TEXHOJIOI'SI U CIIEITUMAJIBHOE

OBOPYJIOBAHUE ITPU BYPEHUU
CKBAKHH I1O 3BAMKHYTOHN

4 TEPMETU3UPOBAHHOW CUCTEME

TJIABA OUPKYJIAAIUN

4.1. OMUCAHUE TEPMETHU3UPOBAHHOM CUCTEMBI
IUPKYJISAIIAA ITIPOMBIBOYHOM KUJIKOCTH

MpuHUMNUaneHOEe OTMMYNE TEXHOMOIMM BCKPLITUSA MNPOAYKTUBHbIX
nnactoe ¢ ABI ot TexHonornu B ycnosusax AHIO 3aknoyaetca
B MCMOMb30BaHWM COBEPLUEHHO PasfNYHbIX MO COCTaBy W CBOWCT-
BaM MpOMbIBOYHbLIX >XuAKocTen. B nepBom cnyyae npumeHsiioT
yTaKeneHHble OypoBble pacTBOpbl, BO BTOPOM — OOMeryeHHole
NPOMbIBOYHbIE KUAKOCTU, NEHbI U ra3o00pasHble areHThbl.

Hapsigy ¢ ocoObimMu TpeboBaHMAMW K MPUTrOTOBIIEHWIO U UC-
NOMb30BaHNIO 3TUX MPOMBIBOYHBIX >KUOKOCTEN, WCKIYNTENBHOE
3HayeHne uMeeT BbIOOp 06nacTM KX NPUMEHEHUsA npu BypeHun
B ycnoBusx rnmbkoro nepexoga OT AENpeccunm K penpeccum u
HaoboporT.

Mpn AHIMLO MOXHO BCKpbIBaTb MMAOTHbIE, Kpenkue, HU3Ko-
npoHuuaemMsle nnacTel Npu penpeccun 6e3 CyLEeCTBEHHONO CHU-
XEHUS MpPOOYKTUBHOCTM CKBaXWHbI, KOrga MpaBWibHO BblOpaHbl
TWN, CoCTaB M peuenTtypa OypoBOro pacrtBopa, a 3HavyeHue rmgpo-
ONHaMUYeCcKoro gaBrieHust B 3aTpyOHOM MPOCTPaHCTBE HWXKe AaB-
nenuna MPr1.

Mpy BCKpbITUM MRAcToB C KOSPDULMEHTOM aHOManNbLHOCTU k,
0o 1,5 npobnembl BO3HUKAOT TOMbKO B Mpouecce pasdypuBaHus
BbICOKOMPOAYKTMBHBIX Mornowanwmux uHtepsanos. OgHako npu
ka > 1,5 3HayeHue pr,n NPUBNMKAETCAa K 3HAYEHWUIO pn,, U Bype-
HMe Ha penpeccun CyLLEeCTBEHHO OCMOXHAETCS.

Mepexoq Ha OypeHMe B pexume Aenpeccun  orpaHudeH
3HayeHnem pebuta nnactoBoro dnovaga. o gaHHeiM  [107],
[onycTMMoe 3HayeHne pebuTta nnacTtoBOro rasa [oxoguno Ao
368 Thic. M*/ cyT npu genpeccun Ha nnact 6,4 MMa u ycTbesom
paeneHnn 2,3 Mla (OypeHne Benocb C MPOMbIBKOW ra3vpoBaH-
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HbIM a30TOM, AM3ENbHbLIM TOnNnMBOM Npu Q, = 5,8+7,5 ,U,M3/c 7]
Qr = 583,3:166,7 am*/ c).

OpHako OTCyTCTBYeT OKOHYaTenbHblA OTBET O 6Ge3onacHom
3HayeHun gebuta nnacTtoBoro rasa npu GypeHun Ha Jenpeccuu.
OueBnOHO, pelleHne 3TOro BOMPOCA HYXHO WUCKaTb B KaXxaowm
KOHKPETHOM Crfy4yae npyv B3auMOLEWCTBMU MPOMbIBOYHOIO areHTa
C MOCTYNawLWUM B CKBaXXMHY NNacToBbIM (PritoMaoM.

B cBA3M c BO3pOCLWIMMMK B HacTosilLee BpeMs TpeboBaHUSMU K
KayecTBY 3aKaH4YMBaHWS CKBaXWH npobrnema coxpaHeHus ecTecT-
BEHHOW MPOHMLAEMOCT! MPOJYKTMBHbBIX MIAacToB MpU WX BCKPbI-
TUM SABMSETCA OYEeHb akTyanbHon n TpebyeT pa3paboTkm U CKo-
pevilero BHegpeHus Ha OypoBbiIX M rasofobbiBaloLWMX npeanpu-
ATUAX HOBbIX TEXHUYECKUX PELLUEHUN.

K Takmm peleHnsiMm MOXHO OTHEeCTM pa3paboTaHHbIn B
CeBKaBHUIMNraze cnocob6 OypeHnst CKBaXMH B WHTepBanax
NPOSBASIOWMX NIACTOB, MO3BOMSIOWMA  OCYLIECTBNATL TMOKMI
nepexon OT HecbGanaHCMpOBaHHOro OypeHns K paBHOBECHOMY W
obpatHo. OnpepgeneHbl rpaHUYHbIE TFOPHO-TEONOrMYECKUE YCIOo-
BUS Lienecoobpas3HOCTM WCMOMb30BaHUSA yKasaHHOro crnocoba,
pa3paboTaHbl TeXHWYEecKne TpeboBaHUA M YCnoBWs Ha chneuunanb-
HOoe TexHonorudeckoe obopygoBaHue. [JaHHas TexHonorus obna-
[aeT psooM MpeumyllecTB neped TPaguMUUOHHOW TexXHOMOormewn
OypeHusi, OCyLLeCTBNSEMOW B YCNOBUSX 5—15%-HOro npesblLLe-
HUA TMOPOCTATUYECKOrO OaBMNEHUs MPOMbIBOYHOM XWOKOCTU Hapj
nnactoebiM. K TakuMm npeumyllectsam crieqyet otHectu [4, 80,
104 —106]:

nonyyYyeHVe OOHO3HAYHOrO OTBETa O HanMuMM MNPOAYKTUBHbBIX
NnacToB BO BCKPbIBAEMOM pa3pese HenocpeacTBEHHO B npouecce
yrnyobneHnsi CKBaXXuHbl;

COXpaHeHWe eCTEeCTBEHHOW MPOHULAEMOCTU MPUCKBAKUHHOWN
30Hbl MPOAYKTUMBHOrO nracTta, COKpalleHWe CPOKOB OCBOEHUS WU
nonyvyeHne OONOMHUTENbHOW JO6ObIYKM ra3a unm HedTw;

MoOBbILLEHWNE CKOpPOCTEN DypeHus;

9KOHOMWIO 3HEPrUM U MaTepuarnoB Ha MpUroToBrneHve u o6-
paboTky NPOMbLIBOYHOW XWAKOCTU W YAOBNEeTBOpeHue Tpebosa-
HUAM 3KOMOrnn.

BypeHne ckBakvH nNpu Hanuyum cBOOOAHOrO npuTOKa nna-
CTOBOro dontovia B CKBaXWHy (Mpwu genpeccun Ha nnact) adpdek-
TMBHO kak B ycnoBusx ABI[, Tak M npu BCKPbITUM NPOAYKTUB-
HbIX NJACTOB C MOHWXEHHBIMU OABMEHUSMMU.

B ycnosuax AHMO 6ypuTb Ha genpeccunm BO3MOXHO C Mpo-
MbIBKOM MEHOW W a3pupoOBaHHON XWAKOCTbIO, a Takke npoays-
KOW rasom unu TyMaHOM.

AHanuanpysi 3apyOexHbIli OMbiT MPOBOAKWA CKBaXXWMH MPUTOM-
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HbIM METOAOM, crnegyeT OTMETUTb, YTO OCHOBHOM o6bem BbINOI-
HeHHbIX paboT BedeTcs Ha HedTsHble nnactbl [108 —110]. O6bem
OypeHnss 1 pemMoHTa CKBaXWH B YCIOBMSX OEMNpPeccuu Ha rasoBble
NnacTbl 3HAYUMTENbHO MeHbLUe, YTO obbsAcHAeTca Gonblien Bepo-
ATHOCTLIO NONyYeHUs Heperynmpyemoro Bblibpoca M aBapunHON
cuTyaumm BNNOTb OO NUKBMAALMU CKBAXKUHBI.

Hay4Ho-uccnegoBartenbckue U OMNbITHO-KOHCTPYKTOPCKME pas-
paboTkn no OypeHuio ra3oBbiX CKBaKWUH B YCMOBMSAX OEMNPEecCum
Ha nnacTt 6bn HavaTbl B Poccumn Gonee 40 net Hasaa. TexHono-
ma n obopygoBaHue Ans OypeHus C NpOAYBKOW €CTECTBEHHbIM
rasom 6binn  Brepsble paspaboTaHbl M BHeapeHbl B 50-x rogax
npowisioro Beka npu OypeHuM cemu rasoBbiX CKBaXkMH Ha TaxTa-
KyrynetuHckom, [leTpoBcko-bBnarogapHeHckom wu  PaclieBaTtckom
rasoBblx MecTopoxaeHuax CrtaBpononbckoro kpasi. B ganbHen-
wem paboTbl No OypeHU0 Ha paBHOBECUM OABMEHUA B CUCTEME
CKBaXvMHa — nnact ObiMnM  MNpoOoSKeHbl B APYrMX pernoHax
Poccun, a Takke Ha YkpauHe n B CpegHen Asnn.

