B TPEIUHHBLIX U IIOPOBO-TPEIUHHBIX KOJLJICKTOPaX.
s onucaHusa TeUeHUs KUIKOCTU B IIOTJIOMIAIOIINX IIIacTaX yKa-
3aHHBIE 3aBUCUMOCTH OKa3bIBAIOTCA BecbMa IojesHbIMu. B.M. Mu-

meBuYeM ObLiIa IPeaIoKeHa opmyia

@ =Fk\/Ap + k,Ap + By (Ap)?,

OXBaTBHIBAIOIIAA T€UEHUE B TPEITUHHON MJIN KAaBEPHO3HOU (IIE€PBBIH
YJjieH), CPeJHEeIOPUCTOM (BTOPOM UJIeH) ¥ MEJIKOIIOPUCTOI (TpeTuit
YJjIeH) cpesax.

Koshdunuentsr nmpuemucroctu k;, B, u k; HaxogATCcA 1O pe-
3yJIbTAaTaM HCCJIELOBAHUS CKBAKUH — IO MHIWKATOPHBIM KPUBBIM
Ap—Q.

A mpakTuku OypeHusA IIPeACTaBJSIEeT WHTepec O000OITeHHBIN
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3akoH Jlapcu, KOTOpBIN OXBATHIBAET TeUEHHE BI3KOILJIACTUYHBIX
SKUIKOCTElN B IOPUCTOM cpefe u 3anucbiBaercsa (A.X. MupsamxaH-
3ajie) B BUze

(

o=t Jgradp,
n

|grad p|

rae G — HavaJIbHBIN I'PAJUeHT JaBJIeHUA AJIA MOPUCTOM Cpeabl, IpPU
KOTOPOI HAaUMHAaeTCA ABMMKEHNE JKUIKOCTH B Held.

s obob6IienHoro 3akoHa lapcu v = 0 mpu | grad p | =sGuv>0
mpu |grad p| > @G. [Ina ogHOMEpPHOI (hmIbTpanuy o000IeHHBIN 3a-
KoH Jlapcu MOKHO 3aIUCATh B BUE
V= k Ap-Ap ,

n L
rae Ap — Tekylnuil nepenaj gaBjeHud; Ap, — Iepenaj daBJIeHUs,
HEOOXOAUMBIH AJIA ITPEOTOoJIeHUs MPeAebHOTO HATPAKEHUT CABU-
ra B ITIOpUCTOM 00Opa3siie JJInHOI L.

3Hauenue Ap, onpegensaeTca o opmyie

Apo =dM

W

rae T, — IpelesbHOEe HaNpPsAKeHWe CABUTA IJA BA3KOIJIACTAYHOMN
KUAKOCTHY; d — HOCTOAHHEIH Kosdhdunmuert, d = (155+180)-107%;
k — Koa(h(pUIIMEeHT TPOHUIIAEMOCTH.

B cooTBeTrcTBMM ¢ YKA3aHHBIM BBIIIE AJA BA3KOILJIACTHUYHON
SKUAKOCTY MOYKHO 3aIIMCATh B OJJHOMEPHOM CJIydae

EAp _avkt
nL n

U=

T.e. upu Ap > Ap, JKUIKOCTb OyAeT Teub B IIOPUCTOHA cpefe. YKa3aH-
Hasl 3aBUCUMOCTD IIO3BOJISIET HANTHU IJIyOMHY MPOHUKHOBEHUS BS3-
KOILJIACTUYHOM KUIAKOCTH B IIOPUCTYIO CpPeAy WpuU mepemane Ap.
JKugrkocTs ocTaHOBUTCA MOCJE IPOHUKHOBEHUA Ha paccTosanue L,
OIIpefiesIAeMOe U3 YCIOBUS

T.e.