AsTtopamn HWOKP, BLINONMHEHHLIX B pasHble rogbl Ans npu-
MeHeHMs1 Ha nnowaasx OypeHuss CTaBpononbckoro kpasi, Typk-
mMeHun, bonrapum un CeBepa TioMeHcKo o6nactu, sBRATCA
ydyeHble CeBKaBHWUIMMUraza npu y4dactmm pabOTHUKOB OYypOBbIX
opraHusauun, rae ucnosnb3oBanncb 3Tm paspaboTkn. BypeHne Ha
Oenpeccum OCYLLEeCTBNANOCb, B TEPPUreHHbIX W kapOoHATHbIX
KOMNnekTopax MOpPOBOro, TPELUMHHOro, MNOPOBO-TPELUMHHOro, Tpe-
LLIMHHO-KaBEPHO3HOr0,  NMOPOBO-KABEPHO3HO-TPELUUHHOIO  TUMOB.
B ueTbipex ckBaxuHax OypeHue Benocb nNpu CTaTU4EeCKoOW [e-
npeccuMm Ha KpoBno nnacta, pasHon 0,6 —4,0 Mla, B Konnekro-
pax ¢ ABI[, xapaktepusylowmxcsa KO3PULMEHTOM aHOMarbHO-
ctm 1,31 < k, < 1,5. B octanbHbix 14 ckBa)XuHax nnacTtoBoe [aB-
neHne GbINo MOHWXKEHHBIM MNKU ONM3KMM K HOpManbHOMY TMapo-
cTatmyeckomy ¢ koadduumeHTom aHomanbHoctn 0,39 < k, < 1,09.
lMpn OypeHMM Ha penpeccuu ANs OYUCTKM CKBaXKWHbI (MPOMBbIB-
Ky, NPOAdYBKU) WCMOMb30BanMCb €CTECTBEHHbIN ra3, BOOHbIM pac-
tBOp CaCl,, nonumepconeBon pacTBop 6e3 TBepaon ¢asbl, Mano-
FMUHUCTBIA NONWMEPHbIA PacTBOP W MONUMEPIAMHUCTBIA  yTAXe-
neHHbI OypoBol pacTBop. Bo Bcex cnyyasx Obin nosnydeH noso-
XUTENbHbIA pe3ynbTaT BCKPbITUA MNPOAYKTUBHBLIX MNNacToB, 4TO
obecneunno JocTkeHne uenn OypeHus 3IKchnyaTauMOHHbIX |
pa3BefoYHbIX CKBaXVH.

PaspaboTaHHble TEXHOMOrMsS U crneuuaneHoe TEXHOMOrm4yeckoe
obopygoBaHme yaoBNeTBOPSAOT TpeboBaHWSAM, nNpeabsBrsieMbIM
npy OYypeHMM U PEMOHTE CKBaXMH B YCMOBUSX [Aenpeccun Ha
NPOAYKTUBHLIN nnacT. [NpyM NpPOMbIBKE CKBaXXWHbI MOXET O0CTU-
rateCa MakCMMarnbHas [OenpeccuMst Ha MpOAYKTMBHBIM MnacT Ao
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7,0 MINa. MN36bITouHOE OaBneHve Ha yCTbe He OOMKHO ObiTb 60-
nee 14,0 MMa.

Mpn wncnonb3oBaHWM repMeTUIUPOBAHHOM CUCTEMbI LUPKYNS-
uum obecneymBalroTCAd aBTOMaTUYECKOE PErynupoBaHvMe 3agaHHoO-
ro u3bbITOYHOIO YCTLEBOrO AaBfeHWs M oTbop npob npombIBOY-
HOW >KMOKOCTW, BbIXOASLEN U3 KOMbLEBOro npoCTpaHCTBa CKBa-
XuHbl. MpegycmaTtpuBaeTcs NpUMEHeHWe cenapaTopoB Ans pery-
nupoBaHusa paenennss B CLL mpu npombiBKE CKBaXkMHbI B YCIO-
BUSAX Jerasauuu, OYUCTKM M pereHepauum MpOMbIBOYHOW Xua-
KOCTW.

3a napameTpamu npouecca NPOMbIBKM CKBaXWHbI Ha BXoge W
BbIXO€e M3 CKBaXXWHbl OCYLLLECTBNSAETCS HEMPEPbIBHbINA KOHTPOSb.

TexHonoruss OypeHuss Ha genpeccunm c umcnonb3oBaHuem [CL|
npoucxoauTt no cxeme, NpmBedeHHon Ha puc. 4.1. Bbixogswas us
CKBaXWHbI 14 MPOMbIBOYHAA >XWUOKOCTb 4epe3 3adBWXKKU YCTb-
€BON KPECTOBMHbI BbIKWOHOW IMHUMM U OTBOAHOW O6GpaTHbLIN
kKnanaH 11 nocTtynaeTr B repMeTU3MPOBaHHbIA LIMKIOHHbIA cena-
paTop 1 BbICOKOro AaBfeHus, rae nNpoucxoauT oTAeneHue Linama.
N3 cenapatopa 1 XMOKOCTb C ra3om MOCTyrnaeT B eMKOCTb 2 aB-
TOpEerynupoBaHns yCTbeBOro AaBneHus. B emkocTb 2 n3 GannoHos
5 nogaetcs WHEPTHbIA ras, KOTopbii 3aHMmMaeT obbem 8 ¢ n3bbi-
TOYHbIM [aBfeHWeM p;, PaBHbIM W3ObITOYHOMY [aBMNEHUIO Ha
YCTbEe CKBaXWHbl 14. YpOBEHb MNPOMbLIBOYHOM XUOKOCTU KOHTPO-
nmpyetca cucteMon aBTomaTuku 3, 4, 7, 22, 23. [Npu nposBneHuu
n3 nnacta 06beM rasmMpoBaHHOM XMOKOCTM B €MKOCTUM aBTope-
rynMpoBaHunsl YBENWYMBAETCH M YpOBEHb ee nogHumaetcs. Obbem
rasa 8 ymeHbluaeTcs,, a [JaBfneHuWe ero Bo3pacrtaeT W nepepa-
eTCs Ha YycCTbe. YBenunyeHue YCTbeBOro [aBfneHus nepenaeTcs
Ha 3aboi ckBaXkuHbl, U NPUTOK drouga M3 nnacra npekpawa-
eTcs.

B CL npegycmatpmBaloTCs KOHTPOMb WM perucrpaumsi pacxo-
0a v gaBneHust NPOMbIBOYHOW XUAKOCTU 12 U 6 B HarHetaTerb-
HOM MaHudonbge u Ha BbIxode U3 ckBaxuHbl. COpoc wnama u3
cenapatopa 1 M u30bITKA NPOMbBIBOYHOW XMAKOCTM B ambap 19
OCyLLleCcTBNsIeTCS vepe3 3aaBwxkkum 20, a cbpoc rasa 4vepes [OA3Y
4 — Ha dakenbHyl nMHUI. YCTbe CKBaXuHbl 14 no Tpybonpo-
BodaM 15 n 17 o6BA3bIBAETCA C BbIKMAHOW NMHUEN aBapUAHbIM U
paboynmn OTBOA4aMM WM CTaHOAPTHbIM OMOKOM ApOCCEnupoBaHMS
18. TlvHua 16 cnyxuT Ona gonuBa  CKBaXuHbl. [MpomMbiBoYHas
XMOKOCTb M3 eMKoCcTu 2 noctynaeT yepe3 OA3Y 22 Ha npuem Oy-
poBbIX HacocoB no Tpybonposoay 21. [llpeaycmoTpeH Takke
cOpoc KMOKOCTM B €eMKOCTU 10 CTaHOAPTHOW LMPKYNALMOHHOM
cuctembl yepes [OA3Y 23. Ha yctbe ckBaxuHbl Bmecte ¢ [1BO
yCTaHaBnmMBaeTca Bpalwawwunca npeseHTop 13. [Hosupyowwimi
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Puc. 4.1. MNpyHUunuanbHas cxema 3amKHYTOW repMeTU3NPOBaHHOW CUCTEMBI LIMPKYNsiLMK npy 6ypeHun Ha paenpeccum



Hacoc 9 cnyXuT Ans BBOAA NoA [ABMNEHMEM BO BCaChIBALLYIO
yacte CLI HeobxoaMMbIX XMMUYECKUX peareHToB.

HakonneHHbln onbiT OypeHus Ha [Aenpeccum u paBHOBECUU
OaBreHni B CUCTEME CKBaXKMHA — MracT No3BONseT onpeaenvTb
obnactn achhekTMBHOro NpMMEHeHUs gaHHOro cnocoba:

BCKPbITUE MPOAYKTUBHLIX NnactoB npu OypeHun pasBenoy-
HbIX CKBa)XWH, KOrga OTCYTCTByeT [OCTOBEpHasi MHGoOpMauus o
(pUNbTPAUMOHHO-EMKOCTHBIX U APYrMX CBOWCTBaxX  MNepCcreKkTmB-
HbIX HeMTAHbIX M ra3oBbIX KOMEKTOPOB, a TakkKe HEen3BeCTHbI
3HaYeHnss ux HedTe- U rasoHaCbILEHHOCTN, MNNAacTOBOro Aasrne-
HWUs, TEMNepaTypbl, rMyOWHbI 3aneraHus;

BCKPbITUE  HU3KOMPOHULAEMBLIX  MECYaHMKOB,  YCTOMYMBBIX
KapOoHaTHbIX MOpo4 M TPELMHOBATLIX MMHUCTBLIX CNaHUeB Mpu
OypeHun aKkcnnyaTauuoHHbIX CKBaXWH.

CnepyeT pasnuyatb cnocobbl bypeHus Ha genpeccun B cTaTu-
YECKMX W JuHaMunyecknx ycnosusx. lpudem 3HadeHue penpec-
cum cornacHo TpeboBaHuam  [paBun [6] BblGMpaeTca paBHbIM
10—15 % 3HayeHWa CcKeneTHbIX HanpsXXeHWn rOpPHOW Mopoabl
(10—15 % pas3HOCTM Mexay FOpHbIM W MNacTOBbIM AaBIIEHUSAMN)
M OTHOCMTCA K KpoBre nnacrta. Ecnv nnact mmeer Gonbluyio
TOMNWMHY, Kak Hanpumep, B kynone KapadaraHakckoro KM pgo
1500 ™M, TO mM3-3a pas3HOCTM 3HAYEHUIA MIOTHOCTU MPOMbLIBOYHOM
XnakocTn n nnactosoro dnouvpa (rasa, rasokoHgeHcarta, HedTw)
Ha HeKkoTopow rnybuHe H; OT KPOBMW MNfacta HacTynUT paBHOBeE-
cve 3abonHoro M nnactoBoro gaeneHun. Oanee OGypeHve Oypet
NPOAOMKaTbCA B YCMOBUSIX PENPECCUMM Ha NNnacrT.