L, =Ap\/;/d-1:0.
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PaccmarpuBaemMble 3aKOHBI (PUIBTPALMY IIO3BOJIAIOT IIOJYYHUTH
KOJIMYECTBEHHBIE XapPaKTEePUCTUKY JBUKEHUS JKUIKOCTEH U Ira30B B
mIacTax B Ipoiecce Oypenusi HeTAHBIX U Ta30BbIX CKBAKUH.

1.3.2. NcaUbcad Valaésida a EAAEC C eaATAT

IIpu paccMoTpeHUM ABUMKEHUS KUAKOCTEI W ra3oB B ILTacTax,
MIPeACTaBISIONINX CO0O0I MTPOHUIIAEMYIO Cpelly, HeoOXOAMMO 3HATh
XapaKTep M3MEHEHU NaBJICHUA B TOUKAX ILJIACTA M Ha ero IpaHu-
11axX, a OCO0EHHO Ha CTEHKAaX CKBasKUHBLI, a TaK:Ke Pacxo] IJIacTo-
BBIX (hJIIOMIOB Uepes3 KaKue-In00 OrpaHNUYNBAIOIIe TIOBEPXHOCTH.

IIpu GypeHHMU BTO IPEJCTABJAET MHTEPEC C IOSUIMI OIEHKU
TIPOIECCOB Ta30BOAOHEe(TEeIPOABICHUH, IIOTJIOIEHU, TPOHUKHO-
BeHUA OypOBOTO pPAacTBOpa B MPOAYKTUBHBIE MJIACTHI, YXYAIIEHUSA
MIPOHUIIAEMOCTH IIPHU3A00NHOM 30HbBI 1 JP.

B camowm obmieMm ciyuae ypaBHeHNEe IBUMKEHUS B HEM3MEHSIEeMOM
TIOPHUCTOI cpelie MJIs JKUIKOCTeH U rasoB, MOAUNHAIOIINXCI 3aKOHY
Hapcu, B IpAMOYToJbHOI cucrteMe KoopamHat Oxyz, COTJIACHO
JI.C. Jleiitbeu30HY, UMeeT BU]

o (kpap) , o (ko ap) o (kpip) . opp_ 40 (ko)
aan BxJ ayLnGyJ azkn at) ap 0z aanJ

rae k — KoadhGUITMeHT TPOHUITAeMOCTU IOPUCTOH cPeabl; p — AaBJie-
HUE; 1 — BA3BKOCTD KUIKOCTH MJIU r'a3a; M — IIOPUCTOCTH CPeNbl; P =
= f(p) — WIOTHOCTD KUIKOCTU UJIU ra3a; & — YCKOPEeHMe CUJIbI TAXKe-
CTH.

B caayuae, ecom sxugKocThs Hec)kuMaeMa (p = const), To ypaBHe-
HUe IBUKEeHUS MpruobpeTaeT CIeayOIui BUI:

9 (kpdp), 9 [kpdp) _ 3 (ko dp

Gan 8xJ GyL n ayJ GZL n 62J=0'

B cayuae k = f(x, y, z) 6e3 3HaHUS BUZA 9TOH DYyHKIUM I TLa-
CTOB pellleHre YPaBHEeHUH JBUKEHN A HeBO3MOMKHO, 1 9TO YCIOMKHA-
eT omnucaume 0OJBIIIOTO YHMCJIA MPaKTHUYECKUX 3anad. B mpenamoo-
skeHuu k = const un = const mwiu k/m = const mosyuaerca mpocroe
ypaBHeHUe Jlamiaca

2 2 2

% d 9

op + 9P + 9P _ 0,
ax? 6y2 022

pelreHne KOToporo p =p(x, Y, 2)B ob11eM cIydyae COAEPKUT ABE II0-
CTOAHHBIE MHTEIrpupoOBaHUA U Tpe6yeT 3aJaHudA OBYX I'PAHHUYHBIX

YCJIOBUIA.
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B 9TOM YpaBHEHHNU OaBJIEHUE — JINIIIb (I)YHI{I_[I/I.H KOOpaAuHAaT 1 He
3aBUCUT OT BpeMeHHU, T.e. 3TO cIy4dail cTallioOHaPHOH (hMIbTPAIINN.