Takum o6pas3om, Mpu BCKPbITUM  MPOAYKTMBHBIX  MIacToB
GonbLUON TOMWMHLI TOMbKO WHTepBan AH, = H; — H,, 6ypet

max min

BCKPbIT Ha NMepemMeHHOW genpeccun OT Apye; 0O Apy, a MHTEp-
BanmaxAHz = Hy,,, — H; Ha nepemeHHOW pernpeccun OT Appen 4o
Appen‘

Ons Oypennss B nogobHbIX YCNOBWUSIX, OCODEHHO B rasoBbiIX
CKBaXWHax, C TrOpU3OHTallbHbIM Y4YacTKOM CTBOMa HeobxoaMmo
OueHMBaTb 3HayeHuWe MNpuToKa dnovaa M3 nnacta, Tak Kak yBe-
nnyeHne rasocoaepXKaHnsa NPOMbIBOYHON XUOKOCTU MPUMBOAUT K
YMEHbLUEHNIO ee MIOTHOCTM M 3abonHoro AaeneHusi. B cBaAsnm ¢
3TUM UWHTEepeceH OnbIT MNPOBOAKM ra30BOW CKBaXWHblI Apache
Harmaltan 12-16-33-3W5M, npofypeHHow komnaHuen «Canadian
Fracmaster Ltd» B mae 1997 r. B KaHaackon npoBuHUmMn Alberta
[107]. TlpOOYKTUBHLIA ra3oBbI TFOPU3OHT TonwmHOM 18 M (3adh-
eKkTuBHaA MOLWHOCTb 6,3 M), npeacTaBneHHbIn kapboHaTHbIMK
OTNOXEHUAMU paHHEero KaMeHHoyronbHoro nepuoaa («Elkton
formation»), Gbin BCKPbIT Ha rnybuHe 2447,9 m (no BepTuKanm)

rOpuU3oHTanbHbIM CTBONOM AnuHoW 363 M. BypeHue Benocb c
110



NPUMEHEHNEM YCTaHOBKU TMOKMX (HEMpepbiBHLIX) Tpyo Auamer-
poM 73 MM nMpu nNEepemMeHHOW [enpeccun Ha NpPOAYKTUBHLIN
nnacTt, paBHon 6,4—9,5 MlNa (c nnactoBbiM faBnennem 16,2 Mrlla).
Mpn aTom KpoBNA nnacrta BCKpblBanacb Ha penpeccuu, paBHOMU
4,1 MlMa, a 3ateM B NPOMbIBOYHYIO XWUAKOCTb (OM3enbHOE TOmMmnu-
BO), NOJABaeMyl0 B CKBaXMHy C pacxogom 58—7,5 am’/ ¢, BBO-
OUnca as3oT C nepemeHHbIM pacxogom 583,3—166,7 am®/ c. Mpu-
YyeM nepBoHavanbHO npu genpeccun 6,4 Mlla nputoka rasa B
CKBaXVHy He Habnioganocb, 4YTO CBMAETENbCTBOBANIO O HU3KOMW
npoHuuyaemoctn konnektopa (0,3+1,0)107° MkM*> ©  Hanuuum
AHMAO (k, = 0,67). B panbHenwem [faBrneHne Ha YCTbe BO3-
pocno ot 0,8 gpo 2,3 MlMa, a gebut rasa yesenunuunca ot 0 go
368 Thic. M*/ cyT. Mocne 3aBeplieHnsi 6ypeHns TC yposeHb [Ao-
BbluM NPEBLICUN MAaHUPyeMblii U cocTasun 848 Thic. M°/ CyT.
[MpumMeHeHne yCTaHOBKM C HenpepbiBHbIMM Tpybamu, 6esycnos-
HO, pellaeT MHOro nNpobnem, CBA3aHHbIX C 3aKaH4YMBaHWEM CKBa-
XVMH, N He NpUBOAMT K HeoOpaTUMOMY CHWXEHWIO MPOHULAEeMO-
ctu M3I1 B cnyyae OypeHus Ha penpeccun.

B HacTosiee Bpems akTyanbHONW SABnsSieTcsi npobnema BCKpbl-
TMS  NPOAYKTMBHBLIX MMAcTOB C BbICOKMMU KO3 dULMEHTaMK
aHomarnbHOCTU (k, > 1,6), Tak Kak B 9TOM Clly4ae pasHOCTb MeEX-
Oy OaBrneHvem paspbiBa NOpoAbl U NIacToBbIM AaBIEHMEM CTaHo-
BUTCA BecbMa Hebonblon. BcKpblTe nnacTtoB € BbICOKMMU
ABIMO, ocobeHHO ras3oBblX, Ha OenNpPeccun BbI3OBET MNPUTOK U3
nnacrta ¢ Gonbwum gedbutom. [nsa Ge3aBapuiiHOrO BeAeHUS Tex-
HOMOrMYecKoro mpouecca B 3TUX YCMoBusX TpebyeTtca paspabor-
Ka HOBbIX KOHCTPYKUMI Bpallalowuxcs NpeBeHTOpoB Ha pabouee
naeneHne 20 Mla n Gonee, a Takke gpyroro cneumanbHoro o6o-
pyooBaHusa. Kpome TOro, Heobxogumo paspaboTtartb HOBYHO Tex-
Honoruio, obecneuynBatollyto MOKoe perynmpoBaHue 3aboHOro
[aBrneHnst B 6e3onacHbIxX npegenax.

4.2. TEXHUYECKAS XAPAKTEPUCTHUKA
HCIIOJB3YEMOI'O CIHEHNUAJBHOI'O TEXHOJIOI'MYECKOI'O
OBOPYJIOBAHUA

4.2.1. TEPMETHU3ALUA YCTbS CKBAYKHUHbI

Ansi repMmeTnsauum ycTbsi CKBaXKMHbI Mpu OypeHuM C MpPOMbIBKOM
MKC wnu neHol HeoGXOAMMO AOMOSHUTENBHO YCTaHaBNMBaTb Ha
YyCTb€ CKBaXWHbI Bpallatowmiics npeseHTop (IMB).

Tun B BbIGMpalT B 3aBUCMMOCTM OT AuMameTpa pgonorta. B
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CeBKaBHWIMWrase, npu y4actum aBTOpOB paspaboTaHbl U U3ro-
TaBnNMBalTCs  OMbITHble 0b6pa3upl B ¢ pasnuuHbIM guameTpoM
npoxogHoro ceveHus B kopnyce (425, 350, 280, 230, 180, 156 mm)
Ha pabouyee paBneHune npu BpaweHun 3,5 MlMNa 1 6e3 BpaweHus
7,0 MMa. O6bwwmi Bua MNB npuseneH Ha puc. 4.2 [111].

Mepen moHTaxom [1B npoBOAMTCS OCMOTP 3MEMEHTOB Mpe-
BEHTOpa, KOHTpONMpyeTCcAa cMaska B y3ne MOALUUMHUKE, LUEBPOH-
HOM YMNIOTHEHWM, a Takke npoBepsieTca paboTocnocobHOCTb
MacrsiHOro Hacoca.

HwxHuii dnaney, kopnyca B kpenutca ©ontamym K BEPXHEMY
dnaHuy nepexogHoOW KaTyllku, coedauHstowen B ¢ npeseHTO-
pOM YyHMBepcanbHbIM rugpaenuyeckum (MYT), Bxogawum B 6nok
MBO. KomnoHoBka 6noka MBO onpegensetca [Npasunamun [6].
3atem npoBoanUTCS CMyck OypunbHOM KOMOHHbL. Ha nocnegHioo
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Puc. 4.2. MNpeseHTOp BpaLyaowwmiics:

1 — npuvBof Hacoca; 2 — BKNagbll; 3 — KOpNyc MaTpoHa; 4 — y3en NoAawunHu-
KOB; 5 — CTBOM; 6 — LUEBPOHHOE YMIOTHEHWE; 7 — KOPMYC; 8 — YNNOTHUTENbHbIN
anemMeHT; 9 — GalioHeTHas rainka; 10 — Hacoc
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OypunbHylo Tpyby oaeBaeTcA CTBOM C YNIOTHUTENbHLIM PE3NHO-
BbIM 3N1EMEHTOM, Tpyba HaBOpauMBaeTCsi Ha CMyLUEHHYH KOJIOH-
Hy OypunbHbIX Tpyb, NMOABELUEHHbIX Ha 3aneBaTope, U OnycKaeTcs
B CKBakuHy. Bpawarowuinca ysen (CTBon npeBeHTOpa C YNNOTHW-
TenbHbIM PE3NHOBLIM 3IEMEHTOM) BcTaBnsietcs B kopnyc 1B un
dumkeupyeTca 3akpbiTuem 6arnioHeTHOro coeauHeHusi. CBepxy BO
BpalLatowmiica y3en [NB ycraHaBnuBaioTcA ABa Bknagpiwa And
ero npuBoda npv BpaweHun Begywen TpyObl (KBagpaTHON
wraHrn). K 6okoBomy dnaHuyy [MB wnm nepexogHoW KaTyluke
Kpenutcs BblkugHast §uHWS OypoBOro pacTteopa (pe3vnHOBbIN
LUMaHr BbICOKOrO [aBreHus), OPYro KOHelL, KOTOPOW KpenuTcs
K chnaHyy BxogHoro nartpybka OGnoka OuYMCTKM W paspylleHus
NeHbl.

OcHoBHOe TpeboBaHne npu MoHTaxe [1B — coBnageHve
(UeHTpoBKA) OCKM NpPEeBEHTOpa C OCb0 POTOpa M KOJIOHHbI Oy-
punbHbIX TpyO. Bpalualowmics npeBeHTOp AOMKEH OblTb TOYHO
OTLEHTPUPOBaAH C poTopom OypoBOM YCTAHOBKM, YTO MNpedoTBpa-
LaeT Ype3MepHbIA M3HOC ero BpallaroLLerocs ysna.

Ona o6cnyxunsanua B npu Oypenun n CIO obopyayetcs
crneymnanbHas nnowjagka C orpaxgeHuem W NEeCTHULEW COornacHo
TpeboBanuam Mpasun [6].

Mpn OypeHun cnegat 3a nponyckamu xugkoctn wunm MHKC
Yyepes ynnoTtHuTenbHbln y3en [1B, KoTopble BO3HWKAOT MpU He-
coocHoctn [1B ¢ poTopom, a Takke No mMepe U3Hoca pe3vHOBOro
YNNOTHUTENBHOrO 3eMeHTa UNM ero nopbia (OTpbiBa OT CTBONA).
lMopbiB MM OTPLIB OT CTBOMA PE3MHOBOrO YMIOTHUTENBHOMO ane-
MEHTa MPOUCXOAMT M3-3a OONyLWeHHOro Gpaka B M3roTOBEHMM
ero. lpu nosieneHun nponyckoB xugkoctm unu MHKC nposoguT-
Csl 3aMeHa YNMOTHUTENbHOIO PE3NHOBOrO dfeMeHTa.