Ilpu TeueHMM MaJIOCKMMaeMOM KUAKOCTU, IJIA KOTOPOH C JO-
CTaTOYHOH TOYHOCTHIO

p=po(1+—p;”°),

Te Py — IJIOTHOCTD IIPU P = Py; O — MOJYJIb OOBEMHOH yIPYTOCTU
SKUIKOCTHU.

YpaBHeHUe IBU)KeHUA npu kB = const m n = const HaswIBaioT
ypaBHEHWEM IIHe30IIPOBOJHOCTH WM YIPYTOTO pexuMa (GuiIbTpa-
WY U 3aTIMCHLIBAIOT B BUE

2 .2 .2
9°p 9" 9"p _mn dp

Ny ’
ax? oy 022 ko Ot

rae ka/(mn) = K — Koa(pOUIIIEHT IHEe30IIPOBOIHOCTH, TI0 aHAJIOTUN
¢ K03 (PUIIMEHTOM TeMIIEPATYPOIPOBOJHOCTH B HMOJOOHOM IIO BUAY
ypaBHeHUU TeIIonpoBogHOCTH DPyphbe, OMMCHIBAIOIIIEM HECTAIHO-
HapHOe TeMIlepaTypHoe IIoJIe.

B cayuae njedopMuUpyeMOCTH IIOPUCTON cpelbl ypaBHeHUe IIbe-
30IIPOBOTHOCTY TPUHUMAET BUJ
a%p N a%p azp=l(1+ié_p\

’
ax? 6y2 022k may at)

Te 0.y — MOJYJb, XapaKTepU3yIoInil yIpyTrocTh HOPUCTOM cpesbl.

Pemtenue p = p(x, y, 2) IpUBEeHHLIX YPAaBHEHUU IIHE30IIPOBOJ-
HOCTH COIEPIKUT YoKe TPU MOCTOAHHBIX MHTErPUPOBAHUA U TPedyeT
3aJaHuA IBYX I'PAHUUYHBLIX X OJHOTO HavaybHOro (mpu t = 0) ycio-
BU.

IIpu Teuenny B HEM3MEHAEMOM TOPUCTOH cpejie ¢ kB = const rasa,
ILJIOTHOCTH KOTOPOTO ABJsAETCA (DYHKI[MEH NaBJIeHUsI W TeMIlepary-
pei p = f(p, T) u | = const, ypaBHEHNA ABUIKEHUS 3aMNCHIBAIOTCA B
BUE
7o, %0 o _(m_op) oo

2 52 k@) at’

ax?  ay

rae @ = f pdp — byarnusa JleiitbensoHa.
B yacTHOM corydae MOJIUTPOITHOTO IIPOIIEcca
p""=PepRT,

Te n — NOKasaTesyb MOJUTPOIEI; 3 — KOod(hDUIIEeHT cBepXCIKUMAae-
mocTH; R — razoBas mocrodHHass; T — aOCOMIOTHAS TeMIIepaTypa.
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YpaBHeHHe ABHMXKEHUA NMeeT B[

n
. n
" el 9P
ot

n

o’ N P o 9’0 _mn
BgRT(n+1)

2 ayZ

IIpu msorepMmuuecKom mmpoiecce n = 1, rorga

0x 022 nk

20 o mny 9D
et St T T o
ax*  oy®  92°  ky2pgRT® Ot

YpaBHeHUS JBUMKEHNUA I'a30B B IIOPUCTOH cpelle HeJIWHEUHBI, U
PEeIIUTh UX MOKHO TOJBKO B HEKOTOPHIX KOHKPETHBIX CIydasx Ipu
BBEJIEHUU OIIPeIeJIeHHBIX YITPOIIeHUH.