CnyckonogbemHble oOnepauuMn OCYLLIECTBASIOTCA C  OTKPbITbIM
(Bpawatowminica ysen mssnekaetca ms kopnyca lNB) nnn repmetu-
3UPOBaHHbLIM YCTbEM Yepe3 PEe3VHOBbLIM 3MEMEHT BpallaloLlerocs
y3na. lNpu nogbeme KOMOHHbI GypunbHbIX TPYO C repmeTnsmpo-
BaHHbIM YCTbEM Crnegdr 3a 3HavyeHnem W30bITOYHOro AaBneHus
Ha ycTbe. Ecnn oHO He mapjaeT nocne nogvema Tpyb M3 CkBaxu-
Hbl U MEepUOAMYECcKOro A0NMBa XWAKOCTM B TpyObl M KOnbLEBOE
NPOCTPaHCTBO, TO MNPOBOAAT paboTbl MO nukBMaaumn dnomao-
NPOSIBMEHUA COMMacHO YTBEPXKAEHHbIM UWHCTPyKumam [6]. [pwu
nogbeme 6e3 pnoMOONPOSABNEHUA OaBreHne Ha yCTbe CHWXaeT-
csa po atmocdepHoro. OgHako B Tpybax M KOnbLEBOM MPOCTpaH-
CTBE MOryT okasaTbCs oTgenbHble nadkn [KC wu3-3a HepasHO-
MEPHOro WX BbITECHEHUS OONMUBaEMON XMOKOCTblo. B atom cny-
Yae npu noabeme gonota 4yepes BO nnalueyHbli NpeBeHTOP C
rMyXMMK MfawkamMun 3akpblBaeTcsl, OTKpbiBaeTcs OanoHeTHoe co-
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eonHeHve B un u3BnekawTcs nocnefHsas Tpyba, 3aboliHbIi OBu-
ratenb C BpaLLaloLLMMCS Y31IOM U JOSIOTOM.

B CeBKaBHWUIMWrase npm yyactum cneumanmctoB OAO «las-
npom» 1 OJOOO «bypras», paspaboTaHbl HOBas TEXHONOrMs W
obopynoBaHue ONs BCKPbITUS NPOAYKTMBHBLIX MIAcTOB B YCHOBUSX
AHIMA ¢ npombiBkon neHor no 'CL (puc. 4.3).

CywHoCTb TexHonormm OypeHus ¢ NPOMbIBKOW MEHOW C npu-
meHeHmem [CL 3akniouvaetca B cneaytowem. [otoButca MOXK
3a0aHHOro0 cocTaBa B €MKOCTAX 10 UMPKYNAUMOHHOW CUCTEMBI.
O6bem TMOX pomkeH 6biTb paBeH ABYKpaTHOMY OObeMy CKBa-
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Puc. 4.3. MNpuHyunuanbHas cxema pacnonoxeHust 6ypoeoro o6opynoBsaHusi npu
6ypeHuM ¢ NPOMbLIBKOM MEHOM:

1 — KpecToBUHA; 2 — nnalleyHble NpPeBeHTOpbl; 3 — BpaLLaOLMIACH NPEeBEHTOP;
4 — nepBu4Hble NpuBOpbLI KOHTPONS pacxoda W AaBneHus pabovero areHTa; 5 —
CTaHLUWSA reonoro-TeXHONOrM4Yeckoro KoHTpons; 6 — Komnpeccop; 7 — obpaTHbIN
knanaH; 8 — Onok MpuroToBneHus neHbl; 9 — OypoBoW Hacoc; 10 — MepHble
emkoctu; 11 — 3agBwxka; 12 — 6Gnok ouuctkv u paspyleHuss nexbl (BOPII);
13 — Bubpocuta; 14 — KOMMOHOBKAa Hu3a OypunbHoOW konoHHbl (KHBK); 15 —
nopoaopaspyLUalLWnin UHCTPYMEHT
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XuHbl. NMOX Hacocom 9 nopaetcss B GNOK NPUrOTOBIIEHUS MEHbI
8 C OOHOBpPEMEHHbIM HarHeTaHWEM B HEro KOMMPECcCcopoM 6
MHepTHoOro rasa. OGpasoBaBLIAsACA MeHa nog [AaBfieHUEM uYepes
KONoHHy OypunbHbix Tpy6 n KHBK 14 3akauMBaeTcs B CKBaXu-
Hy. lNocne 3anonHeHus CKBaXWHbI MEHOW co3gaeTcs U3bbiTovHOoe
naenenne Ha yctbe 0,5—0,7 MIMNa u ocywecTtBnserca npobHas
UMPKYNAUMS C LEenblo onpoboBaHWsl y3roB UM 3NEMEHTOB Ha3eM-
HOW YacTu 3aMKHYTOW CUCTEMbI UMpKynaumu. bypeHue HauunHaioT
nocne JOCTVKEHUS OMNTMMANbHOTO COYETaHUs TEXHONMOrMYEeCKUX
napaMeTpoB MPOMbIBKM B €€ HaseMHOoW 4acTu. [lapameTpbl npo-
MbIBKM KOHTPOSMMPYHOTCA W PErUCTPUPYIOTCS CTaHUMER 5 C KOH-
TPOSNbHO-U3MEPUTENBHLIMU MPUGopamu.

Bbixogawmii M3 CKBaXMHbI MEHHbIW MOTOK Yepe3 OTBOA Bpa-
Liarouierocs npeseHTopa 3 1 OypOBOW LUMAHT BbICOKOTO AaBIEHMS
noctynaet B BOPI1 12. B dunbtpe rpybon oumnctkm BOPIT npo-
NUCXOONT OTAENeHne KPynHbiX dpakunin BbIOYpeHHOW nopoabl U3
neHHoro notoka. C6poc HakonuBLuerocs wnama B ambap npoBo-
ONTCS B MNepuop, OCTaHOBKM LMpKynsauun. eHa, ouneHHas oT
KPYMHbIX 4YacTuy, BblOypeHHOW nopodbl, nonagaeT B LUMKIOHHbIE
cenapatopbl BOPIT, roe npovcxoanTt OOMONHUTENBHAsS OYUCTKA ee
oT wrnama. lNMeHa noctynaet B aspaTtop BOPI1 12, rae nponcxogaT
HacbilWeHWe ee WHEPTHbIM ras3oM, HarHeTaembliM KOMMPECCOPOM
HU3KOrO [aBMeHusl, U paspylleHne Ha cocTaensiowmne dasbl B
BEpPTUKanNbLHOM cenapartope-kanneotooniHuke BOPI 12. MNeHoo6-
pasylowas XWOKOCTb U3 BEepTMKarbHOrO M LUMKIOHHBLIX cenapa-
TOPOB CTEKaeT B EMKOCTb-OTCTOMHUK M fanee Ha Bubpocuta 13, a
ras ygansietcss B atmocdepy. Nponga Bnbpocuta mn xenob, NMNOX
nonagaeTt B NMPUEMHYK €MKOCTb BypoBOro Hacoca, M LMKI MOBTO-
psieTcs.

Ha nepvoa HapawmBaHus OypunbHOW KOMOHHbI OCTaHaBMuBa-
I0TCA KOoMMpeccopa, 3atem Hacoc. 3akadka [1OXK npekpaliaetca
nocrne npoAaBnuMBaHuWsl ee B OypunbHYl KOMOHHY 4epe3 obpar-
Hblli KMnanaH, YyCTaHaBMMBaeMbli MpW CNycke WHCTPYMEHTa Ha
nocriegHern Tpybe. 3akpblBaeTCsi LIApPOBbLIA KpaH Ha Beayllewn
TpyOe, M NpoBOAATCA ee OTBOPOT W HapalwuBaHue o4vepenHou
OypunbHon TpyObl.

[ns npegoTBpalleHns BO3MOXHbBIX OCHOXHEHMI MpU Nogbeme
KOMOHHbI BypunbHbIX TPpy® C repMeTu3aMpoBaHHbIM YCTbEM MpPO-
BOAAT TEXHOJOMMYECKYI0 Onepauuio Mo BpemMeHHOMY OGnokvMpoBa-
HWIO MPOAYKTMBHOIO nnacra, a Nogbem OCYLUECTBMSAT C OTKPbI-
TbIM YCTbEM.

Mpn nogbeme OypWnbHOrO WHCTPYMEHTA C TepMeTU3NpPO-
BaHHbIM YCTbEM [JaBreHWEe Ha YCTbe [OOMKHO ObiTb He Oornee
3,5 MMNa.
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4.2.2. BJIOK INIPUT'OTOBJIEHUS INEHBI

Ons npurotoBneHus neHbl MOXEeT ObiTb WCMONMb30BaH 3IKEKTOp
[112], aspaTop unn 06bIYHBIN TPOWHMK, Kyaa nogatotca MOX wn
ras. B pganbHeviwem y3en npurotoBneHuss 6yaem HasbiBaTb NEHO-
reHepaTopoM. [leHa obOpa3syeTcsi B MneHoreHepaTope MNyTeEM CMe-
wwuBaHua [1OXK, nogaBaemMon Hacocom, W rasa, HarHeTaemoro
komnpeccopom. [ns npegoTepaleHnss BO3MOXHOCTM obpasoBa-
HUSA B3pbIBOOMACHOM CMeCW YrneBofOpPOLHOro rasa C BO34yXOM
MpaBunamun [6] 3anpeLleHO HarHeTaHue BO34yXa B CKBaXMHY.
Ona 31O Uenu [OMKEH WUCNONb30BaTbCH WHEPTHbIM ras (asor,
BbIXITOMHbIE ra3bl AM3eNlb-MOTOPOB OYPOBbLIX YCTAaHOBOK).

[MeHoreHepaTop MNPUCOEAMHSETCHA 4Yepe3 [Be 3aJBWXKKM K Ha-
rHeTaTtenbHON NuHUM BGypoBOro Hacoca B BuAe GarinacHom NUHUW.
Onga yoobctBa MCNONb3yOT OLICTPOCHEMHbIE COEOUHEHMS U pesu-
HOBbIE LUMAHIMN BbICOKOrO AaBneHusi. B HarHeTaTenbHOW NUHWUWM,
MeXxay BXOAOM M BbIXO4OM OalnacHOM NMHUKM TakkKe YyCTaHaBMu-
BaeTCA 3a[BWXKa, KOTOpas 3akpbiBaeTcs, korga 3akadka [MOXK
naeT 4yepes neHoreHepaTtop.

4.2.3. BJIOK OYUCTKHU U PAPYHIEHUS ITIEHBI

MeHa, ncnonb3yemasi npy OypeHMM CKBaXMH, CaMOMpPOM3BOSIbHO
He paspyllaeTcd B TedeHue ONUTENbHOro BpemeHu. [loaTtomy He-
[OCTaTOMHO MPUMEHEHME TOMbKO €MKOCTEeN-OTCTOMHWKOB AN ca-
MOMPOM3BONBHOrO paspylleHnss neHel. Kpome TOro, BbIOpOC OT-
paboTaHHOM NeHbl Ha OHEBHYH MOBEPXHOCTb MOXET MPMBECTU K
3arpsaAsHeHNI0  OKpyXatwLwlen cpedbl, 4To Hegonyctumo. Bcneact-
BMe J3TOro And raweHuna neHbl, I'IOCTyI'IaEOLLI|eI7I N3 CKBa>XWHbI,
NPUMEHSIOT XUMUYeckne n dusmyeckme crnocobbl, NMpU4YeM K Mo-
cCnegHMM OTHOCUTCA MeXaHW4eckoe neHoralleHne. Xumumyeckue
crnocobbl neHoraweHuss TpebyloT  UCMOMb30BaHMSA creumnanbHbIX
peareHToB, KOTOpble 9P(EKTVMBHbI TOMbKO ANA raweHWs MeH Ha
ocHoBe [1AB ogHoro knacca. B HacTosiwee Bpems NpOMbILISIEH-
HOCTbKO HE BbINYCKalOTCA XUMWUYECKMEe neHoracutenun, npumeHe-
HWe KOTOpbIX oTBe4vano Obl BceM TpeboBaHUSAM, NpeabsiBNSAEMbIM
K TEXHOMornu1 3Toro npouecca.

[ns pelweHns NOCTaBNEHHOW 3agadnM B npakTuke OypeHus
CKBaXVH W HedpTerazogobbiye  MCMONb3YT MexaHuyeckme Ccno-
cobbl paspylwieHus neHHbix cuctem. B CesKaBHWIMWrase paspa-
OoTaHbl TexHonorma u cneumanoHoe obOpydOBaHWE NS paspy-
LWEeHUs BbIXOAALLEro M3 CKBaXWHbl MNOTOKA MeHbl CO  LUNamMoM
[113—115].

Brnok ouncTku 1 paspyllieHnst NeHbl NpegHasHavyeH Ans O4vmcT-
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KM nocnefHer OT BblIOypeHHOW nopodbl B npouecce yrnyonexHus
CKBaXMWHbl, @ TaKKe paspylleHWss ee C Lenbl MnocneayroLllero
ucronb3oBaHusa [MOXK. brnok paccunmtaH Ha pabodee paBneHue
Pras = 0,6 Mla. O6bemHas npon3BoAMTENbHOCTL pasnuyHa B
3aBMCMMOCTM OT pacxoga MeHbl.

Brnok coctout u3 cnegytowero obopynoBaHWsa: BepTUKarbHOro
rpaBuUTaLMOHHOIO cenapaTtopa, cunbTpa rpybor OYMCTKM, rMapo-
UMKIOHHBIX CenapaTopoB, a3partopa, TpybonpoBogoB C 3adBWkK-
kamn n BeHTUnsaMn. KoHctpykuyma BOPIT nossonsieT paumoHanb-
HO BKMYaTb €ro B CcywecTBywwmne Ha OypoBbiXx YyCTaHOBKax
cucTtemMbl  uMpkynsiumm - Byposoro  pacteBopa.  [lpucoeamHeHue
BOPI1 k otBoay B ocyuwectBnsgeTca GypoBbIM rpA3eBbIM LLaH-
romM BbICOKOro AasneHus. [MOTOK MeHbl Co LWramMoM MNOCTynaeT B
rpaBMTaUMOHHEIN cenapaTtop, unbTp, a ganee B UUKIOHHbIE ce-
napaTopbl, rge NpouCXodsaT OTAENEeHVWe M YacTU4Hasd O4YucTKa ne-
Hbl OT BbIOypeHHONM nopogbl. Lnam 4yepes WNamoBbIN KOMNEKTOP
CNMBaEeTCs B €MKOCTb-OTCTOMHMK M panee Ha Bubpocuta. leHa,
OouVLLeHHasa oT Lwrama, 4epe3 BbIXOOHOW KONMeKTop nogaetcsd B
Oeaapatop, rae npoucxoauT HacblWEeHNe ee rasom, HarHeTaembIM
KOMMPECCOPOM HU3KOro AaBrEHWS.

Cwmecb neHbl M BO3dyxa NodaeTcsi B BepTUKamnbHbIM rpaBuTa-
LUMOHHBIV rasocenapaTop C TaHreHuuanbHbIM BBOAOM WU ra3ooTBO-
nom. B atom yane obopyposaHua BOPI1 npoucxogdar paspylueHue
OYULLEHHOrO W [AOMOMHUTENBHO adpPUPOBAHHOIO MOTOKa MeHbl, a
Takke pasgeneHue >Xuakon u rasoobpasHon a3 noToka M OTBOA
ux u3 6noka. OunbTp rpybon OYMCTKM MpegHasHadeH gnsd orthe-
neHus wnama pasmepom bonee 3 mMm.

B rugpoumknoHax npoucxogsaTt 6onee TOHKas O4YUCTKa MNeHbI
OT wnama pasmepom go 0,5 mm, a Takke oTaeneHue rasa u3 no-
Toka [MOX. AspaTop npegHasHayeH ANs MNOBbIWIEHUS ra30co-
OepXaHusa OCTaBLUENCA HepaspyLeHHOW MeHbl U PEe3KOoro CHU-
XeHus ee ycTtomumBocTW. [paBuTauMOHHLIM cenapaTtop (Tpan)
npegHasHayeH Ans OKOHYaTenbHOro otaeneHusa rasa us MOX wu
UX pas3genbHoro BbixO4a: a3oTa BbIXIIOMHOMO rasa B atmocdepy, a
MOX Ha BuBpocuTta cuctembl LUPKYRSALAN.

4.2.4. BJIOK JPOCCEJIMPOBAHMUS I'KC

Cxema 06BA3KM YCTbA CKBaXUHbLI' NpuBeaeHa Ha puc. 4.4.
MpuMeHeHMe TexHomorMm OypeHust Ha [Aenpeccuu U paBHOBe-
CUWU [aBrEeHWid B CUCTEME CKBaXkMHa — MnacT HauMHaeTcs rnocne

! Cxema o6Bsskn YyCTbSl U KOHCTpyKUMs gpoccens paspabotaHbl B.E. [dybeH-
ko, .. AngpnaHoBbiM, B.A. YepHyxuHbim, A.B. KynuruHbim.
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Puc. 44. Cxema pacnonoxeHns un o6BsskM obopymoBaHus npu GypeHun ckea-
JXMHbI HA paBHOBECWUM [ABNEHWUI U Aenpeccun B CUCTEME CKBaXKMHa — MnacT:

1 — npeBeHTOp C rMyXUMWU Mnawkamu; 2 — TMpeBEHTOp C TPYOHbIMM nnalikamu;
3 — npeBeHTOp YyHMBEpCamnbHbIA; 4 — BpallallWMncs nNpeBeHTop; 5 — 6nok pe-
rynvpoBaHvsa YCTbEBOro AaBfeHus; 6 — NynbT ynpasBneHuss 6nokom apoccenvpo-
BaHWUsA; 7 — O6nOK rnyweHuss U OpOCCEenupoBaHusi; 8 — cenapatop; 9 — 6nok
o4ncTky; 10 — wmaHudonbg anametpom 100 Mm

MOHTaXa W MWCMbITAHUA Ha repMeTUYHOCTb MNPOTUBOBBLIOPOCOBOrO
W Opyroro cneumansHoro o6opynoBaHus.

Mpn BbINOMHEHWM NEpPBOro perica [onoTta nocrne Bbixoda
n3-nog 6awmaka o6cagHON KONMOHHbLI ONPEAEnATCS:

NNacToBOE OABMEHUE NO AaHHbIM OypeHus;

MakcumarbHOe [OMNyCTUMOE 3Ha4YeHue [OaBreHNst B OTKPbITOM
cTBOMe (rMapoonpeccoBKa CTBOMA CKBaXXWHbI HA AaBrieHve Hadvana
nornoweHus);

cuna COMPOTUBIEHUS PE3MHOMETAmNNMYECKOro  YMnroTHUTENS
BpaLLaloLero NnpeBeHTopa;

OCTaTOYHOE AaBneHve B MaHMdOonbae MNOCNe OCTaHOBKW LMp-
Kynaumu;

rmgpaBnuyeckue ConpoTMBIIEHMS B 3aTPyOHOM MPOCTPaHCTBeE.

Ha ocHoBe YTOUYHEHHbIX AaHHbIX OCYLLECTBMAKTCS:

OonepaTUBHbIA MPOrHO3 rpagvEHTOB MNACTOBOrO [AABMEHUSA U
[aBreHnst Hayana nornoLweHnss;

KOppeKLMs 3Ha4YeHUs NOTHOCTU OypOBOro pacTBopa;

Koppekuusa nokasanua 'MB.

MopaepXaHne 3agaHHOW Aenpeccun unM paBHOBECUA B CUC-
TemMe CKBa)kMHa — nnacT OCYLLeCTBRSeTCS MyTeM perniameHTMpo-
BaHUA MNPUBEOEHHOW NMIOTHOCTM OYypOBOro PacTBopa pPnp, YUUTbI-
BaWLLIEA HanMyne rmapoanHaMMYecKkux COMPOTUBMEHUA B KOSb-
LEeBOM MpoCTpaHcTBe ckBaXkuHbl npu CIO u umpkynsuyumn Oypo-
BOro pacTBopa, a TakKe 3HayeHus1 YCTbEeBOro OaBreHus.