PaccMoTpuM HECKOJIBKO YACTHBIX PEIeHUM, IIPeCTaBJIAIOIINX
UHTEPEC C MO3UIMI IPOBOAKU HEeMTAHBIX UM Tas0BBIX CKBaKUH U
IITTPOKO UCIIOJIBb3YEMBIX B PA3JIMUHBIX pacueTax Ipu OypeHuu.

IIycrs mpm OypeHMM CKBasKMHBI PASUyCOM 7, YaCTUUHO (pUC.
1.13, 0) nnu mOJHOCTBHIO (8) BCKPHIT IIPOHUIIAEMBIN IIJIACT KPYTOBO-
o KOHTYpa paguycoM R,, mMeIoNnuii HeIPOHUIlaeMble KPOBJIIO, I10-
IOIIBY U TOJIUHY h (puc. 1.13).

B cayuae mpuMeHMMOCTH 3aKoHa Jlapcu A Hec:KMMaeMoOi
SKMIKOCTH CIIPABEAJIUBHI cienyomiue (hopMyJIbl AJsA pacuera pac-
XO07a IIPY CTAaIlMOHAPHOM (hUIbTPAIUH.

IIpu 6osbIioit MormHOCTH TIacta (cMm. puc. 1.13, a) umeem dop-
MYJIy AJIS pacyeTa pacxojia Ha CTEHKaX CKBAaYKUHBI
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Puc. 1.13. CxeMbI BCKPBITHS IIPOHUI[A€MOr0 ILIACTA CKBAKMHOMK
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IIpu sTOoM pmna p, > p, CKBaKWHA IPOABJIAET ¢ nebutoMm @, a B
IIPOTUBHOM CJIyuae IOTJIONIAeT.

IIpu ycnoBumu r, << h 1 He3HAUUTEJIBLHOM 3arjyojeHuu (CM. puc.
1.13, 6) dopmyna qid pacyera ¢ YAOBJIETBOPUTEJIbHOMN IJIA MHIKeE-
HEPHBIX PACUETOB TOUHOCTHIO UMEET BUJ
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AmnajorudHo pu p, > p, IMeeT MeCTO IIPOABJIEHUE ¢ 1e0uToM @), a
B IIPOTUBHOM CJIy4ae — IOTJIOIIeHYE.

Haxomner (cm. puc. 1.13, 8), pacxop ompeaessercs mo opmyse
Hromon
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[IPH TeX JKe YCJIOBUAX.
Bo Bcex mpuBeAeHHBIX (popMyJiax MHAEKCH “c” 1 “K” o3HauaioT
CKBaKMHY M KOHTYD, a IOJ JaBJeHUEeM p, IMOHUMAeTCH ILJIACTOBOE
IaBJIeHUE.
OOBIYHO KpaiiHe TPYAHO 3ajaBaThbcA pagmycoMm KoHTypa R,.. Ec-
JIY B €T0 3aIaHUU OIIUOUTHCA B M pas, TO
RK
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IIpu ycnoBuu, uto R, OOBIYHO B COTHU MJIU THICAYYU pas3 Oosble A
WUJIH I, IEPBbIE WIEHBI OyAYT Ha HOPAJOK OOJIbIIIE BTOPHIX UJIEHOB
npu m = 2+3. [IosTOMYy IIOTPENTHOCTH OT OIIMOOYHOTO 3aJaHUA pa-
Iuyca KOHTypa B 2—3 pasa MpUBOIAT K ommOKam mopsaka 10 %,
T.e. IBYX-, TPEXKpAaTHBIE OMNOKYN IpU 3afaHuu R, BIoJHe momyc-
TUMEIL.