MvHumanbHoe 3HayeHve NpUBEOEHHOW MNOTHOCTM 6ypoBOro
pacTtBopa onpegensetrcd Ans ycrnoBus nogbema OypurnbHON Ko-
NOHHbI 6e3 umpkynaumMn. MakcumanbHoe 3Ha4yeHWe MpPUBELEHHOM
NnoTHoCcTM OypoBOro pactBopa MMeeT MeCTO npu crnycke Oy-
PUINBHOIO WMHCTPYMEHTA C MPOMBIBKOM CKBaXMHbl. Tak kKak Hau-
OonbLIyld OMacHOCTb MpeacTaBnseT MOorfoweHne MNpPOMbIBOYHOM
KMOKOCTW, BENUUMHA p™ HEe [OrKHa cosfasaTb AasreHve, npe-
BblLLAlOLLEE FPaaMeHT AaBeHMs Hadana nornoLeHus.

OcHOBHbIMK Npu3Hakamy Bxoga B uHTepBan c¢ ABIO sasna-
HoTCS:

yBENIMYEHNE MEXaHUYECKOW CKOPOCTM OypeHnss u pasmepa
BbIHOCUMOrO LUMama;

nosiBNeHne 3aTshkek N Nocagok 6ypunbHOro MHCTPYMEHTA;
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MOBbILUEHME KPYTALEro MOMEHTa Npu BpaleHnn OGypunbHOro
WHCTPYMEHT3;

yBENuYeHne OaBneHUs Ha CTOSIKE.

lMpn nosBRNeHWM TakMx NPU3HAKOB criegyeT YTOYHUTb 3Hade-
HWe MOPOBOro [OABMEHUsl, OTKOPPEKTMPOBATbL MIIOTHOCTL GypoBOro
pactBopa, npopaboTaTb Npu3abonHyl 4YacTb CTBOMa A0 YyCTpaHe-
HUS1 3aTSKEK U MPOJOIHKNUTL YrnybrneHme CKBaXuHbI.

MMpn 3HAYNTENBHOM PACXOXOEHWUM MPOEKTHBbIX U haKTUYECKNX
ycrnoBun OypeHnst Heobxogumo BbINONHUTE komnnekc MMC gns
YTOYHEHMS TOPHO-r€0NOrMYECKNX YCIOBUNA.

Bo Bpemsa mexaHudeckoro OypeHust nnoTHOCTb GypoBOro pac-
TBOpa cHwxaeTcs. [lepes nogbeMoM OypUNbHOMO MHCTPYMEHTa
NnoTHoCTb OypoBOro pacTBOpa MOBLILWAETCA [0 HOPMAaTMBHOM.
lMepexoq Ha pacTBOp OPYrov MIOTHOCTM OCYLLECTBSETCHA ABYMS
crnocobamu:

C NMOMOLLbIO 3aKaykn pacTBopa Gonbluer NAOTHOCTY;

C TMOMOLLbID CXEMbl LMPKYMSILMOHHOW CcuUCTeMbl, obecneyu-
BaloLLen pereHepaumio OypoBOro pacTBopa W WCMONb30BaHUe
NPOAYKTOB pereHepauuMn Anst ero ytsbkeneHusi. CHWXeHue nnort-
HOCTM obecneyMBaeTCs TMOPOLMKIIOHHON YycTaHOBKOW. [Mpu aToM
OypoBoli pacTBOp HEOOXOAMMOW MNMOTHOCTU MOCTynaeT B NpUem-
HbIW MepHMK OypoBOro Hacoca, a TSKemnbli — B ChneyunanbHyto
eMKocTb. [lepeg nogbeMOM OYpUMbHOM KOFMOHHbI  LMPKYNUpYLo-
WM BypoBOI pacTBOp LOYTSKensieTcs 40 nepBOHaYanbHOW MnioT-
HOCTM 3a cyeT Jo0aBKM TSXKENOro pacTtBopa M3 creuunanbHon em-
Koctu. BBopg Tsaxemoro pactBopa oOcCyLlecTBAsieTcd nocne BuWO-
pocurT.

Ha nepBbix OypsAWMXCS Ha nnowagn CKBaXuWHax peKkoMeHay-
€TCs ucnonb3oBaTb Nepsbli cnocob, T.e. HeObXxoauMO UMETb 3a-
nac yTsbkeneHHoro u obnervyeHHoro pacrtBopa Tpebyemor nnort-
HocTM M obbema. Ecnu npu odepegHOM HapalmBaHWM OCTaToOu-
HOe [JaBneHWe B MaHUMONbAE Pocr BbiEe NEpBOHaYanbHO 3ame-
PEHHOMO Psay, YTOYHSAETCS rpagueHT NiacToBOro AaBiieHMs U KOp-
peKTUpyeTCcs NNoTHOCTb BypoBOro pacTeopa.

4.3. NIOJJEP)KAHUE PABHOBECHOI'O JIABJIEHUSA
B CUCTEME CKBA’KHHA - IIVIACT
IPU CITYCKOINIOABEMHBIX OIIEPALIUSAX

Mpn GypeHMnM n kanuTanbHOM PEMOHTE CKBaXWH B YCNOBUSX Ae-
npeccuMmM Ha nnact OAHMMW U3 CaMblX OTBETCTBEHHbIX Onepauui
SABNSAOTCA CNYCK U NOABbEM UHCTPYMEHTA.

PaspabotaHHble elle B 20—30-x rogax npoLUnoro Beka ame-
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pukaHckumn upmamm . OTuca un «Xangpun», a Takke Asep-
OanmpKaHCKMM ~ MHCTUTYTOM  HEe(TAHOro MAalUMHOCTPOEHWUs MoA
pykosogcteom [1. Kombicuukoro komnnekcbl obopygoBaHusa Ans
crycka 1 nogbema KOMOHH Tpyb noa OaBreHMeMm M3-3a KOHCTPYK-
TMBHOIO HECOBEPLUEHCTBA, HU3KOW NPOU3BOAUTENBHOCTU W He-
SKOHOMWYHOCTM HaWM MNPUMEHEHME TOMbKO NPW NPOBEAEHUU
aBapuiHbIX paborT.

Bo BTopor nonoBuHe XX crToneTtusi, Gnarogaps MCnonb3oBa-
HUIO CEPUMHOro rnmapoobopyaoBaHUA WM HAKOMIIEHHOMY OMbITY
NPOEKTUPOBaHUSA MAPONPUBOAOB PasnUYHbIX HedTEenpPoOMbICMO-
BbIX MEXaHW3MOB, yaanocb paspaboTaTtb obpasubl YyCTaHOBOK, OT-
BeYalLMX COBpEMEHHbIM TpeboBaHWsIM TexHonorun OypeHus K
pPeMOHTa CKBaXXWH NoA AaBMEeHUEM.

Mcnonb3oBaHme ycTaHOBOK C HenpepbiBHbIMKM Tpybamu (YHT)
MOSIHOCTbIO He pewaeT npobnemy CMNO noag aasneHvem. Bmecte ¢
TeMm, YHT MOXHO wncnonb3oBaTb TONMbKO A5 OypeHust CKBaXMH
CpedHero u Manoro AuameTpoB, Tak Kak MakCMManbHbIA HapyX-
Hbli anameTp rmbkow Tpybbl He npesbiwaeT 60,3 mm. Kpome To-
ro, ANs KpPenneHus CKBaXXWH B HacTosLlee Bpemsi NPUMEHSITCS
TONbKO CBUHYMBaeMble TpyObl M CTbIKOCBApPHbIE KOMOHHbI. [lo-
atomy npobnema CIIO npu OypeHun, KpenneHum u peMOoHTe
CKBaXWH Oonbloro guametpa npu u3bbITOMHOM [AaBfieHMM Ha
YCTbE OCTaeTCs aKTyanbHOM U TpebyeT CKOpenLlero peLleHus.

lMpn nogbeme WHCTPYMEHTa Yepe3 repMeTU3MPOBaHHOE YCTbE,
YyCTbeBOE [aBreHne SBMNSETCS €AUHCTBEHHbIM (DaKTOPOM, KOHTPO-
nvpyowmm 3aboriHoe paeneHne. OgHako MNpy BCKPbITUM ra3oBO-
ro nracra MOXeT MPOW3OMTU NOABbEM ra3oBOW MAYkM U MOBbILIE-
HWe [aBMEHUS Ha YyCTbe OO0 3HayeHwusi, OMM3KOro K yaoBOEHHOMY
naacToBOMY [aBMEHUIO.

C uenbto ctabunusaumm npouecca CIMO, npenosapuUTenbHO BO
BCKPbITbIA WMHTEpPBan 3akayuBalT Mauyky YCTOWYMBOW Tpexdas-
HOW MeHbl, 3aTeM BA3KOYNPYrywo pasgenutensHyto (6ydepHyto)
NMayky M Bbll€ MPOMbBIBOYHYIO XMAKOCTb [15]. M3BbITouHOE AaB-
neHne nNogHMMaloT A0 3HayeHusl, KOTOpoe B CyMMeE C BECOM CTOfl-
60B npombiBOYHOW, OydepHOn xmakocten n neHol Gygoet obec-
neyvBaTb paBHOBECWE [AaBMeHUI Ha KPOBME BCKPLITOrO rasoBoro
nnacra.

Mo mepe nogbema TpyO u3bbITOYHOE AaBrneHue Ha ycTbe bygeT
nagatb, U Ha KpoBne nnacrta OygeTt cosgasaTbes genpeccus. Ons
npeaynpexaeHnss HakoMMEeHUsl ra3oBOW MaykM B CKBaXMHE ne-
pUoaMYECKN WU HENpepbIBHO B 3aTpyOHOEe MpOCTPaHCTBO HeOoO6-
XOOUMO nofkauMBaTb MNPOMbBIBOYHYK >KMAKOCTb C Uenbk nog-
[epXaHusa yCTbeBOro OaBfeHUs Ha 3afdaHHOM YpOBHe. 3HaveHue
Maccbl XMAOKOCTW, HeoOxoauMmoKn Ans nogadn B 3aTpybHoOe npo-
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CTPaHCTBO B Mpolecce MNodbemMa KOMOHHbI TpyG, npearnonaraetcs
onpeaenaTb creayowmum obpasom.

YpaBHEHME COXpaHEHUss MacCbl M, XUOKOCTU W TeHbl B
CKBakKMHe npuv nogbeme Tpy6 3anvcbiBaeTcs B BUAE:

h
M, = F,[ p(pyo h)dh, (4.1)
0

roe Fy — nnowagb CeYeHus KONMbLEBOro MpOCTPaHCTBA U BHYT-
pPEeHHero ceuyeHus OypunbHbiX Tpyd (Fy = F; — F,, 3pecb F; —
nnowanb BHYTPEHHErO cevyeHnss ob6cagHoOW KOMOHHbI (B MHTepBane
OTKpbITOro cTBofna F; — nnowafb CeYeHUsd CKBaXWHbl), F, —
nnowanb cedveHuss metanna GypunbHbIX Tpy6); p,o — HavanbHoe
YCTbEBOE OaABIIEHME.

Ecnn OGypunbHasa KONMOHHA MOAHSTA Ha BbICOTY h; OT 3abos, TO
Ha OCHOBaHWW ypaBHeHus (4.1) nmeem

he—hi he he
M, =F, [ p(p,h)dh+F, | p(p,h)dh-F, [ p(p, h)dh (4.2)
0 he —hj .

he—hy

rae  M,— macca XugkocTu MU MeHbl, OCTaBLUASACA B CKBaXWHe B
pesynbTate nogbema Tpy6; h. — rnybuHa CKBaXWHbI; py, — YCTb-
eBOe JaBleHue.

B pabGotax [4, 80, 81, 82] npuBedeHO pelleHWe 3TOW 3adaun
Onsa cnyyas, Korga BCS CKBaXMHa 3anonHeHa neHoMW.

Mpu cnycke OypunbHOW KOMOHHbI AaBMEHME HA YCTbe 3aKpbl-
TOW CKBaXKWHbl OypeT pactu. [losTomy Heobxooumo nepuoanye-
CKM BbIMyCKaTb XWOKOCTb U3 3aTpyOHOro NpoCcTpaHCTBa.

OTa 3apava pellaeTca B pesynbTate U3MEHEeHUa npeaenos UH-
TerpuposaHus:

h]' hc—h]'
M, =F,[p (p, h)dh+F, [ p(p, h)dh (4.3)
0 hj

roe M, — mMmacca XuOKOCTU M MNeHbl B yMEHbLUEHHOM ob6beme
CKBaXMHbI Npu cnycke Tpyb; F; —nnowanb BHELWHEro CeYeHus
OYpPWNBHON KOSMOHHBI.

B pesynbTate pelueHus ypaBHeHun (4.2) n (4.3) ycTaHOBIEHO,
YTO [OaBrieHWe MeHbl Ha YCTbe CKBaXMWHbl CYLLECTBEHHO W3MEHS-
eTcs npu cnycke Tpy6 Ha rnybuHy 6onee 2000 m, nnm nogbeme
ux go 2000 m. Tekywme ycTbeBble AaBMEHWs Ha 3TOW rnybuHe
NpeBbIWAT HavanbHble (Koraa TpyoObl ewe He chyuweHsl) B 1,8 —
2,5 pasa B 3aBMCMMOCTM OT CTEMEHU aspaumn MeHbl U reomeTpu-
YEeCKMX pa3mMepoB KOMbLEBOro NpoCTPaHCTBa.

MpoeepeHne CI1O B ckBaXuHe, 3anOfIHEHHOW MEHOW CO CTe-

122



neHblo aspauyun o > 60, He BbI3bIBAKOT CYLLECTBEHHONO W3MEHE-
HUS OaBneHust Ha ycTbe. Tak, npu nogbeme Tpyb AuameTpom
140 mm B ckBaxuHe rnybuHon 3500 M, oBGCaXeHHOW KOMOHHOW C
BHYTPEHHUM guameTpoM 220 MM, YCTbEBOE AaBriEHME CHWXaeTcs
ot 0,52 go 0,15 MIlla npn o = 60 n ot 0,29 go 0,12 Mla npwu
a = 80.

4.4. CUCTEMBI KOHTPOJISA U PETUCTPALIUUN
ITAPAMETPOB ITPOMBIBKHN CKBAKUH

Ons HagexHoro paHHero obHapyxeHus npuToka dnionga wus
nnacta npu GypeHun B ycCrnoBusx Aenpeccunm Heobxogum MnocTo-
SAHHBIA KOHTPOIMb 3a CNeaylwuMU TEeXHOMNOrMYeckMMn napamert-
pamu:

AaBneHne GypoBOro pactBopa Ha BXOAE B CKBAXMHY;

Temnepartypa 6ypoBoro pacteopa Ha BXOAE B CKBaXKMHY;

pacxof OypoBOro pactBopa Ha BXOOE B CKBaXKUHY;

AaBrneHve BypoBOro pactBopa Ha BbIXO4E M3 CKBaXWHbI;

Temnepartypa 6ypoBoro pactBopa Ha BbIXOAE M3 CKBaXWHbI;

pacxog 6ypoBOro pactesopa Ha BbIXOAE U3 CKBAXMHBbI;

BEC MHCTPYMEHTA Ha KPIOKE;

BpaLLaloLwunin MOMEHT Ha POTOpE;

nogava gonota Ha 3aboM.

3HayeHus ykasaHHbIX MapaMeTPoOB WCMOMb3YTCA Ans Mony-
YEHUS pacyeTHbIX 3HAaYEHUIN TEXHOMOIMYECKNX NapameTpoB.

Ons  wn3mepeHnss TEXHOMOrMYecknx napameTpoB BypeHus
CKBaXXWHbl Ha Aenpeccum B CUCTEME CKBaXXMHA — nNnacT BblOK-
patoT pabounii guanasoH AaTYNKOB CUCTEMbI KOHTPOSIS:

nasneHve 0—10 Mla;

Temnepatypa 200—400 K;

pacxog (0,0002+0,03) D} [mm].

HanbHerwasa obpaboTka MHGOPMaLMM OaTYMKOB OCYLLECTBNS-
eTca ¢ wucnonb3oBaHvem [MOBM. [losTomy BbIXOOHbIE CUrHanbI
[aT4YMKOB [AOIMKHbI ObITb NpeacTaBneHbl B UMpoBOM Koae.

MpenbsiBNeHHbIM TpeboBaHVAM YLOBNETBOPSAIOT AATYMKU CUC-
Tembl «PapoH», Bbinyckaemble HIM «MHTOP». Oatunku cepumn
«PagoH» ncnonb3yoTca ond paboTbl B cUCTEMax aBTOMaTUYeCKo-
ro KOHTPONSA 3a perynMpoBaHUEM W YNpaBleHWeM TexHomornye-
ckumn npoueccamu. OHM obecneumBaloT HenpepbiBHOE npeobpa-
30BaHNe W3MepSiEMbIX MapaMeTpoB B YHUMDULMPOBAHHbIE TOKO-
Bble curHanbl. [aTtuukv npegHasHayeHbl anst paboTbl ¢ BTOPUY-
HOW annapaTypown, perynatopamm u Apyrumu  ycTpomcTBammu
aBTOMaTVK1, MalvHamMn LEeHTPanM30BaHHOrO KOHTPOMS U cucte-
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MamMu ynpaeneHusi, paboTalWwumMn OT CTaHAApPTHOrO BXOAHOrO
curHana. lpegnoxeHHble [aTyMKM MNpegycMaTpuBaloT cTaHgapT-
Hble NOAKMYEeHUsa Mo UudpoBbIM KaHanam nepegadn Ha OCHOBa-
HUM uHTepderca RS-232C. lMoaTtomy cornacoBaHve [aTyMKoB W
M3BM ocyuwiecTBngeTcsa € MUCMONb30BaHMEM CTaHOAPTHOrO Mpo-
rpaMMHoro obecneyeHust onepaunoHHon cuctembl MOBM Win-
dows9x.

Hdatunkn paBneHnss u TemnepaTypbl, a TakkKe pacxogomepbl
yCTaHaBNMBalTCA B MNOA3EMHON YacTu UMPKYNAUMOHHOW CucTe-
Mbl OYpOBOW YCTaHOBKWN Ha BXOAE W BbIXOAE U3 CKBAXKMHBI.

KomnoHoBka cucTembl KOHTpons  pasdpaboTtaHa OGnoyvHbIM Tu-
NnoM Ansi NOBbILEHUS HaAeXHOCTU W yaobcTBa akcnnyataumm B
ycnoBusix OypoBOW YCTaHOBKM.

Mpepnaraetcs BbibpaTh 13 KaHaANoB U3MepseMbIX NapaMeTpoB,
KpOMEe TOro, MMETb YeTbipe pacyeTHbIX 3HayeHus. B obuwien
CMOXHOCTU WUMEETCS BO3MOXHOCTb KOHTpomnupoBaTb 17 napamert-
POB MpoLecca NPOMbIBKA CKBaXKMHbI:

Ha kaHane 0 paBneHne OypoBoro pacTtBopa Ha BXode B
CKBaXXVHY;

Ha kaHane 1 TemnepaTypa OypoBoro pacTtBopa Ha BXxode B
CKBaXVHY;

Ha kKaHane 2 pacxopg OypoBOro pacrtBopa Ha BXOAe B CKBa-
KUHY;

Ha kaHane 3 paBneHne OypoBOro pacTtBopa Ha BbiIxoge M3
CKBaXXMHb;

Ha kaHane 4 Temnepartypa OypoBOro pacrtBopa Ha BbIxode M3
CKBaXVHb;

Ha kaHane 5 pacxog OypoBOro pacTBopa Ha BbIxoge U3
CKBaXXMHb;

Ha KaHane 6 BeC UHCTPYMEHTa Ha KpPHOKe;

Ha KaHane 7 BpallaloLunin MOMEHT Ha POTOpE;

Ha kaHane 8 nogaya gonota Ha 3abow;

Ha kaHane 9 gaBneHue Ha BXode cenapaTtopa-0TOONHUKAE;

Ha kaHane 10 gaBneHue Ha Bxoge B GNok gpoccenupoBaHus;

Ha kaHane 11 gaBneHve Ha Bxode B ferasaTtop;

Ha kaHane 12 gaBneHve ynpasneHns LNamMmoBOro Apoccens.

[o mecta yctaHoBku M3BM npoknaabiBaloTCa fMHUU CBA3MW.

KomnnekcHbIli MeTo OLEHKM TEXHONMOIMYecknux napamMeTpoB
NPOMbIBKW CKBaXKWHbI onpedensderca Tem, 4YTO AMHaMU4eckoe
[aBreHne obGnagaeT BbICOKOW YyBCTBMTENBHOCTBIO K Mpoueccam
NPOsBMEHUA NnacTtoBoro dniouga m nornowieHms Oyposoro pac-
TBOpa B CKBaXWHe, 3Ha4yeHue abCconoTHOro npupalleHus OuHa-
MWUYECKOro AaBMneHMsi (OYHKLMOHANbHO CBSI3aHO C WM3MEHEHUSMMU
napamMeTpoB LUPKynsuum OypoBOro pacrtBopa Yepe3 CKBaXuHY.
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AGCOMIOTHOE MpupalleHne ONHaMUYECKOro OABMEHUSA Ha BbIXoAe
M3 CKBaXuHbl nmeet Bug [116, 117].