IIpuBenenHbIe BhIIe YOPMYJIBI IPUMEHEHBI IPU (DUIBTPAIUU TI0
3akoHy [lapcu, a BO MHOTHX CJy4YadX BCKPBIBAIOTCS TPEITUHHBIE
WY TIOPOBO-TPEITUHHBIE KOJIJIEKTOPHI, MJIA KOTOPBIX OoJiee cipa-
BeJJIMBBLI 3aKOHBI TeUEHUs, ONMUChIBaeMble (opmysiamu DPopxreii-
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mepa uiau KpacHomosbeckoro — Illesu. B ciyuae mpuMeHSeMOCTH
3arkona Kpacuomoabckoro — Illesu popmysna gyia pacdera pacxoja
uMeeT BUT
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TJle @ — IOCTOAHHAA XapaKTepPUCTUKA QUIbTPaIUN.
Ilpuaumasa Bo BHuUMaHue, 4TO I, >> I,, IOCJeLHIO (HhOPMYJy
MOMKHO 3aIIucaThb B BU€E
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IIpu punsTpamum o 3akony @opxreiimepa pacueTHas GopMmyJa
[UL oTIpenesieHns @ MPUOINIKEeHHO 3alluChIBA€TCS B BUIE
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co
rae b — mocToAHHAS ABYXYJIEHHOI'O 3aK0HA (DUJILTPAIINH.

Bce nmpuBegenHbie BoIlIe (pOPMYJILI MOT'YT OBITH MCIIOJIb30BAHBI U
JIJIsl TEUeHUs ra30B. B 9TOM ciyuyae BMeCTO PA3sHOCTHU JaBJICHUN He-
00X0IMMO IIPUMEHATH PA3HOCTH KBaIPaTOB AaBJIeHNUII, T.e.

Ap® = pZ - pZ,

a BMeCTO O0BEMHOIO pacxoja @ ompenessercs NPUBEAEHHBIN K
CTaHJAPTHBIM YCJIOBUAM (HAIIPUMeED, K aTMOCEPHOMY AABICHUIO U
IJIacTOBOIl TeMIepaType) OOBeMHBIH Pacxon Q... Tak, dopmyra
romton Ipy T€UEHUU Ta30B MMeeT B/

nkh(pg - pe)
annB =——F -t ’

pamlnﬁ
.
a AJda caydasi OMHOMEPHOTO TE€UEeHUs COOTBETCTBYIOIas (opmysa
ObLyIa IpUBEEeHA BHIIIE, TAE B OTaUYNE OT (hOPMYJIBI IJIA SKUTKOCTH
IIOABUMJICA MHOXKUTEJNH 1/p,,. (T8€e p,, — aTMOChepHOe KaBiIeHUE).
Bo Bcex pacCMOTPEHHBIX 3aBUCUMOCTSX CBA3b MEXKJY PacXomoM
U IepenajyioM IAaBJIEHUS MOKHO IIPEJCTaBUTH B BUJE CJIEIYIOIUX
MoOJeJIe.

A sKugKoCcTH g rasa

Ap =AQ AP = AQ

Ap = AQ? AP = AQ"

Ap =AQ + BQ? Ap? = AQ + B@?

31ech KOHCTAHTBI A 1 B B KaXKIOM cIydyae MMeIOT CBOII CMBICII,
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HO KOHCTaHTHI A BCerfa coep:kaT k u 1), a KOHCTaHTa B 3aBUCUT OT
TeOMEeTPUU ITOPUCTOI Ccpeabl, MHEePIMOHHBIX dddeKToB 1 ap. aa
OIIpeieSIeHNs YKAa3aHHBIX KOHCTAHT UCIIOJIb3YIOT PA3JINUYHBIE METO-
Ibl MCCJIEIOBAHUS IIJIACTOB, O3BOJIAIOIINE I0JyUaTh KPUBLIE Ap =
= f(®), 06paboTKa KOTOPHIX JaeT BO3SMOXKHOCTb UAEHTU(DUIIMPOBATH
KoucTauThl A 1 B. OcHOBHOII mpueM OO0pabOTKU II0JyYaeMbIX KPH-
BBIX — 00paboTKa IO MEeTOAYy HaMMEHBIIWX KBaJIpaTOB MM €r0 pas-
JUYHBIE MOIU(DUKAIIAN.
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