16Q 8Q
|AQ| + i |Ap|, (4.4)

2 4
n'd m

|ApAI/IH| =p

raoe |Ap,mu — abcontoTHoe npupawieHme anHammn4deckoro paslie-

HWUA; p — MMOTHOCTb OYpOBOro pacTBopa Ha BXOAE B CKBAXMWHY;
Q — pacxog OypoBOro pactBopa Ha BXode B CKBaXuHy; d —
BHYTPeHHUI AvameTp Tpybonposoga; |AQ| — abconoTHoe 3Ha-

YyeHWe npupalleHns pacxoga OypoBoro pactBopa, paBHoe aGco-
MIOTHOMY ~ 3HaYeHuo  auddepeHUmanbHoro pacxoga GypoBoro
pacTBOpa Ha BXOAe W BbIXOAe CKBaXWHbl; |Ap| — abcontoTHoe

3HayeHne npupalleHnss NNoTHOCTM OypoBOro pacTeopa, paBHOe
abcontoTHOMY 3HadeHuto AndpdpepeHumanbHo NAoTHocTn Bypo-
BOrO pacTBopa Ha BXOAEe W BbIXOAE CKBaXMWHbI.

Takum o6pa3omM, NO COBOKYMHOCTM MOMyYEHHbIX Pe3ynbTaTos,
C nomoLblo BblpaxeHus (4.4) onpegensaeTtcs 3HaveHue abconioT-
HOro MpupalleHnss AMHAMWYECKOrO [aBrfeHUs Ha BbiIXode U3
CKBaXWHbl. B peanbHOM mnpouecce GypeHus MMET MecTO OTHO-
cuTenbHO Manble konebaHua anddpepeHumanbHOro pacxoga Wu
NnoTHOCTM BypoBOro pacTBopa, CBA3aHHble C NOTEpsiMU pacTBopa
Ha unbTpaumilo B CTEHKE CKBaXKWHbI M MNacT, a Takke B CUCTe-
ME& OYMCTKW, W W3MEHeHWs nIOoTHOCTM OypoBOoro pacreopa 3a
cyeT MOCTYyNneHWss B Hero BblOypeHHoW nopoabl u 1. A. W3sno-
XEeHHOe nNpMBOAMT K TOMY, 4YTO B npouecce OypeHus BenuyuHa

|ApAHH|, BO-MepBbIX, SABNAETCS CryYaiHOW BEMNWYMHOWN, BO-BTOPbIX,

OTNMYHA OT HynA B Kaxaom u3aMepeHun. OgHako Ana onpegene-
HMS Hayana OTKIIOHEHWA npouecca LMpKynauMum GypoBoro pac-
TBOpa OT HOpPMAaSibHOro, HeOGXOAMMO TeKyllee cpedHee 3HayeHue

|APAHH.TeK CpaBHWBaTb CO CPEAHUM 3HaYEHVEM |APAMH , YCT@HOBMEH-
HbIM MO pe3ynbTaTam npeabiayLnX MHOFOKPaTHbLIX 3MEPEHUIA.

G|APAHH .

"

MpeBbIlEHNe BENUYMHDI |APAHH.TeK

|AD e | = [ AP | > £ (4.5)

no Moaynw Benu-

~ |AD

O | AD gy

an \/H

BypeHuns. [onoXxuTenbHbIN 3HaK BEMUYUHbI |APAHH.TeK

YWHbI YKa3blBa€T Ha Ha4alsio OCJI0OXHEeHuA npouecca

- |ApAI/IH| on-
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pegensieT Hayano nNposABneHus unm Bolbpoca, a oTpulaTenbHbli —
Hayano nornoLieHns 6GypoBoro pacreopa.

Ons dopmmpoBaHusa pesynbTata HeOOXOAMMO WU3MepATb 3Ha-
YeHus pacxoda M nnoTHocTu BypoBoro pactBopa Ha BXxoge W Bbl-
XO4e U3 CKBaXMWHbl, @ Takke BHYTpeHHero guamertpa Ttpybonpo-
BOJa B TOYKax MamMepeHus pacxoga 6yposoro pacreopa.

OnpefeneHHble TPYOHOCTU BO3HUKAKOT NpW U3MEepeHun pac-
xoga nenbl n MKC c rasocogepxannem 6onee 20 % npu n36bI-
TOYHOM [AaBfiEHMM U MOBbIWEHHOW Temnepatype. OTeyecTBEHHOM
NPOMBILLMIEHHOCTbIO HE BbIMYCKAKTCA CchneuunanbHble npubopbl 1
annapatypa gnsa perucrtpauyumn pacxoga neHol n [HKC ¢ BbICOKUM
raszocogepxaHmem. B CesKaBHWIMWrasze Ha ypoBHe u306peTe-
Hust [117] pa3paboTaHO YCTPOWCTBO AN aBTOMAaTMYECKOro M3Me-
peHusa pacxoga neHbl (puc. 4.5).

YCTpocTBO coaepXut cxembl I U 2 nogayn COOTBECTBEHHO
MOXX u rasa k neHoreHepaTopy 3, CXemy 4 LMPKYyNAUUM MEHbI,
JaTyuK 5 fgaBneHus, Aatyuk 6 TemnepaTtypbl rasa, gatiukm 7 n 8
pacxoga cooTBeTCTBEHHO rasa u [MOX, pgatumk 9 nnoTHOCTU
MOX, 6rnokn 10 v 11 BbIMUCNEHWS OTHOLUEHWI, JIMHEWHbLIA YCK-
nutenb 12, 6nokn 13 n 14 yMHOXeHUs, cymmartop 15, namepu-
Tenb 16 NNOTHOCTM MeHbl N peructpartop 17

YcTporictBo paboTaet cnegytowmum obpasom. MNMOXK u raz no
cxemam [ M 2 nogaym nocTynawT K neHoreHepaTtopy 3, rae obpa-

15

17

A
]
L

14

Puc. 4.5. [puHumnunans-
Hasd cxema YCTpoOWCTBa
aBTOMaTM4eckoro uamepe-
HVS MapaMeTpoB NeHbI
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3yeTcsl MeHa C AaBrneHWeM, NPeBbllLaloLWnM AaBrneHne no cxeme 4
B UMpKynsauuni. CurHan oT gaTyMkoB 5 U 6 COOTBETCTBEHHO [OaB-
neHns 1 TemnepaTtypbl rasa nocTynaeT K BXogam nepBoro 6Gnoka
10 BBIMMCNEHNST OTHOLLEHMWS!, B KOTOPOM MPOUCXOAMUT BblYMCIIEHUE
OTHOLLEHMSI CUTHanoB AATYMKOB Mo anroputmy p./7;, roe p, —
AaBrneHue rasa nepepj neHoreHepartopom; 7, — abconoTHasa Tem-
nepartypa rasa nepea neHoreHepatopom. CurHan ¢ Bbixoga 6Gnoka
10 BbIYMCNEHMST OTHOLLEHUIA Yepe3 JNMHENHbIR ycunutens 12 no-
CTynaeT Ha BTOPOW BXOA MepBOro Groka 13 yMHOXEeHWs, Ha nep-
Bbli BXO4 KOTOPOro MoOCTynaeT curHan oT pfatyuMka 7 pacxoja
rasa.

B nvHenHOM ycunuTene npoucxoamT YCWUMEHUE BXOOHOTrO CUr-
Hama nponopLUOHANbHO 3HAYEHWIO Pgospvom  Trom/ Phow- B MEPBOM
Bnoke YMHOXEHUS BbLINOMHSETCS YMHOXEHWE CUrHasoB, Mporop-
UMOHanbHbIX BenuMYMHaMm p0;, rae p; — MNOTHOCTb rasa nepeq
reHepaTtopomMm; 6, — 0BGBbEMHbIV pacxop rasa.

CurHan c BbIxoga nepBoro 6rnoka yMHOXEHMs1 noctynaeT Ha
nepBbI BXOA4 CymmaTtopa, a curHan gatuvka pacxopga NOX — Ha
nepBbli BXOA4 BTOPOro Grioka YMHOXEHWsi, Ha BTOPOW BXOA KOTO-
poro nogaeTcs CUrHan ¢ gatynka nnotHoctn MNOXK.

CurHan c BbIXxoga BTOpPOro Grnoka YMHOXEHMSI MocTynaeT Ha
BTOPON BXO4 cymmaTopa. Bo BTOpoM Groke yMHOXEHWS1 BbIMOSI-
HS€TCS YMHOXEHWE CUrHamnoB Mo anroputMy  PrwOme FAE Pk U
O — COOTBETCTBEHHO MMIOTHOCTb U OOBbEMHbI pacxod NeHoo6-
pasyoLLen XUAKOCTH

B cymmaTope BLINOMHAETCS CMOXEHWME CUrHamnoB, MocTynato-
WKMX C BbIXO4OB ONOKOB yMHOXeHMsi. CurHan cymmatopa nocTy-
naeT Ha nepBblii BXO4 BTOPOro 6Gnoka BbIYMCNEHUS OTHOLUEHWA,
Ha BTOpOW BXO[ KOTOPOro MOCTynaeT CuUrHan C u3Meputens
NAOTHOCTU MeHbl. Takum obpasom, BO BTOPOM GIiOKe BbIYUCIEHMS
OTHOLUEHMSA BbLIYUCNSETCA OTHOLUEHWE BbIXOAHbLIX CUrHANoB CyM-
mMaTtopa U U3MepUTENs MNOTHOCTM MeHbl. BbixogHow curHan 6roka
BbIYMCINEHNS MOCTYNaeT Ha perucTpaTop, KOTOPbIA perucTpupyet
pacxof NeHbl B KOHTYpe LMPKYNsLMN.

B cnyyae oTCyTCTBMSI MNIOTHOMEPA KOHTPOMb 3a BXOAHLIMU M
BbIXOAHbIMM MapameTpamMu BedeTcs No 3amMepaMm pacxofoB rasa u
XUOKOCTWU, [ABMEHUS W TemnepaTypbl, a 3Ha4YeHWe MMIOTHOCTU
PKC paccumTbiBatoT no dopmyne (3.6).



